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ANNEX - III

. WATER'BALANCE STUDY AND OPTIMIZATION STUDY

1. INTRODUCTION -

The water palance study aims at clarifying the followings over the
Mae Wong river basin:.

- to clarify the present use of existing farmer's irrigation system

- in the basin and reveal the areas actually: irrigated in the exist-
ing irrigation service areas under the water balance study of
present cendition, and : : :

- to clarify the relationship among.the proposed: dam scale, irri-
gable_aréa and cropping intensity for each alternative development
plan under the water balance study. -of with-project condition and
consequently get the useful results f01 determlnatlon of optimum
development scale.

) The. alternatlve development plans on' . the relatlonshlp among dam
scale, 1rrlgable area and cropplng intensity clarified through the water
balance study are. studied for determlnlng the optimum development scale.
The optimum development plan is selected through the evaluatlon on the
basis of the crlterla for selectlon. 

é,, WATER BALAﬂéE STUDY:bF:PRﬁSENT:CONﬁITION'
2.1 ‘p£6¢éau£é§
2.1;1 Layout of iprigation wétef.supply sysﬁem
"A'syéteﬁatié layout of irrigation water supply system of present
condition is shown in Fig. IIT-1. In the water balance calculation, the

existing irrigation service areas in the basin are divided into the fol-
lowing 7 blocks: '

Acreage

- Block - - Nameé of Service Area —
» : e ] ) rai ha

1 Ban Tha Ta Yo' 105,000 16,800

2 .Khlong Salngu . 10,000 1,600

3 Huai. Hin' Lab 3,000 480

-4 Ban Wang Nam Khao . 3,000, .. 480
5 Khun Lard Boriban . - 73,000 11,680
6 Khlong Nam Hom N 10,000 1,600

7 Wang Ma o 26,000 4,160
“Total -~ : 230,000 36,800

Irx-1.



2.1.2 Definitions
(1) simulation period and calculation interval

Calculation of water balance at each lrrlgatlon block is carried
out for the period from 1954 to 1982 on- the basis of runoff estimated
in the hydrologic study and estimated: 1rrlgatlon water requ1rement of
each block. The calculations are made on 10-~day basis.

(2) Return flow

Generally, a part of 1rrlgated water to the fields returns to rivers
and can be reused for further downstream areas. Accordlng to the Chao
Phraya-Meklong  Basin Study, the return f£low factor of .75% can_be con-
sidered as effective return flow available for reuse. - Rather conservatlve
figure of 60% is used for the water balance study. The derlvatlon of
effective return flow is-given as follows:. '

Overall . 1rr19at10n eff1c1ency 45%

Effective return flow = (1 - 0. 45) X Return Flow Factor
(1 - 0.45) x 0.60° o
= (.33 of diversion reguirement

{3) Excess water of rainfall from paddy field

The rainfall in the paddy-field is effectively used as pérts:of o
irrigation water. Non-effective rainfall (excess water of rainfall) is _
drained into the river together with the return flow of irrigation water.
The excess water of rainfall is assumed as follows:

Excess water of rainfall = 0.2 x {(Rainfall - Effective Rainfali)
{4) Water balance calculation

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

1f Runoff 3_Diversioﬁ Reguirement

Surplus = Runoff - Diversion Requirement

If Runoff < Diversion Réquirement

Deficit = Diversion Requirement - Runoff

n

Natural runoff at the diveréjon point to
irrigation block including return flow and
excess water of raxnfall from upstream :

where, . Runoff

Diversion ' :
Reguirement: irrlgatlon requirement at the dlver51on p01nt
to irrigation block.

A flow chart for the present water balance Calculatlon is shOWn in
Fig. I11-2.
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2.2 Basic hata
2.2,1. ‘Runoff

The observed runoff . and runoff generated by the Tank Model method
at the CT 52 station in the hydrologic study are used for the water
- balance. calculation (See ANNEX-I).

2:.2.2  Irrigation water demand

Irrigation water reguirements estimated on the present cropping
patterns in the basin are used for the water balancd calculation (See
_ANNEX V) .

2:.2.3 Rainfall

. The ralnfall data at the Lat Yao statlon -are used for calculation
on excess water of ralnfall from the paddy field (See ANNEX-T).

2.3 Results of Water Balance Calculation
2.3.1 Verification of systematic diagram and assumption

There is a gauging station (CT 4) at_the'middlestream reach of the
Mae Wong river,. 'Rather long-term and recent discharge records are
available at the station. ' The monthly mean river discharge simulated on
the systematic diagram is compared with the observed river discharge at
the.CT 4 station as shown in Table III-1. The simulated river discharge
is satlsfactorlly 51m11ar to the observed discharge as shown in Fig.
Ii1-3. :

2.3,2 Present water use and deficit of irrigation water in the basin

Figure III-4 shows the present water use in the basin of the dif-
ferent years such as average year, drought year with S5-year return period
and the droughtiest year.  The deficit ratio of irrigation water in each
block is shown in Fig. IIT-5. As shown in the figure, the deficit of
irrigation water in the downstream veach is severer than that in the
upstream reach.

2 3. 3 AcLually 1rrlgated areas

The areas actually 1rr1gated are estimated based on the ratio of
deflclt_amount versus.lrrlgatlon water demand in each irrigation block.
Table -IXI~2 shows the estimated areas actually irrigated on the results
of water :balance calculation. From the table, it can be said that the
“irrigation ratio of the Mae Wong river basin is about €0% in the drought
‘year with 5-year return period.

I1¥-3



2.3.4 oOverall watex balance in the Mae Wong river basin

The overall water balance in the Mae Wong river basin is shown in
Fig. III-6. In the drought vear, the water used for irrigation occupies
about 60% of total surface water available in the ba51n7

2.3.5 Present observation network for water use of Mae Wong river_

Since no actual records on diversion watexr to the existing irriga-
tion arcas were available, the JICA study team recommended to establish
the observation network for water use of the Mae Wong river in the
previous pre-feasibility study. ‘In accordance with the recomendation;
RID installed the staff gauges at six (6) main diversion points of “the
Mae Wong river to observe the water level (See Fig. 11I-7). The cobserva-
tion of water level was commenced from mid-April, 1985. The observed
water level records are available from mid-April to August, 1985. As the
records do not cover the full crop season, the contlnuous observation
for at least two (2) crop seasons is expected, :

3. WATER BALANCE STURY OF WITH-PROJECT CONDITION
3.1 Procedures
3.1.1 Layout of irrigation water supply system

Figure ITI-8 sﬁows the systematic layout of irrigation water supply
system in the Mae Wong river basin under the with-project condition.:-

3.1.2 Calculation step

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

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

Step 2: 'Phe reservoir operation is carried 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 irrigation estimated through '
Step 1 and given reserv0lr capacity,

' In calculation of reservoir operation, a balance of 1nflow and
outflow of a reservoir to be created at a proposed damsite is calculated
for 29 years period on the basis of the runoff data from 1954 to 1982,

The balance of a certain 10-day period of calculation is given as follows:

I11-4



S¢ = Sb+ I -0r -E ~ Os

where, Se: Réservoir storage of the end of the period
So: _Reservoir storage of the beginning of the period
Ié _IhfloQ.to the reservoir during'the'period

Or: -Outflow from the reservoir during the period, this is
equal to the release water for irrigation estimated
through the'water:balance'calculation downstream of
the proposed dam in Step 1.

E: Evaporation from the reservoir surface during the
péricd
Os: Spilleout 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 maximun,
the é&xcess water is defined as spillout discharge.

A flow chart of reservoir operation is shown in Fig. I111-9.

3.1.3 befinitions
(1) Simulation'period and calculation interval

Water balance and rTeservoir operation calculations are cdrried out
for 29 years period.from 1954 to 1982 on the basis of runoff data and
irrigation water demand. The calculations are made on 1l0-day basis.
(2) Return flow

The derivation of effective return flow is given as follows:

Overall irrigation efficiency: 55%

(1 - 0.55) x Return flow factor
(1 - 0.55) x 0.60
= 0.27 of diversion requirement

Effective return flow

it

(3) Excess water of rainfall.from paady field
Exceés water of rainfall = 0.2 x {Rainfall - Effective rainfall)
(4) Determination of possible irrigable area
 P6s§ible irrigable_area is determined through the reservoir opera-
tion calculation in Step 2 on conditions that reservoir is completely

depleted five times at least for the 29 years period, or in other word,
drought damage recurs by 5 years return.
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3.2 Basic bata

3.2.1 Runoff

Runoff data used for the water balance study of w1thw910360t condi-
tlon are the same ones for the present water balance study

3.2.2 Irrigation water demand

Irrigation water requlrements for with-project condltlon estlmated
on the basis of the proposed cropping pattern are used for calculation
(See ANNEX-V). . -

3.2.3 Rainfall

The rainfall data at the Lat vYao Station are used for - calculatlon
on the excess water of rainfall from paddy field.

3.2.4 Evaporation

Evaporation from the proposed: reservoir surface :in the reserv01r
operation calculation is based on the evaporation data at Nakhon Sawan.
The evaporation loss from reservoir surface is assumed to he the esti-
mated evaporation depth shown in Table II1I-3 multlplled by the reserv01r
surface.

3.2 wWater use of lower Mae Wong Area
The water use for the people living in the Lower Mae Wong area 1is
considered in the form of allowance in the water balance study. Through

the discussion with RID, the following water balance methodology in the
Lower Mae Wong area was mutually agreed.

Upper Mae Wong Area 612 km?2

Lower Mae Wong Area 318 km?

Iri-6



03 = (91 = Qo) * 92 % (100 - A)/100.

where,"Q3: . River flow at the proposed Lower Maé wOng'dam (m3)

Qp: Released water for water use of Lower Mae Wong area

(m3)

01: Re%easédVWatér‘from the Upper Mae Wong storage dam
(m?)

Qo Runoff from the Lower Mae wOng catchment area excludlng
the Upper MaeWong catchment area (3)

A: Reduction rate (%) which is different in the wet and
dry, seasons

Basic figures are estiméted as follows:
—-Reléased water for water'uée 6f'L6wef-Mae.Wong area (QO)_

'Certaln amount. of water {Qo) released from the Upper Mae Wong dam
" for the Lower Mae Wong. area is estlmated on the irrigation watexr
“use ‘of potentlal paddy -field’ along the main course of Mae Wonhg
river. - The potential paddy field is limited to 625 rai {100 ha)

“due to_501l_cond1tlon and t0pographlc condition, Then, the
released water (Qp) is estimated as follows:

@EE-§§§§99
Qo = Irriéatidn water requirément % potential paddy field
= 1,000 mm » 10-3 x 100 ha x 104
= 1,000, ooo ‘m3/season -
= §0.06 m /sec (June to December)

Dry season

Q0'= Irrlgation water regquirement x potential paddy field
~ ='1,500 mm x 1073 x 100 ha x 104
1,500,000 m3/season

0.12 m3/sec (January to May)

I

-~ Reduction rate (A) of runoff from the Lower Mae Wong area

- The reduction rate of runoff from the Lower Mae Wong area is
egtimated on population, number of livestock, the extent of
potential paddy field area, etc. in the Lower Mae Wong area.

. '-Population 24,000 Dersons

_Potentlal paddy fleld

areas along the trlbutarles

of Mae Wong river in the = , B
Lower Mae Wong area = 2,690 rai (430 ha)

not available

n

“qumber of livestock

TIT-7-



The domestic water use in the area is estimated as follows:

Water consumption pér person
~x. population

100 1/day x 24,000

100 % 1073 x 24,000

2,400 m3/day '

i

Domestic water use {DW)

U

[

i

pinally, the domestic water use in the area.is calculated beiqw
taking into account the water use of livestock which is assumed
at 20% of human domestic water use.

Y

2,800 w3/day

DW = 2,400 x 1.2
87,500 m3/month

i

The irrigation water use from June to December in the Lower Mae
Wong . area is estimated as follows: ' E '

i

Iriigation requiremehﬁ X area
1,000 mm x 10-3 x 430 ha x 104
4,300,000 m3/season

Irrigation water use (IW)

It

1§

On the other hand, the runoff from the Lower Mae Wong area is
estimated below: ' '

107.7 x 10% m3

It

Wet season (Jun. to Dec.)

Dry season (Jan. to May)

i

7.5 x 106 w3
Then, the reduction rate (A) is calculated as shown below:

Reduction rate in the wet season

_ 4,300,000 m3 + 87,500 w3 x 7 months
107.7 x 100 m3

W

0.05 (5%)

Reduction rate in the dry season

87,500 m3 x 5 months
7.5 % 10% w?

0.06 (6%)

i

3.4 Alternative Development Plan

In order to determine the optimum developmenf scale, Eﬁe alternative
development plans are made based on the combination of irfigation service -
area, reservoir capacity and cropping intensity. ~ The alternative devel~
opment plans for the project are shown in Table III-4, '

The alternative plans are broadly divided into the following cases:

II1-8 -



Case 10l to Case 104: In these plans; the upgrading works for the
‘existing farmer's irrigation system would
not be carried out. To secure the delivery
of irrigation water to the paddy fields, the
small size pumps would be provided at certain
places in the areas.

Case 201 to Case 302: In these plans, the updating works for the
) existing farmer's irrigation system would
be carried out to secure the delivery of
irrigation water to the paddy fields by
‘gravity. :

3.5 Results of Water Balance Calculation

Through the water bdlance calculation, the relationship among the
dam scale,. irrigable area and'cropping intensity is clarified as shown
in Table III-5 and Figurés III-10 to 11I-11., As shown in Fig. IT1-10,
it 1s confirmed that the gross ‘reservoir: capa01ty of 250 MCM is the
maximum capacity to be expected from the hydrologic viewpoint, because
no more extension of irrigable area is expected even if the reservoir
capacity increases wore. = Subsequently, the alternative plans of Case
104, Case 204 and Case 302 are deleted in the optimization study of
developnent scale. The alternative plan of Case 203 is also deleted
in the study, because the irrigable area of 48,300 ha exceeds the poten~
tial maximum development area of 46,700 ha in the Mae Wong river basin.

As -stated hereafter, the alternative development plan of Case 301
is selected as the optimum scale of development. Table ITI-6 shows the
irrigation demand for each irrigation-block in Case 30l. The results
of water balance calculation for'Case 301 are summarized in Table III-7.
From Table III-6 and Table III-7, the ratio of water supplied from the
. Upper Mae Wong dam is derived as shown in Fig. III-12. The water amount
of 66% out of total irrigation demand is released from the Upper Mae
Wong reservoir to £ill the deficit in the drought year with 5-year
return periocd. The storage change of reservoir in Case 301 is shown in
Fig., III-13.

_ The change of river flow pattern after construction of the Upper
Mae Wong dam is examined based on the results of water balance calcula-
tion (Case 301). The river flow at CT 5A before and after construction

of -the Upper Mae Wong dam are shown in Table III-8 and Table III-9,
respectlvely. As shown in Fig. II1I-14, it is expected that the river
flow after construction of the Upper Mae Wong dam will become more
steady than the present natural river flow, especially in the drought
year.

IXI-9



4, OPTIMIZATION STUDY OF DEVELOPMEMT SCALE

4.1 Alternative'Pian

From the results of watexr balance calculation, the follow1ng ll _
cases of alternative plans are examined for the determlnatlon of optimum -

development scale:

. Irrigable Gross Reservoir Cropping
Altexnative Area Capacity Inten51ty
Case (ha) (e (%)
101 36,800 200 100
102 36,800 250 105
1603 37,600 250 100
201 36,800 120 100
202 36,800 250 ' 130
205 42 ;400 170 100
206 42,400 250 116
207 45,600 200 100
208 45,600 250 108
209 46,700 220 100
301 46,700 250 - 105

The upgrading works of existing farmer's irrigation system would
not be done in the alternative plans of Cases 10l to 103. oOnly two =
intake weirs would be provided to.assure the stable intake of irrigation
water at the diversion places to the Ban Tha Ta Yu and Khlong Saingu
irrigation service areas.

4.2 Preliminary Estimate of Cost and Benefit
4,2.1 Construction cost

The construction cost for_each alternative dam scale is estimated
as shown in Table ITI-10 by using the relationship curve between the dam
scale and the direct construction cost in Fig. ITI-15. The construction
cost of irrigation facilities for each alternative plan is also éstimdted
as shown in Table III-10 based on the construction cost of Case 301 .
(Detalls are referred to ANNEX-IX).

4.2.2 Other costs

Such other costs as land acquisition, resettlement and compensatlon
cost, O&M equipment cost, administration cost and englneerlng SeerceS
cost are estimated as shown in Table IIT-10 based on Lhe cost estlmate
results for Case 301 (Details are referred to ANNEX-IX).
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4.2.3'_O£;M,cost and réplacement cost

_ 'The annual operation and maintenance cost are preliminarily esti-
mated dividing into staff salaries and labor wages, office expenses and
opératiqn'ahd maintenance cost, except for the alternative plans of
Casé 10l to Case 103, In case of the alternative plans of Case 101 to

“Case 103, the'upgradinQiWofks'of existing farmer's irrigation systems
would not be executed under the project. As stated in ANNEX-V, the
gravity:irrigation'to'all existing irrigation areas is not expected by
the farmer's’ lrrlgatlon systems, unless irrigation water is assured at
the dlver81on points by the release water from the Upper Mae Wong reser-
voir.  The lrrlgatlon by small pump is required for the areas where the
irrigation is difficult. Taking the above situation into consideration,
the annual operation and maintenance costs for pump 1rr1gatlon are
estlmated as shown in Table TII~11.

The replacement cost is also estimated as shown in Table TII-11.

4.2.4 Irrigation benefit’

Preliminary estlmates cf irrigation benefit are made on the follow-
1ng assumptlons.

(1} The proposed potential irrigation area is considerably matured
for agricultural production, where numerous farmer's irrigation
systems have been implemented and available water is fully
utilized with almost fixed cropnlng system. Under such condi-
tions, significant changes in’ agrlcultural productlon will not
be expected unless new water. resources are ex9101ted With
this in view, agllcultural economy under future condition
withont the project is considered same as that under present
condition. '

"{2) Crop yield under future condition without project is estimated
as follows:

Wet season paddy

- Irrigated : 450 kg/rai (2.8 tons/ha)
- Semi-irrigated: 250 kg/rai (1.6 tons/ha)
= Rainfed’ : 200 kg/rai (1.3 tons/ha)
Dry.season paddy i 560 kg/rai (3.5 tons/hé)

Mung beans
{Paddy field)

.

100 kg/rai {0.6 tons/ha)

. Mung beans : _
{Upland) : ;. 80 kg/rai (0.5 tons/ha)

Maize o : 350 kg/rai (2.2 tons/ha)
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(3) Crop yield under future conditions with the project is esti-
mated as follows: .

Wet season paddy ;
- H.Y.V, . 720 kg/rai (4.5 tons/ha)

- Improved local : 640 kg/rai (4.0 tons/ha)
Mung beans : 190 kg/rai (1.2 tons/ha)

(4} The economic prices of agrlcultural products are estlmated
as feollows: :

Paady :  PB4,230/ton
Mung beans i JB6,920/ton

Maize _ : E2,470/ton

(5) Crop production costs under future condition both with and’
without the project area estimated as follows:

Without project

- Wet season paddy

irrigated : F4,270/ha
Semi-irrigated: BE3,780/ha
Rainfed : B3,480/ha

- Dry season paddy: JB4,930/ha

'~ Mung beans

(Paddy field) 0 PB2,250/ha
- Mung beans
{(Upland} : B2,250/ha

- Maize : E2,660/ha

With proiect
- Paddy : B5,680/ha
- Mung bheans : B3,66Q0/ha
The irrigation benefits for each case of élternative‘plans ére

summarized in Table 11T-12. Details of benefit calculation are given
in Table T1I-13.

4,3 Evaluation

The evaluation for each alternative plan is made in terms of
economic internal rate of return {(EIRR) which has been calculated on
the following assumptions:

= The economic useful life of the project facilities will be SO
years. : '
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- Only agricultural benefit is counted in the evaluation, and any
lndlrect or 1ntang1ble benefits are not taken into account in
-calculatlon of IRR.

_'TEGVCOnstructioh peridd.ﬁill be seven (7) years including two (2)
"years for detailed design and preparatory works.

-~ The economic costs and benefits are used in the evaluation; the
welghted conversion factors for cost components are used for
convertlng the financial capital cost into the economic cost
{See ANNEX-X}.

- The- annual fund requlrements for each alternatlve plan are calcu-
lated on the basis of the construction schedule designed for
each alternatlve.

-~ The benefits w111 Jinitially accure from upgrading of existing
'farmer s 1rr1gat10n systems in 6th year by 10% of full incremental
benefit and 20% in 7th year, and after completion of dam construc-
tion, the annual benefit will increase gradually during the
build-up period of 5 years from 60% in 8th year to 100% in 12th
year.

Using the costs and behefits estimated in the foregoing section,
the economic internal rate of return (EIRR} are calculated as follows
(for details, see Table III-14:

Alternative Reserv?ir Irrigation - Cr@ppipg IRR
o Capacity Area Intensity

Case C(Me) (ha) (2) (%)
101 200 36,800 100 11.6
102 250 36,800 105 11.6
103 250 37,600 100 11.5
201 . 120 36,800 100 11.5
202 : 250 . © 36,800 : 130 12.1
205 . . 170 42,400 100 i2.0
206 : .. 250 42,400 116 12.5
207 200 - 45,600 100 12.6
208 250 45,600 108 12.9
209 . 220 46,700 100 12.8
301 - ; 250 46,700 105 13.0

4.4 Selection of Optimum Development Plan
{1) - Criteria for selection

Following the development concepts, the criteria for selection of
optimum development plan are prepared as given below: - :
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Criteria-l: The alternative plans with higher economic internal
rate of return should be first'selectedp

Criteria~2: Higher priority should be glven to the alternatlve
plans with largeyr irrigation area because larger number
of farmers could be benefited. .

Criteria-3: Dry season cropping should be con31dered as a seconda:y
importance so as to expand the 1rr1qat1on area 1n the

wel season.

Criteria-4: The alternative plan with the most sizable reservolir
should be selected within economically reasonable
range, in view of maximum exp101tat10n of the endowed

water resources.

Criteria-5: The alternatlve plan prOV1d1ng larger agrlcultural
benefits should be selected in view of greater con-
'trlbutlon to the regional economy.

(2) Assessment of alternative plans and selection of optimum development
plan

The assessment of alternative plans is summarized as follows:

- All the alternative cases are economically feasible,'with more
than 11.5% of EIRR.

- fThe alternative plans from Case 101 to Case 103 show a bit lower
economic viability. This wmeans that upgrading of the existing
farmer's irrigation systems will create greater benefit by saving
enournous operation and maintenance costs.

- The alternative plans with the reservoir capaclty of 250 MCM show
higher internal rates of return as compared with those of ones
having other capacity of reservoirs, This indicates that the
dam with a capacity of 250 MCM has the highest efficiency in,
irrigation area/effective storage and/or dam construction cost.
The alternative plans with 250 MCM reservoir capacity should be
put under further consideration and others be disregarded.

- Among four alternative plans, i.e., Cases 202, 206, 208 and. 301
which have 250 MCM reservoir capacity, only the alternatlve Case
301 meets all the criteria given above.

Considering all these, it is recommended that the alternative Case
301 with the following features should be selected as the optlmum devel-
opment plan: . .

Reservoir - Irrigation Cropping
Capacity o Brea : Intensity
250 MCM 291,900 rai 105%
- {46,700 ha)
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-Table III—i. . RIVER DISCHARGE AT C14 STATION

Observed River Discharge at CT4 Station

{Unit : MCM)

Year ~ JUN. JUL. AUG. SEP, OCT. NOV. DEC. JAN., FEB. MAR. APR. MAY Total

1975 14.0 12.3 -16.9 70.7 103,2 51.2 11.1 6.

6 2.7 0.8 0.7 13.8 304.0
1976 2.9 1.4 7.9 99.2 105.3 88,6 11.1 5.6 1.9 2.1 2.9 330.8
1977 0.5 0.0 0.2 18.3 17.3 6.1 1.6 0.7 0.0 0.1 8.9 53.9
1978 3.3 30.4 25.7 76.7 119.1 18.3 6.8 1.7 0.1 - - -
1979 - - - - = - - - - - 0.4 37.2 -
1980 86.9 26.8 30.6 81.7 134.7 30.9 8.0- 2.5 0.1 0.2 0.4 7.6 410.4

1981 8.0 6.1 20.3 36.3 63.6 164.5 32.8 10.0 1.6 0.6 1.7 5.4 350.9

Mean 19.3 12.8 16.9 63.8 90.5 59.9  11L.9 4.5 1.1 0.6 0.9 12.6 294.8

Simulated River Flow at CT4 Station

(Unit. : MCM)

Year JUN, JUL. AUG. SEP. OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY Total

1975  26.8 9.6 2.8 70,2 124.0 50,6 22.6 12.7 1.1 1.2 2.8 20.6 344.9
1976 5.4 1.0 ;8;8 75,3 78.0 115.3 11.5 5.4 0.4 0.4 2.3 5.6 309.3
1977 2.2 0.6 1.4 11.0 5.2 1.7 2.1 1.7 0.5 0.2 1.3 13.0 40.8
1978 8.2 20:1 6.0 79.4 147.6 6.7 8.8 4.7 0.6 0.2 0.8 7.5 290.6
1979 33.7 © 2.9 2.0 103.3  35.0 1.5 2.4 1.5 0.2 0,2 0.3 89.6 272.5
1980 35.8 16.1 5.9 80.2 202.8 14.7 8.9 5.3 0.7 1i.4 4.1 19.2 395.0

0.5 0.5 2.0 12.6 275.2

1981 27.4 15.3 8.3 47.7 77.7 49.7 26.9 6.4

Mean 19.9 9.4 5.0 66,7 95.8 34.3 11.9 5.4 0,6 0.6 1.9 24,0 275.5
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Table III-2  ACTUALLY TRRIGATED ARRA

{tnit : rai)
Actually Irrigated area

Irrigation Irrigation Average Year 80% bependable Dryest Ysar
Block © Service Area {1954 to, 1982} Year (1982) (1977}
MWl 10%,000 85,000 ©BL,900 48, 300
w2 10,000 6,600 4,900, 1,600
COMW3 3,000 2,800 2,900 S 200
3T 3,000 1,800 1,200 300
M5 73,000 44,500 30,000 _ 11,000
MHE 10,000 9,200 9,700 7,000
w7 26,000 13,500 6,800 2,300
Total 230,000 163, 406 137,400 : 72,600 |
(7133 - (6or) - (323} .
Note ; BWl : Ban Tha Ta Yu BWS : Khun Lard Boriban
BW2 : Khlong Sainéﬁ BW6 : Xhlong Nam Hom
BW3 : Huai Hin Lab - ’ gW? : Wang Ma-

BW4 ¢ Ban Wang Nam Kbao

Table 11I-3 ESTIMATED EVAPORATION DEPTH

NMBER OF RAINLESS DAY AT CE-SA _
{Unit: day)y

Year a “ J J a 5 0 N o J F .M
1970 24 14 & 9 6 10 20 .25 25 3 26 29
1971 24 13 21 .18 16 11 17 28 31 31 29 31
1972 26 20 18 31 25 14 20 23 2@ 31 28 24
1973 29 g 12 18 15 13- 20 26 31 30 27 22
1974 o 20 23 15 18 11 15 26 31 20 27 25
1975 28 15. 23 ) 19 16 14 13 25 kD) 1 28 28
J976 .26 15 20 18 i1 11 17 . 24 3 3l 28 . 29
1977 23 20 - 24 22 20 11 21 310 50 31 24 31
1978 29 19 21 B_ 13 10 - 12 - 30 i1 k{e] 27 31
1979 28 23 17 21 22 11 27 3 3 .31 28 - 29
vwso 27 2 12 1o 17 4 19 30 31 31 28 - 28
1981 26 23 13 15 le 12 17 25 - - -
1982 ?0 22 -23 19 17 G 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 0.53 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 # hJ I a $ o ¥ D
Ep 4.3 6.2 7.5 BT 7.1 6.1 S.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 L.0L 1.76 2.5% '2;34

Wote: Ep = Mean monthly ef:aporation_ at ﬂakhan Sawan
54 < Estimated evaparation dépl:h
= Ep x éatio of Rainless Day x 0._65
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Table IIX

~-4

ALTERNATIVES OF WATER

BALANCE CALCULATION UNDER

WITH~PROJECT CONDITION

Irrigable

Gross Reser~

II1-17

i , Cfoppinq
Mtecl.‘;:tlve Area voir Capacity Intensity Remarks
(ha) (Mch) (%)
101 36,800 estimated 100 without rehabilitation’:
102 36,800 250 estimated. . - do -
103 - eastimaced 250 100 - do -
" 104 estimated’ 290 100 - do -
201 36,800 estimated 100 with rebabilitationt2
202 16,800 250 estimated - do -
203 estimated 250 100 - do -
204 " estimated | 290 100 - do -
205 * 42,400 estimated 100 - do -
206 42,400 250 estimated . - do -
207 45,600 estimated 100 - do -
208 45,600 250 estimated ~ do -
209 46, 700 estimated 100 - do -
301 46,700 250 estimated - do -
302 46,700 290 estimated - do -~
/1 overall irrigation efficiency : péddy 4% %, Mung beans 40 %
f2 = overall irrigation efficiency. : paddy 55 %, Mung beans 45 %
Table ITI-5  RESULTS OF WATER BALANCE
CALCULATION UNDER
T WITH-PROJECT CONDITION
. Irrigable Gross Reservoir Cropping
Aj_tzz:uve © Aréa Capacity - Intensirty
{ha) (Mo (%}
101 16, 800 200 100
102 36,800 250 105
103 37,600 250 100
104 37,600 290 100
201 36,800 120 100
202 36,800 250 130
203 48, 300 250 100
204 48, 300 290" 100
205 42,400 170 100
206 42,400 250 116
207 45,600 200 100
208 45,600 250 108
209 46,700 220 100
-301 46,700 250 105
302 46, 760 290 105
- Note : Existing Irrigation Area = 35,800 ha
Potential Maximum Developwent Area "= 46,700 ha



Table III-6

IRRIGATION DEMAND (CASE 301)

ITI-18

(Unit 103 "m3)
Year B-1 B-2 B-3 B4 B-5 Total
1954 138,972 67,502 96,619 39,703 43,673 . 386,469
1955 146,902 71,351 102,134 41,971 46,169 408,527
1956 137,406 66,742 95,532 39,451 43,187 382,318
1957 136,195 66,149 94,685 38,911 42,805 378,745
1958 150,920 73,305 104,928 51,439 47,430 428,022
1959 138,684 67,357 96,419 39,625 43,589 385,674
1960 140,630 . 68,306 97,776 . 40,182 44,195 '391,089
1961 142,352 69,143 98,969 40,671 - 44,741 395,876
1962 138,552 67,298 96,325 39,587 43,544 302,175
1963 133,285 64,735 92,665 38,030 41,890 370,605
- 1964 122,744 .59,618 85,334 35,070 38,572 341,338
1965 138,323 67,189 96,170 39,523 43,478 384,683
1966 140,295 68,145 97,537 40,086 44,093 390,156
1967 164,169 79,739 114,137 46,905 51,599 456,549
1968 166,705  80,970° 115,900 47,634 52,389 463,598
1969 136,437 66,266 94,857 38,984 - 42,879 379,423
1970 157,618 76,558 109,582 45,032  49,539. 438,329
1971 ‘149,568 72,647 103,979 42,738 47,006 = 415,938
1972 146,564 71,186 101,823 41,876 46,062 407,581
1973 161,494 78,435 112,274 46,142 50,754 449,099
1974 126, 357 61,373 57,848 36,104 39,713 . 351,395
1975 131,061 63,662 91,116 37,441 41,185 364,465
1976 154,455 75,019 107,382 44,133 48,539 429,528
1977 163,571 79,450 113,724 46,737 51,409 454,891
1978 131,911 64,070 91,708 - 37,687 41,455 166,831
1979 159,700 77,570 111,031 45,630 50,190 444,121
1980 126,590 61,484 88,006 36,168 39,789 ':352{037
1981 132,968 64,583 92,444 37,992 41,789 . 369,776
1982 151,217 73,444 105,131 43,207 47,525 = 420,524
Mean 143,643 69,769 99,866 41,333 . 45,144 399,755
Note Cropping Intensity = .105 '%_ (Pad_dy 4+ Mung Béansj



~Table ITI-7 RESULTS OF WATER BALANCE CALCULATION (CASE 301)

- the Lower Mae Wong area.

IT1-19 i

. {Unit : 103 m3)
_ ' }ﬁfl0W for ?iii;iiion*—- Evaporation Spillout beficit
1954 186,570 158,271 15,771 75,389 0
1955 180,776 193,279 14,075 2,072 0
1956 196,781 144,626 15,164 0 0
1957 275,353 96,354 16,122 151,228 0
1958 '221;851 170,294 15,630 50,161 0
1955 230,936 120,083 15,744 96,106 0
1960 169,826 174,190 14,409 0 0
1961 232,091 120,114 15,761 68,411 0
1962 218,252 138,071 115,569 76,718 0
1963 230,919 115,113 16,435 56,839 0
1964 309,768 60,024 17,271 231,020 0
1965 195,743 152,539 16,401 44,942 0
1966 182,081 163,908 16,122 0 0
1967 - 123,339 /301,460 6,459 0 0
1968 135,804 298,943 2,784 0 154,407
1969 155,223 201,911 5,009 0 87,876
1970 259,108 198,794 10,619 0 48,698
1971 195,740 188,611 12,644 0 0
1972 252,293 183,007 13,832 0 0
1973 239,414 213,530 15,730 0 0
1974 376,448 92,700 17,360 242,150 0
1975 236,002 137,644 17,379 80,978 0
1976 215,393 200,379 16,886 13,099 0
1977 57,336 361,315 4,065 0 98,042
1978 f2;1;867:  ;50,8?1 9,304 0 0
1979 182,122 316,153 2,855 ) 93,852
1980 282,828 134,009 13,531 0 0
1981 204,075 165,131 16,019 0 0
1982 108,338 279,883 8,021 0 0
Mean 209,527 180,386 12,999 41,004 16,651
/1 : 'Inéluding the reléase-water of 2,652 x 10° m3 for the people living in



RIVER FLOW AT CcT~-55 REFORE COMSTRUCTICN

Table II1-B
OF UPPER MAE WONG DAM

Year J J A 5 0 N D J e M A M Total
1954 8,332 17,036 37,722 77,783 120,561 8,424 3,336 ;;716 1,592. 936 sddf's,aog 2;5,306'
1955 19,656 25,365 48,394. 89,859 6,272 10,857 4,305 3,369 2,808 2,340 1,780 5,148 _220,153'
1956 16,756 12,356 58,782 101,184 ?7,3i5 14,509' 5,241 4,400 3,464 2,308 2,433 1,1#0 301,6?5
1957 11,700 45,398 70,015 99,220 161,186 13,305 5,428 4,588 3,744 3,088 2,152 1,497 421{izi
1958 13,573 236,598 36,973 98,191 126,645 10,952 4,773 3,33f 2,808 1,965 1,497 1,49& 339,216
959 7,301 19,001 72,918 100,531 124,305 15,069 4,773 3.537 2,908 1,592 376 458 352;979
1960 8,144 14,789 34,258 58,222 102,684 25,74t 3,837 2,§§é 2,060 1,216 468 - 5,413 259}é§ﬁ
1961 25,833 19,001 7&,790 97,255 104,180 18,909 4,400 3,74§ 2,716 1,592 1,124 1,312 . 354,856
1962 5,148 20,500 53,634 ios,saq 120,468 11,513 4,492 3,556 2,620 1,684 saa 748 333,767
1963 2,528 11,981 40,625 81,903 147,894 51,202 4,588 3,744 2;1ie 1,592 844 3,552 353]265
1964 30,797 38,845 51.350 114,384 164,650 52,230 5,616 4,680 3,837 3,184 2,060 2,060 473,733
1965 14,802 13,760 35,194 91,171 95,663 23,025 5,336 5,241 4,400 3,652. 2,901 3,184 299,329
1966 11,608 13,573 43,433 80,124 66,178 ;5L913 6,177 5,709. 4,680 3,369 2,716 3,932 278,472
1967 16,568 13,760 11,232 45,022 62,527 14,133 5,428 4,492 3,556 2,620 2,528 9,453 191,519
1968 17,504 34,633 65,242 32,105 29,765 10,204 4,868 4,400 3,464 2,433 1,312 1,780 207,710
1969 3,932 5,241 21,249 65,710 51,106 57.942' 10,109 4,024 1,636 1,312 1,497 13;665 . 237,471
1970 24,617 10,764 43,150 49,702 125,804 57,659 52,506.11,883. 5,336 3,464 2,901 8,517 396,408
1971 12,824 17,972 30,514 64,494 102,120 47,270 10,952. 6,084 2,996 ‘2,243 1,124 748 299,346
1972 . 748 3,932 5,428 57,é37 145,461 81,143 43,994 14,321 6,460 5,524 2,996 8,049 385,835
1973 31,450 18,909 17,597 74,975 120,09; ie, 874 18,533 10,389 5.992: 5,335 10,454.12;449 166,081
1974 8,705 8,332 29,861 160,998 207,892 93,416 18,721 16,381 7,769 5,056 3,837 14,789 575,75;
1975 21,904 13,105 14,228 74,695 124,493 55,602 19,189 10,484 .5,335 3,652 2,809 15,552 360,849
1976 4,400 4,868 21,529 82,559 89,672 100,904 10,389 5,241 2,060 1,312 2,248 4,212 329,394
1977 L,872 3,276 5,428 26,117 24,805 8,800 3,2&6 1,872 1,312 1,404 1.3i2 3;237 '37;711
1978 5,896 33,605 24,897 84,151 149,486 19,564 8,517 4,120 1,780 1,216 1,404. 4,7%3 339,469'
1979 26,865 6,740 7,396 96,787 52,042 8,049 3,652 2,152' 1,216 656 1,216 71,795 . 2%8}565'
1980 29,110 21,80% 25,085 81,623 206,208 28,457 3,800 6,148 3;§44 3;184 4,555 14,789 432,545
lesl 22,372 17,597 26,021 55,226 © 90,235 55,602 23,025 5:992 2,808 2,060 2,15? é,eés_ 3#2.075.
1982 15,445 12,824 17,224 25,273 57,846 13,760 7;395 5,i43' 3,556 3,369 560 ‘3}45& 165,865
Mean 14,531 17,778 35,318 78,805 33,972 10,758 5,674 '3,425 2,547 2,173 ”aiiég

105,433
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Table IXI-9

RIVER ‘FLOW AT CT-5A AFTER CONSTRUCT ION

OF UPFER MALE WONG DAM

Year B J A s o N ) J F o A M. Total
1954 7,056 25,238 59,695 45,733 119,619 57,995 4,454 1,252 4,670 4,289 674 2,320 332,416
1655 6,960 10,112 61,102 41,018 106,201 20,202 4,205 1,478 2,552 5,503 1,038 2,094 271,555
1956 5,956 17,570 54,997 17,987 62,666 54,302 3,795 1,835 3,941 3,793 1,154 928 248,824
1957 4,206 21,93 53,242 89,077 160,212 48,719 3,722 1,900 3,854 4,363 1,287 830 193,350
i9s8 4,854 33,615 = 82,222 36,603 107,530 56,967 3,970 1,640 4,216 4,320 1,135 798 337,870
1959 2,683 9,163 56,779 70,763 126,402 52,855 3,960 1,640 4,391 7,303 1,955 474 338,368
1960 2,575 17,730 £1,560 56,395 45,065 40,785 4,397 1,348 3,150 7,475 860 2,191 264,132
1961 9,098 34,846 44,955 48,059 103,208 53,756 3,478 1,608 4,257 6,624 701 766 311,356
1962 1,938 13,086 62,777 57,711 124,435 53,206 4,120 1,543 3,373 6,477 1,090 571 330,327
1963 1,031 45,958 570675 35,775 79,497 - 54,761 4,056 1,505 4,458 7,028  BO9 1,576 294,232
1964 10,923 37,758  50,47% 113,874 163,708 62,085 3,678 1,932 1,640 6,660 1,260 1,025 455,022
1965 5,632 47,674 18,816 43,146 99,956 48,096 3,794 2,126 3,206 5,920 1,316 1,414 301,097
1966 4,174 20,250 63,306 74,689 52,548 27,115 2,365 2,288 3,482 6,556 1,252 1,673 260,298
1967 5,891 53,332 101,172  S5,542 80,742 44,506 3,707 1,867 3,536 5,813 1,187 3,584 366,679
1968 6,215 12,526 91,388 50,398 29,753 10,206 3,934 1,835 3,946 4,322 982 928 215,433
1969 1,517 7,966 21,257 30,192 86,215 29,288 3,769 1,705 4,525 3,894 861 5,042 196,233
1970 8,677 40,771 64,787 44,489 46,117 46,500 18,365 4,427 2,235 6,275 1,316 3,260 287,309
1971 4,595 55,803 49,733 44,331 77,955 43,205 4,147 2,418 3,674 5,204 701  S71 292,427
1972 a5 65,760 71,715 36,757 55,239 42,547 15,384 5,260 3,034 4,521 1,349 3,098 106,088
1973 11,042- 68,056 62,757 48,227 62,841 41,366 6,571 3,908 2,965 3,450 3,941 4,621 340,245
1974 3,169 13,265 69,089 94,713 206,919 92,057 17,188 14,735 5,826 5,136 1,640 10,399 $34,141
1975 20,658 23,819 88,130 42,454 68,934 54,283 17,667 8,807 3,917 3,901 1,284 9,693 343,527
1976 1,157 47}o$9 _7#,555. 46,698 61,525 68,084 3,814 2,126 4,486 6,219 1,090 1,770 327,194
1977, 804 71,961 85,926 66,459 48,294 8,811 3,107 °60 1,896 1,379 782 3,163 293,632
1978 2,197 11,788 54,707 35,498 70,580 51,702 3,556 1,738 3,284 7,479 817 1,964 245,310
1979 9,455 29,017 76,550 54,918 102,292 8,033 3,590 1,057 1,970 678 1,072 25,091 318,723
lésq 10,232 9,836 68,775 44,383 87,578 43,008 3,447 2,094 3,804 3,242 1,900 5,431 283,730
1981 7,900 18,557 66,961 59,130 75,843 19,553 8,126 2,386 4,240 5,978 1,057 13,422 273,153
1987 5,502 ;44,433 79,928 73,162 75,399 40,550 3,078 2,094 3,933 6,544 1,112 1,511 337,29
Mean 5,825 31,343 65,622 54,489 90,181 44,311 5,846 2,746 3,609 5,181 1,229 3,455
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Table IXTr-11

ECONOMIC O &M COST AND
REPLACEMENT COST

Replacement Cost

.. 0O &M Cost -
Cage - k ()&}iSquipmentli Gat:eZg
(10% ¥ {106 B) (106 )
101 48,1 44.2 27.3
102 48.4 44.2 27.3
103 48.7 44.2 27.5
201 13.4 44.2 40.9
202 . 14.4 44.2 40,9
205 16.7 44.2 42.9
206 17.2 34.2 42.9
207 17.7 44.2 44,1
208 ©17.9 44.2 . 54.1
209 18.1 44.2 44.6
301 Cis.1 44.2 24.5
Note: /1: Useful life 10 years

Table 1II-12

©/2: Useful life

25 years

IRRIGATICN BENEFITS OF ALTERMNATIVE CASES

Wet Production Value

Gross " Irrigation Cropping : : Benefit

Case Reserﬂo1r Area Intensity w;t?out WLFh lncreme?tal per ha
Capacity Project Project Benefit

{ucH) tha) () {48} {ME) ()] (B/ha}
101 200 16,800 100 225.2 475.8 247 6 6,730
102 250 36,800 - 105 228.2 484, 1 255.9 G, 950
103 250 37,600 100 229.8 486.3 256.5 6,820
201 120 36,300 100 228.2 475.8 2a7.% 6,730
202 250 - 36,800 - - 130 228.2 526.8 298.6 8,110
205 170 42,400 100 242.0 548.2 06.2 7,220
206 250 42,400 116 242.0 579.8 337.8 7,970
2017 200 45,600 100 248.5 589.8 133 7 4B
208 .250 15,600 108 248.5 806.5 358.0 P, B850
208 220 46,700 100 "250.8 604.1 353.3 7,570
301 250 46,700 105 250.8 G14.8 364.0 7,700

III-23




pable III-13  TRRIGATION BENEFIT ESTIMATES (1/11)

casc 101
{1) wWithout Project ] . - ]
e " T ” - T unit Total
caltivated Unit . 5. 4 i Unit G.P.V Production Producticn N.P.V
Production
Crops nrea Yield : _ Price ] Cost Cost -
{hal {ton/hal . ‘(ton) (f/ton) (RE)} {B/ha) (#/ha) (M)
Wet Season Paddy : ’ o : . _
- Irrigated 22,000 2.8 61,600 4,230 260.6 4,270 93.9 166.7
- Semi-irrigated 14,800 1.6 - 23,680 4,230 - 100.2 3,780 55.9 44,3
- Rainfed _ - - - - - - - LT
Dry Season Paddy 1,100 3.5 3,850 4,230 16.3 4,930 5.4 . 10,9
Mung Beans {Paddy Field) 3,300 0.6 1,980 6,920 13.7 2,250 7.4 6.3
Mung Beans (Upland) - ~ - - - - . S -
Haize - - - - - - - -
Total 390.8 162.6 288.2
(2) With project . . o
_ . : : Unit .+ Total
Cultivated ?nlt' Production U?lt G.P.V production Produckion N.P.V
Crops “hrea | Yield Price . Cost Cost - )
(ha} {ton/ha) {ton) (B/ton) (M) (B/ha) {g/ha) {MB)
Wet Season Paddy . - : . .
- H.Y.V. . 29,400 4.5 132,300 4,230 559.6 5,680 . 167.0 392.6-
- Improved Local 7.400 4.0 29,600 4,230 125.2 5,680 " 42.0 83.2
Mung Beans - - - = - - : - -
Tokal 684.8 209.0 475.8
{2} iIncremental Benefit 247.6
Table III-13 IRRIGATION BENEFIT ESTIMATES {(2/11)
Case 102
{1} Without Project .
. . I . Unit Total
Cultivated ?nlt Production U?lt G.P.V  Production Production N.P.V
Crops Area yield Price . cost . Cost
(ha). ~ {ton/hal {ton)  (B/ton}) (48) (B/ha) - {B/ha) (M)
Wet Season Paddy . E 7 .
- Irr%géteq 22,000 2.8 61,600 4,230 260.6° - 4,270 93.9 166.7
- Semi-irvigated 14,800 B N ) 23,680 4,230 100.2 3,780 55.9 "44.3
~ Rainfed ~ - -~ - - - - -
Dry Season Paddy ) 1,100 3.% 3,850 4,230 . 16,3 4,930 5.4 10,9
Hung Beans (Paddy Field) 3,300 0.6 1,980 §,920 13.7 2,250 7.4 6.3
Hung Beans {Upland) - - - - - - - -
Haize ’ - - - - = - - C .
Tetal ' 390.8 . . 162.6 | 228.2
{2} ¥ith Project )
: : R . . Unit Total
. Cuitivated Unit - Unit : N : .
Crops Area vield Production Price G’PTV Production P;oduction N.E.y
’ T - Cost - Cost .
(ha}) {ton/ha)} {ton) (B/ton} (M8} - {g/ha) . Ap/hal {Mg)
et Season Paddy : : o o o
- H.YLY. 29,400 4.5 132,300 4,230 559.6 5,680 '167.0 392.6
f Improved local 7,400 4.0 29,600 4,230 125.2 5,680 42.0Q 83.2
Hung Beans | 1,800 1.2 2,700 6,920 14.9 3,660 6.6 B :

Total o 699.7 : © 215.6 484.1

{3} Incremental Benefit
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Table III-13  TRRIGATION BENEFIT RESTIMATES (3/11)

‘case 103

(1} without Project
T - T T ; Unit Tatal
o Cuitivated ' ‘."“it - Prodiuction U'.u't G.P.¥ Production Production H.P.V
Crops . Area Yigld ; Price .
o . B Cost Cosl;
{ha} _ tton/ha) {ton} (#/ton} (vp) {(B/ha} {B/ha} (M)
Wet Season Paddy ' . .
-~ Irrigaked 22,000 ‘2.8 61,600 4,230 260, 6 4,270 93.9 166.7
-~ gemi-irrigated - ld,Bf_JO 1.6 23,680 4,230 1090.2 3,780 55.9 44,3
- Rai.nfe_d : , ‘300_ 1.3 1,000 4,230 | 3,480 2.8 1.6
Dry Season Paddy . 1,100 3.5 3,850 4,230 16.3 4,930 5.4 10.9
Mung Beans (Paddy Field 3,300 0.6 "1,980 . 6,920 13.7 2,250 7.4 6.3
Mung Beans (Upland) - - B - - - ~ -
Maize - - - - - - S - -
Total E 395.2 165.4 229.8
{2) with Frojecl:
s o, . . Unit Total
) Cultivated l:ln:.t ‘Produaction .U',ut G.P.¥ Production Production N.P.V
Crops . . Area Yield Price }
. : Cost Cost
' {ha} (ton/hal (tan} (B/ton} . (M#) {B/ha} {B/ha} (4}
wEt'"seéson Pa-ddy . . . .
- H.Y.V.. - . .. 30,100 4.5 135,500 _4,_230 573.0 5,680 i71.0 402.0
- Improved Local 7,500 4.0 30,060 4,_230 1_26.9 5,680 42.6 84.3
Mung Beans ’ - - - - - - - -
Total $99.9 213.6 486.3
{3) Incremental Benefit . 256.5
Table TII-13° TIRRIGATION BENEFIT ESTIMATES (4/11)
Case 201
{1} | without project
) I ; Unit Total
s ) Cuitivaced J:Ir_ut production unit 6.2,V Production Production N.P.V
Crops hrea Yield Price
] R ) ) Cost Cost
{ha) ~_{ton/ha) {ton} {(B/ton) (28) {E/ha} {E/ha) )]
Wet Season Paddy : ) : '
- Irrigated_'_ - 22,000_ z2.8 61.600 4,230 260.¢ 4,270 93.9 166.7
C- Semiuirlfigated 14,800 1.6 23,680 4,230 100.2 3,780 55.9 44,3
- Rainfed - - ’ - - - - - -
Dry Season Paddy 1,300 3.5 3,850 4,230 16.3 4,930 5.4 10.9
Hung. Beans (Paddy Field) - 3,300 0.6 1,980 6,920 13.7 2,250 7.4 6.3
Hung Beans  (Upland) [ - - - - - - -
Maize e A - ) - - - - - -
" Totalk _ ‘ 390.8 162.7 228.2
{2} with Project
PR S . s : Unit Total
.o tultivated Hnit . - . Unit c .
Craps ) . Area gieid . ProduCtJ.OI.\ Price G.p.V Preduction Production HN.P.V
: o o Cost Cost
-(ha} (ton/ha) {ton) (§/ton} {18) {B/ha) [E/ha) (HE)
wqt_séaépn'ﬁaddy o . )
ALYV . 29,400 4.5 132,300 . 4,230 559.6 5,680 167.0 392.6
~ . Inproved Local © 7,400 4.0 29,600 4,230 125.2 5,680 42,0 83,2
Hung Beans’ ) - - - - - - - -
Total 684.8 209,0 475.8
{3)) Incremental Benefit TII-~25 247.6




Table IXI-13

IRRIGATION BENEFIT ESTIMATES (5/11)

Case 202
{1) Without Project . Dol
., Unit” _Total )
Cultivated vait production Bnif_ G. PV producticen Prcgduétion n.P.V
Crops Area Yield i price L Cost Cost - T
Co {ha) {ton/ha) {ton) (B/ton) (M) . {A/ha} (B/hal (48}
U 1. ISR, . —— —— T
Wet Season Paddy ’ ) Lo “ ,
- Irrigated 22,000 2.8 61,600 4,230 260.6 4,270 939 166,
~ Gemi-irrigated 14,800 1.6 23,680 4.?30 100, 2 3,780 55.9 44.3
- Rainfed = .- - Lo - ] - = -
Dry Season Paddy 1,100 3.5 3.850 4,230 16.3 _4,930 5.: ) 12.9
Mung Beans (Paddy Field) 3,300 0.6 1,980 6.929 13.7 2,250 ?._ .3
¥ung Beans {Upland} - - - = - - i -
Haize - - o - - - -
Fotal 390.8 . 162.6 228.2
{2} With Project . L
. N . ) Unit Total
Cultivated ‘.‘mlt PFroduction Ur.l-lt G-B.V production Production N.P.V
Crops Area Yield Brice Cost ~Cost _
tha) {ton/ha) (ton) _ (B/ten) (ME) {H#/ha) {H/na) (B’
Wet Season Paddy . ' ' B :
- H.Y.V. 29,400 4.5 132,300 4,230 _559._6 5,680 167.0 392,86
- Improved Local 7,400 4.0 29,600 4,230 125.2 5,680 42.0 83.2
Mung Beans 11,000 l.2 13,200 6,920 91.3 3,660 40,3 51.0
Total 776.1- 249.3 526.8
{3} Incremental Benefit 298.6
Table III-13 IRRIGATION BENEFIT ESTIMATES (6/11)
Case 205
{1} vwithout Project -
; ; : L Unit Tatal
Cultivated i?'m't - Production ‘Ul.”"t " G.P.¥  Production Production N.P.V
Crops Area Yield : Price ot
o Cost Cost )
(ha) (ten/ha) (ton)  {B/ton) {(MA) . {g/hal) "{E/ha) {18)
Het Season Paddy ) _ o ‘ : )
-~ Trrigated 22,000 2.8 61,600 4,230 260.6 4,270 " 93.9 166.7
.~ Seml-irrigated 14,800 1.6 23,680 4,230 100.2 1,780 55,9 - 24.3
!~ ¥ainfed 3,500 1.3 4,550 4,230 19.2 3,480 12.2 7.0
Il:ory Season Paddz; . 1,100 3.5 3,850 4,230 16.3 4,930 5.4 10.9
fung beans {Paddy Tield) 3,300 0.6 1,980 6,920 13.7 2,250 7.4 6.3
:-:ur‘lq Beans {Upland) 800 0.5 400 6,920 z.8 2,250 . 1.8 . 1.0
Halze 2,100 2.2 4,620 2,470 11.4 . 2,660 5.6 5.8
Total 424.2 182,2 .. . 242.0
{2} With pProject .
Cultivated Unit Producti Unit N 'Unit. . Total R
Crops hrea vield xoduction .o Lo G.P.¥  Production Production N.P.¥
) ) . . . Cost Cost .
—_— (ha) {ton/ha) {tom)  (B/ton) (tig) (B/ha} (g/ha) .~ (MB)
Wet Season Paddy ’ . ) : : : B . . .
~ H.Y.V. : 33,900 . 4.5  .152,550 4,230 645.3 5,680 19208 152.7
- Improved -Local 8,500 4.0 34,000 . 4,230 143.8 5,680 48.3° . - 85,5
Mung Beans - - B - R . - S L
Total 789.1 240:8 54812
{3) 1Incremental Benefit ITI-26 306,52




Table ITI-13 | TRRIGATION BENEFIT ESTIMATES {7/11)

case 206
{1) Without Eroject:

— - : ) Unit Toral
) ml:]i::ated Ygzig Production PE:;:: G.p.V Producticon Production H.P.V
Crops - a ’ . . . Cost Cost ’
; {ha) (ton/ha) {ton) (#/ton)- (Hp) {(E/ha) (B/ha} (M)
Wet Season Paddy. ’ ) P
- Irrigated 22,000 : 2.8 61,600 4,230 260.6 4,270 93.9 166.7
- Semi-irrigated 14,800, 1.6 ° 23,680 4,230 100.2 1,780 55.9 44.3
- Rainfed - 3,500 1.3 4,550 - 4,230 - 19.2 3,480 12.2 7.0
pry Season Paddy 1,100 3.5 3,850 4,230 16.3 4,930 5.4 10.9
Mung Beans (Paddy Field} 3,300, - 0.6 1,980 6,920 13.7 2,250 7.4 6.3
Mung Beans (Upland) 800 - 0.5 400 6,920 2.8 2,250 1.8 1.0
Maize 2,100, 2,2 4,620 2,470 11.4 2,660 5.6 5.8
Total 424.2 182.2 242.0
{2) with Proje_ctA
- - : L . Unit Total
o in;ivated anig production P”z;; G.P.V  Preduction Production N.P.V
Crops - Area e . x Cost Cost
] {ha) {ton/ha) {ton) (B/ton}  (MB) {8/ ha) (¥/ha) (M)
Wet Season Paddy. ' ' ' o ]
L H.Y.V. o 33,900 4.5 152,550 4,230 645.3 5,680 192.6 452.7
I Improved Local- ‘8,500 4.0 34,000 4,230 143.8 5,680 18.3 95.5
Mung Beans 6,800 1.2 8,160 6,920 56.5 3,660 24.9 31.6
“rotal 845.6 265.8 579.8
{2} Incremental Benefit 337.8
Table ITI-13 IRRIGATION BENEFIT ESTIMATES (8/11)
Case 207
(1) wWithout Project
: . . Unit Total
L Cultivated Unit . Unit . A Y
Crops - - Area vield " Production Price G.P.V Production Production H.P.V
- Cost Cost
_ _ (ha) (ton/ha} {ton) (B/ton) (HB) (E/ha) {B/ha) (HE)
Wet Season Paddy .
—_Irrigated 22,000 . . 2.8 61,600 4,230 260.6 4,270 3.9 166.7
- Semi-irrigated 14,800 1.6 . 22,680 4,230 108.2 3,780 55.9 44, 3
- Raihfed ’ 6,700 - 1.3 8,710 - 4,230 36.8 3,480 23.3 13.5
Dry Season Paddy 1,100 -3.5 3,850 4,230 156.3 4,930 5.4 10.9
Hung Beans (Paddy Field) 3,300 0.6 1,980 6,920 13.7 2,250 7.4 6.3
Mung Beans (Upland) 200 0.5 400 6,920 2.8 2,250 1.8 1.0
Maize 2,100 2.2 4,620 2,470 11.4 2,660 5.6 5.8
Total - 441.8 193.3 248.5
{2) with Project
7 . F— o : Unit Total
L Cultivated Unit - - Unit - . .
Crops. Area vieid rroduction Price G.P.V Production Production N.P.V
: : B T Cost Cost
BT {hal {ton/hal {ton} {B/ton) {HB) (#/ha) {B/ha) (Mg}
Wat Season Paddy :
S TR : 36,560 4.5 164,250 - 4,230 694.8. 5,680 207.3 487.5
" Improved Local 9,100 4.0 36,400 4,230 154.0 5,680 51.7 102.3
Mung Beans o - - - ~ -~ - - -
Total 848.8 259,0 589.8
{3) - Incremental Bemefit _I];_If27

341.3



Table II1I1-13

IRRIGATION BENEFIT ESTIMATES (9/11)

Case 208
(1} Without Project . . S
: ni - Tonit - - Tetal
Caltivated unit . Production I."'t G.pv production Preoduchion ..V
Crops Area Yield . Price . Cost cost
{ha) {ton/ha) (ton}  {(g/ton) ME)  {B/ha) (B/ha) (Mg} -
Wet Season Paddy : . ) L . - . . Lo
~ Irrigated 22,000 2.8 61,6QD 4,230 26_0,‘6 . 4,270 939 : l§6. 7
- semi-irrigated 14,800 1.6 23,680 4,230 100.2 3,780 55,9 44,3
- Rainfed 6,700 1.3 8,710 4,230 3_6_.8 3,480 2_3.3_: 13..5
Dry - Season Paddy 1,100 3.5 3,850 4,230 16.3. 4,9_30,__ 5.4 10..9
Mung Beans (Paddy Field) 3,300 0.6 1,980 6,920 13.7. 2,250 7.4 6.3
Hung Beans [Upland) 200 0.5 400 §,920 2.8 2,250 1.8 1.0
Maizme 2,100 2.2 4,620 2,470 -11.4 2,660 5.6 5.8
Total 441.8 193.3 248.5
{2} with pProject
. it Unit o ‘Unit Total
Caltivated L}m. . pProduction o G.P.¥  Production Production ~HN.P.V
Crops hrea Yield . Price : cost cost ;
' {ha) {ton/ha) {ton} _ {g/tom) (8) - " {8/ha) (B/ha) (L]
Wet Season Paddy i o ) . . ) o
- H.Y.V. 316,500 4.5 164_,250 . 4,230 694.8 5,680 207.3 487_'.5
- Improved Local 9,100 4.0 36,400 4,230 154.0. 5,680 517 102,3
Mung ‘Beans 3,600 1.2 4,320 6,920 29.9 1,660, 13.2 6.7
Total 878.7 272.2 696.5
(3] Incremental Benefit 358.0
Table TI1-13 IRRIGATION BENEFIT ESTIMATES (10/11}
Case 209 )
(1) without Project
Cultivated  Unit . it oo Unlt Total
Crops Area Yield FOUNEtion  price ‘P“fr Prudci;:;mn Proccluzimn w.p.v
) Ly}
(ha) {ton/ha} (ton} {B/ton} (MB) (B/ha) {B/ha) {ng)
Het Season paddy . : '.
- Irrlj.qr:.ite(-i 22,000 2.8 61,600 4,230 260.6 4,270 93.9 . 166, 7
- Semi-irrigated 14,800 1.6 23,680 4,230 100.2 3,780 55,9 44.3
-~ Rainfed 7,800 1.3 10,140 4,230 - 42.9 - 3,480 271.1 15.8
Pry Season Paddy ) 1,100 3.5 3,850 4,230 16.3 4,930 5.4 - 1009
Hung Beans {(Paddy rield) 3,300 0.6 1,980 6,920 13.7 2,250 7.4 6.3
Hlung Beans (Upland} 800 0.5 400 6,920 2.8 2,250 1.8 1.0
Haize 2,100 2.2 4,620 2,470 1.4 2,660 5.6 5.8
Total 447.9° 197,1 .- 250.8
{2} With Project
Cultivated  Unit " Unit Unit - Total o
Crops Area Yield Praduction .o .. .o G.P.V' . Production Production W.P.V
. o T Cosk Cost
(ha) {ton/ha) {ton) _(B/ton) _ (#B) _ _ (g/ha) (8/ha) {41B)
Wet Season Paddy S " T
- H.Y.V, 37,400 4.5 168,300 4,230 7119 5,680 212.4. - 499.5
~ Improved Local 9,300 4.0 37,200 4,230 157.4 5,680 52,8 104.6
Mung Beans - - - - - - L ) L
Total 869.3 Cl265.2 0 604.1
{3). Incremental Benefit
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Pable ITIF-13

case 301

{1) without Project

IRRIGATION BENEFIT BSTIMATES (il/11)

Total

Ty Unit
Cultivated Unit . Unit . L
crops Area Yield Production Price G.P.V Production Preoduction H.PV
. . Cost Cost
{ha} [ton/ha) {torn) {B/ton} [ME) (#/ha) {B/ha) ()
wet Season Paddy ) .
~ frrigated 22,000 2.8 61,600 4,230 2606 4,270 9.9 166.7
- semi-irrigated 14,800 1.6 23,100 4,230 100,2 3,780 55,9 44.3
- Rainfed . 7,800 1.3 9,800 4,230 42,9 3,480 27.1 15.8
try Seasen Paddy 1,100 3.5 3,900 4,230 16,3 4,930 5.4 10.9
Mung Beans (Paddy Field) 3,300 0.6 2,000 6,920 13.7 2,250 7.4 6.3
Mung Beans [(Uptand} - 800 0.5 400 6,920 2.8 2.250 1.8 1.0
Maize o 2,500 z.2 4,600 2,470 11.4 2,660 5.6 5.8
Total 447,9 1071 250.8
{2) With project _
: : . : N . unit- Total -
Cultivated Unit : . Unik T R
Crops Area vield P;oductmn price G.B.V production Preduction N.P.V
: Cost Cost
tha) [ton/ha) {ton) {B/ton) (Mg} [#/ha} {B/ha) {ME)
Wet Season Paddy . N L : - '
- H.Y.V. 37,400 4.5 168,300 4,230 711.9 5,680 212.4 499.5
~ Improved Local 9,300 4.0 37,200 . 4,230 157.4 5,680 52.8 104.5
Mung Beans 2,300 1.2 2,760 6,920 19.1 3,660 8.4 10.7
Total 888.4 273.6 61d.8
{3) - Incremental Benefit 364.0
Table IXII-14 ECONOMIC COMPARISON OF ALTERNATIVE CASES
e Irrigation Cropping Constrruction Cost (Econcmic) om annual IRR
hlternative  G.R.C Area Intensity Dam Trrigation Total Cost  Benefit
case (HCH) {ha) (%) {HE) wEy  (Mp) 15 ) (22
101 200 36,800 100 1,132.8 109.4 1,242.2 48,1 247.6 11.6
102 250 36,800 105 1,176.6 199.4 1,286.0 48.4 255.9 11.6
103 250 37,600 100 1,176.6 123.8 1,300.4 48,7 256.5 1:.5
201 . 120 36,8C0 100 954.3 575.5 1,530.1 13.4 247.6 11.5
202 250 36,800 130 1,176.6 575.8 1,752.4 14.4 293.6 12.1
205 170 42,400 100 1,082.7 724.7 1,807.4 16.7 306.2 12.9
206 250 42,400 116 1,176.6 724.7 1,901.3 17.2 339.8 12,5
207 200 45,600 100 1,142.3 761.4 1,903.7 17.7 341.3 12.6
208- 250 45,600 108 1:176.6 761.4 1,938.0 17.9 358.0 12.9
209 220 46,700 0o 1,164.4 782.4 1,946.8 18.1 353.3 12.8
301 250 46,706 105 1,176.6 782.4 1,959.0 18.1 364.0 13.0
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_Fig-. I11-2 - Flow Chart of W_atér Balance Calculation
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ANNEX - IV

DAM AND RESERVOIR

1. GENERAL CONDITiON

A plan .of the dam51te and site map are’ shown on Fig. IV~2 and
Flg 1v-3.  The: Upper Mae Worig ‘dam is a center cored rockfill dam
assuring water- tlghtness by founding the imprevious core entirely on
" sound ‘rock:with grout ‘curtain beneath.

The dam has a crest length of about 800 m, width of 10 m and the
maximum height of about 57 m above the base of impervious core. - The
impervious core is 4'm ‘wide at crest elevatlon and about 22 m at base
at the max1mum dam section.. :

_ Thefﬂpstream shrfacé of the dam was designed with slope of 1.75
horizontal to 1 vertical. The downstream surface was designed with -
slope of 1.6 horizontal to 1 vertical. Total volume of earth and rock
materials in the embankment 1is about 2,500,000 m>

. The dam cross section is shown in Fig. IV-4 and major dimensions
of dam ‘are summarized in Table Tv-1.

1.1 Location ahd'ACoésQibility

The Uppex Mae_Wohg.damsi%e'is located on the Mae Wong river and
on the boundary of Kamphazeng Phet and Nakhon ‘Sawan provinces, approxi-
mately at Latitude 15°53'N and Longitude 99°19’50"E. The nearest
village is Ban Taling Sung, about 13 km downstream.

The damsite is easily accessible during dry season by 4WD vehicle
through cart road from the village but not.always during wet season.
This rcad is about 20 km in length and would be widened, straightened
and surfaced ‘for use as an access road during the period of construction.

1.2 Investigations
1.2.1 . Topography

A topographlc map of 1:1,000 scale w1th l-meter contour intervals
covering about 10 km , a distance of 1.5 km upstream and 1.5 km down-
stream from the dam51te,_was completed in June 1985 and used in the
deslgn ‘of the dam., Another map of 1:10,000 scale with 5-meter contour

intervals covering about 60 km? was also made at the same period of time
iand used ‘in designing the area-storage capacity curves for the proposed
reservoir. BAn aerial topographic map of 1:50,000 with 20-meter contour
intervals was used for general purposes.

Iv-l



The first two basic maps were prepared by RID, The method used
in the ground survey consisted of the horizental control referred to
RID grid system and the vertical. control referred to the mean sea level.

1.2.2 Geology and soil mechanical investigation

A geological lnvestlgatlon of the damsite and the feservoir area
was carried out to determine the soundness of the site and the water-
tight qualities of the reservoir. Twelve holes, 1nclud1ng percolatlon
tests and standard penetration tests, were drllled to a total depth of
297.95 m. Rock was drilled by diamond bits of Kwm and Bwm with double

core tube,

Nineteen test pits of 2 X 2 m were excavated, for a total depth of"
37.7 m in order to. 1nvestlgate the embankment materials and to obtain.
the samples for scil mechanical tests. Twenty nine auger-hole drillings
‘were conducted around dam axis for total depth of 26.8 m, All these
geclogical investigations and soil mechanical laboratory tests were
conducted by RID. : :

1.2.3 Hydrology

The catchment area of proposed damsite is 612 km<4, The annual.
inflow to the reservoir varies from 55 MCM to 541 MCM with an average
of 220 MCM, ‘The effective storage capacity of 230 MCM is required to
irrigate 46,700 ha. The reservoir capacity and the height of the dam

"was determined on the basis of optimization study. The area-capacity
curve of the reservoir is shown in Fig. IV-1. The summary of reservoir
hydrological data is as follows:

Total storage capacity : 250 MCM
pffective storage capacity 230 MCHM
Dead storage capacity (100 year) . : L2200 MCM
Water level at total storage (FWL) .- EL.204.5.m .
Water level at dead storage (DWL) ' EL 180.0 m
Flood water level (HWL) El 207.5 m
Area at total storage . 17.8 km?
Area at flood water level . 19.8 km?

2.  DAM TYPE AND DAM RXIS
2.1 Selection of Dam Type

Selection of dam type was baseﬁ on the studles 1ay1ng stress on’ the
available materials near the dam81te, foundation conditions and economi-
cal construction cost. During the initial phases of investigations of
dam, concrete type, rockfill type and earthfill type were considered,



Since the helght of dam is expected to be about 57 m, the embankment
materials,respecially impervious materials for filltype dams, should
have sufficient shearing strength against shear failure and should be
uniform in quality. Well decomposed and deeply weathered granite and
dlluvial deposits, located along right side of the river about 2 km
downstream, vere found to. satlsfy such requirements for impervious
materlals of tha fllltype dam, However, the obtainable quantity will
be llmlted at max1mum about 1, 000 000 w3 in gross. Rock materials such
as granlte, qchlst, cale- 81llcatc and quart21te are predomlnant around
damsite. . These rooks are suitable for high embankment or sufficiently
hard and qolld for foundatlon of all types cof dams. Surface coverages,
soils and_weathered portion of these rocks are very thin.

Earthfill'tyﬁé dam'was not'selectéd with the following reasons:

(1) Sufficient volume of earth materials would not be obtainable
© in the vicinity of dam.

(2) Excavated materials from thesappurtenant.stiﬁctures of dam,
'quld not -‘be balanced with the embankment, which would result
high construction cost with plentiful disposals of excavated
rocks,

The factors leading to the selection of a concrete dam were the
savings assumed from river diversion and spillway over the dam bedy.
The river diversion would be plannéd on’ the confinement of flows to
one side of the river channel durlng initial stage, followed by diver-
sion through partlally completed blocks during the second stage. The
spillway would be designed on the dam body. These designs would result
generally considerable savings over construction cost through diversion
tunnel and side spillway as would be required on the dam abutments with

a filltype dam."

However, the valley shape of the damsite is so wide, about 400 m
at the ‘base of dam and about 800 m at the crest of dam, that total
concrete volume of the dam would be excessively large, not less than
700,000 m3. Comparing with the embankment volume of about 2,500,000 m
for rockfill dam, - the construction cost of concrete dam would be more
than 2 times of construction cost of rockfill dam.

3

As statéd’in:fhe'desjgn of dam, the zoning of rockfill dam was so
de51gned as to fully utilize the excavated rock materials from the
appurtenant structures. Borrow area would be required for embankments
of impervious and semi-pervious zones, All rock zones embankments would
be”supplied from the excavated materials from spillways and diversion
canals.

It was therefore concluded that rockfill type dam was suitable in
all aspects such as material availability, su1tab1?1ty for high dam and
economic construction.
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2.2 Selection of Dam:Axis

Detalled study on' avallable topoqraphlc maps and geo;oglc condl—:
tions led to the comparison study on the alternative dam axes. ‘The
topographic ‘conditions of damSLte are relatlvely compllcated, ‘the
directions of rldges on’ both abutments are in'discord, the viver
course is cr0551ng damsite in almost parallel with dam axis and a
depreeslon, small buL deep and steep, is. located at rlqht dbutment

The surveyed dam axls,'selected from the aerlal topographlc map

. of 1:50,000 scale, was con51dered unsultable as: 1t is located on’ thé .
said depression and 1ts ‘crest length is conswdered oo long. - Three
alternative dam axes were selected for comparlson as shown in Flg.
I1I-5. - :

Preliminary designs and cost estlmatee were conducted an the
alternative dam axes. The results are summdrlzed below and daim center
line No. 2 was selected,” 1In thls comparlson, the costs for 1ntake and’
outlet facilities) foundatlon treatment, emerqency spillway and ten-
porary works are excluded since they are common -for ‘each dam. axis and
the cost of temporary works w111 be ploportlonal to the direct cost.

Work Quantity,

‘ pam Center Line

L No. 1.  No.2  No.3
1. River dlverSLGn A
1-1 Dlver91on tunnel (m) e 370 L ﬂé3b,ef .';'lﬁﬁéd
1-2 Diversion canal (m3) 152,300 138,300 - . .66,000
1-3 piversion dam (m3) - 75,600 78,700 213,500
2. Dam o - _ R
2-1  Excavation () 126,000 108,000 ' 99,000
2-2 Embankwment ©  (wd) . 2,654,000 . 2,388,000 . 2,769,000
3. Service spillway . . e
3-1 Earth works  (m3) 483,000 659,006 304,000 .

3-2  Concrete works = (m3) . .44,000 . 53,400 ~ 50,300
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Construction Cost

{Unit: MCM R)
Dam Center Line

No, 1 No. 2 - No. 3
1. River‘diversiﬁn e
1-1" ‘Diversion tunpel- B 74 46 78
1-2 Diversion canal - oo 8 7 3
1~3 Diversion dam = . ' 3 4 9
' ' Sub-total - ' R 87 90
2.  Dam _ o
2-1 Excavation o 24 21 19
2-2 Embankment : . 584 ' 525 609
o substotal : 608 546 . 628
3. 5Serv1ce spllluay - ' __' - N L
31} ‘Barthwork - 69 . 99 Rt
3-2 Concreté work - = 9 117 111
Sub-total 16 . 216 157
- Total , _ 859 819 875

3. EMBANKMENT MATERIALS ‘AND DESIGN -VALUE -
3.1 Rock'Materials-'

The charactors of rocks from structural excavatlon for dlver31on
canal, :tunnel, serv;ce splllway and emergency spillway are based
essentially on core borings .and laboratory tests. It -is expected that
these excavations would yield a substantial amount of large rock suitable
for use in the outer rockfill’ zone of embankment, as well as smaller
sizes for transition zone.: Structural excavatlon rocks would be quartz-
ite,’ Calc sxllcate and schlst :

Durlng the course of lnvestlgatlon, ‘additional quarry sites were
also found.  One i located at about 3.0 km upstrean rlght side of the
river.. ~According to the boring No., 9, rock: will ‘be guartzite. The
_other is located.at about 3.5 km upstream, left side of the river and
~will produce dgranite rocks. Characteristics of rocks are summarized as
follows.



Rock _ Gs (%)
Quartzite - 2.63 - 2.68 0,2 - 0,8
Calc-silicate 2.68 - 2.92 ) © 0.6 -.0.9
Schist S . 2.65 - 2,70 = 0.2 =.0.4
schistose Granite 2.65 - 2.67 0.3 - 0.7

Mean . 2,68 . . 0,54

Note: Gs: Specific gravity-
w: Water absorption ratio

Tt is generxally accepted in the dam englneerlng that the rock
materials having characterlstlcs of . SpElelC grav1ty more than 2.5
and water absorptlon ratio less than 1.0% arn suitable for'large ‘dam
embankment. ' Roc¢k materlals avallable 1n the v101n1ty of dam51te are
considered to have good quallty for embankment.-

3.1.1 Design value
(1) Embankmeﬁt'density

Density of embankment zone will depen& on quallty, shape and
gradation of materlals, spreading thickness’ and compactlon method
Genérally, large and boulder-size rocks are placed in ‘outer rock zone
and boulder to gravel size in transition zone. Both' zones will form
shell structure of dam embankment. Evaluating from_the boring core -
and field investigations, .the porosity {(n} to calculate density was.
estimated as follows at the condition of applylng vibration equipment
for embankment

Rock zone - = 30%

Transition zome  n = 25%
Then, the density of embankment zones are calculated.

{a) Rock zone

Void ratio : e =7 = 0.429
. I-n 0

. Gs i3

Wet density: vyt = 1+ e XYw= 1.88 t/m

where, Gs: Specific 'gravity at 58D condltlon
: TGS = 2. 68 (mean value)

yw: Unit welght of water
Yo = 1.0 t/m

Gs + . R .
= = X yw = 2,18 t/m3'

Saturated density: sat = e
. y:ooysat = e



(b) - Transition zone

n

e e 1= n = 0.333
oyt = 9§—if%3 = 2.01 t/m3
. Yset ='9§;i—21x‘Yw = 2;25 t/m3

Clte
(2) lSﬁeeﬁletieﬁgthri_-

- shear. strength'of material i$ expressed usually, by ‘two compénents
of 1nternal frlctlon angle # and cohesion C. Tri-axial compression test
for: rock’ materlal was not conductéd but the test results for weathered
granite or sem1~perv10us materials’ are avallable The internal friction
angle obtalned from the trl axial: test for the: weathered granite of
'dam81te ig 40 degrees in effectlve strength at max1mum den31ty
Internal frlctlon angle for” hard rock material is usually larger than
“the valué for weathered semi- pervlous materials. Based on the tri-axial
test results on the ordlnary granlte rocks . in Jepan as shown in ANNEX II,
and con51der1qg the above value for weathered granlte at daW51te, the
. de51gn values of the sbear strength wexe detelmlned as follows._

i

Rock zone $ = 44.0 degree

'_Transition zone & .42‘0.degree
In case of rock materlal the coheS1on component of shear strength
is neglected for: etablllty analy51sp'

3.2 Impervious Materiale (Core Zone)

- fhe impervioue materials for core zone of embankment will be
obtained from the borrow area located at about 2 km downstream rightside
Of the river.

L The 1mpervious earth materials are fine to medium graded decomposed
grénlte;. This . granlte partlcles contain 1arge amount of feldspar which
‘will Dbe 63511y decomposed and become clayey through weatherlng and
3stock plllng. . The. groundwater level in the borrow area is low and
decomposed thickness: will be limited at 1.5 to 2.5 m below top soil

- gover. Theé borrow area is estimated ahout 100 ha, extending about 400

~ to 450 m'in_width%andfabout.Z,S-km in length.

Estlmated maximum yleld of impervious materials from thls borrow
area would be 1,000,000 m3 in groes.-
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3.2.1 Desgign value

(1) Emnbankment density

The results of standard Proctor compaction test on the represen—
tative COre samples obtained from the test pits at the said borrow area

are summarized as follows:

Test Pit No. TP-2 TP-3 TP-12. - Average
Yamax  t/m> 1,995 - 1.980 .1.900 1,958
Wopt. % 9.2 S 9.2 11.5 - 10.0

Note: Energy applled in the compactlon test was  ~
5.625 kg- cm/cm3. ' '

Imperv1ous materlals to be utilized for core zone of hlgh embank—
ment should be required to have sufficient stxength in addition ‘to the
impreviousness. Following density control for {mperious materials w111
be necessary durlng construction.

Dry den51ty (Yd) > Ydmax x 95%

Con51der1ng these condltlons and based on the test results, d951gn
values for embankment d951gn were determlned as follows: '

Dry density : Yd = 1.958 x 0.95 = 1,860 t/m>
Void ratio H e = Gs x Yw | 1 = 0.430

. ya . _
Moisture content : w = 10.0% (= Wopt)
wWet density : Yo o= Yd x {1 + Fy = 2.05 t/m

100

(Gs'+ e)yw
1l + e

I

Saturated'density: Ysat = 2;16't/m3

(2} Shear strength -

Design values for shear: strength are déterﬁined ‘from the fesﬂlts
of tri-axial compression Fest (undralned and consolldated condltlon and
expressed by effective stress). ' -

Test Pit Shear Strength o : Sample-Conditioh

No. & (degree) ¢ (t/mz)- .- Dry Density - Moisture Content
TP--13 23,0 2.0 ydmax x 95% wopt
PP-12 © 32,5 1.3 ydmax x 95% Dry side




Samples -from TP-12 show very high shear strergth because of low
moisture content;_ Permeability test on samples from TP-12 give greater
value classified into semi-pervious.. Samples from TP-13 give impervious
values with condition of Wopt. Therefore, the results of TpP-13 were
applied for design values for impervious zone.

(3} Permeability

Most of results of permeability tests on core materials give
permeability coefficient less than 1 x 1070 cm/sec. . Accordingly, the
design values for construction is recommended to be 1 x 10-5 cm/sec
which is quite common value for rockfill type dam.

3.3 Semi-Pervicus Materials

The borrow area for semiAPérvious materials are located in the
reservoir area at about 2 km upstream of damsite. The material is
dé¢ompos¢d and ‘weathered granite graded medium to coarse and contains
about 10% of silt particle. The groundwater level is low and materials
are in dry side of embankment, having less plasticity.
3.3.1 pesign value
{1) Embankment density

~ The results of standard proctor compaction tests (SPCT) on repre-
sentative soil samples are as follows:

Test Pit No. 4 4 6 _ 7 Average

Sample depth 0 - 2.2 m 2,2 -3.6m 0-2.4m 0 - 1.8 m

ydmax t/m3 2,026 1,975 2,020 - 2,050 2,018
Wwopt - % 8.5 9.5 8.6 8.2 8.7

Gs . P 2.67 2.67 2.63 2.65 2.66

Note: <ydmax: Maximum density of "SPCT
Wopt: Optimum moisture content
Gs: Specific gravity of soil particles

Natural water content is estimated at about 3 to 4% from the field
investigations on test pits. Moisture-control by sprinkling water will
be necessary during construction. Assuming the condition of being 95%
of Ydmax for the density control, the design values are claculated as
follows:
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pry density : vd = ydmax x 0.95 = 1,917 t/m3‘
’ Gs X : :
Void ratio : e = Gs X Yw _ 1 = 0,388
Yd . ,
Moisture content : w = 8% (nearly equal to Wopt)
. W : 3
Wet density : Yo = yd x (1 + ) = 2.07 t/m

160

(Gs + e) x yw
1+ e

It

Saturated density: Ysat = 2,20 t/m3

{2) Shear strength

The tri-axial tests with conditions of consolidated and undralned
was conducted for samples from TP-6 to determine the design values of .
shear strength.

Shear Stréhgfh- Sample Condition

Test Pat &  (degree) C {t/m2) CoYa (£5/m3) T w (%)
TP-6 No. 1 40.0 3.0 © 2,020 _ 8.0
No. 2 36.5 | 3.0 1,919

Note: No. 1: Initial sample'céndition is at Ydmax and Wopt.
No. 2: Initial sample condition is at-Ydmax x 0.95 and Wopt.

Taking safety measurement for design, smaller value was adopted.

Internal friction angle: @ _36 degrees

3.0 t/m2

il

Cohesion : C

3.4 Filter Material

Filter materials are obtained from the river deposit containing
medium to coarse sand and less gravel and clay. Relatively coarse
textured sand is deposited along left side of river course. Laboratory
tests to determine the design valites for embankment were not conducted.
Common values were adopted for the sLudy.. =

[

;1.9o_tym°
2.00 t/m>

30.0-dégree
0 t/m2

Wet density 1 Yt

Saturated density: Ysat

Shear strength - : &
C e

o}

V=10



3.5 Summary of Design Value

Y Ysat T g C

- Zone : : ?
| OPTS (t/m3) o (t/m3d) ___(deqree) (t/m?)
Rock . . - S i88 C 2.18 44,0 0
Trangition. . .. - 2.18 2,26 42.0 0
Seml—perv10us : 2,07 © 2,20 36.0 3.0
Impervious (Core) .o 2,05 2.16 23.0 2.0
0

Filter = . 190 2.00 30.0

4. DESIGN OF DAM -
4,1 Basic Design Condition
4.1.1 Seismic force

Selsmlc fotce is one of the major components in the deslgn of large
dam, Data on the distribution of epicenter locations and their magni-
tudes are available for the period from 1912 to 1981 in the Studies and
Research Division of the Meteologlcal Department and they are shown in
Fig. IV-6., The most of ‘epicenters are located along the Indian ocean
plate which has arciform extending from Indonesia to Burma. Reliable
epicenters of greater magnitude-are not recorded within Thailand.

(1) Seismic acceleration'forCe distribution'

Along the eplcenter ar01form belt, the max1mam magnitude of M = 8
was recorded at two polnts but eastern area of arciform belt has rela-
tlvely mlnor magnltude eplcenters . Drawing the envelope line along the
eastern: edge ot the recorded. epicenter locatlons and assuming M = 7 to
8 magnltude on the envelope with depth of 40 km from the ground surface,
the selsmlc aoceleratlon Eorce (gal) distribution was estimated. The
 results are shown in Fig. TV-7. 1In the caleculation of relation between

‘distance from the epicenter and seismic force (gal), the following
formula were adopted. ‘

(a) Seed (1968)
iog Gmax = 2.04 + 0.35 M = 1.6 log L
~(b) Okamoto (1979) -

thax. L+ 50

: = - 4,93 + 0.8 - 0.043 M2
1??_‘1;000’ oo {(- 4.9 + 9 M 043 M%)
where, : M: Magnitude

Gmax: - Maximum acceleration {gal)
L: Distance from epicenter (km)
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{2y Seismic farce'coefficient

The Upper Mae Wong damsite is located about’ 300 Km away from the
eastern edge of eplcenter zone, - The. seisnic acceleratlon force . at - dam~
site will be 5 to 10 gal accordlng ‘to . the choice of magnltude at: 7 to: 8.
The seismic coefficient Kh is. theén derived at 0.0% by 10 gal/980,
Taking safety factor at 3, Kh will be : 0.03. Howevex, accordlng to the
information given by Dr. Suphon, Geology Div., the latest earthquake
record in 1983 will result: qreater value of seismic coefflclent of
about 0.02. ‘'Paking same gsafety factor 3, thé ‘design value for Rh was
then determinea at-0.06.  This will be reas onably conservatlve_for_a o
wall-constructed dam on a sound rock foundation,_in_an area of histori-
cally limited earthquake activity.

4.1.2 bam dimension
{1} Freeboard
Freeboard above floodlSﬁfchérge;wate;.lgvel is givéﬁJés foiioﬁé:.
Freeboard = R }_1.0 m >'2.0.m
'where,'.R: IWavé creep heiéhg to éﬁe'uﬁstréamfélope

For estimation of R, the rlg V-8 is aaoptﬁd " Phe winimum free-
board is 2.0 m. o ' :

{2) Crest detail
{a)  Core zone crest'elevation"

Core crest- elevatlon should not be less than (H.W, L o+ Free~*
board), where H.W.L 19 fiood surcharge water level.

(b} Dam crest elevation
Dam crest elevation = Core crest + Crest road thickness
(c} Pam crest width

Dam crest_is_then'used'és_a_patt of 1ocal_roé6.an&,thé crest
width is determined as follows, taking a minimum width of 8 m:

B = 3.63W - 3.0 for earthfill dam
B = 0,05 H + 6.0 for rockfill dam

H: Dam height {m} .
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4.1.3 BAllowable factors of safety

_ The following.minimuﬁ'allowable factors of-safety against slope
failure were adopted as criteria in the design:

Minimum

‘Operating Condition
TR o Factor of Safety

End of construction
. Statlc condltlon - R - - 1.40°
_”Rapld drawdown-

‘Static condltlon o K ' o © o 1.20
With' selsmlc coeff1c1ent 0. 03* . S 1.10

Steady state eeepaqe' 7 B
Wlth selqmlc coeff1Clent 0 06 B S - 1.30

Note: *: Rapid dfa&down'of'water level is not expected frequently
: and probability of simultaneous occurrence of earthquake
must be  very low. Therefore, a half of seismic coeffi-
ciéent is adopted.
4.2 Embankment Design
4.2.1 Crest design.
(1) Freeboard

The freeboard is designed at 3.0 m taking design factors as follows:

" Distance to the opposite shore: F = 6.2 km
Maximum wind velocity : V= 30 m/sec
Embankment slope : - 1:1.7

Slope surface ' : PRugged surface
Wave creep helght R=1.7m

HE = 1.7 + 1.0 = 2.7 m, rounded at 3.0 m
(2) Cresﬁwef_cqre zone

H.W.L. + Hf = EL. 207.5 + 3.0 = El. 210.5 m

H.W.L,: Fldod water surcharge level
(3) Dam crest

El. 210.5 + Crest road 0.5 m = El. 21l m
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{(4) Crest width

B 6 + 0,05 H=28.,%mnm

il

i

B=23.6x 3H -~ 3=10.9m

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

4,2.2 Zoning of danm

Dam type and its zoning are always determiiled.from mainly three
factors, i.c. material availability at site, soil mechanical character=
istics and construction cost.  Somstime, the dam foundation condition
will be added to these factors. In case of the Upper Mae Wong:dam, as
for material availability, rock materials of good guality will be.
produced from the structural excavations for service bplllway, emergency
spillway, foundation excavation and. dlver510n tunnel, Besides these,
quarry sites are located at both abutments anﬁ almost everywhere: in the
reservoir area. As for ¢ore material, the supply source is located at
about 2 km downstream of damsite but availabléfvolﬁme-will be limited.
Following five zones were designéed by trial and error on the. balance of
material supply, economic comparison and stability analysis. Sloping
of dam was determined at 1.75 horizontal to 1 vertical. at upstream sur-
face and 1.6 horizontal to 1 vertical at downstream-surface. :

(1) Impervious zone (Core zone)

Owing to the limited supply of impervious materlals, relatlvely
narrow center core was selected to keep reservoir seepage: losses: to a -
practical minimum, The core is 4 m wide at the crest, 22 m at the base
and sloping of upstream and downstream at 0.16 horizohtal to 1 vertical.

(2) Rock zone

Rock zone will work as a shell of embankment to cqntrol.and improve
total stability of embankment. Material sources for this zZone are
structural excavations at service spillway and emergency spillway.

{3) Transition zone

This zone is designed at inner zone of outer rock zone. - The func-
tion of this is to form a shell of ewmbankment sawe as outer rock zone
but finner rocks.will be placed to adjust grain size. distribution’
between rock zone and semi-pervious zone. In: the course of rock -
excavation at ntructural site, production of finner size rock are
inevitable and supply sources: for this zone are both splllways excavation
and dam foundation excavation.

(4) Semi-pervious zone
This zone is designed between transition rock and filter zone:
Sometimes it is called random zone. From the single point of dam

stability, replacement of rock zone by this zone is not recommendable
as the shear strength is usually lower, However, construction cost of
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rock- zone is always high and production of random materials,

not so impervious &s.core material but not so strong as rock, is
inevitable in all damSité. Considering these tonditions, this zone
was also designed within the safety measurement of stability. Material
sources are commonh soil at both spillway site, diversion canal excava-
"tion and borrow area at upstream of damsite.

(5) " Filter zone

" Reserveir seepage through the embankment and underlying foundation
is. controlied:-by 3.0 m wide filter zone along the downstream face of
impervious ¢ore zone. Draihage blanket and finger drains are placed
on the foundation downstream of the core to carry both under-seepage
and water from the filter zone to the downstream toe.

~ The upstream filter zore was also designed to provide for relief
of .internal hydrostatic pressure and improved stability during rapid
fluctuations in reservoix -level. - :

- "Material socurces for the filter zone will be diversion tunnel
excavation and river sand.

4.2.3 Stability analysis

Stapility of the dam agaihét'sliding was analyzed by means of
sliced slip circle method. A safety factor obtained by the slip circle
method is derived by the following formula: '

_z{c'® + (N-Ne) . tan #'}
B (T + Te)

Fs

where, Fs: Safety factor : :
N: Normal effective force acting on sliced slip circle
: Tangent effective force acting on sliced slip circle
Ne: ' Normal force by seismic load on sliced slip circle
. _‘Te: .Tangent force by seismic lead on sliced slip circle
.C', g': Cohesion and internal friction angle of embankment
' material
"£: Arc 'length of sliced slip circle

Operating conditions for stability analysis are as follows:

Case A: End of construction with static condition

‘Case B: Rapid dtawdown of reservoir water level with seismic
' coefficient of 0.03

Case C: Steady-state seépage condition with seismic coefficient
: of'0.06 e

Case-D;_‘Surface'slidihg calculated by surface plate sliding wethod
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As for cohesionless materials, the slip.circle method has, charac-
teristics that the safety factor would become smaller when the slip
circle becomes shallow. Therefore, the analysis For such case is made
by surface plate slldlng method as shown below: : :

a - m.x Yoag
v, = ————————— fan g’

= t
m + IE?—-- k

where, Fg: Safety factor
m:  Gradient of slope
k: Seismic coefficient :
g': Angle of internal fr¢ct10n of materials

ysat: Saturated. density of: material o

v': Submerged density of material
The above formula was abpliéd to'the-slope un&er-theIWater level
of reservolr, and for the slope abeve the water level, the formula can

be applied by substituting the wet der51ty Ayt) for both ysat . and ¥'.

The results of stability analysxs are summarlzed as follows:

Reservoir . Seismic Safety Minimum

Case . Siope
Water Level -OP Coefficient . Factor Safety Factor

Empty Upstream 0 1.60 o 1.40

A
a Empty Downstream 0 1.44 1.40
B EL. 204.5 mw o L _

- El. 180 m Upstream .03 C1.42 i.10
C El. 204.5 m Upstream 0.06 1.35 1.30
C El, 204.5 m Downstream 0.06 1.39 1.30
¢ El. 190.0 w Upstream Q.06 1.38 1.30
D —em Upstream Q.06 . 1.33 1.20
D — Downstreanm _'0.06 1.36 . 1.20

Above results of analysis satisfy the stipulated safety factors
and imply that the dam is reasonably safe against sliding.

4.3 Spillway

The Upper Mae Wong Splllwav c0n51sts of sprv1ce splllway and
emergency spillway to utilize topographic features of damsite. Service
spillway is located at rightside abutment and an. emergency spillway at
about 1.5 km north where the topography is in saddle shape and greund
elevation is about 218 m and lower than the dam crest elevation.
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4.3.) ¢ besign flood

An extensive hydrometeorological study was undertaken, concentrat-
ing on the climatology and hydrology of the Mae Wong river basin with
due consideration on the:overall hydrological conditions of the Sakae
Krang river basin. . The results of study are given in ANNEX I,

The spillway désign flood was determined to be 20 percent increased
value of flood which derived from one-day rainfall of 260 mm with
200~year return period, occurring uniformly over.the entire basin. The
design flood was determined at 1,770 m3/sec which coincides with the
flood probability scale of about 600-year return period.

Flood routing study was conducted to clarify the function of flood
“retention capacity eXpected between the designed flood surcharge level
of El. 207.5 m and spillway crest. level of El. 204.5 m. The results of
study are presented in ANNEX I. It was then confirmed that, within the
designed surcharge water level, the reservoir will allow to control the
flood inflow scale up to 2,000 m3/sec or flood probability of 1,;500-year
return period.

Peak Max. Reservoir

gigiz Flood - Water Level
T (m3/sec) . {m)
10-year _ - 860 El. 206.4
50-year _ 1,200 206.8
100~year 1,340 ' 206.9
pesign flood _ 1,770 _ 207.3
1,500~-year 2,000 207.5

4.3.2__Service spillway

Service spillway Qas designed to release the f£flood of 1,200 m3/sec,
corresponding to the flood scale of 50-year return period. Service
spillway consists of un-gated side-flow intake crest, of 110 m in length
and 3.0 m of overflow design depth, guide channel of 16 m in width, chute
channel and stilling basin of 35 m in width, 21 m in height and 75 m in
length. Total concrete volume required is estimated at about 50,000 m3,

The spiliway allgnment was selected to minimize the excavation
volume and . the area of excavated slope surface above the spillway.
4.3.3 Emergency Spllley

Emergency splllway was deslgned to have several purposes.

{1) to release flood water of 570 m3/sec,

(2) ‘to improve_saddle'shape_topography of lower elevation than the
dam ¢rest elevation,
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{3) to treat a geologic fault expected from boring No, 8, and
{(4) to supply rock materlals for dam embankment

The- emergency splllway was de31gned to be of un- gated chute type
with crest length of 210 m, crest elevation ‘at - 206.,0 m and overflow.
depth of 1.5 m. Concrete volume required would be about 19,000 m3.
Excavated rock volume would be about 500,000 m3. Foundation grouting
was also designed with & m depth and 2 lines under the spillway crest.

4.4 River Diversion
4.4.] Diversion requirement

A diversion capébility of 480 m3/sec_was'reqtifed-frdm\histéridal
peak flow records. The design discharge of 480 m3/sec was determined

from the probability analysis on the peak flow discharges recorded at
gaging stations in the Sakae Krang river basin.

Flood Scale (m3/sec/km2)

Gaging Station

5-year 10-year 20-year
-5 0.11 L0135 R ¢ I
CT-5A 0.48 0.64 _ 0.80
©CT-6 0.44 .60 0.76
cr-7 0.56 2.78 : 1.02
cr-9 : 0.23 0.33 - 0.43

Fleood scale of lOQYear return period was adopted considering the
reguired period of 5 years for dam construction works. s

‘Specific discharge of 0.78 m3/bec/ﬂm2 at CT-7 was applied for the
river diversion discharge, whlch corresponds to the maximum flow dis-
charge recorded . for past 14 years at CP-5A gaging station located at:

about 13 km downstream of damsite. Discharges derived from CT~7 prob-

ability calculation and from maximum flow record at CT-5A are compared
as follows: :

CT=-7. 1 . - o CP=BA

10-year . 20-year Max., - Ave. (l4 years)’
Specific Discharge oo
{w3/s/km2) . 0.78 1.02 0.75 ~ . 0:33
Damsite (m3/s) . 480 620 460 200
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4.4.2 TDiversion tunnel

- The diversion of the Mae Wong river would be accomplished through
a horseshoe-shaped tunnel of 7.6 m inside diameter, which bypass the
damsite through' Yeft abutihent. :The design of diversion tunnel is
shown in Fig., TV-9.

The tunnel’'was designed to accomnodate a flow of 480 m3/sec at
water surface of elevation 173 m. The diversion tunnel, together with
lead channel at upstrecam and diversion channel at downstream would be
constructed while the river is flowing in its natural channel.

4.4.3 " Coffér dam -

Coffer dam was designed to protect over-topping of dam body during
early stage of construction and to raise the flood water level giving
necessary hydraulic head to pass the flood through diversion tunnel.
Taking about 1.0 m of free-board above the flood water level at designed
diversion flocd, the crest of coffer dam was determined at El. 174.0 m.
Major. dimensions of coffer dam are as follows:

Heightk. ] _ : 15.0 m
Crest width 7.0 m
Crest elevation El. 174.0 m
Crest length _ 330.0 m
Embankment slope Upstream 1:2.0
Downstream 1:1.5

4,5 Intake Structure
4.5.1 Design intake capacity

Design intake capacity is determined from the water balance calcu-
lation applying following formula:

0d = Kmax X - 2q-Hmax

where, Od: Design intake capacity (m3/sec)
K: Variab1e=(m2) _
H: Available hydraulic head for intake (m)
g: -Gravity acceleration coefficient, 9.8 m/sec

_ Values of minimum H and maximum K are calculated for each year from
water balance calculation for 30 years as shown in Table Iv-2. Then the
design intake capacity is determined at 43 m3/sec.

Qd = 2.078.X 2 X 9.8 X {180 - 158.23)
43 m3/séc

li

In the above calculation, the value 158.23 means the elevation of
outlet elevation at the end of outlet pipe.

IV-19



4.5.2 Intake structure

Intake structure was designed as drop inlet type located at. the -
entrance of diversion tunnel. The intake pipe is to-be placed through
the diversion tunnel. Major dimensions of intakp structure are as. .
follows: o ' : E -

Drop inlet Diameter 5.0 m_

Intake pipe Length 281 m

' Diameter = 3.4 m

outlet valves Diametex 1.5m and 1.4 m
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Table Tv-1

SUMMARY OF RESERVOIR AND DAM

Beservbir_

"Caﬁchment'area

Total storage volume

‘Effective storage volume

Dead storage volume
Water level S
Total storage level
Flood surcharge level
Dead storage  level
Reservoir ‘area -
Total storage area-
Flood surcharge area
Dead storage area

' Dam

Type

Height

Crest elevation
Crest length
Crest width
Slopes

.Embankmeﬁt volume

spillway

Service spillway
Design discharge
Crest length

Emergency spillway
' Design discharge

. Crest length

River diversion

Approach canal
Diversion tunnel.

- -Diameter
. Diversion canal
- Diversion dam

Intake and outlet works

Intake design discharge -
-Intake structure
. Outlet pipe diameter

612  km?

, ' 250 MCM
230 MCM

20 MCM

El 204.5 m
EL 207.5 m
El 180.0 m

17.6 km?

19.8 km?2
3.0 km?2

Center—cored rockfill type

57 m
E1l 211 M
794 m
10 m -

upstream . 1 : 1.7§
downstream 1 : 1.6
2,500,000 m3

Ungated side channel type
1,200 mifs

110 m
Ungated chute type
' 570 m3/s
210 m
220 Gl
230 m
2R Horse shoe T.6m
790 m
Q0,000 m3

43 m3 /sec

Drop inlet
3.4

Iv-21



Table Tv-2  CALCULATION OF K

Intake for ~ Min. Reservoir

Year Irrigaticn Water Level ' L K_
.(m?/sep) o () _ S -
1954 22,503 S0ttt 0776
1955 51.304 | 200,09 . - 791
1956 21.547 20123 Co0ia2
1957 19.178 202.04 . . 0.654.
1958 26,998 199.07 0,954
1959 21,245 201,09 : 0.732
1960 30.289 199.00. - 1.071
1961 22.323 202.09 0,761
1962 21.740 - 204.17 0728
1963 21.256 o 196,70 0.774
1964 16.520 203,75 0.553
1965 19.366 202.39 ©0.658
1966 22.027 20119 - 0.759
1967 39.104 195.06 1.456
1968 30,203 180.00° . 1.462
1969 29.630 184,90 1.296
1970 2.8 182.03 | 1,283
1971 24.741 193.31 . .. . 0.944
1972 30.355 . 184.22 1.345
1973 29.335 20128 . 1.010
1974 23.428 201.03 7 0.809
1975 31.639 198.51 L 126
1976 30.138 199.95 ©1.054
1977 31:867 19434 1.198
1978 24.038 18315 1.088
1979 47.728 18514 2.078
1980 24,090 188,93 . . 0.982
1981 26.188 197.87 S 0.940

1982 29.492 | 189.51 o 1.191
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