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B INTRODUCTION

Mitigation of food damage by modification of existing/proposed dam operations in
the Chao Phraya River Basin is studied in this Chapter. There are 17 compteted dams
and still some others are planncd in the basin. Among these dams, most of medium
and/or small scale dams are constructed for only a simple purpose of isrigation water
supply. On the other hand, large dams such as the Bhumibol and Sirikit dams are
multipurpose dam which were designed to supply water for imrigation and domestic
utilities, hydro-power generation, and to function flood mitigation. However, both of
these dams do not possess exclusive flood control capacily in the operation rules and
there are some problems observed during the past floods. Censiderable quantity of
discharge from (hese reservoirs during heavy floods had been released. Therefore, it
is necessary to modify rescrvoir operation vules for entarging flood retention capacity
and promoting eftecliveness of the function.

2. CURRENT STATUS OF DAM RESERVOIR IN CHAO PHRAYA BASIN
2.1 General Features of Existing/Proposed Dam Reservoir

As was mentioned above, 17 dams have been completed and 28 plans are being
implemented in the Chao Phraya River basin. Among the completed ones, 8 dams are
categorized as large dam whose effective capacity exceeds 100 million cubic meters
(MCM) and the other 9 dams are smaller ones with effective capacity less than
100MCM. Out of the 28 planned dams, 6 dams are large scale and the other 22 dams
are classified as small one. General features of these dams are shown in Tables 2.1.1,
while the principal features and locations of the large dams are shown in Table 2.1.2
and Fig.2.1.1, respeclively.

The Bhumibol dam and the Sirikit dam have extremely large storage capacily and
important roles in the Chao Phraya River System. The outline of these dams is as
follows:

¢  Bhumibol Dam

The Bhumibol Dam is the first mulli-purpose and the highest dam in Thailand.
Since its commencement in May 1964, it has been provided great benefits to
Thailand including hydro-power generalion, irrigation and flood mitigation. The
Dam is large impounding dam construcicd address the Ping River, a main
tributary of the Chao Phraya River, in Tak Province which is located at
approximately 480km north of Bangkok. It is the only concrete arch-gravity dam
in Thailand. With its height of 154 meters and the crest length of 486 meters, it is
capable for storing as much as 13,462MCM. The spillway, located on the right
side abutment, can discharge the fleod at 6,000m’/s. The hydro-power plant has
been one of the main support for the national development and well-being of the
people. After completion of the dam, EGAT {Electricity Generating Authority of
Thailand) implemented the project to increase the efficiency and the capacity of
hydro-power plants. Total capacity of the Bhumibol hydro-power plant is
amounted to 720.6 MW. For the purpose of imrigation, water released from the
dam has sufficiently supplied 7.5 million Rai of farmland in Tak and Kamphacng
Phet provinces as well as for the Chao Phraya River Basin. In addition to hydro-
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Sector VIl

power geacration and irrigation, the dam is also playing an imporiant role in
tesscning the flood hazacd and saline water intrusion in the downsircam arcas.

o Sirikit Dam

The Sirikit Dam is the largest carth-fill dam in Thailand with its height of 113.6m
and crest length of 800m. The total capacity of the rescrvoir is 9,510MCM. Since
its commencement in 1974, the dam has been contributed a great deal of benefits
to the country in terms of irrigation, hydro-power genceation and flood centrol,
elc. The Dam is located on the Nan River at Tha Pla District, Uttaradit Province,
approximately 500 km north of Bangkok and 60km upstream from Uttaradit
Town. The ciest of the dam at elevation 169.0m is 12m wide and 800m long.
The volume of dam body is 9.8MCM. With total installed capacily of SO0MW,
the dam has been produced about 1,000GWhiyear to strengthen the power supply
system. For irrigation, thc dam has been supplied water to 1.8 million Rai of
farmland on both banks of the Nan River in the wet scasons. In dry seasons, it
also has been supported for another 0.3 miltion rai of these plains plus 2.5 million
Rai on the Chao Phraya River Basin. In addition to these, the dam has played an
important rolc in minimizing the flood hazards on the Nan River Basin and, being
combined with the Bhumibol Dam, in mitigating the flood damage and saline
water intrusion in the central plains of the Chao Phraya River Basin.

2.2 Curvent Status for Flood Mitigation

None of the dam reservoiss in the basin has an exclusive capacity for flood control.
However, the two giant dam reservoirs of Bhumibol and Sirikit can regulate fleod
runofl by using the vacant capacity above the controlled water level, namely Upper
Rule Curve(URC). The other dam reservoirs do not have such curves, but they may
also be able to regulate flood runofT to some extent as a result of impounding water.

The total reservoir capacity of dams in the Chao Phraya River Basin is summarized
as follows:

Dam Reservoir Capacity in the Chao Phraya River Basin

@Number of @ Total Reservoir | Storage in Depth
(DDrainage Resen';irs‘in River C(:fédg =Q/®)
: asin N mm
River Basin Ami;;;[;'m Existing | Towl | Eisting | Total | Existing )Tolal
(k) (With (With (With
proposcd proposcd proposed
oncs) oncs) oncs)
Ping 39,380 5 13} 10268 10,853 2515 221
Yom 23,550 2 12 13 248 0.6 105
Wang 11,240 4 5 123 33 109 278
Nan 31,830 4 9 6,093 7,482 2103 2351
Pasak 18,200 0 1 Fi2 772 424 424
Chao Phraya 160,200 16 45| 18,070 19,976 112.8 1233

The total exisling reservoir capacity in the Chao Phraya River Basin is approximately
35% of runoff during the wet season, and it will exceed 40% of that in the future,
Obscrving cach tributary, storable volume is extremely different cach other. In the
Ping and Nan river basin, by virtue of the Bhumibol and Sirikit reservoirs, the storable
capacitics will exceed 70% of average runoft during the wet seasen. 1ence, in the
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Yom river basin, the existing storable velume is almost zero and fufure capacity will
be only 4% of runofl. In the Pasak river, the Pasak Dam was completed in 1998 and a
ncw rescrvoir of approximately 770MCM appeared.  The Pasak Dam’s catchment
arca of 12,929Km’ occupics 71% of that of the Pasak niver basin, however, the
storable volume is only 15% of runoft during the wet scason.

Accordingly, from the viewpoint of flood mitigation, it is tmporiant to sccurc the
additiona! storable volume in the Yom and Wang river basin as well as expanding the
storable volume in the Pasak river basin.

2.3 Current Status of Rescrvoir Operation

Normally, giant multi-purpose reservoirs such as the Bhumibol and the Sinkit, which
include hydro-power gencration, are operated by EGAT. Since RID (Royal lrigation
Department) is responsible for the operation of diverston dams, the optimization of
water utilization to mect all demands are carmied out by a joint commitice of LEGAT
RID and agencies concerned. The concept of water utilization is 1o avoid spillage
during the flood period and not to cnply the reservoir duriag the dry season.

Based on the concepl, to fulfill various purposes, the reserveir zoning, so called the
Rule Curves is set up in accordance with the hydrological characteristics of the basin.
The operation rule curves and the waler release according Lo the curves are as follows:

¢ [lood Regulation Rule Curve

Whenever the reservoir water level is higher than this curve, excess water will
be released.

¢ Conservation Rule Curve (Upper Rule Curve ; URC)

Whenever the water level s higher than this curve, the water will be released
at the maximum generation capability in order to preserve reserveir capacity
for flood retention and to reduce spillage in the following periods.

+ Buffer Rule Curve (L.ower Rule Curve ; LRC)

Whenever the water level is higher than this curve and lower than the
Conservation Rule Curve, the water will be released to meel the downstream
requireiment and also the necd of power generation. Whencver the water level
is below this curve, the water release will be reduced.  The minimum water
release, however, will be confined by the Rationing Policy.

For the floed regulation purpose, it is recommended to secure a certain vacant
capacity in the reservoir in advance of the occurrence of flood. In actual opcration,
however, waler storage for irrigation and power generation purposes is given higher
priority and a specified capacity for flood regulation is not appropriately considercd.
The remaining vacant capacily al the beginning of the flood scason, which changes
year by year depending on the climatic condition, may function to retain some amount
of flood discharge.

Figs. 2.3.1(1) and (2) show the present Upper Rule Curves of the Bhumibol and
Sirikit Reservoirs with the sesulf of aclual reserveir operations in cach year.
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3. STUDY ON MODIFICATION OF RESERVOIR OPERATION RULFE
IN MASTER PLAN STUDY

3.1  Purposc of the Study

The purpose of the study on modification of rescrvoir operation rule is to expand the
flood mitigation effect of each dam by selting up new reservoir operation vule in flood
season. It means to add the viewpoint of flood centrel function to each dam.

3.2 Strategy for Study on Modification of Reservoir Operation Rule
3.2.1 Principle of the Study

Considering the aforementioned problems in current reservoir operation in heavy
flood period, the following principle for the study is sct up.

e To establish the Upper Rule Curve{URC) which can reduce discharge
from the rescrvoir during heavy flood period without spill.

3.2.2 Procedure for the Study
(1) Selection of Objective Dams

In the Chao Phraya River basin, there arc many existing/planed dams. In the
targel year of 2018, more than 10 new dams and retevant projects such as
Kok-ing-Nan Water Diversion Project (hereinafter referred as KIN project)
will be completed. However, most of the reservoirs have small storage
capacitics and are oriented to single purpose of irrigation water supply. Then,
it may not be practical to examine all of them. From these circumslances,
objective dams for the study are selected considering the flood miligation
cffect for major reference points in the downstream.

(2) Bvaluation of Present/Proposed Rescrvoir Operation

The present/proposed reservoir operations of selected dams are cxamined and
issues in the present operation rules are pointed out from the flood mitigation
viewpoint.

(3} Modification of Rescrvoir Operation

Based on the raised issues in the present operation rules during the heavy
flood period and on the characteristics of reservoirs, modification of reservoir
operation rules is carmicd out. The new operation rule curves are sel up
considering the following characteristics:

(a) Traveling time of flood flow from the concerned dam to the downstream
reference points;

(b) Maximum vacant capacity that gives no adverse influencc against water
utilization;

(¢) Maximum storable volume for flood reteation.
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(4) Evaluation of Proposcd Operation Rule:

Economic viability of the new opcration rules are evaluated, comparing the
cost for the reduction of water utilization and benefit of flood mitigation.
The cost comprises the compensation cost for reduction of irrigation water
supply and that of hydro-power generation. The benefit is the reduction of
the potential flood damage atiributed to the new operation.

Based on the flood mitigation effect and the economic viability, the optimum
opcration rule is selected.

3.3 Sclection of Objective Dams
3.3.1 Criteria

As shown in Table 2.1.1 and Fig. 2.1.1, there are totally 45 dams including existing 17
dams and 28 dams under planning. The active storage capacity of these dam
reservoirs ranges from 3MCM to 9,660MCM and the distance from the reference
points, such as Nakhon Sawan and Bangkok, to the respective dam location is
difterent. Hence, it is not realistic to cxamine the potential of all these dams judging
from such a wide variety of reservoir capacily and distance to the reference points.
Therefore, the number of objective dams are narrowed down considering the
effectiveness of cach dam for flood mitigation in the following cnitena:

e Catchinent arca

8 Dams with a catchment area of less than 1,600km?, which corresponds to 1 % of
the entire calchment area of the Chao Phraya River, arc not expected flood
mitigation effect so much.  For instance, a rough estimation shows that a dam
with a catchment area of 1,600km? would reduce only 25m’/s out of 5,000m"/s
of flood discharge at Bangkok even if the dam would consume all the storage
capacity for flood control. Therefore, dams in this group are excluded.

¢  Dams located upstream of the Bhumibol dam

A dam close to the areas to be protected is more effective in terms of flood
mitigation than those located upsiream. Three dams located upstream of the
Bhumibol dam, namely Mae Ngat, Mae Kuang and Mae Khan dams are
screened out considering that the cooperative flood miligation operation by 4
dams including the Bhumibo! can be represented simply by the most
downsiream Bhumibol reservoir.

P ¢ [lrigated area by dam

During the dry season, the water demand for irrigation (active storage capacity
divided by irrigation arca), to be supplicd from the reservoirs, is estimated
approximately 1,000 to 3,000mm. This means that the dams wilh less water
demand for irrigation share larger command area in terms of irrigation water
supply. In order to lessen the extent of affected irrigation areas cause by the
modification of operation rulc, a dam whose water demand for irnigation is less
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than 10,000m’ha (=1,000mm) is excluded.
3.3.2 Scleeted Dam

On the basis of the criteria described above, sclection of objective dams is carried oul.

s Catchment arca and location of dams

The selection is carried out by focussing on the catchment arca and location of
dams and the result is shown in Table 3.3.}.  As shown in the table, 38
existing/proposed dams arc excluded because of their small catchment areas and
small capacitics compared with inflow discharge except the Kiu Kho Ma dam.
The Kiv Kho Ma dam will be operated together with the Kiu Lom dam, then the
Kiu Kho Ma dam is included here.

¢ Irrigated area by dams

Seven dams arc examined focusing on the imrigated arca and the active capacity.
The total active capacity of the Kiu Kho Ma and the Kiu Lom Dam is 286MCM
and the total irrigated arca by these dams is 30,018ha. The imigation water
demand on dams is less than 1,000mm, then the Kiu Kho Ma and Kiu Lom Dam
arc excluded considering adverse impact for irrigation water supply. As the result,
the following 5 dams ase finally selected as the objective dams to examine the
potentiality of flood mitigation.

These are the Bhumibol, Sirikit, Kwae Noi, Kaeng Sva Ten and the Pasak dams. The
location of these 5 dams are shown in Fig. 3.3.1.

34 General Features of Selected Dam Reserveir Operation
3.4.1  Quiline of Selected Dam Reservoir Operation Rule

Among the selected five dams, the Bhumibol and Sirkit dams have been operated in
long period. But the operation period of the Pasak dam is Iess than onc ycar so far and
the Kwac Noi and the Kaen Sua Ten dams are in the planning stage. Although there
are some uncerlainties in their operation zules, this study is conducted based on the
existing opcration plan for each damn.

(1) Bhumbol Reservoir

The Bhumibol dam reservoir is operated to maintain the reservoir capacily
between two rule curves, namely the Upper Rule Curve(URC) and the Lower
Rule Curve(L.RC). The reservoir is operated in following manners.

e At the beginning of the dry season, RID establishes rules and guidelines to
allocate water for irrigation, domestic and industrial, and navigation, clc
{Command and Control System). The rules and guidelines are established
by considering the avaitable active storage in the reservoir at the end of the
wet secason (end of November) and camry-over volume of about
1,00OMCM at the end of the dry scason. (Refer o Fig.3.4.1)
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¢ While the teservoir water tevel is blow the LRC; the water for ircigation,
domestic/industrial purposcs is relcased under the requitement by RID. At
the same time, the released water is utilized for hydro-power generation.

¢ Whilte the reservoir water level is between the URC and the LRC, the
water is released by both requirement for irrigation and hydro-power.

¢ During flood petiod, the rerelease from the reservoir is conteoled
considering flooding condition in the downstream as fong as the reservoir
capacity stays between the two operation rule curves. But it is also noled
that, during big floods such as in 1975 and 1996, the relcased discharge
was not controlled completely depending on the requirement of power
generation.

¢ During the 1975 flood, the reservoir water level raised higher than the
URC through September till December. After experienced this flood, the
installed reservoir capacity for hydro-power generation was increased and,
accordingly, the capacity under consideration in 1975 was approximately
60% of the present. By taking revised installed capacity into account, it is
possible to keep the reservoir water level below the URC against {loods of
the same scale.

(2) Sirikit Reservoir

The Sirikit dam reservoir is operated in the same manncrs as the Bhumibol
dam reservoir. However, the Sinkit dam reservoir has less storage capacity
than that of the Bhumibol, the operation was conducted as follows:

¢ The Dam has experienced spill-over twice in 1975 and 1995 since its
completion. In 1995 flood, the maximum water level has reached to
EL.162.12m and the maximum discharge had spilled from the spiltway,
the amount of which had reached to 1,963m%s. The tofal spiltage of
856MCM occurred through August 29 to September 26 and it was about
30 % of inflow flood discharge volume during the same period. In 1995
flood, the inflow flood discharge volume into the Sinkit reservoir from
August to November was approximately 6,700MCM. The cause of
overflow is altributed fo that the flood runoft volume was too large in
comparison with the storable volume and the available refease discharge of
575m’/s. The available capacity against flood discharge during the flood
period from August to November is as less as about 2,800MCM when
applying the vacant capacity below the Maximum Water Level and above
its URC.

« In 1996 flood, cven the reservoir water level lowered the URC, the
discharge of 150 m3/s approximalely was released from the reservoir to
fulfill the requirement for power gencration.

¢ Afler 1995 flood, a fourth generator was installed in November 1995, Due
to this installation, the available releasc discharge through generators had
increased by 125m%s up to 700m¥s. Taking account of strengthened
release volume, it is possible to prevent the spill for the same scale of
floods.
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In due consideration of the actual reservoir operation above mentioned and
the additional inflow of 2,000 MCM afier the completion of KIN project,
{wo operation rule curves are proposed by the Study on KIN project from
the vicwpoint of water utitization improvement. (JICA, March 1999, The
Feasibility Study on Kok-Ing-Nan Water Diversion Project, Progress
Report No.2).

These are the following operation rule curve before the completion of KIN
project and the rule curve after the KIN project.

_Proposed Rule Curve by Kok-Ing-Nan project * {Unit : million m3) o

Rule Curve Jan | Feb. | Mar | Apr. | May | Jun. | Jul. | Aug | Sep. | Oct. | Nov { Dec.
Proscnt | 8700 | £200 | 7750 | 350 } 6950 6700 | 7000 | 5000 | 9300 | 9510 § 9510 | 53180

Upper § B-KIN*t - N - 5000 | 57507 7050 { 85007 | 9150 | 9510 | -
AKINGY |- . - 150 | 57150 {7850 [ &350 § 9350 [ 9510 | - |
Present 6950 | €706 | 6200 | 5800 | 5400 | 5000 | 4830 1 5300 | 6900 | 7150 | 7100 | 7000

Lower | B-KIN#¢ | 5800 | 5650 | 5300 | 4850 | 4700 } 3850 5750
AKOVe | 5550 | 4850 | 4250 | 3750 | 2950 | 2850 | - - 5950

: : Total storage at the cod of month

*+ B.KiIN : Before completion the KIN projest
s+ A KIN - Afler completion the KIN project

The former curve is to tower the present URC and LRC at the beginning of
wet season down to 5,000 MCM and 3,850 MCM respectively until the
completion of KIN project in order to make more efficient reservoir
operation.

The latter curve is to lower the URC at the beginning of wet scason down
to 4,150 MCM because the diverted water of about 2,000MCM will be
conveyed from the Kok and Ing river during wet season after KIN project.
Consequently, the vacant capacily at the biginning of wet season will
become 5,360 MCM which is cquivalent to 80 % of the active capacily.

(3) Pasak Reservoir

The Pasak dam was completed in 1998 at the middle-stream of Pasak River
to fulfill the purpose of irrigation and domestic water supply. Although the
hydro-power generation was originatly considered, power plant is not
installed yet because of its small energy preduction capacity and the change
of cconomic condition. In the original plan, hydro-power generation is
dependent on the release water for irrigation water supply, thesefore, the
reservoir does not possess exclusive capacity for power generation.

From the flood mitigation point of vicw, the Teatures of the planned reservoir
operation can be summarized as:

‘The primary operation purposc is water supply for irrigation and domestic
ulilization. Although a function of flood control fo some exteat is
additionally expected through the normal operation, the exclusive capacily
for flood control is not allocated for the present rescrvotr.
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+ Because of its single purpose for water supply, any rule curve like that of
the Bhumibol and/os the Sirikit rescrvoir is not provided. The principle of
its opcration in the wet scason is to assure the full capacity in the carly
period for the irrigation water supply during the following dry scason.

(4) Kwae Noi and Kaen Sua Ten Reservoir

The purposes of the Kwae Noi and Kaen Sua Ten dams are mainly for
irrigation, domestic water and river maintenance flow supply. In the study,
the feasibility of hydro-power generation are chosen. But hydro-power
generafion is dependent on the irrigalion water release for both reserveirs.

3.4.2  Issucs of the Operation Rule from the Flood Mitigation Aspect

Multipurpose dams have two major purposes, water supply and flood control. To
salisfy the two functions, a thorough study is necessary because they are contradicting
cach other in their natures. In the viewpoint of improving ftood contro! function,
major issues in selected five dams can be summarised as noted below:

(1) Bhumibol Dam

The Bhumibol dam has shown its potential of flood control function dusing
large floods occurred in 1975 and 1995. The high potential can be attributed
to the huge capacity compared to its inflow volume. However, it was
fortunate that the Bhumibol dam luckily have a large vacant capacity during

the flood in 1995. The stored water level was tower than the Upper Rule
Curve(URC). If the stored water level were closed to the URC, the dam
would have forced to releasc the stored water during the flood. In addition, a
large quantity of release for power generation occurred in the past even when
the downstream is inundated. In order to secure sullicient storage volume al
the beginning of the flood season, modification of the URC is neccssary.

{2) Sirikit Dam

Although the catchment area of the Sicikit dam is only half of the Bhunibol’s,
inflow volume into the Sirikit reservoir is almost the same as that of the
Bhumibol due to characienistics of precipitation and geography. On the
contrary, active storage capacity of the Sirikil is only about 60% of the
Bhumibol. These ciccumstances of the Sirikit teave it difficult to operate the
reservoir during food period. 1In the past floods in 1975 and 1995, the
reservoir water level enormously exceeded the URC and stored water was
spilled to inundate downstream areas. In 1995 flood, total discharge from the

® reservoir reached to approximately 1,900MCM during the heavy flooding
period. Therefore, modification of the URC and the reservoir operation
during flood are considered to be necessary.

(3) Pasak Dam

Storage in depth of the Pasak reservoir is so small that the reservoir can store
only 60 mm of cffective rainfall in the catchment arca. The reservoir will be
easily filled in short period of time during heavy flood. There is no URC for
Pasak Dam. The inflow discharge will be stored from the beginning of the
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wel scason and the reservoir will already be full before September in normal
year. 1t means that the Pasak rescevoir would have no vacant capacity to
control floods during late September to October when the Chao Phraya river
and the Pasak river reccive high rate of flow. In order to maximise flood
contro} capacity of the Pasak, the storage volume should be maintained to be
able to receive discharge as much as possible during the heaviest flood.
Consideration of such an URC is recommended in this study.

{4) Kwae Noi and Kaen Sua Ten Dam

The Kwae Noi and Kaen Sua Ten dams are still in planning stage.
Specifications such as installation of power plant are not yet determined.
However, it is certain that the hydro-power gencration is dependent on the
release water for irrigation supply and the URCs are not prepared for these
dams. The storage depths of these dams are relatively large coinpated to that
of the Pasak reservoir. Thercfore, it takes long time to festore the full
capacity than the Pasak reservoir. This means that gently-slope rule curve is
appropriate for these dams. [t also means that these dams are suitable for
controlling small to medium scale floods. Seiting up the rute curves are
recommended to wtilise these dams for effective flood control.

3.5  Modification of Rescrvoir Operation
3.5.1 Procedure for Study on Modification of Operation Rule

In Master Plan Stage, provisional rulc curves are set, and each of them is evaluated in
terms of its flood control effectiveness and the adversc impacts on storage for waler
supply in the following dry scason. The study is curried out in accordance with the
following pracedurc.

(1} First Step: Setting up the Flood Control Operation Period,;

The operation period for flood mitigation is decided considering the
frequency of floods and the travelling time from the dam (o the down-stream
reference points.

(2) Sccond Step:  Setting up the Ideal Capacily for flood mitigation
without any loss to Water Utilisation,

The ideal vacant capacity for flood mitigation without any loss to irrigation
water supply and hydro-power generation is calculated by water balance
sisnulation.
(3) ‘Third Step: Setting up the Upper Rule Curves(URCs);
(a) Setting up the Maximum Vacant Capacitics for Flood Mitigation
To strengthen the Mood mitigation function, the following three cases of

maximum Vvacant capacities for flood control are tentatively sei at the
beginning of flood period:
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¢ (Case-i Idcal vacant capacity that gives no adverse impacis on
water supply;

(In case of the Bhumibol and Srikit dams, the capacily Is sct as
samg as the present URC.)

e Case-2 Intermediate capacitly between Case-1 and Case-2;

¢ Case-3  Maximum vacant capacily using the full eftective
storage capacily:

(In casc of Bhumibol reserveoir, the maxtmum vacant capacity is set
to 5,500 MCM considering the total inflow discharge volume of
large floods.)

(b) Setting up the Upper Rule Curve{URC)

After determining the operation period and the flood conteol capacily at
the beginning of the flood period, URCs are set up with straight lines.

3.5.2 Moedification of Operation Rule for Flood Mitigation

(1)} Operation Period for Flood Conirol
* Traveling Time of Flood

The traveling time of flood from the Bhumibol and the Sirikit dams to the
reference points, namely Nakhon Sawan and Bangkok, are estimated
approximately about 4 days and 6 days, respectively. That of the Kiwae Noi
is about 3 and 5 days, and of the Kacng-Sua-Ten Dam is 5 and 7 days,
respectively.  The traveling time from the Pasak Dam to Bangkok is only 2
days.

o Tlood Period at the Reference Points

Frequencies of floods on thesc reservoirs and the reference points arc shown
in Fig. 3.5.1. Floods at Nakhon Sawan are concentrated from the mid-
August 1o the end of October. The period of high water Ievel in Bangkok is
from October to November becausce of the tidal influence.

¢ Flood Period at the Reservoirs
- Bhumibol, Sirikit, Kwae Noi reservoir -

On the other hand, floods occur from the July to the end of October in three
dams, namely, the Bhumibol, the Sirikit and the Kwac Noi. Considering
floed control function by the Bhumibol and the Sirikit reservoir, it can be
noted that this fact indicates the flood characteristics between Nakhon Sawan
and these dams to be almost reasonable with traveling time between these
points. Therefore, it is recommended that the reservoir operations for flood
control at these dams should focus on the effect of flood mitigation at
Nakhon Sawan.
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- Pasak reservoir -

In the Pasak dam, floods are concentrated from Scptember to the first half of
October. The traveling time down to Bangkok is very short. The
recommended operation for flood control by the Pasak reservoir is to focus
on the inflow discharge of the reservoir.

- Kacng Sua Ten reservoir -

Flood occur, at the Kaeng Suaten reservoir, from August to MNovember.
Henceforth, if only the basin run-offs in ordinary years are enough to restore
the vacant capacily, it is advisable to sct a long rule curve during the flood
scason. Bui the average annual inflow is approximately the same as the
active capacity, therefore, it is not casy to restore the full capacity within the
wet season under the condition that the vacant capacity for flood control
should be kept during a long period. Accordingly, it is better to unfasten the
limit of storing in early period. Considering the above mentionied (wo
contradictory requitements, the end of the flood control operation period for
the Kaeng-Sua-Tcn Dam is set at September 15.

Based on the above mentioned evaluation, the period of reservoir operalion
for Nood controt is detenmined as shown in the following table:

Reserveir Operation Period for Fleod Conirol

RESERVOIR START TIME OF OPERATION END TIMI OF OPERATION
BHUMIBOL, July- 1 Novermber - 30
SIRIKIT July- 1 November—30
KWAL NOI August — 1 October—15
PASAK September — 1 October— 15
KAENG-SUA-TEN August —1 September—- 15

{2) Setting up the ldcal Capacity for Flood Control without Any Loss to
Water Utilisation

The ideal vacant capacity of the Kwae Noi, Pasak and Kaeng Sua Ten
reservoir is conducted in the following procedure (Refer to figure shown
blow) :
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In this case, the maximum vacant capacity is equal to the vacant capacity of
Mass curve-3.

(ii) The storable inflow mass curve is calculated for 45 years, and the above
mentioned maximum vacani capacities in cach year are obtained:

(iiv} The maximum vacanl capacity, which gives no adverse cffects on water
utifization, is the minimum one in 45 years:

The ideal capacities for flood control without any loss to water utilization ar¢
summarized in Table 3.5.1:

(3) Setting up the Rule Cusve for Reservoir Operation

Based on the above-cxamined operation period and ideal capacity, the
operation rule curves for the selected 5 dams are set up.

The proposed URCs for the selected dams are shown in Table 3.5.2 and Fig.
3.5.2.

3.6 Evaluation of Proposed Reservoir Operation
3.6.1 Effect of Proposed Reservoir Operation

The effect of proposed reservoir operation is cvaluated by reduced releasc volume
from the reservoir during the flood period. In case of the Sirikit reservoir operation,
the effect is compared with the aforementioned proposed operation rule of the KIN
project. The flood mitigation effects for major 4 big {loods are shown in Table 3.6.1.
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3.6.2 Cost for Proposed Reservoir Operation

The modificd reservoir operation rule will aftect tho original functions of the
concerned reservoir by reducing water supply for irrigation and hydro-power
genczation. Therefore, i is necessary to compensate such afiect and the compensation

cost is regarded as the additional cost for modification of reservoir operation rule.

The calculation of the compensation cost, on the reduction of irrigation water supply

and encrgy gencration, is carricd out by observing the following procedure:

(1) Reduction of rrigation water supply
(a) Reduction of Storage Volume

The average storage volume at the end of the wet season (Novembes 30)

is calculated for each operation rule. The reduced storage volume of
cach casc is obtained by subtracting the average storage volume under

the current/planncd rule from that under the modified rule. The average
storage volume and the reduced storage volume of each case are shown
in Table 3.6.2.

(b) Reduction of lrrigation Atca

Based on the reduced storage volume mentioned above, the reduced
irrigation arca is roughly calculated by dividing the reduced volume by
the unit water supply volume required over cach reservoir. The required
unit water supply volumes are as shown in the folfowing table:

Required unit waler supply volume (Unit: m*tha)
Name of Dam_[Bhumibol Sinkit Kwac Noi  {Pasak Kacng-Sua-Ten
Unit Supply  |25,000 25,000 29,000 21,600 20,000

The reduced irrigation area of each case is shown in Table 3.6.2.
(2) Reduction of Hydro-Power Generation

The hydro-power generated before and afler the modification of reservoir
operation rule is calculaled by applying the following rating curves,
respectively(Refer to Fig3.6.1, 3.6.2). in case of the Kwae Noi and the
Kacng Sua Ten dam, the tentative combined efficiency of equipment is sel as
0.85.

Rate = 14.782 x 107 x Storage®™®  -—--v-meeeeeeee Bhumibol Dam.

Rate = 2.8435 x 10” x Storage®'™®  -----ooereeeens Sirikit Dam.

where

Rate: rate of generation (in Gwh/MCM);

Storage: storage volume (in MCM)
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The values of reduced average annual hydro-power generation in Cases 1, 2
and 3 ace shown in Table 3.6.2.
(3) Calculation of Compensation Cosl
(a) Compensation Cost for the Reduction of Irrigation Water Supply

The average annuat compensation costs are calculated by multiplying the
reduced irrigable area by the unit production value from irsigation area.
‘The uait production value is as following:

Gross Valué : 16,400 Baht'ha
fnput Cost 9,400 Baht/ha
Unit Production Valug : 7,000 Baht/ha

‘The annual compensation costs for the three dams, namely, the Kwac
Noi, the Pasak and the Kaeng-Sua-Ten are calculated for 45 years from
1952 to 1996. In case of the Bhumibol dam, the calculation is carried
out for 32 years from 1965 to 1996 when the operation result is available,
and, in case of the Sirikit dam, the calculation is carried out for 23 years
from 1974 to 1996 when the calculation result of conveying water from
the Kok and the Ing rivers are available. The calculated compensation
costs for irrigation water supply are shown in Table 3.6.2.

@ (b) Compensation Cost for Reduction of Hydro-Power Generation

‘The compensation cost for reduction of hydro-power gencration is
calculated by multiplying the seduced gencrated encrgy with the
following generating cost:

Unit Cost: {.60 Baht/kwh

Transmission Loss: 15 %

Generating Cost: 1.36 Baht/kwh (= 1.60 x 0.85)
{c) Total Compensation Cost

The total annual compensation casts are summarized in the following
table:
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Average annual compensating cost {million Baht/year}

B [icin - Tolal Bhunibol Sirikit Kwae Noi Pasak Kaeng Sua Ten
Case A NI BRI ER

Compersstoncot [0 (10 (234l o to |1 o Jofs[ofs [1z]o |1 |6 |0]4]27]

(4) IDstablishment of Proposed Reservoir Operation

From the calculation result of fload mitigation benefit and compensation cost,
the operation rule curve of Case-3 is sclected in accordance with the
foltowing judgement:

o Flood mitigation benefit of Case-3 is conspicuous. For 1995 flood, flood
mitigation benefit of Case-3 is approximately 3 times of that of Case-1 and
1.7 times of Case-2.

+ Though economic viability of Case-3 is less than that of Case-1 and Case-
2, it excceds that of other countermeasures facililies such as niver
improvement and flood diversion channel, greatly.

¢ Accordingly, from the viewpoint of securing similar effect for flood
mitigalion of the Chao Phraya river system with comprehensive
countermeasures, it is recommendable to sclect the operation rule of Case-
3.

The proposed URCs are shown in Table 3.6.3.

3.7  Other Related Study

The additional study for *without case” of two dams - the Kwae Noi and Kaeng Sua
Ten dams, and the case of ‘before Kok-Ing-Nan water diversion project’ is also
carricd oul. The flood mitigation cflects of the “without” casc of two dams are shown
in Table 3.7.1. The result of study is summarized as follows:

(1) Without Case of the Kwae Noi and the Kaeng-Sua-Ten Dam

In the Chao Praya Della, the increased inundation volume resulted from the
“without’ case is negligible small as less as 2.0MCM in 1995 flood.

The increased inundation volume in the Upper Central Plain is approximately
88OMCM, the amount which comprises 776MCM without the Kaeng-Sua-Ten
and 1 IOMCM without the Kwac Noi.

(2) Casc of ‘before Kek-Ing-Nan Water Diversion’

The vacanl capacity for flood mitigation of the Sirikit dam, which can achieve @
almost the same effect as that of the case afler KIN project, is 5,500MCM.
The oplimum URC is shown in the following fable:
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Optimum upper rule curve in case of *before Kok-Ing-Nan water diversion’
- Sirikit Reservoir - (Unit : millionm*)

Date htl Tl15 JAugt | Avgls [ Sept [ Sopis Ot JOtds fiovd | Novis { et ]

Storage | 4000 | 4200 4500 5600 [700 [R20 [9000 [9200 [9200 9480 | 9st0

4. STUDY ON MODIFICATION OF RESERVOIR OPERATION RULE
OF FEASIBILITY STUDY

4.1 General

In the Master Plan study, it is assumed that the Bhumibol and the Sinkit dams are
operated for hydro-power generation during {lood season according to the
requitement for clectricity. As the result, it is clarified that the proposed reservoir
operation in the Master Plan Study has more effecliveness for {lood mitigation
compared with the operation under the present and the proposed ‘before KIN project’
rule curve; upper rute curve. However, from the flood mitigation point of view, it is
desirable to reduce the discharge for hydro-power generation during the flood penod.

With reference to the energy (clectricity) demand and supply balance in Thailand until
1996, the reserve capacity vatied from 1,000 Mw to 1,700 Mw, which was only 8 to
12 % of the total energy demand. ‘Therefore, the release for power discharge from the
Bhimibol and Sirikit reservoir had been incvifable even in the heavy flood period.
Since 1997, the encrgy balance has improved to a great extent because of the change
of economic situation and the installation of ncw power plants, and therefore the
reserve capacity has been incecased up to 5,000 Mw or more. In accordance with the
energy forecast compiled by EGAT, the reserve capacily is fo be secured and
increased. Thus, it will be possible to reduce and stop the release {or power discharge
from the reservoir during the heavy fleod period.

Considering these sitnation, in Feasibility Study stage, a further study is carried out
pulting more emphasis on released discharge for hiydro-power generation during
heavy flood period (o minimize the flood damage due to released discharge from
CSCIVOIr,

4,2  Strategy for Feasibility Study

4.2.1 Principle of the Proposed Rescrvoir Operation

The most idealistic flood control operation is to cut-ofl the whole flood discharge
from the reservoir during the floed season. However, the total discharged water into
the eservoir during major flood exceeds its effective capacity, and therefore the flood
cut-off operation is not practical. Thus, the objective of ‘Modification of Opcration
Rule’ in this feasibility study is to reduce the flood release from reservoirs as much as
possible in observing the flood situation in the downstrecam arca.

The principle of the study on modification of the reservoir operation rule is set up
according to the following conditions;
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(1) Assurance of enough Reservoir Capacity at the Beginning of the Flood
Season

To assure the reservoir operation considesing the flood mitipation, each
reservoir shoutd provide cnough vacant velume to store the flood discharge
al the beginning of flood scason.

(2) Minimisation of Releascd Discharge {rom Rescrvoir.

White the flood damage is observed in the downstecam areas, the released
discharge from reservoir should be fully controlled to minimize the flood
damage due to released dischasge from reservoir.

(3) Prompt Release of Discharge to assure Reservoir Capacity for Flood
Mitigation

While the river channel in the downstream has enough capacity to receive the
flood discharge, the dam should promptly release the stored water in
accordance with the hydro-power requirement and/or irrigation water supply,
so that the vacant capacity for flood mitigation can be assurcd against the
expected flood discharge after that.

4.2.2 Objective Dams

‘The Kwae Noi and the Kaen-Sua-Ten dams, and the KIN project will still be under
implementation by the year 2005, the target year of this F/S. Therefore, the objective
dams for the F/S are selected only the Bhumibol, Sirikit and the Pasak dams, and the
inflow of the Sirikit reservoir will be only the discharge from Nan river basin.

4.2.3 Procedure

In order to set up the above mentioned operation rule for flood mitigation, the
following procedure is applied:

(1) Selection of Reference Point

As carlier mentioned, the reservoir operation for flood mitigation is carried out
considering the flood condition in the downstream.

To identify the flood condition, it is necessary to select reference points which
represent critical flood conditions in downstccam and which are selected
focusing on the hydrological bottleneck of the river course. The allowable
release discharge from the reservoir is to be confined with the flow capacity at
the reference points.

(2) Selting-up Rule Curves
Due to the change of the operation principle for Rood mitigation, the sule

curve is modified. The modification of rule curve is undertaken through some
waler balance simulation on major recorded Moods as discussed below:
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(a) Upper Rule Curve; URC

The Upper Rule Curves for the Bhumibol and the Sirikit rescrvoirs are
tentatively set up with following manner.

i)  Pdnciple of reservoir operation

¢ While river channel in the downstream has still cnough
capacily to receive the released water from reservoir at the
reference points, required amount of water for hydro-power
and irrigation is released from the reservoirs.

¢ On the other hand, the river channel has no more capacity to
receive the released water from reserveir, the release witl be

stopped.
il)  Setting-up the upper mile curve

» Though the simulation applying the above principles to past
floods, the reservoir water levet transition curves (water level
regimie) are ebfained.

¢ The past floods among which the water level regime excees
the Maximum water level of the reservoir (Hmax) arc
selected.

¢ Also the tofal stored volume (V1) and required volume for
flood mitigation {Vr) of selected floods can be oblained.

Azl  Aegis  Sepl  Sepdd Odl  ©Cals Novi Novls Dol Decll
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e Since the Maximum water lfevel (Hinax) is fixed for each
rescevoir, (he upper rule curve which avoid the spill over the
Hmax is naturally sct adjusting the storage water level at the
beginning of the flood period (Hb).

o The maximum required volume (Vmax) among the setected
floods is obtained in this process and the storage water level
at the beginning of the flood period (Hbmin) is fixed for the
flood with the maximum required volume,

e The water leve! tegime of selected floods which exceed the
Hbmin — the water level at the beginning of the flood period
of above menlioned flood, are adjusted in parallel to the
Hbmin and overplayed starting.

o The upper rule curve is set enveloping the water level
transition curves for sclected floods.

STORAGE

Avgl Augld5 Sepl Sepls Ol OutlS HNovl Newds bDeel Deels

e The upper rule curve is finally examined their propricty with
the 45-year-consccutive simulation because the storage water
levels at the beginning of flood season of cach flood are
changed through the modification of the present upper rule
curve,

As for the Pasak reservoir, three cases of upper rule curves ace temporary
set up with the same manner as in the Master Plan study.

(b) Lower Rule Curve; LRC

The current mule curve of the Bhumibol reservoir is adopted as the
proposed LRC. The LRC for the Sirikit rescrvoir is set-up the same as
the one proposed in the Kok-Ing-Nan project.
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(3) Evaluation of Proposed Operation Rule

The new operation rules weuld promote the effectiveness for flood mitigation.
On the other hand, they may cause some adverse influence on water
utilization such as irrigation water supply and hydro-power genciation.
Therefore, optimization of the scale of modification of reservoir operation
rulc is examined based on the economic evaluation. The economic benefit
of new operation rules is calculated by reduction of the flood damage, while
the cost is counted for the reduction of the rice production due to reduction of
irrigation water supply in dry scason and reduction of hydro-power
generation.

43  Modification of Opcration Rule

In accordance with the aforementioned strategy, the modilication of reservoir
operation rule is examined as follows:

4.3.1 Selection of Reference Point

Bascd on the flow capacitics along the Chao Phraya River shown in Fig. 4.3.1, the
refercnce points for operation of the reservoir arc sclected considering the main
objective of flood mitigation by reservoir operation. Thal is, the mair objective of
flood control is to reduce flood inundation velume in agricultural areas because the
major urban areas will be protected from flood by ring dikes, whose scale will be
1/100 years.

The reference points for each dam are selected as follows:
(1) Bhumibol Dam

The reference point for operation of Bhumibal dam is designated at the
Nakhon Sawan, since the immediate downstream at the peint fonms a
bottlencck of the downstream of the Chao Phraya River, before the river
flows down to the Chao Phraya dalta and the flooding condition in the
downstream can be broadly identified at the poinl. The flow capacity of the
botileneck is about 2,500 m3/s.

(2) Sirikit Dam

Nakhon Sawan and Phichit are sclected as the reference points for
operation of Sirikit reservoir. Since the Nan river has a bottlencck at the
immediate downstream of Phichit and conflucnce to the Chao Phraya
river at Nakhon Sawan. The flow capacity at Phichit reference point is
1,200 m'/scc.

(3) Pasak Dam

As for the Pasak dam, because of its small reservoir capacily compared with
inflow volume during flood period, it is difficult to stop the release of water
from the reservoir completely, and the discharge from the reservoir is
conirolled by upper rule curve. Therefore, the purpose of selecting of the
reference points is not to determine the reservoir operation but to evaluate the
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flood mitigation efeet. That is, the flood mitigation eftect is evaluated with
reduction of inundation volume at reference points.

The reference points of the Pasak dam are selected at the Rama VI Bamage
and the Chao Phraya Barrage focusing the botllenecks of the Pasak nver and
Chao Phraya river. Flow capacity at the Rama VI Barrage and that of the
Chao Phraya Barrage is 1,000 m¥sec and 2,900 m/s, respectively.

4.3.2 Modification of Upper Rule Curve(URC)

According to the principle and procedure for modification of the rule curve
mentioned in § 4.2.3, the URC of each dam is set up as follows:

(1) Bhumibol Reservolr

The result of water balance simulation for major past floods is shown in
Table 4.3.1.

As shown in the table, the maximum stored volume is approximately 14,000
MCM for 1975 flood, and the required capacity to store the flood discharge is
approwimatcly 3,500 MCM. The maximum capacity of Bhumibol reservoir
is 13,462 MCM, therefore, the reserveir has the difTiculty on flood centrol
for the seale of 1975 flood.

To cope with the situation, it is necessary to reduce the storage at the
beginning of flood petiod to 9,950 MCM (13,462-3,500).

Starting with the storage of 9,950 MCM at beginning of {lood period, the
transition curve from the beginning to the end of the flood period for 1975
flood is drawn.

As for the other past floods, stored volumes do not exceed the maximum
capacily of the teservoir and the aforementioned fransition curve, therefore,
the sitvation of these floods has no influence on modification of URC.

The proposed URC is sct by cnveloping the transition curve of storage for
1975 flood.

The URC during the dry scason is set up in accordance with the current
relcase plan dusing the dry scason.(Refer to Table 4.3.2). That is, the rclease
plan shows the monthly release ratc for stored water at the end of wet scason.
‘or example, 12 % of stored water is released from the reservoir in
December.  According to this plan, the upper rule curve at the end of
December is lowered by 12 % of the difference in volume between the
storage of URC at the end of the wet season and that of the beginning of the
wel season.

The lower rule curve is based on the present rule curve.

The rule curves are shown in Table 4.3.3 as well asin Vig. 4.3.2.

VI - 22



Sector VIl

(2) Sirikit Reservoir

The result from water balance simulation for major past floods is shown in
"able 4.3.1.

In Sirikit reservoir, the stored volume of 1995 and 1975 floods exceeds the
maximum capacily of the reservoir. The maximum stored volume of 11,800
MCM is occurred in 1995 and the maximum required capacily to store the
llood dischiarge is approximately 4,500 MCM for 1995 flood.

The maximum capacity of Sirikit reserveir is 9,510 MCM, therefore, it is
necessary to reduce the storage to 5,000 MCM(9,510-4,500) at the beginning
of Nood period of 1995 flood, Aug. 1.

Starting with the storage of 5,000 MCM at beginning of flood period, the
transition curve of storage from the beginning to the end of the Mood period
for 1975 and 1995 flood is drawn through the water batance simulation.

The proposed URC in flood period is sct by enveloping the transition curves
of storage for 1975 and 1995 floods, and the URC for whole the year is sct
up in the same manner as for the Bhumibol Dam.

The new URC is shown in Tablc 4.3.2 and Fig.4.3.3, respectively.

(3) Pasak Reservoir

The Pasak reservoir can not operate with the same manncer as the Bhumibol
and Sirikit reservoir because of it’s small capacity. The URC of the Pasak
reservoir is sel up in order to secure the flood mitigation functions by
maintaining vacant capacity, when flood peak comes out.

From the vicwpoint of flood mitigation, the most cffective resolution is to
secure the whole active capacily of 772 MCM for flood control operation.
However, such reservoir operation may result in reduction of the storage at
the end of the wet season and, consequently, the adverse influence for water
supply occurs in the dry season. In this reason, the following threc cases of
URCs are examined constdering the characteristics of reservoir and the flood
period of the reference poinls:

Case-1:  URC without loss in waler usage;
The maximum vacant volume at Sep. 15 is 559 MCM
Case-2:  URC with intermediate loss in water usage;
The maximum vacant volume at Sep.15 is 662 MCM
Case-3:  URC for maximising flood control effect:

The maximum vacant volume at Sep. 15 is 772 MCM

The proposed upper rule curves are shown in Table 4.3.3 and Fig. 4.34,
respectively.
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4.4  Evaluation of Preposcd Operation Rule

The benefit for flood mitigation and the compensation cost for adverse influcnce of
water use are compared to the ‘without” case. The without case of cach rescrvoir
opcration is as follows:

¢  Bhumibol reservoir--- Present eperation
o Sirikitreserboir  --- Operation with proposed rule curve by KIN Study
¢  Pasak reservoir  --- Operation with non- rule curve

Due fo the current water shortage for imrigation, allocation on water relcase from the
Bhumibol and the Sirikit reservoirs has been taken the initiative by RID throughout
the year. In this study, considering this actual situation, watcr balance calculation for
irrigation water supply and hydro-power generalion is tentatively setup so as to mect
the istigation waler supply.

4.4.1 Flood Mitigation Effeet

The flood mitigation effect by the proposed reservoir operation is evalnated with
reduced inundation volume of the reference points.

The flood mitigation eftects for 5 major floods arc shown in Table 4.4.1 and
sununarised as in the following table.

Reduction Volume of Inundation in Major Flood (unit : miflion m’)
Average

Name of Dam Operation Case 1975 flood  |-1995 fMlood - | (5 major Rowds)
Bhumibol Without B T R < T 1,998
Proposed Operation 4477 Vs 2,232
Sinkit Without o 23231 1,180
Proposed Operation o 2813 ¢ 1,458

Pasak Withowt | 0 0]
Proposed Qperation (case-1) 175! 103
Proposed Operation {case-2) 370 |- 587 213
[ Propascd Operation (case-3) | 438 695 252

On focusing the result of “the 1995 flood’, historical maximum flood, the inundation
volume of about 1,600MCM is expected to be reduced through the operation by
proposed rule cusve for three reservoirs. This volume corresponds to about 10% of
the total inundation volume of 1995 flood.

4.4.2 Influence on Water Use
‘Yhe compensation costs for adverse influences are based on the reduced amount from
the case of proposed operation minus ‘without’ case aforementioned.

According to the stored volume at the end of the wet season(November 30), the
principle for irrigation water supply is defined in aforementioned Fig. 3.4.1. Monthly
water release ratio during the dry season and minimum requited irrigation water
supply in wet season are set as in the Table 4.2.2.
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Based on the above-mentioned retease plan for ireigation water supply, the reduction
of watcr supply for irrigation and hydro-power generation is calculated through water
balance simulation for 45 years(1952-1996).

(1) Reduction of lrrigated Arca
Reduction of irrigated area, caused by reduced water supply during the dry
season, is estimaled in the same manner as in the Master Plan study.

Reduction of water supply is converted, dividing by the required amount of
water for unit area, to reduction of irrigated area.

Table 442 , 44.3 and Fig. 44.1 indicates the simulation resnlt of the
released volume for irrigation water supply in dry scason.

The reduction of water supply and irrigated arca is sumimansed as in the

following table.
Reduction of Water Supply Volume and Irrigation Arca
Pasak
ftem Unit  [Bumibol| Sirikit | Case-1 | Case-? | Case-3
Walce supply volume in dry season Mitionm® | 2710 | 3,162 HA446 | 1427 | H40)
Reduced supply voluine from case of ‘without’ Milion > - 56 0 19 43
Reduced irrigation arca from casc of “without” 1000 ha . IFX 0 09 21

(2) Reduction of Power Generation

Table 4.4.2 and Fig. 4.4.1 also indicate the generated electricity and the
reduction for each year. The applied rating curve is the same as that in the
Mater Pian study.

The reduction of the annual average power generation of the Bhumipol Dam
and the Sirikit Dam is summarised as in the table below.

Reduction of Annual Average Power Generation {unit : Gwh)
ltem Bumibol Sirikit
Annual average power generation 1,195 §99
Reduction from case of ‘without” i3 14

(3) Compensation Cost

The annual average compensation costs for irrigation water supply and
hydro-power gencration are calculated. The unit value of rice product and
the unit net price of power gencration are the same as in the Master Plan
study. The total compensation costs are summarized as in the following table.
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Annual Compensation Cos(*

{unit ; million Baht)

- Fasak Dam Total
( ltem Bhumibel | Sinkit | With Pasak Dam
Dam n‘“_“ Case-l | Case-2 | Case:d | Case-d | Cose2 | Cased |
Cc-fn;;ér; htigélion - 16 . 6 _15 16 } 2% 34
v (e N NN ST R SN SN ¥ N Y
B Tetal 18 35 - ) 15 53 59 (i3]

* 1998 price

(1 Optimum Rule Curve

From the result of the calculation for compensation costs, the optimum rule
curves of theee reservoirs, namely the Bhumibol, the Sirikit and the Pasak,
are recommended in accordance with the following reason:

1n both the Bhumibol and the Sisikit reservoirs, as is evaluated in *Sector
X1 -Economic Evaluation’, the annuat average benefit of 445 million
Baht for flood mitigation is more than eight(8) times farger than the annual
compensation cost.  Therefore, proposed rule curves are justified as the
suitable rule curves.

As for the Pasak reservoir, the annual average benefils are quite large
comparcd with the annual compensation costs of alt cases, and every casc
is cconomically viable. As identified in Master Plan study, modification
of reservoir operation rule shows higher economic viabilily compared with
the other structural measures, and the flood mitigation effeet by Case-3 is
the biggest among others. From this reason, it is recommendable to apply
Case-3 as the suilable operation rule curve for Pasak reservoir.

The proposed curves are shown in the following table and the operation results of
three reservairs with proposed operation are shown in Fig. 4.4.2

(unit: million m*)

Namecof |Curve |Jan. | Feb. | Mar. | Apc. | May | Jun tl. | Au g | Sep. | Oct. | Nov | Dec.
Reservoir i he t i 1 1« b J e " a0
Bhumibo! | Yees 13050 1712350 | 11300 | 10500 | 10100 | 10050 | 10000 | 9950 | wio0 | 11750 | 13462 § 13460
Sirikit Upper | | 8800 | 7800 | 6650 | 5700 | 5250 | 5100 |3050 | 5000 [7000 ]8%0 [9s10 | 9300
Pasak - Upper | - -} - : - 1 13 T T N
- LI5S 78S
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