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During the flooding events, the operation of Chao Phraya Dam to control downstream water dis-
charge is one of the causes of the inundation occuring over the upstream area. The purposes of this research
are to study the effects of the operation of Chao Phraya Dam upon the upstream flood inundation and to
find out the new measures of the flood mitigation in the upstream areas of Chao Phraya Dam by using a
hydrodynamic model. The results show that Manning's n in the Chao Phraya River and its tributaries is
0.030-0.035 in the main channels and 0.050-0.070 in the flood plain areas. The backwater due to the operation
of the Chao Praya dam affects as far as 110 kilometers upstream. New methods of water diversion can
mitigate the flood inundation without the effect on the floating rice fields. The construction of reservoirs in
the Upper Sakaekang River Basin and the Upper Yom River Basin will mitigate the flood not only in their
own basins but also in the Lower Chao Phraya River Basin. The coordinated operation of the Chao Phraya
Dam, the regulators and the upper basin reservoirs will efficiently mitigate the flood inundation.
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In the past, one measure of flood mitigation
in the Lower Chao Phraya River Basin was the
operation of Chao Phraya Dam to control the release
of water downstream. This caused a higher level
of backwater and the regulators diverted water to
the  irrigation  canals.  This  operation  caused
inundation in the Greater Chao Phraya irrigation
project that covered some areas of Chai-nat, Uthai-
thani, and Nakhonsawan. By comparison, the great
flood in the Year 1995 was equivalent to 25-year
return period flood (CTI Engineering International
Co., Ltd. et al., 1999).

The objectives of this research are to study
the effects of the operation of Chao Phraya Dam
upon hydraulic characteristics of flood in various
case studies based on hydrological data in 1995.
The study clearly illustrates the hydraulic condi-
tions and can be used to improve the efficiency of
the  operation  of  Chao  Phraya  Dam  to  manage
floods in the Chao Phraya River Basin.

In this study, a mathematical model is used
to simulate the networks of Chao Phraya River and
its tributaries and calculate the upstream unsteady
flow and backwater from Chao Phraya Dam. Figure 1.  General map of Chao Phraya River Basin





Songklanakarin J. Sci. Technol.

Vol. 29  No. 6  Nov. - Dec. 2007 1664

Effects on the upstream flood inundation

Visutimeteegorn, S., et al.

of  the  total  irrigated  areas  of  the  Chao  Phraya
River Basin). It is the biggest irrigation project in
Thailand.

The Chao Phraya Dam project comprises
diversion dam and irrigation canals system, as
follows:

The diversion dam
The head work of Chao Phraya Dam is a

diversion dam (Figure 4). There are 16 gates (each
12.5 m long x 7.5 m high). Maximum discharge
is 6,500 cms (equivalent to the 100-year return
period  flood).  The  normal  water  level  at  the
upstream side of the dam is 16.5 m M.S.L. Accord-
ing to the flood management plan, the released
discharge controlled by Chao Phraya Dam must
be less than 3,000 cms to relieve flood inundation
in the lower Chao Phraya River Basin (Asian
Institute of Technology 1996).

Irrigation canal system
The irrigation canal system consists of 5

main channels as follows:
- The  Noi  River  :  maximum  discharge

capacity 260 cms, 127 km long.
- The Thachin River : maximum discharge

capacity 320 cms, 325 km long.
- The Makamtao-Uthong Canal : maximum

discharge capacity 35 cms, 104 km long.
- The Chainat-Pasak Canal : maximum

discharge capacity 210 cms, 134 km long.

- The Chainat-Ayuttaya Canal : maximum
discharge capacity 75 cms, 127 km long.

The Flood Inundation in 1995
The flood inundation in the Chao Phraya

River Basin in 1995 was equivalent to the 25-year-
return period flood. The flood was caused by the
South-East monsoon during the end of July to the
beginning of September. The flood caused inun-
dation in many parts of the Chao Phraya River
Basin. The inundation area and the loss was about
15,000 km

2
 and 72,720 million Thai Baht, res-

pectively (CTI Engineering International Co.,Ltd.
1999).

In  the  study  area,  the  flood  inundation
occurred along the Chao Phraya River to the Nan
River and the Yom River in Pichit province and to
the Sakaekang River in Uthaithani province. The
maximum flood discharge was 4,557 cms at Chao
Phraya Dam. It exceeded the planned allowable
flood  discharge,  3,000  cms  and  caused  flood
inundation in the Lower Chao Phraya River Basin.

Study Approach

The study approach has 5 items as follows
(Figure 5) :

1. Data Collection : hydrological data, geo-
graphic maps, river cross-sections and information
about the Chao Phraya flood management,

2. Developing the hydrodynamic model of
the river network with the software HECRAS,

3. Calibration and verification for finding
out the suitable parameters of the river-network
model,

4. Application of the river-network model
in many cases to study the flood hydraulics and
the new measures of the flood mitigation,

5. Analysis and conclusion of the simula-
tion results.

Mathematical Model

Theoretical basis for one-dimensional flow
calculations applied in HEC-RAS program is the
Saint Venant's equations consisted of the continuity

Figure 4.  Chao Phraya Dam
(Color figure can be viewed in the electronic version)
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V = mean velocity at the section
Q = discharge at the section
q

l
= discharge per unit length at the section

S
f

= friction slope
x = position of the section measured from

the upstream end
t = time
g = acceleration due to gravity

The  mathematical  model  for  the  Chao
Phraya River and the tributaries was created using
HEC-RAS program (Brunner, 2002). There were
4 stations at the upstream boundaries, namely
Station P.17 in the Ping River, Station N.10A in the
Nan River, Station Y.5 in the Yom River and Station
CT.2 in the Sakaekang River, and a downstream
boundary  at  Station  C.13  (Figure  3).  The  cross
sections  of  the  Chao  Phraya  River  from  Chao
Phraya Dam to the confluence of the Ping River
and the Nan River were surveyed in 2003 by Royal
Irrigation Department. The cross-sections of the
Ping  River,  the  Nan  River  and  the  Yom  River
were surveyed in 1995 and the cross-sections of
Sakaekang  River  were  surveyed  in  2000  by
Marine  Department.  The  intervals  of  the  river
cross-sections ranged between 100-5,000 meters.

Hydrological  data  during  1  July  to  30
November, 1995 are used for model calibration,
and 1 July to 30 November, 2002 for model verific-
ation. The results of the calibration and verification

are found as follows: Manning's n in rivers and
flood  plains  equals  to  0.035  and  0.070,  respect-
ively, for the Chao Phraya River, the Nan River,
the Yom River and the Sakaekang River and equals
to 0.033 and 0.050 for the Ping River. The results
of the calibration and verification are shown in
Table 1, Figure 7 and Figure 8.

Study Results

The study results are as follows (see Table
2):

Figure 6. Elementary control volume for derivation of the continuity and momentum
equations.

Table 1. The results of root mean square of error
of  water  level  in  the  calibration  and
verification of the model

             Station        Test RMSE (m)

C.13 calibration 0.76
verification 0.66

Upstrem of Chaophaya Dam calibration 0.46
verification 0.50

C.2 calibration 0.45
verification 0.70

N.14A calibration 1.04
verification 0.90

N.8 calibration 0.72

N.37 verification 0.90
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Figure 7. Comparison between actual and calculation water level in 1995
(for the model calibration).

Figure 8. Comparison between actual and calculated water level in 2002
(for the model verification).

1. By  the  flood  frequency  analysis,  the
return period values of the peak discharge data in
1995 for the upstream rivers at the Hydrologic
Station P.17, Y.5 and  N.10A and for the Chao
Phraya River at Station C.2 and C.13. are 2, 10, 23,
32 and 32 years, respectively (see hydrograph in
Figure 9).

2. There are 4 cases, i.e. 1, 3, 5 meters gate
opening and full opening of 8 meters to study the
backwater caused by the operation of Chao Phraya
Dam.  The  assumption  is  that  there  is  no  water
diversion  into  the  irrigation  canals.  The  results
reveal that the height of gate opening affects the
backwater significantly. The maximum difference
of water level between 1-meter gate opening and

8-meter gate opening is 2.86 meters and the back-
water influences the flow as far as 110 kilometers
upstream from Chao Phraya Dam along the Chao
Phraya River to the Ping River and the Nan River
(Figure 10). In addition, gate control affects the
volume of flood inundation. Figure 11 shows the
volume of the flood inundation over riverbank at
the highest water level. The gate opening of 1 meter
affects the volume of flood inundation more than
all other cases with the higher gate opening. The
effect of gate opening on the backwater and the
volume of flood inundation decreases with the
distance from Chao Phraya Dam.

3. The other measure of the flood mitigation
can be done by releasing water into 5 irrigation
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canals (Figure 3), the Noi River (discharge capacity
of 260 cms), the Thachin River (discharge capacity
of 320 cms), the Makamthao-Uthong Canal (dis-
charge capacity of 35 cms), the Chainat-Pasak
Canal (discharge capacity of 210 cms) and the
Chainat-Ayuttaya Canal (discharge capacity of 75
cms). To study how to develop the irrigation canals
to increase the efficiency of the gate operation for

the flood mitigation here, 3 cases of water divers-
ion into the irrigation canals in the flood period are
considered. Case 2.1: diverting water by twice the
full capacity into the Chainat-Pasak Canal (420
cms) and the Thachin River (640 cms). Case 2.2:
alternately diverting water into the Chainat-Pasak
Canal at twice the capacity (420 cms) for 7 days
and at half the capacity (105) for the next 7 days,

Table 2. All study cases in this research

          Study Purpose Case

1. To study the backwater at the upstream of Case 1.1: 1 m gate opening
Chao Phraya Dam Case 1.2: 3 m gate opening

Case 1.3: 5 m gate opening
Case 1.4: Full gate opening

2. To study the flood mitigation by Case 2.1: Twice capacity
the irrigation canals Case 2.2: Twice/half capacity

Case 2.3: Twice/full capacity and 7.5/8 m gate opening

3. To study the backwater in the Sakaekang River Case 3.1: No upstream flow in the Sakaekang River
Case 3.2: With the upstream flow in the Sakaekang River

4.1 To study the capacity of the reservoir in the Case 4.1.1: With water discharge = 0 cms
Sakaekang River on the flood mitigation Case 4.1.2: The peak discharge < 600 cms

Case 4.1.3: The peak  discharge  < 1,000 cms

4.2 To study the capacity of the reservoir in the Case 4.2.1: The peak discharge = 200 cms
Yom River on the flood mitigation Case 4.2.2: The peak discharge < 600 cms

Case 4.2.3: The peak discharge < 1,000 cms

5. To study the modification of the reservoir Case 5.1: The peak discharge < 1,500 cms
operation Case 5.2: With delaying the peak discharge 14 days

Figure 9. Flood hydrograph (data in 1995) from the river tributaries at P.17, Y.5, N.10A
and the Chao Phraya River at C.2 and C.13.



Songklanakarin J. Sci. Technol.

Vol. 29  No. 6  Nov. - Dec. 2007

Effects on the upstream flood inundation

Visutimeteegorn, S., et al.1669

Figure 10. Highest water level along the Chao Phraya River in various cases of gate opening
(use hydrological data in 1995 and assume no water diversion into the irrigation
canals).

Figure 11. The volume of the flood inundation over riverbank along the Chao Phraya River
at the highest water level in various cases of gate opening.

Figure 12. Comparison between the actual gate opening in 1995 and the modified gate
opening in Case 2.3.
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and  simultaneously  diverting  water  into  the
Thachin River at half the capacity (160 cms) for
7 days and at the full capacity (640 cms) for the
next 7 days. Case 2.3: modifying the gate operat-
ion of Chao Phraya Dam in high flood period by
opening the gates alternately from 8 m to 7.5 m
for 3 days and increasing the opening from 7.5 m
to 8 m for the next 3 days (Figure 12). When gate
opening reaches 7.5 m, the water is diverted at
twice the capacity into the Chainat-Pasak Canal
and the Thachin River. And when gate opening is
8 m, the water is diverted at full capacity into the
Chainat-Pasak Canal and the Thachin River (Fig-
ure 13).

The results indicate that the discharge at
C.13,  down  stream  of  Chao  Phraya  Dam,  is

decreased for all case studies (Figure 13). Especially
in Case 2.1, the peak discharge is decreased by
500 cms compared to the actual discharge in 1995
because  of  the  diversion  at  twice  the  capacity
during the entire high flood period. In addition,
the  highest  water  level  along  the  Chao  Phraya
River also decreases for all cases (Figure 14). The
highest water level of Case 2.1 is lower than those
of Case 2.2 and 2.3.

4. To study the backwater in the tributaries
caused by the operation of Chao Phraya Dam, the
Sakaekang River is selected for study. The study
shows  that  the  operation  of  Chao  Phraya  Dam
affects  the  backwater  in  the  Sakaekang  River
because  the  confluence  point  of  the  Sakaekang
River and the Chao Phraya River is only 28 kilo-

Figure 13. Comparison of water discharge at C.13 in Case 2.1, 2.2 and 2.3. And modified
water diversion in the Thachin River and the Chainat-Pasak Canal in Case 2.3

Figure 14. Comparison of the highest water level along the Chao Phraya River in Case 2.1,
2.2 and 2.3.
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meters away from Chao Phraya Dam, within the
range affected by the backwater from Chao Phraya
Dam.

There are 2 case studies. Case 3.1: with an
assumption of no upstream flow in the Sakaekang
River, and Case 3.2: with the upstream flow in the
Sakaekang River. In both cases, it was assumed
that the gate opening of Chao Phraya Dam is 1, 3,
5,  and  8  meters  (full  opening)  without  water
diversion into the irrigation canals. The result in
Case 1 (no upstream flow) is that the difference in
water level along the Sakaekang River between
the 1-meter gate opening case and the 8-meter gate
opening case is 1.23 meters (Figure 15), while the
difference in water level is 0.61-0.65 meters for
Case 3.2 (with upstream flow). By comparison
between Case 3.2 (with upstream flow) and Case

Figure 15. Comparison between the highest water level along the Sakaekang River in Case
3.1: No upstream inflow and Case 3.2: with upstream inflow

Figure 16. The highest water level along the Chao Phraya River in cases of  controlling the
peak discharge at CT.2: 0, 600, 1,000 cms and actual disharge in 1995.

3.1  (no  upstream  flow)  with  the  8-meter  gate
opening, the difference in water level is 1.33-1.38
meters. By comparing the 1-meter and the 8-meter
gate opening of Case 3.1 (no upstream flow), the
difference in water level is 1.23 meters due to the
effect of backwater from Chao Phraya Dam.
Likewise, by comparing the 1-meter gate opening
of  Case 3.2 (with upstream flow) and the 8-meter
gate opening of Case 3.1 (no upstream flow), the
difference  in  water  levels  is  1.96-1.99  meters
(Figure 15). This is caused by the upstream flow in
the Sakaekang River and the effect of the backwater
from Chao Phraya Dam.

The results reveal that the flood in the lower
region of the Sakaekang River is caused both by
the  upstream flow in the Sakaekang River and the
backwater from Chao Phraya Dam.
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Figure 17. The highest water level along the Chao Phraya River in cases of  controlling the
peak discharge at Y.5: 200, 600, 1,000 cms and actual disharge in 1995.

Figure 18. Comparison between water discharge at C.13 in Case 5.1: the peak discharge
(<1,500 cms) and Case 5.2: delaying the peak discharge 14 days at N.10A.

Figure 19. The highest water level along the Chao Phraya River in Case 5.1: the peak
discharge (<1,500 cms) at N.10A and Case 5.2: delaying the peak discharge 14
days.
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5. The reservoirs planned to be constructed
in the future at the Upper Sakaekang River basin
and the Upper Yom River basin are studied for
their capabilities of flood mitigation in the Chao
Phraya  River  basin.  There  are  3  cases  for  the
reservoir in the Upper Sakaekang River Basin,
Case 4.1.1: controlling all the upstream discharges
(the  discharge  is  zero  at  CT.2),  Case  4.1.2:  the
peak discharge being less than 600 cms at CT.2,
and Case 4.1.3: the peak discharge being less than
1,000 cms. For the reservoir in the Upper Yom
River Basin, there are 3 case studies. Case 4.2.1:
the peak discharge being less than 200 cms, Case
4.2.2: the peak discharge being less than 600 cms
at CT.2, and Case 4.2.3: the peak discharge being
less than 1,000 cms.

The results reveal that both reservoirs can
lower the water level along the Chao Phraya River
both upstream and downstream of the confluence
of the rivers (Figure 16 and 17).

6. To study the modification of the reservoir
operation for the reservoir in the upper Nan River
Basin, there are 2 cases, Case 5.1: the peak dis-
charge being less than 1,500 cms at N.10A, and
Case 5.2: with delay of the peak discharge for 14
days at N.10A by controlling water discharge from
the reservoir and keeping some water in retarding
areas at the upstream of N.10A (Figure 18).

The results show that the peak discharge at
C.13 is decreased compared to the actual data in
1995 about 507 cms for Case 5.1 and 84 cms for
Case 5.2 (Figure 18). In addition, the highest water
level along the Chao Phraya River is also decreased
in both cases (Figure 19).

Summary and Recommendation

The summary and recommendation are as
follows:

1. By  calibration  and  verification,  it  is
found that, for the Chao Phraya River, the Nan
River, the Yom River and the Sakaekang River,
Manning's n is 0.035 in the rivers and 0.070 in
flood  plains,  and  0.033  and  0.050  for  the  Ping
River.

2. The peak discharge of Chao Phraya River

at C.2 and C.13 in 1995 is equivalent to the 32-
year  return period flood.

3. The  operation  of  Chao  Phraya  Dam
affects the backwater along the Chao Phraya River
to its tributaries, the Ping River and the Nan River,
as far as 110 kilometers upstream.

4. During  the  high  flood  period,  water
diversion  into  the  irrigation  canals  should  be
increased to relieve the flood in the upstream area
of the dam. In order to increase the efficiency of
water  diversion,  enlargement  of  the  irrigation
canals  is  necessary.  However,  the  effect  of  the
enlarged irrigation canal on the irrigation pratice
during normal conditions should be studied because
lower  water  level  might  occur  during  normal
conditions with adverse effects on farmers.

In addition, water diversion in high flood
period  should  be  done  only  in  the  floating  rice
fields. The new concept of diverting water alter-
nately by increasing discharge for 3-7 days and
decreasing for 3-7 days (as in Case 2.2 and 2.3 in
the item 3 of the heading "Study Results") should
be applied for the floating rice fields because the
floating rice can survive in the high flood condition
for 7 days or more.

5. The results show that the backwater in
the Sakaekang River is caused by the upstream
flow in the Sakaekang River and the backwater
from Chao Phraya Dam. In order to mitigate the
flood inundation in the Sakaekang River, a reserv-
oir at the upstream of the Sakaekang River should
be built to control its discharge. In addition, the
operation of Chao Phraya Dam should match the
discharge released from the upstream reservoir.
The  reservoir  should  be  constructed  at  the
upstream of the Yom River.

6. Upstream inflow from the Ping River
and the Nan River should be controlled by the
Phumipol dam and the Sirikit dam, respectively, to
set the time-to-peak of the discharges at the differ-
ent time when the peak discharge reaches to Chao
Phraya Dam.

7. At present, the mitigation plan of flood
inundation in the Upper Chao Phraya River Basin
comprises 3 measures : (1) to control the upstream
flow by reservoirs, (2) to control the operation of
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Chao Phraya Dam, and (3) to divert water to the
irrigation areas and low land areas. To effect the
mitigation plan of flood inundation all measures
should be done in harmony.
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