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1 2000 12 8
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76%
(km?)
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Observed and simulated discharge at Chaktomouk Junction, 2002
40000

*
Chrui Changvar
35000

30000 - fO\NP- -8~ ~"~“"""“""~"~"—~"—"—————

25000 - - - - - - - - = — = — = — = Observed and simulated discharge at Kompong Cham, 2002
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Volume balance for the Great Lake 1998

10"9 m3
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Volume balance for the Great Lake 2000

10"9 m3

QD
°
T
o
o

00-few
00-unl
00-Inf
00-6ne
00-das
00-Mo
00-AOU
00-23p
T0-uel
T0-99)
TO-rew

O Evaporation 0 Runoff basin B Tonle Sap B Overland Flow [@ Direct rainfall

2000

27



2004 3
(CNMC) DHRW 2003 12 26 31
Y4
28
V-1
29 MRC WUP
30
31
( )
Probability of occurrence of 1998 drought by station on
the Mekong mainstream
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Relation between Kg. Cham Flow and Great Lake Storage
80
s
8
g 0 r o y=35.33+0.332x
g r’=0.981
(2]
€ 40
§ [@]
o
20 }
0
0 20 40 60 80 100 120 140
Kg. Cham Flow Volume above 25,000 m3/s(BCM)
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33
34 1) (
) (2)2002 MRC
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35
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(Integrated Basin Flow Management: IBFM)
WUP 2004 6
39
40
41 10
1992 1998
( m3/s)
Station Drainage Ar Mar Apr
(km2) Mean |10-year | 5-year |1992/93|1998/99] Mean [10-year| 5-year |1992/93|1998/99
Chiang Saen 189,000 835 | 660 | 730 | 801 | 702 | 915 | 700 | 820 | 824 | 645
Lua. Prabang 268,000 1,065 | 890 | 920 | 1,025 | 673 | 1,112 | 900 | 990 | 1,011 | 625
Chiang Khan 292,000 1,043 | 870 | 910 | 962 | 969 | 1,056 | 890 | 920 [ 881 | 943
Vientiane 299,000 1,167 | 960 | 1030 | 1,046 | 755 | 1,194 | 970 | 1030 | 974 | 7ee
Nong K hai 302,000 1,176 | 1,020 | 1,000 | 1,224 | 971 | 1,215 | 1,030 | 1,100 | 1,210 | 991
Na. Phanom 373,000 1548 | 1,230 | 1,310 | 1,224 | 1,454 | 1,526 | 1,260 | 1,230 | 1,108 | 1,692
Mukdahan 391,000 1,600 | 1,300 | 1,450 | 1,548 | 1,343 | 1,569 | 1,290 | 1,430 | 1,453 | 1,514
Khon Chiam 419,000 1,903 | 1,520 | 1,640 | 1,845 | 1,616 | 1,839 | 1,520 | 1,610 [ 1,775 | 1,789
Pakse 545,000 1,852 | 1,490 | 1,650 | 1,575 | 1,502 | 1,819 | 1,520 | 1,600 | 1,449 | 1,778
Delta Inflow 756,000 4,120 | 2,230 | 3,450 | 4,024 | 1,852 | 3204 | 2,200 | 2,440 | 2,856 | 2,191
V-2
42
43 (1)1970 1980
1997
@
S-10
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A3) 1995

44
V-3
45 2000 8 MRCS
JCA 2001
46 MRCS WUP
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1 1
11 1
1.2 2
13 2
14 3
15 3
1.6 4
1.7 6
2 8
21 8
211 8

212 8

22 14
221 14

222 14

223 19

2.3 21
231 21

232 23

233 25

234 30

3 37
31 37
311 37

312 37

3.13 39

314 45
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3.15 52

32 56
321 56

322 58

323 62

324 64

4 66
4.1 66
411 66

412 66

413 69

414 74

4.2 83
421 83

422 83

423 87

5 88
51 88
511 1995 WUP-JICA 88

5.1.2 89

5.2 92
521 92

522 93

523 97

53 102
531 102

5.3.2 102

533 105

534 107

5.2 110
541 110

54.2 110

543 111

544 119

6 124
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1-1 2
1-2 3
1-3 4
14  WUP-JCA 6
1-5 7
2-1 8
2-2

( ) 15
2-3 ( ) 17
2-4 @ ) (20 ) ( ) 18
2-5 ( ) 19
2-6 20
2-7 24
2-8 25
2-9 28
2-10 28
2-11 31
2-12 33
3-1 40
3-2 M
4-1 68
4-2 72
4-3 81
4-4 83
4-5 85
5-1 88
5-2 26 9%
53 1998 93
5-4 94
55 1990 15 %

5-6 100
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5-7 4 104
5-8 120
5-9 121
5-10 121
511 122
5-12 ( ) 123
2-1 9
2-2 10
2-3 11
2-4 ( ) 13
25 ( ) 15
2-6
(6 ) 17
2-7
( ) 19
2-8 23
2-9 24
2-10 26
2-11 29
2-12 2002
32
2-13 34
2-14 (2003 ) 35
2-15 36
3-1 40
32 (Kg. Thmar Stung Chinit ) 42
33 (Boribo Stung Boribo ) 42
34
(Kg. Thmar Stung Chinit ) 43
3-5
(Boribo Stung Boribo ) 44
3-6 - - 45
3-7 46
3-8 47
39 2 48
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3-10 49
311 50
312

(2002 10 14 ) 51
313

(2002 10 14 ) 51
314 2002 54
315 57
3-16 (2 -4 2003 ) 58
317 59
318

60
319 2000 2002 6 1 -11
61

320 2002

( ) 63
321 63
322 1998 ( ) 2000 ( ) 65
41 67
4-2 68
43 1998 69
4-4 1998 4 9 11 70
45 1998 ( ) 2000 ( )

( 71
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47 2002 74
4-8 75
4-9 76
4-10 76
4-11 77
4-12 78
4-13 2002 79
4-14
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4-15 82
4-16 84
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5-2 95
53 1990 15 97
5-4 (1990-2001) 97
5-5 (1990-1999) 98
5-6 2 99
57 10 101
5-8 101
5-9 102
5-10 113
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(GEF) (WUP)
4 MRC
(
JCA) MRC
4
12 2 14 (Scope of Work)
MRC 4
JCA MRC
2001 3
) 2001 5
MRCS
3
12
D
2 MRC
(3) 4 MRCS
13
606,000km2
11
Catchment Area
Country (ki) Remarks
China 165,000 (21%)
Myanmar 24,000 (3%)
Laos 202,000 (25%) | Lower Mekong River Basin's
Thailand 184,000 (23%) | Total Catchment Area:
Cambodia 155,000 (20%) | 606,000 km? (76% of entire basin)
Vietnam 65,000 (8%)
Total 795,000
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Field Study

Home Office
Work

Reporting
(Duration of Field Study)
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C—1

Draft Inception Report
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2001
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I nception Report
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Working Paper |
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December
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(5 months)

Progress Report
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May
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00 July
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Working Paper |1
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Interim Report
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1-3
(D (2000 4 -2002 9 )
(2002 9 -2003 5 )
(2003 5 -2004 3 )
(@)
(©)
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(@)
(@)
(©)
4)
(©)
(6) /
(7)
8 PCM
(C)
(10) C )
(11 (2001 56 )
(2002 1-2 )
(2003 1-2 )
(2003 45 2004 1 )
16
JCA (WUP-JICA)
MRCS
D GEF (WUP-A)
4 MRCS
(DSF, Decision Support Framewaork)
) (WUP-FIN)
©) (WUP-EP)
(WUP-) JCA
WUP-JICA WUP
WUP-JICA
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@)
(TSLVP, Consolidation of Hydro-Meteorological Data and Multi-functional
Hydrological Roles of Tonle Sap Lake and its Vicinities)

1-4
[ |
2002/2003
2003/2004
[ | 2002 2
2003
MRCS
(MOWRAM) (DHRW)

2002 2003 1

ADCP(Acoustic Doppler Current Profiler)

ADCP DHRW
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1-4 WUP-JICA
Date . Presentation by the
(Y.M.D) Workshop Theme Venue Organizer WUP-JICA
Datareview and Phnom Penh, g Progress of the
2001.12.13-14 modelling concept Cambodia WUP-A WUP-JICA study
Kompong
2002.01.04-05 Cham, (1) Water utilization rules
. Cambodia in Japan
Water alocation and . .
2002.01.07-08 | monitoring Bﬁ”.?kog’ WuP-Jica | (9 Interpretation of basic
(National training) Thailan concept on water
2002.01.10-11 Thalat, Laos utilization rulesin the
2002.01.14-15 HaLong, Mekong River Basin
Vietnam
. I (1) National training
2002012325 | Water allocationand | Ho ChMInh, 1 yyyp gyca | resuits
9 (2) Study Progress
. Bangkok, WG3 of Water use monitoring in
2002.06.10-11 | Water use monitoring Thailand WUP Japan
. Discharge measurement
Interim results of Phnom Penh, TSLVP of
2002.09.23-24 TSLV project Cambodia TSD on j[he Mekong
mainstream
Technical support for SemR WG3 of Water use monitoring in
2002.12.03-04 | drafting process of the Camboc??zf\)’ WUP, and Japan and issuesin the
water use monitoring TSD LMRB
Integrated water
2003.01.07-08 | management in the Phnom Eenh, WUP-JICA | Report on Interim Report
Cambodia
LMRB
) . Discharge measurement
Final evaluation of Phnom Penh, TSLVP of o
2003.03.04-05 TSLV project Cambodia TSD Irg(latss and monitoring
Training of trainers . Theory and practices on
2003.07.14-18 | ondischarge Phnom Eenh, WUP-JCA discharge measurement
Cambodia and AHNIP )
measurement using ADCP
Integrated water i
2003.12.15-16 | managementinthe | LonomPenh, 1 \yp yca | REPOrton Draft Finl
Cambodia Report
LMRB
Maintenance of Flows | Kompong
2003.12.23-24 | on Mainstream Cham, CNMC IR ICA How
(National Training) Cambodia 9
1.7
3 WUP-JICA 4

12
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MRCS

1995
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2
21
211
4
MRC
15 AHNIP
10
2-1
No. Station (River) Country
1 | Ubon (Nam Mun) Thailand
2 | Pak Kagunung (Num Ngum)
3 | Ban Phonesy (Nam Cading) Lao PDR
4 | Ban Keng Done (Se Bang Hieng)
5 | Ban Komphoun (Se san)
6 | Kompong Cham (Mekong) )
7 | Chak Tomuk (Bassac) Cambodia
8 | Neak Luong (Mekong)
9 | Can Tho (Bassac) Vietnam
10 | My Thuan (Mekong)
2001 5 7
212
(MOWRAM)
Cham Tangoy
MRCS (TSD)
(1) DWR, DEDP)
Ubon (Nam Mun)

Saereprachatippatai

25

(DHRW)
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2-1
(2) ( WAD DMH)
2-2
Pak Kagnung (Nam Ngum) (DMH)
Ban Phonesy (Nam Cading) (DMH)
JCA 1990
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Ban Keng Done (Se Bang Hianq) (WAD)
I 1999
2-2
(3) ( DHRW)
4 2-3

10
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2-3

11
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Ban Komphoun (Se San)
Cham Tangoy (Se Kong)
DHRW
Kompong Cham (Mekong)
I
DHRW
Chak Tomuk (Tonle Sap and Bassac)
Neak Luong (Mekong)
DHRW
4) ( SRHMC)
2 2-4
CanTho (Bassac River)
SRHMC
My Thuan (Mekong)
SRHMC
2002 1km

12



2004

13
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22

221

10 3
4 1990 2000 154
153 70 143 41 170 21 103
2000 569
10
1990
MRC
1996 1998
WUP-A 1991 2000 10
WUP-JICA TOR
222
(1)
1
(
0.8 )
(Muong Nam Tha)
(Phongsaly)
(Chiang Khong)

14



2004

3

Muong Nam Tha

(mm)

2000

1800 b Y=738.804-0.326 X1+0.576 X2 r=0750 O |

1600

1400 S 50

1200

O
1000 'l 'l 'l 'l 'l
300 400 500 600 700 800 900
ClxPhongsaly + C2xChiang Khong (mm)
2-5 ( )
(2
1
( )
0.5mm
0.5mm
2-2 (
Month Probability of Occurrence of Probability of Occurrence of
Consecutive Wet Days Consecutive Dry Days

1 |January 0.353 0.952
2 |February 0.500 0.967
3 |March 0.400 0.885
4  |April 0.439 0.787
5 |May 0.667 0.639
6 |June 0.651 0.409
7 |duly 0.737 0.370
8 |August 0.725 0.403
9  |September 0.578 0.688
10 |October 0.424 0.820
11 |November 0.357 0.920
12 |December 0.519 0.941

15
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16

2-6
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5
(0] 2
4 /‘!
_ v o~
ES 3 M
: W
a4
o
2 2
<
B
S 1r
5 ]
e
0 ..."
=
-1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Cumulative Probability
2-6 (6
2-3 ( )
Cumulative Probabilities
Month 0.0-0.3 0.3-0.9 09-10
a b r a b r a b r
1 |January -0.621 2.291 0.997 -0.277 2.939 0.885 -6.694 10.355 0.972)
2 |February -0.171 4.494 0.951 -0.734 5.106 0.970 0.601 3.611 0.998
3 |March -0.558 4.549 0.984 -0.143 3.382 0.993 -3.638 7.383 0.955
4 |April -0.536 4.010 0.988 -0.520 4.280 0.990 -4.854 8.956 0.937|
5 |May -0.423 5.960 0.988 0.533 3.088 0.986 -5.109 9.501 0.972
6 |June -0.435 5704 0.984 0.112 3.532 0.997 -4.666 8.960 0.975
7 |duly -0.533 6.944 0.993 0.464 3.343 0.999 -6.433 10.852 0.841
8 |August -0.475 7.252 0.992 0.697 3.006 0.995 -3.178 7.318 0.895]
9 |September -0.435 6.811 0.975 0.154 3.808 0.998 -6.716 11.251 0.954]
10 |October -0.440 3.742 0.958 -0.384 3.657 0.985 -10.419 14.693 0.915
11 |November -0.615 3.799 0.951 -1.104 5.084 0.993 -0.112 4.007 0.955
12 |December -0.827 5.269 0.873 0.000 3.393 0.974 -5.475 9.801 0.922
a b: r:
0 1
log, P.(k) =a+bk
a+b.A
Y =
P, = (mm/d)

17
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= (mm/d)
A = 1
(3)
8 20
95%
2-4 ® ) 2 ) )
Month Mean M onthly Rainfall Standard Deviation of Rainfall
Observed Generated Observed Generated

1 |January 11 14 1.9 2.8
2 |February 28 27 5.6 5.8
3 |March 39 47 4.4 5.3
4 |April 83 89 7.6 7.9
5 |May 212 172 12.8 10.9
6 |June 227 226 12.7 12.8
7 |duly 308 292 15.8 13.8
8 |August 288 291 12.8 13.0
9 |September 184 195 13.1 13.1
10 |October 62 61 6.5 6.9
11 |November 35 29 5.2 4.6
12 |December 33 28 51 4.1

Mean 126 123

Correlation 0.993 0.980

t-tests Differences in both mean monthly rainfalls and standard deviations are non-

significant at 95% confidence level
(4)
20 (1)
20 * 5%
2-5
1991 1993 2 2

18
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2-5 ( )
Sets of Annual Annual Rainfall fixed by Acceptable Range for Amount of | Salection of Set of
Generated Amount of Multiple Regression (MR) Annual Rainfalls
Rainfalls Generated Data Missing -5% of MR fixed |+5% of MR fixed| Generated Daily
Rainfalls Years Annual Amount Amount Amount Rainfalls
1 Set-1 1334 1991 1076 1022 1130 Set-6
2 Set-2 1609 1993 1219 1158 1280 Set-4
3 Set- 3 1292
4 Set-4 1232
5 Set-5 1532
6 Set-6 1118
7 Set-7 1376
8 Set- 8 1634
9 Set-9 1649
10 Set - 10 1627
11 Set- 11 1805
12 Set - 12 1286
13 Set - 13 1551
14 Set- 14 1520
15 Set - 15 1277
16 Set - 16 1518
17 Set - 17 1448
18 Set - 18 1367
19 Set- 19 1682
20 Set - 20 1576
(365 )
for 1991
100 100
90 > 9}
(3] ©
= 80 ° 80 k
8 2
= 70 E 70
g2 8
ST 60 S »n 60
o "é g =
o 'g 50 3 z 50 b
> 4 28 40
c & Q
% 30 c 30
S S
g 2 @ 20
= 7]
a 10 £ 10 |
0 — . a 0 — AP
1 31 61 91 121 151 181 211 241 271 301 331 361 1 31 61 91 121 151 181 211 241 271 301 331 361
Time series (Day) Time series (Day)
2-7 ( )
223

500

19
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126 52 41 22
11
52 1 1 41
16 1 4 16 4
22 3
19 11 5
11 ( 7 4)
2 5
[l
2-6
Selected Representative Stations Tota of
Country Complete Complete after Incomplete Stations with
Total Number Dataset Gap-Filling Dataset Available
Dataset
Thailand 52 51 1 - 52 (100%)
Lao PDR 41 25 4 12 29 (71%)
Cambodia 22 3 11 8 14 (64%)
Vietham 11 3 2 6 5 (45%)
Tota 126 82 18 26 100 (79%)

20
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JCA
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(2

3)

4)

WUP-JICA

@

(b)

AHNIP

MRCS

MRCS

WUP-JICA

22

DHRW

TSLV
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232

2002/2003 2003/2004

(1)

2-7 9

Kompong
Luong

O

Prek
Kdam

I Phnom Penh Port l

2-8

AHNIP

I Chak Tomuk |

23

Chrui Changvar

Stung Treng .

l Kompong Cham l

o=

. Neak Luong l

AHNIP
2-8

O AHNIP Stations

WUP-JICA
Discharge
Measuring Stations
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Phnom Penh Port

Chak Tomuk

BASSAC RIVER

2002 7

2-7
Station River/Lake Remarks

Stung Treng Being improved under AHNIP
Kratie Being improved under AHNIP
Kompong Cham Mekong

Churui Changvor

Neak Luong

Kompong Luong Tonle Sap Lake | Being improved under AHNIP,

discharge measurement not necessary

Prek Kdam Tonle Sap Being improved under AHNIP
Phnom Penh Port

Chak Tomuk Bassac
5

TONLE SAP MEKONG RIVER

Flow of the Upstream

Normal Flow or Reverse Flow

. Kompong Cham

Chrui Changvar

Overbanking Flooding during Flood Season

1 3 80

24
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(2
(TSLV)
TSLV
WUP-JICA 4
WUP-JICA TSLV
4
233
(1)
1933
1960 WUP-JICA
2-8
: Discharge Record : Discharge
Station Start End Rating Range M easurement
Kompong Cham 1964 1973 Above 3m Until 1969
Chrui Changvar 1960 1973 Above 3m Until 1973
Chak Tomuk 1964 1973 Above 4m Until 1973
Neak Luong 1965 1969 Above 2.5m Until 1969
(Chrui Changvar) (Phnom Penh Mekong)
(Chak Tomuk) (Phnom Penh Bassac)
(Monivong Bridge)
2-8 1960
1960 1970

1973

25
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Gauge Height
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2-9
: : Rating Range Inapplicable Days of Rating
Station/Section Gauge Height Elevation Curves a Y ear (1998-2002)
Kompong Cham - - (applicable whole-year-round)
Chrui Changvar Above 3.5m Above 2.42m 100-170 days
Koh Norea Above 3.5m Above 2.42m 100-170 days
Phnom Penh Bassac | Above 3.5m Above 2.48m 100-170 days
Neak Luong Above 2.5m Above 2.17m 110-180 days
4)
2-10
: Water Level Falls
Station Upstream Station Downstream Station
Kompong Cham Kompong Cham Chrui Changvar
Chrui Changvar Kompong Cham Chrui Changvar
Koh Norea Chrui Changvar Neak Luong
Neak Luong Chrui Changvar Neak Luong
Phnom Penh Bassac ) )
(Monivong Bridge)
2-11
(Kratie)
Rising stage: Q = (8.158H-10.155)**
Falling stage: Q = (3.300H+1.256)*°
Q = , m%/s
H = ( ), m
(Kompong Cham)
Q = (8.869H+29.811)? F°3
where Q = , m%/s
H = ( ), m
F = 2-10 (MSL ), m

(Chrui Changvar)

Rising Stage : Q = (2.852H+54.799)? F
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Falling Stage: Q = (10.051H+30.406)? F>*

(Koh Norea)

Q = (5.496H+80.200)2 F°

(Neak Luong)

Q = (12.718H+62.250)% F*?

(Phnom Penh Bassac)

Q = (13.943H-19.992)"®

Gauge Height

22

20

18 f

16 }

14

12

10

(m) Kratie

Falling: Q = (3.300 H + 1.256)25
12 = 0.996

Rising: Q = (8.158 H - 10.155)2*

r2=0.996
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o0  Rising
------- RC-Rising
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1 Q/O&O;U S
14
12 }
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8
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r2=0.998
4
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2 N N N N N N
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12 12
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1} 0o utf o
8
[
10 } o ®, re° 10 o
0O 99/
o 00
9 o o 9 o
o
8 } Ooo o 60 8}
o
7 % 7
L o
o o
6 ° 6
5 1 o ° QIF = (2.852 H + 54.799)? 5 Q/F*4=(10.051 H + 30.406)*
1= 0.960 e;?/ 12=0.983
o .
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4 6
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Gauge Height at Chrui Changvar
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2-11
Threshold Wet-Season Monitoring
Area Station Gauge Total Remarks
Height Onset End Days
Upstream Kratie; ) ) ) ) Whole Y ear
P Kg. Cham System
Chrui Changvar; Mid May Early Jan. 190 to
Phnom Penh | Koh Noreg; 35m to to 260 davs
P. P. Bassac Early July | Early Feb. &y
Early May | Early Jan. 180 to
Downstream | Neak Luong 25m to to 250 days
Early July | Early Feb. &y
(1)
2-12 2002

2-12

31




2004 3

Discharge (m3/s) Flow Hydrograph of Mekong System in the 2002 Wet Season

>2.000 T T T T T T T
—— Kratie
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Discharge (m3/s) Flow Hydrograph at Phnom Penh Port in the 2002 Wet Season
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(2
2003
( )
2001 4
5
2-12
Station Average Flow (m°/s) | Range of Fluctuation (m*/s) | Fluctuation Rate (%)
Kompong Cham 1,600 100 6
Chrui Changvar 2,000 1,500 75
Neak Luong 3,000 3,000 100
Phnom Penh Port 1,200 500 42
Monivong Bridge 100 150 150
@
(b) 2003 2003

(©

(d)

(e
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whole year
rating curve

hydrological
relationship among |Tonle Sap
upstream water
levels and PPP
daily-ave. flow

Kompong

Mekong River
Cham

regression equation between Kg.
Cham flow and Chrui Changvar
daily-ave. flow

| Phnom Penh Port | (@)

(0)| Chrui Changvar |

["Monivong Bridge | (@]

Bassac River Mekong River

flow distribution rates to both channel,
Mekong and Bassac based on the actual
observed flow data.

2-13

@
Q = (8.869H+29.811)% F°3 F
(b)
Qcc = 429 + 0.949 Qke (= 0.984)
©
Q = (6.608H+60.369)% F°” F
(d
Qmd = 156 + 0.934 Qin (r*= 0.9998)
2003
2-14
@
(b)
2003
5 6 1 6
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(©

Discharge (m3/s) Dry-Season Flow Prediction around Phnom Penh Area in 2003
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installation of flow
monitoring instrument | Tonle Sap
at Phnom Penh Port,
Chrui Changvar Br.
(width: 500 m)

| Phnom Penh Port ()

I Monivong Bridge I

installation of flow

monitoring instrument
at Monivong Br.
(width: 250 m)

Bassac River

2-15

whole year
rating curve

Kompong

Mekong River
Cham

regression equation between Kg.
Cham flow and Chrui Changvar
daily-ave. flow

(0)| Chrui Changvar |

estimation of flow by
simple balance equation

Mekong River
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