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Introduction (1)

 |In Lao PDR, the most common natural disasters are
floods and droughts.

* On September 19, 2009, Typhoon Ketsana hit the five
southernmost provinces of Lao PDR: Savannakhet,
Salavan, Attapeu, Sekong, and Champassak. Ketsana
brought severe flooding that affected over 180,000

people (23% of the population in these provinces) and
resulted in 28 storm related deaths (GOL 2009)

Source: Minister of Planning and Investment, Aug 2011



Impact of floods and drought in Lao PDR from 1966 to 1995

Detalls of Floods and Droughts Cost of Impacts (USS)

1900 Large floods (Vientiane, central and southemn) Inaccurate data
1967 Drought (Central and southemn) 5,200,000
1908 Flood (Southern) 2,830,000
1909 Flood (Central) 1,020,000
1970 Flood (Central) 30,000
1971 Large flood 3,573,000
1972 Flood and drought 40,000
1973 Flood (Central) 3.700.000
1974 Flood (Southern) 80,000
1975 Drought Data not available
1970 Flash flood 9,000,000
1977 Severe drought 15,000,000
1978 Large flood (Central and Southern) 5,700,000
1979 Flood and drought 3,000,000
1980 Flood 3,000,000
1981 Flood 682,000
1983 Drought <50% of total production
1987 Drought 5,000,000
1988 Drought and crop pest pandemic 4,000,000
1989 Drought 20,000,000
1991 Flood and drought 70.000 ha
1994 Flood 36.382 ha
1995 Flood 03,820 ha

Source: DoP, Ministry of Agriculture and Forestry/ National Disaster Management Office, 1996.



National Water Resource Strategy from Now Until 2020 and
Water Resources Action Plan for 2011-2015

Program 1 Improvement of implementation coordination

Program 2 Legislation, plan, and implementation

Program 3 River basin and sub-basin water resource management planning
Program 4 Groundwater management

Program 5 Collection, analysis and management of water resource data and
information

Program 6 Water allocation

Program 7 Protection of water quality for surface water, groundwater and aquatic
ecosystem

Program 8 Wetland management
Program 9  Flood and drought management

Program 10 Manage water resources for impact mitigation and adaptation to climate
change

Program 11 Financial aspects of water resource management and climate change
adaptation in water sector

Source: MoNRE, DWR, 2014 6



Introduction (2)

Major watersheds in Lao PDR
with catchment area above 4,500 km2
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Introduction (3)

L ocation: Khammouan
 River Basin Area: . el
(Source data: wgs84, MRC)
« Mean annual rainfall: 1,600 mm *
«  Mean annual discharge: 560 m3/s _ v
« Qmax: 7,274 m3/s 13.00 %
* Qmin: 18.5m3/s _ | Sévannahkhe'i[\ ‘ _

At Kengdon Station 86 02 %
(Sources data: Water Balance , 2007)

Irrigation water demand

« Wetseason : 0.17 m3/s

* Dryseason:0.32 m3/s

(Sources data: Dept of Irrigation , 1998)

Water Supply for Domestic use (Khanthaboury,
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Outhomphone and Songkhon Districts).
« Population in service area: 107,628 people _
- Population served water supply: 1,460 people “m_m M ' mmm(mmm
*  Service coverage 1% K}Q e mmzim@w;mmm
(Sources data: WASA,2004) i ﬁ\\ | S sy | i o o e
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Introduction (4)

Challenge

Flood and drought in every years

» 1996 has rice field affected by flood 21,038 ha
province. Dry season of 1996 has rice field affected
by droughts : 14, 468 ha
(Sources data: Climate Change 2009)

Issue

 The Lao PDR had water balance study in 2005 and
2007 which the both versions are unclear methods
on hydrological analysis.

» The XBH river basin has very limited dry season
flows.

Limited information on water availability to water
resources management, planning and monitoring in
river basin.
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Clouds

Qcean

Question

“How much rainfall- runoff
and groundwater recharge
in XBH River Basin?”

0




Why using Soil Conservation Service (SCS)
and Base Flow Separation Methods?

The Mekong River Commission (MRC) applied the SWAT
model to analysis water resources in Lower Mekong River
countries. The SWAT model uses SCS method to analysis

runoff and this method i1s basic method and a good analysis
runoff for the small scale river basin and land use change.

Base flow separation is a basic method for estimation
groundwater recharge by use discharge data.

, SCS and base flow separation are the basic methods
for estimating rainfall-runoff and groundwater recharge.




ODbjectives

* To estimate rainfall-runoff at gauging
stations in the XBH river basin.

» To analyse statistics of flow data for
determining flood-low flow with difference
return period in the XBH river basin.

* To estimate ground water.
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Literature Review (1)

Water Budget
Equa’tien « Double-Mass Curve
P =E+R+G+AS

« Runoff Coefficient

« Soil Conservation Service
(SCS)

» Log —Pearson Type 111

P = precipitation (mm)

E = evapotranspiration (mm)

R = run off (mm)

G = subsurface outflow
(mm)

AS = change in storage (mm) « Base Flow Separation by

use method of Nathan and
McMahon (1990)

Note:
Not Consider evapotranspiration .




Water Balance Study
2005 and 2007 of DMH

Objectives:

1. To estimate the monthly runoff in
un-gauged basins

2. To analyze the monthly runoff
3. To complete the frequency

analysis of both events in

hydrological cycle.

Water Balance | Water Balance
. Study of DMH | Study of DMH
Rainfall and Runoff 5005 5007
Average Rainfall (mm) 1,500 1,600
Average Runoff (mm) 875
Average Annual Discharge 497
(m3/s)
Maximum Discharge (m3/s) 4,689 7,274
Minimum Discharge (m3/s) 17 27

Literature Review (2)

“Estimation of Runoff for Agricultural
Watershed Usmg SCS Curve Number and

29

There are not runoff

observation data available

“Regional Estimation of Base Flow Recharge
to Groundwater Using Water Balance and a
Base-Flow Index” by Jozef Szilagyi, F. Ediwin
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I\/Iethodology Post-field work

Step 1: Data Collection is a literature |

Literature Riview

review, review data, identified data need, l
Phase One

collected data from DMH, CRU and Dacn  EE Review Data

Aphrodite, checking data available and field = —

. . Data I:;eed Data S:nfu‘ces: D‘ﬂ:ﬂ Fiel\c:\-" isit

Step 2: Data Processing is used double DMECRU md | | vl
. Avhrodite
mass curve to check the consistency, use
runoff coefficient to analysis of rainfall- t
runoff and compare results from rainfall data | Checking Quality Data
of DMH, CRU and Aphrodite and; Fhase Two =
o o c Processin h 4 A 4 - .V
Step 3: Data AnaIVSIS IS applled GIS to £ Dou(ljle ?»iass RllllOI.ff CompalrlsmnDataFrom
. . 4‘.11‘-3 Coefficient DMH, CR[.T and

analysis land use and soil type, calculate (Rainfall Avhrodite

rainfall direct runoff by using the SCS t

method, analysis flood-low flow use flow

data and use Log-Pearson Type 111 or — Analysts Hydroloay |
Extreme Volume method and; apply base Tlree Dt = l | l | l l |
flow separation to estimate groundwater At | o || st || e
recharge Lo Timeses | | FOvo

9

Rainfall, Runoff and Groundwater Recharge at XBH is

quantitative research Thesis Writing and Resul Presentation




Data for Analysis and Estimation of

Rainfall-Runoff

Rainfall-Runoff

 Rainfall data use during 1985 to 2004 of DMH, CRU
and Aphrodite (For comparing result water balance study 2005 and
20017 of DMH) and checking quality data.

 Discharge data use during 1960 to 2004 of the DMH
Flood-Low flow

« Mont
DM

nly discharge data use during 1960 to 2004 of the

Grouno
« Dally

water Recharge
discharge data of the DMH

 To selected only one year from the runoff coefficient
and has a value more than 0.8 in each station
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RESULT AND DISCUSSION

* To estimate rainfall-runoff at gauging stations
In the XBH river basin.



Rainfall and Runoff

Data

Ny

Data Avalilable

Selection data at Phalan,
Donghen, Kengkok and
Kengdon because there is data
more 15 years

1. Department of Meteorology
and Hydrology (DMH) 1985-2004

2. Climatic Research Unit (CRU)
1957-2007

3. Asian Precipitation-Highly
Resolved Observation Data
Integration Towards Evaluation
(Aphrodite) 1957-2006

7. Muang Chan
6. Wethamouak Bridge L% ’
‘ 1 an 0“3““ "1
(@
\1\‘ 8 Muong Non
1 f:
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Rainfall and Runoff

Data > > >
No Name of Station Source Data Data available Missing Data Note
171/1993-31/12/1995
1|B K D DMNEH 1/1/1992-31/1 2/ 2006 L1/1990-31/12/1996
an S-engione B - - 1'1/1998-31/12/1999
1714/2005-31/122005
2 |Kengkong DM 1/1/1961-31/12/ 2008 Mo Missing Data Mot Missmg Data
1'S5/1965-30/6/1965
L'819ae7-10/919s7
5 |Dong Hen DMEH 1/1/1965-31/12/ 2008 L f 1968-30/8/1968
- L71969-30/9/ 1952
171/1971-31/12°1977
1/1/1980-31/12/1984
<4 |Ban Phalan DM 1/1/1980-31/12/2002 Mo Missine Data MNot MMissing Data
No Name Station Source Data Data Available No Name Station Source Data Data Available
1|/Ban Keng Done Aphodite 1951-2006 1|Ban Keng Done CRU 1951-2007
2| Tchepon Aphodite 1951-2006 2|Tchepon CRU 1951-2007
3|Keng Kok Aphodite 1951-2006 3|Keng Kok CRU 1951-2007
4\Dong Hen Aphodite 1951-2006 4|Dong Hen CRU 1951-2007
5|Ban Phalane Aphodite  |1951-2006 5[Ban Phalane CRU 1951-2007
6|Highway bridge Aphodite  |1951-2006 6[Highway bridge CRU 1951-2007
7|Ban Muong Chan Aphodite 1951-2006 7|Ban Muong Chan CRU 1951-2007
8| Muong Nong Aphodite 1951-2006 8|Muong Nong CRU 1951-2007




Rainfall and Runoff

Situation

« Technical staff reads the value of
water level from 08:30 to 09:30 and
from 15:00 to 16:00 and reading is a
guess value

« Cross section change because the
sediment Is Increase every year

« This station, rainfall and water level

measurement tool is broken and too
old
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Rainfall

Checking
guality data

D ou b I e M ass C urve Annual Rainfall Duolble Mass Curve at Kengkok and

Donghen+Phalan and Kengdon Stations (1988-2002)
Kengkok
(mm/year)

30,000

Checking rainfall data is apply e 099
“Double —Mass Curve method” are = !
used as a check on the consistency | /

of precipitation records. A /

substantial change in the relative nor .

catch of precipitation may result oo /

from change in observer, location, / e
observation procedure and exposure =~ " / Lo O e Ko Kok s
such as caused by tree growth or :

0 5,000 10,000 15,000 20,000 25,000

Donghen+Phalan+Kengdon
(mm/year)

construction.

R-squared is a statistical measure of how close the data are to the fitted regression line. It is also

known as the coefficient of determination, or the coefficient of multiple determination for
multiple regression.




Runoff Coefficient

Checking
guality data

Runoff [mm The runoff coefficient from an individual rainstorm is defined as runoff

divided by the corresponding rainfall both expressed as a depth over the
Ralnfall [mm] catchment area

No Name of Station Runoff Coeffic :
DMH CRU []JAphrodit Good
1 |Phalan (1990-2004) 0.60 0.43 0.63 Data
2 |Donghen (1990-2004 0.46 0.51 0.71
4 |Kengdon (1993-2001) 0.85 0.98 1.31 Bg:aGOOd
Average: 0.58 0.69 0.84

e 0. R R 1 — !
6 — 07— 038 09—

Daily Flows B Poor Fair Good Very Good
[

Monthly Flows Poor | Fair | Good | Very Good



Issue
* Technical staff reads
the value of water

level from 08:30 to
09:30 and from 15:00
to 16:00 and reading
IS a guess value

» Cross section change
because the sediment

IS increased every
year
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Hole in
fain gauge




Estimation Rainfall-Runoff
by using Soil Conservation Service (SCS)

where:

.
(P —] )” Q  =accumulated direct runoff (in)
Q — 4 P =accumulated rainiall or potential maximum runoff (in)
(P _ 1 )'|' S |, =initial abstraction including surface storage, interception, evaporation,
a and infiltration prior to runoff (in)
S  =potential maximum soil retention (in) = 1000/CN-10
SCS approach is more Note:
sophisticated in that it * The higher the CN, the higher the runoff potential
also considers the time « Solil properties influence the relationship between
distribution of the runoff and rainfall since soils have differing rates of
infiltration.

rainfall, the initial rainfall

: : * Group A: Soils having a low runoff potential due to
losses due to interception

high infiltration rates.

and depression storage, «  Group B: Soils having a moderately low runoff
and an infiltration rate potential due to moderate infiltration rates.

that decreases during the « Group C: Soils having a moderately high runoff
course of a storm potential due to slow infiltration rates.

« Group D: Soils having a high runoff potential due to
very slow infiltration rates.

Source: Soil Conservation Service, 1986



Difference Landuse 1997( Landuse 2003
Soil Conservation Service at Phalan Landuse 1997|Landuse 2003 Landuse Soil Conservation Service at Donghen Area (ha) | Area (ha) Difference
1997-2003
Total area 83,332 83332 Total Areatha) 152,122 152,122
Landuse Landuse
Paved; curbs and storm drains (exchiding ringht-of-way) 47.948 1,167 46,781 Paved; curbs and storm drains (excluding ringht-of-way) 10,540 | (10,540)
Wood or ferestland: good cover 25.776 73,724 (47.943)] |Wood or ferestland: good cover 93,774 111,859 | (18,084)
Cullivated land: with consevation treatment 3642 3,642 - Good condition (grass cover > 75%) 4,295 (4,295)
Wood or forestland: thin stand, poor cover 4771 4771 - Culltivated land: with consevation treatment 25,601 20.451 5,150
Paved parking lots, 10015, driveways, efc. 1167 1167 |Wood or ferestland: thin stand, poor cover 327147 4977 21.770
(exchuding r?g.hr-of-wav) ] ] SOl Zroups
S:i(l)d:.:oolild;uon (grass cover > 75%) 28 28 - Soil srow A (%) 15.80 15.89 0
Soil fmuppA (%) 0.33 1.17 (0.84) Soﬂ growp B (%) n oL :
Soilgou B (%) %67 9883 oz polkEunCl 2l LU =
Curve Numbers (CN) 0 5 505 Curve Numbers (CN) 5742 58.56 (1)
Dotensial wasi N i1 (S) Pl 173 195 (2226) Potential maximum soil retention (8) at Donghen 188 180 9
Rainfall observe of DMH (mm) 1.365 1.365 Rainfall observe of DMH (mm) 2,211 2,204
Accumulated rainfall (P scs) at Phalan (mm) 1178 1,157 Accumulated rainfall (P scs) at Donghen (mm) 2,002 2,004
Accunulated direct runoff (Q scs) at Phalan (Mm3/year) 982 964 Accumulated direct runoff (Q scs) at Donghen (Mm3/vear) 3,045 3,048
Discharee (Q obs) of DMH at Phalan (Mm3/vear) 680 630 Discharge () obs) of DMH at Donghen (Mm3/year) 1,457 1,457
Landuse 1997 [Landuse 2003 Landuse 1997| Landuse 2003
Soil Conservation Service at Kengkok Area (hy) Avea (1) Difference Soil Conservation Service at at Kengdon Area (ha) Area (ha) Difference
Total Area (ha) 113,078 113,078 Total Area (ha) §71.320 871.320
Landuse
Lalyml?se : — = = = = Wood or forestland: thin stand, poor cover 20,929 32,669 (11,740)
f:;ii 2:?::6 :ﬁ:ﬂ;ﬁoﬁoir?;l;(r“dudm% onght-ofway) ;;2; 41224'8 (i;; j) Paved; curbs and storm drains (excluding right-of-way) 133,741 518956 [ (385.215)
— S = = i Wood or ferestland: good cover 484,058 228,152 255,906
GOO# condition (5”55 cover:l> 75%) 2334 3972 (L618) Culfivated land: with conservation treatment 231,157 88,956 142,201
Culltivated land: with cpnsevahon treatment 61.835 49,137 12,698 Good condition (grass cover > 75%) 1318 1.836 (G18)
Wood or ferestland: thin stand, poor cover 6.400 22 6.378 Urban districts: industial 117 71 (634)
Urban districts: industrial 201 122 79 Soil groups
[SOITETOupS Soil group A (%) 343 34 0.01
Soil group A (%) 16 16 01 [Soil eroup B (%) 92.81 92.81 0
SollgroupB (%) 7 70 41 [Soil group C (%) 239 239 0
Soil group C (%) 10 4 (4| [Soil group D (%) 1.36 1.36 0
Curve Numbers (CN) 62 62 Curve Numbers (CN) 66 83 -17
Potential maximum soil retention (S) at Kengkok &Donghen 158 158 [Poteniial maximum soil refention (§) at Kenedon 131 34 77
Rainfall observe of DMH at Kengkok &Donghen (mm) 1,792 1.792 Rainfall observe of DMH at Kengdon (mm) 2,022 2,022
Accumulated rainfall (P scs) at Kengkok &Donghen (m3) 1,616 1.616 Accumulated rainfall (P scs) at Kenedon (mm) 1,873 1,959
Accumulated direct runoff (Q scs) at Kengkok &Donghen (Mm3 /year) 1,872 1.872 Accumulated direct runoff (Q scs) at Kengdon (Mm3/vear) 16,324 17,070
Discharge (Q obs) of DMH at Kengkok &Donghen (Mm3/vear) 2,055 2,055 Discharge (Q obs) of DMH at Kengdon(Mm3/year) 15,158 15,158




P-1,)

0=

* Runoff i efined a precipitaton excess

(inche), rom ranfall P) (nches),

*Surface Runoff =/ curve mumber (CN))
0§ 15 Potential Maximmum Soil Retention

(P-1 )+

Data Sources:
 Rainfall: DMH
e Flow: DMH

e Land use 1997 and
2003 : MRC and NDG

« Soil type : MRC

Average Hydrologic Soil Groups

Cover Description | Caver Type and Hydrologi Condtion | Impenvious ATBTCTD
Culivated land wm wnmaMn treatment 72 (81|88 |0
\glth conservation treatment 62 7ﬂ1_‘_~7~8 81

, poor condition 68 | 70 8 | &

PO O g good condtion 06| M| 8
Meadow Generally mowed for hay (B | MM
Wood ot forestland thin stand, poor cover § 66|77 |8
| |goodcover GRS
Open space (lawns, parks, | poor conditon (grass cover <50%) 68 | 70 | 86 | 89
golf course cemeteries, | fair condition (grass cover 50% o 75%) 9 (60| 70| 84
| ete) good condition (grass cover » 75%) 3 (61| 4|80

" paved parking lots, roofs, driveways, efc,

Impervious areas: (excding rihtolvay) % (98| 08 9
:aavyt;d: curbs and storm draing (excluding right-of- o ol | o

Streets and roads; paved; open ditches (including right-of-way) 83|80 | 2| @
| gravel (including righto-way) % (8 | & 0

dir (including right-of-way) 8|8 |8

' commercial and business 85% 89 | 2 | M| %

i industrial % 8 | 88| 01 | %
118 acre or less (town houses) 65% e8| % | %

104 acre 3% 6|5 8

113 acre 30% § [ 72| 81 | 8

oGl devi: 112 acre 2% 5| 70 | 80 | 8
1 acre 0% | 68 M|

2 acres 12% 6|65 77| &

Developing urban areas and newly graded areas (pervious areas only, no vegetation) /8 |90 | W




Curve Numbers (CN) and
Potential Maximum Soil Retention (S) of Land use 1997 and 2003

Estimation Rainfall-Runoff
by using Soil Conservation Service (SCS)

Total Area Land Use 1997 Land Use 2003
Name of Stations Curve Potential | Accumulated | Accumulated | Curve | Potential | Accumulated | Accumulated
ha Numbers | maximum soil | direct runoff |direct runoff [Numbers|maximum soil | direct runoff | direct runoff
(CN) | retention(S) | (Mm3/year) | (mmiyear) | (CN) | retention(S) | (Mm3/year) | (mmlyear)
Phalan (1990-2004) 83,332 60 173 562 1,178 57 195 524 1,157
Donghen (1990- 2004) 152, 122 57 188 1,891 1,995 59 180 1,930 2,004
Kengdon (1993- 2001) 871,320 , ,
Accumulation Direction Runoff (from SCS)
Name of |Total Area| Rainfall observe Accumulated direct Accumulated direct Average Accumulated
of DMH runoff of Landuse 1997| runoff of Landuse 2003 direct runoff
Stations ha mm Mma3/year Mma3/year Mma3/year
Phalan 83,332 2,344 982 964 973
Donghen 152,122 2,296 3,045 3,048 3,046
Kengkok 113,078 1,799 1,827 1,827 1,827

_Kengdon | __8/1320( 1523 [ 16324 ________________1/0/0] 16,69/

Average

1,990

5,544

5,727

5,636

31




Estimation Rainfall-Runoff
by using Soil Conservation Service (SCS)

Distribution Accumulation Direction Runoff (from SCS)

_ Total Area |Average Direction Runoff Rainy Season Dry Season
Name of Stations 3 3 3
ha  [Mm’/year|m3/s|mmiyear| Mm’iyear| m3/s |mm/year| Mm’/year|m3/s |mm/year
Phalan (1990-2004) 83,332 562 | 49 674 595 481 1331 4] 1 17
Donghen (1990-2004) 152,122 1674 145 1,9% 1,660 | 143| 1,091 14 1 9
Kengkok (1990-2004) 113,078 1,258 | 109| 1,643 1,027 89| 1836 32| 3 28
Kengdon (1993-2001) 871,320 | 12,286 | 734 975 11,916 | 1,030 | 1,540 309 | 32 42
Average| 3,945 | 259 | 1,322 3,190 | 327| 1,450 107 9 24
Distribution Discharge (Data Observe)
_ Total Area Average Disharge Rainy Season Dry Season
Name of Stations 3 3 3
ha Mm/year | m3/s | mmiyear [Mm/year| m3/s |mm/year|Mm’/year| m3/s | mm/year
Phalan (1990-2004) 83,332 640 55 768 612 53 734 28 2 33
Donghen (1990-2004) 152,122 1457 126 129 1,441 125 948 16 1 10
Kengkok (1990-2004) [ 113,078 2,258 | 195 1,997 2,189 | 189 | 1,936 68 6 61
Kengdon (1993-2001) 871,320 15,158 | 1,310 1,740 13,415 | 1,159 1,540 1,742 | 151 200
Average 4878 | 421 1,158 4,414 381 | 1,289 464 | 40 76




RESULT AND DISCUSSION

 To analyse statistics of flow data for
determining flood-low flow with difference
return period in the XBH river basin.



Analyse on Flood and Low Flow
by using Log-Pearson Type Ill or Extreme Volume method.

N

Flood & Low Flow

Analyses statistical flow data to determine flood and low flow
with different return period by using Log-Pearson Type Il or
Extreme Volume method.

)l,'B (y _ g)ﬁ—le—ﬂ(y—f:)

y=log X= &

)= r(5)

Extreme Values — maximum or minimum values of sets of data

« Annual maximum discharge, annual minimum discharge
* When the number of selected extreme values is large, the distribution converges

to one of the three forms of EV distributions called Type I, Il and 1|




Flood

Flood history of Xebangheng River Basin Form 1960-2004 based
on a statistical analysis of the annual volume of flow

No Year Ke ngdon Ke ngkok Donhen Phalan
1 1960 3.940
2 1961 6360
3 1962 4950
4 1963 5.440
5 1964 7.070
- 6 1965 2250
, Retum Period Tr years 7 1966 3970
River | Area (ha) s 1967 Sl
2 5 10 25 50 100 = oo a0
11 1970 4220
Phalan 83,332 442 799 1118 1632 2107| 2673 o 1971 o
13 1972 5.046
Donghen | 152,122 699 979 | L1110 1229 1292| 1340 14 1973 2790
15 1974 8.450
Kengkok | 113,078 391 3T 640 179 888 | 1,002 16 1975 4710
17 1976 4.020
Kenglon | e7L320] 4489] 63| 7954] 9563] 10695 10770 151077 |31z
19 1978 8.678 508
20 1979 5.920 285
21 1980 4282 296
m“:“:” = Flood Area in 22 1981 2865 278 15
2 “'JaoPDR | Xebanghieng River Basin| 23 1982 3.450 230
7 v 24 1983 2910 204 Years
ke qu Zeone T Legend 25 1984 2820 389
) Khs imhlUlnt = T . ) Roviaces 26 1985 2.699 293
wgors — xurmocarn 8 : . 27 1986 5445 293
: L] Diswices 28 1987 8354 325
7 Xebengheing 29 1988 2.860 392
ATSAPHONT 7\ VILABCLY rr/,;—/ 30 1989 1.720 318
. , | X { 31 1990 5360 635 70 764
pomoosn ~~—7 /L AN\ K spow 32 1991 5340 429 72 1.100
wm LA A 33 1992 6.800 337 20 1.340
VO 34 1993 1.700 274 36 349
> 35 1994 3513 417 53 345
36 1995 3.707 442 7= 507
“ - ‘ 37 1996 6371 857 89 1.352
AT Y f-. 38 1997 4,502 526 81 502
= i000 338 521 432
458 o2 438
Because uallt data Is not good T
777 1.01 361
633 71 270
. . 430 34 193
| | 45 | 200a | 5,508 | 502 85 171




Low Flow

Low flow history of Xebangheng River Basin

Form 1960-2004 based on a statistical analysis
of the annual volume of flow

N o Year Kengdon ] Kengkok Phalan
> Toer 1500
3 1962 29.00
e |Aea Retum Period Tr years 5 1564 =0
2 5 10 2 50 | 100 Z T 2200
oS 1968 22.00
Phaln | 8333 136 224{ 304 437 56l T 10 1969 1s.00l 1 27
Keghok | 113078 L15) 1420 186] 269 358 478 g 1971 25.00l | years
Kengdon | 8713200 2022 279 4034  6330[ 8761 12000 TS Tora
16 1975
Minimum monthly discharge at Donghen =1 i Tovs
m3/s (Not consider low flow) e =z
> Toas
( 23 1982
;\;fé,, 24 1983
25 1984
=2 Tooe
28 1987
29 1988
30 1989
31 1990 1.00
i agsa umgwageﬂnaau aj~mouu~c208 2§ 122; 2:-_88
T ey BT L = Too4 50
3(‘;\ Xe 1 3“‘\ \q’ﬂj 36 1995 2:00
N e e ﬂ&'\f’W ‘\"} 37 1996 188
Because quallty data IS not good =
2.00
7 a4 2 2:00
{ ™ 1 ¢ 3| 2003 i




RESULT AND DISCUSSION

* To estimate ground water.



Groundwater Recharge

Ground
Water
Recharge

Base Flow

The filter parameter K

Qi) + Q(j — 1)] |starting from a

minimum trial value of

Qh(i) = kQFJ('! o 1) T )
0.01 and increasing it

Where K is the filter parameter (dimensionless) and Q | by 0.01 until k<{,
(L°T?) is the measured mean daily stream discharge at | resulting in an optimum

day i. The resulting base-flow values are constrained by | of k=0.93over the
the concurrent observed stream discharges. gauging station




Selection data for Base Flow

(Reference on Rainfall and Runoff)

Checking
guality data

Runoff [mm The runoff coefficient from an individual rainstorm is defined as runoff

divided by the corresponding rainfall both expressed as a depth over the
Ralnfall [mm] catchment area

No Name of Station Runoff Coeffig :
DMH CRU § Aphrodite Good
1 |Phalan (1990-2004) 0.60 0.43 0.63 Data
2 |Donghen (1990-2004 0.46 0.51 0.71
4 |Kengdon (1993-2001) 0.85 0.98 1.31 Bg:aGOOd
Average: 0.58 0.69 0.84

e 0. R R 1 — !
6 — 07— 038 09—

Daily Flows B Poor Fair Good Very Good
[

Monthly Flows Poor | Fair | Good | Very Good



Rainfall of DIVIH at Rainfall of CRU at Rainfall of Aphrodite
Year Phalan Station Phalan Station at Phalan Station
(mmv/vye ar) (mmv/ye ar) (mmv/vyear)
1990 0.6252 0.3438 0.4976
1991 0.6746 0.7485 0.8086
1992 0.8782 0.3198 0.8808
1993 0.4707 0.5134 0.7727
1994 0.8599 1.1393
1995 0.3478
1996 0.8537
1997 0.6338
1998 0.2402
1999 0.5043 0.5149) 0.6819
2000 0.2232 0.1558| 0.2150|
2001 0.6700 0.2885 0.5835
2002 0.6958 0.3399 0.4945
2003 0.6958 0.3844 0.5834
2004 0.6718 0.4739 0.5308
Avearege 0.6030 0.4345 0.6299
Rainfall of DM H at Rainfall of CRU at Rainfall of Aphrodite
Year
Donghen (mm/year) Donghen (immv/year) |at Donghen (immvyear)|
19920 0.3407 0.3883 0.5517
1991 0.5206 0.6164 0.6932
1992 0.1894 0.2080 0.3418
1993 0.2150 0.2728 0.3874
1994 0.6199 0.6996 0.9852
1995 0.5006 0.4851 0.7028
1996 0.3991 0.4532 0.6052
1997 0.3165 0.4211 0.5441
1998 0.0991 0.0782 0.115
1999 0.5184 0.7246
2000 0.8051 O. 1.2465
2001 0.6054 = 5y 1.1772
2002 0.8304 0.7167 0.9861
2003 0.4206 0.3671 0.4540
20041 0.4942 04771 0.5725
Average: 0.4585 0.5105 0.7144
Year |DMH Average Kengdon Rainfall CRU Kengdon Rainfall | Aph Kengdon Rainfall
1993 0.5060 0.6372 0.8467
199 0.8770 13259 17841
1995 0.8247 1.1298 15255
199 1.0957 0.8521 10616
1997 0.8515 09177 10812
1998 0.4133 0.3487 05878
1999
2000
2001 1.0569 1.0142 1.7630
Average 0.8456 0.9764 1.3093

() m3s)

1400

(0 mds)

111999

Estimation Daily Base Flow at Phalan on 1992 (K=0.78)

==() Phalane (m3/s)
— Base Flow (m3/5)
I
|
1992 Ve 1y (UL 1751992 R e 181 1919 1101992 1 1992 121992
Estemation Daily Base Fflow at Donghen on 2002 (K= 0.72)
=} at Donghen {m3/s)
Base Flow {m3/s)
Estimation Daily Base Flow at Kengdon on 1999 (K=0.83)
Kengdon Q (m3/s)

I Base Flow (m3/s)

V21 X199 141999 11999 171999

1751999 VRI99S IR 1101999 1111998 11201999



Monthly Discharge, Base Flow and Groundwater Recharge at Phalan 1992

Monthly Discharge, Base Flow, Base

Flow Index and Groundwater Recharge
A
0 \ +Discharge (m3/5)

IPhlu T I O U I A £ R \ o8 o Gt
Ducrg ) INEEREEERRR -
Bt BovorComdwarmcbame ds) | 0 7 0 0 4 I 0w 4 i) X
Bust Pl adex (ud) I S ) ) s 1 1%
Donghen 1 2 3 4 5 6 7 8 9 10 11 12 Average Montly Discharge, Base Flow and Groundwater Rescharge at Donghen 2002
Dt 4 R N E R
BaseFlowor Grownceterrecharge (3 | 6f % J & 4 B W & & 0 -ﬁ*
Base Flow Index () 0% 0% 08 09 0% o065 060 06y 0% 0% O7m 06 O Dischrge (%)
Kongdn DIPRS00 I] 1 Ay et
Disharge (mdh) A R N I N I O I Y N
B FovorGomnduaterrechare 3 | 0 4% L W M B w0 6 L T i
B eF|OW md (mng) 049 040 054 032 041 037 038 042 044 054 068 026 42 Monthly Discharge, Base Flow and Ground Water Recharge at Kengdon 1999

Groundwater Recharge X
Name Stations Phalan | Donghen | Kengdon | Average / \ +Discharge (m3/)
DISChal'ge (m3/3) 44 85 63 64 “ \\‘\ #Base Flow (m3¥/s)
Base Flow (m3/s) 26 62 26 38 .

Base Flow Index (m3/s) 0.58 0.73 0.42 0.57
Groundwater Recharge (m3/s) 19 23 37 26
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Conclusion

ODbjectives

* To estimate rainfall-runoff at gauging
stations in the XBH river basin.

* To analyse statistics of flow data to determine
flood and low flow with different return
periods in the XBH river basin.

* To estimate ground water recharge by using.



Conclusion

e Field Visit ; Double Mass
Curve

e Coefficient Runoff and
SCS

 Nathan and
McMahon (1990)




Conclusion

Water Balance Study 2007 _

 Annual flow « Rainfall —Runoff

Ea = QaTy/s/ (1000 S) SCS

* Flood Peak

PO=12Q/S0.75  Flood and Low flow
Log-Pearson Type

 Minimum monthly 11 or Extreme Volume

Emin = QMminTy/s / (1000 method

S)




Conclusion

Water Balance | Water Balance Estimation on
. Study of DMH | Study of DMH | Rainfall, Runoff and
Rnall and Runoft 2005 2007 Groundweter
recharge
Average Rainfall (mm) 1,500 1,600 1,523
Average Runoff (mm) 875 1,740
Average Annual Discharge 497 1,310
(m3fs)
Maximum Discharge (m3/s) 4,689 1,214 4111
Minimum Discharge (m3/s) 17 21 3




e

Question

in XBH River Basin?”

How much rainfall, runoff and ground water recharge

\

/

Rainfall - Runoff (Data Observe)

Average |Average [Average Annual | Average Annual | Average Annual

! . . ) Maximum Minimum

Name of Station | Area (ha) | Name of River Oulet

Rainfall | Runoff [  Discharge Dichare Discharge
(mm) | (mm) | (md/s) | (mm) | (md/s) | (mm) | (m3/s) | (mm)
Phalan (1990-2004) 83,332 |Xexangxoy Xebangheing 2344 768 5502094 1352 51,235 71 265
Donghen (1990-2004) 152,122 |Xechamphon  Xebanghemng 2,29 129 126 | 2614 684 | 14,199 9 187
Kengkok (1990-2004) [ 113,078 |Xechamphon  [Xebangheing 1,79 1997 195 | 5448 857 23,933 1 28
Kengdon (1993-2001) [ 871,320 |Xebanghieng  [Mekong 1,523 L1740 1310 | 4746 4111 | 14.8399 3 1
Avergae] 1,523 1,740 1310 4,746 4,111 14,899 3 1

Groundwater Recharge

Name Stations Phalan | Donghen |Kengdon |Average
Discharge (ma3/s) 44 85 63 64
Base Flow or Groundwater recharge (m3/s) 26 62 26 38
Base Flow Index (m3/s) 0.58 0.73 0.42 0.57




Output

« Support Information to Water and Water Resources Law

« National Water Resource Strategy from now until 2020
and Water Resource Action Plan for 2011-2015

Program 2
Program 3
Program 4
Program 5

Program 6
Program 9

Legislation, plan, and implementation
River basin and sub-basin water resource management planning
Groundwater management

Collection, analysis and management of water resource data and
information

Water allocation
Flood and drought management

« Sharing Information to Procedures for Maintenance of
Flow on the Mainstream (PMFP, MRC)

48



Recommendation

Meteorology and
Hydrology Data

Improving on collection data and equipment
Data management

Application to other sub-river basins in XBH

Rainfall-Runoff river basin
Update land use data

 Log-Pearson Type 11l or Extreme Volume method good

Flood and Low for flood
FIOW « Testing FDC or ARI of Low Flow

« Study on water use

 Calculating on groundwater recharge is needed

Grou nd Water application modelling to estimation and

compression result with this study.
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