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1. INTRODUCTION

This report addresses the need for improved water supplies for
villages in western provinces of Cambodia (Battambang, BRanteay
Mean Chey, and Pursat Frovinces), including existing populaticns
and refugees enpected to return from the Thai barder after a
rnegotiated settlement.

Information, necessary te plan for improved water supplies and
sanitiation faciltities, has been coliected during twe trips to
western provinces: one trip from 27 May toe 3 June 1990 by William
Barron (Oxfam Rural Water Programme Adviser) who participated in
an UNHCR Planning Mission for Repatriation Operations, and one
trip from 11 to 20 July 1990 by William Barron and Ching Ping
Leung (Water Engineer from Oxfam's Technical Unit) with Ministry
of Agriculture persommel from the Inter-ministerial Commission on
War Displaced.

’
UNMCR has been planning for needs of Cambodian refugees who would
returrn veluntarily to Cambodia following a negotiated settlement.
It ise assumed (as a result of data collected by a Ford Foundation
survey ceonducted at camps on the Thai Border at Site 2, Site 8
and Site B) that more than &0 percent of the total number of
refugees are expected to return to western provinces. Poatable
water supplies are not adeauate for the majority of existing
populations of western provinces. Therefore, large numbers of
refugees from the Thai Border, settling in these western
pravinces, will drastically increase the demand for improved
potable water supplies,

Cambodians have been moving to safe areas (near to Battambang and

- Banteay Mean Chey Provincial Towns) due to increased fighting

over the last 11 months in western provinces. It has been found
that domestic water supplies are overall insufficient for the
large numbers of war displaced that are settling in Battambang
and Siscphon Towns and the surrounding areas. This illustrates
the difficulties that will arrise when larger numbers of
Cambodian refugees return to western praovinces.

Due to a request being made by the Cambodian Ministry of
Agriculture, for water wells to be drilled in Battambang and
Banteay Mean Chey Provinces, Oxfam Water Engineers have
irnvestigated the need for improved water supplies and planned for
a prougramme to begin to address the problem of insufficient water
supplies i1n areas where displaced persons are presently living.
Fesults of drilling to provide wells for war displaced could be
useful for future plaming of water supply development
programmes.

Oxfam Engineers visited proposed sites for Reception Centers,
where refugees will initially be received {(prior to being
resettled), to investigate and propose water systems most

4
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appropriate for these temporary centers. Furthermore, Oxfam
Engineers held meetings with Provincial Committees, Praovincial
Agictultural Services, and implemented a village water survey to
asgsess the availability of water supplies in districts where the
majority of the refugee population is expected to settle.

]
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2. SEOBRAPHY AND HYDROGEOLOGY OF THE STUDY AREA
2.1 Introduction

The Provinces of Battambang, Ranteay Mean Chey, and Pursat
FProvinces are geoclogically and hydrologically diverse areas.
There have been few investigations implemented defining
hydroslegical and geclogical conditions for these provinces.
Actual drilling data is limited to defmne accurately the
hydroegeolagy for these provinces.

Field visits during tha Oxfam Migssion {(by William Farron and
Ching Fing Leung), UNHCR Inter—Agency Mission {(by William Barvon,
Oufam) and the UNHCR Absorption Capacity Survey (by Francois
Grunewald, GRET) has allowed general assumptions to be made about
the hvdrogeology for western provinces. Technical information has
been extracted from several reports that are aveilable. These
reports are,

"Grand Lac du Cambodge - Sedimentologie et Hydrologie
(19262-63)" by J.P. Carbonnel and J. Guiscafre,
crganized by Ministere des Affaires Etrangerves de la
Republigue Frarcaise;

"Bround-Water Resowrces of Cambodia” by W.C. Rasmussen
and 6. M. Bradford, Geclogical Survey Water—Supply
paper 1608-F, 1977.

"Le @uaternaire Cambodgien: Stucture et Biratiagraphie”,
by Jean—Fierre Carbormel, Office de la Recherche
Scientifigue et Technigque Outre-Mer, Faris, 1972

2.2 Rainfall and Surface-Water Rescaurces

Cambodia gecgraphically is a vast low-lying plain, with mountains
or the west, an escarpment on the north, and hilly plateaus on
the east (vefer to Armex 1 - Relief Map for Provinces
Surrcunding the Great Lake Basin of Cambeoedia). The majour water-
ways af Cambodia are the Mekong River and the Tenle SBap, The
Tenmle Sap is a highly productive fresh—water lake that functions
as a huge off-channel storage reserveoir for flooed flow of the
Mekong River and receives surface—water discharoe from streams
and rivers draining the surrounding watersheds.

It is during the wet-season that BE percent of annual
precipitation Talls with rainfall deficient during the dry-
season, November through May, Annual rainfall ranges from 1,370
mm in the central lowlands to mere than 5,000 mm in the
mountainous highlands (refer to Armex 2 - Pluviometric Map for
the Great Lake HBasin)., Minimum rainfall is in Januwary amd maximum
rainfall.is in Octeober. Monthly rainfall data shows that
precipitation for the law-lying areas of Battambang and Fursat

é
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Frovinces i similar.

Surface—water is drained for the watersheds in the provinces of
Battambang, Banteay Mean Chey, and Fursat by numercus streams and
rivers which originate in the mountains of the west and
escarpment of the nerth and eventually empty intoc the Tonle Sap
The major rivers in the western and north-western provinces are
the following,

Provinces of Battambang and Banteay Mean Chey
Sangker River

Dauntry River

Mongol Borey River

Sisaphon River

Faneth-Freah

Province of Pursat
Pursat River

Data taken fer each of thesze rivers {(reported in the "Grand Lac
du Cambodge - Sedimentclegie et Hydrologie (1962-63)" report)
indicates that flowrates for these rivers decreases significantly
during the later part of the dry-season (March—-April) and maximum
flowrate cccurs during September and October (refer to Annex 4 -
Hydreoleogical Information for Watersheds in Western Provinces).
However, it should be noted that this dota was taken for a very
limited two years time frame and over 83 years ago. Forest cover
and hydrological conditions over the last 25 years may have
changed. It is suspected that with decreasing forest coaver and
increasing seil ercsion flowrates could have been altered over
the vears, differences in minimum and maximum flowrates during
the dry season and rainy season, respectively, will be more
dramatic now in comparison to conditions %5 years ago. However,
ne actual data exists to prove this. :

It has been chserved that presently, the Siscophon, Managocl Boarey,
and Sangker rivers are discharging large amounts of sediment.
Cambodians have indicated that over the last B0 vears rivers have
been increasingly carrying larger sediment loads. These rivers
use to be relatively clear as reported by Cambodians who have
lived in the area for over 25 years. This could be due to the
heavy deforestation activities, resulting in increased top-soil
erosion. Specifically, for the Mongel Borey River and Sangker
River, heavy mining of gems in the Failin area in the western
mountains contributes significantly to large concentrations of
suspended solids in this river. Rivers further gast such as the
Fursat River and Dauntry River are relatively clear and devoid of
heavy sediment loads.

Irrigation systems do exist in these provinces with varying
degrees of coverage and level of functiorming. The Eovel
irrigation network being the most extensive, providing water to

7
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the districts of Battambang (Frovince of Rattambang) and Monaocl
Boerey (Frovince of BRanteay Mean Chey) (refer to Arnex~ S Map
Showing Irrigation and Dam Structures for Battambang Province: In
Process of Being Developed and Proposed Projects). The condition
and extent of these irrigation systems is not covered in this
repart.

/

2.3 Ground-kWater Hesources

Little information is available on the safe vield or storage
capacity for ground-water resources in western and north-western
provinces. However, previous investigations have defined three
types of formations for the upper gecloaic formations of these
western and north-western provinceg (refer to Anmex &6 ~ Geaologic
Maps for Great Lake Basinl). They are the following:

#* young alluvium formation of silt. clay, and sand

¥ old alluvium formation of silt, clay, and sand with
laterite (a secoandary deposit containing iron)

* consclidated formations of limestone, granite, and
sandstone

The yourng alluvium formation is the most predominant geologic
formation, lecated in the low-lying plain. It is suspected that
underlying the young alluvium formation {(at depths unknown) an
cld alluvium formation will be found, consisting mainly of clayey

" gilt. Likewise, the old alluvium formation is found in the

nerthern area of Banteay Mean Chey on the northern escarpment.
The predeominant rock type underlying and forming the highlands to
the scuth (Cardamon Mountains) is consclidated sedimentary rocks
asseclated with intrusive igneous rocks. Small pockets of
limestone, marl, siltstone, sandstone, and shale can be found at
the town of Sisophon and west of the the town of Battambang, and
in the mountains south.

Young and 0ld Alluvium

The yvoung alluvium formation is assumed 0 vield small to
moderate supplies of water of acceptable quality. The voung
alluvium is composed mainly of sandy silt amd silty clay which
has low permeability. Movement of around water is restricted and
even though these geclogic formations may be saturated with
water, they vield water at slow rates.

However, sandy beds and lenses are thought to be present in the
young alluvium, which are more capable of holding and
transmitting water than the fine—granined sandy silt and silty
clay formations. These sandy beds and lenses ave normally found
adjacent to the larger streams. Therefore, maximum yields of

a8
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water from wells are thought to be in those zones surrocunding
these larger streams. The exact location and depths of sandy beds
and lenses in other areas, not adjacent to the larger streams, is
urknown.

At deeper depths, underlying the yvoung alluvium, reliable ground
water resources could be found from the beds or lenses of sand
included within the thicker depesits of old alluvium., But still,
the extent of these beds and lenses of sand and their depths is
virtually unknown.

Conselidated Formations of Sandstone and Limestone

Sandy alluvial deposits formed from the weathering of sandstone
bedrock which overlie areas (where this sandstone rock occeurs)
has the potential for transmitting water freely. In those areas
east of Fursat and west of Hompong Chnoang these deposits have
been found and the water yield available from wells is considered
te he good.

The water-~bearing capacity of limestone located in Sisophon Town
and west of Battambang Town is unknown. For those areas where
enlarged sclution openings (formed by chemical erosion by water)
are encountered then substantial water supplies are expected.
However ., it would be difficult te predict the available yield of
water in limestone formations because the location of solution
openings is wunknown. Water from limestone formations is usually
guite hard and containg large quantities of dissclved solids.
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3. SURVEY OF EXISTING WATER SUPPLIES AND WATER COLECTTION
PATTERNS

3.1 Introduction

UNHCR FPhnom Penh recuested Dxnfam to survey water supplies and
water collection patterns for villages of western Camboedia to

" previde better information for futuwre plaming of reintegration

assigstance programmes. As a result of this request, Oxfam
Enigineers implemented a limited study for the provinces of
Battambang, BRanteav Mean Chey, and Pursat, in those digtricts
where large numbers of Cambodian refugees have indicated thevy
will return. :

The Ford Foundation Survev of border camps (Site 2. Site B, and
Site 8) has shown that large number of refugees are expected tc
return to Cambodia after a negotiated settlement. Districts of
Maung Russey, Sangker, Battambang. Mongol Rorey, Bovel, and Rakan
were the top & districtes of expected return for this study with
47.8 percent of the total refugees surveyed saying they would
return to these districts (refer to Annex 7.). Assuming the Ford
Foundation Survey represents trends for the full refugee
population on the Thail BRorder. then these are the districts of
western provinces where the greatest percentage of refuogees are
gypected to return. This water supply study has foocused on these
districts,

3.8 Survey Methods

Village Water Questiommaire and Drilled Borehole Questionnaire
(refer to Anmex ? for Sample Questicrmaires) were developed in
Englieh and Khmer and agiven to Frovincial Agricultural Service
Staff of Banteay Mean Chey, Battambang. and Pursat for
completion., During the Tirst visit by William Barron (Oxfam
Engineer) to western provinces (with the UNHCR Plannming Mission),
27 May to 3 June 1990, Provincial Agricultural Service Staff
were asked if they were interested in participating in the
survey. All offices of the provinces concerned were veary
interested in performing the survey. Then, the village water
guesticrmalire and drilled borehole questionnaire was exuplained to
selected staff who were to be responsible for training
Agricultural Service staff in the Communes in the completion of
guestionmaires with the assistance of village leaders. Due to
limited access to the study area by Oufam Engineers, '
guesticomaire pre-testing and monitoring of guesticnnaire
completion was not feasible.

The fellowing numbers of village water gueastionnaires were given
to provincial staff for completion in the following districts.
These numbers represent total number of villaages in each
district, therefore, all villages in districtes chosen were to he
cavered by the survey,

10
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Banteay Mean Chey District

Monmgo)l Borey District 154

Battambanag Prevince

Maung Russey District 8
Battambang 70
Sangker 130
Bovel &1

359

Pursat Province

Eakarn District 136

Information gathered on the village level from implementation of
the village water questionnaire has been: population and number
families; number total family and village ponds, and dug wells,
and number of ponds and wells reliable year-round; number of
drilled boreholes; maximum distance walked to collect water;
presence of well digging artisans; and water collection/use
patterns during the dry seascon and rainy season.

Drilled borehole guestionires were also to be completed,
obtaining information on specifics of borehcles and level of
functionning. '

GQuestionnaires were kept as short and simple as possible for
quick completion and to prevent confusion in recording
infoermation. Emmumerators were asked to record information in
Fhmer. Approximately & month's time was allowed for the
completion of questionnmaires. Oxfam Engineers returned to western
provinces in July and at that time collected completed
guesticmmalires and discussed with the provincial offices of
Agricultural Service needs for improvements in water supplies

3.3 Results

Success with the completion of village water guestionnmaires is
varied between provinces, Refer to Arnmex 10 for complete data set
arnd Annex 11 for totals of selected survey data on population. Of
the 134 village water gquesticnnaires given to Banteay Mean Chey
Frovince to be completed for villaces of the Mongel Rorey
District, 58 were completed. This represents 42.2 % of the total
pepulation of Mongol Borey District. Of the 359 village water
gquesticonnaires given tc Battambang Frovince to be completed for
Maung Russey, Battambang, Sangker, and Bovel districts, 1585 were
completed. This represents 99 %, 44 %,, 64 %, and O % of total
population of Maung Russey, Sangker, Rattambang and Bovel,

11
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respectively. Access to Bovel district was reported difficult and
the reason why no questionnaires were completed there. OFf the 136
village water auesticnailres distributed to Furssat Frovince for
the digtrict of Bakan only ten were completed. The data for these
10 villages was not used for the analvyvsis.

Data on water collection/ use patterns were not analyzed because
it appears that all enumerators did not accuratelyv complete this
part of the gquestionnmaire. Instead, a variable was created using
responses for water cellection/use, defining whether surface
water sources (streams and/ or ivrigation canals) could be found
nearby. This variable therefore defines access te surface water
in villages.,

Mo drilled borehole guestionnaires were completed for all
provinces. It was reported that for Rattambang and Banteay Mean
Chey Provinces there were no drilled borehocles for the district
surveyed. Pursat Frovincial Agricultural Service did not complete
guestionnalres even though UNICEF boreholes are present in Bakan
district.

Refer fto Amex 12 for a summary of data on exisitng water
supplies for villages surveyed and a determivaticon of percentages
{(columns 10, 13, and 16) of reliable water scurces (family and
village ponds, and dug wells) of the total number of water
sources surveyed. For all districts these percentages supgest
that dug wells are more reliable (proavide water during dry and
wet season) than village and family ponds in providing water (a
greater percentadte of total number of dug wells were reported
reliable year—vound than percentacge of family and village ponds
reported reliable vear-round). And, village ponds are more
reliable than family ponds. This trend is more aptiarent for
Rattambang Province and Ranteay Mean Chey Province and less
apparent for Banteay Mean Chey Frovince. However, statistical
calculations were not done on these percentages to show
gignificant difference.

Village ponds and dug wells are communal sources of water., For
the sake of performing the analyses a maximum number of 350
households was assumed a reasonable number of households sharing
communal sources. Calculated percentages (columng 14 and 17) of
surveved population having reasonable access to reliable village
ponds and dug wells suggests for the district of Sangker
(Battambang Province) there is an adequate number of

aof village ponds and dug wells (128 and 298 %, respectively) for
the existing population. For the districts of Maung Russy,
Battambkang, and Mongel Borey reascnable access to vreliable
sources of water (fTamily and village ponds., and dug wellg) is not
adeguate for the existing peopulation., Percentages (coelumns 11,
14, and 17) are low inbetween 0.8 % and 42.7 %.

This type of analvsis could be done for the Commune level instead

i2



- m  mm m mm g s mm o e mw opw ow

~

i

WATER_RESOURCES FOR _WESTERN PROVINCES OF CAMBODIA, W. BARRON AND
C.P. LEUNG, OXFAM. NOVEMBER 1990

of the District level and could show that some communes bave
greater percentages of reliable sources of water than other
communes. These additional analyses were not completed for the
data obtained.

3.4 Lonclusions

Villagers living in the different zones of western Cambedia
tollect water for domestic purposes (drinking, bathing, washing.
for animal-use, and for small scale vegetable/ fruit producticon)
from a number of different scurces. These water sources include
surface streams, family and village ponds, rainwater, and wells.
Which water source is used by villagers is first defined by the
gealogical and hydrological conditions of the area, second by the
availability of rescurces (funds and time) to dig wells and
ponds, and construct rainwater catchment svstems, and third by
consumer preference.

Eajinwater

Rainfall is sufficient for the months May throuah November and
can be depended upcon during these moriths (utilizing rainwater
catchemant systems and traditional water jars) for storing
sufficient guantities of safe water close to the home for
domestic water—-use puwrpcses of drinking and cooking. Most
families collect rainwater and the guantity of rainwater that
will be available depends om the size of house-roof and storage
container available te the familv. This survey has not addressed
the extent of rainwatey catchment systems for houzgholds.
Develocpment of household rainwater catchment systems would be a
viable approach for imporoving access to safe water in western
proavinces.

Rainfall collected in family and villaage ponds provides water
during the wet season (May to November) and during the begining
months of the dry season (November to May). This water is
considered not potable for human consumption., But communities not
&djacent to surface water streams and not having wells depend on
these sources of water. For those low~lying alluvial plains in
the provinces of Battambang and Banteay Mean Chey, =urface scils
coensist mainly of clay which makes it possible to store large
guantities of rairnwater in ponds. The permeability of clav is
very low. Therefore, for these areas it has been reported that
for large deep ponds water can be stored throughout the dry
seasan. Village ponds are normally dug deeper than family ponds
which may be the reason why an analysis of data suggests villaage
poends more veliable than family ponds. However, in the south
eastern region of Battambang Frovince and in Pursat Frovince
surface soils consist of sands making it difficult to store water
in both family and village ponds,

13
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gurface Water

Major rivers have low flowrates during the dry season., especially
for the months of February and March. Communities nearby depend
uponr on these rivers for all domestic water—use purposes (even
though it is not potable).

In general, it can be assumed that the majority of villagers are
situated adiacent to large streams and ivvication canals and use
surface water during the rainy season and the dry season from
these scurces. Flowrate data {(Annex 3.) for different rivers in
western provinces shows that less water is available for the
Maung River in Maung Russey District than other rivers Data for
1942~1963 shows that durinag the later part of the dry season this
river gees dry for a long pericd. It was reported that
communities living nearby to the Maung River will during the dry
season dig temporary wells in the stream bed to find water.

For the large rivers of Battambang and Banteay Mean Chey, these
rivers can provide ample supply of nonpotable water to nearby
communities. However, these rivere contain large guanities of
suspended sclids. Villagers report that water has to be stovred in
water jars for 8 to 3 davs to allow for the suspended solids to
settle cut (hefore it can be used for drinking!). Continued
cutting of forests in watersheds will impact on the guality and
quantity of water available from streams.

Groundwater

Ground~water rescurces are virtually un-tapped by communities,
with there being a limited number of existing dug shallow wells
and only a a few drilled borehcles. Shallow wells do exist but
are found mostly adjacent to the large streams, at varving
depths, but infrequently at depths greater than 10 meters.
Fercentages are 25.5 %, 298 %, 30.8 %, and 21.4 % (Column 17) for
the surveved population having reasonable access to reliable dug
welles for the districts of Maung Russey, Sanghker, Battambang, and
Monool Borey, respectively. Shallow wells located adjacent So
large streams are expected to vield sufficient guantities of safe
water for western provinces, depending on the depth and condition
of wellrivos and headwsll, and lecation to sanitation facilities.
The poetential for ground-water rescurces in areas of the young
and old alluvium is unknown, and the exact location and depths of
water—-bearing sand formations is unbnown.

With the influx of refugees to western provinces it is expected
that safe water supplies for existing populations and refugees
will not be sufficient. The extent of water supply improvement is
dependent on the location of villages that refugess decide to
settle. Generally, if refugees reintegrate in villages adjacent
to rivers then there will be more dug wells available. 1t can be
assumed that only dug wells, drilled wells, and rainwater will

14
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provide sufficient guantities of safe water for refugees.
Improvements will be needed in all dietricts, especially in the
digtrict of Maung Russey where water is in severe shortage.

4, PLANNING FOR IMPROVED POTABLE WATER SUPPLIES FOR
EXISTING POPULATIONS AND REPATRIATED REFUGEES FROM THE
THAI BORDER

4.1 Plamming Assumpticns

Border Cambodians have heen using water that is relativelv safe
in comparison to the guality of water that is used by Cambodians
in the western provinces. Water at the border {(in the camps) has
been chlorinated prior toa drinking. Cambodiang in the western
provinces are using untreated surface water for drinking and
cocking during the dry seasen., Therefore, programmes to improve
potable water supplies in western Cambodia are desperately needed
for existing populations and the expected Cambodian Refugee
poptilation, that will be reintearating inte Cambodian societv.
This is needed toc ensure the survival of children under S vears
vld (that makes-up approximately 25 percent of the total
population) who are vulnerable to a wide varietv of water—related
diarrheal disesses.

Drilling of borehcles, digging and improving handug wells,
construction of rainwater catchment systems, and the construction
of village and household ponds are proposed for the development
of water supplies in western Cambodia. Furthermore, senitation
and hvoiene education programmes should be implemented jointly
with potable water supply procarammes.

Many programmes of water supply, sanitation, and hygiene
education have been developed seperately in developing country
contexts with little understanding that before communities will
receive the full health impact, improvements in water supply,
sanitation, and hygiene education need to be considered together.
Therefore, technical scolutions such as the drilling of wells to
provide safe water for communities, and the. construction of
excreta disposal facilities requires & parrallel campaign of
promoting personal hygiene and sanitation to ensure the full
health impact of these improvements are realized.

Improvements in access to potable water supplies and sanitation,
and improved hygiene are edpected to contribute significantly to
decreasing the prevalence of water- related diseases therefore,
improving public health. Furthermore, improved water-supply would
release women and children from the heavy and time-consuming
burden of carrying water from distant sources, and would improve
the guality of life.
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4.2 Reinteogration Assistance

G.2.1 Objectives

1~ Provide sufficient gquantities of safe water to improve public
health.

2- Increase the acceptability and utilization of safe water,
encouraging villagers to use wells or rainwater collection
systems for domestic purposes of drinking, cooking, bathing and
washing.

3= Ensure that pumps and cther facilities are properly maintained
by provincial, district, and local authorities.

4— pdvocate and promote better hvgiene and sanitation in rural
aAlreas «

O~ Encourage small scale vegetable production through the
pravision of sufficient guantities of water from village and
family ponds.

&~ Suppoart provincial, district, and lecal authorities to
implement and supervise programme activities for the improvement

of safe water supplies and sanitiation facilties., maintenance of

handpumps, promotion of hygiene education and sanitation, and
construction of ponds.

4.2.8 Acitvities

i~ Investigate the potential of ground-water rescurces for the
area in crder to properly site dug wells and drilled boreholes.

2~ Improve on ways for families to collect water during the rainy
seasor, providing appropriate housing structures (bamboo and
thatch) or improving existing housing structures to collect
rainwater adequately.

3~ Improve on the capacity to store water by providing cement
Jars to each family, utilizing local markets for the construction
of these jars.

4~ FProvide education on the importance of using rainwater
(collected in jars) or water from wells for drinking and cooking,
and the importance of perscnal hygliene.

o=~ Dig new family and village ponds, and deepen existing ponds.
Introduce methods to prevent contamination of ponds.

46— Rehabilitate existing dug wells and construct new dug wells,
and drill manually shallow horeholes {using small drilling
machine techniques and installing locally made sucticon handpumps)
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in those areas located in the low—lving alluvium plain,
specifically those areas adjacent to large streams.

7~ Drill deep horeholes and install handpumps in those areas of
higher elevation and hardroeck geclogy which makes it difficult te
dig shallow wells.

8- Drill boreholes and install handpumps at public institutions
such as health clinics, district hosplitals, primary schools and

crphanages.

It is assumed that for dug and drilled wells the coverage will be
300 persons per well in rural areas, and with a maxioum distance
of S00 metres villaders will walk to carry water from the well to

the home.

4.82.3 Fhasing of Reintegratlion Assistance_

Reintegration assistance for water resouwrce development in the
western provintes is envisaged to be implemented by the following
three phases,

1) Investigation and FPlanning Fhase —~
Investigate the patantlal for groundwater rescurce development,

and plan for programme cperations.,

Oxfam is plamning to drill boreheoles to provide water for
internally displaced persons. This couwld be a first step to

investigate the hydrogeclogy for western Cambodia. However, more
in- investigations will be needed, to define clearly thz

petential for devicoping ground-water resources.

2) FPre-Repatriation/ Operaticnal Phase -

Frior to repatriation of border Camboadians programmes would
commence (implementing the above mentioned activities) toc improve
water supplies and sanitation facilities for target zones. The
success of these programmes is first dependent on security in
these pravinces and the accessibility of these provinces by NGO
and other agency staff, and second it is dependent on the
availability of rescurces and personnel by governmental
ministries to implement these programmes. It is recommended that
drilling activities and sanitation facilities construction
commence first at public institutions, such as health clinics,
hospitals, primary schocols, and orphanages. .

3) Repatriation/ Operational Phase -

Once repatriation commences the extent of programme activities
will increase, continuing with the above mentioned activities to
improve on water supplies, and the acceptability of using safe
water for target zones but on a larger scale and caverage.
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Borehole drilling could be implemented by Water Frogrammes under
the Ministry of Health (financed by UNICEF), and the Ministry of
Agriculture (fimanced by OXFAM, JVC, and LWS).

Appropriate technologies for improving water supplies (the
digging of wells and drilling of shallow boreholes, and
censtruction of rainwater catchment systems) could be implemented
by central, provincial and district aunthorities in conjunction
with NGOs and UNICEF.

18
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S. PLANNING FOR IMPROVED POTABLE WATER SUPPLIES AT
RECEPTION CENTERS FOR REFUGEES FROM THE THAI BORDER

.1 Introducticon

On the basis of an expected comprehensive negotiated settlement
being achieved in Cambodia, UNHCR has made & proposal for a
Cambodian repatriation plan. Fart of this plan is the
establishment of & reception centers to be based at sites in:
Monaol Borey District of Banteay Mean Chey Province; Battambanog,
Maung Russei, and Sarmagke Districts of Battambang Proavince; Bakan
District of FPurgsat Province: and Phnhnom Penh (refer to Annex -
13). These sites are located in those provinces where large
concentrations of returnees are expected to settle. For details
relating to these reception centers please refer to UNHCR's
proposal "Cambodian Repatriation Flan". '

Froposals for water quply systems in the reception centers are
based an UMHCR's draft plan for these centers, particularly on
their holding cabacities, exact locations, duration of ocperation.
general layout, etc. It is understood that UNHCR is in the
process of producing an updated report on their recent mission in
June 1990, It should be taken into account that our proposal may
have to be revised in light of any significant changes in UNHCR's
latest plan.

The fact that Oxfam staff are invelved in making proposals for
water supply of the receptions centers shouwld not be taken as
Dufam's committment to participate in any of the schemes proposed
in this report. Furthermore, the views and preposals contained in
thig veport are that of the authors alone and iv ne way represent
the the views of the Oxfam Technical Unit cr any part of Oxfam.

S.2 Flanmming Assumpticons

UNHCR staff in Fhnom Penh are planning that from the moment when
the decision of repatriation is made tc the time when necessary
infrastructure and services are orgenized to receive returnees,

UNHECR wouwld reqguire a minimum of 4 months time, if not & months.

it is therefore assumed that this pericod of 4 months would be
used by whoever shall be involved in implementing any «f the
water supply systems for reception centers. Four momths is in
fact a very short time, especially when personnel and equipment
have to be imported to Cambodia.

UNHCR staff in Fhnom Penh have alsc indicated that for logistics
consideration the pericd best for repatriaticon to take place
would be the dry season. As far as water supply is concerned, the
dry seascon is the worse season to proviode water for the
recepticn centers. Due to the uncertainty of exactly when the
repatriaticon will take place, recommendations proposed in this
repoart are based on the possibility to supply sufficient safe
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drinking water throughcut the vear.

For desiagn purposes, we have allowed for a daily water
consumption of 85 liters per person. We have allawed for 300
persons per borehole/ handpump and for Oxfam designed tapstand
with 6 tape (cperated below 2.5 meter pressure head), we have
allowed for 400 persons as the averaoge number of users.

5.3 Choice of Surface Water versus Groundwater

In the context of water supply for reception centres, surface
water (water from rivers, ponds) has the main advantage of being
quantifiable and reliable. It is possible to determine whether a
river can rveliably sustain a known demand of water for the
recepticon centre population. On the aother hand the guality of
water is often susceptable to contamination and generally
reguires a treatment process before considered safe for drinking.

Most of the rivers adjacent to the proposed reception centres are
heavily contaminated because the river banks are densely
populated. Water gquality parameters of turbidityv (NTWand E-Ccli
bacteria count were tested for these rivers (refer toc Annex 14 =~
Water GQuality FParameters for Selected Rivers). The high E-Coli
count suggests extra care should be given to the process of water
treatment when raw water from these rivers are used. The storage
of raw water for 24 hours showed a considerable reduction in the
number of active E-Coli, between 20 to %% reduction. It was
found that the ccagulation and sedimentation process worked
fairly well with the addition of optimum amount of 1% solution of
Alum. Therefore, it can be assumed that raw water from these
rivers are falrly treatable using the Oxfam Emergency Water Facks
{refer to Annex 15 - Description of Oxfam Emergency Water Facks).

It is often uncertain whether groundwater reserves will yield
sufficient guantities of water until drilling and prolenged test
pumping has been carried out. The main advantage of using
groundwater is that groundwater is normally considered safe for
drinking. In emergency situations surface water is often the
preferred source because of its reliability while the groundwater
is explored at later stage. In terms of overall costs of
boreholes for reception centers, where the number of pecple are
relatively low, the borehecle supply is much cheaper than the
surface water option. The non-emergency nature of the reception
centers does allow for the necgssary time required to carry ocut a
oreliminary test drilling before arriving at the best possible
water supply system for a particular situation. 7The installation
and running cests of a simple swface water treatment system can
be guite high and would requive well trained persormmel. Using
boreholes / handpumps the running cest is much less, although
pericdic simple maintenance of the pumps is reqguired.
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S.4 Cousts for Feasible Water Supply Systems for Reception
Centers

Where preliminary test drilling show positive results those
centres couwld bhave the following numbers of boreholes drilled,

Centre Centre Capacity Number of Boreholes
Reguired

Mongol Borey 3,000 , 10

Battambang 2,000 6

Sangke 1,500 S

Maung Russey 1,500 5

Pursat 1,000 3

Fhnom Penh 4,000 13

The average cost of drilling a borehole in soft farmation and the
installation of an India Mark II handpump, casing toc 50 meters,
is conservatively estimated at Sterling Pounds 1000,00,

- The option of using motorized puhps drawing from few drilled

wells and distributed throuoh a netwerk of storage tanks and
tapstands has been considered but not favoured. By comparison
with the handpump aption, the disadvantages are.

= uncertainty of permissable yield of well for motorized
pumping,

= longer delivery/ importation of motorized pumps,

- cperaticn and maintenance repairs are mot complicated,

- cost 1s more expensive.

The cost for using beoreholes/ handpumps compares favourable with
water supply schemes (Oxfam Water Pumping/ treatment Facks) which
use surface water and have treatment (refer to Ammex 16 - Cost
Estimates for Water Supply Systems at Recepticn Centres for
breakdown of component costs), as indicated below,

Centre overace Cost Cost Using Oxfam Facks

Using Boreholes/ (Sterling Pounds)

Handoumos
{(Sterling Founds)

Mongol Borey 10,000 . 12, 900(piping from river)
Battambang 6,000 ' 16;996?piping from river)
Sangke 0,000 . | 11,.400(piping from river)
Maung Russey 5,000 15,400 (trucking from river).

20,.000¢piping from river)

a1
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Pursat 3,000 15.240¢(pumping from well)
20,000¢(pumping from river)

Phnom Penh 13,000 8,500(trucking from
Municipal Waterworks)

There are a good number of drilling rigs in Cambadian government
departments (Department of Hvgiene and Epidemiclogy of the
Ministry of Health, and Department of Hydroloegy of the Ministry
ef Aoriculture). Assuming that the goevernment is suppoartive of
the repatriation plan and that the use of drillimg rigs is
assured, we would recommend that preliminary test drillina be
carried-cut in each centre as early as possible. Early
preliminary drilling is crucial to provide informaticon necessary
to make the best decision for the most appropriate water supply
systems. For example, if preliminary drilling revealed that
adequate quantity of groundwater is noct available at a reception
centre and that an Oxfam Emergency Water Fack, utilizing surface
water, is required, then time is necessary to import the
necessary equipment. Seafreighting and delivery takes 3 months
and an installation takes 2 weeks., If the detision to impart had
net been made within the first 2 weeks, then the installation
would not have been compléted in time to receive the returnees.

Mongol Borey Reception Centre (3000 Person Capacity)

The Mongol BRorey site is selected within the township of Mongol
Borey of Bantaey Mean Chey Frovince on a footbal field of ’
approximately 1 hectares in area. This site is suspected to flood
at times during the dry season, although officials claimed the
contrary. The site will noct be large encugh to accomadate 3000
population. Hewever, the Government's plan is to extend intoc the
adjoining paddi fields which will be problematic during the dry
seascn. Te the south of the reception center is the Mongol Eorey
River. This was reported to be a perennial river which does not
dry up completely in the dry season, although the flow is much
reduced. At the time of visit in July (beginning of rainy season)
the width of the river was approximately 20 meters wide by 1-1/2
meters deep, with an estimated speed of {| metre per 4 seconds.
The width at the dry season was reported to be § metres and depth
0.70 meters. This river should be able tc sustain year round
oumping for the 3,000 population. :

The cost estimate for the alternative waber supply system
envisaged at this recepticon centre is specified in Annex 16. This
system, on the basis of treating one batch of 99 cubic meter
rawwater per day, will give a tctal daily cutput of 80,000 litres
(26 liters per person per day). However, the system has the
capacity of doubling or tripling if two or three batches of 95
cubic meters raw water is treated daily.
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Battambang Receptipn Centre (2,000 Pergon Capacity)

The site is situated approximately 8 kilometers northwest of
Battambang Town. It is between Highway Number S, 200 metres to
the east, and the railway line, S00 meters to the west. The site
was originally intended to be used a3 an ammunition dump during
Lan Noel's Regime. It is subdivided inte 12 identical areas, 30
meters by 40 meters, each seperated from the other by ponds,
There is alse a rectangular block of field nearby of
approximately 100 meters by 120 meters which has been reported to
be available for this reception center.

1.4 kilometers to the north of this site lies the O Taki River
which rung southwest—northeast intersecting beoth the railway and
Highway Number 5. This small river, approximately 1% meters wide,
is said to flow all year round., As a second option to drilled
wells the O Taki River will be a good scurce for pumping.

The cost estimate for the alternative water supply system
envisaged at this reception centre is specified in Annex 14. This
system, when cperated on the basis of treating one batch of 70
cubic meters raw water a day, would give a total daily cutput of
60,000 litres of safe drinking water (30 liters/ person/day).
Similar tc the system in Mangel Borey, the capacity is extendable
to 3 times this capacity.

It is recommended teo lav the pumping pipeline beside/ parallel to
the railway line and the intake to¢ be sited near the railway
bridge, as it appears to be the most direct route.

Normally, a8 in other cases, when the intake and transfer pumps
are identical, it is acceptable ta provide one extra pump as a
standby, making a total of 3 pumps for the system. In this case,
however, the choice of a 3 inch diameter pipeline dictates the
selection of larger intake pumps PL4, (one duty and ocne standby),
in order to overcome the frictional headlosses. Together with 2
numbers of ET25 transfer pumps this system has a total of 4
puUmps .

If a 4 inch diameter pipeline is selected, it is technically
viable toa use a smaller intake pump (ET7S, identical ta the
transfer pump) thereby reducing the total number of pumps toc 3
smaller capacity pumps. At the time of making the estimate, the
price for 4 inch pipes was unavailable. If the price of the &4
inch pipeline plus the price f&r the 3 smaller ET 75 pumps is not
much higher than the price of the 3 inch pipeline plus 4 pumps (2
numbers of PL4 and 2 numbers of ET7%5),.1t is recommended to adopt
the 4 inch pipeline epticon. The advantage is that it will
standardize with cother pumps in other centres.
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Sangke Recepticn Centre (1,500 Ferscon Capacity)

The site is situated scuth of Battambang Town, right next to the
western side of Highway Number 5. There are 2 hectares available
for the Centre which is relatively higher than the surraunding
paddi fields. Local villagers reported that this land never
fleaods., At the time of the visit, the land on the site was
ploughed for non—-rice crop. an indication that the site does not

flood.

Bordering the northern side of the site is the 0 Sandash, a
tributary «f the River Sangke. At 1-1/8 kilometers and S
kilometers downstream of the proposed reception centre site there
are two irrigation hydraulic structures, which raise the water
levels upstream. Villagers informed us that provided the sluice
gates of these structures remain shut there will be ample water
in the 0 Sandash even during the dry season. The site, as it
seems, was chosen on account of its vicinity te the river and
road, and it being on high ground., It does seem a reasconable site
for a small reception centre.

The cost estimate for the alternative water supply system
envisaged at this reception centre is specified in Amnex 16. This
water supply system, when operated on the basis of treating one
batch of 45 cubic meters of raw water per day, would give a daily
output of 40,000 liters of safe drinking water (27 liters per day
per persan)d.

Since the 0 Sandash is nent to the site it is likely that people
may use the river. for washing, bathing, etc., thereby increasing
the likelihood of contaminating the river water. Some form of
fencing should be considered to keep inhabitants from using the
river water, especially at the vincinity and upstream of the pump
intake. '

Maung Russey Recepticon Centre 51,500 Person Capacity)

The site for for this district has not been finalized by UNHCR.
One site of 4 hectares at approximately 6 kilometers south of
Maung Russey Tocwn along the western edge of Highway Number 5 was
shown to us. Sections of this site are suspected te flood during
the rainy season. However, this may very well be the site for the
Reception Centre should the repatriation process begin in the dry
season and does not extend into the rainy season. The District
Cemmittee indicated that there were very few areas which would
match all the requirements; being close to the railway and road,
ne flooding, good access and availability to water. Apparently
the District Committee had ancother site in mind., 14 kilometers
from the town and upstream of the River Maung. It appeared
widening of the road will be necessary to improve access to this
site.
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Should the former site be chosen, water supply may be prablematic
if drilled wells are not viable. The nearest surface water is
from the Maung River which is & kilometers away. To lay 6
kilometers of 3 irich or 4 inch PVC main is expensive, time
consuming, and wasteful considering a short service life of &
months and the pipe will not be used after the reception centre
is cloesed dewn. Furthermore, there is same concern of the low
flowrate available from the Maung River and whther it coud supply
encugh water for the cntre imhabitants.

1t is proposed toc transport water from the Maung River by truck.
The cost estimate of the water supply system envisaged at this
reception centre is specified in Armex 1é.

This propesal is only viable if the use of either a tanker or a
flatbed truck would be made available by hiring/ lecaning
arrangements, It is not economically viable to purchase a truck
stlely for the purpose of transporting water over such distance.
Since portable bulk containers can be easily assembled and
dismantled, the truck can alsc be used for other purposes while
it is not trucking water. If a tanker is available Item @ of the
Cost Estimate will no longer be necessary. Therefore, the total
can be reduced to Sterling Pound 8,400.

If a truck or tanker is not available, it will be necessary tc
consider the long distance pumping ocption. This system will be
similar to the above, but trucking will be replaced by pumping
from the Maung River using & larger pump (PL4) intoc a 6 Kilometer
3 inch pipeline and discharges inte the rawwater/ sedimentation
tank. The revised major capital cost estimate is listed in the
Anmex 14.

Both systems, trucking and piping from the Maung River are
capable of giving a daily cutput of 4U 000 liters (27 liters/
person/day).

Pursat Receptian Centre (1,000 Perscons

This site in Bakan District is situated at approximately &
Eilometers north of Pursat Town along Highway Number 5. The
railway is within 100 meter distance. The area is overgrown with
csparingly scatterred bushes and gives an indication that the area
will not be flocded. Several large ponds are found on the site
which were created by the excawvation of clay for brick making. It
appears that there is more land available than reguired for the
small population of this centre. .

At 1.2 kilometers from the site along Highway Number % toward
FPursat Town there is a rocad bridge over a small stream known as
the O Svay At. This stream looked tco small to support all year
pumping for the reception centre.
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Apart from this stream, there was no cther likely water source
gxcept the River Fursat which is 7 kilometers away. Should
drilled wells be unviabhle, there are several options.

Option 1

Existing ponds may hold sufficient water. The first step
therefore is to establish the gquantity of water available in
these ponds taking inte consideration the losses from evaporation
and natural seepage. A population of 1000 consuming 25 liters per
day for 6 months would require approximately 4,600 cubic meters.
Allowing 10 percent loss in treating and 20 percent contingency
the target is therefore 4,000 cubic meters. The main drawback is
that this finite water scuwrce is exhaustible. The consumptioan,
which depends on population and daraticon of cperation of the
recepticn centre, may exceed the available storage in the ponds.

Optign 2

An exploratory well needs to be drilled on the elevated bank
cf the O Svay At stream. If this proves successful a medium
diameter well with preferably 8 inch diameter casing should be
installed to maximize vield and te allow for a motorized pump to
be used. The minimum yield required should be arcund 1.7 liters
per second. Sufficient well pumping test should be completed
prior to equipping the well with a motorized pump to ascertain
the safe vield available from the well, On the basis of a
reliable well which yields a minimum 1.7 liters per second the
ervisaged water supply system ig specified in Armex 16.

The yield of a borehole sometimes may reduce significantly during
the dry season. There is no guarantee of success with this
cpticn. However, if a well started off with a good yield, the
reduced yield in dry season may still be sufficient to supply the
centre.

Opticon 3

The trucking or the pumping of raw water from the River
Fursat to the reception centre is ancther option. The cost
estimate and technical considerations are similar to the system
proeposed forr Maung Russey. Approximate adjiustments can be made
taking into account the need for & longer pipeline.

Fhnem Fenh Racegtidn Centre (thO Fersone Capacity)

No vigit to the selected reception centre site near Fhnom Penh
was made. It is understood from UNHCR that the site is located
within 10 kilometers of Phnom Penh. The UNICEF water well
drilling programme in Phnom Fenh has found the access of
graundwater difficult in this area. One can assume that water
will either be taken from a nearby scurce (surface or
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groundwater), or piped or trucked to the centre from the
Municipality Water Supply 8Syestem. This would be viable if the
municipality is aareeable to meet the extra demand of 100 cubic
metres of water per day and that a suitable water tanker is
available for trucking. The system envisaged at this reception
centre is specified in Amex 16, to truck water from the
Municapality water supply system.
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ANNEX 1. RELIEF MAP FOR PROVINCES SURROUNDING THE
GREAT LAKE BASIN OF CAMBODIA

(Taken from "Grand Lac du Cambodge - Sedimentologie
et Hydrologie (1962-1963)" by
J.P. Carbonnel and J. Guiscafre)
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ANNEX 4 . HYDROLOGICAL INFORMATION FOR WATERSHEDS
IN WESTERN PROVINCES

(taken from "Grand Lac du Cambodge - Sedimentologie
et Hydrologie (1962-1963)")

Provinces of Battambang and Banteay Mean Chey .

Sangker River
Dauntry River -
Mongol Borey River
Sisophon River
Paneth-Preah

Province of Pursat

Pursat River
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STUNG SANGKER A BATTAMBANG

Hauteurs & 'échelle en méures
Aanée hydrologique Avril 1962 --Mars 1963

Avrif Mei Juin Juitlei Ao it Septembre Octabre Novembre | Diécembrs Janvier Février Meors
H 0,98 1,40 2,10 2,30 3,70 ° 3,20 5,38 4,64 3,57 1,77 0,90 0,89
2 0,96 1,34 2,14 2,18 3,42 3,16 5,18 4,60 3,51 1,73 0,90 0,93
3 0,95 1,40 2,22 1,97 432 3,80 5,20 4,5 3,47 1,67 0,89 0,95
4 0,54 1,79 3,5¢9 1,80 564 412 5,08 4,50 3,40 1,62 0,88 0,94
5 0,93 2,50 3,08 1,92 5,50 4,12 5,06 4,84 3,37 .48 0,90 0,93
6 0,94 . 2,84 2,24 8,38 4,00 5,12 4,82 3,30 1,46 0,99 0,92
7 0,92 1.81 2,78 2,48 7,82 6,00 5,22 4,80 3,25 1,38 +0,98 0,91
] 0,94 1,54 2,50 3,00 584 5,38 5,20 4,78 3,15 1,32 0,97 0,89
9 0N 1,37 2,23 -3,50 5.40 5,16 5,28 4,70 3,00 1,25 0,97 0,89
10 0,90 1,29 2,10 3,20 5,00 4,64 5,22 4,54 3,05 1,19 0,99 0,88
1" 0,89 1,3 2,24 3,74 4,60 5,86 5,28 45¢ | 297 1,15 1,10 0,88
12 0,08 1,54 2,52 4,30 7.48 5,60 5,24 4,46 3,05 1,18 1,08 0,89
* 13 0,89 2,22 3,25 4,70 " 5,22 5,08 5,22 4,40 2,87 1,17 - 1,06 0,99
3 7 0,88 2,14 3.56 5,02 5.04 4,60 5,20 4,28 3,06 1,16 1,03 1,16
; 15 | os 1,94 3,68 410 4.40 4,84 5,16 4,20 3.02 112 0,98 1,02
16 0,98 2,08 3,48 3,48 4,20 5,00 5,22 4,16 3,00 1,10 1,00 1,10
17 1,10 1,84 4,08 3,30 3,92 5,08 5,18 4,13 2,89 1,07 0,98 1:08
8 1,10 1,72 4,30 6,68 3,68 5,00 5.14 4n 2,88 1,02 - 0,9 1,07
19 1,20 1,82 4,40 7,00 3,52 4,60 5,20 4,07 3,05 1,00 0,94 1,06
20 1,16 1,74 4,50 5,88 48 4,98 5,32 4,03 3,05 0,98 0,92 1,05
2 1,14 2,28 4,36 4,66 3,46 4,90 5,36 4,00 3,03 0,98 0,91 1,04
227 1,10 2,42 3,66 4,10 3,44 472 5,20 3,9 2,99 0,97 0,89 1,04
23 1,1¢ 1,32 310 5,36 3,42 4,70 5,42 KR 2,82 0,95 0,89 1,03
24 1,16 i,12 2,8 6,36 3,68 4,86 5,26 3.89 2,7 0,96 0,88 1,09
25 1,12 2,03 2,58 512 3,86 4,74 5,20 3,856 2,62 0,95 0,88 1,16
26 1,18 1,88 2,40 4,28 4,10 5,08 510 3,83 2,51 0,94 - 0,87 1,09
27 1,2 1,80 2,38 3,82 4,02 5,06 498 3,7% , 2,32 0,93 0,86 1,08
28 1,24 1,82 2,72 4,42 4,20 4,80 4,94 3,73 2,17 0,93 0,86 1,07
29 1,30 1,83 2,48 4,38 4,06 4,68 . 490 3,69 2,01 0,92 1,06
30 1,35 1,92 2,52 4,26 3,88 £,70 4,82 3,63 1,87 0,91 1,06
x| 1,98 4,04 4,26 4,70 1,81 0,90 1,05
Hauteur maximale: 8,38 le 6 Aodr 1962
Hauteur minimale: 0,86 les 27 et 28 Février 1963 et 15 Avril 1962




STUNG SANGKER A BATTAMBANG

Débits en metres cubes par seconde

Aanée hydrologique - Aveil 1962 - Mars 1963

“Avril Mai Juin Juillet Aot Seprembre | Octobre Novembre | Dacembre Jonvier Févrior Mors
1 14 7,5 17,8 21,4 77 B4 132 53 53,0 9,00 1,% 1,29
2 2,98 6.9 18,5 18,9 58 79 100 55 50,0 8,70 1,90 2.44
3 2,80 7.5 20,0 15,8 132 140 99 58 48,0 8.20 1,79 2,80
4 2,62 12,7 89,5 12,8 284 74 75 50 465 7,80 1,68 2,62
s 2,4 15,2 43,2 14,7 409 74 68 102 43,5 6,60 1,90 2,44
6 2,82 19.4 3,1 20,3 800 58 75 102 40,5 6,50 3,52 2,26
7 2.26 13,0 32,4 24,8 780 azs 93 104 38,7 6,30 3. 2,08
3 2,62 9,1 25,2 39.8 08 218 83 105 .8 6,20 31 1.79
? 2,08 7.2 20,1 64,0 252 184 95 94 N4 $.90 3,16 179
10 1,90 6.3 17,8 48,5 216 nz 80 9 30,5 53 3s2 1,68
11 1,79 8.5 20,3 79,8 159 285 a7 %0 28,0 495 4,50 1,68
12 1.60 9,1, 25,7 129,0 &00 235 78 B8 32,0 5,22 4u 129
1 e 20,0 50.% 171,6 182 181 71 B84 29,5 5.13 4,18 3,52
1% V58 8.5 67,7 206,0 206 99 75 75 5,0 5,04 3,9 5,04
15 1,45 15,0 75,4 110,0 133 124 - 64 7 9 4,68 3,34 4,68
18 3,34 12,5 §2,9 62,9 114 uH 82 & 1.6 4,50 3,78 4,50
. 17 450 134 108,0 53,2 84 - a7 75 6% 30,0 4,26 3. 43¢
5 18 4,30 ) 1190 a0 61 130 70 M 30,3 .86 2,98 4,26
N 9 5,40 13,1 1390 590,90 44 at 89 72 7.8 3,70 2,62 418
s 20 5.04 ) 150,0 34,0 3 125 H2 74 3, 3% 2,26 4,10
7 48 0,0 135,0 167,06 34 12 122 7 38,0 334 2,08 4,02
22 50 23,6 74,2 110,0 28 13 99 n 38,6 3,18 1,79 4,02
23 €50 8.6 44,0 27,0 28 77 138 69 30,4 2,98 1,79 3,9¢
24 5,04 4,7 33,3 85,0 44 97 18 69 7.0 2,98 1,68 4,42
2s 4.68 15,5 27,0 218,0 59 89 tos 68 4,2 2,80 1,68 4,50
26 5,22 14,1 23,2 1280 82 ny 100 66 21,4 2,62 1,87 4,42
7 5,50 12.8 22,5 $5,6 74 109 23 85 17,3 2,44 1,48 43¢
2 5.80 131 10,6 142,0 90 210 82 ot 14,4 2,44 1,46 4,28
29 8,40 13,3 29,5 117,0 75 174 82 80 ns 2,26 418
10 5,95 14.7 28,7 125,0 52 153 7 55 2.5 2,08 4,18
n 15,7 104 12 58 9,2 2,08 410
Total 110,29 407,96 1572,90 | 4196.20 5753 an 762 2235 99),7 144,37 74,65 106,16
Moyenne . J.68 13,2 52,4 135 186 137 89,1 74,5 3,7 4,86 277 3,42
ID_,‘:-"}‘:P,.:L:WG 1,14 4,07 15,2 ang 575 42,4 27,6 231 9,80 1,44 0.83- 1,06
Ecoulemant )
an 106 3 .53 B, 135,90 362,55 497,06 | 355,19 238,64 193,10 84,82 12,47 6,45 2.17
Ecoulement
en mm 2,0 10,9 42,1 12,2 1539 110,0 73.9 59,8 26,2 3,9 2,0 28
_Moximum 8,95 25,2 130 560 600 325 134 105 53,0 2.0 4,50 5 04
Minimum 'f“ 4,7 17,8 12,8 23 58 58 50 9,2 2;03 1,46 1,68
Péciode maximum GO0  Moyenne 61,5 Ecoulement en 106 m3 1 940,12
minimum 1 46 1/s/km2 19,0 Fcoulement en mm 600,7
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STUNG DAUNTRY A MAUNG

Hauteurs & 'échellie en matces

Avril 1962 - Mars 1963

Averil Moi Juin Juiller Aout Septambre Qcrobre Novembres | Décembre Janvier Favriar Mors

1 0,18 0,68 0,48 0,42 052 | 0,9 1,99 0,58 0,39 0,28 008 | o0.00
2 0,12 0,86 0,42 0,30 0,52 1,12 1,92 0,54 0,32 0,26 0,07 0,00
3 0,17 1,22 0.36 0,36 0,49 1,18 1,70 0,49 0,28 {. 0,23 0,06 0,00
4 0,14 1,28 0.31 0,34 0,43 0,62 0,96 1,93 0,24 0;19 0,05 0,00
5 0.1 0,956 0,28 0,20 0,38 0.4 0,90 1,42 0,25 0,16 0,04 0,00
6 0,12 0,69 0,26 0.4 0,81 0,72 1,39 1,59 0,21 0,13 0,05 . 0,00
7 0,1t 0,49 0,22 0,3 1,00 0,96 1,20 1,4 0,18 0,12 0,02 0,00
8 0,12 0,95 0,22 1,32 0,74 0.1 0,88 1,37 0,19 0,11 0,06 0,00
1 " o012 0,48 0,21 0,93 0,61 0,83 1,12 1,31 0,23 0,12 0,04 0,00
10 - 0,12 o.M 0,19 0,62 0,62 1.6 0,95 1,26 0,20 0,13 0,02 0,00
n 0,12 1,22 0,16 0,84 0,51 2,86 1,49 1,18 0,21 0,17 . 0,00 0,00
12 0,12 1,52 0,14 -0,94 0,64 3,40 1,00 1,4 0,19 0,35 00 0,00
y 13 0,12 1,16 0,12 092 0,48 1,70 | 0,8 1. 0,22 0,17 ,00 0,00
S 14 0,12 0,5¢ 0,12 0,32 0,48 2,21 1,26 0,98 0,23 0,13 0,00 0,00
' 13 0,12 0,38 0,12 0,44 0,44 2,76 078 069 | 025 0,16 0,00 0,00
% 0,12 0,32 0,10 0,42 0,42 1,47 1,98 0,61 0,23 0,12 0,00 0,00
7 0,22 0,39 0,10 0,38 0,49 1,12 1,36 0,76 0,20 0,10 0,00 0,00
8 0,43 0,4 0,08 034 | 046 0,82 0,93 067 ‘| 0,8 0,08 0,00 0,00
19 0,38 0,69 0,08 0,32 0,41 0,58 0,91 0,58 017 enn | o000 0,00
20 1,48 1,64 0,10 1,00 0,48 0,62 0,70 0,44 04~N]| 0,12 0,00 0,65
21 0,43 1,53 o1 0,82 0,4 L 2,62 0,41 0,15 0,06 0,00 0,63
22 0,39 1,46 0,21 0,64 0,62 0,72 2,31 0,43 0,20 0,09 0,00 0,56
23 0,34 1,00 0,18 0,40 0,54 0,76 1,86 0,39 0,17 0,12 0,00 0,68
24 0,28 0,83 0,21 0,62 0,41 0,69 1,5 0,41 0,14 0,11 0,00 0,61
s 0,45 0,59 007 | on 0,72 ‘0,56 IR} 0,64 0,16 0,10 0,00 0,53
26 0,49 0,46 0,20 0,76 0.9 8,70 0,98 0,65 0,13 6,07 0,00 0,48
7 0,50 0,44 0,62 0,94 0,78 0,83 0,90 0,7} 0.14 0,08 0,00 0,44
28 6,12 0,42 0,60 0,92 2,9 118 0,81 0,78 013 - 0,04 0,00 0,35
2% | - 048 0,51 0,30 10,77 1,78 1,65 0,76 0,65 oM 0,06 0,00 0,29
30 0,51 0,46 0,86 0,60 0,92 2,12 0,68 0,47 0,13 0,05 0,00 0,24
3 . 0,40 0,68 0,81 0,63 9,15 0,03 0,00 0,18

Hauteur d'eau maximale de 3,40 atuteinte le 12 Septembre




-

STUNG DAUNTRY A MAUNG . : ' o

Débits en métres cubes
Année hydrologique Aveil 1962 - Mars 1963

Avril Moi Juin Juiltet Agut Septembre| Ocrobre | Novembre Décembre Janvier Favrier Mars

1 6,22 2,66 1,38 1,06 2,1 4,94 17,00 1,98 0,91 0,48 0,04 €,00

2. o.n 4,08 1,06 0.54 1,61 6,50 16,00 1,713 0,62 0,43 0,05 0,00

3 0,20 7,52 8,7¢ 0,19 1,44 7,10 13,10 1,44 0,49 0,34 0,04 0,00

4 0,14 9,18 0,28 0,70 1,11 2,4 4,94 5,60 0,37 0,24 0,03 0,00

5 0,10 4,94 0,48 0,26 0,87 1,00 4,40 9,74 0,40 0,18 0,02 0,00

é 0,11 2,73 0,43 1,00 3,68 2,96 9,39 11,80 0,19 0,13 0,03 0,00

? 0,10 1,44 0,32 0,79 .10 4,94 7.30 9,62 0,22 o.n 0,01 0,00

" 0,1 4,94 0. 8,82 2,12 0,28 4,24 9,47 Q24 0,10 0,04 0,00

9 ot 1,38 0.29 4,67 217 3,84 6,50 8,51 0,34 AT 0,02 0,00

10 0,tt 0,20 0,24 2,24 .U 12,00 4,94 7,96 0,26 - 0,13 0,01 0,00

n - 0,0 7,52 0,18 3,92 1,55 30,40 10,60 7,70 0,29 0,20 0,00 0,00

12 o1 10,90 0,14 476 2,38 40,50 5.30 6,70 0,24 0,16 0,00 0,00

1 o, 6,90 0.1 4,58 1,38 13,10 408 |. 6,40 0,32 0,20 0,00 0,00

14 o, L73 0,1t 0,62 1,38 20,20 7.96 $.12 0,34 0,13 0,00 0,00

13 o, 0,87 o1 1,17 117 26,70 3,44 4,32 0,40 0,18 9,00 0,00

18 o.n 0,62 0,08 1,06 1,08 10,30 16,80 3,68 0,34 0.1 0,00 0,00

ir: 0,32 0,91 0,08 0,87 1.44 $.50 9,08 2,28 0,26 - 0,08 0,00 0,00

. 13 1Y 1,00 . 0.05 0,70 1,27 3.76 4,67 2,59 0,22 0.06 0,00 0,00
9o 19 0.87 2,73 0,06 0,62 1,00 2,66 4,49 1,98 0,20 0,10 0.00 0,00
- 20 10,50 12,40 0.08 .30 1,38 2,24 280 |- 1,17 o4 0,11 0,00 1,06
) 2 K1 1o | . o0 3,76 1,00 6.40 2640 .| 1,00 0.18 0,04 0,00 1,02
22 0.9 10,20 0,29 2,38 2,24 2,96 21,70 1 0,26 0,07 c.or 0,88

23 0,70 5,30 .22 0,95 1,73 3,28 15,20 0,91 0,20 o1 0,00 1,12

b1 0,43 3,84 0,29 2,18 1,00 i | 10,80 1,00 oW 0,10 0,00 0,99

2 121 2,04 0,20 288 | 29 1,85 6,40 2,38 0,18 0,08 0,00 0,82

26 1,44 1,27 0,26 3228 4,49 2,80 5,12 2,45 ¢.12 0,05 0,00 0,72

.27 1,49 117 2,24 4,76 344 3,84 4,40 2,88 0,4 0,06 €,00 8,64

28 o 1,06 2,10 4,58 3,30 7.1¢ 3,68 i 0,13 - 0,02 0,00 0,48

29 1,38 1,55 0,54 3,3 14,10 12,50 3,28 2,45 . 0,10 0,04 0,00 0,34

20 1,55 1,27 4,08 2,30 458 18,80 2,66 1,33 0,13 0,03 0,00 0,25

n 0,95 . 2,86 2,17 17 0,16 0,02 0,12

Dabit toral 15,76 113,67 16,94 | 77,22 106,80 266,43 258,82 129,84 8,63 420 - 0,29 8,41
meyenne 0,53 3,67 - 0,56 2,49 3,45 8,48 8,35 4,33 0.28 D14 0,01 0,27
1/s0c/ kmd 0,83 4,40 0,68 2,99 4,13 10,84 10,00 5,18 0,33 0,15 0,0 0,23

Ecoulemant
on 106 w3 1,3 9,82 1,48 6,67 9,23 23,02 22,3 11,22 0.75 0,36 0,03 0,73
Ecou! t
o 1,83 11,80 1,80 8,00 11,00 27,80 25,80 13,40 0,90 0,40 0.00 0,90
Maximum 10,50 12,40 4,08 8,62° 3,30 40,50 26,40 11,80 0,91 0,49 0,05 1,06
Minimum 0,10 0,28 0,06 0,26 0,87 0,28 L7 0,91 0,10 002 - 0,00 0,00
Maximum 40,50 Moyenne 2,76 Ecoulement en 106 m} 87,01
Minimum 0,00 1/sec/km2 3,30 Ecoulement en mm 104,2
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STUNG MONGXOL. - BOREY A MONGKOL - BOREY

-

Hautcurs a I"échelle en métces

Année hydrologique - Avsil 1962 - Mars 1963

Avrit - Mo Juin . Juillet Aoyt Seprembre Octobre Novembre § Décembee Jonvier Feveigr Mars
i 0,85 0.9 1,02 4,10 4,84 5,00 5.61 4,65 2,78 1,09 0,84 0,77
2 0,82 0,84 0,84 3,87 4,82 4,96 5,64 4,56 2,74 1,08 0,84 0,67
3 0,78 0,92 0,64 3,7 4,74 4,92 5,66 4,47 2,65 1,08 0,83 0,67
4 0,74 0,90 2,00 3,57 4,67 4,88 5,68 4,43 2,54 1,08 0,82 067
5 0,73 0,85 2.34 3,60 4,77 4,86 5,72 4,41 2,48 1,07 0,82 0,66
& 0,73 1,04 3,32 3,51 4,87 4,9 576 4,44 2,41 1,07 0,81 0,70
7 0,72 A7 - 3,82 3,34 4,92 4.9 5,80 4,80 2.30 1,07 0,81 0.72
8 1, on 1,22 as? 3,42 4,95 5,08 - 5,82 4,86 2.0 1,06 0,81 0.71
g |60 1,12 Ln 3,82 4,97 KR 5,84 ° 4,60 2,10 1,06 0,80 0.70
10 0,68 0.98 .72 3,58 5,00 5,22 5,84 4,38 1,98 1,04 0,80 0.67
1] 066 | 092 2,38 3,77 5,02 5,32 5,84 4,20 1,88 1,02 0,80 0,69
12 - 0.66 0,92 2,47 3,39 5,04 5,57 5,82 4,12 1,78 1.00 0,80 0,68
. 13 0,60 1,20 2,34 3,5 5,08 6,06 5,79 4,04 1,64 0,99 082" | 044
o 14 0,70 1,54 2,34 3,71 5,08 6,1 5,78 3,97 1,54 0,98 0,80 0,46
» 15 0,76 - 1,36 2,3 3,06 5,06 6,47 5,78 3,90 1.40 0.96 0,79 0,69
16 0,77 1,10 3,08 3,92 5.06 6,16 5.76 3,82 1,28 0.94 078 | on
7 0,75 1,00 2,97 4,20 5,06 | 6,13 5,72 3,7 1.26 0,93 0,78 8N
18 0,87 1,00 2,93 4,06 - 5,08 6,09 . 5,68 3,48 1,26 0,93 0,86 0,70
19 0,82 1,08 2,92 31,78 - - 5,06 6,06 5,64 3,60 1.22 0,9 0,84 0,74
20 0,78 1,46 2,06 - 3,60 5.06 6,02 5.58 3,52 1,21 0,92 0,87 0,74
1 0,76 1,30 3.00 4,32 5.04 597 5,52 3,44 1.18 0,92 0,83 0,72
2 0,72 1,02 2,52 4,60 5,00. 5,92 5,46 3,3% 1,14 0,92 0,7¢ 0,79
23 o.n 0,92 3,92 4,67 4,94 5,87 5,40 3,30 1,12 0,90 0,75 0,79
24 0,80 1,25 3,89 4,73 4,92 5.82 5,34 3,22 1,10 0,90 0,77 0,79
25 0,76 1,50 1 3,76 4,82 4,92 5,78 5,27 3.14 1,07 0,90 0,72 0,74
26 0,74 1,34 3,54 4,86 4,92 5,77 5,18 3.06 1,04 0,89 0,70 0,71
27 0,71 1,20 2,04 4,88 4,914 S, 5,10 3,00 1,00 0,89 0,70 0.73
28 0,71 1,14 2,58 4,90 4,97 5,70 5,02 2,99 1,00 0,88 0,68 0,72
29 0,72 1,10 2,62 4,88 4,98 5,86 4,92 2,9 1,00 0,87 0,70
30 0,73 1,07 2,95 4,80 4,99 5.65 4,82 2.85 1,00 0,86 0,72
n 1,07 1,80 5,00 473 - 1,00 0,85 0,71

Hauteur d'cau maximale 6,17 le 15 Scprembre 1962

Hautcur Jcau minimale 064 le 13 Mars 1963
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STUNG MONGKOL - BOREY A MONGKOL BOREY

Débits en métres cubes par seconde
Année hydrologique - Avril 1962 - Mars 1963

Avril Mai Juin Juillet Aout Septambre § Dctobre Noua_nbu Décambrs Jonvier Février Mars
} 1,83 2.24 e 388 55.3 @4 69.0 22,0 14,0 3,5 1.80 0,54
2 1,62 1,76 1.78 32,6 54,6 45,4 70,0 20,6 4 3,4 1,80 0,54
3 1,34 2.32 0,40 3.2 52,0 44,8 7.8 16,8 14,6 3,4 1,70 | 0,54
4 1,05 2,18 10,60 28.1 9.9 42,9 716 18,5 14,4 3.4 t,70 0,54
5 0,98 1,83 13,70 23,6 53,0 41,2 7.8 18,4 14,4 3,3 1,60 0,46
f 0,98 3,18 24,60 7.2 56,4 39,8 81,4 19,0 14,4 3.3 1,54 0,76
? 0.91 406 30,80 249 58,1 29,3 85,0 30,0 13,2 3,3 1,54 0,%0
8 0,84 4.50 28,10 26,0 59,2 45,4 86,5 32,4 12,6 3,2 1,54 0,84
? 0.78 372 22,00 31,0 80,1 46,2 88,0 26,4 13,6 3.2 1,48 0,90
10 0,62 2,80 17,40 29,2 61,2 55,7 87,0 21,8 10,4 3t 1,48 0,54
1 0,46 2,32 14,10 ne 62,1 60,8 86,5 20,0 9.8 3.0 1,48 0,70
12 0,46 232 15,00 25,6 62,9 7,2 85,0 18,0 88 2,8 1.46 0,60
13 0,62 430 13,80 20,0 63,7 13,0 82.0 16,8 7.8 2.9 1,80 0.3
4 0,26 680 13,80 30,2 63,2 142,0 82,0 16,4 &8 2,7 1.4% 0,44
15 118 5.4 13,40 21,2 63.1 150,0 82.0 16,0 5.8 2.8 1,40 0.70
. 1% 1.26 3,60 24,50 33,4 62,4 1480 80,4 15,6 50 2.4 1,34 0.84
,_ 17 1,12 2,90 20,20 38,6 61,0 140,0 76,5 15,4 a8 2,4 1,34 0.84
o 1 1,96 790 19,80 35,0 60,9 130 | 70 1,2 48 2,4 1.90 0,50
> L 1,62 34 19,60 3,2 80,3 126,0 8,5 14,6 4 2.4 176 1,06
' L 1,34 6,2 nwo 2.7 59,2 1190 { - 635 14,2 44 2.3 196 1.06
Fi LI 5,00 20,60 4,2 sr0 |° e 58,8 14,0 4,2 2.3 1.70 0% |-
2 o.M 3,40 15,40 48,0 54,2 05,0 55,0 13,9 3,0 2,3 1,40 1.40
3 0.91 2,32 33,40 49,9 51,2 101,0 5,0 12,8 39 2,2 1.12 , 1,40
H 1,48 4,70 32,80 518 48,8 92,0 43,0 13,6 3.6 2,2 .30 1,40
25 1.18 6,50 31,00 54,6 47,7 ar,6 44,8 13,5 3.4 2,2 0.90 1,06
2 1,06 5,40 7.0 56,0 473 84,0 40,4 13,4 3,2 2.1 0,76 0.84
F1 0.84 430 11,00 56,8 47,4 82,5 36,0 13,4 2.8 2.1 0.76 1,00
28 0,84 3,87 16,00 57,4 48,0 78,4 334 14,4 28 2,0 0,60 0,%0
2% 9.90 360 16,40 5488 488 740 30,4 14,2 28 19 0,76
30 0,98 3,3 20,00 54,0 488 71,6 27,0 14,0 28 19 0,90
A 3,38 54,0 48,8 . 24,8 28 18 0,84
Totol 34,97 114,64 | 539,40 1178,8 1726,6 2568,2 2018,% 528,1 232,2 82,0 46,36 25,48
Moyenne 1,07 3,70 17,98 38,03 55,70 85,61 £5,13 17,60 7,49 2,64 1,44 0,82
Déebiv specilique : .
1 8skm2 0,26 0,89 4,31 9,12 13,3 22,53 15,62 422 1,80 0,63 0,35 0,20
Ecoulement :
an 106 m3 2,762 9,905 46,604 101,848] 149,178 221,992] 174,432 45,628 20,062 7,085 2,487 2,200
Ecoulement . )
en mm 0,66 2,38 11,18 24,43 35,78 53,21 41,83 10,94 4,81 1,70 0,84 0.53
G Mox imum 1,96 6,80 33,4 - 57,4 83,7 150,0 88,0 32,4 14,0 s 1,96 1,40
; Minimum 0,46 1.76 0,40 21,2 47,3 39,3 248 13,4 2.8 1,8 0.60 0.3
Maximum 150,00 Moyenne224.90 Ecoulement en 106 m3 785,085
Minimum 0,40 I/s/ km* 5,97 Ecoulement ¢n mm. 188,27
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Hauteurs a l'échelle en métres
Année hydrologique --Aveil 1962 - Mars 1963

Avril Mo Juin Juiller Aout Septembre Ociobra Novembre | Décembre Jonvier | Février Mars
1 1,63 1,63 5,39 5,77 6,81 5,69 3,71 1,47 0,89 0,72
2 1,63 1,61 5,43 5,79 6,85 5,65 3,65 1,47 0,89 0,72
3 1,82 1,61 5,51 5,8t 6,89 5,53 3,59 1,43 0,89 0.7
' 1,63 1,63 5,51 5,81 6,95 5,3¢% 3,52 1,37 0,89 a7
3 1,65 1,61 5,53 5,79 7,01 5,41 3,40 1,35 0,87 0,70
5 1.65 1,69 ' 5,54 5,77 7,07 5,31 3,3 1,35 0,87 0,70
7 1,65 1,67 5,48 - 5,89 7.09 5,29 3,20 1,33 0,85 0,66
8 1,65 1,65 : ‘5,46 6,07 7.n 5,29 3,09 1,33 0,85 0,68
) 9 1,67 1,65 5,43 &1 7.1 5,23 3,00 §,29 0.85 0,66
o V,67 1,61 5,41 6,37 7,09 5,19 2.9 1,27 0,85 0,64
R n 1,67 1,7 5,41 6,41 7.07 513 2,82 1,25 0,83 0,64
12 V.67 1,71 5,45 7.7 5,99 5N 2,7% 1,23 0,82 0,64
.‘_ 13 1,69 1,79 5,41 7.4) 7.03 5,05 2,65 V.22 0.81 0,64
G 14 1,69 1,77 5,41 7,45 6,91 4,93 2,59 1,21 0,81 0,62
+ 15 1,69 1,75 5,43 7.47 6,89 4. 2,53 1,18 - 0,79 0,62
16 1,65 1,73 5,43 7.47 6,88 4,83 2,43 1,17 0,79 0,62
17 1,69 1,69 5,43 7.43 4,83 4,73 2,37 1,17 0,79 0,62
18 1,61 1,55 5,4} 7,29 8,79 an 2,27 LN 0.79 0,60
19 1,61 1,49 5,41 7.27 8,71 4,65 2,13 1,09 0.79 0,60
20 1,61 1.4 5,41 7.21 6,67 4,53 2,01 1,03 0,77 2,60
21 1.81 5,41 7.47 6,63 4,41 1,9% 1,01 0,77 0,60
12 1,61 5,37 7.13 6,47 4,13 1,95 0,99 0,75 0,60
23 1,61 5,43 7.01 8,37 4,29 1,87 0,99 0,74 0,60
24 1,61 . 5,41 6,97 46,29 4,19 1,83 0,97 0,73 0,60
25 1,63 5,40 6,89 6,27 411 1,77 0,94 0,73 0,62
26 1,63 5,44 5,93 6,25 - 4,05 1,73 0,92 0,72 0,62
27 1,63 543 6,95 4,13 3,99 1,7% 0,91 0,72 0,62
i 1,63 5,42 $,9 6,01 3,93 1,69 0N 0,72 0,43
29 1,61 5,45 6,93 59 3,89 1,63 0,91 0,64
30 1,63 5,39 5,59 6,85 5,79 3,83 1,59 0,91 0,464
31 5,39 5,67 5,75 1,52 0,89 0,64
Hauteur d'eau maximale 7,47 atteinte les 15 ec 16 Septembre 1962
Hauteur d'cau minimale 0,60 atteinte du 18 au 23 Mars 1963
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Lebits cn meéri Vomde

Annéc Hydrologique - Avril 1962 - Mars 1063 '
Aveil Mai Juin Juillet Aoyt Septembee [ Octobce | Novembra | Ddcambes Janvier Favrier Mors
1 1.88 1,88 5, 42 1465 15.¢ 4,80 1,55 0,49 0.23
2 "1,88 1.8 52 4] 125 15¢ 4.60 1,55 0,49 0.23
3 1,88 1,83 58 4 189 15,0 4,50 1,46 0,49 0.22
d 1,88 1,88 58 43 02 14,0 4,30 1,35 0,49 0,22
5 1,93 1.83 57 42 230 12,0 4,00 1,30 0,46 0.20
[ L9 2,03 56 40 56 10.0 3,70 1,30 0.45 0,20
Hi 1,93 1,98 51 50 285 10,5 3,30 1.2% | 0,43 0,16
& 1,93 1,93 43 72 270 10,5 3.20 1,25 0,43 0.6
9 1,98 1,93 45 s 278 10,0 2.90 1,18 0,43 0,186
10 1,99 1,88 a4 115 250 10,0 2.80 1,15 0,4‘;! 0,14
1" 1,98 2,08 a2 125 240 10,0 2,80 110 040 §. 014
12 1,98 2.08 47 as? 200 2.5 2,70 1,05 0,18 0,14
R 13 1,03 2,28 39 482 20 9.3 2,60 1,04 0,)7 0,14
4 2,03 zn 39 503 175 8.8 2,50 1.02 0.37 212
15 2.03 .18 k! 515 170 8.8 2:50 0.95 0.34 0,12
i6 2,03 211 kY 512 1568 8.0 2.40 0,94 0,34 0.12
17 2,03 2,03 15 492 155 7.3 2.30 094 0,34 0.12
18 1,83 1.0 n 47 us 1.5 2,30 0,84 0.34 0.10
19 1,83 1.58 12 407 125 7.3 2,20 0.80 0,34 0.10
0 .83 1,42 30 - 368 [k 8,6 2,10 0,70 . 0,10
. 1,83 28 343 105 6,2 2.10 0,87 on 0,10
2 1,83 25 k) 74 8,0 2,00 0.64 .28 0,10
23 1,83 28 263 57 5,1 2.00 0,64 0.26 0.10
i 1,83 5 147 50 55 §.90 0.61 0,18 0,10
25 1.89 u Fih] 45 5.4 135 0,56 0.15 0,12
26 188 7 M & 5,3 1.40 0,53 0,23 0.12
7 1,08 2% 720 37 5.2 1,78 .52 0,2) 9,12
1 1,83 2 20 30 51 1,70 0,52 0,23 0,13
9 1,82 n Fild 24 5.1 §,45 0,52 0.14
0 1,68 52,0 32 180 13 50 1,65 0.52 0,14
3 . 51,0 33 1?7 180 0,49 014
Total 57.30 11670 71690 44910 260,2 82,5 26,61 10,17 4,43
Mf{jm_ . L9t 38,3 7% 145 A,A7 2,64 0,86 0,36 0,14
Ddsin spdeifique su8 | 554 33,6 0.2 0.462 a0 | c.o008 | 0003
ceoviement en i
106 m3 4.95 102.54 419,40 388,20 22,48 FAE 2,30 0.88 0,38
Ecovlement .
en mm 1,2 23,8 1437 90,1 52 1.7 0.5 0,2 01
Moximum 2.0 57.0 515 78 15,8 490 1,55 0,49 0,23
Minimum 1,83 24.0 0.0 17.0 5.0 1,60 0,49 0,22 0.10
! _ Période Maximum 51% Movenne Ecoulement en 106 m3
L Mistimam 0 fie 1/s/km2 Ecoulement en mm
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O PRANET PREAH A BENG CHHOUK

Hauteurs 4 I'échelle en métres
Année hydrologique --Avril 1962 - Mars 1963

Avril Moi Juin Juiller Asut  Septembrs Cctobre Novembre Décembre Janvier Février Mors
1 1,09 1,32 1.86 1,70 - 1,38 1,16
2 4,07 1,30 1,87 1,75 1,37 1,8
3 1,07 1,32 1,50 1,73 1,35 1,16
4 1,08 1,3 1,92 1,76 1,34 1,16
5 1.09 1,33 1,98 1,80 1,32 1,18
[ 1,08 .35 2,02 1,77 1,30 1,15
7. 1,07 1,38 2,03 1,76 1,28 1,15
8 1,07 1,48 | 2.08 1,75 1,26 1,15
9 1,06 1,5 2,06 1,74 1,25 1,1
10 1,08 1,60 2,12 §,73 1,27 1,13
1 1,09 1,67 .1 1,72 1,27 L1
. 12 1,09 1,72 2,10 1,68 1,25 1,13
- 13 1,08 1,78 2,16 - 1,65 1,24 1,12
] 14 1,09 1,78 2,13 1,60 1,23 I
' 15 1,08 1,82 2,16 1,56 1,20 1,10
% 1,09 i,90 2,13 1,52 1,19
17 1,10 1,96 2,09 1,48 1,18
18 1,09 £,99 2,06 1,47 117
¢ 1,08 2,02 2,00 1.46 1,18
20 1.10 1,9 1,98 1,45 1,19
21 1,10 1,94 1,96 1,44 1,20
22 1,09 1,90 1,54 1,43 1,19
13 1,09 1,84 1,92 1,42 1,18
24 11?7 1,78 1,90 1,41 1,17
25 . 1,30 1,77 1,87 1,40 1,16
26 1,10 1,33 1,75 1,86 1,38 1,15
27 1,09 1,38 1,74 1,86 1,37 1,16
28 1,09 1,39 1,74 1,84 1,39 1,17
29 1,08 1,39 1,75 1,82 1,38 1,16
30 1,10 1,38 1,80 1,79 1,3 1.16
3] 1,1} 1,35 1,75 1,16
: i
: }
_Hauteur d'ean maximale 2,16 m atteinte les 13 et 15 Octobre 1962
Hauteur d'eau minimale atteinte le




O PRANET PREAH A BENG CHHOUK

Lichirs on mztres cubes par scconde
Année Hydrologique - Aveil 1862 - Mars 1963

Aveil Me: Juin Juillet Aout Septembre | Dciobre Novembre | Decembre Jonvier Favrier Mars
H 0,116 0,58 12,3 10,70 0,95 0.18
2 0,108 0,50 %5 15,10 0,87 0,13
3 0108 0,58 11,8 14,00 0,74 0.8
4 6,112 0,48 "3 15,70 0,48 0,13
5 ¢,.116 0,43 1.7 18,10 0,58 0,17
[} 0,112 D8l 3.0 1,30 0,50 0. 17
7 0,108 0,95 30,0 15,70 0,43 o
[} 0,108 2,70 3,5 15,10 0.3? 0,17
¥ 6. 104 5,46 »3 14,58 0,34 0. 16
10 ¢, 112 7,50 40,0 14,00 0,40 0,18
i 0.6 10,90 345 13,50 0,40 0.15
i"l! 0118 13,48 2.6 11.30 0. 0.15
13 0,112 15,10 45,0 .90 0,32 [ ¥}
14 0,118 14,90 2.5 7.50 0,30 0,13
. 5 0.112 19,70 50.0 5.5 0.24 0.12
16 0,118 16,80 45.0 4,00 .12
. 17 0,120 by ¥ | 35,0 210 0,20
— 18 0,118 3,0 .0 2.45 019
& 19 0,112 39,3 2.7 2,26 0,20
. 0 0,120 32 19,0 195 0,22 .
n 0,110 Jo.s 18,6 1.79 0,24
22 0,118 25,8 18,4 1,63 0,22 ‘s
i 2,11& nd 18,0 1,47 0,20
-3d - 0,130 18,9 17,0 L 0,19
25 0, 300 15,7 150 - 115 0,18
2% 0,120 0,430 13,2 18,6 0,95 Q.47
27 0,116 0,850 10,7 17.0 0,87 0.18
28 0.6 1,050 8.0 17,0 1,05 0.19
ki) 0,112 1,050 5.7 16,5 0,95 0,13
30 0,120 0,950 7.9 15,1 0.8) 0.1
31 ¢.130 0,810 13,2 0.18
Total 0,713 8,742 419,97 758 40 222,40 10,60 2,40
Moyenne 0,282 14,00 24,455 7,414 Q,)lz
Débis spécifiauy 0.189 8383 | taeso | a0 205
1 3 hmd
Ecoulement .
en 108 m 0,76 35,29 85,52 1%, 2 0,92
i Ecovlement
en mm 0.5 21,7 29,2 1n.s 0.5
Maximum _ 1,050 J9.2 50,0 18,16 0,75
Minimum 0,104 0.50 2.5 0,81 0,17
’ Période Maximum SO, Moyenn\‘z Ecoulemcne 106 m3 12297
Minimumn I/s/km Ecoulement aun. 73.6
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STUNG PURSAT A PURSAT

Hauteurs 4 I'échelie en métres
Avril 1962 - Mars 1963

Avrid Mai Juin Juillet Aout Ssplembre Dcrobre Hovembrs § Décombre Jenvier Favrier Moars
1 0,30 0,87 0,59 0,84 1,00 1,86 3,30 1,66 0,68 0,30 0,16 0,14
2 0,32 8,85 6,52 0,88 0,92 1,15 3,40 .60 0,66 0,30 0,16 0,12
3 0,35 0,88 0,48 0,89 0,85 1,57 3,80 1,40 0,62 0,32 0,14 0,12
4 g3¢ | 09 8,40 0,91 0,80 1,45 4,32 1,36 0,50 0,32 0,14 0,12
s 0,27 0,38 2,25 110 1,28 1,42 4,44 1,48 0,58 0,32 0,14 0,12
6 0,25 0,82 2,35 1,22 3,34 1,44 4,35 1,62 0,54 0.30 0,14 0,12
7 0,23 0,78 1,65 1,28 4,15 1,49 4,17 1,64 9,54 0,30 0,14 D,10
8 0,20 0,82 112 1,42 3,32 2,50 4,08 1,45 0,54 0,30 0,14 0,10
] 0,21 0,68 1,10 1,70 2,00 3,10 3,66 1,30 0,54 0,28 0,14 0,10
10 0,20 0,62 . 1,09 1,70 1,85 3,05 1,50 1,20 0,50 0,28 0,4 0,10
n 0,20 0,58 1,09 1,72 1,90 3,50 3,70 1,12 0,50 0,25 0,14 0,10
12 8,20 0,62 1,00 1,22 2,25 4,20 3,46 1,08 0,50 0,26 0,14 0,10
) 13 0,20 0,38} 0,7¢ 1,50 2,60 2,90 3,06 0,98 0,48 0,26 0,14 0,10
* 11 0,20 0,92 0,79 1.99 2,62 2,30 2,62 0,92 0,44 0,24 0,14 0,08
" 15 0,29 8,75 0,76 2,38 1,82 2,89 2,34 0,88 0,43 0,24 0,14 0,08
16 0,35 0,80 0,72 2,10 1,60 2,82 2,74 0,84 0,42 0,24 0,14 0,08
17 0,44 0,86 0,73 1,88 1,52 2,80 2,50 0,80 0,41 0,24 0,14 0,08
18 0,49 0,81 070 2,28 1,38 2,75 2,20 0,76 0,41 0,22 0,14 0,08
19 0,50 0,78 0.65 2,40 1,39 2,65 2,30 0,72 0,40 0,22 0,22 0,06
20 0,50 0,76 0,62 3,80 1,42 2,72 388 | 0.8 039 - 0,20 0,22 0,06
21 0,52 0,49 0,84 1,56, 1,3? 2.85 4,54 0,86 0,3 | o020 0,22 g,10
22 0,54 0,56 " 0,85 2,80 1,50 2,9 4,60 0,86 0,37 0,20 0,18 0,08
23 0,55 0,64 0,79 2,10 1,42 2,4 T 4,38 0,66 0,36 0,20 0,18 0,08
1 0,54 0,66 0,75 2,23 2,00 2,58 388 | 04656 0,35 0,18 0,16 0,18
25 0,44 0,72 0,74 2,85 3,15 2,44 3,40 0,66 0,34 0,18 0,18 0,24
2% 0,60 0,74 0,74 2,86 2,52 2,50 3,06 0,62 0,34 018 | 0,5 0,24
27 0,75 0,71 0,72 2,00 1,89 2,35 2,98 0,62 0,33 0,18 0,14 0,32
28 0,80 0,67 0.81 1,89 1,92 2,92 2,86 0,66 0,32 0,18 0,14 | 0,34
29 0,85 0,45 0,84 1,68 . 2,49 3,02 2,48 0,58 0,31 15 0,30°
30 0,90 0,62 0,80 1,30 2,20 3,03 2,14 0,70 0, 0,15 - 0,28
31 ' 0,63 1,20 1,93 1,85 ' 0,30 0,18 : 0,34
Hauteur d'eau maximale 4,60 le 22 Ocrobre 1962
Hauteur d'eau minimale 0,06 les 19 et 20 Mars 1963
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STUNG PURSAT A PURSAT

Débits en métres cubes par seconde

Année Hydrologique Avril 1962 - Mars 1963

Avril Mai Juin Juill ot Aout Septembre | Octrobrs MNovembra | Décembre Jonvise Fivrier Mors
1 P 25,4 thi 23,7 33,0 89,0 218 7,7 15,5 21 0.5 0,4
2 .5 0,3 8,1 25,9 28,2 81,0 229 70.5 14,5 P 0,4 0,3
3 3,2 25,9 6,6 2.5 24,3 68,6 272 57,5 12,5 1,5 0,4 0,3
4 2,1 27,0 42 . 27,6 21,8 60,8 37 54,9 1.5 2,5 0,4 0,3
[ 1.7 25,9 120,0 39,0 49,8 58,2 368 62,7 10,6 2,8 0.4 0,1
3 1.4 22,8 1290 45,2 2220 59,5 351 . 7.9 89 21 0,4 0.2
7 1,2 20,8 740 49,8 9,0 83,4 322 73,3 8,9 2,1 0,4 0,2
8 0,8 2,2 40,2 58,8 2200 14,2 304 &1,4 8,9 2,1 D4 0,2
2 0,9 15,5 35,0 7.5 1000 198.0 258 51,0 8,9 1.8 0,4 0,2
10 0,8 12,5 384 77,5 88,3 193,0 244 45,0 7.2 1.8 0,4 0,2
3 08 10,6 38,4 78,9 92,0 238,0 260 40,2 7,2 1,6 .4 0,2
12 0.8 12,5 33,0 48,2 120,0 32,0 23¢ 35,4 7.2 1.6 0,4 0,2
13 0,8 22,1 21,0 64,0 151,0 170,0 192 s 8,6 1.6 0,4 0,2
14 0,8 2,2 0.0 99,2 153,0 124,0 153 28,2 S.4 13 0,4 0,1
15 2,0 19,0 t9.5 31,0 85,0 17,0 128 259 L 13 0.4 0,!
16 3,2 215 7,5 108,0 70,5 171,0 164 2.7 4,8 1.3 0,4 0,1
. 17 5.4 4.8 18,0 90,5 45,3 169,0 142 .5 4,5 1.3 0,4 0,1
@ 18 8.9 2.1 18,5 122,0 58,2 165,0 Hs 19,5 4.5 1.0 Al 01
~ 19 7.2 20,5 14,0 33,0 56,9 156,0 124 17,5 4,2 1.0 1,0 ot
. 0 1.2 19.5 12,5 2720 58.8 12,0 182 15,5 4,0 0.0 1.9 0,1
P]] 81 13,0 237 2450 55,8 174,60 383 14,8 38 0,8 1.0 0,2
22 8,9 14,8 24,3 1690 64,0 180.0 394 14,5 24 0,8 0.6 c.1
23 9.4 13,5 21,0 108,0 58,8 170,0 11 14,5 3,4 0.8 0,6 0,1 )
24 10,2 14,5 19,0 12,0 100,0 149,0 282 14,5 3,2 0,5 0,5 0,5
2% 54 17,5 18,5 174,0 202,0 137,0 228 14,5 2,9 0.6 0,5 1,3
24 1,s ie,5 18,5 175,0 144,0 142,0 194 12,5 2,9 0,6 0,5 ‘e 1,3
27 19,0 17,0 17,8 100,0 91,3 1290 186 12,5 2,7 0.4 0,4 25
A 2.5 15,0 22,1 9.3 93,6 180,0 174 14,$ 2,5 - 0.6 0,4 2,9
byl 243 140 23,7 - 78,1 136,0 190.0 140 15,5 2.3 0.5 2,3
0 27,0 12,5 218 51,0 116,0 ) 1t 18,5 2,3 0.5 1.8
3 13,0 45,0 94,4 1 2,1 0.5 2,9
v Total 197,1 589,6 8918 2949.7 s . 43927 7244 12073 192,4 41,3 13,8 19,7
Moyenne 6,4 19.0 19,7 95.2 102,3 1464 233,7 34,2 6,2 1.3 0,5 0,6
12 km? L 425 6,36 2,24 22,84 32,68 52,16 744 1,39 0,30 o.M | o014
Ecoulemsnt i ) .
¢ 106 md 7,03 50,94 17,05 254,85 274,02 279,53 625,88 104,31 14,64 3,57 )19 1,70
Ecoulament '
en mm 3,8 1.4 7.2 56,9 81,2 84,7 39,7 23,3 3.7 0.8 0.3 0,4
Moximum 7.0 28,2 129.0 72,0 ns0 1280 394 747 15,5 5 1.0 2,9
Minimum 0.8 o5 4,2 23,7 21,5 58,2 | 89 12,5 2,1 0.5 0.4 0,1
Maximum 394 Moyenne 57,3 Ecoulement en 100 m? | 806,77
Minimum 0,1 I/s/km2 12,79 Ecoulement en mm 403, 3
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ANNEX 6. GEOLOGIC MAPS FOR THE GREAT

2D _STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY 7 LAKE BASIN
103 104° 105°

i

*taken from "Grc:lund-Water Resources of
Cambodia"™ by W.C. Rasmussen and
ﬂ D G.M. Bradford, U.S.G.S8)
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PLATE 3

--*----E%L*NFIH-------'-’

Holocene [ Qva YOUNG ALLUVIUMSand, silt. and clay with some gravel EI HERCYNIAN GRANITE ! .
i E L2
Pleistocene { ALLUYIUM—Unditferentiated QUATERNARY HERCYNIAN DIORITE AND GRANITE
«atocene Lo OLD LLUYIDM —Sand, clay, silt, and lsterite; yellowish- iﬁ}ii} POST-TRIASSIC GRANITE
Holocene laterite; coarse sand and fine gravel. Terraeedemtl A~ s
l!f silt, and gravel in places weathered to laterite .
- .
etocesus [0 CRETACEOUS TO - CONTACT ROCKS WITH MASSIVE GRANITE
. FIE UPPE} INDOSINIAS FORMATION-—Sandstone and
Paleocene | 2] } TERTIARY , ? HERCYNIAN (OROGONY»
y PRE-HERCYNIAN RHYOLITE * Pre-Hereynion |
SHALE, SANDSTONE AND CALCAREOUS SANDSTONE :
er Juraesic JURASSIC I - '
Pper POST-HERCYNIAN RHYOLITE ‘} Post-Hereyni
‘L Jsc SANDBTONE, S8ANDY MARL, AND CONGLOMERATE Carbomiferous m ) ereynian

MICROGRANITE

'. 1
oy [E POST-HERCYNIAN RHYOLITE AND DACITE > Post-Hercynian
HARIHE SHALE AND SANDY SHALE ) J E

':' ANDESITE
i

X ) GABBRG AND SERPENTINE
MIDDLE INDOSINIAS FORMATION —Red beds: sandstone, ’ o !

F shale, conglomerste, breccia, and tuff )
) \ BASALT
: . )

INDOSINIAS FORMATION—~Sandstone

RED TEDS: SANDSTONE AND SHALE

MARINE SANDSTONE AND SHALE TRIASSIC
*

LOW

PYR?XEN[TE AND AMFPHIBOLITE
IAS FORMATION UNDIFFERENTIATED :

i > PERMIAN - CRYSTALLINE SCHIST WITH PYROXENITE

NE
| ] I CRYSTALLINE SCHIST

NE AND SILICIFIED LIMESTONE

MERATE, SANDSTONE, AND SHALE

CARBONIFEROUS ——— -~ - Contact—Dushed where approximately located

AMiddle
Tarboniferous L SANDSTONE
. N Fauft
Lower
; 8 4
Denenian § SANDSTONE, LIMESTONE, CRYSTALLINE { DEVONIAN Syactine
Cambrian (o { ITE SCHIST, SERICITE SCHIST, MICACEOUS 1 AN Line of geologic scction
urian T, QUARTZITE, AND SANDSTONE J

Phrum Tét
’ Srei.202m.4 MOUNTAIN OR HILL-Showing elevation in metres
IAN ROCKS, UNDIFFERENTIATED {Chamhar Leu}

Phnum . . . .
CRYSTALLINE ROCK ?;Bsi:ua EXTINCT VOLCANIC CONE—Showing elevation in metres

¥
PRE-YfERCYNIAN GRANITE

102* 104°




ANNEX 7.

TOP TEN DISTRICTS OF EXPECTED RETURN FOR POPULATIONS OF
SITE 2, SITE B, AND SITE 8 (as reported by Ford Foundation Survey)

PLACE OF BIRTH PLACE OF EXPECTED RETURN

DISTRICT 3 PERSONS g PERSONS
TOTAL TOTAL
MUONG RUSSEY, BATTAMBANG 10.0 24,525 9.9 24,280
SANGKER, BATTAMBANG 9.7 23,789  11.4 27,979
BATTAMBANG, BATTAMBANG | 8.7 21,337  15.8 38,750
MONGOL BOREY, BATTAMBANG 6.0 14,715 6.0 14,715
BAKAN, PUBSAT 5.7 13,979 4.7 11,527
THMAR PUOK, BATTAMBANG * 5.5 13.489 5.3 12,998
SISOPHON, BATTAMBANG  * 3.3 3,093 4.3 11,282
KRALANH, SIEM RIEP * 2.8 6,867 2.5 6,131
BANTEAY AMPIL, ODDAR MEANCHEY * 1.0 2,453 2.2 5,396
PREAH NET PREAH, BATTAMBANG * 1.5 3,679 1.4 3,434

54.2 % 132,926 63.8 % 156,470

NOTE Data reported in terms of pre-1975 geography and division of
districts, as these were points of reference for the respondents.

*  These d:i:stricts are now part of a new province called Banteay,
Mean Chey



ANNEX 8.

Provinces | District|Communes |No. of L Local Camp populationl® increaiw
in in in villagek Popula-} wishing to re- "{flwg. the

survey survey survey tion turn(all camps)|returnee

: \ influx

Battambang!| Sangk 9% = 130%% 68744%%] 10782%xxx% 60%
Kompong : ’
Preah 6 . 4555 \ 892 ) 20%

O Dam-
bang I1I 6 6601 2273 ' 35%

Mong
| Russey 11%x Q2%x* 72529%%]| 31181%%x% ~ 43%

Kear 11 9469 \
Mong 13. 7701 1875 8%
{Prey Svay 9 ‘ 7555 -

Battam- N . ,

_bapg | 10%x _ 82288%%| 42220%%% 31%
) Chrey 7 8857 J. 1383 16%
Tameun 10 10986 924 5%
Tapoun 7 9949

Banteay Mongkol | S \
Meanchey Borey li%* 157%% 1102900%% | 18302% %% 18%
Seua 11 8397 779 9.3%

3 . Chom Nom - 17 - 10048 - 1791 18%
: Phnom Toit| 10 7171 . 934 13%
‘- [Rohat Tuk 13 7779 466 6%
Russey o

Krok 17 17528 1492 o 9%
Banteay -

Neng 19 13340 - 1869 14%

l Koi Meng 8 4939 872 . 17.5%

D Prasat 14 9874 1946 20%
Total all . ' 1 ' .

communes 44 - 326461 132485 41%
Total
communes. : L
in the 1 . '

survev 16 - 44749 17496 12%

e
oS

R ) Battambang and Banteay Meanchey, °*

- the 4 districts and 16 communes
surveyed with percentage increases
in each geographical unit following
the returnee influx.

* Site 2, Sok Sann, Site B, Boray, Site K, O Trao, Khao-i-Dang and
Ban That. ' :

** Data of all administrative units within a district including those
.not incorporated into the survey.

**¥* Returnees wishing to settle in all communes of the district in-
cluding those not in the survey. .
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ANNEX 10. DATA ON EXISTING WATER SUPPLIES FOR
VILLAGES IN BATTAMBANG AND BANTEAY
MEAN CHEY PROVINCES



Page No. 1
08/14/90
DATA OF EXISTING WAYER SUPPLIES
FOR MONGOL BOREY DISTRICT OF
BARTRAY MEAN CHEY PROVINCK
OXFAY¥
VILLAGE NOMBER NUMBER NOMBER NUMBER FAMILY WOMBER WO. VILLAGE WONBER  WOMBKR DOUG AVERAGE SWI WELLS SWL WELLS  WAXINDM NEARBY SURFACE WATER

FAMILIRS PERSONS FANILY PONDS DORING VILLAGE PONDS DURING  DOG VELLS DURING DEPYH  DURING  DURING  DISTANCE ¥= NOY AVAIL AT ALL
POKDS  DRY SEASON POMDS  DRY SRASON WELLS DRY SKASON  DUG DRT  BAINY 10 COLLECY Y- AVAIL. BOTH SEASOM

NITH WATER WITH WATER VITH VATER WELLS  SEASON  SEASON WATER YHzAVAIL, WET SEASOM

¥ DISTRICT MONGOL BOREY

* COMMUNE CHAM NOM ,
CHAM KO¥ EST 225 1166 B2 17 0 0 1 1 8 6.0 3.0 100Y
TA SALL 125 648 15 ] 0 0 0 0 0 0.0 0.0 150 Y
BOSS TUN.LOAP 7% 360 0 0 0 0 4 3 2 1.5 2.0 2007
SRE PREY 64 394 0 0 0 0 5 5 2 1.5 0.0 2007
BOEUNG TRASS 147 778 5 L} 0 0 3 .3 4 34 0.5 60 ¥
IAUL PORLEY i 190 1 0 1 1 ¢ 0 0 0.0 0.0 o0 Y
RAAUNG IAUDOFUM 106 544 30 0 0 0 0 0 (i 0.0 0.0 WY
CHUOR KHCHASS 96 482 B 0 0 o 3 3 3 2.0 1.0 150 Y
RUNG VOAW EST . 134 612 7 3 1 1 0 ] 0 0,0 0.0 200 Y
PRALAY CHAR 1z 428 6 1 (1 0 0 0 0 0.0 0.0 100 7
CBAK NOM WEST 9 W 15 1 0 0 0 0 6 0.0 0.0 By
RONG VOANLECH u 656 2 5 1 0 0 0 0 0.0 0.0 100 Y
T4 BON 43 1% 3 0 0 0 1 1 3 2.0° 0.5 5 1

. RAURG XAD CROWG 121 689 10 5 1 0 0 0 0 0.0 0.0 0y
DANG TRANG 156 0 3 1 2 2 6 6 5 4.5 1.5 700§
PEAN RAUNGIAD 0 360 9 0 0 0 0 0 0 0.0 0.0 0r
RAUNG KAULARDAL 184 889 u 1 1 1 ¢ 0 0 0.0 0.0 100 Y
¥ Subsubtotal
2060 9442 2N 43 6 5 2 2
+ COMMUNE ROHATH TUK
ROHATH TUX 46 264 1 1 1 1 0 0 0 0.0 0.0 01
TRAMOL 135 653 8 0 0 0 0 0 0 0.0 0.0 071
I0R SVAY 142 790 45 10 0 0 0 0 0 0.0 0.0 08
0 DARGIOR in 850 25 5 1 0 3 3 5 4.0 2.0 oR
CRORY LECH 16 398 0 0 0 0 0 0 0 0.0 0.0 0y
LRROM CHROM 119 633 8 2 1 0 0 0 0 0.0 0.0 Y
DAUR ¥0UL 23 85 18 2 0 ] 0 0 0 0.0 0.0 on
PO P1 DOEUM 162 823 6 0 2 1 0 0 0 0.0 0.0 0y
PREX SAMRONG 142 6582 i 10 2 0 0 9 0 0.0 0.0 0r
CHAMCAR CHER 165 819 10 0 5 3 0 0 0 0.0 0.0 0K
0 CHOAP 136 696 0 0 1 1 2 2 10 4.0 0.0 [N ]
THRAL BATH 117 657 40 k) 1 1 0 0 0 0.0 0.0 0y
CBORI IEUTH n 363 i1 3 2 1 0 0 0 0.0 0.0 07
¥ Subgubtotal ?
1511 M3 ar 64 16 8 5 5

3 COMNUNE RUSSEY IRORK

LOUNG 211 1309 3 10 1 1 0 0 0 0.0 0.0 50 Y
PRA SISR4- 86 454 3 13 ! 1 0 0 0 0.0 0.0 0 NA
AKLUNG MEANTROP 161 838 61 2 1 1 0 0 0 0.0 0.0 0y
0TAMA 66 309 17 6 0 0 0 0 0 0.0 0.0 (1
014 TOUL 128 715 16 16 | i 0 0 0 0.0 0.0 0 NA
PRALAYLUONGERON 45 688 47 k] 1 0 0 0 0 0.0 0.0 0 A



Page No. 2

08/14/90
DATA DR BXISTING WATER SUPPLIES
TOR MONGOL BORXY DISTRICY 0F
BANTEAY NEAR CHEY PROVINCR
OXFAN
VILLAGE WOMBER WUMBER NOMBER WUMBER FAMILY - WUMBER HO. VILLAGE WMBER  WUMBER DOG AVERAGE SWL WELLS SWL WELLS  MAXINUM NEARBY SURFACE WATER
FAMILIRS PERSONS FAMILY PONDS DURING VILLAGE PONDS DURING.  DOG WELLS DURING DEPTH  DORING  DURIEG  DISTANCE M- NOT AVAIL AT ALL
POKDS  DBY SEASOR PONDS ORY SEASON WELLS DRY SEASON DG DRY RAINY T0 COLLECT Y- AVAIL. BOTH SEASON
WITH ¥ATER WITR WATIR WITH WATER WELLS  SEASON  SEASON WATER YN-AVAIL. WET SEASOM
NEARG KETH 183 1112 2% 1 1 1 0 0 0 0.0 0.0 0T
ANCHANH 143 g2l kY] 3 2 0 0 0 0 0.0 0.0 0 NA
CHANCAR TADORL bx kI KT V) 6 16 4 1 6 [ i 3.3 1.0 6H7Y
SAMRONG 179 1071 17 10 2 1 0 0 0 0.0 0.0 07
I0H KEO 168 868 7 0 2 2 0 0 0 0.0 0.0 %Y
KAUL SVAY C 239 1380 Bl 11 0 0 0 0 0 0.0 0.0 27
CHUX TRAV 157 B98 100 60 2 2 2 2 ] 3.5 1.0 W
RUSSEY ERORK 603 3315 5% 03 4 4 { 6 (1 0.0 0.0 67
PRALAY LUONGLOU 142 812 64 ] 0 ¢ 0 0 0 0.0 0.0 0N
SALA DENG 198 g8l 100 50 3 3 0 0 0 0.0 0.0 65 Y
PREX RO PEAG 164 826 | 16 0 0 0 0 0 0.0 0.0 1HY
* Subsubtotal %
3204 17809 - 1241 559 7] 18 12 8
¥ COMMUNE SEUR : .
THROT 228 - 1084 (] 4 1 1 1. 1 7 4.5 2.0 350 Y
BOSS LAORK 20 1w | 2 i 0 0 0 0 0.0 0.0 300 Y
SEUR 154 778 0 0 0 0 0 0 0 0.0 0.0 400 Y
BOKURG TAOCH - 176 938 2 1 0 0 0 0 0 0.0 0.0 350 Y
BOUR 145 m 2 0 0 0 0 0 0 0.0 0.0 307
ANSAM CHEK 53 273 0 0 0 0 0 0 0 0.0 0.0 0y
PELAGVDANREYLOD 1260 632 2 0 0 0 0 1] 0 0.0 0.0 350 Y
PHLAUY DAMREY 218 1073 2 0 0 0 0 0 0 0.0 0.0 400 Y
0 SEOR 75 380 3 0 1 1 0 0 0 0.0 0.0 200 YN
LAUK SAMRONG 123 606 13 1 2 2 0 0 0 0.0 0.0 400 TN
TA MAD 118 518 3 3 0 0 ] 0 1 0.0 0.0 00 ¥
¥ Subsubtotal %
1628 B 55 11 5 4 1 1
1 Sobtotal 22
8403 43155 1TH ' 877 n 35 1 36

1y Total 12
8403 43155 1M1 817 n £ L] 4 ]



Page No. 1
08/14/90
DATA OR EXISTING ‘WATER SUPPLIES
PR DISTRICYS OF BATTAMBANG PROVINCE
OXFAM
VILLAGE NOMBER NUMBER WOUMBER NUMBRR FAMILY WUMBER NO. VILLAGK WOMBER WOMBER DOG AVERAGE SWL WELLS SV WRLLS  MAXINUM NEARBY SURFACE WATER

FAXILIES PERSONS FAMILY PONDS DURING OILLAGE PONDS DURING DO WRLLS DURING DYPTM  DURING  DORING  DISTANCE N= NOT AVAIL AT ALL
PONDS  DRY GEASON POWDS DAY SEASON WELLS DRY SEASOM  M0G DRY  RAINY 70 COLLECT Y= AVAIL. BOTH SEASOM
VITE WATER WITE ATR WITH UATIR WRLLS  SEASON  GRASON WATER YN=AVAIL. WRT SEASON
¥x DISTRICT BATTAMBANG

¥ CONMUNE ANLUNG UMM

CHAR 67 289 0 0 0 0 2 2 4 3.0 1.0 Jo0 R
$DA SLAR i) 380 0 0 1 1 1 2 4 2.1 2.0 200 ¥
SOPHY 13 519 0 0 0 0 L] L 4 3.0 0.0 400 N
IRU0SS 130 676 0 0 1 1 0 0 0 0.0 0.0 500 Y
CBORB KAB 8 302 0 0 0 0 5 5 4 1.7 0.0 200. 0
¥ Sobsubtotal *
499 2296 0 0 2 1 u 14
t COMMUNE. BORUNG PRING
POY TA 5KI 160 938 5 0 i 4 0 0 0 0.0 0.0 0y
BOEUNG PRING 536 332 5 - 2 2. 0 0 0 0.0 0.0 50 Y
"~ 0 NBOR 3T 1828 ] 2 2 2 0 0. 0 0.0 0.0 0y
SNODL TORRG 118 013 80 ] 1 10 0 0 0.0 0.0 207
¥ Sobsubtotal s ) .
151 6701 166 117 8 ) 0 0-
s COMMUNE CRRAUT SDAO
CHRAUY ‘5DAO 432 38 47 3 2 H 1 ' 7.0 3.0 1000 Y
NIKUM IRAO 400 2208 1 3 10 'l 1 1 7 4.0 1.0 200 Y
NIIOM ENORG 416 2060 16 5 1 1 0 0 0 0.0 0.0 400 Y
¥ Subsubtotal #
1248 6620 254 55 it 17 2 2
s COMNDWE CHREY
CHREY 148 186 H 0 0 0 0 0 0 0.0 0.0 1000 §
PO PEAL IHE 216 1080 0 0 i 0 0 0 0 0.0 0.0 kLN |
SVAY CHRUM 208 976 28 0 1 0 5 5 7 5.0 0.0 600 ¥
LROOSS 7] k'] 0 0 0 0 0 0 0 0.0 0.0 0N
I0R AU 210 1087 {1 0 0 0 3 3 6 41 3.5 300 Y
HAY SAN 18 25 36 0 [ L 5 8 3.0 0.0 1000 N
PRET TOTUNG 24 149 150 0 0 0 8 8 7 5.5 0.0 200 N
CHREY THMEY 27 831 100 0 2 2 2 2 10 8.0 6.0 500 Y
ANLONG -ROWK 8 490 60 0 0 0 0 0 0 0.0 0.0 1000 X
[HBAL KHNOCH 145 710 KH] 0 0 0 2 2 [ 0.0 3.0 350 &
¥ Subsubtotal 1 i
1750 8990 708 3 | 2 -] 25
¥ COMMUNE LAUK KHMOUM
LANDAL THBAUNG 24 11 60 0 2 2 0 0 0 0.0 0.0 170 Y
CHROR NEANG 136 640 a0 30 2 2 0 0 0 0.0 0.0 Ha
IANDAL CHOEUNG 112 515 26 1 i 1 0 0 0 0.0 0.0 350 N
EAUT  IHMOUN 149 15 50 20 1 1 0 0 0 0.0 0.0 180 N
TA MEML 178 848 15 0 [} 2 0 0 0 0.0 0.0 200 8
IEAN TAISS 2 32 1758 150 6 0 0 0 0 0 0.0 0.0 300 Y



' Page %o. 2
08/14/90
DATA OF EXISTING WATER SOPPLIRS
JOR DISTRICTS OF RAYTAMRANG PROVINCE
l OXFAX
. VILLAGE NOMBER NUMBSR NOMBER NUMBRR FAMILY WUMBER MO, VILLAGE NOMBER NOWBRR DOC AVERAGE SWL WELLS SWL WELLS  WAXINUM WEARBY SURFACE WATER
l FAMILIES PERSOWS FAILY POWDS DURING VILLAGE POMDS DORIMG  DUG WELLS DURING DEPTH  DORING  DURING  DISTANCE = WOT AVAIL AT ALL
PONDS  DRY SEASON PONDS  DRY SNASON WELLS DRY SEASOM  DOG DRT  RAINT 10 COLGECY Y- AVAIL. BOTH SEASON
WITH WATRR WITE WATRR VITH WATER WELLS  GEASON  SEASON  WATER YN-AVAIL. WEY SEASOM
l IRIN LAISS 1 0 uB 0 0 3 3 3 k] 4 3.0 1.5 100 ¥
CHRLE KAON %5 1ML A 7 0 0 0 ] 0 0.0 0.0 300 Y
t Suhsubtotal ¥
' 1720 8267 454 13 3 3
 COMMONE QTAXI
PO PEAL IHR 381 1598 50 2 0 0 0 0 0 0.0 0.0 0Y
THASS %4 1160 15 0 ] 00 ] ] 0.0 0.0 0Y
PRET 207086 00 998 0 0 1 0 0 0 0 0.0 0.0 500 §
0TAR B30T 10 0 ) 0 0 0 0 0.0 0.9 oW
IR (] 1B 8 3 ] ] 0. 2 2 4 1.0 0.5 150 §
PREY. DACH 2% 1010 0 ) 0 4 0 i 35 2.0 200.§
' ¥EAL TREA 33 1815 150 3 { 40 0 0 0.0 0.0 0Y
TRAING omoum 2 ) 1 P4 | 3.5 2.0 200 ¥
¥ Subsubtota] % . )
l 2203 10538 259 5 6 R ] 6
* COMMUNE T2 POUNG
: POY SAN. RONG 48 194 100 0 1 i 0 ) 0 0.0 0.0 500 MY
AGRICOLTURE 22 103 .. 100 0 9 0 0 ] ) 0.0 0.0 0
l LD THDOOCH 01 2049 200 0 2 2 0 0 ] 0.0 0.9 100 YH
THMAR RUAL U5 1395 5 0 0 0 0 ] 0 0.0 0.0 0N
1A POUNG 172 89 3 0 1 1 10 6 5.5 4.0 500 K
MG 210 140 30 0 1 0 1 1 6 5.0 3.0 500 N
l P0Y YORG 36 154 100 0 2 2 4 1 6 5.0 2.0 100 1N
t Sphaubtotal 3
1984 BB3T 565 0 1 6 15 15
13 Sabtotal &3
l 10556 53252 2406 m 55 0 8 3
12 DISTRICT LAET
* COMMUNE CRAMCAR SAMRONG
CHAMCARSANRORGZ 169 2602 % 12 1 1 B 8 5 5 2.0 ON
WOATH ROWDOOL A5 U4 6 0 2 1 2 2 5 40 2.0 0y
VOATH LEAD 650 3335 2 0 0 0 15 15 | 2.0 1.0 300 ¥
PHEA SLA a4 1495 3 0 2 0 1 5 4.0 2.0 07
CHANCARSAMRONG! Q08 1% % 0 2 1 5 2 5 4.0 2.0 300 K
t Subsubtotal ¢
219 11811 68 12 7 I 4 38
l * COMMUNE KLAPHEAP
PRET MOHA T5P 638 3380 0 0 1 1 0 ] 0 0.0 0.0 0Y
20/5 637 3775 0 0 ) 0 0 0 0 0.0 0.0 0Y
LANALAR M6 1638 3 0 2 2 1 1 10 1.0 3.0 50 ¢
l TONPONG TRABEY 560 4785 . 0 0 0 ¢ 0 0 0 0.0 0.0 0Y
1



Page bo. 3
08/14/90
DATA ON EXISTING WATER SUPPLIRS
JOR DISTRICTS OF BATTAMRARG PROVINGK
OXFAN
~ VILLAGE WOMBIR WOMBER NWOWBER NUMBER FAMILY WOMBER NO. VILLACE NOWBER  WOMBER DOG AVERAGE SWL WELLS SWL WELLS  MAXIMOM WEARHT SURFACE WATER

FAMILIES PERSONS FAMILY POWDS DURING VILLAGE PONDS DURING  DUG WELLS DURIWG DEPTH  DORING  DORING DISTANCE N- WOT AVAIL AT ALL
PONDS  DRY SEASON POMDS  DRY SEASON WELLS DRY SEASOM DG DRY  RAINY 70 COLLECT Y= AVAIL. DOTH SEASON

WITH WATER WITH WATIR WITH WATER WELLS  SEASON  SEASOM WATER YN-AVAIL. WET SEASON

% Subsubtotal ¥

2081 1H78 3 0 3 3 1 1
s COMMURE [DOL
TA PROOCE %2 1086 § 0 1 0 2 1 3 2.5 1.0 00 Y
LARTUOT 194 1118 15 0 0 -0 1 1 1 5.5 2.0 KB §
THIAOV 28 1248 10 0 0 ] ) 0 0 0.0 0.0 125 Y
IDOL 182 an 2 0 0 0 0 0 0 0.0 0.0 7Y
CHOWG PREX 203 801 17 6 1 1 0 0 0 0.0 0.0 Y
1 10Y 170 830 15 0 1 0 0 -0 0 0.0 0.0 60Y
OTANUP 218 968 66 0 3 0 0 0 0 0.0 0.0 %57
1 Subsubtota) % . oL

13T 1082 150 6 6 1 3 2
+ COMMUNE SITYAPHEAP
SLA IRTE - 267 1145 5 2 2 0 3 3 7 6.0 3.0 207
CHEREY EAOWG 20 153l 0 1 1 1 1 10 9.0 1.0 500 N
DAY SPEY 452 - 2295 28 3 3 2 0 0 0 0.0 0.0 0
% Subsabtotal #

1039 4863 60 ] (] 3 4 4
* COMMUNE OMALL .
BOERG RAING 167 1036 45 0 2 2 2 2 9 6.0 5.5 500 X
PREY DACH 143 193 k) 0 0 0 8 i 8 7.5 6.0 400 N
[ADR SEX L] 408 10 0 0 0 2 2 7 5.0 4.5 100 N
SALA BALAT 109 716 13 0 1 1 0 0 0 0.0 0.0 500 N
LACL PONLET 1 630 k] 0 2 0 3 0 7 6.5 6.0 1500 0
PREY ROKAR 116 810 90 2 0 0 8 (} 1 5.7 0.0 900 ¥
DAX S0R0SS 66 308 16 6 2 1 0 0 0 0.0 0.0 1000 ¥
% Subeubtotal ¢

797 4503 17 8 7 4 23 13
1 COMNUNE SAMALI : :
ANH CHAYE m 15U 57 0 3 0 1 1 6 5.5 3.0 0N
[AP 120 THNEY 49 2807 1 0 1 1 4 ' 3 1.0 -2.0 100 Y
PEEY IADN STI 118 613 10 0 0 0 2 2 9 7.8 1.5 1000 Y
ARG 2286 - 1160 30 5 1 1 2 2 10 8.0 1.0 100 Y
ANDAONG CHENE 236 1360 20 ¢ 1 1 3 3 5 4.0 3.5 150 Y
0 CHAR 500 217 3 0 0 0 13 13 6 3.0 1.0 2000 Y
s Subsubtotal 8

1804 10241 149 5 6 3 2% 25
* COMMUNE SVAY POR 1 . :
TOOL TA EX 628 3505 30 7 2 2 4 2 8 6.0 5.0 500 Y
OTAKOAN 3 26 14 15 0 0 0 2 2 8 6.0 4.0 300 Y
DANGIOR TEAP 160 1028 25 0 2 Z 3 3 4 2.0 1.0 100 ¥
OTALOAN 2 M6 3068 i 0 1 1 3 3 8 6.0 4.0 00 0



Page Mo, |
08/14/90
DATA OF TXISTING WATER SUPPLIES
TOR DISTRICTS OF BATTAMBANG PROVINCE
OXFAM
VILLAGE WOMBER WOMBER WUMBER NUMBER FAMILY WOMBER MO. VILLAGE WOMEIE NOUMBER DG AVERAGE SWL WELLS SWL WELLS  MAXIMOM NEARBY SURFACE WATER

FANILIRS PERSONMS FANILY PONDS DURING VILLAGE PONDS DORING  DOG WELLS DURINC DEPYH  DORING  DORING  DISTANCE ¥= MOT AVALL AT ALL
POHDS  DRY SEASON PONDS DRY SNASON WRLLS DRY SEASOR  DOG DRY  RAIRY 10 COLLECT Y= AVAIL. BOTH SEASON

WITH WATER Vit m WITH WATER WELLS - SEASOM  SEASOM VATIR YW=AVAIL. WET SEASON
OTAKOAN 1| 541 2978 3 1 0 0 0 0 0 0.0 0.0 2008
¥ Subsubtotal 3
2101 11881 127 8 5 H 12 10
* COMMUNE SVAY POR 2
CHARREAX 14 1% 0 0 1 1 (] 0 0 0.0 0.0 500 ¥
LOR ETH 138 756 3 2 0 0 0 0 0 0.0 0.0 107Y
13 JANVIER 656 3985 0 ¢ 1 0 0 0 0 0.0 0.0 1000 Y
0 XHCHEAY 108 629 2 0 1 1 0 0 0 0.0 0.0 1000
PREK TA ‘TORMW 129 2 0 0 0 0 0 0 1] 0.0 0.0 1000 Y
PREX ‘PREARSDACE 43 14 0 0 0 0 0 (] 0 0.0 0.0 500 Y
CHAMCAR RUSSEY 135 T34 0 0 0 0 1 1 10 7.0 10.0 700 N
BEX CHAR YRMEY 173 1088 0 0 1 1.0 0 0 0.0 0.0 on
t Subsabtota) ¢ :
1688 - 9576 L] 2 | 3 1 1
* COMMONE SVAY POR 3 :
RACHARAL 6 2184 ] § 1 1 4 4 4 3.5 1.0 0y
ROMCHER 2 3L 728 .00 0 1 1 5 5 $ 0.0 0.0 01
ROMCHEX 4 282 M0 -9 0 0 0 0 0 0 0.0 0.0 on
ROMCHEI 5 m 967 0 0 0 0 0 0 0 0.0 0.0 0N
SOPHY 2 28 2218 6 0 0 0 0 0 0 0.0 0.0 200 Y
ROMCHER § 252 1380 3 0 0 0 1 1 5 4.0 2.0 200 Y
t Subsubtotal ¢
1403 8858 4 5 2 2 10 10
* COMMUNE WOATH KOR
WOATH KOR 492 2080 5 5 0 0 0 0 0 0.0 0.0 0y
CHRAB KRASAIRG 552 2M8 210 0 1 1 8 8 8 {0 2.0 200 0
DAMBAL LOONE /7 1915 » 0 3 3 5 5 7 5.8 4.0 Joo
THSACE POY 01 108 15 2 0 0 0 0 0 0.0 0.0 01
BALABG 263 1359 16 0 0 0 22 2 7 5.8 3.0 150 K
IOMPONG SETMA- U1 1245 21 1 ] 0 ] 4 8 6.0 3.0 50 1
¥ Sobsubtotal $
212 12052 358 8 8§ 4 39 K}
11 Subtotal st
16761 84085 1151 59 5 158 143
1 DISTRICT WAUMG BOSSEY
+ COMMUNE CHEEY _
PREX CHIK 96 426 1 0 0 0 0 0 0 0.0 0.0 1000 B
CHREY 1 115 479 | 0 0 0 0 0 0 0.0 0.0 150 Y
DAUNTRY 01 1024 8 0 5 ] 0 0 0 0.0 0.0 2001
MREAS PREUV 231 1043 & [ 0 0 0 0 0 0.0 0.0 50 Y
TUOL TA YHORN 132 532 7 7 0 0 0 0 0 0.0 0.0 507
ARG TRARG 209 1359 3 5 2 2 0 ] 0 0.0 0.0 00Y



Page Mo, 5

08/14/90 .
DATA OF KXISTING WATER SUPPLIES
TOR DISTRICYS OF BATTAMBANG PROVINCE
OXFAN
VILLAGE WMBER WUMBER WOMEER WOMBER FAMILY NOMBER MO. VILLAGE FOUMBER MUMBER DOG AVERAGE SWL WELLS SWL WELLS  MAXIMOM NEARBY SUBFACE WATEM
PAMILIES PERGONS FAMILY PONDS DURING VILLAGE POWDS DORING  DOG WELLS DORIWG DEPTH  DORING  DURING  DISTAMCE M- ¥OT AVALL AT ALL
PONDS  DRY SEASON PONDS DY SEASOM WELLS  DRY SEASON DG DRY RAINT YO COLLECT Y- AVAIL. BOTH SEASON
WITH VATRR RITE IR WITH WATER WELLS  SEASOM  SEASOM WATER YH-AVAIL. WET SEASON
CHREY 2 210 890 7 0 0 0 0 0 0 0.0 0.0 2001
CHREY CHOEUMG 2% 1018 k4] 0 3 3 0 0 0 0.0 0.0 8O0 T
CHONG SAMNAY %5 133 5 0 0 0 0 0 0 0.0 0.0 50 1
¥ Subspbiotal ¥
1780 6084 108 18 10 10 0 0
*+ COMMONE EOKoH
TUOL. PRO¥ 2 130 522 6 0 2 2 0 0 0 0.0 0.0 1000 0
CHORT TA0CH 188 1 § 5 3 1 0 0 0 0.0 0.0 2500 Y
PARARG 139 891 0 0 (] 0 0 0 0 0.0 0.0 200 Y
SR 0 21 131 16 0 1 0 2 2 5 0 -1.5 400 TN
CHORY THOM 243 1253 8 4 5 § 0 0 0 0.0 0.0 1000 Y
() (1] 224 M4 16 n 5 10 0 0 0.0 0.0 300 Y
TOOL PRUM 1 355 - 1538 12 0 § 2 2 1 8 5.5 2.0 300 18
t Subsubtotal ¢ : : .
1601 7166 - &3 - § 2 Y 4 3
¥ COMMONE MADMG I , ‘
T4 108 2 148 197 19 0 1 Y0 ] 0 0.0 0.0 1000 ¥
IOR CHA 69 328 0 0 0 0 0 0 0 0.0 0.0 200 Y
MADNG L1} i i 2 0 0 0 0 0 0.0 0.0 o0 Y
ROSSEY 2 14 9 12 0 3 0 0 0 0 0.0 0.0 1000 Y
0 LRABAQ 102 491 0 1 0 0 -0 0 0 - 0.0 0.0 2007
ROLUOS 148 825 3 0 3 3 0 0 0 0.0 0.0 200 TN
DOXUN DAUNG 124 668 18 0 1 0 0 0 0 0.0 0.0 500 7
ROSSEY 1 120 584 12 0 2 0 0 0 0 0.0 0.0 1000 Y
TA TOL 101 598 16 0 1 0 0 0 0 0.0 0.0 00Y
1) ur 575 13 0 1 0 0 0 (] 0.0 0.0 1200 Y
PRALAY 111 446 20 0 0 0 ¢ 0 0 0.0 0.0 1300 Y
PEU i 419 0 ¢ 0 0 0 0 0 0.0 0.0 2001
LANSAY BANTEAY 229 101 28 0 1 0 0 0 0 0.0 0.0 007
1 Subaybtotal *
1536 T2 46 2 13 3 0 0
¥ COMMUNE PREX CHIK
PREK 12 VEM 4 222 0 9 0 ] 0 0 0 0.0 0.0 200 Y
CHEKE CHAMPREUS 121 569 0 0 0 1 0 0 0 0.0 0.0 200 Y
$ Subsubtotal § )
164 1 0 0 0 0 0 0
$ COMMUNE PREY SVAY
CHAN RORAR . (] 250, | 0 1 e 1 1 ] 3.0 1.0 300 YR
SRAMOR NEAS . 18T e 50 0 3 ] 0 0 0 0.0 0.0 2000
ROM CHEL 10 185 2 0 1 0 2 2 4 3.3 2.0 100 N
PREY PREAL 168 489 2% 0 1 1 2 0 3 30 0.5 70K
PHLAUV BANBEL 12 500 4 0 1 1 0 0 0 0.0 0.0 200 N
PREY 57AY M 1Ty 3 0 0 0 4 4 L 4.5 4.0 1000 N



Page Ia.‘ [
08/14/90
DATA ON KXISTING WATER SUPPLIES
TOR DISTRICTS OF RATTAMRANG PROTINCE
OXFAN
VILLAGR WOMBER WOMBER NUMBER WOMBER FAMILY MNUMBER WO. VILLAGE NOMBYR  WUMBER DUG AVERAGE SWL WELLS SWL WELLS - MAXTNUX NEARBY SURFACE WATER

PAMILIES PERSONS FAMILY PONDS DURING VILLAGE PONDS DURING  DUG VELLS DURING DEKPTH  DURING  DURING  DISTANCE W= NOT AVAIL AT ALL
PONDS  DRY SEASON PONDS  DRT SEASON WELLS DRY SEASON  DOG DRY  RAINY TO COLLSCY Y= AVALL. BOYH SEASON

VITH WATER WITH VATER WITE GATER WELLS  SRASOM  SEASOM WATIR YN=AVAIL. VET SEASOH
T00L THNUNG - " 400 5 0 1 0 0 0 0 0.0 0.0 5000 Y
[ (] 183 897 20 0 0 ¢ 2 2 4 15 2.0 200 §
1 Subsubtotal ®
1224 5799 138 0 8 2 1 9
¥ COMMUNE PREY TAOCH
PREAN KIL 156 g01 100 10 2 2 8 2 5 4.5 1.0 200 TN
PEEY TAUCH 153 1803 103 b 2 -2 4 4 B 5.5 1.5 150 TH
YAUN EBLORG 338 1803 85 0 i 1 5 5 5 3.5 0.5 250 YN
TRMEY : 150 ™ 3 0 0 | 5 5 5 3.0 0.5 200 Y
STUNG CHAI 148 N 10 ] 0 0 4 4 4 2,2 1.0 800 Y
DOB IRASAING 146 895 - 140 20 1 -1 2 2 5 3.5 1.0 100 TH
¥ Subsubtotal *
1093 6789 441 3 [ I ]
¥ COMMONE ROBASS NONGIOL :
BOBUNG BEY 139 563 3 0 0 e 2 2 3 2.5 2.0 00Y
KAUN IARE 1 M2 870 20 0 0 9 0 0. 0 0.0 0.0 57
ANLURG TAUB 129 618 10 0 0 R 1 2 1.7 14 Y
PRET A 107 640 § 0 0 0 1 1 3 0.5 ~2.0 50 Y
JAON AR 2 -201 179 15 0 0 ] 0 0 0 0.0 0.0 20y
§ Subsubtotal % :
788 UM 53 0 0 0 ] 4
* COMMUNR RUSSEY ERAING ‘
NEAF TA TVEAR 150 735 0 0 0 0 0 0 0 0.0 0.0 150 1
TOOL RO KAR 156 801 15 0 0 0 2 2 4 4.0 0.0 300 T§
CHREY RUMM 201 1569 10 0 5 5 1 1 | 3.5 0.0 1000 TN
SRAS CHHEUNEARG 120 0 ] 0 3 0 3 3 7 6.0 0.0 100 TR
T00L SNUOL 209 . 1033 1 1 0 0 0 0 0 0.0 0.0 007
NITO 287 1386 20 0 5 3 0 0 0 0.0 0.0 150 Y
YEUN MEAM 44 1218 20 0 5 0 0 0 0 0.0 0.0 1000 Y
AMPIL CRBOUNG 214 1013 58 16 0 (' 0 0 0 0.0 0.0 1000 TN
THRAL BATH 33 173 e 0 1 0 0 0 0 0.0 0.0 1500 Y
NIXU¥ EROM 15 170 156 0 0 3 3 0 0 0.0 0.0 300 K
PICH CHANG VAR 157 790 130 0 0 0 2 2 L 4.5 0.0 1000 TN
% Subsubtotal 3 ‘ ' ,
2320 11910 752 17 19 11 11 8
¥ COMMUNE TA LOAS
SDEY STUNG 165 - 849 | 0 1 1 0 0 0 0.0 0.0 100 Y
MANORK 170 06 4 2 0 0 0 ] 0 0.0 0.0 100 ¥
VEAL 7 386 3 0 0 ] ¢ 4 7 5.5 4.5 701
. PRALAY 5SDAO 132 . 569 11 4 0 0 1 1 6 4.0 1.0 150 Y
TRASS 163 - T2 10 0 0 0 0 0 0 0.0 0.0 100 Y
STUNG TRMEY 110 551 6 2 0 ¢ 2 i 6 5.0 2.0 W
WOATH CHASS 131 565 13 1 0 0 11 " ] 6.5 3.5 700 Y



l Page Ro. 7

08/14/80

DATA ON RXISYING VATER SUPPLIES
FOR DISTRICTS OF BATTANEAWG PROVINCE
OIFAN
l VILLAGE WMBIR NUMBER WUWBER WOMBER FAMILY WOMBER ¥O. VILLAGE WONBAR  WOMBRR DOG AVERAGE SWL WRLLS SWL WELLS  MAXINOM WEARET SURPACE WATER
- FANILIES PERSOMS FAMILY POWDS DURING VILLAGR PONDS DURING  DOC WELLS DORING DEPTH  DURING  DURINC  DISYANCE Nz NOT AVAIL AY ALL
: PONDS  DRY SRASON - PONDS  DRY SEASON WRLLS DRT SEASON DOG DRY  RAINY Y0 COLLECT Y- AVAIL. BOTR SEASOM

l WITH WATRR VITH At VITH ATER WELLS  SEASON  SEASON  WATER YN-AVAIL. WET SEASON

SOUR SDEY 1M 8% 1 0 0 0 1 1 6 5.0 4.0 300 T

CHONG PRALAY 15 6% 10 0 ) 0 ] 6 1 6.0 .0 100 Y
I t Subsubtotal 2 ‘

122 5M1 82 9 1 1 % U4

% COMMUNE TAR

I 2 2 B 88 15 50 0 0 6 0 00 00 1007

, REAN IOR Wo¥n 2 0 3 3 0 0 0 0.0 0.0 100 1
M1 a5 11 13 0 1 N T 0 0 0.0 0.9 300 Y
ANLURG 5DAO 6 322 v 2 0 0 0 ) 0.0 0.0° 2000 ¥

. TaRAK 40 1200 2 S0 0 0 0 0 0.0 0.0 50 1N

I 0 T5A 3 124 10 0 10 0 0 0 0 0.0 0.0 5000 N

R 1 198 915 3 3 1 1 0 0 ] 0.0 0.0 200 ¥
% Subsubtotal » )
l 1388 11663 128 B % 1 ) 0
3 COMMUNE THIPPADEY
CHHAY BA LANG MM 3 0 3 2 0 0 0 0.0 0.0 300 X
LARTUOY 1M 0 0 1 1 0 0 0 0.0 0.0 500 N
I ) M &9 5 5 5 5 0 0 ] 0.0 0.0 300 0
SANRONG 16 sl 3 3 0 0 0 0 0 0.0 0.0 1500 §
CHOEUNG 'TINA M W 3 0 2 2 0 0 0 0.0 0.0 300
+ Subsubtotal ; :
l . 59 258 W B 1 10 0 0
55 Subtotal »
13715 72079 1906 107 - 126 68 M 7
l +1 DISTRICT SANGEIR
3 COMNUNE [ONPONG PREAH _ _ :
ARDADRG TRACH % MW 5 2. % 2 2 2 5 4.0 0.7 50N

' IRALANA 85 285 2 9 1 1 1 1 3 2.5 2.0 400 1

. TONPONG PREAR H6 163 i 1 1 ] 2 | 2.5 1.0 350 0
PANHA 19w w0 3 v 7 1 5 3.8 1.0 100 §
PREY CHEX 1 68 3 0 0 0 9 9 3 2.0 2.0 0
SRAS KAO 28 180 4 4 1 1 0 0 0 0.0 0.0 300 1
+ Subsubtota) ¢ AT ‘

g4 . 4560. 3 SRR | 5 2
% COMNUNE O DANBANG 2 : ‘ _

. 001 LOVIENG M IMs 0 I RO 0 10 0 .5 3.5 2.0 100 X
0 DANBANG 3 15M 0 N | 1 § B -5 6.0 3.0 200 Y
i SVAY THOM 281 1297 102 20 0 (R ] 6 6 0.0 0.0 500 WA

OMPORG MATORI 157 62 20 C40 { 4 4 4 6 45 3.0 100 WA
# Sobaubtotal *

120 518 I 60 5 5.2 2



Page No. L]
08/14/90
DATA ON EXISTING WATER SUPPLIES
FOR DISTRICYS OF BATYANRABG PROVINCE
‘ OXPAN
VILLAGE WONBER WOMBER WOMBER WOMBER FAMILY SOMBER %O. VILLAGR WOMBER WOMBER ROG AVERAGE SW1 WELLS SWL WELLS  MAXINOM BEARRY SURFACE WATER
FAMILIES PERSONS FAMILY PONDS DURING VILLAGE PONDS DURING  DOG WELLS DURING DRPTE  DORIKC  DORING DISTARCE = MOT AVALL AT ALL
PONDS - DRY SEASOM PONDS  DRY SEASOM WELLS DRY SEASON DG DRY RAINY 10 COLLECT Y= AVAIL. BOTH SEASON
VITH WATER NITH WAYIR WITH WATER WNLLS  SEASOM  SEASDN WATER YH=AVAIL. WET SEASON
+ COMMUNE O DANBANG 2
SvaY CHRIM 0 0 20 ¢ 0 0 3 3 5 4.0 2.0 1000 MA
DAMBAUI IBPOOSS 70 1365 20 10 2 2 7 5 5 4.0 3.0 200 &
t Sobsubtotal . R
20 1365 40 : 10 2 0 8
% COMNUNE RAING YRSSEY \ E
RAING IESSTY 120 My - 2. n 0 0 0 0 0 0.0 0.0 o
RAING IROL 10 58 15 155 2 2 0 0 0 0.0 0:0 ol
BORUNG VERG 14 u ¢ 1 | S 0 ] 0.0 0.0 o
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ANNEX 11.  Goverrment Statistics and Totals of Selected Survey
Data, and percentage increase in population following
" the returmee influx for selected districts.
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ANNEX 12. Summary Data on Existing Water Supplies for Districts
in Battambang and Banteay Mean Chey Provinces.

l Coluans 12 and 15 Percentage figures are the ¥ of total/50 fawilies in villages sueveyed (foe the district|.
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ANNEX 13.

‘CAMBODIA

THAILAND

SIEM REAP
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CHHNANG ’
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KAMPOT ’
& Kampot . -

.....

VIETNAM

PROPOSED SITES FOR RECEPTION CENTRES IN CAMBODIA
1 Mongol Borei Centre

2 Battambang Centre

3 Sangker‘Centre\

4 Maung.Ruséenyehtre

5 Pursat Centre |

6 Phnom Penh Centre
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SAMPLE ORIGINAL
L':ATmN TUBIDITY
(NTW)

ANNEX

RAW WATER RQUALITY TESTS FOR RIVERS
IN WESTERN PROVINCES OF CAMBODIA

OPTIMUM
AL UM
DOSAGE
(MG/L)

SEDIMENTATION
TIME
(HMOUR)

TURBIDITY
AFTER
SERIMENTATION
(NTW)

E-COLI
COUNT
RAWWATER
PER

E-COLI
COUNT
AFTER
24 HOu
PER
10ML

it o ——_— T T oy = T T T —" sl o . T T . S Tt AR AL o e T T S o ke o T TR TS S S UL Skl bk e o T T S MMM Al s St o s e TR S UL A S e e e TOTY

SIlBKE RIVER 120

0 TAKI 45
D.aANDASH 160
M'JNG RIVER 75

70

60

+3500



ANNEX 15.

OXFAM EMERGENCY WATER PACKS

Oxfam Emergency Water Packs are equipment developed by Oxfam and
well tried-out in various parts of the world. They are primarily
designed to help provide a reliable and safe water supply in
emergency eituations. Each pack comes complete with all the
necessary components, including tools required for quick
assembly.

At the intake two pumps are installed in parrallel (one duty and
one stand-by) on firm bases which should be elevated to above
flood level but also as close to the water level as possible to
minimize suction loss. The suction hose is connected to a special
footvalve/ strainer/ drum unit which helps to avoid sucking—in
river mud and floating debris. Through a length of delivery
hose/pipe, the water is pumped to fill a rawwater/ sedimentation
tank where a prepared volume of liguid aluminum sulfate (alum)
solution of know concentration is added to the incoming column of
raw water to maximize thorough mixing. Enhanced by the alum,
larger and denser floc begins to settle at the bottom of the tank
to forma blanket of sludge. This 'cleared' water is then emptied
by pumping into a storaQe tank or a series ofatanks where
chlorine solution of kpow concentration and quantity is added fo
disinfection.  This ‘batch by batch' treatment approach is
preferred because exact dosage of alum and chlorine and
sedimentation /  contact time can be controlled to give optimum
results.

After a miﬁimum of oné hour contact time after chlorine solution
is added, the clean .water is ready for distribution through the

network of distribution mains and tapstands. On level grounds
the storage tank should be installed on an elevated base of
approximately 0.8 meters to increase gravity flow in the

distribution mains.

A aroup of six workers, under experienced supervision, can erect
a large tank within 5 hours. Forming an elevated base for stoarage
tank involves gathering and heaping 40 cubic meters of earth
which can be a daunting task and must not be underestimated.
Digging trenches for the distribution mains is another fifficult
task where rapid installation is required.

Under normal circumstances, the Oxfam Emergency Store in the
United Kingdom keeps' a good level of stocks of its normal
emergency equipment. Provided the reguest for major items such as
storage tanks and pumps are kept to a minimum, say below 5, they
can normally be drawn from stocks. A large order may have to be
filled by the manufacturer whcih can take up to 12 weeks to
deliver to Oxfam in the United Kingdom.

Seafreighting from the U.K. to Cambodia via Singapore neormally
takes @2-2-1/2 months. Custom clearance in Cambodia can be a
lengthyprocess. Airfreighting of large consignments have not been
attempted vecently. For esmaller consignmets of under 200
kiograms, airfreighting from the U.K. via Bangkok and Laos can
take up to 3 weeks to arrive in Phnom Penh.



ANNEX 16.

COST ESTIMATES FOR WATER SUPPLY SYSTEMS
AT RECEPTION CENTRES

Mongol Borey Reception Centre (3000 person capacity)

Capital Cost Estimate

1) 1Install two ET73> Raw Water Pumps 2

Sterling Pounds 12

Battambang Reception Centre (2000 person capacity)

\

,400
at intake (one duty, one standby)
2) Erect one 95 cubi¢ meter Raw Water 2,300
sedimentation tank
3) 1Install one ET75 transfer pumps 1,200
4) Erect two 45 cubic metre storage tanks 3,000
5) Provide necessary fittings 1,000
6) Lay maximum 600 metre 3 inch PVC 1,000
Distribution mains
7) Lay 200 metre 3 inch PVC Pumping Main 350
8) Install 8 tapstands and ferrules 700
9) Tool Kits 150
10) Consummable Engine Spares 800
,900

Estimate

~Capital Cost

1) Install two PL4 Raw Water pumps 3,600
at intake (one duty, one standby)

2) Lay 1.4 Km of 3 inch PVC pumping main 2,300

3) Erect one 70 cubic metre raw Water i 1,600

sedimentation tank

4) 1Install two ET75 transfer pumps ’ 2,400

53) Erect two 45 cubic metre storage tanks 3,000

6) Provide necessary fittings 1,000

7) Lay 600 metre 3 inch PVC Distribution Mains 1,000

8) Install 6 tapstands and ferrules 510

9) Tool Kits 150

10) Consummable Engine Spares 1,400

Sterling Pounds . 16,960

Sangker Reception Centre (1,500 persons capacity)

Capital Cost Estimate

1) Install two ET75 Raw Water pumps 2,400
(one duty, one standby)

2) Erect one 45 cubic metre Raw Water 1,500
sedimentation tank

3) 1Install one ET75 transfer pump 1,200

4) Erect two 45 cubic metre storage tanks 3,000

5) Provide necessary fittings 1,000

6) Lay 600 metre 3 inch PVC Distribution mains 1,000

7) Install 4 tapstand and ferrules 350

8) Tool kit 150

9) Consummable Engine Spares 800

“Sterling Pounds 11,400



Maung Russey Reception Centre (1,500 persons capacity)

Trucking from River

1)

2)

Capital Cost Estimate

Install two ET75 along the bank 2,400

of the River Maung

Install ten 1 cubic metre portable bulk 7,000

containers c/w fittings and strappings

Erect one 45 cubic metre Raw Water/ 1,500

sedimentation tank

Install one ET75 transfer pump 1,200

Fittings _ 1,000

Lay maximum 600 metre 3 inch PVC 1,000

Distribution Main

Install 4 tapstands and ferrules 350

Consummable Engine Spares 800
Sterling Pounds 15,400

Piping from Riverx

1)

Capital Cost Estimate

+
»

Install two PL4 intake pumps 3,600

{one duty, one standby)

Lay 6 kilometres 3 inch PVC Main 9,800

Erect one 45 cubic metre Raw Water/ 1,500

sedimentation tank

Install two ET75 transfer pumps 1,200

Fittings 1,000

Lay maximum 600 metre 3 inch PVC 1,000

Distribution mains

Install 4 tapstands and ferrules 350

Tool Kits 150

Consummable Engine Spares 1,400
Sterling Pounds 20,000

Pursat Reception Centre (1,000 persons capacity)

Capital Cost Estimate

Install appropriate size turbine pump 9,000

with spare engine

Lay 1.2 kilometres of 3 inch PVC main 2,600

Install one 45 cubic metre storage tank 1,500

Lay maximum of 600 metres of 3 inch PVC 350

Distribution

Install 4 tapstands and ferrules 340

Tools KIts 150

Consummable Engine Spares 1,000
Sterling Pounds 15,240



Lidl

Phnom Penh Reception Centre (4,000 persons capacity)

Provide two ET75 transfer pumps

{one duty and one standby)

Install two 70 cubic metre storage tanks
on elevated base

Lay maximum 600 metre of 3 inch PVC
Distribution Main

Install 14 tapstands and ferrules

Tools Kits

Consummable Engine Spares

Sterling Pounds

Capital Cost Estimate

2,400
3,200
1,000
1,190

150
600

8,500



