
1
I
I
I
I
I
I
I
1
I
I
1
I
I
I
1
I
I
I
1

rrs. :,o:r'^\'Nrrv WATER SUPPLY, AN®
S A S I Ï A Ü Ü N i'IRCÏ

WATER RESOURCES FOR WESTERN PROVINCES
OF BATTAMBANG. BANTEAY MEAN CHEYf AND PURSAT:

PLANNING FOR IMPROVED POTABLE WATER SUPPLIES FOR
EXISTING POPULATIONS OF WESTERN CAMBODIAN PROVINCES

AND REPATRIATED REFUSEES FROM THE THAI BORDER

William Barron and Chang Ping Leung

Water and Sanitation Engineers
Oxfaro <U.K. and Ireland)

November 1990

«32.2- ° ~



1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I

TABLE OF CONTENTS

1. INTRODUCTION

2. GEOGRAPHY AND HYDROGEOLOGY OF THE STUDY AREA

2.1 Introduction
2.2 Rainfall and Surface-Water Resources
2.3 Groundwater Resources

3. SURVEY OF EXISTING WATER SUPPLIES AND WATER-COLLECTION
PATTERNS

3.1 Introduction
3.2 Survey Methods
3.3 Results
3.4 Conclusions

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

4.1 Planning Assumptions
4.2 Réintégration Assistance

4.2.1 Objectives
4.2.2 Ac t i v i t i es
4.2.3 Phasing of Réintégration Assistance

5. PLANNING FOR IMPROVED POTABLE WATER SUPPLIES AT
RECEPTION CENTERS FOR RETURNEES FROM THE THAI BORDER

5.1 Introduction
5.2 Planning Assumptions
5-3 Choice of Surface Water versus Groundwater
5.4 Costs for Feasible Water Supply Systems

6. ANNEXES

Annex 1. Relief Map for Provinces Surrounding the
Great Lake Basin of Cambodia

Annex 2. Pluviométrie Map for the Great Lake Basin

Annex 3. Map Delineating District and Provincial
Boundaries for Provinces of Battambang,
Banteay Mean Cheyy and Pursat

Annex 4. Hydrological Information for Watersheds in
West errr "Pr ovtnee»- - ••• — — —« —•..,...»—...

Annex 5. Map Eho;wi«g i r r i g a t i o n and Dam Structures for
Batt kpbarag. Provinces •< /&*» -Rroc^ss of |(eing
Deve^opecf arid PrqRo^ejd-!'j?rejects 'i



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Annex

Annex

Annex

Annex

Annex

Annex

Annex

Annex

Annex

Annex

Annex

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Geologic Maps for the Great Lake Basin

Top ten districts of expected return for
populations of Site 2, Site Bf and Site 8.

Battambang and Banteay Mean Chey, the 4
districts surveyed with percentage increases
in each geographical unit following the
-returnee influx.

Sample Village Water Questionnaire and Drilled Borehole
Questionnaire

Data on Existing Water Supplies for Villages
in Battambang, Banteay Mean Chey and Pursat
Provinces

Government Statistics and Totals of Selected
Survey Data, and percentage increase in
population following the returnee influx for
selected districts»

Summary of Data on Existing Water Supplies for
Districts in Battambang and Banteay Mean Chey.

Maps for Battambang, Banteay Mean Chey„ and
Pursat Provinces, indicating location of
reception centers

Water Quality Parameters for Selected Rivers

Description of Oxfam Emergency Water Packs

Cost Estimates for Proposed Water Supply
Systems at Reception Centers



1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

WATER RESOURCES FOR WESTERN PROVINCES OF CAMBODIA. W. BARRQN AND
C.P. LEUNB. QXFAM. NOVEMBER 1990

1. INTRODUCTION

This report addresses the need for improved water supplies for
villages in western provinces of Cambodia (Battambang, Banteay
Mean Chey, and Pursat Province»), including existing populations
and refugees expected to return from the Thai border after a
negotiated settlement.

Information, necessary to plan for improved water supplies and
sanitiation faciltities, has been collected during two trips to
western provinces; one trip from S7 May to 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 SO July 1990 by William Barron and Ching Ping
Leung (Water Engineer from Oxfam's Technical Unit) with Ministry
of Agriculture personnel from the Inter-ministerial Commission on
War Displaced.

•
UNHCR has been planning for needs of Cambodian refugees who would
return voluntarily to Cambodia following a negotiated settlement.
It is assumed (as a result of data collected by a Ford Foundation
survey conducted at camps on the Thai Border at Site 2, Site 8
and Site B) that more than 60 percent of the total number of
refugees are expected to return to western provinces. Potable
water supplies are not adequate for the majority of existing
populations of western provinces. Therefore, large numbers of
refugees from the Thai Border, settling in these western
provinces, 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 &re settling in Battambang
and Sisophon Towns and the surrounding areas. This illustrates
the difficulties that will arrise when larger numbers of
Cambodian refugees return to western provinces.

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, 0>:fam Water Engineers have
investigated the need for improved water supplies and planned for
a programme to begin to address the problem of insufficient water
supplies in areas where displaced persons are presently living.
Results of drilling to provide wells for war displaced could be
useful for future planning 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
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appropriate for these temporary centers. Furthermore, Oxfam
Engineers held meetings with Provincial Committees. Provincial
Agicultural Services, and implemented a village water survey to
assess the availability of water supplies in districts where the
majority of the refugee population is expected to settle.
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2. GEOBRAPHY AND HYDROBEOLOSY OF THE STUDY AREA

E.1 Introduction

The Provinces of Battambang, Banteay Mean Chey, and Pursat
Provinces are geologically and hydro logical ly clivers© areas.
There have been few investigations implemented defining
hydrclogical and geological conditions for these provinces.
Actual drilling data is limited to define accurately the
hydrogeology for these provinces.

Field visits during the 0>:fam Mission (by William Barren and
Ching Ping Leung > , UNHCR Inter-Agency Mission <by William Barron,
Oxfam) and the UNHCR Absorption Capacity Survey <by Francois
Grunewald, GRET) has allowed general assumptions to be made about
the hydrogeology for western provinces. Technical information has
been extracted from several reports that are available. These
reports are,

"Grand Lac du Cambodge - Sedimentologie et Hydrologie
(196£-63)" by J.P. Carbonnel and J. Guiscafre,
organized by Ministère des Affaires Etrangères de la
Republique Française;

"Ground-Water Resources of Cambodia" by W.C. Rasmussen
and G. M. Bradford» Geological Survey Water-Supply
paper 1608-P, 1977.

"Le Quaternaire Cambodgien: Stucture et Stratigraphie",
by Jean-Pierre Carbonnel,, Office de la Recherche
Scientifique et Technique Outre-Mer, Paris, 1972

S.S Rainfall and Surface-Water Resources

Cambodia geographically is a vast low-lying plain, with mountains
on the west, an escarpment on the north, and hilly plateaus on
the east (refer to Annex 1 - Relief Map for Provinces
Surrounding the Great Lake Basin of Cambodia). The major water-
ways of Cambodia are the Mekong River and the Tonle Sap. The
Tonle Sap is a highly productive fresh-water lake that functions
as a huge off-channel storage reservoir for flood flow of the
Mekong River and receives surface—water discharge from streams
and rivers draining the surrounding watersheds.

It is during the wet-season that 85 percent of annual
precipitation falls with rainfall deficient during the dry-
season, November through May. Annual rainfall ranges frcun 1,370
mm in the central lowlands to more than 5,000 mm in the
mountainous highlands (refer to Annex 2 - Pluviométrie Map for
the Great Lake Basin). Minimum rainfall is in January amd maximum
rainfall is in October. Monthly rainfall data shows that
precipitation for the low-lying areas of Battambang and Pursat
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Provinces is similar.

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

Provinces of Battambano and Banteav Mean Chev
Sangker River
Dauntry River
Mongol Borey River
Sisophon River
Paneth-Preah

Province of Pursat
Pursat River

Data taken for each of these rivers (reported in the "Grand Lac
du Cambodge - Sedimentologie 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 occurs during September and October (refer to Annex h
Hydrological Information for Watersheds in Western Provinces).
However, it should be noted that this data was taken for a very
limited two years time frame and over 25 years ago. Forest cover
and hydrological conditions over the last 25 years may have
changed. It is suspected that with decreasing forest cover and
increasing soil erosion flowrate© could have been altered over
the years, differences in minimum and maximum flowrates during
the dry season and rainy season, respectively, will be more
dramatic now in comparison to conditions S5 years ago. However,
no actual data exists to prove this.

It has been observed that presently, the Sisophon, Mongol Borey,
and Sangker rivers are discharging large amounts of sediment.
Cambodians have indicated that over the last 20 years 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 Mongol Borey River and Sangker
River, heavy mining of gems in the Pail in area in the western
mountains contributes significantly to large concentrations of
suspended solids in this river. Rivers further east such as the
Pursat 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 functionning. The Bovel
irrigation network being the most extensive, providing water to
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the districts of Battambang (Province of Battambang) and Mongol
Borey (Province of Banteay Mean Chey) (refer to Annex- 5 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
report.

e.3 Ground-Water Resources (

Little information is available on the safe yield 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 geologic formations of these
western and north-western provinces (refer to Annex 6 - Geologic
Maps for Great Lake Basin). They are the following:

* young alluvium formation of silt, clay, and sand

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

* consolidated formations of limestone, granite, and
sandstone

The young alluvium formation is the most predominant geologic
formation, located in the low-lying plain. It is suspected that
underlying the young alluvium formation (at depths unknown) an
old alluvium formation will be found, consisting mainly of clayey
silt. Likewise, the old alluvium formation is found in the
northern area of Banteay Mean Chey on the northern escarpment.
The predominant rock type underlying and forming the highlands to
the south (Cardamon Mountains) is consolidated sedimentary rocks
associated with intrusive igneous rocks. Small pockets of
limestone, marl, siltstone, sandstone, and shale can be found at
the town of Sisophon and weet of the the town of Battambang,. and
in the mountains south.

Young and Old Alluvium

The young alluvium formation i» assumed to yield small to
moderate supplies of water of acceptable quality. The young
alluvium is composed mainly of sandy silt amd silty clay which
has low permeability. Movement of ground water is restricted and
even though these geologic formations may be saturated with
water, they yield 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 are normally found
adjacent to the larger streams. Therefore, maximum yields of

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

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

Consolidated Formations of Sandstone and Limestone

Sandy alluvial deposits formed from the weathering of sandstone
bedrock which overlie areas (where this sandstone rock occurs)
has the potential for transmitting water freely. In those areas
east of Pursat and west of Kompong Chnnang these deposits have
been found and the water yield available from wells is considered
to be good.

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

3*1 Introduction

UNHCR Phnom Penh requested Oxfam to survey water supplies and
water collection patterns for villages of western Cambodia to
provide better information for future planning of réintégration
assistance programmes. As a result of this request. oxfam
Engineers implemented a limited study for the provinces of
Battambang, Banteay Mean Chey, and Pursat,, in those districts
where large numbers of Cambodian refugees have indicated they
will return.

The Ford Foundation Survey of border camps (Site £. Site B, and
Site 8) has shown that large number of refugees are expected to
return to Cambodia after a negotiated settlement. Districts of
Maung Russey, Sangker. Battambang, Mongol Boreyf Bovel, and Bakan
were the top 6 districts of expected return for this study with
^7.8 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 Thai Border, then these are the» districts of
western provinces where the greatest percentage of refugees Are
expected to return. This water supply study has focused on these
districts.

3.S Survey Methods

Village Water Questionnaire and Drilled Borehole Questionnaire
(refer to Annex 9 for Sample Questionnaires) were developed in
English and Khmer and given to Provincial Agricultural Service
Staff of Banteay Mean Chey, Battambang, and Pursat for
completion. During the first visit by William Barren (Oxfam
Engineer) to western provinces <with the UNHCR Planning Mission).
S7 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 very
interested in performing the survey. Then, the village water
questionnaire and drilled borehole questionnaire was explained to
selected staff who were to be responsible for training
Agricultural Service staff in the Communes in the completion of
questionnaires with the assistance of village leaders. Due to
limited access to the study area by Oxfam Engineers,
questionnaire pre-testing and monitoring of questionnaire-
completion was not feasible-

The following numbers of village water questionnaires were given
to provincial staff for completion in the following districts.
These numbers represent total number of villages in each
district, therefore, all village» in districts chosen were to be
covered by the survey,

10
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Banteay Mean Chey District

Mongol Borey District 156

Battambang Province

Maung Russey District 98
Battambang 70
Sangker 130
Bevel 61

359

Pursat Province

Bakan 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 season and rainy season.

Drilled borehole questionires were also to be completed,
obtaining information on specifics of boreholes and level of
functionning.

Questionnaire» were kept as short and simple as possible for
quick completion and to prevent confusion in recording
information. Ennumerators were asked to record information in
Khmer. Approximately a month's time was allowed for the
completion of questionnaires. Oxfam Engineers returned to western
provinces in July and at that time collected completed
questionnaires 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 questionnaires is
varied between provinces. Refer to Annex 10 for complete data set
and Annex 11 for totals of selected survey data on population. Of
the 156 village water questionnaires given to Banteay Mean Chey
Province to be completed for villages of the Mongol Borey
District, 58 were completed. This represents A'S.S V, of the total
population of Mongol Borey District. Of the 359 village water
questionnaire» given to Battambang Province to be completed for
Maung Russey, Battambang, Sangker, and Bovel districts, 155 were
completed. This represents 99 V», A4 %, , 64 '/•, and 0 % of total
population of Maung Russey, Sangker, Battambang and Bovel,

11
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respectively. Access to Bovel district was reported difficult and
the reason why no questionnaires were completed there. Of the 136
village water questionnaires distributed to Pursat Province for
the district of Bakan only ten were completed. The data for these
10 villages was not used for the analysis.

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

No drilled borehole questionnaires were completed for all
provinces. It was reported that for Battambang and Banteay Mean
Chey Provinces there were no drilled boreholes for the district
surveyed. Pursat Provincial Agricultural Service did not complete
questionnaires even though UNICEF boreholes are present in Bakan
district.

Refer to Annex IS for a summary of data on exisitng water
supplies for villages surveyed and a determination of percentages
(columns 10, 13, and 16) of reliable water sources (family and
village ponds, and dug wells) of the total number of water
sources surveyed. For all districts these percentages suggest
that dug wells &re more reliable (provide water during dry and
wet season) than village and family ponds in providing water (a
greater percentage of total number of dug wells were reported
reliable yean—round than percentage of family and village ponds
reported reliable year-round). And, village ponds are more
reliable than family ponds. This trend is more apparent for
Battambang Province and Banteay Mean Chey Province and less
apparent for Banteay Mean Chey Province. However, statistical
calculations were not done on these percentages to show
significant difference.

Village ponds and dug wells are communal sources of water. For
the sake of performing the analyses a maximum number of SO
households was assumed a reasonable number of households sharing
communal sources. Calculated percentages (columns 14 and 17) of
surveyed population having reasonable access to reliable village
ponds and dug wells suggests for the district of Sanoker
(Battambang Province) there is an adequate number of
of village ponds and dug well» (1£8 and S98 •/*, respectively) for
the existing population. For the districts of Maung Russy,
Battambang, and Mongol Borey reasonable access to reliable
sources of water (family and village ponds, and dug wells) is not
adequate for the existing population. Percentages (columns 11,
lh, and 17) &re lew inbetween O.S '/• and 4S.7 %.

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

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

3-^ Conclusions

Villagers living in the different zones of western Cambodia
collect water for domestic purposes (drinking, bathing,, washing,
for animal-use, and for small scale vegetable/ fruit production)
from a number of different sources. 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
geological and hydrological conditions of the area, second by the
availability of resources (funds and time) to dig wells and
ponds, and construct rainwater catchment systems, and third by
consumer preference.

Rainwater

Rainfall is sufficient for the months May through November and
can be depended upon during these months (utilizing rainwater
catchement systems and traditional water jars-) for storing
sufficient quantities of safe water close to the home for
domestic watei—use purposes of drinking and cooking. Most
families collect rainwater and the quantity of rainwater that
will be available depends om the size of house-rpof and storage
container available to the family. This survey has not addressed
the extent of rainwater catchment systems for households.
Development of household rainwater catchment systems would be a
viable approach for improving access to safe water in western
provinces.

Rainfall collected in family and village 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
adjacent to surface water stream© 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, surface soils»
consist mainly of clay which makes it possible to store large
quantities of rainwater in ponds. The permeability of clay is
very low. Therefore, for these areas it has been reported that
for large deep ponds water can be stored throughout the dry
season. Village ponds are normally dug deeper than family ponds
which may be the reason why an analysis of data suggests village
ponds more reliable than family ponds. However, in the south
eastern region of Battambang Province and in Pursat Province
surface soils consist of sands making it difficult to store water
in both family and village ponds.

13
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Surface Ulster

Major rivers have low flowrates during the dry season, especially
for the months of February and March. Communities nearby depend
upon 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 adjacent to large streams and irrigation canals and use
surface water during the rainy season and the dry season from
these sources. Flowrate data (Annex 3.) for different rivers in
western provinces shows that less water is available for the
Mating River in Maung Russey District than other rivers Data for
196S-1963 shows that during the later part of the dry season this
river goes dry for a long period. 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 rivers contain large quanities of
suspended solids. Villagers report that water has to be stored in
water jars for S to 3 days to allow for the suspended solids to
settle out (before it can be used for drinking). Continued
cutting of forests in watersheds will impact on the quality and
quantity of water available from streams.

Broundwater

Sround-water resources are virtually un-tapped by communities;,
with there being a limited number of existing dug shallow wells
and only a a few drilled boreholes. Shallow wells do exist but
are found mostly adjacent to the large streams, at varying
depths, but infrequently at depths greater than 10 meters.
Percentages are S5.5 *A, S9S •/•, 30.3%, and Hl.<+ *A (Column 17) for
the surveyed population having reasonable access to reliable dug
wells for the districts of Maung Russey, Sangker, Battambang, and
Mongol Borey, respectively. Shallow wells located adjacent to
large stream© are expected to yield sufficient quantities of safe
water for western provinces, depending on the depth and condition
of wellrings &nd headwall, and location to sanitation facilities.
The potential for ground-water resources in areas of the young
and old alluvium is unknown, and the exact location and depths of
water-bearing sand formations is unknown.

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 refugees decide to
settle. Generally, if refugees reintegrate in villages adjacent
to rivers then there will be more dug wells available. It can be
assumed that only dug wells, drilled wells, and rainwater will
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provide sufficient quantities of safe water for refugees.
Improvements will be needed in all districts, ©specially in the
district of Maung Russey where water is in severe shortage.

^. PLANNING FOR IMPROVED POTABLE WATER SUPPLIES FOR
EXISTING POPULATIONS AND REPATRIATED REFUSEES FROM THE
THAI BORDER

t+. 1 Planning Assumptions

Border Cambodians have been using water that is relatively safe
in comparison to the quality of water that is used by Cambodians
in the western provinces. Water at the border (in the camps) has
been chlorinated prior to drinking. Cambodians in the western
provinces are using untreated surface water for drinking and
cooking during the dry season. Therefore, programmes to improve
potable water supplies in western Cambodia ar& desperately needed
for existing populations and the expected Cambodian Refugee
population, that will be reintegrating into Cambodian society.
This is needed to ensure the survival of children under 5 years
old (that makes-up approximately £5 percent of the total
population) who are vulnerable to a wide variety of water-related
diarrheal diseases.

Drilling of boreholes, 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, sanitation
and hygiene education programmes should be implemented jointly
with potable water supply programmes.

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 solutions such as the drilling of wells to
provide safe water for communities, and the.construction of
excreta disposal facilities requires a parrallel campaign of
promoting personal hygiene and sanitation tD ensure the full
health impact of these improvements are realized.

Improvements in access to potable water supplies and sanitation,
and improved hygiene Are expected 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 quality of life.
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4.2 Réintégration Assistance

4.H.I objectives

1- provide sufficient quantities of safe water to improve public
health.

£- Increase the acceptability and utilisation 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 other facilities are properly maintained
by provincial, district, and local authorities.

h- Advocate and promote better hygiene and sanitation in rural
areas.

5- Encourage small scale vegetable production through the
provision of sufficient quantities of water from village and
family ponds.

h~ Support provincial, district, and local 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.S.S Acitvities

1- Investigate the potential of ground-water resources for the
&rea. in order to properly site dug wells and drilled boreholes,

2- Improve on ways for families to collect water during the rainy
season, 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- Provide education on the importance of using rainwater
(collected in jars) or water from wells for drinking and cooking,
and the importance of personal hygiene.

5- Dig new family and village ponds, and deepen existing ponds.
Introduce methods to prevent contamination of ponds.

6~ Rehabilitate existing dug wells and construct new dug wells,
and drill manually shallow boreholes (using small drilling
machine techniques and installing locally made suction handpumps)

16
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in those areas located in the low-lying alluvium plain,
specifically those areas adjacent to large streams.

7- Drill deep boreholes and install handpumps in those areas of
higher elevation and hardrock geology which makes it difficult to
dig shallow wells.

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

It is assumed that for dug and drilled wells the coverage will be
300 persons per well in rural areas, and with a maximum distance
of 500 metres villagers will walk to carry water from the well to
the home.

4.2.3 Phasing of Réintégration Assistance^,

Réintégration assistance for water resource development in the
western provinces is envisaged to be implemented by the following
three phases,

1) Investigation and Planning Phase -
Investigate the potential for groundwater resource development,
and plan for programme operations.

Oxfam is planning to drill boreholes to provide water for
internally displaced persons. This could be a first step to
investigate the hydrogeology for western Cambodia. However, more
jjT^lpp^h investigations will be needed, to define clearly thé
potential for devloping ground-water resources.

2) Pre-Repatriation/ Operational Phase ~
Prior to repatriation of border Cambodians programmes would
commence (implementing the above mentioned activities) to improve
water supplies and sanitation facilities for target zones. The
success of these programmes is first dependent on security in
these provinces and th© accessibility of these provinces by NGO
and other agency staff, and second it is dependent on the
availability of resources 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 schools, 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 coverage.

17
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Borehole drilling could be implemented by Water Programmes under
the Ministry of Health (financed by UNICEF), and the Ministry of
Agriculture (financed by OXFAM, JVC, and LWS).

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

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

5.1 Introduction

On the basis of an expected comprehensive negotiated settlement
being achieved in Cambodia, UNHCR has made a proposal for a
Cambodian repatriation plan. Part of this plan is the
establishment of 6 reception centers to be based at sites in:
Mongol Borey District of Banteay Mean Chey Province; Battambang,
Maung Russei„ and Sangke Districts of Battambang Province; Bakan
District of Pur sat Province; and Phnom Penh (refer to Annex -
13). These sites ars 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 Plan".

Proposals for water supply systems in the reception centers are
based on UNHCR's draft plan for these centers, particularly on
their holding capacities, exact locations, duration of operation,
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 0>;fam staff ar& involved in making proposals for
water supply of the receptions centers should not be taken as
Oxfam's committment to participate in any of the schemes proposed
in this report. Furthermore, the views and proposals contained in
this report are that of the authors alone and in no way represent
the the views of the Oxfsm Technical Unit or any part of Oxfam.

5.S Planning Assumptions

UNHCR staff in Phnom Penh ars planning that from the moment when
the decision of repatriation is made to the time when necessary
infrastructure and services are organized to receive returnees,
UNHCR would require a minimum of h months time, if not 6 months.
It is therefore assumed that this period of 4 months would be
used by whoever shall be involved in implementing any of the
water supply systems for reception centers. Four months is in
fact a very short time, especially when personnel and equipment
have to be imported to Cambodia.

UNHCR staff in Phnom Penh have also indicated that for logistics
consideration the period best for repatriation to take place
would be the dry season. As far as water supply is concerned, the
dry season is the worse season to proviode water for the
reception centers. Due to the uncertainty of exactly when the
repatriation will take place, recommendations proposed in this
report are based on the possibility to supply sufficient safe
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drinking water throughout the year.

For design purposes, we have allowed for a daily water
consumption of £5 liters per person. We have allowed for 300
persons per borehole/ handpump and for 0>;fam designed tapstand
with 6 taps (operated below 2.5 meter pressure head), we have
allowed for 400 persons as the average number of users.

S.3 Ohoice .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 reliably sustain a known demand of water for the
reception centre population. On the other hand the quality of
water is often susceptable to contamination and generally
requires 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 quality parameters of turbidity (NTU)and E-Coli
bacteria count were tested for these rivers (refer to Annex 14- -
Water Quality Parameters 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 90 to 9S*/« reduction. It was
found that the coagulation anti sedimentation process worked
fairly well with the addition of optimum amount of VA solution of
Alum. Therefore, it can be assumed that raw water from these
rivers are fairly treatable using the Oxfam Emergency Water Packs
(refer to Annex 15 - Description of Qxfam Emergency Water Packs).

It is often uncertain whether groundwater reserves will yield
sufficient quantities of water until drilling and prolonged 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 people are
relatively low, the borehole supply is much cheaper than the
surface water option. The non-emergency nature of the reception
centers does allow for the necessary time required to carry out a
preliminary test drilling before arriving at the best possible
water supply system for a particular situation. The installation
and running costs of a simple surface water treatment system can
be quite high and would require well trained personnel. Using
boreholes / handpumps the running cost is much less, although
periodic simple maintenance of the pumps is required.
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5.4 Costs for Feasible Mater Supply Systems for Reception
Center»

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

Centre

Mongol Borey
Battambang
Sangke
Maung Russey
Pursat
Phnom Penh

Centre Caoacitv

3.000

e, ooo
1 , SOO
1 , SOO
1,000
4,000

Number of Boreholes
Reauired

10
6
5
S
3
13

The average cost of drilling a borehole in soft formation and the
installation of an India Mark II handpump, casing to 50 meters,
is conservatively estimated at Sterling Pounds 1000.00.

The option of using motorized pumps drawing from few drilled
wells and distributed through a network of storage tanks and
tapstands has been considered but not favoured. By comparison
with the handpump option, the disadvantages

- uncertainty of permissible yield of well for motorized
pumping,

- longer delivery/ importation of motorized pumps,
- operation and maintenance repairs are mot complicated,
- cost is more expensive.

The cost for using boreholes/ handpumps compares favourable with
water supply schemes (Oxfam Water. Pumping/ treatment Packs) which
use surface water and have treatment (refer to Annex 16 - Cost
Estimates for Water Supply Systems at Reception Centree for
breakdown of component costs), a« indicated below,

Cost Using Q;;fam Packs
(Sterling Pounds)

Centre

Mongol Borey

Battambang

Sangke

Maung Russey

HVeraoe Cost
Using Boreholes/
Handoumos
(Sterling Pounds)

10,000

6,000

5,000

5,000

l£.,900<piping from river)

16,960(piping from river)

11,AOO(piping from river)

15, *f00( trucking from river)
20,000(piping from river)
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Pursat 3,000 15,2^0(pumping from well)
20,000(pumping from river)

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

There are a good number of drilling rigs in Cambodian government
departments (Department of Hygiene and Epidemiology of the
Ministry of Health, and Department of Hydrology of the Ministry
of Agriculture). Assuming that the government is supportive of
the repatriation plan and that the use of drilling rigs is
assured, we would recommend that preliminary test drilling be
carried-out in each centre as early as possible. Early
preliminary drilling is crucial to provide information 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 not available at a reception
centre and that an Qxfain Emergency Water Pack, 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 decision to import had
not been made within the first S weeks, then the installation
would not have been completed in time to receive the returnees.

Mongol Borev Reception Centre (3000 Person Capacity)

The Mongol Borey site is selected within the township of Mongol
Borey of Bantaey Mean Chey Province 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 not be large enough to accomadate 3000
population. However, the Government's plan is to extend into the
adjoining paddi fields which will be problematic during the dry
season. To the south of the reception center is the Mongol Borey
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 l-i/2
meters deep, with an estimated speed of 1 metre per 4 seconds.
The width at the dry season was reported to be 5 metres and depth
0.70 meters. This river should be able to sustain year round
pumping for the 3,000 population.

The cost estimate for the alternative wat>er supply system
envisaged at this reception centre is specified in Annex 16. This
system, on the basis of treating one batch of 95 cubic meter
rawwater per day, will give a total daily output of 30,000 litres
(£6 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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Battambanq Réception Centre <g.000 Person Capacity)

The site i« situated approximately 8 kilometers northwest of
Battambang Town. It is between Highway Number S, £00 metres to
the east, and the railway line, 500 meters to the west. The site
was originally intended to be used aa an ammunition dump during
Lon Nol's Regime. It is subdivided into 18 identical areas, 30
meters by 40 meters, each seperated from the other by ponds.
There is also a rectangular block of field nearby of
approximately 100 meters by ISO meter» which has been reported to
bo available for this reception center.

1.4 kilometers to the north of this site lies the 0 Taki River
which runs southwest-northeast intersecting both the railway and
Highway Number 5. This small river, approximately IS meters wide,
is said to flow all year round. As a second option to drilled
wells the 0 Taki River will be a good source for pumping.

The cost estimate for the alternative water supply system
envisaged at this reception centre is specified in Annex 16. This
system, when operated on the basis of treating one batch of 70
cubic meters raw water a day, would give a total daily output of
60,000 litres of safe drinking water (30 liters/ person/day).
Similar to the system in Mongol Borey. the capacity is extendable
to 3 times this capacity.

It is recommended to lay 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, as in other cases, when the intake and transfer pumps
are identical» it is acceptable to 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 pump* PL4, (one duty and one standby),
in order to overcome the frictional headlosses. Together with S
numbers of ET23 transfer pumps this system has a total of 4
pumps.

If a 4 inch diameter pipeline is selected, it is technically
viable to use â smaller intake pump (ET75, identical to the
transfer pump) thereby reducing the total number of pumps to 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 for the 3 smaller ET 75 pumps is not
much higher than the price of the 3 inch pipeline plus 4 pumps (S
numbers of PL4 and B numbers Of ET75),*it is recommended to adopt
the 4 inch pipeline option. The advantage is that it will
standardize with other pumps in other centres.
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Sanqke Reception Centre (1.500 Person Capacity)

The site is situated south of Battambang Town,, right next to the
western side of Highway Number 5* There are £ hectares available
for the Centre which is relatively higher than the surrounding
paddi fields. Local villagers reported that this land never
floods. At the time of the visit, the land on the sit© 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 of the River Sangke. At 1-1/2 kilometers and 5
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 to the river and
road, and it being on high ground. It does seem a reasonable site
for a small reception centre.

The cost estimate for the alternative water supply system
envisaged at this reception centre is specified in Annex 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 <S7 liters per day
per person).

Since the 0 Sandash is next 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 Russev Reception Centre {1.500 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 Town along the western edge of Highway Number 5 was
shown to us. Sections of this site are suspected to 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 int,o the rainy season. The District
Committee indicated that there were very "few areas which would
match all the requirements; being close to the railway and road,
no flooding, good access and availability to water. Apparently
the District Committee had another 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.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

WATER RESOURCES FOR WESTERN PROVINCES OF CAMBODIA. W. SARRON AND
C.P. LEUNG. OXFAM. NOVEMBER 1990

Should the former site be chosen, water supply may be problematic
if drilled wells are not viable. The nearest surface water is
from the Maung River which is 6 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 6
months and the pipe will not be used after the reception centre
is closed down. Furthermore, there is some concern of the low
flowrate available from the Maung River and whther it coud supply
enough water for the entre inhabitants.

It is proposed to transport water from the Maung River by truck.
The cost estimate of the water supply system envisaged at this
reception centre is specified in Annex 16.

This proposal is only viable if the use of either a tanker or a
flatbed truck would be made available by hiring/ loaning
arrangements. It is not economically viable to purchase a truck
solely for the purpose of transporting water over such distance.
Since portable bulk containers can be easily assembled and
dismantled, the truck can also be used for other purposes while
it is not trucking water. If a tanker is available Item 2 of the
Cost Estimate will no longer be necessary. Therefore, the total
can be reduced to Sterling Pound 8,4-00.

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

Both systems, trucking and piping from the Maung River are
capable of giving a daily output of ^0,000 liters (27 liters/
person/day).

Pursat Reception Centre (1.000 Persons Capacity)

This site in Bakan District is situated at approximately 6
kilometers north of Pursat Town along Highway Number 5. The
railway is within 100 meter distance. The area is overgrown with
sparingly scatterred bushes and gives an indication that the &re&
will not be flooded. Several large ponds are found on the site
which were created by the excavation of clay for brick making. It
appears that there is more land available than required for the
small population of this centre.

At 1.2 kilometers from the site along Highway Number 5 toward
Pursat Town there is a road bridge over a small stream known as
the 0 Svay At. This stream looked too small to support all year
pumping for the reception centre.
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Apart from this stream, there was no other likely water source
except the River Pursat which is 7 kilometers away. Should
drilled wells be unviable, there are several options.

Option 1

Existing ponds may hold sufficient water. The first step
therefore is to establish the quantity of water available in
these ponds taking into consideration the losses from evaporation
and natural seepage. A population of 1000 consuming 25 liters per
day for 6 months would require approximately ^,600 cubic meters.
Allowing 10 percent loss in treating and SO percent contingency
the target is therefore 6,000 cubic meters. The main drawback is»
that this finite water source is exhaustible. The consumption,
which depends on population and duration of operation of the
reception centre, may exceed the available storage in the ponds.

Option S

An exploratory well needs t.o be drilled on the elevated bank
of the 0 Svay At stream. If this proves successful a medium
diameter well with preferably 8 inch diameter casing should be
installed to maximize yield and to allow for a motorized pump to
be used. The minimum yield required should be around 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 yield available from the well. On the basis of a
reliable well which yields a minimum 1.7 liters per second the
envisaged water supply system is specified in Annex 16.

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

Option 3 '

The trucking or the pumping of raw water from the River
Pursat to the reception centre is another option. The cost
estimate and technical considerations are similar to the system
proposed for Maung Russey. Approximate adjustments can be made
taking into account the need for s longer pipeline.

*
Phnom Penh Reception Centre (4000 Persone Capacity?

No visit to the selected reception centre site near Phnom 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 Penh has found the access of
groundwater difficult in this e^ra». One can assume that water
will either be taken from a nearby source (surface or
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groundwater). or piped or trucked to the centre from the
Municipality Mater Supply System. This would be viable if the
municipality is agreeable to meet the extra demand of 100 cubic
metres of water p®r day and that a suitable water tanker is
available for trucking. The system envisaged at this reception
centre is specified in Annex 16, to truck w«ter from the
Municapality water supply system.
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I 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)



BASSIN DU GRAND LAC
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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

I
Dauntry River
Mongol Borey River
<3 i e-nr-iVi<-»n P-iiriaT-Sisophon River
Paneth-Preah

Province of Pursat

Pursat River
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I Le Stung Sangker à Battambang

ECHELLE: i/S00 000
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STUNG SAN GKER A BATTAWBANG

Hauteurs à l'échelle en mètres
Année hydrologique Avril 1962 -Murs 1963

1
2
3
4
5
6
7
6
9

10

M
13
13
14
IS

16
17
18
19
20

21
22
23
24
2S

26
27
2B
29
30
31

Avril

0,9B
0,96
0,95
0,94
0,93
0,94
0,92
0,94
0,91
0,90

0,89
0.88
0,|9
0,88
0,86

0,98
1,10
1,10
1,20
1,16

1,14
1,10
t.io
.16
,12

,18
.2»

1,24
1,30
1,35

Mai

1.40
1.34
1.40
1,79
2,50

3.21
1,81
1.54
1.37
1.29

1.31
1.54
2.22
2,14
1,94

2,08
1.84
1.72
1,82
1,74

2,28
2,42
1,32
1,12
2,03

.88
,80
,82
.83

1,92
1,98

Juin

2,10
2,14
2.22
3,59
3,08
2,84
2,78
2,50
2,23
2,10

2,24
2,52
3,25
3,56
3,68

3.4B
4,08
4,30
4,40
4,50

4,36
3,66
3,10
2,61
2,58

2,40
2,36
2,72
2,68
2,52

Juill.i

2,30
2,16
1,97
1,80
1,92

2.24
2,48
3,00
3,50
3,20

3,74
4,30
4,70
5,02
4,10

3,48
3,30
6,6 B
7,00
5,88

4,66
4,10
5,36
6,36
5,12

4,28
3,82
4,42
4,38
4,26
4,04

Aoâi

3,70 "
3,42
4,32
5,64
6,50

8,36
7,82
5.84
5,40
5,00

4.60
7,48
6,22
5,04
4,40

4,20
3,92
3,68
3,52
3,48

3,46
3,44
3,48
3,68
3,86
4,10
4,02
4,20
4,06
3,88
4,26

Stpttmbr*

3,20
3,16
3,80
1,1!
4,12

4,00
6,00
5,38
5.16
4,64

5.86
5,60
5,08
4,60
4,84

5.00
5,08
5,00
4,60
4,98

4,90
4,72
4,70
4,66
4,74

5,08
5,06
4,80
4,68
4.70

Hauteur maximale: E
Hauteur minimale: 0,86 les 27 ce 28

Octobre

5,38
5,18
5,20
5,08
5,06

5.12
S,22
5,20
5,28
5,22

5,28
5,24
5,22
5.20
5,16

5,22
5,18
5,14
5,20
5,32

5,36
5,20
5,42
5.26
5,20
5,10
4,96
4,94
4,90
4,82
4,70

N«v«mbr«

4,64
4,60
4,56
4,50
4,84

4,82
4,80
4,78
4,70
4.64

4,54
4,46
4,40
4,28
4.20

4,16
4,13
4,11
4.07
4,03

4,00
3,96
3,91
3,89
3,66

3,83
3,7» >
3,73
3,69
3,63

,38 le 6 Août 1962

0 (ombra

3,57
3,51
3,47
3,40
3,37

3,30
3,25
3,15
3,09
3,05

2,97
3,05
2.97
3,06
3,02

3,00
2,89
2,88
3,05
3,05

3,03
2,99
2,B2
2,72
2,62
2,51
2,32
2,17
2,01
1,87
1,81

Février 1963 et 15 Avril 1962

Janvier

1,77
1,73
1,67
.62
,46

,46
1,38
1,32
1.25
1,19

1,15
1.18
1.17
1.16
1.12

1,10
1,07
1,02
1,00
0,98

0,98
0,97
0,96
0,96
0,95

0,94
0,93
0,93
0,92
0,91
0,90

Févri»f

0,90
0,90
0,89
0,88
0,90

0,99
'0,98
0,97
0,97
0,99

1,10
1.08
1,06
1,03
0,98

1,01
0,98
0,96
0,94
0,92

0,91
0,89
0,89
0,88
0,88

. 0,87
0,86
0,86

Uoti

0.B9
0,93
0,95
0,94
0,93

0,92
0,91
0,89
0,89
0,88

0,88
0,89
0.99
,lô
,12
,10
;08
.07
,06
,05

.04
1,04
1,03
1,09
1,10

1,09
1,08
1,07
1.06
1,06
1.05



STUNG SANGKER A BAT TAM BANG

Débits en mètres cubes par seconde

Année hydrologique - Avril 1962 • Mars 1963

1
2
3
4
S

6
7
a
9

10
n
12
13
U
15

U
J7

u19
30
31
33
33
34
35

26
37
28
2»
30
31

Total
Mo>*nn*
M i t fpsci'tqu*
l ' » ' k « 3
Ec«ut«n«nt
• 4 106 m3

E<«ul«m«nt
•n mm

Maximum

Minimum

Awi!

3,34
:,»e
2,80
2.63
2.44

2,62
3,26
3,63
2.0B
' , M

'.79

1,7»
1.68
1,«

3,34
4, S0
<50
5.40
5,04
4,86
4,50
4,50
5,04
4,M

S,3I
5,50
5,80
4,40
«,95

110,39
3,66

I.H

9,53

3,0
6.95
',46

Moi

7.5
o,9
7,5

13,7
15,2

19,8
1*0
9,1
7.3
6.3

6.5
9.1 .

20,0
• M
15,0

'7,5
13,4
11,6
13,1
»,»
71,0
33,6
6,6
4,7

16,5
14,1
>2,8
•3,1
'3,3
14,7
15,7

407,96
13.2
4,07

35.24

10,9
25,2
4,7

Période

Juin

17.B
18.5
20,0
6'. S
43,2

34,3
32,«
25,2
20.1
17,1

20,3
25,?
50.»
67,?
75,6

«2,9
108,0
129,0
139,0
150,0
135,0
74,3
44,0
33,3
27,0
23,3
32,5
30,6
29,5
3S.Ï

1572,90
52,4
16,2

135,90

42,1
130

'7,*

Jg i l l . l

31,4
18,9
'5,5
12,8
14,7

20,3
24,8
39,8
64,0
48,5

79,8
139.0
171,0
304,0
110,0

«2.9
53.3

441,0
500,0
314,0
U7.0
110,0
347,0
315,0
318,0
128,0
15,6

142,0
137,0
115,0
104

4196,30
135
41,9

363,55

112,2
500

12,8

maximum 600
minimum 1,46

Août

77
58

132
284
409

800
760
308
352
216

159
600
362
206
133
114
84
61
44
36
34
26
28
44
59
82
74
90
76
52
91

5753
186

57.5

497,06

153,9
600

28

doyenne

l/sA»2

Stprambr*

84
79

148
74
74

58
325
218
184
117

285
235
161
99

124

140
147
130
81

125
112
85
77
97
89

117
109
210
174
153

4111
137
42,4

355,19

MO.0
325
SB

Oclobr*

132
100
99
75
68

75
93
83
95
80

87
78
71
75

-64

B3
75
70
89

112
132
99

136
116
108

100
83
82
82
73
SB

3762
89,1
27,6

238,64

73,9
136
58

61,5 Ecoulement
19,0 Ecoulement

Novimbr*

53
55
54
50

102

102
104
105
94
93

90
B6
84
75
71

69
69
74
72
74
74
71
69
69
68

66
65
61
60
56

2235
74,5
23,1

193,10

59,8
105
50

en 106 m *
en mm

Dtctmli*

53,0
50,0
48,0
44,5
43,5
40,5
3B,7
33,8
31,4
30,5
28,0
32,0
29,5
35,0
33,9
33,6
30,0
30,3
37,8
38,2
38,0
36,6
30,4
37;o
34,3
31,4
17,3
14,4
11.5
9,S
9,3

931,7
31,7
9,60

84,82

26,2
53,0

',2

1 940,12
600; 7

Jonvilr

.9,00
8,70
8.20
7,80
6,60
6,50
6,30
6,20
5,90
5,3)
4,95
5,22
5,13
5,04
4,68

4,26
3,86
3,70
3,34
3,34
3,16
3,98
2,98
2,80

. 3,63
2,44
2,44
3,26
2,08
3,08

144,37
4,66
1,44

12,47

3,9

9.0

2,'OB

x

Fivri»r

1,90
1,90
1,79
1,63
1,90
3,52
3,34
3.16
3,16
3/S2
4,50
4,34
4,18
3, f 4
3,34
3,78
3,34
2,98
3,62
2,26
2,08
1.79
1,79
1,66
1,68
t,S7
1,46
1,44

74,66

2,77

0,83

6.45

3.0
4,50

1.46

Mari

1,79
3,44
2,80
2,62
2.44

2.26
2.0B
1.79
1,79
1,63

1,68
î.79
3,52
5,04
4,68

4,50
4,34
4,36
4.13
4,10
4,03
4.03
3,94
4,43
<so
4,43
4.34
4,26
4,18
4,18
4,10

106,16
3,43
1,06

9,17

2,8
5,04
1,68
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STUNG OAUNTRY A MAUNG

Hauteurs à l'échelle en mettes

Avril 1962 -tors 1963

1
2
3
4
5

6
7
B
9

to
11
12
13
14
15
16
17
18
1»
20
21
22
23
24
25
26
27
2»
29
30
31

A».il

0,18
0,12
0,17
0,14
0,11

0,12
0,M
0,12
0,12
0,12

0,12
0,12
0,12
0,12
0,12

0,12
0,22
0,43
0,38
MB
0,43
0,39
0,34
0,28
0,46
0,49
0,50
Ô.12
0,48
0,51

Mai

0,68
0,86
1,22
1,28
0,96

0,69
0,49
0,96
0,48
0,31
1,22
1.52
1,16
0,54
0,38
0,32
0,39
0,41
0,69
1,64

1,53
1,46
1,00
0,83
0,59
0,46
0,44
0,42
0,51
0,46
0,40

Juin

0,46
0,42
0,36
0,31
0,28

0,26
0,22
0,23
0,21
0,19

0,16
0,14
0,12
0,12
0,12

0,10
0,10
0,08
0,08
0,10

o,u
0,21
0,18
0,21
0,17
0,20
0,62
0,60
0,30
0,86

JuilU»

0,42
0,30
0,36
0,34
0,20
0,41
0,36
1,32
0,93
0,62
0,84
0,94
0,92
0,32
0,44
0,42
0,38
0,34
0,32
1,00
0,82
0,64
0,40
0,62
0,71
0,76
0,94
0,92
0,77
0,60
0,68

Août

0,62
0,52
0,49
0,43
0,38

0,81
1,00
0,74
0,61
0,62

0,51
0,64
0,48
0,48
0,44

0,42
0,49
0,46
0,41
0,48

0,41
0,62
0,54
0,41
0,72
0,91
0,78
2,91
1,78
0,92
0,61

Stptambta

0,96
1,12
1,16
0,62
0,41

0,72
0,96
0,31
0,83
1,61

2,86
3,40
V 0
2,21
2,76

1,47 '
1,12
0,82
0,68
0,62

1 , "
0,72
0,76
0,69
'0,56
0,70
0,83
1,18
1,65
2,12

Oc rot»*

1,99
1,92
1.70
0,96
0,90

1,39
1,20
0,88
1,12
0,96

1,49
1,00
0,86
1.26
0,78

t.98
1,36
0,93
0,91
0,70

2,62
2,31
1,86
1,51
U t
0,98
0,90
0,81
0,76
0,66
0,61

Novambr*

0,58
0,54
0,49
1
1

1
1
1
1

,13
,42

.59

.41
,37
,31

1,26

1,18
1,14

1.11
0,98
0,89

0,61
0,76
0,67
0,58
0,44

0,41
0,43
0,39
0,41
0,64

0,65
0,71
0,78
0,65
0,47

Die ambra

0,39
0,32
0,28
0,24
0,25

0,21
0,18
0,19
0,23
0,20

0,21
0,19
0,22
0,23

' 0,25

0,23
0,20
0,18
0,17
0,14 N

0,16
0,20
0,17
0,14
0,16

0,13
0,14
0,13
0,11
0,13
0,15

Janvier

0,28
0,26

. 0,23
0;19
0,16

0,13
0,12
0,11
0,12
0,13

0,17
0,15
0,17
0,13
0,16

0,12
0,10
0,08
0,11
0,12

0,06
0,09
0,12
0,11
0,10
0,07
0,08
0,04
0,06
0,05
0,03

Hauteur d'eau maxi mate de 3,40 atteinte ie 12 Septembre

Fâvriai

0,06
0,07
0,06
0,05
0,04 r

0,05
0,02
0,06
0,04
0,02

0,00
0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00
0,00
0,00

Mar*

0,00
0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00
0,65

0,63
0,56
0,6 B
0,61
0,53

0,48
0,44
0,35
0,29
0,24
0,16



STUNG DAUNTRY A MAUNG

Débits en mètres cubes

Année hydrologique Avril 1962- Mars 1963

1
2 .
3
4
5
6
7
S
»

10
11
l î
13

u
15

M
! / •
IS
1»
20

21
22
23
24
25

26
27
38
»
30
31

Dibit total

l/..c/k*î

E caul amant
•n 10* m3
Ecoulement
•n mm.
Maximum
Minimum

Avril

0,12
0 , "
0,10
0,14
0,10

0,11
0,10
0,11
0,11
o,n
0,M
0J1
0,11
0,11
o,n
o.n
0,3*
i,n
0,87

10,30

1,11
0,91
0,70
0.48
1,2T

1,44
1,4?
0,11
',3S
1,55

15,7*

0,!3
0 , «

1,36

1,63
10,50
0,10

Mai

2,66
4,08
7,52
8,18
4,94

2,73
1,44
4,94
U 8
0,38
7,52

10.90
6.90
t . "
0,87
0,62
0,91
1.00
2,73

12,40
11,10
10,30
5,30
3.84
2,04

1,27
1,17
1,06
1,55
1,27
0,95

113,67
ï,67
4,40

' , 8 Î

11,80
12,40
0,2(

Juin

1,38
1,06
0,79
0,38
0.48

0,43
0,33
0,34
0.29
0,24

0.18
0,14
0.11
o.n
0,11

0.08
0,08
0.06
0,06
0.08

0,10
0,29
0,32
0,39
0,20

0,26

2,10
0,54
4,08

16,94
0,56
0.6B

1,46

1,80
4,08
0,06

JuilUt

1.06
0,5*
0,79
0,70
0,26

1,00
0,79
8.63
4.67
3.24

3,92
4.76
4,58
0,62
1,17
1,06
0,87
0,70
0,62
5,30

3,76
2,38
0,95
2,24
2,88

3,28
4,76
4,S8
3,36
2,10

. 2,66

77,22
3,49
2.W

4,47

8,00
8.62'
0,36

A sût

3,34
1,61
',44
1,11
0,87

3.68
5,30
3.13
1,17
3,24

'.55
3.38
1.38
1.38
1.17
1.06
1,44
1.27
1,00
1.38

1,00
3,24
1,73
1,00
2,96

4,49
3,44

31,30 '
14,10
4,58
2,17

106,80
3,45
4,13

9,23

11,00
31,30
0,87

Maximum 40,50 Moyenne 2,76
Minimum 0,00 l /sec /km2 3,30

$ep Ombra

4,94
6.50
7,10
3.34
1.00

3,96
4,94
0.38
3,84

12.00
30,40
40,50
13,10
20.20
28,70
10,30
*.so
3,76
3,66
2,24

6,40
2,96
3,28
2,73
1,86

2,80
3,84
7.10

13,50
18,80

266,43
8,88

10,64

23.02

27,60
40,50
0,28

Octobre

17,00
16,00
13,10

4,94
4,40

9,39
7.30
4.34
6,50
4,94

10.60
5.30
4.08
7,9*
3,44

16,80
9,06
4.67
4,49
2,B0

36,40
21,70
15,20
10,80
6,40

5,12
4,40
3,68
3,28
3,66
3,17

358,83
8,35

10,00

33,36

36,80
36,40

3,17

Ecoulement en 10**
Ecoulement en mm

Novembre

1,98
1,73
1,44
6,60
9,74

11,80
».63
9.17
8,51
7,96

7,10
6,70
6,40
S.12
4,33
3.68
3,28
3,59
1 , "
1,17
1,00
1,11
0,91
1,00
2.3*
2,45
2,88
3,44
2,45
1,33

139,84
4,33
5,18

11,32

13.J0
11,80
0.91

mi 87,01
104,2

Décembre

0,91
0,62
0,48
0,37
0,40

0,39
0,33
0.34
0.34
0,36
0,39
0,3*
0,33
0,34
0,40
0,34
0,36
0,32
0,20
0,14
0,18
0,36
0,30
0,14
0,18

0,13
0,14
0,13

, 0,10
0,13
0,16

8,63
0,38
0,33

0,75

0,90
0,91

0,10

Janviar

0,48
0,43
0,34

•0,24
0.18

0,13
0,11
0,10
0,11
0,13

0,20
0,16
0,20
0,13
0,18

o,n
0,08
0,06
0,10
0,11
0,04
0,07
0,11
0,10
0,08

0,05
0,06

- 0,02
0,04
0,03
0,03

4,20 •
0,14
0,16

0,36

0,40

0,48

0.02 '

Février

0,04
0,05
0,04
0,03
0,03

0.03
0,01
0,04
0,03
0,01

0,00
0.00
0.00
0.00
0,00
0.00
0,00
0,00
0,00
0,00
0,00
o.or
0.00
0,00
0,00

0,00
0,00
0.00
0.00
0,00

0,39
0,01

0,01

0,03

0,00
0,05
0,00

Man

0,00
0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00
0,00
0,00
0.00
0,00
0.00
0.00
0.00
0,00
0,00
0.00
1,06
1,03
0,88
1,13
0,9»
0.82

0,73
<U4
0,46
0,34
0,25
0,12

«.41
0,27
0,33

0.73

0,90
1,06

0,00
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STUNG MONGKOL. BOREY A MONGKOL. BOREY

Hauteurs à -l'échelle en mètres
Année hydroloj-iquc - Avril 1962 - Mars" 1963

1
2
3
4
5

6
7
S
9

10

n
12
13
14
15
16
17
18
19
20

21
22
23
24
25

26
27
28
29
30
31

Avrjt

0.85
0.82
0.78
0,74
0,73

0,73
0,72

, 0,71
' 0,70

0.68
0,66
0.66
0,68
0.70
0,76

0,77
0.75
0,67
0.B2
0,78

0,76
0,72
0,72
0,80
0,76

0,74
0.71
0,71
0,72
0.73

Mai

0,91
0,64
0.92
0,90
0.85

1.04
1,17
1.22
1,12
0,98

0,92
0,92
1.20
1,54
1.36

1.10
1,00
1.00
1,08
1,46

1.30
1.02
0,92
1,25
»,50

1,34
1.20
1.14
1,10
»,07
1.07

Juin

1,02
0,84
0.64
2,00
2.34

3.33
3,82
3.57
3,13
2,72

2,38
2,47
2.34
2,34
2,3»

3.08
2.97
2,93
2,92
2,06

3.00
2,52
3,92
3,89

- 3,76

3,54
2,04
2,58
2,62
2,95

Juillet

4,10
3,87
3,71
3,57
3,60

3,51
3,34
3.42
3.82
3.58

3,77
3,39
3.56
3,71
3,06

3,92
4,20
4.06
3,78
3,61

4,32
4,60
4,67
4,73
4,83

4,86
4.86
4,90
4,88
4,80
4.80

Août

4,84
4,82
4.74
4,67
«.77

4,87
4,92
4,95
4.97
5,00

5,02
5.04
5.06
5,05
5.06

5.06
5,06
5,06
5,06
5.06

S.04
5,00.
4,94
4,92
4,92

4,92
4,9*
4,97
4,98
4,99
5,00

Seatembie

5,00
4,96
4,92
4.88
4,66

4,91
4,91
5,08 •
5,11
5,22

5.32.
5.57
6,06
6,11
6,17

6.16
6,13
6.09
6,06
6,02

5,97
5,92
5,87
5.B2
5,78

5,77
5.74
5,70
S.66
5.6S

Oc tob r*

5,61
5,64
5,66
5,68
5,72

5,76
5.80
5,82
5.84
5,84

5,84
5,82
5,79
5.78
S.78

5.76
5.72
5,6B
S.64
5.58

5,52
5.46
5.40
5,34
5,27

5,18
5,10
5,02
4,92
4,82
4.73

Novembre

4,65
4,56
4,47
4.43
4,41

4,44
4,80
4,86
4,60
4,36

4,20
4,12
4.04
3,97
3.90

3,82
3,76
3,68
3,60
3,52

3,44
3,36
3,30
3,22
3.14

3,06
3,00
2,99
2,91
2,85

Hauteur il'eau maximale 6 . 1 " le 1*> Scptemlirc
H.uiicur i!'eau inininolc 0,f)-1 te B Mars 1

Décembre

2,78
2,74
2,65
2,54
2,48

2,41
2.30
2,21
2,10
1,98

,88
,78
,66
,54
.40

.28

.26

.26

.22
1.21

Lie
1,14

1.12
1,10
1,07

1,04
1,00
1.00
1,00
1,00
1,00

l(x*2

Janvier

1,09
1,08
1,08
1.08
1,07

1,07
1,07
1,06
1,06
t.04

1,02
1.00
0,99
0,98
0.96

0,94
0,93
0.93
0,93
0,92

0,92
0.92
0.90
0,90
0,90
0,89
0,89
0.88
0,87
0,86
0,85

0,84
0.84
0,83
0,83
0,82

0,81
0,81
0,81
0,80
0,80

0,80
0,80
0,82'
0,80
0,79

0,78
0,78
0,86
0,64
0.67

0,63
0,79
0,75
0,77
0,72

0,70
0,70
0,68

Man

0,77
0,67
0,67
0.67
0,66

0,70
0.72
0.71
0,70
0.67

0,69
0.68
0,64
0,66
0,69

0,71
0,71
0,70
0.74
0,74

0,72
0,79
0,79
0.79
0,74

0,71
0,73
0,72
0,70
0,72
0,71



STUNG MONGKOL • BORE Y A MONGKOL BOREY

Debits en mètres cubes par seconde

Année hydrolof ique - Avril 1962 - Mars 1963

1
2
3
4
5
A

7
8
9

10

VI
12
13
14
15
16
17
ta
I»
30
Jt
23
23
24
25
26
27
2B
29
30
31

Total
Mayenne
Oibii ipiciliqut
-l't.'lun?
Ec«uUm*ni
«n 106»3
EcowUmcnt
• n mm
Mo* Hnvm
Minimum

Avril

1.83
t,*2
t.w
'.05
0,98
0.98
0,91
0,(4
0.76
0,63
0.46
0.46
0.63
0,76
1,18
1.16
1.12
1,96
1,63
1,34

1,18
0.91
0,91
1,46
1,18

1,06
0.84
0,84
9,90
0,98

31,97
1,07

0.26

2,763

0,66
1,96
0,46

Mai

3,34
1,76
3.33
3.18
1,83

3, te
4.06
oo
3.73
3,80

3.33
Ï.32
*. M
6,80
5.40

î.60
3 90
2.90
3,46
6.M
5,00
3,40
3,33
4.70
6, SO

5,40
4,30
3,17
3.60
3.38
3,38

114,04
3,70

0,89

9,905

2,38
6,80
176

Juin

3.A
1,76
0,40

10,60
13,70
34,60
30.80
38.10
22,00
17,40

14,10
15,00
13.80
13,80
13,40
21,50
30,30
19,80
19,60
11.30
30,60
15,40
33,40
32.80
31,00
27,60
11,00
16,00
16,40
30,00

*" 539,40
17,98

4,31

46,604

11,18
33,4
0,40

Juilltt

36.8
32,6
30.3
38.1
38.6

27,2
74,9
26,0
31.8
38,3

31,0
35,6
38,0
30,3
21,3
33,4
38,6
36,8
31.3
38.7
41.3
48.0
49,9
51.8
54,6

56,0
56,8
57,4
56.8
54,0
54,0

1178,B
38.03

9,13

101,848

34,43
57,4
3t,2

Maximum 150,00
Minimum 0,40

Août

SS.3
54,6
52,0
49,9
53.0
56,4
58.1
S9,2
60,1
61.3

62,1
62,9
63.7
63,3
63.1
63,4
61.0
60.9
60,3
59,3
57,0
Î4.2
51.2
48,8
47.7

*7.3
47,4
4*,0
48,8
48,8
48,8

1726,6
55,70

13,36

149,178

35.78
63,7
47.3

S*p)«mbr*

48,4
46,4
44,8
41,9
41,3
3»,8
39,3
45,4
46,3
55,7

60,B
77.2

131,0
141,0
150,0

148,0
U0,0
133.0
136,0
119,0

* 112,0
105,0
101,0
92,0
87,6

86.0
82,5
78.4
7*,0
71,6

1568,2
85,61

20,53

221,992

53,21
150,0
39,3

Moyenne. 24,90
l / s /k rn 2 5,97

O:'«bia

69.0
70,0
71,8
73.6
7>,6
81,4
85,0
86,5
88,0
87,0
86.5
85,0
83.0
83.0
83,0

80,4
76,5
73,0
6«,S
63,5

58,8
55,0
51.0
48,0
44.6

40,4
36,0
33.6
30,4
17,0
34.8

2018,9
65,13

15,62

174,43-

41,83
88,0
34.8

N o»«mbr«

23.0
30,6
te,8
18,5
18.4

19,0
30,0
33,4
26,4
21,6
30,0
18,0
16.8
16,4
16,0
15,6
15,4
15,3
14,6
14,2
14.0
13,9
13,8
13,6
13.5

13,4
13,4
14,4
14,3
14,0

S3B.1
17,60

4,32

45,628

10,94
32,4
13,4

E>*c«mbr«

14,0
14,4
14,6
14,4
K*
14,4
13,2
13.6
11,6
10,4

9,6
6,8
?.S
6,8
5.B

5.0
',B
4.S
4.4
4.4

4.2
3.8
3,8
3 6
3.4

3,3
2,6
2.8
2.8
3,8
3.8

233,2
7.49

1,60

30,063

4,81
14,0
3.8

Ecoulement en io6 m3
Ecoulement en mm.

Janvier

3.5
3,4
3,4
M
3.3
3,3
3,3
3,2
3.2
3.t
3.0
2.8
2.8
2,7
2,6

2.4
2,4
2.4
2.4
2.3
2.3
2,3
2.2
2,2
2,2

2.1
2.1
2,0
1,9
t.*
1.8

82,0
2,64

0,63

7,085

1.70
3.5
1,8

785,085
188,27

Fiviiar

1.80
1.80
170
1,70
1,60

1.54
1,54
1.54
1.46
1,46

1,46
1.46
1.6D
1 46
1.40

1,34
1,34
1.90
176
196

1.70
1.40
1.12
1.30
O.90

0,76
0.76
0,60

40,36
M 4

0,35

3,487

0.S4
1,96
0.60

Mart

0.54
0.54
0.54
0.54
0,46
0,76
0,90
0,84
0.90
0.54

0.70
0,60
0.36
0.46
0.70
0,84
0.84
0,90
1.06
1.06

0.50 I
1.40

, 1*40
'1.40

1.06
0.84
1,00
0.90
0,76
0.90
0,84

25,48
0.82

0,20

2,201

0.53
1.40
0.36
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Le Stung Sisophon à Sisophon
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Hauteurs à l'échelle en mètres
Année hydrologique -Avril 1962 - Mars 1963

)
2
3
4
5

6
7
8
9

*ro
n
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30
31

Avril

1.63
1,63
1,63
1,63
1.65

1.65
1,65
1,65
1,67
1,67

1.67
t. 67
1,69
1,69
1,69
1.69
1,69
1,61
1,61
1,61

1.61
1.61
1,61
1.61
1.63
1,63
1,63
1.63
1,61
1,63

Ma.

,63
.61
.61
.63
.61

.69
,67
,65
,65
.63

,71
,7t
.79
.77
,75

1,73
,69

1,55
1,49
M l

Juin Juillet

5,39
5,39

Août

5.39
5,43
5,51
5,51
5,53

5,5*
5.48

'5,46
5,43
5,41

5.41
5,45
5,41
5,43
5,43

5,43
5,43
5,4)
5,41
5,41

5,41
5,37
5,43
5,41
5,40
5,44
5,43
5,42
5,45
5,59
5,67

Hauteur d'eau
Hauteur d'

Septembre

5,77
5,79
5,8t
5,81
5,79

5,77
5,89
6,07
6,11
6,37

6,43
7,17
7.41
7,45
7,47

7,47
7,43
7,29
7.27
7,21

7,17
7.13
7.01
6,97
6,69

6.93
6.95
6,91
6,93
6.85

maximale *

Oclobre

6,81
6,85
6,89
6,95
7,01

7,07
7,09
7,11
7,11
7,09

7.07
6,99
7,03
6,91
6,89

6.88
6.83
6,79
6,71
6,67

6,63
6.47
6,37
6,29
6,27

6,25
6,13
6,01
5,91
5,79
5,75

Novembre

5,69
5,65
5,53
5,39
5,41

5,31
5,29
5,29
5,23
5,19

5,13
5.11
5,05
4,93
4,91

4,83
4,73
4,71
4,65
4.53
4,41
4,33
4.29
4,19
4,11

4,05
3,99
3,93
3,89
3,83

\ 4 7 atteinte les 15 ec
eau minimale 0.60 atteinte du If)

Dêcembce

3,71
3,65
3,59
3,53
3,40

3,31
3,20
3,09
3,00
2.91

2,82
2,75
2,65
2.59
2,53

2,43
2.37
2,27
2,13
2,01
1,99
.95
,87

1,83
1.77

1,73
1,71
1,69
1,63
1.59
1,52

Jonv.«<

,47
,47
,43
,37
,35

.35
,33
,33
,29
,27

.25

.23
1.22
1,21
1.18

1,17
1.17
1,11
1,09
1,03

1,01
0,99
0,99
0,97
0,94
0,92
0,91
0,91
0,91
0.91
0,89

16 Septembre 1962
au 23 Mars 1963

Février

0,89
0,89
0,B9
0,89
0,87

0,87
035
0,85
O,BS
0,85

0,83
0,82
0.81
0,81
0.79

0.79
0,79
0,79
0,79
0,77

0,77
0,75
0,74
0,73
0,73

0,72
0,72
0,72

Mari

0,72
0,72
0,71
0,71
0,70

0,70
0,66
0,66
0,66
0,64

0,64
0,64
0,64
0,62
0.62

0,62
0.62
0,60
0,60
0,60

0,60
0,60
0,60
0,60
0,6.2

0,62
0,62
0,63
0,64
0,64
0,64



en ranu
Année-

- umie
l')62 - Mars 1063

NI

i

1
3
3
j
5
«
7
e
9

'O.
M
12

t 13
* 4 4

IS

14
17
18
t *
10
i l
13
23
34
35
24
Î7
28
39
30
31

Tot.l
Maytnna
Dalit %f êcl'iqua
1 • km2
cceul*aient «n
10* mï
EesuUntnr
•n mm

Msiimum

Minimum

Avril

t.es
U B
1,86
1,88
1,93
•,»3
1,93
1.«3
1,98
1,98

1,98
1 , «
3.03
2.03
3.03

3,03
2.03
t,83
1.63
1.83

1.83
1.83
1,83
1,83
1.88

1.88
1.88
1.88
1.83
1,6»

57.30
"t.9I

4.95

1.2
2.03
1.83

Mai

i

,88
.83
.83
,88
.83

Î.03
.98
,93
.93
.88

2,oa
1.08
2.38
2 33
2.t*

3,13
2,03

.60
1.5S
1.43

Juin Juillet

13,0
51.0

Période M.iximum ^ 1 ^
Mi-iiimnn (),!!•

Ao»r

51,
52
54
56
57
SA
51
48
45
44

41
47
39
39
3B
37
35
33
33
30
38
35
28
35
24
17
36
34
37
33
33

1187.0

38,3
o,d8

102.54

23,8
57.0
24.0

S*plembt*

43
43
44
43
43

40
50
73
75

115

125
357
482
503
515

513
493
417
407
368
34$
323
365
347
211
214
220
310
310
180

7169,0

55,4

619,40

143.7
515

40.0

Movcnnc
l/s/km2

Ocfabi*

I «
175
189
203
330
356
2*5
Î70
278
250
240
200
320
175
170

U8
155
145
135
113

tos
74
57
50
45

47
37
30
34
18
17

4493,0

MS

33,6

386.20

#0,1

27S
17.0

Ncvsmbf*

15.0
ISO
15,0
14,0
12,0

10.0
10,5
10.5
10,0
10.0
10.0
9.5
9.5
8.8
8,8

8,0
7,3
7.5
7,3
4,6

6,2
6.0
6,1
5.5
M
5,3
5.2
5,1
5,1
5,0

260,2
«, Aï

IP, 20

22,48

5.2
15,0
5.0

Ecoulement
Ecoulement

Die ambra

4.80
4 60
4.50
4,30
4,00

3,70
3,30
3.20
2.90
3.80

2.80
2,70
3.40
2.50
2:50

3.40
2.30
2.30
2.20
2.10

3. to
2.00
2.00
1.90
1.85
t.80
1,75
1.70
1.65
1.65
1,60

82.5
2,66
0,062

!
7.13

17
4. SO

1,60

Jcnvitr

,55
.55
,46
.35
.30
,30
.25 .

1,35
1,18
1.15

1,10
t.05
1.04
1.02
0,95
0.94
0 94
0 64
0.80
0,70
0,67
0.64
0.64
0.61
0,54
0,53
0.52
0.52
0.52
0.52
0,49

26,62

0,86
0.020

2,30

0.5
1.55
0,49

cn 106 m3

en mm

Fâvrier

0,49
0,49
0.49
0.49
0,46

0.46
0,43
0,4j
0,43
0 •*?
0.40
0.38
0,37
0.37
0.34

0,34
0,34
a.34
0.34
C.31

0.31
0.38
0.36
0.35
0.25

0.33
0.23
0.23

10,17

0.36

O.0OB

0.88

0,2
0.49

0,23

Mart

0.23
0.23-
0.22
0.22
0.20

0.20
0.16
0.16
0,16
0,14

0.14
0.14
0,14
0.12
0,12
0 ) 2
0.12
0.10
0.10
0.10
0.10
0.10
0.10
0,10
0.13
0.12
0,12
0.13
0.14
0.14
0.14

*,43

0,14

0 003

0.38

0,1
0.33
0.10 '
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Le Stung Praneth- Préah à Beng Chhouk
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O PRANET PR E AH A BÉNG CHHOUK

Hauteurs à l'échelle en mètres
hydrofogique -Avr i l 1962 - Mars 1963

c\

1
2
3
4
5

6
7.
8 '
9

10

11
•lî
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30
31

Avril Moi Juin Jwtlttt

1,10
1,09
1,09
1,08
1,10
1,11

Hauteur d'eau t

Août

1,09
1,07
1,07
1.08
1.09

1,08
1,07
I.D7
1,06
1,08

1,09
1,09
1,08
1,09
1,08

1,09
1,10
1,09
1,38
1,10

1,10
î,09
1,09
1,17
1.30

1,33
î',38
1,39
1,39
1,38
1,36

naximale î
Hauteur d'eau minimale

Stplcmbrt

1.32
1.30

,32
,31
,33

,36
,38
,48 •
,56
,60

,67
,72
.75
,78
,82

,90
.96

1,99
t,02
.96

1,94
1.90
1,84
1,78
1.77

1.75
1,74
1,74
1,75
1,80

Oc tob'*

1,86
1.87
1,90
1,92
1,98

2,02
2,03
2,08
2,06
2,12

2.11
2,10
2.16
2,13
2.16

2,13
2,09
2,06
2,00
1,98

1-96
1,94
1,92
1,90
1,87

1,86
1,86
1,84
1,82
1,79
1,75

N.^r.

1
1
,70
,75
,73
.76
,B0

.77
,76
,75
.74
,73

.72
,6 B
,65
.60
.56

.52

.48

.47
,46
,45

1,44
1,43
1.42
1,41
1,40
1,38
1,37
1,39
1,38
1.36

D «cambra

1,38
1.37
1,35
1.34
1,32

1,30
1,28
1,26
1,25
1.27

1,27
1,25
1.24
1,23
1,20

1,19
1,18
1,17
1.18
1.1»
1,20
1.19
1,18
1,17
1,16

1.15
1.16
1.17
1.16
1.16
1,16

i

1
,16 m atteinte les...13..et 1*5 Octobre 1962

atteinte le

Janvier

1,16
1.16
1.16
1,16
1,15

1.15
1.15
1,15
1,14
1.13

1.13
1.13
1.12
1,11
1,10

Fâvricr

•

•

Mort



O PRANET PREAH A BÉNG CHHOUK

[jt-^its on mttrcs cubes pjr secomfc-
Armee llulrolotiqut - Avril l>/62 • Mars 1%3

00

1

3
3
4
S

6
7
B
»

10

11

13
M
t i

1*
17
18
1»
10

31
23
33

• 34
25

36
37
38
39
30
31

Total

Moyenne
Dibit ipétifmue
1 i km?
Ecoulement
«n 10* " i 3

£coitt«neni
•n un

Mo » i mum

Minimum

Avril Ma. Juin Juillet

0.130
0.U6
0,116
0.113
0.130
0.130

0.713

Période Maximum ^0,!'

Août

0,116
o.i oe
0.10B
«.112
0.116

0.113
0,108
0.108
0.104
0.113

0.116
0,116
0,113
0.1 lft
0,113

0.116
8,110
0.116
0.112
0,130

0,110
0,116
9,116
0,190
0,500

0,630
o.tso
1.050
1,050
0,950
M10
S.742

0,187
0.169

0,76

0,5
1,050

0.10-1

S*et*atb'«

0,58
0,50
O.SB
0,t8
0.63
0.01
0 , «
3,70
S,*6
7,50

10,«
13,«
15,10
16.40
19,70
Î6.»O
33,8
36,0
» . J
31.8
30..
36,6
11.3
14.»
15.7

>3.2
10.7
8,0
5,7
7,0

419,«7

u.oo
a,183

36.39

31,7
39,3
o.to

Movennt
1/ s/ km2

OooWc

12.3
* ,5

11.8
" , 3
17.7

35.0
30.0
33,5
29.Î
40,0

W.i
32.C
45,0
41,5
50.0
« . 0
35,0
11,0
30.7
19,0

18,6
18.4
16.0
17,0
15.0

16.6
17,0
17,8
16,5
15,1
13,3

7S8.40

Î4.4JS

W.650

tS.i?

3«,3
50.0

*.s

N»v*mbr*

10,70
15,10
14,00
15,70
11,10
16.30
15,70
15,10
14,56
14.00
13.50
11,30
9,90
7.50
5.MS

4.0O
2.70
î . «
3.20
t.»5

1.79
1.43
1.47
1,31
1.15
0.45
0.87
1.05
0,95
0,61

323,40

7,414

4.440

19,13

".S
18.10

0.81

Décambf*

0.«S
0.87
0,74
0.68
0,58

0.50
0,43
0,37
0.34
0,40

0,40
0,34
0.33
0.30
0.34

0.23
0.30
0.19
0.20
0,33
0.34
0,33
0,30
0,19
0,16

0.17
0.16
0,19
o.ia
0,16
0.16

10.60

0.341
d.205
1

0,93

0,5
0.75
0,17

écoulement 1(/* m^
Ecoulement tivn.

J envi*<

0,16
0,16
0,16
0,18
0.17
0.17
0,17
0,17
0,16
0.15

0.15
0 J Î
0.14
0.13
0.13

2.40

122,97
?3.r>

Fiwfie' Mort

't
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STUNG PURSAT A PURSAT

Hauteurs à l'échelle en metres
Avril 1962 - Mars 1963

oa

1
2
3
4
5
6
7
B
9

10

11
12
13
14
15

16
17
IS
19
20

21
22
23
24
25

26
27
28
29
30
31

Avril

0,30
0,32
0,35
0,30
0,27

0,25
0,23
0,20
0,21
0,20

0,20
0,20
0,20
0,20
0,29

0,35
0,44
0,49
0,50
0,50
0,52
0,54
0.55
0,54
0,44

0,60
0,75
0,30
0,85
0,90

Ma!

0,87
0,85
0,88
0,90
0,88

0,82
0,78
0,83
0,68
0,62

0,58
0,62
O,S1
0,»2
0,75

0,80
0,86
0,81
0,78
0,76

0,69
0,66
0,64
0,66
0,72

0,74
0,7)
0,67
0,65
0,62
0,63

Juin

0,59
0,52
0,48
0,40
2,35

2.35
1,65
1,12
MO
1,09

1,09
1,00
0,79
0,79
0,70

0,72
0,73
0,70
0,65
0,62

0,84
0,85
0,79
0,75
0,74

0,74
0,72
0,81
0,84
0,80

Juill.t

0,84
0,88
0,89
0,91
1,10

.22
,28
.42
,70
.70

.72
,22

1,50
1,99
2,38

2,10
1,83
2,28
2,40
3.80

3,56.
2,80
2,10
2,23
2,85

2,86
2,00
1,69
1,68
1,30
1,20

Août

1,00
0,92
0,85
0.80
1,28

3,34
4,15
3,32
2,00
1,85

1,90
2,25
2,60
2,62
1,82

,60
,52
,38
,39
,42

1,37
1,50
.42

2,00
3.15

2,52
1,89
1,92
2,49
2,20
1,93

Scplambr*

1,66

us
1,57
1,45
1,42

1,44
1,49
2,50
3,10
3,05

3,50
4,20
2,90
2,30
2.89

2.82
2,80
2.75
2.65
2,72

2,85
2,92
2,81
2,58
2,44

2,50
2,35
2,92
3,02
3,03

Ociobr»

3,30
3,40
3,80
4,33
4,44

4,35
4,17
4,06
3,66
3.50

3,70
3,46
3.06
2,62
2,34

2,74
2,50
2,20
2,30
3,88

4,54
4,60

' 4,38
3,88
3,40

3,06
2,98
2,86
2,48
2,14
1,86

Novtmbrt

1,66
1,60
.40
.36
,48

,62
1,64
,46

1,30
1,20

1,12
«06

0,98
0,92
0,88

0,84
0,80
0,76
0,72
0,68

0,66
0.66
0,66
0,66
0.66

0,62
0,62
0,66
0,68
0,70

Hauteur d'eau maximale 4,60 le 22 Octobre 1962
Hauteur d'eau minimale 0,06 les 19 ec

Dâcambr*

0,63
0,66
0,62
0,60
0,58

0,54*
0,54
0,54
0,54
0,50

0,50
0,50
0,48
0,44
0,43

0,42
0,41
0,41
0,40
0,39

0,38
0,37
0,36
0,35
0,34

0.34
0,33
0,32
0,31
0,31
0,30

20 Mars 1963

Jonvttr

0,30
0,30
0,32
0,32
0.32

0,30
0,30
0,30
0,28
0,28

0,26
0,26
0,26
0,24
0,24

0,24
0,24
0,22
0,22
0,20

0,20
0,20
0,20
0,18
0,18

0,18
0,18
0,18
0,14
0,16
0,16

0,16
0,16
0,14
0,14
0,14

0,14
0,14
0,t4
0,14
0,14

0,14
0,14
0,14
0,14
0,14

0.14
0,14
0,14
0,22
0,22

0,22
0,18
0,18
0,16
0,14

0,16-
0,14
0,14

Mort

0,14
0,12
0,12
0..2

. 0,12

0,12
0,10
0,10
0,10
0,10

0,10
0,10
0,10
0,08
0,08

0,08
0,08
O,08
0,06
0,06

0,10
0,09
0,09
0,16
0,24

0,24
0,32
0,34
0,30"
0,28
0.34



STUNC PURSAT A PURSAT

Débits en mettes cubes par seconde

Année Hydro logique Avril 1962 • Mars 1963

1
2
3
4
5

6
;
S
9

10

I I
12
13
14
15

16
17
18
19
20
21
21
23
24
25
24
27
28
29
30
31

Total

Mor*rm*

1- 1 / km'

E c 0 u 1 im«i l
• nlO6n<3

• n mm

Noximum
Minimum

Avril

2.1
2.5
3.2
2.1
1,7

1,4
1.2
0,8
0,9
0.8

o;s
0,8
0,8
0,8
2,0
3.3
5.4
6.9
7.2
7,2

8,1
8,9
»,4

10,2
5,4

U j
19,'0
21,5
24,3
27,0

197,1

6,4

' ,47

17,03

3.8

37,0

0,8

Mai

35,4
24,3
25,9
27,0
3S! 9

32,4
20,5
23,1
15,5
13,5

10,6
12,5
12,1

28,1
19,0

21,5
24,8
32,1
20,5
19.S

16,0
14 5
13,5
14,5
17,5

18.5
17,0
15.0
14,0
I3,S
13,0

589,6

19,0

4,25

50,94

11,4

18,2

10,6

Juin

11,1
8.1
6,6
4,1 -

120,0

129,0
74,0
40,2
39,0
38,4

38,4
33,0
21,0
31,0
19,5

17,5
18,0
16,5
14,0
13,5

13,7
34,3
21,0
19,0
18,5

18,S

23] 1
23.7
21,5

891.8

29,7

6.36

/7,05

17,3

119,0
4,1

Juill .t

33,7
35.9
36,5
37,6
39,0

46,2
49,8
58,8
77,5
77,5

7B.9
46,1
44,0
99,2

131,0

108,0
90,5

112,0
133,0
272,0

145,0
149,0
IOS.0
111,0
174,0

171,0
100,0
91,3
74,1
51,0
45.0

2949,7

95.2

21,24

254,85

56,9

271,0

33,7

Maximum 394
Minimum 0,1

Août

33.0
38.3
34,3
21,5
49,8

222,0
319,0
230,0
100.0
88,3

92,0
120,0
151.0
153,0
86,0

70,5
45,3
56.2
56.9
58,8

55,6
64,0
58,8 '

100,0
303,0

144,0
91,3
93,6

136,0
116,0
94,4

3171,5

102,3

22,84

274,02

61,2'

319,0

21,5

Scptxnbr*

89.0
81,0
68,6
60,8
58,2

59,5
63,4
14,2

)98,0
193,0

238,0
336,0
178,0
134,0
176,0

171,0
169,0
145.0
154.0
162,0

174,0
180,0
170,0
149,0
137,0

141,0
124.0
180.0
190.0
191,0

4392,7

144.4

32.68

Î79'S3

84.7

314.0

58,1

Moyenne 57,3
l/s/k m2 12,79

Ociofar*

218
228
272
347
344

351
322
306
254
244

360
334
194
153
138

164
143
116
124
281
383
394
356
182
228
194
U6
174
140
111
89

7244

333,7

52,16

625.88

139,7

394

89

Ecoulement en
Ecoulement en

Nova m bra

74,7
70,5
57.5
54,9
62,7

71,9
73,3
41,4
51,0
45.0

40.2
34,6
31,8
38,2
25.9

13,7
21,5
19,5
17,5
15.5

M.S
14,5
14,5
14,5
14,5

12,5
12,5
14.5
15,5
U.S

1207,3
34,2
7,44

104.31

23,3
74.7
IÎ.S

D*c*mbr*

15 '
14 'À
12 '
l l ' î
10,(

8,
8,
8,
7,

>

7.2
7 2
6,4
5,4
5.1
4.8
4.5
4,5
4,2
4.0

3,8
3,6
3,4
3,2
2.9
2.9
2.7
2,5
2.3
2,3
2.1

192,6

6,2

1,39

16.64

3.7

15,5 .

2,1 1
10<>m* 1 806,77
mm 403.3

Jonvitr

2.1

is3,5

2,1
2,1
2,1
1,8
1.8

1.6
1.6
t,6
| 3
lis
1.3

i!o
1.0
0.8
0,8
0.8
0.8
0,6
0.6

0,6
0.6
0,6
0,5
0,5
0,5

41.3
1,3

0,30

3.S7

0,8

2,5"
0,5

Finie

0.5
0,4
0,4
0,4
0.4

0,4
0,4
0,4
0,4
0,4

0,4
0,4
0,4
0,4
0.4

0,4
0,4
n i

1.0
j 0
O.t
0.4
0,5
0.5

0,5
0,4
0,4

13,8

0,5
0.11

1,19

0,3

1,0

0,4

Mers

0,4
0,3
0,3
0.3
0,3

0.3
0,2
0,2
0,2
0,1

0.2
o.a
0.2
0,1
0.1
0.1
0,1
0.1
0,1
0,1
0,3
0.1
0.1
0.5
1,3

*• u
2,5
2,9

l'a
2.9

19,7

0.6

0,14

1,70

0,4
2,9

0,1
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BASSIN DU GRAND LAC

Carte géologique
ECHELLE : l / l 000000

AUunaiu

Allunoni ancitnmj

Trios marini

su(»iritur«s

i Indtttrminitt

Ourelo-Pvmtin

Oèvvmtn

^ T - r H Potioiokprt indrUrminé

TERRAINS CRISTALUHS

Bosoll.i

Oatwitx-Gobbros

DaciUs-Rtyolrtts

Gronit.j

Schistes cristallins



S D ^ T A T E S DEPARTMENT OF THE INTERIOR
• GEOLOGICAL SURVEY /
• 103"

ANNEX 6. GEOLOGIC MACS FOR THE GREAT
LAKE BASIN

104'

*taken from "Ground-Water Resources of
Cambodia" by W.C. Rasmussen and
G.M. Bradford, U.SOG.S)

' SgÛK SANGKÊ
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M — mk « M _ M

Holacenc ( Qya YOUNG ALLU V1U M-Sand, «It, and clay with some gravel

^ i i I ALLUVIUH-Undif:

L^Wvl

PLATE 1

Pleistocene

; to I Qoa OLD
' bro»

of as 4 lilt, sud j r a w l in places treathered ta latérite

Paiement

er Jurassic

wr Triassic

UPPE

1 j ; 1

ürb

SANE

RED

Vs J HARI

dfe Trtasstc <

l « J HARI IE SANDSTONE AND SHALE

> i M MIDI ,E INDOSIMAS FORMATION-Rod bedt: undstane,
' ' ' — x -'•lie, c o n j l o n w n u . fareecii, and tuff

per Per ian s LIME

Middle I

Lou.fr ;
Devonian i

Cambrian to
Silurian

CONC

SHAI

CHLC
SCI

CAM I

CRYSTALLINE ROCK

-Undifferantuted

LLUVIUM—Sand, c]»y, silt, and latérite; relbwish-
tatarite; eoane «and and fine graveL Terrace deposits

INDOSINIAS FDRUATIOK-SandBtone and

SANDSTONE AND CALCAREOUS SANDSTONE

TONE, SANDY MARL, AND CONGLOMERATE

EDS: SANDSTONE AND SHALE

E SHALE AND SANDY SHALE

it INDOSINIAS FORMATION-Sambtone

[NIAS FOEHATION UN DIFFERENTIATED

TONE

PCI» J LIME TONE AND SIL1CIFIED LIMESTONE

«MERATE, SANDSTONE. AND SHALE

SANDSTONE

SHAI !, SANDSTONE, UMESTONE, CRYSTALLINE
LU SSTONE, AMD MARL

IITE SCHIST, SERICITE SCHIST, MICACEOUS
ST. (JUARTZITE, AND SANDSTONE

HAN ROCKS, UN DIFFERENTIATED

TE

PEE-1/ERCYNIAN GRANITE

> OUATERNARY

CRETACEOUS TO
TERTIARY

JURASSIC

TRtASSIC

PERMIAN

• CARBONIFEROUS

DEVONIAN

CAMBRIAN TO
SILURIAN

Ifcprr
Carboniferous

hg | HERCYNIAN GRANITE

HEBCYNIAN DIORITE AND GRANITE

it f*«I^j POST-TR1ASSIC GRANITE

H | H CONTACT ROCKS WITH MASSIVE GRANITE

prhr j PRE-HERCYNIAN RHYOLITE

POST*-HERCYNIAN RHYOLITE

MICROGRANITE

| rj | POST-HERCYNIAN RHYOLITE AND DACITE

P~â̂  I ANDESITE

Ï7*»T' J GABBRO AND SERPENTINE

r—-1 '
Pb I BASALT

!

PYKÔXENITE AND AMPHIBOLITE

CRY^TALUNE SCHIST WITH PYROXENITE

CRYSTALUNE SCHIST

Contact— Dashed where approximately located

HERCYNIAN (OROGONY)

Pre-Hercynian

PoKî-Hercyn i a n

• Post-Hertynian

Srei.202m.* MOUNTAIN OR HlLL-Sio«inB elevation in metres
(Chamkar Leuj

EXTINCT VOLCANIC C O N E - S h o » i n g elevation in metres
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ANNEX 7.

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

DISTRICT

MUONG RUSSEY, BATTAMBANG

SANGKER, BATTAMBANG

BATTAMBANG, BATTAMBANG

MONGOL BOREY, BATTAMBANG

BAKAN, PHBSAT

TÎMAR PUOK, BATTAMBANG *

SISOPHON, BATTAMBANG *

KRALANH, SIEM RIEP *

BANTEAY AMPIL, ODDAR MEANCHEY *

PREAH NET PREAH, BATTAMBANG *

PLACE

%
TOTAL

10.0

9.7

8.7

6.0

5.7

5.5

3.3

2.8

1.0

1.5

OF BIRTH

PERSONS

24,525

23,789

21,337

14,715

13,979

13.489

8,093

6,867

2,453

3,679

PLACE OF

%
TOTAL

9.9

1 1 . 4

15.8

6.0

4.7

5.3

4 . 3

2 .5

2.2

1.4

EXPECTED

PERSONS

24,280

27,979

38,750

14,715

11,527"

12,998

11,282

6,131

5,396

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.

t

* These districts are now part of a new province called Banteay,
Mean Chey
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ANNEX 8

Provinces
in

survey

8attambans

panteay
Heanchev

i

Total all
communes
Total
communes.
in the '4.
.surve_y •

District
in

survey

Sanstke

Mong
'Russey

Battam-
bansï
•

Mongkol
Borev

Communes
in

survey

9**
Kompong
Preah
0 Dam-
bansf II

11**
(ear
Mong
Prey Svay

10**
Chrey
Tameun
Tapoun

•
14**

Seua
Chora Norn
?hnom Toit
Rohat Tuk
Russey
Krok

Banteay
Neng
£oi Meng
3 Prasat

44

16

No. of 1
village*

130**

6

6

92**
11
13.
9

7
10
7

15 7**
11

• 17
10
13

17

19
8
14

—

-

Local
j Popula-
tion

68744**

4555

6601

72529**
9469
7701
7555

82288**
8857
10986
9949

102900**
8397 '
10048
7171
7779

17528

13340
4939
9874

326461

144749

Camp population
wishing to re- "
turn(all camps)

40782*=**

892

2273

31181***

1875

42220***
1383
924

18302***
779
1791
934
466

1492

1869
872
1946

13.2485

17496

% increase
flwg. the
returnee
influx

60%

2 0 % •

35%

43%

8%

51%
16%
5%

18%
9. 3%
18%
13%
6%

9%

14%
17.5%

20%

41%

12%

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.



I ANNEX 9 . . > r . - 4 - S ? _ _ , ^ ^

I
I

\

3-
hi W

I
I
I f yprrHi's v/l llaGie pWa&e answer

p

^ 1J L- ^ w W p • V- C T I)

• "?_ Hovor manu

4 '

U

S_ IT4DVT cvvsioy \j\\\a<&j

I
I
I

1

T>vere



1
l e \ /e \ o f <•

| T ^

>

?

^

c r l _ _ . _

1

1 '
1
1
•
Coo. t(j •

WK \ \J

^̂
Walls .

ff 5̂ ó

ü Fawii 14

1
1 (2)



I
I
I
I

do

u'

I
I
I
I
I
I
I
I
I
I

Village
Rw-ers



I
3r
0

JKstKet" Frtwmce.

• Q. -

l

S _ vJÇ\cxt"it, THe depth o(>borecole 9 fw roefers)<i«s-^<rs^oBi(s9 t^

I •.. • _ . ,r i_ • i_ ^_, \_ . \ \ i «=-i •= ^ "r0

T What" is, Tne sV^Tvc viaVcx- lev/el duwnria -

S _ yJ nat" 1>i pe oC puonp \t, ase<^ 9
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ANNEX 10. DATA ON EXISTING WATER SUPPLIES FOR
VILLAGES IN BATTAMBANG AND BANTEAY
MEAN CHEY PROVINCES
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P«ge Do.
08/14/90

VILLAGE

MIA 01 H I S I I I 6 « A m S0PPLHS
FOR MOffGOL BOUT DISTHCT OP

BAIT1AY HUH CHKT PUT » C I
OXFAH

«own mm mm mm FAHLT mm w. VILLAGE mm mm DOG AVHAGE m mis an. «ILLS wim KEABBT SURFACE H&TSB
FAHILIES PERSOBS FAMILY POIDS DÖEHG VILLAGE PORKS DURHG DOG HILLS DOIIK DKPTH DOEIKG DOEHG DISIMCÏ *• HOT AVAIL AI A U

PONDS DOT SEASON POIDS DIT S U S O i WILLS DIT SUSOI DOG DÎT IAIIY TO COLLECT ï= AVAIL. BOTS SEASON
fflTH « A I R «IÏH « A m tfITB « A T » «ILLS S U S 0 1 SEASON «ATI! TRAVAIL. «IT SIASOI

» DISTRICT SOHGOL BORST

l COHHUNE CHAH Kl
CHAD KOK EST
TA SALL
BOSS TUK MAP
SEE PRIT
BOIUNG TRASS
IAOI POULET
RAAONG IAUDOIÜM
CHDO8 KHCHiSS
ROKG VOAN EST
PEAUT CHAR
CBAH M «EST
SURG VOAJMCR
TA BOK
RAOIG IAÖ CHOIG
PA1G TRAKG
PEAH EADKGUD
RAONG IAOIAKDAL
* SubBubtotsl ï

* COMMUNE EOHAÎH
EOHATB TOI
IRAHOL
IOE STAT
0 DAH6K0R
CROMLECH
tHHOM CH8UH
DAOR MOUL
PO PI DOSOH
PRE! SAH80IG
CHAHCARCHÏI
OCHUAP
THKAL BATH
CBORI ÏÎOTH
* Subflobtotal >

t cotflfl)ns iijssn
LOUKG
PiÙ SISRA
AKLUNG HEAXTROP
OTAMA
OTA IOOL
PRAUTLOOKGIROH

m 225
125
75
64
147
174
106
96
134
112
95
147
43
127
156
70
164

2060

TUI
46
135
142
171
76
119
23
162
142
165
136
117
77

1511

IROEI
211
86
161
66
126
145

1166
648
360
394
776
790
544
482
612
428
444
656
194
699
0

360
889

9442

264
653
790
850
398
633
85
823
682
819
696
657
363

7733

1309
454
838
309
715
688

52
15
0
0
5
15
30
8
7
6
15
22
3
10
3
9
24

224

1
8
45
25
0
8
19
6
44
10
0
40
11

217

35
36
61
17
16
47

17
4
0
0
5
0
0
0
3
1
1
5
0
5
1
0
1

0
0
0
0
0
1
0
0
1
0
0
1
0
0
2
0
1

43

1
0
10
5
0
2
2
0
10
0
0
31
3

1
0
0
1
0
1
0
2
2
5
1
1
2

64 16

10
13
2
6
16
3

1
1
1
0
1
1

0
0
0
0
0
1
0
0
1
0
0
0
0
0
2
0
1

1
0
4
5
3
0
0
3
0
0
0
0
1
0
6
0
0

23

1
0
0
0
0
0
0
1
0
3
1
1
1

0
0
0
3
0
0
0
0
0
0
2
0
0

1
1
1
0
1
0

0
0
0
0
0
0

1
0
3
5
3
0
0
3
0
0
0
0
1
0
6
0
0

8
0
2
2
4
0
0
3
0
0
0
0
3
0
5
0
0

6.0
0.0
1.5
1.5
3.4
0.0
0.0
2.0
0.0
0.0
0.0
0.0
2.0'
0.0
4.5
0.0
0.0

3.0
0.0
2.0
0.0
0.5
0.0
0.0
1.0
0.0
0.0
0.0
0.0
0.5
0.0
1.5
0.0
0.0

100
150
200
200
60
300
10
150
200
100
15
100
50
0

700
0

100

T
I
Y
r
K
T
T
ï
ï
T
r
T
Ï
ï
K
T
T

22

0
0
0
3
0
0
0
0
0
0
2
0
0

0
0
0
5
0
0
0
0
0
0
10
0
0

0.0
0.0
0.0
4.0
0.0
0.0
0.0
0.0
0.0
0.0
4.0
0.0
0.0

0.0
0.0
0.0
2.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0T
0T
0 R
OU
0T
0T
OR
Oï
0T
0»
0 H
0T
0T

0
0
0
0
0
0

0
0
0
0
0
0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

50 T
OKA
0T
ONA
OKA
OKA
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Page No.
08/14/90

TILLAGE

M M M K1STIPG M I S S SDPPLI1S
FOI MOKOL BOUT DISTRICT Of

BUTIA! HSU CHIT P10VUCI
OXFAB

NUMBER ROBBER (TOMBER HUHBIB FAMILY NOHBSB HO. VILLAGE RQMBtR NUMBER DOG AVERAGE SKI WELLS SKI WILLS HAIIKOM «KARET SU1FACS WATER
FAMILIES PEKS0K5 FAMILY FORDS DOBIIG VILLAGE POIDS DQIIK DOG WELLS WRING DEPTH DOHHG DOSIIG DISTANCE «= NOT AVAIL AT ALL

POODS DRY SEASON FORDS DIY SIASOR WELLS DRY SKASOH DOG DRY RAINY TO COLLECT Ï'- AVAIL. BOTH SKASOM
KITH WATER KITH HATn WITH WATER WILLS SEASON SEASON WATSR TM=AV&IL. WET SEASON

MKAKG KETH
AKCHANH
CUAHCAR TADOU
SAMRONG
IOHIEO
IAUI SVAY
CHUM TIAV
RUSSEY ERORI
PRALAY LUONGLOU
SALA DENG
PREÏ 80 PEAO
> Sabsabtot»! t

» COMMUNE SEOR
THNOT
BOSS LAORI
SKÜR
BOÎONG TAUCH
BOOK
ANSAM CHSI

mumtxmw
PHLAUV DAHRn
0SÏOR
UUI SAMXONG
TA MAO
* Subeubtot«l *

n Sobtotil M

«** Total « «

183
143
233
179
166
239
157
603
142
198
164

210
154
176
145
53
126
219
75
123
119

1112
821
1342
1071
868
1380
698

3375
812
991
826

1084
1117
778
939
771
273
632
1073
380
606
518

26
32
46
17
7
81
100
535
64
100
21

3204 17809 1241

4
4
0
2
2
0
2
2
23
13
3

1628 8171 55

8403 43155 1737

8403 43155 1737

7
30
16
10
0
11
60

303
6

50
16

559

4
2
0
1
0
0
0
0
0
1
3

11

677

677

1
2
4
21
2
0
2
4
0
3
0

44

1
1
0
0
0
0
0
0
1
2
0

5

71

71

18 12

4 1

35 41

35 41

0
0
6
0
0
0
2
0
0
0
0

0
0
4
0
0
0
4
0
0
0
0

0.0
0.0
3.3
0.0
0.0
0.0
3.5
0.0
0.0
0.0
0.0

0.0
0.0
1.0
0.0
0.0
0.0
1.0
0.0
0.0
0.0
0.0

70 T
0 Hi
45 Y
40 Y
75 Y
2 Y
75 YN
25 Y
OKA

65 Y
15 Y

0
0
0
0
0
0
0
0
0

1

36

36

4.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

350 Y
300 Y
400 Y
350 Y
350 Y
0 Y

350 Y
400 Y
200 YN
400 YN
300 Y



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Paie No. 1
08/14/90

VILLAGE

« DISTRICT BATTI

* COMMUNE ANLUNG
CHAR
SDA SUE
SOPOT
IBOOSS
CHOKE UB
t Subsubtotal *

« COMMUNE BOKJNG
POT TA SEE
BOIUNG PR1NG
OffiOR
SNOUL IORIG
* Sobsubtotal »

« COMMUNE CHRAOT
<mm SDAO
NIIUM ISAO
NIIOM INONG
* Subsubtotal *

t COMMUNE CHIET
CHRÏT
PO PEAL IBS
SVAT CHECH
IRUOSS
toe U D
HAT SAN
PiETTOTOKG
CHUT THMET
ANLONGRUmi
KBAL UMOCH
* Subsubtotal >

«MBO
minis

IMBAVG

ROW
67
80
136
130
86

499

PRIK
160
536
337
118

1151

SDAO
432
400
416

1248

148
216
208
54
210
344
214
127
85
145

1751

I COMMUNE IAUI IHMOUN
IANDAL THBAUNG
CHROR NEANG
IANDAL CHOEUNG
IAUI IHMOUN
TA MUI
IEAN 1*1 SS 2

234
136
112
149
178
352

NWBER
PERSONS

289
360
579
676
392

2296

938
3321
1829
613

6701

2355
2208
2060

6623

786
1080
976
306
1067
1895
1049
631
490
710

8990

U15
640
515
715
848
1758

UMBER

mm
PONDS

0
0
0
0
0

0

5
56
45
60

166

227
11
16

254

35
0
28
0
47
253
150
100
60
35

708

60
80
26
50
15
150

DATA Oil H I S T I K W n SUPPLIES
101 SISniCTS OF BATTAMBAK PROVINCE

OXFAM

(TOMBES FAMILY NUMBER «0. TILUGI NOMBEÏ NUHBH DOG AVEUGE SfL HILLS SHI HILLS MAIIHOM NEAE8T SUHIACÏ HATIK
POMDS DDSIK VILLAGE POKDS DOIIK DOG KLIS D 0 » M DPTB DDIIK D O U W DISTANCE »- DOT AVAIL AT A U
DST SEASON FORDS DIT SEASON HILLS 081 SEASON DOG DKT MI»! TO COLLECT î= AVAIL. BOTH SIASM
HITH WTER WITH HATH KITH M T U HLLS SEASON SEASON HATE1 TN=ATAIL. H T SEASON

117

55

36

0
35
22
60

4
2
2
1

47
3
5

3
10
1

14

0
0
0
0
0
16
A

0
00
0

0
1
1
0
0
0
A
V

2
0
0

0
30
1
20
0
6

2
2
1
1
4
0

0
0
0
1
0

2
2
5
0
5

1 14

4
2
2
1

0
0
0
0

0
0
0
0
0
0
0
2
0
0

0
0
5
0
3
5
8
2
0
2

25

2
2
1
1
2
0

0
0
0
0
0
0

2
2
5
0
5

4
4
4
0
4

3.0
2.7
3.0
0.0
1.7

1.0
2.0
0.0
0.0
0.0

300 I
200 N
400 11
500 T
200 J

14

0
0
0
0

0
0
0
0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0T
50 T
or
20 Ï

1
1
0

9
7
0

7.0
4.0
0.0

3.0
1.0
0.0

low r200 I
400!

0
0
5
0
3
5
8
2
0
2

0
0
7
0
6
8
7
10
0
4

0.0
0.0
5.0
0.0
4.7
3.0
5.5
8.0
0.0
0.0

0.0
0.0
0.0
0.0
3.5
0.0
0.0
6.0
0.0
3.0

1000
350
600
0

300
10O0

. 200
500
1000
350

II
N
N
N
T
N
N
T
N
N

25

0
0
0
0
0
0

0
0
0
0
0
0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

170 T
45 N
350 N
180 N
200 X
300!
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I
I
I

Page Do.
08/14/90

ÏILLAGE

M W 0» B1SII»G WTÎE SUPPLIES
FM DISTllCTS OF BATTAMBAK PBOVIICI

OXFAH

m o n UMBER IÖHHB m m FAMILY NUMBER w , TILLAGE IWBER m m DBG AVERAGE SVL KILLS SVL KILLS MAXIMUM IIARBT SURFACE «AIM
FAMILIES PEKOfS FAMILY PQWS W K I K VILLAGE POiDS W R I K DOG HELLS DOKIIG DEPTH DOÎIIG DOHIK DISTAICI fc BOT AVAIL AT ALL

POIDS DIT SIASM POIDS DKT SUSOI KILLS DIT SIASOI DOG DIT 1AHT TO COLLECT T= A?AIL. BOTH SIASOI
KITH KATIE KITH KATIE KITH KATER «ILLS SEASON SIASW RATER YI=AÏAIL. KET SEASOI

1
1
1

' •

1
1
1
1
1
1
1
1
1
1
1
1

EIII EAISS 1
cms urn
t Subwbtotal t

t COfflTO QTAU
po PEAL iHs
TRASS
PRITTOTUK
OTAII
EOIOB
PUT DACB
TIAL TRIA
TRAIIG
t SvbtnbtoUl *

> CMBtUHK TA POOK
POT SMI «MS
AGRICULTURE
U0IIHDO0CH
THMAR IOAL
H POODS
AIG
POT TOK
i Sabeubtotal >

» Subtotal »

« DISTRICT MET

* COMMODE CHAHCA8
CHAHCAISAHI0XG2
VOATflSOWOOL
«OATH LEAP
PHIASLA
CHAMCAtSAMSOIGl
» Sabsobtotal «

> amm EIAPREAP
PRIE HOHA TIP
20/5
EAHAIAR
I0HP0H6 IRABET

304
255

1720

3S1
254
208
393
191
236
313
277

2203

438
202
401
245
172
210
316

1984

10556

SAKBONG
469
416
650
244
419

2198

638
637
246
560

1435
1241

8267

1596
1160
998
1807
921
1140
1515
1401

10538

1944
1036
2049
1395
829
1040
1544

9837

53252

2602
2254
3335
1495
2125

11811

3380
3275
1638
4785

42
31

454

50
15
0
10
3
10
150
21

259

100
100
200
5

30
30
100

565

2406

32
6
2
3
25

68

0
0
3

.0

0
7

64

277

12

13

2
0
0
0
0
0
3
0

0
0
1
0
0
0
4
1

55

12
0
0
0
0

1
2
0
2
2

3
0

11

0
0
2
4
0
4

10

15

40 69

41

1 0
0 0
2 1
0 0

3.0
0.0

15

38

1.5 WOT
300 T

0
0
0
0
2
0
0
4

0
0
0
0
4
4
0
4

0.0
0.0
0.0
0.0
1.0
3.5
0.0
3.5

0.0
0.0
0.0
0.0
0.5
2.0
0.0
2.0

0T
0T

500 1
OR

150 1
200 R
OT

200 1

0
0
0
0
0
0
0

1
0
2
0
1
1
2

1
0
2
0
1
0
2

0
0
0
0
10
1
4

0
0
0
0
10
1
4

0
0
0
0
6
6
6

0.0
0.0
0.0
0.0
5.5
5.0
5.0

0.0
0.0
0.0
0.0
4.0
3.0
2.0

500 IT
0TI

100 Tl
01

5O0K
500 Tl
100 Tl

1
1
0
0
1

8
2
15
11
5

8
2
15
11
2

5
5
4
5
5

4.5
4.0
2.0
4.0
4.0

2.0
2.0
1.0
2.0
2.0

01
0Ï

300 1
0T

300 1

0
0
1
0

0
0
10
0

0.0
0.0
7.0
0.0

0.0
0.0
3.0
0.0

0T
0Ï

50 Ï
OT
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Fife lo .
08/14/90

ÏILLâGS

u n oi msTiiG HATD SDFFUIS

FOB NSIUCTS OF BATTABUK F10TIICI

OXFU)

msn man WMBQ m m miut m m HO. n i u a msm m m DOG AVKUGE SHL «ELLS SUL « U S UXIHW IURST sumci nun
FUILIIS PnSORS F&HILT POIDS D01IK VILLAGI POIDS DOIIK DOG «ILLS DQ1IK MPTB DQIHG DOBUG 0ISTUCÏ 1= HOT ftV&IL « ALL

POIDS DÎT SUSON POIDS DRT SUSOI IKLLS DIT SUSOI DOG DR W I T TO COLIICI T= â ï à l l . BOTH SKàSOR
WITH HATH WITH » T U KITE ÏAT1Ï WILL5 SUSOM SUSOI M T H TRAVAIL. H T SKASOR

I S ï b m b t o t s l t

t COHHOm IDOL
TAPTOOCB
UBTDOT
THIAtJV
DOL
CBOiG F i n
Ta EOT
OTASÜP

* Ssbssbtotal *

2081 13078

252 1096
194 1118
218 1248
182 871
203
170
218

901
830
968

f COffiUK BITTAPffiiP
SLA UTB
CHMTUOKG

m sm
* Submbtotil *

267
320
452

1145
1523
2295

1039 49S3

RAIDS
FIST DACB
UOI S B
SALA BALAT
UOIPOPUT
FÛT 10US
DAI SOBOSS

* SobOTbtotal *

t COHffiWI SAHAII
AIBCHAIH
U F IAD THHIT
FUT IAON S n
AIG
AHDAOIG CSm
0 CHAI
> Sobeobtotal «

167
143
79
109
117
116
66

1036
793
409
716
630
610
309

272 1524
449 2807
119 613
228 1160
236 1360
500 2777

5
15
10
22
17
15
66

1437 7032 150

5
27
28

60

45
30
10
13
13
90
16

797 4503 217

57
1
10
30
20
31

1804 10241 149

t COtflfUHE SVAT FOI 1
TOOL T A U 628 3505 30
OTAIOAH 3 226 1404 15
DANGIOK TEAF l$0 1028 25
0TAI0AM2 546 3068 27

0
0
0
0
6
0
0

1
0
0
0
1
1
3

0
0
0
0
2
6

0
0
1
2
0
2

0
0
0
5
0
0

3
1
0
1
1
0

7
0
0
0

2
0
2
1

0
0
0
0
1
0
0

2
1
0
0

o
0
0

1
1
0
0
0
0
0

3
7
0
0
0
0
0

2.5
5.5
0.0
0.0
0.0
0.0
0.0

1.0
2.0
0.0
0.0
0.0
0.0
0.0

300 T
30 T
125 T
301
30 T
SOT
25 1

0
1
2

- 3 - :•:

1
0

3
1
0

7
10
0

6.0
9.0
0.0

3.0
1.0
0.0

20 T
500 1
OT

2
0
0
1
0
0
1

2
8
2
0
3
8
0

2
3
2
0
0
6
0

9
8
7
0
7
7
0

6.0
7.5
5.0
0.0
6.5
5.7
0.0

5.5
6.0
4.5
0.0
6.0
0.0
0.0

500 1
400 11
100 II
500 1
15O0I
900 II
1000 1

23

25

13

0
1
0
1
1
0

1
4
2
2
3
13

1
4
2
2
3
13

6
3
9
10
5
6

5.5
1.0
7.8
8.0
4.0
3.0

3.0
-2.0
7.5
7.0
3.5
1.0

01
100 T
1000 T
100 T
150 T

2000 T

25

2
0
2
1

4
2
3
3

•2

2
3
3

8
8
4
8

6.0
6.0
2.0
6.0

5.0
4.0
1.0
4.0

500 T
300 T
100 X
300 1



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Pue lo. 4
08/14/90

TILLAGE

OTAIOAM 1
< Sabsnbtottl «

* COMMUKE SVAT 1
CHAIRIAH
LOK ITH
13 JAJtVlEJt
0 DCHÏAT
PKIITATOKn
PRII PBEAflSMCl
CHAHCAR ROSSE!
BIK CHAR THHÏI
* Sïbcabtotil >

• COHHDUI SïA! 1
RACEAIAI
toucan 2
ROHCBII 4
ROMCHII 5
SOPH! 2
ÏOHCBEl 1
> Subsubtotal *

i CWOJUH1 WATH
WATB IOR
CHSAB IXASAIIG
DAHIAI WORG
IHSACB POT
BALARG
lOHPOKG SIIU

< SobBubtotal »

» Subtotal it

« DISTRICT HAP»

* COMftWE CHII!
PIEI CHII
CHIIÏ 1
DADITXT
HREAS PRÏUV
TOOL TA THOU
AIG [RAKG

fflffltt
FAMILIES

541

2101

POR 2
104
138
659
108
129

9 243
135
173

1689

POK 3
366
114
282
171
218
252

1403

KOR
492
552
357
301
263
247

2212

16761

10 KOSSCT

96
115
201
237
132
299

MOER
PEfiSHS

2976

11981

490
756
3995
629
742
1141
734
1089

9576

2154
729
1410
967
2218
1380

8858

2880
2948
1915
1705
1359
1245

12052

94095

426
479
1024
1043
532
1359

KMBKl
FAMILY
POIDS

30

127

0
3
0
2
0
0
0
0

5

5
0
0
0
6
3

14

5
270
30
16
16
21

358

1151

1
4
e
6
7
35

u n » nisnie u n s somiis
m wsnucTs or BAÎTAHBUG PBOTIICI

OXFA»

M i l l KMBU W . T l U i n WBHS RHfflO DOG ATOU» S » M U S S»L « U S MAIIWH KU1BT SOEFACE KAHB
POODS MIK YILUGt PORDS D0KIK WG HILLS D01IH DEPTH DOKIIG DUI1K DISTAICT H= ROT AMU AT ALL

DIT SUSM POIDS DIT S U S » R U S DIT SIASOI DOG DRT IAIIT TO COLLECT T: AÏAll. BOTH SUSOI
ÏITHKATI1 H t T H U t n VITB U T U « I L S SUSOI SttSQ* WTO T»:A?AIl. M I SUSM

0
2
0
0
0
0
0
0

1
0
1
1
0
0
0
1

5
0
0
0
0
0

1
1
0
0
0
0

5
0
0
2
0
1

0
1
3
0
0
4

59 54

0
0
0
6
7
5

0
0
5
0
0
2

0

5

1
0
0
1
0
0
0
1

0

12

(
1
0

1
1
0
0
0
0

4
5
0
0
0
1

10

31 159

0.0

10

10

39

143

0.0 200 1

0
0
0
0
0
0
1
0

0
0
0
0
0
0
10
0

0.0
0.0
0.0
0.0
0.0
0.0
7.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
10.0
0.0

500 T
10 7

1000 T
1000 1
1000 T
500 T
7001
0 1

4
5
0
O
0
1

4
5
0
0
0
5

3.5
0.0
0.0
0.0
0.0
4.0

1.0
0.0
0.0
0.0
0.0
2.0

0T
01
01
01

200 T
200!

0
1
3
0
0
0

0
8
5
0
22
4

0
8
5
0
22
4

0
6
7
0
7
8

0.0
4.0
5.8
0.0
5.8
6.0

0.0
2.0
4.0
0.0
3.0
3.0

0!
200 11
3001
0 !

1501
50!

0
0
0
0
0
0

0
0
0
0
0
0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

1000 N
150 T
200!
50!
50!
200!
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MM (M HIST1K M I D SUFPLIIS
FOI MSTIICTS OF BATTANIK PWWICI

oim

VILLAGE m m fount m m FAULT m m » . m u u n u n m o n DOG AVUAGI SKI HILLS SHL mus HAIIHÜK R U M SURFACE HATH
mints pnsois ruiLT POIDS DOIIK ULLAGE poms HOUR DOG IKLLS DOIIR DEPTH DOEIK DÖÏIHC DISTAICI *-- m AÏAIL IT ALL

POIDS DIT SIASM POIDS DIT S U S » HILLS DIT SttSW DOG DIT U I I T TO COLLKT T= ATAU. BOTH SUSOfl
KITH HATH R I T H I i m HIÏH RATH HILLS SEASOH SUSOM HATES T f c A t t l l . HIT S U S H

cam 2CHRÎÎCHOEDIG
CHOIG SAWAT
* Ssbsubtotil *

* cmm ion»
TOOL PMH 2
CHOSI TAOCH
PAIAR6
SSI 0
CHOHTHOH
I0I0B
IDOL PHI 1
* Sobsubtotal *

> COtSfBIÏ (UWG
TA TOB 2
IOHCHA
HAOIG
KJSSÎT2
OOABAO
8OW0S
DOIDK D A W
RD5SÏT 1
TA TOI
KA
PBALAY
PIC
UISAT BAITIAT

t Sobsubtotal *

» comm mi CHII
PI» TA VU
CHSH IBAMPUDS
» Saboubtotal i

* COMMUNE P8KT STAT
CHAM 108A1
SÏAHOE MMS
DOM CHII
PÏÎÏPÎUL
PHLADV BAMBII
P m 5ÏAT

210
235
255

1780

130
18S
139
321
243
224
355

1601

149
69
85
104
102
148
124
120
101
117
111
77
229

1536

43
121

164

61
187
70
188
112
346

890
1018
1313

8084

522
897
691
1321
1253
944
1538

7166

757
328
471
449
491
825
668
584
598
575
446
419
1101

7712

222
569

791

290
891
195
889
500
1737

7
35
5

108

6
5
0
16
8
16
12

63

19
0
4
12
0
3
18
12
16
13
20
0
29

146

0
0

0

4
50
2
24
4
30

0
0
0

0
3
0

0
3
0

0
0
0

18 10

21

13

10

0
5
0
0
4
0
0

2
3
0
1
5
5
5

2
1
0
0

•v • S.-'

3
2

0
0
0
2
0
0
2

13

0
0
2
0
0
0
0
0
0
0
0
0
0

1
0
0
3
0
3
1
2
1
1
0
0
1

0
0
0
0
0
3
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

1
3
1
1
1
0

0
0
0
1
1
0

1
0
2
2
0
4

0
0
0

0
0
0

0.0
0.0
0.0

0.0
0.0
0.0

200 T
soon
so r

0
0
0
2
0
0
1

0
0
0
5
0
0
8

0.0
0.0
0.0
3.0
0.0
0.0
5.5

0.0
0.0
0.0

-7.5
0.0
0.0
2.0

1000 1
2500 T
200 T
400 Tl
1000 T
300 T
300 Tl

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1000 T
200 T
300 I
1000 T
200 1
200 TX
500 7
1000 T
700 T
1200 T
1300 T
200 1
700 T

0.0
0.0

0.0
0.0

200 Y
200 T

1
0
2
0
0
4

4
0
4
3
0
5

3.0
0.0
3.3
3.0
0.0
4.5

1.0
0.0
2.0
0.5
0.0
4.0

300 TO
200 11
100 II
70 0
200 N
1000 1



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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VILLAGÏ

TOOL THIDIG
EOS
t Subsubtotïl <

mm
FAMILIES

77
183

1224

* COMMUNE P8ET TAOCH
PIUIIII
PHTTAOCH
IAUI IILOIG
THMIT
ST0IGC8AI
DOB ISASAI1G
* Sobsttbtotal >

* COMMODE KOBASS
B O N K BÏT
uoi u n i
AILOK EAOB
PHI AM
UOI IAII 2
* Sabsubtotal *

t COMMUNE ROSSn
IUI TA TVUB
TDOIKOUS
CHBÏT SOIR
SMS CHHIUHIAIG
TOOL SRDOL

mmTIOI MIAR
AMPIL CRBOOIG
TBIAL BATB
lltOMUON
PIC8 CJUNG VU)
* Subenbtotal *

> COMHURS TA LOAS
SDR STUNG
HAROII
VUL
PRAUY SDAO
TRASS
STUNG THMIY
«OATH CNASS

156
153
338
150
148
148

1093

MOKIOL
139
212
129
107
201

788

IUIIG
150
156
291
120
209
287
244
214
336
156
157

2320

i

165
170
77
132
163
110
131

NHStt
posons

400
897

5799

801
1803
1803
793
694
895

678»

563
870
618
640
779

3470

735
801
1569
740
1033
1386
1278
1073
1735
770
790

11910

848
806
386
569
724
551
565

NUMBIS
FAULT
POIDS

5
20

139

100
103
85
3
10
140

441

3
20
10
5
15

53

0
15
10
4
7
20
20
58
332
156
130

752

4
4
3
11
10
6
13

u n o» niSTiK m m SUPPLIES
m DisnicTs or BATTAHBAK PÎOYIICÎ

ROHHl FAMILY R0MBI1 10. VILLAGE
POIDS DQRIIG VILLAGE POIDS D01IK
DIT SUSOI POIDS DIT SEASOi
RITE HATH KITH KATU

36

17

10
6
0
0
0
20

2
2
1
0
0
1

0
0
0
0
1
0
0
16
0
0
0

0
0
5
3
0
5
5
0
1
0
0

19

0
2
0
4
0
2
1

1
0
0
0
0
0
0

OXÏAM

TOMBER DOG ATHAGE SHl HILLS SMl HILLS MAÏIMDM IEA1BT SDI»CI HATIK
DOG HULS DOIIIG DDTH D01IK DOltRG DISTUCI II: MOT AI AIL AT ALL

HILLS DIT SUSOI DOG DIT EAIIT TO COLLECT T= AVAIL. BOTH SUSOI
KITE W T U HILLS SttSOH SIASW HATII TRAVAIL. W T SUSOI

2 11

2
2
1
0
0
1

9
4
5
5
4
2

29

0
0
0
0
0

2
0
1
1
0

0
0
5
0
0
3
0
0
0
3
0

0
2
1
3
0
0
0
0
0
3
2

11 11

0
0
4
1
0
2
11

22

0
0
4
1
0
1
11

0.0
3.5

o.o
4.0
3.5
6.0
0.0
0.0
0.0
0.0
0.0
0.0
4.5

0.0
0.0
5.5
4.0
0.0
5.0
6.5.

0.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
4.5
1.0
0.0
2.0
3.5

5000 T
200 »

2
4
5
5
4
2

5
8
5
5
4
5

4.5
5.5
3.5
3.0
2.2
3.5

1.0
1.5
0.5
0.5
1.0
1.0

200 TU
150 1»
250 Tl
200 T
800 Y
100 Tï

2
0
1
1
0

3
0
2
3
0

2.5
0.0
1.7
0.5
0.0

2.0
0.0
1.4
2.0
0.0

300 T
50 T
30 T
50 T
20 T

150 T
300 T»
1000 I»
100 TR
300 T
150 T
1000 T
1000 Tl
1500 T
300 TR
1000 TR

100 T
100 1
70 T
150 T
100 T
70 Tl
700 T
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MM 01 BISIIIIS MTU SDPPU15

Fin sismcts or UTTMUG POTIICI

oim
VILLAGE man mm mm man FAMILY man n. viu*a mm mm BOG Anna SU nus SHL « U S UXUUH ami SOWACK «ATEE

DQMK DISTUCS H: NOT AVAIL AT ALL
ÏAIIT TO OOLUCT T= AVAIL. BOTH SUSON

FAMILIES PttSOIS IAIILT
POIDS

SOUR SDH
CHONGPÏALAT

* S o b M b t O U l

» COffifONG TAI
P 0 2
HIAHIDI
P0 1
AKIOIG SDAO
TAIAI
OflAT
TAR 1

t Sabrabtotil *

174
ISO

635
656

162
244
215
66
240
263
198

1933
1111
322
1200
1284
4915

t COWm THIPPAMT
CHHATBALAIG
UIÏÜ0T
U
SAMKNK
CROIDUG TIIH

» Ssbiubtotil «

M Subtotal »»

94
134
141
116
64

549

13715

572
647
619
614
302

« DISTBICT SAHGIII

t COMMUNE EOMPOK PRIAB
AIMN6TUCB
IKALAIfl
IOHPOK PMAB
PAlHi
PEÏT CBÏI
SUS IA0

t Sobnbtotal >

79
55
246
190
136
228

265
1163
914
648
1180

1
10

1272 5941 62

15
21
13
4
2
TO
3

1388 11663 128

2754 14

72079 1906

5
2
4
20
3
4

934 4560. 38

* COttflMk-0 DAMBARG 2
TDOLLOVIUG 349 1713 250
0 OAMBANG 333 1571 0
SÏAÏTBOB 281 1297 102
KOHPORG MATOKI 157 692 20

I Sobwbtotsl *
1120 5273 372

POIDS tOMK VlttAGt FMDS W1HG
DBI SUSON POIDS DIT SUSM
WITH HATER

13

5
0
0
0
0
0
3

0
3
17
2
3
10
1

36

8 11

107 125

2
0
4
3
0
4

5
1
1
«
0
1

30
0
20
10

0
1
0
4

KITS NATO

DOG nus mm
KILLS PET SEASOfl

WITH HATH

1 25

0
3
3
0
0
0
1

0
0
0
0
0
0
0

2
1
5
0
2

0
0
0
0
0

10 0

63 84

2
1
1
0
0
1

2
1
2
7
9
0

5 21

5 29

DEPTH
OOG

nus

mm
m

sum

i

6

24

70

21

28

5.0
6.0

SIASH MTU TRAVAIL. KT SUSON

4.0 300 Tl
4.0 100 T

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

o.o.
0.0"
0.0
0.0
0.0

1O0.T
100 T
300 T
2000 1
50 Tl

5000 1
200 T

0
0
0
0
0

0
0
0
0
0

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

3001
5001
300 >
1500 1
3001

2
1
2
7
9
0

5
3
4
5
3
0

4.0
2.5
2.5
3.8
2.0
0.0

0.7
2.0
1.0
1.0
2.0
0.0

50 N
400 1
3501
100 1
01

3001

0
1
0
4

10
9
6
4

10
8
6
4

5
5
6
6

3.5
4.0
0.0
4.5

2.0
3.0
0.0
3.0

100 1
200 T
500 M
100 IA

I
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D M 01 CIST1K VATH SUPPLIES
M WSIMCIS OF BATTUBIK FSOVIICI

OUAH

VILLAGE HMBU MMBHt NOtBO NWBtt IUILT KJMt t NO. VILl t t I M U t BOUD. BOG AIHASI SW. «ILLS SKL «ILLS
FAMILIES FIISMS HUILT PONDS DOING VILU6I POIDS SWING B06 NULS DQ1IK DBTB D01IN6

FONDS DOTSUS0N POIDS DIT SUSM «ILLS DEI SIASM BOB DIT

WITH Hun «in n t n HTB ma «ILLS SUSON

HAIIHM IIAIBT SOKFACI BATH
DOIING DISTUCI i- NOT AVAIL AT ALL

U I I T TO COLUCT T= AVAIL. BOTH SIASOti
SUSON «ATM TRAVAIL. HIT SUSON

» C O U » » 0 DANBANG
SVAT CHID»
DAHBADI IHFWSS

> Snbsitbtotal f

2
0

270

270

i cornons KAiNG u s s n
uiNG i i s s n
EAIK HOL
Bonne VBG
DAMAI SANG 101
lOIOBUHBOTfi
NOATH IANDAL

* SybwbtoUl *

t COHKOH! TA POU
BASITB
SVAT SA
SAffilCB

* Subaubtottl i

* COBKOKS «OATS TA
OnCHSAÏ
OSIALAO
IOHFONG P1L
AILDKLOTIA
lOtffOK CHAULAI
SLOK HUM

* Svbnbto ta l t

« SvbtoUl u

»» Total'***

120
180
48
72
47

118

585

357
378
353

1088

m
280
435
560
179
449
179

2982

6079

47111

0
1365

1365

649
918
224
327
257
624

3069

1704
lTfiB
1838

5310

1558
2300
3044
927

2487
1062

11376

30955

250381

20
29

40

23
155
20
3

25
17

243

12
0
0

12

5
35
22
0

75
18

155

869

6323

0
10

10

23
155

0
3

25
2

208

6
0
0

; :8' :

0
15
0
0
5
o

20

317

760

0
2

2

0
2
1
1
1
1

6

1
0
1

2

1
0
1
0
1
0

3

26

260

2 10

2 22

15C 400

4.0
4.0

22

85

2.0 1000 U
3.0 200 1

o2
1
1
1
1

9
9

. 9
9
0
0

0 (
0 (
9 (
0 1
0 (
0 (

> 0.0
) 0.0
) 0.0
) 0.0
) 0.0
) 0.0

0.1
o:<
0.(
0.1
0.1
Q.I

I 0 1
) 0 1
I 0 1
) 500 la
1 OIA
I 0 1

4
0
0

2.5
0.0
0.0

0.8
0.0
0.0

150 T
40 T
OU

0
0
1
0
1
0

0
15
2
0
5
0

0
15
2
0
5
0

9
5
5
0
5
0

0.0
3.0
3.5
0.0
3.5
0.0

0.0
5.0
2.5
0.0
3.0
0.0

1300 T
01

150 T
100 T
100 H
100 T

1
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1
1

1 District
i

1

I

i

1

t
1

(

i

1

t

IBATTAHAIC PEOflICE

IKnag ï i m y

Saagker

;iket
i
i

IBattaibaag

Bâtai
Rattaiak Koidiol

\îï Fkioi
Bo?el

: Total

iKongo1 Bore;

Freak I e t Freak
!Baateay Ckkiar
S?ay Sisopkoi

iTkiar P»ok
S»ayCkek

[Fknoi Srok
Üket

Total

POKSAT FS0?IKK

Baku
ilraiaik
Itrakor
IKaadeuk
ilket

ITotal

Gorerueit Statistics
By Districts

FersDis

1

•

72,529

69,850

89,300

82,815

51,911
13,119
51,667
53,699
•

484,890

102,900
•

•

350,000

. •

75,913
28,852
40,390
38,418
35,326

218,899

Fu i lies

2

14,506

13,970

17,860

16,563

10,382
2,624

10,333
10.740

. . . . . . .

96,978

20,580

70,000
1

.

. •

15,182
5,770
8,078
7,683

43*778

Villages

3

98

130

•

70
• ' •

. " ! • • . • ;

• • •

61 '

. . . . . . . .

359

156

•

109
42
89

110
59

•

409

Totals for Villages
Sirreyed By District

Persou

4

•

72,079
99 X

30,955
44 X

94,095
105 X

53,252
$4X

: •;-•:• oH:: o
0'

o
250,381

43,155
42 X
0
0
0
0
0
0
0

43,155

0
0
0
0
Q

0

?aiilies

5

13,715
9 5 1

6,079
44 X

16,761
94 X

10,556
64 X
0
0
0
0

47,111

8,403
41 X
0
0
0
0
0
0
0

8,403

1

0
0
0
0
0

•

0

.Villages

6

82
84 1
28
22 X
57

45

MX
0
0
0
0

212

58
37 X
0
0
0
0
g

0
0

58

0
0
0
0
0

0
.

luber of
Sefigees

Expected to
t e U n by
District

7

31,181

40,782

42,220

18,302

•

•

Perceat ;
Itcre&se |

ii District |
PopiUtioAs !
folloiiag !

Kefigee iiflnx !
by District \

8 !

(3 1!

sa x;

SIX!

'* !

is x;

i

I

Colins 4, 5, i Ferceitage figires are for sirtcf data to govertieit statistics (for tke district).
Cohifi 7 luber of refigees expected to settle i i district, iiclsdiij those tot i i ford Foudattoi Sinej (for tke district).

MMEX 11/ Governnent Statistics and Totals of Selected Survey
Data, and percentage increase in population following
the returnee influx for selected districts.
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District

EATTA8EARG H O H K I

Xamg lusey

Ihet

mm mi mi

Roigal Borer

Ruber Fully Ponds for
Saner D&ta By District

Total

1,906
14 X

5,323
10(1

1,151
H

ut

1,737

Reliable
fear Koud

10

107
6X

ISO
12 1
59
5 1

ÏTT

in

677
tit

Perceitage
of survey
population
laviig access
to tellable

Fuily
Poids

U

0.8 X

12.5 1

0.41

2.6 X

8.1 X

luber
for
By

Total

.

12

125
46 X
260
214 X
54
16 X
55
26 1

71

Village Poids
Sirvey Data
District

tellable
Tear Koud

13

SOI
156
60 1
31
57 1
40
73 1

35
49 1

Percettage
of sirvey
popilatioi

! having access
; to tellable

Village
Poids

14

23.0 X

121.3 X

5.2 1

18.9 1

20.8 1

luber Dig tells
tor Ssnej Data
bj District

Total

15

84
3 1 1

400
329 X
m
47 X
6)
13*1

41

Reliable
Year loud

16

70
13 1

3(3
111

143
H I
65
941

3S
811',

1 Percentage
of suriej
popslatioi

havi&g access
to Reliable
Dig «ells

17

25.5 X

298.6 X

4Î.7Ï

30.3 1

11.4 1

:ÏÏ:::=

COUIBS 10, 13, 16 percentage figares are the I of totals ii 9, 12 aid IS respectively.
Collins 12 aid IS Percentage figires are tie 1 of toUl/SQ faillies il ullages s»t»ejed (for the district).
Co bin U Nuber reliable [aiily poids to total inber of fui lies ii Tillages surveyed (for the district).
Cohiis 14 Ruber reliable ullage poids to etery 50 faillies for total tuber of fuilies ii tillages surveyed (for tie district).
Co lain 17 luber reliable dig iel Is to every SO faillies for total iub«r of faillies il villages satvejed (for the district),

9 Perceitagè figires are the X of faiily poids to total inber fuilies ii villafes strveyed (for the district).

ANNEX 1 2 . Summary D a t a o n E x i s t i n g Wate r S i ^ p l i e s f o r D i s t r i c t s
i n Ba t t an ibang a n d B a n t e a y îfean Cney P r o v i n c e s .



ANNEX 1 3 .

CAMBODIA

THAILAND

VIETNAM

PROPOSED SITES FOR RECEPTION CENTRES IN CAMBODIA

1 Mongol Borei Centre

2 Battambang Centre

3 Sangker Centre

4 Maung Russey Centre

5 Pursat Centre

6 Phnom Penh Centre
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ANNEX 14.

RAW WATER DUALITY TESTS FOR RIVERS
IN WESTERN PROVINCES OF CAMBODIA

SAMPLE
LKATION

1
SËJGKE RIVER

0 TAKI

OJANDASH

M^JNG RIVER

1
1
1
1
1
1
1
1
1
1
1

ORIGINAL OPTIMUM
TUBIDITY ALUM
<NTU) DOSAGE

(MQ/L)

ISO 40

45 50

160 70

75 60

SEDIMENTATION TURBIDITY
TIME AFTER
(HOUR) SEDIMENTATION

(NTU)
#

5

10

8

6

5

10

S

5

E-COLI E-COLI
COUNT COUNT
RAWWATER AFTER
PER 24 HOU
10 ML PER
* 10ML

+500 25

+500 6O

30

+S00
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ANNEX 15.

QXFAM EMERGENCY WATER PACKS

Oxfam Emergency Water Pjcks aro 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 situations. Each pack comes complete* with all the
necessary components, including tools required for quick
assemb1 y.

At the intake two pump» 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 lose. The suction hose is connected to a special
footvaive/ 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 liquid 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 floe begins to settle at the bottom of t£>e tank
to forma blanket of sludge. This 'cleared' water is then emptied
by pumping into a storage tank or a series öf <£anks where
chlorine solution of know 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
rèsults.

After a minimum of one 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 group of six workers, under experienced supervision, can erect
a large tank within 5 hours. Forming an elevated base for storage
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 request 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 wheih can take up to IS weeks to
deliver to Oxfam in the United Kingdom.

Seafreighting from the U.K. to Cambodia via Singapore normally
takes £-2-1/S months. Custom clearance in Cambodia can be a
lengthyprocesm. Airfreighting of large consignments have not been
attempted recently. For smaller consignmet» of under 200
kiograms, airfreighting from the U.K. via Bangkok and Laos can
take up to 3 weeks to arrive in Phnom Penh.

I
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ANNEX 16.

COST ESTIMATES FOR WATER SUPPLY SYSTEMS
AT RECEPTION CENTRES

Mongol Borey Reception Centre (3000 person capacity)

Capital Cost Estimate

1) Install two ET73 Raw Water Pumps 2/400
at intake (one duty, one standby)

2) Erect one 95 cubic meter Raw Water 2,300
sedimentation tank

3) Install 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

Sterling Pounds 12,900

feattambang Reception Centre (2000 person capacity)

Capital Cost Estimate

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 1,600

sedimentation tank
4) Install two ET75 transfer pumps 2,400
5) 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) Install 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
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Maung Russey Reception Centre (1,500 persons capacity)

Trucking from River Capital Cost Estimate

1) install two ET75 along the bank
of the River Maung

2) Install ten 1 cubic metre portable bulk
containers c/w fittings and strappings

3) Erect one 4 5 cubic metre Raw Water/
sedimentation tank

4) install one ET75 transfer pump
5) Fittings
6) Lay maximum 600 metre 3 inch PVC

Distribution Main
7) Install 4 tapstands and ferrules
8) Consummable Engine Spares

2,400

7,000

1,500

1,200
1,000
1,000

350
800

Sterling Pounds 15,400

Piping from River

1) Install two PL4 intake pumps
(one duty, one standby)

2) Lay 6 kilometres 3 inch PVC Main
3) Erect one 4 5 cubic metre Raw Water/

sedimentation tank
4) Install two ET75 transfer pumps
5) Fittings
6) Lay maximum 600 metre 3 inch PVC

Distribution mains
7) Install 4 tapstands and ferrules
8) Tool Kits
9) Consummable Engine Spares

Capital Cost Estimate

" 3,600

9,800
1,500

1,200
1,000
1,000

350
150

1,400

Sterling Pounds

Pursat Reception Centre (1,000 persons capacity)

20,000

1) install appropriate size turbine pump
with spare engine

2) Lay 1.2 kilometres of 3 inch PVC main
3) Install one 4 5 cubic metre storage tank
4) Lay maximum of 600 metres of 3 inch PVC

Distribution
5) install 4 tapstands and ferrules
6) Tools Kits
7) Consummable Engine Spares

Capital Cost Estimate

9,000

2,600
1,500

350

340
150

1,000

Sterling Pounds 15,240
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Phnom Penh Reception Centre (4,

1)

2)

3)

4)
5)
6)

,000 persons capacity)

Capital

Provide two ET75 transfer pumps
(one duty and one standby)
Install two 70 cubic metre
on elevated base
Lay maximum 600 metre of 3
Distribution Main

storage tanks

inch PVC

Install 14 tapstands and ferrules
Tools Kits
Consummable Engine Spares

Cost Estimate

2,400

3,200

1,000

1,190
150
600

Sterling Pounds 8,500


