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PREFACE

In response to a request from the Government of the Lao People’s

Democratic Republic, the Government of Japan decided to conduct a study on
Groundwater Development for Champasak and Saravan Provinces and
entrusted the study to the Japan International Cooperation Agency (JICA).

- JICA. éent to Laos a study team headed by Dr.Akira KAMATA, Kokusai
‘Kogya Co, Ltd., and composed staff members of Kokusai Kogyo Co.,Ltd. and
Construction Projec_t Congultants Inc., 4 times between March 1994 and

December 1995,
The team held disétiss_ion_ with the officials concerned of the Government of
Laos, and conducted filed surveys at the study area. :After' the team returned

to Japan, further studies were made and the present report was prepared.

1 hope that this re;_idrt will contribute to the promotion of the project and to

- the enhancement of friendly relations between our two countries.

I wish to expresé_'my sincere appreciation to the officials ccncer_ried of the
Government of Laos for their close cooperation extended to the team.

December 1995 .

Kimio Fujita

_ o President -
-~ Japan International Cooperation Agency '






: December 1995
Mr.Kimio Fujita
President
Japan International Cooperatlon Agency

"LETTER OF TRANSMITTAL
Dear Sir,
We are pleased to submit the final report of “The Study on Groundwater Development

for Champasak and Saravan Provinces in Lao People’s Democratic Republic”. This
report has been prepared based on the field survey and the study conducted during the

~ period from March 1994 to December 1995.

- The report contains the study results on the hydrogeology, hydrolbgy, water quality -
‘and  groundwater potential of the study area. A groundwater development plan and a

rural water supply program are presented in detail in the report.

~ We hope that the implcmentation of the groundwater-based rural water suppiy. program

would greatly contribute to the creation of the healthy and sanitary environment in the

“villages of Champasak and Saravan provinces.

All the members of the Study Team wish to express their sincere thaﬁks to the
personnel of your Agency, the Embassy of Japan in Laos and the officials and personnel
of the Ministry of Health, Provmc;a} Health Departments in Champasak and Saravan
for the assistance extended to them. _

Very truly yours,

Akira KAMATA
Team Leader :
The Study on Groundwater Development
" for Champasak and Saravan Provinces, Lao
PDR.






The Study on Groundwater Development for Champasak and Saravan Provinces
in Lao People’s Democratic Republic

Study Period: March 1994 to December 1995
Counterpart Agency: Clean Water Institute, National Institute of Hygiene
and Epidemiology, Ministry of Health

Absiract
1. Background

Lao PDR is located on the left bank of the Mekong River. Topographically, it is
composed of mountains and undulating lands. Its population is about 4.64 million, and
more than 80% of the people are living in the rural areas. The rural population are
served with water supply, lagging far behind the urban areas. Hence, unserved people
traditionally resort to the use of rivers, springs, shaliow dug wells and ponds for their
domestic water needs. '

~ Water sources usually dry up in the dry season and are also exposed to contamination of
human and livestock wastes. This contamination causes high infant mortality and
water-borne diseases, which hinders having a healthy population in the rural areas.
Shortage of clean water eventually impedes the development of active rural
communities. 1t is therefore urgently needed to establish a groundwater-based rural
water supply program. :

2. Study Objectives

The Study aims to achieve the following objectives.

(1) To formulate a groundwater development plan for village water supply in
Champasak and Saravan provinces.

.(2)_ To t_ransfef technology on hydrogeology,. water supply engineering and well
maintenance in the course of the Study. '

3. Study Area

The 26,000-15:&12 Study Area covers two hundred (200) villages located in the following
districts of the two provinces. S ' :

‘Champasak 'ProVihg_ e: Bachiangchaleusook, Khong, Pathoomphone, 'Sukhﬁma and |
Sanasomboon (100 villages) '



Saravan Province: Saravan, Khongseudon, Lao Ngam, Lakhonepheng and Vapy (100
villages) '

4. Study Results
(1) Natural Environment

The Study Area is composed of plain, hill ,plateau and mountain. The Mekong River and its
tributaries, i.e., the Xedon River and Xekon niver, flow through the Study Area. The plain
and hill are mainly composed of Jurassic sandstone and shale. The plateau and mountain
are composed of basalt and Paleozoic sandstone and slate, respectively. The climate of the
Study Area is divided into the dry season and rainy season.. The average annual rainfall is

1,600 to 2,000 mm.
(2) Existing Water Source

About  80% of 200 villages obtain water from traditional sources such as river,
springs , ponds and shallow dug well which are often unreliable and polluted.
Groundwater is being utilized by means of dug well and tube well. Most of these wells
are not equipped with hand pump

(3) Hydrogeology

Based on its geology and topography, the Study Area can be classified into ten (10)
hydrogeologic units, i.e., Qf,Qt, Ep,Eh, Bal,Ba2,Ba3,Et., P and M. Groundwater oCcCurs
in all of these hydrogeologlc units except “M”.

(4) Optimum Yield

Based on the test well data, the optimum yield is estimated as follows:_

for the altuvial plain :90-260 I/min, for the Jurassic area (Ep,Eh): 6-115 V/min, for the Basalt
Slope (Bal area): 14-88 I/min, for Ba2 area: 1,200-1,800 I/min, for the Ba3 area: 185 Vmin ,
and for the Triassic tuff 22-90 //min.

(5) Groundwater Quality

In comparison with WHO standards or guideline values, many samples -of existing.

water sources exceed the guideline values in three (3) chemical components (Fe, Mn

and NO3). The coliforms and bacteria were detected in all the water sources. Some test -

wells exceed the guideline value for iron and manganese N1trate was not detected The
coliforms and bacteria were not found.
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(6) Pilot Water Supply System

The hand pumps were installed at 20 test wells and the Study Team conducted a trial
operation and maintenance of these systems including organization of the water user’s
association. After completion , the systems are operated and maintained adequately by
villagers and the water fee is collected smoothly every month.

(7) Groundwater Development Plan
The 5-inch (haﬁd_ pump well) and_6-inch (motor pump well), 50m-depth well were
designed for groundwater development. The well is gravel-packed and has the screen

openings at 12 % (hand pump well) and 20 % (motor pump well), respectively.

(8) Water supply Prog'ra_m

Target year: - 2005
Target villages and population: 200 villages 131,789
Water supply systems: Hand pump well 485
Motor pump well I
. Maintenance center 2
Project cost: 1,726 million Yen
(9) Project Evaluation

The proposed project will satisfy the basic human needs of the rural population in the
200 villages, and it is expected to yield economic and social benefits such as time
saving and health improvement. It will greatly improve the quality of life in the
community and the village people will be involved more in the future development of
the community. '

(10) Environmental Impact Assessment

The environmental impact caused by the project will be very small in the entire
groundwater basin. However, new well locations have to be determined considering
the existing wells. The intrusion of salinity-high and iron-manganese-nich
groundwater must be prevented in the new wells, '

- 5. Recommendations

(1) Earlier implementation of the project

The supply of clean water is one of the basic human needs, it will benefit and contribute
greatly to the rural community in the long term. It will also create a healthy and

sanitary environment in the villages, which is the basis of rural development. Earlier
implementation of the project is, therefore, strongly recommended.

i



(2) Utilization of hydrogeological map and investigations

It is desirable that the groundwater development be carried out by usmg the
hydrogeological map prepared by the Study Team. :

3) Momtormg and management of water quality -

The concentrations of iron and manganese in groundwater exceed the WHO standard: in
many places in the Study Area. Periodical monitoring of water quality is, therefore,
strongly recommended. The treatment system such as a simple sand filter, shouid be
installed in some cases.

(4) Establishment of the maintenance center

In order to provide preveniive and curative maintenance services and supply of spare

parts to ensure the operation and maintenance by the village people themseives, the
proposed maintenance center should be established.

- iV_' ’
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 CHAPTER1 INTRODUCTION

1.1 Background

The Lao Peoples Democratic Republic (Lao.PDR) is located on thé left bank of the Mekong
River. The Lao PDR is bounded on the north by China and Myanmar, on the east by Vietnam,
on the south by Cambodia, and on the west by Thailand. The Mekong River ﬂowihg from
north to southeast partly separates Lao from Thailand. L.ao lies between 14 N and 22°30N
Eatitudes and 100°E and 108°E longltudes .

Lao has an area of 236,800 square kilometers. Its greatest length from northwest 10
southeast is about 1100 kilometers and its greatest width is about 500 kilometers.

Topographma!ly, it is composed of mountains and undulating lands.

1In 1990, its popﬁlation is"about 4.36 million; of which, more than 80% are living in the rural

areas.

Waterworks supply drinking water to only less than 50% of the urban population living in
areas like Vientiane, Savanakbet, Pakse, etc.. Lagging far behind them are the rural

population that occupy most of the country; only 14% are served with water _'supply. Bot_h

‘urban and rural unserved population traditionally resort to the use of rivers, springs, shallow

. dug wells and ponds for their domestic water needs.. These water sources that usually dry up

in the dry season are exposed to contamination of human and livestock wastes. The
contaminated water causes high infant mortality and water-borne diseases. Thus, shortage of

clean water eventually in‘ipedes the dé_velopment of active and healthy rural communities,

To overcome such condmon the Clean Water Instltute (CWI) under the National Institute of
Hygiene and Ep1dem1010gy (NIHE) of the Mmistry of Health (MOH) has been implementing
rural water supply projects that are financially and techmcally assisted _by the UNDP.,_ WHO
and UNICEF 'sinc'e' 1981, BetWeen 1982 and 1 986, the UNDP- WHO suppiied the equipment

. and matena!s and techmcal trainings. Smce 1987 the UNICEF has been . contmuousiy '

_ 1mplememmg rural water_supply__prOJec}‘.S-m]nt_ly with CWI The UNICEF provides



prowdes equipment and materials, while the CWI directs the provmctal publlc secnon in the

construction of the water supply systems.

Considerable efforts have been made in the past 10 years, but the situation has not changed
due to lack of (1) knowledge and information on groundwater resource development, (2)

technical staff a.nd (3} commumty p'lI"[lCipa'[l()ll in the operation and mamtenance of the

water supp!y systemq

In January 1993, the Government of Lao P'DR finally fequested the Governmén’t ofJapan_ for
a technical assistance for a study on groundwater developl.n'en.t in Chompasak and Saravan
‘provinces with an objective of constructing deep wells with hand pumps for rural water
supply. The request wos positively resoonded, and in December 1993 t_ﬁe JICA'dispatched a
preoaratory study feam to Lao PDR to clarify the _baokgroun_d and specifics of the request.

An agreement was reached between the MPgH and the JICA on the Scope of Work (SW) for
the Study. This agre_ément was signed ori 20 December 1993 by the representatives of both
~ agencies. As stipulated in the SW, a Study Team was dispatched to urid_eftak_e the Study.
1.2 Purpose and Scope

1.2.1 Purpose

The Study aims to achieve the -followiog objectives.

1) To formulate a groundwater deveiopment p]an for thla;_,e water supply in’

Champasak and Saravan provmces

2) . To transfer technology on hydrology, water supply engmeermg and weli

maintenance in the course of the Study

1.2.2 Study A’réa_'



The Study Area covers two hundred (200) villages located in the following districts of the two

provinces of Champasak and Saravan (Figure 1.1).

Champasak Province: Bachiangchaleusook, Khong, Pathoomphone, Sukhuma

~and Sanasomboon (100 villages)

Saravan Province: Saravan, Khongseudon, Lao Ngam, Lakhonepheng and

- Vapy (100 villages)
1.3 . Scope of the Study

1.3.1 Study Framework

The Study was carried out in 22 months from March 1994 to December 1995,  The study

period was divided into three phases to cover all the major subjects of the Study:

PHASEL:

A groundwater development policy was decided based on. ‘a tentative  evaluation of
groundwater potentlal and predlcnon of the future water reqmrement which were investigated

through data collection, field survey, and analysls The prrorrty areas were selected and

~studied in.Phase 11 and Phase III_, .

PHASE 1I:

Test wells eq_uipped with hand pumps and motorized pumps were constructed in order to study

(1) the hydrogeologi_eal features of the Study Area, (2) the construction methods and materials, :
_ and "(3) the maintenance of the water supply systems. - The detailed field survey was
- conducted and the groundwater resource was evaluated in terms of quantity and quality based

: on the results of the hydrogeologrcal mvestlgatlons

 PHASEIIL:



A groundwater development plan that covers the two hundred (200) villages in the Study Area
was formulated. The recommendattons for the future groundwater development in the entire

Champasak and Sarawan provinces were presented.

1.3.2 Level of Water Supply Service

The level of water supply service is the point source system consisting of a tube well equipped
with a hand pump. The communal faucet system consisting of a well equipped . with a
motorized pump, a water tank, distribution pipes and faucets were considered in areas where
hand pump is unsuitable and electric power supply is available.

1.3.3 Target Year

The target year for the groundwater development plan is 2005,
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CHAPTER2 NAT_URAL ENVIRONMENT
2.1 Climate
The climate in Laos is influenced by seasonal monsoon winds of the tropical southeast Asia.

The climate of Laos is divided into two seasons: the dry season from November to April and

the wet season from May to October. The annual rainfall varies from 3,000 mm. in the

| mountainous area to 1,200 mm to 1,500 mm in the lowland and undulatéd plain (Figufe 2.1).

The monthly average temperature ranges from 28.3°C in Apr'ﬂ to 21.1°C in January in
Vientiane (elevation 160 'm). It also ranges from 29.9°C in April to 27.0°C in December in

Pakse {elevation 90 m).. -
2.2 Topography

Lao may be divided into four, physxographlc regions, i.e., the mountain range the. unduiated

plain, the plateau and the alluwal lowland along the Mekong River (Flgure 2.2). The

- Annamite Mountain Range stretches from northwest.to southeast along the border of Vietnam.

The mountam peak exceeds 2,000 m above mean sea level (msl). The plam areas, 1e .the
Vientiane Plain, the Savannaket Plain and the Champasak Plain, are lower than 500 m in
altitude .and form a wide; flat landform, The Plain of Jars in the northern part and the
Boloven Plateau in the southern part of Laos are wide, gently undulated plains with altitudes
of _1.,000 m to 1,300 m. - The Alluvml lowland which is distributed. contmuously along the

Mekong River forms.a narrow and flat plam.

23 Geology

Lao PDR is located inland of the Indochina- Penmsula and geologlcally connected to Vietnam,
Thailand, Cambodia and Myanmar (Figure 2.3). The Indochina Peninsula is geologically

dmded into: Proterozmc basement. rock area (Kontum Massﬁ) strongly folded. Hercynian

' _Mountam Indosmlan Ma531f shghtly folded Paieozoxc and Mesozom areas, and basaltlc rocks.-

and sedlmentary basins of Te__rtlary and Quaternary_ages.



All types of geologic members mentioned above are distributed in Laos as shown in Figure _

2.4

Precambrian rocks are composed of metalnorphic rocks such as migmatite and gneiss. Few
outcrops ar¢ also found in the border of Myanmar and Vietnam. - Paleozoic sediments are
composed of sandstone, limestone and shale and distributed in the mountains in northwest
Laos and Vietnam border. Rhyolite and dacite, which occurred due to the volcanic activities
in the Permian to Triaséic age, are distributed in the Paklay-Luangpravan Belt, Sam-noua

and Cambodian border;

Mesozoic marine sediments, consisting of sandstone, slate and tuff and occurring in Triassic -

age, are distributed in the vicinity of the volcanic rocks mentioned above. Mesozoic non-
marine sediments, consisting of sandstone and red shale, are deposited in the intra-mountain
sedimentary basins which were formed during the late Indosinian orogenic movement and

distributed in the Vientiane Plain, the Savanakhet Plain and the Champasak Plain.

Neogene sedlments are found in the small intra-mountain basins i in the nothern part of Laos.
The sediments consist of sandstone,. mudstone marl and lignite of freshwater origin. The
Boloven Plateau was formed by upheaval of land whlch occurred widely in the late Cenozom

age and composed of basalt.

Quaternary sediments are distributed in the intra-mountain basin located north of Laos and in
the low land _élong the Mekong River and its tributaries, It consists of gravel, sand,silf,loess

and volcanic ash.

2.4, Hydrology

The Mekong River runs along the western side of Laos and forms a long border with} '_1‘_hailénd_

The drainage area is 783,000 km’ - and tlie length of the "river is 4, 300 km 'Thé Mekong -

River between . Vientiane and Pakse in Champasak Provirice receives the ﬂows from qeveral

large tr:butarles such as Nam Theung and Xe Bang Fa1 whlch ongmate from the Annamite



mountain range, and Xe Don from the Boloven Plateau.  The Mekong River also receives the
flow of Nam Mun from the Khorat Plateau in Thailand. The average discharge at Chiang

Saen at the northern border of Laos is 2,693 m’/sec and increases to 9,805 m'/sec at Pakse.

The Mekong River flows down to the South China Sea through Cambodia and Vietnam. The

average discharge to the ocean at the Mekong Delta is 15,000 m'/sec.
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Isohyetal Map of Annual Precipitation in Laos
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CHAPTER 3 SOCIO-ECONOMY AND WATER SUPPLY
3.1  Socio-economy in the Country
3.1.1 Land and population

Lao PDR is located in the central part of Indochina Peninsu]a, and its total land area 1s 236,800

km?.

It stretches more than 1,700 km from north to south and 500 km from east to west at
the widest part. According to the 1985 Census of Population, the Lao PDR had a
population of 3,584,803 in that year. The population increased to 4.14 million in 1990 based
on the 1990 population count. As shown in Table 3.1, the population of Lao PDR in 1994 is
estimated at 4.64 million based on the estimated population growth rate of 2.9% per annum

between 1985 and 1990, .

~ 3.1.2 Local administrative divisions

Lao PDR is administratively divided into 16 provinces and one city, Vientiane. These provinces
consist. of 126 districts (muong) which are ﬁn‘tﬁer subdivided into 11,883 villages (ban).
Provincial authorities are given a fairly high degree of autonomy provided that they adhere to
the directives and policy guidelines laid down by the central gdvernment. Governors of
provinces have the same rank as ministers. Provincial administration is organized similar to
the central government and divided into departments which correspond to the central
government ministries.  But administrations are weak: due to personnel and financial

constraints. These constraints hamper effective implementation of government programs.
3.1.3 Economic situation

Lao PDR is basicaily an agricultural country. Its Gross Domestic Product (GDP) is recently

growing at a rate of 6% to 7% which is mainly contributed by the growthin the manufacturing

and service sectors, Since 1989; the consumer price index (CPI) has lowered mainly due to

lower prices of agricuiturél. products.

: 1



Machineries and raw materials ate the principal imports of Lao PDR.  Other imports iriclude
rice and other foods. The principal exports are wood products, motofcycles_, textiles and
clothes, and electricity. The import volume exceeds the export amount annually, showing a

chronic trade deficit in this country.

In 1993, the public finance of Lao PDR received revenues and grants totaling 144,526 miflion
kips. ‘Total expenditures incurred amounted to 170,514 million kips, yielding an overall
budget deficit of 25,989 million kips.  Grants of about 22% of total expenditures were -

received by the governmient.
3.1.4 Economic developnient plan

The ‘public investment programme for the 1991-995 period being irh_p_lemente‘d- by .the. .
government has the following rﬁedi_um—térm development objectives: (a) consolidation of the
maoroeconomic feforms to ensure a smooﬁh transition to a;mafket-‘oﬁented economy; (b}~
improvement of the efficiency and performance of the public. sector; (o) expansion of .
economic, social and- physical infrastructures; and (d) development and adoption of sustainable

resource and conservation management approaehes

To achieve the objectives mentioned above, the government has prepared the public investment *
plan for the period 1991-1995 amounting to US$745 million. The bulk-of this investment is
shared by the commumoatlons electricity,. and agnculture and forestry sectors. The share of .

- the water supply sector is only 4%(Table 3.2).

3.1.5 Health sector

In Lao PDR, the Ministry of Health delivers health care services by giving teehnical.assietance' _
to each provincial health departmeni  Provingial - and ‘district health departments are -
administratively decentrai:zed from the mmlstly and decide their own health prlontles staff
reqwrements and budget However both levels Iack the techmcal and fmanclal reqources to. _::

support those levels lower than the district.



-

One of the main objectives of health serlvi'ces is to reduce the mortality rate. The mortality
rate is the highest among its neighbouring C(')untriesl. Life expectancy is 49 years, the shortest
among its neighbouring countries. To improve the health services in the country, the MOH
tries to strengthen and improve the quality.of health services in the rural areas through

emphasis on preventive activities.

3.2 Water Supply Organizations and Situations

3.2.1 Institutions

' Three (3) government ministries are responsible for water supply in Lao PDR: the Ministry of"

Communication, Transportation, Post and Construction (MCTPC), the Ministry of Health
(MOH) and the Ministry of Agriculture and Forest (MAF). |

- Under the supervision of MCTPC, the Lao Water Supply Enterprise (Name Papa Lao)

_operates and maintains the systems in large municipalities such as Vientiane, Luang Prabang,

Savannakhet, Pakse and Saravan.

Th_e MOH is respdnsible_ for the overall nianagenﬁ'ent of rural water supply systems through the
Clean’ Water Institute (CWIy which is under the MOH's National Institute for Hygiene and
Epidemiology (NIHE). The MAF promotes the development of surface’ water and

groundwater for irrigation purposes.

The CWI consists of three (3) 'sect_ions: (i) Technical Administration, Statistics and-Pl_anning

 Section, (i) Wafer Supply Section, and (iii) Environmental Health and Sanitation Section. The

* Water Supply Section. is divided into Surface Water Subsection and G_foundwate'r Subsection.

It (':o'ri_duct's'_ the :déVelopmen'_t_and management of water source and the design of the water

_ supply's'ystém. The CWI supervises the Provincial Health Department (PHD)

. T_hé PHD prd_vidés 'p_u_bliczhe_alth' services to thc_:' rural communities. The PHD's Water Supply
-and.En\_}ir'onmérit:al: Sanitation Section (WES) provides 'rura] water ‘supply and sanitation

services as well as the co‘nstrucfi_on and maintenance of boreholes with hand pumps.



3.2.2 Rural Water Supply Situation

Approximétely 85% of the population are living in rural'areas.- The coverage for iniproved
facilities, such as shallow wells, tubewells,. gravity feed systems, and piped water supplies, is
10% to 15% (UNICEF,1991). Most of the rural peoﬁle have to rely mainly on nearby surface
. water sources, such asthe Mekong River and its tributéries, streams, ponds, and groundwater

from hand dug wells.

As of 1994, improved water supplies ie, shallow dug wellé gravity pipe system.and tube
wells eqmpped with Tara and India Mark III hand pumps, cover 11% in Champasak Provmce :

and 14 % in Saravan Province. -
3.3 Socio-economy and Institutions in the Study Area
3.3.1 Champasak and Saravan Provinces

The Champasak Province is located in the southern part of Lao PDR. It has a total land area of
15,825 squar'e'kilo_meters_-and a total population of 497,301 in 1994, It is adm'i_nistrativ_cly .
divided into 10 districts.  The provincial government is located at Pakse. The 10 districts are

further subdivided into 789 villages(Table 3.3).

Of'the Champésak Province's 1.43 million hectares of land, 13% are for permahent agficultural '
lands, 61% for forest lands and 26% for other land uses. The Jermanent agnculturai land in -

Champasak Province includes 121,500 has of rice paddies

The Saravan province is boﬁnd_ed_ by. Champasak Province to the south and by ‘Sav.anria.lkhet to

the north. It has a total land area of 10,285 square kilometers and a total popuiétion,'éf
252,945 in 1994 The Saravan Proﬁinc._é is administratively divided into eight d_iétricts. The .
provincial' government is located at Saravan. The cight distficts:_are_fufther_s_ub'diyided -iht_'or_ -

682 villages.
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Of the Saravan Province's 1.03 million hectares of land, 7% are for permanent agricultural
lands, 54% for forest lands and 39% for other land uses. The permanent agricultural land in

Sara_vari Province includes 54,200 has of rice paddies.
3.3.2 200 villages in the study area

The Study Area covers 200 viliages in Champasék and Szitavan Provinces. The population

of the 200 villages is 98,885 cons1stmg of 53 ,297 in Champasak Province and 45,588 in

- Saravan Provmce The village populatmns average around 490 mhab1tants

The villages in the Study Area can be categonzed topographlcally into the plain area wllages
and the plateau area villages. Lowland rlce is the main product in the former v1llages and tree
crops in the latter villages. The Lowland La_o (LaoLoum) is the dominant ethnic group in the

plain area'viliages, while the Mon Khmer (Lao Theung) in the plateau area villages.

3.3.3 Household income

In the Study Aréa, the primary source of income of the inhabitants is rice cultivation,

although most of the rice produced are consumed at home. The secondary income is derived

from cultivation of other crops (like groundnut, coffee, tobacco, etc.), livestock raising - -

(cattle, pigs, and poultry), and off-farm activities such as farm labor, construction labor,

trade, huntihg, etc.
The average famiiy size i_s'_S.S persons in Champasak and 7.8 persons in Sarav.an.' The net
income _p'ér t’ur&lhbusehold”avcragés 199,048 kips in Champésak and 76,819 kips in

Saravan.

3.3.4 Public health services

- The Provmcnal Public Health Department (PHD) is respons;ble for dehvermg pubhc héalth

services mcludmg medlcal semces rural water supply and sanitation,

. The medlcal servtces in Champasak Provmce are dehvered through a provmmal hospltal
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located at Pakse, and 10 district hospitals located at district capitals. ~Saravan Province has a
provincial hospital located at Saravan, and cight district hospitals located at district capitals.
Malaria is the main cause of morbidity in these provinces, followed by diarrhea, dysentery,

pneumonia, and tuberculosis (Table 3.5 and 3, 6)

The Water Supply and Environmental Sanitation Sections (WES) of the Public Health Offices
in Saravan and Champasak Provinces are 1mp1ementmg rural water suppiy and sanitation
programs under technical and financial assistance from the UNICFF The WES has 16 staff

in Champasak Province and 14 staff in Saravan Provmce

The ahmial bud'get_' (l).f the PHD Office in CharﬁpASak Province increased from 496 miilion kips
in 1994 fiscal year to 1,025 million kips in fiscal year 1995, About 60% of the budget is for the
salary of the staff.  The 1995 budget includes 25 million kips for water supply and sanitation
programs. The 1995 budget of the PHD Office in 'Sarav_'an Province is 472.8 million kips and

includes 1.5 million kips for the administrative cost of the water supply and sanitation -

programs.

3.4 Preeent Water Supﬁ_ly in the Villages |

3.4.1 Water source "

A.bout 80%- of the viilagers .in the Study Area .(2.00'vi11ages).obtain Water from trﬁdit_ional

sources, such as rivers, springs, ponds and shallow dug wells, which are often unreliable and

-polluted. . The only piped water supply system in Laongam'town supplies untreated water .to

237 households.. The coverage of tube wells with hand. pumps- is estimated at 17% in’

Champasak Province and 19% i in Saravan Provinces (F igure 3. 2)

Groundwater is being tapped by means of dug wells and tube wel lls. The dug wells are |

generally less than 10 m in depth and 0. 5mto2min cli'am_eter. Some dug wells are lined

with:wood staves, brick or concrete and eovered . Many dug 'w_elis- are found_ or;,dry.__r1v.er_ '

beds in the dry season.
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In 1960's, the USAID constructed some tube wells equipped with Dempster hand pumps, some
of which are still being used. Recently, the PHD constructs tubewells installed with Tara or
India Mark TII hand pumps upon request of the village. A number of Lucky hand pumps is

instalied'_in tube wells and some dug wells.
3.4.2 Access to water source

The averagé distance from the village to the main source is 350 m in Champasak Province,
while it is 450 m in Saravan Province. - Distance exceeds 1,000 m in 10 villages of Champasak
Province and 17 villages of Saravan Province. The longest distance is about 2,500 m from

the viilage to the Mekong River (Figure 3.3 and 3.4).
3.4.3 Water quality

On sxte measurement of water quality shows normal values for electric conductmty and- pH.
Muddy water is observed in several villages. Based on the bacteriological and chemical tests
conducted at existing water sources, several water sources have problems in terms of water

| quallty by WHO drmkmg, water standards (Refer to Chapter 6).
3.4.4 Water use

- Based on the result of the water use survey conducted in the villages, the volume of water use
varies from village to v1liage by water source and ranges from 36 to 270 liters/dayfhousehold |
The highest is in B Beng where a pilot water supply system was constructed. In B.
Houakoua which has a Tara hand pump, the average volume of water is 154
llters/day/household {(23.7 Ipcd). On the other hand, m B. Sevang-Noy, the average volume is
only 555 llters/day/household (7.7 lpcd) The water source of B. Sevang-Noy is river. In'B.
Houakhoua, about 60% is us_.ed for w_ashmg, while it is 36% in B. Sevang-Noy . Washmg is

..+ done in the river, and no water is carried to the house in the village.



Table 3.1 © Poputation in Lao PDR

1985 Growth Population : Growth ) 1994

Census Rate Count '90 Rate Estimate
Laos 3,584,803 0.029 4,140,000 . 0.029 s 4,641,537
Vieatianc Mun, 377.409 0.042 464,000 0.029 520,211
Phongsaly : 122,984 0.028 " 141,600 0,029 " 158,081
Luangnamtha 97,028 0.042 119,600 0.029 133,416 ) ’
Qudomxay 187,115 0.086 . 283,000 S 0.029 317,284 :
Bokeo : . 54,925 0.031 64,000 0.029 71,753
Luangprabang 295,475 0.027 337,000 0.029 377,826
Huaphan 209,921 0.009 220,000 0.029. © 246,652
Kayaboury 223,611 -0.037 185,000 . 0.029 207,412
Xiengkhuang o 161,589 0.623 181,000 . 0029 202,927
Vientiane _ _ 264,277 0.029 : 305,000 . 0.029 341,949
Borikhamxay = - : . - 122,300 0.032 o 143,000 0.029 © 160,324
Khammuanc 213,452 0.028 245,000 0.029 274,680
Savannakhet 543,611 0.033 639,000 T 0.029° “ 716,411
Saravan 187,515 0.037 225,000 0.029 : 252,257
'Scknng - 50,909 0.023 57,000 0.02% 63,905
Champasack ' - 403,041 0.024 ) 453,000 0.029 . 507,878 '_
Attapeu 69,631 0.026 79,600 0.029 88,570

Suurce: State Statistical Centre, Minisiry of Economiy, Planning and Finance
Note: Vienliane Mun. = Vientiane Municipality '

®
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Public Investment Plan for 1991-1895

Table 3.2
" Unit: USS Million
Sector Tolal - Ratio =~ 1991 1992 1993 1994 1995 Total
- Agriculture and Foresiry 96.97  13.0% 22,10 2397 FARY: 16,37 11.40 96.97
Manufacturing 22,57 3.0%. 340 -7.53 2.44 1.14 3.06. 22.57
Mines 9.78 1.3% 0.00 2.32 2.46 2,50 - 2.50 978
Electricity 153.77 20.6% 1743 1448 2519 . 39.69 56.96 153.77
Communications 280.19  37.6%. 30.38 67.13 55.17 65.18 62.33 280.19 .
Teleconinunications 3339 . 4.5% 477 6.28 6.78 5.78 978 3339
Water Supply 26:39 3.5% 0.00 2.08 4,03 8.75 11.53 26.39
Education 64.57 3.7% 493 11.93 15.90 17.91 13,90 64.57
Public Healih 41.90 5.6% 518 4.62 8.39 10,57 13.14 4190
Others 15.47 2.1% 297 3.37 2.21 3.32 3.60 1547
Total 745.00

745.00  100.0% 96.18 145.71 143.69 171.21 188.20

Source: Cominittee for Planning and Cooperation

Telecommunication |
3

4%

Public § Iealth Agricultore and
_ 6% Others - Forestry
Education 2% 13%
. 9% - . . : ¢ Manufacturing
Water Supply‘r ) ) . 3%
A% T T 7 Mines

Sector-wise Share of Investment Plan

1%

Flectricity
21%

Communications
37%
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Table 3.3 Pnpulati(.m _S(eﬂis:tits in Champasak and Saravan Provinces, 1985-1995
District District Annual Dstrict Estimated District
Name Population Growth Population Aannal Population
1985 Census - 1990 Count Growth 1994 ¢stimate
1985-1990 Rate '90-95
A. Clampasak Province ‘
Sanasombuoun 43,660 1.91% 48,000 2.36% 52,694 .
Bachiang 24,112 6.48% 33,000 2.36% 36,227
Pathoumpone 34,226 2.11% 38,000 2.36% 41,716
Sukhumna 30,489 1.60% 33,000 2.36% 36,227
Khong 60,404 -0.13% 60,000 2.36% 65,868
Phontong 58,682 3.29% 69,000 2.36% 75,748
Champasak 42,265 0.35% 43,000 2.36% 47,205
Mouniacamok 23,554 3.52% 28,000 2.36% 30,738
Pakhsong 37,130 4.38% 46,000 2.36% 50,499
Pakse 48,519 2.54% 55,000 2.36% 60,379
Sub- Total: 403,041 2.36% - 453,000 2.36% 497,301
I3. Saravan Province
Lakonepheng 23,167 2.33% - 26,000 2.97% 29,229
Khongxedong 3_8.042 2.00% 472,000 2.97% 47,216
Vapy 21,266 2.45% 24,000 297% 26,981
Saravan 47,692 3.26% 56,000. 297% 62,955
Laongam 28,060 5.69% v 37,000 297% L. 41,595
Toumlam 12,528 2.25% 14,000 L 297% - 15,7139
Ta Oi ‘ 16,760 1.44% 18,000 CR29T% 20,236
Samuo 6,811 3.27% 8,000 297% 8994
Sub-Total 194,326 2.97% 225,000 2_:_97%_. ' '252,.945
Total 507,367 2.56% 678,000 2.56%

Source: Population of the Lao P.D.R, 1992, Minislr}"nfEconomy, Planning and Finance
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. Table 3 4 ( 1) Existing Water Seuree by District in Champasak 1’rv\'i;tu
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Table 3.4 (2)  Eaisttne Water Source by Distelet In Saravan Province

Vithses Villege Divtedet  Howrehokd Populati Exbiing Source Served Papuistion
Code __ Nowe Numa 1994 1994 River WWell Powe Poud Sprisg Ny _ Rices Well Pemp rnnmuocm Total
5.1 RNonSavang Eakbonpheng 165 52Y we 35% b a3 0 183 o 522.
S DNadon Laklonpleng 13 22T 0% oo . 0 52 0 o o 602
53 DNsbowsna Cakhonglicry, 9 s1e & w20 M e 0 o $19
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$6 ItlalhosiNua Lakhonphery, 29 130 12 1M ¢ 6 00 0 .13
$7 B.Khorsay Lakhonpheng, 2 134 95% hih 1227 0 T 0 0 M
58 BKengpadek 1akhortpheng 68 366 A5 d0% 15% 165 146 55 0 0 O 366
53 N Nodinay Lathonpheng w3 LA T T ) A 6 M3 46 w0 48
51 B Nakhandaj - Lakhonpheng s 322 85% c 15% 2.0 48 6 0 0 2
511 B Ihowdsacherg Moy Lakhonpheng 85 45 10% . 0% S0 a3 70 23 0. 9 0 426
512 B Nongvno Lakhonpherg A2 1l 654% 350 6 150 8% o 0 0 131
5-13 B Fhondaocheng Ui |akhonpheng 73 156 00 ) 6 0D 336 0 0 0 35
514 B Thangheg Lakhonpheng 73 36 100% 0 316 ¢ 0 0 0 36
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I3 Nanwuang - Khongeedom 121 628 8% % 1] 9§13 13 0 D 625
15 Rhasthorg-Gun Khorgeedon e 573 100 : 573 o 9 0 0 0 5B
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Bllousyxas Khemgredon - 85 495 foRs 495 0. 0 0 0 0 495
B Hatdon "Khongredon 51 400 1008 . m 0.0 G 0 0. w0
536 B Nakadso Khongedon 162 806 20% 107 L0 0 75 8 .0 0 806
537 B.Koutlamph Kl d 0 418 10 g ¢ 0. 0 0 0o 418
52 52595t 5% 193 i} O W 0 0 538
Khongxedon Disuicl. 1,798 9,882 § §126 O 3574 181 1] 0 9§82
339 - B Nengngong Vepy 4 465 90% 10% a9 0 0 47 0 - 0 46
5-16 B Dokha Vapy = . 13 ke HWew 90 6% 183 6 0 w7
B Naxal Vapy I 501 X% 0% O 0 45 "0 0 ¢ sol
$42 B.lHouavktou Vapy e ORIV ) 0 0 0 O 0 60
53 B Vagy-Nu Vawy 1 825 e . L] 0 LI R T T
- S-44 B Vapy-Tai . Vepy B 1 1 574 12 : 571 0 o0 o ¢ sn
545 B Nekag Vapy 19 1E 905 L 10% 106 0 © 12 o 0 .ug
§45 B Bangkha Vgl a5 333 L . % 0 6. 0 0 0 383
547 BSephat Vapy - 139 753 100% 0 0 0 n p 753
§-4F " 13 Movang Vapy 159 . 885 0% ’ €8 0. & 0 0 0 885
=AY i Viapy 1S 467 100 49 0 0. 0 6 0 469
S50 12 Sonpra Yapy 156 893 100% 83 0 0 0 0 0 39 \
881 B Klbouwnta Lt Vipy 49 6% 40% 0 0 I3 ¢ o 3 ’
2 s Nomspho Vegy S % i v TP 0 0 _is %
o ¥apv Disrics Dieict; 1,358 5669 01315 272 TG 269 7.52%
H.uaghher Sarmvan 235 1,31 0 9 0 L 0 L5711
B.Monysai Sarmen 130 24 LR 3 2% ¢ ¢ b 1,25
Blungai Saravan 30 1,69t o 0 1] i Q1,691
B.Chong ,Saravan 33 i s 0 ¢ 0 0 383
B.Flsostkham Saravin . 13 o0 0 g 0 g o
B Koutmoung, . Ssravan - 2 1n7 [1] . o ¢ N7
[ Norgbou-Moy . “Sarsvan : 13 90 0 0 0.0 0 W
540 Blonghong -~ Sammvan ) 61 MEO6 TG H g 0. HS
3.6l B May-Shvil Saavan 23 131 L T | R O I 5 1]
5-62 B MNakathian Saravan 92 556 0 Q@ 9 [} 0 5%
353 H Nathen Suravan (5] -] 4] i 0 ] LR i ]
S-61 B Phonphai Saravan 141 1,034 ()] ¢ .0 0 0 1034
8465 HNadon - Saravan 27 ) s 9 6 0 0- 0 NS
866 B Madonkboang Sumvan 39 (DL : 0. 9 24. 0 0 .0 22
567 B.Thamuang-Kec Saravan 75 452 1€~ 92e a5 D ao? 0 7 0. . 452
S68 BMaphergGnai  Samwvan [0 SH0100% : 50 o 9 6. 0 9 3510
562 H.MiplengNoy . Sasvm £ LET 3m - 1y a [ N I N P h 4
830 F.Saokadi-Fai . Saravan 65 450 1007 . s 0 0 0 v 0 450
SN BDanGuai - Sarevan 13 39 100% . B0 0 0 0 0 139
572 B Kengsim- [si Sacavan 56 365 1K ’ . 3485 9.0 g & 0155
513 BNobon-Tal Sarsvan az’ 212 100% . - 2. 0 0. 0 0 9 202
574 B.That-Noy Sarsvan 8 250 100 . : 238 0 00 0 250
75 H Nakaao Swavar - HEREUN TSN 4 CooMe oW 8 WM e w.-m
576 BKo, " Sarmvan 63 326 100% . : 3260 0 .8 0 0 0 326
537 B.lheo-Onai - Samvan 164 884 60% AR ' $3 as4 G. .8 .0 0 884
538 8 Sowng . Saravai 20 T B 05 39 M ] a 1] LUBS i1 ]
5.9 BThongkepck - ° Saravan 14 112 100% . 2 0 ¢ 9 0 0 nz-
380 B Naxai-Gnei Saravan 60 396 35% . 1% T 3. 059 9 o -0 3%
SHL B Nasai-Moy Saravan P a7l 0 oMoy U % w0 b oae2 04T
582 Dhakao Sarmvan . 30 1B 1008 ' 17 o0 o0 o ¢ 0 .18
583 B Dongko-Nus Saravain - 62 38 100% . - . 38 0 00 0. 038
S84 1 Feng Smsvan - . 107 IURTELH 2 VN B B R R *- )
885 BXhimgphoukhong  Saravan 76 385 100% B 0 0.0 0 0. 385
536 BKadap " Sarman 12¢ 613 1062 w0 0 0 e3 o 613
ST Rilavasg Saravan 07 43 1%, L A I 1 N (R I
S8R B.Senvmg-Noy Samyan % 368 100 . SOO3ME 0 0. 0 ¢ .0 3B .
$.8% Bllowkhous Saravan 17 256 oy - N 0%, 200 0__ 0 .0 .2 .25 -
Sarayem Districh; 2951__ L85 . = . 13904 1288 - 751 323 L2326 15005
550 B.Kianglal ' Lacngam - 64 287 S0 - : 504 0 e o 14 o 287
591 B.Xanum Laongim a0 37 5% . - 504 e 0 0. ¢ 119 o 237
802 J3 Xenumuick Laoigm N oo ’ - 171 [ B R Y R ¥ 1)
S91 DBDaktheung . Lacngam 56 237 I0Rs - : BY 00w 80 2w
591 D Vangpuay * Laongam ] 300 100% - : ©o300 0 o0 0. 0 300
595 B.Samgthong-Noy Lavugam 2] 125 St S 63 0w o &7 0 s
596 B Sanghong-Gnai Laongam . 86 A0 1xey . A0 0 0.0 0. 0. 49
597 B Laongam Lacngam 250 Ll 5% : 95% 1000 00 01,083 1040
S9% Rlichong - Lacsgam - - 179 - 655 Sty : EEN T80 oo o ess
5-99 B.lyng Laongam. - : 8z 411 100% ERERT | § I S0 0 @ -dy
S100 BHoun Tai “lagngam _n AN 10y o S BT 0 9 a6 o A
mem 918 Il L 2616 - 0 9 D652 LAY 4411
Total. 22278 . 4%591 - - 30,356 2|oo 8526 9302276 1,104 45,591

Somee: Village Suivey. Apni 1yt



Table 3.5 Leading Causes of Morbidity in Champasak Province, 1994
. ‘ Malania | Diarrhea  Influenza  Dysentry  Pneumonia  Tuberclosis
Prov. Hospital 1,575 132 1 31 154 37
Sanasomboon 398 85 26 134 36 60
Bachiang 236 40 13 41 26 4
Pathompone . - 402 " 28 8 19 41 4
Sukhuma 447 26 5 4 29 1
Khong - 543 676 422 504 52 26
Phontong - So212 350 115 34 77 i
Champasak. 203 33 29 - 16 0
Moonlaoamok 988 121 142 198 154 3
Pakhsong : 19 -6 0 0 2 0
Pakse 268 313 406 195 137 0
Total 5,464 1,810 1,207 1,171 724 136
Ranking ] 2 3 4 5. 6
* Source: Public Health Service ofChﬁmpasak Province, 1994
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Table 3.6 Leading Causes of Morbidity in Saravan Province, 1994

Malaria © Diarrhea  Influenza Dysentiy ~ Pnsumonia Tuaberclosis

Prov. Hospital 2,191 281 n.a. 75 523 : 59
Saravan 1,821 1,071 1,518 605 353 9
Laongam 364 62 n.a, na, 14 na
Vapy 925 634 n.a. 74 125 n.a. _ ’
Khongxedon ' 210 na n.a na - na na. -
Lakhongpheng - 71 na. n.a. n.a. " na, na. .
Toumlarm - 267 344 na i5 106 na.
Ta Oi 121 76 . na 22 34 na.
Samuot ' 50 83 4. 30 72 - onal
Total ' 6,020 2,531 1,518 S 821 1,327 : 68
Ranking : i 2. 3 A 5 6

Source: Public Health Service of Saravan Province, 1994 _
Note: The above figures indicate the number of out-patients during Oct. 1993 to Sep. 1994
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Figure 3.1 |

Location of Target Villages in the Study Area
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Figure 324 Water Source in 100 Villages, Champasak Province
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Figure 3.3  Access o Main Water Source
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CHAPTER 4 HYDROGEOLOGY
4.1  Geomorphology

The Study Area is divided into six physiographic areas, i.e., mountain, low plain, high plain,

Basalt Slope, escarpment and plateau (see Figufe 4.1).

Mountain area is located in the east and south of the Study Area. Low plains are extensively
distributed along the Mekong River and its tributaries, i.e., the Xedon River and the Xekong
River. The plains are flat due to erosion, and their elevations range from 80 m to 180 m.

They are composed of Jurassic shale and sandstone.

T hé plateau includes the surface.of the Bolaven Plateau and mesa topography. Escarpment is
located on the edge.of plateau or high plain. "_I‘he escarpment with clevations of 500 m to
1,000 m surrounds the Bolaven Pl_ateau. The Basalt Slope is a wide, gentle slope of the
Bolaven. Plateau. " Its elevations rangé from 129 m to 500 m, and its s.ed.iments é_l're composed’

of basalt lava and volcanic ash. -
4.2 " Drainage

The mam rivers of the Study Area are the Mekong Rwer and its tnbutarles namely, the Xedon -
River and the Xekong River. The Xedon River originates from the Bolaven Plateau and the
- east mountam area. - It flows. westward north of the Bolaven Plateau. It then flows
southward at Konxedon ‘and joins _the Mekong River at Pakse. The Xckong River originates
fro_rh the easterq._'mo_untains and is- j_o_ihed by s_mailef rivers from the watershed of the Boloven

Plateau. - This river flows down to Cambodia. -



4.3  Geologic and Hydrogeological Features
Figure 4.2 and 4.3 presént a hydrogeological map'of the Study Aurea.

The Paleozoic _{PZ. C-P)

The lower Paleozoic (PZ) is distributed in the mountain areas from northwest of Saravan to
east of Attopeu. The formation is composed of slightly folded, metamorphic tuffaceous

sandstone, slate and tuff. These rocks are considered as the hydrogeological basement.

The upper Paleozoic (C-P} consisting of sandstone and slate are distributed in the south of -
Khong Island. This formation may be found to have few fissure water.
The Mesozoic (T. J, J-K) |

The Manggian formation (T) crops out in the south of Pathoumphon, i.e., on the left bapk of
the Mekong River and in the south and east of Attopeu. ~This formation consists of hard -
rhyolitic tuff, quartz porphyry and welded tuff. Although, fissure water may exists, the

groundwater potential is low.

This Jurassic shale bed (J) is:extensivei'y distributed in the Study Area. The formation is
composed sandstoné and shale. Groundwater exists in the weathered zone and fracture -
associated with joint and bedding. In the vicinity of Saravan, however, porous sandstone is

intercalated in the formation. ~ Groundwater may exist in the intergranular of the beds. =~
The Champa formation (J-K) composes the mountain ridge at the Thailand border, the flat
 table plateau on the right bank of the Xedon River. The formation is co_niposed of massive; -

well consolidated cjuar“tz sandstone and siltstone. Gréundwater exists in the fracture or

weathered zone as perched water.
The Tertiary

The Tertiary consists of basalt lava flows which are distributed in the Bolaven Plateau. Basalt



lava flows can be classified into three formations, i.e., vPg, vNg and vN-Q.
This rock is dark gray, hard alkali basalt with columnar joint and onion structure and abundant.
pores due to bubbling. - Groundwater ‘exists abundantly in the pores- and fissures. Many

springs originate from the valleys in the Basalt Slope.

The Quaternarv

The Quaternary consists of talus deposit, fan deposit (Qt) and Alluvial sediments (Qal) along
the river.  These deposits are composed of sand, silt and clay. The formation constitutes good .-

aquifers, but groundwater table is affected by river water level.
4.4 - Hydrogeological Units

Based on its geology and topography, the Study Area can be classified into ten (10}
hydrogeologicalal units (Figure 4.4):

Qf:  This unit of Alluvial sediments with thickness of 4 m to 30 m consists of sand, gravel and’

silt. The basement of Alluvial sedlments is composed of Jurassic sandstone and red shale

- The Alluvial aquifer is thm thus, the groundwater can be taken from the underlying. Jurassic

formation.

Qt: Thrs unit eonsnsts of talus and fan deposrts The flat erosion surface under'iain by
Jurassic shaie is covered by thin deposition. The geoiogrc structure ‘is srmllar to Qf, but its-

- aquifer is very thin.  The shallow groundwater has low potential and seasonal ﬂuctuatron
Ep:' : This' unit is an erosion plain with no surf’tce depositi'on Jurassic shale crops out on the
surface. - The weathered zone of shale constitutes an aqurfer Grou_ndwa'ter-t"able is shallow.

Confmed groundwater may exist in deeper layers

'Eh Thrs h]ily unit is more undulated than Ep The weathered zone constitutes an aqurfer

but the groundwater table is deep

LB



Bal: Basalt Slope consists of vN-Q. This unit is underlain by thick volcanic ash and
mudflow with boulders. The- groundwater table is deep. Unconfined water or perched

water exists in the sediments. The basalt lava constitutes the hydrogeological basement.

Ba2: Basalt Slope consists of vNg. Thin volcanic deposits cover the é.urface Unconfined or

perched water exists in the sediments. The basalt lava corstitutes the hydrog,eologlcal'

~ basement, but conﬁned groundwater may exist in the lower basalt lava.

Ba3: Bésai_t-Slope consists of vPg.  No surface deposition . is found on the slope.

Groundwater may exist in the fissure. Underlying Jurassic shale may have confined

groundwater.

Et: The area consists of acidic volcanic rocks of the Triassic age. The topography is an

~ erosion terrace and plain.  Thin deposits cover the surface. . Groundwater may exist in the =

fissure. -

P: This unit consists of gently undulated plam and in the hlgher elevauon it is composed of

hard formatlon (J- K) Groundwater may-exist in the fissure.

M: Mountam area consists of hard and compact rock which constitutes the hydrogcologlcal_ '

basement.
45  Test Well Drilling and Pumping Test

Test well drillings and pumping tests were conducted at twenty'l(ZO). villages in the Study Area

(Figure 4.5). The planned number and depth of - wells are 18 wells for 50 m de’pth'and'—2 wells -

for 100 m depth. The total drilling depth is 1, 146 m,..and the total casmg iength is 1 090 Sm,

The casing diameter is 150 mm.

4.5.1 Results of Drilling

Figure 4.6 presents the lithologic well logs of 20 villages.
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C-4B. Nongphai

The formation consists of hard, consolidated and alternating beds of sandy shale and sandstone |

of Jurassic age. This sandstone contains groundwater and forms an aquifer. Groundwater

level is 9 m below ground surface.

C-4B. Houaxe

- The formation is composed of alternating beds of hard and consolidated sandstone sandy shale
and mudstone.  The test well was drilled up to the depth of 182 m because no good aquifers |
were encourltered. Dark browmsh gray, hard, medium sandstone was encountered at the
depth of 109 m. This sandstone has thickness of 35 m and contains groundwater.
However,  groundwater is salinized. EC measured on-site ohowed more than 10,000

'pmho/cm Groundwater level is about 18 m below ground surface.

C-16B. Louy

- The forrnalion is composed of aiternatirrg beds 'of hard and consolidated sandstone,

conglomerate, sandy shale and mudstone of Jurassic to Cretaceous age. The surface soil -

consists of clay bed containing gravel wit_h thickness of 6 m. The surface soil is underlain by
gravel and laterite at about'1 m thickness. The formation consists of gravel bed from 9 m to
23'm and alternating beds of sandstone and mudstone. Groundwater is contained in the gravel

and sandstone. - Groundwater l'e_vei is 7.m below ground surface.

C-44B. Thongsala

* The formation consists 'of very hard basalt lava and alternating beds of sandstone and sandy

' _shale of Jurassrc age. - The basalt lava is an au’robreccrated lava with rich pore spaces from the.

'depth of 2mto 23 5m and forms an aqu:fer Groundwater level is 9 m below ground surface.

| CA49B. Lak-21

L85
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The formation consists of mudflow deposits and highly weathered basalt lava.. The surface
soil is composed of the weathered clay of mudflow deposits. The basalt lava forms an aquifer,
however, its productivity is not so high because of strong weathering. Groundwater level is 14 -

in below ground surface.

C-65B. Lak-24

The formanon consists of consolldated hard alternating beds of sandstone and reddish- purple
mudstone. The surface soil is composed of a 2-m thick clay bed and underlying a 6-m thick
laterite. The sandstone bed forms an aquifer, and groundwater level is 7 m below ground

surface.

C-75 B_.' angkhe

The formation consists of sandy clay and reddish-purple mudstone of Jurassic age
_intercalating sandston¢. The sandstone forms an aquifer. Groundwater level is 4 m below

ground surface.

=

C-72 B. . Samkhanaboua

The formation consists of sandy clay and reddlsh—purp]e shale of Jurassic age mtercalatmg
sandstone.  The surface soil is composed of 7-m thick clay bed.. The fissures of sandstone
and shale contain groundwater and form an aquifer. Groundwater level is-7.5'm below ground.

surface.

C-838 B, Maisi\_’ilai

The formanon is c0mposed of alternatmg beds of sandv shale black shale and hard sandstone :
of Carbomferous to Permian age. Fissures and faults - are abundant in the black slate*-
Groundwater may occur in these fissures and faults. Groundwater level is 9.5 m below

ground surface.
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C-89 B, Nasenphan

The formation consists of sandy clay and dacitic tuff of Triassic age. Joints, fissures and -
faults are found abundantly, and they contain groundwater. Groundwater level is 5.8 m

below ground surface.
S-4 B. Houaykapho
The formation consists of alternating beds of hard consolidated sandstone, sandy shale and
mudstone from Jurassic to Cretaceous age. The surface soil is composed of 7-m thick
weathered sandstone. A part of the sandstone constitutes an aquifer, and groundwater level

is 9 m below ground surface.

§-12 B. Nongsano

The formation consists of alteméting beds of hard and consolidated mudstone, sandstone and
_sandy shale of Jurassic age: - The surface soil is composed of weathered mudstone. The

sandstone forms an aqulfer and the groundwater level is 6.5 m below ground surface.
S-24 B.  Donmuang -
The formation con51sts of hard consolidated mudstone sandstone and sandy shale of Jurassic

age.  The surface soil is composed of 10-m thick clay bed of fluvial depos1t. A part of the

sandstone forms an aquifer. Groundwater level is 10 m below ground surface.
S-38 Nongngong
' The formation mamly consnsts of alternating beds of hard consolidated mudstone sandstone

and sandy shale. * The surface soﬂ consists of 6-m thick ‘weathered sandstone. A part of the

sandstone forms an aqu*fer Groundwater level 15 dbout 8 m below ‘ground surface.
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S-50 B. Samia -

The formation consists of alternating beds of hard consolidated mudstone, sandstone and sandy
shale. The surface soil is composed of sand and clay beds of  fluvial deposits. Groundwater
is contained in the sand bed of the fluvial deposits and Jurassic sandstone, Groundwater level is

about 7 m below ground surface.

S3-56 B. Chong
The formation consists of hard basait lava and alternating beds of sandstone and mudstone of
Iurassic age. The surface soil is composed of 6-m thick weathered basalt lava. . The

autobrecciated basalt lava and sandstone form an aquifer.  Groundwater level is 5 m below .

ground surface.

S-64 B. Phonphai

The formation consists of alternating beds of hard consolidated mudstone, sandstone and sandy
shale. The surface soil is composed of weathered sandstone. A part of the sandstone forms
an aquifer. - Groundwater level is 10 m below ground surface.

5-75 B. Nakasao

The formation consists of hard consolidated altern_ating'beds of mudstone, sandstone and .sandy ;

shale of Jurassic age. The surface soil is composed of weathered sandstone. A part.of the .

sandstone forms an aquifer. Groundwater level is 5 m'bel_ow ground surface.

S-84 B. Beng

The formation consists of hard basalt lava and sandstone of Jurassic or Cretaceous age. The .
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surface soil is composed of weathered basalt.  The autobrecciated basalt lava forms a good

équifer. “Groundwater level is 19 m below gfound surface.
S-100 B. Hountai

The formatioh consists of loam (mudfiow deposits) and strongly weathered basalt lava. From

the surface to 10 m, it is composed of weathérec_i mudflow deposits. Hard basalt underlies

‘from the depth of 38 m to 54 m.  The basalt lava forms an aquifer, however, its productivity

is not so high because of weathering. Groundwater level is 20 m below ground surface.

4.5.2 Pumping tests

The step-drawdown, constant discharge and recovery tests were performed in order to obtain

the aquifer constants.

€} ‘Transmissivity and storativity

+ The tranmmmsmty changes from place to place rangmg from 0.8 m*day to 1,500 m *fday. It
shows 1,500 m*/day in B. Beng and 800 mzlday in B. Thongsala. Both villages are located on -

the Basalt Siope. The lowest transnmssmty of 0.8 m%day is found at B. Hountai and

Nongphai on the same Basalt Slope. In Jurassic formanon two wells in Nogkhe and B.

.Phonphal show it at 200 m*/day, while it ranges from 1.5 to 40 m¥day in other villages.

) Speci_ﬁc'capacity'

The highest specnﬁc capaclty 18 found in B. Thongsala and B. Beng, while the lowest is 1

? /day/m in B. Nongphai, showmg a big regional dlfference The speuﬁc capacities in the -

' former two villages range. from 1,700 to 1,900 m3/day/m Rather high values are found in B.
-Nogkhe and B. Phonphal 128 and 165 m’/day/m, respectlvely The specific capacity of other

o test wells in the Jurassm__fo_rmation ranges from 2.6:to 45 m */day/m.

3) 'O'pt.i_mum discharge



An optimum discharge of 3,800 m’/day is possible in B. Béng and 1,700 m?/day in B.
Thongsala. Thé optimum pumping rate of more than 1:50 m’/day is found in B. Nongkhe, B.
Chong and B. Phonphai. It ranges from 9 to 140 m*/day in the other 15 villages. | The
lowest optimum discharge is found at B. Nongphai, 9 m'/day. A hand pump may dry up this

well.
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Symbol Geomorphology and Geology Aquifer Types
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o Altuvial Fan, Talus slope. ' \ _ Intergranular Aquifer .
- Unconsolidated sand, silt. '
' Bal Basalt Slopc s ) Intergranular Aquifer
o Mudilow Dcpns;ls w:th Boulder, Ash, Basaltic Lava Flows. L —
. Locally Fissured Aquifer
J B'\I2 Basalt Slope. ' o o ' Intergranﬁlar Aquifer
Basaltic Lava Flows, Mudﬂow Deposits. ' | Locally Fissured Aquifer
Basalt Slope. - o
Ba3 . oy fissure ifor
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Types Of ‘Hydrogeologic Features

‘Figure 44 * ' Based On .Geomorphology And Geology

THE STUDY ON GROUNDWATEH DEVELOPMFNT ‘FOR CHAMPASAK
.- AND SARAVAN PROVINCES LAQ PEOPLES DEMOCRATIC REPUBLIC

_.}APA!«I INTEBNAT}QN._AI,. COOPERATION AGENCY(._IICA) [ NoKUSM Koot co.LI0

CDN&YM!DON PROJECT CDNSU.TANTS MG .

u



. . R : . . 1067 30"
108' 30" L~ J

g g N
_ ( PR AN T Y B.Houaykaph% < 8o S B, t‘“
\j R T N

'
4 o "\ N /\‘-’L

23

: N ) i §+-58 | B.Chong

\LAKHONEF’HENG s it L L B. Samal SARAVAN s “/
D!ST. . §-12 | B.Nongsan DIST. leerls

\ _ L SARAVAN | §-54 B._Phunphnil

""/ = \- "u nz" 6:% N P E/‘
B (]
i b S n““ .cu ALl l\»—u? .
el NG ol ®

RTINS T z&

KH .

O v ohovenon | B ' §-75 | B.Nakasao
DIST. 2 % At N" < 7 _
2@ p2) [5-38 1B Nongngong AR A
$-24 | B. Donmuang afen - yLAD .77/ . ;
W B @IST. .
g sa Jin Sarovanl.. 33 S-34 § B, Beﬂgl _
SARAVAN s : A\ Y
i PRQVINCE P N A —== G 4 B, Nongphali‘ h ) ‘\\(—s_/’—“"‘::'::{
1 (1} € ".-\I ~$00 \]._-,_‘__
’ ot ’ e
i ﬂa@?’slgr%{soopi A “J[ii—cnomposo : ) ij}*
1 - / -
ROV ‘;&ﬁa?\-:_:u ] - e

PAKXON
DIST

5 suxmoma
s ~ost S

. 3 o
'/uu ; 5
Tt : MOONLAPAMOK & ol LT ' B.Maisivila}l
o o DIST. . - :
. 4
LA 20 = | Figure 4.5 1 LO( ation Mdp of ’Iest Wells

THE STUDY ON GROUNDWATER DEVELOPMENT FOR CHAMPASAK
AND SARAVAN PROVINCES, LAO: PEOF‘LES DEMOCHATIC REPUBL]C

JAPAN' lNTERNleONAI?_ COOPERATION “AGENCY(JICA) ' | Con el OaY0 COLTD. - reme. |

6



S £8D(5, W9 TG
Aupsg, Wgg=XBUIE)

U0T1150d U9e10g

( "XBL UCSBIS AID)AID ==

I

_ [9AS] Iotes onjeig| T &
- FEERTTTE

TR

JJ01 OIPIOY

J1eIDUOTIUOY|:

I

]

ot -

|

SUOTSPIR

(SUTes8 unipell O3 oUl])ouclSpueq|.

(SUTel8 wnipall;oU01SpUES| %

(poIal1eoM joUOISPUES

{P91BTO091q) 1 [BSEy

06
"PSINSS L] _

I}

RES

BAB] 1[BSBg| = T
(paIay1ean )1 eseg|l + i
(paIay)eas UsTH)]TBSeg|L:S = oS
s11s0dop MOTJIpNK " £
. Weoq == £
5171619] %W s
TOABID] o S 2 o 7 E
X35 T001 1] o
puagaT ®
=14 .
—_— wi A
—— FZ: axToy § |
i 9

| KOKUSAI KOQQvQ €O.LTD.

CONSTRUCTION PACUECT COMMATANTS.HC.

I

'LAD ‘PEOPLE'S DEMOCRATIC REPUBLIC

.' ='I§_ithblogy and-:Spéciﬁc Capacity of Test Wellé'_
N

'THE STUDY ON ~GROUNDWATER DEVELOPMENT FOR CHAMPASAK .
.- AND _SARAVAN PROVINCES,
" JAPAN - INTERNATIONAL ' COOPERATION AQENCY(NCA)

:.Figur_e 4.6 (1)




L

L WARYE T LTS
fopyg pp=xew

WARRIE WYb=08  uyAupyg, WG 9E=0S
ﬁ..nnﬂ.m,\Ew@uxw.EG Aepg wpn=xeury

5 Ne

N 67
NN

CRARIg b

d NS
5 ,.////////A/ﬁ, o
.v ///./////x. :
L
¥
1o U
5
=iy
ElY S
£} e
L TEEH b
o SEey T
& £
T T
[ m i
[ i [
& £
" hE 28
[z Z
157 57
[z
(& ]
E z
i iE
3 El 07
e B T
R m T
B A AP,
El
K f
57 ¥
i 7
E# zr 3
T 77 w0 RN
T =H0! 56,
[F e
EG £ £
TRl RS : O
A
(37 se/15% L
45 5
oy £
e H
45 7
= (-
Bgr 10

UTELLINTp, IEIANFITR g

| 680 ] R

g
¥ ..
7
23
i3

wrlepye Wi g1=0g 1P

ARp/g, WigT=Xwwl)

| URRRYELWIE LEIROS  wiphnprg, WEE=08

, . AVPIE WLAFE=XRIY | fup/g, v gexmurly
 RASRIE, WY 0E=g %///////Zw .

- Aepig igg=xXEUD

EEEEE

El

EE

v?ﬁl

@ﬂﬂ;

B

EE]

g

EEEEREE

EEEEER

o

NN

X

R

N

X

X

R

R
N

S
N
N

N

\‘{\

N
X

.

.

\

%\:‘Q\ R
X
N

:\\\\
.
.

B

N

R

R

Ry

®
\
N

N
R

IR

N
N

.

3

)
N
RN

N

N
.

N

N
3

AR

\

N

2R

\Xi
e

N
N
N

R
R

R

- >

3
353130008

3

37

SLEEEEEEE

I

Ialmla‘!'ﬁlﬂwj‘ﬂmﬁmﬁial“% EEEEE

A

BRI

AT T LY
A R R FT R S 375

Ao ah b b doalahadyy
AR RLRR R TR SRR RRANY

A
ra \§_
3 ~[F
~t

E

| wApg, gL T=ag

E+oo§uxm€~.u

=

b6

ks

BEEE

5

RN

i

B

Bl

,@
i

EEE|

g

.>>>)))>)>)>
33NN
333NN

T e

M
Rl

=
pt

]
¥

EEE|

El

Uy ARP/EANY T=08

. E.ﬁhﬂm{m..cfﬂ.w_‘.u.ww, Lepip ig=Newly

a5
&F
[
Lk

frut
3

§

CEEEEEEEEEE

S

X

&

&

<3

m}a =

=
=
E
)

0780 Db,
s betadude

09 08 0t 0t 0

CRAERE R SRR EREEE EE PR PR D E R ROE R EEEEFEEEEEEEEERRE

C o keni=1

vty €]
r-2

KOKUSAF XOOTQ CO.LTO.

CONSTAUCTION PROVECT CORSULTANTS.MC.

LAO’ PEOPLE'S DEMOCRATIC REPUBLIC

Li tholbéy-an_d Specific Cdpauty of Test Wélls -
4

THE STUDY ON GROUNDWATER DEVELOPMENT FOR CHAMPASAK

JAPAN INTERHATIONAL GOOPERATION AGENCY(IGA) - |

_ AND -SARAYAN PROVINCES,

Figure 4.6 (2)




|50 ]
e

Qmax=20m~3/day
Se=2.9m"8/day/m

— m‘? kel ‘F - -
VOODABEEERNAARRAAAL 5
)) -)) >>')> )‘>7 )> )) >>}> )) N >) )) ')) >> >) ?) >) K
ES 0SS S0 E48:4:9.955:5:5 )Z

2 EEEEEREEER SRR e

Qmax=3500+m"3ia.a_v""“""‘:
Se=1960.8m 3/day/m

5 2 §
T Gl e ———————
;§§ A AN A > Mp ‘%] %>>}>>) o
e z Ziﬁﬁ\f/ -;‘_!' Z‘Zj)é/> E S22
EEREEEEEEEREEEEEEEEEECEECEREEEEEEREREREEEEEEREEEEEE:
' ¥ £
- P -
[ E
EEREERREERECEERREEEREEREREEEE § i
L - %3
; orrorene § %‘
R EERREEEECCEEEEEERRREEREEE slelvlelelslelsln § T
82 3§ ' 5 & 5 &
> ] ! 3 3
o ol LA R E %
wg;-} ’f/l Ll f:, bl ; 7:_:-_: % 2
FRERE RS R REEEEEEEREEEEEEELR EEEEEE & 3;
.. a.k & . . :
\\\.\ii\i J? - |

EEREERE
CHl
~. .
3
o1 g2
n
v ek
[y ]
R
o st FX )
)
)

. S

13.9m*3/dayim Se=14.4m"3/day/m

Qmax=64m~3/day  Qmax=133m*3/day Qmax=11im"3/day Qmax=144m"3/day

Se=16.0m  3idayim  Se=44.6m"3/dey/m’ Se

| _Figu_re 46(3) Lithology and Sp_ééific Capacity of Test Wells.

THE.-STUDY.. ON GROUNDWATER DEVELOPMENT FOR CHAMPASAK
“AND SARAVAN PROVINCES, LAO PEOPLE'S DEMOCRATIC REPUBLIC

RKOKUSAI KOGYD C2.LTD.

JAPAN INTERNATIONAL - COOPERATION AGEHCY(AIC/ | e s e —







»

CHAPTERS  HYDROLOGY
5.1 Precipitation

The Study Area is dominated by troplcal northeast and southwest monsoons. More than 80%
of annual rainfall occurs in the wet season from May to October.  The 1sohyetal map of annuai
rainfall shows concentric circles, ranging from over 3,500 mm at Km 42 (Pakxong) in the
Boloven Plateau to less than 1,650 mm at Khong. The énnuél rainfall rahges from 1,600 to

2,200 mm in most parts of the Study Area (Figure 5.1). .

5.2 °  River Discharge

In the Study Area; there are four regional stream gauging ‘stations and 18 gauge hewht'
statlons in the Mekong River, Xedon River and their tributaties. Table 5.1 shows the_

characteristics of streamflow at the ex;stmg stations.

Table 5.1 Characteristics of Discharge at Existing Stations

River & station | year 95- 185- | 275- | 355- - Max | Min Mean
R : day day day day : .
Mekong at Pakxe 1989 | 14,100 5,030 1,780 1,410 28,700 {1,380 8,430
Ditto ©ooe 19800 | §7,500 5,660 12410 2,040 | 34,100 | 1,930 10,300
Xe Daone at _ 1989 71 328 16 - 1.5 0.7 1,250 0.6 : 40.6
Saravan ' - : 1 . ' o
Ditto 1990 335 5.5 1.3 . 108 1,280 0.7 332
XeDoneat - 1989 | 134 {42 4.6 4.6 3,150 4.09 159
~ Souvanna Khili . _ ' o '
Ditto = 1990 | 138 33.3 159 - {68 ~ [2.8% 4.09 144

~ Unit : m3/sec

" Except for the Mekong River and Xe Don ijer no dlscharge data is available for smal! rivers.

The Study Team therefore set up ﬁve (5) stream gaging stations to. obtain data for water -

~ balance calcula_tlo_ns_(Flgure 5.2). Table 5.2 presents the results of measurements.

ey



Table 5.2 Results of Discharge Méasuremem'

Station . Discharge Remarks

(mfzec) -
Houay Champi, Nakeo 9.2 GH=0.18m
Houay Champi, KM 35 3.0 E GH=0.47 m
Houay Nhang, Houaxe 0.023 Rectangular notch
-Houay Paling, Chick - 1058 : -1 GH=0.14 m
Houay Khamouan, Sukhuma | 8.6 GH=0.44 m

GH: Gauge height

53  Groundwater Level Fluctuation and Distribution
(1)  Water level measurement

To analyze groundwater flow and its fluctuation, the simultaneous groundwater leveling of

existing wel!s were conducted three (3} times during the rainy season of 1994 (May to June) ,

the dry season of 1994 (November to December), and the dry season of 1995 (January to

F ebmary} The groundwater contour maps were prepared based on these measurements In

addition, the automatic groundwater level- recorders were installed to monitor long-term -

changes in groundwater levels at seven extstmg wells (Figure 5.3). - Groundwater levels were

recorded from April 1994 to July 1995

- Table 5.3 Location of Gi‘oundwﬁtor Level Recording Stations

Location - E Characteristics of Lowest
Village L District ] Geology Hydrogeology | Water Level
Tong-Noy . Saravan . vPg S yBaz- - 318
Naphon' .. | Khongxedon I Eh © 01021
Nongsim - ‘Bachiang : - |vN-Q . . |[Bal - . [20.18

KM 21 ' Bachiang - |vN-Q ~ |Bal C f234
Nonghai Phengthone J Ep 7.20.
Nongphanvong Sukhwma - Q of 1184
Muong Khong | Khong T Et : 6.55

(2)  Groundwater flow

Two dxstmot flow systems are found in the Basalt Slope.in Saravan provmce One is ﬂowmg )

towardss north and the other is ﬂowmg towards west along the Xedon River. In Champasak. B

province, the groundwater is flowing towards west in the Basalt Slope, while in _Sanasonb‘oon

area, the flow is towards the Mekong River. In P_h_ontho.‘ng diétrict, on the 'righ't- bank of t_'hé
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Mekong, groundwater flows towards south. These flow patterns are the same from both dry

and wet seasons(E igure 5.4).
(3)  Groundwater level fluctuation (Figure 5.5)

Based on the results of the slug method tests conducted at existing wells before the installation
of the automatic groundwater level recorders, the aquifers of B. Tong-Noy, B. Nongsim and
B. Lak 21 stations were found to be confined. ‘Aquifers of the other four wells were

unconfined.

B. Lak 21 is located on thé Basalt Slope. Groundwater level rose up from late July and
reached its peak in-tate October. It gradually declined from November to. June of the
fo!lowing year. The seasonal variation was about 11 m. Groundwater level began to rise two

months after the onset of the rainy season. It took some time for groundwater to travel from

- the recharge zone.

B. Nongsmt is also Jocated on the Basalt Slope. The pattern of ﬂuctuauon was the same as in

B. Lak 2t The seasonal vauatncn was about 8 m

B. No_ngh'_a.i'is located in the erosional plain of Jurassic shale (Ep). Groundwater level changed

" according to the occurrence of rainfall, showing the characteristics of an unconfined aquifer.

" The seascnai variation was about 2 m. B. Nongphanvong was located in the alluvial plain of

Sukhuina (Qf) and its pattern of fluctuation was similar to that in B. Nonghai. The seasonal

variation was about 4 m.

B. Kohn is located in Triassic tuff, and the watér' level rose Qp immediately after rainfall. Since

~the highest water level was not recorded, the seasonal difference was estimated to be 4 m.

The same pattern was’ observed at B Naphon. B. Naphon is located in the erosmnal hill (Eh),

. and the seasona] change of groundwatcr 1cvel was about 4 m

B. Tong-Noy in 'Sarawan is }ocated on the Basalt Slope but its pattem of fluctuation was

' _s:mllar to those of B Nonghal and B. Nongphanvong The seasonal vanatlon was about 3.5 m.

BT B



	Cover
	Title Page
	PREFACE
	LETTER OF TRANSMITTAL
	ABSTRACT
	Location Map
	CONTENT
	Cur. Equivqlents and Abbreviations
	CHAPTER 1 INTRODUCTION
	1.1 Background
	1.2 Purpose and Scope
	1.3 Scope of the Study

	CHAPTER 2 NATURAL ENVIRONMENT
	2.1 Climate
	2.2 Topography
	2.3 Geology
	2.4 Hydrology

	CHAPTER 3 SOCIO-ECONOMY AND WATER SUPPLY
	3.1 Socio-economy in the Country
	3.2 Water Supply Situation
	3.3 Socio-economy of the Study Area
	3.4 Present Water Supply in the Villages

	CHAPTER 4 HYDROGEOLOGY
	4.1 Geomorphology
	4.2 Drainage
	4.3 Geologic and Hydrogeologic Features
	4.4 Hydrogeologic Unit
	4.5 Test Well Drilling and Pumping Test

	CHAPTER 5 HYDROLOGY
	5.1 Precipitation
	5.2 River Discharge
	5.3 Groundwater Level Fluctuation and Distribution


