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INTRODUCT ION

This report is summary on the Study on Groundwéter Development for Champasak and
Saravan Provinces in Lao PDR{hezeinaflter reforred to us “the Study” ). This veport presents
the results of the studies on the geology, hydrology of the area as well as a evaluation of its
groundwater potential. o

Thé Study Team which was organized by the Japan International Cooperation Age'n.cy(J 1CA),
has conducled an intensive survey work covering an area of about 26,000 kni of the
Champasak and Saravan Proviaces. The Study was carried out in accordance with the Scope
of Work(SW) which was agreed upon belween the Ministry of Health(MOH) Lao PDR and the
JICA. The Study was launched in late March 1991 and completed at the end of December
1995.

Study Team

For this Study, the Clean Water Instilute(CWI) whiﬁh is under the National Institute of
Hygiene and Epidemiology(NJHE) of MOH, 1the Provincial Health Depaziment
Champasék{PHDC) and the Provincial Iealth Department Saravan(PIIDS) act as the
. counterpart agencies.

The Study was carried out jointly by the JICA Study Team experts and the counterpart
peérsonnel from CWILPHDC and PHDS.

JICA Study Team

Dr. Akira KAMATA Team Leader/Hydrogeologist
Mr.Shoichi OHMORE Hydrogeologist

Dr.Msao HIGUCHI Hydrologist

Mr.Hiroshi IBARAKI Geophysicist

Mr.Eiji TAKEMORI Water Supply Engineer
Mr.Kensuke SAKATO Civil Engineer(Well Maintenance)
Mr.Syojn MASUMURA Socio-economist

Mr.Precha CHUNTAKORN Civil Engineer{Village Survey)
Mr.Akio MURAYAMA Coordinator

CW1

Dr.Nouanta MANIPHHOUSAY Deputy Director
Dr.Khamvieng VILAPHANH - Medical Doctor
Mr.Kongkham SUTHAMMAVONG Civil Engincer
PHDS Dr.Vath KONGKEC Chief, DWSES

PIIDS  Dr.Khoutdara VONSARAVANE Director






LANDSATEN Images of the Study Area

(Feb. 19 1994  False Color IMmage) | :t,000. 000






CONTENTS
INTRODUCTION

LANDSAT-TM Images of the Study Area
List of Figures and Tables

1 Natural Environment of LAO PEOPLES DEMOCRATIC REPUBLIC............ 2
-1 Location and EXCent ..o oo eseeaenes reeer et 9
L5 2 ClmMate. e s 2
b o 3 HIpdr0logY. oot e et 6
Dol Mopographiy.. ...t ettt e er e 8
b O BO0M0EY oot e ben e o

(1) Geology of Indochina.................coc...... e et e 16
(2) Geology of LAO PR ..ottt s 12

2 Hydrogeology of the Study ATea............oovooioereeeoeeie oot reeere e eeeneeenre 16
Z 1 Geomorphology.......cco.... et etk e bbbt e 16
22 Drainage...cooeeiveieionnn, OSSP UEIO OO S 17
2 -3 Geologic and Hydrogeologic Features.......ocoovvvovoveeeoeeeeeeeeee e 18

CL) The PAMOZOIC .......o.oeoee e e 18

{2 THE MESOZOIC. ... oo ettt e eaee et coeeeee et eereseee s 18

(3] The TerliaTY . ccom oottt ettt e et e ne s eeeseans 920

(A The QUALEINALY........ooivoooe oot 21

2 4 Hydrogeologic SITUCIUEC.......ccouivieieieceeieeeseeeee e [T 21

3 Hydrology of the SLudY AFea.........cccoivimieimieisiie e s 25
B o L PreciPitation.....co..occovie it er e mie sttt sttt e 9%
3 - 2 River Discharge........oo.oecveveivcviniinininiens e e e annas 27

(1) Existing Discharge Measurement Stations. ............ccecvevnrrrornecenene. 27
{2) Discharge Measurement Stations set up in the Study..........ccooeec.e.. 28

4 GroundwaterOcéurrénce.................,.....i ............................................................... 30
4 1 Regional Groundwater Table........coocoiiviveiiiieieeereiesereeee s 30
4 - 2 Groundwater Level RECOPAINES . .......orvvrvvr.ereresereseesareeeess e sesreeeesas e 32

D Water Balance ADALYSIS.......coco ettt et e 33
5 - I Tank Model and Procedure.......cccvceiecnrics oot siccenereniene 33
5+ 2 Basic Meteorological Data..........ocooooimiiieiiiit et srssssenens 34
5+ 3 Verification of Simulated RUNOIT........o.coovveervivieiiisieeceiesseesees v 35






5 4 Water Balance........coioiiieesses s s e 37

5+ 5 BasinYield.................. e eurtere s ha e Eenes b st b et e et seeseesetereiaseeenstentaseinenseasenn 37
6 Hydrogeologic Units and Groundwater Potential....oo.oooevovioerooo oo 40
6 ¢ 1 Potential EvAIUALION .......ooco.oiiovee e s et 40
6+ 2 Aquifer Constants.....ccovimomeierorciiieien s U UVOTATSON 42
(L) T anSIESSIVIEY ... ovvvove et ee s e eee e ee e oo st eeteeeesaee s eneson 43

(2 SPECIIC CADACIHLF .. cvieevireee ittt en e e st e e e e bt s e 43

(3) Aquifer constants of each hydrogeologic unit .........ooooooooceiereieens. 43

(1) Optimum well yield. ..o 45

T Water QUANLY. oottt ee et m et enee e et en e 55
T+ 1 Non-biological CREMISIEY. .o ooeees et iasnen Creraereren 55
T+ 2 Biological CRBISIIY.....ooooosececsoeeerreeeos e erevereresess e eeeste s oo ereereeeeee 55
References......oovvcveiinn e, e v vt e et aa e s ae s v 61

Apperidices






List of Tables and Figures

Tables

Table 1.1
Table 1.2
Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 3.5
Table 3.6
Table 4.1
Table 4.2
Table 5.1
Table G.1
Table 6.2(1)
Table 6.2(2)
Table 6.2(3)
‘Fable 6.3(1)
Table 6.3(2)
Table 6.4-
Table 7.1(3)

Table 7.1{2)

Table 7.1(3)
Table 7.2

Figures

Figure 1.1
Figure 1.2
Figure 1.3
Figure 1.4
Figure 1.5
Figure 1.6

 Monthly and Annual Precipitation in LAQ P.D.R.

Hydrological Characteristics of the Mekong River
Climatological and Rainfall Stations

Monthly Precipitation in the Study Avea
Existing stream gauging stations

Characteristics of discharge at existing stations

- Discharge measurement stations set up in the Study

- Results of discharge measurements in'th: study

Characteristics of groundwater level

Location of Groundwater Level Recording Stations

Water balance _

Types of Hydrogeologic Features Based on Topography
Groundwater Potential Evaluation and Village Classification
Groundwater Potentiat Evatvation and Village Classification
Groundwater Potential Evaluation and Village Classification
Coeflicient of Aquifers
Cocefficient of Test Wells

Specific Capacity
Summary of water Quality Analysis
in the Dry Season (Existing wells),Nov.-Dec,

Summary of waler Quality Analysis

in the Dry Scason (Existing wells),Jan.-Feb. 1995

Summary of water Quality Analysis (Test wells), Feb. 1995
Water Quality Analysis by the Meckong Secretariat

Ischyetal Map of Annual Precipitation in LAQ P.D.R.
Climate Graphs in LAQO P.D.R.

River Flow and Rainfall Pattern in LAO P.D.R.
Toepographic Map of the LAO P D.R.

Simplified Geologicat Map of INDOCHINA
Simplified Geological Map of LAO P.D.R.



1-2

Figure 1.7
Figure 2.1
Figure 2.2
Figure 5.1
Figure 5.2

Figure 5.3

Figure 6.}
Figure 6.2

* Figure 7.1

Figure 7.2

Stratigraphy of LAO P.DR. c
Photo-Lincament Map Interpreted on LANDSAT TM Data
Stratigraphy of the Study Area

Tank model _ _
Comparison of Observed and Computed Discharges of the Xe Don River -
at Souvanna Khili -~ + . N |
Water Balance of the Xe Don. Houai Chawpi, .

Phatilig and Khamouan drainage basins

Specific Capacities of Test Wells- |

Specific Capacities of Aquifers _ :

Tri-lincar Diagram of water quality.anaiysis for Test wells (Feb. 1995)
Tri-linear Diagram of water quality analysis for Existing (Feb.  1995)



1.Natural Environment of Lao P.D.R.
1.1 lLocatsan and Extent

Lao People’s Demeocralic. Republic(Laa P.D.R) is located in the southeastérn part of Asia,
bounded on the north by China and Myanmay, on thé east by Vietnam; on the south by
Cambodia: on the west by Thailand The Mekong River flowing from the north towards the

southeéast and parily separates Lao from Thailand.

Lao has an area of 236,800 square kilometers. Its greatest length from 110rt}i-wes_l to south-
east is about 1,100 kilometers and _i_ts greatest width is about £00 kilometers. Its les between
i4> N and 22" 30 N latitude, and between 100° E and 108" E longitude.

The sludy area comprises an area of 26,018 square kilometers and lties between 147 N and
16.5" N latitude, and belween 105.2° B and 107" East longitude.

1.2 climate

The elimate in Laos is influenced by scasonal monsoon winds. During the 'northeast monsoon,
from Novémber to February, cold dry air frem the China mainland enters the country, though
co’n'siderablyl niodified during its southward surge. From May to September, the southwest
moénsoon brings 2 stream of warm moist air from the Indian Ocean,causing abundant rain

over the country.

The onset of the monsoon varies to some extént. The southwest monsodn usually staris in
May and ends in Sep;é‘rﬁber; The northeast monsoon normally sets in during November and
ends in February, b__ut' oceasional surges of the northeast monsoon may still be experienced in

March up to early April.

From the meteorological point of view, Lhe elimate of Laos may be divided into four seasons:
a.Winter,or northeast monseon season, from November to February. - This is the mildest
period of the year.

b.Pre-monsoon season or summer, in March and April. This is the transitional period from the
northeast to southwest monseon. It is holtest in April.

c.Rainy or Southwest monseon (rom May Lo September, The Southwest wind from the Indian

Ocean is most aclive in July and abundant rain occurs over the whole country.Peak of rainfall



usually occurs in August.
* d.Post-monsoon season in Oclober, It is the transitional period from the southwest to the

northeast monsoon season.

Dey weather over the plain persists in theé cold season, November-February and throughout
the hot season, but it is generally broken:in ‘early May with frequent rains and
thunderstorms. Although - rains generally continue from June i6 September, occasional dry

. spells occuz in June. Maximum rainfall is in August and Sepfember.

The annual zainfall varies geeatly over the country, about 1300mm in the tiorthern valléy to
over 3700mm -in the southedn mountains, }Iea_viest rainfall usually occurring along the
‘windward side of mountain ranges lying across the path of the southwest monsoon such as the

Annamite Mountain Range.

According to Soukhalhanimavtmg(!992),:rainfall measurements staried from 1900 at Khong,
Attapeu, Muongmai, Savannakhet, Vientiane; Luangprabang, Xiengkhouang ville. At present,
there are 80 rainfall stations with at least 10 years of records in the whole country of Laos. An
ischyetal map of annual precipitation is shown in Figure 1-1. Low rainfall zones are
distributed in Xayaboury Province, the Namkhane Valley and Savannakhet Provinee, High
rainfall zones are located in the northern and southern Highlands and Annamite Mountain
Range. Annual mean precipitation of 80 stations 3o Laos is 1953mm/year as shown in Table
1.1

Table 1.1 Monthly and Annual Precipitation in LAO P.D.R. (mm)

Station pfan Feb Mar Apr May  dJun ~ Jul - Aug .Sep Oct Nov Dec| Annual
Laos | 8 21. 41 107 ~231 316 403 408.281 91 . 32 14] 1953

Basin 8 - 15740 77 198 241 269 292 293 163 .54 14| 1872

* :The whele country of Laos with 80 rainfall stations

**:The lower Mckong Basin with 245 rainfall stations
On the average, a montbly value of more than 400mm is observed in July and August.

A monthly value exceeding 900mm is observed in the highlands.
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isahyetal Map of Annual Precipitation in Laos
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1.2 Hydrology

The Mekhong River runs along the western side of Laos and forins the border \;\‘rilh Thailand.
’ Onginating in China, the Mekong River and ifs tributaries drain régions. in six
countries:China,Myanmar,Lao P.D.R, Théilénd, Cambodia and Vietnam. Thg Mekong River is
one of the major rivers in the world. The drainage atea is'783,ﬁ00kfﬂ. which ranks 30th
among the largest deainage t;’ééins in the world. The Iénglh of the river is 4,300k’m, which is
the world's 156th tongest river. The average to the oceé:i_ is 156,000m3/séc, which is the sixth

targest in the world,

Geaeral hydrologic characlerislicis of the Mckong River are listed in" Table 1.2. The discharge
increases very rapidly downstréalﬁ of the Cliinese border. The mairn Mekong River between
Nong Khai and Khong Chiam’ recen o8 lhe flows ﬁ'om several large tnbulanos from the rainy
- mountain chain in Laos. The runofl mcreases dou n lo Khong Chiam. The main Mekong River
. between Khong Chiam and Pakse receives lhe flow ol' Nam Mun l‘rom the Korat Plateau in
| Thailand. This i mcreaqes the drainage area but does not contribute toﬁ much to the discharge.
Thus the runoﬂ‘ decreases between Khong Cham and Pakse The mam Mekong Rn er receives
the flows from the ‘eastern mountains in Laos and both the discharge and runoff increase

downstream of Pakse.

’I‘he flow of the Mekong Rwer and its lnbutarles is closely rc}aled to the ramfail pattern as
shown in Flgure 1.3. The ﬂow hegins to nse at the begmnmg of the wet season, April Lo May,
and reaches a peak in Augusl or Seplember. “The flow decreases after October and veaches a

~ minimum in March or April. Generally about 85% of the runoff occurs in the wet season.

Table 1.2 Hydrological Characteristics of the Hekong River

Hydrological ﬁ;éinéﬁe - _. Dé.i ly discharge, m3/sec . Runoff
basin |- - ‘
station knd - Hean - Hax Min FR/year
Chinese border | 160,000 | - - - '
Chiang Saen 189,000 | 2.693 | 23.500 [1966) 543 (1966) | - 448
Luang Prabang | 268,000 | 3.973] 25.200 11oes1 | 652 (19861 | - 467
Nong Khai 302,000 4.620 26,000 (1965 701 {1966) 483
Kukdahan 391,000 | 7.583 | 36,400 (19781 970 [1966) | 612
Khong Chain | 419,000 | 9,352 | 54,300 (19780 | 1.236 (19661 ] - 703
Pakse 515,000 | 9.605| 55,000 (1978) | 1,060 (4966 | 568 [ source:
Stone Teeng 635,000 | 13,800 | 5,700 [(1939) o3 (1066) | 685 | Mckone Secretariat
Kratle 646,000 | 14,000 €s.700 119391 | 3.290 r1966) | e84 (1989
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1.4 Topography

'Lae may be divided into four physiogeaphic regions, ie,the mountain range.the undulated

‘plain, the plateau and the alluvial low land along the Mekong River(Figure 1.4).

The mountaiﬂ' rahge, i.e.,the Annamite Mountain Range stretches from north-west to south-
east along the border of Vietnam forming steep slope and deep V-shaped valley.The mountain

peak exceeds 2,000m above mean sea Yevel.

The plain aréa,i.é.,the Vientiane Plain, the Savannakhet Plain and the Champasak Plain are
lower 500m in altitude and form a wide and a flat landform where Jurassic to Mesozoic

continental saudstone and shale are widely distributed.

“The Xiangkhoa'n Plateau{Plain of Jars) in Xiangkhoan province and the Belaven Plateau in
the southern parl of Laos are wide and gently undulated plain with altitude of 1,000m to
1,300m. '

The Alluvial lowland is distributed continuously atong the Mekong River and forms a narrow
and flat plain in Vientiane(200m high), and khong(S0m high).
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1.5 Geology
(1) Geology of Indochina

Lao P.D.R is located i'nland of the Indochina P.eninsul'a and geologicat connected to Vietnam,
'._I‘haila'nd, Canmbodia and _My&lmflr(l"‘igur‘@ 1.5).The Indochina Peninsula is geologically
divided into Proterozoic b_ése'ment rock aréa(ilontum Massif), strongly folded Hercynian
Mounlain, Indosinian Massif, slightly folded Paleozoic avea, and basaltic rocks and

sedimentary basins of Tertiary and Quaternary ages.’

The Kontum Massif is composed of metamorphic rocks and granitic rocks and exposed in
southeast of Laos ta Vie!nar'n,‘ north of Laos, west of Cambodia and east of Thailand. This

Massif is extensively distributed and forms the basément of the Indochina Peninsula.

The Hereynian Mountain surrounds the exposed area of the Kontum Massif. The Hercynian
Mountain became land through orogenic movement in middle to late Paleozoic age. The area
forms a steep high mountain and is composed of strongly folded sandstone, slate and

limestone etc.

The Hercynian Mountain is surrounded by the Indosinian Massif. The Indosinian Massif
consists of strongly folded slate,sandstone and limestone. It became tand through orogenic

movement in Triassic age.

.S]ighlly folded Paleozoic rock is extensively distributed in northeast of Cambodia, forming a
b]a(eau_. l\leéozoic sedimentary rvocks are distributed widely. in the central part of the
Indochim;i Peninsula. Sedimentary rocks are compoesed of sandstone and ved shale,were
deposited in the sedimentary basins of Jurassic fo Cretaceous age. Evaporite also oceurs in

late Crelaceous age.

Basaltic rdc_ks of ’I‘erﬁary to Quaternary ages are sporadically distributed in Bolaven Plateau
in south of Laos, south of Vietnam and northeast of Cambodia, forming flat high plateau .
Rocks consisting of alkali basalt lava were formed during volcanic activities in Pliocene to

Pleistocene age.

10
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Sedimentary basins of Tertiary and Quaternary ages are tocated in Cambodia,the Mekhong
Delta and the Central Plain of Thailand, where the sediments are composed of unconsolidated

sand, gravel, clay and marl,

As mentioned above, the basement of the Indocﬁina Peninsula is compos_ed‘ of Proterozoic
metamorphic rocks. The land was originally formed by the orogénic movement from Paleozoic
to Mesozoic age. Huge sedimentary basins were formed intand in the late Indosinian orogenic
movement(Jurassic to Cretaceous period). Red shale, sandstone and evaporite were deposited

in the basins,

Early Cenozoic era was the geclogic time of the continent. The land was eroded, and
peneplains occurred extensively. The upheaval movement became aclive again in the late
* Cenozoic age. Rivers like the Mekhong River were eroded downwards, building up the present
landform. Volcanic activities also took place during this period,forming the lava plateau.
Relative subsidence areas becanie Tertiary to Quaternary sedimentary basins,forming the

lowland. -
(2)Geology of 1ao P.B.R

All iypes of geologic members rentioned above are distributed in Lao P.D.R(Figure 1.6). The

stratigraphy and lithology of the formations and rocks are presented in Figure 1.7.
Proterozoic rocks

The oldest rocks in Laos are distributed sporadically in the vicinity of Vietnamese border and
composed of metamorphic rocks such as migmatite and gneiss. These rocks form a part of

Kontum Basement Massif. Few outcrops are also found in the border of Myanmar,
Paleozoic rocks

Lower formalions(Ca_mhrian to Devonian) surround the basement and composed of weakly
metamorphic sandstone, slate, limestone and conglomerate in marine erigin Upper
formations{Carboniferous to Permian) are composed of sandslone, limestone and slate in
marine origin. Huge limestone block of this formation forms a unique karst topography in
Kammouan province. Few coal bearing continental sediments are also found in

Vientiane, Pongsaly and Saravan.,

12
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Permiain and Triassicvelcanic rocks

Rhyelitic and dacitic effusive voleanic rocks and intrusive rocks ave distributed in Paklay-
Luangpravan Belt, Sam-noua and Cambodian border. These rocks occurred accompanied with

the velcanic activities of Permian to Triassic age.
Mesozoic marine sediments

Marine sediments, consisting of sandstone, slate and toff occurring in Triassic age, are
distributed in the vicinily of the volcanic rocks mentioned above. Marine Triassic sediment’
exposéd in Xe Kong vailey nearby Cambodian border is the youngest of marine origin known

in Laos.
Mesozoie non-marine sediments -

These sediments consist of sandstone and shale deposited in the intra-mountaim sedimentary
basins which were formed during the late Indosinian orogenic movement. The Vientiade Plain,
the Savannakhet Plain and the Champasak Plain are composed of these sediments. Upper

member contains evaporite.
Cenozoic sediments

Paleogene sediments are not distributed in Laos. All of the area beeame land, and peneplains

occurred widely in this age.

Neogene sediments are found in the small intra-mountain basin in northern part of Laos. The
sediments consisl of sandstone, mudstone,marl and lignite of freshwater origin.Terrace

deposits,semi-consolidaled gravel are found in small area in the Study Area.
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2 Hydrogeology of the Study Area

A hydrogeological réconnaissance survey ‘was conduéied using topographlcal maps, aerial
photographs and LANDSAT images.

2.1 Geomorphology

The study Area is divided into six physiographic areagt.e inountain, low plain, high plain,

basall slope, escarpment and plateau.

Mountain

~ Mountain area is Jotated in the east and south of the Study Area. In the east, it covers a part

of the Annamite Mountain Range. Its altitudes from 1000m to 2000m, and it has any V.
shaped valleys. The mountain area in the Cambodian border has a rather gentle slope and the

altitndes range from 300m to 1300m.

Low Piain(ErOsionPléin)

Low Plains are extensively distributed along the Mekong River and its tributaries, ice., the Xe
Don River and Xe Kong River. The plains are flat due to erosion, and their elevations range
from 80m to 180m. Paddy fields are found in the plains. The low plains are contiguous to

southern edge of the Savannakhet Plain, where the altitudes become higher.

Plateau -
The Bolaven Plateau with an elevation of about 1300m is located in the ¢entral pari of the
Study Area. The plateau consists of basalt. The surface of the plateau is gently undulated. No

decp valley is formed, but many spatter cones are found on the plateau.

Basalt Slope
Basalt Slope' is a wide, gentle slope arounrid the Bolaven Plateau. lts elevation ranges from

120m to 500m, and its sediments are composed of basalt lava and voleanic ash ejected from
the Bolaven. Northwest in the Basalt Slope -is being cultivated because of its fertile sail,

plenty of rainfall, and accessibility to Paksé and Saravan. -

Escarpment )
Escarpment is located on the edge of plateau or high plain, West of the Study Area, the
eastern edge of the Khorat Plateau forms a long escarpment in the north -south direction and
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bounds the Champasak Plain. North of the Study Area,the escarpment of the Savannakhet
Plain trends in the east-west direction and divides the Champasak Plain. The elevations of
these escarpments ¥ange from 400m (o 500m. The escarpment with elevations of 500m to

1000m surrounds Lhe Bolaven Plateau.

Mesa topography which was formed by deferential erosion is also found on the platean. Most

of the steep escarpments are densely covered by vegetation.

High Plain R _ .
This topography includes the “plain” in the Bolaven and the “mesa” which is isolated from

the low plain. The high plain consists of alternating beds of sandstone and shate, Its mountain
ridge is flal like a table. Since its:elevalion.exceeds 1000m, and it is surrounded by

escarpment, the land is not used for cultivation,

2.2 Drainage

The main rivers of the Study Area are the Mekhong River and its tributaries, namely, the Xe
Don River and the Xe Kong River. The Xe Don River flows toward west, while the Xe Kong

River flows towards south, These Iributaries surround the Bolaven Plateau.

Inside the Study Area, the Mekhong River has a width of one to two k_il_(f)met_ei's. However, it is
reticutated in the downstream and has a width of about 12km at Khong Island south of the
Study Area. Rocks crop oul on the river bed, but the terrace sediments consisting of sand,
gravel and silt are found on the river side, Wide alluvial plain is not found along the Mekong

River, except in the Nonghai Plain and Champasak Plain.

The Xe Don River originates from the Bolaven Plateau and the east mauntain area. It flows
westward north of the Bolaven Plateau. It then fows southward at Kongxedon and joins the

Mekhong River al Pakse. Alluvia) sediments are found downstream of Kongxedon.

The Xe Kong River originates from the eastern mountains and is joined by small rivers from

the watershed of the Bolaven Plateau. It flows down to Cambodia.

The discharge is stable in small rivers draining the Bolaven Plateau is a huge recharge zone
for surface water and groundwater., Rainfall infiltrates and fMlews through the basalt slope.

Most streams and rivers are effluent dus to groundwater discharge.



2.3 Geologic and llydrogeologic Fealures

This section’ describds the geologic and hydrogeclogic features of the Study Area based on the

field reconnaissance survey and analysis of existing borehele data.

The slratigraphic classification presented in the UNICEF report{1990) was adapted basically
but modified according to the results of the survey and analysis{Figure 2.2).The

hydrogeological map was prepared as a result of the survéy.
(1) The Paleozoic(PZ,C-P)

The Paleozoic group is distributed in the mountain areas from northeast of Saravan 1o cast of
Attapeu, with elevations ranging from 1000m to 1200m. The formation is composed of slightly
folded, metamorphic tuffaceous sandstone, slate and (uff{PZ). These rocks are considered as

the hydrogeologic basement due lo its hard and compact oceurrénce.

The flysh type sediments composed of sandstene and slate are distributed in the south of
Khong Island. This formation ¢an be correlated with the upper Palecozoic age(C P). ’l‘houg‘h it

is compact and hard, the formation may be found to have few fissure water.
(2) The Mesozoic(T.J,J-K)

The Mesozoic is composed of Manggian formation, Jurassic shale beds, Champa formation and
Donghen formation in ascending order. Donghen formation is distributed in the Savannakhet

area and conlains evaporites,
1) Manggian formation(T)

The Manggian formation crops out in the south of Pathoumphon, i.e.,on the left bank of the
Mekong River and in the south and east of Attapeu. The erosion terrace along the Meckong

River and the gently undulated hill are composed of this formation.

The fault(lineament) in the nérthwest to southeast direction and perpendicular(northeast to
southwest) direction is found; however, no continuity to Jurassic ferimation is observed.
Therefore, this formation may be correlated with the Permian to Triassic age.

This formation consists so hard rhyolitic tuff, quartz porphyry and welded tuff.
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2} Jurassic shale bed(J)

This formation is distributed in lhe Champasak Plain'with elevations of 100m 6 200m. It can
be correlated with the Khorat Subgroup in Théiland. Soiie outcrops in Saravan and Aitapeu
yielded fossils, indicating that this formation may be correlated with the lower Jurassic
age{Wo.rkma'n,l_Q?'i). _

The lithology of this formation shows an evidence of marine sediments,i.e‘,liméswrie and marl,
in the vicinity of the basement rock. In the Champasak Plain; however, it principally consists
of alternating beds of laminated sandstone with abundant, muscovite and red sandy shale.

Therefore, the formation is considered as continental sediments.

The formation is composed of rhythmical alternation of thin beds with thickness of 20cm to
30cm. Sandstone facies is prominént in the south of Kongxedong, but shale is abundant in
Saravan. Sandstone and shale aré medium hard and will jointed with 20¢m to §0cr

spac.ing.‘l‘h’e surface is weathered along the joint. Shale is cracked dispersedly.

The formation is folded in waves with inclinations of 5 to 20 degrees. The axis of fold is

parallel to the boundary of the pre-Triassic basement.ie., the axis trends northwesi (o

southeast in Saravan, northeast to south west in Attapeu and west-northwest to east-
southeast in the south of Kongxedon. The thickness of the formation is estimated to be about
1000m.

Groundwater exists in the weathered zone, sandstone layer and fracture associated with joint
and bedding. In the vicinily of Saravan, however, porous sandstone is intercalated in the -
formation.

Groundwater may exist in the intergranular of the beds.

3) Champa formatio_n(J—K)

The mountain ridge at the Thailand border, the flat table plateau on the right bank of Xe Don
and Bolaven consist of Champa formation. The formation is also distributed on the mesa
topography in the northwest of Saravan. The formation may be correlated with the Khorat

Subgroup of the Lower Indosinian Group of Thailand.

The formation is compésed of massive, well consolidated quartz sandstone and siltstone.



These rocks are anti-erosional due to their properly and texture. The flat surface of the

plateau and the steep chiff are the distinctlive features of this formation.

The boundary between Jurassic shale beds(J) and Champa formation(J-K) is not cleat, but
Champa formation(J-K) can be distinguished from its abundant sandstone facies. Springs are
found along the cliff, but only few villages are located in this area. Groundwater potential may

be low, and geoundwater exists in the fracture or weathered zone as pe¥ched water,

{3)The Tertiary(vPg,vNe)

The Tertiary consists of basalt lava flows which are distributed in the Bolaven Plateau. Basalt
tava Mows ean be .classiﬁed into three -formations,i.e,,vPg,vNg and vN-Q. However, the
lithologies of lava flows are the same. The age of ejection of lava is unknown, but it is later
than the Mesozoic since it averlies the Mesozoie in unconformity. Volcanic activity might have

continued to Quatemai'y age as topography of younger volcanic ejecta is well preserved.

This rock is dark gray, hard alkali basalt with columnar jeint and onion structure and
abundant vesicurar due te bubbling. Occurcence of basalt lava shows volcanic breccia and

autobrecciated lava in many places.

vl’g is distributed north and south in the Study Area,forming a gentle slope. Surface soil is
erosioned. Surface slope consists of lava with abundant joints and weathered boulders.

Thickness of lava is estimated to be less than 40m, and it is underlain by Jurassic shale.

Groundwater potential of vPg is very low, but artesian groundwater can be expected in the

underlying Jurassic shale beds.

vNg overlies vPg and is extensively distributed on the Bolaven Plaleau, burying the space
between mountain blocks. It is composed of Jurassic shales and Champa formation. Surface
soil“is rather thick. Considering the areal extent of vNg, it may constilule a closed

undezground basin, thereby groundwater is expected.

Typical outerop of vN-Q is seen in the vicinily of Pakxong and Pakse, The formation is
composed of lava flow, scoria and mudflow(Debris flow). Thickness of mudflow with houlders
varies from a few melers to several tens of meters, and mudflow's surface is unconsolidated.

vN-Q overlies vNg and vPg. Those underlying formations groundwater, and many springs
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originate from these basaltic formations in the vN-Q arca. However, water table is shallow

and groundwater potential varies from place to place.
(4) The Quaternary(Qal,Qt,Qte,vN-Q)

The Quaternary consists of talus deposits, fan deposits(Qt),teriace deposits(Qte) and Alluvial
sediments{Qal) along the river. These deposits are composed of gravel, sand, silt aid clay. Qt
is distributed under the ¢liff in Chawpasak and Kengxedon: Qt has thin éediments and

underlain by Jurassic shales.

Qal is mainly distributed in the downstream of the Xe Don River and on the right bank of the
Mekheng River with 4m Lo 30m thickness and consists of fine sand with gravel and silt and
partly intercalating clay bed. The formation constitutes gOOd aquifers, bul groundwater table
is affected by river water level.

Since groundwater level declinés up to the bottom of the. aquifer during dry season,

groundwater potential depends on the water level and lithotogy.
2.4 Hydrogeologic Structure -

This section describes the hydrogeologic structure of thé.Study Area. The hydrogeological

cross-seelions is presented in the Hydrogeological Map.
(1) A-A' Sectioen

This section shows the gésl-wést profile along Route 16 from Kongxedon to Saravan. Jurassic
shale is mainly distributed in this section and overlain by thin basalt lava flows{vPg) and
Alluvial sedimeats. Jurassic shales are folding with an axis in the northwest to southeast
direction and tilting at 10 16 20 degrees.

The edge of the older basalt flow(vPg) is distributed and having a thickness of about 40m.
Alluvial sediments with thickness of about 10m is distributed along the Xe Don River and its
tributaries. Jurassic shales crops out on the river bed. The main aquifers are the Alluvial
sediments and the sandstone layer of Jurassi¢ shales. Jurassic shales may have confined

groundwater in the syncline aréa and under the basalt lava flow.



' (2) B-8 Section

* This section shows a prefile in the north-south direction at the central part of Saravan
g Proﬁnce ‘The area is mainly composed of basalt slopé underlain by Jurassic shale. Basalt lava
g ﬂows cover the area. They consist of older vPg to )ounger vN-Q. Thickiiess of lava flow is
estimated to be 46m and 260in'in the vicinity of Roule 16 and Route 20, respechsely Surface
' :\.olcamc ash an_d mudflow{Debris flow) may become water table aguifers, while the formation

oveflying the lava flaw hmy have confined groundwater.
(3) C-€ Section

This cross scetion shows the hydrogeological profile from Choﬁg Mek at Thailand border to
Pakse and Pakxong. Jurassic shale is extensnely distributed; overl) ing the Paleozoic
basement. Jurasmc shale .is faulted and oxerlam by basalt lava ﬂow from east of Pakse.
Groundwater is recharged in Bolaven and flows down towards west. Unconfined and confined
groundwater exisls in the mudflow(Debris flow) and lava flaw of vN-Q in the basali slope from
Bolaven te Pakse, bul weathered zone of Jurassic sﬁale énd sandslone formes aquifer in the

west of Pakse.

{4) D-B Section

The section shows the profile of the southwestern slope of the Bolaven Plateaw. The
escarpment consists of Jurassic shales, and Champa formation bounds the plateau and the

basalt slope. The basalt slope extends downward from the escarpment at elevations 150m to
| 300m. The southern part is underlain by the Manggian formation which constitutes the
basement in this area. Basalt lava is hard and mnsiitutes aquiluge, but the underlying

Jurassic formation may have confined groundwater.

(5) E-E,F-F,G-G Scctions

These seclions represent the west-cast hydrogeological profiles which cross the Mekhong Riv.
The Champasak Plain edges on the right bank of the Mekhong Riv., while either the edge of
lava flow or the Triassic Manggian formation is distributed on the lefl bank. Aluvial
sediments with thickness of 10m to 30m are distributed the Mckong Riv.The main aquifers
are composed of Alluvial sediments(Qal) and the weathered zone of the Ju:;assic shales. Water

table is shallow, and the unconfined gmundwalér flows down to the Mekhong River.
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~ 3.Hydrology of the_Sfudyf_ Area

- 3.1 Precipitation

There are mght) (80) ramfall stations with at least 10 )eara of records in lhe whole' counlry of

~ LaoP.D.R according to Soukhalhammawng(1992) As shown in Table 3.1, the ramfall data in
~ this Study area are co]lected by the Department of Metéorology & Hydrology MOAF at
' iwenty-four(24) rainfall stahons At the same hme thé ramfall data néar the Study area
. available at 5ix(6) rainfall stahonq There are s:kieen(lﬁ) slahons ‘with at least ton(l(}) yearb

- of records within and near lhls Study area.

" Thé study area is dommated by monsoons, preva:lmg vnnds that blow alternah\.ely from the
. northeast and southx\'ost each for about half year The southw est monsoon begms m May and

- continues unitil September and ¢ontains hlgh mmsture because of its long path'over equatorial

seas. The peried of the southuest monsoon, a:wel séason 1s characterized by heavy and

frequent rainfall, A remarkable charactenstrc oi' seasonal precipitation shows that more than

enghty(SO)% of annual prempxtahon occur:, durmg the ‘wel season from May to Oclober as -

- shown in Table 3.2. The Fainfall dunng the wel séagon at about sevenly ﬁ\0(75)% of the

rainfall stations exceeds mnet) (90)% of annual prec;pllatmn

Anaual mean precnp:latmn in this Study area dlstrlbu!es like a coaxial cnrcle rangmg from

over 3500mm at KM 42(Pakv<ong) in the Bolaven Piateau t6 less than lGDOmm at Khong as

* shown in an 1<=oh)etal map of annual prempltatlon The lsoh)etal map is descrlbed on the
. basis of the data at lhc twenty-lwo(22) rainfall slahons as shown in the ]lydrogeologlcal Map.
" The annual rainfall IS h:ghest on the wmdward slde of the Bolaven Plateau lying actoss the

. path of the southwest monsoon
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Table 3.1 Climatological and Rainfall Stations
m Name Longitede ° Latitude Altitate Province Dhslrict Type of Opened  Chservation
Number Deg Min Peg Min (m) ) Station Year years
24 Khongxedone 105 48.00 15 3400 12200 Saravan Khongxedonéd Rainfall 1963 15
F 7} Pakxo 105 42.00 15 700 10130 Champssak  Pakxe Cirmatology 1960 3s
226 Paksong 106 14.00 15 1100 127000 Champasak  Pakeong Cimatology 1963 19
227 Saravan 106 26.00 15 43.00 18400 Saravan Zaravan . Cimatology 1950 29
229 Mounlspamok 105 3200 14 2000 9500 Champask  Mountapamok Rainfalt 1964 15
230 . Khong 103 5100 214 700 9000 Champasak  Khong Rainfall 1900 21
252 Selabam 105 50.00 15 2020  FI7.00 Champassk  Sanasounboun Rainfall 1972 20
247 Phorethong 105 31.30 13 300  125.00 Champausk FPhonsthong  Rainfall 1979 7
© 288 Pathoumphoie 195 5620 © 14 4740 9600 Champisak  Pathoumphone Rainfalt 1965 1%
_ 256 Soukhouma 105 4800 14 3830 9500 Champasak Soukhouma  Rainfali 1979 15
‘258 Kma2Paxscag 106 11.00 1% 13.00 1160.00 Champassk © Paxsong Cimatology 1977 17
259 Champasak 195 3300 14 $4.00 .,  93.00 Champasak Champasak .- Rainfal} 1979 12
260 " Nong Hine 106 2100 15 1100 1280.00 Champasak Paxsong Rainfall 1979 15
270 Lzongam 106 . 10.00 15 2800 43100 ' Saravan "Laongam " Rainfall 1989 - 3
m Nikhom 34 106 26.00 15 11.00 1150.00 Champasak Paxsong Cimatology i984 9
U212 Bichisng 105.54.50 - 15 1520 72000 Champasak  Bachiang - Rainfall 1977 7
tam Hane 105 37.50 14 52350 Champatak  Paxsong "Rainfall 1993 1
Ken Sim 106 1800 18 5160 " Saravan’ Saravan Rainfsll 1993 1
" Pheng 105 33.50 15 53.50 Saravan Lakhonepheng Rainfall 1590 2
Mai 106 100 i5 1430 Saravan Vapi Rainfall 1950 3
Taay . . :Saravan . Razinfall 1993 0
Tour Lane Saavan Rainfall 1994 o
. -~ Samoay . . s L Saravan Lo Rainfall i 1994 o
281 Paktaphine 105 30.00 15 19.00 Saravan Lakhontpheng Rainfal} 1590 1
2792 . NeKong(Lamane) 106 43.00 13 24.00 XeKong - " Cimatology 19838 5
263 Aftapeu 107 13060 14 45.00 Altapey Cimatology 1900 18
"431 ' Khong Chism 103 3000 15 19.00 9000 Thailsnd " Rainfall 21
433 PhidunMangsahan 105 15.00 15 §5.00 11000 Thailand Rainfali 21
538 ° Buntarik CWs 1500 1474500 14500 Thaitand " Rainfall 20
376 BnnNonﬁ_Mrk 165 13.00 15 400 §54.00 Thailand Rainfzll 20
Table 3.2 Monthly Precipitation in the Study Area
. . o . _ Unit:mm
Saon . Code Jn Feb . Msr  Ap May - Jun  Jul 0 Aug St Ot Nov Déc Ratio*
Khoncxdon'_ 224 00 l].$ 285 608 1844 3061 3114 3654 2815 071 67 23 94
Paoe 225 - 22 73 208 636 2139 3986 3321 5282 3145 1032 182 28 942
Paksong 28 92 179 949 4L 338 SIT0 6082 8600 4389 1941 £20 120 863
Savan W1 44 44 383 M2 ASTS 050 3T 4367 2772 145 161 07 924
Mounlapemok 229 03 00 125 580 2147 3B3 285 4387 UGS 1557 552 42 930
Khong ‘B0 24 40 226 705 1852 2968 2440 3149 2149 1313 328 40 514
Selabam 2 21 34 236 617 221 3154 3616 5728 2558 &9 114 20 948
Phonethong 247 76 37 358 "75.9 1940 3027 2924 5446.1 3574 1176 20.6_ _1.9 9_2.2
Pathomghone . 255 . 18 38 122 184 2232 3940 4422 5245 295171114 M8 87 943
Soukhouma * L-?SG': 06 25 138 720 2254 3686 3569 4_?1.1 339.9‘ 1500 32§ 08 940
Km42Piksong) 258 93 105 822 2076 332 $57F ST6 041 4861 2445 824 120 885
Chanipasek = 259 . 18 06 222 $27 2320 4712 SM45 $077 425% 1889 62 37 954
Noag Hine - 260 101 363 1562 2400 3218 4006 4662 5860 3577 2050 649 122 4§14
Laorigam 270 124 15 495 868 2724 2508 1640 3303 2892 1497 60 L1 %16
Nikhom3d 271 123 314 1416 1804 2920 2829 4413 4945 3585 1767 275 120 835
Bachiang 92 37 20 159 662 1815 3517 4001 6538 2935 2277 103 192 947

*:theratio of reinfall during the wet season(May to Oct) to snrival cainfall(%)
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3.2 River Discharge

(1) Existing Discharge Measurcment Stations

The Department of Co'l:n'municatibn” MOCTPC  and ‘the Department of Méleor‘olugy' &
Hydrology, MOAF are the main agencies résponsible for hydrologic data collection: Theve are
four(4) regional centers mcludmg Pakxe in lhe c¢untry 'l‘hese centers are operated by

personnel of the two above- mentloned deparlments Field" Procedures ancl subsequenl

' oomputatmns for delermmmg dlscharge follow the WMO’S manual on stream gaugmg and the

United States Geologlcal Survey's methods for water data acqms:lmu ’

There are existing (weﬁty(?O) gauging stations in the Study area as shown in thé following
lab]e(’i‘able 3.3} There are four(4) key dlscharge measurement stations for the Mekhong at
Pakxe and for the Xe l)on at Saravan Khongxedon and Souvanna l‘\hﬂl ‘The six(6) stahaus of
the remaining smteen(]ﬁ) gauge height slations are not mllected and the six{6) stations are

for gauge helght only. The four{4) statwns are utilized for the purpOse of lmgatton only

- during wet season.

Table 3.3 - Existing stream gauging stations

River Tecation Lafitude Ldngllude Elevation| Drainaze Remarks
’ N (E) LY arealka’) . :
Mekhong  [Pakxe™ - N L [ S " 86,490] - 545,000] - Discharge
‘|Ban Chan Noi - |14° 18.5° 105" 53.6°: 80,224 515, 000|Heighl only -
. 'IBan Yoeunkhan : o . : INol collected
Champasak ) : i Noi collected
.. lBan Hatxaykhoun |14° 07" ¢ {105° 52.2° o _ “Not cotlected . -
{e Don Saravan . 15" 42.6° 106° 27" ‘ Bischarge
Xhongxedaon 15" 34.57 - [105° 48.97 - IDischarge
- }Souvanna Xhiks 15" 23.8°" J105° 49.5°. 114,381 5,760[Discharge .
Ban Nanay 197 22,77 . (1657 349.47 117.082 6,170[Heizht only
Ban Don Xe 5 19.%° 105" 49 93.675 - [Heizht only:
‘|Ban Solo-Gmai . [15° 17.8° . [165" 43.57 . 87.1%0 65,320[Height only
Champi - [Ban KN35 _ ] ] . . [Height only
Nhang ~ "[Ban KN & o |feight only
Bangliang [Ban 3NZ5 C|kh 58.8° . [10%°-50.37: .89.003 . Nol collected
Toro . [Ban AMI0. 15" 50.5° 105" 56,97 95,059 Not collected
khamouane [Bah Wai - 15" 35.4™ 105" 439.3° 89,998 Not collected
' ; fan Noagte T N - |deight & Wet season
|Ban Sukhusa , S _IReight & Wet season
Phaling  [Ban Dou s ' ' - Height & ¥et seison
“lXe Ban Phonthong - i ' _ ; cighl & Wet season




The following table(Table 3.4) shows characlerisiiés of discharge at the existing discharge
measurement stations. The 185-day discharge or ordinary discharge is smaller than the mean
value for each station. The mean dischargo is larger than the 95-day dlscharge or h:gh
dlscharge for the Xe Don Rwer

Table 3 4 (‘haractenstlcs of dlscharge at exnstmg stahons

!Ewer & Stalnon year . 95 day 198 day 275-day { 355- day Hax I Ain Hean |

Hekong al Pakxe 1936 _ _ 28 300] 1,650, 9,020

Ritto [ELT N R B - 1,137,900 ©1,630] . 7.740

Ditto 1988 R L 23,800) 1.4%0] 7,390

Ditto - |- 1989 14,100]  5,030] . 1,780]  1.410{ 28.700] ~1.330] 8,430

e HIVEE 1930 | - 37.5000 5,660 - 2. A10] " Z,090] 34, t00] - 1.830 10,300

X¢ Don at 1939 -32.8] - 78] 1.5 0.7] 1,280 0.6] 40.6
Saravan o ) ] ] )

Dillo 1530 33.5 5.5 1.3 0.8] 1,280 0.7  38.2

Xe Don at 1937 5,200 6.31 214

Seyvanna khili

Ditto 1988 { I N 1,880] "3.33] 87.7

Ditte 1939 134 42 14.6 4.6] 3,150 4.0 159

sDitto | 1990 138 333 15.9 6.8/ 2.830] 4,09 Mdl

Unit * m~/sec

(2) :Discharge Heasurem;mt Stations set up in the Study

Any Hischargé data is not available for small rivers of houay except for the Mekhong River
and Xe Don Rner Thcrefore from lhc viewpoiats of hydrology, geology and accessibility to
tho stations, the followmg stations were selerted and set up as discharge measurement
stallons The followmg lable(’[‘able 3 6) show locations of discharge measurement stations set

up m ‘the Study

Gaué;a height and discharge measuréments w e.rex carried out for one hydrb!ogica! year at the
ﬁvc(f)) Stations i in order to make clear charactenshcs of river discharge especially for smalt
rwers and eshmate raling curves for (‘0]1\’0!‘:-_»,[0“ on gauge height into discharge. Discharge
calculatlon waq ‘based on velocnty measuremenls using a current meter and floats. The
ve!oclly was measured at snxty (60)% depth ofstl‘éam walfer depth and the stzeam water depth
was measured at the interval of 1 meter in the case of stréam vwidih of less than twenty(ZO)

meters

The followmg (able shows ihe resulls of dlscharge nieasurements using a current meter at the

ﬁvc(ﬁ) stations, .
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Table 3. 6 D:scharge measurement stations set up in the Study

Locatlon

Stream Remarks _
Houay Champi Ban Nake 3 km upstream from the coanUence
| with the Xe Don River
‘Hottay Champi | Ban KM35 ‘16 km downstream of Muong Pakxong
Houay Nhang -~ '{ Ban Houaxe | 7 km upstream from the confluence
o | tron the Mekong River .- '
Houay Phaling | Ban Chik

4 km downstream of the exlstlng
station at 8an Dou o

Houa?thamOuan

Ban Soukhuna

11 km upstream from the confluence
with the: Mekong River -

- Table 3.6

Results of discharge measurements in the study

”'Statioh'

tauge Height

Date Dischage

: (n¥/sec) (m) -
Houay Champi -1 20 Hay., 1994 8. 24 0.18
al Ban Nake | 21 Nov.,1994 12.43 0.34
23 Dec,, 1991 5.36 -0.01
27 Jan,,1995 3.59 -0.12
24 Feb, , 1995 2.61 -0.22

16 Jul, 1995 - §.83 S 0.01 ¢
Houay Chaapi 20 Kay., 199 ) 1.18
at Lak 35 21 Nov. , 1994 2,83 1.15

: ' ‘ 23 Dec,, 1999 1,13 70.93
27 Jan,, 1995 0.632 . 0.87
24 Feb. , 1955 0,39 0.81

16 Jul., 1895 2.57 1.14 .

Houay Nhang 20 May,,1994 © 0,052 0.07
at Ban Houaxe] 21 Nov.,19%4 0.6i2 .39
o e 23 Dec,, 1894 0.646 - - 0,38
27 Jan., 1995 0.524 .33
24 Peb,, 1985 - 0,16 0,15
: . SR 3 Jul., 1895 0.57 0.35
Houay Phating 21 May.,1994 “0.575 0.54
at Ban Chik | 10 Nov,, 1904 0.072 0.31
' ‘ 22 Dec. , 1999 = 0,0027 0.25
28 Jan., 1995 0 0.02
: 23 Feb., 1995 1} -0.05
Houay Khamouan 21 Way., 1991 8.61 - 0.99
at Ban Sukhumal [0 Nov., 1994 1.17 - 0.68
22 Dec., 1991 0.239 0.46
28 Jan,, 1995 0,102 - (.10
23 Feb. , 1995 0.025 0.36
1T Jun., 1595 1.784 0.841




4 Groundwater occrrence

In order to darify groundwater occurrence in the Study avea, regional simultancous
groundwater leveling surveys were earried out at existing boreholes and dug wells as shown
in the appendices. The groundwater leveling surveys were conducted once in the rainy seasen
and two times in the dry season. At the same time, seven(7) automatic groundwater level

recorders were installed for monitoring of long-term charge of groundwater levels.

4.1 Regional Groundwater Table

The results of groundwater leveling in the Study area are summarized as shown in Table 4.1.

Groundwater levels below the ground surface range 0 to 23m, about 6m in avérage. The mean
groundwater level is the deepest in the dry season from Jan. to Feb. in 1995(the dry season H)
when rechargé to groundwater can be the smallest. The mean groundwater level is the
shallowest in the dry season from Nov. le Dec. in 1994(the 'dry scason 1) when recharge to
groundwater can be the largest.

The groundwater level of a volcanic roek(symbol Bal) is the deepest, about 10 to 12m in

average.
Table 4.1 Characteristics of groundwater level
: ; S . E thit : m
Hydro- ¥et season Dry season Ury season
geology| (May to Junc, 1991) (Nov. to Dec.,1994) |Wan. to Feb,,1995)
' Mean, | Max, | Min, | Mean, | Max, | Min, | Mean, | Max, | Min,
af ] 6.23 | 11.84 0.6 | 4.96 ] 9.22 | 1.77 | 6.50 | 14.52| 2.66
i 456 | 6.55 | 0.31 [ 4.50 |'538 [ 3.26 587 | 6.06 | 5.68
Bal 11,97 123.32] 0.3 [10.97|15.45] 0.30 [ 12.151 20.991 0.50
Ba2 1.78 3.96 ) 0.7 1.97 | 3.78 | 0.89 | 6.08 | 18.58| 1.54
Ba3 2.35 5.00 | 0.0 [ 226 | 398 0.5 | 327 | 743 0.14
_Eh " |"5.10 |10.00]0.29 | 4681891 [ 0.88 | 6.05) 9.55 | 1.45
Ep 6.52 110.93] 043 ] 430 862 | 1.0 (| 5.83 [ t0.29[ 1.93
Et 0.23 - - 3.8 | b6l | 2.05| 5,68 .31 [ 2.50
Hean  [6.11(Sample:68) 5.3(Sample:94) 6.53 (Sample: 100)
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The groundwater has similar flow networks, although some minor variation of groundwater
levels are recognized by season. General observations of the groundwater flows in the Study

arca can be summarized as follows;

Hin the central part of Saravan Provmce the northwaz‘d flow éxlsts in the slope ol'the _
Bolaven Plaleaun and the wesiward flow exists along thé Xe Don.

2)In La'khonphe‘ng District of Saravan Province, there are two ground water flows feom a
groundwaler ridge near Ban Lakhonpheng to opposite directions(northwest and southeast).
The southeastern flow and two separate flows from the opposite slopes join the westward

flow along the Xe Don and change the direction to the south.

Nin Bachiang District of Champasak Pr‘dvince, a westward flow exisls in the slopé of the
Bolaven '
- Plateau. There are a ¢onfined aqulfer along National road No,20 and a lot of qprmgs in

the downward slope of the Bolaven Plateau.

“DIn Sanasoumboun District of Champasak Provinee,theze are two gri)undwatér flows
(westward and souiheaalv\. ard) and a groundwater depressmn near Ban Thangbeng-

elwlal(C 30).

5)ln Phonthong District of Champasak Province, a easlward flow from the hill of Thailand

- border and northward ﬂow from the Mekhong River exist to the Nam Paling River.

G)In Lhampasak and So:skhuma Dnstncts of Champasak Provmoe a westward flow l'rém
the Mekong Rwer ex;sts to the H. Khamduan Rwer and lhere isa groundwaler ndge near
BanBak(C?B) - S L

'l)]n Pathoumphon Dlel‘lCt of Champasak Prowncé a southweslward fl0w from the Bola\ en
Plaleauexists S B Lo T L



4.2 Groundwater Level Recordings

Groundwater level recordings were carried ont at the seven(7) stations for fifteen(15) months
from the April of 1994 as shown in Table 4.2 and the Groundwatér Potential Map. Bars and
lines in these figures present daily precipitation and groundwater lovel, respectively. The
recordings continued for fully one hydrological year including a transition period from dry to
wet, a wet period, a transition from wet to dry, and a dry period.

Except at the two stations(Ban Lak 21 and Ban Nongsim), the groundwaler levels begun lo
 vise at the middle of may and continued to rise by 3 to 4 meters to the orid of Scptember. Then,
the groundwater levels begun to fall at tho end ol' September and continued to set to the
-beginning of May. _

At the two stations (Ban Lak 21 and Ban Nongsim) belonging (o basalt area, the groundwaler
levels bégun to rise at the middle of June and continued to rise by 11 to 13 meters to the end
of October. This slow response to rise of groundwatcr level at the two stalions can be
recognized by the characteristics of a confined aguifer. The groundwater level at Ban Tong-
Noy belonging to basalt area showed rather quick reepOnse {o rise of groundwater level. The

rather quick response can be explained by quick léakage through a rather thin basalt layer.

Table 4.2 Location of Groundwater. Level Recording Stations

: L'(x’falién. s * Characteristics of Low water level | - Water level range
“¥illage " disteiet Geology 5 Rydrégeolegy AG, L. m} {from dry to wet scason)
- Tong-Hoy - - [ " Saravas - ~vPg ‘ Ba3 . P58 3.5

Kapong Khongxedon | -+ 4 Eh  10.21 4

Nofgsim Bachiang -+ |-~ wN-Q " Bal 20,18

2l Bachiang W-q Bal 2.41 e

Nonghai Phonthong J Ep 7.20 2
Nongphanveng |  Soukhuma Qa) L or “11.84 -4 e

¥uarg khong Khong T Ei 5.595 4
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5 Water Balance Analysis .

In order to estimate recharge of precipitation to groundwater aquifer and to make clear a
hydrological eycle in a basin, runcfi analyses are ecarried out by the most effective runoff

ntodel, Sugawara’s tank model.
5.1 Thank Model and Procedute

The tank model is composed of four tanks vertically in seriés as shown in the following figure:.
Rainml 7R Evabon-aﬁun
~ Directtlow

: l_. - Surface flow
——] Intermediate flow

© o indermediate
at

Sub-base fiew

[

____I.—_ " Basefiow

" Figare 5.1 Tank niodel

Each tank corresponds to each runoff coniponent. The. top tank represents the gr01t11d surfac&
‘and the outflow from the top 1ank corresponds to the surl‘aoe runofl. The second tank
represents the soil ]ager and the outflow from the second tank corresponds to the mtermedlate
runoff. The third and fourth tanks represent groundwaler layer and the outflow from these
tanks corresponds to thé haseflow. In order to cons:der thie effeet of initial loss, the tank model

‘with soil moisture structure is adopted.
The characteristics of the tank model are deseribed as follows:_

I) The tank niodel can analyze both flood and low flow.

2) The tank model expresses non-linear refalionship between r_ainf'all and runoff. At the same
time, the time lag between rainfall and runofi is automatically calculated. |

3) The tank model is not necessary for complicated procedure,

4) The tank mode} has to find outflow coefticients of four {anks by trial and error.



. 5.2 Basic Meteorological Data
{1} Rainfall

The ramfall data in the Study area are collecied at twenty-four(24) rainfall stations. At the
same (ime, the rainfall data near the Study area are available at six(6) rainfall stations.
There are sixteen(16) stations with at least ten(10) years of vecords within and néar the Study
area.

(2) Evaporation

The evaporation data in'this Study area are éollected at four(4) stalions. The evaporation at
the Pakxe was measuréd from the August of 1989 to the March of 1994 by the Class A pan
which “is considered to be a standard pan and- pilchers “are used al other thvée
slalic‘ms,Kl\ﬁ?(Pékxong},P&kxOng, and Nikhom 34. In general,actual evaporation values are
approximately 50 to 70% of the values measured by the Class A pan in subtropical zones.

(3) Discharge -

There are existing twenty(20) gauging stations in the Study area. Out of twenty(20) gauging
stations, there are four{4) key discharge measurement stations for the Mekhong at Pakye and

for the=)(c_ Don at Saravan, Khongiedon and Souvanna Khilli.

Of these twenly(20) gauging stations, only one(l) discharge measurement station at Pakxe is
operating systématically for a long time. The station at Souvanna Khili in the Xe Don River
basin has discharge data measured since 1986. At the three{3) stations, Saravan in 1989 and
1990, Khongxedon in 1989 and 1990 and Ban Don Xe in 1987 and 1988, discharge data were
collected énly for two years. .

Any discharge data is not available for small rivers or houay except for the Mekong River and
Xe Don River. Therefore, from the viewpoints of hydrology, geology and accessibility 1o the
stations, the folla\‘_ving five(b) stations were sclected and set up as discharge measurement
stations. Gauge height and discharge measurements are being carried out for the following
five(5) stations. The discharge measuremenls were carried oul using a_current meter and

foats.
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DHouay Chanipi at Ban Nake(Bachiang District)

2)Houay Champi at Ban KM 35(Bachiang District)
3)Houay Nhang at Ban Houaxe(Pakxe District) -

4)Houay Phaling at Ban Chik(Phonthong District)
6)Houay Khamouan at Ban Soukhuma(Soukhuma District)

5.3 Verification of Simulated Runoff -
(1) Xe Pon

The drainage basin of the Xe Don River is é'ompqsed of basalt slopes and erosionat hilis and
plains of Jurassic sandstone and shale; The station at Souvauna Khili in the Xe Den River
basin has discharge data measuvred from 1986. At the three(3) stations, Saravan in 1989 and
1990, Khongxedon in 1989 and 1990 and Ban Don Xe in 1987 and 1988, discharge data were
collected only for two years. Therefore, the dischatge of the Xe Don River at Souvania Khili is

selected and verified for the purpose of water balance analysis.

The daily discharge of the Xe Don at Souvanna Khili is cateulated for four({4) years from 1987
to 1990. The rainfall data at the three stations (Pakxong, Selabam and Pakxe) are ulilized and

the evaporation data at Pakxe and Pakxong are used in the calculation.

Simulated daily, monthly and annual runoffs are verified by’ ¢omparing with the observed
runoffs for four(4) years feom 1987 to 1990 as shown in Figure 5.2,6.3.

(2) Houai Champi. ' -

The drainage basin of the Houai Champi is composed of basalt slopes. Gauge height and
discharge measurements were carried out at two stations, Ban Lak 35 and Ban Nake. Thé
drainage basin has arcas of 57.6knf at Ban Lak 35 and 356.876kn{ at Ban Nake.The station at
Ban Lak 35 has gauge heigh{ data measured from 1088 and the discharge data were
measured in 1989 by MOTPC, The river boltom of the Houai Champi at Lak 35 is composed of
hard basalt and the ctoss section of the Houai Champi at Ban Lak 35 remains unchangéably.
Therefore, the rating curve is calculated for. the conversion of gauge height into discharge
based on the discharge data in 1989 and 1994/95.

The daily discharge of the Ilouai Champi at Ban Lak 35 is computed for six(6) years from



1989 to 1994. Fhe rainfall data at Pakxong ave used and the evaporalion data at Pakxong and
Pakxe are utilized in the computation.

At Lak 35, simulated daily, monthly and annual runoffs are verified by comparing with the
. observed runoffs for six(6) years from 1989 to 1994 as shown in Figure 5.1.2. At Ban Nake,
simulated daily, moenthly and annual runoffs are verified by comparing with the observed

runoffs for one and half years from 1994 .
{3) l_i{ouaxi. Phaling

The’ dramage basm of the Houai Phalmg is composed of erosmnal }nlls and plains of Ju urassw
sandslene and sandy shale. Gaugo height and discharge moasurements were carried out at
Ban' Chik with a drainage basin of 437. 5knf The ralmg curve of the Houai Phalmg at Ban
Chlk Is calculated based on dlscharge measu(‘ements in 1994 and 1995,

The* dally dlscharge ol‘ the Houal Phalmg at Ban Chik is computcd for one and halfyears from
1994. The rainfall data at Phonthong are used and the evaporation data at Pakxe are utilized

in the computation.

Simulatéd daily, inonthly and  annual runoffs afe verified by comparing with the observed
runoffs for one and half years from 1994

{4) Houai Khamouan

The drainage basin of the Houai Khamouan is composed of erosional hills and plains of
Jurassic sandstone and sandy shale. Gauge height and discharge measuréments were carried
out at Ban Soukhuma with a drainage basin of 1161.25kmi at Ban Nake. The rating curve of
the Houai Khamouan at Ban Soukhuma is calculated based on discharge measurements in
1994 and 1995,

The daily discharge of the Houai Khamouan at Ban Soukhuma is computed for one and half
years in 1994 and 1995. The vainfall data at the iwo stations, Champasak and Soukhuma are
used and the evaporation data at Pakxe are. ulilized in the- computation. Simulated
‘daily,monthly and annual runoffs are verified by comparmg with the observed runoffs for one
and half years from 1994 .
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5.4 Water Balance ¢

The water balance calculation in the five(5) drainage basins is summarized as shown in the

following table and Figure 5.3

v Table 5.1 Water balance

. ) m/year
Drainage |Main P E Q Recharge |  Year
basin Hydro- %) o
' geology : , _

Xe Don  |Bal,Ba2, 2,095 1,095 = 1,047] 499(23.8)}1987,1889,

Ba3,Ep, _ ' 1980
|B.lak 35 fBal . | 3,401 774" 2,438] 1,219(35.7)| 1089-1994
B.Nake  [Bal 3,200  988] - 1,996] 1,296(39.9)] 1994/95
Phaling _ [Ep,Eh 2,6420 1,232] 1,420] "209( 7.9)| 1994/95

23

Khamouan [Ep.Eh | 2,508 ~ 1,232 1,358 320(i2.3)| 1994/

The recharge in basalt area of the Bolaven Plateau is estimatéd to exceed more than 30% of
precipitation. The basalt area makes form of good groundwater aquifer.On the other hand, the
recharge in the Jurassic sandstone and shale area is ecstimated to be about 10% of

precipitation,

5.5 Basin Yield

In the Jurassic te Crelaceous Plain, discharge into the small rivers oceurs in the rainy season
intermittently, though the Mekhong River and Xe Don River are effluent.On the other hand,
in the basalt slope, the tributaries of the Xe Don River is efftuent and the storage in the basin
is high.

According te water balance calculations, the recharge volume of the Study area is estimated at

~ aboul 200mm/year in the Jurassic plain and about 500- 1200mm/fyear in the basaltic slope.

This volume multiplied by the groundwater basin gives the yecharge volume of the entire

groundwater basin.
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6. Hydrogeologic Units and Groundwater Potential
6.1 Poteatial Evaluation

The potential yield of groundwater in the study area is large. However, the condition of the
groundwater is rather variable, ranging from unconfined groundwater found in alluvium and

- sémi-confined to confined groundwater found in Jurassic shale , sandstone and Quaternary
basalt.

Based on its geology and topography, the Study Area can be classified into thirteen(13)
hydrogeologic units. Groundwater potential of each unit are evaluated and ranked to ABC
and D{Table 6.1 and Table 6.2).

- Ailligh Poténtial
B:Medium Potential - -
-C:Low Potential
D:No Potential - -

Qf: This unit of Alluvial sedimenls with thickness of 4m to 30m consists of sand, geavel, silt
and clay. The basement of Alluvial sediments is composed of Jurassic sandstone and red shale.
The Alluvial aquifer is thin; thus,-_ the groundwater can be taken from the underlying Jurassic

formation.

Groundwater level ranges from one meter to 13m and fluctuates with respect to the river
water level. Well yield shows 5 to 36 m'hours, the highest in the Study Area, indicating high
groundwatér potential{rank A). However, groundwater potential is low in the areas where

groundwater level is deep since groundwater exists in Jurassie shales.

The test wells drilled at Qf were C-75 B.Nongkhe, S-24 B.Donmuang and S-50 B.Samia.
Specific capacily of these wells shows 1279, 44.6 and 14.4 m*day/m, respectively.

Groundwater exists in Jurassie sandstone and shale.

Qt: This unit consists of talus and fan deposits: The flat erosion surfacé underlain by Jurassic
- shales is covered by thin deposition. The geologic structure is similar to Qf, but 1ts aquifer is
very thin. The shallow groundwater has low potential and seasonal Muctuation. This unit is

ranked C- Groundwater table ranges 7m to 8m. Aquifer is thin and groundwater may exist in
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Jurassic sandstone and sandy shale. Specific capacity is low.

Qte: This hilly unit consists of old terrace deposxts The undulated surfacé underlain by
Jurassic shales is cmeted by thick layer of semi-consolidated gravel. The geologic structure is
simifar to Qf.Qt, but its deposits are pebble ‘size gravel and poor matrix, Unconﬁned
groundwater exists in the sediments, This unit is ranked B. The test well is drilled at C-16

B.Louy. Groundwater level shows 7m to 9m in dry season. Specific capacity is 16 m%day/m.

Bal: Basalt slope consists of vN-Q. This unit is underlain by volecanié ash and mudfow
deposits(Debris fow) with boulders. The groundwaler table is deep. Unconfined water or
perched watér exists in-the sediments: The basalt lava constitutes a good sémi-confined

anuifer.

The test wells drilled at Bal are C-49 B.Lak 21 and S-100 B.Hountai. Groundwater lovel
shows 22-28m in the dry season. Specific capacity is 19.7 m¥day/m at C-49 and 2.9 m¥day/m
at 8-100. This unit is ranked B to C because the distribution of basalt lava changes from place
to place and because the surface sediments are not homogeneous. Groundwater level and
specific capacitly vary from place. However, large specific capacity may be obtained if the well
drilled than 60m. ’

Ba?2: Basall slope consists of vNg. Thin volcanic deposits cover the surface. Unconfined or

“perched water exist in the sediments. The basalt lava constitutes the hydrogeologic basement,

but confined groundwater exists in the lower basalt lava and brecciated lava.

The test wells were dritled at C-44 B.Thongsala and S-84 B.Beng. Groundwater level shows

1324 m in the dry. season. Specific capacity shows high value, 1,728 m¥”day/m at C-44 and,
1,900m”day/m at S-84. This indicates that the brecciated lava with abundant pore constitutes
an excellent aquifer. Groundwaler level is rather deep, however, high groundwater potential

is expected. This unit is vanked A, © .

Ba3: Basalt slope consists of vPg. No surface deposilion is found on the slope. Groundwater
may éxist in the fissure.

Underlying Jurassic sandstonc may have confined groundwater. This unit is composed of hard
rock aud ranked- B.

The test well was drilled at S-56 B.Chong. Th'e formation of S-56 consists of basalt lava up to



the depth of 16m. Underlying formation is composéd of Jurassic sandstone and shale. Tha
screen was positioned at Jurassic sandstone. Groundwater is confi ned. Specific capacity shows
19m¥day/m,

Ep: This onil is an érosion plain with noe surface deposition. It principally consists of
alternating beds of laminatéd sandstone with abundant muscovite and red sarid) shale. -

‘The test wells located at Ep are, C-65 3. Lak24, C-79 B.Samkhanaboua, S-38 B. Nongngong, S-
64 BPhonphm and 8-75 B.Nakasao. Groundwater lovel ranges from 7 to 12 m, Specific
capacity shows 3.3-165.3 m¥%day/m. Groundwater level is rather shallow and this unit is
ranked B.

Eh: This hilly unit is niore undulated than Ep. The weatheréd zone and Jurassic sandstone
and conglomerate constitule aquifers. Groundwater table is lower than Ep bécause of surface
undulation: The test wells drilled at- Bh are C-4 B.Nongphai, - C-8 - B.Houaxe, 8-4
B.Houaykapho and S-12 B.Nongsano. Groundwater level ranges from 9 to 20 m. Specific
capacity shows 1.0-17.3 m*day/m. This unit is ranked B t6 C,

Et: The area consists of acidic voleanie rocks of the Triassic age{lit1) and Paleozoic slate and
sandstonc(l42). The topography is an erosion terrace plain. Thin deposits cover the surface.

‘Groundwater miay exist in the fissure.

The test wells were drilled at C-88 B Maisivilai and C-89 B.Nasenpﬁan‘ C-88 is located on K2
composed of Paleozoic slate. While C-89 is located on Etl composed of acidic volcanics of
Triassic age. Groundwaler level ranges from 8 to 17 m in the dry season, SBpecific capacily
‘shows 36.9 m3/day/m at C-88 and 4.6 m/day/im at C-89. This unit is ranked B to C.

P: This unit consisls of gently undulated plain, and in the higher elevation, it is composed of
hard formation(J-K). Groundwater may exist th the fissure. Few gmuudwater 1s replenished

in this area and ranked C.

M: Mountain aréa consists of hard and compact rock, which constitutes the. hydrogeologic

basement. Groundwater eannot be cxpected except in the mountain valleys(ranked C to D),

6.2 Aquifer Constants

Table 6.3,6.4 presents the average aquifer constants(Transmissivity(T), Permeability{(K},
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Storativity(S) and Specific Capacity(Sc)) obtained by the pumping tests in the test w ells.
(1) Transmissivily

The transmissivity changes place to place ranging from 0.8 ni/day to 1,500 nitday(Table 6.9).
It shows 1,500n1 /day in B.l]ohg. 800nd/day in B. Thongsala. Both of these villages are localed
on the basalt slope in {lie Bolaven Plateau. The lowest transmissivity was found at B.Hountai
and Nengphai showing 0.8ni’day. In B.Nongkhe and B, Phonphal it shows 200 ni/day, while it
ranges from 1.5 to 40nd/day in other villages.

(2}Specific capacity

‘The specific capacity(Sc) is expression of the unit discharge pér one meter draw down. The

productivity of the aquifer and the well can be casily evaluated from the specific capacity. It

was caleulated by using the draw-down and the pumping rate at stable conditions during the

pumping test.

The highest specific capacity was found at B.Thongsala and B.Beng ranging from 1,700 to

‘1,900 m*day/m, while the lowest was 1 m¥day/m in.B.Nongphai, 1/1,900. of the highest,

showing big regional difference. Rather high values were found at B, Nongkhe and B.Phenphai
showing 128 and 165 m¥day/m respectively. The specific capacily of other test wells ranges
2.6 to 45 m¥day/m.

(3)Aquifer constants of each hydrogeologic unit

The aquifer constants by hydrogeologic unit is presented in Table 6.2,6.3. The lithology of

aquifer in each hydrogeologic unit is divided into the following 4 groups, The logarithmie

-average of aquifer constants of each group is summarized as follows. .

LQLQLQte, Kp,ER . .
Tertiary to Quaternary sediments and Jurassic formations consisting of sandstone, red shale
and mudstone. The formation forms the basement of the plain along the Mekhong River a_nd

Xe Don River and smalt hill.

T: 0.78~219 ni/day(logarithmic average 11nd/day)
k: 1.6GE-02~3.268-05 em/sec
©8:0.047~0.7* *physieally meaningless



Sci1.0~165 m¥%day/m
2.Bal,Ba2,Ba3:Basalt in the Bolaven Platean

The basalt lava, volcanic ash,leam and mud flow(Debris flow) are distributed in the north and

west of the Bolaven Platean.

T:0.74~1,500 nitday(logarithmic average 72 mi/day)
k:7.76E-02~ 3.58E-05 cm/sec
S5:0.1~0.3¢*

' Sc:2_9“~'1.900 mifdayim

The specific- capacily value obtained at B.Beng and B.Thongsala ranges 1,700 io 1,900
m*day/m. This formation intercalates two to three layers of basalt lava (autobrecciated fava,
vNg). Other two wells show very small specific capacity ranging from 2.9 to 19.7 m¥day/m at
B.Lak 21 and B.Hountai. The basalt in this area is strongly weathered and the weathered bed

is tick, The aquifer ¢onstants varies widely place to place in the basalt zone.
3.Et1:Acidic tuff of Triassic age

This formation is distributed in the south, the left bank of the Mekhong River, of the Study

Area and consists of acidic tuff(dacilic welded tufi).

T 3.04 vf/day

k: 1.47E-04 cimfsec
S 0.047

S¢: 4.6 m*dayim

Groundwater occurs in the fracture of rocks. The specific capacity becomes higher in those

area where the faulls and fracture are abundant.
4.Et2:Slate and sandstone of Paleozoic age
‘This formation is distributed in the most southern pari of the Study area. The formation is

composed of hard slate and sandstone partly intercalating calcareous rocks, Groundwater

occurs in the fracture.
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T: 23.1 niiday

~ k: 8.53E-04 emfsec
S:0.18
Sc:38 m?day/m

(1) Optimum Well Yield

An'polion well yield(pumping rate) of the test well was evaluated by using the step draw-
down test data. Taking the eritical water level found on the linear relation between the
pumping rate(Q) and the draw-down(S), the critical pumping rate can be determined.’ In
addition to this, a stable water level and a time for recovery during the pumping test ware
considered. An optimum well yield was calculated by mulhp]ymg lhe draw-down to the
spemﬁc capacnty(’l‘ahlc G.4). '

The results show that the 3,800 m¥day of pumping is possible in B.Beng and 1,700 m® /day in
B.Thongsala. The optimuri pumping of more than 150 in¥day is found at B.Nongkhe. B.Chong
and B.Phonpbai. It ranges from 9 to 140 m*day in other 15 villages. The lowest optimum
discharge was found at B.Nongphai showing 9 m*/day. This well may be dried up even if
discharged by a hand pump.

The optimum well yield in each hydrogeologic unit is swinmarized as follows.

QLQLQte:  73~380 m¥day(average 183 m*m3/day)

Ep,Eh: 9~165(average 69 m¥day)
Bal,Bad:  20~267 m¥day(average 138 m°m3/day)
Ba2: 1700~3800 m¥/day

Et: 32~129 m¥day
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Figure 6.1 © Specific Capacities of Test Wells
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7.¥ater Quality

7.1 Non-biological chemistry

Table 7.1 Qhows chemical data analyzed at the 80 points in the dry season for existing \\ells :

and new boreholes drilled by the JICA Study team,

In companson mlh the drmkmg maler Quahty standatds set by WH{}(Appendlces) 3 chemlcal
mmponénts(l‘e Mn and NOa) have same pro’b‘lems The concenh‘anon of |.ron(Fe) exceeds the
WHO's gu:delme value of 0.3 mg/l regardmg about 41% of 68 water sampled for existing wells.
The Fe mncenlrallon of only 2 san‘lp!cs out of 20 néw boreholes exceeds the Wl IQO’s guideline

value,
The concontratlon of manganese{'\‘ln) excecds the WHO's guideline value of 0.1 mg/] tegardmg !
about 17% of 58 water sampled for existing wells. The Mn concentralion of 10 samples 20 new

borcholes exceeds the WHO's guideline value.

The concenteation of nitrate(NO,) exceeds the WHO's guideline value of 10 mg/l regarding.

-~ about 10% of 58 water sampled for existing wells. There is no nitrate problem rogarding 20

new borehb]os.
7.2 Biological chemistry

Numbers of coliforms and bacteria do not exceed 100,000 for most of water samples regardless
of river waler and groundwater . The biological quality for water samples of ekisting wells and

rivers is betler in the dry season than in the wet season.

At the same time, bmloglcal chemistry is analyzed for water samples of lwenly(?O} boreholes
drilled by the Study team. The blologlcal quahly is remarkably belter than the exlslmg water
SOUrces eampled
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3 Guidelines of water quality for drinking use

The guidelines for drinking water miost accepted are sct out by the World Heallh
Orgamzatzon(1984) as shown in Tables 3.1and 3.2. The
are as follows: '

basic requirements for dzinking water
ree from dlseasc causing microscopic organisms
No compounds that affect human health
«Fairly clear (low turbidity and lnl(le color)
-Not saline ' _
-No compounds that ¢ause offens_ivé taste or smell
-No compounds that cause ¢ortosion of supply system

-No compounds that cause strain of clothes washed

It is practically impossible to "e.lsiablish rigid water standards for chemical quality. The

permissible level for each ion may be a function of water availability and socio-cconomic
factors. .



“Table 3.1 Aesthetic quality

Constituent

taste and .ddour-
“tempeiature
turbidity

zint

" Unit © 7T Guidelina value " Rémarks
“Aluminum mgA 0.2
Chloride . _ mgA ... 250 o
Chlorobenzenes and - . no guideline value set - these compounds may
“ thlorophenots ' o - aflecl taste and odour
colour true ¢colour unils i5 ce
copper’ Comgh - 1.0 . : _
detérgents - no guideline value set there shoulg ndl be
: : : any feaming or lasle
_ o and odour probléms
hardness mgA (as CaCOy) . 500 - :
hydroegen sullide - nol detectable by consumers
fron magA 03
manganese mgh 01
oxygen-dissolved - _ho guideline valug set
pH ' - o . 8585
* sodium mgA - 200
solids-total dissolved mgh 1000
sullate

mgA . . 400 )
-- inoffénsiva to most consumers
no'‘quideline valia sel
nephelometric 5

preferably <§ for
furbidity units disinfection efficiency
(NTW)
ma# 5.0

Source : WHO{1984) .

Table 3.2 tnorganlc constituents of heaith significance
Constituent Unit _ Guideline valua
arsenic mgA 0.05 -
asbeslos - - no guideling valua set
barium - no guideline valua sel
beryllium - no Quideline valua sel
cadmlum mgA - ' - 0.005
chromium mgh - 0.05
cyanide mgA 0.1
fluoride maA 1.5
hardnass .  no health-retated guideline value set
lead mg _ 0.05
mercury mgA 0.001
nickel o= no guideline value set
nitrate mgA (N) 10
nilrite - no guideline value set
selenium mgh 0.01
- silver - no guideline value set
sodium

- n¢ guideling value sel

* . nalural or deliberately added; local of Glimatic conditions may necessitate adaplation

Source : WHO(1984)
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worFowmar | FIELOBORBJOLE 106 IR :I'antaogtmhﬁamk-oi /20

LOCKTION BN NG _ fuwmm. %
FROVINGE  CHARPASAK ' _ LOLTOTAL DEPTRGY <80 4

ORI LLING COMPANY © $1AM TOKE Co, .LTD. _ GROD SURFALE ELEVATIONG) 115
A1G TYPE & MMEER 30 ' DATE BEGN _ BN2'%
ORLLLING METHOD " birect Potary c!rwlallm . [DATE QORRETED - . BN

o fown The Hole Hanied (0.0} oo L el .
FIELD FARTY UTAIRAAT : - JSTATIC WATER LEVELGB.L.S) &aptwb B.65) 8.3 1.6
SEOLOGTST SO0l o - Mitef Boring tie | _

- o : = C L pete bosttaa) wot/ a0/ ol

OEPTH TLITHOLOGY |  LITHOLOGY DESCRIPTION | .~  — céoewvSicaLioooms .- 1 - | beiwme ¥ELL
- . - L sP ‘Resigtivity:. NetualCamwa B OONSTRLICTION |-
(ﬂ) ' . . 7 ' . 2“"!“ ?D 54 ]bon-m 158 1@‘ : ‘P:’ ; C ! (il'l/ll) . [Casing. 6", P.V.C.

'L 5 : ; = — T T T
H Teathered Sandutone. : . o ? . . )

3 Yelloxlsh Brown, Fite to sediom.

4 Soft fayer.

5

8| Sandstona

7 Dark Grarlsh Bro'n.ledlul
Sralns, Hard.

(Jiressie Sand;tona)

Fine to Medium

Graset

:; Hatd. Pocking
15 :

Fi q Fina to Re-du.n.

18 Hard.

Fine to Kediun,
|Hard.

Calcite layer.
Calcite Tayer,
Calefte layer,

Ceftralizer

(urassic shale).
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Lob fonmi - | FIELD BOREHOLE LG | somsnone nvmen gica- 03 420
MWWA&WW
fLocation BAX (ouy FIELD BOOK 0. ¢-16
PROVINCE  CFAMPASAK R TOTAL DEPTMCR) @8
DRILLING COMPANY S TORE Co, L. GROUND SLRFACE €L EVATION () 15
R16 TYPE & NMBER . Toe-30 DATE BEGUN 19279
RELLING METHOD Direct Rotary cireulation DATE COMPLETED 202/

_ : Down The Hole Harver (D.H.M) : g
FIELh PARTY UTAIRAAT STATIC WATER LEVEL(B.L.S) < | Depthi(m) 6.69 6.6 5%
GEOLOGIST R T T After Boring Tina . ‘ :

1 | Date . L3712/ DA/ PN 85
OEPTH JLITHOLOGY | LITHOLOGY DESCRIPTION GEOPHYSICAL LOGGING - ..} omiLL RatE e

' sp - eal Katural Gamema OONSTRLCTION

« Resistivity . .

o) . _ m_g 0 &% W

toin/n)  feasing 6 RY.C

] - _ : I 0. M0 e
- ) Clay with Gravel. ]
2 Loosed, Light to ¥edive Brown, 2
‘: 3 Gravel [n sone parts. ) at
‘g . tirg
-] 5
& . £ kentonite
716 & 0 .0 ferave),uéonsol idated ) 13 A
.8 Laterite soil ReddishBeown 4 __ | . . | =
- 9 3] ! ;
19] g § gg Conglomerate. i) M T
qi]g g8 §r|r. Srown, semi-consoridated £ it ~5
q2 § g 2 8lerains Din atoutt-dea of Duarts. | . i 12
i3] ] 'e e very round, and wedium spher feity i ‘ [ 13
] g g 3 § .nax dis dcm poor metrix. 1" :
15 § § g lhwrdssic 1o Cretaceous) 15 =
16| 1% = .
il Hi | =
iglg9 o ] i - [fockirg
198888 " =
RS " 2ET0
Aies 2 =
M Wuds tone, Sandy shate. B e »
] == Dark Brown to Reddish Beown, hard 5 o
28 (Jurassic) 2% B
= . a kb @fc} o1 poap |
¥ % .
2 B %
80 — 0
L1 18 3 Medivn Sandstone, gravel rich nk
-7 i Dork 8resn. hard . n
] 3
L : {Saidstone. u b
H1 :[Oerk ‘grayish Brown, medivm to P
38| ‘|Fine gratas.hard . laninated. % £ b
- 7] 0 Celtralize |
33| u E a0
33} Wb '
(1] 5 N 10
K1) "
- 42 .
1 2
43’ 13
1] -
P ul
© &
) ] 45
43— Wdstone. Dark bigwn, hard | I
sl 13 n " E
; | :
51 — -
52
o §
54|
w N
55




oeror | rlftn'aoasm{é 6 | eoncroue wamen yica- o4 /20

LOCATHON BN THOMGSMA S iR K, o 'c—u
PROVINGE * CHAPASA - o TOTAL DEPTH{A) 430
PRILLING COMPANY 17| fCNE Co, LTD. IGAOUMD SURFACE f!ﬂ!ﬂm(m) 0
016 TYPE L NMBIR 0P~ 3:0 DATE BEGLN T lailll 4
OR1LLING METHOD Direct Rotary cucu!ahm ; DATE WEIED : 2[5/"1"34
" Dawn The Hole Homer (. H.U) _ ‘
FIELD PARTY R £1],1.) S o [STATHG WATER EEVEI.(BI. s) Debth(m) LAL B 51) . 2
SEOLIG ST SR _ After Bocing - | Tire A
: o : : f “Date_ R1/117°84p2N2 H)40V'95
peerd Jutmorooy| - Lmvonocy vescaiemion | csomvsion” LGN o omirae | e
. . . ) ke sistivi ty MotarabGamma - '|CBSSTRLCTION
. - : < e . :
(= : - ;_fLio WMo oe 8w w i @ ¥ i
-1 Geatheréd Bacalt. Brown, Porous. g
1IN
N 3jr 4 5 ﬁ Besalt, {ava fios. low weathered,
| i A 4 4 [park gray to bluish grav.haid. | L _: ________________ e ating
- : § i‘_ % [Fatecnens to buaternary } )
7_R g % % L short normal
g i
-§§ I — "}"*" """ -]
A A A oA L .
L g e . ' . !
H1 A A Srractured : n HE . u
2] i : 14 3 L 3

o] ton Fivg

Jurgssic rock}d
Sandy. mica rich )
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" LOG FORMAT | FIELD BIREHOLE LOG I BOREHOLE NUMBER JICA- 05 /20
pROECT K : ROUNA R.G X AN SARYAN PRO) PECPLE"S DEWCRATIC REFLBLIC
LOCATION BAX L-21 " FIELD BOOL MO, ] '
PROVINGE  CHEMPASAX " JroTAL DEPTHGD 60.0
DRILLING QONPANY SIN TONE Co, .LTD. GROND SURFACE ELEYATLON(R) uz
¢ TG TYPE & MMBER TOP-300 DATE BECK 15/117°84
R ILLTNG VETHOD _birect Rotary cireutation OATE COMPLETED LT
: ) Down The Hole Hames H.W : . i
© 1€ PRATY UTASRART STAT(E WATER LEVEL(B.L.S) | Doothimd: | - W1.29] 12.8] 1488
6EOLOGT ST $.000500 After Borirg Tine 4 _
‘ ' . Date  [I#/H14°S45/1 2 Sa) 8201 0
OEPTH JLITHOLOGY | L)THALOGY DESCRIPTION GEOPHVSICAL LOGGING DRILL RAYE WELL
. - o 2 d Resistivity Katural Gammun OONSTRLCTION
. . e ° (30
L) : (win/e) |fosing §.PN.C
L] LI L)

Weathered Llay.
eathered Boseltic md Mcx .
oy, S_iltilith Gravel.
ark becwt cofor, high plasticity |
Qeogene Lo Quaternary)

3
3
i
4
3

R

THich to Bedium veathered Basalt.

High Yeathéred Basalt Lava. -
tsckish bromn colos,
10e strength

Dark béowh color, bow strangth
in gona parts.

1 XTLITERNY
| (TERTLTRYY
ol
Ll
1 (XUTRRRYN
a (TLLERAYY
ALSESRNEY1

L (ETRERTR A
LLLLtLILL

LLten
TERTANLY
LLLLLeate
LLeeen

(ITTRTATY
Lttt
[TRRTRATYY
1 FEXTAXATY
[EATEENINTY
iy

Moo

High to Bedium seatherod Basalt.
or mud flar deposits with
basalt boulder in sore parts.
dark becwt to brown coler.

§

[
!

short normal
1

3
3 Jong noreal

B0l eisieee

-l e N A A e e

ient
ting

Back_
Fillieg §

gtonile
22l ,J

L)

" Kravel H

. _Pnchr;

=

1

toalize

-Hton Fie |

13



14

RfE

flne to Medium grelns.
Sark gray, herd

1

tn

106 FORMAT | FIELD BOREAXE L0G L somemote wosen dica-os /2
PROJECT KAME § THE STWOY OR GROU AKPASEX AN SARAVAN PROVINCES ,\AD PEGPLE’S OFWOCRATIC REPUBLIC ;
LOCAT 10N BAN 1A%-2 FIELD 800K M0 65 : ;

: PROVINGE  CHUPASAK T41AL DEPTH(W) . 800 i

- JoRILLING CoweaNY SN TE Co, LD, [oROD SURFACE FLEVATIONG) 100 ;
6 TYPE & ¥MBER 100-500 - OATE BEGUN CBAN'S :
DRILLING METHOD Difect Rolary circutation DATE CORPLETED LT

_ : Down The Hole Hanmer{D_ 4.0 ) o . e
FIfLD PARTY UTAIRAAY STATIC KATER LEVEL(R.L.S) Depthim) 7.12 1.38] T4
GEOLOGIST S.0R1 After Borirg LT I I "

: : bate - [/01/'95)9/017°8581/017°85

GEPTd JLITHOROGY |  LiTHOLOGY DESCRIPTICN - GEOPHYSICAL LOGGANG DRILE RATE DLl
: . ; s ;;' Res i H‘l v_if:y N.m.,.::m m&smmgx
(o) i___'; e onowow o ow o on wm|. ::ijif'n)" C«;sing.l'.?.!.t;:

¥ LT S H F v '1: g

2 soft, ye! loslsh brown H i

3 Laterite. 3 ;

) Raddish brown AR gt

) : 5 1 .

6 s ‘

7 1 K

] 8 Filding}

94 : Sandstons. 1 al -

101 Dark beown, medium gralns. 1] ;

{Jsrassic) u
14
i
13
15

HE0:
"
18
1%
20
BRI
22
3
143
s
.26
11}

0¥3 puap

tradizés

S

cltom Plog |
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GOREHOLE NUMBER JICA- OT /20

F1ELD BOREHOLE LOG

X AND SAFAVAN PROVINCES .LAD PEGPEE'S DEWOCRATIC REPIBLIC

LOCATEON BAN HONGRHE FIELD BXK MO ¢-15
: PROVIRCE  CHAMPASAX TOTAL DEPTH(m) £0.0
DRILLENG COMPANY " SR TONE Co,.LTD. GROUND SURFACE ELEVATLONGD &
RiG TYPE & NINBER TP-500 DATE BEGUN /118
ORI LLENG METHOD Direct Rolary circutation GATE COMPLELED 12/00 7795
; Dewn Fhe Hole Haroer @UH.M _ :
FIELD PARTY UTAHAAT STATIC WATER LEVEL(B.L.9) | Bepthim) 5.12 3.2 3.4
GEOLOGY ST 5. OHVORE Mter Soring Tive :
: Dale  [14/012°95}3/01 ' 95P1/01 'S
DEPTH | T tTHOLOGY gnrmoev DESCRIPTION GEGPHYSECAL LOGEING DRILL RATE ML
5 oe>F Resistiv bty  KaturalGamma CONSTROCTION
()_ : ' L IR I ] i“.w-' w4 Il cp;q 1" '(_E‘ei ﬂzf‘ll) Casicg §°.P. ‘..t
g : o R ) ! T
i Sandy clay. ]
- 2F; soft to seaf-consalidated 2
8 Yel fowish to reddish brown, 3
| high plasticity. s £
5 Terrace deposits. S it T $
-8 (Quaterrary) L ; $
7 ; ] 1
: for g norngl
I | R “
i ' ‘ 1: |
m short porma ‘ 1t
1 Mard shals. * ! 1”2
ki Dark resdishpurpte. | 3T { ; ------ [ o 13
HE furessic) v i "
L ' : 5
== —— S I A | W L I
i 1
i} :
N 19
o N A N 20
21 = . 1]
;’g _ )
2 E
1
24 P B N uE
25 75
gﬁ % |
2; = i 1]
i I e e :
383 Saody ehale. ) 2}
B - Reddish brown to grayish brown, 2 H { 3
2 very hard, high fisstlity. \ 32 F
; k4
HES . 3
2 : % =
3 i K] i G
R & caleareous. i £ % y =
2l u.-:-' Sandy. ; : . : tralizer |
‘33 i " \ . »
“'?!-:. At A R T '_,;- - ® :L['@T‘]
. F i LI : -
:j e ERe i Sandy. ! |
pn: " i ak
I 00 SARE Uiy S 14F :
n f i v ;
o 5 S T N Yo 6} :
A [ s ¢ | | .
BE R S Y SRS 1 S s fam
: N 9 Bcton Pieg]
:;'? 5.0 — o : ; —- 453 E ’4_07_.’41.
52 N i
5:[ T
54
85
58




L0G FoRMAT | _ ' ﬂan aoafmlnm | _Immrm;m_c;.-josm

LOCATION BAN - SAMCUASIUL _ SRR I r-iao m NO L
PROVINCE . DUMPASKK .- FOTAL DEPTH () C B0
DRILLING COMPANY STAM TORE £o,,LTD. . . ‘ GROUND SURFACE nmnmm %
Q16 TYPE L NABER . TOR-300 : ‘ OATE BEGIN 15/011°85
DRI LLING METHOD - birect Rotary circula!lon ’ DAVE COMPLETED 17/017'95
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