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PREFACE

In response to the-YEQUESt.Of the Government of the Kingdom of
Thailand,'the Japanese Government decided to conduct a survey on water
- supply projéct for refugee camps, and entrusted the survey to the
Japan International Cooperation Agency. The J.1.C.A. sent to the
Kindgom of Thailand éﬁrvey‘teams headed by Mr. Ko Kuwata from February
4 to April 15 and by Mr. Terukazu Hagiwara from May 20 to October 16,
1982, | | )

The tea@s exchanged views with the officials concerned of the
Government of the Kingdom of Thailand and conducted a field survey in
Nakhon Phanom and Pak Chom Camps. After the teams returned to Japan,

further studies were made and the present réport has been prepared.

1 hbpe that this report will serve for the development of the
project and COnttibute to the promotion of friendly relations between

our two countrieés.

I wish to express_my deep.appréciation to the officials concerned
of the Government of the Kingdom of Thailand for their close coopevation

extended to the teams.

November, 1982

wnle 4%/&:

Keisuke Akira

President

Japan International Cooperation Agency
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1:  INTRODUCTLON

A prelimiuary sutvey was carried out with a view to water. supply to

camps of Laotian displaced persons located 1n the north-eastern and

'._'northern ‘Thailand upon implementatlon of the survey for Water Supplyl

Project for the Refugees in Thailand (Phase III) from June throogh
: August, 1981. '

Taklng into due con51deration the report of the survey Summarizing
_general eonditlons of camps for Laotian displaced persons, thelr :
ifuture accommodation schedule and water supply plans, the Government
. of the Kingdom of Thalland made a’ request of the 60vernment of Japan'
for coopefation dn’ prompt establishment of water supply systems in
Nakhon Phanom Camp and Pak Chom Camp for which there were Euture ax—

pansion plauns.

In tesponse:to the request, the Government of Japan agreed upon the |
COOperatiOn and carried out the survey in Nakhon Phanom Camp from .
.February 4 through Apr11 15 1282 and in turn in Pak Chom Canp fron
May 20 through October 16 of the same year.

‘This study repﬁrt presents Water Supply PrOJeet to. Laotian Displaced

Persons in Thailand
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11: . WATER SUPPLY PROJECT TO LAOTIAN DISPLACED PERSONS
IN NAKHON PHANOM CAMP. (1ST STAGE)

1. Conclusion and Recomméndation

Nakhoﬁ Phanom Camp is 1ocated:about 20 km to the west of Nakhon Phaeom,
a north-eastern ¢ity in Tﬁaiiaed; The Camp, established in léf?, had a
refugee population of about 7,000 at the time of the survey in early
Aerii; but its planned future p0pu1ation is aoout 20,000 whieh may be

necessitated by closing down of Reng Khai Camp among other factors.

Field reeconnalsanee, electrzcal exploratlon, test borlng of “four holes,
pumping fest,. electrlcal logging, and water quallty test are the ma1n
items of ‘the hydrogeologlcal study conducted there. Evaluation on
quantlty and mode of occurrentground water in the Camp was made on the
b331s of the results of these actual observat1ons and . collected ex1st1ng
data. The total economic yield of ground-water in the Camp was estimated

to be about 730 m3/day totally.

Subtractlon of 132 m3/day, wh1ch is the current total pUmage ‘of the two
existing deep wells, from 730 3/day makes 598 m3/day as further exploitable

ground water,

_ Total water requ1rement of the Camp amounts to 700 m3/day if 35%/day/person
(UNHCR plan) is supplied to the expected future popuiat1on of 20 000,
which is smaller than ?30 m3/day, ‘the above estlmated economlc yield of
_ground—waterln ‘the Camp 1nd1cates ground water is dependable as the only'

_source of supply of subslstence water wanted 1n the Camp. 525 2lm1n of
ground watercan be pumped from the four bore holes made in the survey,

| and pump1ng of them for 12 hours would rende1 378 m3fday The total
water supply capac1ty of 510 m3/day is then obtained if th1s 378 m3/day
is added to 132 m3fday, the water supply capac1ty of the two existing deep

'wells. But it 13 necessary to supply 190 m3/day, kthh is stlll short,
by making two more deep wells._ The recommended water supply plan in the
Camp contained in the present report, therefore, was written on the
assumption that two more deep wells would be made making the total number

of deep wells 8. The following are the detailed account on the survey.
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The survey of Pak Chom Camp is scheduled for 1982 fiscal year of Japan.

Location of test boring in Nakhon Phanom Camp is indicated in Fig. II-2.

Ea
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2, ‘Survey Team

Thé.Sﬁrvey Team is composed of the foliowing fiﬁe_members'whd“héve

experience inground-water survey and technical assistance in Thailand.

Assignment ~ Name Duééfiéh of Staf iﬁ:fhailanq
General | Ko KUWATA  Feb. 4, 1982 - Apr. 15, 1987
{(Team Leader)

Geology | _ Kinzo NARITA Feb. 7, 1982 - Apr. 15, 1982
brilling & Equipment. Shohacﬁi_SUZUKi - ditto -
Drilling | Isao MAEKAWA - ditto -
Consfruction Plan Junji OHAMA N . - ditte -

& Cost Fstimate
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Actual Work Schedule

bate

Feb,

1Q,

i1

12
13
t4

15

i6

17

18
19
20
21
22
23

24

25
26

27

bay

Thu.
Fri.
Sat,
Sun.
Mon.
Tue.
Wed.
Thu.
Fri.
Sat.

Sun.

Mon.

Tue.

Wed,

Sun,
Mon.
Tue.

Wed.

First group arvives in Bangkok
Courtesy call to MOI
Prépargtionlfor sfudy

Second group érrives in Bankgok
Preparation for study

Ditto

Ditto

Leaving Bangkok

Arriving in Nakhon Phanom, visiting Nakhon Phanom Camp

Installation of boring machine (J - No. 1)
Starting boring, surface reconnaissance

Meeting with Camp Commander and UNHCR officer on
study shcedule '

Selection of J — No. 2 site, courtesy c¢all to Governor

Preparation for electric exploration, boring and
electrical logging

Instatlation of casing pipes, electrical exploration
Air-1ift pipe installed, electrical exploration
Air-lift, electrical expleoration

Ditto, installation of submersible pump

Pumping test, bringing boring machine to J - No, 2 site

Ditto, boring started at J ~ No, 2

- Sampling water from J - No. 1 for quality test, J -

boring

J - NO.IZ boring

~J - No. 2 boring, studying collected data

Ditto -

No.

2



Date
Feb. 28

Mar. 1

10
i1
12
13
14
15
16
17
18
19
20

21
22

23

24

25

Sat.

Sun,

Mon.

Tue,

Wed,

Thu.
Fri.

Sat.

" Sun.

Mon.
Tue,
Wed.

Thu,

11 - 11

Electrical logging, installation of casing pipe
Installation of éirﬂlift pipe, air-1ift

Air-l1ift

Ditto, installation of submersible pump, pumping test

fumping'téSt

Survey tour ta Pak Chom Camp

Ditto

Sampling water from J - No. 2 for quglity test

Desbussidn'with Camp officer and UNHCR officer on

additional study

Leaving Nakhon Phanom

Arfiving in Bangkok

Meeting with officers of Ewbassy of Japan
Dit;o_

Preparation of meeting minutes for additional study
Meeting with JICA officers

Meeting with Thai officers on additional study
Leaving Bangkok

Arriving in Nakhon Phanom

Meeting with Camp officer on additional study
Land preparation of J - No. 3 site

Ditto .

Bringing boring machine to J - No. 3 site
Setting of boring machine and starting boring
Boring

Ditto

Ditto and electrical logging



Day

Date

Mar. 26  Fri.
27 Sat.

28 Sun.

29 ﬁon.

36 Tue.

31 Wed,
Apr, - 1 Thu.
2 Fri.

3  Sat.

4  Sun.

5 Mon.

6  Tue,

7 Wed.

8 Thu .,

9 Fri.

10 sarc,

11 Sun

12  Mon.

13 Tue.

14 Wed.

15 Thu.

11 - 12

Air-life

Ditto

Ditto, installation of submersible pump

Pumplng test, brznglng boring machine to J - No 4 site

Settlng borlng machine at J - No. 4 site, starting
drilling

Boriug

Ditto

Inétallation of casing ﬁipe, electrical leogging
Air;lift.

Ditto

Ditto, installation.Of submersible pump

Pumping test

Handing over certificate submitted

Leaving Nakhon Phanom

Arriving in Bangkok

Making report

Ditto

Ditte

Ditto
Progress report handed in

Leaving Bangkok, arriving in Tokyo
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4. Outline of the Study

Subjects of hydrogeological study_fof understaﬁding the mode of oécurrence
of ground-water in a given area usually include hydrology, surface -
reconnaisance, eléectric eXplordtidn, test boring, electrical logging,
pumping test, and water quality test among others. 'Judicibus combination

of these technics renders maximum information and results.

In the preseat étudy analysis in the mode of occurrence of ground-water
and its gquantitative evaluation in the project area was ﬁade by way of
collecting existing data, surface reconnaisance, electrical exploration,
test boring, electrical logging, pumping test and water quality test.
The location of studied spots are as shown in Fig. 4-1 and Fig. 4-2.

- The scope of study is as follows.

4-1 Collecting Existing Data

Pata on topography, geology, meteorology énd'hydfblogy were made available
from Ministry of Interior (MOI), Department of Mineral Resources (DOMR)

and Royal Irrigation Department, the major ones of which are as follows.

a) Tepographical’ Map (1/50,000)
‘b) Meteorological Date. (rainfall, temperature,.evaporation)

¢) Data on Existing Deep Wells {geological lbgs, record of pumping

test and water quality)

4-2 Surface Reconnaissance

Surfacé reconnaissance was doné in order to observe the present topo-
graphy, geology, springing water as well as usage and water quality of
existing wells, which are'necessary for understanding the hydrogeological

conditions of the project area.

The expanse of land within which surface reconnaissance was done is
approximately 56 ka2 which lies 8 km north to south and 7 km east to

west with the project area in the center and with the northernmost village
of Ban Dong Sawang, southernmost Ban Nang Buea, easternmost Ban Thep

Phanom and westernmost Ban Kﬁrukhu.
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Boring sites and p051t10ns of electrical explorataon were selected durlng
surface veconnaissance. Fielgd interviews were also made concernlng

spec1f1cat10ns of existing wells and thelr usage.

4-3 Electrical Exploration

Electrical exploration is usually performed in order to support or supple~
ment findings from observatlon of geologlcal outcrops and from test
boring in hydrogeological studies of a given area. Resistivity method

is frequently applied in electrical exploration.

Resistivity method is technic in which apparent'électrig resistivity of
the ground is measured. Spacial variation in distribution of electrie
resistivity in the ground 1s studied and the. geologlcal nature is compre-
hensively 1nterpreted in combination with related data from surface
teconnaissance and test boring. 1Ia the present study, vertical electrLCal
exploration {4 pole Wenner Method) was adopted for detecting the subsurface
dlstrlbut1on of resxst1v1ty, and p-a Lurves were drawn and 1nterpreted
Totally, 22 spots were studied. Major instrumént used in it areé’ as
follows.

a) ground resistivity tester (Megger type 3244, Yokogawa Denki) 1

b) electric poles (steel, 6 = 18 mm, 1 = 80 cim) .~ veuvrrennrnnn. 5

¢} electric battery (12 vV, 50 AH) e et e e, e 1

d) electric cable (single tine, § = 0,75 M), . issrasnensiness H00 m

e) Measuring tape {(plastic, 1 = 100m) - e e tarrenintareheennens 3

£} electric loud speaker - I T T T S S 1

g) transit (with tri-pods) R T 1

h) level (with.tl‘i"pOds)i,¢......-...'...-'..'.-.-........-....’... 1
i} staff and pole - ;....u}ﬂ........;........l................i -1 set

j)' tocl kit for électric instrument A 1 set

k)..battery.chérger?.;0"!‘.!'-.0llil.lll‘lll}l‘lldl.‘.lll.;l.;l.ili 1
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h—d Test Boriﬁg

Test borlng was conducted for a depth of 42 m at four sites selected in
the precedlng surface réconnaissance in order to find out the sub-surface
geologlcal characteristics. The main wachinery and equipment used in the

test boring are as follows.

a) boriﬁg maéhine_(THS—?O, capacity = 150 m) ...... 1

b) Boring'bits_(é = 8%" tri-cone bit) ... ...l e 2
(b = 7%"'tri—cdne_bit) . |
(b= 9" wing bit) ..viiirinrrnnneia. 1
c) pumi:- (NAS—&B)' ...... 1

&) mixer (MCE=100)  ti.viiinvirvnieriareneniinarnanes 1

e) boring rod (4 75m, 1 = 3m) ......iiiiciiaeess 15
Boring speed, wétef éxpape:and water springing and the state of stine
were recorded at the time of boring, on the basis of which boring logs

ﬁefe ﬁade {refer iolAppendix H).

4-5 Electrical Logging

Electrical 1oggiﬁg was done on completion of boring making use of the
bore holes in order to survey the mode of stratification of the layers

such as straigraphy, rock quality and state of fissures,

In the electrical logging which is for datecting the apparent resistivity

of the bore holes, two-pole method was adopted.

The pole interval selected were 0.25m, 0.5m and 1.00 m and the depth
surveyed was below the water level in the bore holes. The interval of

the depth stages was 0.5 m.
The results of the electrical logging are as indicated in the boring logs.
‘The major instrument and tools used are as follows.

a) ground resistivity tester (Megger type 3244, Yokogawa Kenki) 1

"~ b) electric pole (Model No. 3174, Oyochishitsu) Ciresaaea 1 set
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c) ‘battery (12 v, 50 AH) S
d) insulated electr1c cable {(four cores, Oyochlshltsu) +e. 100 m

e) measurlng tape {plast1cs, 1 = 100 m) Ceestsasitrasaan 1

4~6 Pumping Test

Step pumping test and constant yield pump1ng ‘test were conducted maklng
use of the bore holes in order to find out the fe351b111ty of pumping
theground waterand coefficient of acquifer in the project area. Step
pumping test was done for estlmatlng the value of critical discharge of

bore ‘holes as future wells.

The drawdown method applled in the step pumping test was to vary the rate
of pumping to 4 - 5 stages at each of whlch drawdown was measured.
Constant yield" pumplng test was done in order to test the relatlonshlp
between drawdown of water level and time taken for it while pumping a
certain volume of water and also to test the relatlonshlp between water
level recovery and t1me taken for it after the end of pumplng with a view

to understanding the behavior of the ground-water,
The major instrument and tools used in pumping test are as follows.
=) pump (submevsible, 3 HP, head = 50 m, ¢ = 406 g/m,
b= 2", Befkeley) T T T 1
b) electric generator (5 KVA) C Nt e et et ety 1
¢) pumping pipe {§ = 2", 1 = 3.0 m) D .
d) Wat_et“level tester --;-o---ac---;o-»u-tli.oo-cns-o;o--; 1
e} circuit tester T |
f) Stopwatch I...'IllbllIl..l..l.ll..lllllI.lll.“l.lli.l 1

2) watertank(1.15mx1.15mx1.15m) D B
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4-7 Field Water Quality Test

Water quality test was done to surface water, springing water and ground

water in and near the camp.

The data obtained from the test shall make a good centribition to under-
standing the quality of the ground-water yet to be exploited and to the
hydrogeological study. Water quality test was done at 28 spots. The items

tested and instrument used are as follows.

témperature ' :  thermometer
PH value -+ PH testing paper (Toyo)
electric conductivity i portable electric comductivity tester

(model CM-1K Tao Dempa Kogyo)
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" Fig. 4-2  Survey Points
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5. - Resultﬁ‘of the Study:and Interpretation of Them
5-1 - Topogréphy and Ceology

The studled area {Nakhon Phanom Camp) is located about 600 m to the north
‘of the 219 km post of Natlonal nghway 22, or about 20 kn to the west of
the 01ty of Nakhon Phanom. The topography of the studled area 13 charac-
terized by m11d slope extendlng toward south- east from a h111 crest of
about 180 m above ‘the sea level running 6 - 7 km north of the surveyed

area in the direction fxom north-east by east to scuth west by west.

.‘This mild:slopé descendiﬁg_ﬁbward south-east has dissected valleys running
in the saﬁe direction. The low'land"formed as result of advanced dis-—
section is,éultivaégd_as rice fieldé and the_land remaining'uhdisseéted

lies as long strips of wooded monadnocks or is partly cultivated for

upland cYops.

Nakhon Phanom Camp rests on one of the long strips of monadnocks of
about 160 m above. sea level, which is about 10 m higher in ‘eleévation than

the neighboring dissected lowland.

" The Rlver Khom Yai’ flows on the north eastern s1de of the premlses of the
Camp. - There is Somhong Reservolr (storlng 2,430, 000 w3) made by dammlng
Somhong River serv1ng agticulture and sub51stence to the: south—west of

the Camp.-

The or1g1ns of Khom Ya1 and Somhong Rivers are - tracted to the h111y land
of about 180 m above sea level located about 6 - 7 kn to the north of
the Camp. These hllls are wooded at the altltude of about 170 m above
sea level or h1gher.. SOmhong Rlver 301ns Khom Ya1 River at a polnt about
3 5 kn south east of the Camp.' Kom Yai Rlver, in 1ts turn, 301ns Bang

Ko Rlver at a p01nt about & km. south- east of the Camp.

Bang Ko Rlver, af ter confluencing with Khom Ya1 Rlver, swerves 1tself
toward north-east by east and flows into the Mae Khong Rlver. The National
Highway 22,.runn1ng across the dissected valleys and monadnocks, is full

of vartical undulations.

Geology of the studied area and its neighborhood is basically Phu Phan

and Phra Whan formation of Mesozoic Jurassic Khorat formation overlain
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by Cretaceous Salt and Khok Kruat formation which, in its turn, is capped
with relatively new deposits of alluviam and diluvium of the Quartenary
period. Phu Phan and Phra Whan formation is'compréd of sandstone,
siltstone, shale and éoﬂglqmerate among others. This formation widely
distributed through the hills locatéd to=fhe south of Sakhon Kékhon.city,
.runnlng from north~west to north~east :13 not found on the surface near
the studied area. The layer predomlnant in and near the studled area is
the Cretaceous Salt and Khok Kruat formatlon composed of sandstone, |
siltstone and shale. The thlckness of shale is especially great in the
Camp and its vicinity. The upper part of the shale there has undergone _
advanced ﬁeathering Observation of outcrops along the National Highway
22 and in some sites of earth—mov1ng revealed that the upper part of the
layer to the depth of about 5 m has been ar3111zed and the deeper part

has highly grown fissoures and joints.

As for the relatively new deposits, there are terrace deposits rémarkable
along the Mae Khong River, alluvial deposits in minor rivers and streams
as well as in the dissected lowland, and washed out deposits at slopes

between the hill and lowland.

The terrvace deposits observed along the Mae Khong River is comﬁosed of
clay, silt, sand and gravel. - The City of Nakhon Phahpm is located on the
terrace. The components of the river deposits are found to vary depending
on the size of the rivers and steams. Whereas the tiverbed of the Mae .
Khong River is formed by sand and gravel, the riverbeds of other rlvers
are mainly formed by clay, silt and sand with only marg1nal presence of
gravel especially smaller in diametetr than 10 mm. It is safe to state,

1n this connectlon, ‘that the smaller the rlvers and streams are so is

the particle size of their deposits.

The washeéd out deposits formed by clay,. silt, sand, and pebbles are un-

consolidated and in a loese state.’
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5-2 Hydrology and Climate
) River System

The river system 1n the v1c1n1ty of the Camp can be d1v1ded into
. that of Khom Yai R1ver and Somhong River, both or1g1nat1ng 1n
the h111y zone of about 180 m above sea 1level lying 6 - 7 km’ to
the north of the Camp in NEE-SWH or1entat10n and f10w1ng in the
‘direction of south-west dissecting the surface. These river 7
systems, gathering tributaries in the course of their flow, meet
together at a point of about 3.5 km to the south-east of the

Camp.

The stream, after the confluence, contlnues the south-east bound
flow until it joins Bang Ko Rlver at a poxnt about 6 km to the

' 'south—east of the Camp. Bang Ko R1ver, after the confluence,
swerVes toward north"east and flows into the Mae Khong River on

'the south of the City of Nakhon Phanom.

Khom Yai River, flowing on the south-west of the Camp, has a
very 511ght gradlent and its flow is very slow. It has some
surface discharge even in the dry season, but the volume is very
small. SOmhong RLVEr, flow1ng on the south—west of the Camp,
flows into and .then out of Somhong Reservo1r (storage volume
2,430,000 m3, dam length 900 m, area of water surface 40 ha)
located on the west of the Cawp, which is used tfor irrigation

-and drinking.

-Somhong Reservqir, constructed by RID in 1956, has the flood
water level of 155.3 m above sea level and is equiped with
intake gates, one on the right bank and another on the left,
from which irrigaiion'canals of 8 km and 6.3 ko, respectively,

cxtend, covering the total area of about 1,760 ha.

“Electric pumping was started in 1979 at the reservoir for

supplying a nearby military base with subsistence water.

An officer of RID in charge of operation and maintenance of the
reservoir commented that the volume of the water stored there

is not sufficient,
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Precipitation

The climate of Nakhon Phanom can be rdughly”divided into the
dry season from October thvough April and the_raini seasén from
May through September.. About 90 % of the total anquai rainfall
concentrates in the fainy.seasdn and there is very little
rainfall for the rest of the year.’ The four months from
November through February are especially dry, even without any

rainfall in some years.

Data of precipitation around Nakhon Phanom were obtained from

Bangkok office of MOI in Nakhon Phanom office of RID.

The data of monthly and annval rainfall obtained from MOI are

as shown in the Table 5-1. And on the basis of these data the

" annual average rainfall and the_monthly average rainfall are

shown in Fig. 5-2 and Fig. 5;3, respectively,

Marimﬁm aenuai raihfall.for the period of 28 years; 2,836.0 mn
(1961)

Average annual rainfall for the period of 28 years; 2,278.9 mm
{1953 - 1980) :

Maximum monthly rainfall for the period of 28 years; 1,232.9 mm
(Aug. 1975)

Average maximum monthly rainfall for the period of 28 years;
592.6 mm_(Aug.)

Air Temperature

Air temperature in Nakhon Phanom and its neighborhood, as shown
in the.Tabie 5—2 and Fig, 5-4, rises highest in April and then
sldwly lowers tili October, The rate ef drop in air temperature
in Qctober and afterward is faster until the lowest is recorded
in January. in Februaly and aEterwards, air temperature rises

fast until its peak in April,

"Average annual temperature; - 26°C(1952 ~ 1975)

Average menthly max imum temperature; 28°C (April)
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Average monthly minimum temperature; 22.1°C (January)
Evaporation and Transpiration

The étOmometer.uéed for guaging evaporation is a "Class A Pan".

Its reéotrd is as shown in the Table 5-2 and Fig. 5-4.

Average annual evaporation; 872.41mm (1951 - 1975)

Average monthly maximum evaporation; 107.4 mn (March)
Average monthly_minimum évéporation; - 34.2 mm (August)

Average monthly evaporat10n is small duriﬁg‘the rainy period

from May through October and is great durlng ‘the dry period from

November through Apr11.

Even though no record of transpiration:is:availéble, a rough

estimation of it on the basis of the observed state of vegitation

_could be about 70 % (annual average) of the recorded evaporation.,

Runoff

Even though no record of average annual runoff is avallable, its
value roughly estlmated from the known change in water storage in
Somhong ReserVOLr and precipitation is about 40 2. However,
there is no runoff in the peried from November through March

during which evaporatlon exceeds prec1p1rat10n.
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5-3 Geology

(1)

(2)

Comparison of Electrical Exploration and Test Boring

The topography where the.Camp ts located is a long strip of
wonadnock and its general gedlogy is characterized by extensive
distribution of shale corresponding to Salt and:Khbk Kruat
formation of the Cretaceous period, which is overlain by hard

clay and laterilized sandy grével.

The electric resistivity of the formation known from electrical
exploration was compared with findings from test boring at the
four spots (J-No. 1 * J-No. 4). The comparison reveals the

presence of the quarternary layers as follows.

100 v 1700 Q-m, gravelly soil

top layer 0=
second layer p= 127 110 2-m, hard clay
third layer =~ p= 5% 10 Q-m, highly weathered shale

fourth layer

i~
]

10~ 17 Q-m, shale (with well developed
: joints and fissures)

The state of distribution -of the quarternary layers of the Camp
area is as shown in the sectional chart of resistivity dis-
tribution in Fig. 5-6. 1t is considered that the third and
fourth layers correspond to Ks Formation (Salt and Khok Kruat

formation).

The top and second layers are considered to be diluvial deposits

(medium or high terrace deposits), but the top layer is absent

at places,-

Geological Formation

The geological formation (Ks formation, or Salt and Khok Kruat

‘formation)} of the Camp and its vicinity is characterized by the

anticilinal axis oriented in thé'difection'Nw—SE running on the
southern side of the City of Sakon Nakhon whose north-eastern

side is dipped in the north-east. Observation of outcrops in
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the nighborhood of the Camp reveals a monocline with the strike
of the shale (Ks formation) in NW-SE and the dip in the direction

of north-east at a gradient of about 10 degrees.

As schematic sectional chart of the geological formation along
the line connecting between Sakon Nakhon City and Nakhon Fhanom

City is as shown in Fig. 5-8.

5-4 Hydrogeology
(1) Mode of Occurrence of Ground-water

The bedrock in and near the Camp is shale vhich is overlain'by
hard clayey 3011 and sandy gravel which are con51dered to be
" medium or high terrace deposxts at monadnocks, any by the river
_depos1ts of malnly clay, silt and sand at dissected valleys
{lowland}.

It was found out in the field survey of shallow wells in and
near the Camp that the level of the ground-water is 2 - 3 m
frOm.the surface at the lowland, and 2 - 6 m at monadnocks.
The.gr0und—wéter is free water and it is present near the boundary
between the bedrock and the relatively new deposits. The esti-

mated volume of the water is very small.

The depth of existing deep wells is 30 ~ 61l m and the source of
“the yield 15 the shate layer (Ks layer) which is the bedrock.
The shale layer, even with fairly hlghly advanced weatherlng

at the upper part, is sufficiently consolidated as a bedrock.

So it has no aquifer with great thickness and continuity.
Rather, what is pumped by deep well is fissure water in the
bedrock. The level of the fissure water in the shale layer is
at the range of 142.5 m — 146.9 w above sea level according to
testing in the bore holes (J-No. 1 ~ J- No. 4) made in the
present study. It is bout 10 m lower than the water level of

the shallow wells.
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'(Table 5~ 3) mode ava1lable say that the deep wells are 30 -

50 m deep and have the yleld capac1ty of 135 ﬁlmlﬂ - 520 2/min
and that pumplng for 10 hours a day would y1e1d 81 - 312 ml/day,

but current actual pumpage is only 6 - 20 m3/day

Iﬁ the Camp W1th a populatlon of 6, 770 (as oE Feb. 15, 1982),

“water is obtalned frém 8 shallow uells ‘and two deep wells (Table
"5-3 apd_S -4). The shallow’ wells pr1vate1y made and used by the

oééﬁpahtSjbf'thejCamp, aré mostly used for non-drinking
miscellaneous porposes, but the quality and quantity of the

water is low, Drxnklng water is obtained only from the two

. deép wells and the shallow well No.l. The total yleld from
‘these three wells is about 143 m3/day, which is equivalent to

"a per capita:fatiOning“rate of 21 %/day/person.

Pdmping Tést

Step~drawdown pumping test and constant yield pqmping test were

~done in the.ﬁore holes (Jf-Nbf_l‘ﬁ J-No. 4) méde_ih the Camp.

a) Step Drawdown Pumping Test
Step drédeWﬁ pumping test w&s done for 4 ~ 5 steps.
At each step the requlatlng valve was glven a certa1n extent

'__of openlng and water was pumped untll the water 1eve1 sta-

rblllzed at a certaln depth whlch was measured and recorded.

_The results of the pumplng test are as shown in Flg. 5 9
~and they indicate the cr1t1cal dlscharge at each ‘bore holes

is as follows.

Result of Step Prawdown . Test

Sl R : i Specific
‘Drill Hole Critical Discharge “Drawdown. Yield ibrawdown
No. QWam) . s o) wdfday/m _ (w)
J-No, 1 12’0' (172;8'm3/da§) 15,5 11.1 30.9
3-MNe. 2 100 (144.0 m3/day) 20,0 7.2 33.3
JiNe. 3 160 (2304 m3/day)  20.1 11,5 33.6

JeNe. & SO0 (720.0 m3/day)  14.0 51.4 19,5
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The economic yield should be below critical discharge.
Even though economic yxeld is usually supposed to be about
80 7 of critical élscharge, the figure does not always fit
specific factors like well dlameter, pumping hours, well
to well 1nterval‘and hydrogeologlcal conditions. Performance
of plurat Wellé in a common neighbourhobd should be studied,
treating.them as mutually influencing members of a group
located in the area where a certain comprehensive pumping

plan is required.

b) Coastant Yield Pumping Test

The record and the derivative result of compﬁtatibn of
constant yield test.at each bore hole are as shown in
Appendix G. Trasmissibility coefficient and storage co-
efficient were obtained by applying to the pumping record
“non-equillibrium formula of Theis" and “"Jacob's formula”

The results are as follows.

Results of Constant Yield Pumping Test

Permeability Coefficient Storage Coefficient

T (m3lsec) . _ S

Drill Hole Theis' Jacob's Theis' Jacob's Pumpage

No. Formula Formula Formula Formula (m3/sec)
J-No. 1 1.026x107% 3.833x10™5 3.569x10°3 2.887x 10-1 0.00202
J-No. 2 6.100x 1074 1.800x10"5 1.924x10"3 2.294x 10-1 0.00173
J-No. 3 1.266%x107% 3,937x10°5 1.519x10-3 2.395x 10-1 0.00253
J-No. & 7.730x107% 3,965% 10~5 7.027x 103 3.520x 10-1 0.00407

Average  6.95x 1074 1,23x 1075 2.77x 1071

2.44x 1073

As shown in the table, transmissibility coefficient T and
storage coefficient's are valued different in "Theis'
formula"™ and "Jacob's formula". They also differ from bore
hole to bore hole, Even théugh the groundwater from J- No.l
to J- No.4 1s ali flssure water present in shale, the
critical discharge and specific yxeld from J~ No.4 are much

larger than those of the three others. It would be safe to
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place the average coefficients of aquifer for J-No.l ~
J-No.3 as T = 9.7 x 1075 n2/sec for transmissibility and
S = 50 x 1072 for storage.

(&) Water Quality Test

The results of the water quality test done at water outcrops
mainly by checking elec¢tric conductivity are classified as

follows. The details of them are shown in Table 5-5.

Water Quality

' : Elecétric
; Water : : Conductivity
Type of Hqter - Location Tempetatufe PH at 25°C (pufem)
River 25° - 27% 5.4 - 6.0 19.8 - 460.4
-surface Water |Canal | 26° - 27° (5.4 - 5.6 20,1 - 27.2
Dam 25° ‘ 5.6 22.5
Shallow In the Camp 24° - 30 5.0 - 6.8 13.3 - 6;875.0
Well Near the Camp } 27° - 29° | 6.8 - 7.0 62.6
Ground- _ i — _ —
water Deep | In the Camp 28° — 30° 6.6 484.5 - 719.0
Well Near the Camp | 29° - 30° |6.8 - 7.0 | 404.8 ~ 488.8

The tabulated result of the test revéal that quality of surface
water and quality of the shallow wells ave fairly similar to
each other while being different quality of water of the deep
wells, 1In many cases, the surface watér and the water of shallow
—wells show the temperature of 24°C ~ 30°C, PH value of 5.4 — 5.6
and electric conductivity of 20 — 63 pufém, whereas the water of
the deep wells shows the temperature of 28°C - 30°C, PH value

of 6.6 - 7.0 and electric conductivity of 400 - 500 pv/cm.

This supports the earlier statement on the suspected close
velationship between the surface water and the water of the
shallow wells and the separability of the deep wells in water

quality and other aspects.

As a reference, the results of the water quality test conducted
for the existing deep wells near the Camp are shown in Table

5-7.
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1t is noteworthy that in some wells CaCoB and Fe excaeds the
water quality standard of Thailand. The results of the water
quality test conducted in the new bore holes are as shown in
Appendix - D and Table 5-7. The results of the qual1ty test
of the water from J-No.l, J-No.2, J- No. 3 and J- No. 4 show
that turbldlty and total hatdness exceed the water quallty
standard of Thailand. Also, total sollds and sodium chloride
are relatively great in the water from J- No.3 and J - No.4.
Of these impuritieé, total solids and tqrbi&ity are expected
to diminish as pumﬁing is continued and these values for new

wells are not necessarily unusual.

The above mentioned vaIue of total hardness is pérmissible under
the standard of WHO or other 1nternat10nal standards. It is
judged, therefore the ground-water pumped from J- Vo 1 N~ No.2,

J-No.3.and J~No.4 is fit te drink without any precessing.

(5) Quanitiative Evaluation of Ground-water Refill

As was menticned in tﬁe section for "Mode of Occurrence of
Ground'wéter", tﬁé'hilly'area near the Camp ﬁould be where .
there is the source of the ground water refill in the Camp and

its neighborhood. The season of refill is considered to be

4he five months frém_May through September during which precipita-

tion is greater than evaporation.

Since the Camp is located on a monadnock suvrounded by the rivers
of Khom Yai and Somhong. So the ground water refill is origin~

ating 'in thought to be originated in thesé river courses,

The annual'volume of ground-water refill can be obtained by the

following equation.

Qr = {P ~ (D + E)} x Ax

‘where, Qr : ﬁoiume.ofgfound—watérrefill

P précipitation

D : runoff

"B :: evaporation _
Ar : area of drainage basin
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The ground water refill of Khom Yai and Semhong river basins .

obtained from the above eguation is as follows.

Grougé:yater Refill

Area Prec1p1tat10n Dlscharge Emporatlon Percolatxon Refill

River Ar P D ‘E . G=P-(D+E) Q = Ar x G
Basin km? “mmfy win/y " mmfy mm/y m3/y
Somhong 16.26 «  2,278.9 911.56 . 610.7 756,64 12,302,966
Khom Yai 21.7 2,278.9 911.56 610.7 756.64 16,419,088

Total 37.96 2,298.9 - 911.56 610.7 756.65 28,722,054

As shown in the table, the ground- water ref111 from the r1ver
basins of Somhong and Khom Yai is about 12,300,000 m3/y and
16,420,000 m3ly respectlvely, maklng the total of 28,720,000 m3/y.

Estimated volume of the ground water exploited in the Camp and
its nEighbbrhoéd'SUftounded by these -water. ways is 75,000 m3/y
and 50, 000 m3/y, respectively, totaling to 125,000 m3/y, which
is less than 1 7 of the estlmated volume of the ground~water

refill.,

However, since the evaluation so far arrived at has been based
on rather rough computation of some existing data, it is advis- -
_able to make use of actually observed values to enhance the

precision of evaluat1on.

(6) Pumping Conditions and Influence Area

Eétimétéd cirtical discharge and spécific yield of wells located
on the river baisns are 140 — 150 m3/day and 7.0 - 120 m3/day/m,
respectively, but actual pumpage and observed spééific capacity

of wany of the wells are 140 - 250 m3/day and avout 10 m3/day/m,

respectively.

Pumping conditions and influence area shall now the studied on

the basis of the results of pumping test done in the Camp.
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coefficients of aquifer

]

T.= 9.7 x 105 u2/sec

0.05

pumping conditions

Q¢ = 127 2/min (average cr1t1cal pumpage of J- No. 1 J—~No.2
“and J~ NO,3}"
Q = 91.4 m3fday (assum1ng 12 hours operation a day)
= 4,19 m3/day (9.7 x 10~5 m2/sec x 43,300 sec)

T
0.05

From the above conditions the values of s and u will be as

follows.

c ) < LT W) e 5
s | G M T W(U) 1.74 W(U) _oo.-.s-|u¢bo.u...:s---.nln-.o. <1

L &.x?2 -3 1-2 . _ : ' ..
= e———— = b AR <2>
v T 298 k103 2
where, Q pumpage‘(m3/day)
T : 'ﬁermeébiii;y coefficient (nZ/day)
$ : storage coefficient
W(u), u : well function

s ¢ drawdown (m)
r : radius of the influence area (m)
£ : time of continous pumping (day)

The relétibnéhip between the radiuéIOE fhe'iﬁflﬁeﬁce are (r)
and drawdown (s) is obtained from <1> and <2 for the four

stages of contlnous pump1ng, namely t =1 day, 30 days, 120 days -
and 365 days and shown in F}g. 5-10 and Téble 5—8.

From Fig. 5- 10 the relat1onsh1p between drawdown and rodlus of
the influence area at a pumpage of 91.4 m3/day can be summarized

as tabalated below.

. Time of ¢ontinuous =~ - - : Radius
pumping Drawdown (m) of the 1nfluence area (m)
1 day 16,9 15,5
.30 days . 22.6 83.0
120 days 24,7 165.0

365 days 27.0 290.0
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It is concluded now, the theoretical radius of the influence
area of a well in thc.Camp, if it is pumped for 91.4 m3/day a
year, is 290 m, which means that.a given pair of wells shouid
be about 600_m or more apart from each other if mutual influénce

15 to be avoided.

'However; in actuat practicg, it . is considered that the well-to-
well distance of about 300 m is fairly safe, considering that
the level of the ground-water may rise somewhat in thr rainy
season and the volume of pumpage .is relativeiy great at the
beginning of pumping which contributes to shortening of.pumping
time, thus enabling faster recovery of the water level of the
well.

The appropriate number of deep wells to be made in the Camp

and the total égdnomic yield of them are 8 wells and 730 mm3/day ,
respectivély on the conditions that the Camp has a total land
area of 41.2 ha and minimum well-to-well distance 1s 300 m and

also considering the location of existing wells.

The total cconomic yield of 730 w3/day is equivalent to a
rationing rate of 36.5 %/day/person for the projected future -
Camp population (20,000), which well satisfies the UNHCR's

planned rationing rate of 15 %/day/persen,

Now, it is judged that two more deep wells can be made in the
Camp in addition to the existing ones including the bore holes

made by the study team.

As for the sites of the additional wells, vicinity of the sites
of electrical exploration E-8 and E-19 is recommendable {(refer

to Fig., 5-5).
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Fig. 5-2  Anoual Rainfall at Nakhon Phaom
for the Period 1953 - 19380
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Fig. 5-3  Average Monthly Rainfall at Nakhon Phanom
for the Period 1953 - 1980
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Fig. 5-4 Monthly Mean Rainfall, Evapbfation and
Temperaturé at Nakhon Phanom
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Fig. 5-5. Lozation Map of sy
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Fig. 5-7 Contour Liﬁe of Base Rock
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Table 5-1 Monthly and Annual Rainfall
for the Period 1951 - 1930

Stacion: Nskhon Fhaoon Elev.aticn of statien above MSL: 140.00 Herers
Index Statiom 4H: 357 Height of raingauvge: O0.850 Meters
Laricude: 17°25° K. {2bove MSL:1 140.80 Merers)
Longitude: 104°47F' E.
YEAR JAN FEB MAR AFR May JUN JuL AUG SEP [ OV REC ANNUAL
1951 - - - - - - - - - - - - -
1952 - - - - - - - - ~ - - - -
1953 33.4 37.6 22.2 52.8 338.12 550.3 306.0 519.0 159.5 65,2 19.4 Q.0 2239.%
1954 B2.8 72.9 6.2 119.7 172.1 533.4 312.5 522.0 LEE.D 5.3 0.0 0.0 2419.9
1955 ¢.0 0.0 4.6 714 1%0.6 379.2 253.3 29Z.5 3349 12.9 k.6 0.0 15%1.0
1956 0.0 £8.7 51.¢0 128.3 261.8 21G.3 3%8.1 E44.5 335.4% 3.1 0.6 0.6 7105.2
1957 0.0 0.0 §6.3 t11.3 216,45 £03.3 3744 £35.8 3148 LO.6 5.1 .0 3z212.46
1858 20.9 65.5 4%.3 L0.0 175.2 501 .4 65,1 368,31 | 3571.7 46.5 G.0 0.0 211.7
1959 0.0 16.2 11.1 £0.1 205.6 15.1 397%.7 5%5.4 £%7.1 0.3 Q.9 0.0 1759.6
1560 ! 0.0 16.7 117.6 9.0 193.6 344.3 297.6 [1GBE.3 313.5 116.0 0.4 0.0 2504.0
1961 0.0 0.0 55.9 12.5 265.2 750.3 27C.8 764.9 586.8 5€.3 [18 ) 0.0 1336.7
1267 8.0 0.0 £0.8 166.3 3z8.5 {1D32.8 5G8.7 335.0 i97.1 1.6 1.2 ¢.0 2E23.0
1861 0.0 0.9 114.2 58.4 165.2 $00.5 LB5.6 508.9 357.8 EE.E 45.1 G.0 3.5
1964 0.0 0.0 383 72.5 335.8 ¥ x 575.1 31%.% 270.5 3.0 0.0 {1633, 1)
1963 2.0 17.7 4.0 92.9 2356.3 115.9 301.0 313.9 261.5 18.7 1.7 0.9 2004 .6
1966 0.0 49.4 96.9 04.3 25%.4 39:.7 324.6 £52.1 15%.2 32.% E.5 0.0 2374.0
1967 0.0 5.7 49.6 185.3 249.7 375.8 3%6.1 483.9 40937 £.2 1.0 0.4 2185.€
1968 2.0f 3.0 71.9 13.4 | 239.0 | 424.1 355.9% | &46,3 | 230.9 57.3 S.0 0.0 2070.8
1959 10.3 0.5 15.9 115.7 281.0 643,86 2710.6 503.3 35,3 426 G.6 0.¢ 1685.2
1970 ¢.0 0.3 6.4 6.3 442.5 437.8 414.2 745.1 488.7 2:.3 0.7 0.0 $673.3
1971 2.7 23.0 5.7 30.6 295.6 3.4 532.1 315.4% 375.3 2.1 ¢.3 k.5 022.%
1972 0.0 it.1 E£3.3 107.2 254.4 106.1 £93.1 1.7 101.¢ 126.5 0.5 G.0 2651.5
1973 G.0 0.9 3.8 .o 214.9 2.4 472,32 430.9 307.5 248 G.1 0.0 1£20.5
1974 7.8 Z.5 3L.7 7.8 190.1 418.7 L35 8 EE5.E §2.3 i6Lh 15.7 0.E 21706
1975 .81 31.1 SE.E 726.8 1190.5 J499.8 | 515.1 li232.9 j140.3 32.5% 3.2 .0 273, 8
1976 0.0 3.6 64.2 | 101.1 169.6 | 32005 PSu6.s | 3FR.7 Q2E5.5 | 128.0 0.0 ¢.0 15%6.%
1977 13.9 0.0 1.3 1171 109.0 | 265.2 | 3805.8 | 3487 | 3El.5 1.6} 21.1 1.2 1€52.0
1978 1%.2 52.5% 56.0 2B4. & 255 & &00.5 5%2.1 750.7 Z1E.7 4.9 3.4 0.0 27138.3
1975 Z.4 83 17.2 123.% i%0.0 494.5 435,53 $27.8 05,2 0.9 0.0 G.¢ 2032.4
1980 Q.0 21.8 36,3 159.€ 139.1 5&.9 650.9 381.6 428.5 41.6 0.1 0.0 1924.2
AVERAGE 7.1 1£.% 43.% 100.2 3%.7 LBL .4 L?ﬁ—..fa 597.E 315.5 5¢.2 [ 1.1 2278.9
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Table 5-5 - Measurement of Water Quality

Location

s - No. i {Camp)

Ro. 1 {Camp)

No. 2 {Camp)
4 - No. 2 (Camp)
SW - Bo. 3 (Camwp)
S - No. & (Caop)
% - No. 5 (Cawp) -
¥ - Ko. 6 (Camp)
SW - No. 7 (Cawmp)
SW - No. 8 (Caup)
Ban Na Fho

Ruai Samrong
: Ban Na Fho
. Ban Kurukhu

Huai Noi

Huai Bang Xo

Huai Sewhong Reservoit

Huai KHan Yai
Hﬁai PHoﬁg :

J - Ko. 1 (Caﬁp)
J - No. 2 (¢amp)

‘Ban ¥a Mon

18 : :

Ban bong Sa Wang
V%

Ban Thai Samakku
J- ¥o. 3

J -~ No. 4

il

Kind of Water

55

Water
Temperature {°C)

Specific Conductivity
at 25%C (p v/lcm)

Shallow well "
Deep well .
Deep veli
Shallow well

Canal
River
Canal
River

River

River

Dax

River

River

Deep ﬁell
Deep well
Shallow well
Deep well
Deep wéll.
Deep vell

" Shallow well

Deep Well
Deep Well

28
28
30
30

29

27

24

24
25

27

26
26
27
26
26
26

25

27
25
30
30
25
30
30
29
27
30
30

608.0

484.5

719.0
13.3
W
4.4
63.2

. 6,875.0

6,250

6,419
27.2
19.8
20.1
99.0

128.7

460.4
22.5

. 65.3
66,5
455.4
515.2

404.8
483.8
62.6

1,840

136

pH

6.8
6.6
6.6
5.4
5.4
5.4
5.6
5.0
5.6
5.6
5.4
5.4
5.6
5.6
5.6
6.0
5.6
5.4
5.6
6.8
6.8
7.0
6.8
6.8
7.0
5.6
5.8%6.0

C6.006.6



II - 56

.TaBle 5-56 Water Quality of Existing Deep Wells

. . . Well Number ' "Tﬁai %;?ndard
Constituents uis  uig { LX) Yiis U337 Drinking Water
. _ _ 8.1 7.9 1.5 8.2 . 1.9 6.5 - 8.5
Specific eonductance - - 345 322 328
(microm R
Turbidity (silica scale) - - - 2 - 57
Tru colour - - - 1 - 20
(platium - cabalt scale)
Calciun {Ca) - - 42 18 28
Magnesiuvn (Mg} - - 7.1 9.5 16
Sodium (Na) - - 16 - 16
Potassium (K} - - 1.7 - -
_ Iron-dissélved (Fe) - - - 0.00 - _
Tron-total (Fe) 1.2 5.4 1.0 0.12  ©0.17 0.5
.Méﬁgaﬁese {yn} - - 0.06 0.00 - 06.05
Chloride (CI) 8.6 5.2 11 15 5.8  25.0
Sulfate (Sos) S48 16 2.0 32 0.3 '
Nitrite (502) - - 0.00  0.00 . 0.00
Fitfare (¥03) - - 0.3 0.0 0.0 4.0
Carbonate (Co3) - - 0 o0 0
Bicarbonate (HCO3) | - - n 134 195
Fluoride (F) L - 0.0 6.0 0.0 1.5
. " Phosphate-total (Pog) - - - - -
Carbon dioxide {(Cop) - - 8.6 1.3 3.9
Hydrogen sulfide (H35) - - - ~ -
Dissolved solids - - 152 203 08 500
Total hardness as CaCoy s 16 134 84 134 100
Noncarbonate hardness - - ) 0 (1
* Copper (Cu) - - 0,00 - 0 1.0

Ziac (Zn) o - -: 0.11 - - © 5.0
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Table 5-8 Rel'éiiit_)h between Time of Pumpir‘»'g" Oﬁér:ation
and Drawdown . S

St ayy T W | e [ we | S””

r’o=0307§5 3471070 | 9.‘7"0'" T 6.83 "

1 rs =50 7.45x10."2' 2.1'.5 | 374

r;?—-?l). | 146 %10 ™! o 155 ; 270 :_
ro=010795 116%10"° 1300 2’2@..6'2'

30 { r,=10 993x10”? 420 { 731
1 =40 ‘159x10 7" 146 254
r‘o='010.7'9-5 289 x10 " 1420 | '-'54.7'1

120 | ri=30 224xio*2" 340 -5.92_-
ry=80. Casexio~' | na7 2.56
ro=010795| 951x107% 15,50 2697
365 | ri=60 " 204x1077 301 : 524
Fa=130 e 138107 161 2.8 0
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: G.. Récdmménded Uater Supple-Prpject

.;.B;i.Bae;e:éendieione'fe?'?lanningi

_(i) ePopulation.

'The assumptlve benefited population 1s 29 OOO, taklng into
' account the future plan of the Camp.

(2) Ratibning'géte
Rétioﬁing rete:of 35 %/day/person from UNHCR is adepted.
(3) Total Requirement.of Water Supply

'From (1) and (2) above, the total volume of water. required a
day is 700 w3/day '

6-2 Pumpage'of Wells and Shortage
(D) ;Resulté.bf the study
‘Thé critical discharge from the existing wells and new bore

holes cdnfitmedaby'the present study is as follows.=

'existing.weils No.1 Q = 40 m3/day
. No,2 Q= 92 m3/dey: .
new drill'hoies'J—ﬁo;l Q= 12032/min, Ha ="'_30.9"19
3-No.2 'Q = 100 2/win, Ha = 33 3m
: J-No;3_ Q = 160 ifmin; Ha = 33.6 m
JfNO}&t Q ='500 l/mln (estimate), Ha'= 19 5 m

(2) Recommended Pumpage:ef-Existing Wells and New Bore'Hdles

.Recoﬁmended pumpage is étudied on_ the Basis?of the'resuits of

the_study‘in the preeeeding secfion.u

it is assumed in this connection, that the existing wells
with their completed water servicing facilities noy ia opera-
tion shall not be changed, while the new bore holes (J No.1 A
J-No.4) and future wells shall be equipped with water tanks
for realizing well controlled water distribution practice. '
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The capacity of submersible pumps installed in the hew bore
holes is shown in Fig. 6-1. Pumpage from these bore holes on
the assumption that the height of the water tanks is about

15 m. is as follous.

bore water  height of piping loss total

holes level water tank of head head :pumpage=
J-No.1 30.9@m  15m 3n 48.9 m 165 L/min -
J-No.2 33.3 m 15 m 3m 513 m 150 &/min
J-No.3 33.6'm 15 o 3 m 51.6 m 150 %/min
J-No.& 19.5 15 m 3m 37.5 m 215 f/min

The recommended pumpage of J-No.l and J—NO.Z whose pumping
caﬁacity exceeds the critical discharge shall be obtained
according to the critical discharge. Also, the recommended
pumpage of J-No.3 whose pumping capacity is élightiy below
the critical discharge shall be obtained on the basis of the
critical discharge, in the case of J-No.4, the pumping capa-
city is much lower than the critical discharge, but it is
possible and more efficient to make pumpage done near the
level of critical discharge by replacing thé pumping system

with ancther one.

Even though it would be theoretically possible to pump the
water at critical discharge, it is desirable to make the
actual pumpage at about 80% of that rate for safety (economic

yield).

So the recommended pumpage from the new bore holes shall be

as follaws.

bore hole critical discharge recommended pumpage
J-No.1 120 L/min. 100 £/min
J-No.2 100 £/min 80 2/min
J-No.3 160 %/min 130 2/win
J-No.4 500 %/min 215 f/min

Total 880 L/min - - 525 #/min

{by the pumping system installed in the course of the study)
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1f the time of operétion of each pump is 8 hours a day, total
~pumpage will be 378 m3/day from the new bore holes,'which,
combined with the puapage from the ekisting deep wells, will
make 510.m3/day altogether,

{3) Shortage

The projected total water requiremént of the Camp is 700 m3/
day, while the total expected pumpage from the exisfing deep
wells and the new bore holes is 510 m3/day. So the diffevence
of 190 m3/day will be short,

6-3 Recommended Water Service Facilities
(1) Well

The shoftage of 190 m3/day for satisfying the projeéted water
'requirémeﬁt‘df the Camp is equivalent to 246 5fmin if the
time of pumping is 12 hr/day. It is assumed, here, that the
shortagg Wiil be supplied by additional wells. The area of
féasible sites for additional wells is as shown in Fig., 5-5,

within which two wells can be.made.

'Supposing the two additional wells are made, one near the
site of electrical exploration of E-8B and the other near

E-19, possible pumpage is estimated.

The study of the bore holes J-No.l 4 J-No.4 réevealed theé es-
timated specific capacity is about 10 m3/day/m. (6.94 £/min/

m) and drawdown about 20 m.

So, if the depth of the new wells is 40 m, the average criti-
calzdiscﬁérge of each well is 139 ﬁ/min and the ECoﬁOmic_
critical discharge 111 £/min, which means daily pumpage from
one new well is estimated to be 80 m3/day. The volume is
made 160 m3/day with fwo wells. Even though this still falls
shbrt”by 30.m3!day,_it could be compensatéd for by longer
pumping time or by proper management of water distribution
faciiities. Since further additibn of a well is not



(2)
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_recommendablé.in the 1ight.§f technical judgement on appro-

'priate number and 10tat16n of wells in the Camp and also in

terms of cost incurred,ﬁit is recommended that two wells only

shall be made.
Water Tank

The volume of water supply from the existing deep wells and
the new bore holes if the time of operation is 1Z hours/day

is as follows.

well and bore hole daily supply
No.1 40 m3/day {existiﬁg)
No.2 92'm3/day (exiéting)
J-No.1 72 w3/day (new)
J-No.2 58 m3/day (new)
J-No.3 . 94 m3/day (new)
J-No.4 154 m3/day (new)
Total 5310 m3/day (new)

1f water conSumption.takes plaée during the same 12 hours as
the time of pumping at a constant rate, there might not be
need of water tanks. But storage of a certain amount in
water tanks is planned here with a view to meefing the change
in thg demanded volume of water in a day and possible emer-

gency like malfunction'of pumps.

The designed capacity of each water tank shall be based on
the criterion practiced in water supply system in Japan, which
is "storing the volume equivaleant to 1~3 hours of full pump-

ing operation'.

Since the operating time for supplying the abOVe—tabulated
daily supply is 12 hours a day, about a quarter of the volume
shall be adopted as the capacity of storage tanks.
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Excluding the existing deep wells with water tanks alveady
in operation from the plan, the capacity of the water tanks

of the new and future Qe113'sh311 be made as follows.

well daily supply (m3/day) capacity of water tank
lJ-No;l' 72 18 o2 (20 m3 x 1)
J-No.?2 58 15 (20 w3 x 1)
J-No.3 9 2% (30 w3 x 1)
J-No.4 154 39 (20 m3 x 1)
prdpoéed No.1 80 20 (30 @3 x 1)
No.2 80 20 (30 @3 x 1)

Champaign glass type water towey (Fig.‘6—2) which: is easy to
build and durable is adopted. The proposed sites of the water
tanks are at the four locations of the test boring by the study

team and two future well sites as shown in Fig. 1I1-2.
(3) Hydrant

The number of hydrants required depends on the discharge
volume from one. The average size of hydrants in water dis-

tribution system at a washing room in Japan is as follows.

Hater consumption Size of hydrant
12 - 40 2/min. 13 - 20 mm.

If the water consumption is about 25 2/win which is about the
average of the above, and time spent is 12 hours a day, water
discharge from a iap a day is 18.00 w3. Here, the number of
water taps required for each well can be obtained according

to its planned volume of water supply.

daily supply

well well hydrant number of hydrants
J-No.1 72 w3/day 18 m3/day 4
J-No.2 58 18 4
J-No.3 94 18 5
J-No.4 154 18 9
gg?EOSEd 80 18 5

No.2 80 18 5
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For the sake of Standardizatibn,.J—No.l v J—Ho.3_ahd proposed

No.1 and No.2 shall be equipped with the water distribution

systems haviag five hydrants each, and in the case of J-No.4,

two water tanks shall be made, ¢ach with five hydrants. -

‘Quantities of materfals required for each of such water tanks

and related facility is as follows.

o Concrete

1.40 x 3.30 x 0.10

= 0,462 m°
0.80 x 0.25 x 3.30 = 0.660 n3
0.15 % 0.10 x (3.30 + 0.82 x 2) = 0.074 n3

Total = 1,196 § 1.2 m3
¢ SG pipe
34" : 0.25/2 x 5+ 2,40 + 0.8 + 0.8 = 4.625 % 5
¢ : 5 m, assuning the distance of water tank from the
well is about 5 m.
4 : 5 m, assuming the distance between water tank and
hydrants is about 5 m.
° Water tap 3/4" : 5 pieces
o Gravel 1.5 x 3.40 x 0,05 £ 0.255 % 0.3 3

6-4 Estimated Project Cost

(1) Total Project Cost

=unit : baht
well ﬁf: well work E;?gi?%x water tank hydfént total
J-No.1 - - 400,000 20,000 420,000
J-No, 2 - - 400,000 20,000 420,000
J-No.3 - e 500,000 20,000 520,000
J-No.4 - - 800,000 40,000 840,000
probosed . : : .
No.1 500,000 100,000 500,000 20,000 1,120,000
No.?2 500,000 100,000 500,000 20,000 1,120,000
Total 1,000,000 200,000 3,100,000 140,000 4,440,000
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(2) Breakdown of Estimated Construction Cost

(1)

(i)

(111)

(iv)

Well

drilling ¢ 8", casing # 6"

500,000 baht/well

depth 40 m x about 12,000 baht/m

Punping Facility

100,000 baht/set

" submersible motor pump B 50 mm (2"} with water proof

50,000 baht

cable control box, accessories, pumpiag pipe ¢ 50 mm

(2") x4 m. power generator 5 KVA, accessories

30,000 baht

valves and miscellaneous works 20,000 baht

Watet Tower'

Champaign glass type 30 m3

‘Champaign glass time 20 m2

Hydrant

Concrete 3,850 baht
cobble stone 550
pipe (3/4") 290
pipe (2") 580

pipe (4") 1,100
water tap 450

- miscellaneous work

Total

X

b

500,000 baht/set
400,000 baht/set

1.2 o> = 4,620 baht
0.3 m3 = 165
5m = 1,450
Sm = 2,900
5m = 5,500
5 pieces = 2,250

3,115

20,000 baht/set
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Fig., 6-2 Water .Tank
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