5.4 Water Balance

~To estimate the recharge to groundwater basins, a water balance anaiys'is was con_duéted'in
five (5) drainage basins namely, Xedon .River, Houay Champi (Nakeo), Houay Champi (I.ak
35), Houay Palin (Chick}, and Houay Khamouan (Sukhuma), using Sugawara's tank model,

The model was caiibrated-u_sing actual rainfall and discharge data from 1994 to 1995, and the -
cdlibrated model was used to cal_culatg the water baI.ance of each basin._ The result indicates

that the fech_arge volume in the Basalt Slope exceeds apprdximat’ely 30% of the annual
rainfall and is estimated to bé 499 mm/year in 1994-1995 hydrologic year. On the other

hand, the recha_rge to the plain which is composed of the Jurassic shale is estimated at 10% of

annual rainfall, or 209 mm/year.

Table 5.4 Water Balance Calculations -

B2

320 (12.3)

Drainage Main B E Q Recharge t Year
basin Hydro- ' : (%) - o
- geology .
Xe Don Bal, Ba2, {2095 - 1093 1047 499 (23.8) 1987,1989
o Ba3, Ep, : 1990
Eh.
Champi ' o _

Lak 35 Bal. 3411 774 2438 1219 (35.7) 1989-1994
Nake Bal 3295 L 988 | 1996 | 1296 (39.9) 1994/95
Phaling Ep.Eh = | 2642 1232 | 1420 209 (7.0) 1994/95 .

Khamouan | Ep, Eh 2598 1232 [ 1358

1994/95
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CHAPTER 6 WATER QUALITY
6.1  Water Sampling and Analysis

A chemical analysis of groundwater and surface water of existing water sources was
conducted, and the results were evaluated using the WHO drinking water standards. In
addition, a trilinear and a Stiff diagrams were prepared to interpret the groundwater origin

and groundwater flow system.

Water samples were taken three (3) time_s.du'n'ng the rainy and dry seasons of 1994, and the

dry season of 1995. The water samples and sampling dates are as follow:

Table 6.1 Water Samples and their sources
Date T'Season | Shallow | Tube Well | Spring | River Por | Total
o Well ' d
1199445 | Rainy 15(10) | 14 (1) 3(2) 17(8) | 1(1) | 50(32)
11994.11-12 Dy 21 7 1 1 _ 30
1995.1-2 Dry | 19016} {9(% 1Ly 1) 30 27)
do (test well) _ ' 20 (20) _ N . {2000

62 Results of Water Qualiiy Analysis

6.2.1 Results of rainy season

In. comparison with WHO standards or guideline values, many samples exceed the guideline

valﬁes iﬁ three (3) chemieal componehts'(Fe Mn and NO3). Thirty two (32).samples exceed'.

the WHO's guideline value ot 03 mg]] for iron (Fe), 10 samples are over the guideline value

of 0.1 mg/i for man,g,anese (Mn) and 12 samples are over the guideline value of 10 mg/l for

' 'mtrate (NO3) The cohforms and bactena were detected in all the water sources.

622 Results of dry season

o Most of the samples exceed the WHO standard for i iron, manganese and nitrate as in the

ramy season. | -About 40% of samples ‘exceed the guldehne value for iron, 17% for .



manganese and 10% for nitrate. The coliforms are also detected in almost all the water
sources. The iron and manganese originated from the geological formations, while the

nitrate may be caused by wastes of human and livestocks (Table 6.2).
6.2.3 Waters quality of test wells

Two (2) out of the 20 test wells exceed the guideline value for iron and 10 wells for
manganese. Nitrate Was not detected. The coliforms and bacteria were not found. Although
the iron and manganese concentrations slightly exceed the guldelme values, a simple sand

filter water treatment system was installed (Table 6.3).
6.3  Characteristics of water quality

The trilinear diagram shows that the samples from shallow wells and rivel’s taken in the rainy
season can be plotted in the btcarbonate type of anion phase but scattered in catlon phase.

The samples from the tube wells show calcium type cations and bicarbonate type anions.
Samples from shallow wells indicate a bar shape in the Stlﬂ‘ d1agram due to poor d1ssolved
constltuents However, since the dissolved eonstltuents are abundant in the groundwater
taken from tube wells, the Stiff diagram indicates a block-shape. Samples taken in'the dry

season shows similar characteristics as in the rainy season (Figure 6,1).

- The samples from the test wells are bicarbonate- calc1um type and abundant in d1ssolved
chemical constituents. However the calcnum ion is smaller than that of the samples taken:

from the ex:stmg wells (Flgure 6.2).

The qualities of groundwater from the shallow well and sunface water from river are sm’ular |
These water qualities will be the same as those of the ex1stmg tube wells and test wells as the
groundwater infiltrates and flows th1 ough strata, The water quality changes due to chemlcal-'

reaction between water and rock.
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CHAPTER 7 PILOT WATER SUPPLY SYSTEMS
7.1 Pilot Water Supply Facilities

To obtain a design standard of the water supply system, test wells were oonstruoted and hand-
pumps or motor-pumps were installed. = The reinforced concrete cover slab (platform) was
constructed around the well for its sanitary protection. The well, hand- pump and faucet were
covered with roof supported by wooden pole. An elevated water tank was constructed at the

motornpomp well. Twenty (20) test wells were drilled at the selected villages in Champasak

~ and Saravan Provinces. Well depth and casing length are detailed in Table 7.1.

Table 7.1 Depth of Test Wells

Village - | Village Name Well Deplh S Well Depih | bl Depth
No. ) : (Planning) {Casing length) :
1. C4 B. Nongphai 50 m 49 m _ 50 m
2. C8 B. Houaxe | 100 m 180 m L 182 m
3. C-16. | B.Louy S _ 50m . 8m ' ' 48m
4. C-44 B. Thongsala ol osom 25m ' | 43m
5. C-49 B. Lak-21 . 50m | 45m ] 60m .
6. C65 |Blak2a - | som | #m 50
7. €75 | B.Nongkhe - | osom . | SOm. 50m
g, C-79 B. Samkhanaboua B 50 m - £m - 45m
9. C-88 | B Maisilai | som- ] s0m 50 m
1()._ C-82 B. Nasenphan om 50m 1 50m
1154 | B.Hoaykspho | Som | dm - ism
12.8-12 | B.Nongsano - som | som 50 m
13. S-24 B. Donmuang. ' 50m 50 m 50 m
_14;'.__8-_39.‘ B. Nongngog <1 30m ] asm - 50 m
1555 |BSama | som  |495m | S0m
16, §-56 . B. _Chohg' L .. 50 ni _ . 49m _. ; _. 50 m.
17564 | B Phoophai. | Som | som | som
1575 |BNaksswo | Som L om | Sim
1.8  |B.Beng | 100m Ceom | 66m
 |20.5100 | B HownTai som | s2m | s4m
Arora |- Juwem . Jueosm Juuem

: .i‘j"ﬁ_B o



(1) Welt completion

The casing for the motor-pump well was 6" diameter steel pipe (ASTM A-120), and that for

the hand-pump well 4" diameter PVC pipe. The standard screen used for the motor-pump-

well was the perforated casing with an opening ratio of 19% and for the hand-pump well a slit

| type PVC screen with an opening ratio of 5%. The well screen was gravel-packed in ordérto

stabilize the aquifer, minimize sand pumping, and increase well'yields. The grain size of the

gravel was 4 mm to 5 mm.
After completing the gravel- paoking, the annular spéce outside the casing wes backfilled with
drill cuttings.  In addition, within 5 m from the surface of the ground, cement grout is placed

to avoid the entrance of surface water (Figure 7.1).

(2) P'umping equipment

Fo‘f the 18 test wells, the India MK 11l hand—pomp were installed. _This pump is being used

n'o_t on.ly in Laos but worldwide. The India MK 11 uses an open-top cylinder and a 2.5 inch
galvanized pipe for the riser main, so that the piston can be withdrawn for maintenance

without pulling out the riser main. A di_soharge of 5 to 20 liters/min is ge.nerally. possible for a

pumping lift 'of 20 m to 45 m. For the other two tes_t.wells,- the GRUNDFOS submersible -

motor pumps were installed,
(3)  Other facilities

A reinforced congrete platform, a drain and a roof were constructed at each hand- pump well

The platform is 3 m x 3 m wide and 0.15 m th1ck (F:gure 7 2) An elevated water tank and a.
communal faucet were oonstmoted at the motor-pump well. - The tank system s composed of :
6 fiber board water tanks and elevated to 3 m above the gtound surface Ihe total storage

capacity 1s 9 m’ * (Figure 7.3). The communal faucet covered with a corrugated asbestos_roof. -

was built with two hydrants,

69 "




7.2 Operation and Maintenance

Almost all hand pumps are functioning noﬁ_nally and operated well, however, hand pumps in
both Ban Houn Tai and Ban Lak 21 'stopped"due to the accumulation of hydroxide sludge.
The riser main and cylinder were pulled out and cleaned.  After reinstallation, water supply

system resumned operation, though the water quality is still a problem.

The submersible pumps installed in two villages brokedown due to pipe failure. However,

the pipe was repaired, and the system resumed operation normally.

The test wells are bemg operated 13 to 18 hours a day and used mainly for drmkmg, cooking
‘and washing except for those wells in Ban Houaxe, Ban Lak 21 and Ban Houn Tai where
water quality is inferior. In these three wllag,es water is used for washmg, feeding livestock,
and Watering garden. In Ban Houaxe in particular, groundwater 1s effectwcly used for
flushing toilet in the hospital, washmg of clothes and bathing. Before the: supply of o
- groundwater the hospital's bathrooms and toxlets were terribly dlrty, ‘but now the sanitary

cond;tlons have 1mpr0ved much

- Water charge or payménf is collected by the village head every month'fo cover the operation
and maintenace cost. _In' all vil.lages, 200 k'i_ps per month is coliected from families using the -
water supply system except for Ban Houaxe where the water rate is 40 kips/person/month.
In addition, the Houaxe. Hospital pays 2;0:00 kips/mbnth for 'eléctricity. ~In Ban Beng, the

water rate is 200_ki_pslfami_ly]month as in the other 18 villages.
An oper atlon and mamtenance survey was conducted after the completion of the water supply

systems’ in ﬁve selected v1llages The Study Team also carried out a tr1a1 educat1on on the

- mamtenance of the water supply system m these villages.

'_'m._' : -



Table 7.2 - Selected Villages for Trial Operation and Maintenance Survey |

The survey results are summarized as follows.

(D

)

(3)

Village 1 2 . 3 . 4 5
Name B, Phonphai | B. Houn-Tai | B. Beng 1 B. B Lak-21"
Description ' : Samkhanaboua :
Province Smavan Saravan Saravan Champasak Champésak
No. of more than | 500 - 1,000 | 500 - 1,000 | 500 - 1,000 less than
Population 1,000 _ o _ 500 .
Tribe Lao Lum Lao Theung | Lao Theung | Lao Lum Mix '
Water Supply | Hand-pump | Hand pump | Motor-pump | Hand-pump - | Hand-pump
System . _
Hydrogeologic | Ep Bal Ba2 Ep Bal

al . :
Unit _ .
Main Products | Paddy Coffee, Upland Rice | Paddy Orchard,

: Upland Rice | Upland Rice

After the completion of the water supply system, it seemed to operate smoothly

‘without any serious problem. The village people pays little attention to the

maintenance of the facility, such as daily cleaning of the surroﬁndiﬁg aréa or the d_raih, _
daily Checking of the hand-pump, etc. ~ Aslong as thé- pump works well, people do not -

péy any attention to maintenance.

- The hand-pump systems are being operated from earl'y morning to late night in every
villages. The number of water carriers is more twice a day: _in the mosning from 6 -

~am.to9 am. and in the early evening from 4 p.in._to 7 p.m.(Figure 7.4)

Most of the carriers are females, about 31% of the total in B. Beng and 74% m B.
Phonphai. In B. Phonphai, B. Lak 21 and B. Samkhahabo_ua, the number of _feni_ale.

carriers is twice that of male, while in B. Beng and B. H'oun-Tai.,_ the numbersﬁf th_e'._ o

female and male carriers are almost equal. Because in the latter two villages, the male
takes shower at the pump site, then carries water t'o_hisﬁ'home,' while taking shdwér

near the pump is prohibited in the former three villages:

o



(4)  Inthe case of B. Beng with a motor-pump well, it was observed that more water is lost-
than in the case of a Viliage with a hand-pump well, because almost all villagers take

their shower at the motor-pump site.
7.3  Comparison of Water Collection and Use

To develop a design standard of the water supply system, a water collection and use éurvey

was conducted in ten (10) villages where pilot water supply systems were constructed and

. where water is taken from traditional water sources.’

The volume of water actually collected in the 10 _vil'lages' ranges from 5 to 266
liters/day/person which is smaller than anticipated..  The reason for this smaller volume is
that bathing and washing clothes are done at the source, and water is not carried home: for’

these uses.

Water collected rangeé from 6.3 to 26.6 literS/day/per_son_ in the six: villages. where the pilot

water supply systems were constructed. - Three out of these six villages still use the river in

'combihatio_n with the hand-pump well. The three villages use 6.3 to 11.6 liters/day/pérson. -

~ The motor-pump system in B. Beng is the highest among the ten villages. B. Beng depends

only on this system for water supply. On the other hand, B. That-Noy and B. Sesavang-Noy
have no other water source but river only. They only collect 5 liters/day/person just for =

cooking and washing utensils.

~ Water is used for domestic purposes, particularly for drinking, cooking, washing utensils and
© watering garden. Bathing and wash_ing clothes are usually done in river or pond if such is a
‘traditional water source. However, babies are cleaned and their clothes are washed usually at

 the hand-pump well site because water is more clean. The survey results are summarized as

. _fbl'lows:'
T a) | '_: ,Cdoki_hg an_d,dﬁ_nking will consume about 30 liters of clean water_/day/family.
b B .-'_Washing'utensils will consume about 10 liters of clean water/day/family.
c) " Each family stores about 10 liters of clean wate.r/day in the house. . -

SR/



d) Watering garden of about 25 m* will consume about 80 liters of clean water/day. |

€) Bathing babies will consume about 10 liters of clean water/day.

f) Washing clothes for babies will use about 20 liters of clean water/day.

£) In the 10 selected villages, very few families seem to use clean water for feeding their
livestock.

h) For brewing and local whisky-making house industries, many families in B, Chong will

use about 150 liters of clean water/week/family.
7.4 Water Quality Problems
(1) Saline water in Ban Houaxe

The electric conductivity (EC) .tak_e._n. from Houaxe test well showed 5,850 uS/cm on June §,
1995. It has d.ecreased from 10,000 uS/em during weil"comple_tion in February, 1995.
' However, it is still not drinkable and used only for bathing, washing clothes and utensils, ete. |
It is eﬂ"ective_ly'u_sgd,in the Houaxe Hospital for flushing toilets, washing .clothes,:e_tc. The'

system is being maintained well.
(2) " Turbid water in Ban Lak 21 and Ban Houn-Tai

In Ban Lak 21 and Ban Houn-Tai, the groundwat'er of the t-wb test .wéHs was reddish~brown
and turbid two .months after the completion. Therefore, the hahd;pUmp was 'djsmaﬁﬁled, and
the riser pipes were pulled out. Thick reddish brown hydrokid.e_ sludge adhered to the pump
rods and riser pipes. Laborétory chemical analysis showed that when the iron and manganese '
concentrations increased, iron b_actﬁ_:r.ia "occurfed.. The ferric hyd.rox_i'de. sludge.'pérha[ﬁs. |

precipitated by oxidation of the iron bacteria.

These two villages are located on the Basalt Slope of Bal. The Bal area is_'v‘}idely covered
by a 10-m to 20-m thick, reddish brown clay.(loarh and mudflow deposits). 'Ar_lq'ther three test
wells drilled on the Basalf Slbpg of- Ba2. am..i';BaS alsQ ‘contain’ high” .coﬁc_entrations of |
manganese and iroﬁ, but presentiy have no pr_eble,m" in 'wafer':quai'ity., In Ba2 and BEB, the -

overlying red soil is thin -or lacking. - Considering these facts, the groundwater might have o
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become reddish brown and turbid due to the intrusion of iron- and manganese-rich water

from the overlying red soil. The groundwater might have been oxidized by iron bacteria.

" The Study Team made a simple sand filter using drums in B. Lak 21. A treated sample was

collected and'analyzed_together'with untreated water samples from B. Lak 21 and B. Houn-

Tai. The results of laboratory analysis are as'_follbws:

Table 7.3 Result of Water Quality Analysié’

TTEM . JOMIT  |Houn-Tai | Tak 2l
. Completion Rcddish Completion {Reddish | After Filtration
Time Water Time Water
fron _ mg/! 0.07 133 1002 ' 21 0.18
Manganese  |mgfl 008 - 0.05 - 1003 . 021 . 0035
{lron Bacteria {MPN/mt | 1160 o 790 49

M.PN:Most Pmﬁabl_c MNumber

On the basis of the above observations, the following suggestions were made:

(a) -~ Take great care to avoid introducing iron bacteria into the well duri ing drilling works.

All drilling ﬂutd mix water and equ1pment should be chlorinated.

(b)  Seal the red soil by cementing the Annular space outside the casiﬁg to protect from"

intrusion of possible contaminant source of Fe and Mn. |
(c)  Setthe screen position as deep as possible in weakly weathered or fresh basaltic lava.

(d) Use the acration and the sand filter.

(e CIean penodlcally the pump rlser pipes and screens using chlormated water, Jetting or-

all’-ltﬂ pumpmg should be- conducted to agltate the weli (every six months may be

requlred)

s ‘___-Trial_E.ducatioh at the Village



The trial education program for the mamtenance of the water supply system was conducted in

the said five villages. The Study Team prepared a text book in Lao version, explaining the - '

method of pump maintenance and repair, clean well environ, and 1mp0rtance of water charge

collection,

The contents of the book are as follows: a) Maintenance Policy and Organization, b) Keep- ;
Pump Environs Clean, c) Daily Checking of Pump, d) Replacing Spares for Pump Head, €)
Replacing Spares for Valve Unit, f) Method of Valve and Riser Pipe Test, and g) Village

Mechanic Tool.

During the Trial Education Program villagers seem to understand the daily maintenance, such

- as cleaning of well environs and greasing of pump- head. They may understand the methods

of dismantling the pump head extracting pump rods i in case of minor trouble, dnd repa:rmg

them. However, some experience and skills are still needed by the caretakers to-reparr the .

hand pump by themselve_s. WES should take every opportunity to train them.
7.6 Considerations for WID

In consideration of the WID, a survey on women's activities in the rural commumty was

conducted to obtain basic data on their role in the rural water supply. program. Ten (10)'

villages was selected and 100 women were mterwewed

The survey showed that the average number of women's workmg, hours for farm and domestrc_

activities is 11.48 hours/day in Champasak and 11. 38 hours/day in Saravan.

After the mstallatlon of water supply systems, the burden of woman to arranige clean water for
her family has been allewated rapidly in both provinces. In (‘hampasak the average dlstance -

to water source before the installation of JICA's water supply system is 494 m. ‘But aﬂer

installation, distance i is reduced to only 72 m. In Saravan the distance is redueed from 1 025

‘mto 114 m, which is quite sansfactory Before the installation, women m Champasak have_

“to spend an average of about 429 hours/day to. collect enough water for thelr family. But

after the installation, the average is _re*ndrkably reduced to only. 1.01 hours/da_y. Ir_1 Saravan,



this average has been reduced from 3.37 hours/day to 1.09 hours/day.

On the question about JICA's water su ol syStem, almost all women were satisfied with its
q pply

design and function.

(1)  Platform should be _designéd such that there will be enough space for pumping,

-collecting water, washing and bathing,

2y  The roéf of the ;iump house _shoul'd' be built bigger to_protéct the pump and people

from the sun and rain.

(3 Height of p'um}ﬁ should be set considering the height of children and women for ease in

operation.

(4)  The textbook sh'ouid be for women. to understand the importance of periodic
inspection of * hand pumps and cleaning of pump house. Importance of hygienic -

practice should be emphasized. .

Most women think that the water charge is reasonable and affordable. Almost all women are
willing to participate in the operation and maintenance works of the water supply system. .

However, the pazfticipati(jn is limited only to the cleahing of well enyirdns,' etc. Nobody

~ volunteers as a technical Careta'k_er of the water supply system or as an accountant. It may

‘take time to change women's social consciousness in the community and urge them to

participate in the deﬁe]opment.
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CHAPTER 8 GROUNDWATER DEVELOPMENT PLANNING

8.1  Groundwater Resources Evaluation

8.1.1 Sustained yield

Groundwater occurs mainly in Jurassic shale and sandstone in the undulated plain and basalt
lava in the southwest sltope of the Bolaven Plateau. The - groundwater: resource must be
evaluated in terms of water balance to determine whether it is sustainably developed. Based on
the water balance calculatlon of the Xedon River and its tributaries, groundwater recharge to
the basin is estimated at 575 deay/km_ in the Jurassic shale area and 1,370 m*/day/km” in the -

Basalt Slope. This volume of recharge is considered  as sustained yield.
8.1,2 Groundwater potential and oeptimum well yield
The groundwater potential of the Study Area is classified into four (4) ranks, ie., (A) high; (B)

medium, (C) low and (D) no potential. A groundwater potential map is presented in Figure

8.1 and Table 8.1. The groundwater potential and the optimum well yield were evaluated_

_._and grouped by hydrogeologlcal unit as follows

Of, Qt: o 133 to 380 m’/day (average 219 rrislday)
Ep, Bk 9to 111 (average 55 rri3/day)

Bal_,fBa3_ - o 20 l0'267_ m*/day (averoge 138 m*/day)
Ba2: | . 1700 t_o3'800 m'/day |
Bt 32t 129 m'day

8.2  Target A_quiférs

8.2.1 Drilling location -

Prror to drlllmg, mformainon such as hydro&,eologlcal unit, groundwater level, and groundwater

_potentlal of the cand1date v1llage must be oollected from the hydrogeo!ogrcal map However,

o



the exact drilling location must be determined by geoﬁllysicat exploration and field geological

reconnaisance. The Vertical Electric Sounding (VES) method should be conducted at least

five (5) points per village and the Very Low Frequency (VLF) method at least 300 m of survey

line.

8.2.2  Aquifer characteristics of each hydrogeological unit

Based on the correlation of aquifers a_nd' lithological and geophysical well logs, the aquifer of

each hydrogeological unit is presented in Table 8.1 and 8.2.
8.2.3 Deve!opment scale

The groundwater supply could meet the water demand of the candidate villages in all the

hydrogeological units. It is possible to construct motor-pump well in Qf , Ba2 and Ba3 areas. . |

Qf area is underlain by Jurassic shale. . The construction of hand-pump well is possible in the -

other hydrogeological units.

Poor aquifers may be distributed in Ep and Eh in the Jurassic shale and Bal in the Basalt Slope.

The optimum well yield may be 6 to 15 liters/min.  The number of wells should be determined

considering this low productivity of aquifers.

Table 8.3 Number of Candidate Village in Each Hydrogeological Unit |

Unit ~ | Potential Qmax (V/min} Saravan Champasak Total
. Evaluation - i

Qf ' A 90-260 22 12 | 45
Qt C . ( 117 b2 i 3
Ep B, 12-115 . 129 9 38
Eh _iB-C - 6- 50 |5 20 35
Bal . B-C ’ 14-88 4 21 . {25
Ba2 A 1200-2600 13 13 26
Bai3 . - B ) 185 15 3 - J 18 -
Et B-C ' 22-90 e N b (U
Total : . o 100 100 - 200
Qmax; Optinum well discharge estimatéd by the pumping test of this study  —

( - ) estimation from existing data-
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8.3 . Standard Well Design
8.3.1 Target depth

All test wells encountered good aciuifers shallower than 50 m depth except for B. Houaxe.
Therefore, an average target dépth is set at 50 m for both hand-pump and motor_—purhp wells.
Groundwater shall not be taken from the upper Jurrasic formation deeper than 50 m to avoid
gr_oundwétér of high salinity, particularly in the Sanasomboon and Konxedon Districts, where
Champa formation is distributed in the vicinity hydrogeological unit Ep and Eh.  In the Bal
area, however, the screen should be short and placed at the lower basaltic layer as deep as
possible to avoid contamination from overlying surface red soil and to take groundwater from

fresh fissured basalt.
$.3.2 Drilling method -

Down-the-Hole (DTH) drifling method shall be used. Particularly in Bal area, drilling works
must be performed careﬁ.xlly in order to avoid mtroducmg iron bacteria into the well. All
drilling fluid, bit, rod and tools should be chlormated The screen posmon and 1ength must be

“decided based on the resistivity, Sp and natural gamma logs.
8.3.3 Well 'com'plet'ion |

Considering the._c_olrrosi_ve: _groundwﬁter quality in the Study Area, Fiber Reinforced Pipe (FRP)
should be used to prolong well life and operate efficiently. For the submersible pump borehole,
the diameter of the casing must be6""(150 mm) and that of the hand-pump borehole 57 (125

mm),
: For hand—pump wells, the standard screen should be a diagonal slot’ type with an openmg ratio

_ o_f .more t_hdn 12%. For the motor-pump well a ring type (or a plpe base) screen with an

' bp'ening'_r'atio of more than 20% should be placed. :



The well screen is filter packed with gravel with grain size of 4 mm to 5 mm. 'E-xcept for the
screen area, the anpular space outside the casmg must be grouted with cement to prevent the

entrance of water of inferior quality (Figure 8. 2)

After completion, the well is developed to increase its specific capacity. '_Fhe' pumping test
should be conducted to determine its yield and drawdown. The pump should be placed in the
well considering the natural groundwater level and its ﬂuctuat10n pumpmg water level and

screen posmon

8
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CHAPTER Y9 WATER SUPPLY PROGRAM

A groundwatér development based water supply program is proposed for the 200 villages in

~ Champasak and Saravan Provinces, to be compiéted by the target year-2005.

9.1  Frame and Design Criteria
9.1.1 Standard water consumption

Actual water consumption of the 20 test wells rénges_ from-28 to 42 Iped. Therefore, the
standard water consumption for the rural water supply program is set at 35 Iped  in yéarn1995.'
In the future, the water 'd'emand“wil! increase, particularly for washing and bathing needs.
Therefore, the target standard water consu_r.nptiron in year-2005 is set at 40 Ipcd. The WHO

relates the distance to water source with typical values of domestic water consumption as

_follows.
Water Source > 1,000.m = 5to 10 lpcd
Water Source > 500 m to1,000 m 10 to 15 Ipcd
Village Well  <250m - 15t025 Iped
Village Well  <250m 20 to 40 tped

Hydrant Tap =~ o o 50 Iped
The proposed plan employs this standard. "
9.1.2. Water demand projectidn

The 'po‘pulétion of the 200 villages in the Study Area is projected to reach about 131,789 in

year-2005. Based on the standard water consumption of 40 Ipcd, the water demand in year-

2005 will reach 5,272 m’/day.



Table 9.1  Water Demand Projection in 200 Villages

Province Popu- Water | Popu- Water Popu- Water
District - lation Deman | lation Pemand | lation Demand
. - 1995 ld 2000 . 38 1p/id | 2005 40 U/p/d
. 35 Yp/d _ L .
Champasak _ '
Sanasomboon 25365 888 . | 28,503 1,083 32,028 1,281 ..
Bachiang 8,286 290 9,311 354 10,463 419
Pathoomphone 7,276 255 3,176 311 9,187 367
Sukhuma 4,043 142 4,543 173 5,105 204
Khong 9,585 335 10,771 409 12,103 484
sub-total 54,555 1,909 61,304 2,330 68,886 2,755
Saravan _ : ' T o
Lakhongphieng 5,939 208 6,875 . 261 7,959 3i8
Kongxedon . 10,172 356 11,775 447 13,631 . 545
Vapy o 9,366 328 10,842 S 412 12,551 502
Saravan 16,922 592 19,58¢ 744 |0 22670, 907
Lao ngam 4,542 159 5,258 200 |0 6086 | 243
sub-tofal 46,941 1,643 { 54,339 2,065 62,903 . 2516
' ' m3/d mi3/d 4omid

Total 101,496 3,552 | 115,643 4,394 131,789 5,272

9.1.3 Capacity of hand pump -

The required hand-pump of the program is specified as follows:

Discharge rate: . 201030  1/min

Ranges of pumping lift: 20 to 30 m

Ease of operation: Easy operation for women and children R

Ease of maintenance: Village-level or area-mechanic maintEnance is
pqssible _ _

Materials: ' " Corrosion and abrasion resistance

Considering the above requii‘ements, all hand pumps now available in Laos were c'oinpared as

shown in the following table.
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Table 9.2  Comparison .(')f Hand Pumps in Laos

Type Pumping - | Price Corrosion . | Abrasion | Easc of Evaluation
| Lift * | Resistance | Resistance | Maintenance
IndiaM3 | 1545m 300-4008 1 C B Village level Suited
Dempster | 8-25m 200-3008 [ C B Area mechanic | Adequale
Tara 7-12m . {less than|B B Village level | Inadequate
: _ 100§
Lucky 2-6m less than | C C Village level Inadequate
. 100 % .
Sankyo 15-45m | over LOOO A A Central or Not sunited
{Japan) 3 Foreign

| Considering the above table, the India Mark 111 is the best option for the hand-pump water

supply.
9.1.4 Number of ha’nd'pumps required

The pumping discharge of India MK 11T hand pump depends on the transimissivity of aquifer-

and groundwater level. . As'measured in the test wells and existing fube wells, the actual

discharge of the India MK III_.ranges from 15 Vmin to 20']/m_iri. For the program, therefore, the .

average pumping discharge is set at 17.5 I/min and the average number ‘of hours of pt;m;ﬁ -

‘operation is set at 8 hours. The average pumping rate of 8.4 m3/day for hand-pump wells -

© serves 240 persons at 35 lpcd and 210 persons at 40 lpcd

Almost all v11iages in the Study Area are presently not served by piped water or. hand- pump

water supply systems. The: coverage of improved water supply systems such as India MK 111,

Tara, Dempster and Lucky, is'17 to 19% Tradmonally, unserved people uses rivers, spring, .

shallow dug wel!s and ponds for their domestlc water needs (refer to Section 3.4. 1). The :
number of hand pumps requtred by the program was determined precisely consldermg the
present capacity of exrstmg improved - water supplies of each village. ~ Hydrogeological

condltlons of Jurassic shale (Eh and Ep) were also considered i in the determination, smce the-

' optlmum wel] yxeld may be smaller than the planned well dlscharg,e in certam locations.



Table 9.3

Number of Hand Pumps Required

Provinge Population |Population [No, of Pump iNo. of Pump
1995 2005 - 1995 2005

Year : -

Champasak - {53,297 68,886 159 241

|Saravan 45,588 62,903 154 244

Total 98 885 131,789 313 485

The population and number of hand pumps of each village are presented in Table 9.4
9.2 . Facilities

Two types of water éupply facilities were plannéd: hand-pump system and motor—punip system.
The hand-pump system is composed of deep well, India Mark III hand pump, platform and
roof (refer to Figure 7.2) . On the other hand, th_e motor-pu'n'lp system is composed of

deep well, submersible pump, elevated water tank, distribution pipeline and communal faucets.

This motor-pump system is planned to be constructed at B. Khampeng., The design of this |

system is similar to the pilot water supply system (Figure 7.3). _Two maintenance éenters are

planned to be constiucted in Champasak and Saravan.Provinces to facilitate the mamtenance_ :

works of the rural water supply program.
9.3 Cost Estimation

The project cost necessary for the construction of water supply systems in 200 villages in

Chamapsak and Saravan provinces were estimated, taking into consideration the following

conditions.
a. Cost estimated at:  Phase I11 of the Study in May 1995 -
b. Foreign currency exchange rate: 1 US$ = 85.55 IPYen = 755 kips
Project implementation period: 4 months + 2 years = 28 -months _
d. Contractors; Foreign contractors for well dnllmg works, constructlon of facﬂlt[es and'

supply of equ1pment and matcrlal

The results of the estimation are presented as follows:

.95



-

" Table 9.5 Cost Estimation .

Tterns | Cost in million  Yen
" ['Well Constraction 1,247
Q&M Facilities o _ 89
Equipment & Mdtcrtals _ ' .62
Enginecering Fee ' 112 .
Contigency : 216

Total o _ 1,726

9.4  Organization

The CWI is responsible for the execution of this project. It manages the construction budgets,

PHDC and PHDS, and contractors as well as cooperates with the consultant. The consultant is

responsible for the project detailed design, planmng related to the procurement of equlpment

and materlals preparation of the tender document, tendermg, evaluation of bids and

-supervision of the project construction. The contractor does the constructton works and

supplies of equipment and materials. -
9.5 Implementation Schedule

The implementa_tion.s'chedule is divided into two stages: detailed design stage and construction -

stage.

The actwltles in the detatled demgn sta;:,e are the settmg up of. the number of wells to be
constructed and well constructnon sites, the detailed design of facilities, the planning of

equ1pment and procurement schedules, the pxeparatton of detailed construction schedule, the

- preparation of tender documents the ca!lmg of tenders and the seiectlon of contractors. This
-stage will require. about four (4) months The constructlon of the well and water supply
: fac:htles the procurcment of equlpment and materials, and the test run will be executed in 24

- months durlng the construction stage (Flgure 9, 1)
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9.6  Operation and Maintenance Program
9.6.1 Policy

In the proposed water supply program, the India MK 11l hand pump will be installed in the
village. However, the trial education program revealed that the repair of pump is still difficult
for the village people to do even for a minor trouble since the skilled technician in the village
has yet be found and tramed Hence, the proposed program plans to establish a pi ovmmal
mamtenance center and to orgamze a mobile mamtenance team. The mobile mamtenance team
will periodically visit the village, check and repair the hand pumps of minor damag,es The
maintenanice center stores materials and equipment and repair major damages of the hand

pump and submersible pump.
9.6.2 Organization

(1) Village level

Every community must establish “the water users' association” boniposed of the users of the

water supply system. The association is to be managed by the. wllage head, the caretaker and

the accountant

The village head sees to it that the users pay their water charge and clean the well environs,

He also does daily checking of the pump. The caretaker carries out. the replac.em__ent of 'sﬁafﬁ"

parts and repairs minor trouble of the pump, The aécountant's job is collec'ti'ng, water fees every
month, posting and’ keepmg them 'Ihe operation .and mamtenance costs aré borned by the

assomatlon

(2)  Province level

The provincial health department sets up a mamtenance orgamzatlon wnth an appropnate P

budget and full-time staff and does overall maintenance of the village water supply systems

The maintenance center stores veh:cles materlals equlpement and tools and carries out major
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repairs beyond the capacity of the community. A mobile maintenance team catries out

periodical preventive and curative maintenance upon request of the village (Figure 9.2).
9,63 Operation and maintenance cost

& The annual opration and mair.lt'enance.cost was estimated and presentéd in Table 9.6. Fbr the
hand pump system, the dperation and: maintenance cost is esﬁmafed to be 65,000 kips/year.
* Dividing this by the average number of persons served (210) gives 26 kips/person/month. -
According'ly, an average family of 6.7 persons shall pay about 174 kips/month. For the motor-

pump system with served population of 2,300, a family must pay about 112 kips/month.

Tabie 9.6 Annual Operation and Maintenance Cost (Unit: Kip)

System . ftem U_nit Cost |Quantity |Amoumt |Remarks
Hand Pump ' o
(1 unit) Periodical 10,000 Ztimes | 20,000 |2 timesfycar by mobile team
' Maintenance ‘ I :
Repair - 45,000 lset 45,000 |15% of pump cost . .

“|Sub total * S | 65,000

L2

Submersible pump

(luni) . (Electricity. |25 4200kw | 80,000 |350kw/month
o ' Repair . 380,000 |1 set 38_0,(500 10% of putup cost
| Sub total: | | 460,000 |

Maintenatice Center ' ' _ .

' : Salary 30,000 96 . 2,880,000 8personsx12'momhs =96
Electricity  [25  © [12,000 | 300,000 [1000kw/month.
Ful © - [250 36,000 (9,000,000 |10km/l 30,000km
Sparcparis (330,000 |Lset | 330,000 |10% of supplied spares

|Sub total - o hizsio,000) '




Table 0.4 ( i ) Chtampasak Province New Handpump Requirement
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Champasak-1
Water Demand in 1995 = 35 litter/dav/person, Served of 240 persons/l Well
Water [Jemand in 2005 = 40 filter/day/person, Served of 219 persons/l Well
District & Village Population Existing| Hand pump Construciion
Village Namo No. | 1994 | 1993 2005 JE/pump] Requicement Accessibility |
: My | TAVell | Estimare | 1995 1995] 2005
" Sanasomboon - .
B.Nskham c 263 111 0 2 3] V.Difficult
B.Phonhal C.2 135 174 | 1 2| Facy
B.Nansavan C.3 615 795 2| 1 2} Easy
B.Nonghai C.4 553 557 715 2 i 2 Easy
B.Souvanmekihli C.s 839 1,084 ) 2 3] Usual
B.Nansi C.6 629 813 0 2 3{ Usuai
3. Nongdou c.7 378 489 0 2 3| Essy
B.Houaxe c2 628 630 812|S/pump 0 1] Easy
B.Pongsan c.9 337 o8 9 2 2} Easy
B.Dong Cae 3t 402 0 1 -2} Usust
B.1angam Cit 354 458 OtiAsp  |HAap | Easy
1. Nongkham Ciaz a1y 542 I{Hisp |HWiap { Easy
B.Khampeng C.13 987 1.276 3{S/ipumpliltap | Basy ©
B Khamngoua A T] 256 33 0 1 2} Usuat
B Nongkhch C.15 256 331 o] @t 2] Basy
B.Louy C.16 150 150 194 1 0f - 6| Easy
B.Solo-Gnai . CIT 1,028 1,325 2 2 3] V.Diffleult
B.Solo-Noy 13 638 s21]. of 2 3| Difficult
P Xonphak c19 | 123 1,59 ] 4 - 6f Easy
B.Khamiouang C.20 266 344 of - 11 - 2] Diffieult
B.Sithouan c.a 422 545 6 -2 3| Usaal
11.Mouang c22 ] 1,285 1,661 of . 2 3} V.Difficult
B.Ckumuana ca | LT 1,443 2 3 4} v.Iifficult
B.Boungkhs cud | 1010 1,305 4 3 4 Usue
B.Latsua{Noogmek) c.as 3 410 0 1 1] V.Difficult
B.Nalak 26| 137 R Vs £ | ) I s v.Difficult
B.Dongkalong c.27 374 483 3 2 3] Fasy
B.Nslonpg C® | 16% 2,192 15 2 4§ Usual
B.Naxon c29 | 1,398 1,807 57 2 af Difficult
B.Thangbengsivilai a0 30l o1l n 1} 1) Easy
BNomat =~ cal 293 379 ‘1 1 2| V.Difficult”
B.Donpick ca 412 533 2 2 3| Uil -
B.Dun-Nan C13 856 1,105 1 z 31 Diffcult
B.Kengkeo C3 498] - 644 of .2 3| v.Difficult
B.Ngousdeng C35 3 1053 1,361 9 2 3 v.viffiouls”
.Pakxon C36: 1497 | 19y 7 2r 1 3fUsual
sub-lota] 14,780 1,337] 3zoz8) gl o« %X
Bachiang Dist. ’
13.Nongsaj .t 168 47 ol 1 2| ¥ Difficalt
B Bachiang cie- 278 359 i 2 2] Easy
B.Makngeo Ci 239 T 338 0 1 2| Easy -
1.Nongbok-Noy ca 578 747 ol 2 3§ Easy
B.Nongbok-Gnai C4l | 646 335 [); 2| Difficuit
B.Thongkim C.42 sio| . 659 0 2 3| Easy
B.Kenggnao o] 100 358 0 1 F| Usual
B.Thongsala 44 368 183 4761 1 il - 2 Basy
3.Mouangkhai C.45 W)L 509 of . 2 3} Easy
B Pakonay .46 270 9l o 2l - 2| Easy
.Oudomsouk - CAT 256 331 o], 1 2] Easy
13.Phasotam cas 157 ) 203 0 11 1 Easy
B.Lak-21 C.49 567 562 7320 . 1 2] Usuai -
{R.Phin €50 as7 603 0 2 3} Easy
3.Lak-23 (o1 391 505 0 2 3{ Easy
B.Eak-25 c.s52 379 4%0 L] 1 2} Easy
B.Nongkhamkhao C.53 by 151 0 1. 1| Easy
B.Senkeo ’ C.54 136 176 ofp 1 . 1} Easy
B.Houayten . C.55 320 414 0| 1 1} Easy
B.Talan(b.ak 17} C.56 195 22 o} 2 ‘I Easy
B.Nonsaat C.57 218 282 of 1 I} Basy. -
B.Nongmak-Euk C.58 184 g o) 1} Easy
B.Lak-13 C.59 120 155 0 1 1} Lasy
I3.Nonhouaydua C.60 334 432 0 2 " 2| Fasy
B.Kagno C.6t- 283 366 - 0 1 2| Easy
sub-total 8095 5] 10,463 3 33 46]




. .;'as..!

Table 9.4 (2) Champasak-2
I'sthoomphons 1isl. .
B.Lak-19 C.62 451 583 0 2 3| Easy
3.1.ak-20 C63 178 230 0 i P| Easy
B.Mophou C.64 881 L1 1 2l 3] v.pificut
B.Lak-24 .68 448 445 579 1 1 2] Easy
.Sanumxaysouk{L.23) | C.66 309 %9 1 1 2| Gasy
B.Houskhoua(1.-29) C.67 270 349 n 1 2] Usual
B.Lak-31 C.68 289 kY?] i t 2 Dilficult
B.LAk-M () 236 al 0 1 2| Fasy
0. houatouny(L-36} [olvy1] 759 981 ] k| 4| Fasy
1. Tomo-Nak c.il 620 101 0 4 S| Exsy
BlaoTai C.72 629 §13 2 2 “3f Easy
B.Nukham-Noy C73 250 3 ¢ i 2§ Easy
B.Thengbeng C.74 LER] 21k 2 2 3] Easy
B.Nongkhe cIs 468 a1 e0s 3 0 1} Easy _
BNapho _leas 667 862 o] 2 3} V.Diflicult

sub-iotal] 7,108 926] 9,187 1 4 18
Sukhume Dist.
B.Chikthangngo .77 397 513 3 2 3} Easy
B.BeK ) C.78 23 97 2 1 2§ Usual
B.Samkhanabocs [ 1] 682 631 881 4 2 3] Easy
B Phonpheung C.80 26 938 24 2 31 V.Difficult
13.Pako C.81 5% 70 4 .2 3| V.Difficult
B Tiapcham c.82 793 1,006 2 2l 3] V.Difficult
B.Kouttaboun ce3 | 5wl _ 680 10 2 3| V.Difficult
__sub-total 3,950 631 5,105 % 13 20
Khong st : , .
B.Boun-Tai C84 832 LOTS R 3 4} V. Difficult
B.Keng - C.85 517 668 0 1 2} v Difficult
B.Phonsaat C.86 856 " 1,106 i 3 4| Easy’
B.Naveng .87 268 346 0 L 2§ V.Difficult
B.Maisivilai C.88 66 300 473 1 i 7] Usuai
B.Nasenphan csy 563 595 T8y 2 2 3 Easy
B.Naxuak{Hang) c90 496 641 1 1 2{ v.Difficult
B.Xongpusy cot 252 126 o 3 1} V.Difficult
3. Nasomhong C.92 657 349 0 2 3| v.Difficult
B.Boung c.9 sy 536 of 1 2| Difficult
8. Habeaykhoura ©o4| 1,150 1436 il 3t s Easy
B.Veunkhao s 502 649 0 2 3| Usual:
B.Phondeng C9% 0} - 0 1 2{ Easy
B.Kadam co7 |- 856 L1070 3 - 4] Easy
B.Khinak C.9% 780 1,008 0 3 4f Easy
B.Settaolek C.9 371 ®1 o] 2 3] Usua
B, Tapusy clool sl | 460 0 1 1] Usual
sutb-totati 9364] o3| 12,103 6f 3| a1
Champasak ' ] '
Tolal 532071 4734 68886 48] 159 241

Remack : TAWell = HCA Test Well, S pump = Submc'rsi.blc Pump,
W work = Water works, /pump = §fandpump, H/ap = [lydrant 1ap .
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Table 9.4 (3)

Saraven FProvince New Handpump Requirement ) Saravan-1

Water Demand in 1995 = 35 litter/day/person, Served of 240 persons/| Well

Water Demand in 2005 = 40 lifteriday/person, Served of 211 persons’l Wel :
Distret & Village Popuiation Existing] Handpump Construction
Village Name No. 1994 §995 2005 {HUpumpf Reyuirement Accessibility
: ) May | TAVell] Estimale | 19951 1995] 2005
Lakhumepheng Dist. .
B.Nonsavang S s 726 3 2 3| Lasy
B.Nadou 8.2 502 &3 24 2 3 Tasy
B.Naduumai 1 83 579 9 w2 MV Diflieult
B.Houavkapo 8. 4 43 613 749 9 [+ 2§ Lasy
B.Lakhosi-Tai | 8.5 239 199 8 1 2| Fasy _
B.Lakbosi-Nua "l s 130 179 9 1 1} Fasy . : :
R.Khonsay ' 8.7 134 -1Bs 3 1 1} Besy - . . *
1. Kenpadek 5.8 366 : 505 32 3) Easy :
B.Nodinxay 5.9 456 _ 629 1 i 2} Fasy
1. Nakhardai S.16 a2 444 2 v 2] v.Difficunt
B.Phoudsocheng-Noy | 8.1t 426 8% 5 2 3} Easy
13 Nopgsaro S.12 231 235 319 & ol 1] Easy
B Phoudnocheng-Gmai | 813 356 ' 491 ! 1 2} liasy
I3 Thangbeng ' S04 316 436 0 2l 3} Basy
BBoutaphan . 515 30| . 428 4 1 2) Easy
B.Houaykhen 516 136 ] 257 18 1 2| Easy
) sulr-total 3768 g8l 7959 107 21 35
Khongxedon st ) .
B.Napong ' 817 1,182 1,631 63 2 4| Easy
B.Vang Kan Hong 818 35 - 435 12 t 2] Easy
B.Napheng-Gnai s.10 515 kil 9 1 2 Difficult
B.Khong- Noy $.20 335 1,152 0 z 4 Tasy
B.MNongsaphanp 8.2i 439 606 1 H 2§ V.Difficult
B.MNongkoxawg - | §.22 346 a7 0 i 2{ v Difficult
B.Nongboua 8.3 178 246 0 1 O] Nomne Access
B.Donmubng .24 198 410 549 i 1 2} Easy
B Hinxiou 5.25 s02) - 693 1 2| - 3} Easy.
B.Thakho 1 826 12 167 0 1 1] v.Ilicuh
BKhok-Honaxang | 827 |- 28] 1. w1l 1 2 usal s
B.Namousng | s 625 862 i 2 Musal ' ' ‘
B.KhamihomgCinai | 5.29 573 ). of - 2 Husmat : i
B.Nonsamlan 1830 int 236 0 1 1] Easy :
B.Nenghalou 1 831 152 210 of 1 1] Easy
B.Thalovang 183 268 370 0 1 2[ Usun)
BNongteng . 5331 - 337 o451 0 1 2f Usal
Bilowsyxae . 8.4 495 683 of 2 3] Usual
B.Hatdou §.3% 4| - 452 0 2 3 Difficult
B.Nskadao 8.36 206 . SN2 H- 3 4] Easy
B.Xoutfamphong 537 413 576 0 1§ 2 V.Diffieult
BRuabeng | 838 |- saspc 0 b o4l 2] 3| Easy
sub-total| 98790 alof 13631 o7} 3] osil
Vapy Dist, .
B.Nongngong 539 466 478 643 i i 2} Usunt -
B.Donkha - S.40 817 1,127 i 2 3} Difficilt
BMaxat 541 501 691 i 1 2{ V.Diffieatt
1 Hoimykhon 5.2 603 832 ) 2 3{ Difficult
B.Vapy-Nua 5.43 586 ' £09 0 2l 3 Esy
B.Vapy-Tai - s44 ] sm 788 0 2 3} Fasy
DiNakang 5.45 i3 i63 0 1 1} v.pificuit
B.Dangkhs 8.46 383 528 1 I - A Easy
B.Saphat 547 753 £.039 ) 3 4] Easy
B.Mouang S48 885 L2210 0 3 5] Easy
B.tint 549 469 647 0 2l ) pasy
B Samia S50 B9 393 1,232 1 3 5} Easy
BEhowminfat . 5.51 m 308 0 2 -2} Hasy
B.Mongpho - §.52 2570 - s o 1 2| Easy -
sitb-tot] 7,525 - 1,371] 10,383 4 26 40
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Table 9.4 (4)

Saravam-2

Sarsvan 1Hst.

Ratuark : f[I\VcII Jl(.‘A “Fost Well, § pump = Submecrsible Pump,
W owork = Water works, I/pump = Handpump, [¥/tap = Hydrant tap

B Bungkham ss3 b s 2168 1 3 6] Easy
R.Nongsai §54 | L2%0 1,725 1 3l sl Easy
13.Bungxai 855 newl 2331 0 4 6§ Lasy
B.Chong 5.6 143 1 253 | 0 1 Difficult
B Phonkham 5.87 72 S W 0 o 0| Mone Actess
B.Koutmoung 558 17 16} 0 i i} Basy
13 Nengdou-Noy §.59 9 124 0 1 1} Easy
B.Dong- Nong 5.60 35 435 o 2 3| v.Difficult
B.May-Sivilai 8.61 133 181 0| -1 1} Ensy
B Nakathian $.62 556 767 o 2 3] Usual
B.Nathon 563 62% 867 of 2 3] Difficult
B.Phonphai sea | o3| ren| a4z 1 3 s| asy
B.Naden .65 115 159 0 1 1 Tiasy
B.Nadonkhoang S.66 224 309 1 i 2] Ensy
3. Thanwang-Kao 8.67 452 624 1 1 2] Difficult
1.Napheng-Gnsi 5.68 510 704 o|]. 2 3f Easy.
B.Naphenig-Noy 869 117 161 0 b 1} Easy
B.Sackadi-Tai 870 450 62 0 2 3 Difficult
I.Dan-Cnai 8™ 739 S 1,619 o 3 A Difficult
13 Kengsim-Tai 8.72 365 504 0 1 2] v.Difcult
B.MNobon-Tai - 873 212 203 o 1 2} V.Difficult
B.Thal-Noy 574 250 345 0 1 2 Basy
B Nakasao 8.75 7725 989 2 2. 3] Basy
BKea 8.76 326| 450 ¢ i 2} Usuat
B.Phav-Gnal 877 B84 1,219 9 3 5§ Difficult
BSowng 578 780 1,075 0 2 3] Usual
B.Thonpkapok 8.9 112 155 9 1 H Easy
B.Naxai-Gnai §.80 3% 546 I 2 3] Easy
. Naxai-Noy 5.81 47 630 o 2 3] Cssy
B.Makeso 582 178 246 0 i i| Difficult
R.Dongko-Nua S83 38l 439 0 2 3] Easy
B.Beng ) 584 580 600 300 S/ pumps O|H/Tap | Yasy
B.Khimgphouklong | 585 [ 383 "5l 0 2] 3 Easy

" |B.Kadap $.86 513 846 t 2 3{ Easy
B.Lavang S.87 549 758 0 2 3| Easy
B.Scnvang-Noy 588 | 368 509 0 2 - 3 Easy
. iHouakhoua .89 256 - a8 0 1.1 Easy -
5 . subdiolal 18,005) . 2587 24344 L 61 9%

Lao ngam Dist.. . ’
B.Kianglat S50 28% 3% 0 1 2| Easy
B Xamm 59 37 - 27 o 1 A Lasy
B Xanumnok 592 171 236 o 1 1] Usust
B.Raktheung $.93 237 774 I 1 2| Usual
B.Vangpuay 594 300 414 0 2 3§ Fasy
B.Sangthong-Noy 895 125 72| o i | Basy -
B.Sangthong-Guai 896 | . 4i0 566 0 2 3| Easy
B.Lao ngam 897 | 1,140 1,573 Wiwor 1 2} Usual
B.Tlokong 5.98 655 .4 0 2 3{ Usual
B.Beng 599 411 567 0 2 3 usm
B.Foum-Tai 5.300 438] 450 604) 1 1 2} Easy

' sub-total 4,411 450] 6086 i 15 24

© Seraven Tolal 45,588 so66] 62903 217)  isal  244]
Groiind Total ’ . .
in Study Arca 98,885 10,400] 1317801 465} 313 485




Figure 9.1 Tentativie Implementation Schedule
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Figure 9.2 MAINTENANCE POLICY AND ORGANIZATIONS
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CHAPTER 10 PROJECT EVALUATION
16.1  Effect of the Projeci

By year-2005, the groundwater development project in Champasak and Saravan Provinces
will construct water supply systems for the 131,789 rural population, which is about 13.3%
of the total populatlon (991,779} in the two provinces. The project is expected to greatly
improve the water supply situations in the 200 villages which are mainly located along the |
national road in the two provinces. The social and economic effects of the project are

discussed below.
(1)  Improvement in Health Conditions

' The main causes of morbidity in the Study Area are malaria and diarrhea. About 6.9% of the
- total popu_lation in the 200 villages are suff'_ering from diarrhea. Itis 12% to 13% in Sukhuma
and Lakhongphen Districts where the water source IS p_arﬁCularly far from the village. The |
project can reduce the incidence of diarrhea by at least 17%', and the provision of clean water

will save about Kip 4,500 per person for medical expenses.
(2)  Time saving for water collection. |

Water is bemg collected rnamly by women and chlldren in the villages. The project will
greatly improve the access to water sources and reduce the time spent for collecting water.
Based on the observatlons made from the pilot water supply systems the distance to water
.sources was reduced by 1/10'to 1/7, and the t:me saved for collecting water was 2.78 hours

per day per household “Time saved is va]ued at pr 869 which is calculated from the

. unskilled labor cost

(3)  Opportunities for better farming ~

| The project wnll prov1de water not only tor domestlc use but also for 1rr1gat1ng baekyard -

food and tree crops The v111age is expected to become more econormcally active since the
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time saved for water collection can be utilized for additional farming and other economic

activities.
(4) Improvement in operation and maintenance system

The project wtll estabhsh a maintenance center to provide variety of services, such as
momtormg of water users' associatlon preventive and curative mamtenance etc. The
consciousness of the commumty regarding maintenance will rise since the te_chmcal support
from the provmmal government is guaranteed by the pmject Thus,_ the operation and

maintenance will i lmprove accordingly.
10.2  Financial Evaluation

The total project cost amounté to Kip 16, 007 million (Yen 1.73 billion) based on the 1995
market pnce level. Consuiermg the ﬁnanual status of the Lao PDR the entire forelgn
currency portion and a part of the Iocal currency portion of the project cost should be

covered by external assistance.

It is the policy of the government of Lao PDR to hold the beneficiaries responsible for
recovering portion of the investment costs for water supply project. Accordingly, the
operation and maintenace cost of the village water supply system must be borned by the

water charge.

The water charge is estimated to be about Kip 174 per month per fa_.m.ily for the hand- 'pu_mp .

system énd Kip 112 per month pér family for the motornpump 'systém (refer to SeCtio.n-.
9.63). In the two provmces the average net annual 1 mcome per household is estlmated at.

Kip 187,933, The water charge will only be 2% of this amount and wxll not aﬁ‘ect the,

household economy.

19.3 Economic Evaluation
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The total project cost of Kip 14,343 million is composed of the investment and recurrent
costs. The investment cost amounting to Kip 13,591 million except contigency and tax is
comprised of the costs for the constructions of well, facility and maintenance center,
purchase of equipment, and engineering services. The recurrent cost is estimated to be Kip
752 million, consisting of annual operation and maintenace cost and replacemeﬁt costs for

the equipment and facilities.

The economic benefits of the project were evaluated from the total saved time and the total
reduction of medical expenses. The saved time benefits were estimated to be Kip 1,870
million in 1995 and Kip 3,762 million in 2005, increasing annually at 2.65%. Whillle the
health improvement benefits were estimated to be Kip 33.3 million in 1995 and Kip 41.1
million in 2005. ' '

A cost and benefit analysis was made based on the above estimates considering an average

project life of 30 years. The results are shown below.
Eeenomic Internal Rate of Return (EIRR): 20.1%
Net Present Value (NPV) Kip 13,432.8 mllhon
Benefit Cost Ratio (B/C‘) 1.98
Judging fr_otn this B/C ratio, the project is feasible. :
10,4 Summary of the Evaluation
The proposed project will satisty the basic iman needs of the rural population in the 200

vdlages and it i expected to yield various benefits such as time saving and health

improvement. The village eommumty w111 be benefited with sufficiently stable supply of

" clean water Also, 1t will greatly i improve the quality of life in the community. As an indirect

_effect of the project, the v:llage people will be 1nvolved more in the future development of

-the commumty ' _ _' _ |
In economniic terms the t1me saved in collectmg water and the: 1mpr0vement of rural health

- condttlons are the great beneﬁts of the pro_]er‘t and the pmJect is evaluated as hlghly feasnble



- However, considering the financial status of the Lao PDR goVefnmeht, external assistance is
necessary {0 cover the investment costs. The village is résponsible not only for the operation -
and maintenance {O&M) of the system but also for the payfnent of the O&M Cost._PresentIy, .
~ the pilot water supply systems ‘are satifactorily operated and maintained by the village
people. Considering this, the system will be maintained successfully by water charge and

service from the people.

In particular, the project will reduce the time spent by women for collecting water. The time
saved will be used for more suitable works for women such as farming, brewing and-
handicrafts. Thus women will be invoived more in economic developrﬁent activities in the

community,
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CHAPTER 11 ENVIRONMENTAL IMPACT ASSESSMENT
11,1  Main Points of Environmental Consideration

Over exploitation of groundwater often causes environmental problems subh as decline of
gfoﬂndwater level, fand subsidence and groundwater contamination. - The Study establishes a
groundwater development plan for. rural water supply. Compared with large grouhdwater
development for agricultural and industrial purp_oses,. groundwater pumpage for rural water
supply is smaller and has lessei' impact ‘on the environment. However srﬁall, if still has an -
impact on the erivironment since the natural water cycle may change due to. groundwater
withdraw_al'. Therefore, the Environmental Impact Assessment ( EIA) was conducted‘from

the viewpoints of groundwater level decline, land subsidence and groundwater contamination.
(1) Groundwater level decline

Excessive groundwater withdrawals from aquifers cause the decline of groundwater levels and
exhaustion of groundwater resource. It finally affects Springs and existing wells in the vicinity
of the project area. -~ - ' '

~(2)  Land subsidence
Land subsidence oceurs due to compaction or consolidation of clayey beds with the decline of
groundwatef_ levels. Land subsidence results in flooding of _land's, failure of surface str_uctures,
~ buckling of pip'elines,- protrusion of well casing, etc. These damages finally interfere with social
and economic a’ctiﬁt_ies_aﬁ_d increase dévelopment cost. -

(3) .~ Contamination . .

Séa'Water..intxjusion o_ft'en:occurs due to decline of groundwatér levels in the coastal area.

Inland,'grou_ndwate_f m;iy-be__COntamina_ted due to leékage from adjacent aquifer of inferior

water quality.

'1.99 "; :';j



11.2  Qualitative Assessment
11.2.1 Groundwater level decline

Maximum capacity of deep hand-pump well is less than 10 m*/day per well, Total purﬁpage of . -
the project area will be less than the amount of natural recharge. However, existing wells in
the vicinity may be influenced locally by a new well, depending on the aquifer characteristicq '
Shallow existing well may “dry up because groundwater has essentially poor potential and is
contained only - in the fissures. New well should be located con51der1ng the distance from -

existing wells.
11,.2,2 Land subsidehce

Land subsidence will not occur in the Study Area Hydrogeologicalal survey result shows
that the Alluvial sediment (Qal) of 4 m to 30 m thickness is mainly dlstnbuted in the
downstream of the Xedon River and on the right bank of the Mekong vaer and consists of
fine sand with gravel and silt partly mtercalatm_g clay bed. Land subsidence depends on the
thickness of soft unconsolidated clay.bcd and the decline of groundwater level. Considering

these factors, the possibility of land subsidence is very low.
1L2.3 Groundwater contamination -

Highly salinized groundwater is contained in ‘the aqu1fels dlstributed in.the v1c1mty of the -
outcrop of Champa formation of the upper- Jurassic to' Cretaceous age In Bal area, the

groundwater in the basaltic aquifer may be contaminated by intrusion of perched water rich in
Fe and Mn from overlying thick red clay. The tube well must be constructed protectmg it

from the entrance of water rich in Fe and Mn.

e




11.3 Quantitative Assessment
11.3.1 Basinwide water balance

The water balance calculation indicated the total volume of the recharge is about 195 to 585
mm/year (575 to 1,370 m*/day/km?). This volume is “discharged as groundwater outflow
form natural aquifer. The groundwater development program proposed in this Study also
assumes a withdrawal of appaox:mately 5,300 m’/day thr'ough hand-pump wells and ‘motor-
pump wells. This amount corresponds only to 10 km of the natural recharge area in the
entire basin. Wlth this. amount of discharge, no annual _declme of groundwater level is
expected. Reduction of the outflow amount due to pumpage will ot affect the practical use of

spring and river waters.
11.3.2 Drawdown and influence circle

A cone of depression develops around the well when groundwater is pumped out from an
‘aquifer.  As said previously, existing wells may be affected by a newly constructed well. To
evaluate this, the drawdown and the radius of influence circle were estimated theoretically for

each hydrogeological unit.

Decline of groundwater level and radnus of mﬂuence circle depend on the: transm1ssw1ty and
storativity of aquifer, pumpage_ and pumping duration.  The influence radlus was 27 m in
Jurassic shale and 166 m in the Basalt Slope (Ba2, Ba3). Therefore, a new well should be

located considering this radius, aquifer characteristics and geologic structure (fault and stri_ke);

The results of EIA lS summarized in Table 1.1,

o
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CHAPTER 12 CONCLUSIONS AND RECOMMENDATIONS
12.1  Conclusions
(1)  Groundwater development

Alluvial sand, Jurassic shale and sandstone, basalt and Triassic tuff constitute the productive

aquifers in the Study Area. Groundwater is contained in the intergranular space and the fissure

~ of these formations. The sustained yield of the groundwater basin is estimated to be 575

1113/dz_1.y/kn_12 in erosional plein of Jurassic formation and 1,370m’/day/km’ in the Basalt Slope
(for the 1994-1995 hydrological year). |

The optimum yield'of ‘a 50-m depth, 6-inch diameter well is estimated-.as follows: for the
alluvial plain: 90-260 Vmin, for the Basalt Slope (Bal area): 14-88 Vmin, for Ba2 area: 1,200~
1,800 min, for the Ba3 area’ 185 }/min, and for the T_r'iassic_ tuff: 22-90 Vmin. "

(2)° Water supply' program

Judgmg from the groundwater potentral of the Study Area a groundWater water. supply. for
200 villages is possrble The proposed water supply program servmg a population of 131,789
and supplymg 40 lpcd by the target year -2005, plans to construct 486 water supply. systems
consisting of 485 _deep wells equrpped wrth hand pumps, one deep well equipped with a

submersrble pump, and two maintenace centers. The projcet cost is estimated at Yen 1,726

million.

(3) . Project evaluatiop'

< Itis expected that the prOJeet w11i improve the health and sanitary conditions of the vrllaoers
_. and save the tlme spent for water . collectlon The saved time can be utilized for farming, -
' _actlvrtles The economic beneﬁt of the time saving is estlmated at Klp 869 per person per day, . |
- _ancl the reductron of medlcal expenses tS estrmated at Kip 4,500 per person pef year.

- Considéring these factors, a benefit and cost anelysxs r_evealed that the project is feasible. The



supplied water can also be used for irrigating backyard crops and fruit trees, feeding livestocks _'

and brewing. These activities will eventually raise the vi.liage economy.

@ Environmental impact assessment

The environmental impact caused by the project will be very small in th_e entire groundwater

basin. However, new well locations have to be determined considering the existing wells.
The intrusion of salinity-high and irori-manganese-rich groundwater must be prevented in the
new wells. '

12.2 Recommendations

(1) Earlier impiementation of the project

This project of groundwater development will drastically improve the water__ su‘pply situations

of the 200 villages in Champasak and Saravan Provinces. The project is important since it -

will beeome a model of goundwater-based rural water supply development inLaos: . Since the -

supply of clean water is one of the basw human needs it will benefit and conmbute great!y to
the rural community in the long term. It will also create a healthy and samtary env1ronment in
the villages, which is the basis of rural develoment. Earlier implemention of the project is,

therefore, strongly recommended.
(2)  Utilization of hydrogeologicalal map and investigations

it is desirable th_ht the groundwater development be carried out by using the hydrogeologicalal

map prepared by the Study Team. The dri]ling:loc_atidn should be determined based on the
geological reconnaisance survey and geophysical - explorations.  Prior ‘to these 'sur'veys,
hydr()geologic'alal information can' be dbtained from- the hydro’geologicala'l' inap The

hydrogeologicalal data obtamed during well constructlon should be recorded and mput to the -

database prepared by the Study Team.

I




3) Monitoring and management of water quality

The contamination caused by human and livestock occurs locally in the existing water sources.
The concentrations of iron and manganese in groundwater also exceed the WHO standard,
though it does not immediately affect human health. ~However, periodical monitoring of
water quality is_strongly recomhnended. In the groundwater development program, basic
water quality items should be analyzed, and the treatment system, such as a simple sand filter,

should be installed in some cases.
(4) " Establishment of the maintenance center

- The proposed maintenance centers provide preventive and curative maintenance services and
supply of spare parts to ensure the operation and maintenance by the village péopie themselves.
When this center is established and guarantees the repair of the water supply system, the

consciouness of the village people on maintenance will be raised.

The mamtenance center should have a permanent staff, guide the management of the water
users' “association, and organize a mobile maintenance team. The ‘mobile team per1od1cally'
visits-the village, checks and repairs the system with charge. It should grow in number by
training the.village' caretaker during visits using practically the Well Maintenance Text Book

prepared by the Study Team. -
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