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1. BACKGROUND INFORMATION

1.1. NEP/86/025 Project Document Details

The project NEP/86/025
United Nations Department of Technical Co-operation for Development. It is designed as a four- yearproject primarily oriented to field-data collection, establishment of ground water data base, and toassessment of development potentials of shallow aquifers all over the Terai. The government counterpartagency is the Ground Water Resources Development Board (GWRDB) of the Department of Irrigation ofthe Ministry of Water Resources. The project's activities started in June 1987.

Shallow Ground Water Investigationsin the Terai is executed by the

The immediate objectives of the project NEP/86/025 are the following.

(1) To generate technical information on the occurrence and potential of shallow ground waterresources in the Terai.

(2) To obtain the information regarding drilling and construction of shallow tube wells.

(3) To enhance the capacity of the GWRDB with regard to exploration, assessment and developmentof ground water.

The following project outputs are anticipated:

(a) Computerized data base with about 2000 shallow water points from all over the Teral. Informationon lithology, hydrogeological parameters, water use, etc.

(b) Maps of pre-monsoon (maximum) and post-monsoon (minimum) water depths expressed inrelative depths from the land surface and In absolute elevatlons above mean sea level.

(c) Water level graphs (hydrographs) from selected observation points in a minimum period of oneyear.

(d) Reports on mathematical modelling.

(e) Report on drilling methods and results in shallow water well drilling In the Teral.

TECHNICAL REPORT NO. 7
KAPILVASTU DISTAICT
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1.2. Basis for this Report

This report is based on the following:

a NEP/86/025 project wells (for ense of roference callad "project" wells) 23 newly drilled shallow
wells between January and June 1988.

o Some of shallow drlled wells for Ground Water Resources Investigations lIn Lumbini Terai by
USAID/GWRDB in 1972

Pumping tests conducted in project wells in 1988.

(d) Water level observations since May 1987.

Groundwater Resources Development Strategies for Irigation. Groundwater Development
Consultants (UK), Ltd. 1987.

() Duba, D. 1982. Groundwater Resources in the Terai of Nepal.

Tillson,D. 1985. Hydrogeological Technical Assistance to the Agricultural Development Bank of
Nepal. ADB-UNDP report

(h) Several Misslon Reports by the Chief Consultant in this project.

0 Several feld trips by NEP/86/025 project staff.

1.3. Location, Size, Climate

Kapilvastu district belongs to the Western Region (in addition to Rupandehi and Nawalparasl
districts). The district's Terai part occupies an area of 1500 km2 According to Land Resources Mapping
Project by Kenting Earth Sciences Ltd., completed in 1986 for the who
the Kapilvastu area is suitable for irigation of wet season paddy and of diversified dry season crops.
The location of Kapilvastu district within Nepal is shown in Figure 1. For the purpose of studylng the
shallow ground water system ofthe Teral, the contour line 150 m is considered to be the physical end of
the Terai's Quaternary sediments. The maln characteristlcs of climate in Kapilvastu district, as well as in
the whole Teral, is monsoon rainfall which occurs between June and September and which delivers an
average of 85% of the total annual ralnfal. For the purpose of this report the data collected In three
rainfall stations: Taulihawa, Bhagwanpur and Patharkot (Flgure 1) are used. t is to be understood
that the data are notofficlally clearedby the HMG Meteorological Service, but rather used in a draft fom
as an indication for the correlation between shallow water level fluctuation and the ralnfall.

Nepal, a total of 104O km2 of

Although the Terai of Nepal is insubtropical zone, the meen monthly temperature reaches a low of
15.1 C in January compared to a high of 30.7 Cin June.

Evolution of shallow ground water levels is heavily dependent on the dlstribution of ralnfall. Most of
the recharge to shallow aquifers comes from fan deposlts near the Slwalk hills and mountalns. The
amountsof rainfall in the years 1987 and 1888 ill be discussed in Section 4.2. The mean annual rainfall
is close to 1900 mm and pan evaporation is about 1500 mm. Average monthly ralnfall exceeds average

TECHNICAL REPORT N0.7 KAPILVASTU DISTRICT
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evapotranspiration during only 4 months, June to September. Because of the large molsture deficit
during the remaining months a second rice crop cannot be grown under normal conditlons. The low
winter temperatures preclude a third rice crop even with the addlitlon of irlgation.

The major river In this district Is Banganga which flows dlagonally, from northeast to southwest, in the
eastern half of the district. Unfortunately, there is no gauging station in this river. Therefore, its flow rate
is not known.

2. PROJECT ACTIVITIES IN 1987/88

2.1. Drilling

Out of the total planned scope of driling within this project, which amounts to about 200 shallow
wells for the whole Teral, the program of drilling for Kapllvastu district was prepared about a
year-and-half ago providing for drilling of 20 wells with an average drlling depth of 40 m. The total
drilling metrage in Kapllvastu was estimated at 800 m. Here below the planned and actual
implementation is shown:

Planned: 20 STW Total drilling metrage: 800 m

Actual: 23 STW Total drlling metrage: 1131 m

Both with respect to number of drilled wels and total drilled metrage, the Implementation was above
what had.been programmed. The implementation compared to the deslgn is illustrated in Figures 2 and
3. The map with locations of all "project" wells is shown in Appendix 1. Twenty three lithological logs

with other well construction data are appended In the group of Appendices 3 (3/1 through 3/23).
Lithological cross-sections are presented In Appendices 4 (4/2 through 4/6).

The actual number of wells in Kapllvastu dlstrict drilled by this project is 23. Two wells were
abandoned. Average depth of comploted wells was 50 m. However, most of the wells were deficien in

the following:

(a) improper screen with 0.5 mm openings, low overell "porosity of 11%

(b) poor development which left behind a mud cake on the screen and prevented the water from
entering the well. This hasin turn resulted with unsuccessful pumping tests and less-than-expected
transmissivity values for such kind of permeable formation.

TECHNIOCAL REPORT NO. 7 KAPILVASTU DISTRICT
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The table here below presents the most pertinont data on well driling.

TABLE 1

No. Nane Depth Comment

Abandoned3058625
3069750
3061000
3064125

Amuwa
Birpur
Gorusinghe

696000
702752

39
Completed
Abandoned
Completed
Completed
Conpleted
Completed
Conpleted
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Conpleted
Completed

159.31 42
40

2

3 701875
695705
677500
675875
717625
712375
707625
707625

121.90
157.38
135.40

Simarsat 40
Bijgauri
Loharaula

7Nandnagar

50
44
29

3064000
3061250
3067000

6

164.14
112.883055875

3049750
3043250

8 Bharsarwa 54
Dhamauliya
Harnampur

55
54

9 105.07
10 98.18
11 Karmahawa 717625 3046875 102.18 40

716500Auraiha
Sultanpur
Akbarpur

12 3041250 96.53 34
13 695250 3041875 96.07

98.68
111.86

62
14
15

696500
697500 30587550

3046750 50
68Amuwa

Mahuwa
Babudihawa

16 696250 106.743054750
3054500

50
689500
678250
676250

17 40
Motipur
Jurpaniya
Kushahawa
Gorusinghe
Bhitriya

108.59
106.46
117.32

99.30
116.00

3049250
3055000
3045875

18 66
19
20
21

48
687500
701125
689125

56
3061750
3062875
3047125

68
22
23

119.19
102.42

40
66Dharampaniya 709375

-=-o-=-=o===-=*u- *

Notes.

(1) X and Y coordinates are taken from the 1:500,000 map of Nepal, as a composite of LANDSAT
imagery. On that map, the Unlversal Transverse Mercator grid overlay is based on the Everest Geodetlc
System. Latitude ls measured and numbered northward and southward to the equator; and longltude is
measured and renumbered every 6 degroes. For Nepal the 6 degree break in numbering occurs at

approximately 84 degree East longitude, The coordinates were read with the help of project-supplied
digitizer.

(2) Z is the absolute elevation of the well above the mean sea level. The elevation was supplied by
SWISSAIR Photo+Surveys Ltd., under a subcontract. The land-surface surveying was completed in

April 1989.
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The deepest well ls 68 m deep (STW-21, Gorusinghe), and the shallowest only 29 m (STW-7,

Nandnagar). Both the shallowest and deepest wells were drilled by drilling rig, using the same

rotary-wlth-mud drilling method. In the case of the well STW-7, It was reported that 45 bags of bentonite

were absorbed at that depth and no further progress in driling could be made due to very hard

formation. The well log Indicates drilling through boulders, which ls an evldence of the coarse-grained

Bhabar formation. The well Nandnagar is located near the foothills of Siwallk hills In the very

northeastern corner of the distrilct. This well was constructed with 6' dia plpe, whereas the rest of the
project wells were with 4 dia. pipe.

Most of the wells are paorly constructed. This mostly refers to the soreen used
Japanese-manufactured wire-wrapped screen with 0.5 mm opening and an estmated open area of
i1 ), but also to the method of drlling with plenty of bentonite and improper and Inefficient
development. Both factors contributed to extremely poor yleld of wells, whichis absolutely in
contradiction with the lithology encountered. For example, the well STW-9, Dhamauliya, penetrated
about 16 m of gravel. One would expect transmisivity of about 500 mday. Yet, the pumping test
showed transmissivity of only 55 mday with discherge of5 Vsec. Simllarly, the wel STW-10,
Harnampur, reported 11.5 meters of gravel. Yet, its pump-test discharge was only 2.5 Vsec, which

resulted with the transmissivity value of only 60 m/day.

Out of 23 drlled wells, 22 wells were constructedby adriling rig, and only one well was diledby
indigenous (manual) methods of driling ( depth 39 m). This hole was abandoned due to pipe lowering
problem. t may be too early to conclude on advantages and disadvantages of a particular method of
shallow wels constructions In the Terai. Manually-drilled wels have a better control over lithology of
penetrated strata; likewise, they are cleanerand pumping tests are more reliable because aquifers and
well screens are less clogged than in bentonite-drilled wells. However, these advantagesfade when the
total depth of penetration ia taken Into account. In the Kapilvastu districtthe only manually-dilled well
STW-1 in Amuwa, was abandoned due to construction problems, although t penetrated 7 m of gravel
and sand. The well was redrilled by a rig to the depth of 68 m, and successfullycompleted. Regretably,
due to misinterpretation of instructions, the well wasscreened from 61.0 to 68.5 m eliminating thus the
well from the 'shallow well" category. Consequently, ts transmissivity was low (25 mday) in spite of9m
of sand and gravel in the upper part of the well.

On the other hand, the well in Nandnagar, drilled by a rlg, could not penetrate through boulders and
other hard rocks. It is questionable whethet a manually-drlled well would do any beter, consldering the
locally avallable equipment.

As a conclusion of the drilling program In Kaplvastu dlstrlct the followingmay be inferred. The
drilling of shallow wells should be done with as little as possible bentonite mud. The screens should be
best pre-packed with gravel, or alternatively the drling dlameter should be minimum 10 inches to
accommodate 4 or 6-in casing and minimum 4-In gravel pack. In an exploration- drlling project as in

thls UN assistance project, the flrst saturated sand-and-gravel layer should be screened to offer .the
posslblity of testing and monitoring the first directly recharged zone. In a water-supply and/or irigation
well, all permeable layers within the depth of drlling should be screened to produce as much water as
avalable

More attention should be glven to well development. Screens with slot opening' less than 1.0 mm

should not be used, Better supervislon of drillng and development activitles is needed to produce better
wells.

TECHNICAL REPORT NO. 7 KAPILVASTU DISTRICT
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2.2. Testing Shallow Wells

The program specified the testing by pump of 33 shallow wells (20 newly drilled. and 13 to be

selected from existing shallow wells). Out of this, only slxteen wells had been tested. It was reported that

only three existing shallow wells were selected for pumping test, because other Suitable-for-testing wells

are concentrated in Chappargaon (northeastern part of Kapilvastu) and Chanauta (western part of the

district) areas and the scattered ones are of less than 4 inches in diameter in which testing by centrifuga

pump is not possible. For the location of all tested wells see Appendix 1 the locatlon map of all project

wells and wells with pumping tests. In order to produce the transmlssivity map of Kapllvastu,

transmissivity values from five USAID shallow tubewells were also taken into consideration.

Out of 21 completed wells only 13 were pump tested, In some of the wells, the static water level at the

drilling time was too deep to permit the testing with a centrifugal pump which normally has suction head

limited to about 7 meters. For example, the wells Nandnagar (STW-7) and Kushahawa (STW-20) could

not be tested immediately afterthe construction because the level was below6m from the land surface.

But the same wells could have been tested in August when level rose to about 4 m from the ground level,

see Appendices 10/1 and 10/3. Other wells Bharsarwa (STW-8), Auralha (STW-12), Akbarpur (STW-14),

Motipur (STW-18) and Dharampaniya (STW-23) were not tested in spite of their water levels always

within 5 m from ground level.

All pumping test interpretations are appended to this report in the group of Appendices 5. The
interpretation is based

on
the proprietay UN/DTCD computer program which includes a measure of

appropriate formula fit (standard deviation).

In running pumping tests the following problems have been identified:

(a) Pumping equipment not adequate for all situations. The suction range of centrtfugal pump Iimlted

to about 7
m below the pump discharge point restricts the possible dynamic depth of pumping. Pump

discharge is fluctuating during the test.

(6) Pump discharge measuring instrumentation unreliable. When results by two methods of

measurement are compared, the match ls sometimes more than 20% off. 200-I barrel ls probably better
than -notch weir. The best would have been a 3-in fiowmeter with direct raeading of the flowrate In
liters per second.

(e)Measurements of water level during the pumplng and/or recovery perlods are sometimes
questionable (late, improvised).

In most tested wells the duration of pumping was 100 minutes, In one projectwell Loharaula (STW-6)

the time of testing was only 9 minutes for no obvious reason. The duration of testing in ADBN wellat
Bhalwar was 60 minutes. It has been noticed that the dynamlc levels were stabilizad within the pumping
duration of 100 minutes, so the test duratlon of about one and half hour seems to be sufficient. What
would have been very useful is to have had observation wells included In the testing program. For that
reason the project wals should have been located nearby existing shallow drled wells which could
have been used as observation wells during the test

TECHNICAL REPORT NO. 7 KAPILVASTU DISTRICCT
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2.3. Monitoring Water Levels

In Technlcal Report No. 2 three maps irom Kapilvastu district were presented showingthe maximum
and minimum depths to water table in 1987 and the rise of water levels between the minimum and
maximum of 1987. In May 1987, water levels were monitored In dug wells. The network of observatlon

wells in May 1987 Is shown in Appendix 2 (circles filled wth a cross). Each newly drilled "project well
was included into the monitoring network. The Idea was to gradually replace the original network of dug
wells with newly drilled wells of which lithology ls known, transmissivity eventuallycalculatedand land
surface elevation surveyed. This "new monitoring network is also shown in Appendix 2. As of the month
of May 1988, both networks are still under observatlons but, soon, only newly drlled wells shall remaln
under active monthly observations.

Depth to water levels is observed in bimonthly intervals from May 1987 to May 1988, then onwards t
was changed to once-a-month. In the month of May 1988, the network included 28 dug wells and 6
project drilled wells, in June 1988 it contalned 26 dug wells and 20 project drlled wells and from July
onwards the network has been continuing with 26 dug wells and 21 prolect drilled wells. t is
recommended that the observations continue with 21 existing project wells, plus selected four older
STWs, to make the total network of 25 wells

The evolution of water table in shallow aqulfers of the Kaplvastu Terai is illustrated with several
appendices in this report (Appendices 8: depths to water table in May 1989, June and October 1988, the
cise of water table between June and October 1988, and the rise of water table between May and
September 1987). In 1987, most of dug wells showed maximum and minimum depths to water table in
the months of May and September, respectively, whereas In 1988 those are one month delayed.
Individual hydrographs for some monitored wells (18 project drilled wells and 12 dug wells) are
presented in Appendices 10 and 11.

3. SHALLOW AQUIFER LITHOLOGY
AND AQUIFER PARAMETERS

3.1. Lithology

Project wells havepenetrated through the upper 50 or so meters of an alluvial sequence, which Is
commonly known as theTerai Plaln. The Plaln is composed of Interlocked alluvlal deposits of the wider
Ganges Plaln and thatof fans, channels, flood plalns of numerous rivers flowing from the Siwalik Range
andacroseheTeral Plaln, as wll as coluvialdeposits at the foothills of theabove range. The most
prominent lithological-morphological unit is the Bhabar Zone.

The Bhabar Zone is a stretch of torrential deposlts nearby Siwallk hls, belng composed of outwash,
boulders, cobbles, gravel and sand, and characterlzed by extremely poor sorting. Because it wa9
formed as a result of river fan and colluvial deposition, the Bhabar Zone is not continuous. Between fans
the Bhabar is often not present

TECHNICAL REPORT NO. 7 KAPILVASTU DISTRICT
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Very high permeabilities of the Bhabar sediments have been reported (50 to 200 meters per day) In
other districts. Tillson In his 1985 report speculates about the area occupled by the Bhabar sediments In
Kapilvastu district. His estimate is 200 km

The bulk of the Teral sedlmentary basin belongs to Holocene alluvlum which Includes present day
alluvial deposits, channel sand-and-gravel deposits, outwash deposlts. Due to their fluviatile origin andconstant shifting of stream channels, these deposits are crossbedded, eroded, reworked, andredeposited.

The lithology of the shallow ground water system in Kapilvastu district is known from some 23project wells and 32 USAID wells. Some of USAID wells were used to produce lithological cross
sections presented in Appendices 4/2 through 4/8. GDC report (1987) indicated rather inferior lithology
in Kapilvastu. "From a combination of USGS data, the interpretation of piezometry, and later Kapilvastu
holes, it is falrly obvious that western Kapilvastu has no deep aquifer of any potential and that its shallow
aquifer may also be marginal. In the eastern part of the district, which covers about 40% of the grossarea, there is a block within which the shallow tube well development becomes properly viable and deep
tube well development marginal or even acceptable in the northeastern subunit of the block. This is
actually the area of extension of the Rupandehi deep aquifer." The curent drilling program absolutely
supports such comment.

There was no attempt to connect permeable láyers in lithological cross sectlons. This is a "risky
undertaking in Quaternary deposits near to the foothills of sediment-supplying mountains and in an area
cross-cut by many present rivers and buried channels. It is belleved that the lithology of the upper 30 or
so meters is rapidly changing over very small distances. Present-day and past-time rivers have been
changing their streambeds; they have been either depositing or eroding sediments, leaving behind elther
coarse sediments or impermeable fine deposits.

Out of the total drilled metrage in 23 *project" wells of 1131 m, 362 m are sand and gravel deposits.
This means that about 32% in an average shallow well is composed of sand and/or gravel. (An "average"
well in this dilling program was 49 m deep, out of which 15.7 m were composed of permeable, and
33.3 m of impermeable deposits:) The percentage of permeable materlals in Kaplivastu district (32%) is
much less when compared to Nawalparasi (48%) or Sunsari (569%); t is also less than in Rautahat district
(39%).

One of common earlier interpretations is that going from north to south the lithology of shallow
aquifer becomes less favorable for groundwatar accumulation because grain size becomes finer. When
lithological cross-sections are consulted (Appendices 4), that statement becomes less obvious.

The northern zone belongs to Bhabar formation, and streams cutting the Siwallk hills must heve
contributed permeable materials. The Bhabar formeation normally contains the greatest proportion of
coarse grained malerial but it is poorly sorted and generally overlain by sltly and to some extent clayey
deposits. Greater depths to water table, especlaly In pre-monsoon seasons, make the upper portlon of
the permeable sequence unsaturated, so thataportion of otherwise favorable lithology isof no use for
accumulating and storing ground water. As wll be clear from the text that follows, in spite of favourable
Iithology this northern part ls less favourable zone for shallow ground water, development.

The sudden changes of lthologyare best llustrated with the zone at Gorusinghe village. Two wells
are characteristic: STW-3 and STW-21. The distance between the wells ls less than one klometer. Yet,

the wellSTVW3 has no permeable layer down to 40m depth. The other well, STW-21, shows 15 m of
gravel and sand within the same depth.

TECHNICAL REPORT NO. 7 KAPILVASTU DISTRICT
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With the above comments in mind, and will all reservatlons with respect to quality and quantity of

information, one may conclude that in Kapilvastu distrlct in most places there is a chance of getting at

least 5 to 7 meters of sand and/or gravel within a depth of 30 m from ground level and that a shallow

well to supply drinking water to villages can be constructed without too much uncertainty. t is difficult to

say whether large-capacity irrigation wells can be forecast with equal certalnty without a more detalled

exploration program.

The chances of finding excellent aquifers at shallow depths are tied to locating buried channels in

which coarse sediments have been deposlted.

3.2. Hydrogeologlcal Parameters

Hydrogeological parameters of shailow aquifers were oblained from thlteen pumping tests runon
project wells, three on existing ADBN wells and five USAID shallow wlls. The wells used in this
interpretation are shown in Appendix 6, whichis the map of transmissivity. In the same time, this report

contains a group of appendices (Appendix 5) with 16 pumping tests. Each test is interpreted In the same
way, using a rather objective computer match between field data and theory. A comparison was made
between the classical nonleaky theory of Thels and Jacob with theleaky-aquifertheory of Hantush.The

result with lower standard deviation, or a better fit, was accepted.Exceptin one test,theclassloal Jacob
interpretation produced quite a good fit. In one test, the better fit was obtained by Hantush Infection
Point Method.

The transmissivity of shallow aquifer ls shown In Appendix 6 (the transmissivity map). The map Is the
creation of a computer contouring program, which interpolates and extrapolates random individual

values. This inter-extrapolation process is based on only 21 values which ls not sufficient to accurately
describe the whole Teral part of the district There are also scome reservations as to the qualty and
accuracy of reported pumping tests, considering poor development, fluctuatlons In pumplng retes, and
inaccurate water level measurements. Lkewlse, since not all wells were drilled to the same or similar
depth, the distribution of transmissivity cannot be taken as absolutely correct. The Interpretation shall be
attempted with information in hands.

There is a clear distinction between two patches in north-westem and north-eastern parts and rest of

the study area. Two wells in each patch have shown good transmissivities: Blgauri (325miday) and
Loharaula (473 mday) in the north-western and Bhalwar (599 mday) and Motipur (750 mday) in the
north- eastern part. Both areas belong to the Bhabar zone in which the lithology may be favourable but

the depth to water table prohibitive. Except these two parts, the rest of the area is with much lower
transmissivity.

Transmissivities, aquifer thicknesses, hydraulle conductivlties and the lithology of project dilled and
USAID wells are presented in the table on the next page.

It can be seen In the table that out of 18 wells, only in 6 wells the conductlvity has matched with

corresponding lithology. Hydraulic conductivities of less than 10 m/day are characterlstia for
fine-grained sand, while a coarse-grained sand with some proportion of gravel should have
conductivlties between 20 and 70 m/day. One can easily conclude that elther the reported lthology ls not
correct or the well ls not properly constructed and/or not developed in most of the cases.

The transmisslvitles are low In the southern part of the district, which may contirm the earler
statement that the lithology becomes less favourable from north to south. The lawast transmiesivities are
in the central part of the district (Babudihawa, 3 mday from 5.5 m of gravel and sand). The wells
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located near the Nepal-Hndia border (Shlvnagar, Sultanpur, Harnampu) dioplayed also very low
transmissivities, from 24 to 62 mday.

TABLE 2

Thickness Trans. Conduct. LithologyWell
(m) (m2/day) (m/day)

5.0 S&G25
325

TW-4 Simarsat 5.0
32..5 S &STW-5

STW-6
STW-9
STW-10 Harnampur

Bijgauri
Loharaula
Dhamauliya

10.0
7.0

16.0
11.5

67.6 G473
54 3.4 G

62 5.4 G

G127
24
26

12.7
4.0
3.5

Karmahawa 10.0STW-11
STW-13 Sultanpur
STW-15Amuwa

6.0 G

5 s &G
6.0 S33

3
64
99

5STW-16
STH-17
STH-19 Jurpaniiya
STW-21

Mahuwa
Babudihawa 5 0.5 G

S&G10.
.5

6.0
Gorusinghe
Bhitriya
Rehara

18.0
11.0
6.0

S &G
S &G49 4.5STW-22
S&G93

750
15.5
75.
15..0

USAID
10.0

5.0
Motipur
Champapur
Dharamnagar
Shivnagar

USAID
75 GUSAID

S &G12.5
32.4

6. 75USAID
USAID 5. 162 G

Note: S = Sand, G Gravel

4. FLUCTUATIONS OF SHALLOW WATER TABLE

4.1. Monitoring Network

Kapilvastu district is well covered with observation network. As shown in Appendix 2, In May 1987
when observations of shallow water table started (GDOC) the network included 41 dug wells and
continued only with 26 dug wells from July onwards. In May 1988 the network Included 26 dug wells and
6 project drilled shallow tube wells. In June 1888, the network included 14 more project- drilled shallowwells. And from July 1888 onwards, observation ls being done in 26 dug wells and 21 project drilled
shallow wells. In fact, only project drilled shallow wells seem to be enough to represent the area under
study, supported, for the time being, with some five or so older shallow tube wells.
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4.2. Rainfall in Kapilvastu in 1987/88

Tounderstand better the ise of shallow water levels from thedriest month through the wettest month
either 1987 or 1988) one should look at raintaill in the June-September perlod. As shown In Figure
1,there are three rain gauging stations within the Terai portion of Kapilvastu district: Taulihawa in the
eastcentral, Bhagwanpur in the north western and Patharkot in the north eastern parts.

The annual rainfall for the three stations is presented here below

TABLE 3

Rainfall in mm

Stations 1987 1988

1489
1871

Taulihawa 1340
1507Bhagwanpur

Patharkot 2261 2179

Average: 1703 mmn 1845 mn

The comparison between average rainfall in 1987 and 1968 on monthly basis is shown in Figure 4.

Average rainfall in 1988 was 142 mm higher than in 1987, but in both years the rainfall was less than
long-term average which is about 1900 mm.

H only these three stations are considered in the twoyear sequence, one may conclude that there is a
trend of having more rain in north than in south, although the Patharkot raingauge,hich is rghtat the
Siwalik foothil, showed an opposite trend (82 mm less rain in 1988). In 1987, monsoon started in July

and ended in October, whereas in 1988, it started in June and ended in September.

The monthly rainfall
relationship between the rainfall and water table rise and decline in the period from May 1987 through

December 1988 for dug wells and from June 1988 through December 1988 for shallow tube wells

Although water level data are available through May 1989, the correlation with rainfall Is posslble only

through December 1988, since rainfall data were not recelved beyond December 1988.

plotted alongslde water table fluctuations in Appendlces 7 to Indlcate the

4.3. Shallow Ground Water System Hydrodynamics

Hydrodynamics of the shallow ground water system in Kapllvastu district in 1987 and 1988 Is

presented in Appendices 8/1 through 8/5; 9/1 through 9/3; 10/1 through 10/3; and 11/1 and 11/2. The

group of Appendices 8 refers to the depth to water table In relative terms (pre-monsoon in 1989, pr

and post-monsoon in 1988, and rise of levels during thls period In 1988 and 1987). Similar maps have

been already presented in Technical Report No.2 for the year 1987.

KAPILVASTU DISTRICT
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The maps of maximum depths to water table in June 1988 and May 1989 (Appendlices 8/2 and 8/1)
point at different behaviour of the shallow ground water system in 1989 compared to 1988. In some
wells, water table remained very high (close to the land surface) throughout the dry period of 1989. In

other words, the levels did not repeat the seasonal decline normally experienced from November
through May. (See also Appendices 7/1 and 7/2) This ls especially true for wellsnear the hills (Birpur,

Simarsat and Nandnagar). Everywhere in the district, the May levels of 1989 are hlgher than June levels
of 1988. Such high levels cannot be the consequence of rainfall. Although rainfall data are not known for

the period January-May 1989, one does not expect any meaningful rainfall in that period that might

eventually keep the levels high. When one more map of maximum depths to water table is consuted
(Technical Report NO. 2, Appendix 33, Depth to Water Table in May 1977),one easly comesto the
conclusion that levels in May 1989 are in much closer agreement with May 1888, than June 1988. Thus
the years 1986/87 and 1988/89 are probably "normal" years, and the year 1987/88 a dry year. (Thera is

also a possibility of mismatch of observation points: one Blirpur well observed In one year, and another
Birpur well in another year.)

Individual maps show the following. In May 1989 (Appendix8/1), the water table depthi

0.12 m in Gorusinghe to 10.12 m in Birpur. In the belt near the hls, the depth is normaly morathan 5m
(Loharaula-Simarsat line), with the southern part having water table closer to the ground surface. The
map of depths in May 1989 indicates also the area in which evaporation lossdirectly from water table
(when the latter is within 3 meters from the land suface) may be substantiel. This ls the area in the lower
part of the district, from Jurpaniya in the west to karmahawa In the east, extending all the way to the
Nepal-India border. Quite a high loss may be near Gorusinghe in whlchthewater table ls almost at the
land surtace from December 1988 through May 1989 (see Appendix 10/3). The map of depths to waler
table in June 1988 shows about the same picture in the lower part of the district, but in the north the
depths are much higher. The explanation for this, except for relnfall, cannot be found. To be more
intriguing, the month of June is not even the month of minimum water levels everywhere. In some wells

the minimum ls in July and October.

ged from

The depths to water table in October 1988 (Appendix 8/3) indicate thet levelsare very close to the
land sutace almost everywhere excluding a limited areanear the hils. The lineof wells fromBjigauri in

the west to Bharsarwa in the east separates the zone of less than 2 m depth (south) from the zone of

more than 2 m (north). In almost one fouth of the district, in thesoutheast coner, the levelsare closer
than 1 m to the land surface. Thus the area of potentially very high evaporation loss in the months of high

levels covers about four fifths of the district area.

The rise of levels is displayed in two appendices: 8/4 forthe period June-October1888, and 8/4 for

the period May-September 1987. These two maps are hardly comparable due to the fact that in 1987
only dug wells hava been observed, while in 1988 the observation included both dug and shallow tube
wells with only STWs used in the interpretation.

in 1988, the fluctuation amplitude was more pronounced than in 1987.However,the maps of level In

1987 werebased on bl- monthly dug wellrecord which may not be as reliable as the monthly data from

drilled wells. For the sake of comparison, twelve hydrographs of nearby dug wells and shallow tubewells

for the same period of record from June 1988 through March 1969 are presented In Appendlces 12.

From this comparison, It can be concluded that the response to ralnfall of dug wells and shallow tube
wells are similar, but the amount of fiuctuation is certalnly different.

The rise in 1987 was generally between 1 and 2 meters In the southern pat, batween 2 and 3 meters
in the central part, and more then 3 meters In the northern part Quite a different picture Is displayed by

shallow wells In 1988. The rise is minimum In the south-central part with less than 2 m in most of the
area, and locally less than 1 m. This area compares

the north, the rise is more than 4 m, with extremes in Bljgauri, Blrpur and Nandnagar.
ell with the dug well behaviour a year before. In
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The rise of levels generally starts in the month of June as a direct response to June rainfall. The
near-maximum water levels were established in the months of September/October 1988 and the decline
started in October. Correlating the hydrographs with rainfal, it may be concluded that the high
September/October levels are the response to rainfal of 1487 mm in the months of June, July and
August. Soils were already wet because of about 300 mm of raln in June. Nearly equal dlstribution of
rainfall in July and August helped to keep the water table hlgh tilt October lIn splte of only 164 mm of

rainfall in September.

Hydrographs of project drilled wells Indlcate in most cases the maxlmum depth to water table in 1889

less than that in 1988. The hydrographs of some 12 dug wells (more or less being representative for the
whole area) are presented In group of appendices 11. It is indicative in most of them that maximum
depth to water table in 1988 is higher than In 1987 or 1989. In other words, inthe two-year sequence but
with three dry seasons the absolute minimum of levels ls in June-July 1988. Dug wells rom central-north
to central-south parts have minimum depth to water table higher in 1987 compared to 1988 which is

different than in the rest of the study area. This could be due to distribution of rainfall in Kapillvastu,

Rainfall recorded at Patharkot which is in the north of this area was 82 mm more than in 1988.

Another noticeable thing is that most of dug wells have shown maximum depth to water table in the
month of June in 1988 whereas in 1987 it was in May. The explanation for thle s the followng: 1987
observations were based on bl-monthly intervals, so the actual month for maximum depth to water table
is not known, but in the case of 1088 the data were from monthly intervals.

Appendices 9/1, 9/2, and 9/3, present water level contour maps in June and October 1988,and May
1989, respectively. As expected the general direction of ground water flow is from north to south.There
is not so much difference in gradients of ground water flow in either of these three maps. The gradient
of flow in the northern part is mostly about 0.003 or 3 meters per one klometer. There ls achange of

gradient from contour line 110 (Bharsarwe). The gradient becomes gtadually moregentle, first about
0.0015, and finally 0.0005 near the Nepal-india border in the southern comer. The change of gradient
may be an indication of the change af transmissivity, which is should then behigher In southern
compared to northen part. Yet, in the case of Kapilvastu district, the change of gradlent is an indication

of less water flowing through cross-section in the southern part. As mentioned earilier, thesouthem part

is an area of very high evapotranspiration potential. Plenty of water coming from the north Is released

through evaporation process, so that less water flows through about the same transmissivity.

The map of contours in October 1988 ls similar tothe map in June, which means that the flow patern
is the

same. In the northern-mast part the difference in contours is more than 7 m whereas In the south t
is less than 2 m.

The contour map of water levels in May 1989 Is the newest status of levels and such it will be
discussed in more detalls. Clearly the slope Inthe northern part, abovethecontourline 120,lssteeper
than in the southern part. The gracient betweenBijgaurl and Lohareula is 0.0033, between Birpurand
Gorusinghe o.0043, between Nandnagar and Bharsawa 0.0037. The gradlent ls stl steep between
Loharaula and Jurpanla, o.0033. In the lower half, the gradient changes two or threefald. Bebween
Bharsarwa and Harnampur the gradlent ls 0.0011; between Amuwa and Sultanpur It is 0.001,between
Babudihawa and Kushahawa it is also 0.0011. The scale in which contour line maps are presented, and

the fact that land-surface elevation at drlling sltes had not been levelled but taken from topographic
maps, precudes any better Interpretation. It ls difflcult to conclude, e.g, on the relatlonship between the
Banganga River and shallow ground water, although It is expected that ground water may be
contributing to the river base flow if any. There may be some inflow across the western dlstrict bordler
(India-Nepal), according to the curvature of contour lInes. The ground water flow from the northwest

(Biigaur) is generally toward southeast, in direction of Motipur and Kushahawa. The water trom

Nandnagar flows mostly to south and southwest towards Karmahawa and Harnampur. The flow from

Birpur is first toward Simarsat in southwest direction, then to Gorusinghe directly to the south.
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The volume of shallow ground water flowing through a

from the contour level maps and transmisslvity maps. Yet, this wll be deferred to the next chapter in
which an attempt shall be made to assess the water balance.

segment of the district can be calculated

5. ASSESSMENT OF WATER RECHARGE
AND DISCHARGE

5.1. Preliminary Assessment from Basic Documentation

The following concluslons are drawn about the recharge and discharge of the ground water system
in the reported area.

(1) The recharge comes from local infiltration of rainfall everywhere where more or less permeable
surface permits. The percentage of infiltration may be high, but there may be plenty of rejected recharge
in monsoon season because of oversaturation of the soil immediately underlying the land surface. This
may be true in the lower part where water table in the monsoon season comes very close to the ground
surtace.

(2) In the Bhabar zone of Kapilvastu district, the water table is deeper compared to the southen
parts. In addition to this, the fluctuation is also greater. However, due to coarser sediments, and
presence of fan deposits, the percentage of recharge may be quite high. The percentage of direct
rainfall recharge in Bhabar zone, according to Duba's (1982) calculations, appear to be very high in
Lumbini zone. His estimate for all three districts within the zone is 43.7%. However, he overestimated
rainfall (24@0 mm). With rainfall about 1900 mm/year, and aimost 200 km2 of Bhabar in the district, the
input into the Bhabar sediments could be very high, 168 MCM (milion cubic meters).

3) The outflow of shalow ground water is mostly across the border into neighboring India. The
outflow into India across the border is calculated approxlmately with gradients from Appendices 8/2 and
9/3, and transmissivitiesfrom Appendix 6. The length of outlow section Is 50 km. The transmisslvity is
decreasing from 150 mdaynear Shivnagarto 30 m/day In the middle of the section. The gradient Is
moreor less simillar(about 0.0008) in the outflow section. The volume of water that may be outflowingis
about 3,600 mday or 1.3 MCM/year (milion cubic meters lin one yea): Thls is a small fraction,of
potential annual recharge from infiltrated rainfall. If, conservetlvely, only 10% of annual ralnfall of 1900
mm infiltrate and rechargethe shallow aquifer, the volume of recharge over an area of about 1500 km2
could be about 285 MCM/year, The difference between thle hypothetlc recharge of 285 MEM and
outflow into India of about 1.3 MCM is discharged through evaporatlon process (domlnanty), Into the
Banganga and other rivers and wlthdrawals from dug and drlled wells (minor component at present.

(4) A rough estimateof the posslblity of recherge ls made by assuming the effective poroslty of sand
and gravelaquifers as 15% andconslderng thatthe average rise of water table durlng monsoon period
is 3 m overanarea of1500 km.f onethird of theao 3 meters is composed of permeable deposits (the
average percentage ofpermeable formation from total shallow depth was about 32, see Section 3.1)
and reducing the ralnfal to only the monsoon ráinfal, say 1700 mm, the net result lsabout 225 MCM.

TECHNICAL REPORT NO. 7 KAPILVASTU DISTRICT



SHALLOW GROUND WATER WATER IN TERAI 19 NEP/86/025

(5) It may be also consldered that land surface is not permeable in the whole area. When thick clay
deposits underlie the surface, there is no direct recharge by infiltrated rainfall.

Conservatively one may assume that the total recharge to shallow aqulfer in Kapilvastu is about 200MCM. The outflow into India ls a very small fraction of that volume, so that most of ground water must be
lost through evaporation process. This is the water that can be salvaged by carefully planned
exploitation, provided that the lithology of shallow aquifer (that is its thickness and transmissivity) permit
the ground water development by pumping.

5.2. Assessment of Water Balance by Mathematical Modelling

The volume of data appears to be sufficient to construct a preliminary model of Kaplvastu district.
However, the quality of data is questionable, especially pumping test results and some water level
monitoring data. The model, of a preliminary nature, can still be constructed provided some
improvements aremade in the data base in the period between June and October 1988, if and when this
is accomplished the model can be.prepared in one-month time (target: November 1989). To make the
model as reliable as possible under the present situation, one needs to do the following:

a To run more pumping tests with correctly Interpreted transmlssivity values In existiny
GWRDB shallow tube wells.

ADBN or

() To redevelop some of dubious welis, and to repeat the testing.

To make an inventory of currently used shallow tube and dug wells with some control over
withdrawals.

) To monitor water levels in the coming monsoon season, on a monthly or even bi-weekly basis,
until October 1989,

The model may provide quantitative answers to the following:

(a) Recharge from rainfall in the Bhabar Zone and elsewhere

(b) The importance and magnitude of the evapotransplration process.

(c) The correct order of magntude of hydrogeological parameters (permeablity and transmissivity).

(d) The volume of outflow across the district boundary into India.

The aquifer system to be modelled (Appendlx 13) has only one natural and three artificlal
boundaries. The natural boundary ls the Impermeable boundary in the north, being the physlcal
termination of the shallow (and deep) ground water system of the Teral. The artflclal boundaries of the
district in the sense of the reglonal ground water system are the boundaries to the south and west
(Nepal-Indla borde) and east (distrlct boundary with Rupandehl district).

The final outcome of the model could be the amount that can be annually developed by shallow wells
considerlng the recharge, and the salvaged water on account of ground water evaporation.
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The basis for the model calibration, l.e. for the veriflcation of all system parameters, should be the

rise of water levels from May through September 1988, correlated with rainfal, decline of water levels

from September 1988 through May 1989, and again the rise of levels from May through October 1989.

All four maps of water flow, i.e. in May 1988, October 1988, May 1989, October 1980, should beB

matched by the model

Only at the end of the modeling study the water balance of the shallow ground water system and ts
development potential can be formulated. Without a comprehenslve evaluation of thewholesystem
including all its components (recharge-flow-dlscharge), any quantificatlon of the shallow ground water

system behavior and development potential is only a speculatlon.

The main components of the model shall be the following:

(a) Size
India-Nepal state border as the south and west boundary, the contour line 150 m on its north, and the

district boundary with Rupandehi on its east. The area involved in the model shall be about 35 km

(north-south) by 51 km (west-east) (Appendix 13). The model corners shall have coordinates in X

direction from 669000 to 720000, and in Y direction from 3038000 to 3073000. The dlscretization shall

be 1000 m in each direction, creating a uniform mesh network of 1 km each cell. Thus the model shall

have 1785 cells.

Almost the whole Teral portion of the Kapilvastu district shall be modelled, with the

) The model shall be two-dimensional. The geomety of the shallow ground watersystem shall
demand the following data input for each cell: () land surface elevation, (i) top of aquifer elevation, (il)

bottom of aquifer elevation, (iv) Initial water level elevation. Other input matrices (one value for each cell)

shall be the following: hydraulic conductivity of the shallow aqulfer, storage coefficlent of the shallow

aquifer, recharge from rainfall inflitration, discharge through evapotranspiratlon process.

(c) Model calibration process shall have four stages: () steady-state calibration of modelled output in

May 1988 (minimum water levels), (i) unsteady-state callbration of the period May 1988the month
September 1988 the rlse of water levels as aconsequence ofmonsoon ralns andincreased recharge
(ii) unsteady-state calibration of the period September 1988 through May 1989 (the decline of water
levels after the end of monsoon), (v) model verification -In the monsoon season from May through

October 1989.

(d) The model output shall be the followlng: () improved distribution of aqutfer parameters (hydraullc

conductivity, storage coefficient), (1)

discharge through evaporation, and outílow across the southern and western border into India, (i)
assessment of available shallow water for Increased development on account of avolding

evapotranspiration losses and eliminating the outflow into Indla.

ns of recharge from ralnfall and the river, as well as of
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6. CONCLUSIONS AND REcOMMENDATIONS6.

The objective of this report is to present technical Information on the occurrence of shallow groundwater in Kapilvastu district. It is presented in a form of a baslc documentation with some preliminary
interpretation.

The drilling program which was formulated about a year ago, was completed according to thee
expectations. Twenty three holes were drilled with the total driling metrage of 1131 m. The average
depth of newly completed wells Is 50 m. Considering the lithology of shallow ground water system, this
depth is probably adequate for the project purpose. Most of wells were not absolutely efficlenty
developed. It seems that too much bentonite was used, and the screen of only O.5 mm openings and
about 11% open area was found to be inadequate. As a consequence, pumping tests failed in such
wells. Out of 23 drilled wells, 22 wells were constructed by a drilling rig, and only one well by
indigenous (manual) methods of drilling. It may be too early to conclude on advantages and
disadvantages of a particular method of shallow wells constructions in the Terai. Manually-drilled wells
have a better control over lithology of penetrated strata; likewise, they are cleaner and pumping tests are
more reliable because aquifers and well screens are less clogged than in bentonite- drilled wells.
However, these advantages fade when the total depth of penetration is taken Into account

As a conclusion of the drilling program in Kapilvastu district the following may be inferred. The
drilingof shallow wells should be done with as little as possible bentonite mud.The screens should be
best pre-packed with gravel, or alternatively the driling dlameter should be minimum 10 inches to
accommodate 4 or 6-in casing and minimum 4-in gravel pack. In an exploration- drilling project as In
this UN assistance project, the first saturated sand-and-gravel layer should be screenedto offer the
possibility of testing and monitoring the first directly recharged zone. In a water-supply and/or irigation
wel, all pemeable layers within the depth of drilling should be screened to produce as much water as
available.

More altention should be given to well development. Screens with slot opening less than 1.0 mm
should not be used. Better supervision of dilling and development activlties is needed to produce better
wells.

In addition to lithology of shallow aquifers, which becomes known from the drilling operation,
pumping tests provide most of knowledge on aqulfer parameters. In the case of Kapllivastu, no one can
be satisfied with the results of pumplng tests. It is believed that least atention was given to the well
development part The quality of testing must be improved, as well as the accuracy of equlpment used.

Moreover, the fact ls that in seven project drilled wells pumping test have not been atempted. The
explanation appended to field drilling report that depth of weater level was unacceptable for centrifugal
pumps does not stand since in five wells the depth to water table was at the time of drilling less than 5 m

and in two wells the levels rose to within 4 m from the land surface in August 1988. In running pumping
tests the following problems have been ldentifiled:

(a) Pumping equlpment not adequate for all sltuation8, The suction range of centrifugal pump limlted
to about 7 m below the pump dlscharge polnt restricts the posslble dynamlc depth of pumplng. Pump
discharge ls fiuctuating during the test.
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(b) Pump discharge measuring instrumentation unreliable. When the results by two methods of
measurement are compared, the match is sometimes more than 20%. 200-I barrel is probably better than
-notch weir. The best would have been a 3-in flowmeter with direct reading of the flowrate in liters per
second.

Measurements of water level during the pumping and/or recovery periods are sometimes
questionable (late, improvised).

The Interpretation of lithology onthe basis of drller's log is sometimes difficult. The terminoiogy such
as 'gravel and siltstone' has no sense in hydrogeology. Few percents of silty components in otherwise
coarse-grained material may make the formation completely impermeable. Thus a large component of
gravel has to be proved by pumping tests and matched with transmlssivity values.

fpumping test results can be trusted, then the distrlbutlon oftransmisslvity can be interpreted in the
following way. First, the lithology and permeability of shallow ground water system of Kapilvastu district
Is not as favourable as in other districts of Terai. There is a dominance of clay and silt sediments over
permeable ones, at a ratio of 2 to 1. Except the north eastern and north western parts, in which the
transmissilvity is relatively acceptable (over 300 mday), the rest of the area in Kapilvastu Teral is not at
all suitable for intensive ground water development Even individual wells for local water supply of a
village demand a minimum transmissivity of at least 300 mday. Except in the north-west around
Bijgauri and Loharaula, and in the north-east near to Bhalwar and Motipur, nowhere else the
transmissivity comes close to that minimum. Again, one must be cautious not to Jump to concluslons
since pumping test results are not always reliable.

it is clear that hydraulic conductivity values do not match with the corresponding lithology, which ls

the consequence of poor well constructlon (too much driling mud, unsatisfactory well screens), and
poor well development (late development with low- capacity pump, short duration of development, etc.).
One of disadvantages of the driling program is less-than-useful location of drilling sites for present
purpose. This is to say that wells should have been located nearby an existing ADBN well which would
have permitted the second well to act as observation well during pumping tests. Unfortunately, not in one
single case this was possible and not one single value of storage coefficient had been produced.

The pump testing program in Kaplvastu district should be continued. There are many wells hich
lend themselves to testing. If remaining wells are tested after proper development the wealth of
information and knowledge about the district would be enormously improved. Likewise, the project wells
which were poorly developed could be redeveloped properly and retested. Otherwise, there is always a
possibility to be mislead when attemptlng to make assessment of ground water system balance, whether
analytically or by means of mathematical models.

Kapilvastu district Is well covered with water-level monltorlng network. In the month of May 1989, the
network includes 26 dug wells and 21. project drlifled wells.Tentatively the proposed network for futàre
monitoring shall include only 21 project drlled shallow wells. The continuing observatlon in some other
wells will be heipful for comparison, but the number of such wells should be reduced to a maximum of

five.

In most of the area the levels In June 1988 are within 6.0m below the,land surface. Only In the
northern part It varies from 7 to 18 m. Between June and October 1988 the levels rose In central and
southern areas by 1 to 3 m, whereas in the northern part the rise In levels vary from 4 to 7 m. The water

levels started rislng in the month of June as a direct response to June rainfal. The near maximum water
levels were establlshed in the months of September/October. The high September and October levela

are the response to ralnfall of 1200 mm In July and August
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The depths to water table in October 1888 indicate that levels are very close to the land surtace
almost everywhere excluding a limlted area near the hills. The line of wells from Blgaurl In the west to
Bharsarwa in the eastseparates the zone of less than 2 m depth (south) from the zone of more than 2m
north. In almost one fourth of the district, In the southeast corner, the levels are closer than 1 m to the
land surtacao.Thus the area of potentlially very high evaporation loss in the months of high levels covers
about four fifths of the district area.

There is not so much difference in gradients of ground water flow In either of contour maps of water
levels produced in this report. The direction of shallow ground water flow is from north to south. The
gradient of flow in the northern part is mostly about 0.003 or 3 meters per one klometer. There lsa
change of gradient from contour line 110(Bharsarwa). The gradient becomes gradually more gentie,
first about .0015, and finally 0.0005 near the Nepal-India border in the southern corner. The change of
gradient may be an indication of the change of transmisslvity, whlch, then, should be hlgher In southern
compared to northern part. Yet, in the case of Kapilvastu district, the change of gradient is an indication
of less water flowing through cross- section in the southern part. As mentioned earlier, the southern part
is an area of very high evapotranspiration potential. Plenty of water coming from the north is released
through evaporation process, so that less water flows through about the same transmlssivity.

Some preliminary evaluation on an assessment of shallow ground water is presented as follows:

(1) The recharge comes from local Infiltration of rainfall everywhere where more or less permeable
surface permits. The percentage of Infiltration may be high, but there may be plenty of rejected recharge
in monsoon season because of oversaturation of the soil immedilately underlying the land surface.

(2) The Bhabar zone may be an important contributor to recharge of shallow aquifer. With rainfall
about 1900 mm/year, and almost 200 km* of Bhabar in the district, the input into the Bhabar sediments
could be very high, 166 MCM (million cubic meters), if Duba's estimate of Bhabar recharge is accepted.
Yet, due to drilling problems encountered with coarse and hard materlals and excessive depth of water,
the Bhabar zone appears to be of marginal value for water development in spite of relatively acceptable
ransmissivity.

(3) The outflow of shaliow ground water ls mostly across the border into neighboring India The
outflow into India across the border is calculated approximately with gradients from contour maps
produced in this report, and with transmisslivitles from pumping tests. With the length of outflow section
is 50 km and average transmissivity of about 90 mday (from 150 mday near Shivnagar to 30 mday in

the middle of the section), and gradlent of flow of about 0.0008, the volume of water that may be
outflowing is about 3,600 m/day or 1.3 MCM/year (million cubic meters in one year). This is a small
fraction of potential annual recharge from infiltrated ralnfall. If, conservatively, only 10% of annual ralnfall

of 1900 mm infiltrate and recharge the shallow aquifer, the volume of recharge over an area of about
1500 km could be about 285 MCM/year. The difference between this hypothetic recharge of 285 MÇM

and outflow into India of about 1.3 MCM is discharged through evaporation process (dominantly), Into

the Banganga and other rivers and withdrawals from dug and drillecd wells (minor component at
present).

(4) It may be also considered that land surface ls not permeable in the whole area. When thick clay
deposits underlle the surface, there ls no direct recharge by infltrated ralnfall.

Conservatively one may assume that the total recharge to shallow aqulfer In Kaplvastu ls about 200
MCM. The outflow Into Indla ls a very small fraction ofthat volume, so that most of ground water must be
lost through evaporation process, Thls is the water that can be salvaged by carefully planned
exploltation, provided that the lithology of shallow aqulfer (that ls lts thickness and transmissivity) permit
the ground water development by pumplng.
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On the basis of the presented Information, the feasiblity of shallow ground water development in the
reported area is as shown in Flgure 5. It is difficult to Interpret the area in terms of sultablity for
large-scale development. Nowhere in the district one can suggest even a limited zone that may be
suitable for irrigation of a conslderable area. The only way to describe the sultablity for development is
in relative terms. Of course, this interpretation does not go beyond the penetrated depth of, on average,
49 m.

The area in the north, the Bhabar zone, may be locally suitable for individual wells in places where
water level is closer to the land surface. The land depresslons should be the polnts of interest. The
south-east and south-central parts are relatively more suitable for development, but on limited scale, in

places where lithology is more favourable. This may be an area near the Banganga River or its local
tributarles. The area in the west and central part may be good for individual wells only, for water supply
of villages but not for irrigation.

Considering the water balance, the best development procedure would be to develop shallow
ground water from thee central area near Gorusinghe down to the India-Nepal state border (Sultanpur
Harnampur-Karmahawa). The development in that area would tend to lower the regional water table and
salvage the water from being lost through evaporation. Yet, it ls questionable how many wells one needs
to drill in a zone of very low transmissivity to accomplish any substantial abstraction.

The number of shallow tube wells to develop available water cannot be assessed with the information

available. Although more than 200 MCM annually recharge the shallow aquifer, an Individual well can
hardly pump more than 3-4 I/sec from very low transmissivity. If each well s pumped 120 days in dry
season on a 12-hr per day basis, one well can hardly abstract more than about 18,000 m. Thus the
number of wells should be as high as 11,000, which is certainly an extremely high number. In the case of

Kapilvastu district this is not the question of availablity of water, and the forecast of maximum
permissible number of wells, but the question how many wells are required to abstract the water that may

be available.

development inTo bring more certainty into the process of planning the shallow ground wa
Kapilvastu district, it 1s recommended that aditional exploration wells are drilled in the central and
south-eastern corner, where water levels are close to the land surface. It goes without saying that careful

attention should be given to their development and testing, much more than in the present project work.
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KAPILVASTU TERAI - PROJECT WELLS AND PUMPING TESTS
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KAPILVASTU TERAI - LOCATION MAP FOR MONITORING NETWORK
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GWRDB UNDP NEP/86/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

HELI. NO. STW LOCATION AMUWA

ELEVATION A696000 Y 3058625
NETHOD OF ORILL ING Manual

DRILLIHG DATES

TOTAL DEPTH 39.0 m.

COwMENTS Abandoned

WELL LOG PUMPING TEST

SCREFN DEPIH LITHOLOGY DATE

Q01/s):
DURAT1ON:Clay
TRANSMI SSIVITY:

8.0 METHOD:

STORAGE COEFFICIENT:
STATIC HATER LEVEL

DYNAMIC HATER LEVEL

Gravel & sand

- 15.0

COMMENTS:

20

25-
Clay

30-

35-

-39.040-

45-

50
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GHRDB UNDP NEP/85/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

WELL. NO. STW 2 LOCATION BIRPUR

ELEVATION 159.31 A 702750 Y 3069750

MET OF DRILL ING Rig

28/01/88- 31/01/88

42 m
DRILLING DATES

TOTAL DEPTH

Screen position 24.0 29.5 m.
COMMENTS

Screen type Wire Wrapped

M.P: 0.41m.

WELL LOG PUMPING TEST

SCREFN DEPTH L06 LITHOL OGY DATE

Q1/s):
Clay, sandy DURAT 1ON:

m/dayTRANSMISSIvITY:
METHOD:

STORAGE COEFF1CIENT:

STATIC HATER LEVEL: 13.36 m
10-

Alternate bands of DYNAMIC WATER LEVEL:
15- clay & gravel

COMMENTS

20

2425-
Gravel

30-
32

35- Clay & gravel
38

40 Clay
42

J5

50-
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GHRDB UNDP NEP/86/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

HELI. NO. STW 3 LOCATION GORUSINGHE

ELEVAT 1ON A701875 Y 3061000

NETHOD 0F DRILLING Rig

DRILLING DATES

TOTAL DEPTH
02/02/88- 03/02/88

40 m.

COMMENTS Abandoned

WELL LOG PUMPING TEST

SCREFN OEPTH LOG LITHOLOGY DATE:

Q(1/s):
DURATION:
TRANSMI SSIvITY: /day
METHOD:

10 STORAGE COEFFICIENT:
STATIC WATER LE

15- DYNAMIC HATER LEVEL:

COMMENTS:
Clay sticky

20

25

30

40- 40

45

50
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GHRDB UNDP NEP/86/025
SHALLOW GROUNDHAT ER EXPLORATION IN TERAI

KAPILVASTU

HELL. NO. STW 4 LOCATION SIMARSAT

ELEVATION 121.90 n 695750 Y 3064125
METHOD OF DRILLING Rig

05/02/88 06/02/88DRILLIRG DATES

TOTAL DEPTH 40 1

Screen position 10 15.5 m.

Screen type Wire Wrapped
M.P: 0.46 m.

COMMENTS

WELL LOG PUMPING TEST

sCREENOEPTH LOG LITHOL0GY DATE: 27/10/88
Q1/s) 3.0
DURATION:

1 hr.50 min.
TRANSMI SivITY: 25

Clay m/day
METHOD: Jacob

9.010- STORAGE COEFFICIENT:
Sand & gravel STATIC HATER LEVEL 2.24 m. (B.G.L)DYNAMIC WATER LEVEL:5.93 m...1 14.0

15-

COMMENTS:

20 First pumping test on 16/05/8

25- with 0.5 1/s discharge had shonn
Clay

30 m/day transmissivity.

30

35

40 40.0

50
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GHRDB UNDP NEP/86/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI1

KAPI LVASTU

HELI. NO. STH 5 LOCATION BIJGAURI

ELEVATION 157.38 A 677500 Y 3064000

NETHOD OF DRILLING Rig

DRILLING DATES

TOTAL DEPTH
22/03/A8- 24/03/A

50 m.

M.P: 1.12 m.

COXMENTS Screen position 13.5 19.0 m.

Screen type WireWrapped

WELL LOG PUMPING TEST

SCRFFN DEPTHLOG LITHOLOGY OATE: 28/10/88
Q01/s): 12

Clay & sand DURATION: 2 hr. 10 min.
TRANSMISSIVITY: 325
METHOD: Jacob

9.010 STORAGE COEFFICIENT:
STATIC HATER LEVEL: 3.59(B.G.L)
DYNAMIC WATER LEVEL: 5.35 m.

Sand & gravel

15. 15.0
Boul der

19.0
COMMENTS:

20 Total duration of first pumping test
on 25/03/88 was only 25 min and with
fluctuation in discharge.25

Alternate bands of
Clay, sand &

gravel

30

50 50.0
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GHRDB UNDP NEP/85/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

HELI. NO. STW 6 LOCATION LOHARAULA

SLEVATION 135.40 A 675875 Y 3061250

METHOD 0F DRILLING Rig
26/03/88 28/03/88DRILLING DATES

TOTAL DEPTH 44 m.

M.P: 0.36 m.

COM1ENTS Screen position - 13.5 19.5 m.

Screen type Slotted pipe

WELL LOG PUMPING TEST

SCREFN DEPTH LO6 LITHOL OGY DATE: 29/03/88
Q07s):12.0
DURAT1ON: 9 min.
TRANSMI SSIVITY: 475

Clay& sand
2,

m /day
7.0

METHOD: Jacob
Sand & gravel STORAGE COEFFICIENT:

STATIC HATER LEVEL: 2.87 m. (8.G.L)
DYNAMIC uATER LEVEL: 4.59 m.

11.0 Clay
13.0

15

Gravel pebble
COMMENTS:

20- 20.0

Fluctuation in water level noti ced
25-

"during the test.
Al ternate bands

30- of Clay, sand &&

gravel

35

40

44.0
45

0
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GWRDB UNDP NEP/85/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

HELL. NO. STW 7 LOCATION NANDNAGAR

ELEVAT10N 164.14 m A 717625 Y 3067000

Rig.METHOD OF DRILLING

DRILLING DATES

TOTAL DEPTH
05/04/88 09/04/88
|29 m.

Screen position 17 19.5, 21.5 23.5
COMENIS Screen type Slotted Pipe

M.P: 1.09 m.

WELL LOG PUMPING TEST

SCREFN DEPTH OG LITHOLOGY DATE

Q01/s):2.0 Soi1

Boul der 8 gravel DURATION:
m/day6.0 TRANSMI SSIvITY:

METHOD:

10 Clay with thin STORAGE COEFFICIENT:
STATIC HATER LEVEL: 13.02 m.

DYNAMIC HATER LEVEL

gravel 1ayer

15
17.0

COMMENTS:Boul der & gravel
with thin clay0-

24.0 ayer
Clay25-

27.0

30 29.0 50ulder

35-

40

45

50
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GHRDB UNDP NEP/86/025
SHALLOW GROUNDHATER EXPLORAT10ON IN TERAI

KAPILVASTU

HELI. N0. STW 8 LOCATION BHARSARWA

ELEVATION 112.88 712375 3055875

METHOD OF DRILLING Rig

DRILLING DATES

TOTAL DEPTH
22/04/88 -24/04/88

54 m.

Screen position - 16.0 24.0 m.

Screen type Wire Wrapped
COMMENTS

M.P: 0.4 m.

WELL LOG PUMPING TEST

sCREFN DEPTH LOG LITHOLOGY DATE:

Q(1/s):
DURAT1ON:

2
m/day

Al ternate bands of
Clay, sand &

gravel

TRANSMISSIvITY:
METHOD:

STORAGE CcOEFFICIENT:

STATIC WATER LEVEL: 2.27 m.
DYNAMIC WMATER LEVEL:

16.0
COMMENTS:

20 Gravel&sand

24.025.

30

Al ternate bands of
Clay, sand &

gravel
0

50-

-54.0

APPENDIX 3/8



GHRDB UNDP NEP/86/025
SHALLOH GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

WELL. NO. STW 9 LOCATION DHAMAUL IYA

ELEVATION 105.07 A 707625 Y 3049750

METHOD OF DRILLING

DRILLING DATES

TOTAL OEPTH

Rig
27/04/88-29/04/88
55

M.P: 0.41 m.

Screen position 38.0 41.0, 42.5 53.5 m

Screen type
COMMENTS

Wire Wrapped

WELL LOG PUMPING TEST

SCREFN DEPTHLOG LITHOL OGY DATE: 14/10/88
Q01/s): 5.0

Clay with thin DURATION: 1 hr. 50 min.
layer of sand m/dayRANSMI SSIvITY: 55

METHOD: JACOB7,0

10- STORAGE COEFFICIENT:
STATIC HATER LEVEL 1.69 m. (B.G.L)DYNAMIC WATER LEVEL: 6.5 m.

B.G.L)

Sand & silt

-15.0

COMMENTS:

20-
First pumping test on 15/05/88

25-- Clay sticky
with 2.0 1/s discharge had shown

30 m/day transmissivity.
30

35
-37.0

40

iravel45-

50

53.0 clay

55.0
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GHRD8 UNDP NEP/86/025
SHALLOW GROUNDWAT ER EXPLORATION IN TERAI

KAPILVASTU

HELI. NO. STW 10 LOCATION HARNAMPUR

ELEVATION 98.18 A 707625 Y 3043250

NETHOD OF DRILL ING Rig

DRILLING DATES O1/05/88-03/05/88
54m.TOTAL DEPTH

M.P: 0.39 m.

Screen position 30.5 36, 40.5 43m.
Screen type - Wire Wrapped

COMMENTS

WELL LOG PUMPING TEST

SCREFN DEPTHLOG UTHOLOGY DATE: 05/05/88
Q01/s): 2.5
DURATION: 1 hr. 40 min.
TRANSMI SIvITY: 60

Clay

-5.0 day
Sand fine METHOD: Jacob

STORAGE COEFFICIENT

STATIC HATER LEVEL: 1.75 m. (B.G.L)
DYNAMIC ATER LEVEL: 4.79 m.

10 10.0

Clay silty
15-

-17.0
COMMENTS:

20 Clay sandy

25 6-25.0
Gravel

30 -30.0

Gravel sandy
35

-36.5
Clay

40- 40.0
Gravel sandy

44.0
45

Clay

50

-54.0
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GHRDB UNDP NEP/85/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

HELI. NO. STW 11 LOCATION KARMAHAWA

ELEVATION 102.18 m 717625 Y 3046875

METHOD OF DRILLING Ri9

DRILLING DATES

TOTAL DEPTH
07/05/88- 08/05/88

40 m,

Screen position- 29.0 -34.5 m.

Screen type Wire Wrapped
COMENTS

M.P: 0.53 m.

WELL LOG PUMPING TEST

SCREFN DEPTH LOG LITHOLOGY DATE: 13/10/88
Q01/s): 14

DURAT1ON:.1 hr. 50 min.
TRANSMI SSIVITY: 127

METHOD: Hantush Inflection Point

Clay sticky

/day
-7.0

10- STORAGE COEFFICIENT:
Sand,silt & clay

STATIC HATER LEVEL: 2.39 m. (B.G.L)
DYNAMIC MATER LEVEL:4.76 m.

15- 15.0

COMMENTS:

20
Clay sity First pumping test on 11/05/88 with

25 4.5 1/s discharge had shown 152 m/day

28. transmissivity.
30-

Gravel&pebble35

38.0
40.0 clay & gravel40

45

50
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GHRDB UNDP NEP/86/025
SHALLOW GROUNDHATER EXPLORATION 1N TERAI

KAPILVASTU

WELL. NO. STW 12 LOCATION AURAIHA

ELEVATION 96.53 X716500 Y 3041250
RigMETHOD OF DRILLING

DRILLING DATES
07/05/88- 08/05/88

34 m.TOTAL DEPTH

M.P: 0.32 m.
COMENTS Screen position 25.0 30.5m.

Screen type-Wire Wrapped

WELL' LOG PUMPING TEST

SCREFN DEPTH LOG UTHOLOGY DATE:

Q(1/s):
DURATION:

Clay sticky m/dayTRANSMI SSIvITY:
METHOO:

10 STORAGE cOEFFICIENT:
STATIC WATER LEVEL

DYNAMIC HATER LEVEL:
13.0

L5

Sand coarse &
COMMENTS:

20 gravel
22.0

25 lay Sticky
25.0

Gravel,pebbles &

30 sand

34.035

40

50
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GHRDB UNDP NEP/86/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

WELL NO. STW 13 LOCATION SULTANPUR

ELEVATION 96.07 695250 Y 3041875

METHOD OF DRILLING

DRILLING DATES

TOTAL DEPTH

Rig
10/05/88 11/05/88

62 m.

M.P: 0.43 m.

Screen position 54.5 60.0
Screen type Wire Wrapped

COXMENTS

WELL LOG PUMPING TEST

sCREFN DEPTHLO LITHOL OGY DATE: 15/05/88
Q01/s): 1.4
DURAT1ON: 1 hr. 40 min.
TRANSMI SSIVITY: 25

Clay with thin
layer of sand

11.0 m/day
METHOD: Jacob
STORAGE cOEFFICIENT:15 Al ternate bands of

Clay, sand and STATIC WATER LEVEL: 3.75 m.
DYNAMIC MATER LEVEL:7.46 m.5.6.Lgravel

26.0 COMMENTS:

30

Clay sticky with
Some gravel

45-

-54.0
Gravel

60.0 c1ayb0
62.0

5
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GHRDB UNDP NEP/85/025
SHALLOW GROUNDWATER EXPLORATION IN TERAI

KAPILVASTU

HELL. NO. STW 14 LOCATION AKBARPUR

ELEVATION 98.68 696500 Y 3046750

METHOD OF DRILLI NG Rig
10/05/88- 12/05/88DRILLING DATES

TOTAL DEPTH 501.
M.P: 0.51 m.

COMENTS Screen position- 40 m 45.5m.
Screen type ire Hrapped

WELL LOG PUMPING TEST

SCREFN DEPTH LOG LITHOLOGY DATE

Q01/s):
DURATION :Clay with thin

gravel layer
TRANSMISS1VITY:
METHOD:

10- STORAGE COEFFICIENT:
STATIC WATER LEVEL:

15 15 DYNAMIC WATER LEVEL:

Gravel COMMENTS:

20-
21

25
Alternate bands
of clay & gravel

30-

35

40- 0
Pebble, gravel

l
and sand

45 A5,5

Clay sticky
50- 50
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GuRDB UNDP NEP/86/025
SHALLOW GROUNDMATER EXPLORATION IN TERAI

KAPILVASTU

HELL NO. STW 15 LOCATI0N AMUWA

ELEVATION 111.86 m 697500 Y 3058750

RigMETHOD OF DRILLING

DRILLIHG DATES

TOTAL OEPTH
13/05/88-15/05/88

68 m

M.P: 0.47 m.

COMMENTS Screen position - 61.0 66.5m.

WELL LOG PUMPING TEST

SCREFN DEPTH LOG LITHOLOGY DATE: 22/05/88
Q(1/s): 2

5.0 ay
DURAT1ON:1 hr. 40 m.

Sand nday
S5 Gravel29S14.0 Gravel

TRANSMISSIVITY: 25

METHOD: Jacob
STORAGE COEFFICIENT:
STATIC HATER LEVEL: 1.33 m. (B.G.L)DYNAMIC NATER LEVEL :6.43 m.

COMMENTS:
Alternate bands of
clay and gravel

45

50 60.0

Gravel & sand
67.568.0 Clay

5
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GHRDB UNDP NEP/85/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

HELL. NO. STW 165
LOCATION MAHUWA

ELEVAT ION 106.74 A696250 3054750

Rig
15/05/88- 16/05/888

50 m.

NETHOD OF DRILLING

DRILLING DATES

TOTAL DEPTH

Screen position 41 46.5m,

Screen type - Wire Wrapped
COMMENTS

M.P: 0.3 m.

WELL LOG PUMPING TEST

SCREEN DEPTH LOG LUTHOLOGY DATE: 18/05/88
Q1/s): 2.2
DURAT1ON: 1 hr. 50 min. / day
TRANSMI SSIVITY: 35
METHOD: Jacob

Clay, silty
4.0

Gravel & sand
10 STORAGE cOEFFICIENT:11.0 STATIC WATER LEVEL: 4.5 m.

DYNAMIC HATER LEVEL: 6.89 m.6.L)l5.

COMMENTS:

20

25

30- Alternate bands
of clay & gravel

35-

40-
1.0

Sand
45 A6.5

Clay & sand
50 60.0
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GHRDB UNDP NEP/86/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

HELI. NO. STW 17 LOCATION BABUDIHAWA

ELEVATION 108.59 A 689500 3054500

METHOD OF DRILLING Rig
DRILLING DATES

TOTAL DEPTH
16/05/88-17/05/88
40 m.

Screen position 28.5 34 m.

Screen type - Hire Wrapped

M. P: 0.44m.

COMMENTS

WELL LOG PUMPING TEST

SCREFN DEPTHLOSl LITHOLOGY DATE: 25/05/88
Q01/s): 0.25
DURATION: 1 hr 40 min.

Sand fine to
coarSe

TRANSMISSIVITY: 3

METHOD: Jacob
U 10.0 STORAGE cOEFF1CIENT:

STATIC HATER LEVEL :2.68 m. (B.G.L)
DYNAMIC.WATER LEVEL: 7.54}m15

Clay with thin COMMENTS:

20 layer of gravel

25

SSr28.5
30-

Gravel&pebble

35 -34.0
Alternate bands of

40.0 Clay & gravel
0

45

50.
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GHROB UNDP NEP/85/025
SHALLOH GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

HELL NO. STW 18 LOCATION MOTIPUR

ELEVAT1ON 106.46 678250 3049250

METHOD OF DRILLING

DRILL IHG DATES

TOTAL DEPTH

Rig

20/05/88- 21/05/88
L 66 m.

COMENTS creen p0sition 54-57, 60-63 m.

Screen type Wire Wrapped

M.P: 0.48 m.

WELL LOG PUMPING TEST

SCREFN DEPTH LOG LITHOLOGY DATE:

Clay sticky Q01/s):
DURAT 1ON:7.0 mdayTRANSMISSIvITY:

11.0 and & gravel
METHOD

STORAGE COEFFICIENT

STATIC HATER LEVEL: 4.90 m.

5
Clay, stitky

22.0
DYNAMIC WATER LEVEL:

COMMENTS:

30
Al ternate bands
of clay & gravel

45

52.0
Gravel sand

57.5

60.0 ly & san

.oGravel sand63.0
60

66.0 lay

75
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GHRDB UNOP NEP/86/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

HELL N0. STW 19 LOCATION JURPANIYA

ELEVAT1ON 117.32 676250 Y 3055000

METHOD OF ORILLING

DRILLING DATES

TOTAL DEPTH.

Rig

20/05/88- 21/05/88
48 m.

Screen position41.0 m 46:5 m.

Screen type Wire Wrapped
COMMENTS

M.P: 0.79 m.

WELL LOG PUMPING TEST

SGREFN DEPTHLOG LITHOLOGY DATE: 05/10/88
Q1/s):5
DURATION: 1 hr. 50 min.
TRANSMISSIVITY: 65
METHOD: Jacob

n/day

10 STORAGE COEFF1CIENT:
STATIC HATER LEVEL: 0.99 m, (8.G.L))DYNAMIC. WATER LEVEL: 4.91 m.

Al ternate bands
of clay, sand. &

COMMENTS:
20 gravel

First pumpi ng test on 27/05/88
with 1.7 1/s discharge had shown25
36 m/day transmissivity.

30

35
35.59" Gravel & sand
39.040- 41.0 Clay

45- Sând gravel

:8 clay
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GHRDB UNDP NEP/86/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

WELI. NO. STW 20 LOCATION KUSHAHAWA

ELEVATION 99.30 Y 3045875687500

NETHOD OF DRILLING

DRILLING DATES

TOTAL DEPTH

Rig
23/05/88 25/05/88
56

M.P: 0.52 m.

Screen position - 45.5 51m.
Screen type Wira Hrapped

COMMENTS

WELL LOG PUMPING TEST

SCREFN DEPTH LOG LITH0OLOGY DATE

Q1/s):
DURATION:

TRANSMI SSivITY:
Clay

METHOD:

STORAGE COEFFICIENT:

STATIC HATER LEVEL:

14.0 DYNAMLC HATER LEVEL:

Gravel & sand
COMMENTS:

19.0
20-

Alternate bands
of clay, sand &

30 gravel

35

40 40.0

Sand and gravel45

50 51.0

Clay sandy
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GWRDB UNDP NEP/85/025
SHALLOW GROUNDHATER EXPLORATION IN TERAI

KAPILVASTU

HELL NO. STW 21 LOCATION GORUSINGHE

ELEVATION 116 701125 Y 3061750

METHOD OF DRILLING Ri9
DRILLIHG DATES

TOTAL DEPTH
26/05/88-28/05/88
68

Screen position 32.5 - 38.0, 41.0 46.5, 55.0-60.5 m.
COENTS Screen type Wira Wrapped

M.P: 0.48 m.

WELL LOG PUMPING TEST

SCREFN DEPTHLOG LITHOLOGY
Clay sticky

DATE: 01/10/88
Q0/s): 11

4.0 DURAT1ON: 2 hrs.
Sand fine TRANSMISSIVITY:

METHOD: Jacob
9.0 100

5- STORAGE COEFFICIENT:

Alternate bands of
clay& aravel

STATIC HATER LEVEL: 0.62 m. (B.G.L)DYNAMIC WATER LEVEL: 4.82 m.

COMMENTS:

30
32.0

Gravel & pebble First pumping test in May 1988 with
38. 4 1/s discharge had shown 46 m/dayClay

41.0 transmissivity.45 Gravel & pebble

47.0
Clay

55,
Gravel & sand

60 -61.0

Clay& aravel
68.0

75
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GWRDB UNDP NEP/86/025
SHALLOW GROUNDWATER EXPLORATION IN TERAI

KAPILVASTU

WELIL. NO. STW 22 LOCATION BHITRIYA

ELEVATION 119.19 X689125 Y 3062875
METHOD OF DRILLING Rig

26/05/88-29/05/88DRILLING DATES

TOTAL DEPTH m

Screen position: 23 34 m.

Screen type

COMHENTS

Wire urapped
M.P: 0.38m.

WELL LOG PUMPING TEST

SCREFN DEPTH LOG LITHOLOGY DATE:

Q1/s): 2Sand
DURATION: 1 hrs. 50 min. n/day5

6.0 TRANSMI SSIVITY: 50
Clay sticky METHOD: Jacob

10 10.0 STORAGE cOEFF ICIENT:
STATIC WATER LEVEL: 2.47 m. (B.G.L)Alternate bands DYNAMIC WATER LEVEL :5.38 m.15

of clay & sand

COMMENTS:
20

23.0
25

Gravel, pebble
sand30

34.05

Clay

40 40.0

45
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GWRD UNDP NEP/86/025
SHALLOW GROUNDHATER EXPLORAT1ON IN TERAI

KAPILVASTU

HELL NO. STW 233 LOCATION DHARAMPANI YA

ELEVATION 102.42 A 709375 Y 3047125

METHOD OF DRILLING Rig

DRILLING DATES

TOTAL DEPTH
31/05/88- 01/06/88
66 m.

M.P: 0.83 m.

Screen position 59.5 65m.
Screen type Hire Wraoped

COMENTS

WELL LOG PUMPING TEST

SCREFN DEPTH LOG LITHOLOGY DATE

Q01/s):
DURAT1ON:

Clay sticky
6.0

TRANSMI SSIvITY: aay
METHOD:

Alternate bands of
clay, sand and
gravel

15 STORAGE COEFFICIENT:
STATIC HATER LEVEL:
DYNAMIC WATER LEVEL:

COMMENTS:
30.

34.0

38.0 ravel

45 Al ternate bands of
clay, sand and
gravel

59.060
Sand& pebble

: Clay

75
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KAPILVASTU - COCATION OF WECLS

LTTAOCOGICAL CROSS SECTIONS (I -

3073000 3073000

Birpr
30680003068000 NUN Mndhesp-IV

Bijgduri NE Motipur
Simarsatl

Bhitryo
3063000 3063000

Lohargua Gorusinghs

3058000 3058000
Bharsarwa

Jurpaniya Babudihawa
Mahuwa

3053000 3053000

Damauliy
SW Motipur

3048000 Akbarur Dharampaniya Karmghaa 3048000
Kushanawa

Krishnanagar
Dumrahaa

omginpur a

3043000 043000Stanpur Auralha
IT

SYMBOLS
3038000 3038000

CIRCLE UN WELLS
TRIANGLE: USAID WELLS

3033000 L L LL LLLLL LLI 3033000



LTTHODOCICAL CROSS SECTION I - I
9

(m) 1651Z
160

155

150

145

140
135

130

125

120

115

110

105

100

95

90
35

80
75

70

65

60

55

50-

45

-
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LITHOLOGICAL CRO8S SECTION II - IT

(m) 125 RN
120

115

110

105

100

7795

85

80

75

70

65

55

50

45

40

35
m

30

25
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CITHOCOGICAL CROSS SECTION ILI - IIT"

(m) 160

155

150

145

140

135

130

125-

120

115

110

105

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30
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CTTHOLOCICAL CROSS SECTION IV - IV-

(m) 1600

155

150

145

140

135

130

125

120

115

110

105

100

95

90

85

80

75

70

65
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LITHOLOGICAC CROSS SECTION -V

(m) 105

100

95

901

8S

80

70

65

60

5S

5
401

35
304

APPENDIX 4/6



Project : NEP/86/025 (KAPILVASTU)
Organiaation: UNDP/GWRDBB

Test STW 4 SIMARSAT

Constant Pumping Rate =
Distance from Observation Well

3.000 g1/s]
O.05 LmJ

Type of Aquifer = CONEINED
Pe. oT Lnput_Data = LEVEL
Static Water_Level -2.70 [m]

Well Type = STANDARD

JACOBMETHOD
Lm

N

10 100 Time[min
Transmissivity =

Storage Coefficient
25. (m2/day]

Standard Deviation = 0.224080E+00 (m]
-0.128808E+00

A1 0.188529E+01
AO

Number of Points = 28 of 28

----
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Project
Organization

NEP/86/025 (KAPILVASTU)
UNDP/GWRDB

Test: STW 5 BIJGAURI

Constant Pumping Rate
Distance from Observation Well =

12.000 [L/S]
0.05 (m]

Type of Aquifer = CONF INED
Type of Input Data
Statio Water LevelL

LEVEL
-4.71 [m]

Well Type = STANDARD

JACOB METHOD
L m

0. 5

1.5

2.1 10 100 0Time[min]

Transmissivity :
Storage Coefficient :

Standard Deviation

325. [m2/day]

0.684702E-01 [m]
0.573236E+00
0.5833342+00

Number of Points = 29 of 29
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Project NEP/86/025 (KAPILVASTU)
Organization UNDP/GWRDB

Test STW 6 LOHARAULA

Constant Pumping Rate =

Distance from Observation Well
12.000 [L/S]

0.05 [m]
Type of Aquifer = CONFINED

Type of Input Data = LEVEL
Static Water Level 3.23 Im]

Well Type = STANDARD

JACOB METHOD

0

0.

D

Y

1.5 ** *** *"******* .

2.1
Timemin]

Transmissivity
Storage Coefficient
Standard Deviation

473. nm2/day]

0.0772 [m]
0.136432E+0l1
0.401297E+00
9 of 9

AO

Al
Number of Points =
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Project: NEP/86/025 (KAPILVASTO)
Organization : UNDP/GWRDB

Test STW 9 DHAMAULIYA

Constant Pumping Rate =
Distance from Observation Well =

5.000 1/s1
0.05 [m]

Type of Aquifer = CONFINEDD
Type of Input Data = LEVEL

Static Water Level -2.10 ([m]
Well Type = STANDARDD

JACOB METHOD

ITI

a

10 100 000Time[min
Tranenissivity =

Storage Coefficient
Standard Deviation =

AU

54. [m2/day]

0.257289E+00 [m]
0.222009E+

A1 0.147717E+01
Number of Points = 27 of 27

******
******

******"***** * **
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Project: NEP/86/025 (KAPILVASTU)
Organization: UNDP/GWRDB

Test STW 10 HARNAMPUR

Constant Pumping Rate
Distance from Observation Well

2.500 1/s]
0.05 [m]

Type of Aquifer = CONF INED
Type of Input Data = LEVEL
Static Water Level = -2.14 [m]

Well Type STANDARD

JACOB METHOD
m

******s*i***aeteat**"*********

D

10 1000
Timelmin|

100

62. [m2/day]Transmissivity
Storage Coefficient

Standard Deviation 0.0496 [m]
A0 0.185688E+01
Al 0.64061lE+00

Number of Points = 26 of 27
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Project: NEP/86/025 (KAPILVASTU)
Organization :UNDP/GWRDB

Test STW 11 KARMAHAHA

Constant Pumping Rate =
Distance from Pumping Nell =

14.000 [1/s]
0.05 [mJ

Type of Aquifer = CONFINEDD
Type of Input Data LEVEL
Static Water Level : -2.92 [m]

Well Type = STANDARD

HANTUSH INFLECTION POINTm

T0.5

1.5

2.5 10 100 L000,Tine[minj
Transmis6ivity =

Storage Coeff1cient
tandard Deviation 0.0712

127. [m2/day]

Leakance =3113.5774 t1/DAY1

Number of Points 27 of 27
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Project : NEP/86/025 (KAPILVASTU)
Organization : UNDP/GWRDB

Test STW 13 sULTANPUR

Constant Pumping Rate =

Distance from Observation Well
1.410 [1/s]

0.05 Imj
Type of Aquifer = CONFINED

Type of Input Data = LEVEL
Static Water Level = -4.18 [m]

Well Type = STANDARD

JACOB METHOD
m

T

3 a

10 100
Time [minl

Transmissivity
Storage Coefficient
Standard Deviation

A0

24. m2/day]

0.1255 u]
0.209264E+01
0.944031E+00AL

Number of Points = 25 of 25
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Project NEP/86/025 (KAPILVASTU)
Organization : UNDP/GWRDB

Test STW 15 AMUWA

Constant Pumping Rate =

Distance from Observation Well =
2.000 [1/s]

0.05 [m]
Type of Aquifer = CONFINED

Type of Input Data
Static Water Level

LEVEL
-1.80 [m]

Well Type = STANDARD

JACOB METHOD
m

D .

********

*******

10
*********

1000
Timelmin

10 100

26. [m2/day]Transmissivity =

Storage Coefficient =

Standard Deviation 0.1494 (m]
0.269389E+01
0.122466E+01

AO

Al
Number of Points = 27 of 27
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Project : NEP/86/025 (KAPILVASTU)
Organi zation : UNDP/GWRDB

Test STW 15 AMUWA

Constant Punping Rate
Distance from Observation Well

2.000 [l/s]
0.05 [m]

Type of Aquifer = CONFINED
Type of Input Data LEVEL
Static Water Level = -1.80 (m]

Well Type = STANDARD

JACOB METHOD
m

w. maat agtasa

D

"

d

5

10
*****

1000
Time [m in

10 100

26. Im2/day]Transmissivity =

Storage Coefficient =

Standard Deviation 0.1494 [m]
AO 0.269389E+01

0.122466E+01Al
Number of Points = 27 of 27
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Project NEP/86/025 (KAPILVASTU)
organization: UNDP/GWRDB

Test STW 16 MAHUWA

Constant Pumping RateDistance from Obs ervation Well =
2.2 [1/s]

0.05 [m]
Type of Aquifer = CONFINED

Type of Input Data = LEVEL
Static Water Level = 4.90 [m]

Well Type = STANDARRD

JACOB METHOD
m

******* ****

0.5

D
r

N

I. 5

2.5
1000

Time [minj
10 100

(m2/day]Transmissivity
Storage Coefficient
Standard Deviation

33.

0.1080 (m]
A0 0,273006E+00
Al 0.107631E+01

Number of Points 27 of 27
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Project: NEP/86/025 (KAPILVASTU)
Organization UNDP/GWRDB

Test STW 17 BABUDIHAWA

Constant Pumping Ratte
Distance from Observation Well

0.250 [1/s]
0.05 [m]

cONFINEDType of Aquifer
Type of Input Data = LEVEL

Static Water Level -3.12 [m]
Well Type = STANDARD

JACOB METHOD

*********

d

******************************* ttr sasn***

10 000Timelminj
100

3. m2/day]Transmissivity =

Storage Coefficient =

Standard Deviation = 0.2069 [m]
A0 0.267365E+01

0.124296E+01Al
Number of Points 27. of 27
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Project NEP/86/025 KAPILVASTU
Organi zation UNDP/GWRDB

Test STW 19 JURPANIYA

Constant Pumping Rate =
Distance from Observation Well

5.000 [1/s]
0.05 [m]

Type of Aquifer = CONFINEDD
Type of Input Data = LEVEL
Static Water Level = -1.78 (m]

Well Type = STANDARD

JACOB METHOD
mj

H*********

d
O

*

1000
Time [min]

10 100

64. m2/day]Transmissivity =

Storage Coefficient =

Standard Deviation 0.2260 [m]
0.172101E+01
0.124347E+01

Number of Points = 27 of 27
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Project: NEP/86/025 KAPILVASTU
Organization : UNDP/GWRDB

Test STW 21 GORUSINGHE

Constant Pumping Rate
Distance from Observation Well

11.000 [1/s]
0.05 [m]

Type of Aquifer = CONFINED
Type of Input Data = LEVEL
Statie Water Level -1.10 [m]

Well Type = STANDARD

JACOB METHOD
m

**

W

1000
Time[minj

10 100

99. [m2/day]Transmissivity
Storage Coefficient =

Standard Deviation 0.2492 [n]
A0 0.479214E+00
Al 0.174921E+01

Number of Points 28 of 28
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Project: NEP/86/025 (KAPILVASTU)
Organization : UNDP/GWRDB

Test STW 22 BHITRIYA

Constant Punping Rate =

Distance from Observation Well =
2.000 1/s]

0.05 [m]
Type of Aqui fer = CONFINED

Type of Input Data = LEVEL
Static Water Level = -2.85 m]

Well Type = STANDARD

JACOB METHOD
[m]

0

d

W

3

1000
Timelminj

10 100

49. (m2/day]Transmissivity =

Storage Coefficient
Standard Deviation

A0
Al

0.1215 [m]
0.171770E+01
0.645071E+00

Number of Points = 28 of 28
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Project NEP/86/025 (KAPILVASTU)
Organization UNDP/GWRDB

Test STH (ADBN) BHALWAR

Constant Pumping Rate
Distance from Observation Well

24.000 [L/S]
0.05 [m]

Type of Aquifer = CONFINED
Type of. Input Data = LEVEL

Static Water Level -0.99 [m]
Well Type STANDARD

JACOB METHOD
m]

2

W

W

** .

10
100

Time [min]
10

599. [m2/day]Transmissivity =

Storage Coefficient =

Standard Deviation =

A0
0.1655 [m]

0.530072E+01
Al 0.633451E+00

Number of Points = 23 of 23
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Project NEP/86/025 (KAPILVASTU)
Organi zation UNDP/GWRDB

Test STW (ADBN) BIRPUR

Constant Pumping Rate =
Distance from Observation Wel1

2.500 [L/S]
0.05 m

Type of Aqui fer = CONFINED
Type of Input Data = LEVEEL
Static Water Level = 2.82 m]

Well Type = STANDARD

JACOB METHOD
m]

0 *******

D

wauww.uou oii

d

3

1000
Time [min]

10 T00

38. [m2/day]Transnissivity =

Storage Coefficient =

Standard Deviation =

A0
0.1199 [m]

0.666970E+00
Al 0.102784E+01

Number of Points = 27 of 27

APPENDIX 5/15



Project: NEP/86/026 (KAPILVASTU)
Organi zation: UNDP/GWRDB

Test STW (ADBN) BALAPUR

Constant Pumping Rate
Distance from Observation Well

0.7 L/S]
0.05 (m]

Type of Aquifer = CONF INED
Type of Input Data = LEVEL
Static Water Level = 0.75 [m]

Well Type = STANDARD

JACOB ME THOD
m]

D
r 4

d

*****"*****************

10 ****
1000

Time(min]
10 100

9. m2/day]Transmissivity
Storage Coefficient
Standard Deviation 0.1014 [ml

A0 0.365917E+01
Al 0.119435E+01

Nunber of Points 28 of 28
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KAPILVASTU T'ERAI - TRANSMISSIVITIES (M2/DAY)

30730003073000

ww
3068000Bhalwar,

A100
3068000 NN

Moipur100

Bhitiy
Simareat

60 3063000ChamgpurGordeighe3063000
Loharala

400- -500
atspur

300-
3058000

muwa

400200-
3058000

300
abydihawa

3053000

urpenia
Phesmgoa

Mahuwa

100Bahara(O
60

20Bhamauliya

60,

3053000

100-

3048000armahaa3048000

Shivnggarr
Harnampy

3043000Sltanpur3043000

SYMBOLS

3038000
CIRCLE: PROJECT WELLS
sQUARE: USAID WELLS
TRIANGLE: ADBN WELLS

3038000

3033000 LLLLLLLLLLLLLLLLLLLLL L LLILLLL LLU 3033000



DEPTH TO WATER TABLE & RAINFALL
SHALLOW TUBEWELLS

(1988/89)
MONTALY RAIN mmn] DEPTH m]

800 .
600 .

400
-6

NOTE: RAINFALL DATA

NOT RECEIVED FOR
JANUARY-MAY 19889

200
-8

-10
JUN JUL AUG SEP 0CT NOY DEC JAN FEB MAR APR MAY

88 89

AVERAGE RAINFALL SIMARSAAT SULTANPUR MAHUWA



DEPTH TO WATER TABLE & RAINFALL
DUGWELLS

(1987, '88 & '89)

DEPTE m1
0

MONTELY RATN [mm1
800

-2
.....600 .

6

NOTE: RAINFALL DATA:
NOT RECEIVED FOR
JANUARY-MAY 1989

400

-8

-10
200 .

-12

MJI A s ON D, J F M A M J JA s oN D,J F M AM
88 8987

BIRPURZAAVERAGE RAINFALL

JACDISPURSE MOTIPUR

.....



KAPILVASTU TERAI - DEPTH TO WATER TABLE MAY 1989

3073000
3073000

3068000
fndnagat

Blgauri

Simarsg
BhftrtyaO53000

3063000Loharaula5

muwa
3058000 O58000

rpania Babudlhawa harsanwa

Mahuwa
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KAPILVASTU TERAI - DEPTH TO WATER TABLEJUN 1988
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KAPILVASTU TERAI- DEPTH To WATER TABLE OCT 1988
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KAPILVASTU TERAI - RIISE OF WATER TABLE JUN-OCT 1988
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KAPILVASTU TERAI - RISE OF WATER TABLE MAY-SEP 1987
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KAPILVASTU -
WATER LEVEL CONTOUR MAP JUN 1 988
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KAPILVASTU -WATER LEVEL CONTOUR MAP OCT 1988
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KAPILVASTU- WATER LEVEL CONTOUR MAP MAY 1989
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HYDROGRAPHS
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HYDROGRAPHS
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HYDROGRAPHSS
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HYDROGRAPHS

DU SITAPUR D BIRPUR

lepth (a) Depth (m)
0.0

2.5

5.0

7.5

10.0
M JSN J M M JJASON D JFM AH MJSNJMHJJASONDJ FMA M

Hay 1987 Hay 1989 Hay 1987 Hay 1989

D BHALUI D GADAHAA

Depth (a) Depth (a

SNJM H J A SOND J.FMA H M JSN J HMJJ A SON D J FNA
Hay 1987- Hay 1989 Hay 1987 Hay 1989

D DOHANI DURAHUUADHAUA

Jepth (n) Depth (a)

3

5

MJSH JMM JJASO N DJFM A M MSN HMJJ ASON D FA
Hay 1987- Hay 1989 Hay 1987 Hay 1989

APPENDIX 11/2



COMPARISON OF HYDROGRAPHS
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COMPARISON OF HYDROGRAPHS
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KAPILVASTU MATHEMATICAL MODEL NETWORK
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Symbols:

Circle: UN STH with Pumping Test
Triangle: UN STA ithout Pumping Test
Square: ADBN STA only Pumping Test
Star: USAID STW with Pumping Test
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