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EXECUTIVE  SUMMARY

The objective of this report is to present technical information on the occurrence of shallow ground water inJhapa
district. The report is given in a form of Basic Documentation with some preliminary inteipretanon.
)

The basis for the report are newly dnilled 21 shallow project wells and compiled data from 16 deep nube wells dnlled
by GWRDB in 1983-89. The report follows an established format of presenting lithological data (in 37 well logs and 7
lithological cross sections including both shallow and deep wells). In addition to drilling data from 16 pumping tests
are processed and interpreted. As a general conclusion both shallow and deep aquifers are present in Jhapa dismct in
every pan of the district. The percentage of permeable layers in 21 shallow project-dnilled wells is about 58.9% (374 m
of penneable sediments out of total 635 m drilled metrage). This is compared with similar percentages in other districts
asfollows. The highest percentage in all currently interpreted districts of the Terai under NEP/S6/025 project is in Jhapa.
The Jhapa shallow aquifer is closely followed by Sunsari (56%), Deukhuri (53%), Dang (48%), Nawalparasi (48%).
Rautahat district with 39%, Morang with 38%, Kapilvastu with 32%, and Rupandehi with 30%, show much less
permeable formations. As a whole the shallow aquifer of Thapa district has quite acceptable transmissivity, on average
between 500 and 800 m* /day. (This transmissivity would /xave even higher had the wells been properly ' constructed and
developed.) The transmissivity is minimum (less than 300 m /dav) in eastem pan, near the Mechi River, and increases
towards the central part where it reaches a maximum of about 1100 m %/day. The transmissivity above 500 m /day is
considered sufficient for water supply and small-scale irrigation. In parts with transmissivity above 1000 m /dav
(central) medium- to large-scale i imigation might be also feasible, provided levels are not too deep, w hat apparently they

are not. An average shallow well drilled to about 30 m depth, shall have about 17 meters of sand with gravel, and about
13 meters of clay.

Jhapa district is well covered with water level observation network. The number of 18 wells is believed adequate for
Jhapa district. The observation of water levels in existing network should continue. Newly dnlled wells should be
protected against vandalism.

Overall, the shallow ground water system of Jhapa district has very high development potential. Its lithology is
favorable, hydrogeological characteristics reflected in transmissivity and hydraulic conductivity are likewise favorable.
Water levels are not too deep in the months when pumping is needed for imgation. Yet, one may delineate a more
promising area for shallow aquifer development, such as shown in figure here below. The area within polygon is about
840 km2.
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rion. Water logging, which may happen in peak monsoon months at present, shall be prevented because water levels
shall be deep enough to leave above an unsaturated rone capable of accepting additional rain water,

If the recharge values are not overestitmated, at leust one half of 271 MCM could be salvaged and abstracted through
asystem of carefully located wells. With an averuge agricultural demand of about 1 lfsec over 100 days for one hectare,

3 . . . -
or 8640 m™ha, 135 MCM sustained yield would imlply imigation of about 15600 ha or 156 km?, that is 15.6% of the
total area of Jhapa declared as imigable.

Without a mathematical model it is difficult to come to maximum development potential figares. The recharge in
Bhabar zone infiltrates partly to shallow aquifer, but also contributes to the recharge of deep aquifer. At present the
deep aquiferis fully saturated and underpiczometric head, but its annual exchange of water is minor compared to that
of shallow aquifer. Water cannot evaporate from deep aquifer, it is not feeding rivers. Its water is flowing down-the-
gradient toward south. With transmissivity of 1000 mzlday, and gradient of 0.001, through the same outflow section of
40 kmn the volume of 14.6 MCM can flow annually. This volume is nevertheless a minor component of waterbalance
of shallow aquifer, although it comes from the same 271 MCM of estimated recharge.

The volume of data appears to be sufficient to construct a preliminary model of Jhapa district.  The total network
shall be S4x43 uniform square cells of 1 km? each, that is the total model arca shall be 2322 cells or square kilometers.
The modelboundaries are natural (nonh, east), and anificial (west, south). In the nonth the shallow aquifer disappears.
In the east the Mechi River makes a constant-head boundary. The boundary to the west shall be taken as the end of
shallow aquifer, orbeyond the district to the west the transmissivity shall be zero. This is also a no-flow across boundary,
implying no exchange of shallow water between Jhapa and neighboring district of Morang, The only really anificial
boundary in this model shall be the southem boundary, i.c. the south borderwith India. Yet, there one may assign either
constant heads or constant outflow using data reported herein. The calibration may start with steady state in
pre-monsoon season of 1989, and continue with unsteady-state in monsoon season of 1 989, that is from May through
September 1989. Model verification may cover the period of one year from May 1989 through May 1990. The whole

work may take one month including repont writing. The target date for working on the model could be June-August
1990, when additional water level data, until May 1990, shall become available.

The model output shall be the following:

(a) Correct values of recharge from rainfall over pennicable portion of the district.

(b) Modified distribution of hydrogeological paraniciers, such as fransmissivity, effective porosity.

(c) Every component of water balance quantified, notably recharge and evaponation.

(d) Proposals for future extensive shallow aquifer developmens and impact of various pumping scenanios.

The final outcome of the model shall be the number, location, spacing pumping rate of shallow wells in mast
promising areas, and the consequence of extensive pumping over a peniod of some 5 years.
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1. BACKGROUND INF ORMATION

1.1. NEP/86/025 Project Document Details

The project NEP/86/025 - Shallow Ground Water Investigations in the Teraiis exec:uted by tht? United Nations
Department of Technical Co-operation for Development. The government implementing agency is Ground Wate?,r
Resources Development Board of the Department of Irrigation, Ministry of Water szsources. The project is
designed as a four-and-halfyear project primarily oriented to field-data collection, establlshn.lentOfgfc"und'water
data bases, and to assessment of development potentials of shallow aquifers all over the Terai. The project started
in June 1987.

The project is to produce the following tangible outputs:

(a) Computerized data base with about 2000 shallow wells from all over the Terai. Information on lithology,
hydrogeological parameters, water levels, etc.

(b) Maps of pre-monsoon (maximum) and post-monsoon (minimum) water depths expressed in relative terms
from land surface and in absolute elevations above mean sea level.

(c) Water level graphs from selected observation points in a minimum period of one year.
(d) Reports on mathematical modelling.
(e) Report on drilling methods and results in shallow water well drilling in the Terai.

(f) Assessment of shallow aquifer development potentials in each of districts.

1.2. Objectives of this Report

This Report s a routine presentation of most of compiled and collected data, from on-going UNDP/UNDTCD
project and earlier sources. Prior to reporting on shallow aquifers in Jhapa district, the following districts have
been reported already: Rautahat, Nawalparasi, Dang and Deukhuri, Kapilvastu, Sunsari, Morang, Rupandehi, and
Mahottari. Also, there is a report on deep aquifers of Rupandehi district. (See Earlier Technical Reports at the
beginning of the report.)

This Report is designed as a Basic Documentation report, which incorporates all available information on
groundwater system under one cover. The format of presentation s the one selected by the UN project NEP/86/025
for shallow wells, and provides for consistency of reporting, The emphasis is on "raw" information about lithology,
pumping tests, water levels (heads). The interpretation that is offered herein, isneither complete nor very detailed.
Itis preliminary interpretation, which shall be finalized in Project’s Final Report. However this interim report can
be used by hydrogeologists and planners, especially in ADBN, for preparing the progral;ls of increased shallow
aquifer exploitation in Jhapa district. »

‘4
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1.3. Basis for this Report

This report is based on the following:

(a) NEP/86/025 project wells (for ease of reference called “project wells"); 21 newly drilled shallow wells
between March 1989 and January 1990. ’

(b) Deep tube wells (DTW) drilled for ground water investigation by GWRDB and Drinking Water Project in
the period [rom May 1983 through April 1989 (16 wells).

(c) Pumping tests conducted in "project wells” (14), in "ADBN" or private wells (5).
(d) Water level observations since May 1987.

(¢) Study of groundwater resources development strategies forirrigation inthe Terai, as compiled and reported
by Groundwater Development Consultants (UK), Ltd. in 1987.

(f) Several technical reports on the occurrence of deep aquifers in Terai (Duba, Tillson).

(g) First Mission Report by Chief Consultant in NEP/86/02S project (July 1987), and field trips by NEP/86/025
project staff.

1.4. Location, Size and Climate

Jhapa district belongs to the Eastern Region of Nepal. To the west of Jhapa is Morang district and to the east
is India. The western boundary between Jhapa and Morang is the Ratuwa Khola, and eastern boundary between
India and Jhapa is the Mechi River, which is one of the major rivers of Nepal. According to Tillson, the area of
Jhapa district is about 1565 km® The Terai part of this district is 1400 km?, out of which the Bhabar Zone is 100
km? (other sources estimate the Bhabar to be more than 250 km?). The Bhabar zone s built of fan-shaped deposits
of mixed composition, with coarse {ragments intertwined with finer sediments’ The coarse sediments result from
river deposition after sharp loss of transportation energy at the exit from Siwalik hills. The length of the district is
46 km from east to west and its width is 29 km from north to south. The location of Jhapa district within Nepal is
shown in Figure 1. For the purpose of studying the shallow ground water system of the Terai, the contour line 150
m is considered to be the physical end of the Terai’s Quaternary sediments.

The main characteristics of climate in Jhapa district, as well as in the whole Terai, is monsoon rainfall which
occurs between June and September and which delivers an average of 85% of the total annual rainfall. For the
purpose of this report the data collected in Kankai rainfall station are used. Some of recent information on rainfall
is a “raw” material, not officially cleared by the HMG’s Meteorologjcal Service. It is used as an indication for the
correlation between shallow water level fluctuations and rainfall. Although the Terai of Nepal is in subtropical
zone, the mean monthly temperature reaches a low of 15.1 °C in January compared to a high of 30.7 °Cin June.
The information that is available on climate includes daily and monthly evaporation, mean monthly temperature,
mean monthly humidity, plus daily rainfall, from Biratnagar or nearby station in Sunsari district (Tarahara).
Average annual rainfall in Kankai is 2729 mm, for the period from 1985 through 1988. Especially, the year 1987
was excessively wet (3521 mm). The location of the Kanaki rainfall station is shown in Fig 2. Average evaporation
from free water sucface is about 1500 mm. Average monthly rainfall exceeds average evapotranspiration during
only 4 months, June to September.

There are several rivers that cross the district from north to south, carrying water and supplying sediment from
higher Mahabbarat Range or Himalayas. The major streams, which are mostly intermittent or with low flow rate
before themonsoon, are (fromwest to east): Mawa Khola, Kawal Nadi, Kankai Nadi, Saranamati Nadi. Charghaere
Nadi, Haidiya Nadi, Ninda Khola and Mechi Nadi. Among the rivers that flow inside the district the Kankai is the
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major stream having an average discharge of 8 m?/sec. These rivers originate from Mahabharat Hills and flow
towards south. For appreciating the recharge to shallow aquifer of Jhapa district, it is important to note that the
west-east Siwalik hills range is intersected by major or smaller rivers in the district at least in nine places. This is
on average one river entering the Jhapa Terai in every 5 km.

TECHNICALREPORT NO. 16 | JHAPA SHALLOW AQUIFER .. REPORT
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2. PROJECT ACTIVITIES IN 1987/89

2.1. Drilling
]

The drilling of shallow wells in this UN project is programmed for about 200 shallow tube wells (STW) all over
Terai districts. Out of this, the designed number for Jhapa was 23, and 21 wells have been actually drilled. The
drilling started in March 1989, and terminated in JANUARY 1990. The total drilled metrage is 635 m, or an average
wellis 30.3 m deep. The performance related to expectations is shown in Figure 3. The officer-in-charge of drilling
was Mr. Prem Karki. His work in drilling and reporting to project’s office in Kathmandu is here acknowledged.

NEP/86+025 DRILLING METRAGE .
1IN JHAPA It is important to note
1200 PUMEER that out of 21 wells only six
- 1035 were drilled by classical
1000 = § rotary drilling rig, using mud
N and drill rods. Fifteen wells
800 - N . e

F N - were drilled by indigenous
SN o3 hod, that lly. A
soo |- § & method, t atnsmanu_a ly. As
NN 8 will be discussed in next

" 3 aths
400 |- E ,'§ chapter, within shallow 30
- § 2 meters of Jhapa aquifers,
200 1= :Q\ S there is plenty of large-size
- N i 286 E=MANUAL hi g
sk N 3 ki gyl gravel (pebble) which noF
TARGET ~ DRILLED  COMPL.  AVERAGE mally creates problems in

drilling.

Fig.3. Drilling Performance in Jhapa District

Evidently the manual method of drilling as applied to Jhapa is successful in overcoming difficulties normally
experienced in drilling through hard gravel and pebble. The average depth of wells drilled manually is 28 m and
of those drilled by rig 36 m. The depth of wells drilled by rig varies from 25 m (STW13- Bareghare) to 44 m
(JPUN7-Kankai) and by manual method from 15.2 m (STWS5-Lakhanpur) to 36.6 m (STW8-Gwaldubba, STW10-
Keradhap and STW14-Sangambasti).

In general, it has been found that manual drilling is successful so manual drilling is superior to bentonite-mud
drilled wells. Pumping test results are more reliable, well losses are minor component of aquifer losses. Manual-
ly-drilled wells are also reported to be cheaper. The only disadvantage is that they are frequently terminated inside
a permeable formation, although instructions for drilling specify that the well should be terminated in at least 2 m
of clay below the last permeable layer. This happened in well STW-3 (Gherabari: total depth 29.9 m; sand and
boulders), STW-4 (Phulbari: total depth 16.8 m, sand and pebble), STW-5 (Lakhanpur: total depth 15.2 m, sand
and gravel), STW-9 (Hukkagachhi: total depth 35.1 m, sand). However, out of six rig-drilled wells two wells also '
have terminated in permeable formations: STW-1 (Prithvinagar) in "gravel and sand" at depth of 35.1 m, and
STW-13 (Bareghare ) in "gravel medium" at depth of 25.9 m. The conclusion is that gravel and pebble shall create
equal problems to manually as well as to rotary-rig drilled wells. If manual drilling is cheaper, if the driller can
penetrate to 40 m depth, the preference should be given to manual method.

JHAPA SHALLOW AQUIFER .. REPORT TECHNICALREPORT NO. 16
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The map with locations of all "project” wells is presented as Appendix 1. The scale of the map is small, making
t an index map. The numbers along map borders are X and Y coordinates in meters. Thus one centimeter in the
nap is about 3 kilometers in nature, or the scale is close to 1:300,000. The map in Appendix 1 also shows the
ocations of four ADBN-financed STWs, in which pumping tests have been made and results reported herein.

This report presentsalsothelithology at 16 deep wells drilled by GWRDB in 1983-89. All together 37 lithological
logs are appended to this report in Appendices 3, td illustrate the lithology of both deep and shallow aquifer in
Jhapa. This is a diversion from earlier reports in which the attention was given to shallow aquifer only. It is believed

that reports of this kind ("Basic Documentation") shall be more useful for future reference if all information is
presented.

Table 1 presents general information on all wells documented in this report (21 "project wells", 16 DTWs).
Project wells are sequentially numbered from STW-1 through STW-21, and deep wells from DTW-1 through
DTW-16. The same sequential number appears in the group of Appendices 3, and in location map in Appendix

4/1. The map is the basis for locating lithological cross sections and individual wells in cross sections (Appendices
4/2through 4/14).

TABLE 1. General Drilling Data On STWs and DTWs

No.| WELL NAME | X Y | 2z | DEPTH | SCREEN
1 | Jpp1 568200. 2949800.| 126.00| 88.40| 17.0
2 | Jgep2 604200. 2948200.| 130.00| 125.00| 20.0
3 | Jpp3 585900. 2949500.| 120.00| 85.90 8.7
4 | Jep4 575700. 2941300.| 100.00| 137.20| 17.7
5 | JpD5 572800. 2933900.| 85.00| 137.20| 12.4
6 | JPD6 573000. 2926700.| 71.00| 137.20 0.0
7 | JpD7 607900. 2942200.| 105.00| 148.40| 18.1
8 | JpD8 607700. 2934600.| 84.00| 146.30| 24.4
9 | Jppo 599400. 2938900.| 95.00| 146.30| 36.2

10 | JPD10O 591500. 2943400.| 103.00| 144.80| 24.1

11 | Jpp1l 606000. 2930500.| 81.00| 155.50 0.0

12 | JpD12 593000. 2932900.| 79.00| 167.70| 33.2

13 | Jpp13 586100. 2929900.| 75.00| 158.50 0.0

14 | JPD14 569875. 2950875.| 132.00| 72.30 7.3

15 | JPD15 598375. 2952750.| 162.00| 73.10| 33.4

16 | JpD16 615688. 2947625.| 120.00| 159.70| 67.0

17 | Jps1 606625. 2930875.| 81.00| 35.10 9.1

18 | Jps2 608593. 2933875.| 81.00| 21.30 5.8

19 | Jps3 594500. 2923250.| 66.00| 29.90 6.1

20 | Jps4 592500. 2939100.| 94.00| 16.80 4.8

21 | Jps5 571500. 2947625.| 121.00| 15.20 3.2

22 | JPs6 570625. 2940875.| 101.00| 27.40 3.1

23 | Jps7? 585625. 2949000.| 120.00| 43.90] 10.2

24 | Jpss 571500. 2934125.| 86.00| 36.60 6.1

25 | Jps9 572250. 2927625.| 73.00| 35.10 7.3

26 | Jps10 575250. 2944875.| 113.00| 36.60 7.6

27 | Jpsi1 602625. 2947875.| 128.00| 38.10 9.1

28 | Jpsi2 580200. 2945375.| 113.00| 34.80 6.2

29 | Jps13 599750. 2953375.| 183.00| 25.90 6.1

30 | Jpsi4 606750. 2926125.| 69.00| 36.60 6.0

31 | Jps15 581000. 2936000.| 85.50| 35.10 6.2

32 | Jpsie 593625. 2944125.| 112.00| 38.10 6.0

33 | Jps17 614125. 2947375.| 121.00| 32.00 9.3

34 | Jps1s 572500. 2929375.| 75.00| 27.40 4.6

35 | Jps19 599400. 2937900.| 95.00| 28.96 9.0
36 | Jgps20 600400. 2918000.| 63.00| 22.87| 7.6

37 | Jps21 600200. 2935600.| 84.00| 18.60| 6.0

TECHNICALREPORT NO. 16 JHAPA SHALLOW AQUIFER.. REPORT
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Number of wells in data base: 37
Total drilled depth in data base: 2719.8
Average depth perwell:  73.5
Total screened interval: 524.9
Average screened interval: 14.2
Number of wells with screen: 34
Number of wells w/out screen: 4

NOTES (for TABLE 1):

(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 Universal Transverse Mercator grid overlay is based on the Everest Geodetic System. Latitude
is measured and numbered northward and southward to the equator; and longitude is measured and renumbered

every 6 degrees. 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. All the elevations were taken from
topographic maps at scale 1:125,000 (unsatisfactory) and 62,500 (better). The error in higher parts of the district,
that is north of main west-east highway, could be as high as 10 meters. In the lower-lying area, toward south, the
accuracy is probably within one meter or two. For the reporting purpose this may be acceptable. For modeling the

shallow ground water system, the accuracy of water-well land- surface elevation in flat terrains should be +/- 0.5
m, and in steeper parts +/- 1 m.

The total drilling depth of all 16 DTWs drilled by GWRDB in 1983- 89 is 2,081 m, and an average "deep” well
is 130 m deep. The deepest well has penetrated to the depth of 168 m (DTW-12, Rajgadhat).

The statistics for "project wells” (shallow tube wells) is shown below.

Number of wells in data base: 21
Total drilled depth in data base: 635.9
Average depth per well: 30.3

Total screened interval: 139.4

Average screened interval: 6.6
Number of wells with screen: 21
Number of wells w/out screen: 0

2.2. Testing Shallow Wells

The program of test pumping called for testing of all newly drilled wells, plus some $ existing wells. Thus the
total number of wells to be pump tested was 23. Out of this the project tested 19 wells: 14 shallow tube wells drilled
by UN Project and 5 in ADBN STW (private wells).

Among tested wells, two wells (STW 6 and STW 13) show unreliable results due to high fluctuation of water
level during pumping. Eliminating these two, and one private well, the total number of acceptable pumping tests
appears to be only 16. The performance of this project activity compared to the designed expectations is shown in
Figure 3. In only five pumping tests a nearby existing well was used as an observation well, providing for the
possibility of evaluating storage coefficient or effective porosity of shallow aquifer in addition to its transmissivity-
The instructions prior to selecting drilling and testing sites were to have an observation well within 50 meters. The
reasons for not performing pumping tests in five project wells are as follows:
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pumping tests a nearby existing well was used as an observation well, providing for the possibility of evaluating
storage coefficient or effective porosity of shallow aquifer in addition to its transmissivity. The instructions prior

to selecting drilling and testing sites were to have an observation well within 50 meters. The reasons for not
performing pumping tests in five project wells are as follows:

STW-1, Prithvinagar ... deep water table (greater than 6 m)

STW-3, Gherabari....... location not accessed ddde to lack of fuel
STW-10, Keradhap ...... drawdown excessive
STW-18, Gaurigan;j ..... not sand-free well

STW-9, Hukkagachhi.... not sand-free well

NEP-B86. . .
porpiag TEUBER OF LELLS & Partial failure of pumping test
NUMBER . S
ISE portion of field activities is due to
30 r - the following:
3 N
S a3 N (a) Unable to make sand-free
20 E \ well. This may be a consequence of
sE poor well design and improper
1wk N gravel packing. Also well develop-
sE ment of short duration and im-
proper methodology should be
o o0t .
TARGET DRILLED  SUCCESSFUL  TARGET COMPLETED blamed for failure.
SHALLOW TUBE WELLS PUMPING TESTS

Fig.4. Number of Wells and Pumping Tests

(b) High drawdown. The pumping equipment used cannot regulate the discharge. The well should be developed
properly.

(¢) Because of pumping near the limit of suction pump range, the pump discharge rate was fluctuatingin some
tests, which made the interpretation difficult.

The duration of test of less than 60 minutes is hardly worth interpretation. The total testing time of all 12 tests
in "project” wells was equal to 2210 minutes, or about 180 minutes per one well. This would have been acceptable,
provided each well had been tested for an equivalent period of time. However, some wells were tested only 30
minutes, and some 300 minutes. In ADBN wells, the time was more even: a total of 440 minutes for 4 wells, or an
average testing time of 110 minutes per well, which is quite acceptable.

2.3. Monitoring Water Levels

Water level observations started in the spring of 1987 in more than 100 shallow and dug wells. This was a part
of depth-to-water data collection campaign for GDC's report "Study of Groundwater Development Strategies for
Irrigation in the Terai", which was released in December 1987, Most of these wells were retained in monitoring
network until recent days. Most of them do not produce a continuous record, some months or periods are missing,
and some wells are eliminated from monitoring network due to vandalism and wells’ failure. The newly drilled
“project” wells are replacing dug wells and eatlicr shallow wells from observations.
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On the basis of various sources, maps of depths to water table are produced in several technical reports,
Technical Report No. 2, dated May 1988, presented pre-monsoon and post-monsoon depths to water in 1987, and
therise of levels in the monsoon period. Technical Report No. 13, is an update of the Report No. 2, which corrects
someofearly errors and extends the period of presentation through June 1989. Both reports contain the maps from
Jhapa district as well. Likewise, each of district Basic Documentation reports presents current maps of depth to
water and water level contour maps in absolute eleyations above sea level.

The map in Appendix 2 is monitoring network location map. Points are shown in two categories: (a) former
networkwithwhich observationsstarted (star), (b) currentnetwork of projectwells only (small circle). It is believed
that 21 project wells are sufficient to describe the evolution of water levels in Jhapa district. Yet, seven carefully
selected shallow wells from the early period of observation should be retained in the network to provide for
correlation and continuity. A proposal shall be given in text to follow.
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3. SHALLOW AQUIFER LITHOLOGY AND AQUIFER PARAMETERS

3.1. Lithology
)

The lithology of shallow and intermediate-deep aquifers in Jhapa district is known from 37 lithological logs,
prepared for the same number of drilled wells. All these logs are appended to this report in Appendix 3
(sequentially, 1 through 37). There is a map, Appendix 4/1, which shows the location of each of 37 wells uniquely
identified with a number from STW 1 through 21 and DTW 1 through 16. The presentation of lithology of the
district is based on lithological cross sections, Appendices 4/2 through 4/14, prepared exclusively for this report.
Thelithological welllogs and cross sections are prepared by a UN/DTCD proprietary computer program, authored
by J.Karanjac and D.Braticevic. :

Prior to discussion of lithology in cross sections, the same UN computer program was used to analyze the
percentage of permeable layers within the drilled depth in each well in data base, both shallow and deep.
Additionally, only shallow wells have been processed. The program permits the user to define the depth of
penetration within which one wants to analyze the proportion of permeable versus impermeable formations. For
this report all wells, both deep and shallow, have been analyzed first, followed by the same analysis for shallow
wells only. In the first case, the depth of analysis was declared as 400 m, guaranteeing that all drilled layers shall
be accounted for, while in the second case, the depth was declared as 43 m. The information is shown in Table 2
. below.

TABLE 2. Thickness And Percent Of Permeable Layers In STW And DTW

WELL NAME DEPTH PERMEABLE PERCENT
JPUN1 35.1 26.2 74.6
JPUN10 36.6 15.6 42.6
JPUN11 38.1 22.6 59.3
JPUN12 34.8 20.7 59.5
JPUN13 25.9 22.6 87.2
JPUN14 36.6 14.7 40.2
JPUN15 35.1 19.6 55.8
JPUN16 38.1 24.4 64.0
JPUN17 32.0 21.0 65.6
JPUN18 27.4 10.9 39.8
JPUN2 21.3 9.8 46.0
JPUN3 29.9 27.5 92.0
JPUN4 16.8 14.7 87.5
JPUNS 15.2 12.1 79.6
JPUN6 27.4 18.2 66.4
JPUN7 43.9 18.7 42.6
JPUNS 36.6 14.8 40.4
JPUN9 35.1 17.9 51.0
JPUN20 22.9 13.7 60.0
JPUN19 29.0 18.9 65.3
JPUN21 18.6 9.5 50.8
JPD1 88.4 67.3 76.1
JPD10 144.8 69.9 48.3
JPD11 155.5 45,5 29.3
JPD12 167.7| 116.2 69.3
JPD13 158.5 123.5 77.9
JPD14 72.3 7.1 9.8
JED15 73.1 67.1 91.8
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JPD16 159.7 108.1 67.7 l
JPD2 125.0 93.0 74.4 [
JPD3 85.9 35.4 41.2 I
JPD4 137.2 89.4 65.2 |
JPD5 137.2 69.2 50.4 |
JPD6 137.2 80.2 58.5 |
| gpD7 | 148.4 65.8; 44.3 |
JPD8 146.3 70.1 47.9 |
JPD9 146.3 70.3 48.1 =

DEPTH OF CALCULATION: 400.0
Cumulative depth down to selected range: 2719.8
Total permeable thickness in selected range: 1552.2
Average percentage of permeable materials: 57.1%

As a check only STWs have been processed. The statistical summary is shown below.

DEPTH OF CALCULATION: 43.0
Cumulative depth down to selected range: 635.4
Total permeable thickness in selected range: 374.1
Average percentage of permeable materials: 58.9%

One may conclude that the participation of permeable layers is about the same in shallow part as well as in

deeper part. In other words, no matter how deep is a well, on average it will have about 57 to 59% of permeable
formations. ‘

Cross-Section I-I' (Deep aquifer: Appendix 4/2) cuts the northern portion of the district, at elevations above
132 m. This is a west-east section, coinciding with the Mahendra highway. Both shallow and deep wells are jointly
shown. The cross section displays lithology of upper 170 meters or so. This is an area close to Bhabar zone. As
mentioned before, the Bhabar in Jhapa is reported to occupy about 100 km The wells DTW 1, DTW 14 (north
west) DTW 3 (central), STW 11, DTW 2, STW 17 and DTW 16 (east) fall into this section, parallel to Mahendra
highway. The aquifer shown in this section varies from 17 m to 80 m (Appendix 4/2). However, the real Bhabar is -
north of the Mahendra highway. Water levels in two out of three wells are not too deep: 3.42 m in October 1989 in
STW 11, and 1.92 m in the same month in STW 17.

To gain more details in the upper part of aquifer sequence, that is within 60 meters from land surface, a similar
representation of lithology along the same section line is shown in Appendix 4/3 (Section I-I’, Shallow aquifer).
Evidently, sand and gravel layers dominate.

Cross-Section II-II" (Deep aquifer: Appendix 4/4) cuts the southern part of the district from west to east. Two
shallow wells (STW 8 and STW 14) and two deep wells (DTW 5 and DTW 13) are shown. The content of sand
- and gravel in south-western part varies from 14.8 m in STW-8 (from the depth of 36.6 m) to 61 m in DTW 5 (out

of total depth of 137.2 m). In this area the prospect of getting a good well is better going deeper. DTW 13, which
is located in the central part near the River Kankai, shows higher percentage of sand, gravel and pebble (120 m).
STW 14 s located in the south-eastern part of the section, near the River Mechi. It shows 14.7 m of sand, gravel
and pebble, which is less than average of all shallow wells. Its October 1988 water level is above ground level, which
proves that the uppermost 2.7 m of clay are effectively sealing the shallow aquifer from the ground surface.

The lithological cross section II - II’ (Shallow Aquifer, Appendix 4/5) details the lithology of upper 50 or so
meters along the same section line as II-II’ (Deep aquifer). Its western part represented by STW 8, Gwaldubba, is
inferior (14.8 m of sand and gravel and transmissivity likewise very small, less than 500 mZ/day). In the east (STW
14, Sangambasti), shallow aquifer is also represented by 14.7 m of gravel and transmissivity of that area is also
rather low, that is 300 m?/day similar to western side (Appendix 6). In the central part(DTW 13, J hapa). the upper
45 meters are aBsolutely dominated by gravel and some sand, with a transmissivity around 1000 mz,’day, according
to Appendix 6. Since this well is located near the Kankai River at elevation of 75 m, and permeable layers extend
all the way to the land surface, one may expect the connection between the shallow aquifer and the Kankai Nadi.
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Cross-Section IIILIP (Deep aquifer: Appendix 4/6) cuts diagonally from north-west to south-east. Seven wells
are projected on thissection line (DTW 14, STW 5, STW 10, DTW 4, STW 15, DTW 13, and STW 3), witha range
of land surface elevations from 132 to 66 m. The depth of penetration and illustration is between 15.2 (STW-5) and
158 m (DTW-13). Each of wells has at least one good permeable layer, which is overlain and underlain by extensive
and continuous clay layers. The well STW-S, Lakhanpurin the north with 12.1m of sand and gravel has 600 m*/day
transmissivity. The middle part of the cross section, ground STW 15 (Panchgachhi), and deep well DTW 13 (may
have connection between shallow aquifer and the Kankai River). Appendix 4/7 (Shallow aquifer) shows the shallow

aquifer for the sake of detailed presentation. It appears that the lower balf of the cross section is more promising,
although the shallow aquifer is quite well represented everywhere.

Cross-Section IV-1V” (Appendix 4/8) is a north-south cut through the upper 15 to 35 meters (STW S and STW
9, respectively), showing shallow aquifer, and from 72 meters (DTW 14) to 137 meters (DTW 6), showing deep
aquifer. The elevation varies from 132 to 71 meters. There is plenty of gravel along the whole cross section. The
thickness of sand and gravel decreases from north to south. Transmissivity varies around 500 to 600 mz/da_v. The
middle portion of this cross-section shows a rather inferior lithology in its shallow part (STW 6, STW 8and DTW
5). Thevery south well, STW 9, indicates a good shallow aquifer between 9.1 and 12.2, and from 28.1to 32.3 meters,

with transmisisivity of about 500 rnz/day. As in other cross sections, the shallow aquiter is amplified in Appendix
4/9.

Cross-Section V-V” (Appendix 4/10) is a north-south line in the central part of the district, which cuts through
both shallow and deep aquifer. There is plenty of gravel and sand in the north (DTW 4 and STW 4), the content
of which decreases going down towards south. However, the well STW-3in the south, near the Nepal-India border,
shows a remarkably permeable lithology (Appendix 4/11: Shallow Agquifer). The transmissivity is highest, 1000
m?/day, in the central portion (STW-4and DTW-12) of the section (Appendix 6) and decreases towards north and
south. In well STW-4 there is a sequence of good permeable layers, with the thickness of 14.7 m out of 16.8 m
drilled depth. Unfortunately, the project-drilled shallow well, STW 4 at Phulbari, was also terminated in sand and

pebble at depth of 16.8 m, although more permeable layers were underneath. The shallow portion along the same
section line is shown in Appendix 4/11.

Crass section VI-VT' (Deep aquifer: Appendix4/12) cuts from the north to south. Shallow wells (STW-2, STW-1,
and STW-14) represent the shallow aquifer, and deep wells (DTW-7, DTW-8, and DTW-11) the deep aquifer. Its
depth of presentation is about 155 meters (from +105 m land surface in DTW-7 to minimum elevation of +69m -
in STW-14). The lithology of shallow well STW-1 is identical to deep well DTW-11 at the same location, which
may indicate that the well STW-1was not needed in that particular location (see Appendix 4/13). Water levels in
shallow wells Maheshpur (STW-2) and Sangambasti (STW-14) are both above ground level after monsoon. The
transu‘xissivity varies from 500 mzlday (north) to 300 mzlday (south). The impression about this northern part of
the district is that at any level of depth one may encounter sand and gravel layers which contain ground water.

Cross-Section VII-VII' (Appendix 4/14) is lithological cross section cutting through north-east to south-west
direction (DTW- 16, STW-17, DTW-7, DTW-9, DTW-12, and DTW-13). It is created by five deep wells and one
shallow well. The whole section displays quite a high content of permeable layers. In the north east the thickness
of sand and gravel is 21 m in shallow well, but clearly, the gravel layers continues beyond the shallow well depth.
Actually the best layer is found in DTW-16 at interval 33- 7 m. The thickness of sand and gravel is also very high
in DTW- 13, which is located at the south at an altitude of 75 m near the Kankai River. The transmissivity, which
starts at about 300 mzlday in the north and increases towards south-west up to 1000 mzlday, offers another view of
the development potential in southern part of the district. There is good aquifer in central part (wells DTW-7,
DTW-9, DTW-12, and DTW-13) all over the drilled depth. As a general conclusion both shallow and deep aquifers
are present in Jhapa district in every part of the district. The percentage of permeable layers in 18 shallow
project-drilled wells is about 58.7% (332.0 m of permeable sediments out of total 565.9 m drilled metrage). This is
compared with similar percentages in other districts as follows. The highest percentage in all currently interpreted
districts of the Terai under NEP/86/025 project is in Jhapa. The Jhapa shallow aquifer is closely followed by Sunsari
(56%), Deukhuri (53%), Dang (48%), Nawalparasi (48%). Morang district with 38%, Rautahat with 39%,
Rupandehi with 30%, and Kapilvastu with 32% show much less permeable formations. Only these districts have
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been evaluated and reported until now. An average shallow well drilled by this project in Jhapa district would be
31.4 meters deep; it would have about 18.4 m of permeable and 13.0 m of impermeable layers, and would have an
average screened interval 6.5 meters.

3.2. Hydrogeolpgical Parameters

Hydrogeological parameters of the shallow aquifer of Jhapa district were obtained from pumping testsrunon
11"project”wells and S ADBN wells (both under this projectand in the "past”). The wells used in thisinterpretation
are shown in Appendix 6, which is the map of transmissivity. Each of 16 test-pumped well is shown with either a
circle(UN"project' STWs) orasquare (ADBN STWs).Inthe sametime, this report containsa group of appendices
(Appendix 5) with each of individual 16 tests shown graphically with field-observed data and computer-fitted data.
The computer program used in this interpretation is the UN- proprietary program developed by J.Karanjac and
D.Braticevic.

The map of transmissivity is a creation of another computer program which interpolates and extrapolates
random values. In the case of Jhapa district it appears that the aerial coverage is acceptable. Missing wells are in
central southern part, especially in district corners. Likewise, one or more test-pumped wells would be welcome
between location Bareghare and Ghailadubba (see Appendix 1, central-north), near Hukkagachhi (south-west),
Sitapuri (west). The test at Ghailadubba in central-north should be repeated. The transmissivity of 280 mZ/day is
notin linewith the lithology at this site. It was not accepted for the construction of transmissivity map. To construct
the transmissivity map more correctly, three wells from neighboring Morang district have also been taken into
account. (The shallow aquifers of Jhapa and Morang districts make one system, which does not respect

administrative boundaries.)

Itis noted that most of wells are not properly constructed for testing with pump discharges of 10-15 I/sec. With
casing diameter 100 mm, and open screen area about 15%, with pump discharge between 10 and 15 I/sec, the
minimum length of well screen is about 8 m. This requirement is in line with recommendations for maximum or
critical velocity of water entering the screen. When critical velocity is surpassed there is a danger of sand inflow,
instability of gravel pack, and additional well losses may reduce overall efficiency of the well. This is interpreted in

lower transmissivity during pump test than reported.

As an example the following calculation is offered. Open screen area in a well screened with 100 mm screen,
with 15% openings, is about 0.047 m%m of screen. In a coarse-grained aquifer with hydraulic conductivity about
80 m/day, the critical (maximum permissible) entrance velocity is 3 cm/sec. If a well is to be pumped at 10 I/s, the
minimum screen length must be 7.07 meters. This requirement had not been met in some wells.

As a whole the shallow aquifer of Jhapa district has quite acceptable transmissivity, on average between 600
and 800 m?day. (This transmissivity would have even higher had the wells been properly constructed and
developed.) The transmissivity is minimum (less than 300 mzlday) in eastern and south-eastern parts, near the
Mechi River, and increases towards the central and north-central part where it reaches a maximum of about 1200
m?/day. It is also high in the north-west, toward Morang district. (In Morang, near the district border, some wells

show the transmissivity in excess of 2500 mz/day.)

Thetransmissivity above 500 m2/day is considered sufficient for water supply and small-scale irrigation. In parts
with transmissivity above 1000 mZ/day (central) large-scale irrigation might be also feasible, provided levels are not

too deep, what apparently they are not.

Most important hydrogeological data are presented in Table 3.
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Wwell Location Transmigsivity Thickness  Permeability
m“/day m m/day
STW-2 Maheshpur 621 (329} 5.2 119.4
STW-4 Phulbari 1139 (4833) 14.7 77.5
sT™W-5 Lakhanpur 601 12.1 49.7
sTW-7 Kankai 1068 14.1 75.7
sTW-8 Gwaldubba 294 (525) 9.1 32.3
STW-11 Buttabari 1005 (654) 9.8 102.6
STW-12 Satashi ~ 588 (515) 11.9 49 .4
STW-14 Sangambasti 178 5.8 30.7
sTW-15 Panchgachhi 811 8.4 96.5
STW-16 Ghailadubba 280 13.1 21.3
sTW-17 Satigatta 211 9.0 23.4
STW-19 Goldhap-4 445 15.8 28.2
PRW-1 Dasaharatpur 527
PRW-2 Pathariya 453
PRW-3 Topgacchi-3 380
PRW-4 Gaurigung 909 (1642)
PRW-5 Dharampur 483 ( 99)

Average: 600 m? /day

The results are more or less expected, with some minor inconsistencies. Hydraulic conductivities, or per-
meabilities, about 20 m/day indicate fine to medium grained sand. Conductivities between 30 and 70 m/day are
characteristic for medium to coarse grained sand. Higher than that indicates coarse sand with more or less gravel
component. (Gravel itself does not contribute too much to overall permeability. Coarse sand and gravel may have
about the same value of permeability.) The values above 100 m/day are exceptional indicating an excellent
permeability and high development potential.

In the western side there is some ambiguity in interpretation. Project well Sitapuri, STW-6, which is not shown
in Appendix 6 because its test was eliminated, was pump-tested for only 18 minutes. This was clearly insufficient.
Its low transmissivity may be questioned so pumping test was discarded. Another well, Gwaldubba (STW-8) has
only 3 m of gravel with sand, and the rest is sand fine to coarse. However one of its screens was completely
misplaced, that is placed opposite clay (19.5-22.6 m). With a better well design this well would have produced
higher transmissivity than reported 294 myday. (Actually, the observation well nearby produced the transmissivity
of 525 mzlday, or twice higher than the pumped well itself. Thus, one may conclude that the western part of the
district has at least 500-600 m%day from upper 30 meters.

In the north, the well STW-13 (Bareghare), which has one of the best lithologies, with 22.6 m of gravel out of
25.9 drilled meters, did not produce pump-test results due to high fluctuation of water level during pumping.
Considering that two wells south of this well have transmissivities of 1005 and 1063 m*/day, that is the best in the
district, one may extend the zone of high transmissivity to the Bareghare well as well. Anyway. the pumping test at
Bareghare should be repeated.

In the very center of the district is a well, STW-4 Phulbari, located near the eastern bank of the Kankai River.
Itdisplays the highest transmissivity of all tested wells, 1139 mZ/day. It was drilled entirely through gravel and sand.
However, anotherwell in the same central part S km to the north, Ghailadubba (STW-8), also encountered plenty
of gravel (24.4 m), but the test produced a mediocre transmissivity of only 280 mzlday. Careful interpretation of
the test may indicate much higher transmissivity had the test been run correctly. The slope of test points in first 20
minutes indicate the transmissivity of over 1500 mZ/day. There is a sharp break of slope after 20 minutes, indicating
probablya higher pumpingrate than reported. The test results are not reliable and the convergenceof transmissivity

_ contour lines toward low transmissivity in Ghailadubba (see Appendix 6) should be better eliminated. It appears

i
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that the whole central part between Phulbari-Kankai-Bareghare-Buttabari has the transmissivity above 100¢)
2
m~day.

The eastern part of the district shows constantly low transmissivity. The well STW-17 at Satigatta at north-east
has plenty of gravel (9.0 m within screened portion of the well, and 21 m all together). Evidently the upper 12 m of
gravel have been cut off by clay seal from the rest of aquifer. Even the well Sangambasti (STW-14) drilled in the
south-east corner should have much higher transmipsivity than reported 178 m2/day. Only the well STW-2 at
Maheshpur may have lower transmissivity than the rest of district, with only 5.2 meters of sand with some gravel.

Since only five observation wells were available during testing, only five values of storage coefficient, or effective
porosity in the case of unconfined aquifer, were obtained. Fortunately all are acceptable. The storage parameters
are shown in Table 4.

TABLE 4. Storage Coefficients in Jhapa District

Well Location Storage Coefficient
STW-2 Maheshpur 0.0003

5TW-4 Phulbari 0.0019

STW-8 Gwaldubba 0.00009

STW-11 Buttabari 0.018

The first three values would be representative for confined aquifers, while the fourth value is more charac-
teristical for semiconfined to unconfined aquifer. It is an established fact that in semiconfined aquifers the testing
should continue for many hours and days to produce a meaningful value of storage coefficient. These parameters
are only good indication of the type of shallow aquifer, which, in this case, is mostly semiconfined.
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4. FLUCTUATIONS OF SHALLOW WATER TABLE

4.1. Monitoring Network
’

Jhapa district is well covered with water level observation network, for clarity called monitoring network. As
mentioned earlier first measurements of depth to water started in May 1987 by GWRDB observers for the GDC
*Study of Groundwater Development Strategies for Irrigation in the Terai". More than 120 dug and shallow wells
wereincluded into the network. Water level observations in many of these dug and shallow wells continued beyond
the end of the GDC study. At least in 20 wells there is a more or less continuous record until August 1939 (see
Appendices 10). Locations of this early network are shown in Appendix 2 with star. Gradually some of these wells
were abandoned for various reasons, mostly subjective. In December 1989 alltogether 32 wells have been
monitored, out of which 17 are private hand pump and dugwells, and 15 are "project” shallow tube wells. Since by

December 1989 18 project wells have been drilled, three wells are not under observation. One of these three is
damaged, and for other two there is no explanation!

Since 21 wells drilled under this project were completed by February 1990, there is no need to monitor levels
in dug wells or in shallow wells with unknown lithology. The number of 18 wells is believed adequate for Jhapa
district. Itis regretful that some of project wells drilled in early 1989 were not included into the network immediately
after their completion. As of July 1989all project wells are under monthly observation. Yet forthe sake of continuity
and comparison it is suggested that for some time, a year or two, eight existing wells are retained in the network:
Sonapur (north-west), Bhalugaon (central-west), Tulachan (south- center), Bavantoli (south-east), Rajgadh
(south-center), Amarbasti (south-east), Chandragadhi (east), and Duwagadhi (north-east). Thus the monitoring
network would consist of 18 new wells and 8 existing, or a total of 26 wells.

4.2. Rainfall in Jhapa District in 1987-89 Correlated With Water Levels

Since most of recharge that reaches shallow aquifer of Jhapa or any district of Terai comes directly from rainfall,
itisimportant to correlate the rise of shallow levels with rainfallin the monsoon season. For this reason the project
attempts to obtain timely rainfall records {rom nearby, representative, rainfall stations. For Jhapa, the repre-
sentative station is in Kankai. Thanks to understanding of the HMG’s Department of Meteorology, the project is
getting“raw" dataintimetoinclude theminto the report. The data are used only for technical reasons, for producing
meaningful comparison between selected hydrographs and rainfall in the same period. The data are used with an
understanding that they have not yet been cleared by HMG's Department of Meteorology and released for public
use.

Three wells Sonapur (north-west), Goldhap (center-east) and Ghodmara (south-east) are chosen for the
comparison of water levels with the rainfall. The hydrographs produced in Appendix 7 indicate the following.

(a) The rise of levels in 1987 started in March following the first pre-monsoon rains (in March, April and May
a total of 326.5 mm of rain fell in Kankai). Since the levels in March and April of 1987 had not been observed, the
minimum level on the record, although not necessarily the real annual minimum, is in the month of May. (The
minimum level means the maximum depth of water table from the land surface.)

(b) The rainfall in 1988 was again early, that is in April when 143 mm of rain fell, followed by 220 mm of rain
in May. The total rainfall during March, April and May is 442.8 mm out of 2538.8 mm (see Appendix 7. and table
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here below). This early rainfall has an immediate response in the rise of shallow water levels. There is no any
significant time lag in water level response. As a consequence, in 1988 the minimum water levels were in March.

(¢) In 1989 significant rainfall starts in May with 420.7 mm, with negligible rainfall in March and April. In this
year the minimum water levels are as expected, in May. Extremely high rainfall in September 1989 did not result

in excessive rise of water table beyond the month of August.

(d) While minimum water levels are normally in any year in every well all over the area always in the same
month, whether March or May, this is not true for maximum levels (or closest to land surface). Maximum levels
may be in the middle of the monsoon season (say, July), although, normally they tend to be in September-October
period. The heavy monsoon rain is a local phenomenon, and depending on antecedent rain (or soil moisture
conditions), it may or may not contribute much to shallow aquifer recharge. Thus the maximum level in a well
depends on location of that well, its lithology, and rainfall in preceding months. It appears that maximum water
levels are most often in September, with some deviations. For example in Sonapur in 1987 the maximum is in July,
again in Sonapur in 1988 the maximum is in October. In Ghodmara, in 1988 the level is at the surface from July
through September. In the same well, in 1989 the maximum is also in September. In that sourthern part, near the
Indian border, water head (not table) is normally above land surface at the end of the monsoon season. Water
level in the centrally located well Goldhap reaches almost to the surface at the end of monsoons in 1987, 1988, and
1989. Such high levels (at or above land surface) are a consequence of extremely wet vears (1987, 1988, 1989).
Without knowing exact lithology of the surface layer through which water table moves, it is difticult to explain why
the maximum in Sonapur in 1988 was in October.

(e) The same rainfall does not produce everywhere the same amount of water level rise. The rise is a
consequence of several factors: (i) actual amount of local rainfall, (i) permeability and infiltration capacity of
near-the-surface laver, (iii) lithology of layer through which water table fluctuates. Table 3 shows monthly rainfall

in Kankai in 1987-89 period.

Fig 5.1
MONTHLY RAINFALL 1IN JHAPA
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TABLE 5. Rainfall at Kankai Station

1987 0 14 107 148 74 472 499 1371 597 232 7 0 3521
1988 26 28 80 143 220 126 798 696 289 98 32 3 2539
1989 18 23 5 4 421 558 784 637 1141 99 45 3 3737
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e Allthreeyears, 1987 through 1988 are the
1055 years with rainfall above long-term average:
joop jenthly rain Umm) (a) in 1987 due to excessive August rainfall,
s which, in terms of ground water recharge, is
TOTAL 798 m partly rejected; (b) in 1988 due to high pre-
2539 mm y monsoon rains in April, May and June; (c) in
1989, on account of extreme September rain,
whichis also partly rejected in terms of ground
water recharge. The computation of water
balance in Chapter 5 shall assume conserva-
32 tive values, which are much lower than rainfall
JAN FEB MAR APR MAY JUN JUL PUs SEP oo Py in 1987- 89: 1800 mm for Jhapa, 2000 mm for
near-the-hills areas. In conjunction with
analysis of hydrographs at individual wells as
Fig 5.2 shown in Appendices 10, it is important to
note rainfall in April and May 1988, and Sep-
tember 1989.
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Hydrodynamics of the shallow ground
water system of Jhapa district is presented in
Appendices &/1 through 8/7, and in Appen-
dices 10. The group of Appendices 8 refers to
the depth to water table from land surface in
relative terms (pre-monsoon, post-monsoon,
rise of levels in 1987, 1988). Similar maps have
Fig 5.3 been prepared for Technical Report No. 2 on
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the basis of 1987 observations in early

monitoring network (dug and ADBN shallow
wells). An update of that report has been released by the project as Technical Report No. 13, which included the

year 1988 and pre- monsoon period of 1989. (There will be one more update of the same set of maps near the end
of the project, that will include only the seasons of 1988, 1989, and 1990, based on project wells.) The last two maps
~ in Appendices 8 present water level contour maps in absolute terms, in elevations above mean sea level, for the
month of May 1989 and September 1989. In 1989, these two maps correspond to the month of deepest water levels
(pre-monsoon),and to the month inwhich water is theleast deep in relation to the land surface. General observation
for the month of May, of either 1988 or 1989, is that shallow aquifer levels in their lowest configuration are not that
deep. The maximum depth is in Hukkagachhi (south-west), normally about $ m below land surface (see Appendix
8/2, as well as maps in Apbendiccs 8/2 and 8/5). In most of the district, in the month of May the levels are only
between 2.5 and 3.5 m deep, which also indicates that the storage capacity of shallow aquifer is high preventing
more decline of levels prior to onset of monsoons. Even at higher elevations (wells Anarmani, Sonapur), the
maximum levels are less than 3.44 and 2.39 m below land surface.

In the month of generally highest levels, September 1988 (Appendix 8/3), levels are close to land surface. In
almost whole district in September 1988 the levels were between 0.0 (Ghodmara) and 1.96 m (Amarbasti) from
the land surface. Only in Hukagachhi levels in September are still about 3.22 m deep.
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The fluctuation of levels is very moderate, from O m in the central part to over 3m in western part. In the most

of area the rise between May and September 1988 is of order of magnitude 0.3 to 1.86 m. This also indicates that
the storage capacity of shallow aquifer is high, it is unconfined, its volume is uniformly distributed all over the
district. Lithology of shallow aquifer as discussed in 3.1., transmissivity as discussed in 3.2., and rise and decline of
water levels, all this points at rather high development potential of shallow aquifer in Jhapa.

)

4.4. Water Level Contour Maps in 1989

Only two maps are presented, one for May 1989 (Appendix &/8), another for September 1989 (Appendix 8/9).
The maps lack precision due to the fact that well points had not been surveyed. Altitudes are takenfrom topographic
map at scale 1:62,500 and 1:125000. Contour maps clearly show the direction of ground water movement. [t is, as
expected, from north to south. The picture is about the same in May and in September, except that the whole flow
netis higher in September compared to May for the amount of rise of water levels. (As demonstrated earlier, this
rise is not too high, at most 1.5 meters in most of the district.) Contour lines are grouped closer one to the other in
the north part. This is an indication of more water flowing through the northern and central belt than through
southern, provided transmissivities are about the same or higherin the north. Onthe otherhand, ifthe sameamount
of water would be flowing, than steeper gradient (which is indicated by denser grouping of contour lines) would
mean less transmisisivity in the north which is not the case. Thus a plausible explanation of such a contour map is
the following. More water flows in the north, from Bhabar zone toward south. When land surface topography
changes. somewhere near the center of the district, water cannot flow further. it emerges at the surface or near it

and evaporates. Water logging may occur in some places in September.

4.5. Fluctuation of Levels in Individual Wells

Hydrographs at 17 selected shallow wells are appended to this report as Appendices 10. Locations of these
wells are shown in Appendix 9. None of project wells could be included at this time since the observation started
too late, in spring 1989. However, these 17 wells provide for continuity. They are well spread all over the district.
as shown in Appendix 8/10. The only missing continuous record is in the very center of the area, among wells
Sonapur, Bhalugaon, Bansbari, Gauradaha, Jurapani. Likewise the record is missing in the area north of the
Mahendra highway. In table 6 only maximum and minimum depths to water table shall be presented, along with
maximum fluctuation in the whole period of observation. The fluctuation does not necessarily correspond to the”
rise of levels between May and September", since in some localities neither minimum corresponds to May nor

maximum to September.

TABLE 6. Fluctuation of Water in Shallow Wells (1988)

Well Maximum Minimum Fluctuation
Depth (m) Depth (m) (m)
Sonapur 2.39 1.72 0.67
Gauradaha 3.22 1.72 1.5
Jurapani 3.2 0.95 2,25
Hukagachhi 5,08 3.22 1.86
Bansbari 2,39 0.02 2.37
Bhalugaon 2.99 1.23 1.78&

——a——
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Gwaladhhuba 1.44 0.72 0.72
Dangibari 2.02 0.23 1.79
Ghodmarai 1.65 0.0 1.65
Bavantoli 2.21 0.21 2.00
Phulbari 2,34 0.79 1.55
Rajgadh 2.13 0.34 1.79
Amarbasti 4.33 1.96 2.37
Maheshpur 1.68 0.58 1.10
Goldhap 0.41 0.11 0.30
Anarmani 3.44 1.9 1.54
Chandragadhi 3.35 0.59 2.76

Average minimum level: 2.6 m below land surface

Average maximum level: 1.0 m below land surface
Average fluctuation:

Itis very important to note that in many wells the rise of levels in March and April 1988 is direct consequence
of unexpected high rainfall in these two months. This is evident in wells Goldhap, Sonapur and Ghadamara,
Gauradaha, Jurapani, Hukagachhi, Bansbari and in other wells, in which the minimum in 1988 was in March, and
the rise in April was 0.5 m or more. This also speaks in favor of suggesting high development potential of shallow
aquifer. The recharge after March (80 mm) and April rainfall (143 mm) is almost instantaneous. The time lag is

probably less than one month.
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5. ASSESSMENT OF WATER RECHARGE AND DISCHARGE

5.1. Preliminary Assessment from Basic Documentation

The following may be concluded about recharge and discharge of the shallow ground water system in Jhapa
district. The conclusions are drawn on the basis of information presented so far.

(1) The recharge comes mostly from local infiltration of rainfall. There are some zones in which extensive clay
layer separates the first permeable layer from the land surface, preventing direct recharge from rainfall or surface
water. Out of 37 wells in only 3 wells permeable layers come all the way to the ground surface. These wells are
STW-3 (Gharebari), STW-10 (Keradhap) and STW-15 (Panchgachhi), with thickness of surface sand-and-gravel
layer of 9.5, 1.5, and 15 m, respectively. Remaining 31 wells contain more or less impermeable clay and'sandy clay,
with an average thickness of about 4 m. According to such analysis, the land surface in the northern part appears
to be relatively more permeable than the area in the south. However, an extensive clay layer, which can make the
surface almost impermeable to any recharge reaching water table, may be present in about 60 % of thewhole area.
When each of these wells is located on the map, it becomes clear that impermeable surface is in the Hukkagachhi,
Maheshpur, Sangambasti area, that is in southwest and in southeast. Thus, using the location of such wells as an

indicator, one may accept that about 40% of the total area is permeable and 60% impermeable. Of course, this
analysis holds as much as one trusts the lithological interpretation of local driller.

(2) The Bhabar zone is very extensive in Jhapa district. Reportedly it occupies more than 100 km?2, although
some sources estimate it at more tflan 250 kmZ Duba (1982) calculated the recharge to shallow aquifers. He
distinguished between Bhabar zone and non-Bhabar. For Mechi zone, he came up with 30% of annual rainfall
reaching shallow aquifer for non-Bhabar, and 39.3% for Bhabar sediments.

(3) The calculation of recharge shall be made with conservative values of rainfall of 2000 mm for Kankai and
upper parts of the district, and 1800 for the lower part of the district. This is based on the fact that a part of extreme
rain in monsoon season is rejected by soils and cannot infiltrate to become ground water. This is éspecially true

for the month of August which is preceded by two rainy months after which soil moisture is above its infiltration
capacity. With such conservative estimate of rainfall, the calculation may proceed as follows:

40% of area is permeable: 0.4 x 1716 km?® = 636.4 km? (permeable)
100 km? is Bhabar, 586 km? is non-Bhabar -
Recharge in Bhabar Zone:

100km? * 10° m¥km?* 2.0 myr * 0.393 = 78.6 MCM (million cubic meters)
Recharge in Non-Bhabar zone:

586km? * 10° m¥km?* 1.8 mfyr * 0.30 = 316.4 MCM (Million cubic meters)
TOTAL RECHARGE: = 395 MCM (Million cubic meters)

This is a tremendous amount of water that may eventually reach the aquifer. However, other evidence in this

. project’s evaluation of potential recharge to shallow aquifer, notably by means of mathematical models, indicates

that the percentage of recharge as estimated by Duba is too high. More conservative values should be used, for
example 30% for Bhabar, but 20% for the rest of area. In this case, the Bhabar recharge could be as high as 60
MCM, and non-Bhabar recharge 211 MCM, or a total of about 271 MCM, which is still a very high potential.

(4) Water level contour maps (Appendices 8/8 and &/9) indicate the discharge towards south, i.e. toneighboring
India. The volume of outflow is quantified in the following way. An average transmissivity of shallow aquife in the
very south is about 500 m?/day (see Appendix 6). The total length of the Nepal-India border between the rivers
that make the Jhapa district boundary is about 40 km. The gradient of flow appears to be very mild in the south,
five meters per three kilometer, or 0.00167. With such parameters the calculation is as follows:
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500 * 40,000 * 0.00167 * 365 = 122 MCM

i i s per 3.5 km, or 0.0028, stj|
Even if the gradient of the central part is taken into calculation, that is of 10 meters |

the total volume of outflow is very small, 16.8 MCM.
d discharge,

ble in either May or September points at are
e district has water levels within 2.0 meterg

levels less than 0.5 to 1.5 m

There is a gross debalance between recharge an if and when only the outflow into I'?d'a :ictzltntas
asinw ater

discharge. One glance at maps of depths to watedta

table is constantly close to land surface. The whole eastern part of lh‘ . .

from land surface in May 1988 (Appendix 8/2), and almost the whole district has wate

deep in September 1983 (Appendix 8/3).

m for withdrawing shallow water,

i i strong mechanis
wer is that evaporation process must be a very ' : :
e : : le the following calculation wil|

To.demonstrate the importance of evaporation of water directly from water tab
suffice.

{S mm is taken (in Bhairawa it varies from
and surface (in eastern part),
rate drops from 100% at free

If throughout the year an average daily potential evaporation rate o
2.1 mm ifi January to 8.5 mm in May), and water level on average is at 1.0m beI?w |
then from one square kilometer can evaporate about 2000 m3/day when evaporation

water (at land surface) to 40% at 1.0 m depth:
0.005 m/day * 0.4 * 1,000,000 m? = 2,000 m*/day/km”

This is equivalent to about 0.73 MCM from one square kilometer. If 310 kmZwould have the same conditions,
the total evaporation from that area would be equal to all recharge from rainfall, that is 271 MCM. Evidently this

is much higher than outflow into India.

Toconclude, the shallow groundwater system of Jhapa district has very high development potential. Its lithology
is favorable, hydrogeological cbéraqteristics reflected in transmissivity and hydraulic conductivity are likewise
favorable. The recharge, taken as a c5nservativevalue, could be as high as 271 MCM per year. Out of this very little
is lost through natural down- gradient outflow toward south, that is to India. By far the greatest percentage of
recharge and natural flow is intercepted by evaporation and lost. Large-scale shallow ground water development
is both feasible and beneficial.

Intensive abstraction of shallow water shall lower water table to depths from which there will be no evaporation.
Water logging, which may happen in peak monsoon months at present, shall be prevented because water levels
‘shall be deep enough to leave above an unsaturated zone capable of accepting additional rain water.

If the recharge values are not overestimated, at least one half of 271 MCM could be salvaged and abstracted
througha system of carefully located wells. With an average agricultural demand of about 1 I/sec over 100 days for
one hectare; or 8640 m*ha, 135 MCM sustained yield would imply irrigation of @bout 15600 ha or 156 kmZ. £hat is
15.6% of the total area of Jhapa declared as irrigable. l

J

Without a mathematical model it is difficult to come to maximum development potential figures. The recharge
in Bhabar zone infiltrates partly to shallow aquifer, but also contributes to t i
the deep aquifer is fully saturated and under piezometric head, but its annu
to that of shallow aquifer. Water cannot evaporate from deep aquifer,
down-the-gradient toward south. With transmissivity of 1000 mzlday,
outflow section of 40 km the volume of 14.6 MCM can flow an
through shallow aquifer, this is nevertheless a minor com
comes from the same 271 MCM of estimated recharge
withdrawal, such as is the case of Bhairawa-
picture.

he recharge of deep aquifer. At present
al exchange of water is minor compared
it is not feeding rivers. Its water is flowing
and gradient of 0.001, through the same
nually. Although this is twice more than outflow
ponent of water balance of shallow aquifer, although it
arge. Only when deep aquifer becomes subjected to heawy
Lumbini project in Rupandehi district, one may expect reversed
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On the basis of transmissivity values, lithology of shallow 30 meters, depth towater table in pre-monsoon season
(maximum depth), and water table fluctuations, a tentative map illustrating the feasibility of shallow aquifer
development has been constructed. The very favourable area covers mostly the central part of the district (about
840 km?). However, with additional, correctly interpreted, pumping tests, there is a possibility of having this area
extended, most notably in the north-western direction, all the way to the district border with Morang, The sketch
of the most promising area is shown in Appendjx 11. ‘

5.2. Assessment of Water Balance by Mathematical Modeling

The volume of data appears to be sufficient to construct a preliminary model of Jhapa district. The missing
information is in the north, above the highway. Likewise, unknown is the role of any river in the district. When
designing the exploration program the project insisted on having one or more wells drilled very near the river
(within 100 meters of non-flooded river bank). Thus a correlation of levels would have been established and the
role of rivers evaluated. Also of great importance are correctly leveled wells. For modelling work. the precision of
knowing water level in a well is at worst 0.5 m, considering the gradient of flow of 1 m per 1000 meters.

The model of Jhapa district may cover the district as shown in Appendix 1% It shall be oriented N-S, along
rows, and W-E, along columns. In west-east direction the size shall be 54 km, i.e. from X coordinate 564000 to
coordinate 618000. In north-south direction the size shall be 43 km, i.e. from Y coordinate 2916000 to 2959000.

The total network shall be 54x43 uniform square cells of 1 km? each, that is the total model area shall be 2322 cells
or square kilometers.

The model boundaries are two artificial and two natural. One of natural boundaries is in the north, where more
or less impermeable foothills of the Siwalik range enclose the Terai portion of the district. Yet, even there should
be boundary conditions such as inflow through river beds or as underflow of ground water from Siwalik hills.
Likewise, the eastern boundary of the district and the model is the Mechi River, or the state boundary between
India and Nepal. It may be represented as constant-head boundary, or no-flow across boundary. Since the flow
system is such that the major direction of flow is from north to south, the western boundary, which is artificial,
should pose no major problem. This boundary shall be taken as the end of shallow aquifer. or beyond the district
to the west the transmissivity shall be zero. This is also a no-flow across boundary, implying no exchange of shallow
water between Jhapa and neighboring district of Morang. In essence this is true. The only really artificial boundary
in this model shall be the southern boundary, i.e. the south border with India. Yet, there one may assign either
constant heads following maps in Appendices 8/8 and 8/9, and hydrographs of nearest wells, or constant outflow
using transmissivity and gradients from maps in Appendices 6 and 8/8, 8/9.

The basis for model calibration should be maps of water levels in absolute elevations as shown in Appendices
8/8 and 8/9. The calibration may start with steady state in pre- monsoon season of 1989, and continue with
unsteady-statein monsoon season of 1989, thatis from May through September 1989. Model verification may cover
the period of one year from May 1989 through May 1990. The whole work may take one month including report
writing. The target date for working on the model could be June-August 1990, when additional water level data
shall become available until May 1990.

The model output shall be the following:

(@) Correct values of recharge from rainfall over permeable portion of the district.

(b) Modified distribution of hydrogeological parameters, such as transmissivity, effective porosity.

(c) Every component of water balance quantified, notably recharge and evaporation,

(d) Proposals for future extensive shallow aquifer development and impact of various pumping scenarios.

The final outcome of the model shall be the number, location, spacing, pumping rate of shallow wells in most
promising areas, and the consequence of extensive pumping over a period of some § years.
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6. CONCLUSIONS AND RECOMMENDATIONS

§
nt technical information on the occurrence of shallow ground water in

The objective of this report is to prese . - . .
Basic Documentation with some preliminary interpretation.

Jhapa district. The report is given in a form of
newly drilled 21 shallow project wells and compiled data from 16 deep tube wells
he report presents lithological data in 37 well logs and in 7 lithological cross
d deep wells. In addition to drilling, data from 16 pumping tests have been

The basis for the report are
drilled by GWRDB in 1983-89. T
sections including both shallow an

processed and interpreted. Both lithological data and pumping test information are processed by computer using -

UN/DTCD proprietary software.

The drilling started in March 1989, and terminated in July 1989 (additional 3 wells were drilled in January 1990),
The total drilled metrage is 635 m, or an average well is 30.3 m deep. It is important to note that out of 21 wells
only sixwere drilled by classical rotary drilling rig, using mud and drill rods. Fifteen wells were drilled by indigenous
method, that is manually. Within shallow 31 meters of Jhapa aquifers, there is plenty of large-size gravel (pebble)
which normally creates problems in drilling. Evidently the manual method of drilling as applied to Jhapa is
successful in overcoming difficulties normally experienced when drilling through hard gravel and pebble. Average
depth of manually drilled well is 29.4 m. The deepest manually-drilled well is 36.6 m deep. Actually six manual
wells reached the depth greater than 34 m, in spite of gravel.

The quality of manually drilled wells, provided that they have reached the designed depth and are not terminated
in permeable formation, is superior to bentonite-mud drilled wells. Pumping test results are more reliable, well
losses are minor component of aquifer losses. Manually-drilled wells are also reported to be cheaper. The
conclusion is that gravel and pebble shall create equal problems to manually as well as to rotary-rig drilled wells.
If manual drilling is cheaper, if the driller can penetrate to 40 m depth, the preference should be given to manual
method.

Out of 16 pumping tests, in only five pumping tests a nearby existing well was used as an observation well,
providing for the possibility of evaluating storage coefficient or effective porosity of shallow aquifer in addition to
its transmissivity. In five "project” wells pumping test has not been made either because of deep water level, sand
entry into the well, or fluctuation of pump discharge. One or more test-pumped wells would be welcome between
location Bareghare and Ghailadubba (see Appendix 1, central-north), near Hukagachhi (south-west), Sitapuri
(west). The test at Ghailadubba in central-north should be repeated. The transmissivity of 280 m*/day is not in line
with the lithology at this site.

Itis noted that some of wells are not properly constructed for testing with pump discharges of 10-15 I/sec. With
casing diameter 100 mm, and open screen area about 15%, with pump discharge between 10 and 15 I/sec, the
minimum length of well screen is about 8 m. This requirement is in line with recommendations for maximum or
critical velocity of water entering the screen. When critical velocity is surpassed there is a danger of sand inflow.
instability of gravel pack, and additional well losses may reduce overall efficiency of the well. This is interpreted in
lower transmissivity during pump test than reported. . 2

Asa general conclusion both shallow and deep aquifers are presentinJhapa districtinevery
The? percentage of permeable layers in 21 shallow project-drilled wells is about 58.9% (3:74 m of permeable
sediments out of total 635 m drilled metrage). This is compared with similar percentages in other di%tricLsZS follows
The highest percentage in all currently interpreted districts of the Terai under NEP/86/025 projec~t isin Jhapa. 'I’he;

Jhapa shallow aquifer is closely followed by Sunsari (56%), Deukhuri (53%), Dang (48%), Nawalparasi (48%).

Rautahat district with 39%, Morang with 38%, Kapilvastu with 32%, and Rupandehi with 30%, show much less

permeable formations. Only these districts have been evaluated and reported until now. An average shallow well

part of the district.

——

TECHNICALREPORT NO. 16 JHAPA SHALLOW AQUIFER.. REPORT

i
NEP/86/025



-——
.....

SHALLOW GROUND WATER IN TERAI

drilled by this project in Jhapa district would be 30.3 meters deep; it would h

) ave about 17.8 m of permeable and
12.5 m of impermeable layers, and would have an average screened interval 6 ¢

S meters.

As a whole the shallow aquifer of Jhapa distri : L

4 800 m%day. (This tran:m' ot o hapg CHEig b quite acceptable transmissivity, on average between 500
an . lTh . s I'SSNITy.WOLlld have even higher had the wells been properly constructed and
developed.) Z trsnsmrsswnty Is minimum (less than 300 mZ/day) in eastern part, near the Mechi River, and
increases towards the central part where i : 2 ' ) v
1 Z/da - Sumden{i ; yere it reaches a maximum ()F about 1100 m“/day. The transmissivity above 500
m’/day or water supply and small-scale irrigation. In parts with transmissivity above 1000

2 AR .
m*/day (central) large-scale irrigation might be also feasible, provided levels are not too deep, what apparently
they are not.

Jhapa district is well covered with water level observation network. The number of 18 wells is believed adequate
for Jhapa district. It is regretful that some of project wells drilled in early 1989 were not included into the network
immediately after their completion. As of July 1989 all but three project wells are under monthly observation. Yet
for the sake of continuity and comparison it is suggested that for some time, a year or two, eigh—t existing wells are
retained in the network: Sonapur (north- west), Bhalugaon (central-west), Tulachan (south-center), Bavantoli
(south-east), Rajgadh (south-center), Amarbasti (south- east), Chandragadhi (east), and Duwagadhi(north-east).
Thus the monitoring network would consist of 18 new wells and 8 existing, or a total of 26 wells.

The evolution of shallow water levels depends heavily on rainfall. Each of the last three years was an extremely
wetevent. The annual rainfallin 1989, e.g. is about 37% above long-term annual average. Early pre-monsoonrrainfall
of 1987 and 1988 has had an immediate response in the rise of shallow water levels. There is no any significant time
lag in water level response. As a consequence of about 443 mm of rain in the March-May 1988 period, the levels
starting rising from March, and not from May as is the normal case.

While minimum water levels are normally in any year in every well all over the area always in the same month,
whether March or May, this is not true for maximum levels (or closest to land surface). Maximum levels may be in
the middle of the monsoon season (say, July), although, normally they tend to be in September-October period.
The heavy monsoon rain is a local phenomenon, and depending on antecedent rain (or soil moisture conditions),
it may or may not contribute much to shallow aquifer recharge. Thus the maximum level in a well depends on
location of that well, its lithology, and rainfall in preceding months. Itappears that maximum water levels are most
often in September, with some deviations. It is important to note that heavy September rainfall in 1989 (1141 mm)
did not produce any significant rise of water levels. The soil was fully saturated and almost all September rainfall

is rejected.

The same rainfall does not produce everywhere the same amount of water level rise. The rise is a consequence
of several factors: (i) actual amount of local rainfall, (ii) permeability and infiltration capacity of near-the-surface
layer, (iii) lithology of layer through which water table fluctuates.

General observation for the month of May, either 1988 or 1989, is that shallow aquifer levels in their lowest
configuration are not that deep. The maximum depth is in Hukkagachhi (south-west), normally about 5.0 m below
land surface. [n most of the district, in the month of May the levels are only between 2.5 and 3.5 m deep, which also
indicates that the storage capacity of shallow aquifer is high preventing more decline of levels prior to onset of
monsoons. In the month of generally highest levels, September, levels are close to land surface. In almost whole
district in September 1988 the levels were between 0.0 m and 3.2 m from land surface. The fluctuation of levels is
very moderate, from 1 m in the east central part to over 3 m inwestern and eastern part. [n most of the area the
rise between May and September 1989 is of order of magnitude 0.5 to 2.0 m. Lithology of shallow aquifer, its
transmissivity, and the rise and decline of water levels, all this points at high development potential of shallow

aquifer in Jhapa.
Most of the district has very favorable conditions for shallow ground water development. The minimum levels
é 2 .
in May are not more than 4 to 5 m below land surface, the transmissivity is above 300 m~/day, and the recharge
from rainfall reaches the shallow aquifer almost instantaneously. If one has to select which area should be given
preference, than it is the whole district area excluding eastern part, that is a stretch parallel to the Mechi River of
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area is about 35 km wide by 24 km high, that is' i.t occupieg
a district. The location of the most promising area js
not be discarded either. As discussed earlier, jtg
and with drilling to about 40 m another permeable

some 5 kilometers, and a southwestern corner. The total
about 840 km?, or about 60% of the Terai portion of Jhap
shown in Appendix 11. The rest of the district area should
transmissivity is probably higher than 300 m?/day everywhere, . P e ater lovel contitiestan,
layer could be screened producing enough water for small to medium scale irtigation. WV ikt wa[p
constructed for the months of May and Septemfer 1989, respectively, clearly sh(.)w the dlrec.-txosn gr > er
movement. It is, as espected, from north to south. The picture is about the same in May an'd in feptter: |:5;|:x?re£[
that the whole flownet is higher in September compared to May for the amount of the rise o \.va ]eh p .[ he
following may be concluded about recharge and discharge of the shallow ground water system in Jhapa district,
The conclusions are drawn on the basis of information presented so far.

(1) The recharge comes mostly from local infiltration of rainfall, wherever the surface is permeable. .According
to analysis of land-surface permeability, the land surface in the northern part appears‘ to be relatively more -
permeable than the area in the south. One may accept that about 407 of the mlmi area is .permeable an'd 60%
impermeable. Of course, this analysis holds as much as one trusts the lithological interpretation of local driller,

, . ) . 2
(2) The Bhabar zone is very extensive in Jhapa district. Reportedly it occupies more than 100 km*.

(3) The calculation of recharge is made with conservative values of annual rainfall of 2000 mm for Kankai and
upper parts of the district, and 1800 for the lower part of the district. This is based on the fact that? part of'extreme
rain in monsoon season is rejected by soils and cannot infiltrate to become ground water. This is especially true
for the month of August which is preceded by two rainy months after which soil moisture is above its infiltration
capacity. With such conservative estimate of rainfall, the calculation may proceed as follows: using Duba’srecharge
percentages of 39.3% for Bhabar zone and 30% for non- Bhabar. the overall annual recharge to shallow aquifer
could be as high as 434 MCM (million cubic meters). This is a tremendous amount of water. However, other
evidence in this project’s evaluation of potential recharge to shallow aquifer. notably by means of mathematical
models, indicates that the percentage of recharge as estimated by Dubais too high. More conservativevalues should
be used, for example 30% for Bhabar, but 20% for the rest of area. In this case. the Bhabar recharge could be as
high as 60 MCM. and non-Bhabar recharge 211 MCM, or a total of about 271 MCM. which is still a very high
potential.

(1) Water level contour maps (Appendices 8/8and 8/9) indicate the discharge towards south. i.e. to neighboring
India. The volume of outflow is quantified and shown to be about 12.2 MCM across the length of about 40 km.
Even when a steeper flow gradient of the central part is accepted, that is 0.0028, the total volume of outflow s still
very small, 16.8 MCM.

There is a gross debalance between recharge and discharge, if and when only the outflow into Tndia is taken as
discharge. Much stronger discharging process is trough the evaporation from shallow water table. In most of the
area water levels are constantly, year throughout, within 3 meters from the land surface. that is within the
evaporation reach. A semiquantitative analysis indicates that from one square kilometer about .73 MCM can
evaporate under prevailing field conditions. In other words the total techarge of about 271 MCM could be lost

through evaporation from an area of only 371 km?. Evidently this is much higher than outflow into [ndia.

_ e g
Pa district has very high development potential. Iis
cted in transmissivity and hydradlic conductivity art
value, could be as high as 271 MCM per year. Out ol

" To conclude, the shallow ground water system of Jha
- lithologyisfavorable, hiydrogeslogical characteristics refle
f_;grlik:e_lﬁsc,fav@rable. The recharge, taken :alas a ‘c‘onse'l»wja:ti’;é‘
~'greatestpercentage of recharge and natoral flow is §

sl i R o , niercepted by evaporation and lost. Mediorceale challo¥.
round water development is buth feasible and beneficial, ost. Mediom scalfs bt

{
f
|
|
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Intensw-e abstrafctlon of shallow water shall lower water table to depths from which there will be no evaporation.
Water logging. which may happen in peak monsoon months at present, shall be prevented because water levels
shall be deep enough to leave above an unsaturated zone capable of accepting additional rain water.

Without a mathematical model it is difficult to come to maximum development potential figures. The recharge
in Bhabar zone infiltrates partly to shallow aquifer, but also contributes to the recharge of deep aquifer. At present
the deep aquifer is fully saturated and under piezometric head, but its annual exchange of water is minor compared
to that of shallow aquifer. Water cannot evaporate from deep aquifer, it is not feeding rivers. Its water is flowing
down-the-gradient toward south. With transmissivity of 1000 mz/day, and gradient of 0.001, through the same
outflowsection of 40km thevolume of 14.6 MCM can flow annually. Thisvolume is neverthelessa minor component
of water balance of shallow aquifer, although it comes from the same 271 MCM of estimated recharge. The volume
of data appears to be sufficient to construct a preliminary model of Jhapa district. There is some missing
information, which can be filled with either repeated or new test pumping. Also all wells and some river points
must be leveled. For modelling work, the precision of knowing water level in a well is at worst 0.5 m, considering
the gradient of flow of 1 m per 1000 meters. The role of any river in the district is unknown. The water balance
presented before does not consider any exchange between shallow aquifer and rivers. The real development
potential from shallow aquifer may be much higher if induced recharge from rivers is taken into consideration.

The model of Jhapa district may cover the district as shown in Appendix 11. The total network shall be 54x43
uniform square cells of 1 kmZ each, that is the total model area shall be 2322 cells or square kilometers. The model
boundaries are natural (north, east), and artificial (west, south). In the north the shallow aquifer disappears. In the
east the Mechi River makes a constant-head boundary. The boundary to the west shall be taken as the end of
shallow aquifer, or beyond the district to the west the transmissivity shall be zero. This is also a no-flow across
boundary, implying no exchange of shallow water between Jhapa and neighboring district of Morang,. The only
really artificial boundary in this model shall be the southern boundary, i.e. the south border with India. Yet, there
one may assign either constant heads or constant outflow using data reported herein. The calibration may start
with steady state in pre-monsoon season of 1989, and continue with unsteady-state in monsoon season of 1989, that
is from May through September 1989. Model verification may cover the period of one year from May 1989through
May 1990. The whole work may take one monthincluding report writing. The target date for working on the model
could be June-August 1990, when additional water level data, until May 1990, shall become available.

The model output shall be the following:

(a) Correct values of recharge from rainfall over permeable portion of the district.

(b) Modified distribution of hydrogeological parameters, such as transmissivity, effective porosity.

(c) Every component of water balance quantified, notably recharge and evaporation.

(d) Proposals for future extensive shallow aquifer development and impact of various pumping scenarios.

The final outcome of the model shall be the number, location, spacing, pumping rate of shallow wells in most
promising areas, and the consequence of extensive pumping over a period of some 5 years.

JHAPA SHALLOW AQUIFER.. REPORT TECHNICALREPORT NO. 16
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GWRDB - UN/DTCD NEP/g

GROUND

A

6/025 JHAPA

WATER INVESTIGATIONS IN TERAI

i Total Depth : 35.10

/ ¥ell No.

STw 1 Location: PRITHVINACAR

Elevation: 81 X = 606625 y = 2930875

Mathod of Dr’lﬂing: RIG

Drilling Dates

Commentis : SCREEN TYPE: SLOTTED PIPE
SCREEN POSITION: 23.78 - 32.93 nm
DRILLED UNDER UNDP - PROJECT

WELL L G

SCREEN | DEPTH L1THOLOGY
3
3 C]ay
2.5 5
F=—=—-3.1
5 {7711
7.5 =774
g:.:;j Sand & gravel
10 52-1-]
12.5 510717
15 =
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17.5 —; ’
20 __;,o_o_ 16.8
o o
O < o
Fo. o o Sand,gravel
22.5 43 °°°q with pebble
-
0 o o
1 —
= E Pty
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—E—l Fo o o
— 0 < o
E -E—_obooq
E 30 —go\:‘: Gravel 8 sand
— e SUPNPS,
E =R
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é‘.':_oq
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GHRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

}—fe” No. STW 2 Location: MAHESHPUR
Elevation: B1 X = 608593 y = 2933875
Method of Drilling: MANUAL
Drilling Dates : 5.3.1989 - 11.3.1989
Total Depth : 21.30

Comments : SCREEN TYPE: SLOTTED PIPE
SCREEN POSITION: 14.6 - 20.4 m
DRILLED UNDER UNDP PROJECT

WELL L O0G

SCREEN | DEPTH | LOG LI THOLOGY

{
5

g Clay with sand
=11.5

e e Sand & pebble

N
I!lllll!lUllHLll!IlUJl

ARG PUMPING TEST

eyl Date: 15.5.1989
::fi I w Capac’\ty: 7.5 1/s

Ry \l?grbeéz Duration: 320 min

DSyl of sand Transmiss.: 330 mQ/day
P! Method : JACOB

futaty) Stor.Coeff.: 0.00031

e swe: 0.51 (B.GR.L)
] OwL: 8.02 (B.GR.L)

%

4,
5.2 Sand Fine

16

Sand,qravel
o o 4 pebble

~<=<19.8
] Clay hard
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GROUND WATER INVESTIGATIONS IN TERAI
Well No. STW 3 Location: GHERABARI
}7
Elevation: B6 x = 594500 Y = |

Method of Drilling:

MANUAL

Drilling Dates

Total Depth

29.90

GWRDB - UN/DTCD NEP/86/025 JHAPA

9.3.1989 - 15.3.1989

Comments =

SCREEN TYPE: SLOTTED PIPE

2923250

SCREEN POSITION: 17.7 - 23.8' m
DRILLED UNDER UNDP - PROJECT
WELL L OG
SCREEN | DEPTH | LOG L 1 THOLOGY
::) [=3K=
1'0 (=]
s
_:_ o<
= PO
4 T = <
He-o-
= S Sand and Pebble
H o o
B —T= <
H o <
E::'o’d
Hc <
B-T'_:o-é«::
_:—-_:> o <
FE£9.5
CERY . O
o=
’1?_;?::(:@@ Gravel, pebb'le
E: = o= & sand
3——113.7
14 33247
= 14.6 '
16 —
|
= | 183
% 20 5
—] = Sand coarse
EEE 3 with grave1
= | 223
= 24 5
26 ;
Seed27.4
28 5 ==
E P Sand & boulder
o o o
30 4——129.9
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GWRDB - UN/DTCD NEP/86/
GROUND WATER INVESTIGAT

025 JHAPA
IONS IN TERAI

<

I Wwell No. STW 4 Location: PHULBARI

Elevation: 94 x = 592500 y = 2939100

Method of Driiling: MANUAL

Dril1ing Dates 14.3.1989 - 18.3.1989

Total Depth 16.80

SCREEN TYPE: SLOTTED TYPE
SCREEN POSITION: 10.5 - 15.2 m
DRILLED UNDER UNDP - PROJECT

Comments 1

WELL L OG

SCREEN | DEPTH | LOG L ITHOLOGY

Clay
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e Sand Medium

N
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2k PUMPING TEST

(o7e" Date:
= Capacity:

Duration:
Transmiss.:
b o o % : THEIS

: L:
S WL

Transmissivity in
observation well = 4800 m2/¢

12.6.1989
15 1/s

200 min
1200 m2/day




GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER TINVESTIGATIONS IN TERAI

Wwell No. STW B Location: LAKHANPUR

Elevation: 121 X = 571500 v = 2947625
Mothod of Drilling: MANUAL A
_Orilling Dates  : 7.6.1989 - 10.6.1989

Total Depth : 15.20

Comments : SCREEN TYPE: SLOTTED PYPE
SCREEN POSITION: 5.8 - 9.0 m
DRILLED UNDER UNDP - PROJECT

WELL L OG

SCREEN | DEPTH | LOG LITHOLOGY
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N
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o
1

A< Gravel with sand

(6]

L PUMPING TEST

o)}

== Date: 12.6.1989
N Capacity: 8.7 1/s

et Ouration: 120 min

oo Transmiss.: 600 m2/day
ol Method : THEIS

o o @ swe: 2.956 (B.GR.L)
twe: 8.51 (B.GR.L)
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GWRDB ~ UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

Well No. STW 6 Location: SITAPURI

Elevation: 101 X = 570625 ¢ = 2940875
Method of Drilling: MANUAL

Orilling Dates : 9.6.1989 - 11.6.1989

Total Depth : b?.QO

Comments : SCREEN TYPE: SLOTTED PIPE
SCREEN POSITION: 5.8 - 8.8 m
DRILLED UNDER UNDP - PROJECT

WELL L OG

SCREEN | DEPTH |Lo0G LI THOLOGY
e
, SRA2] Clay
=431
= AN Sand
4. fine to medium
= 4.6
= ' Sand fine
— = e with gravel
— 6—::}.0"_6.1
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= iy
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z DTCD NEP/86/025
g - UN/ JHAPA
g:ggﬂn WATER INVESTIGATIONS IN TERAI

e ——

well No. STW 7

Location: KANKAI

r"——’__——_- .
"E.}eﬁval\on- 120 x = 585625 vy = 2949000

Method of Drilling: RIG N

Driliing Dates 12.6.1989 - 13.6.1989
Total Depth i 43.90

comments @ SCREEN TYPE: SLOTTED PIPE
SCREEN POSITION: 30.1 - 40.3 m
DRILLED UNDER UNDP - PROJECT

WELL L 0G
SCREEN | DEPTH [ LOG L1 THOLOGY
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PUMPING TEST
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Copacity: 8.3 1/s

Byl Duration: 350 min

o = Gravel Transmiss.: 1070 m2/day

Method : THEIS
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Clay with

b~ interbeds

Rt of sand
27.7

ll! IR

N
<
]

]
3!
A

2

lll!llllll

il

[
(o)

l‘lllllllll

llllllll!ll

> o < Grave'l
<

A

lllllllll

'E\—:——-Qa.g

EERENE

APPENDIX 3/7



GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

N

Well No. STW 8 Location: GWALDUBBA

Elevation: B6

X = 571500 Y = 2934125
Method of Drilling: MANUAL
Drilling Dates : 11.6.1989 - 16.6.1989
Total Depth : 36.60

Comments : SCREEN TYPE: SLOTTED PIPE
SCREEN POSITION: 8.8 - 1.9 m &

19.5 - 22.6
DRILLED UNDER UNDP - PROJECT "

WELL L OG

SCREEN | DEPTH | LoG LITHOLOGY

P Clay

:::::3.1 Clay with interbeds

------ ~44.6 of sand

TS e Pebble & gravel
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APPENDIX

N Date:
e e geike '5Sand Capacitys
cosh B med-coarse Duration:
o Transmiss.:

Stor.Coeff.:

SN B PUMPING TEST

18.6.1989

6 1/s

200 min

400 m2/day

: THEIS
0.000091
:0.77 (B.GR.L)
:1.49 (B.GR.L)
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observation well = 530 m2/day
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GWRDB - UN/DTCD NEP/8
GROUND WATER INVESTIG

6/025 JHAPA
ATIONS IN TERAI

1/ wen1 no. STW 9 Locationi HUKKAGACHH]I
Torevattn: 78| ke 572280 v 292762
Mathod of Dril1ing: MANUAL o
Oril1ing Dates : 1A'6'1,9&9,_:_.1.9'_6'19_89*‘ e ———
Total Depth ;. 36.10 &35 _M”—
commants i SCREEN TYPE: SLOTTED PIPE e
SCREEN POSITION: 9.1 - 12.2 m
28.1 - 32.3 m
DRILLED UNDER UNDP - PROJECT
T
WELL L OG
SCREEN | DEPTH L] THOLOGY
E Clay
2.5 3
=} Sand Fine
S
E Sand
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= | =
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GHRDB 25 JHAPA
'GROUND WATER INVESTIGATIONS IN TERAL

/Well No. STW 10
}7

d Location: KERADHAP
Elevation: 113 X = 575280 Y = 2944875
Method of Drﬂ'ling: MANUAL
Drilling Dates 17.6.1989 - 19;6.1989
Total Depth 36.66
Comments i SCREEN TYPE: SLOTTED PIPE

SCREEN POSITION: 11.9 - 15.9 m
7.4 - 21.0m
DRILLED UNDER UNDP - PROJECT
WELL L OG
SCREEN | DEPTH | LOGQ L1THOLOGY
gf:}'.f:}1 . Sand Fine
2 SEEE\;% Clay
F——H3.7
5 .. Sand Fine
==R:E o1ay
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JJ_[I l!lll|‘lllllJlll| ll'l!llllllllJHll lIIlI! 111

Sand Medium

=17.9

]
L
)

Gravel coarse

N
(e}

21

TITTATTAT T

Clay

N
LV
)]

>oed22.9

Sand Coarse

~24.1

Clay

| HIllllllllHlllvllllllllllllHHHJJ[UUHULJ! 1l llllLU Hlllllll[l!
;i -

36.6
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

Well Na, STw 11 Location: BUTTABARI

Lj'ievat’uon: 128 X = 602625 Y = 2947875
Method of Dr\11ﬁng: RIG

| Orilling Dates  : 20.6.1989 - 24.6.1989
Totan Depth H 58.10

Comments : SCREEN TYPE: SLOTTED PIPE
SCREEN POSITION: 21.0 - 30.1 m
DRILLED UNDER - PROJECT

WELL L OG

SCREEN | DEPTH | Log L1 THOLOGY
0.6 Clay

N
w
UUJHMHHI

Sand Coarse

(o4

Gravel with sand

E
7.5 =
E

ENTT Me thod

Gravel with sand

Illlllllllllllllllll
-0 s J Peny
0
1

AT

30

=-2430.8
D Clay Hard
.3

3

HH Illl‘llllllllll‘ll

w
LN
o

o - Gravel coarse
33.8

e~ C1 ay
i | b

e
S~ A

37.5

¢

W
(&)

1 llllllll!lll!lll llll[ |
¢

38.1

e Clay Hard Date:
17.5 =K== Capacity:
e Duration:
= Transmiss.,:
20 = : THEIS
= =0 o Stor.Coeff.:
o o SWL :
v DwWL ¢

PUMPING TEST

3.7.1989

20 1/s

260 min
1000 m2/day

0.018
2.95 m(B.GR.L)
3.56 m(B.GR.L)

Transmissivity in
o o observation wells = 650 m2/day
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

\_M Well No. STW 12 Location: SATASHI

Elevation: 113 x = 580200 vy = 2945375
Method of Dri111ing! MANUAL

Drilling Dates : 19.6.1989 - 24.6.1989

Total Depth : 34.80

Comments : SCREEN TYPE: SLOTTED PIPE
SCREEN POSITION: 15.2 - 18.3 m
21.3 - 24.4 m
DRILLED UNDER UNDP - PROJECT

WELL L OG

SCREEN | DEPTH | LOG L I THOLOGY
- CtAY—wTth
Q“m interbeds

~1.5 of sand

2.5 .....

5

Sand Fine

7.5

10

3 cray
12.5 Sand co
ar se PUMPING TEST

with gravel

J‘Llllll ll‘l[l!lll_lI‘II_I%U.L!J.H[JJILlll'll.lll hUHUHIJHl_I u IIL'U'Jl‘lI‘I.II‘H'IITH'I!I_II'LUI_lU!I_II LU

E 15 Date: 8.7.1989
Sand F ine Capacity: 4 1/s
% i B Duration: 230 min
= . Clay - Transmiss.: 580 mQ/day
s Method : JACOB
20 Stor.Coeff.: 0.002']
L e swe: 0.58 m (B.GR.L
= R Sand Fine bwe: 0.99 m (B.GR.L.
= |22.5 3
% RN COMMENTS &
— \"\/';/24’4 Transmissivity in
25 E’Sg’j observation wall = 515 m2/day
b~~~ A
T
27 .5 3o
SRS Clay

w

o
Hum‘lh‘luulu%uuum]mu

!

’xwaq.a
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GWRDB - UN/DTCD NEP/86/025 JHAPA

GROUND WATER INVESTIGATIONS IN TERAI

Well Mo. STW 13

Location: BAREGHARE

Elevation: 183

x = 599750

y = 2953375

Method of Drilling: RIG

Orilling Dates ! 23.6.1989

Total Depth

25,90

Comments : SCREEN TYPE: SLOTTED PIPE
SCREEN POSITION: 18.3 -
DRILLED UNDER UNDP - PROJECT

24.4 m

WELL

L OG

SCREEN [ DEPTH | LOG

L 1THOLOGY

2==40.9

1]
0
a

0
0
0

N
ll_l[ll_lllillll_lllll'lll!il
0
0

v
0
Q

9
0
)]

(]
0

@
lll(llllll_ljlllllllll
0
0

-
o

000“
(U]
00

12

=2 113.4

14

l]ll Illlllllllllllll

[~
I~

N
N
lllllIHHH
-0
0
]

A

N
s
IHIIIIIILIII
SRR
00
00

Clay

Gravel
fine to coarse

Clay

Gravel medium
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GWRDB - UN/DTCD NEP/8¢

/025 JHAPA
GROUND WATER INVESTIGA ‘

TIONS N TERAI

Well No,

STwW 14
Elevation: 69

Location:

Method of Orilling: MANUAL

SCREEN POSITION:

SANGAMBASTI

X = 606750

2926125

Orilling Dates © 24.6.1989 - 28.6.1989
Total Deeth : 36.60

Comments : SCREEN TYPE: SLOTTED PIPE

19.4 m

DRILLED UNDER UNDP - PROJECT

WELL L OG

—
F§:REEN DEPTH | Log LITHOLOGY
SRR
= N Clay
9.5-455’y§”9.7
- Sand Fine
=
- gv Sand coarse
7.5 —é with grave)
5
10 =k
E Clay Hard
12.5 3
— 3 17 Sand Fine
= | 3
Sand coarse
= i with gravel
= |17.5 3
= = .c
= Clay Hard
] 20 === 2 ¥
g:f:f; Sand Fine
F=——121.7
22.5 SR
2
—F~~A
= N
25 I
e
27.5 SR
T o
30 ig:itﬁ;
32.5 S5
A
35 =
__5.“\ ~ A 36.6

PUMPING TEST

Cepacity:
Duration:
Transmiss. !
Method : THE
SwWL ¢

. DwL

5.4 1/s

80 min

180 m2/DAY

IS

0.37 m (B.GR.L)
:8.78 m (B.GR.L)
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GWBRDB - UN/DTCD NEP/86/025 JHAPA

GROUND WATER INVESTIGATIONS IN TERAI

well No. STW 15 Location: PANCHGACHHI
Elevation: 85,5 x = 581000 2936000
Method of Drilling: MANUAL

Drilling Dates : 26.6.1989 - 29.6.1989

Total Depth :  35.10

Comments : SCREEN TYPE: SLOTTED PIPE
SCREEN POSITION: 15.2 - 18.3m
21.3 - 24.4 m

DRILLED UNDER UNDP - PROJECT

WELL L OG

SCREEN | DEPTH | LOG L1THOLOGY

2.5 4

= R
Eﬁﬂ,ff Sand Fine
= (R
5
= 5.5
R
7.5 =R Clay
Fdg s
10—§Ei - Sand Fine
12.5 —f‘-,-???
| 15—§ ‘- Sand coarse
% 3 e nith gravel
= [17.5 377
— = ~418.3
= {-19 5Sand Medium
20 ===g Clay Hard
— $==421.3
E 22.5 = Sand Coarse
— = ....24
= Fetedi24.4
25 /==H
27.5 fgzstzz
30 S Clay Hard
32.5 S22
35 F5d3s 4

PUMPING TEST

Date
Capacity

Duratijon:
Transmiss.:

Me thod
SWL
DwWL

:9.7.1989

:8 1/s

140 min

810 mQ/day

: RECOVERY

:1.57 m (B.GR.L)
:7.2 m (B.GR.L)
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

Y
\_l%eﬂ No. STW 18 Location: GHA]LADUEE.A’ et b pifsh
m—
Elevation: 112 y - 593625 (= 2944125
Method of Drilling: RIG
Dr 5_1_1_'_199 Dates : 28.6.1989 -
Tota)l Depth : 38510 b = s
Comments @ SCREEN TYPE: SLOTTED PIPE
SCREEN POSITION: 0.9 - 31.9m
DRILLED UNDER UNDP - PROJECT
I
wELL L OG
SCREEN | DEPTH | LOG L 1 THOLOGY
=R TCAY wiih
S~ interbeds
. 5;:-:"’.?'."’2.1 of sand
5 '__'E@ooog Gravel
7.5 EE':',:;%‘?
10_;3;3:‘@; Clay Hard
=
12.5 i e
o Oreve! PUMPING TEST
15 - o o
Sesl16.5 Date: 16.6.1989
17.5 =33 Capacity: 10.3 1/s
§¥§§f Duration: 200 min
___-:”-/'E?é Transmiss.: 280 m2/da
20 g{l:,}:\; Clay Method : THEIS d
e swe: 0.08 m (A.GR,
29.5——;% owL: 8.64 m (B.GR.
ERA IR
s 25 —=p o =
=[P i
g g o o o
% 30 = e e
E E.;’c"d Cravel
1 |32.5 2 - -
E;c [~
35 b o o |
= ey |
37.5 S0 S lay Hard |
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qWRDB - UN/DTCD NEP/86/025 JHAPA
_ GROUND WATER/(NVESTIGATIONS IN TERAI

Wwell No. STW 17

Location: SATIGATTA

Elevation: 121 X = 614125 Y

2947375

Method of Drﬁ11ﬂng: RIG

Orilling Dates : 2.7.1989

Total Depth : 32%00

Comments ¢ SCREEN TYPE: SLOTTED PIPE

SCREEN POSITION: 14.9 - 18.3 m

21.3 - 23.8 m

25,3 - 28.7 m
DRILLED UNDER UNDP - PROJECT

WELL LOG

SCREEN | DEPTH | LOG

L ITHOLOGY
Clay

1.2
2.5

0
-0
0

)

0
-0

lollll
0
oY
0

(o4
lllllL[llllJ

)
-0
)

Gravel coarse

0
0"
0

10

HllllllJll_Llll_l'lllvl_l
0
f

12.5

Foems{13.2
éa«\ﬂw Clay Hard
15 —F==-<14.9

o o o Gravel coarse

[T

E=-2+418.6

20 === Clay Hard

|

2

21.6

22.5 Pebble & gravel

I

<4
2-2423.8
=" Clay Hard
25.9

N
(64}

|ll]l|lll!ll|llllul

SRS Pebble & gravel

(T

$£5129

w
o

N
N
(6]
‘Ill Illl|‘ll!lll

{ “%“”

32

PUMPING TEST

Date:
Capacity:
Duration:

Transmiss.:
: RECOVERY
SWL
DwL =

Me thod

10.7.1989
3 1/s

160 min.
210 m2/day

1.73 m (B.GR.L)
8.00 m (B.GR.L?
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

GAURIGUNJ
y = 2929375

Well No. STW 18 Location?

Elevation: 79 x = 572500

Method of Dril1ing: MANUAL
Dl"ﬂ]’lng Dates 7.7l1gpg = 12.7.1989
Total Depth : 27.40

Comments : SCREEN TYPE: SLOTTED PIPE
SCREEN POSITION: 21.3 - 25.9 m
DRILLED UNDER UNDP PROJECT

WELL L 0G

SCREEN | DEPTH | LOG L 1 THOLOGY
Sa~—~H
FHo Clay
......... 1.5 Clay with
2 I3 interbeds
=1 42,7 of sand
= o
4 i
Sarad ®
Ezz'é:'é
6 472 Gravel coarse
oo o
0:e:°:
o o <
8—217?3?7'5 Clay with thin
EWB.B gravel layer(s)
10 =3
= Clay Hard
12 =122
= Ny,
14 "
b= ANy
T ey
18 =
20
= o
= | 227357 sand Fine
. p——o g.:.. ..:.
24 o
— | 22
F Clay
"VWQ7.4
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GWRDB - UN/DTCD NEP/86/025 JHAPA
~ GROUND WATER INVESTIGATIONS IN TERAI

Well Noe. STW-19 Location! QGOLDHAP-4

Elevation: Q5 X = HB9Q9400 vy = 2937900
Method of Drilling: MANUAL

Orilling Dates : 5/1/90-13/1/90

Total Depth : 28,96

Comments : SCREEN TYPE: SLOTTED
SCREEN POSITION:11.59-14.63,17.68-23.63m
DRILLED UNDER UNDP PROJECT, DIA. 4-1in

WELL L OG

SCREEN | DEPTH | LOG LI THOLOGY
:§\-"\f0 6 Sar\dy cTay
g .
2 I Clay
4 E Sand coarse with
3. fine gravel
B i .1
go.'o:'é
H < <-
g T oy
—j:o:’ooc Gravel coarse
= R
10 =
= PUMPING TEST
= 12 = fine to comra Date: 22/1/1990
—] g: f;:egraveW Capacity: 12 'l/§ec
= 14 = Duration: 230 min.
= = Transmiss.: 445 m2/day
= Method : Theis
16— SWL: 1.20 m
= owe: 6.12
_E__ 18 = MP 0.65 m
E = T from recovery 445 m2/d
— =< ;
— 0 —To: o T from pumping test
E ? E??(’,?: Sa_md fine to coarse 241 m?/‘Say 9
E%: 59150-::? with gravel
= 22 22,057
% éo- o’ S
24 25757
EZ«:’;;QB Clay sandy
26 ;w_\:::_;QE).g
= s Clay
= St
28 ==
:-vwgg
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

well No. STW-20 Location: KECHANA

Elevation: 63 x = 600400 v = 2918000
Method of Drilling: MANUAL _
Orilling Dates 20.1.90-24.1.90 o BT
Total Depth 22-89 ; o, S

SCREEN TYPE: SLOTTED_PIPE

Comments :
SCREEN POSITION: 7.77-15.4 m
PUMP TEST ATTEMPTED BUT FAILED
DUE TO LOW DISCHARGE
W ELL L OG
SCREEN | DEPTH ([ LOG L1 THOLOGY
= C1 d
E‘\"\-ftl’o g ay san y
= LI Sand medium to coars
2 - with few grave)
gﬁ.:-:- 7
4 —=PioLT
S o d  pebble
8 3= "ds.2

[S<Y
o

Sand coarse clean

14

A

{
{
¢

oA Clay, sticky, black

18

:m_szij

ll[ll

20

[~ =]

Byt Clay sandy

ol
{
!
)
{

11
(
2
<
)
{

N
',ll.I‘

§

5

¢

’r
}::.
4

<122.9
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

well No. STW-21 | Location: JALTHAL

1 Elevation: 84 x = 600200 y = 2935600
Method of Drilling: MANUAL
Orilling Dates : 14.1.90-19.1.90
Total Depth : 18.60

Comments : SCREEN TYPE: SLOTTED PIPE
DUE TO LOW DISCHARGE

PUMP TEST ATTEMPTED BUT FAILED

WELL L OG

(SCREEN | DEPTH L I THOLOGY
- SAND clayey, yallow
_ .9
2 — SAND clayey, grey
. .3
4 —
6 —
Clay
8
10 ~
E/’ 7, 10.7
= KO S
o [ R e ay sandy, ash
= | vk A A
% = OO 12.5
= =
= | 183
= =
= = Sand
— — an coarse
E E with 1ittle gravel
— 16 —
] -
= =
= 18 —f4g
—‘.".-,~18.6Sand fine, clean
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

Well MNo. DTW 1 Locationt H.T. GARDEN

Elevation: 126 x = 568200 Yy = 2949800

Method of Drﬂ'Hng: RIG

Orilling Dates : 16.3.83

Total Depth : g8.40 B

Comments : Screen Type: Slotted Pipe
Screen Position:21.2 - B9.1,41.0 - 47 .0,
67.9 - 71.0m
Drilled Under GWRDB Project

WELL L OG

SCREEN | DEPTH | LOG L I THOLOGY
“o—e—{1.5 Clay sandy

INENERUREI

o - Gravel fine to med.

18.9
o~~~ Clay sandy

02,9

7 o e Gravel

29.3

I

llllll[ll.ll_l.J III Il_lllllll

~~ Clay Hard

36.3

Gravel

+46.6

I

50 —falae Clay with thin
I~~~

gravel layer(s)

W (7
{0
l')
AN

(]
q

=55.2

R
oro!
024 0

Gravel fine to med.

-0
20
I}

=5171.3

[°5°3°57 Gravel with thin
a®e%o] clay layer(s)

PO 88.4
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

well No. DTW 2 Location: CHARALI

Elevation: 130 x = 604200 vy = 2948200
Method of Dril1ing: RIG

Orilling Dates : 23.6.83 - 16.7.83

Total Depth 1 124.90

Comments : Screen Type: Slotted Pipe
Screen Positioni37.0 - 40.0,44.8 - 47.9,
70.6 - 76.7,98.5 - 103.3
10907 = 11207 m
Drilled Under GWRDP Project

WELL LOG

SCREEN | DEPTH | LOG L 1 THOLOGY
o 1 Clay
E=RE=)

)
9
]

Illlllllll

3]
0

10 o Gravel with sand
anc
2116
I A Clay silt
20 ] Y Y
E:é_:o_: 2
E=’°°c° Gravel
30 —pR=2-<30
g, Clay silty
EE _g?;%;f Gravel
— 40 = NP PP )
|| = Ty 25 Clay silty
—] LIS Gravel
— RF448
50 -0"0-0

.::{ZZ
R

:

Gravel with thin
clay layer(s)

r.u
00

L
0000

[e)]

(e
llllllJ_lHHlIllllll
D -

(1}

)

o

)

g. ‘°

T

I

e
i

68

\J
o

lllllllllll[ Illlll_llltlll

)

il B

Gravel

B

0
i

80
82

O
o

Clay Hard

!
i

1

Y
1)

-
o
o

101

0
0

J -0
,.i

-
-
(o]

il

[T

oo, Gravel

120

l‘lll_lllIIHHI‘JJLUJIHIIHll
0
1 00

3105
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

Well No. DTW 3 Location: KANKAI
120 x = 585900 y = 2949500

Elevation:

Mathod of Drilling: RIG A
Drilling Dates 1.12.1983 - 22.12.1983
Total Depth H '85 .90

: Screen Type: Slotted Pipe
ks Screen ngiﬁon: 32.8 - 51.5 m
Dr411ed under GWRDB Project

WELL L OG
SCREEN | DEPTH | LOG L1 THOLOGY

~r N
P~

F~~r~~~1

[~~~ Clay sandy

I~~~

\/W
S 5'6 Sand loamy

Clay sandy

=7, 4
o <1 S Gravel

e0123.2

I~ Clay sandy
“—<=26.8

Cravel with sand

39.6
A Clay sandy
—— 43.9

(AT

111l lllllLlJAJL_llllle)HllLlIL Hllllll Lita11dl

Grave)

F———53.6

A Clay sandy

(o]
(@]

63.7

Gravel with sand

N
Q

o~ Clay sandy

@®
<

181,90 ]
Ner~o~ A 83.8 81ay 4 graVG‘
85.9 ravel

11] lllllllllll _Ul}[lllllIILl
0
0
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GHRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERA1

Well No. DTW 4 Location: BHALGAON

Elevation:

100 X = B75700 Y =
Me thod of Dr\'l]ﬂng:

RIG

2941300

Orilling Dates

28,12.1983 - 10.1.1984

Screen Position:s2.7 -
69.7 -

Total Depth i 137.20 e e
Comments : Screen T pe: Slotted P}

(2]
g5.7,59.7 - 62.6,

72.5,78.9 - 87.8
Drilled Under GWRDB Project "

WELL L OG

SCREEN | DEPTH | LOQ L1 THOLOGY
=227 Clay

e R Sand 1oamy

Gravel with sand
SRl ,  Clay sandy
Sand Fine

HIIH‘I,IIHIII !I H_HlH

20 —RK~<A
Y
30 S0 Clay sandy
pum N
3 Gravel with sand
50 f Clay sandy
— =)
p— éi Sand coarse
é 60 — with gravel
— 70 '—_“; -
— i
= e Gravel with sand
= 80 =5 <
e e
= Fusiggy , .
] 90 AR Clay with thin
:'\.;:;\./94 gravel layer(s)
o < <
o o Gravel
100 ;-“.-JO? Clay sandy
Ehcﬁov
110 = ==/  Gravel with sand
é?o?&
o] Clay silty
TPy 126
130 oo Cravel with sand
Fm=r]d93 Clay s L{
E *oh:137 Gravel with sand
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS 1IN TERAI

Well No, DTW B Location: GWALDUBBA
Elevation: BH x = 572800 y = 2933900
Method of Drilling: RIG
Dri11ing Dates 13.1.1984 - 3.2.1984 ===
Total Depth '1‘37.20 P S I S ¢ ),
Comments : Screen Type: Slotted Pipe
Screen ng‘\ﬂon:‘lO’l .7-184.6,111 .7-118.1
120.6-123.6 m
Drilled under GWRDB Project
WELL L OG
SCREEN | DEPTH | LOG L ITHOLOGY
ey
= Rty Clay sandy
:W/‘g
10-—5-';-;- Gravel with sand
F——16
20 =R
= Nyt Clay
30 =~=—=430
goc‘:;::‘ Gravel with sand
20 __Ejm;: Clay Hard
F==H42
go f:: =
50 —_:_:,oo Gravel with sand
:e <«
Socar]{56
60 5-”:-{:.{- Gravel with thin
= -8 clay layer(s)
S
=
’—E = Clay Hard
80 —
g' Gravel with sand
90 ;
ey Clay sandy
5»...";—..97
= 100 =707 )
r::_1 =Y 04 Gravel with sand
H o o
Se2{108
| | 110 =] Clay with thin
= Hele ] gravel layer(s)
E pon RS 1186
120 3 ==
E 4 éé;;@c Gravel with sand
Foroes{127
130 3 Clay with thin
:2’,:2:134 gravel layer(s)
=S 137 Gravel with sand
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

well No. DTW 6 Location: BHAWANIPUR

Elevation: 71 x = 573000 y = 2926700

Method of Drilling: RIG *g
Drilling Dates 1.,3.1984

Total Depth ) 137.20

Slotted Pipe

Comments : Screen Type:
Screen Position: 108.8 - 118.0 m
120.8 - 126.8 m
Drilled under GWRDB Project
WELL L OG
SCREEN | DEPTH L] THOLOGY
= CLAY with
3 interbeds
10 = of sand
é Mixed sand
20 — and silt
30 “‘; Sand coarse
=t with gravel
40 =
R Clay
Te=q47
50 e o'
:‘c,:'-?_
T
60 __:f,‘:c‘;\c Gravel
S
70 =69
80 —§3é§§§ Clay silty
E NS
F=odgr
90 —__—___:n o
_—___—o?;; Gravel with sand
—1‘o_ <
100 ~—=R=-5{100
= A Clay
R T Tr
_E.— ib(c:'..c
= E L
— 120 —§h°"=‘_ .
E = R Gravel with sand
~ 130 Eac"?"o
=
F="Sasy
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER TNVESTIGATIONS IN TERAI

Well No. DTW 7

Location’

PRAKASHPUR

Elevation: 105 X = 607900

Yy = 2942200

Method of Dr¥1ing: RIG

Orilling Dates

25.12.1983 - 4.1.1984

Total Depth : 148.40

Comnants : Secreen Type: Slotted Pipe
Screen Position: 66.1 - 69.2 m
73.2 - 82.3 m
91.3 - 97.2 m
Dri1led Under GWRDB Project
WELL L OG
SCREEN | DEPTH [ LOG LTTHOLOGY
ood;  Clay
= Sand coarse
= with gravel
10 = Clay
20 5 Sand coarse
4 with gravel
El i
== §§ Clay Hard
He <
40 —=pisie
e o Gravel
H o .o
50 ,_Eo;b;c
F<=+53
oA Clay
60 3 Sand coarse
f‘ with gravel
] 3
| 70 3 Clay
= =
= =
;E 80 E Sand coarse
= with gravel
90 —= Clay with thin
= 3 graze'l layer(s)
— 3
100 3
419 = CLAY with
3 interbeds
120‘_5 of sand
130 3
fﬁfﬁa;135 Sand coarse
140_25532)]39 with gravel
= oATAv Clay
150 = 148
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

/

/

/ Well No. DTW 8 Location: MAHESHPUR
Elevation: 84 x = 607700 y = 2934600
Method of Drilling: RIG
Orilling Dates 10.3.1986 - 1.4.1986 ;
Total Depth : 146.30
Comments : Screen Type: Slotted_Pipe

Screen Position: 42.7 - 48.8 m
83.9 - 92.1 m
99,7 - 108.8 m
Drilled Under GWRDB Project
WELL L OG
SCREEN | DEPTH | LOG L1 THOLOGY
Clay and sand
Gravel with sand
Clay with thin
gravel layer(s)
Clay
;’;’;‘:‘;__G Gravel
— 40 —-5::1::38 Clay
— =144
B 50 [~ Clay with thin
= NS gravel layer(s)
= N J
E e L
SO, Oey
Sacacacs GE
70 R Clay with thin
= AN gravel layer(s)
= RO
F==478
|| 80 —:Qo,.'_. | Gravel with sand
—] 82 Clay
— 30 —'3.":":" Gravel Fine
S Gravel with thin
= 100 clay layer(s)
§ g - Gravel with sand
110 —_. :
é;\/’:tf‘zi]“ G[“ave} with thin
e i cla aver(s)
120 —-:'.'".r,j 17 Sar‘\gi cogrs.es
Saernsd 199 w; th grave)
=y -
0 OO
]30 _‘:C’- -:;.:
3°.°]  Gravel with sang
i R
140 -—Ea;-;,-;;4138 CLAY with
= Aoy "?tarbeds
'-\.M,"jde (o} sand .—J
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GHRDB - UN/DTCD NEP/86 /025

‘ JHA
GROUND WATER TNVESTIGAT] ONS i

IN TERAT
Well No. DTw Q9 Location: GOLDHAP
Elevation: g§ X = 599400

————

Yy = 2938900

Mathod of Dr\'l]\nq: RIG

Ur_'ul]’ms Dates .

: 23.2.86 - 7.3.

Total Depth : ’r46 30

.30
Comments ; Screen T e: Slotted Pj

- 1
Screen Dggitﬁon: 35.2-58?3.

85.5-91.5,
Dri17ed under GWRDB Project

68.8-74.8,
98.8-107.9 m

WELL L OG
SCREEN | DEPTH | Log LITHOLOGY
g‘é"e"g L‘Iay
E?:c'?;:'f" Gravel with sand
10 = s 10
ET
- e CWay Hard
=23
= Ay Clay with thin
30 = N gravel layer(s)
L I3y
— < =
— 40 Lo
— gooc
= SR Gravel with sand
— 50 ToTa]
60 =
= C1ay sandy
— 70 5 :
— 3 Gravel with sand
— 3
= Clay with thin
80 — grazQW layer(s)
i::J- = Sand coarse
= 90 I with gravel
=i Clay
— 100 —°
E = Sand coarse
E 3 wilh gravel
0 =k
1" Clay sandy
5 Sand coarse
120 120 vith gravel
NN Clay with thin
S gravel layer(s)
:\’\.N
SRR Clay sand
140 S50 F
F==A146
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

/»(en No. DTW 10 ocation: GHAILADUBBA
] erevation: 103 ~- 591500 v - 2943400
Mathod of Drilling: RIG
Drilling Dates 5.4.86 - 23.4.86 B
Total Depth : 144.80 -

Comments : Screen T pe:SWotted Pipe )
ton® 36.4-45.5, 60.6-66.6,
Screen gosﬁt1on 97.0-106:0 i

Drilled under GWRDP Project

WwWELL L OG

SCREEN | DEPTH | LDG LITHOLOGY
e Clay sandy

}
-0
[V}

= Gravel with sand

22414

-
(@]

9
9
o

. 5 Clay with thin
A grave1 layer(s)

w
(o]

asssase kel

N
o
JILLLL illl‘lllljll%llllllllllllll [1

tco:: GCravel with sand

[T

50

(O
o

gl Clay with thin
tele e gravel layer(s)

(o]
(e

[

) Sl Gravel
=176

I~~~

.. Gy

=285

[0
o

N
o
llul Illlllllllllllllll Il!lllllllllll llll_llll_ll
0
0

S Gravel with thin
AT clay layer(s)
=-=-2195

©O
(o)

100 Clay sandy

>oaq101

[T

-
N
<

= ©: < Gravel with sand

| “““”l““%“.l I““ 1111
)]
i

119

RN
N
(=

e Clay with thin
e gravel layer(s)

=Y
w
(=]
| UllIllHllHLll!J_L!llll

145
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

e/l
V/WéH No. DTW 11 Location: PRITHIVINAGAR
\/ Elevation: 81 X = 606000 y = 2930500
Me thod of Orilling: RIG

Dril11 ing Dates

30.1.1989 - 11.2.1989

Total Depth : 155.50
Comments : Screen Type: Slotted Pipe
Screen Position: 41.5 - 47.6 m
66.0 - 69.0 m
107.2 - 119.6 m
Drilled Under GWRDB Project
WELL L OG
SCREEN | DEPTH L ITHOLOGY
Clay
bg Sand coarse
with gravel
I Bpigtign Clay
20 555490
Jeo =
755 Gravel with sand
Telallg,
:—t;t’,?j Cla
L 40 —zasdan {
— = e Gravel with sand
T2 Clay with thin
60 |- gravel layer(s)
— +
| A 69
WE 1 BT
S
FEL87
B gt
g . .
i oA Clay with thin
100 gravel layer(s)
- RN
g "»:uew:']'lo
= E;?é?; Cravel with sand
i 120 —:© <.
1123
_\/\/\ﬁ
-~
I CLAY with
T interbeds
140 :;?;?? of sand
A
i SVEVA PEYY
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

/Geﬂ No. DTW 12 Location: RAJGADHAT

77.4-80.1, 8
Drilled under GWRDP Project

6.2-95.3

Elevation: 79 X = 593000 vy = 2932900
Method of Drilling: sIRIG
Orilling Dates H . (R
Total Depth : 167.70
Comments : Screen Type: Slotted Pipe
Screen Position$32.3-41.5, 47.6-50.6

101.4"104-5.116-7—12208"‘

WELL L OG

SCREEN | DEPTH L I THOLOGY
] Clay Hard
3¢2+19

20 '—'j: :

s 1 Sand coarse
| : with grave]
=
SR
= :

60 —
C'Iay
= q=3=3
— - 9
| 100 — ]
— = < Sand coarse

- =4 with gravel
= B IS3eS
= 120 ? _ 4

- Clay Hard

===132

T et
::‘:::“ Sand coarse
5‘};.;5: with gravel
160 Ftalyg
o oo Cla
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIQ

NS IN TERAI
Hell No. DTw 13 Location: JHAPA
Elevation: 75 Y
X = =
| retation; 25 | 586100 vy = 2929900
Mathod of Orilling: RIQ
Drilling Dates © 16.4.1989 - 28.4.1989
Total Depth ! 158.50
Comments : Screen T pe: Slottied Type
Screen Position:BQ.G—Bg.S.69.0-75-0
84.1-89.7,95.8-101.7
104.7-107.7,119.9-125.7m
Drilled Under Drinking Water Project
WELL L OG
SCREEN | DEPTH LOG LITHOLOGY
::J?W?‘Q %ér‘??ﬁ coarse
:....____Aj'_:_u".'c-;“p with gravel
= A
<0 _:?;D?‘-:- Gravel
o o of
- =
40 —
3 Sand
60 —3
=
— I
—1 e Gravel
—] - 76
80 _: A1 Clay Hard
| B s
= = Sand coarse
= with gravel
—] 100 —
: - 102 Clay Hard
— T =4106 Sand coarse
g PSS PPN with gravel
=== Clay Hard
=118
E 120_:— 3 Sand coarse
= . % with grave\
“k =130
- Clay Hard
24136
140 — ; Sand coarse
-} with gravel
e
S Clay Hard
PO e 158
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

well Ma. DTW 14 Locatton: DAMAK

x = 569875 y = 29508_75

Elevation: 132

Mathod of Dri11ing: RIG

Drilling Dates H 16.9.1981 N .
Total Dep th : 72 .30
Comments : Screen Type: Slotted Pipe

jtion: 10.0 - 14.2 m
Screen Pos P10 olam

Dri1led Under Drinking Water Project

WELL L OG

SCREEN [ DEPTH | LOG L1 THQOLOGY
= N Clay sandy
ey )
e <
Hh—o o'«
= IO Sand with gravel
= R pebble & cobble
= | O
= T T lay
| 15 — 14.6
= R Sand Fine
o 18
e~
20 “V\Aﬁ
Pty Clay sandy
25 et 24,7 Sand Coarse

RN Sand and pebble

W/‘as's

S Clay

50 —p. = o494
PN 51‘23and and pebble

w
o

1) _l!lll_llllllll].lllU_H[I_!HJ Ulllllllll L Illlllli
4]
0

~~~ Clay with sand
—a—an54.3

1O Sand and pebble
R-SS57.6

o] Clay

T 60.7

o)l
o

(o)l
jo]

(o))
(o))

NG Sand and pebble

N
o

20.1
472.3

1 UII_UIIIJHH_II IUJI [llll 1LL1L
0
Y

Gravel and sand
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GWRDB - UN/DTCD NEP/86/025 JHAPA
GROUND WATER INVESTIGATIONS IN TERAI

——__ma = .
w¥ell No. DTw 15 Location: SANISCHARE
Elevation: X = 598375 v = 2952750
Method of Dr%]]ing: RIG
Orilling Dates ' 29.10.1986 - 2.11.1986
Total Deeth : 73.10

Comments : Screen Type: Slotted Pipe
Screen Position: 26.2 - 44.3 m
51.1 - 66.4 m
Drilled Under Drinking Water Project

WELL LOGg
SCREEN | DEPTH | Log LI THOLOGY

o~ [621] ay

o

Rty Sand and pebble

-
o4

—
o
_JHHH'UJI | HLIIHHH']JJ, L
0
n

0
i 0
0

N
o
l_llllllll.llll
0
0

N
o

o o] Sand and pebble

w
o

coarse
gravel

AT AT
lllllllIllll:ﬂllllllllllllllllll

L Cravel with thin
] clay layer(s)

51.8

L)

Sand coarse
with grave)

llllll<lvlll|l<llllllllll llll]lll]llJll 1l

(9]
($]

AT

o = = 4 Gravel with thin
5535551 clay layer(s)

N
(@]

Ulllllllllllllll_“

—\r\"’_ftﬁ73.1

APPENDIX 3/36



GWRDB - UN/DTCD NEP/86/025 JHAPA

GROUND WATER INVESTIGATIONS IN TERAI

Location:® KAKARBHET(\'

well No. DTW 16 IO I L) L X
Elevation: 120 x = 615688 v = 2947625 &
Method of Drilling: RIG

Orilling Dates . .

Total Depth H 15@7-70

8 I en Type: Slotted Pipe

SRR Sg:gen Pgsition: 45.0-68.6,91.5—95.6

Drilled Under Drinking Water Project

109.8-122.1,134.3-146.8
151.7-159.7 m

WELL

L OG

SCREEN | DEPTH | LOG

L ITHOLOGY

 §‘f3
> @ @
AP Sy

11
16

{.

§§

0
0.
",O’L

N
o

9
0
ﬂ

Hl}lllHll

0.
[}

og,

WY

)0: 5)
ap,e %
\

33

oD

o
g
P

I

Ll

(LT

1111
.Q.A
4]
a

l[lH]

[~~~
=N

1]

o
<
1l

109

S0

-
N
o

I

Ls<li2s

Il g
U . N
0
1]

L1l

134

-
D
o

[y
]
4

(L [T

'l'HHl!’l
- e

160

160

Clay sandy
Gravel

C1ay
Gravel

Clay with thin
gravel layer(s)

Grave)

CTay

Gravel

Clay

Gravel

Clay

Grave)
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JHAPA LITHOLOGICAL CROSS SECTIONS

2965000

2965000

2960000

2855000

2940000

2935000

2930000

2925000
2920000

L

2960000

0 I I O 0 O

L L ) g

VIl — 2950000

lllllllllllllllllllllT1—]

[

—

—
—
o o
o o
o o
n (=]
n \n
o (-
o~ N

2945000

2940000

2935000

2930000

Vi

SQUARE: DEEP TUBE WELLS

SYMBOLS:

2925000
2920000 —
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SHALLOW WELLS
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LITHOLOGICAL CROSS SECTION VI - VI' (SHALLOW AQUIFER)
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Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

»

Test : STW 2 MAHESHPUR

Constant Pumping Rate = 7.500 [1/s]
Distance from Pumping Well = 0.05 [m]
Type of Aquifer = CONFINED
Type of Input Data = DRAWDOWN
¢ Well Type = STANDARD
o) JACOB METHOD
g (m]
6.8
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| .| "
" H 1 %ww "o
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a P | il
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o f ™.
. w : ",
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7 . 4 thj " n i "
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7.6
7.8
. 1 10 100 1000
Time[min]
3 Transmissivity = 621, [m2/day]

Standard Deviation
A0

Al

Number of Points

0.0708 [m]
0.693711E+01
0.190891E+400

35 of 35
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?roject : NEP/86/025 ( JHAPA)
Organization : UNDP/GWRDB

Test : STW 2 MAHESHPUR (OBS)

Constant Pumping Rate 7.500 [1/s]

Distance from Pumping Well = 11.75 [m]
Type of Aquifer = CONFINED
Type of Input Data = LEVEL
Static Water Ikevel = -1.22 [m]
Well Type = STANDARD
JACOB METHOD
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Transmissivity 329. [m2/day]

0.31E-03
0.0209 [m]

Storage Coefficient
standard Deviation

AQ 0.387313E+00
Al 0.360320E+00

Number of Points 37 of 37
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Project : NEP/86/025 (JHAPA)

Organization : UNDP/GWRDB

Test : STW 4 PHULBARI

Constant Pumping Rate -

15.000 [1/s]

Distance from Pumping Well = 0.05 [m]
Type of Aquifer = CONFINED
; Type of Input Qata = LEVEL
s Static Water Level = -2.99 [m]
Well Type = STANDARD
Method THEIS
[m]
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' Transmissivity = 1193. [m2/day]

Standard Deviation

Number of Points

0.0035 [m]
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Project : NEP/86/025 (JHAPA)

Organization : UNDP/GWRDB

Test : STW 4 PHULBARI (OBS)

Constant Pumping Rate

15.000 [1/s]

Distance from Pumping Well = 9.30 [m]
Type of Aquifer = CONFINED
Type of Input Data = LEVEL
Static Water Level = -3.54 [m]
Well Type = STANDARD
Method THEIS
[m]
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Project : NEP/86/025 (JHAPA)
Organization ¢ UNDP/GWRDB

Test : sTW 5 LAKHANPUR

* Constant Pumping Rate = 8.700 [1/s]
lstance from Pumping Well = 0.05 [m]
Type of Aquifer = CONFINED
Type of Input Data = LEVEL
Static Water Pevel = -3.03 [m]
Well Type = STANDARD
Method THEIS
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Standard Deviation 0.0137 [m]
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Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

. Test : STW 7 KANKAI

Constant Pumping Rate 8.300 [1/s]

Distance from Pumping Well = 0.05 [m]
Type of Aquifer = CONFINED
. Type of Input Data = LEVEL
Static Water Level = -7.16 [m]
Well Type = STANDARD
Method THEIS
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Number of Points = 36 of 36
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Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

Test : STW 8 GWALDUBBA

Constant Pumping Rate 6.000 [1/s]

Distance from Pumping Well = 0.05 [m]
Type of Aquifer = CONFINED
2 Type of Input Qata = LEVEL
: Static Water Level = -1.40 [m]
Well Type = STANDARD
Method THEIS
[m]
. 1 T
L R
dh dh
- L o
7.4 = 1
%“' s
o 1 '~,_'
D R '
r 7.6 i
a iy
w = f
i3 d '““""" Mol
o Tle
w
A n
§ 7.8
8
8.2
1 10 100 1000
1 Time[min]
Transmissivity = 294, [m2/day]
Standard Deviation = 0.0441 [m]
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?roject : NEP/86/025 (JHAPA)
Organization . UNDP/GWRDB

Test : STW 8 GWALDUBBA (0BS) .
. Constant Pumping Rate = 6.000 [1/s]
Distance fronm Pumping Well = 7.90 [m]
Type of Aquifer = CONFINED
Type of Input Data = LEVEL
Static Water Pevel = -1.07 [m]
Well Type = STANDARD
Method THEIS
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Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

Test : STW 11 BUTTABARI

Constant Pumping Rate

Met?o? THEIS

JSroAanpoRrY

m
2.25

[\
)
(92}

20.000 [1/s]

Distance from Pumping Well = 0.05 [m]
Type of Aquifer = CONFINED
Type of Input RQata = LEVEL
Static Water Level = -4.70 [m]
Well Type = STANDARD
- -8
| 4
SRS
Td,
LY
L
TE
ﬁ%}m
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10 100 1000
Time[min]
Transmissivity = 1005. [m2/day]

Standard Deviation

Number of Points

0.0639 [m]

27 of 27
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Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

Test : STW 11 BUTTABARI (OBS)

Constant Pumping Rate 20.000 [1/s]

Distance from Pumping Well = 24.00 [m]
Type of Aquifer = CONFINED
Type of Input Data = LEVEL
Static Water Level = -3.27 [m]
Well Type = STANDARD
Method THEIS
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Transmissivity 654, [m2/day]

Storage Coefficient = 0.18E-01
Standard Deviation = 0.0302 [m]
Number of Points = 33 of 33
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Project : NEP/86/025 (JHAPA)

anization : UNDP/GWRDB

Test : STW 12 SATASHI

JACOB METHOD

[m]

SLoQazpRg

Constant Pumping Rate = 4,000 [1/s]
Distance from Pumping Well = 0.05 [m]
Type of Aquifer = UNCONFINED
Initial Saturated Thickness = 22.00 [m]
Type of Input Data = LEVEL
Static Water Level = -2.41 [m]
Well Type = STANDARD
.
S
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il il
W e
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Wy ’ i
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1 10 100 1000
Time[min]
Transmissivity = 588. [m2/day]

Standard Deviation
AO

Al

Number of Points

i nn

0.0168 [m]
0.504310E+01
0.107472E+00
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Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

Test : STW 12 SATASHI (OBS)

Constant Pumping Rate

4,000 [1/s]

Distance from Pumping Well = 5,10 [m]
. Type of Aquifer = UNCONFTINED
Initial Saturated Thickness = 22,00 [m] "
Type of Input Data = LEVEL
Static Water Level = -0.91 [m]
Well Type = STANDARD ‘.
JACOB METHOD
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0.122881E+00
32 of 32
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Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

Test : STW 14 SANGAMBASTI

Constant Pumping Rate 5.400 [1/s]

Distance from Pumping Well = 0.05 [m]
Type of Aquifer = CONFINED
Type of Input Data = LEVEL
Static Water Level = -0.88 [m]
Well Type = STANDARD
Method THETIS
[m]
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Standard Deviation = 0.0630 [m]

Number of Points 21 of 23
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Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

Test : STW 15 PANCHGACHHI (REC)

Constant Pumping Rate .8.000 [1/s]

Distance from Pumping Well = 0.05 [m]
Type of Aquifer = CONFINED
Type of Input Data = LEVEL
Static Water Llvel = -2.23 [m]

Well Type STANDARD

RECOVERY METHOD
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i Project : NEP/86/025 (JHAPA)
% Organization : UNDP/GWRDB

Test : STW 16 GHAILADUBBA

Constant Pumping Rate 10.300 [1/s]

Distance from Pumping Well = 0.05 [m]
Type of Aquifer = CONFINED
Type of Input Data = REVEL
5 Static Water Level = -0.43 [m]
Well Type = STANDARD
Method THEIS
[m]
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Project : NEP/86/025 (JHAPA)

Organization : UNDP/GWRDB

Test : STW 17 SATIGATTA (REC)

Constant Pumping Rate

3.000 [1/s]

Distance from Pumping Well = 0.05 [m]
i Type of Aquifer = UNCONFINED
Initial Saturated Thick ess = 20,00 [m]
Type of Input Data = LEVEL
Static Water Level = -2.26 [m]
Well Type = STANDARD
RECOVERY METHOD
[(m] '
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ko 10 100 1000
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Standard Deviation
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0.583291E+00
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A Project NEP/86/025 (JHAPA)
Qrganization : UNDP/GWRDB
Test : GOLDHAP-4 RECOVERY
Constant Pumping Rate = 12.000 [L/SEC]
Distance from Pumping Well = 0.10 [m]
Type of Aquifer = UNCONFINED
; Initial Saturated Thickness = 22,00 [m]
) Type of Input Data = DRAWDOWN
Well Type = STANDARD
RECOVERY METHOD
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Project

Organization UNDP/GWRDB

Test GOLDHAP-4

NEP/86/025 (JHAPA)

Constant Pumping Rate = 12.000 [L/SEC]
Distance from Pumping Well = 0.10 [m]
Type of Aquifer = UNCONFINED
Initial Saturated Thickness = 22.00 [m]
Type of Input Data = DRAWDOWN
Well Type = STANDARD
Method THEIS
(m]
3 ~\\\
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Standard Deviation = 0.0866 [m]
Number of Points = 32 of 32
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Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

Test : PRW 1 DASHARATPUR

Constant Pumping: Rate 9.790 [1/s]

Distance from Pumping Well = 0.05 [m]
Type of Aquifer = CONFINED
Type of Input Data = LEVEL
Static Water Lelel = -3.55 [m]
Well Type = STANDARD
Method THEIS
m]
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APPENDIX 5/13



Project : NEP/86/025 (JHAPA) 4
Organization : UNDP/GWRDB \

Test : PRW 2 PATHARIYA

Constant Pumping Rate 10.600 [1/s]

Distance from Pumping Well = 0.05 [m])
Type of Aquifer = CONFINED
Type of Input Data = LEVEL
Static Water Level = -1.37 [m]
Well Type = STANDARD
Method THEIS
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Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

Test : TOPGACHHI-3

Constant Pumping Rate 4,500 [L/SEC]

Distance from Pumping Well = 0.05 [m]
Type of Aquifer = CONFINED
Type of Input Data = DRAWDOWN
Well Typd = STANDARD

Method THEIS

(m]
4.2 \\\
\ <>\\
g
4.3 N
A\
\\
“{
|
4 00
D . 4]
T 4.4
a \%
) A
0 N
7] X
n A
A
4.5 <
\
N
\\
v
4.6
4.7 -
1 10 100 . 10@0
Timelminl
Transmissivity = 380. [m2/day]
Standard Deviation = 0.0189 [m]

27 of 27

Number of Points

APPENDIX 5/15



Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

Test : DHARAMPUR

Constant Pumping Rate 8.400 [L/SEC]

Distance from Pumping Well = 0.10 [m]
Type of Aquifer = CONFINED
Type of Input Data = LEVEL
Static Water Level = ! -4.11 [m]
Well Type = STANDARD
Metho? THEIS
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Project : NEP/86/025 (JHAPA)
Organization : UNDP/GWRDB

Test : DHARAMPUR

Constant Pumping Rate 8.400 [L/SEC]

Distance from Pumping Well = 0.10 [m]
Type of Aquifer = UNCONFINED
Initial Saturated Thickness = . 13.89 [m]
Type of Input Data = LEVEL
Static Water Level = -4.11 [m]
Well Type = STANDARD
Method THEILS
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JHAPA TRANSMISSIVITY MAP (M2/DAY)
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DEPTH TO WATER TABLE & RAINFALL
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JHAPA

RISE OF WATER TABLE IN MAY — SEPTEMBER 1987

§

%’

j 2985000
2980000

2955@0: 2955000
2950000: 2950000
= & .

L dhdrgga 7
2945000 - ongpur & —| 2943000
L o \, -

— Chartdraggdi "~ -1
— Bhdiyga N Salnikbgjer !, o9 -

- Bansba nglgqr! [ 2 -
2940000: umdaﬂ :2940000
L ° frogan 2 _

-~ chqachhi ) Goldhap b —

- ) Phulpari heshpg —
2835000 Balgundifra ° . | @933po0
- unfEcrf of e
i e 1 S
2930000'E peito —1 2930000
C 3
C . :
2020000 — = 2920000
E 7
CIRCLE WITH CROSS: DUGWELL -
zorso00 LLLLLLLLLLLLLLELE UL LI EL LD L L DT L0111 1T pgqapgp

(=]
: % § £ B f § % % B 3 3
8  Bo-hosdsogiingec o 8§ Bend ook



2/8 XIAN3ddy

JHAPA DEPTH TO WATER TABLE IN MAY 1988
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JHAPA WATER LEVEL CONTOUR MAP SEPTEMBER 71989

v

I O

3 bS] Q Q Q

oooLL®

000T19

gea g i ? g 00009
3 &
o § g
000209
) g 0ooLes
z 331 go
2 34‘, 0oozes

0008

0oozes

oooLLS

L e U U W 1 S0 U T ST 0 SOV SO S B S N SO O U N B O O AR SR 2913000

2| | B
ag%p é
m A0 I 9]
-

(o}

RS
55
|

:OOOLLQ

SOOOLW
ilIllIlIlll|l|llllllllIllllllllllllllllllllll|l llﬁmzn
1 T T Y B A

APPENDIX 8/9



| - SR

JHAPA LOCATION OF HYDROGRAPHS
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