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ABSTRACT

Siraha Djstrict, the most western district of the Eastern quelopment region, has a total surface area
of about 1188 km™ out of which the Terai portion covers about 930 km“. The average annual precipitation in the
period between 1987 and 1990 is about 1313 millimeters of which more than 85% is received during the monsoon.
The population in Siraha, according to the 1981 census, was 375,358, out of which almost 96% live in rural
setting. Agriculture is the dominant economic activity in the district. Approximately 27% of the farm land is
irrigated for a single crop and only about 6% is irrigated year round. The present investigation has indicated
that the aquifer in Siraha has the potential to provide water to irrigate a substantial proportion of the
remaining 94% of un-irrigated or single crop irrigated land.

. The aquifer is comprised of an indeterminate number of interconnected lenses of sand, gravel and pebbles
intercalated with some silts and clays which comprise a very large ground water reservoir. Eighteen pgmping
tests were conducted and transmissivities were determined to range from a low of 36 to as high as 1422 m~/day.
Yields of existing wells range from less than 1 to more than 13 liters per second (l/s). The yield potential
map inqifates that except for the north easter sector, the Siraha District has good Shallow Irrigation Well
potential.

__ Fluctuations observed in the water level change maps are relatively small and are due to seasonal
variation only. Stress on the aquifer due to pumping is not evident.

Recharge in the Siraha District aquifer is principally from local precipitation. Estimates of potential
recharge vary from about 122 MCM to 274 MCM per year. This compares favorably with the estimated ground water
outflow to India of about 17 MCM per year, suggesting that 100 MCM to 257 MCM per year of ground water is
available for utilization in the district.

1. INTRODUCTION
1.1 Purpose and Scope

The United Nations Department of Technical Co-operation for
Development (UN/DTCD) and the Ground Water Resources Development Board (GWRDB),
HMG/Nepal instituted a project in 1987, NEP/86/025, to investigate the shallow
ground water resources of "Districts in the Terai" (Appendix A). This report on
Siraha District is one of a series of reports from the projéct. The status of the
project is shown in Figure 1.

The purpose of the project is to conduct an orderly and defined
investigation of shallow ground water in each Terai district. A major goal of
NEP/86/025 project is to develop scientific procedures for the collection,
interpretation, and presentation of ground water data, throughout the Terai in
Nepal.

A principal component of this goal is the development of a computerized
Ground Water Information System (GWIS) to manage the groundwater information
obtained in this project. Eventually the GWIS should become a major tool in many
aspects of groundwater data storage, retrieval, and dissemination for all
groundwater information collected by Department of Irrigation (DOI).

A second major goal is to train Nepalese hydrogeologists to implement the
procedures. This should facilitate optimum development of ground water resources
of the Terai, in particular, and Nepal in general.

A third major goal is to define the areal extent of each Terai district
where a shallow irrigation well (SIW) may be developed. A SIW is defined in the
section on shallow ground water availability. '

Ground water must be utilized in the best possible manner to ensure
availability of this most important natural resource now and in the future.
Irrigation wells in Siraha District in the Terai will help Nepal increase
agricultural production for an increasing population, for export, for valuable
foreign exchange, and demonstrates the economic importance of ground water.

\
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This report should be considered in light of the above goals. Ground water
data has been collected, placed in an information system and is being interpreted
and presented. Training takes place during these activities, and finally, an area
is defined where a SIW may be located.

1.2 Location and Extent of Area

Siraha District is the most western district in the Eastern Development
Region of Nepal. It lies between the LANDSAT IMAGERY (NRSC, 1987) co-ordinates:
X = 413000 - 453000 and Y = 2935000 - 2975000. Dhanusha District borders on the
west along the Kamala River and Saptari District on the east. It has India to
its south and the Udayapur District to the north. Lahan is the administrative
headquarter of this district, and is served by the natiogal East-West Highway.
The total area of Siraha District is about 1188 km® (Statistical Pocket
Book,Nepal (SPBN),1986), out of which the Terai portion covers about 930 km
(Tillson,1985). The Terai portion is shown in the inset in figure 1 and is the
part discussed in this report. (Please note that the contour line of 150 m
approximates the physical upper limit of the Terai Quaternary sediments.)

1.3 Previous Investigations

Siraha and surrounding districts have been investigated and studied
previously by several workers and projects. Reports by these investigators are
listed in the selected References.

1.4 Methods of Investigation

Field work in this district began in the spring of 1989 and for the most
part was completed in 1990. The work consisted of drilling wells, making water
level measurements, lithologic determinations and aquifer tests. Altitude surveys
of land surfaces at wells were carried out in 1991 (DEVTEC Nepal,1991).

Water level monitoring in Siraha District was initiated in May 1987 with
an ambitious monitoring network that included 40 mostly private shallow tube
wells (STW). But for various reasons, regular monthly water level measurements
in those wells are not available. It is only since April 1990 that a regular
water level measurement data from a monitoring network consisting mostly of the
Project drilled wells became available.

The current project had a target of drilling 25 wells averaging 40 meters
(m) in depth for a total of 1000 m. However, 26 wells were drilled, 2 were
failures, leaving 24 wells that averaged 32.5 m in depth for a total of 830 m.
The new wells were located to obtain maximum geographic coverage within the
district and thus maximum information about the nature of the aquifer. Manual
methods were used to drill 17 of the new wells and 7 were drilled with a rotary
rig. Drill cuttings were collected and examined. Lithologic logs and other
information were collected on 24 project drilled Shallow Tube Wells (STW), one
drilled under the program of the Agriculture Development Bank, Nepal (ADBN) and

one deep tube well (DTW) drilled by GWRDB.

Aquifer or pumping tests were conducted on 16 of the project wells and one
observation well. One private well drilled under the ADBN program was also pump
tested. However, these tests were marginally performed.

1.5 Well Identification System

Wells in this report are identified in several ways: 1) they are numbered
sequentially and given a location name; 2) each has a computer file name or
number which includes the letters SR for Siraha District and the sequence number;
3) additional identification (ID) is provided by another secondary number to
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1.6 Topography and Drainage
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1.7 Climate

The climate of Siraha Districto is subtropical with a "'!iéaq.;,,;_
temperature of 15° C in January and 31° in June. Table 1 l:.stfs averagaf,
maximum and minimum temperatures at Janakpur, (Dhanusha Distrlct)!_{th :
meteorological station to Siraha District. 1k

January February March April May :
max. min. max. min. max. min. max. min. max. min., |¢
28.0 4.0 30.2 4.0 38.6 8.2 40.0 10.4 42.0 18.0

July August September October November
max. min. max. min. max. min. max. min. max. min.
38.0 20.5 37.6 21.0 37.0 20.4 34.5 16.0 32.0 8.0

High humidity is prevalent except in winter and becomes oppre:
summer. The climatic characteristics of Siraha District, as in other pa
Terai is that about 85% of the total annual rainfall is delivered by ‘mc
four months from June to September. Annual precipitation from 19787 to 1!
recorded at the Janakpur Meteorological Station is given in Table 2 (SPBN;19

and the average rainfall for those 9 years is 1313 millimeters. Fig 8
monthly rainfall for 1987-1990.

DISTRICT SIRAHA

400
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Table 2. Annual rainfall at Janakpur, 1978 - 1989 (in mm).

,I Year 1978 | 1979 | 1980 | 1981 1982 | 1983 | 1984 | 1985 | 1986 1987 | 1988 | 1989 "

Rainfall 1203 | 1011 | 1049 | 1201 | 581 1726 | 1829 | 1939 | 1282 2389 | 1975 | 1514 "
(mm)

Source: Statistical Pocket Book, Nepal, 1990.

1.8 Population

There were about 375,358 people in Siraha District in 1981 giving an
average population density of about 316 persons per km? (SPBN,1990). Table 3
lists the figures from the 1981 census. About 3.7% of the population in Siraha
District were living in an urban setting in 1981.

Table 3. Population in Siraha district and in Lahan in 1981.

Total Population Population
Male Female
Siraha 375,358 194,958 180,400
Lahan 13,775 7,303 6,472

Source: Statistical Pocket Book, Nepal, 1990.

1.9 Agriculture

The principal crops grown in Siraha District are paddy, maize, millet,
wheat, barley, oilseeds, potato, tobacco, sugarcane, pulses and others.
Statistics for crops are listed in Table 4 (Agricultural Statistics of Nepal
(ASN),1990).

Table 4. Principal crops harvested in 1988-1989 in Siraha District.

Crop Area (Ha) Yield (kg/Ha) Production
3 (Metric Tons)
Paddy 64,330 1,839 118,300
Maize 2,760 1,565 4,320
Millet 1,540 1,000 1,540
Wheat 13,500 1500 20,250
Barley . 30 667 20
Oilseed 2,230 578 1,290
Potato 630 9,206 5,800
Tobacco 1,540 779 1,200
Sugarcane 1,050 24,000 15,200
Source: Agricultural statistics of Nepal,ASN, 1990,
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2. GEOLOGY, LITHOLOGY AND WATER SUPPLY

Investigation of ground water in the Terai is incomplete without a
comprehensive description of the geologic framework of the area. However, this
project focused on just the Terai and did not consider the relationship of the
area with the Siwalik Hills. Therefore, the discussion of geology is cursory.

Sediments comprising the Terai plain are thick clastic deposits of
Pleistocene and Quaternary age and are accumulating to the present day. The most
permeable portions of the Terai sediments are the coarse fractions. Thus sand,
gravel and larger fractions will be called aquifer in the succeeding discussion.

The deposits are placed in two groups for hydrologic and lithologic
purposes, the Bhabar Zone deposits and the Terai Plain deposits. The division
is not easily defined in the subsurface because of the nature of the
sedimentation processes.

2.1 Lithological Cross sections:

The well locations and traces of lithological cross sections for Siraha
district are presented in Figure 3. The individual cross sections were produced
using UN/DTCD Ground Water Software (GWS) (Karanjac, 1989). They are shown in
Figures 4 to 7 and are described below. The vertical axis of the individual cross
section represents elevation above sea level in meters.

No attempt has been made to connect permeable layers in the cross sections
as this is a "risky" undertaking in Quaternary deposits near the Siwaliks across
the Terai Plain which is cross-cut by many present rivers and buried channels of
the rivers of the past. The lithology of the sediments changes rapidly over small
distances. Four cross sections are presented to understand and gain an
appreciation for the rapid changes within the subsurface of the terai. the
descriptions of the cross sections are as follows:

Lithological cross section I - I' (Figure 4) shows the section along the W-E
direction in the northern part of the Siraha District. The elevation of 1land
surfaces varies from about 100.75 to 140.00 m. This section consists of data from
five UN wells, viz. UN 4, UN 7, UN 9, UN 17 and UN 21. The wells in this section
contain a considerable thickness of sand and gravel. This section shows more
coarse grain sized sediment than the southern section.

Lithological cross section II - II' (Figure 5) represents the lithological
section along a W-E direction in the southern part of the district. The land
surface elevation varies from about 75.49 to 99.76 m. This section consists of
UN 3, UN 16, UN 18, UN 20 and UN 22. Wells in this section are rich with sand
layers as the aquifer.

Lithological cross section III - III' (Figure 6) presents the 1lithological
section in a N-S direction in the eastern part of the district. The surface
elevations in this section varies from 126.01 m in the north to 85.11 m in the
south. It includes the following five UN wells : UN 7, UN 8, UN 13, UN 14 and UN
20. No obvious trend in grain size variation could be observed from this cross
section.

Lithological cross section IV - IV' (Figure 7) is the cross section in a N-S
direction in the western part of Siraha District. The land surface gradually
decreases from north to south and ranges from 112,19 m in the north to 80.12 m
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Figure 3. Location of UN wells and traces of Cross Section lines. - .
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TABLE 5: List of Tube Wells with Basic Data

S. File Name Well Location Elev. | Depth |Length| Screen Screen Type|Permeable|Permeable | Drilling Date Well [Water
No. in Number from of of Position Thickness| Percent Diameter|Level
Computer Village Name Landsat MSL | Well |Screen (m) : (m) of (inch) | BGL
Co-ordinates (2) (m) (m) used depth (m)
(@ D) (m) (m)
X Y 3)
re1 | SRSO1.LTH UN 1* SIMARA- 433000.|2958625.| 117.47| 44.50| 3.0 | 28.7-31.7 | Slotted 21.9 49.2 31.01.90 4 +2.0
»2 | SRSO2.LTH JON 2D MITHILESHWOR 425375.(2964125.| 110.80( 36.60| 6.1 | 18.1-24.2 o 13.7 37.4 21.01.90 . 4
3 | SRSO3.LTH UN 3* BASBITTA 421250.(2950250.| 75.49| 44.20| 6.1 | 11.9-18.0 R 22.6 51.1 26.01.90 4 2.461
4 | SRSO4.LTH UN &* KARJANHA 417625.12969375.| 100.75| 29.50| 9.2 | 8.9-18.1 - . 18.8 63.7 16.01.90 4 3.50
5 SRSOS.LTH UN S5* BHEDIYA 417500. [ 2964250. 90.43| 22.70| 6.1 8.9-15.0 Coar 20.9 92.1 08.01.90 4 1.64
6 | SRSO6.LTH |.WUN 6> | BANDIPUR 417500. |2974125.] 105.08[ 9.50| 3.0 | 5.5-8.5 iy 8.9 93.7 03.01.90 4
7 | SRSO7.LTH UN 7* AMAHI 449125, [2958250.| 126.01 39.60| 5.2 33.1-38.3 5.2 13.1 03.07.89 4 2.60
<8~/| SRSO8.LTH UN 8* NAHARA — 447125.(2943375. 89.75| 39.60( 5.5 9.4-14.9 20.2 51.0 16.05.89 4 1.50
*9 | SRSO9.LTH UN 9* KANCHHIBAZAR- 441625.]2958500.| 129.67| 30.5 5.4 5.9-11.3 | Slotted 9.1 29.8 09.03.89 4 1.02
10 | SRS10.LTH UN 10* | MADAR 418250. | 2945250. 70.17| 34.80| 5.5 9.1-14.6 15.3 44.0 4 1.85
MM« SRS11.LTH UN 11* BARHARI 436250. (2958250. 97.82| 18.30| 4.8 9.1-13.9 7.1 38.8 4 1.95
SRS12.LTH UN 12* SUNDARPUR (S) 441125.(2943625. 84.01 39.60| 5.8 9.1-14.9 8.5 21.5 30.06.89 4 5.25
NI SRS13.LTH UN 13* PADAUL*~ 446500.|2941000. 85.11| 39.40| 5.4 | 31.3-36.7 7.6 19.2 21.05.89 4 1.58
\J& | SRS14.LTH UN_14* m>n:cz>41vcxf\ 449500. [2952875.1 109.51| 13.70| 5.5 7.6-13.1 | 8.8 64.2 12.05.89 4 6.48
-15 | srs15.LTH  |QUN_15> | CHOHARWA v/ 432875.|2964125.| 140.21] 24.40| 6.5 | 11.6-18.1 11.6 47.5 4
16 | SRS16.LTH ﬂmr‘ﬂmwu KABILASI - £33750. | 2949750. 87.20| 18.30( 7.1 9.1-16.2 9.2 50.3 14.05.89 4
«17 | SRS17.LTH /cz.dN;), RAMNAGAR 424750.]2966750.| 112.19| 36.60{ 3.4 31.1-34.5 3.3 9.0 04.06.89 4
18 | SRS18.LTH “UN dm\w4 HAKPARA - 425375.|2949375. 80.12] 34.80| 5.5 12.3-17.8 12.3 37.1 4
MMM SRS19.LTH _UN_19 >| BARCHHAWA- 427250, [2960875.| 104.06] 34.80| 5.6 6.1-11.7 12.0 34.5 4
0 | SRS20.LTH UN 20* TILEBONA 449125, (2948625, 99.76] 36.60| 5.5 9.4-14.9 7.3 19.9 05.05.89 4
-21 SRS21.LTH UN 21* KASAHA 436000.{2962000.|~140.00| 43.00] 7.6 | 25.6-33.2 Slotted 23.4 54.4 09.02.90 4 3.91
I\NM SRS22.LTH UN 22* | BUNDARPUR (S) 441500. | 2949000. 93.80| 37.50| 6.1 8.3-14.4 ‘e 11.0 29.3 13.12.89 4 3.50
23 | SRS23.LTH UN 23* LAXMIPUR 426150. |2954750. 91.70| 49.70] 7.3 12.5-19.8 14.9 30.0 28.03.90 4 1.78
124 | SRS24.LTH UN 24* RAMPUR 441400.|2953500.| 105.66) 35.00] 5.5 15.2-20.7 Slotted 9.2 26.3 18.04.90 4 1.30
25 SRS25.LTH ADB/N* CHOHARWA 432875.(2964125. 18.30| 6.1 8.8-14.9 ‘e 6.1 33.3 1986 4 2.17
26 | SRD26.LTH DTW 1/R2| BHULKIA 419250.2972750.| 118.55 11.4 | 84.0-95.4 ocT. 1979 4 4.93
(m) Meter
(§D) Well with pumping tests have an *
(2) X and Y coordinates are taken from the 1:500,000 map of Nepal, a composite of LANDSAT imagery [National Remote Sensing Center (NRSC, 1984)]. The coordinates were read

with the help of project-supplied digitizer.

3 The absolute elevation of the well above the mean sea level. The elevation interpolated from 1:125,000 scale district map has symbol “.
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; i erosion of the Siwalik Formaiw
The Bhabar is derlvednﬂftgl e hills, abruptly debauch g:toc“ :
strea on of the Ganges Plain, and'dgﬁﬁ_-

in the siwalik Hills. ¢ oy
flatter Terai which 18 thenggzghligke these fans coalesce and are va@mn !
sediments as alluvial fans-e the Bhabar zone. The Bhabar Zone may also beer°d,“

other sediments and gomp;is
depth south of the siwalik Hills.

The Bhabar deposits are very poirl§
< cained material ranging
Eﬁiéiﬁalgiié finer sedimeéts as well. Thickness ranges from a few meters tg-

a hundred meters.

sorted and contain a large PfOPQ

ize from sand to boulders, ‘Thefi

5.2.2 Water SupplY .

. i t to the Siwalik Hills experi

wells screened in the Bhabar adjacen pPerience yap..

level fluctuations large enough to place water levels below the 1}fting capﬂyitﬁé
Therefore, very few STW obtain water from

£ commonly used centrifugal pumps. :
ghabar. Yiglds from DTW in Siraha pistrict which may obtain water fromrthéfnmu;
were not measured during this investigation. ©. Phab;

2.3 Terai Plain Deposits

5.3.1 Lithology, distribution, and thickness

Throughout the Terai a thick sequence of clastic sediments, the Terai pj
deposits, has been and is being deposited. These sediments are at the surface exc
for the outcrop area of the Bhabar Zone. These deposits cover about 750 km? in Sirak
and their thickness may exceed 2000 meters along the Indian border. The Terai Pl:
area is a major recharge source to the ground water reservoir. e

The Terai Plain sediments are comprised of rock material eroding from th
Siwalik Hills and the mountains to the north. Sediment particles range in size fro
clay to gravel and the proportions vary widely. However, they generally comprise mor
clay, silt, and fine sand than sand and gravel. The coarser size fractions appear tt
be lenticular in cross section and are described as sand lenses or sand and gr
lenses contained in finer sediments.

The UN and gther wells listed in Table 5 are further analyzed regarding
percentage of aquifer (permeable) material found in each well and for all we
Table 6 lists several derived data for the wells. 2

2.3.2 Water Supply

There were a reported 896 STW in Siraha drilled u Sagr
ix;t;e%iat}tehde R;;ra;. D:fe}opment Prgjgct (SIRDP) program in mid-198nGde(EDC1::;x.e Theg;'ﬂ,‘-‘.
e i wgi agn. In addition, there are a large number of dug wells:
oy i atio:T t?r drinking or_domestic purposes. Others, STW in pafﬁ
e o mo;i thanviz'if. Reported yields of shallow tube wells range from les
18 wells) have shown téz-yﬁ:Siré;{ : Tadority of the pump tested wells: (o2
discharge will be used in the follc’wingraé:naglecucli‘.t;tisox'::siD 10 1fa. An avers il

8
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Table 6. Summary of well and aquifer data from UN and private wells listed in

Table 5.
Il WELL DETAILS STW DTW ALL TUBE
WELLS
Number of Wells 25 1 26
Total drilled depth 811.7 m * 811.7 m
“Aéverage well depth 32.5 m 32.5 m
Screen used 143.4 m 1l.4 m 154.8 m
Average screen/well 5.73 m 11.4 m 5.95 m
Wells with screen 25 1 26
RQUIFER DETAILS
Calculation-depth 40 40 m 40 m
Cumulative depth 790.3 m 40 m 830.3 m
Aquifer thickness 246.2 m 5.9 m 252.1 m
Aquifer as percent of depth 31.15 % 16.86 %

30.36 %

* Total Depth of well not known.

13
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3. HYDROLOGIC PROPERTIES OF WATER-BEARING lﬂ\TRRII\LS_

Quantitative predictions about the be}:lavim; ot:fhth\era(;lfzoe‘;n%ga:;: ;;ggrvgl,.,
. e au
i i District are dependent on knowledge © : ;
égnitl:gi:: of the aquifer. These hydraulic propertiisz are in turn dependen’t tipon
dimensional and geological parameters of the aquifer. T

; torage (S), and leakage (p!

he constants needed are transmissivity (T), B

The qu:nte:ity of water available from an aquifer depends on the atbility.ofrtl:l "
aquifer to store and to transmit water. The ability pf an aquifer to store water =
is measured by its storage coefficient and the ability to transmit water by itg =
transmissivity. The Terai reservoir may include many semi-confining beds and th
ability of these beds to transmit water vertically = up or down - into an aquj’_:e

is measured by leakage.

3.1 Pumping Tests

Eighteen aquifer tests were analyzed by pumping test groqra_ms developed by
UN/DTCD to determine the storage coefficient and the transmissivity of the Terai -
Plain aquifers. The test data were analyzed by the Theis, and the Jacob methods,
Each test was analyzed by the preceding methods in an attempt to arrive at:
aquifer coefficients judged to be most nearly correct. SN
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295500000 [— 4 = o
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— [e] 14):
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* pumping test result not usable
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Figure 8.
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Seventeen project drilled STW and one private STW were pump tested. Eleven
out of 18 tests are marginally acceptable. The results are listed in table 7 and
the graphs are shown with observed data points and a computer-fitted curve in
Appendix C. It should be noted, however that the numeric results they provide
should be used with caution.

Transmissivities in the district (Fig.8) represent only a crude picture,
as the data used are not satisfactory. The data problems include uncertainty
about the quality of the lithologic logs, inadequate geographic distribution of
tested wells, questionable pump test data and questionable results from the few
pumping tests. ;

The limited quantity and the questionable quality of the data makes any
definitive statements about transmissivity speculative. If the limited data in
Table 7 are used, the transmissivity of the shallow aquifef in Ssiraha District
averages about 669.4 m¢/day. Transmissivities above 500 m°/day are considered
sufficient for water supply and small scale irrigation. Prior to large scale
development of ground water in Siraha, additional pump tests properly run, would
be extremely beneficial.

Table 7. Hydrologic properties from pumping tests.

Well No. Date of Test TrEnsmissivity Aqgifer Hydrauljc_ Aquifer Lithology

(m“/day) Thickness Conductivity

(m) (m/day)

UN 1 *, 12.02.90 269 4 67 S &G
UN 3 - 29.01.90 523 6 87 S&G
UN & *- 18.01.90 1937 12 161 S&G
UN 5 * . 10.02.90 5231 10 523 S&G
UN 7 ~ 04.12.89 1112 5 222 S &G
UN 8 - 12.07.89 499‘ 4 125 S&G
UN 9 *° 08.12.89 36 9 4 S&G
UN 10 14.12.89 688 8 86 S&G
UN 11 - | 20.12.89 599 4 140 S&G___-©
UN 12, 27.12.89 1214 7 173 S
UN 13 - 25.05.89 243 5 49 S
UN 14 *- 16.05.89 214 6 36 S&G
UN 20" 08.05.89 507 6 84 S
UN 21 *- | 14.02.90 577 8 72 S &G
UN 22 - 20.04.90 475 5 95 S &G
UN 23 *, 02.04.90 1422 10 142 SC
UN 24 - 20.04.90 106 7 15 S &G
STH 04.04.90 999 6 166 S&G
choharwa

Note: * Results not usable.
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4. GROUND WATER

The discussion on ground water will cover general ground water'cghcééé
The data acquired in this ground water investigation will be used to help
quantify major components of the Siraha District ground water system, Rk

4.1 SBSource

The primary source of ground water in Siraha District is local
precipitation. For example, ground water in the Bhabar Zone gnd the Terai .
Plain deposits is derived from precipitation that falls on Slraya and the
watersheds of the streams that traverse Siraha, including the Siwalik areag'i
those watersheds. Ground water consists of precipitation that percolateg >
through the materials on the earth's surface to the water table. Figure g9
illustrates the relationship between precipitation and water levels in
selected wells.

DISTRICT SIRAHA

600

400

200

xJaASONDJPMAMJaasonnJFuh

88 . 45

AVER, RAINFALL —_—

IALYANAA L

Figure 9. Relationship betwe

e )
selected wells in Siraha. " rainfall and water levels in
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4.2 Water Level Network

A water level network is a major tool in ground water hydrology and
regular measurement of water level in wells in a network are required for

quantitative recharge and discharge calculations. Location of private STW and

dug wells and the UN STWs in the network in Siraha District are shown in

Figures 10 and 11 respectively.
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Figure 10. Location of Private STW and Dug Wells in Siraha.
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Figure 12 a. Contour Map of Water Table in Siraha, May 1990.
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The quantity of water flowing through a given cross-sectional
aquifer can be computed by the formula: Tl
Q@ = pAv = KIA = TIL i

where Q is the quantity of water,

is the porosity of the aquifer material,
is the cross-sectional area,

is the average velocity of ground water,
is the hydraulic conductivity, and

is the hydraulic gradient. S o
is the Coefficient of Transmissibility T
is the Width of the cross-section through which the discharge oc

i IR L]

) The approximatg rate of movement of ground water through ah‘EQﬁifg
obtained by transposition of the above formula to : AT

v = KI/p
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_ An estimate of tbe quantity of water moving as subsurface outflow to
India is calculated using the following assumptions:

Average Transmigsivity along India border in Siraha is 600 mz/day
AveFage Hydraulic gradient is 0.00143
Aquifer width (length of border with India) is 36 km

Q@ = TIL = 600 * 0.00143 * 36 = 30,888 m3/day
or, about 11.27 MCM per year ....ceoceeeeessess(l)

The rate of flow is calculated using:

Hydraulic conductivity of 50 m/day
Hydraulic gradient of 0.00143
Assumed porosity of 15%

v = KI/p = (50 * 0.00143)/0.15 = 0.48 m/day
The value of Q can also be calculated using the above velocity value:

Ave;age aquifer saturated thickness is the average % of coarse
grained material in the STW, or 31.15 % of 40 meters, or 12
meters, o

Assumed effective porosity of 15%,

Aquifer width (distance along border with India) 36 km,
Hydraulic gradient of 1.43 meter per kilometer (0.00143), and
Velocity or rate of flow is 0.48 m/day.

From Q@ = pAv, we obtain @ = 0.15 * 12 * 36 * 0.48 = 31,104 m>/day
or about 11.35 MCM per year ....cccesee- (2)

The two vlaues for Q are in agreement with each other.

Thus the volume_of water flowing to India through the upper 40-50 meters
is about 11 million m® per year at a rate of 0.48 m per day. If the rate of
flow is doubled, the volume of water flowing to India also doubles, but it is

still relatively a small amount.

4.4 Storage

The total thickness of the Terai sediments in Siraha District is not
known but even if only the upper 50 meters are considered, the volume of
ground water in storage is quite large. The volume of drainable water is a
function of thickness and specific yield of the saturated sediments. An
average specific yield for sediments from a similar depositional environment
and similar lithologies, e.g. the High Plains aquifer of the United States is
0.15 (Gutentag et al., 1984). The drainable water in storage may be calculated
by multiplying aguifer thickness, estimated specific yield and area of the

aquifer.
The water levels in the Terai Plain deposits seldom are less than 5

meters and in the Bhabar Sone deposits less than 10 meters. Therefore, the
Terai Plain in general would have 45 m and the Bhabar 40 m of saturated

sediment in the upper 50 m.
The volume of drainable water in storage is not calculated because all
the drainable water in storage cannot be recovered and used. The recoverable

volume of water is site-specific and depends on well construction and design,
lithology, saturated thickness, hydraulic conductivity, specific yield and

drainage time.
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4.5 Changes in Storage

One method of assessing changes in the amount of ground'water in ap
aquifer involves periodic water-level measurements, construction of watep-
level-change maps from the measurements, and computation of the vglume of
material and water involved in the change. Unless hegvy pumping disturbg
natural conditions, the changes in storage in an aquifer reflect seasona)
changes in precipitation and evapo-transpiration. Water—}evel—cpange maps may
show, by minor fluctuations and trends, essentially static conditions ip a
relatively undisturbed aquifer.

Figures 14 and 15 shows depth to water table for 1988 and 1989 in
Siraha. Note the difference in the distribution of the wells'(Figure 10) on
the 1988 maps which are from measurement of dug wells and private shallow type

wells and the well distribution on the 1990 maps (Figure 11) which are fronm UN
wells only.

Figures 16 and 17 show the water level change maps for 1988 gnd 1989,
The maps document changes within each year which are attrlbuted.prlmarily to
seasonal variations. However, comparison of the two maps with Figure 13 pointg
out the difference in populations of wells used for water level measurementsg,

Water level measurements provide extremely important information about
the ground water situation in an area. The hydrologist must be very careful,
however, as water levels from different aquifers may lead to incorrect
conclusions and potentially large errors in judgement.

Tables of water level measurements from wells in Siraha are given in
appendix D, and hydrographs of selected wells are shown in Appendix E.

4.6 Discharge

Ground water in the Terai portion of the Siraha District is discharged
from the aquifer by wells, evapotranspiration, subsurface outflow, and inflow
to streams. Measured data about these methods of ground water discharge are
not plentiful and not of the best quality. Therefore, large estimates of well
discharge are made to provide considerable stress on the aquifer.

4.6.1 Pumping By Wells

Pumpage records for irrigation wells are few or not available. However,
an estimate of pumpage may be calculated by assuming a specific number of

irrigation wells, the number of hours each well is pumped in a year, and the
average yield of each well.

Assume there are 1000 shallow tube wells in Siraha and each yields 20

1l/s and each is pumped for 2160 hours per year. These assumptions result in
the following calculation:

(1000 * 20 * 2160 * 60 * 60) / 1000 = 155.5 MCM per year.

The figure of 155 MCM will be used later in a comparison of rechargé and
discharge.

4.6.2 Evapotranspiration

Direct evaporation occurs in areas where the water table is near the
land surface, such as along stream banks and in stream beds. The potential for
evaporation is high during the rice growing season as the paddies are really
large bodies of surface water during that time. Finally, during and after the
monsoon the water levels are at or near the surface at many places in siraha-
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Figure 14 a. Depth to Water Table in Siraha, May 1988.
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The transpiration by plants from the saturateddzoget;:rnot confinédét
the water courses where large vegetation may be found. Ra ’ ranspitétio

i 8.
is occurring in the forests and from growing crop :

i de using the w 3%
. 1 eva otranspiration was ma ; ats
An estimate of potengiz— andp ost-monsoon periods over the district

table fluctuation between1 Be ANof fluctuation P be loss of ground watgy:

I e emr prlnCLpﬁe average fluctuation over the district is estimaeg“e

i ion. T a - : |
§: §v§p3§§ini?§r$t$f the fluctuation attributed to evapotranspiration,. the:
specific yield of the saturated sediments 18 estimated at 0.15 and the area

Terai in the district is 930 km®. Thus,

209 MCM of ground water potentially

1.5 * 0,15 * 930 km = .
n Siraha.

evapotranspired each year i

elow the depth of most evapotranpiration::
t the 279 MCM of ground water potentially
this additional recharge would

Lowering the water table p
processes wouldeffectively permil
evapotranspired each year to become recharge.
be available to irrigate crops.

4.6.3 Inflow To Streams

The water level contours of Figure 12 show that the Kamala River is a-
gaining river during the dry part of the year in Siraha. However, no stream
flow records were available and no low flow measurements were examined or
made. Hence there is no estimate of inflow to streams. ;

4.7 Recharge

The aquifer in Siraha is recharged by subsurface inflow from stream -
valleys entering the district, by subsurface inflow from the Siwalik Hills, by
seepage losses from streams during high flow and perennial streams and by '/’
precipitation percolating directly through the soil and rock materials on the
surface to the water table. These four increments of recharge result from
local precipitation. 3

4.7.1 Subsurface Inflow

No data were obtained to provide a basis for a quantitative
determination of subsurface inflow to the aquifer.

4.7.2 Seepage Losses From Streams

The drainage systems in Siraha carr “in
= 1 y large amounts of surface water 1int
across and out of the district. Seepage to the aquifer is substantial during

high flow. However, no quantitative determi i i ifer
was attempted. ination of seepage into the aqp}f

4.7.3 Percolation From Rainfall

Percolation of precipitated water i
recharge mechanism in Siraha District.'Th
receptive to direct percolation to the wa
the particles comprising the deposits.
receptive to direct percolation to the
may contribute additional recharge thro
subsequent subsurface inflow to the Ter

nto the aquifer is the primary .
e Bhabar Zone is particularly '
ter table due to the large size ©
However, the Terai Plain ig also' =
aquifer. Finally,the Siwalik exposure
ugh percolation to the aquifer and

ai aquifer. : S
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'methodTSEiiiizgl2§t§:agfdre0harge from precipitation are calculated. The first
becomes recharge; and te from Duba (1982); method two assumes 10% of rainfall
it £ g i an he third method assumes a specific yied or effective
porosity of saturated sediments and an average water level rise of 2.5 m in
E?gtgizzrlCt- Each method uses an area of 930 km? for the Terai in Siraha

Method 1:

Duba (1982) estimated 32% of the rain that falls on the
Bhabar and 20% that falls on the Terai plain in the Siraha
District would percolate to the aquifer. However,no estimate of
recharge.was made by Duba for the Siwalik Hills contribution.The
calcu}atlgn for recharge from precipitation using estimates by
Duba is given below:

Yolume of.rech?rge (m3) = annual precipitation in meters * area of
interest in Km® * § to aquifer

Thus for the Bhabar Zone deposits:
1.313 m * 180 Km® * 32% = 76.8 MCM (about 77 MCM)

And for the Terai Plain deposits:
1.313 m * 750 km® * 20% = 196.95 MCM (about 197 MCM)

and the sum is about 274 MCM per year of recharge.

Method 2:

A more conservative estimate of recharge is calculated by taking
10% of the average annual precipitation and assuming it will

recharge the ground water reservoir. The calculation is ;

For Terai,

1.313 m * 930 kmé * 10% = 122.1 MCM per year of recharge

Method 3:

Assume the storage coefficient or specific yield is 0.15, the
annual water level fluctuation is 2 m over an area of 930 km© in

the district, the calculation is :

For Terai,
0.15 * 2 m * 930 km = 279 MCM per year of recharge.
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4.8 SUMMARY OF GROUND WATER BYBTEHI

] in the Siraha Te
e indeterminate number of interconn:gtigeaggziigis;’ storage rai

are subject to recharge (addition of waterdi iyt (diversion of water from
(retontion of water in the aquifers), ang disect When recharge exceed
the aquifers). The rolation is simple and tit of water in storage increaseg
discharge, (during monsoon period) ERa, @8 digcharge exceeds recharge,

nd the water table rises. Conversely, when ceapes and the water tab)
?during dry pericd) the quantity of water stored geca 28 ter(s) are recharged e
declines. The monscon raises the water table as tbe sgbsurface inflow from th
by percoiacion of rain, seepage from Streans ind sythe water is pumped, ;
siwaliks. The dry season lowers the water tab ef:ce foward the south.
transpired, evaporated, and moves in the subsur

The water level change maps reflect the recharge, ch;ggecgzn;zo;zgg and
discharge taking place in the Siraha ground.water ays?emitural practiCeg
indicate the system is maintaining equitibr;ugnaghzggaszfer, e

forests. Put another way, stress :
gggiggeoghgecg;gsof this project, shows no discernible effect on the water
level maps.

i i onable. Table 8 brings
The recharge and discharge estimates seem reas :
these figures together. This is not a water palance as no numeric estimate of
water in storage is provided. Wwater in storage 18 & large volume but only a
part of it would provide water to wells.

Table 8. Estimates of ground water recharge and discharge in Siraha.

Item Recharge Discharge
Recharge by 3 methods:

1). Duba's estihate. 274 MCM

2). Conservative estimate (using 10% of rainfall). 122 MCM

3). Calculation considering specific yield and 279 MCM

fluctuation in Water table.

Discharge

1). Pumpage.

155 MCM

2). Evapotranspiration. 209 MCM

3). outflow to India. 11 MCM
—

i ) Information about the recharge and discharge in tem
in Siraha d?strict is not complete. Several of tge comggiegiguggczggziyszz
ful}y describe the system have not been measured or observed. However
estimates are made fgr some major components where data are iackin with the
thought that the estimates may be refined as additional data are cgllected in
the future; and other components are not known and not estimated as their

influence will become measurable as the qro
und i
status of data components required to degcribe :ggegisystem e

are listed in Table 9. raha ground water system
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Table 9.Status of components required to describe Siraha Ground Water System.

Component Availab | M(easured) Reliability Areal
le E(stimated) distribut
ion

Siwalik information No
Bhabar zone delineation No
Terai Plain delineation No
Detailed well inventory No
Lithology of wells Yes M Adequate Adequate
Aquifer tests Yes M Poor Poor

Storage coefficient Yes E

Transmissivity Yes M * Poor Poor

Leakage No
Water level Yes M Adequate Adequate
measurements
Weather records Yes M Adequate Adequate
Pumpage records Yes E
Stream flow records No
Evaporation data No
Transpiration data No
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5. SHALLOW GROUND WATER AVAILABILITY o
. : is a major goal of the pres
Areal delineation of probable SIW . Rt
project. The criterion defining a SIW are 1isted below:

1. a water level that does not exceed 7 meters in depth in the dryl
season while pumping

2. a discharge adequate to irrigate an individual farm, as

required
3. no deeper than 50 meters

4. 100 mm or 4 inches in diameter

5. use a centrifugal pump

6. powered by a diesel or electric motor

7. drilled by indigenous methods

The definition includes depth, diameter, energy source, types of Pﬁm

and method of drilling a well all predicted to be within the range of
resources a farmer may command .

Figure 18 shows the areas of probable SIW in Siraha District. Contours
of depth to water have not exceeded 5 meters during the dry season in the area

shown since the project began. The depth to water criterions is the most
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importanF h¥$§01Tgic constraint in the above definition of the SIW. Wells in
the Tg§a1 Yl a QOSF always find water but the wells may not yield water to a
gigzglm;g:rspg?pdrgzéggnthe grg season if the depth to water exceeds 7 meters.
E E ; mus e exceeded bef roduce
irrigation water in the designated areas. SEGES @ WElL WouSd-coaRS E4.E

Wells drilled to 40 meters should find about 12 meters of aquifer
material, on average. This also means that some wells may find practically no
aquifer and some wells may find practically all aquifer. In other words, holes
will be drilled which will be unsuccessful wells because there is insufficient
aquifer at that location.

The practice of drilling test holes to assist in choosing a productive
location to place an irrigation well is common and frequently required in many
ground water areas in many countries. The depositional environment of the
aquifers in the Terai is such that very different lithologies may be
encountered in two test holes within relatively few meters of each other.
Thus, the map shows potential SIW area but does not guarantee success at each
and every well location within those area.

Individual farms in Siraha averaged about 1.4 hectares in area in 1981
(SPBN 1986). A well that pumps 3 liters per second could cover one hectare
with about 5 centimeters of water in 48 hours. The average farm could be
irrigated with such a well. However, it is questionable if average gsize farms
in Siraha are economic, even with the technology limited by the definition.
The limiting factor, economically is the average size of a farm.



32

6. UTILIZATION OF GROUND WATER

i i ized by families, villages ‘

t n Siraha pistrict is gtil Ges Tz

d scggg‘{gdfg? cell;i;king water; for watering animals; for business and 4 wn

an es; but the largest use and the use that seems destined to
i for irrigation of crops. Table 10

industrial purpos . the future is
have a large increase 1n . d in Siraha is i

Y tential irrigation lan n raha is irrigated ;
indicates only 5.8% of pote hectares that could be irrigatzge

nd, leavin 94.2% or about 73,171 .
ﬁﬁirwﬁﬁiz yéar. ThengOd requirements of ?he gxpapdlng populétion of Nepal -
will require more and more year round irrigation 1in the Terai and therefore in

Siraha.
Table 10. Status of irrigated land in Siraha District (in hectares)
==
Total area Year round Monsoon T9t31 ) T9tal Unirrigateq ||
irrigated irrigated irrigated irrigable area
area area area area
77,726 4,555 16,738 21,292 77,726 55,433 {
100% 5.8% 21.5% 27.39% 100% 72 6% A

source: Agricultural Statistics of Nepal, 1990.

Figure 19. Status of Irrigated Land
in Siraha

Unirrigated 4
72.6

(In hectares)
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7. SUMMARY AND RECOMMENDATIONS i

7.1 Summary

Field work for this project in si '

raha began in th d for
Fhe mo§t E?rt Wailcompleted in 1990. the work gonsistedeo¥agr2flizgg 2
investigation wells, lithologic determinations, aquifer tests,making water |
level measurements, and altitude surveys of land surface at wells.

There were 17 manually drilled wells and 7 wells were drilled with a
rig. The average depth of the wells is about 32.5 meters although the desired
depth was 50 meters. The deepest well drilled was 49.7 m (UN 23) and the most
shallow wells is 9.5 m (UN 6). Slightly more than 31% of the sediments
encountered were sand and gravel and are considered aquifer. The western,
southwestern and southern parts of Siraha Terai are found to be suitable for ¢
shallow tube well irrigation.

Eighteen wells were pump tested. The ra £ iti is from
36 to 1214 mz/day. P nge of transmissivities 1is

The water level monitoring network progressed from a network of private i
STW and Dug Wells in 1987 to Project STW and some private STW in 1990. AS ‘
expected, the wells have the deepest water levels just prior to the monsoon
and the shallowest water levels just after the monsoon. Water level contour
maps indicate the ground water flows from north to south in general with a
gradient of about 5.7 meters per kilometer in the northeast and about 1.43
meters per kilometer in the southern parts.

The aquifer in Siraha is recharged primarily by precipitation
percolating directly through the soil and rock materials on the surface to the
water table. The .Bhabar Zone is particularly receptive to direct percolation
to the water table because of the large size of the particles constituting the
deposits. However, the Terai Plain is also receptive to direct percolation of
precipitation to the aquifer. As much as 273 MCM per year may potentially be
available for recharge although a more conservative estimate of about 121 MCH
must be available. Even the latter estimate compares favorably with the 17
MCM of water flowing to India per year. Thus, it is obvious that the various
parameters of aquifer in Siraha favorably indicate the availability of
adequate ground water resource for potential use in irrigating the remaining

unirrigated land in the district.

The water level change maps reflect the recharge, change in storage and
discharge taking place in the Siraha ground water system. The change maps
indicate the system is maintaining equilibrium as agricultural practices
replace the forests. In other words, stress on aquifer, for the short period
of record of this project, shows no discernible effect on the water level

maps.

7.2 Recommendations

Ground water in Siraha district is utilized by families, villages, town
and schools for drinking water, for watering animals, and for business and
industrial purposes, but the largest use and the use that seems destined to
have a large increase in the future is for irrigation. This report provides
valuable data for planning and continuing development of the ground water
resource but large scale development in a specific area should include
additional investigative wells and properly designed and completed aquifer

tests to help maximize success.
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8. GLOSSARY OF TERMS

bed, or zone that contains water that is /|
An aquifer is sometimes referred to as a o
or water-bearing bed. ;

Aquifer: A rock formation,
available to wells.
water-bearing rock,

Evapotranspiration: The combined total water evaporated by heat energy and

transpired by plants into the atmosphere.

ream or reach of a stream whose flow is being increased by

Gaining stream: A st
i Replaces the term veffluent stream.”

inflow of ground water.

Ground water: Water in the gaturated zone or water below the water table.

Hydraulic conductivity: A measure of the rate of flow of water through an

aquifer, which is dependent primarily on tbe na?ure of the
interstices within the aquifer. Expressed in units of length per
units of time that are consistent and suitable to the problem

involved.

Hydraulic gradient: Gradient of the water table measured in the direction
of the greatest slope, generally expressed in meters per

kilometer.

Inflow: Movement of ground water into an area in response to a hydraulic

:
8
1

=]
¥ |

|

gradient.

Interstice: An opening or void in a rock. Interstices may be filled with air, E
gas, oil, water, or some other material. The interstices in an ]
aquifer are filled with water. 3

|

Outflow: Movement of ground water from an area in response to a hydraulic
gradient. ) 4

Percolation: The movement of water through soil and rock to the saturated i
zone. ¥

Permeabi}ityf The capacity of water-bearing rock or soil to transmit water,
which is related to the size and interconnection of interstices.
Replaced by the term "hydraulic conductivity."

Porosi§y: The.porosity of a rock is its property of containing openings or
?nteriglces.Quantitatively, the porosity of a rock is the ratio
usually expressed as a percentage) of the volume of openings i
the rock to the total volume of the rock. S .

Recharge: The process by which water is absorbed and add
ed to the saturated
zone. Also used to designate the quantity of wat
ground-water reservoir. Y S e i

Runoff: The discharge of water through surface st i
reams. It in
sur?ace—water runof? and ground-water runoff. Also usedctgdes S
designate the quantity of water discharged as runoff.

Saturated zone: The zone of porous rocks sat i
e T e oF Pare urated with water. Ground water

Specific yield: also called effective porosity (Johnson 1967 i
deiined as the ratio of (1) the volume of wate£ that)'tll'zs
:2t:§a5ei sediment will yield by gravity drainage to (2)e th
tota VO gme of saturated rock. Specific yield is expressed 3

imensionless fraction or percentage. Specific yield dependsaao:

particle size, shape, sorti i
PRrtisose . a2 d;ainagg éime. ng, and cementation of the aquifer
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Specific retention: It is the difference between porosity and

specific yleld and is defined as the ratio of (1) the volume oOf

water retained in the rock after gravity drainage to (2) the total

volume of the saturated rock.

storage: Water stored in openings in the saturated zone is said to be in

storage. pischgrge of water from an aquifer not replaced by
recharge is said to be from storage.

storage coefficient: The volume of water released from or taken into

storage per unit surface area of an aquifer per unit change in the
component of head normal to that surface.

Transmissibility: The transmissibility of a rock or soil is its capacity to
"

Transm

Water

transmit water under pressure. Replaced by the term vtransmissivity.

issivity: The rate at which water is transmitted through a unit width of
an aquifer under a unit hydraulic gradient. Expressed in units of
length squared per units of time. Replaces the term ncoefficient

of transmissibility." To convert a value for coefficient of
transissibility to an equivalent value of transmissivity, multiply

by 0.134.

table: The upper surface of the saturated zone where the pressure is
atmospheric. The water table is not a plane surface, but has
irregularities much like the land surface.
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APPENDIX A

NEP/86/025 PROJECT DOCUMENT DETAILS

tigations in the 5
j NEP/86/025 - shallow Ground Water Inves n o
Terai Ehispéigigted b§ tge United Nations pDepartment Oi Tgiggiiil goiOPGr“tiong;
for Development. It is designed as & four year Projgc pand e gas: ented to
collect field data to establish a ground water data tﬁgeTerai e 88 the o
development potential of shallow aquifers all over i e éoard government
counterpart agency is the Ground Water Resources Dev? gpger anoaeg (GWRDB)
under the Department of Irrigation (DOI1), Ministry © ate es, chl—

Nepal. The project began in June 1987.
The immediate objectives of project NEP/86/025 are:

(1) To generate technical information on the occurrence and potential
of shallow ground water resources in the Terail.

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

(3) To enhance the technical capacity of GWRDB with regard to i3
exploration, assessment and development of ground water resources.

The following project outputs are anticipated:

(a) Computerized data base with about 2000 shallow water points from
all over the Terai. This was expanded in December 1988 to include.
deep wells. Information on well location, lithology,
hydrogeological parameters, water use, water levels, and etc.

(b) Maps of pre-monsoon (maximum) and post-monsoon (minimum) water

levels expressed both in relative depths and in absolute
elevations above mean sea level.

(c) Hydrographs (water level graphs) from selected observation points'f
in a minimum period of eleven months. i

(d) Reports on mathematical modelling.

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




wall N0 UN 1 Location' SIMARA

Elavation: 117 473 x = 433000 Yy = 2958625
methoa of Orilling: Rig

Drilling Dates 31 0) 90 - 02 02 90

Total Deptn 44 50

Comments - Screen Position 28 72 - 31 7 m

Screen Type Slotted

WELL LOG
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wWall No UN 2 Location: MITHILESHWOR

Elevation 110.794 x = 425375 Y
Nethoa of Driltling: Rig

Dri1l1ing Dates © 21 01 80 - 23 .01 90
Total Depth 36 60

Compents : M P 0.53 m.

Screen Type. Slotted

Screen Position 181 - 24 2 m
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‘United Nalions CV Software

vall Na UN 3 Locatian: BASBITTA
Elevation, 75.492| x = 421250 Y = 2950250
Nsthod of Dritlwng. Rig
Orilling Dates 26 01.90 - 29.01.90
Total Oepth 44 20
Comments * M P 0 43 m
Screen Pasition: 11.9 - 18 m
Screen Type Slottled.
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vall Noe UN 4 Location: KARJANHA

Elevation. 100.75) x a 417625 Y = 2969375
Nethoa of Drilling: Rig

Drilling Dates 16.01 90 - 18.01 90

Total Depth 29 50
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Elevation. 90.434| x = 417500 2964250
Methoa of Drilling. Ri1g
Dritling Dates 08.01.90 - 12 .01.90
Total Oepth 22 70
Comnents - M P 0 45 m
Screen Position: B.9 -
Screen Type' Slotted.
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vell N0 UN O Location: B»\NblPUR

Elevation® 105 OB} x = 417500 v = 2974125
Methoo of Orilling: R Q

Or11ling Cates - 03 01 80 - D07 01 90

Tctal Depin : g 50
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well No. UN 7 Location: AMAHI

Elevation. 12600? x = 449125 Y « 2958200

Nethod of Drilling: Manual
0rilling Dates 03.07.89 - 04.07.89
Total Depth 39 60

Cosments : M.P° 0.BS m
Screen Position: 33.1 - 38.3 m.
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Uate: 12.07 .89

sw: 1.5 m. (pD.g. 1]

vell No UN 8 Locatian: NAHARA
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vell o UN S Location KANCHHIBAZAR

Etevation: 129 664 x o 441624 1= 2958500

rethoa of Drilling Manual
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well N0 UN 10 Location MADAR
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Total Depth 34 BO
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well No UN 12 Location  SUNDARPUR(S)

Clevation, B84.005| x = 441125 Y a 2943626
Nethod of Drillang. Manual

ODr1)ling Dates 30 06.89 - 02.0/7.89

Total Deptn 39.60
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Scresn Position: 9.1 - 14.9 m,
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vel)l do. UN 13 Location: PADAUL

Elevation: 85 11 x = 446500 vy = 2941000
nethoa of Drilling: Manual
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vell o UN 14 Locatton: RAGHUNATHPUR
109 BOT1 x =« 443500 vy = 2952875
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vell o UN 15

Location: CHOHARWA
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vell No UN 16 Location: KABILASI

Elevation: 87.203| x = 433750 Yy = 2948750
Methad of Orilling: Manual
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%all Nvo UN 18 Location: HAKPARA
Elevation: BO 1B x = 425375 T =~ 2949375
Mathoo of Dritling: Manua)
Orilling Dates
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vall N UN 19 Location: BARCHHAWA
Clavation: 104 06| x = 427290 Y« 296087%

Hethoa of OriYling: Manual
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vell vo  UN 20 Location:  TILEBONA
Elevation: 99 263| x = 449125 2948625
Methoa of Drilling: Manual
| _Drylling Dates 0% 05 89 - 07.05 BS
Total Depth 36 60
Comaents . Screen Posi1tion. 9.4 - 14.9 m.
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well No UN 21 Location: KASAHA

Elevation. 140 Cagpnox. HIOGO00 Y = 2962000
Nethed of Or1iling: Rig

Drilling Dates 09.02 .90 - 11.02.90

Total Depth 43 00

Comments © M P 0.5 m
Screen Posi1tion: 25 .6 - 33.2 m
Screen lype Slotted
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wvell No STW 22 Location' SUNDARPUR(N)

Crevalion: 93 787 x = 441500 Yy = 2949000

Methoo of Drilling Manual

Driiling Dates - 18 04 90 - 20 04 90

Total Depin 37 50

Commants - M. P 0 25 n
Screen Position. 8.3 - 14.4 m
Screen lype Slotted
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vell Mo STw 23 Locatyvon LAXMIPUR

Elevation 9] 704 x = 426150 Y = 2954750
Rethoa of Orvlling: Manual
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vell o STVW 24 Location: RAMPUR

Elevation 105 65? x = 441400

2953500

Melhoa of Dritling Manual

Drilling Dalen

18 4 90 - 20 4.90

Total Depth 35 00

Consenta * HN.P 0.29 n
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Appendix B. contd...

vell No. STW Location. CHOHARWA

tlevation 140 x » 432875 vy o 2944125
Nelhod of Drilling. Rig

Or1iling Dates - 1986

Total Oepln - 18 30

Comments MP 0.57m
Screen Position B B - 14.9m
Screen Type Slotted
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Vel Na  DTW 1/R2| Location: BHULKIA

Elwvation: 108 x = 419250 Y« 2972750
Methou of Drilling: Rig

Oriliing Dates OCT 79 - APR. 80

Tatal Depth : 43 60

Comments * Screen Position: 84.0 - 95 4 m
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Kansakar, S.G.W.R. of the Terai, Siraha Dist., Népa[

53
APPENDIX D :
Mont
hlg Water Level Measurement Data in
N 8TWs in 8iraha District
’_1 i e Name X
.| villag Y Elev. | M.P.| Year Water Level Measurements in meters (BGL)
No MSL (m)
(m) # JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1| MITHILESHWOR 4253752964125 | 110.80| 0.53| 1990 2.46 1.88 1.12 0.66 0.18 0.71 1.24 1.73
1991 | 1.93 2.13 2.18 2.23 2.54 2.54 1.62 0.71 0.56 0.61 1.07 1.27
1990 0.51 0.46 0.76 1.02 1.60
2| BASBITTA 421250|2950250 | 76" | 0.43| 1991 | 1.85 2.13 2.23 2.25 2.90 2.46 1.92 0.91 0.56 0.81 1.17 1.37
1990 4.16 3.66 2.82 2.19 2.13 2.26 2.44 3.28
3| KARJANHA 4176252969375 [100.75 | 0.35| 1991 | 3.48 3.66 3.71 3.83 4.09 3.86 3.04 2.44 2.18 2.49 2.49 3.10
4| BHEDIYA 4175002964250 90.43] 0.45]| 1990 1.57 1.07 1.14 1.27 0.96
1991 | 3.35 3.53 4.01 4.17 3.91 2.79 2.23 1.63 1.40 1.17 1.32 1.63
S| BANDIPUR 417500(2974125 | 105.08| 0.71| 1990 5.54 3.56 2.84 2.01 1.83 1.93 3.48
1991 | 3.66 3.81 4.27 4.52 4.62 4.80 4.59 2.11 1.88 2.46 2.44 2.62
1990 5.59 6.2 5.56 5.49 0.04 3.48 3.45 5.26
6] AMAHI 44912512958250 | 126.01} 0.85| 1991 | 5.51 5.79 5.51 6.27 6.50 6.53 6.35 5.31 5.21 5.44 5.39 5.49
7! NAHARA 4471252943375 89.75| 0.30] 1990 3.20 2.26 2.29 1.42 0.41 0.33 0.61 0.76 1.55
1991 | 1.78 1.98 2.08 2.15 2.36 1.68 1.03 0.30 0.20 0.46 0.86 1.07
8| KANCHHIBAZAR |441625|2958500 | 129.67| 0.42| 1990 1.40 0.91 0.3 0.18 0.10 0.56 0.66 1.04
(Dhangadhi) 1991 1.92 1.37 1.63 1.78 1.68 1.22 0.71 0.18 0.08 0.41 0.71 0.89
9| MADAR 4182502945250 70.17{ 0.15[ 1990 1.6 2.29 2.13 1.98 0.25 2.87 0.3 0.41 1.6
1991 1.98 2.08 213.2.1742.44 2.62 2.1311.29.0.41 0.51 0.74 0.96
10| BARHARI 436250(2958250 97.82| 0.15]| 1990 2.18 2.31 1.88 1.77 0.71 0.71 0.86 0.91 1.78
1991 1.96 2.13 2.21 2.24 2.39 2.54 1.92 1.27 1.07 1.12 1.27 1.40
11| SUNDARPUR(S) |441125|2943625 84.01| 0.42| 1990 5.36 5.44 5.41 4.95 3.53 3.53 4.52 4.67 5.64
1991 | 6.33 6.10 6.20 6.29 6.81 5.94 5.00 4.37 4.06 4.11 4.34 4.57
12| PADAUL 446500]2941000 85.11| 0.45| 1990 1.96 2.08 2.06 1.75 0.51 0.43 0.40 0.61 1.19
1991 | 1.52 1.83 1.90 2.13 2.39 2.29 1.57 0.71 0.40 0.48 0.86 0.96
X & Y = Landsat Coordinates, m = meter, # = elev. from topomap BGL = Below ground level




54

NEP/86/025, Report “0-18 19
‘ S0

App-

D...cont.

Monthly Wate

UN S8TWs in

r Level Measurement Data in

giraha District

s.| village Name | X Y Elev. | M.P.| Year Water Level Measurements in meteps (BGL)”1‘;
) m) ! A
[No ?;; ( JAN FEB MAR APR MAY JUN JUL AUG SEP ocp Nov' 21
Mcﬁ
1990 4.62 4.22 6.05 5.53 3,73 3.43 i
13| RAGHUNATHPUR |449500|2952875 | 109.51( 0.45| 1991 | 2.64 3.07 3.81 4.04 4.19 £.37 4.39 2.11 1.98 w2l
87.20 1990 2.§——_—'f"‘f5%f?%
e actya) 433732949750 1991 | 1.42 1.52 1.63 1.78 2.08 2.44 1.47 0.66 0.30 b2 ]
4750[ 2966750 | 112.19 1990 122 e
15] RAHNAGAR hat 1991 | 3.63 3.78 3.81 S
RA 4253752049375 | 80.12| 0.15] 1990 1,65 1.75 1.75 1.22 0.51 0.61 BTZZ"T“““‘ﬁi
il R 1991 | 1.98 2.08 2.36 2.41 2.62 3.05 1.70 0.74 0.56 0.71 2,32}'§; 1
Rl
17| TILEBONA 4491252948625 | 99.76 1990 2.79 2.92 2.95 2.45 0.25 0.18 0.56 0.71 1.
: 1991 | 1.91 2.26 2.79 2.91 3.05 3.10 1.92 0.96 0.74 0.711.3; ?2?
18| KASAHA 4360002962000 | 140% | 0.50| 1990 4.67 .90 4.09 3.45 2.79 1.83 2.06 4.1
: 1091 | 4.88 5.33 4.42 4.47 4.70 5.36 5.28 4.37 4.22 4.09 4.39 3.6 |
19| SUNDARPUR(N) |441500/2949000 | 93.80 | 0.25| 1990 1.22 0.61 0.53 0.18 0.76 0.86 1.4
1991 | 1.63 1.83 1.88 1.95 2.23 0.91 0.38 0.25 0.30 0.71 1.2
20| LAXNIPUR 426150(2954750 | 91.70{ 0.20{ 1990 2.49 1.42 0.61 0.18 0.13 0.30 0.43 1,19}
1991 | 0.48 1.52 1.57 1.63 1.70 1.70 0.73 0:13 0.08 0.23 0.66 0.%
21| RAMPUR 441400]2953500 | 105.66| 0.25| 1990 1.52 0.96 0.41 0.30 0.89 1.47 1.
1991 | 1.91 2.18 2.23 2.35 2.49 g
22| *LAHAN 449500 | 2952880 1990 0.45 152}
1991 | 1.75 1.85 2.18 2.27 2.16 2.64 2.05 0.07 0.30 0.30 1.22 1.2
= Private STN, X & Y = Landsat Coordinates, m = meter, # = elev. from topomap BGL = Below grbundi
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in 8iraha District

Water Level Measurements in meters (BGL)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

3.63 3.78 3.81

Year
1989
1990
1991
1991

M.P.
(m)

Elev.
MSL
(m)

Y

Monthly Water Level Measurement Data in

Private STWs and Dug Wells

42506229666580

4205002944130
293950(2957630
416525]2965380
4191132968100

ansakar S.6.W.R. of the Terai, Siraha Dist., Nepal

D...cont:
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. D...cont. :
i Level Measurement Data in

ter 0 ° ] [] y
Monthly Wa pug Wells in Siraha District

private 8TWs and

X X Y Elev|Year Wwater Level Measurements in meters (BGL)
S e MSL Y JUN JuL
No m JAN FEB  MAR APR  MA AUG
7.11 7.41 7.85 8.46 10.98 11.13 7,11 5.
1333 316: 7.27 7.98 8.89 11.38 11.23 11.33 10.01 9.5 6‘2;6 &
37| +CHANDRALALPUR | 431012 { 2965320 1901 | 7,65 8.18 1097 11.9 12.23 10.72 8.58 7.42 7.19 730 332 745
805 ¢
23 1.75 3.81 1.73 2.1 1.67 1.22 1.02 1.03 1, ,
38| *DHANGADHI 4380872961140 }323 ?.gg 1.75 1.79 1.52 1.78 1.63 1.52 1.07 0.81 3,8’;}-33 1.5
1991 | 1.63 1.88 1.93 2.00 2.08 1.75 0.91 0.61 0.53 079 159 ;:;
27 15
1989 | 3.55 4.09 5.03 4.95 5.26 3.66 4.04 I
2.17 3.35 3.56 3.76 3.86 3.66 2.13 1.67 1.73 1.5 18
SR ABAIFUR i it }gg? 3.18 3.35 3.48 3.48 3.86 4.06 3.27 1.96 1.32 1.47 I:Z& f'g‘a
/ #
) A" \
/ 19897 658& 2.41 2.08 2.08 2.29 2.09 1.98 1.27 0.68 .59 0.
AT[2IMATOLT™ 1446227 2957595 1990 | 1.57 1.95 2.05 1.88 1.96 1.65 0.91 0.48 0.43 0.61 gy e
1991 | 2.16 2.46 2.59 2.77 2.92 2.84 2.43 1.52 0.10 1.22 1.7 {g
TS
2947470 1989 3.23 4.06 4.33 4.76 3.96 4.04 2.31 1.1 1.21 1
“1)|TPORTAYA . 1990 | 2.87 2.97 3.10 3.20 3.28 3.56 3.20 1.32 1.22 1.2 {3 53,3‘
1991 | 2.74 3.05 2.18 2.64 3.51 3.66 2.79 1.78 1.45 1.52 1ig3 7y
1989 | 2.56 2.92 2.84 3.28 3.54 3.02 -3.22 1.40 0.91 0.50 1 30
42|*BHAGWANPUR  |448227|2941650 1990 | 2.56 2.64 2.84 3.10 3.28 3.05 2.44 1.27 1.17 1.58
1991 | 2.57 2.79 2.90 3.05 3.40 2.74 3.09 1.52 1.32 1.47
43 |+SIMALTOKI 4420252964050 1989 |12.04 13.92 15.01 16.16 16.97 17.88 17.40 16.97 14.38 9.75
1990 [11.97 12.96 14.15 15.24 16.56 17.30 16.89 15.70 15.70 10.36
1991 |11.84 12.91 13.36 14.91 15.27 11.89 11.30 10.39 10.42 12.32 :
1989 | 4.21 5.05 4.62 5.54 5.90 5.81 5.264 5.11 3.20 2.28 2.9 34
44|+GOBINDAPUR (4516452958990 1990 | 3.66 4.12  4.57 15.24 14.86 14.25 14.28 11.58 11.71 1.5
1991 |12.04 12.83 12.80 14.88 15.42 16.16 15.37 12.01 11.74 11.36 1.97. .4
1989 | 1.98 2.67 3.15 2.37 2.76 2.49 2.10 1.57 0.60 0.91 1.16 17
1990 | 2,08 2.23 2.49 2.54 -
45 |*SIRAHA 4203792947970 1991 4
1989 | 1.92 2.01 2.74 3.00 3.36 2.01 1.89 1.02 0.30 0.91 1.211.
46|*BELHA 4208862953920 1990 | 1.63 1.91 2.13 2.23 ; o
1991
* = Private STW, + = Dug Well, X & Y = Landsat Coordinates, m = meter # = elev. from tt:»poﬁtx
BGL = Below ground level, agl = Above Ground Level ! e :
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Kansakar, 5.G.W.R. of the Terai, Siraha Dist., Nepal

SELECTED HYDROGRAPHS
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