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ABSTRACT

2 Chitwan District, lying in the Central Development Region, has a total surface area of about 2218
km®. The average annual precipitation in the period between 1990 and 1992 is about 1700 millimeters of which
more than 85X is received during the monsoon. The population in Chitwan, according to the 1981 census, was
259,571, out of which almost 90% live in rural setting. Agriculture is the dominant economic activity in
the district. Approximately 37.29% of the farm land is irrigated for a single crop and only about 30.33%
1s irrigated year round. The present investigation has indicated that the aquifer in Chitwan has the
potential to provide water to irrigate a substantial proportion of the remaining 69.67% of un-irrigated or
single crop irrigated land.

The aquifer is comprised of an indeterminate number of interconnected lenses of sand, gravel ard
boulders intercalated with some silts and clays which comprise a very large ground water reservoir. Six
pumping tests were conducted and transmissivities were determined to range from a low of 767 to as high as
6423 m“/day. Yields of existing wells range from 5 to 22 liters per second (l/s). The yield potential map
indicates ‘that the central part of the area has the highest value.

Fluctuations observed in the water level change are relatively small and are due to seasonal
variation and are not due to pumping stress on the aquifer.

Recharge in the Chitwan District aquifer is principally from local precipitation. Estimstes of
potential recharge vary from 142 MCM to 421.6 MCM per year. This compares favorably with the estimated
ground water outflow to Narayani River of 30.4 MCM per year and a hypothetical pumnpage of 29.3 MCH per year
calculated from 251 wells punping 15 l/s for six hours each day.

1. INTRODUCTION

1.1 Purpose and Scope

The United Nations Department of Technical Co-operaticn 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". This report on Chitwan
District is one of a series of reports from the project. 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 Chitwan District and 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- GrOt'Jnd
water data has been collected, placed in an information gystem and %s 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

Chitwan District lies in the Central Development Region of Nepal. It
lies between the LANDSAT IMAGERY (NRSC, 1987) co-ordinates: ¥ = 195000 -
280000 and Y = 3030000 - 3085000. Nawal Parasi District borders on the west
along the Narayani River and Makawanpur District on the east. It has India
to its south and the Tanahun, Gorkha and Dhading Districts to the north.
Bharatpur is the administrative headquarter of this district, and is served
by the national East-West Highway and the Mugling-Narayanghat Highway. The
total area of Chitwan District ig about 2218 km (Statistical P?CkEt
Book,Nepal (SPBN),1990). The Chitwan Dun valley is shown in the inset in figure
1 and is the part discussed in this report.

1.3 Previous Investigations

. Chitwan 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 month of January 1991 and for
the most part was completed in July 1991. The work consisted of drilling
wells, making water level measurements, lithologic determinations and aguifer
tests. Altitude survey of land surfaces at wells were carried out in 1991
(DEVTEC Nepal,1991).

Water level monitoring in Chitwan District was initiated in November’
1988 with an ambitious monitoring network that included 58 dug wells, but for
various reasons, regular monthly water level measurements in only 12 of those
wells are continued. It is only since August 1990 that a regular water level
measurement data from a monitoring network consisting of the Project drilled
wells became available.

The current project had drilled 17 .STW wells that averaged 10.2"'m in
depth for a total of 173.4 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 16 of the® new wells
and only 1 well was drilled with a rotary rig. Drill cuttings were collected
and examined. Lithologic logs and other information were collected on 17
project drilled Shallow Tube Wells (STW), and one shallow and one dee
tubewell drilled by a private company for the Coca Cola Company. p

hquifer or pumping tests were conducted on 6 of the project wells and
two observation wells. However, these tests were marginally performed ’

1.5 Well Tdentification system

viells in this report are identified in several ways: 1) tp
numbered sequentially and given a location name; 2) each has a comput €y are
name or number which includes the letters CH for Chitwan Distriél er file
sequence number; 3) additional identification (1D) is provided b and the
secondary number to differentiate wells drilled for this project YUanotheJ
cequential number) from private wells drilled by HNippon KOi-(Nl%;q and
sequential number); 4) X and Y coordinates have been digitizeq and
1:500,000 LANDSAT imagery map of Nepal and are another 1ID. -

<

from the
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‘1.6 Topography and Drainage

Physiographically, the Chitwan District lies in the Dun Valley of Nepal
within Siwalik Hills Province in the north and the south. Altitudes in
Chitwan District range from more than 1876 meters in the north to about 170
meters in the middle to 880 meters at the border with India.

The Narayani river is the biggest river in the district, which forms the
western border with Nawal Parasi District. Rapti River is the second major
river flowing westward in the middle of the Chitwan District. Several other
streams, such as Anjana, Betari, Khairang, Kairar, Lothar etc. are the other
streams in the district. All of these streams flow from north to the gouth,
whereas Jarnaili, Bhowarsut and Harda are the northerly flowing streams
joining the westerly flowing Rapti River.

1.7 Climate

The climate of Chitwan District is subtropical with a mean monthly
temperature of 15.4° C in January and 30%.C in June. Table 1 lists average
annual maximum and minimum temperatures at Bhairahawa, (Rupandehi District),
the nearest meteorological station to Chitwan District. -

Table 1. Average maximum and minimum monthly temperatures at Bhairahawa.

January February March April May June
max. min. max. min. max. min. max. min. max. min. max. min.
27.2 3.5 30.8 3.5 40.2 8.8 43.0 12.2 42.5 17.4 42.2 18.1

July August September October November December
max. min. max. min. max. min. max. min. max. min. max. min.
39.1 22.6 37.3 19.0 37.0 20.6 35.8 15.4 32.0 9.5 29.1 6.4

High® humidity is prevalent except in winter and becomes oppressive in
summer. The climatic characteristics of Chitwan District, as in other parts
of Terai is that about 85% of the total annual rainfall is delivered by
monsoon in four months from June to September. Monthly precipitation is shown
in Figure 2. The mean annual rainfall during the three years from 1990 to
1992 recorded at Rampur, Chitwan is 1700 mm.
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Figure 2. Bar Chart of Monthly Rainfall recorded at Rampur, 1990-1992

1.8 Population . *
re about 259,571 people in Chitwan District in 1981 giving a‘

n density of about 117 persons per km? (SPBN,1990) . Table

ly 10.6% of the population i
rban setting in 1981.

There we

1ists the figures
Chitwan District were l1iving in an u
n Chitwan district and in Bharatpur in 1981.

Table 2. pPopulation i

’ Total Population Population
Male Female ‘!

Chitwan 259,571 133,349 126,222

Bharatpur : 27,602 14,407 281, 195 =
Source: Statistical Pocket Book, Hepal, 1990. < =
1.9 Agriculture !

grown in chitwan District are padd mai .

'potatt?, tobacco, sugarcane, Puf’sles ’;Zn%, mille

listed in Table 4 (Agricultural Statistics o?tgepa
e

The principal crops
wheat, barley, oilseeds,
statistics for crops are
(RSN),1990).

-
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Table 3. Principle crops harvested in 1988;1989 in Chitwaﬁ district.’

Crop Area (Ha) Yield (kg/Ha) Production
(Metric Tons)

Paddy 27,830 2,700 75,140

Maize 22,400 1,794 40,190

Millet 810 1,099 890

Wheat 8,070 1600 12,910

Barley 550 873 480

Oilseed 20,010 540 10,810

Potato 750 11,587 8,690

Sugarcane 20 _géipoo 500

Table 10 indicates only 30.33% of potential irrigation land in Chitwan
is irrigated the year around, leaving 69.67% or about 16,163 hectares that
could be irrigated the whole year. The food requirements of the expanding
population of Nepal will require more and more year round irrigation in the
Terai and therefore in Chitwan.

Table 4. Status of irrigated land in Chitwan District (1988/89)

Total area Year round Monsoon Total .| Total Unirrigated
irrigated irrigated irrigated irrigable area
area .| area area area
12,726 |l 15,648 28,374 41,963 16,163

100% .| 30.33% 37.29% 67.62% 100% 69.67%
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the preparation of this report.

D



e

ot el s P aA A oy P BN s RS ber et

A BNEY S

; . " NEP/86/025, Report Ne.

29, 1993

2. GEOLOGY, LITHOLOGY AND WATER’SUPPLY

Sediments comprising the Dun Valleys in the Himalaya are thick ClaSt;E
deposits of Pleistocene and Quaternary age and are accumulating to the prese c
day. The most permeable portions of the Dun valley sediments are the'COar?
fractions. Thus sand, gravel and larger fractions will be called aquifer in
the succeeding discussion.

2.1 Lithological Cross sections:

i _The well locations and traces of lithological cross sections for Chitwan
sttr}ct are presented in Figure 3. The individual cross sections produced
by using GWS are shown in Figure 4 to 9 and are followed by descriptions. The

vertical axis of the individual cross sections represents elevation above mean
sea level in meters.

[
£
CHITWAN DISTRICT
~
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e
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Figure 3. Locaticn of wells and traces of Cross Section lines. S
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No attempt has been made to

C . ' 8 -
. connect permeable layers in the cros
sections. .

2ctlc This is a "risky" undertaking in Quaternary deposits near the
. Siwaliks and across the Terai Plain which is cross-cut by many present rivers
and buried channels of rivers of the past. The lithology of the sediments
changes rapidly over very small distances. Six cross sections are presented
to understand and gain an appreciation for the rapid changes within the

subiurface of the Terai area. The descriptions of the cross gections are as
follows. :

Lithological cross-section I - I' cuts the uppermost part of the distrJ:-Ct
along West-East direction (Figure 4). The elevation of land surface varies
from about 175 to 204 m. This section consists of three UN wells. They are,
UNO7, UNO8, UNO9. The wells in the section contain a considerable thickness
of gravel and boulder. This section shows coarse grain size.

Lithological cross-section II - II' cuts the middle part of project area of
the district along West-East direction (Figure 5). The elevation of land
surface varies from about 150 to 220 m. This section consists of nine UN
wells. They are, UNO2, UNO3, UNO4, UNO6, UN1O, UN11l, UN13, UN15 and UN16.

Aquifer in the wells lying in this section contains mainly gravel and boulder.
This section shows coarse grain size. ]

Lithological cross section III - III' cuts the lower part of project area of
the District which lies just North from the Rapti River along West—-East
direction (Figure 6). The elevation of jand surface varies from about 145 to
230 m. It contains five UN wells. They are, UNO1, UNOS, UN12, UN14, and
UN17. This section shows gravel and boulder in western part (UNO1l and UNOS5)

and in the Eastern part the coarse sand layers are overlying on gravel and
boulder layers (UN12, UN14 and UN17).

Lithological cross section IV - IV' cuts the easternmost part of the project
area along Northwest-Southeast direction (Figure 7).  The land surface varies
in elevation from about 200 to 230 m. It contains two UN wells. They are,

UN10, and UN17. This section shows comparatively fine grained aquifer (sand)
concentrated near the Rapti River.

Lithological cross section V - V' cuts the almost middle part of the project
area along Northwest-Southeast direction (Figure 8). The elevation of land
surface varies from about 175 to 200.m. It contains five UN wells. They are,
UN 07, UN10, UN11, UN13 and UN1l4. 1In this section also the comparatively fine
grained aquifer (sand) is concentrated near the Rapti River (UN1l4) and the
remaining wells show gravel. and boulder aquifer. B

Lithological cross section VI = VI' cuts the Western part of the project area
along Northwest—Southeast“direction (Figure 9). The land surface varies in

elevation from about 165 to 180 m. It contains two UN wells. .They are, UN
03, and UNOS. This section also shows the aquifer containing gravel and
boulder. > -

From the descriptions of the 1lithological cross sections, one car
conclude that the aquifer in Chitwan pun valley is composed of mainly grave)
and boulder except in the southeastern part of the project area which it
composed of sand, close to Rapti River. Lithologic logs of individual well;
from the district are presented in Appendix B. i
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2.2 Dun Valley Deposits
2.2.1 Lithology, Distribution, and Thickness

Everywhere in the Dun Valleys of the Himalaya, a thick sequence of
clastic sediments, the Bhabar Zone deposits, have been and are being
deposited. These sediments are at the surface except for the outcrop area of
the Siwalik sediments. This is a major recharge source to the ground water
reservoir in Chitwan valley.

The Dun valley sediments are comprised of rock material eroding from the
Siwalik Hills to the north and the south. Sediment particles range in size
from clay to boulders and the proportions vary widely.

2.2.2 Water Supply

There were 224 STW drilled by ADBN reported in Chitwan (GDC, inception
report, March 1993). In addition, there are a large number of dug wells.
some of these wells provide water for drinking or domestic purposes and
others, STW in particular, provide irrigation water. Reported yields of STW
drilled under this project range from 5 l1/8 to more than 22 1/s..

2.3 Drilling:

Lithological logs and other information were collected on 18 drilled
wells. One DTW was drilled by Nisaku Japan in Bharatpur for Bottlers Nepal
Pvt.Ltd. (private use). This project drilled 17 investigation wells using
mannual (Thokuwa) methods for 16 STWs and rig for one STW (UNO8). The maximum
and minimum .drilled depths of the project wells. are 22.00 m and 5.25 m
respectively and the average drilling depth is 10.2 m. The number of project
wells and drilling meterage in Chitwan are shown on Figures 10 and 11
respectively. The most pertinent data on the project wells and other selected
wells are presented in Table 3, including the water levels of pump tested
wells. N &

NUMBER

20

-

S
5 -
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Figure 10: Bar chart of number of wells

and pump tests in Chitwan
District
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TABLE 5. List of Tube Wells with Basic Data
?:'," '
File Name Well Location Elev. | Depth Screen Screen Type|Permeable|Permeable | Drilling Date Well |Water
in Number from of Position Thickness| Percent Diameter Le'/|el
Computer Village Name Landsat MSL Well (m) (m) of (inch) | BGL )
Co-ordinates (2) [ (m) (m) depth (m
m (m)
X Y 3

1 | CHSO1.LTH UN 01 MEGHAULI 227250.[3054000.| 150.66( 5.25 | 2.7 2.50- 5.25| Perforated 3.0 57.1 10.07.91 4
2 | CHSO2.LTH UN 02* | DIBYA NAGAR . 229500..{3058250.-| 159.95 7.75.| 2.7 5.50- 7.75 ' 4.1 52.9. . 08.07.91 4 2.80
3 | CHSO3.LTH UN 03* | BHIMNAGAR 234250. (3059500.| 175.00( 10.50 | 2.7 7.75-10.50 A 8.2 78.6 05.07.91 4 0.56
4 | CHSO4.LTH UN 04 SHIVANAGAR 240500. [3058250.| 188.20| 7.85 | 2.7 5.10- 7.85 V5 5.4 69.0 17.01.91 4 2.80
S | CHSOS.LTH UN 05 PATHIHANI 239250. {3053000.| 178.39( 7.85 | 2.7 5.10- 7.85 i 5.4 69.0 21.01.91 4 2.62
6 | CHSO6.LTH UN 06 GEETANAGAR 243750. 3057750, [ 187.93| 7.85 | 2.7 5.10- 5.85 5 5.4 69.0 19.01.91 4 2.79
7 | CHSO7.LTH UN 07 NARAYANPUR 245250, [3062250. | 188.00| 13.25 | 2.7 [10.50-13.25 - 10.0 75.5 12.01.91 4 a
8 | CHSO8.LTH UN 08 PREMBASTI 241500.|3061000. | 184.00| 22.00 | 5.5 . [16.10-24.60| Slotted 18.7 85.2 09.03.91 [ 9.75
9 | CHSO9.LTH UN 09 GODRANG — 250000. {3063000.| 193.00| 12.42 | 2.7 9.67-12.42| Perforated 8.8 70.6 05.01.91 4 2.65

CHS10.LTH UN 10* | TIKAULI . 253500. |3058000.| 185.00| 10.50 | 2.7 7.75-10.50 ' 7.5 71.0 02.01.91 4 2.60

CHS11.LTH UN 11 RATAN NAGAR 256000. |3056500. | 187.00| 7.75 | 2.7 5.00- 7.50 e 0.0 0.0 02.07.91 4 0.92

CHS12.LTH UN 12* | BARCHAULI 254500.|3053250.| 188.00| 10.60 | 2.7 7.85-10.56 . 8.2 7.1 23.01.91 4 2.72

CHS13.LTH UN 13 KHAIRAHANI 259500. [3055750.| 195.33| 7.75 | 2.5 5.0 - 7.50 A 4.7 61.3 29.07.91 4 2.17

CHS14.LTH UN 14* | KAPIYA 261000. |3052500.  197.83| 13.35 | 2.7 [10.60-13.35 iy 10.9 81.8 25.01.91 4 2.79

CHS15.LTH UN 15 BIRENDRANAGAR 263000. |3056000. | 205.41 7.75 | 2.7 5.0 - 7.75 e 4.4 56.8 26.07.91 4 1.34

CHS16.LTH UN 16 BHANDARA 268000. [3056000.| 216.80| 8.00 |.2.7 5.25- 8.00 Ve 6.5 81.2 26.01.91 4 3.60

CHS17.LTH UN 17* | PIPLE 271000. |3053500. | 229.00| 13.40 | 2.7 |10.65-13.40 iy 11.0 81.9 02.02.91 4 411

CHDO1.LTH NCDO1 BHARATPUR 247200. [3065500.| 200.00{100.00 |42.0 |34-40,46-64 Slotted 86.0 86.0 28.11.86 10/6" -

70-82,91-97

(m) Meter

(¢)) Well with pumping tests have an *

2) X and Y coordinates are taken from the 1:500,000 map of Népal, a composite of "LANDSAT imagery [National Remote Sensing Center (NRSC, 1984)].

(3) The absolute elevation of the well above is in terms of the mean sea level.
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The 18 wells listed in Table 5 are further analyzed to Table 6. Ths

percentage of aquifer (permeable) material found in each well and for all
wells is listed ‘in Table 7. i ‘ ‘

TABLE 6. Analysis of Weli Data in Table:5.

Item For " For All together
; UN-STW DTW

Total no. of wells 17 1 18
Total drilled depth ! 173.8 m 100.0 m 273.8 m
Average depth per well 10.2 m 100.0 m 15.2 m
Total screen used 49.2 m 42.0 m 91.2 m
Average screen used 2.9 m 42.0 m 5.1 m
No. of wells with screen 17 1 18

No. of wells Qi%hout screen : 0 o

TABLE 7. Analysis of Permeable Thickness from Table 5.

Item A8 B 11 5 . For ’ All

UN-STW | DTW together
Depth of calculation 40.0 m 40.0 m 40.0 m
Cumulative depth 173.8 m 40.0 m 213.8 m
Total permeable 122.3 m 26.0 m 148.3 m R
thickness :
Average percent of 70.4% 65.0% 69.4%
permeable thickness
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3. HYDROLOGIC PRQPERTIES OF WATER-BEARING MATERIALS

The quantity of water available from an aquifer depends on the ability
of the aguifer to store and to transmit water. The ability of an aquifer to
Store water is measured by its stoMwge coefficient (S) and the ability to
transmit water by its transmissivity (T).

3.1 Pumping Tests

Six pumping tests in the Project wells were nominally successful (Figure
10). The pumping tests are of marginal quality and the numeric results they
provide should be used with caution. The aquifer tests were analyzed by
pumping test programs developed by UN/DTCD to determine the storage
coefficient and the transmissivity of the Chitwan Dun valley aquifers, A
comparison "of the non-leaky theory of Theis and Jacob and the leaky-aquifer
theory of Hantush was made with GWS. The Theis interpretation gave the best
fit for all six UN wells. The results are listed in table 8 and the graphs
are shown with observed data points with a computer-fitted curve in Appendix
C.

Table 8. Hydrologic preperties of pump tested project wells.

Well Transmissivity | Saturated Hydraulic Aquifer Discharge Static Water
No. (m2/day) Aquifer Conductivity Lithology (l/s) Level
Thickness (m/day) BGL (m)
(m)
UN 2 1216 4 304 GB 6 -2.8
UN 3 1127 8.3 135.8 G8 18.3 -0.6
UN 10 4628 7.5 617.1 6B ). 5 -2.6
UN 12 2312 7.9 292.7- Go 22 -2.7
UN 14 767 10.7 71.7 GB 16 -2.8
UN 17 6423 9.3 690.6 GB 22 A

The T map, Figure 12, was prepared from the & pump test resulus. The
map shows four zones of T in the project area. The higliest T zone is round in
the Central and extream Eastern part of the project area and the highect T
value is in UN well 17 at Piple (6423 m2/day). The lowest T zone is found in
the Eastern part of the project area and the lowest 1 value in Ul well 14 ac

Kapiya (767 n@/day).

Although pumping tests were done only in six un wells, the discharge
values were recorded in 14 UN wells.. Thus, the yield potential map of the
project area for Chitwan District was prepared from the discharge values of
14 project wells (Figure 13). The map shows four ranges of potential yield
in the area including the location, dischargye and static water level in the
14 wells. Central part of the project area have more than 20 1/s discharge
and the largest potential yields. T values are highest in about the same
area.
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4. GROUND WATER

- ?he discussion on ground water will cover general ground water concepts
utilizing the data acquired and will be interpreted in this ground water

investigation in Chitwan District as well as in the larger context of project
NEP/86/025.

4.1 Source

The primary source of ground water in Chitwan District is local
precipitatign. For example, ground water in the Bhabar Zone of the Dun valley
deposits ig? derived from precipitation that falls on Chitwan and the
watersheds of the streams that traverse Chitwan, including the Siwalik areas
of those watersheds. Ground water consists of precipitation that percolates
through the materials on the earth's surface to the water table. Figure 14

illustrates the relationship between precipitation and water levels in
selected wells.

RAINFALL AT RAMPUR (mm)

DEPTH OF UNSTW WL(m)

600 0
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Figure 14: Relation between precipitation and depth to water table in
the three selected wells fron East Central and Western part
of the project area, Chitwan District 1990-1992.
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4.2 Water Level Monitoring Network

A water level monitoring network is a major tool in ground water
hydrology and regular measurement of water level in wells in a netwgrk are
required for quantitative recharge and discharge calculations. Locgtxons of
wells in the monitoring network for Chitwan District are shown in Figure 15.
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Figure 15. Location of UNSTW monitoring network in Cnitwan.

4.3 Occurrence and Movement

Water in uﬁconsolidated aquifers occurs in the interstices b
particles. The rate at which water will move through etween rock

. these aquif
on the hydraulic gradient and on the shape, size, and the intq €r's depends

- , | ) A erco A

the contained voids or interstices. The quantity of ground water atg?itlon of
wells depends on the areal extent and the saturated thickness of thel ab}e e
Interstices in sand and gravel are larger and better dquifer,

interstices in silt and clay. Thus, water will flo
gravel under a low hydraulic gradient, but will move
through clay even under a high hydraulic gradient.

Connecteq than
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The shape and slope of the water table in Septembex and- Decemberdl992
in Chitwan District are shown on Figure 16 and 17, and reflect post and pr?
monsoon respectively, by contours drawn through points of equal altitu etg
the water table. Ground water moves down gradient at righ' angles to e
contours.  The contours indicate that ground water was moving geneFally from
Northeast to Southwest flowing towards Narayani River. The spacing of tpe
contours indicates a hydraulic gradient of about 3.0 meters per kilometer in
the West to 2.0 meters per kilometer in the East.
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Figure 16, wWater Level Contour in September 1992,
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Figure 17. Water Level Contour in December 1992.

The quantity of water flowing through a given cross-sectj

an aquifer can be computed by the formula:

Q = pAv = KIA = TIL

where Q is the quantity of water,
P is the porosity of the aquifer material,
A is the cross-sectional area,
v is the average velocity of ground water,
K is the hydraulic conductivity, and
o~ I is the hydraulic gradient.
“) T is the transmissivity
L is the length

The approximate rate of movement of ground water through
obtained by transposition of the above formula to;

v = KI/p

L e

s

lonal area of

an aquifer is
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The major flowing trend of groundwater is toward Narayani River (Fig.
16). Therefore, an estimate of the quantity of water moving as subsurface
outflow to Narayani River is calculated using the following assumptions:

Average aquifer saturated thickness is the average ¥ of coarse grained
material in the STW, or 69.4% of 40 meters, i.e. 27.8 meters.

Assumed effective porosity for sand and gravel is 15%,

Aquifer width (distance along Narayani River) 36 km,

Hydraulic gradient is 0.002 (or 2.0 meter per kilometer),
Transmissivity near Narayani River is 1172 (Ave.) m“/day

Hydraulic conductivity near the river (T/Aqui.thickness) 133 m/day

The volume of water flowing to Narayani River
84,384 m3/day
30.4 MCM/year at a rate of 1.77 m/day.

\/2.4 Storage

The amount of recoverable water stored in an aquifer is a function of
the volume of the aquifer and its storage coefficient or specific yield (s).
An average  specific yield for sediments from a similar depositional
environment and similar lithologies, the High Plains aquifer of the United
States (Gutentag et.al., 1984), is 15. If conservative assumptions are used:

average aquifer thickness is 8.2 meters
storage coefficient or specific yield is 0.15
area of Dun Valley is 800 kmz, including Bhabar deposits

then volume of water én storage is: :
8.2 m * 0.15 * 800 km® = 984 million m> (MCM) v

This estimated volume of water in storage is not to be used as a figure
for exploitation but rather to give an appreciation of the very large amount
of water stored in the aquifers in the Chitwan District. Even if only 15% of
the storage volume were usable, about 147.6 MCM of ground water would be
available. - .

4.5 Changes in Storage .

-~

One method of assessing changes in the amount of grocund water in an
aquifer involves periodic water-level measurements, construction of water
level change maps from the measurements, and computation of the volume of
material and water involved in the change. Unless heavy pumping disturbs
natural conditions, the changes in storage in an aquifer reflect seasonal
changes in precipitation and evapo-transpiration. Water level change maps may
show, by minor fluctuations and trends, essentially static conditions in a
relatively undisturbed aquifer. .

The table of water levels in project STWs is presented in D-1 of
appendix D. The fluctuation of the water table in the project wells in 1992
is presented in D-2 of Appendix D.

The location map and hydrographs of 12 wells are presented in Appendix
E. The wells have a similar responses to the monsoon. Most of the monitored
wells showed the maximum depth to water table in the month of December. The
quick response of the water level to rainfall is logical and expected.

4.6 Discharge

Ground'water in the valley portion of the Chitwan District is discharged
from the aquifer by wells, evapo-transpiration, subsurface outflow (more or
less equivalent to inflow to Narayani River, in case of chitwan Dun Valley).

-y
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Measured data about these methods of ground water discharge are not plentiful
apd not of the best quality. Therefore, conservative estimates of well
discharge are made to provide considerable stress on the aquifer. The

. subsurface outflow from the district,was determined in the section 4.3

(occurrence and movement of ground water).

4.6.1 Pumping By Wells

. Pumpage records for irrigation wells are not available and there is no
project for acquisition of pumpage. However, an estimate of pumpage based on
number of irrigation wells, average discharge, and hours pumped is calculated.
The number of ADBN STW is 224 in 1991/1992 (GDC Inception Report, March 1993)
and an increased number is estimated at 250. 1In addition there is one DTW.
An -estimate of potential pumpage from 251 wells with an average estimated

yield of 15 1/s pumped for 2160 (6hrs/day) hours each year results in the
following:

251 wells * 2160 hrs * 60 * 60 * 15 1/s = 29.3 MCM per year.
1000

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. Also, during and
immediately after the monsoon period the water levels are at or near the
surface at many places in Chitwan, and the evaporation is considerable. The
potential for evaporation is again high during the rice growing season as the
paddies are really large bodies of surface water during that time. The average

annual pan evaporation in Chitwan is estimated at 1500 mm, which is quite
high. ’

Transpiration by plants from the saturated gzone is not confined to the
water courses where large vegetation may be found. Rather, transpiration is
occurring in the forests, and from growing crops as well. The former extended
forests of the Terai transpired large quantities of water (from a ground water
source during the dry season) to the atmosphere. Forested areas are being
converted to agricultural use but the volume of water transpired due to
differences in vegetation is probably not appreciably different.

An estimate of potential evapotranspiration .was made using the water
table fluctuation between pre- and post- monsoon periods over the district.
This assumes the principal cause of fluctuation to be loss of ground water due
to evapotranspiratjion. The average fluctuation over the district is estimated
at 2.5 m with 2.0 m of the fluctuation att{ibuted to evapotranspiration, the
specific yield of the saturated sgdiments is estimated at .15 and the area of
Chitwan Dun Valley is 800 km®. Thus, the ground water potentially
evapotranspired each year is:

2.0 m * .15 * 803///1000 * 1000 = 240 MCM .

Lowering the water table below the depth of most evapotranspirati
processes would effectively permit the 240 MCM of ground water p on
evapotranspired each year to become recharge. This additional re
be available to irrigate crops.

Potentially
charge would

4.7 Recharge

The aquifer in Chitwan is recharged by‘subsurface inflow from e
valleys entering the district, by pubsqrface inflow from the Siwalik Hilizm
py seepage losses from streams during high flow and perennial streams and by
precipitation percolating directly through the soil and rock materials op thY
surface to the water table. These four increments of recharge Rt e
local precipitation. | Bom
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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 Chitwan carry large amounts of surface water in,
across and out of the district. Seepage to the aquifer is substantial during
high flow. However, no quantitative determination of seepage into the aquifer

was attempted.

4.7.3 Percolation From Rainfall

Percolation of precipitated water into the aquifer is the primary
recharge mechanism in Chitwan District. The Bhabar Zone is particularly
receptive to direct percolation to the water table due to the large size of
the particles comprising the deposits. However, the main valley area is also
receptive to direct percolation to the aquifer. Finally,the Siwalik expcosures
may contribute additional recharge through percolation to the aquifer and
subsequent subsurface inflow to the valley aquifer.

Three estimates of recharge from precipitation are calculated.- The
first method utilizes data from Duba (1982); the second method assumes 10%
(conservatively) of rainfall becomes recharge; the third method assumes a
specific yield or effective porosity. Each method uses an area of 800 km? for

the Chitwan Dun Valley.

=
Method 1:
Duba (1982) estimated 31% of the rain that falls on the Bhabar and 18.8% that

falls on the Terai plain in the Nayani Zone would percolate to the aquifers

In Chitwan Dun Valley, there is no Terai Region and it is equivalent to Bhabar
Zone. However, the estimate of recharge was made by Duba considering the

estimated rainfall on Bhabar Zone.

= Annual precipitation in meters * area of recharge in Km

* % of rainfall to aquifer .
1.7 m * 800 * 1000 * 1000 (i.e. 800 Km?) * 31% .

Recharge in m3/year

L]

N

Method 2:
A more conservative estimate of recharge may be calculated by taking 10% of

the average annual precipitation and assuming it will recharge the ground
water reservoir. The calculation is ;

Recharge = 1.7 m * 800 km? * 10% = 136 MCM/year." -

e

Yethod 3:
Assume the storage coefficient or specific yield is 0.15 (i.e. assuming 15%

for the saturated thickness) in Chitwan and the monsoon water level
fluctuation is 2.5 m over an area of 800 sz. The calculation is:

Recharge = 0.15 * 2.5 m * 800 Km2 = 300 MCM/year
These estimates do not take into account rejected recharge due to soil

gaturation nor ?he_inc;ease of recharge possible if water levels were lowered
by pumpage for irrigation below the depth of most evapotranspiration losses.

4

421.6 MCM 7 -~
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through evapotranspiration (dominént component) , inflow to streams (minor
component) and also withdrawals from the aquifer py wells (minor component) .

4.8 SUMMARY OF GROUND WATER BYSTEM

The indeterminate number of interconnected aquifers in the Chitwan
Valley are subject to recharge (addition of water to the aquifers), storage
{retention of water in the aquifers), and discharge (diversion of water from
the aquifers). The relation is simple and direct. When recharge exceed
discharge, (during monsoon period) the quantity of water in storage increases
and the water table rises. Conversely, when discharge exceeds recharge,
(during dry period) the quantity of water stored decreases and the water table
declines. The monsoon raises the water table as the aquifer(s) are recharged
by percolation of rain, seepage from streams and by subsurface inflow from the
Siwaliks. The dry season lowers the water table as the water is pumped,
transpired, evaporated, and moves in the subsurface toward the west.

The water level change maps may reflect the recharge, change in storage€
and discharge taking place in the chitwan ground water system. The change maps
indicate the system is maintaining equilibrium as agricultural practices
replace the forests. Put another way, stress on the aquifer, for the short
period of record ow 'this project, shows no discernible effect on the water
level maps.

The storage estimate, recharge estimates, the pumpage estimate and
estimate of outflow to Narayani River seem reasonable. Table 9 brings these
figures together. The estimate of water in storage is a large number but only
part of that would provide water to wells. However, about 147.6 MCM of ground
water could be used if only 15% of the estimated storage is available.

TABLE 9. Storage, recharge and discharge estimates
of ground water in Chitwan.

Item Storage Recharge Discharge
v! per year per year

Volume of water 984 MCM

(Static reserve) . its 15%=147.6

Recharge by 3 methods:

1) Duba's estimate 422 MCM

2) Conservative estimate 136 MCM
(with 10% of rainfall)

3) calculation considering 300 MCM
effective porosity,
& fluctuation of W.T.

Pumpage 29.3 MCM
outflow to Narayani River 30.4 MCM
Evapotranspiration 240 MCM

Information about the recharge, storage and discharge i

water systen in ghitwan District is not complete. Several gf gﬁ; iti ground
necessary to ful.y describe the system have not been measured or Obgonents
However, estimates are made for some major components where data are lErvgd.
with the thought that the estimates may be refined as additiocnal q acking
collected in the future; and other components are not known and not e aga are
as their influence will become measurable as the ground water sSthatgd
developed. The status of data components required to describe theystgm is
ground water system are listed in Table 10. Chitwan
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i

TABLE 10. Status of components required to describe
Chitwan Ground Water System.

AVAILABLE M=measured RELIA- AREAL
COMPONENT E=estimated BILITY DISTRI-
BUTION
Siwalik information No
Bhabar Zone delineation No
Terai Plain delineation No
Detailed well inventory No
Lithology of wells Yes M Adequate Adequate
Aquifer tests i Yes M. Poor Poor
Storage coefficient Yes E
Transmissivity Yes M Poor Poor
Leakagr . No
Water lrevel measurements Yes M Adequate Adequate
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. SBHALLOW GROUND WATER AVAILABILITY

. Areal delineation of probable SIW is a major goal of the present
project. The criterion defining a SIW are listed below:

1.  a water level that does not exceed 7 meters in depth in the
dry 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.iﬂjigenous methods

The definition includes depth, diameter, energy source, types of pump
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 Chitwan 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
important hydrologic constraint in the above definition of the SIW. Wells in
the valley will almost always find water but the-wells may not yield water to
a centrifugal pump during the dry season if the depth to water exceeds 7
meters. Three meters of drawdown must be exceeded before a well would cease
to produce irrigation water in the designated areas.

Wells drilled to 40 meters should find about 28 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 eacg
and every well located within this area. )

Individual farms in Chitwan averaged about 1.7 hectares in
(SPBN 1990). A well that pumps 3 liters per second could cover
with about 5 centimeters of water in 48 hours. The average farp
irrigated with such a well. However, it is questionable if average size fa
in Chitwan are economic, even with the technology limited by thne definit'rms
The limiting factor, economically is the average size of a farm. ion.

darea in 1981
one hectare
could be-
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Figure 18. Shaded pattern area shows probable SIW area in Chitwan District.
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6. ASSESSMENT OF WATER QUALITY

Four water samples collected from the project lls were analyzed in

. . . ject we .

GWRDB laboratory in 1991. . During the analyssis, there was no instrument to
analyze Sodium and Potassium. So' it was not possible to prepare Wilcox

Diagram for Salinity hazard calculation. Summary of chemical analysis

of the water samples are presented in Table no. 11 below.

Table 11. Summary of Chemical Analysis of Project STW.

Sample Ca Mg Na HCO 50, cl pi | SAR | Hardness
Identification [ppm] (ppm) {ppm] (ppm% {ppm] (ppm)

UNO1 Meghauli [ 26 - 88 - 7 7.0 - 120
UNO2 Dibyanagar’ 8 6 - 64 - 17 6.5 - b4
UNO3 Bhimnagar 30 5 - 132 - 5 7.0 - 96
UNO8 Prembasti 64 7 - 224 - 15 7.0 - 190
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7. UTILIZATION OF GROUND WATER

Ground water in Chitwan District is utilized by families, villages,
towns and schools for drinking water; for watering animals; 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 of crops. According to
the statistics from Table 4, only 30.3% of the potential irrigation land in
Chitwan is irrigated the whole year, leaving 69.7% or about 29.237 hectares
that could be irrigated the whole year. The food requirements of the
expanding population of Nepal will require more and more year round irrigation
in the Terai and therefore in Chitwan.

|
_—

<
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8. SUMMARY AND RECOMMENDATIONS

8.1 Summary

The study of the shallow ground water resource of Chitwan DLstrLctogg
part of a study of ground water throughout the Terai. The project, NE?/BG/ _
is a cooperative effort by the United Nations Department of Technical Co
operation for Development and the Ground Water Resources Development Board,

.HMG, Nepal.

Field work for this report began in the January 1987 and for the m?st
part was completed in 1991. The work consisted .of drilling wells, making
water level measurements, lithologic determinations, altitude surveys of land
surface at wells, and aquifer tests.

Sixteen manually drilled wells and one well by rig were completed. The
average depth of the wells was about 10.2 meters. Slightly more than 70.4%

of the sediments encountered were sand, gravel and boulder and are considered
an aquifer.

Six pumping tests were completed and the range of transmissivities is
from 767 to 1216 mz/day.

The water level monitoring network progressed from dug wells in 1987 to
project STW in 1991. 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 East
to West towards the Narayan River with a gradient of about 3.0 meters per
kilometer in the East and about 2.0 meter per kilometer at the West.

The aquifer in Chitwan 1is 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 perceclation
to the water table because of the large size of the particles comprising the
deposits. However, the Chitwan Dun Valley is also receptive to direct
percolation of precipitation to the aquifer. As much as 421 MCM per year may
potentially be available for recharge although a more conservative estimate
of about 136 MCM is also calculated. Even the latter estimate compares
favorably with the 30.4 MCM of water flowing to Narayani River per year.

The water level change maps reflect the recharge, chan
discharge taking place in the Chitwan ground water system. The water level
change maps indicate that the system |is maintaining equilibrium as
agricultural practices replace the forests. Put another way, stress on the
aquifer, for the short period of record of this project, shows no discernible
effect on the water level maps. :

ge in storage and

8.2 Recommendations

Ground water in Chitwan district is utilized by families,
schools for drinking water, for watering animals,
industrial purposes, but the largest use and the use that Seems destinec

have a large increase in the future is for irrigation. Thig report neq to
valuable data for planning and continuing development of the grOufgovldes
resource but large scale gevelopment in a specific area should j water
additional investigative we:ls and properly designed and completed lnc}ude
tests to help maximize success. aquifer

villages, town
and
and for businesg and
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9. GLOBSARY OF TERMS

Aquifer: ‘R rock formation, bed, or zone that contains water that |is
available to wells. An aquifer is sometimes referred to as a
water-bearing rock, or water-bearing bed.

Evapotranspiration: The combined total water evaporated by lheat energy and
transpired by plants into the atmosphere.

Gaining stream: A stream or reach of a stream whose flow is being increased
by inflow of ground water. Replaces the term "effluent stream."”

Ground water: Water in the saturated 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 the nature 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
gradient. :

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

outflow: Movement of ground water from an area in response to a hydraulic
gradient.

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

Permeability: 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."”

-

Porosity: The porosity of a rock is its property of containing openings or
interstices. Quantitatively, the porosity of a rock is the ratio
(usually expressed as a percentage) of -the volume of openings in the
rock to the total volume of the rock.

Recharge: The process by which water is absorbed and added to the

saturated zone. Also used to designate the quantity of water added to
the ground-water reservoir.

Runoff: The discharge of water through surface streams. It includes both
surface-water runoff and ground-water runoff. Also used to designate
the quantity of water discharged as runoff.

saturated zone: The =zone. of porous rocks saturated with water. Ground
water is contained in this zone.

Specific yield: also called effective porosity (Johnson, 1967), is
defined as the ratio of (1) the volume of water that the
saturated sediment will yield by gravity drainage to (2) the
total volume of saturated rock. Specific yield is expressed as
a dimensionless fraction or percentage. Specific yield depends

on Particle size, shape, sorting, and cementation of the
aquifer material and drainage time.
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Specific retention: It .ig the difference between poiﬁzgtyéf
specific yield and is defined as the ratio of (1) therVO %) the

water retained in the rock after  gravity drainage *=© (

total volume of the saturated rock. :

i id to be in
Storage: Water stored in openings in the saturated zone€ JJL gaLrecharge is

storage. Discharge of water from an aquifer not replace Y

said to be from storage.

S : en into
Storage coefficient: The volume of water released from ?f ﬁ:kin
storage per urnit surface area of an .aquifer per unit chang

the component of head normal to that sur face.

Wil T : NP 11 i i i o
Transmissibility: The transmissibility of a rock or soil l% its C?Pa?tzz t"
transmit water under pressure. Replaced by the term transmissi Y-

Transmissivity: The rate at which water is transmitted through a'unit'WLdtQ
of an aquifer under a unit hydraulic gradient. Expressed Ln.upxts 9f
length squared per units of time. Replaces the term ncoefficient ©

transmissibility."” To convert a value for_ Foefficiept of
ﬁh:ransissibility to an equivalent value of transmissivity, multiply by
0.134.

Water table: The urper 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.

g
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~ TAPPENDIX A

NEP/86/025 PROJECT DOCUMENT DETAILS

The project NEP/86/025 - Shallow Ground Water Investigations in Fhe
Terai - is executed by the United Nations Department of Technical Co-operation
for Development. It is designed as a four year project primarily oriented to
collect field data to establish a ground water data base and to assess the
development potential of shallow aquifers all over the Terai. The government
counterpart agency is the Ground Water Resources Development Board (GWRDB)
under the Department of Irrigation (DOI), Ministry of Water Resources, HMG,
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 Tes :i.

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

(3) To enhance the technical capacity of GWRDB with regard to

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
i * in a minimum period of eleven months.

(d) Reports on mathematical modelling.

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

drilling in the Terai.
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D-1: Monthly Water Level Measurgmen? pata 1in
'Project 8TWs in Chitwan District

j ters (BGL)
Well Village Name X Y Elev. | M.P.| Year Water Level Measurements in me
No. MsL (m) : OCT MOV DEC
(m) & JAN FEB MAR APR MAY JUN JUL AUG SEP
1.7 1.4 1.6 1.3 - -
i L oas 8 uld not be opened --
UN 01| Meghauli 227250| 2999200/150.6 0.85| 1992 | 4.2 4.4 4.6 4.8 co
1993 | could not be opened-- )
1.2 1.0 1.1 1.0 3.6 4.3
! 192} 1.1 1.0 1.1 1.1 2.6 3.2 3.6
UN 02| Dibya Nagar  |229500| 2989800(159.9 | 0.62] 1992 | 4.5 4.8 5.0 5.1 5.7 1. . .
1993 | 4.1
1991 . 0.1 0.5 0.7 0.6 1.7f 2.0
UN 03| Bhimnagar 234250| 3000000|175.0 0.56| 1992 | 2.1 2.2 2.6 2.7 3.3 0.6 0.5 0.6 1.0 - used for -
1993 | - drinking water-
~ 1991 1.0 0.1 0.4 0.3 1.7 1.2
UN 04| Shivanagar 240500 2995000{188.2 | 0.50{ 1992 1.4 1.5 1.8 1.9 3.1 0.1 0.1 0.2 0.3 2.1 2.7 3.2
1993 | 3.9
1991 Y45 0.9 1.1 1.0 2.6 2.0
UN 05| Pathihani 239250| 2998000{178.3 | 0.64| 1992 | 2.2 2.6 2.7 2.8 2.6 1.0 1.0 1.1 1.2 1.9 2.9 3.0
1993 | 3.8
1991 = 1.5 1.0 1.3 1.1 2.6 2.3
UN 06| Geetanagar 243750| 2987200(187.9 | 0.58| 1992 | 2.4 2.5 2.9 3.1 3.3 1.0 1.0 1.4 2.0 1.9 3.6 3.6
: ' 1993 | 3.9
1991 3.8 8.5 4.8 4.0 3.3Fille
UN 07| Narayanpur 245250 3000500]188.0 0.80| 1992 4 Filled
1993 | ,,
‘ 1991 . 8.1 7.5 4.6 3.6 6.2 6.9
UN 08| Prembasti 241500| 2994700{184.0 | 0.40| 1992 | 7.7 7.8 8.0 9.6 2.8 8.1 8.1 8.1 8.2 7.3 8.1 8.6
1993 | 9.3 -
3 1991 : 1.1 0.6 0.6 0.2 1.0Fille
UN 09| Godrang 250000| 3063000{193.0 | 0.43]| 1992 | Filled 1
> 1993 Y, |
- 1991 1.0 0.6 0.7 0.6 2.2 2.3
UN 10| Tikauli 253500| 2992200(185.0 | 0.37| 1992 | 2.4 2.6 2.8 1.6 1.5 1.3 1.3 1.3 1.1 1.6 2.1 2.7
: ) 1993 | 3.0 ‘
, 1991 0.7 0.4 1.5 1.2 2.8 -
UN 11} Ratan Nagar, |256000| 2999900(187.0 [ 0.78) 1992 | 2.0 2.4 2.7 2.9 2.5 1.1 1.0 1.1 0.9 2.5 3.6 3.¢
E 1993 | 4.0 . . .
- 1791 1.2 0.4 1.4 11 2.6 -
UN 12| Barchauli 254500 3004600}188.0 0.76] 1992 | could not be opened B
. 1993 .
UN 13| Khairahani 259500| 2995400|195.3 | 0.55| 1992 | 2.8, 3.2 3.3 2.9 2.6 2.1 2.1 2'3 ?‘? ;'2 & A
1993 | 3.7 C e b2 3.0 3.2
1991 1.3 :
UN 14| Kapila 261000| 3004500{197.8 | 0.75| 1992 | 2.6 2.9 3.0 2,2 2.6 1.3 1.9 ?‘? 18 13 26 o
| 1993 | 4.4 ! . 0 2.3 4.1 4.7
1991 ke o TT———
UN 15| Birendranagar |263000| 3056000|205.0 | 0.58| 1992 | 4.4 4.6 4.7 4.5 4,1 2.4 2.4 3'2 g‘“ 2.4 - =
1993 | 5.5 _ S 2.3 3.0 4.4 4l
T e —
2 £90.8 0.7 1.7 0.2
UN 16| Bhandara 268000| 3056000(216.8 | 0.87| 1992 | 2.1 2.2 2.4 1.1 2.8 0.570.5 o's 0 € 2.9 3.
1993 | 3.6 . 5 1.9 3.0 3.
1991 2.9 2.7 a
. . 4.2 4.5 .
piple 271000| 3005800{229.0 | 0.35| 1992 | 4.6 4.8 4.9 2.9 2.6 2.7 3. . -
U 17} 08 1993 | 5.2 6 2.6 2.5 38 4.4 4



D-2. Water Level Fluctuation_Maps in 1992

CHITWE N DISTRICT

)
| ¢°~”‘* (= zo
! / O\q 0
‘ /I
unor

{
v} UNCS
,, _v' /\\
LG ,\/J/Nr\ \MAPH ANER

AM\/\(\ \.J . \
) ( Thitawar foare

&

D-2/1. Depth to Water Table in September 1992
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D-2/2. Depth to Water Table in December 1992
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APPENDIX . B

HYDROGRAPHS OF SELECTED WELLB ‘
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Location Map of Hydragraphs of Selected wWells
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