
HIS MAJESTY'S GOVERNMENT OF NEPAL

MINISTRY OF WATER RESOURCES

WATER& ENERGY COMMISSION SECRETARIAT

SINGHIADURBAR, KATIMANDU, NEPAL.

INVENTORY STUDY OF TUBEWELLS

RUPENDEHI & NAWALPARASI

DISTRICTS

FINAL REPORT

UNITED DESIGNERS & ASSOCIATES
POST BOX 575, HITTY DURBAR

KATHMANDU, NEPAL

PHONE 414399

JUNE, 1993



TABLEOF CONTENT
Page No.

11. INTRODUCTI ON

2. OBJECTIVES OF PRESENT STUDY

23. METHODOLOGY

3.1 1Pre-field Study
Field Study3.2 2

3.3 Post-Field Study 2

THE PROJECT DISTRICTS
4.1 Rupendehi District

4.1.1 Location 3

34.1.2 Access ibility
4.1.3 Climate

1Topography
Transportation and Communication Facilities

4.1.4
4.1.5 1

4.1.6 Demography

4.1.7 Education and Public Health 10

4.1.8 Socioeconomic Status 10
4.1.9 Agriculture 10

4.1.10 Credit and Banking Facilities 11

4.2 Nawal parasi District 12
4.2.1 Location 12

4.2.2 Accessibility 12

4.2.3 Climate 12

4.2.4 Topography 15
Transportation and Communicat ion Facilities
Demography

4.2.5 15

4.2.6 15

4.2.7 Education and Public Health 15

4.2.8 Socio-economic Status 18

4.2.9 Agricul ture 18

IRRIGATION PROJECTS IN THE STUDY AREA 18.
5.1 Rupendehi District 18

5.1.1 Bhairahawa Lumbini Groundwater Project 19
5.1.2 Marchawar Lift Irrigation Project 19

5.2 Nawalparasi District 19
5.2.1 Gandak Irrigation Project 19

6 GROUND WATER STUDY 19



6.1 Rupendehi District 21
22Groundwater Pot ential

Groundwater Level
6.1.1
6.1.2 22

6.1.3 Recharge and Discharge 25

6.2 Nawalparasi District 26

6.2.1 Groundwater Potent ial 26

6.2.2 Groundwater Level 29
6.2.3 Recharge and Discharge 29

7 WATER RESOURCES AND DRAINAGE SYSTEM IN THE AREA 30

7.1 Rupendehi District 30
7.2 Nawalparas i District 30

8. PRE FIELD STUDY WORK 30

Groundwater Deve lopment Consultant Limited ( GDC)
Agricultural Development Bank/Nepa l (ADB/N)
Bhairahawa Lumbini Groundwater Project

USAID/DOI-Groundwater Investigat ion Project

8.1 30
8.2 32
8.3

8.4
8.5 Groundwater Resources Develo pment Board/UNDP

Bhairahawa Lumbini Groundwat er Project
32

8.6 34

9. FIELD STUDY WORK 34

9.1 Field Mobilization
2 Field Work procedure 35

9.3 Collection of Information 35
9.4 Informations Obtained from VDC and Ward Level 36

10. STUDY OP SHALLOW TUBEWELLS 37

10.1 Rupendehi Districct
10.1.1 Number of Tubewe 1 ls
10.1.2 Command Area Covered
10.1.3 General Size of Boreholes 38

Operating Seas on

Operating Mode
Average Depth of Tubewel ls
Yield

10.1.4 S8

10.1.5 38

10.1.6 38

10.1.7 38
10.1.8 Distribution of Tubewe1 1s by VDC 38

10.2 Nawalparasi District 42
10.2.1 Number of Tubewells 42
10.2.2 Command Area Covered 42
10.2.3 General1 Size of Boreholes 42



42Operating Season
Operating Mode
Average Depth of Tubewe l ls

10.2.4
4210.2.5
4310.2.6

10.2.7 Yield 43
4310.2.88 Distribut ion of Tubewel ls by VDC

11. POST-FIELD STUDY 43

12. CONCLUSION 45

46REFERENCES

APPENDICES

APpendix A Detailed informat ion Tubewe 1 1s of Rupendehi

District.

Detailed informat ion on Tubewells of Nawa lparasi

District.|
APpendix B

Appencix C Detailed of BLGWP-DTW in Rupendehi District.

Appendix D Water Table Depth

Appendix E Fluctuat ion of water in tubewe l 1

APpendix F Field investigation format

Appendix G Meteoro logical Data in Rupendehi District.

G1 Monthly Precipitation Record.
G2 Mean Monthly Max imum and Min imum Temperature Record

Station No. 705.
G3 Mean Monthly Maximum and Minimum Temperature Record

Station No. 707.
G4 Mean Monthly Relative Humidity Station No. 705

Appendix H

H1

Meteorological Data in Nawalparasi District.
Monthly Precipitation Record.

Appendix I Hydrographs of DTWs

Appendix J List of File Names in Disckettes.



LIST OF FIGURES

Page No.Fig Description
No.

41. Location Map of Project Area.

Monthly Rainfa11 at Meteorological Station
Bhairahawa Airport.

2.

3. Monthly Rainfall At Meteorological Station Parasi.
Feasibility of Deep Groundwater Development

in Rupendehi District.
4

14

5. Feasible Area for Deep Ground Water Deve l opment 23

246. Shallow Ground Water Deve lopment Feasibility

277. Feasibility For Shallow Ground Water Development

473. Distribution of Tubewel1s, Rupendehi District

489. Command Area of Tubewel ls, Rupendehi District

4910. Average Command Area of Tubewells, Rupendehi District

5011. Distribution of Tubewe1 ls, Nawalparasi District

5112. Command Area of Tubewe 11s, Nawalparas i District

5213. Average Command Area of Tubewe 1 ls, Nawalparasi District



ABBREVIATIONS

ADB/N Agriculture Deve lopment Bank/Nepal

BGL Be low Ground Level

BLGWP Bhairahawa Lumb ini GToundwater Project

DOI Department of Irrigation

DTW Deep Tubewel 1

DW Dug Well

GDC Groundwater Deve lopment Consultant

GWRDB Groundwater Resources Development Board

HPW Hand Pump We11

STW Shallow Tubewe ll

UNDP United Nations Development Program

USAID United States Agency for Internat ional Deve l opment

WECS Water and Energy Commission Secretariat

FY Fiscal Year

DIO District Irrigation Office

VDC Village Development Commit tee



1. INTRODUCTI ON

Although Nepal has abundant surface water resources their
Many of the terai

development cost are relatively high.

rivers are their supplies are notnon-perennial
They dry out during peak water demand of landand

predictable.
Preparation for main rice crop. To overcome this uncertainty

of surface water irrigat ion and to find out avai lable on

alternate source, the importance of groundwater was recogn1zed

and studies were initiated to harness the max imum groundwater

potential for increased agriculture product ion. Thus, although

Nepal's Overall water resource should theoretically provide

sufficient water for
limitat ions

all irrigable
points

supply
full

lands, water

many demand Prevent theat
exploitation of land resources

95% of the populat ion in Nepal depends on agriculture and

water, either groundwater or surface water, Plays a vital role

for the agri cultural producer. Hence the studies towards water

Tesources forwarded by WECS are quite praiseworthy towards the

effort to harness them effective ly for optimum utilization.

Water and Energy Commission Secretariat (WECS), Ministry of

Water resources, HMG of Nepal has entrusted United Desingers

carry "Inventory study of
The

outand Associates ( UDA) to
Tubewells Rupendehi and Nawal parasi Districts".in
agreement of this study was signed on December 1992.

2. OBJECTIVES OF THE PRESENT STUDY

This study is being undertaken to assess the current and

proposed future exploitation of groundwater through the use of

tubewells. The aims and objectives of the study are to conduct

an inventory study of groundwater use with particular emphasis

on groundwater use by farmers. The study investigates the

following aspects:

(a) Sources of water for tubewe 1 1s/boreholess

Availability of groundwater in relation to seasona T

requir ements
(b)

(c) 1rrigation area covered by such individual tubewells.

Indicative quantifi cation of groundwater use for non-

irrigation purposes.
(d)

3, STUDIEs (METHODOLOGY)

Actual1y the objective of the study had been achieved mainly

through three stages of work. The first st age is the desk

study of various available informat ion. In the second stage
these collected data have been further confirmed and updated
during the field survey. Comparat ive studies and compilat ion
have been made during third stage. These stages are as
folloWS:

-



3.1 Pre-field Study

During this stage following works had been conducted in a

proper way.

Data collection : All relevant data including report and

maps have been collected (detail in chapter 8).(a)

Data Interpretation Interpretation of data collected
were conducted in a proper way to ful1fil the objective,

giving attention to the proper
interpretation and evaluation of relevant available data.

(b)

Collection, loggin8

(c) Questionnaire and Formats Check1ist, evaluation
Questionnaire and field formats had been prepared so that

all the necessary aspects of studies would not be omitted

during survey.

(d) Desk Study Report: On the basis of desk study data and

relevant informat ion about the programme of field study,

a comprehens ive report had been prepared and submitted to

WECS on December 1992.

3.2 Field study

During the field study the following activities were carried
out:

(a) Data collecti on The fie ld data were collected from

various offices in the district as well as ward level and

project sitesS.

Interview and Questionnaire: During the field work the
questionnaire were filled up and relevant data were
collected. Some of the perso
and their opinions alongwith
collected.

(b)

s/owners were interviewed
techni cal data were

3.3 Post field Studies

During the Post-field study, following activities had been
carried out:

Computerization of data : Al1 technical and statistical
data are computerised in proper order as per TOR.

(a)

(b) Up-dat ing the desk data The desk data have been up

dated and new field data are added and necessary changes
made
comprehensive and relevant. Comments on desk report have
been incorporated.

in the desk study report to make it mor



Interpretation and Evaluation : Some aspects of the study

based on fie ld observat i on are re-evaluated and aspects

like comparative study etc are prepared. Further whenever

applicable the

(c)

data are used 1n reportnew field
preparation

(d) Draft Report : A comprehensive report has been prepared

according to TOR and submitted to WECS.

Final Report: Incorporating comments on the draft report

a final report is prepared and submitted to WECS.(e)

4. THE PROJECT DISTRICTS

4.1 Rupendehi District

4.1.1 Location

Rupendehi District belongs to the Lumbini Zone of the Western

Deve lopment Region of Nepal. This district is bordered by

Kapilvastu district in the west, Nawalparasi district in the

east, Palpa and Arghakhanchi districts in the north. The

geographical location of the district is in between 83 10 to

83 30 longitude east and 27°20 to 27°45 latitude north.

The total area of district is 1140 sq.km. The
headquarter is located at Sidharthanagar (Bhairahawa).

district

development
and

number of villagealtogether
including 2

86There
committees
Bhairahawa, in the district.

are
town Municipalities Butwal

4.1.2 Accessibility

The Rupendehi districts is linked through the Mahendra
Rajmarga, to almost all parts of Nepal. The major towns of the

districts like Butwal and Bhairahawa are linked by metal roads

with the highway. The other part of the district can be

reached by a net-WOrk of grave l ed and dirt roads and foot

trails.

The nearest air field is 1ocated at Bhairahawa where daily air

flight is available to Kat hmandu.

4.1.3 Climate
The study area experiences a subtropical climate characterized
by hot sunmer and relative ly cool and dry winter. The period

from mid-october uP to March is winter and April to mid-June
1S Summer.

The maximum air temperat ure observed in 4 years ( 1981-1985) at

Bhairahawa Airport (st No 0705) is 42.5°C in the month of May

with mean monthly value of 30-31 'C. The minimum air
temperature is 3.5"C in the month of January with daily

average value of 15 C.
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The maximum relat ive humidity recorded during the above per iod
is 98% in the month of January and the least is 21% in the
month of May.

The study area is strongly influenced by south west monsooon
The monsoon usual ly begins from mid-June and continues up to
the beginn ing of October. The average annual rainfall is 119
m. at Bhairahawa Airport. The rainfall increases towards east
and northward and is intensified at the foothills region. The
rainfall at Bhairahawa airport is presented in the Fig.(2) andd
Table 4.2.3.1. The meteorological data are
Appendix G.

PIesented in

4.1.4 Topography

The project area in Rupendehi district is the terai plain
which is composed of alluvial deposits overlain by fertile
soil. The terai plain is north-south sloping 1and having
gTadient of 1:800 intersected by north-south flowing naturai
drainage pattern of perennial to seasonal stre ams/rivers. Out
of a total area of 1140 Sq.Km, 200 Sq.Km of area is occupied
by Bhaber Zone.

4.1.5 Transportation and communication facilities
AS the East-west highway is connected to the district at
Butwal the headquarters Bhairahawa is linked with metal road.
Regular day and night bus services are available fr om Butwal
and Bhairahawa to other major cities of the rest of the
country. Buses are also avai lable to other villages within the

districts. Besides this, daily air flight is available for
Kathmandu from Bhairahawa Airport.

Post offices are distributed all over the district. District
post office is at Bhairahawa, sub-post offices and additional
post
regional and district telecommun i cation offices in Butwal and
Bhairahawa with all modern facilities.
direct contact can be made to any part of country and globe by
telex, telephone and telef ax.

offices provide money order service too. There are

From these places

4.1.6 DemogTaphy

The total population of Rupendehi district according to 1992-
census is 5,27,030
committees (VDC) including 2 town Municipalities (Bhairahawa
and Butwal)Out of the total population 2,62,483 are female
and 2,64,547. are male. Average household size is 6.08. More
than 90% of economicall1y active populat ion are engaged in
agriculture, and remaining are involved in personal, commun ity
services and commerce. Majority of the populat ion speaks
Bhojpuri language (43.01%) Abadhi (29%) and Nepali (18%) and
other Tharu, Newar Magar, Gurung are low in percentage. The
VDC-wise distribut ion of populat ion are presented in Table
4 1.6.

Spread oveT 86 village development



Table 4.1.6 Number of Households and Populat ion By Sex and VDC-wise

in Rupendehi District

Total Male Female
S. Name of Total

VDC Household Populat ion
NO.

1654
3476

8021

341
582

1193
529
486

1127
718
643

3456
5894
3655
3221

Aama
2 Ananda Dau 1750905

1679
1499
2650
2183

Amari 1542
5371Amuwa Marchawar

687Amuwa 2329
2053
1775

49795 Asurenna
236Babhai

Bagaha
Bagauli
Bairghat
Balrampur
Bamgai
Bangai Marchawar
Baragadawa
Barsauli
Basant apur
Betakuiya
Bhaguwanpur
Bishnupura
BudabaT

1995559
591
531
686
917
523

3770
3964
345
4533

8 19182046
1837
2396
3062
1920
1971

9 1614
10 2137
11 2905

1731
596712
3651
3886

13 1915
14 674

22144683
4472

2469
2315
1815

689
664
504
526
747
372
521

15 2157
16

3432 1617
17 15541636

2253
1445
1686

319018
19
20

2152
1291
1592

4405
2736
3278

44272
3677
7542

Bogadi
Butwal N.P.

21 21279
1771

22993
1906
3782
6898
2490
1887

9195
555

22
Chhipagada
Daya Nagar
Devadaha
Chho Ramnagar
Chilhiya
Dhakahai
Dhamauli
Dudharacchhe
Ekala

23
1 265 3760

24 7257
2301
2008
2179
1993

14155
4791

260625
26 761

3895
4602

635
731
628

1952
584
400
310
758
592
465
760

27
242328

4060
10864

4011

2067
5213

29 5651
30

2090 1921
31 1340

3871
2436
1960

2817
7751
4908

1477
3880

312 Farena
Gajedi
Gongoliya
Gohada
Nanaiya
Hati Bangai
Jogada
Kamahariya
Karaiya
Karauta
Karmahawa

33
2472
2316

34
27635 1499

2556
1896

1530302
5278
3867
5641

10550
4194

36
2722
1971
2881
5165
2229

37
38 626
39
40
41

912
1992

276
5385
1965578

605
532

1701
509

18093744
3507
9161
3602
3506

42 1935
1828 1679Kataya

Kerbani
Khadabagar
Lumbini

43
44 46054556

1897
1830

170545
46 545 1676



Male Female
Total

Household Popu lat ioon
TotalName oof

VDC
S.
No.

27015380
4 267
5230
3819

14929
4839

2679
2155
2685
1956
5031

828
707
778
583

1765
741
967
697
673
927
489
864
631
633

Madhba liya
Madhubani
Mainahiya
Majhagawa

2112
48
49
50
5

2545
1863
9898
2328Makrahar1

52
2511

Manpakadi
Man Vetetiya
Maryadpur
Masina
Motipur
Odabs1iya

31406509
4334
4282
5601
3082

3369
2243
2198
2721
1598
2584
1945
2273

S3 2091
54 2084
55
56
57
58
59

2880
1484
24655049Padsari

Pajar Katti
Pakadi Sakron
Parroha

1868
2099
6297

3813
437260 6196

1765
2165

507
598
897

12493
3380
4092
5739

61 1615
62
63
64
65

Parsa 19552137
2777

Patekho1i 2962Pharsatikar
Pharsati Karhatti
Pokhar Ghindi

1493
1846
899

1782

16163109
3930

445
589
633
500

2084
2222
1999
6844
2115

66
67 121Rayapuir

Roinihawa 3781
14060

68 72162539
621
975
593

1124
710

Rudrapur
Sadi

69
70
71
72

4008
5466

1893
2779

120
2687Saljhaudi

Samera Marchawar 2
94

4451 2331

73 Seme ler 6836 3342
2441 22544695

9466
39473

Semari
Shankar NagaI
Siddhartha Nagar
Sikatahan
Silautiya
Sipawa
Suryapura
Tamanagar
Tarkulaha
Temahawa
Tharki
Thumhawa Piprahawa
Tikuligodh

74
75 1694 4551 4915

6870
911

17

20546
3060
1460

18927
2984

76
77 6044

1302
2684

276278
79 2875

7126
809 5559

2220 13701 657580
81 S786

3290
2756 30301129

533
477

1644
1570

164682
83 3204 1634

1740
1494

561 3588 184884
85 489

1430
1687
4434

3181
86 8880 4446

Total 86698 527030 264547 262483



4.1.7 Education and PublicHealth

As per the records of 1991 there are all together 221 numbers

of pr imary school, 74 numberS of

numbers of secondary schools in the district. In case of

higher education there are three campuses eg. Bhairahawa

CampusS, Paklihawa Campus, and Butwal CampuS.

lower secondary and 47

In the same manner there are altogether four hospitals in the

district,
Bhim

Lumbini Zonal Hospital, Khasheuli,
viz

Hospital, Bhairahawa; Mission Hospital, Paklihawa and Royal

Army Hospital, Bhairahawa. Total number
HoSpitals is 96. Besides these there are four health posts

situated

of beds in the

important places within the district and several

family planning clinic centers.

4.1.8 Socioeconomic Status
Bhairahawa and Butwal are the industrial towns of western
development region. Therefore the occupation of the people in

the urban area is influenced by industry and trade. Several

types of
dairy,pulse,
Scattered in the district which help to some extent to uplift

the socioeconomic condition of the people in the district.

Tannery,Khandsari,BiscuitsS,
and

industries like
Plywood, textile, paper Soap etc. are

About 90% of the populat ion are engaged in agriculture. As per

records of 1979/80 the area under cultivation is 82893 ha. and

per capita land holding is 0.3 ha with tenants versus land

Owners as 1:1.55.

4.1.9 Agriculture

The project area lies in the fertile terai plain composed of
alluviai deposits. Paddy, maize and wheat are the main crops

in the area and potato, oilseeds, sugarcane, and tobacco are
the cash crops.

The terai part of Nepal is the main producer of surplus food
grains which is exported to the food deficit areas of hills.
The agri cultural practices preval ent in the district is also
traditiona1 one. Most of the land depends on rainfall for
irrigat ion and production is quite low.

In past studies it is seen that the exploitat ion of
terai' s
substantial1y increase the cropping intensities particular ly
in winter season. District level of cultivation and product ion
in average are shown in Table 4.1.9.1.

the
through tubewellsgroundwater resources can

10



Table 4.1.9.1 District level of, cultivat ion and Production an
Average (Rupendehi)_(5 Yrs)

Crops Area (ha) Production Yield
Mt) (Mt/Ha)

Paddy
Maize
Wheat
Millet
Barley

113,269.00
5,760.00

22,216.00
659.00
349.00

1.6369,370.0
3.340.0 1.72

19,661.0
828.0
460.0

.13
79

0.76
Potato 471.0 2,998.00 36

4.1.10 Credit and Banking faciities
The overall economic condition of the people of the district
is not very good comparatively, with a few exceptions. Thus to
boost agriculture products and other economic activities some
Credit facilities such as short term and long term loans are
essential

The district has following financing/banking facilities

Agricultural Deve lopment Bank: Khaseuli, Butwal

Agricultural Deve lopment Bank: Dayanagar

Depot office Asuraina

Nepal Bank Limited Bhairahawa

Nepal Bank Limited Butwal, Khaseuli

Nepal Bank Limited, Bhairahawa Sugarmil1,
Nepal Bank Limited Lumbini

Nepal Bank Limited Manigram

Rastriya Banijya Bank Bhairahawa

Rastriya Banijya Bank Khaseuli, Butwal

Nepal Rastra Bank Bhairahawa

Nepal Industrial Development
Corporation (NIDC)

Bhairahawa

The above three banks, Agricult ural Deve lopment Bank, Nepal
Bank Limited, and Rastriya Banijya Bank provide loans in the
following sectors:

AgTiculture
Forestry
Other services

11



4.2 Nawalparasi District

4.2.1 Location

Nawalparasi District belongs to Lumbini Zone of the western

Deve lopment Region of Nepal. This district is bordered by

Rupendehi district in the west, Narayani ri ver in the east,

Tanahu and Palpa districts in the north and India towards

South (Fig.1). The geographical location of the district is in

between 83 36' to 84°25' longitude east and 27 21' to 27 47
atitude north. The elevation ranges from 91.0 m. to 1936 m.

above mean sea level. The total area of district is about 2162

Sq.Km. The district headquarters is Parasi. There are 76

Village Development Committees in the district.

4.2.2 Accessibility

District is linked through the MahendraThe Nawalparasi
Rajmarga to rest of
district like Parasi, Sunwal, Bardaghat and Arun Khola are

linked with metal roads. The other part of the district can be

reached by a network of grave led, dirt roads and foot trails.

The nearest air field is located at Bhairahawa from where

the country. The major towns of the

daily flight is available for Kat hmandu.

4.2.3 Climate2

The study area experiences subtropical to tropical cl imate.
The northern hilly part of the district experiences a mild-
temperate climate. The period from mid-october upto march is

winter and April to mid-June is summer.

The study area is strongly influenced by south west monsoon
beginning fr om mid-June and continues up to the beginning of
October. The average annual rain fall is 2386 mm.at parasi

(st.No. 0716). The rainfall increases towards north east andi
intensifies near the Churia foothills. The rainfal1 at Parasi
(st.No. 0716) is presented in Table 4.2.3.1 and this is also
presented graphical ly in Fig. 3. The meteorological data are
presented in Appendix H.

12
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4.2.4 Topography

The project area in this district is the Terai Plain which is
composed of alluvial depos it overlain by fertile soil. The
terai plain is north south sloping land having a gradient of
1:800 intersected by north-south flowing natural_drainage
pattern of perenni al to seasonal streams/rivers . The terai
part of these district covers an area of 540 Sq.Km. out ot
which 80 Sq.Km. of area is occupied by Bhaber Zone.

4.2.5 Transportation_and Communication Facilities
The District is connected by Mahendra Rajmarga to the rest of
the country. The town headquarters Parasi is 9 Km. south from
the highway and linked by metal road. Daily night bus service
to Kathmandu is available from Parasi.

District Post offices, sub-post offices and additiona1 Post

offices are avai lable in the district. District Post office
also provides money order services too.
telex, telefax services too avai lable at District headquarter
at Parasi. Any part of the country and globe can be contacted
from Paras i.

There are te lephoe,

4.2.6 Demography

The total population of Nawalparasi district according to
1992-census is 4,36,197 out of the total popul at i on 2,19,964
are female and 2,16,233 are male. They are spread over in 76
village development committees of district. Average household
size is 6.01. There are al together 72,619 numbers of houses in
the District.

Majority of
(24.31%), Nepali ( 18.33%) and Bhojpuri (9.5 5%) and rest of
them speaks Magar, Newari, Gurung and Maithali in
percentage

the population speaks Tharu (25%) Abadhi

low

4.2.7 Education and Public Health
The Nawal par as i district has 248 primary school,
secondary schools

59 1ower
and 32 secondary schools locat ed atdifferent places within the district. For hi gher educat ion

named Teaching Training Centre(parasi) for education faculty. So for higher educat ion,people use to send their children to Kat hmandu and India too.

there is on ly one campus

Regarding public health there is only one hospital at Parasiwhich has 15 beds, seven health posts and one Ayurvedic Centrein the district. Besides these, there are some family planningclinic centres within the district.
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Number of Households and Population By Sex and VDC-wise
in Nawalparas i District

Table 4.2.6

FemaleTotal
Household Popu lation

S. Name of Total Male
NO VDC

4357 4463AgTyouli
Amarapuri
Amraud

1393
967

882
2876
2308

2 5451 575
738
856
645
853

1113
439

17

4710
5255
4216

2402
2718
2236
2647
3017

2537Badahara Dubarliya
Baidauli 1980

2564
3382

Bajaniya
Benimanipur
Bharat ipur
Bhujhawa
Bulungtar
Dadajheri Tadi
Dawane Devi
Dedgaon
Deuralli

5211
6399

3 1282
9

10
11

2533
4663
3215
2196

10833

1251
2453
1571

2210
1644501

302
2058

513
1627

916
602
607

1080
5308
1452
5241

1116
5525
1523

12
13 2975

1053714 5296
15 Devachuli 5768 2700 3068

1822
2013
1938

16 Devagawa
Dhobadi
Dhurkot
Dibyapuri
Dunkibas

3880
4077
3847

2058
206417

18
19
20

651 1909
2462
342
6435
2389
2797
2270

887 4968 2506
1236
2347

6948 3525
6439Gaidakot

Gairmi
Guthi Parsauni
Guthi Suryapura
Hakui

21 12874
4645
5338

22 714 2256
23
24

855 2541
2102
1817

638 4372
372625 573 1909

26 HarpurI
Jahad8

684
1110

4401
6532

2327
3286
3368

2074
27 3246

323728 Jamuhiya 1004
748

6605
490829 Jamuwaad 2435

1580
3204

2473
149630 Jaubari

Kawaswati
Kolhuwa
Kotathar
Kudiya

455 3076
655131 1169

1025
3347
32606292 3032

367
1252

33 2747
7564
4155

1324
3891
1988

1423
34 3673

2167
2322

698
754
440

2780

35 Kumarworti
36
37
38 Makar

2539
1328
7559
2314
1487

Kusma 4861
2758

15201
4630
2977
2240
7631
2834

Mainaghat 1430
7642

Manari
Manjrariya
Mithukaram
Mukurdapur
Naram

39 647 2316
40 427 1490

392
1406
905

1188
768

1795
1153

41 1097
3724
1372
3659
2411
4869
4157

1143
42 3907

1462
44 Narayani

Narsahi
Naya Bettami
Pakali hawa

7234
4639

12786

3575
222845

46
47

7917
7891 3734
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Total FemaleTotal
Household Population

S. Name of Mal
No. VDC

214 1988Pathi
Panchanagar
Parasii
Parsauni

48 625 133
30841023

1320
832

6238
7281

49 3154
3453
2361

50 28
51
52

2348
2951

4709
Pithauli 30065957

9591
1084
1640

889
1387

508

53 3914 5677Pragatinagar
Pratappur
Rajahar
Rakachhli
Rakuwa

27112934
3858

54 5645
55 7839 3981
S6 3168 1497 1.671

2248 1037 1211419
1532

506
542
385
484

57
46784448

1901
58 9126Ramnagar

Rampur Khadauna
Rampurwa
Ratnapur
Ruchang
Rupaul iya
Sukrauli
Sanai
Sarawal

59 3665 1764
7593689

2936
2884

1930
414

60
61 1522

1451
167

143362
63 1128 6331 316

19761988
2661
2035
6372
2650

64 658 3964
5208 2547814

553
2362

783
2720
1610

65
66 3942 1907

6576Shivamandir
Somani

67 12948
68 5202 2552
69 14166 7074 7092Sunwal

Swathi
Tamasoriya
Thulo Kharetwa
Tilakpur
Tribeni Sustaa
Unwach

5032
3382
1776
2244
3893
1946
1528

70 9982 4950
71 1195 6942 3560

1609543
667

1477

72 3385
73 4440 2196
74 7830 3937
75 600 3745 1799
76 Upallo Arkhale 418 3033 1505

Total 72619 436197 216233 219964
----
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4.2.8 Socioeconomicstatus
As compared to Rupendehi district not many industries have
been established so far in the district . Recentiy Lumb ini
Sugarmill had been establ ished at Sunwal on the MahendTa
Highway.
khandsari, floor mi11ing, poultry, bamboo product and woollen
products etc. are also in the district. Bhrikuti Paper Factory

at Gaidakot and Gorkha Brewery (Tuborg Beer) at Nawal pur are
also in operat ion.

Besides these other traditional industries 1ike

More than 97% of economically active popu lat ion are engaged in
agriculture and related fie lds and remaining are involved in
personnel, community
record of 1979/80 (DP) the area under cultivation is 41,904 ha
and per capita land ho1ding is 0.25 ha.

services and commerce. According to

4.2.9 Agriculture

The study area in this district is the terai part. It has
quite fertile plains composed of alluvia1 deposits. As per
records (1979/80) the area under cultivations is 41904 ha
Paddy,
oilseeds, Sugarcane and Tobacco cultivation and Product ion is
given is Table 4.2.9.1.

Maize and Wheat are the main crops and potato,

Table 4.2.9.1 on and productionDistrict level of cultiva
in average (Nawal paras i) (5 Yrs)

Production
(Mt)

Crops Area Yield
(ha) (Mt/H)

Paddy
Maize
Wheat
Millet
Barley
Potato

66,067.0
17,270.0
13,486.0

902.0
100.0

1..9
1.82

34,808.0
9,462.2

12,614.0
1,087.0

131.0

1.07
0.83
0.76

212.0 1,493.0 7.04

5 IRRIGATION PROJECTS IN THE STUDY AREA

5.1 Rupendehi District

There are two major irrigation projects in the districts, They
Groundwater (BLGWP)are Bhairahawa

Marchawar Lift Irrigation Project. Besides these there are
other smal1 irrigation projects under District Irrigation
office which are presented in Table 5.1.1. There are some of
the DTWS also under DIO in operation which were formerly
constructed by

invest igation and production programme.

Lumbini Project and

USAID-Programme and GWRDB-programme from
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5.1.1 Bhairahawa Lumbini Groundwater Proiect
BLGWP is one of the largest Groundwater project (Wor ld Bank
funded) in Nepal1. It is located at the central part of terai
in Rupendehi district. 1t has already constructed 116 Nos of
DTWs by the end March 1993; among these 78 nos are operated by
electric powered vertical turbine pump. Remaining will be
installed during this and next fiscal year. After compl etion
of Project it aims to provide irrigation facilities to about
12,000 ha in Terai part of Rupendehi district

5.1.2 Marchawar 1ift 1rrigation Proiects
It is also one of the 1argest surface irrigati on project in
the District located at Marchawar area to the south of the
Bhairahawa Lumb ini road. The project is designed with pumping
scheme from Tinau river. The total command area is about 7208
ha. The project has already installed 10 Nos. of pump ing sets
at Tinau river and are in operation.

5.2 Nawalparasi District

There is one major irrigat ion Project named Gandak Irrigat ion
Project western canal in the district. Besides this there are
other smal1 Irrigation Projects under District Irrigat ion
office. They are presented in Table 5.2.1

5.2.1 Gandak Irrigation Proiect
is the largestGandak Irrigat ion Project/western

irrigat ion projects in the district located at the southern
part of the district. It constructed by the India Gove rnment.
The source of this project is Narayani river . The headwork is
located at Tribuwaghat. The total command area of this
irrigation project is about 1250 ha.

canal

GROUND WATER STUDY

A lot of studies have been conducted towards investigation of
deep and Shallow aquifer in the whole Nepalese Terai belt. The
USAID/DOI program for
western Terai region and UNDP/GWRDB program for investigat ion
of shallow aquifers of whole Terai region have been conducted
in different fiscal years. These have been applied as basis
for the groundwater development in Nepalese Terai
GWRDB/DOI itse lf worked independent ly for the investigat ion
and production program by establishing different groundwater
Projects for different Terai district. Bhairahawa Lumb ini
Groundwater Project (BLGWP) is one of the biggest groundwater
Project establ ished so far and 1ocated in Rupendehi district.
As per the studies in Nawalparasi district the groundwater is
1ess exploited comparative ly. Out of the 1140 Sq.Km area,

about 100 Sq Km.
remaining are soft formations i.e finer deposits

invest igation of deep aquifers in

regi

is Bhaber Zone, i,e coarse deposits and
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Table 5.1.1 Surface Irrigation Projects/DIO in Terai Region of Rupendehi
District.

S.No. Project Name Locat ion Command Area Remarks

Siyari Irrigation Project
Kunjalapur Irrigat ion Project
Parroha Irrigation Project
Tenuhawa Irrigation Project
Ghaghara Irrigation Project
Danda Irrigation Project
Gothwa-Gumka Irrigation Project
Inguirya Irrigation Project

Harnaiya
Kunjalapur
Parroha

Completed
Completed
Under Const.

1700
130

Tenuhawea
Hati Bangai
Basanpur

500
900

2000
Under Const.
Under Const.

6 Under Const.
Under Const.
Under Const.

850
Amuwa 400

8 Dudhanrachhya 100

Source: District Irrigation Office (DIO) Rupendehi

Table 5.2.1 Surface Irrigation Project/DIO in Terai Region of Nawalparasi
District.

S.No. Project Name VDC Ward No. Name of Source Command RemarkS
Area (Ha)

Patbari IP
Bulingtar IP
Sukhoka IP

Koluwa Patwari 105
Bulingtar
Dhurkot-7
Sunwal-4,5
Pragatenagar Ghumaure K.
Swathi
Shivamandir
Swathe
Deurali

Completed
Completed
Completed
Completed
Completed
Completed
Completed

550 Uncompleted
Uncompleted

Devast & Pharidi
Surkhoda K.
Gadkatwa K.

280
25

Ramwapur IP
5
4 98

Juluke-Ghumaure IP
6 Pushaha IP

Turika IP
Girbari IP
Girbari IP

148
Somnath K. 600
Kerunge K.
Turika K.

350
8

9
Tribhuvantar Girbari K.
Gaidakot
Gaidakot
Parasi
Manari
Devsara

NA
Mukundapur IP
Jayashree K.IP
Pokhara Pathi IP

Mukunde K. 300 Uncompletedd
300 Uncompleted
150 Uncompleted

NA Uncompleted
Uncompleted
Uncompleted

Jayashreee
12

Pipraiya Bandhi IP
Jankpur IP
Hanaiya IP

13 Bandhi
14
L5 Ramnagar

Source: District irrigat ion office (DIO) Nawalparasi.
IP = Irrigation Proejct.
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6.1 Rupendehi District

6.1.1 Groundwater Potential
The hydrogeo logic features is quite favourabl e to exploit
large amount of groundwater deve lopment by constructing DTW as
well as STW & either under flowing artesian conditions or in
need of pumping. The district Terai part is an area of 1140
Sq.Km. According to Til1son (1985) a total of 810 Sq.Km of the
Rupendehi Terai is suitable for investigation by using 3807
numbers of 12 1/s STW. As per the UNDP/GWRDB studies some of
the well logs were ana lysed and their percentage of permeable
materi als encountered were also calculated and presented as
follows.

Perme able
materials in %

Type No. of Wells Average Depth

UN-STW-26
USAID DTW-23

DTW-10

30
47 34

BLGWP 47 38
Japanese STW-11 27 46

(The overall percentage is 38%)

The wel1ls generally have high discharges. In early feas ibi lity
stage, the design proposed a typical wells to pump about 200
m°/hr (55
ha each. Exploration in the period from 1974 to 1976 confirmed
that the design couldbe modified and that a typical we11
would be discharging 360 m/hr (100 1/see) and suppy water to
about 120 ha each. Such high pumping rate calls for careful
design. Gravel pack must be efficient and screen with slot
openings less than 1.0 mm should not be used.

1/sec) and to supply water for irrigation of 50-70

In the area near Siwalik foothi lls, where Bhaber Zone exists,
tubewells were drilled by percussion method because of hard
formation. Southward where softer iormat ion prevail, wells
were drilled by hydraulic rotary methobd.

The transmissivity values obtained from pumping tests are
extreme ly high ranging from 1000 to 7000 m* /day at north 2000
to 27000 m*/day at centre (BLGWP- area) 500 to 2000 m2/day at
east/ west and 100 to 500 m2/day at south.

The water level behavior is direct 1y correlated with rainfall
in the period from 1983-1988. The rise of water level from May
to October is between 1 and 7 m. The maximum levels are in
October. After monsoon almos t all tubewells in central part
are f lowing.
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There is noticeable trend of decline of water heads in deep
aquifers within BLGWP area. The drop on average was about 2meters (From 1984 through 1988), but ingreater. some it is even

On the basis of BLGWP and USAID- well records the feas ibilityof deep groundwater development in the area is as shown in F184. The Rupendehi district is subdivided in 5 major Zones fromconsiderations of groundwater potent ial and development whichare as follows;

Zone I
This is an opt imal area for development of deep aquifer, fromthe center of the Zone of high T values outward diminishing toall directions.

Zone II
The Bhaber zone south of Butwal is an area where aquifers havetransmissivity values ranging from 1000 to 7000 m*/day. Highervalues of T indicate that high Yields with relati ve ly s malldrawdown can be obtained from properly constructed tubewells.Spacing of wells drilled in the area is not critical andinterference between we1ls wi1l be minimal. This is the Zoneof pri mary recharge to the whole Rupendehi groundwater system.

Zone III
Areas with T values of 300-1000 m2/day are included in theZone. Wells in this Zone could be used for irrigation. Due topresence of s and dominated aquifer efficient gravel packing isa necessity.

2one IV
This area has generall a low transmisst ivity which rangesfrom 100 to 300 m° /day. Production wel ls in this Zone have lowspecific
irrigation.

capacity but could be used for smal1 Scale

Zone V

This area general1y has very low Transmissivity, typi callyless than 150 m°/day. Wel1ls in the Zone should be limited fordomestic and public use

6.1.2 Groundwater LevelL

Some of the USAID-WELLS, BLGWP-DTWS and UNDP-STWs have beenincorporatedinto the observation network.systematical1y monitored since 1983. Depth to water levels isobserved in monthly or bi-monthly intervals. The majority of

These are
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DTWS observed in Rupendehi district are artesian (self-
flowing) and as a result 'static water level is either above or
at ground level. It is important to note that DTW pumping of
BLGWP area started in 1984. So prior to 1984 the leve ls are
more or less natural one. From 1984 1evels are more on the

decline nature as human factor interferes with nature. As per

the hydrographs of we1 1s with BLGWP area display an average
decline of water head of about 2-3 meters except in few places
in which drop is higher than 4 to 6 meters. The decl ine is
Probably the result of heavy pumping since 1984.

As per the water level cont ours the general direction of
8roundwater is generally from the north to south. The water
that recharges the BLGWP area comes fr om northest i.e. from
Butwa1 area.

Normally the rise of water level starts in the month of June
as a direct response to June rainfal1. In the case of BLGWP-
area, the rise is also a consequence of cessation of pumping

after the monsoon starts. The near maximum water levels in
either 1983 or 1985 are established in the month of October
and declines starts in November.

The pumping normally starts in December which then contribute
to additional decline of heads. The correlation of hydrogr aphs
with rainfall is very essential to quant ify the impact of
pumping discharge.

In the case of shallow aquifer in the month of September 1989
the network has included 17 DWS and HPWs and 26 UN-STws.
Observation in these wells have been started since 1989.

AS per the hydrographs in most of the areas the water levels
in driest month (May-June)

surface. Towards northern most part e.g. Shanker Nagar the
water level is more than 10 m deep. Between pre- and post-
monsoon period (May-June to Sept ember) the levels rose in most
of the area between 0.2 and 4.4 m whereas at Shanker Nagar,

the rise of level is more than 8.0 m. The high Sept ember
levels are the response to rainfall of about 1200 mm in July
and August.

are less than 5.0 m be low the land

6.1.3 Recharge and Discharze
Water level is deep in Bhaber zone of Rupendehi district and
water level fluctuation is very high. Due to coarser sediments
and presence of fan depos its, the percentage of recharge is
quite high. According to Duba's (1982) calculation on the
basis of rainfall and infiltration rate in Bhaber Zone has
been estimated to be about 119 MCM. The out flow mostly into
neighboring India 1s also estimated on the basis of gradient
of contour map and transmissivity. The transmissivity is
decreas ing for north to south and is on average about 500
m/day in the south.The volume of water that may be out
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flowing is equal to about 2200 m2/day or 8 MCM per year. The
recharge into Bhaber sediment does not enter only the deeP
aquifer system, it also recharges the shallow aquifer.

As per UNDP/GWRDB-report, the volume of recharge over an area
of Theabout 130 Sq. Km

difference between this hypothetical recharges of 68 MCM and
Overflow into India of about 8 MCM is discharged through
WIthdrawals from BLGWP- pumping DTWs and self flowing artesian
wells.In F.Y. 1983/84 the total pumped and freely discharged
Water from the BLGWP wells amounted to be 56.7 MCM in 1984/85
Inincreased to 62.7 MCM whi le in 1985/86 the total was

slight ly less 59.9 MCM.

could be about 68 MCM/ year.

Thus it appears that the 25% recharge into the deep aquifer
DTInging in the volume of 68 MCM per year, is balanced by
development in BLGWP-area of about 60 MCM and out flow into
India equals to about 8 MCM.

A rough estimate of the recharge also has been made assuming
the effect ive porosity of sand and gravel as 15 % and water
evel fluctuation in Bhaber zone to be 6 m over and area of
30 Sq. Km. which gives to be around 117 MCM. However within

the Bhaber Zone the aquifer system is unique and there is no
distinction between shallow and deep one.

6.2 Nawalparasi district

6.2.1 Groundwater Potential
AS compared to Rupendehi District Nawalparasi district is poor
in 8Toundwater potentiality. Not much DTWS have been
constructed from production point of view in Nawa1paras i. 17
Nos. of DTWs have been constructed from invest igat ion point of
view under USAID/DOI groundwater Investigat ion programme in
F.Y. 1971/72 and 17 Nos. of sTW have been drilled under
UNDP/GWRDB shal low tubewe11 investigat ion programme in F.Y.
1988/89.

AS Per the data collected and studies there is clear
distinction be tween western and eastern part of the Terai
region of Nawalparasi district. The eastern part has higher
transmissivity whereas the western part is lower comparat ive ly

i.e the western part of the area is hydro-geologically 1ess
water Tetaining than the eastern. In areas closer to the
Narayani Tiver the grain size of aquifer becomes larger and
consequent Iy the transmissivity even higher. The hydraulic
conductivity range from 5 to 18 m2/day in the western part and
in eastern part it is of the order of 33 to 140 m2/day. The
value of about 40 to 50 m2/day are characteristic for clean
medium to coarse-grained sand.The values of over or 100 m2/day
are characteristic for clean coarse_gTained sand and gravel
These are the result obtained by the pumping tests conducted
during UN/GWRDB- STW invest igat ion program. About 8 Nos. of
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Hydrologic Characteristic of STWs in Nawa lparasi
District.

Table 6.2.1

Tranms. Conduct.
m*/day

Storage
Coeff.

Thickness of
S.No. Well No. Location aquifer (m) m/day

1 STW-4 Jamunia 8.5 156 18.4

STW-5 Paldanda 12.0 142 11.8

3 STW-7 Kuriya 7.0 986 140.8 0.012

STW-9 Khavahari 22.5 1037 46.1 0.00037

5 STW-12 Lalpate 14.0 146 10.4 0.0014

STW-14 Surajpura 19.0 635 33.4 0.0019

STW-15 Guthi Parsauni 10.5 500 47.6 0.0011

8 STW-16 Bishnupura 8.6 55 6.4
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the STWs have been tested in Nawalparasi district, the results

obtained are listed in Table 6.2.1.

6.2.2 Groundwater Level
The Nawalparasi district is wel1
network. The water level observation have been conducted in 17
UN-STW, some of selected DTWs and HPWs. As per the water leve
observat ion in most of the area the leve l s during dry period
range from 3 to 4 m. BGL which are within the suction capacity
of centrifugal pump. Dur ing the wet period the level rises and
lies within 2-3 m.

covered with observation

BGL. The rise of levels started in the
second week of June as a direct response to June rainfall. The
near-maximum water level are establ1ished by the end of July.
In August the levels rose only marginally and declines started

in September. The general direction of Groundwater flow is
from north to south.

The deepest water level is near Dabila in the central part of
the area, which is 7.4 m BGL. However this is because the land
Surface in Dabila is higher than its surroundings. The lowest
water level in May 1988 was in Baujariya which was 1.2 m BGL.
The elevation of Baujariya is 5 m lower than that off Persawal1
well 2 Km to the north. As per the hydrographs the month of
May is not the month of minimum water leve ls everywhere. In
some we l ls the minimum is in June. In west of the area the
levels in May 1988 are about 3.0 m BGL.

6.2.3 Recharge and Dis charge

The recharging area so called Bhaber Zone is not so important
in the area. It may the local ly important in the area where
water levels are highest.C

As per the studies the recharge comes from local infiltrat ion
of rainfall everywhere where more or less permeable surface
permits. The percentage of infiltration may be high but there
may be plenty of rejected recharge in monsoon season because
of over saturat ion to the soil immediately under lying the 1 and
surface

The out flow of shal low groundwater is general ly across the
border into neighboring India and local ly to the Narayani
River. As per the studies the volume of water that may be out
flowing is about 6000 m/day or 2.2 MCM/year This is a smal11
fraction of potential recharge from infiltrat ion rainfal1. The
volume of recharge over an area of about 500 Sq.Km. could be
about 80 MCM/year. The difference between this hypot het ic
recharge of 80 MCM and outflow into India of about 2.2 MCM is
discharged through evaporat ion
Narayani River(iocally very high) and withdrawals from DTWs

anddrilled wells (minor component at present).

process (dominant ly) into
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7. WATER RESOURCES AND DRAINAGE SYSTEM IN THE AREA

7.1 Rupendehi District

Tinau, Rohini and Pahila are the major or perennial rivers in

this district flowing from north to south. There are also
several small rivers, rivulets and streams encount
the Mahendra highway which are 1isted in Table 7.1.1. These

sources contribute to shallow and deep aquifers and are the
main sources of groundwater recharge. The Bhaber Zone has got
maximum infiltrati on capacity and recharge of groundwater.
Whenever the surface water is not available groundwateT
becomes the alternate sources. In place where surface wateT
and shallow tubewe1 ls are not feasible, deep tubewells become
the alternate source of

red along

water for Irrigation and otheer
PurpoSes.

7.2 Nawalparasi District

Narayani river, Arun Khola, Girbari Khola are the ma jor
perennial rivers in this district. There are also several other
medium to small rivulets and streams encountered along the
Mahendra highway, which are listed
Tivers are main sources of surface irrigation and recharge for
both shallow and deep aquifers. The Bhaber Zone gets higher

rainfal1l and also has got higher infiltration capacity and is
the major source of groundwater recharge.

in Table 7.2.1. These

8. PRE FIELD STUDY WORK

Relevant Maps, data, Teports and other various information
pertaining to the project area were collected from various
sources in Kathmandu.All These findings were compi led and are
presented in this report.

8.1 Groundwater Deve lopment Consultant Limited, Cambr idge, UK
(GDC)

GDC under contract with the Groundwater Resource Deve l opment
Board (GWRDB) of HMG/N carried out a study on "Groundwater
Development strategies for irrigat ion in the Terai" during mid
1986 and submitted their final report on December 1987. The
study area includes the whole of Nepal Terai bordering India
towards south and the siwalik be lt in north and composed of 18
districts.

As per the GDC report "The data collected by GDC related to
the study districts has been used for our study purposes
referred to below in Table 8.1.
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Table 7.1.1 Rivers/Streams of Rupendehi District

S.No. Name of Stream/River CharacterApprox. Span met
at the highway (m)

Originat ion

Kothi Nadi
Kanchan Nadi
Pahila Nadi
Dry Nala
Bamrahwa Nadi

5

Seasonal41
22
47

Churia
Churia
Churia
Terai

2 Seasonal
Perennial
Seasonal4 11
SeasonalTerai

Terai
Terai
Terai

38
SeasonalInguria Nadi

Maghawa Nadi
8

39
21
16
41
48
26

Seasona l

Mot ihorwa Kholaa
9

Seasona
PerennialTulbulia Nadi

Ghamalia Khola
Churia
Churia
Churia

Perennial
Perennial

10
11 Bamaha Khola
12 Churia

Terai
PerennialRajpur Khola

Stagadhi No.2
Stagadhi No.1
Tinau

32
Seasona
Perennial

13 27
6214 Churia

Mahabharat Perennial
Churia
Terai
Terai
Terai

15 226.5
16 PerennialRohini Khola

Bhaluhi Khola
Panch Khola
Tin Number Khola
Jaluki Khola
Gaira Gira Khola

17 Seasonal
18 15 Seasonal

Seasonal
Seasonal
Seasonal

19 5

Terai (Spring)
Terai

20
21 30

(seepage)
Churia22 Pather Khola Perennial

Table 7.2.1 Rivers/Streams of Nawalparasi District

S.No. Name of Stream/River Origination CharacterApprox. Span met
at the highway (m)

TeraiDalka Khola
Jharain Nadi

Seasonal
Churia Foot
Churia Foot
Churia
Terai

Seasona 1

63 SeasonalBhaluhi Khola
Alolia Khola 10

20
22

Seasonal
SeasonalRurre Khola

Kachare Khola
Prura Nadi
Barghat Khola No. 1

6 Terai Seasonal
Churia Foot Seasonal
Churia Foot
Churia Foot

8 Seasonal
9 Barghat Khola No.2 Seasonal

Vinai Khola
Arun Khola
Gaurbadi khola (Gikhar)
Banjor Nadi
Gondri Khola
Loka Khola

10 Churia Seasoanl
11 241 Churia Perennial

182 Churia Perennial12
13 Churia Seasonal

Churia
Churia
Churia
Churia

Higher Hinalaya

14 Seasonal
Seasonal
Seasonal

15 10
916

17
Deswa Kholé
Jharahi Khola
Narayani River

Seasonal
18 Perennial
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Table 8.1 Distribution of shallow and Deep tubewells (Mid-
1987)

Districts UNDP/GWRDB
STW

BLGWP US/GWRDB Total
DTW

ADB/N
STW DTW

Rupendehi 46
17

1338
203

1182 26 84
Nawalparasi 179 17

8.2 Agricultural Development Bank/Nepal (ADB/N)

ADB/N has been play ing a crucial role in STW development
throughout the Nepalese Teral
Farmers to purchase wells through the Asian Development Bank

financed credit projects. The 1oans had been 40 to 50%
Subsidized till mid-F.Y. 1991/92. The subsidized facilities
have been broken since mid-1992.
enguiTy, we came to know that the famers now feel discouragea

and SW demands decreased. Data collected from ADB/N in
Kathmandu were compiled and presented in Table 8.2.1.

by distributing credit for

Dur ing our field visit

8.3 Bhairahawa Lumbini Groundwater Project (BLGWP)

GWRDB/DOI
constructed by the end of Fiscal year 1991/92. No shallow
tubewells have been drilled so far by the project. The DTWs
constructed by BLGWP are as fol lows

has been referred to collect data on DTWs

Phase I 64
Phase II 14
Phase III 38

116

8.4 USAID/DOI-Groundwater Investigat ion Project

During 1969 to 1975 USAID/DOI_joint iy worked in western,mid-
western
invest igation purpose, The reports have be en compi led and
reported to DoI/ HMG. As per the report about 199 DTWs have
been drilled out of 1991 DTWs about 17 nos in Nawa 1 parasi and
46 Nos in Rupendehi district have been drilled as shown in
Table 8.1(from 1969 to 1972). These tubewe l 1s are not used
for irrigationpurpose in Nawalparasi District. Wel1 size
ranged from 1.5".to 14"/8" and the maximum depth drilled was
461 m (USAID well 6/6, Semari).

and far-western Terai area for Groundwater

8.5 Groundwater Resources Development Board/UNDP

As far as we came to know that GWRDB/DOI have no program for
STW in Rupendehi and Nawalparas i districts so far except
GWRDB/UNDP STW investigation program in both district. As per
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Tadle 8.2.1 Number of tubewel1 under ADB/N loan in Rupandehi and Nawalparasi

District.

No. of STWs_

RupendehiFiscal Years Nawalparasi

5551980/81

761981/82

323211982/83

62291983/84

222171984/85

1985/86 157

321271986/87

219 1591987/88

378 1451988/89

147 591989/90

1471990/91

444 1121991/92

Total 656 2517



the GWRDB/UNDP program about 26 nos.of STw in Rupendehi and 17
nos of sTW in Nawalparas i district have been drilled forthe
Shal loW aquifer invest igation purpose. (As shown in Table 8.1)

8.6 Bhairahawa Lumbini Groundwater Project (BLGWP)

Drilling activities for the irrigat ion project was started in
1977 in Rupendehi district. Since 1977 ti11 1992 BLGWP have
drilled 140 Nos. of DTW (400 mm/200 mm). Out of 140 Nos. of
DrWS 22 Nos. of DTW are abandoned due to technical failure and

be78 commissioned and remainings have toNos. are
commissioned. The tubewel 1s constructed by BLGWP are as shown
in table 8.6.1 below.

Number of Tubewe11s Completed by BLGWP by Mid-
1992 in Rupandehi District.

Table 8.6.1

No.of DTWs

unused or
Free Plow
being used

No..of
DTWS

No..of
DTWs No. of V.T.

S.No. Project's Stage Completed Failed Pump Instal led

1st Stage 69 5 62 21.

18 2 162nd Stage
1st Phase

2.

2237 152nd Stage
2nd Phase

.
3rd Stage 16 164.

140 22 78 40Total

9. FIELD STUDY WORK

The main objective of the field study was to verify the data
collected ruing desk study. stage and to seek up to data and on
the spot data and informati on regarding groundwater use.
Particular
tubewells/boreho les in the study areas, in order to:

emphas is has been given to irrigation us ing

Assess and estimate the quantity of the probable sources
of water including identification of specific potent ial
prospects and

and estim8te the quant ity of the existingAssess
gTOundwater use.
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9.1 Field Mobilization

AS per the fie ld programme forwarded in the desk study report
SuDmltted on January 1993 UDA despat ched two different teams
to each project district.
following.

The group movement were as

Project
District

Left Kathmandu
for site

Returned back
to Kathmandu

Rupendehi Feb.10,1993 March 2,1993

Nawalparasi Feb. 20,1992 March 20, 1993

The two teaam have been supervised and guided by a
hydrogeologist. Prior to departure each member of the field
team Was given a brief orientation programme about the naturee
of field work and procedure to be adopted in the field.
Previous experiences of Rautahat, Morang, Saptari and Jhapa
studies carrri by UDA during 1989 and 1991 for similar
wOrks also briefed on how to best extract informat ion îrom the

out

well owners or person/offices related to the study such as
ADB/N, HMG offices etc.

9.2 Field Work Procedure

As soon as the field teams reached the respect ive project
districts,
groundwater
headquarters for each related information prior to proceeding
to the
districts, the field team proceeded to the VDC and ward levelin the both district. During the field visit or spot visit to
owners/farmers and tubewell site the field team contacted therespons ible persons to gather the data on tubewel l,discharge.
agricultural production, command area as per the field formatThe Field te am made enquiries with the farmers regarding
operation and maintenance of the tubewell.

variouus offices/organizations related
and tubewell1 were contacted at the district

to

actual site. After having overall view of thee

9.3 Collection of Information

office/ organisations contacted at the district headquarters
are as following:

Agricul tural De ve l opmen t Bank (ADBN)

This office at district level was contacted at each districtto gather iniormation on farmer's STW on ADBN loan. The teamscollected the information about the wells and the ir operation.
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District Irrigation Office (D10)

This office in each district were contacted mainly to gather
the informat ion on various irrigation projects existing within
the project area.

District Agricul ture office (DAO)

The DAO offices were contacted to gather updated informat ion
agricultural production of

pertinent information.
on various CrOps and Other

Ma intenance Survey office

This office in the Terai district had been contacted mainly to
coilect the district maps with VDC boundaries and other VDc
maps belonging to the respective study districts.

District Development Commit tee

Variouis
activities within the district weree
district offices.

deve lopment
collected from the

informat ionsS concerning different

9.4 Informations Obtained from VDC and Ward Level

After having overall1 view of the project areas in each
district the field te am proceeded to the VDC and ward level of
the districts. During the field or spot visits to tubewe 11
site, the team contacted the responsible persons/farmers to
gather the data
production command area as per the field format/check list.
The field team also enquired the farmers regarding operat ion
and maintenance of the tubewe l 1s. Information on funding or
loan source, cost of installation of tubewel ls and pumps also
have been collected during the field visits. The data and
informat ion collected have been presented in Appendix A and B.
The total numbers of STWs in Rupendehi and Nawalparasi
districts are 2198 and 850 respect ive ly.

on tubewe I1, discharge, agriculturalI

FIELD STUDY FINDINGS

Following findings have been made during field visit

All STW's under ADB/N and Private are constructed by
using local manual drilling method.

DTW's and UN-STW aIe constructed by using drilling rig
machine.
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Most farmers complained about the ma intenanceproblems o1
ne pumps and tubewe lls encountered after handover ol tne

farmers. Farmers are suffering from these

ADB/N have negative attitude t owards these
welis to
problems.
problems.

Technical data on ADB/N and private STWs are not well

recorded and maintained.

Technical data on GWRDB, BLGWP and USAID wells are well
recorded and reported.

The farmers were encouraged towards STW-Construction on
ADB/N loan through subsidized amount.

AS per enquiry with ADB/N officials and farmers it came
to be known that there is no demand of STW after removal
of subsidy from the Fiscal Year 2049/2050.

10. STUDY OF SHALLOw TUBEWELLS

10.1 Rupendehi District

10.1.1 Number of tubewe l1s
There are 86 Vil1lage Development Committee including 2

Out of 86 Villagemunici pality in the Rupendehi district.
Development committee 28 no.s of VDC do not have any tubewe llsthat are used for irrigation purpose. Only one Municipality
has got tubewells. There are al together 2189 Tubewe lls in thedistricts which are detailed in appendix A. Bhairahawa
municipality has 7 nos. tubewells and remaining 2182 tubewe1lsare scattered in 58 vill age Deve lopment Comnittee, out ofwhich 49 are damaged. Out of these tubewells 975 were
constructed by iarmers on their own cost. 1178 Tubewel ls wereconstructed by farmers on the Financial loan from the ADBN. 4
numbers of shallobw tubewell constructed by V.D.C orMunici pality and the financing source of remaining 32 shallowtubewells are unknown.

The enclosed study area reference plan of the district showsthe total number STW.

10.1.2 Command Area Covered
The area of land coveredby tubewells in the district is2834.09 ha. The average command area of each tubewell iscalculated to be 1.29 ha. The max imum recorded average commandarea by a tubewel 1S is 14.74 ha Pokharvindi VDC and minimumaverage command area by a tubewells is 0.03 ha in Bogasi VDC.
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10.1.3 Generalsize of Boreholes
MOSt of the Shallow tubewells are 100 mm in diameter There are

arge numbers of 37.5 mm di amet er tubewe lls and a few 50 mm,

75 m,m. diameter tubewel1sS

Privately at their own cost.
Constructed by the farmers

10.1.4 Operating Seasonn

Almost all tubewel ls in the Rupendehi districts are found to
De operated throughout the year .Only few numbers of tubewelis
dre operated during winter season. Most of he tubewe1ls are

used for irrigating paddy and wheat crops but some of them arTe
also used for irrigating vegetables, sugarcane, maize, mustard
and for fishery purposes. People also use the water from sucn
tubewel ls for drinking, washing and other domestic purpose .

The operat ing hours differ from place to place depending upon
the need, rate of discharge and soil characteristics. The
tubewel ls were found to operate from 2.00 hrs. to 10.00 hrs .

Some shallow tubewel1ls are flowing type.

10.1.5 Operat ing Mode

Almost all of the tubewells are beings operated by diesel
powered engine centrifugal pumps. These pumps consume 1.0 to
1.5 1itres of diesel per hour. In s ome cases one pump has been
used in more than one tubewe11.The deep tubewells of the
Bhairahawa Lumbini Groundwater project (BLGWP) were operated
by electric powered vertical turbine pumps.

10.1.6 Average Depth_of Tubewells.
The depth of tubewe l 1s in this district varies from place to
Place depending upon the depth and thickness of aquifer. Most
of the ADB/N and private STWS are 10 to 15 m deep in majority
and some of them range from 6 to 10 m, some are 15 to 55 m and
occasionally are 60 m deep, These are as shown in Append ix A.

10.1.7 Yield

The cropping pattern varies from place to place depending upon
soil by type, mode of farming and landholding pattern. Most of
the land hold by small farmers give 200% cropping intensity.
Thus average yie ld of cereal crops in the district ranges from
2.00 mt/ha to 4.20 mt/ha. The cropping intens ity of vegetable
is 300% and average yield is in between Rs.12000/- to Rs
30000/- yield of 35 to 50 mt/ha.

10.1.8 Distribution_of Tubewe lls by Village Developnent Comnittee

The total number of tubewells and the ir wardwise distribution
is given in Table 10. 1.8



able 10. 1. 6 sUHUARY or TuneWELLS In RUPEUNtHI DISTRICT

lardwise Distribution of Tubewellls

********"**
9 10

Hunicipality/ Financing Agencios

- ****

6
S.I Village Development

3 4ZTube- Private ADB/11 VDC/. Source
Palika Unknown

Committee
tWells

tonTcIPALITY

20 1 0 0 2
115 2Bhairahaua llunicipalitY

V.D.Cs

4

2
1216

1
Ama

L9242 37
7 16

Amuwa
1445 11 34Asuraina

8 20 1s 15 12 11 1880 5 520Bagaha 109
12 4 1018Bagauli 38

2 3 9
1225Bairghat

123 4 9
35

7 Balranpur
1060 36Besantpur

1316Devani
11 2 9

6
Bishnupura

0 21 23 12 482 52 30Bogasi
9 10 L550 11 39

10
Bodhuar

3 2134 10 bChhipagarh
8 3 2 4 b24 12 2 438chiliya

2 23 10 242

17
Chotki Ramnagar

12 223649Dayanagar
3 9 3 231 12 19Devadaha

224Dhakdani
2 20 62279Dhamauli

Ekla

Farsatica
020Fharena

8 7 823 22Gajedi
1 5 12 2636 23 1324 Gangoliya

31224 2425 Gonaha
49 8Harnaiya

9 18 17 13 10
26

94 46Hati Bangai

2
27

522 16 6Hati Farsatica
10

2B
36 3

29 Kamariya
1 2 4

b

30 Karahiya
3 13 7 4 10 34B9 6331 Karautaa

.
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Hunicipality/ HardwiBe Distribution of Tubewellslo. Financing Agencies
S.No Village Developmant of

23 45 67 o 9Tube- Privato ADD/11 VDC/H. 5ourco
Palika Unknown

1
Committee

Hells

O4Kerwani
33 Rhadwa Bangai

Khudabagar 6b

34
L

LO 4 5 72
5 Hadhubani J0

4 517HahduliYa 27

4Nainniya 10
B Hajgaon 22

Manpakadi 22

4
40 Hakraharr 7

Haryadapur 1 6 15 4
41

39 1 1 5 3 13d2 Padsari
2 2 225Pajarkatti

2 15 114Parsa
2 3

**

2LGPathukali

2 5 5 2 6 5 0 00Pokharvindi

6 417 13 0 o47 Rayapur

5 015Lb49 21RudrapurT

3Subjhandi L1 3

4Sadi

2 1 0 042 bSemlar
2 13 21 4 2352 Semra

18 156 2 11 1353 Siktanan 5

19 354 Silwatiya

2 9 8 11 13 1 13 2068 3 655 Sipava

5 21 9 26 14 69 4 30124Suryapura

1 3126 13Thuma Piparhawa

3158 Tikuligarh

1107 131 252 268 211 254 238 245 242 246 2292189
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Tahle 10.2.8 suMMARY OF TUBEWELI.S IN NAWALPARASI DISTRICT
* **-**********--

Wardwise Distribution of Tubewe lls
Municipali.ty/
Vii.lage Develcpment
Conmittee

No. Financing AgenCies
. No ** 9

1 2 3 1

Tule Private ADB/N

We.lls ****

3
28Daclhara Dlbauliya

Bujaliawa
Devgaon

29 3 28
7 15 11 1165 36 29 14 13

57 50 50 0
Dunia Devi 5 7 14 11

6LO 8Garmi
Guthi-Suryapuiri.
Guthi-suryapur
Tlaquie
llarpur

14
8

58 2
35 JJ. 3 3

03 0
15
28 4 5

1035 43
Jahada
Jamnia
Rhairahava
Rudia

1 0
LZ

5
20 5 3

3 16 0
3 3

Kusma
Nanjhariya
Narsahi
Paklihawa
Falhi

25 5 6
5 5 12 6

47 1J. 1412 1
75

28Farasi
Pratappur
Ramnagar
RanpurKhaclona
Ram
Sanai

8
30 24 5

14 12

21 L3 5 2
20

11 78
31
21

a
232

0 2 6-
Somani 13 3

L3 L .
Sukrauli
Tribeni
Unihachh

0 9
26
21 19 16 1 1

- -

850 161 686 1.00 89 74 77 107 83 113 100 107
--
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10.2 Nawalparasi District

10.2.1 Numbers_of TubewellS
in Nawal parassiThere are altogether 77 number of VDC

district.About 49 numbers of vDc 1ie in hil1 region or there
are no tubewel1ls in these VDCS. Only 28 numbers of VDC nave
tubewells that are used for irrigation purpose.As per the adat&

collection there are altogether 850 numbers of tubewelsS1n
the western part of Terai region in Nawalparasi distr1Ct.
These are presented in Appendix B. out of 850 numbers o
Tubewells 164 numbers are private i.e constructed by tarmers
on their own cost and remainings are under ADB/N-1oan to the

farmers.

by UNDP/GWRDB

Investigat ion Program which are not used for irrigation
There are 17 nos. of STW constructed

10.2.2 Command Area Covered

The total area of land covered by the tubewe l 1s in the
district is 1326.03 ha.
tubeweIls comes out to be 1.56 ha.
command area by a tubewel 1s is 10.0 ha Khairahawa VDC and
minimum average command area by a tubewell is 0.07 ha in
Ramnagar. VDC.

The average Command area of each
The max imum recorded

10.2.3 General Size of Boreholes

Most of the ADB/N & Private STWs are 100 mm in diameter. Somee
which are most1y private are 75 mm 37.5 mm and also 50 mm in
diameter which are clearly presented in Appendix B.

10.2.4 Operating Season
About 85%of the Tubewe 1 ls in the Rupendehi districts are found
to be operated throughout the year. Some of the Tubewe l ls are
operated duTing winter season and very few of them are
operated during summer. Tubewel ls are used for irrigatingg
paddy and wheat but some of them are also used by people foT
drinking and other domestic purposes. The operating hours varyy
from place to place depending upon need and SOiil
characteristics.

10.2.5 Operating Mode

Almost all of the tubewells are being operated by suction
pumps which consume 1.0 to 1.5 1itres of diesel per hour. In
some cases. one pump 1S used for more than one tubewell and in
some cases it is hired.
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10.2.6 Average Depth of Tubewe l1s
The Depth of the tubewell varies from one place to other.
However in average the STWs in Nawalparasi district coula De

taken as 40 to 60 M.

10.2.7 Yield
The cropping pattern varies from place to place dependingupon
soil type mode of farming and land holding pattern. Mos
land owned by smal1 farmers give 200% cropping intensity.ns
the aVerage yield of several crops in the district various
from 0. 56 mt/ha to 3.34 mt/ha. The average yield of vegetadie
ranges from Rs. 5,000/- to Rs.25,000/- and the sugarcane yiela

is the equivalent of Rs 13,000/-to Rs 35,000/-

10.2.8 Distributionof Tubewe1ls by Village Development Committee

The total number of tubewells and their wardwise distribut ion
is given in Table 10.2.8.

11. POST FIELD STUDY

All relevant data were collected during desk study from
various secondary sources and these are updated during field
study. The tables below No. 11.1 and 11.2 show the computed

data during desk study and table 11.3 and 11.4 show the
information obtained after field study.

Distribut i on of Successful STW in Project Area as
shown in Desk Study.

Table 11.1

District ADB/N FMG/N/GWRDB Total STW

Rupandehi 2517 26 2543

Nawaiparasi 650 17 667

Table 11.2 DTW Distribution in Project Area as shown in Desk Study.

USAID/GWRDB GWRDB Irrigation Total DTWS DTW Commi-
District Investigat ion Investigation Project Drilled Fai led ssioned

Rupendehi 46 26 103 175 22 68
Nawalparasi 17 17

* Indicates BLGWP Production wells.
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Table 11.3 Comparative Study of Tubewel ls in kupendehi District.

BLGWP
DTW STW

-GWRDB
Source ADB/N Private DTW STW USAID Total

Field 1720 469 140 26% 46 235426*Study

Desk 2517 93 15* 26* 46*
Study

* Indicates investigation tubewells.

Table 11.4 Comparative Study of Tubewel ls in Nawalparasi District.

BLGWP
DTW STW

USAID
Source ADB/N Private DTW Total
=

Field 850 164 13* 13* 1040
Study

Desk 650 13*
Study

* Indicates invest igat ion tubewel ls.
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12. CONCLUSION

During the desk study all the relevant available informat1on
which were collected from various sources were Compiled.
Various data were collected during the field study they werTe
used to update the desk study report

Comparative study of the data collected during desk reportin8
and after the field study is shown in Table 11.3 and Tabe

I Or Rupendehi and Nawalparasi district. Dur ing the study
tollowing conclusions and recommendat ions have been made.

The past and present impact of deep aquifer development
in BLGWP area on piezometric heads in shallow aquifer
have not been studied and reported yet.

AS per the hydrographs in BLGWP - DTWs and USAID - DTWs,
the decline in piezometric heads range from 5 to 7 m or
more. During field visit it is came to knOW

the BLGWP-DTWs have no self flowing which in 1984 was
self flowing round the year. It might be due to pumpage
in BLGWP-STWs.

hat some of

There is no use of ADB/N and private STWs in BLGWP area
where BLGWP-DTWs are providing irrigation.

Duringfield visit most of the farmers complain about the
operation and maintenance problems of the pumps
tubewells which are

and
beyond the farmers capacity. ADB/N

officials have negative attitude towards these problems.

Most of the ADB/N and private STWs Owned byare
individual farmers . There is no water user 's organizat ion
for operation and maintenance of ADB/N and private STWs
in Rupendehi and Nawalparasi districts.

In he case of BLGWP-DTWs and GWRDB-DTWs after
commissioning the tubewe 1 ls are handed over to (wuG)
Water User ' s Organizat ion.

The total numbers of STW in Rupendehi district 2189. out
of the total numbers of the STWs 1107 are ADB/N and
remaining are private.

In Nawal parasi district there are 850 no.
these 164 are private and remaining are ADB/N.

of STWs. Out of
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Appendix A : Detailed information on Tubewells of
Rupendehi District
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Appendix B : Detailed information on Tubewells
of Nawalparasi District
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Appendix C : Detailed of BLGWP-DTW in
Rupendehi District
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Appendix D : Depth to Water Table



DEPTH TO WATER TABLE && RAINFALL 1987-89

DISTRICT RUPANDEHI
DEPTH [m)

MONTHL¥ RAIN [mm]
1200

-1
i

*******.*

,****..******.
1000 J

300
********

600

400

200 -
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Appendix E : Fluctuation of Water Level
in Tubewell
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Appendix F: Field Investigation Format





Appendix G: Meteorological Data in
Rupendehi District



Appendix - G1

Monthly Precipitat ion Record of Rupaendehi District (MM)

Station: BHAIRAHAWA (Airport)
Index Station No.: 0705
Estd. Date: Sep. 1966

Latitude27 31'
31' Longnitude

Elevetion
83
110 m

Year Jan Feb March April May June July Aug Sep Oct Nov Dec Annual

1977 4 10 19 110 52 629 476 64 90 6 1460

1978 9 148 46 5 16 368 574 193 329 29 3 8 1544

1979 6 11 4 7 84 774 293 107 54 51 1396

1980 5 106 480 514 286 318 5 0 2 1725

1981 83 18 58 51 446 891 417 457 45 0 2468

1982 12 4 61 17 31 184 581 398 357 16 8 4 1673

1983 21 11 33 126 78 558 278 230 149 0 30 1514

1984 5 2 6 65 941 610 255 314 39 0 1 2240

1985 12 0 14 51 148 389 234 464 182 0 37 1540

1986 1 21 87 53 309 416 323 419 131 27 62 1849

Average 15.5 20.8 14.6 24.3 61.65 309 593.6 315.3 305.9 69.5 8.7 20.1 1740.9
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Appendix H: Meteorological Data in
Nawalparasi District



t

Appendix - H1

Monthly Precipitation Record of Nawalparasi District (M)

Station: PARASI

Index Station No.: 0705
Estd. Date: May 1971

27 32'
83 40
125 m

Latitude
Longitude
Elevetion

Jan Feb March April May June July Aug Sept Oct Nov Dec AnnualYear

1977 3 10 0 47 76 121 540 463 105 58 9 1433

1978 8 34 57 18 463 624 197 383 66 9 9 1874

1979 4 15 2 23 23 215 660 366 140 87 27 54 1616

1980 2 8 51 1 85 402 618 316 254 14 3 1755

1981 98 38 28 59 183 404 851 818 478 0 29 0 2986

1982 17 5 71 22 44 451 670 463 663 5 13 3 2427

1983 22 27 112 146 731 267 220 149 0 24 1701

1984 20 6 13 31 920 865 222 304 37 0 13 2431

1985 12 11 29 80 388 644 242 410 234 55 2105

1986 3 37 0 69 97 202 344 391 487 109 5 69 1814

Average 18.3 16.4 21.2 29.6 74.9 371.2 654.7 374.1 295.8 76 8.4 23.9 2014.2



Appendix I : Hydrographs of DTWs.
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Appendix J : List of File Names
in Disckettes



List of File Names in Diskette

Rupendehi District

S.N. File Name VDC

Rupan T
Rupan 2

Rupan 3
Rupan 4
Rupan 5

Rupan 6
Rupan 7

Rupan 8
Rupan 9

Rupan 10
Rupan 11
Rupan 12
Rupan 13
Rupan 14
Rupan 15
Rupan 16
Rupan 17
Rupan 18
Rupan 19
Rupan 20
Rupan 21
Rupan 22
Rupan 23
Rupan 24
Rupan 25
Rupan 26
Rupan 27
Rupan 28
Rupan 29
Rupan 30
Rupan 31
Rupan 32
Rupan 33

Chhipagarh
Ramnagar
Sikhtahan
Bogasi1

Majgoan
Sipawaa
Hati-Farsatica
Dhakadahi
Pokharvindi
Pajarkatti
Basantapur
Bagaha
Thumawa-piprahawa
Rayapur
Karaula
Pathukal

10
11
12
13
4
15
16
17 Semra

Padsari18
19 Suryapura

Tikuligarh
Maryadapur

20
21

Amuwa
Hati Bangai
Devadaha
Makrahar
Mainhiya
Chiliya

23
24
25

27
Harnaiya
Kamar i1ya

28
29

Bairghat
Gonaha
Madhubani

30
31
32

a) Bodhwar
b) Parssa
Khadawa Bangai

Farsatica

33

Rupan 34
Rupan 35
Rupan 36
Rupan 37
Rupan 38
Rupan 39

34
35

Manpakadi
Gajedi
Rudrapur
a) Bevani
b)

36
37
38
39

Ama

a Karahiya
b) Kerwan i

40 Rupan 40
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Rupendehi District

S..N. File Name VDC

Rupan 41
Rupan 42
Rupan 43

Dayanagar
Madhul iya

a Dhamau l i
b) Ekla
Khudabagar
Sujhandi
Balarampur
Gangol iya
Silwatiya

42
43

44 Rupan 44
Rupan 45
Rupan 46
Rupan 47
Rupan 48
Rupan 49
Rupan 50
Rupan 51
Rupan 52
Rupan 53
Rupan 554

Rupan 55

45
46
47
48

49 Bagauli
Asuraina
Fharena

50
51
52 Bhairahawa Municipality

Semlar3
54 Bishnupura

Sadi55
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List of File Names in Diskette

Nawalparasi District

S.N. File Name VDC

Nawal
Nawal 2
Nawal 3

Paklihawa
Devgauu

a Ramnagar
b) Jahada
c) Unbachh
Manjhariya
a) Haqui

b Parasi
c) Sukrauli
Rampurwa
a) Guthi Pars auni
b) Guthi Suryapura
C) Dunna Devi
Sonai

3

Nawal 4
Nawal 5

Nawal 6
Nawal 7

Nawal 8

a) Harpur
b) Kudia
Palhi

Nawa1 9

10
11

Nawal 10
Nawal 11 Kusma
Nawal 12 Garmi

a Narsahi
b) Pratappur
Tibeni

Nawal 13

1415 Nawal 14
Nawal 15 a Rampur Khadona

b) Badgara Dubaul ia
a) Somani
b) Khairahawa
a) Jamuniya
b) Bhujahawa

16 Nawal 16

17 Nawal 17

APPENDIX - J




