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PREFACE

In response to a request from His Majesty’s Government of Nepal, the
Government of Japan decided to conduct a Master Plan Study on the Terai
Groundwater Resources Evaluation and Development Project for Irrigation and
entrusted the study to Japan International Cooperation Agency (JICA).

JICA sent a study team headed by Mr. Mitsuru YOSHIKAWA, Sanyu
Consultants Inc., to Nepal six times between November, 1991 and December,
1995.

The team held discussions with the officials concerned of His Majesty’s
Government of Nepal, and conducted field surveys at the study area. After the
team returned to Japan, further studies were made and the present report was

prepared.

I hope this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of His
Majesty’s Government of Nepal for their close cooperation extended to the team.

March, 1995

Kimio Fujita

President
Japan International Cooperation Agency



March, 1995

Mr. Kimio FUJITA

President
Japan International Cooperation Agency

Tokyo, Japan

Letter of Transmittal

Dear Sir,

We are pleased to submit the master plan report on the Terai Groundwater
Resources Evaluation and Development Project for Irrigation. The report is
compiled to reflect the advice and suggestions of the authorities concerned of the
Government of Japan and your Agency as well as the formulation of the above
mentioned project. Also comments made by the Department of Irrigation of His
Majesty’s Government of Nepal during the discussions which were held in
Kathmandu, are reflected in the report.

The study had been carried out in the three districts of Jhapa, Mabhottari,
and Banke (including a part of Bardiya). Based on this study, the groundwater
potential is considered to be sufficient for deep tubewell irrigation. It has also
been confirmed under the study that a deep tubewell irrigation plan is
economically feasible.

In regard to Jhapa District, immediate implementation of project for 30
irrigation units (4,500 ha) is recommended for the purpose of demonstration and
corroboration of DTW irrigation in the Eastern Terai. As the other two districts
require detailed groundwater resource evaluation, further surveys and studies on
a feasibility study level should be conducted.

We wish to take this opportunity to express our sincere gratitude to your
Agency, the Ministry of Foreign Affairs, the Ministry of Agriculture, Forestry
and Fisheries. We also wish to express our deep gratitude to the Department of
Irrigation and other authorities concerned of His Majesty’s Government of Nepal
for the close cooperation and assistance extended to us during our investigation
and study.

Very truly yours,

~ b
=T 0\ YE
Mitsuru YOSHIKAWA
Team Leader
Master Plan Study on the
Terai Groundwater Resources Evaluation
and Development Project for Irrigation
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Summary

1. Background

The food self-sufficiency of the Kingdom of Nepal has been declined as a result of the stagnat-
ing agricultural production and population growth. In order to address this situation, one of the
major goals of the government’s National Development Plan is to increase agricultural produc-
tion, mainly through the expansion of irrigated agriculture.

The Department of Irrigation of the Ministry of Water Resources, which is responsible for irri-
gation development in Nepal, is operating a “Deep Tubewell Irrigation Project” to develop the
abundant deep-seated groundwater resources in the Terai as one of the water resources for irri-
gation. As a series of projects, the Department of Irrigation requested, through the Government

of Nepal, to the Government of Japan to conduct the “Master Plan Study on Terai Groundwater

Resources Evaluation and Development Project for Irrigation.” In response to this request, the

Government of Japan implemented the Study through the Japan International Cooperation
Agency.

2. The Study

The Study covered the three districts of Jhapa, Mahottari, and Banke (includes a part of
Bardiya), which are located in the east, central, and western parts of the Terai. The Terai is
located in the southern part of Nepal forming the granary of nation. The major objectives of this
Study include “selection of areas irrigable by deep tubewell,” “evaluation of groundwater re-
sources,” and “establishment of a master plan related to deep tubewell irrigation.” The Study
Team dispatched by JICA conducted this Study over a 36 month period, from October 1991 to
July 1994, together with counterpart personnel from the Department of Irrigation.

3. The Study Areas

The Study Team selected and conducted the necessary studies in the southeastern part of Jhapa
District (command area 17,000 ha); in two irrigable areas in the southern (4,000 ha) and north-

ern part (3,000 ha) of Mahottari District (total 7,000 ha); and in the southern part (8,000 ha) of
Banke District.

4. The Scope of Study

This Study covers the fields related to deep tubewell irrigation, which include the socio-

economy, meteorology, hydrology, topography, geology, hydrogeology, groundwater, agri-
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culture, and irrigation in the Study Areas and adjacent areas. Specifically, intensive field stu-
ies were conducted for the Study Areas in Jhapa District as the “representative area.” Thijs
Study consists of meteorological and hydrological observations, drilling and testing of explor-
atory wells (total of 20 wells, maximum depth 300 m), groundwater observation, and agricul-

tural and irrigation studies (includes topographical survey of the sample area).

Based on the results of the above Study, the Study Team worked out an “evaluation of ground-
water resources,” “formulation of master plan for deep tubewell irrigation,” * formulation of
guideline for deep tubewell irrigation,” as well as the formulation of a “database” related to

meteorology, hydrology and hydrogeology; and the formulation of a plan for a “monitoring

network operation.”

Nepal in Overview

(1) Natural Environment

)

Nepal situates at the center of the Southern slope of Himalayan Mountains and is a land-
locked country surrounded by China to the north and India to the east, west, and south.
Nepal occupies an area of approximately 147,000 km2. The topography and geology can
be classified into five zones, which stretch in parallel to the Himalayan Arc. These zones
consists of, from south to north, alluvial and diluvial sedimentary layers in the Terai
which is the granary of Nepal; the Churia Hills which consist of sedimentary layers up to
the Pleistocene; mountainous areas of Precambrian rock; the Himalayas; and the Hima-
layan hinterland.

The wide range of meteorological conditions from the tropical type in the Terai to the
alpine type in the mountain areas can be observed in Nepal. The extreme precipitation
ranges from 6,000 mm to 250 mm annually depending on the area. Mean precipitation is
in the range of 1,500 mm to 2,500 mm, and 80% of the precipitation is concentrated in the
monsoon period between June and September. All of the rivers flowing through Nepal are
tributaries of the Ganges River. The rivers that originate in the Himalayas flow through-
out a year, and other rivers flow seasonally through the monsoon period. Meteorological
and hydrological observations in Nepal are conducted by the Department of Meteorology

and Hydrology of the Ministry of Water Resources, and observation records are published
on an irregular basis.

Socio-economy
The population of Nepal as of 1991 is 18.49 million. The annu
2.1%, and the population density is 126 per km?2,

al population growth is

i



€)

4)

e

Agriculture is the predominant industry in Nepal occupying 49% of the gross domestic
product in 1991/92 and 81% of the economically active population. The gross national
product in 1991/92 was 126.2 billion Rs (approximately US$3 billion) and US $180 per
capita.

Agriculture

Major agricultural products in Nepal consists of rice, maize, wheat, barley, millet and
pulses. Approximately 2.9 million ha were cultivated in 1992/93 and 4.9 million tons of
grain and 330,000 tons of other cash crops were produced. Until the middle of the 1980s
Nepal was a food exporting country; however, the rate of food self-sufficiency has
dropped to 85% to 90% because of a demand increase caused by population growth in
recent years. The gross farmland area in Nepal as of 1989/90 is approximately 3 million
ha, of which 42% (1.2 million ha) is located in the Terai. The irrigable area reaches to 2.2

million ha nationwide, but the net irrigated area at present is 940,000 ha, of which 65% of
the area (610,000 ha) is located in the Terai.

Political and Administrative System

Nepal’s political system is a constitutional monarchy. The country’s constitution was
issued in 1962, and the partyless Panchayat (political council) system was established.
The king dissolved the Panchayat System in 1990, and a new constitution based on a
multi-party system was created in 1991. Shortly after a new government was elected
through the general election. His Majesty’s Government of Nepal consists of 21 minis-
tries and agencies under the Council of the Ministers which is chaired by the prime minis-
ter. Nepal is divided into five development regions, 14 development zones, and 75 dis-
tricts as development and administrative units. The central ministries and agencies in

charge of development projects have offices in each region for supervising these projects.

Among the government agencies, the Department of Irrigation of the Ministry of Water
Resources is responsible for the planning and execution of new irrigation projects as well
as the operation and maintenance of completed large-scale projects. The Department of
Irrigation consists of central bureaus which include Irrigation Management, Large &
Middle-Scale Irrigation Projects, Groundwater Utilization, Planning and River Training,
as well as a Project Management Department for each national project and a Regional
Irrigation Directorate which supervise the District Irrigation Offices in the five develop-
ment regions. The Department of Agriculture of the Ministry of Agriculture is respon-
sible for agricultural extension programs. The Agricultural Development Bank of Nepal
offers financial assistance to the agricultural sector. One example of this financial assis-

tance is the loans provided for the Shallow Well Irrigation Program, which covered

iii



(%)

A

61,000 ha by 1988. The Agricultural Inputs Corporation is responsible for the import ang
distribution of chemical fertilizers, improved seeds, agro-chemicals, and farm maChinery.

National Development Plans

Seven plans were implemented under the Panchayat System beginning with the First Na-
tional Development Plan in 1956. Having evaluated and reviewed the existing results of
previous plans, the new government has established the “Eighth National Development
Plan (1992-1997).” The major targets of this plan include the sustainable economic
growth, the alleviation of poverty and the reduction of regional imbalances, while priority
measures include the intensification and diversification of agriculture, the energy devel-
opment, the development of rural infrastructures, the employment generation and human

resources development, and the regulation of population growth.

His Majesty’s Government of Nepal formulated a “Program for the Fulfillment of Basic
Needs (1985-2000)” in order to satisfy basic needs in six sectors, including food, cloth-
ing, housing, health, education, and security by the year 2000. The food production plan,
which is related to the most important basic need, outlines the major food production
target at 6.6 million tons (9.8 million tons unprocessed) based on the minimum require-
ment of 2,250 calories/capita/day and an estimated population of 23 million by the year
2000. This target represents a two-fold increase of production in 4.8 million ton at 1984/
85, and an annual average increase rate of production at 6.5% must be achieve to accom-
plish this goal. Irrigation facilities, improved seed, and improved agricultural practices
are necessary in order to achieve this target, and irrigated farmland must be increased to
1.25 million ha. ' ’

Upon the establishment of the Program for the Fulfillment of Basic Needs, the Depart-
ment of Irrigation established in 1990 the “Master Plan for Irrigation Development in
Nepal” with the cooperation of the United Nations and the World Bank. A major target of
this plan includes the expansion of irrigable areas to 1.25 million ha by the year 2000
based on government projects, which means irrigating an additional 60,000 ha of farm-
land every year. Other major measures include the management improvement of existing
irrigation projects; groundwater irrigation in Terai; medium- and small-scale surface wa-

ter irrigation in Terai; small-scale irrigation in hilly areas; and large-scale surface water
irrigation in Terai.

iv
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v
The Study Areas

Irrigable Areas by Deep Tubewell

The objective of the “Phase I” study in the Master Plan Study is to select areas irrigable by
deep tubewell in the target districts and a representative area with the highest potential
among others.

Through a review of the existing data related meteorology, hydrology, topography,
hydrogeology, the agricultural society, agriculture, and the social infrastructure, areas
irrigable by deep tubewell were selected after field inspection and discussions with De-
partment of Irrigation. These areas include the southeast part of Jhapa District (net com-

mand area of 17,000 ha), two irrigable areas in the northern and southern part of Mahottari

District (total OfZLQQQ,l},aL and the southern part (8,000 ha) of Banke District (include a
part of Bardiya District). The representative area, which is the Study Area for the “Phase
II” study, is selected in the southeast part of Jhapa District.

Natural Environment
Jhapa D District situates in the southeastern edge of Nepal, facing India to the south and to

the east. The total area is 1,600 km2, and the Kankai River flows toward south through the
central part of the district. The majority of the district is located on the alluvial Terai
(altitude 80 mags to 120 mags), while a portion is also located in the Churia Hills in the
north and the Terrace consisting of the central forest zone. The geology of Jhapa District
is divided into an alluvium layer, terrace deposits, and the Churia Formation. The allu-
vium is composed of sand and gravel beds in the north, and alternating of beds of sand,
gravel, silt, and clay in the plain area. The thickness of the alluvium layer in the northern

part of the Terrace may be 150 m or more and the Churia Formation is deemed to underlie
it. The Gangetic alluvium, which extends south of the terrace, has abundant gravel beds

with single thicknesses of 50 m and a total layer thickness of 300 m or more. The thick-

ness of the terrace deposit is approximately 10 m and consists of sand, silt, and clay.

Although the Churia Formation is not exposed at the surface, the results of exploratory
wells show that the Upper Churia Formation consists of clay, silt, sand, and gravel. An-
nual precipitation in Jhapa District is highest in the Terai at 1,600 mm to 3,600 mm, with
an average of approximately 2,500 mm. Precipitation in July durmg the monsoon period
exceeds 700 mm. The mean average temperature is 15°C to 29°C, and the average maxi-
mum and minimum temperatures are 38°C and 5°C respectively. The major rivers in this
district include Ratuwa Khola, Kamal, Kankai, Biring, and Mechi. Kankai and Mechi are
the largest rivers, originating in the mountain areas. A runoff discharge station is located
at Mainachuri (basin area 1,180 km2) on the Kankai River. According to the runoff dis-
charge analysis over a 14 year period, the runoff discharge is 2.79 billion m3, as opposed
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to an annual precipitation of 3.75 billion m3, which means that the runoff coefficient is
74%. The runoff coefficient for the Deoniya and Budhajhora rivers, as conducted by the
Study, are 70% and 89% respectively. Both rivers are seasonal in nature and more than

90% of the runoff discharge is observed during the monsoon season.

The majority of Mahottari District is located on the Terai with an area of approximately
1,000 km2. Several rivers flow to the south-southeast on a seasonal basis. The altitude of
this district is among the lowest in Nepal, with the altitude at the southern edge below 60
mamsl. The geology of the plain in this district consists of terrace deposits and alluvial
layers. The Churia Formation is distributed in the northern hills, and the terrace deposits
consist of clay, silt and gravel, but its thickness is unknown. According the deep tubewell
record, the Southern Terai alluvium consists of alternating beds of sand and gravel where
clay and silt are dominant. The annual precipitation of this district ranges from 600 mm to
2,600 mm, with an annual average of 1,310 mm. The monthly average temperature is
15°C to 30°C, and the average maximum and minimum temperatures are 39°C and 5°C
respectively. The rivers flowing through this district include Bighi, Ratu, Janpha, Marha,
and Hardi Nadi. Although some rivers flow throughout the year fed by groundwater, the

rivers are generally seasonal in nature. Runoff discharge observation has not been con-
ducted for these rivers.

The Study Area in Banke District, including the east bank area of Babai River in Bardiya
District, is approximately 3,200 km2, which is the largest among three districts. One of
the largest rivers, Rapti flows through the central part of the district. The minimum alti-
tude of the area is 130 mamsl, but the overall area is located at higher altitudes. The
geology of Banke District consists of the alluvium, terrace deposits and the Churia Forma-
tion. The alluvium layer can be divided into the Northern, Central, and Southern Ganges.
The Northern Alluvium has a thickness of more than 200 m and consists of fan gravel and
clay beds. The thickness of the Central Alluvium is approximately 30 m and the lower part
is possibly a Churia Formation. Gangetic Alluvium has a record of drilling beyond 300 m
and consists of sand and gravel where clay and silt are dominant. The Churia Formation
consists of semi-consolidated shale, sandstone and conglomerate in the hills east of Rapti;
however, silt and sandstone which belong to the lower Churia Formation are distributed
north of Babai River. The annual precipitation in this district ranges from 500 mm to
2,600 mm, with an average of 1,386 mm. The monthly average temperature is 15°C to
30°C, and the average maximum and minimum temperatures are 41°C and 3°C respec-
tively. The rivers flowing through this district include the Rapti, Manda, Dundawa Nala,

Kirin, and Babai. Rapti and Babai rivers originate in the mountain area and flow through-

out the year. Regular runoff discharge observations have been conducted in both rivers.

vi
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Socio-Economy

The Terai occupies 14% of the land area of Nepal and 42% of the farmland. The plain
consists of five development regions, 20 districts, and five industrial districts. The Terai
holds 47% of the nation’s population and 45% of the number of households. The indus-

tries located in this plain include agriculture, agricultural product processing, cement, and
shoe manufacturing.

Jhapa District consists of nine administrative sectors, two towns and 49 villages. Its total
area is 156,500 ha with farmland of 105,121 ha. The study area is 29,700 ha and includes
16 villages. The population of this district is 594,000 (1991), and the population density is
379 person/km2. The number of households is 111,000 and the average household con-
sists of 5.4 persons. Sixty-six percent of the economically active population are engaged
in agriculture. This district is noted as a production area for rice and tea, and other indus-
tries include agricultural product processing.

Mahottari District consists of nine administrative sectors, one town, and 77 villages. The
total area is 101,000 ha with a farmland of 67,800 ha. The study area is 9,800 ha (2
residential areas) and includes 17 villages. The population of this district is 440,000
(1991), and the population density is 434 person/km2. The number of households is
80,400 and the average household consists of 5.5 persons. Seventy-nine percent of the
economically active population are engaged in agriculture, and industries include agricul-

ture and agricultural product processing.

Banke District consists of nine administrative sectors, one town, and 46 villages. The
total area is 226,000 ha with a farmland of 49,000 ha. The study area is 12,100 ha. The
population of this district is 286,000 (1991), and the population density is 126 person/
km2. The number of households is 49,100 and the average household consists of 5.8
persons. Sixty-eight percent of the economically active population are engaged in agri-

culture, and industries include agriculture and forestry.

Agriculture and Irrigation

The Terai consists of five types of soil including sandy loam/clay loam, silt loam/clay
loam, loam/sandy loam/silt loam and sandy loam/loam. Major grain products (1992/93)
in the Terai include rice at 1.84 million tons (71% of national total), wheat 430,000 tons
(57%) and maize 330,000 tons (25%). More than 30% of the livestock is raised in this
area. Forty percent (610,000 ha) of the 1.24 million ha of farmland in the Terai is irri-
gated which represents 65% of the irrigated farmland nationwide.

vii



i

The farmland of Jhapa District is 105,000 ha and the irrigated farmland is 47,900 ha. The
cropping intensity is 151%. The number of farm households including landless farmers
(1991/92) is 74,700 and the average farms size is 1.
one hectare occupy 52% of the total number of farms.
farm houscholds in the Study Area. The dominant cropping patterns in this district are
“spring paddy-monsoon pud(ly-whcal" for irrigated farm-

41 ha/farm. Farm houscholds less thap

There are approximately 12,000

“monsoon paddy-wheat™ or
land. For rainfed farmland, the dominant crops
ed crops™ or “maize-pulses/oilsced crops/millet”.  Monsoon
intensity is only 126%,

are “monsoon paddy-fallow™ or “mon-

soon paddy-pulses/oilse
paddy-fallow is most dominant in the Study Area and the cropping
Major products (1992/93) in this district include paddy at 203,000 tons (7.8% of national
total). maize 18.600 tons (1.4%), wheat 13,100 tons (1.7%), potatoes 13,000 tons (1.8%),

and tobacco 730 tons (12.1%). The production for paddy is the highest among the 75

districts nationwide. Paddy is marketed via farm households-brokers-wholesalers-rice

polishers-retailers-consumers. Vegetables are occasionally sold directly to retailers or
consumers from farm households. There is a district agricultural development office, six
agricultural service centers, two agricultural research stations, one branch of the Agricul-
tural Development Bank of Nepal, as agriculture supporting agencies including two

branches of the Agricultural Inputs Corporation, and 27 cooperative societies as farmer

organizations.

The farmland in Mabhottari District is 63,800 ha and the irrigated farmland is 17,300 ha.
The cropping intensity is 171%. The number of farm household including landless farm-
ers (1991/92) is 58,600 and the average farms size is 1.09 ha/farm. Farm households less
than one hectare occupy 60% of the total number of farms. There are approximately 6,400
farm households in the Study Area. The dominant cropping patterns in this district are
“spring paddy-monsoon paddy-wheat” or “spring paddy-monsoon paddy-maize” for irri-
gated farmland. For rainfed farmland, “monsoon paddy-fallow” or “monsoon paddy-
wheat-fallow” are the dominant patterns. “Monsoon paddy-fallow” dominates in the
Study Area.

Major products (1992/93) in this district include paddy at 52,000 tons (2.0% of national
total), maize 8,200 tons (0.6%), wheat 26,500 tons (3.5%), tobacco 1,200 tons (19.1%),
and pulses 9,500 tons (4.7%). The marketing system of agricultural products is similar to
Jhapa District. There are six agricultural service centers under the supervision of the Re-
gional Agriculture Directorate in Kathmandu, two agricultural research stations, one
branch of the Agricultural Development Bank of Nepal, one branch of the Agricultural
Inputs Corporation and 31 cooperative societies,

viii
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The farmland in the Banke District is 49,100 ha and the irrigated farmland is 3,300 ha.
The ratio of irrigation area is the lowest compared with the other two districts, and the
cropping intensity is 142%. The number of farm household including landless farmers
(1991/92) 1s 35,900 and the average farms size is 1.37 ha/farm. Farm households less than
one hectare occupy 50% of the total number of farms. There are approximately 5,900
farm households in the Study Area. The dominant cropping patterns in this district are
“monsoon paddy-fallow” or “maize-millet-mustard” or “pigeon peas”.

Major products (1992/93) in this district include paddy at 36,000 tons (1.4 % of national
total), maize 21,000 tons (1.6%), wheat 10,400 tons (1.4%), and potatoes 4,600 tons
(0.6%). The marketing of agricultural products is basically similar to the other two dis-
tricts. There are a District Agriculture Office, four agricultural service centers, two agri-
cultural research stations, one branch of the Agricultural Development Bank of Nepal, as

agriculture supporting agencies including one branch of the Agricultural Inputs Corpora-
tion and 17 cooperative societies.

Social Infrastructure

Each area is accessible by air from Kathmandu. It is an overnight journey to the Jhapa and
Banke districts using the highway which runs east and west through the Terai , and it takes
one day to Mahottari District. All-weather roads in the three districts are very poor, and
the majority of the roads are mud which are impossible for vehicle traffic during the rainy
season.

The power transmission network in Nepal consists of a 132 KV, 33 KV, 11 KV, and 220V
power transmission lines. '

Jhapa District has 132 KV and 33 KV transmission lines which run along the E-W High-
way and power is transformed to 11 KV at Birtamod. It is possible to use power from the
power transmission line near the highway. There is a future plan to extend three 11 KV
lines to areas south of the highway.

The power in Mahottari District is transformed from 132 KV and 33 KV lines running
along the highway at Jaleswar, and the power is used only in the adjacent areas. Construc-
tion to expand the system is currently underway in the southern area, and power will be
distributed to the overall southern area in the future.

The Kohalpur and Nepalganj substations are located in Banke District, and a 11 KV line
extends to the east; this line will be further extended to the Western Bardiya District in the
future.

Wireless telephone relay stations in every district in Nepal are connected with
Kathmandu. There are 775 telephone lines in Jhapa District, 165 in Mahottari District, and
1,310 in Banke District.
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7. Evaluation of Groundwater Resources

In the Phase I Study, the clarification of hydrogeological and groundwater conditions in three
districts was made by mean of review of the existing groundwater studies and deep tubewell
records; and then an average yield of standard deep tubewell by each district were evaluated as
shown below:

The definition of standard deep tubewell is to be 150 m depth, 250 mm casing diameter, 15 m
drawdown, 20 % screen opening, 3 cm/sec critical flow velocity and 30 m screen length.

Areas : Average Yield (1/s)
Jhapa i 91
Mabhottari (south) ; 66

(north) ; 97
Banke ; 110

The average yield in Jhapa, 91 I/s was reevaluated to be 120 1/s based upon the pumping test
made on the explanatory and existing deep tubewell conducted during the Phase II Study.

As per the representative area selected in Jhapa District, a dynamic mathematical model was
constructed for simulation studies of groundwater resource evaluation. The model covered a
basin area of 719 km2 inclusive of the representative area and adjacent; and characterized in the
results of detailed surveys in topography, meteorology, hydrology, hydrogeology and so forth.
Applying the constructed model, the groundwater resource was evaluated through simulation
studies for a 14-year period in the current and future conditions.

As the results of simulation studies, the current mean hydrologic balance in the study basin is
shown as 1,903 million m3/annum (MCM/a) (100%) of rainfall, 555 MCM/a (29%) of evapo-
transpiration, 3,790 MCM/a of surface inflow (inclusive of inflow from the Kankai River),
4,874 MCM/a of surface outflow, 1,048 MCM/a (57%) of a difference between in- and out-
flows, 369 MCM/a (19%) of groundwater recharge; and 3 MCM/a of groundwater draft. A total
expenditure reaches to 105% against the total revenue (rainfall). This is caused by the difference
of total storage in the basin during a 14-year period. Focusing on the balance in the groundwater

system, out of 369 MCM/a of recharge, 3 MCM/a is only pumped up for use, and the remained
360 MCM/a flows out of the basin.

In case that the irrigation (with peak water requirement at 0.8 l/s/ha) is conducted in a full-scale
(17,000 ha), the total water requirement in the design year is reached at 131 MCM/a or 36% of
the mean groundwater recharge of the basin. In accordance with simulation studies in case of a

full-scale development for 14-year period, the groundwater heads at every aquifers never reach
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to the critical level set forth at 30m below the ground surface. Another case of simulation shows
that a groundwater draft at 206 MCM/a or 57% of the mean groundwater recharge or 1.35 times
of the designed water requirement is necessary to reach at the critical heads. As the simulation
studies concluded, the groundwater resource in the study basin in Jhapa is deemed to be some

200 MCM/a; and 35% surplus be left even in case that the full-scale development of DTW
irrigation has been spread out.

Any simulation study has never been constructed for Mahottari and Banke. However, the
groundwater potential in Mahottari is deemed to be same level in J hapa since there is not so
much difference between both districts in the groundwater environment such as meteorology,
hydrology hydrogeology and so forth.

A large-scale groundwater development in Banke district seems to be limited only at the

southern strip as the rainfall and river density are far less than in other districts and the
Gangetic aquifers are spread out only at the strip.

8. Master Plan for Deep Tubewell Irrigation Development

(1) Agricultural Development Plan
The basic strategies of the Agricultural Development Plan include a crop diversification,
expansion of productivity and an improvement in farm incomes. The scheduled cropping
pattern and intensity in the study areas are summarized as below:
District Jhapa Mabhottari Banke
Cropping Pattern
(without project) Wheat * Maize * Pulses * Wheat * Mustard * Pulses * Maize

Monsoon paddy Monsoon paddy * Wheat « Monsoon paddy
(with project) Wheat * Maize * Spring Onions * Potatoes = Mustard ¢ Pulses * Potatoes
paddy * Monsoon paddy =~ Wheat Spring Paddy «  * Maize * Monsoon paddy
Monsoon paddy

Cropping Intensity
(without project) 126% 140% 140%
(with project) 200% 200% 200%

(2) Trrigation Plan

Based on conditions in each district, including precipitation, soils, and cropping patterns,

the peak irrigation water requirement (facility design discharge) for each district is deter-
mined as follows: Jhapa 0.8 1/s/ha; Mahottari 1.0 I/s/ha; and Banke 0.7 Us/ha. The annual
water requirement for the design year on the irrigation area in each district is as follows:
Jhapa 131 MCM; Mahottari 72 MCM; and Banke 66 MCM.
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Water Sources Plan
The number of irrigation units which cover the average command area of deep tubewe)

and the overall study area, determined by the average yield of a standard deep tubewe||
(depth 130-150 m; diameter 250 mm; water drawdown 20 m) are summarized as follows;

District Jhapa Mabhottari Banke
(south) (north)
Deep tubewell yield (I/s) 120 66 97 110
Average command area (ha) 150 66 91 157
Number of irrigation units 113 31 61 51
Facility Plan

The irrigation unit will be required to have following facilities: water source facility (deep
tubewell, pump equipment, power transmission line within the unit), distribution system
(pipeline system, valve etc.), on-farm canal (command area 4-6 ha), drainage system (unit
discharge 4 1/s/ha, density 40 m/ha), village road (width 6 m, density 4-5 m/ha), and con-
necting road (width 3 m, density 4-5 m/ha).

Project Plan

Based on the above facility plan, the project plan is summarized as follows:

Items Jhapa Mahottari Banke
Irrigable area (ha) 17,000 7,000 8,000
Beneficial Farm Household 12,080 6,420 5,850
Beneficial Population ' 64,750 35,180 33,930
Number of deep tubewells ' 113 92 51
Pump stations

* Number of pumps 113 92 351

* Total length of power transmission line (km) 170 70 80
Pipeline system ,

* Total length (km) 680 300 320

* Number of valves 4,070 1,750 1,940
Total length of on-farm canals (km) 1,240 560 610
Total length of drainage system (km) 770 330 360
Total length of road (km) 170 74 77
Number of buildings 2 2 )

The implementation schedule for this project is planned as follows:
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Items Jhapa Mabhottari Banke
Overall schedule (year) 10 9

Project preparation (year)
Land acquisition (year)
Road construction (year)

oA LW
U N O NG OV
A B AW

Facility construction (year)

Organization, Operation and Maintenance System

The project executing agency is to be the Department of Irrigation, and the project is
managed by a project office established in each area. The Project Office consists of the
Agriculture, Farmers’ Organization, Engineering, Operation and Maintenance, and Ad-
ministrative Divisions. An agricultural subcenter is established under the Agricultural

Division, which is in charge of the extension, the training and communication with farm-
ers.

Throughout the project implementation period, the Farmer’s Organization Division of the
Project Office will provide guidance of establishment of and management of the Water
User’s Group which consists of every beneficial farmers within an irrigation unit and the
Water User’s Association which is composed of the Water User’s Groups within the
project area. During the initial period of project implementation, the operation and main-
tenance of pumps is the responsibility of the Project Office, but this will gradually be
transferred to the Water Users’ Association. At the completion of the project, the func-
tions of each division, including the Agriculture, Farmers’ Organization, and the Opera-
tion and Maintenance Divisions, will be transferred to the Water Users’ Association. All
functions (excluding the Engineering Division) including operation and maintenance, ex-
tension services, purchase of inputs, distribution, and marketing of agricultural products

will be transferred to the Water Users’ Association.

Environmental Consideration

The most important environmental impact by this project is the existing groundwater
right. According to the simulation in Jhapa District, a maximum 20 m groundwater draw-
down may occur. The groundwater drawdown will affect the yield of domestic shallow
well and the existing deep tubewells for town water supply. Countermeasures such as

converting water sources will, therefore, be necessary during the execution of the project.

The potential for other environmental impacts related to groundwater development, 1n-

cluding water pollution and land subsidence, is considered to be small.
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(8) Project Cost

)

Based on the unit prices employed in recent construction works by DOL, the total projecy
cost in each area, including construction cost, equipment cOst, €ngINCEring and adminjs.

: . : i St
trative fees, contingencies and price escalation are estimated as follow

Jhapa . Rs 2.889 billion (US$57.8 million, US$3,400/ha)
Mabhottari . Rs 1.584 billion (US$31.7 million, US$4,500/ha)
Banke - Rs 1.510 billion (US$30.2 million, US$3,800/ha)

Project Evaluation
The financial and economic costs for construction and annual operation and maintenance
in each area are estimated as follows:

(unit: million Rs)

Construction cost Annual operation and maintenance cost

Financial cost Economic cost Financial cost  Economic cost

Jhapa Area : 2,889 1,932 39 36
Mabhottari Area : 1,584 1,098 21 19
Banke Area : 1,510 1,019 16 15

The incremental agricultural benefits (unit: million RS/year) are evaluated as follows:
Jhapa Area 585; Mahottari Area 203; and Banke Area 210.

As aresult of a comparison between the above construction cost and incremental agricul-
tural production benefits, the economic internal rate of return in each area is evaluated as

follows; and projects in each area are considered to be economically feasible.

Economic Internal Rate of Return (%)

Jhapa Area 4 21.0
Mabhottari Area : 13.5
Banke Area : 14.3

As aresult of financial analysis of a farm household, disposable income of the average
farm household in each area without and with the project are as follows:
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Farm Size (ha) Disposable Income (Rs)
Jhapa Area (Without project) : 141 1,473
(With project) 1.41 2,680
(Difference) : 1,207
Mahottari Area  (Without project) : 1.09 6,769
(With project) 1.09 8,581
(Difference) ; 1,812
Banke Area (Without project) :  1.37 4,790
(With project) : 1.37 9,038
(Difference) : 4,248

(10) Guidelines for Deep Tubewell Irrigation

As aresult of the above, the following two items are considered important as the guideline
for the formulation of a deep tubewell irrigation plan in the Terai:

“LFCA and LFWY”

An economical Least Feasible Command Area dominated by one deep tubewell in the
Terai is 30 ha, both east and west, as far as an electric pump is applied. And, the Least
Feasible Well Yield necessary to irrigate this area is 30 1/s.

Based on these figures, deep tubewell irrigation is not considered economically appropri-
ate for an area where the deep tubewell potential is less than 30 I/s.

“Aquifer and Production Well”

The deep tubewell yield of 60-100 I/s can be obtained in the alluvial aquifer in the Terai.
However, the Churia aquifer may be of low permeability and low transmissivity, and the
prescribed deep tubewell yield may not be obtained. Therefore, a sufficient
hydrogeological examination is necessary to determine the distribution of the Churia For-
mation when formulating a deep tubewell irrigation plan.

Details of the production wells with yields up to 120 I/s in the Terai alluvial aquifer are as
follows: screen diameter 250 mm; opening 25%; total length 30 m; total housing length 50
m; and tubewell depth 100-150 m.

The cost-efficient drilling method for production wells in the boulder including area in the
Bhabar Zone is the percussion method. The rotary method can be used in the other areas.
The circulation fluid should be carefully selected for production well drilling: Ordinary
bentonite fluid can be used when the natural water head is below the surface. However, a

combined fluid of bentonite and barite should be used when the water level shows high
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artesian pressure. The use of excessively dense circulation fluid must be avoided as it wjj;
significantly reduce the well yield. The screens used for production wells in the Terai myg
be a reinforced wire-wrapped, with an opening of 25% or more and a collapse pressyre

resistance of 30 kg/cm2 or greater. Stainless steel is desirable depending on the wate,

quality.
Conclusion and Recommendations

As a result of this Master Plan Study, the groundwater potential in the study areas s

considered to be sufficient for deep tubewell irrigation. Furthermore, it has been con-

firmed that a deep tubewell irrigation plan is economically feasible.

This Study demonstrates the time-series observations for groundwater use, meteorology,
hydrology, and groundwater behaviors are essential in the evaluation of groundwater re-
sources. The establishment of observatory network and sustainable time-series observa-

tion in the three districts are strongly recommended for the Department of Irrigation in

order to formulate proper DTW irrigation projects.

In regard to Jhapa District, an immediate implementation of project for 30 irrigation units
(4,500 ha) is recommended for the purpose of demonstration and corroboration of DTW

irrigation in the Eastern Terai.

As the other two districts require detailed groundwater resource evaluations, further sur-
veys and studies in a feasibility study level are recommended to conduct. From the view-
point of feasibility, this should be performed in Banke District first, followed by

Mabhottari.
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CHAPTER-ONE: INTRODUCTION

This report summarizes the results of the "Master Plan Study on the Terai Groundwater Evalu-
ation and Development Project for Irrigation" which was requested by His Majesty's Govern-
ment of Nepal (HMGN) and conducted by Japan International Cooperation Agency (JICA).

Major objectives of the study include the evaluation of groundwater resources, the formulation
of master plan of deep tubewell (DTW) irrigation projects in Jhapa, Mahattori and Banke (inclu-

sive of a part of Bardiya) Districts which situate in the eastern, central and western Terai respec-

tively.

The study divided into two phases.
The "Phase I Study" aimed mainly at selection of areas irrigable by DTW in each District as well

as a "representative area" with the highest groundwater potential amongst the selected irrigable
areas. As the result of the study the southeastern area in Jhapa District has been selected as the
"representative area".

The "Phase II Study" was to cover an intensive survey and study on the representative area,
formulation of master plan and guideline for DTW irrigation and so forth. The intensive survey
includes the establishment of monitoring network; monitoring of meteo-hydrology and ground-
water; geophysical prospecting; drilling and testing of 20 exploratory deep tubewells; topo-
mapping of a sample area; socio-economic and agricultural survey; and so forth. Based upon the
results of survey, the evaluation of groundwater resources, formation of master plan and guide-
line for DTW irrigation were conducted. A series of systems in groundwater monitoring, meteo-

hydrological and hydrogeological database and groundwater management were constructed.

Through the study period, technical transfers have been conducted for the counterpart personnel
of Department of Irrigation (DOI) in the On-The-Job basis and the training in Japan.

The "Phase I" and "Phase II" studies were conducted from October 1991 to March 1992 and

from September 1992 to September 1994 respectively.
The total study was conducted over a 36-month period.

This report is volume one of three volumes as below;
Volume One : Main Report

Volume Two  : Sector Report
Volume Three : Appendices
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CHAPTER-TWO: THE STUDY

2:1.

2.2.

Background of the Study

In the current Eighth National Development Plan, His Majesty’s Government of Nepal
(HMGN) formulated a major plan to drastically transform rainfed farmland into irrigated

land and to establish a basis for the expansion of food production in Nepal.

In order to implement this plan, the Department of Irrigation (DOI) of the Ministry of
Water Resources (MOWR) which is responsible for irrigation development of Nepal has
been engaged in surface and groundwater development schemes in the Terai where has
the highest development potential in Nepal in terms of land, water resources and agricul-
ture. DOI, however, faces various constraints in coordinating,implementing and manag-

ing groundwater development through deep tubewells. *

In this connection, HMGN requested in 1988 for the Government of Japan to extend its
technical cooperation for the Master Plan Study on Terai Groundwater Resources Evalu-
ation and Development Project for Irrigation (the Study). In response to this request, the
Government of Japan sent, through the Japan International Cooperation Agency (JICA), a
preliminary survey team to Nepal in March 1991 and made discussions with DOI in rela-
tion to the scope of the work involved.

Based on these discussions, JICA organized an implementing team (the Study Team) for
the Study. The Study Team submitted an Inception Report to DOI in October 1991 which
outlined the plans of approach and operation of the Study. Both parties agreed to the plan
of approach and operation of the Study and work was immediately begun by a joint team
consisting of the Study Team and the counterpart personnel from DOIL.

* The definition of deep tubewell (DTW) and shallow tubewell (STW) is set forth, in many countries, at a
depth of 30 m (100 feet). This definition in Nepal is not clear. A well in depth of 40 to 50 m is often
called a STW when it taps water within the first unconfined aquifer or the installed pump is a centrifugal
type. While, a tubewell drilled to 50 m or more and installed deep-well type pump (mostly a vertical
turbine type) is called a DTW.

Scope of the Study

The scope of the study and the plan of operation agreed upon between JICA and HMGN

are as listed below:
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(I) Objectives

The objectives of the Study are as follows: .
to evaluate the groundwater potential in the three districts of Jhapa, Mahottari, and Banke,

which are located in the Terai; o
* to formulate a project master plan on groundwater development in a selected district

where the groundwater potential is highest; and
* to carry out technology transfers to the Nepalese counterpart personnel during the course

of the Study.
(2) The Study Area

The study area includes the following three districts:
« Jhapa District, excluding the area covered by the Kankai Irrigation Project.

* Mahottari District.
« Banke District, including a part of the Bardiya District on the left bank of the Babai River.

(3) Scope of the Study

The scope of the Study set forth in the scope of work includes the following:

a) Phase I Study

* to collect and review the existing data and information,

* to examine topography, meteorology, hydrology, geology, soil, agriculture, irrigation,
organization, hydrogeology, groundwater resources, and the existing irrigation projects
and water resources development plan in three target districts,

* to evaluate the groundwater resources for irrigation,

* to identify the groundwater irrigation potential,

* to formulate a technical and management concept for groundwater irrigation; and

* toselect a "representative area" which has the highest potential for deep tubewell devel-

opment for irrigation.

b) Phase II Study

* to conduct hydrogeological surveys, geophysical prospecting, drilling of exploratory
wells, groundwater monitoring and evaluation of groundwater resources in the selected
representative area, '

* to formulate a plan for groundwater monitoring in the representative area,

* to formulate a plan for the development and management of groundwater in the represen-
tative area; and



* to formulate a master plan for deep tubewell irrigation projects in the target districts.

(4) Implementation of the Study

Implementation of the Study was carried out by the Study Team organized by JICA to-
gether with the counterpart personnel from DOI.

(5) Plan of Operation for the Study

a) Schedule of the Study

The Study is divided into two phases and stages as listed below.

Table 2.2.1 Schedule of the Study

Phase Stage Schedule of Work Report Schedule
I Preparatory Work | Oct. 1991 Inception
Field Work  (I) | Nov. 1991 to Jan. 1992 Progress (1)
Home Work (1) | Feb. to March 1992

II Field Work  (II) | Sept. 1992 to May 1993 | Interim/Progress (II)
Home Work (II) | Aug. to Sept. 1993
Field Work  (III) | Oct. 1993 to Jan. 1994 Progress (I1I)
Home Work (III) | June to July 1994
Report Explanation | Dec. 1994 Draft Final Report
Report Submission | Mar. 1995 Final Report

b) Outline of the Phase I Study
* Preparatory Works
[1] Review of the existing data and information
[2] Formulation of the plan of operation
[3] Preparation of the Inception Report
* Field Work (I)
[4] Explanation and discussion of the Inception Report
[S] Collection and review of related data and information
[6] Field inspection |
[7] Provisional discussion on the selection of a representative area
[8] Investigation on subcontracts for the drilling of exploratory wells
[9] Preparation and discussion of the Progress Report (I)
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* Home Work (I)
[10] Review of the existing plans for water resource de
[11] Evaluation of the groundwater potential for irrigation
[12] Formulation of a basic strategy for the development and managemen

velopment and irrigation projects
t of groundwater

resources

[13] Selection of potential areas and a representative area in the target districts

[14] Preparation of an Interim Report

¢) Outline of Phase II Study
* Field Work (II)
[15] Explanation and discussion on the Interim Report
[16] Geophysical prospecting
[17] Drilling and testing of the exploratory wells
[18] Meteo-hydrological and groundwater observations
[19] Survey on agriculture and irrigation
[20] Preparation and discussion of the Progress Report (II)
e Home Work (II)
[21] Analysis of the results of Field Work (II)
[22] Examination of the additional field investigation
» Field Work (III)
[23] Collection and review of the supplementary data and information
[24] Additional meteo-hydrological and groundwater surveys
[25] Analysis of the surface water balance

[26] Analysis of the groundwater balance
[27] Formulation of a basic strategy for groundwater resource development

[28] Preparation and discussion of the Progress Report (III)
» Home Work (III)
[29] Comprehensive evaluation of the groundwater resources
[30] Formulation of a master plan for deep tubewell irrigation in the representative area
[31] Formulation of a plan of operation and management for groundwater monitoring net-
work
[32] Formulation of a plan for a hydrogeological and meteo-hydrological database
[33] Formulation of guidelines for deep tubewell irrigation for the two areas other than the
representative area
[34] Preparation of a Draft Final Report
» Final Report
[35] Explanation and discussion of the Draft Final Report
[36] Preparation and submission of the Final Report
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CHAPTER THREE:

3:1.

NEPAL IN OVERVIEW

Natural Environment

3.1.1. Topography and Geology

(D

)

3)

The Himalayan Range swings in an enormous arc at the north of the Indian subcontinent.
The Kingdom of Nepal situates close to the central part of this arc. Nepal is a land-locked
mountainous country which shares common boundaries with China to the north and India
to the south, east and west.

The country has a rectangular feature, located in between the latitudes of N26° 21’ 35" and
N30°26' 55", and a longitude of 80° 03' 51" E to 88° 12' 21" E. The average axis is 885
km in the east-west and 193 km in the north-south, with a total area of approximately
147,000 km?2.

Nepal’s topographical features, geological characteristics, and climatologic zoning are
closely related due to the presence of the Himalayas.

The topography and geology are divided into the following five areas, which parallel the
Himalayan arc:

Terai

The Terai is a plain area with an altitude ranging from 60 m to 200 m at the southern end
and a north-south width of 20 km to 50 km. The plain consists of the Gangetic alluvial
beds of clay, sand and gravel, which is brought down from the Himalayan mountains and
its foothills. The Terai has abundant land and water resources and is considered as the

granary of Nepal.

Churia Hills

The Churia Hills skirt the Terai with an altitude less than 1,300 m. Its north-south width is
20 km to 30 km. The Churia Hills consist of the Churia Formation, which is composed of
sandstone, conglomerate and silt formed in the Miocene to Pleistocene age.

Some geological texts call this formation as "Siwalik Formation", which, in the Report, is
referred to as "Churia Formation" meaning the formation consists of the Churia Hills.

Mahabharat Hills and Midlands

Topographically, Nepal is divided into the Midlands in the central part of the country
(north-south width, 40 km to 60 km) and the Mahabharat Hills (north-south width, 30 km
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to 40 km). Geologically, these areas belong to the Midlands Zone and consists of granite

and schist in the Precambrian age.

(4) Himalayan Mountains

The Himalayan mountain range includes the major summits of the Eastern Himalayas and

consists of gneiss and migmatite.
(5) Inner Himalayan Valley

The higher peaks of Sagarmatha (Everest), Dhaulagiri and Annapurna massif underlie in
the inner Himalaya and the area underlain by sedimentary rocks such as limestone and

dolomite, and intruded granite of geologic age from Cambrian to Cretaceous.
3.1.2. Meteorology and Hydrology

(1) Meteorology

Nepal lies near the northern limit of the tropics; but because of the exceptionally rugged
terrain, the climatic range varies greatly, from summer tropical heat and humidity of the

Terai, to a colder dry continental and alpine winter climate of the middle and northern

mountainous regions.

The mean annual precipitation ranges from more than 6,000 mm along the southern slope
of the Annapurna Range in the central Nepal, to less than 250 mm in the north-central
region near the Tibetan Plateau. Varying precipitation amounts, from 1,500 mm and 2,500
mm, dominate a majority of the country, with a distinct maximum along the southern
slope of the Mahabharat and Himalayan ranges in the eastern two-thirds of the country;
however, minimum precipitation stretches east and west across the middle of the coun-
try. On an average, approximately 80% of the precipitation is confined to the monsoon

period, from June to September.

The maximum temperature in the summer and late spring ranges from more than 40°C in
the Terai to about 28°C in the mid-region of the country. The winter average maximum
and minimum temperatures in the Terai range from a mild 23°C to a brisk 7°C, while the
central valleys experience a chilly 12°C maximum and a -0°C minimum. Much colder

temperatures prevail at higher elevations.
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(2) Hydrology

3)

3.2.

All rivers in Nepal are tributaries of the Ganges River, which flows into India. Discharge
hydrographs for most rivers are sharp during the monsoon season between July and Sep-

tember, but significantly drop in November and are at their lowest in February. The dis-
charge begins to increase again as the snow melts.

Snowfed rivers are mostly perennial in nature; however, the fluctuation between their low

and high flows is often very large due to heavy rainfall during the monsoon season.

Most of the rivers in the Terai are seasonal, being nearly dry in winter but active during the
monsoon season. The main source of water for these rivers is rainfall.

Meteorological and Hydrological Stations

Department of Meteorology and Hydrology (DMH) of Ministry of Water Resources
which is responsible for monitoring and recording of meteorology and hydrology in
Nepal, has recorded data which includes precipitation, temperature, humidity, wind, sun-
shine, and river discharge.

Meteorological monitoring began in 1947 at several locations, and as of 1990, there are
215 stations measuring rainfall in Nepal. Among these stations, approximately 40 sta-
tions measure agro-meteorological data such as temperature, humidity, sunshine, wind,
and evaporation. Meteorological data is made available in part by the “Climatological
Records of Nepal,” which is published by DMH on an irregular basis. Furthermore, only
monthly data is made available by this publication though the measurements are taken on

a daily basis.

Hydrological measurements began at the Karnali River in 1960, and there are approxi-
mately 40 stations currently measuring the water discharge of the major rivers. Hydro-
logical data is made available in part by the “Surface Water Records of Nepal,” published
by DMH; however, publication ceased in 1976.

Socio-Economy
The population of Nepal as of 1991 is 18.49 million, and the annual population growth

rate since 1981 has been 2.1%. Nepal occupies an area of 147,000 km2 and has a popu-
lation density of 126/km?2 (1991).
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3.3.

Nepal is an culturally diverse country composed of many races and ethnic groups. These
people can be divided into Tibet-Nepalese and India-Nepalese races. The Tibet-Nepalese
races, which settled mainly in the hill and mountain districts, are represented by Tibetan

and ancient Nepalese groups. Similarly, the India-Nepalese races, which settled mainly op

the Terai, are represented by Nepalese and Indian groups.

The agricultural sector forms the mainstay of Nepal’s economy, contributing 49% of the
GDP in 1991/92, compared with other sectors such as constructi
As of 1991/92, Nepal’s GDP is 126.2 billion Rs (approx. US$ 3 billion) and US$180 per

on and manufacturing,

capita.

Foreign trade in 1991/1992 reflected a deficit of Rs 19 billion, with exports and imported
valued at Rs 13.9 and 32.9 billion, respectively.

Agriculture

Six food grains, including paddy, maize, wheat, barley, millet, and pulses, dominate agri-
cultural production of Nepal. In 1992/1993, approximately 2.9 million ha of farmland
were cropped, producing some 4.9 million ton of food grains and about 3.3 million ton of

other cash crops.

Livestock also plays an important role in Nepal’s economy. The total number of cattle and

buffalo is 9.31 million, or approximately 4.2 head per household.

Until the mid-1980s, Nepal was a food-grain exporter. In recent year, however, food de-
mand has exceeded production. Nepal is estimated to be 85% to 90% self-sufficient in the
production of food grains. Farming is carried out under irrigated conditions in large areas
of the Terai and in smaller areas in the hill and mountain districts. Rainfed agriculture
dominates in the latter areas. The total arable area in Nepal was 2.97 million ha in 1989/
1990, of which 1.2 million ha, or 42%, are located in the Terai region. The irrigable land
area has reached 2.2 million ha. The actual irrigated area in Nepal is 940,000 ha, of which
610,000, or 65%, are also located in the Terai region. The productivity of the agricultural

land in most parts of Nepal is significantly lower than in neighboring countries.
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34.

Political and Administrative System

3.4.1. Political System

The Kingdom of Nepal is a constitutional monarchy. Its written constitution was set forth
in 1962, establishing a party-less Panchayat System, after many political and administra-
tive attempts following the royal takeover in 1951. In accordance with the 1962 constitu-

tion, there are three levels of Panchayats, or political councils - village, district, and na-
tional assemblies.

In April 1990 a pro-democracy movement was initiated, and His Majesty the King dis-
solved the Rastriya Panchayat and the Panchayat System in mid-April 1990. An interim
government was formed to create a new constitution, and a new constitution based on a
multi-party system was set forth in early 1991.

3.4.2. Administrative System

(1)

)

©)

His Majesty’s Government

HMGN is composed of 21 ministries, including among others, ministries for finance, law
and justice, foreign affairs, local government, defense, agriculture, and water resources, as
well as a National Planning Commission in the Secretariat of the Council of Ministers,

under the chairmanship of the prime minister.

Local Administration

Nepal is divided into five development regions, 14 zones and 75 districts for administra-
tive and development purposes, as shown in Figure 3.4.1. Each development region con-
sists of two to three zones and several districts. Each district is divided into nine wards,

with several villages. Most ministries related to development sector have regional and

district offices.
Government Agencies Related to the Irrigation Subsector

Government agencies have been actively involved in new irrigation schemes and in assist-
ing farmer groups to construct or rehabilitate low-cost Farmer Managed Irrigation Sys-
tems (FMIS). DOI has been the leading agency involved in the development of new irri-
gation works, though the Agriculture Development Bank of Nepal (ADB/N ) now plays an
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important role in promoting and financing the Shallow Tubewell (STW) Development

Program.

a) MOWR and DOI , :
MOWR is responsible for the planning and implementation of HMGN’s policy for the

ment, management, control, and conservatio
ry’s Administra
Groundwater Resources Development Board,

develop n of water resources and electric
power. MOWR is composed of the Secreta tion, Department of Irrigation,
Department of Meteorology & Hydrology,

Nepal Electricity Authority, and the Water & Energy Commission.

DOI, within MOWR, is the most important government agency involved in the irrigation

subsector. Its mandate is to plan and implement new irrigation schemes as well as to
Ol is composed of five central divisions: Irrigation

ale Irrigation; Groundwater Utili-
is a Project Man-

manage large completed projects. D
Management & Water Utilization; Medium & Large-Sc

and River Training. As well as these divisions, there

zation; Planning;
] Irrigation Directorate which su-

agement Board for each national project and a Regiona

pervises several District Irrigation Office in each of the five development regions.

b) Department of Agriculture (DOA)
DOA is responsible for agricultural extension programs throughout the nation, with ex-

ception of the project-specific programs for several of the large projects managed by DOI

in the Terai.

c) ADB/N
ADB/N is responsible for the provision of agricultural credit on an organized basis

throughout Nepal. Its STW program, through which subsidies are provided to individual
farmers to construct STWs, has reportedly been successful. ADB/N reports that the STW
program had provided irrigation facilities to an estimated net command area (NCA) of
61,000 ha by mid 1988.

d) Agricultural Inputs Corporation (AIC)

AIC is responsible for the importation and distribution of chemical fertilizers, improved
seeds, agro-chemicals, and farm machinery. ot
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3.5. Development Plan

3.5.1. National Development Plan

(D

)

Previous National Development Plans

Since the First National Development Plan was implemented in 1956, a total of seven
plans have been promoted under the Panchayat System. The major targets of each plan

included the improvement of the social infrastructure and social welfare as well as an

increase in agricultural production.

After dissolution of the Panchayat System, the new government evaluated the results of
previous national development plans over a 30 year period, and concluded that Nepal
remains one of the poorest countries, even after a large amount of investment. Although
slight progress is observed throughout society and the development of social infrastruc-
ture, rapid progress is impossible because of the inability to initiate structural changes in
the production sector. The government has concluded that the following present major
obstructions to future development: low savings rate, increasing foreign debt, low indus-

trialization, weak agricultural productivity, limited exports, and high population growth.

Eighth National Development Plan (1992-1997)

Based on an assessment of the previous plans, the government is promoting the Eighth
National Development Plan (1992-1997). The major targets of this plan include “Sustain-
able Economic Growth,” “Alleviation of Poverty,” and a “Reduction of Regional Imbal-
ances”; as well, programs receiving special priority in the plan include “Agricultural In-
tensification and Diversification,” “Energy Development,” “Development of Rural Infra-

structure,” “Employment Generation and Human Resource Development,” and “Regula-

tion of Population Growth.”

The total investment amount of the plan is Rs 170 billion, which is being allocated to the
major sectors of “Agriculture, Irrigation, and Forestry,” “Finance & Real Estate” and
“Electricity, Gas, and Water Supply” and “Traffic and Communications” are 26%, 20%,
16% and 15%, respectively.
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3.5.2 Basic Needs Program (1985-2000, hereafter BNP)

HMGN established the “BNP (1985-2000),” beginning with the Sixth National Develop-
ment Plan, in order to meet the basic needs of its people in six sectors by the year 2000.

These sectors include food, clothing, housing, health, education, and security.

Food is the most important basic item among the basic needs. The food production plan in
this program is determined based on the minimum requirement of 2,250 calories/person/
day. The program emphasis is to satisfy the necessary caloric requirements through the
provision of inexpensive food produce, such as maize, wheat, millet, barley, pulses, and
potatoes. The required domestic food production is 6.6 million tons, or 9.8 million tons on
an unprocessed basis, based on the required caloric intake from grains, pulses, and pota-
toes and the population increase by the year 2000 (estimated at 23 million). The food
production volume in 1984/85 was 4.8 million tons, and an annual average rate of increase

at 6.5% is required in order to achieve the goal of this program.

In order to meet the above target, development and the wide use of improved seeds, im-
proved agricultural practices, farmer education, and technical innovations are necessary,

accompanied by an increase in irrigated farmland to 1.25 million ha by the year 2000.

BNP’s main goal is to achieve self-sufficiency in the six major grain products. The pro-
gram also highlights the diversification of agriculture in hilly regions where the self-suffi-
ciency rate is especially low. In order to achieve these goals, it is necessary to provide
irrigation facilities, improved seeds, agro-chemical, farm machinery, agricultural financ-
ing, storage facilities, and other agricultural expansion measures; and this will require an
investment estimated at Rs 46.420 billion (1984/1985 value).

3.5.3. Master Plan for Irrigation Development

Following BNP, a master plan for irrigation development in Nepal was prepared in early
1990 with the assistance of UNDP/World Bank. The plan was designed to provide a long-
term strategy for irrigation development; to develop short-term investment programs
within this long-term strategy; and to provide a sound database and planning methodol-

ogy.



(D)

2

Objectives and Targets

re the same described in BNP, for the

The Master plan has established two goals, which a
d an irrigated area development goal.

irrigation subsector: a food grain production goal an

od sufficient to meet the minimum daily requirement of

This is equivalent to the production of
actual production of the mid-

The first goal is to produce fo
2,250 calories per capita per day by the year 2000.
9.8 million tons of food grains, or approximately double the

1980s.

The second goal calls for an expansion of the areas benefiting from government-assisted

e 1987 level of 434,000 ha to a total area of 1,250,000 ha by the year
rrigated areas is 60,000 ha/year or

hieved during the Sixth National

irrigation, from th
2000. The implied rate for implementation of newly 1

greater. The maximum sustained rate of development ac

Development Plan was only 35,000 ha/year.

Available Investment Options

Nepal’s irrigation investment programs to date have emphasized in construction of new

large projects in the Terai and small to medium projects in the hills; assistance to existing
Farmer Managed Irrigation Systems (FMIS) in all areas; and promotion of groundwater
development in the Terai. The strategy now set forth is for irrigation management and
agricultural support programs; low-cost demand-driven assistance to FMISs; and the de-

velopment of new small schemes and shallow tubewells.

Because of BNP’s emphasis on food production targets, investment options in the master

plan have evaluated food grain-dominated cropping patterns and related assumptions.

The evaluated investment options are listed in descending order below.

a) Irrigation Management Improvements for Existing Projects

Relatively low-investment costs can be effective in the improvement of existing irriga-
tion. The investment priority is as follows:

Transfer DOI’s small-scale irrigation projects to Water Users’ Groups (WUG)
Assistance to existing FMIS.

Irrigation management programs and some rehabilitation works in DOI’s large-scale

projects in the Terai.



b) Groundwater Irrigation in the Terai
Three development models were considered, including shallow tubewells (STW), deep
tubewells (DTW) based on large projects, and DTW on small projects; and approximately
90,000 ha of the estimated 290,000 ha potential has been developed by STW irrigation,
while about 2,000 ha of estimated 70,000 ha potential has been developed by DTW irriga-
tion.

« Shallow Tubewells
Economic analyses indicate that EIRRs of over 40% can be realized from STW invest-
ment in rainfed areas, and that EIRRs of over 20% can be obtained from conjunctive use
areas. Financial analyses confirm that standard STW investment is attractive to irrigable
farmholdings larger than 1.0 ha. Promotion of group ownership and/or water sales is
needed to expand the service area per STW and to permit small holdings to receive the

benefits from STW irrigation.

» Deep Tubewells, large-scale project model
Experience with the Bhairawa-Lumbini DTW project indicates that large-scale DTW
project models can generate relatively high benefits. Project-specific irrigation manage-
ment and agricultural support programs promote the attainment of future levels of agricul-
tural production and command area utilization, and the operating costs are minimized by
the use of electric motors. EIRR’s of over 20% are indicated for this DTW model for
future levels and approximately 10% for the present level. Problems have been encoun-
tered in achieving full recovery of O&M costs for DTW projects operated by DOI; how-
ever, DOI intends to address this problem through programs which promote the formation

of WUGs and profitable cash cropping.

* Deep Tubewells, small-scale project model
Individual DTWs can be developed to serve 60 ha to 120 ha, based on group ownership of
wells, pumping equipment, and the distribution system. Analyses indicates that such in-

vestments are comparable with the large-scale DTW model. Problems have arisen for

many small-scale DTWs in only partial use of the command areas because of the reluc-

tance of farmers to cover the operating costs.

¢) Small- and Medium-Scale Surface Water Projects in the Terai
r small- and medium-scale surface water projects in the Terai is limited as

The potential fo
ady been exploited by exist-

the water resources of the many small Terai streams have alre
ing DOI projects and FMISs. The most economic form of irrigation investment in small-

scale surface projects is the rehabilitation of existing FMISs using low-cost implementa-

tion models.
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d) Small-Scale Irrigation Projects in the Hill an
Some 70,000 ha of irrigable land is available
mountains. Investment in new projects can b

20% can be realized as long as costs are consist

e) Large-Scale Surface Water Irrigation Projects in the Terai

©)

(4)

d Mountain Districts

for new irrigation projects in the hills anq
e economically viable: EIRR’S of 109
nt with the expected benefits.

Some 80% of the irrigable land resources in Nepal as well as most of the potential areag

for expanding irrigation are in the Terai.
HMGN, therefore, places a high priority on implementing large-scale surface irrigation

projects in the Terai, utilizing the area’s surface water resources.

Seven large-scale surface water projects have been completed, or are currently under con-

struction, and seven other potential projects have been economically assessed.

Proposed Strategies and Programs for the Irrigation Subsector

In the master plan, four long-term objectives to guide the development of the irrigation

subsectors are recommended as follows:
to increase agricultural production and benefits from existing irrigated lands by combin-

ing the agricultural and irrigation management programs;
to improve the delivery efficiency of irrigation-related services through institutional im-

provements within government agencies and the maximum possible use of the private

sector;
to implement small- and medium-scale irrigation projects which meet sound technical and

economic criteria; and
to select and implement new large-scale irrigation projects in the Terai as a mean of sig-

nificantly augmenting national agricultural production.

Investment Program Options for the 1990s

The recommended investment program for DOI is based on the Cost-Effective Program,
but it also incorporates elements of the DOI Official Program. Budgetary items are di-

vided into the following three categories: “Core Items,” “Highest Priority Projects and

Programs,” and “Additional Projects and Programs.”
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The recommended investment program includes all of the items in the first category; most
of the items in the second; and selected items depending on the availability of external

financing and the experience of DOI’s implementation capacity in the third.

The recommended approach in formulating the investment program for the irrigation

subsector is intended to emphasize selection of cost-effective investments.
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CHAPTER FOUR

THE STUDY AREA



CHAPTER FOUR: THE STUDY AREA

4.1.

Selection of Area Irrigable by DTW

The Phase I study aimed to select, through review of the existing data and information, an
area (around 10,000 ha size) irrigable only by DTW in each district under the study exclu-
sive of those areas where surface-water and STW are available, and to decide a represen-
tative area where the groundwater potential is higher than any other.

The representative area thus selected is to be covered by Phase II study composed of
further survey and studies in meteorology, hydrology, hydrogeology, groundwater, agri-
culture, irrigation, formulation of master plan and so forth.

A definition is set forth in this study that DTW is to exploit groundwater stored in con-
fined aquifers deeper than the uppermost unconfined aquifer which extend to around 40-

m depth from the ground surface.

The result of Phase I study is as summarized in Table 4.1.1. and Figures 4.1.1. to 4.1.3.
Although there are no remarkable differences in the DTW yield among three districts
under the study, they could be listed in the order of Banke, Mahottari and Jhapa. While,
the potentials of groundwater recharge were deemed to be excellent in Jhapa and
Mabhottari; and poor in Banke in view from the density of rivers flowing down in the
districts, based on the preliminary field reconnaissance of the areas.

The acreage of irrigable area around 10,000 ha are in the southeastern area (17,000 ha)
and the western area (10,000 ha) in Jhapa, the southern and northern areas (7,000 ha in
total) in Mahottari and the southern strip (8,000 ha) in Banke. The situation in social
infrastructure such as road, power supply, tele-communication is not so much difference
in three districts.

As the results of integrated conclusion on the conditions mentioned above and consulta-

tion with DOI, the southeastern area in Jhapa District was finally selected as the “repre-

sentative area”.



Table 4.1.1 Groundwater Potential for Deep Tubewell Irrigation in Three Districts

-

Districts Jhapa - Mahottari Banke
. S
Southeast/West South/North South

Location of Irrigable Area
1,660/1,660 820/5,500 1,000

Transmissivity (m2/day)

Average Well Yield (I/s) 91/91 66/ 97 110
Irrigable Area (ha) 17,000/10,000 |  4,000/3,000 | 8,000
Future Road Plan Yes Yes No
Future Power Plan No No Yes

The general features of the districts under the study and the selected irrigable areas in

each district are outlined in the following paragraphs.
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4.2. Natural Environment

4.2.1. Topography

\/ (1) Jhapa District

~ Jhapa is the most eastern district in Nepa

@)

I, bordering India to the east and to the south. The
he west, the border river Mechi in the east, and the

district is limited by Ratuwa Kholaint
ds the vast Indo-Gangetic

Churia Hills in the north; and the southern district opens towar '
Plain. The district extends 56 km from east to west, and 49 km north to south, with a tota]

area of approximately 1,606 km2, and the Kankai river flows through its center.

Two topographic units, an alluvial plain and terrace terrain, underlie in the plain area of

Jhapa District.
A broad alluvial plain extends from the Churia Hills to the Indian border. The terrain near

the Churia Hills is an undulating, fan-shaped terrain that extends to the E-W Highway. Its

altitude ranges from 120 to 210 mamsl, with a gradient of 1/100, which reflects typical

topographic features of the Bhabar Zone.
A flat alluvial plain extends south of the Bhabar Zone; its altitude ranges from 80 to 120

mamsl, with gradient of 0.3/100, which is gentler than the Bhabar Zone. The plain extends

to the forest-covered terrace terrain south of Bhadrapur, at a width of approximately 15

km, and marshy land appears in the southern part of the zone.
A widely uplifted terrace terrain extends south of the study area near Prithivinagar. The

terrace is covered by thick forests, except for the eastern part. Small-scale terrace terrain
is located in Dangibari, in the northwestern part of the region, and it is utilized for agricul-
ture.

A broad alluvial plain extends south of the terrace, up to the border. Its altitude ranges
from 60 to 80 mamsl, with a gradient of 0.2/100, which is gentler than the northern allu-
vial plain. Topographically, the plain is part of the Gangetic alluvial plain.

Mahottari District

The outline of Mahottari District is like a long, flat N-S ellipse, with a long axis of ap-
Proximately 62 km and a short axis of approximately 24 km. The total area of the district
is approximately 1,002 km?2.

Several rivers flow through the district; most are seasonal and flow from NNE to SSW.
The flood plain in the northern part is very wide, but decreases smoothly into narrow
.streams in t.he southern part of the district. Physiographically, a majority of the district lies
in the Terai Plain, but it also includes the Churia Hills in the most northern area.
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The Bhabar Zone, with its original fan shape and thick forest covering, lies at the foot of
the Churia Hills and gently inclines toward the SSW. Although not topographically dis-
tinct, the terrace terrain of the Bhabar Zone can divided into upper, middle, and lower
terrace. The geological age of the higher and middle terrace may be Pleistocene because
of the laterite deposited on top of the terraces.

The southern margin of the Bhabar Zone gradates into a marshy area and is a transition
zone to the Southern Terai Plain. There is no actual marsh in the area but the ground slope
becomes gentler and many of gravelly flood plains terminate at the southern edge of the
area, and many of shallow wells at the southern margin are artesian.

The Southern Terai Plain occupies almost half of the Mahottari District, or approximately
400 km?2. The land is nearly flat and many streams heavily meander toward the south. The
altitude of the area is the lowest among the entire Terai Zone in Nepal, with the elevation
of less than 60 mamsl at the southern end of the district.

Banke District

The study area includes the entire Banke District and a part of Bardiya District, the east
bank area of the Babai River. The total study area is 3,230 km2, which is the largest area
among three study districts.

The area is bordered by the Babai River to the west, by the Churia Hills to the north and to
the east, and by the Indo-Nepal border to the south, with its long axis approximately 80 km
in a east-west direction and 40 km in a north-south direction.

The Rapti River, one of Nepal’s major rivers, flows through the area. Besides the Rapti
and Babai rivers, there are many minor rivers such as the Bharda Nala as well as other

small seasonal rivers.

The Terai Plain in this area lies at a high altitude and is approximately 130 mamsl in its
lowest point. The Bhabar Zone in this district occupies a very large area, lying primarily
between the E-W Highway and the Churia Hills and the east side of the Dundawa Nala.
The zone is roughly estimated at 640 km2, including the terraces and a wide valley along
the Rapti.

The very flat Southern Terai Plain lies in a narrow belt, approximately 5 to 8 km in width,

along the Indian border, and its altitude is less than 150 mamsl.
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4.2.2.

Geology

(1) Jhapa District

@

€)

The Study Area is underlain by alluvium, terrace deposits and the Churia Formation, with

only exposures of the first two at the surface.

Alluvium in the Bhabar Zone is composed mainly of san .
with a depth of more than 20 m, which increases to 150 m or more in the south, alternating

with beds of sand, gravel, and silt.

The Northern Alluvium, north of the te .
to be underlain by the Upper Churia Formation as mentioned later. Gangetic Alluvium i,

the south is mostly thick sand and gravel beds, more than 300 m thick, with single bes

d and gravel in shallow arey;

rrace, is 150 m or more in thickness and is deemeg

thicker than 50 m.
The terrace deposits are composed of clay, silt and coarse sand of approximate 10 n

thickness.

Churia Formation does not expose on the ground surface. However, borehole samples
reveal that the Upper Churia Formation underlying the alluvial plain is composed of un-
consolidated clay, silt, sand and gravel. This is the new interpretation on the geological
log of Terai Plain, which is discussed in detail at the section 5.2. Hydrogeology and

groundwater.
Mahottari District

The geology of the alluvial plain of the Mahottari District consists of terrace deposits and
Gangetic Alluvium. Although the Churia Formation underlies in the northern hills, the

Upper Churia Formation is probably overlain by the terrace deposits and composed of
unconsolidated clay, silt, sand, and gravel.

Banke District

The area is underlain by the Churia Formation; and the terrace and alluvium deposits.
The alluvial deposits can be subdivided into Northern Alluvium in the Bhabar Zone, Cen-
tral Alluvium in the undulating plains and Gangetic Alluvium in the southern strip.

Drilling to a 200-m depth penetrated unconsolidated sand and gravel layers and silt layer
in the Northern Alluvial area. The Central Alluvium is deemed to be 30 m thick, and
layers underlain are probably the Churia Formation.
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Drilling record to a 300-m depth reveals that the Gangetic Alluvium is composed of un-
consolidated clay, silt, sand, gravel, and that it is more permeable than the other alluvia]
formation.

The Churia Formation is composed of slightly consolidated shale, sandstone and con-
glomerate in the east of the Rapti River; however, in the north of the Babai River, it is
composed of well-consolidated shale and sandstone.

4.2.3. Meteorology and Hydrology
(1) Jhapa District

a) Meteorology

The Jhapa District lies mostly in the Terai Plain and is broadly demarcated by the foothills
of Mahabharat in the north and the Mechi River in the east. The altitude of the district
ranges from 63 m to 476 mamsl. A glimpse of long-term average data reveals that the

district is generally characterized by a subtropical to tropical climate.

The area receives abundant rainfall compared with the other districts in the Terai Plain as
a result of the monsoon which carries high humidity from the east. The annual precipita-
tion, averaged by the Thiessen Network, based on the Kankai, Sanischare, Anarmanibirta,
and Chandragadhi stations, ranges from 1,600 mm to 3,600 mm, with an average of ap-
proximately 2,500 mm, as shown in Figure 4.2.1. The mean monthly precipitation during

the winter is approximately 10 mm to 20 mm, increasing to over 700 mm in July during
the monsoon season.
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Figure 4.2.1 Annual Rainfall Averaged by the Thiessen Network (Jhapa)

rainfall, the drought frequency is analysed by the Gumbe]

Based on the above annual
n 10 year

Method. As shown below, this area is relatively abundant in rainfall; 1,911 mm1

recurrence interval ; 1,762 mm in 20 year recurrence interval.

Recurrence interval, year 2 5 10 15 20 30 50 100
Probable annual rainfall, mm: 2524 2110 1911 1819 1762 1692 1616 1533

The district’s coldest temperatures occur in December and January; mild temperatures
occur in April and May; and high temperatures and high humidity occur between June and
August. The mean monthly temperatures range from 15°C to 29°C, and the mean
monthly minimum temperature drops to 5°C, while the mean monthly maximum tempera-
ture reaches to 38°C. The humidity drops between 60% and 70% during March and April,
immediately before the monsoon period; humidity rapidly rises at the beginning of the

monsoon and shows 80% to 90% during the monsoon period.

The sunshine hours are 4-6 hours per day during the monsoon period and greater than 7
hours during the other seasons. The maximum sunshine hours reach 9 hours during May.
The wind velocity has been measured at Biratnagar, located at the boundary of western
India, and Kankai. The wind velocity at Kankai is 1.0 to maximum 4.0 km/hr and 2.0 to
maximum 9.0 km/hr at Biratnagar, which shows the wind velocity for the latter to be
approximately double.

Although evaporation is not measured in the district, according to the records at the

Tarahara observation station, located 55 km west of Kankai, the maximum monthly mean
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evaporation is 6 mm/day immediately before the monsoon period, approximately 5 mm/

day during the monsoon period, and a minimum of 2 mm/day during the winter.

b) Hydrology
All of the rivers and streams in the district, whether seasonally or perennially, are rainfed.
Five major rivers, Ratuwa, Kamal, Kankai, Biring and Mechi flow through the district.
Among these rivers, the Kankai and Mechi are the largest. The minor rivers are seasonal

and mostly the tributaries of the major rivers.

Some hydrological data is available only for the Kankai River, which is largest in the
district. The river’s gauging station is located at Mainachuli and covers a drainage area of
1,180 km2. According to the water balance calculation of the past 14 years, the annual
mean precipitation is 3.750 billion m3, while the annual average discharge is 2.786 billion
m3, and the runoff coefficient is 74%. According to DMH the discharge coefficient re-
ported at this station is between 60% and 70%.

During this Study, the runoff discharge at Deoniya River and Budhajhora River was mea-
sured between January 1993 and January 1994. The runoff coefficients are 70% and 89%,
respectively, which are considerable discharge amounts. Furthermore, more than 90% of

the discharge is confined during the monsoon season.
(2) Mahottari District

a) Meteorology
As a result of the varying topographical characteristics in the ground elevation, which

ranges from 56 m to 904 mamsl, there is little uniformity in the climate within the district.
The district experiences tropical, subtropical, and mostly mild temperate types of climate.
In general, the hot and humid climate are the dominating features of the district during the
summer months, and the air becomes very humid when the monsoon rain begins in June.
In the winter, the climate is mild and comfortable for a couple of weeks and generally dry

in terms of precipitation.

There are no meteorological stations in the district, but there is one precipitation station at
Gaushara. The records of the meteorological station at Janakpur Airport, in the adjacent
Dhanusha District, may be applicable to the southern part of the Mahottari District. Simi-
larly, precipitation data from the Tulsi station in Dhanusha District may be applicable to
the northern part of the district.

Based on the data from these stations, the annual precipitation ranges from approximately
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tion ranges from trace in the winter to

600 mm to 2,600 mm. The mean monthly precipita

oon season. The following shows a time-serieg

as high as 480 mm in July during the mons

annual precipitation at the J anakpur Airport station.
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Figure 4.2.2 Annual Rainfall at Janakpur Airport Station
Based on the above, the drought frequency is analysed using the Gumbel Method. As

shown below, the 10 year recurrence interval is 858 mm and the 20 year recurrence inter-

val is 774 mm, which is approximately 1,000 mm less than those in Jhapa District.

Recurrence interval, year 2 5 10 15 20 30 50 100
Probable annual rainfall, mm: 1310 987 858 804 774 738 703 669

Temperature records are available at Janakpur Airport Station. The mean temperature
ranges from 15°C to about 30°C, and the minimum and maximum temperatures are ap-
proximately 5°C and 39°C, respectively. The humidity drops to approximately 65% im-
mediately before the monsoon period; humidity rapidly rises at the beginning of the mon-

soon and shows 80% to 90% during the monsoon period.

In regard to the agricultural meteorology data, including sunshine hours, wind velocity,
and evaporation, records are available between 1976 and 1983 at the Hardi Nadi observa-
tiorf station located in the north of Janakpur Airport. Sunshine hours are 6-7 per day
durn.xg the monsoon period and more than 8 hours per day during the rest of the year. The
ma)'umum sunshine hours reaches 10 hours during May. The wind velocity is 2}i4 k.m/hr
fiurmg tl-le winter, with a maximum of 10 km/hr during the monsoon perioj Evaporation
1s a maximum 7 mm immediately before the monsoon period, approximatel .5 : diting
the monsoon period, and a minimum of 2 mm during the winter e
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b) Hydrology
All of the rivers in the district originate in the Churia Hills. Rainfall is the main source of
water for both perennial and seasonal rivers, and most of the rivers are dry during the
winter season, except for the perennial rivers, which include the Bighi, Ratu, Janpha,

Marha, and the Hardi Nadi. Rivers are fed by groundwater during the winter season.

No rivers in the district have been gauged so far, and hydrological data in the district is not
available. However, runoff discharge records are available for the Bagmati River and
Kamala River, which flow a distance of 30 km toward the west and the east, respectively,
from the district border. The Bagmati River station is located at Paurai, and the gauge for
the Kamala River is located at Chisapani. The drainage areas of each station are 1,750
km2 and 1,590 km2, respectively.

(3) Banke District

a) Meteorology
The entire district is under the influence of humid subtropic and tropic monsoon climates.
Significant differences in temperature and rainfall has been observed, based on the topog-
raphy which varies in ground elevation from 132 mto 1,131 mamsl. Because of the exist-
ence of the Churia Range and the Bhabar region at its foothills, the northern part of the
district has relatively low temperatures and a higher degree of precipitation compared
with the southern part. The southern part of the district is famous for its tropical climate,
with extremely hot summers and warm winters. The maximum temperature in Nepalganji

has occasionally been reported at 48°C.

Seven meteorological stations are located in and around the district. Based on the station
records, the annual precipitation varies from 500 mm to 2,600 mm, while the mean
monthly rainfall ranges from trace in the winter to about 600 mm during the monsoon

season. The following shows a time-series annual rainfall at the Khajura station.
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Figure 4.2.3 Annual Rainfall at the Khajura Station

e drought frequency is analyzed by the Gumbel
al is 957 mm and the 20 recur-
Jhapa district.

Based on the annual rainfall at Khajura, th

Method. As shown below, the 10 year recurrence interv

rence year is 866 mm, which is approximately 900 mm less than those in

5 10 15 20 30 50 100

Recurrence interval, year - 2
957 900 866 826 785 742

Probable annual rainfall, mm: 1386 1087

The mean monthly temperature at the Khajura station ranges from 15°C to 30°C, and the

mean minimum and maximum temperatures are approximately 3°C and exceeding 41°C.

The meteorological data for agriculture at the Khajura station show the sunshine hours to
be 6-7 hr/day during the monsoon period and more than 8 hr/day during the rest of the
year. The wind velocity is 2-3 km/hr during the winter and a maximum of 7 km/hr during
the monsoon period. Evaporation is a maximum of 8 mm immediately before the mon-

soon period, approximately 5 mm during the monsoon, and a minimum of 2 mm during

the winter.

b) Hydrology
The major rivers in the district are the Rapti, Manda, Dundwa, Kirin, and the Babai; the

minor rivers are tributaries of these rivers. With the exceptions of the Rapti and Babai
rivers, all other rivers originate in the Churia Range and flow southward. Rapti River and
Babai River, which are the largest rivers in the district, originate in the hill region. The tw0
rivers flow east to west in the hill region, enter the district from its eastern border, and

flows directly south.
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(2)
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The runoff discharge for the Rapti and Babai rivers has been gauged regularly. The Rapti
station is located at Jalkundi and the Babai station at Bargadha. Their drainage areas are
5,150 km2 and 3,000 km2, respectively.

Database

A database (JDBASE) has been created during the study period for the inventory of pre-
cipitation, river discharge, groundwater level, and well constants using Lotus 1 2 3 for the
meteohydrological stations. As well, a program to detect these items and to plot precipi-
tation, river discharge, and groundwater levels on a screen has been developed. The
database and program in the attached floppy disc were handed over to DOI, its operation
manual is shown in Appendix 3.

Socio-Economy
Terai
District Division

The Terai, which is the northern stretch of the Indo- Ganges Plain, occupies 14.3% of
Nepal and 41.6% of Nepal’s cultivated area. The plain can be divided into five develop-
ment regions and 20 districts. The districts of Jhapa, Mahottari and Banke, in which the
study areas are selected, belong to the Eastern, Central and Mid-Western Development

Regions, respectively.
Population and Number of Households

As of 1991, the total population in the Terai accounted for 47% of the national population,
followed by the hill districts at a rate of 46%. The Terai also accounts for 45% of the
number of households in the country, followed by the hill districts’ 47%; and the annual
population growth in the area since 1981 has been 2.8%, which is higher than the national
average (2.1%).

Industrial Structure

In order to promote industrial development, HMGN has established 11 industrial districts
throughout the country. There are five industrial districts in the Terai Plain and the re-
maining six districts are located in the hill districts. Existing industries, excluding the shoe
and cement industries, are agriculture-based, such as rice and sugar mills, tobacco, and
jute.
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43.2.

(1)

(2)

3)

Jhapa District

Administrative Division
illages and two towng
The Jhapa District is divided into nine s€ctors, composed of 49 villag ns.

The district’s total area is 156,500 ha, of which 105,121
r to Figure 4.3.1(1)).

ha are cultivated. The Study Arey

extends 29,700 ha, covering 16 villages (refe

Population and Number of Households

As of 1991, the population is 593,737, with a density of 379 personS/ka. The population

has grown at the rate of 2.15% per year, which is similar to the n.ational average and the
highest among the three study districts, which include Mahottari and Banke. The. total
number of households is 110,939, with 5.36 members on an average. The average village
population is 11,640, with 2, 170 families; and 66% of the economically active population

are engaged in the agricultural sector as of 1991.
Industrial Structure

This district is known as the paddy and tea producing district in the country. Agri-based
industries are the major industries in the district. There are 762 rice/oilseed extract mills,
47 bakeries, and 2 jute, 40 tea, and 5 milk processing factories, among others. Rice mills
are often combined with oilseed extract mills.

4.3.3. Mahottari District

()

2

Administrative Division

The Mahottari District is divided into nine sectors, composed of 77 villages and one town.
The district’s area is 101,238 ha, of which 63,754 hectares are cultivated. The Study Area

extends to two separate areas, covering a total of 9,800 ha, with 17 villages (refer to Figure
43.2).

Population and Number of Households

As of 1991, the population is 440,146, with a density of 434 persons/km?2, which is the
highest among the three districts. The average growth rate since 1981 s 2,0‘7 which is

. V%,
lower than the national average of 2.1% and the lowest among the three districts. The total
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number of household is 80,396, with 5.48 members on average. The average village
population is 5,640, with 1,030 families; and 79% of the economically active population
are working in the agricultural sector.

Industrial Structure

There are 176 rice/oilseed extract mills located in the District.

4.3.4. Banke District

(1)

(2)

3)

Administrative Division

The Banke District is divided into nine sectors, composed of 46 villages and one town.
The district’s area is 225,836 ha, of which 49,072 ha are cultivated. The Study Area
extends to 12,100 ha (refer to Figure 4.3.3).

Population and Number of Households

The current population is 285,604; the district’s population growth is 3.36%, which is the
highest among the three districts. The population density is 126 persons/km2, which is
the lowest among the three districts, though slightly higher than the national average of
125/km?2. The total number of households is 49,059, with 5.8 persons on average. The
average village population is 6,070, with 1,040 households, and 68% of the economically

active population are employed in the agricultural sector.
Industrial Structure

Agri- and forestry-based industries are located in the district include 247 rice/oilseed ex-
tract mills, 5 sawmills, 4 textile factories, 28 bakeries, and 4 milk processing factories,

among others.
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4.4, Agriculture and Irrigation

4.4.1. Terai

(1) Cultivated Area

The Terai accounts for 14% of the nation’

below.

Acreage (1,000 ha)

s land and 42% of the cultivated areas, as showp

Terai/National (%)

Cultivated area 1,234.6 41.6
Grazing land 49.7 28
Forest 591.3 10.5
Bush 14 0.2
Non-cultivated 117.1 11.9
Others 116.1 4.3
Total 2,110.2 14.3
(MOA, 1990)

(2) Soil

The soils of the Terai are developed mostly on recent alluvial sediments of the broad,
nearly level to gently undulating plain in the southern part of the country. Soil textures

can be classified into the following four types.

Type (I) Textures are mostly sandy loam to clay loam, and occasionally silty clay loam
and silty clay textures. Soil reaction is moderately acidic to neutral, but some
portions are alkaline.

Type (II) Textures are mostly silt loam, silty clay loam, silty clay, and occasionally
sandy loam to loam. Soil reaction is neutral to moderately alkaline.

Type (L) Textures are mostly sandy loam or silt loam and occasionally loam. Soil reac-
tion is slightly acidic to neutral.

Type (IV) Textures are mostly sandy loam or silt loam and occasionally loamy sand. Soil
reaction is slightly acidic to mildly alkaline.
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(3) Agricultural Production

Major food grain production in 1992/93, nationwide and in the Terai, is outlined below.

The Terai shows higher production in paddy and wheat and is noted as the granary of
Nepal.

National Terai
Paddy 2,584,900 t 1,840,620 t (71%)
Maize 1,290,500 , 325,440 (25%)
Millet 236,750 14,340 (6%)
Wheat 765,000 432,720 (57%)
Barley 27,610 2,860 (10%)

(MOA, 1993)

(4) Livestock

The number of livestock in 1992/93, nationwide and in the Terai, is listed below; the Terai

Plain also produces 32% of the nation’s milk.

National Terai
Cattle 6,237,231 2,256,660 (36.2%)
Buffalo 3,072,682 972,959 (31.7%)
Sheep 911,279 142,406 (15.6%)
Goat 5,451,710 1,545,170 (28.3%)
Pigs 604,902 170,224 (28.1%)
Ducks 391,718 334,466 (85.4%)
Milk Production 876,594 (t) 280,063 (31.9%)

(MOA, 1993)
(5) Irrigation

According to agricultural statistics for 1990, there are 608,877 ha of irrigated land in the
Terai, which is 49% of the 1.235 million ha of farmland in the plain area. This figure is
higher than the national average of 32%. Furthermore, 65% of the nation’s total irrigated

area of 941,299 ha are concentrated to the Terai because of land conditions.
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4.4.2. Jhapa District

(D

2)

Farmland and Land Use

nd area, mounting to 105,121 hectares, out of
]ands of the Jhapa District consists mostly
eas of flat lands anq

The Jhapa District boats the Jargest farmla

three districts under the study. The use of farm

ereals, with rice being planted in the arable ar

of the production of ¢ .
ain question are favorable, ag

maize in the terraces. Since the climatic conditions of the are . 0%
at places where the water availability conditions are

mentioned previously in this report,
ghout the year. As things now stand, however,

appropriate it is possible to plant rice throu

in the southeastern and southwestern parts of the Jhapa District only monoculture farming

is being practiced during the rain season. The planted area by crop prevailing currently in

this region is shown in the followings. From these data, it can be seen that the cropping

intensity of the Jhapa District mounts to 151%.

Cereals 132,362 ha
Pulses 2,497
Root crops 2,514
Cash crops 7,061
Oilseed crops 5,898
Peppers 1,403
Vegetables 2,486
Fruit 4,491
Others 346
Total 159,058

(CBS, 1993)

Soils

Alluvium is widely distributed throughout the Jhapa District. And there is predominance
of sandy loam (clay content of 12.2 to 25%) and clay loam (clay content of 37.5 to 50%).
The water holding capacity is good, and the soil has characteristics suited for irrigation.
The chemical properties of the soil ranges from weak alkaline to neutral, and the content
of humus is of the order of 0.2 to 5%. The content of nitrogen is rathe; low, and phos-
phates and potassium ranges from medium to high. : )

As per the soil conditions, there are no restrictions in particular against the cultivation of
crops, and generally speaking there are large patches of farmland (Khet) suited for the
cultivation of rice. However, there are also patches of farmland that are not suited for
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cultivation of rice (Bari), and the cropping pattern comprising other kinds of crops, mainly
maize, is predominant in those areas.

(3) Number of Farm Households and Land Holding

The number of farm households is 74,727, including landless farmers, and the average

farm size is 1.41 ha, based on the National Sample Census of Agriculture in 1991/92.

Farmers who own less than one hectare occupy 52% of the total number of farm house-
holds, as shown below.

Landless 1,104 ( 1.5%)
Less than 0.1 ha 9,326 (12.4%)
0.1-0.2 4,663 ( 6.2%)
0.2-0.5 10,062 (13.4%)
0.5-1.0 13,620 (18.2%)
1.0-2.0 18,324 (24.5%)
2.0-3.0 9,898 (13.2%)
3.0-4.0 2,986 ( 4.0%)
4.0-5.0 2,004 ( 2.7%)
5.0-10 2,413 ( 3.2%)
Above 10 ha 327 ( 0.4%)
Total 74,727

(CBS, 1993)

The number of farm household in the Study Area is estimated at 12,080.

(4) Present Cropping Patterns

Major grain crops in Jhapa District are paddy rice, maize and wheat. Within the category
of vegetables, potatoes are the most important crop. The predominant cropping pattern is
described in the followings. Double and triple cropping is possible in irrigated farmland,
but in rain-fed farmlands the predominance of single crop of rice during the rain season

becomes unavoidable.
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Monsoon Paddy-Wheat

Irrigated Area
Spring Paddy-Monsoon Pa

ddy-Wheat

Monsoon paddy-Fallow
Monsoon Paddy-Pulses/Oilseed Crops

Pulses/Oilseed Crops/Millet

Rainfed Area

Maize-

from July to mid August, and the harvest-

As for the monsoon paddy, the planting is made ! s
period is from mid November to mid December. Maize, which is the second most
n since mid March, and the harvesting is made

_fed farmlands remain fallow after the rice
nts of waters, such as

ing
important crop after rice, has its seeds sOwW

about mid June. In most of the cases, the rain
cultivation during the rain season, but crops that require small amou
ustard and the like are being planted in some areas. As a general rule, potatoes are

planted from August to November, and are harvested in the second half of February. The
cultivation of mustard, which is an oil crop, is being practiced very popularly as a second

crop after the harvesting of rice, which is planted during the rain season in the rain-fed

farmlands.

beans, m

The cropping pattern which is predominant in the study areas consists of the “monsoon

paddy - fallow” sequence, out of the various kinds of cropping patterns mentioned above.
The other kinds of crops that are being planted popularly are barnyard grass, beans and the
like. Figure 6.2.1 shows the cropping pattern that is being practiced currently in the study
area. It consists of monsoon paddy, spring maize and wheat. The present cropping inten-
sity is of the order of 126%, which is lower than the mean value prevailing in the Jhapa

District as a whole.

Agricultural Production

The following table shows the crop production in Jhapa District in 1992/93. Jhapa District
produces the highest amount of paddy among the three study districts and is responsible
for 7.8% of the nation’s paddy production, which is also the highest among 75 districts in
NePal. Maize, wheat, and potatoes follow paddy, and the tobacco represents 12% of the
national production.
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Production (t) Ratio to National (%)
Paddy 202,630 7.8
Maize 18,630 1.4
Millet 2,190 0.9
Wheat 13,090 1.7
Barley 20 0.1
Oil-seed crops 1,790 1.9
Potatoes 12,960 1.8
Tobacco 730 12.1
Sugarcane 5,500 0.4
Pulses 890 0.4

(MOA, 1993)
(6) Farming Practice

As a general rule, plowing and paddling are carried out 2 or 3 times, by using buffalo or
draft cattle as motive force. There is practically no use of agricultural machinery within
the study areas. The timing of farming mentioned above varies from year to year depend-
ing on rainfall, the availability of cattle and manpower, etc. The required nursery area is of
the order of 6 to 7% of the paddy field, and the nursery period takes approximately one
month. The transplanting is widely practiced in this area. Weeding during the growing
period is not so common. Weeds are seen very often in the paddy fields. It is presumed
that the expensive price of the herbicides is the problem lying in the background of the
said situation. In the same way as in the case of herbicides, the use of chemical fertilizes is

also extremely limited, and the kind of fertilizer that is being used consists mostly of

manure.

Harvesting is carried out by man power inclusive of women and children. Man power

required for harvesting rice is of the order of 20 man-day per hectare. Harvested rice is

submitted to preliminary drying during 5 to 6 days at the paddy field. After that, it is
transported to the farm houses, where it is threshed by making use of cattle power or man
the paddy is dried at the yards of the farm houses or on the roads. Most of

power. Finally,
mill, where the threshing operation is carried

the villages are equipped with a small rice
out. Frequently, these rice mills are also used for squeezing oil from the oil seeds. Part of

the paddy is kept as seed, which is planted in the next year.

Water buffaloes and cattle play an important role as a motive force for plowing, transpor-

tation, marketing and other kinds of work. On the other hand, women and children are
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: iviti ing, transportati
important work force for the sake of such farming activities as harvesting portation,

obtainment of animal feeds and the like.

rincipal crop, other kinds of uplang

1o of monsoon paddy, which is the p .
o i . e like are planted in some fields. Ag

crops such as wheat, mustard, beans, vegetables and th ‘ ; p
a general rule, plowing and leveling work are carried out 2 or 3 times before seeding the

said crops.

Marketing

Paddy is marketed in the following manner: farmer-middleman-wholesaler/miller-re-

tailer-consumer. Vegetables are sold to retailers directly or marketed by farmers at the

nearest local market. Crops are transported by cattle carts, bicycles, and human power.

Livestock

Animal husbandry is not being practiced in commercial basis, but cattle and water buffa-
loes are an important motive force for farming and transportation because the use of agri-
cultural machinery is very low in the country. Moreover, the sale of milk and calf is a
source of 20% to 30% of the total farm income. On the other hand, poultry consisting of
chicken, ducks and the like is being raised at the yard of almost every farmhouse. The
composition of the flock of livestock of the Jhapa District as of 1992/93 is shown in the
followings. The number of heads of cattle and water buffaloes that exist currently within
the Jhapa District is the largest out of three Districts under the study. Therefore, the pro-
duction of milk is also the largest out of the Districts.

Number Milk Production (ton)
Cattle 191,340 14,507
Buffalo 75,986 13,362
Sheep 51
Goats 105,788
Pigs 22,357
Chickens 178,031
Ducks 25,183

(MOA, 1993)
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(10)

Farm Economy

Generally speaking, farm size less than 0.50 hectares is classified as small farm in Nepal.
In the Jhapa District, the farms belonging to this category account for 32% of the total.

Besides these small farms, there are 1,104 landless farm households.

According to the World Bank, it is presumed that 74% of the households of the rural areas
of Nepal live on incomes below poverty line. According to the NPC, the poverty line at the
Terai is estimated to be of the order of Rs28,000 per year for a household of 6 persons.
According to data collected by the Study Team that authored this report, the annual in-
come of a farm household ranges from Rs13,200 to Rs60,000, depending on the size of the
farm. In view of the said figures as well as the existence of landless farmers, it is presumed

that the rate of poverty incidence of farms is quite high also in the Jhapa District.

The agricultural production of the Jhapa District consists mostly of cereals, but the price
levels of oil seeds, beans and vegetables tend to be higher compared with rice and maize.
Income related to livestock account for 20% to 30% of the total farm income.

Irrigation

Jhapa District has an arable land area of 105,121 hectares, with 47,854 hectares of irri-
gated land. In other words, 46% of the arable land of Jhapa District is being irrigated by
rivers, wells and other sources. The irrigation rate of Jhapa District is the highest of three

Districts under the study.

Jhapa District belongs to a subtropical climate, and its geology is an alluvium, crossed
from the north to the south by many rivers of various sizes, including the Kankai and the
Mechi. Jhapa District, therefore, has better conditions of irrigation than any other Districts
under the study, and that is resulting into a larger percentage of irrigated areas compared
with the other Districts. The irrigation projects that are operating presently in Jhapa Dis-

trict are mostly surface water type, including the Kankai Irrigation Project.

(11) Food Balance

According to the District Profile of 1988, the state of supply and demand of food in Jhapa

District consists of a production of 97,041 tons compared with a demand of 96,841 tons.

As can be seen, there is a surplus of 200 tons. The agriculture production in the District
deemed to be unstable since the agriculture in the District depends largely on the rainfed

condition; and is subject to be affected in some year by drought or flood.
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(12) Supporting Services

)
] of Regional Agricultura
nd 11 subcenters under District ADO, which

(JT) and junior technical assistants (JTA)
d by farmers and pass on agricultural
f the JTs and JTAs include training,

a) Agricultural Development Office (ADO £40
] Office in Dhankuta,

Jhapa’s ADO office is under the contro

There are six agricultural service centers a

support farming activities. Junior technicians

guide leader farmers who are selecte
activities 0

farmers on their fields.

are assigned to
techniques to other farmers. The main

demonstration, exhibitions, and visiting

b) Agricultural Research Station
There are two research stations - the Pakhribas Regional Research Station and the Rampur

Multi-Purpose Farm Station. These stations research crop development, cropping pat-

terns, the distribution of nurseries, experiments in the fields and training for farmers.

c) Agricultural Development Bank (ADB/N)

To support the farmers with credit, a branch office of ADB/N i
short-, medium- and long-term loans, and

s located in Chandragadhi.

Three types of credit are provided to farmers:
the current interest rates are 16% to 19%. Despite this public service, many farmers use

private loans at higher interest rates.

Since 1975 the ADB/N is carrying out the Small Farmer Development Program (SFDP).
This program aims at promoting the alleviation of poverty, the improvement of the educa-
tion level and the formation of leadership among small farmers. Within the context of that
program, the ADB/N is providing financing that covers groups of small farmers, includ-
ing the landless ones. The monetary resources provided by the said financing program are
utilized for such initiatives as equipment of irrigation facilities, the transfer of cropping
technology, the training related to household industry, etc. to exert impact of various
kinds, such as the improvement of the living standards of the rural households, the cre-

ation of employment opportunities, etc., within the rural society

d) Agricultural Inputs Corporation (AIC)
AIC, whose head office is located in Kathmandu, has 12 zonal offices and 73 branch
offices. Two branch offices are located in Jhapa, Damak, and Bhadrapur. AIC functions
in distributing farm inputs such as seeds, fertilizer, agro-chemicals, and hi
farmers through cooperatives. ’ machinery (0
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(13)

Farmers’ Organization

The representative Farmers’ Organization is a cooperative which functions in distributing
agricultural inputs provided from AIC to farmers, procuring paddy from members, and

selling to Nepal Agriculture Corporation (NAC). There are 27 cooperatives at present in
Jhapa District.

4.4.3. Mahottari District

(M)

3]

©)

Farmland and Land Use

The acreage of the farmland in Mahottari District is 63,754 ha, which is the largest next to

Jhapa District. Present cropping intensity in the district is estimated at 171% as shown
below:

Cereals 77,711 ha
Pulses 19,190
Root crops 1,263
Cash crops 1,945
Oilseed crops 4,892
Peppers 769
Vegetables 15315
Fruit 1,955
Others 5
Total 109,045
(CBS, 1993)
Soils

Similar to Jhapa District, the soil type is classified as Type (I). Soil textures are sandy

loam or clay loam, and soil reaction is weak-acid to neutral.

Number of Farm Households and Land Holdings

According to the National Sample Census of Agriculture in 1991/92, there are 58,559
farm households in the district, including landless farmers: this is second to Jhapa among

the three districts.
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holds who owns less than one hectare is 60%, the top among thye,
ouseho

T.h i Tatio Of(ii;I: :verage farm size 18 1.09 ha, which is the smallest among the three .
?rliittrsl.cflfile;umber of farm households by farm size is shown as follows:

Landless 485 ( 0.8%)

Less than 0.1 ha 3,516 ( 6.0%)

0.1-0.2 7,002 (12.0%)

0.2-0.5 13,611 (23.2%)

0.5-1.0 13,605 (23.2%)

1.0-2.0 11,398 (19.5%)

2.0-3.0 4,365 ( 7.5%)

3.0-4.0 2,031 ( 3.5%)

4.0-5.0 1364 ( 2.3%)

5.0-10 1,000 ( 1.7%)

Above 10 ha 182 ( 0.3%)

Total 58,559
(CBS, 1993)

The number of farm households in the Study Area is estimated at 6,420.

(4) Present Cropping Patterns

The following cropping patterns are observed in the district.

Irrigated Areas  Spring Paddy-Monsoon Paddy-Wheat
Spring Paddy-Monsoon Paddy-Maize
Spring Paddy-Monsoon Paddy-Pulses/Oilseed
Crops
Monsoon Paddy-Wheat-Pulses
Monsoon Paddy-Potato-Pulses

Rainfed Areas  Monsoon Paddy-Fallow
Monsoon Paddy-Wheat Fallow
Monsoon Paddy-Pulses-Fallow
Monsoon Paddy-Oilseed Crops-Fallow
Maize-Pulses/OQilseed Crops/Millet

In the Study Area, the pattern of Monsoon Paddy-Fallow is dominant, and pulses, as rep-
.resented by pigeon peas, and wheat are also planted. Plowing for moxlsoonp add ’ begins
in the middle of June, after the land is soaked with rainfall, and crops are h P ty ; fgom
mid November to the mid December (refer to Figure 6.2.2’in Chapt[::r 6)e i

4-34



(5) Agricultural Production

hottari Distri
Mahottari Dl'St“Ct produced 3.5% of the wheat, 19.9% of the tobacco, and 4.7% of the
pulses of national production in 1992/93 as shown below:

Production (1) Ratio to National (%)
Paddy 52,140 2.0
Maize 8,200 0.6
Millet 1,960 0.8
Wheat 26,510 3.5
Barley 220 0.8
Oilseed crops 2,360 2.5
Potatoes 8,140 1.1
Tobacco 1,200 - 19.9
Sugarcane 43,610 3.2
Pulses 9,540 4.7

(MOA, 1993)

(6) Marketing

The marketing of paddy is similar to that in Jhapa District: farmer-middleman-wholesaler/
miller-retailer- consumer. Vegetables and milk are sold directly by farmers to the nearest

local market or sold directly to retailers; transportation is dependent on cattle carts, bi-

cycles, and manpower.

(7) Livestock

The number of cattle and buffalo, along with milk production is one half that of Jhapa

District as shown below:

Number Milk Production (t)

' Cattle 97,854 4,190

Buffalo 39,882 8,918

Sheep 1,258

Goats 106,065

Pigs 1,970

Chickens 85,016

Ducks 6,671

(MOA, 1993)

4-35



(8) Irrigation

3 ha, or 27%, are irrigated, which is second

Of the district’s 63,754 ha of farmland, 17,31
to Jhapa’s 46% among the three districts.

(9) Food Balance

 Mahottari District is 73,635 tons, while demand is 57,006 tons. There

Food production i
e in 1988.

isa 16,629 ton surplus according to the District Profil

(10) Supporting Services

a) ADO
Mahottari’s ADO is under the control of the Regional Agricultural O
enters under District ADO,

ffice in Kathmandu.
There are six agricultural service centers and 11 subservice ¢
and JTs and JTAs are dispatched to provide agricultural extension services to the selected

leader farmers, who in turn guide other farmers.

b) Agricultural Research Stations
There are two agricultural research stations - a horticulture research station in Janakpur

and a multi-purpose farm station in Rampur. These research stations are in charge of

experimental crop testing, the distribution of nurseries as well as extension activities and

others.

¢) ADB/N
ADB/N, located in Jaleswar, supports short-, medium- and long-term credit for farmers.

d) AIC
The AIC branch office at Jaleswar supplies agricultural inputs such as seeds, fertilizer

agro-chemicals, and machinery to farmers through cooperatives

(11) Farmer’s Organization

T.here are 31 cooperatives with 1,110 members, which act as representative farmers’ orga-
nizations through which farm inputs procured by AIC are distributed to farmers
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4.4.4. Banke District

(1) Farmland and Land Use

The acreage of farmland in Banke District is the smallest of the three districts at 49,072 ha
The present cropping intensity in 1991/92 is estimated at 142% as shown below: |

Cereals 51,745 ha
Pulses 12,079
Root cfops 555
Cash crops 29
Oilseed crops 4,253
Peppers 126
Vegetables 468
Fruit 323
Others 58
Total 69,618
(CBS, 1993)

) Soils

The soil type is classified as Type (I). The soil textures are sandy loam or clay loam, and

soil reaction is weak acid to neutral.
(3) Number of Farm households and Land Holdings

As of 1991/92, there are 35,912 farm households, with an average size of 1.37 ha. The
average farm size is the second largest among the three districts, following Jhapa District;

and farmers who own less than one hectare accounts for 50% of the total.

Landless 694 ( 1.9%)
Less than 0.1 ha 2,372 ( 6.6%)
0.1-0.2 1,369 ( 3.8%)
0.2-0.5 4,899 (13.6%)
0.5-1.0 8,718 (24.3%)
1.0-2.0 9,701 (27.0%)
2.0-3.0 4,899 (13.6%)
3.0-4.0 1,659 ( 4.6%)
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4.0-5.0 675 ( 1.9%)

5.0-10 810 ( 2.3%)

Above 10 ha 116 ( 0.3%)
Total 35,912

(CBS, 1993)

ted at 5,850.

The number of farm households in the Study Area is estima

(4) Cropping Patterns

The following cropping patterns are dominant in the district.

Monsoon Paddy-Fallow
Maize/Millet-Mustard
Pigeon Pea

Monsoon Paddy-Cereals

Figure 6.2.3 in Chapter 6 shows the present cropping pattern in the Study Area. Cultiva-
tion for monsoon paddy begins with the preparation of nursery beds, after the land is
soaked by rainfall. Paddy is harvested from the mid November to mid December when

wet season is over.

(5) Agricultural Production

The ratio of agricultural production in 1992/93 is 4.2% for pulses and 1.4% for paddy.

The amount of rainfall and irrigated area are both the smallest among the three districts,
and as a result, cropping conditions in the district are poor.

Production (t) Ratio to National (%)

Paddy 36,120 14
Maize 20,710 1.6
Wheat 10,400 14
Bz'irley 20 - 0.1
Oilseed crops 2,430 2.6
P i
Tot;itoes 4,600 0.6
So acco 40 0.7
Pu;g,arcane 4,270 03

ulses 8,580 42
(MOA, 1993)
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(6) Marketing

The marketing ch _
& channels for paddy and other crops are similar to the other two districts:

mer-whole i :
far saler/miller-retailer-consumer. Vegetables and milk are transported to the

t loc .
nearest local market by farmers using cattle carts, bicycles, and human power.

(7) Livestock

The number of sheep is the largest among three districts, but milk production by cattle and
buffalo is the lowest as shown in the following:

Number Milk Production (ton)
Cattle 81,342 2,437
Buffalo 53,326 7,483
Sheep 10,274
Goats 81,120
Pigs 11,197
Chickens 109,476
Ducks 1,505

(MOA, 1993)
(8) Irrigation

Irrigated areas in Banke District represent only 3,317 ha or 6.8% of the cultivated areas in
1991/92, which is the lowest among three districts.

(9) Food Balance

Food production in Banke District is 48,079 tons, while demand is 45,757 tons. There is
a 2,322 ton surplus according to District Profile in 1988.

(10) Supporting Services

a) ADO
Banke’s ADO is under the control of the Regional Agricultural Office at Surkhet. District
ADO is composed of seven divisions, including a crop, horticulture, livestock, and a fish-
There are four agricultural service centers and nine subcenters

ery division, among others.
s who are

distributed under ADO, and JTs and JTAs are assigned to guide leader farmer

selected from among the farmers.

4-39



v

b) Agricultural Research Station salgan] sndlaRnliipne

arch station in Ne

- aregional rese
development of crops, the

There are two research stations
These stations function 1n the

pose farm station in Surkhet.

distribution of nurseries, crop testing in fields, and so on.

and offers agricultural credit and deposit
d the Small Farmer Development

c) ADB/N
ADB/N’s District Office is located in Nepalg

services. Recently, ADB/N’s services have emphasize

Program (SFDP).

anj

d) AIC
AIC’s District Office in Nepalganj supplies agricultural inputs and agricultural machinery

to farmers through cooperatives.

(11) Farmers’ Organization

At present there are 17 cooperatives with 11,518 members to distribute agricultural inputs

provided by AIC.
4.5 Infrastructure
4.5.1. Accessibility
(1) Air Route

In the case of Jhapa District, a local air field is located at Chandragadhi, with direct flich
fr.om Katmandu four times a week. Another access route is the ,115 km dc' - ts
B.lratna'gar in Morang District, which also has daily flights from Katmandu. Th er(f, "
a@@ in Mahottari District, but Janakpur in Dhanusha is available to ) ere‘ o
driving 15 km. Janakpur Airport has a daily flight from Katmandy and aNCec;::fe..s e b.y
s anji, capi-

al of Banke District, has an airport which receives daily flights from Kat ;
atmandu.

(2) Land Route

The Tnam' transportation route in the Terai is the “BE-W Highway ” wh;
Terai Plain from Kakarbitta on the eastern border, to Mahend i
der, both of which border India. Although the highway ranag

able sections of the road are in rough condition

| ar on the western bor-
1S a paved surface road, consider-
as a

as a result of the poor repair work per-
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formed s fat. In order 10 access 1 (1,6 Sltes, two routes join the E-W Highway crossing
ONE ronte g iy Mug

the Mahabharat Range: ling to Bharatpur Junction and the other is via
paman Pass to Hetauda Junction,

The land route to Jhapa District i approximately 530 ki via the shorter route and takes

t¢ of the Mahottari District is
and 400 km yiy Mug
site from any route, For B

one full day or two days, Ty rou approximately 310 km
through Daman Pass

ling; a one day drive is sufficient to arrive at the

anke Dislricl, the dig

tunce is between 530 km and 550 ki but it
takes two to three days (o 20 to Nep

alganj as the route passes through mountainous areas
‘ sections,
in long &
452 Road Conditions

(1) General

Roads in Nepal are classified ang Mmanaged as below:
1) Pitched road

2) Gravel road
3) Mud road

......... paved road
......... gravel constructed

......... mud constructed

Among these road types, paved and gravel roads are adequate for vehicle traffic through-
out the year, but mud roads are not suitable for vehicles during the rainy season.

(2) Jhapa District

Paved roads extend only 106 km, including 50 km of the highway. Most of the road
system in the district is either gravel or mud roads, and the portion of gravel road is less

than a quarter of the entire road system. Vehicles can use mud roads during the dry season
but only if there are bridges to cross the small rivers.

There is no future plan to construct new roads in the district, and the current National

Development Plan suggests only the extension of gravel roads and the repair of mud
roads.

(3) Mabhottari District

Two paved roads - the E-W Highway in the north and the Janakpur-Jaleswar road in the
— 1 ¢ hich are
south - pass through the district. Most of the road system consists of mud roads, whic

i i -exi in the far north.
concentrated in the southern half, rough in the mid-north, and non-existent
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4)

ighwi »se¢ do not reach to the soyy
Only three gravel roads run south from the highway but these ¢ hery
paved road.
’ ; aved roads 1s planned f
The construction of two gravel roads connecting the two paved roz P Of (he

district.
Banke District

The road system in this district is the poorest among th. three distrilclS, "é fhe,rcrls N0 rogg
system in almost half of the district. Although the district has the larg?s’t area am()ng 'lhe
three, there is only 16 km of paved road and only 30 km of graw.:l road's. ‘md the conditioy,
of the mud road system is remarkably poor, as there are many discontinuities and the roqg

sometimes abruptly disappears into farmland.

There is only one mud road along the eastern bank of the Rapti, but no bridge crossing, A
a future plan, two of the main mud roads are to be graveled and paved throughout: ope is
from Nepalganj to Balapur across the Rapti; the other shorter route is from the Nepalganj-
Gulariya road to the E-W Highway.

4.5.3. Power Supply

(1) General

2)

The power supply system is composed of four kinds of power lines: 132 KV, 33KV, and
11 KV transmission lines, and a 220V distribution line.

At present, the power line network in all three districts is very thin, including the entire
Terai Plain.

Jhapa District

The major power line is a 33 KV line, which runs along the highway and terminates at the
transformer substation in Birtmod. The substation transforms the power into 11 KV,
which is delivered to Kakarbitta further along the highway to Sanischari in the north and
Chandragadhi in the south. The line also extends to India, across the Mechi River, south of
Badrapur. The power is distributed to nearby houses by reducing the voltage 220V viaa
power transformer on the electric pole in major town, such as Birtmod and Chandragadhi;

however, power transmission lines have not be established further away from the highway
(refer to Figure 4.3.1 (2)).
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There is a future long-term plan to connect the E W Hi
- ighway area with the
southern-most

area by three 11 KV lines along the existing N-S gravel roads

Mahottari District

[nthe north, 132 KV and 33 KV [ines pass along the highway

lines. In the south but there are no distribution

,a33 R O T e

. KV line passes along the Janakpur-Jaleswar road and branches at
g S

Jales and to Madwapur, both of which are in India. Only the villagers

around Jaleswar benefit from electricity at the present time (refer to Figure 4.3.2 (2)).

he future, a 11 i R g B
Int KV line network will distribute power to the people living in the south-
eastern corner of the district.

(4) Banke District

The 132 KV transmission line reaches Kohalpur, where a main transformer substation is
located, from the central region along the highway. Another substation is located at
Nepalganj, from where a 132 KV line extends to India. Both substations are connected by
33 KV and 11 KV lines. The 11 KV line further extends south across the border from
Nepalganj and west to Gudhana and the resettlement area (refer to Figure 4.3.3 (2)).

As a future plan, the main transmission line will be extended to the west as far as Karnari
and 33 KV and 11 KV lines will connect Gulariya.

4.5.4. Telecommunication

In almost all districts in Nepal, there is at least one telephone exchange and one wireless
station directly connected to Kathmandu, usually at the district center. Besides these, sev-
eral public and private calling offices are located mainly in the large towns. Although
local telephones have increased since 1951, their number remains small. In the three
target district, there are only 775 telephones in Jhapa, 165 in Mahottari, and 1,310 in

Banke.

4.5.5. Water Supply

m, is one of the least developed

The water supply system, including the sewerage syste
few towns, mostly regional or

infrastructures in the country. In the Terai Plain, only a a
district centers, have pipe-born water supply systems. However, the Terai Plain is rich in
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4.6.

4.6.1.

(D

[
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the dry season througp, i My
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|

residents cat
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the ratny season.
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adhi/Badraput has a water supply system based oy, DTW

In Jhapa Dis(ricl,nnly(‘hun(lmg gl
amak Sanischarc, and Kakarbitta - have future plang ot .
i ] UII(

¢ been suspended.  In Mahottari Dist,
N oty
ly system by DTWs, and % a,
THe g

ave water supply sysiems .
Sin

Three other major LOWRS = D

system but (hese plans hav

a pipe-borm water supp
r the Ratu River h
Nepalganj has a water Supply system g

Us‘ng

a water supply
Jaleswar and Rajikhor have
the E-W Highway nca

villages along
anke District, only

surface water. W ithin B

gmundwa[cr resource.

Existing Groundwater Irrigation Projects

Bhairawa-Lumbini Groundwater Irrigation Project (BLGIP)

Outline of Project

BLGIP covers Rupandehi District in Western Terai to irrigate approximately 21,000 hab
_deep tubewells (DTW). The project is financed by the World Bank. The project has be y
?mplemented by DOI, based on financing provided by the World Bank. The project beoen
in 1982 and the third stage is currently being implemented. The outline of each phas: 2:;

project is as follows.

No. of DTW Irrigation Area (ha) _Area/DTW(ha)

Ist Stage 64 . 7,680 120
2nd Stage 38 4,560 120
3rd Stage 13

\{{ 8,720 120

The average size of farms is 1.3 ha. Irrigation water i i
pipelines. Wate ’ " s supplied to fields through burie
distribution andrr:f:iirtse R .(WUé) have been established to provide beL:ter wate(:
M) being trnsierred ftle:;: ;)5 [tjle irrigation facilities. Operation and maintenance (O &
bers for O & M of irrigati : A 5. WUAs collect Rs 400 per ha/year from their mem-
gation facilities such as DTWs and pumps. The energy so ;“
; gy source for

the pumps is electricity.

’ Iy ¢

area for sprin is estim
pring paddy is estimated at less than 25% of the command A h
area. Accordingtothe



stafl of the three agricultural subcenters, pulses and vegetables are more profitable crop

than Pﬂd(?Y- A‘ tor paddy, HYV is dominant in the arca. The following shows the proce-
dure of yiclds increases for Hyy paddy before and after the project.

‘ . Irrigation Impact in BLGIP (unit: ton/ha)
Before Project 1981/82  1984/85  1987/88 1991192 1992193

1.80 2.60 4.20 4.63 4.50 4.18
(Source: BLGIP)

ddition to DTWs. f; , : X .
In a S, farm roads which are not seen in other districts have also been

constructed, and transportation has been improved not only for crops but also for general
traffic.

Regarding agricultural extension services, three DOI’s agricultural subcenters are located

in the area to give farmers guidance on new farming technology and training in water use,
and so on.

(2) Project Evaluation

The evaluation of BLGIP made by the Study Team as a whole is as below:

a) Irrigation Impact
The most significant effect of DTW irrigation is the increase of crop production. For
example, the productivity of HYV paddy has been 1.8 ton/ha without project. Under the
conditions with project, it has been successively increased and has reached a stable and
high level of 4.0 ton/ha since 1984/85. Therefore, it can be evaluated that the DTW irriga-
tion largely contribute to increasing the agricultural production of the project area. In
addition, the situation that the irrigation water becomes stably available throughout a year
gives a relief to the beneficial farmers in that they are assured their income worthy of the
investment for inputs to an extent. And, this relief contributes to increase the cropping

intensity, high productivity and stable production.

b) Increase of Farm Income
The DTW irrigation gives another psychological impact to the beneficial farmers. As a
matter of fact, the increases of cropping intensity and crop production and cropping bring
the increase of farm income. This brings a desirable cycle in the up-grading of living
standard, improvement of education and health cares; and then another volition to expand

production.
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¢) Extension Services

Itis pointed out that the exte
he intro

yed an important role in the increag, »

: s . Crg
tion. The services cover guidance "
nded by the extensijop Wo

nsion services pla
d 80

rkerS

duction of irriga |
ices have been exte
{ area.

production as well as t
forth to the beneficial farmers. The

from the agricultural sub-centers all

serv ‘
ocated in the projec

d) Role of WUA e harge. from W
The operation cost of DTW pump is collected, a8 irrigation charge, UA Organ;,

by all beneficial farmers. The recovery rate of irrigation charge at present i said y be
85%.

The role of WUA is appreciated not 0 =
d mutual communication

nly in the O&M activity but also in the generation

. between the member f:
common sense of solidarity an drmers,

DOI is now transferring the O&M function to WUA.

e) Problems
The energy source of DTW pump in the project depends on the electric power. The bulk
power supply in Nepal is not so stable now .
The beneficial farmer intends to cultivate, in a dry season, pulses and vegetables whiy,
are more beneficial than spring paddy since it requires much more water, more power apg
irrigation charge than the monsoon paddy. It is afraid that those expansion of profit-g;.
ented agriculture may spoil the role of Terai to supply major food-grains as the granary of
the Kingdom.
The project, being the pilot large-scale DTW irrigation scheme into Terai with its salient
characteristics of a small investment with quick return model, is highly appreciated, as
favhole, brings not only direct impacts in increases of crop production and farm income but
indirect effects in the concept in farm economy, building of solidarity in the farmers soci-
ety and so forth, although the project includes the said problems.

4.6.2. Feasibility Study on Birganj Groundwater Irrigation Project
The Birganj Groundwater Irrigation Project is planned as a

Development Project, and a feasibility study on the
the auspices of World Bank.

part of the Narayani Irrigation
project was completed in 1993 under

The project area is located in the C
entral Development Regi 1
the districts of B . egion, covering 32,900 ha and
of the stud:' :howartz:tn 1(: parsla - noueh the iigable aeg represents 13,840 ha, the resulis
to an irrigation acreage o\:;)l;:()b ; mOCSt sconomical to apply a cropping intensity of 185%
, a. Lombined irrigation i

' meth and

surface water have been applied to FMIS] for 1,200 ha and SD(ID;1 Sfusg;goghroundgv sat;;o ha
or a, an 3
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Frainfed areas are pli or irrigati
of rain areas are planned for irrigation by groundwater. The proj i
o | S . ject includ
struction of 90 km of farm roads. Groundwater is projected to be pumped fi mes( )thSc Clown-
and 70 DTWs in orde irrieate s
: 1 order to irrigate monsoon paddy, wheat, sugarc S
, sugarcane, maize, and
€, veg-

L[al)lb\‘“
[ ) v | v < 11[ Rfl.sx illi( n ([JS%B illi }/ r

construction period is r et o .
period is projected, including design and planni
20.5%. g planning. EIRR is estimated at
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CHAPTER-FIVE: EVALUATION AND DEVELOPMENT OF GROUNDWATER RE-

5.1

SOURCES

Basic Strategy

When establishing basin-wide groundwater development, it is necessary to examine;

(1) whether groundwater yield will satisfy the Project’s water requirement;

(2) whether the groundwater use is cost-effective; and

(3) whether the water quality suits the water use.

Along with these basic requirements, it is necessary to examine from a broad, long-term
perspective;

(4) whether a sharp drawdown in the groundwater head will occur;

(5) whether the groundwater resources will be depleted in the future; and

(6) whether the quality of groundwater will deteriorate in the future.

As the item (1) above is related to the “physical characteristics of the aquifer”, it is neces-

sary to identify and evaluate the hydraulic characteristics, including the structure, extent,

~ size, potential and storativity of aquifers.

Item (2) is related to the “cost-effectiveness of groundwater use” and is evaluated through
a comparison of costs for the construction, operation and maintenance on the water intake
facilities (wells and pumps) and the benefits accrued from these facilities. This item is also

strongly related to the above “physical characteristics”.

Item (3) is related to the “hydrochemistry of groundwater”. If the water quality does not

match the purpose of use and requires treatment, the cost-effectiveness will be affected.

Items (4) and (5), as well as being related to the “physical characteristics of the aquifer”,
are also related to the basin-wide “groundwater resource”. Groundwater is a renewable
resource within the hydrological cycle. Sustainable development is possible as far as it is
within the recharge potential. Therefore the recharge potential has the same meaning as
“groundwater resource”. The understanding of “hydrological behavior of groundwater” is
essential for this evaluation. This understanding is also important for determining a

“groundwater resource management” and an “environmental impact evaluation™.

Simulations are effective for understanding the basin-wide hydrological behavior of

groundwater. The advance in recent hardware and software has made simulation for



ossible using a mathematical model for basin-wjg,

ce the hydrological behavior of
ater resource conservation”.

present
water balan

should reprodu
for the management of future “groundw

the present groundwater and can be ygeq

1 brine enters into the basin area. This is related to (4) anq

[tem (6) may takes place whe !
oo ndarily as a result of a sharp drawdown in the groung-

(5); however, this often occurs Seco
water head or the exhaustion of groundwater resources.

Items (4) to (6) are related to “environmental impact”, which includes elements of the
ination as well as the socio-

natural environment such as the eco-system and soil contami

economic environment (ie., existing water rights).

This chapter outlines the examination results for each Study Area from the above per-
spectives, except for the environmental impact of groundwater development, which is

discussed in the following chapter.
5.2. Hydrogeology and Groundwater
5.2.1. Jhapa District
(1) Hydrogeological Survey

The following surveys were conducted to clarify the hydrogeological conditions of the
district.

a) Geophysical Prospecting
Magneto-Telluric Prospecting —— 196 sites
Resistivity Prospecting —— 190 sites

b) Exploratory Well Drilling

The objectives
jectives of the work are to clarify the hydm“COlOUlcal canditions and the a[ound

water potential of the Study Area. These objectives include;
setting up hydrogeological units

o wp
btaining the vertical and horizontal extent of the aquifers

obtaining aquifer characteristics and potential

obtaining groundwater quality
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The explorat lls we : ;
ot If) ory wells were designed to grasp the potential of the aquifers at each 50 m
epth, from a maxi :
bp . 100 m to a maximum 300 m; and the total number of wells was 15. Five
observation wells s attac - ‘ :
nwells were attached at the different well depths and equipped with pressure-

type automatic water level recor : 5 . .
ype £ atic water level recorders. The location of cach exploratory well is shown in
Figure 5.2.1.

Two types of borehole loggings, resistivity and natural gamma ray were conducted in the
drilled exploratory wells.

The steel casings and reinforced continuous wire-wrapped screens of 150 mm diameter
were installed to complete the wells. Three types of pumping tests, constant yield, re-
covery and step-drawdown tests were conducted after the completion of wells. Water

samples for quality analysis were collected at final stage of the test.

c¢) Groundwater Monitoring

The water level measurement were conducted at 30 wells, which include 18 shallow

wells, 6 deep wells of GWRDB, 2 water supply project production wells, and 11 project
exploratory wells.

Measuring covered a 14-month period beginning at the end of November 1992 and until

early February 1994. The measurements were performed manually once a week.

d) Discharge Measurement of Artesian Flows

Measurement were conducted at four project artesian wells at weekly intervals.

e) Pumping Test
The aquifers were tested by three types of pump testing: the step drawdown, constant-rate,

and recovery tests. The wells tested include 15 exploratory wells, 4 existing wells of

GWRDB, and one water supply well.

f) Water Quality Analysis
Water quality analysis for rivers water and groundwater were conducted by an in-situ Kit
and laboratory testing. The samples were collected from following sites.

* 11 spots at 8 rivers

* 10 shallow wells

* 10 deep wells
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The Northern Alluvium is estimated to be 100 m thick and is underlain by the Upper
Churia Formation, with regular alternating beds of clay/silt and sand/gravel. The compo-
sition rate of sand and gravel beds is approximately 60%.

The estimated thickness of the Kankai Alluvium is 110 m, and it is also underlain by the

Upper Churia Formation. The lithology of this alluvium is similar to Northern Alluvium,
and the composition rate of sand/gravel beds is 76% on an average among the exploratory
wells.

The thickness of the Gangetic Alluvium exceeds 300 m. The depth to reach the underlying
Churia Formation is not identified. The Gangetic Formation is composed of sand/gravel,

alternating with clay/silt, and the composition rate of the permeable bed is approximately

77%, which is highest rate among the other alluvial formations.

The Upper Churia Formation is sub-divided into North, West, and Central, based on the
correlation of drilling logs of GWRDB and the exploratory wells. These formations are
composed of regular alternating beds of clay/silt and sand/gravel. The composition rate of
the permeable bed is approximately 50% and the thickness of each single bed ranges from
7mto9 m. The Central Sub-Formation underlies the shallow depth in the terrace area



N

because of the uplifting caused by faults or thrusts along the north and south edges of the
terrace. A presence of these faults is supported by the results of magneto-telluric pros-
pecting and seismic data of DMG and by the heavy artesian groundwater (with a high
temperature of 33.5°C) flowing from the two exploratory wells, EX-8 and EX-1, which
are located on both sides of the terrace (see Figure 5.2.1 Hydrogeological Map of Jhapa,

and Figure 5.2.2 Geological Profile of Jhapa). The thickness of these formations 1S sum-
marized as follows:

Table 5.2.1 Summary of Aquifers and Aquicludes in Jhapa

Name of | Thickness of Aquifer Thickness of Aquicludes
Formation ‘ Total T—Sl;lgic | Rate | Total Single | Rate
o m) | (%) (m) | (m) (%)
ALLUVIUM | * |
North For. 103 | 10 61 67 7 39
Kankai For. 111 12 | 76 | 36 4 24
Gangetic For. 209 17 7 | e | 6 23
Average 141 13 71 | 55 j 6 29
\
) | | Se |
CHURIA FOR. | |
North For. 78 52 3| 6 48
West For. 99 8 42 134 | 10 58
Central For. | 158 | 11 66 | 83 | 6 | 34
Average 112 9 5301 97 | 7 47

The results of pumping tests reveals that the transmissivity of each formation is consistent
with the lithological characteristics of the geological formation. Gangetic and Kankai al-
luviums indicate excellent transmissivity where aquifers are recharged by surface rivers.
The Churia Formation shows comparatively low transmissivity, except for the Western

Churia where surface river systems are concentrated. The summary of transmissivity of

each geological formation is listed as follows.
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Table 5.2.2 Transmissivity of Aquifers in Jhapa

e
. Transmissivity Name of
Hame Of format et (m2/d) Tested Wells

Gangetic Alluvium 1,240 - 3,540 EX-1,-12,-13
Kankai Alluvium 1,700 - 2,230 EX-10,-14
Northern Alluvium 700 - 1,130 EX-11,-15

Northern Churia 380- 710 EX-2,-7,-9
Central Churia 520- 730 EX-5,-6,-8
Western Churia 1,200 - 1,240 EX-3,-4

(3) Groundwater Quality

Hydrochemistry has greatly contributed to the understanding of the flow of groundwater.
In interpreting the water quality data, analyses must be correlated with one another as well
as related information. As the subsurface flow begins from shallow to deeper unconfined
groundwater, the water quality undergoes three modifications: oxidization to reduction,
dissolution, and base exchange. These processes of water quality change is referred to as

the “hydrochemical evolution of groundwater.”

The water from deep wells in Jhapa District can be classified into the following four
categories:

Group A:  Aquifer underlies the Kankai Alluvium and is directly subject to recharge
from the Kankai River.

Group B:  Aquifer underlies the Northern Churia Formation and is subject to artesian
conditions in the northern alluvial plain.

Group C:  Aquifer underlies the Central Churia Formation and is under heavy arte-
sian conditions in the terrace.

Group D:

Aqui - : . _
quifer underlies the Gangetic Alluvium and is under heavy artesian col-

ditions, and the recharge zone is located far from wells.

Groups A and B are within the region of “C

arbonate Hardness”. Gr . are in the
i . $s”. Groups C and D are 1
“Carbonate Alkalj” ps Cand D

region. Those groups spread on

a linear line in the tri-linear diagral
(refer to Figure 2.4.4 in Sector Report) |

The groundwater i
erartesian pressure ; : .
anpressure and the distance from the recharee area increases from
AtoD. charge area increases
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L

Anexcess concentration of iron (Fe) and manganese (Mn) is identified as per the drinking
standards of WHO, especially Mn in well depths from 100 m to 150 m. The question
arises whether this is caused by the aquifers themselves or by contamination from the

shallow aquifers. The water samples from aquifers more than 250 m are within the limita-
tions of WHO’s drinking standards.

The water temperature of wells more than 200 m in depth, which are located on the north

and south edges of the forest- covered terrace, is 33°C. This is unlike other wells which
show a temperature of approximately 26°C.

Groundwater Potential and Development

Based on the specific capacity obtained by the tests on the exploratory and existing wells,
the optimum yield of a standard DTW by the respective geological formations is evalu-
ated as shown in the following table. The specific capacities per unit depth of respective
aquifer are applied in the estimation of optimum yield of standard DTW.

The standard DTW is specified as 250mm of casing size, 30m of screen length, 50m of
housing length and 20m of drawdown. The required depth of standard DTW is determined
by each thickness of respective aquifer plus the lengths of screen and housing specified
above.

While, the theoretical yield of standard DTW is also estimated adopting Theis’
nonequilibrium equation under the conditions of 20m drawdown and a 120-day pumping
duration. The drawdown at one-km radius is calculated as well.

All the estimates are summarized in the table shown below:

Table 5.2.3 Evaluation of Groundwater Potential in Jhapa

Name of By Specific Capacity (s=20m) | By Theis (r=1km, t=120 day)
Formation | Optimum Yield | Re.Well Depth Yield | Drawdown
‘ (li/sec) (m) (ht/sec) (m) .
ALLUVIUM |
Gangetic 150-173(165) | 100-130 34-198( 85) | 5.81-7.02
Northern | 36-156(93) | 100-160 34-198( 85) | 5.47-6.50
Kankai 66 - 276 (134) 100-150 | 114-330(223) | 5.74-6.67
CHURIA FOR.
Northern 42- 66( 53) 220-230 66- 71( 68) | 524-529
Central 38 - 144 ( 72) 120-130 79-180(112) | 535-5.86
Western 60 260270 | 153-158(156) | 6.09-6.11

Remarks: Re = required
s = drawdown

t = pumping time ( ) =average value

5-7

Theis = nonequilibrium equation
r = distance from pumped well
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The Upper Churia Formation spread out in the north of District, is overlain by terrace
deposits in the Bhabar Zone and is composed of regularly alternating beds of unconsol;
1-

dated clay/silt and sand/gravel. The average composition rate of the permeable bed is 639
s 0

and decreases to 58% toward the south.

The Gangetic Alluvium is composed of regularly alternating beds of clay/silt and sand/
gravel, and the total thickness exceeds 200 m based on the exploratory wells of GWRDB
Gravel beds are responsible for 52% of the composition rale on an average st .
creases toward the south. Transmissivity and storativity also have the same ;cndency Tn

decrease from north to south (see Figures 5.2.4 and 5.2.5)



Name of Well Depth | Per. Bed Tested Data Standard
Formation (m) (%) R TS Well Yield
7 _ (m2/day) | (I/s/m) (I5s)
Churia Formation )
North 125 60 5,970 14.9 447
South 146 58 1,310 3.0 90
Gangetic Alluvium
Cenler 150 33 290 1.7 Sl
South 170 48 500 33 99
West ,
Ry 130 54 17 0.2 6

Table 5.2.4 Evaluation of '
2.2.4 Bvaluation of Groundwater Potential in Mahottari

—_— i e e et

Remarks: Per=permeable T=transmissivity S.C.=specific capacity

@

3)

Water Quality

The pH, EC, and water temperature were measured in the deep artesian wells of GWRDB.
The results show a high water temperature at 27°C was measured at a shallow depth to

36m, and the temperatures for other samples were between 25°C to 26°C.

The lower value of EC at 120 and 86 mS/cm was measured at the southern end of the
Bhabar Zone. In general, EC increases toward SWW and attains a maximum of 390 mS/

cm.
Groundwater Potential and Development

Based on the data from 45 exploratory wells drilled by GWRDB, the specific capacity of
the Upper Churia Formation ranges from 0.4 to 29 I/s/m, with an average of 13 I/s/m; it
ranges from 0.06 to 5.0 I/s/m, with an average of 1.7 I/s/m, in the Gangetic Alluvium.
South of the Gangetic Alluvium, which has a large groundwater yield capacity, the spe-
cific capacity is a maximum of 5 Us/m. On the western edge of the area, the specific

capacity is only 0.2 I/s/m on average, which has less yield capacity.

In general, transmissivity is consistent with the specific capacity in the area. The average
transmissivity in the Upper Churia Formation is 4,800 m2/day. It changes in Gangetic
Alluvium, that is, 500 m2/day in the south, 290 m2/day in the central, and 410 m2/day on

an average. On the western edge of the area, transmissivity is 17 m2/day on an average.
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The groundwater potential is evaluated
150 m well depth, 250 mm diameter, 30 m screen length, and 20m (%mwdown. ‘
are shown in Table 5.2.4. The possible yield by standard DTW in the Bhabar Zone is
calculated at more than 120 Is, with 97 Us on average. This ’
is covered by thick forest; direct infiltration by rivers through flood deposits

extended river beds contribute to the recharge into the Bhabar Deposits and the Gangetic

based on the standard DTW design, that includes
The resultg

area forms an alluvial fan and
in broadly

Alluvium.

The second highest potential arca is found in the southern part of the Terai Plain. The
estimated yield for standard DTW in the Gangetic Alluvium is 57- [51 11/s, with an aver-
age of 99 Us.

In the most part of the central and western arcas, the groundwater potential is low as
development areas for DTW irrigation. Their average potential yield is 19 I/s and 6 I/s,

respectively.

The groundwater level of the Bhabar Zone reaches 34 m in the north, but it only several
meters deep in the south. The groundwater in the Gangetic alluvial aquifer in the central
part of the district is generally confined. The maximum artesian head reaches 8.67 m
above the surface at M-15 well.

5.2.3. Banke Area
(1) Aquifer

Three major aquifers underlie in Banke District: Northern Alluvium, Central Churia For-
mation, and Gangetic Alluvium.

The exploratory wells of GWRDB/USAID reveal that the thickness of the Northern Allu-
vium is greater than 200 m, and consists of thick cl

ay beds, intercalated by thin sand/
gravel beds. The aver.

age transmissivity and specific capacity of the aquifers are 700 m2/
day and 3.5 I/s/m, respectively. The average single bed thickness of the gravel layer and

the composition rate are 15 m and 17%, respectively. The lithologic gap, e.g., intercala-

tion’ of siltstone fragments and the difference in groundwater potential, is clearly recog-

nized between the Northern Alluvial Formation and the Central Churia Formation, A dif-

ference in water quality as well as lithology is also significant between the two forma-
tions.
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The Central Churia Formation, which underlies the central part of the Gangetic flood
plain, is characterized by its thick impervious clay beds which contain siltstone fragments.
The thickness of the formation is more than 400 m, based on the exploratory wells of
GWRDB/USAID. The extent of the formation, tending in a northwesterly direction, is
well traced in an 18 km width, from the west bank of the Rapti River to the Babai River.

The average transmissivity and specific capacity of the aquifer at a depth of 60 m 10 200 m
is 210 m2/day and 1.1 /s/m, respectively. The composition rate of the formation’s perme-
able beds is approximately 18% based on the exploratory wells.

There is a strong possibility that the formation correlates with the Churia Formation be-
cause of the large amount of siltstone fragments and the characteristics of the aquifer, eg.,
transmissivity and specific capacity are very low compared with the adjacent alluvial for-
mations.

Gangetic Alluvium spreads out south of the central Gangetic flood plain, in a 5 km width
along the Indian border.

According to the geological logs of the exploratory well drilled by GWRDB/USAID, with
a depth greater than 300 m, the alluvium is characterized by thick fine sand and sandy clay
beds. No siltstone fragments are observed based on the exploratory well logs. Two major
aquifer groups, from the ground surface to 40 mbgs, and from 150 m to 250 mbgs, under-

lie in this formation.
The average transmissivity and specific capacity of the aquifers at more than 60 m are
1,100 m2/day and 3.8 U/s/m, respectively. The groundwater potential in Banke District is

listed as follows (see Figures 5.2.6 and 5.2.7).

Table 5.2.5 Evaluation of Groundwater Potential in Banke

Name of Well Depth | Per. Bed Tested Data Standard
F i m (%) T S.C. Well Yield
ormation (m) m2lday) | Qi) T
Churia Formation
Central 240 o 170 0.79 24
Alluvium
Rapti 120 47 900 3.86 116
North 180 21 390 2.62 79
Gangetic 150 32 750 3.28 98

Remarks: Per=permeable T=transmissivity S.C.=specific capacity
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(2)

(3)

v

Groundwater Quality

Laboratory testing was conducted on water samples taken from the 29 exploratory wells
of GWRDB in 1979. Results show that all samples meet the WHO Drinking Water Stan-

dards, except for well B-5/4, whose Fe content slightly exceeds the standard of 0.3 mg/l

Ten samples indicate more than 500 mg/l of TDS. which exceeds the standard of 500 mg/

I, especially for well B-2/6 near Nepalganj, which is 872 mg/l. Most wells in northern part

of the Bhabar Zone are suitable for drinking purposes.

The chemical quality of the water samples reveal that the Northern and Gangetic Allu-
vium near the Rapti and Babai flood plains, as well as the Gangetic Alluvial plain, are
subject to recharge from the surface river system. The samples from the Upper Churia
Formation underlying the central part of the alluvial plain are plotted on a region of deep
groundwater of the trilinear diagram. The same hydrochemical characteristics arc ob-

served between water samples from the alluvium and Churia Formations in Jhapa District.
Groundwater Potential and Development

The artesian conditions in the Northern Alluvium in the Bhabar Zone show high pressure
in the east. The groundwater head in the Central Churia Formation distributed in the Cen-

tral Terai Plain is low at 10 m or deeper in subsurface.

The Gangetic Alluvium, located in the Southern Terai, along the Indian border, shows the
highest groundwater potential. The transmissivity ranges from 250 to 2.060 m2/day, with
an average of 750 m2/day, and the average specific capacity is 3.8 1/s/m. The estimated

yield from standard DTW with a 30 m screen ranges from 25 to 240 I/s, with an aver
100 Us.

age of

The Northern Alluvium, distributed in the Bhabar Zone, shows the second highest

groundwater potential. The transmissivity ranges from 80 to 3,050 m2/day, with an aver-

age of 180 m2/day, and the average specific capacity is 3.6 I/s/m. The calculated yield

from standard DTW with a 30 m screen ranges from 12 to 300 s, with an average of 107
=)

I/s.

The groundwater potential of the Central Churia Formation, which underlies the Central
Alluvial Plain, is quite low compared with other formations because of its low composi-
tion rate of permeable beds. The average transmissivity and possible well yield are 170
m2/day and 24 /s, respectively.




W

The groundwater potential in the Gangetic Alluvium in the Southern Terai and the North-
em Alluvium in the Bhabar Zone can be adapted for irrigation if the well yicld is 70 s,

with a specific capacity and transmissivity of 2.3 I/s and 500 m2/day, respectively.

5-13



S se o

afrjoidq 213c1029

j[ned pamnssy

u ut yidaq (1om
(8AY) S/T Ul PIALA [19A
PI21X 119m wnatido

Lep/,m Ut £31aTSSTTUSURL]

153e0 U} &1qel I81LAPUROLID
(A1ddng 137eH)

Tlom UOTIIOpOIg

(daymD) 1lem 4L103er0(dxg

(vOIr/10Q) t1em £103el0ordxy

=%
o0p,
N

G,
O]

©
°

VAdVHL JdO

dVIN TVOIODOTOHADOHUAH

— |

Y Yl
I\

—.G2 9¢

»L
04
O r g

Q Vo

“wdne

- .3

0}//
/, ( /3 ;

‘W..o:,

. .
ﬂuvluv,on &0 .8S e

.ot ge .50 use
o

N Q
ol /yqv

x\\\/ﬁ,./\,

.u,uuacnc .aﬁzqu\k ) ..Jv

J _ faonu;

5

e

O

o~ .o
AL
.

Ry t(.ta.v,\\ .\l O A S \
Illll!)l l.ll(ha«hﬂ.n.% 0r-df \\ v .,)o..
Wi v., eSS ) IR
) | g rpe— \\ -

8 K.‘ \\ \N \\q\. e,

(
oum:ocl L

N T S TE L VGRS

STy /w f&Jﬁ g

hllllllllk 3 | .
| andl(3] .«w._r
; f

Y4

e

W) .

061 -001
(vE1) 912-99

.. ;,.,..,v\ &qx
. 5

L
[} ” OF
\‘?ﬁ. A _
Ga\oy nnylm ~/
\ 4 /oﬂr
N\ ]
Savp )
.1_...-..-._ .\nu
VY
wonw N[~

92 -

),

( N

\

g
]
]
]
T\

" L L ko 1L I A 1 i loa

L

SLo= s

1 1

5-14



Le—

NG 1= ~

~n

ete l=i5,

oy
|

(-4 T

1-SM

..uou.mwu=;u .“ -
A\ col T reaudy - w

“E s:aw:-<

A, & .o amiasuey

. Jrsodsq
..”.wUMAHWP (P

S-X4d ¢1-xX3 _hxm

edeyr ur 97130Id [eo1607099 -Z°Z°G SINDII

()
13
—05!

5-15



A ——"

Ul plaT) ITeg ./ow
N

TTIM W 0GT1 Ad
AT4dIA WNWILLO 40 dVHW

i

N

-.0t

vavHr \ . 05

seteey

0071 2 \J:!.!:!q!i\\
. TR/

< o A

T QLR
_l‘oi“-.)\ﬁ—.o—-&. \\
=3

s

T I
[ —

= AR A (/7% v ffzk "
iy .. edeUr UT PTATA [TeM wnmrydo "g-z°G SINBI
= . SRR Ll A pp e g ey

by

5-16



o 3 3
X i ~ : i 39’ i1} L 17°00
[ P ARV 2 0 7 =D el U Gieppne

,_,_7/?‘7"
Figure 524 Hyd“’bCOlOglcal Map of Maholtarl / _/“‘“‘%“*- s

/ NS o
S ///"/ 531)”29«/ /
/ ‘ ® . !

At Upper Terrace{Depos:t

HYDROGEOLOG ICAL
MAP OF MAHOTTARI

 Lover Terrace Deposit /@1 !
Curnana ) . 4
/( A N L Ve /( - ® Exploratory Well (DOI/JICA)

Vo __pe=
100) -
“553-0&7 J

Groundwater Table in pansl

\ 13757
/ =
Y =
N ‘r-" { 3 ==y 7 ! g i i Transpissivity in m'/day
Seit i BN K20 g ‘
T onee 7 [ D
s R Il —e T
he sl 4 Ny B & {® (Central Pm) AY ARy a1
by - \.-‘_ ps . \ 0
Vs i . 10-25 (50 k.
e i '(1: 7‘{/. e e ~ ,evr, EClessthan 100 nS/ca
’ { : 80)';'3":‘;/ 5 J LN 2 A
I ' - i ‘J
vy : 2 T 25--/.. N - I Mupeny
Voww 2710 (6 HO,..:--%- =F
130 1] S «*x EC more than 300 nE/cm
, iy ¢ s
g‘«-u(Westem Part) *\ ) fL \ , \f\- / 1
/ B --1‘1 4 §
o pun o DHAWSbtAH-XS lnl:_ A G v
{{ Gangeuc Auuv,umm = / ?1 Optimum Well Yield
, PP EREIED well Yield in 1/s (Ave)
¥/ 170 Well Depth in @
)
‘}F_-\’:uva
e \/\/ Boundary of Formation
V4
//I ’.“No‘
]
7§ ’
o5 [N A A
/o 1y
4__ _:t‘ Geologic Profile

25 0 25 5 Kilometres
erertt———y———

5-17




) 0
o o o o 2 b |
o < ~ "
o w0
-Q 0 o o o ©
7 ~
oee e = - = ;
— T

Sk

ia For..
bl

a ',"4 o et V-I g A.
ot 57 PP o g
i3 it “el = | e
- o S 3 2 = B
.z = b > 5 o
P =008 - s s | I ;,_
o A - - = b
2 s 3% 3
2 Rt S "‘
o . CTES A
: . T £
= 2 Voo T _/
Rl e o= A
N e e L

/-2 Up. Chur

—] o

Figure 5.2.5. Geological Profile in Mahottari

R A
R R

i I ) ! I 1 ! 1 1 !

o [=} o (=] Q [=] o o o (2] o
_,.-,_.8 00 - o o © w - N r:a < [ 8
we- = b = - | 1 \




61-S

\ /\ Y v
>’v~‘ ’\Jl

TR - N on T ¥ SWAN I s o7 s 2 s

\./ Churia Formation

/\)/v,_‘
] \./\/\'\)\ NN
AR

[} Exploratory Well (GWRDB) o & ".Aﬁ\ EC core than 1,000 as/ca
(170)~  Groundsater Table in gazsl
) N Optizun Well Yield
25 0 25 5 Kilometres
= =] Well Yield 1n 1/s (Ave)

]
‘0017'\ Transmissivity 10 n'/day Well Depth 1n @

~. Assuped Fault

~

A A

4_ —I\ Geologic Profile




EL
(m}

Figure 5.2.7. Geological Profile in Banke

|

180~

140

120—

100 —

go—

5-20

60—

40—

—20F

—40
-— 60



5.3, Evaluation and Development of Groundwater Resources
5.3.1. Introduction

In order to evaluate the groundwater resources and to clarify an appropriate develop-
ment potential in the Representative Area, a simulation model for hydrologic balance
analysis integrating both the surface and subsurface systems simultaneously was con-
structed applying the “synthetic storage model (STML)". The simulation studies were
conducted for the current and future hydrologic balances of Area. The results of simula-
tion study and the deduction of groundwater resource evaluation for other two Districts

are stated in this Paragraph.

5.3.2. Outline of the Simulation Study
(1) Synthetic Storage Model (STML)

The synthetic storage model was developed to make the above simulation possible on a

practical use basis.

STML is a mathematical model that simultaneously deals with a basin-wide hydrological
balance analysis of surface and subsurface systems in an unsteady and quasi three-dimen-
sional state. In regard to the groundwater system, analysis is possible not only for uncon-
fined aquifers which relate to the surface system, but also for confined multi-layer aqui-
fers which includes aquicludes. Thus, this model can be applied to solve the phenomena

such as multi-phase density flow, underground dams, substance balance, and so on. The

concept of the model is explained in below.

The basin of concern is divided into sub-basins in arbitrary rectangles, based on the char-
acteristics of the topography, drainage system, hydrogeology, water and land uses, and so
on. The upstream and downstream relationship of the surface flow system in neighboring

sub-basins have previously been defined.

For the groundwater system, the aquifers and aquicludes are grouped based on the
hydrogeological conditions and the water drafts from aquifers at different depths. The
aquifer groups at the same level in the neighboring sub-basin have also previously been

defined.



‘/ 2)

The surface system is represented by an exponential serial depletion model, one which jg
well known as the “Tank Model,” which can be explained under the concept of the inflo,
storage, and outflow of water in a container (tank) with orifices. The lowest orifice in (he
lowest tank plays the role of the groundwater recharge.

Groundwater storage takes place at the uppermost unconfined aquifer and confined aqu;.

fers separated by leaky aquicludes.

In a common hydraulic analysis which applics potential solutions such as FEM and FD,
the water head is initially defined and groundwater storage secondarily defined. This
model initially defines the change in storage (balance) of an aquifer in a sub-basin, and the
water head is derived through the relationship between the water storage and head which
have been previously defined. This methodology is the most specific part of the model

and from which the model name is derived.

The balance of storativity in an aquifer of a sub-basin is the sum of the recharge from the
surface systems, the leakance through contacted aquiclude(s), the inflow and outflow
from/to the aquifer at the same level in neighboring sub-basin(s), and the draft. The com-
ponents, except for the recharge and the draft, are estimated by Darcy’s Principle, ie., the

product of permeability of an aquifer or aquiclude, the seepage area, and the hydraulic
gradient.

The model constructed is identified through trial runs of models to meet with the actual
hydrological behaviors observed by time-series hydrograph of the surface runoff for the
surface system and groundwater heads at each aquifer for the groundwater system. Necd-

less to say, the artificial drafts from each aquifer must be determined as precisely as pos-
sible in order to identify the model.

STML for Jhapa District

The representative area in Jhapa District is subdivided into a total of 37 sub-basins: 32

major sub-basins, 4 sub-basins on the western side beyond the Kankai (a mirror domain),
and a dummy basin at the lower end of the model area, as shown in Figure 5.3.1.

Aquifers in the area are classified as one unconfined aquifer and three confined aquifers

interbedded by three confining layers, as shown in Figure 5.3.2. The lowest layer underly-
ing the third aquifer is to be an impervious basement.
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a)

o

Input and Verification Data

Input parameters

The model’s hydrological parameters are based on precipitation, evapolranspiration, and
draft. Daily precipitation data for the area were available, observed at Chandragadhi (over
a 14 year period from 1980 to 1993). For the potential of evapotranspiration, the mean
monthly pan evaporation data measured near the Study Area, at Tarahara, was applied.
The current groundwater draft in the area is very small. The groundwater draft for shallow
wells is around 3,860 m3/day throughout the entire area and approximately 2,260 m3/day
for two of the water supply DTWs at Chandragadhi.

b) Verification data

“4)

The parameters to verify the model include a time-series groundwater hydrograph for the

groundwater system and time- series observation data on river runoff for the surface sys-
tem.

Groundwater hydrographs, manually observed in the monitoring wells under the Project
for approximately one year, along with four automatic records of the observatory wells

drilled by the Team, comprise all of the available data.

For the river runoff, four years (1987-1990) of daily runoff data for the Kankai River was
available, along with runoff record of close to a year (Feb.1993 - June 1994) measured by
the Team at the Deoniya and Bakhbitta rivers.

Model Parameters and Trial

There are two kinds of model parameters, one for the overall model and one for each sub-

basin model.

The overall parameters contain the number of sub-basins, total running year, beginning

year and month, and the parameters on rain and draft, and so on.
The sub-basin parameters include the area, cumnulative area, surface connection, subsur-

face connection, surface tank structure, parameters on rainfall/evapotranspiration/draft,

structure of groundwater system, and so on.
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own during the long dry season and abruptly levels up at the beginning of the rainy

levelsd
season and smoothly levels down at the end of the rainy season.

Second, the leakance of the aquicludes is very large in general as each water level of the

confined aquifers reflects the movement of the water table of unconfined aquifers, accu-

rately, but at different levels.

And third, the water level, especially for unconfined aquifers, is too sensitive to the rain-
fall at the beginning of rainy season, but not for all groundwater sub-basins. In one special
case (sub-basin No. 24), the groundwater level turns upward from the end of April when
40 mm of rain was observed, but this is practically the first rainfall. In many other cases,
the water level raises abruptly from late May, and the total rainfall until this period is 133
mm, in 12 isolated times. In these cases, the constructed model does not fit the verifica-
tion data, which causes slightly delays.

Surface Water Balance

Surface water balances for pure surface sub-basins, which are fixed prior to the subsurface
system, are summarized in Table 5.3.1.

In. the c.ase of sub-basin No.1, which is the largest surface basin in the area, the total
rainfall is 3,750 MCM/a (3,173 mm), with a rainfall parameter of 1.2. A a the total
volume, 963 MCM (815 mm) is lost by €vapotranspiration and Bl
volume (2,786 MCM) flows to the downstream sub-basin
in this case is calculated as 74.3%,

almost all of the remaining

it . (No. 8). The runoff coefficient
he yearly rainfall varjes heavily throughout the 14
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years, from 6,182 MCM (5,232 mm) during the wettest year, {0 2,381 MCM (2,015 mm)
during the driest; and the difference between the driest and the wettest year was approxi-
mately 2.6 times. The runoff coefficient is influenced by precipitation and varies from

80.4 during the wettest year to 68.5% during the driest year.

In the other small basins, the average annual runoff coefficient is approximately 71%,
ranging from 78% during the wettest year to 60% during the driest year. For the Deoniya
and Bhakbitta rivers,17.7% and 8.5%, respectively, of the rainfall recharges the ground-

water and almost all of the volume flows out.
Groundwater Balance

The monthly groundwater balance and the surface water balance are attached in the Ap-
pendix and summarized as Table 5.3.2. As shown in the table, the evapotranspiration rate
ranges from 640 mm (460.1 MCM,1992) to 939 mm (674.7 MCM,1990), with an average
of 771.5 mm. Recharge volumes from the surface system to the sub-surface system vary
widely from 205.4 to 384.3 MCM/a and ranges from 17.0% to 12.3%, with the average
coefficient being 14.0% for 14 years.

Table 5.3.1 Surface Water Balance

(Averaged for 14 vears) (unit : MCM/a)
Area Rainfall Surface  Evepotrans-  Surface Groundwater Draft
River (km2) MCM) Inflow piration Outflow Recharge Outflow
KANKAI RIVER 118154 3,750.2 00 9633 27859 0.0 0.0 0.0
DEONIYAR. | 17523 4639 2936 1398 5368 82.1 80.1 1.3
BHAKBITTAR. 94.96 251.4 67.1 68.7 2249 213 21.2 0.2
(The most rainy year :1990)
Area Rainfall Surface  Evapotrans-  Surface Groundwater Draft
River (km2) (MCM) Inflow piration Outflow Recharge Outflow
KANKAIRIVER | 118154 61818 00 1,147.2  45963.0 0.0_ 0.0 0.0
DEONIYAR. | 17523, 7643 _ 5550 1676 1,0295 1177 113.6 1.3
BHAKBITTA R. 94.96 414.1 121.3 85.6 418.2 316 29.7 0.2
e most dry year:1992)
Area Rainfall Surface  Evapotrans-  Surface  Groundwater  Draft
River (km2) MCM) Inflow piration Outflow Recharge Outflow
KANKAIRIVER | 118154, 23806 00 7918 16312 00 00 0.0
DEONIYAR. | 17523 2943 1509 1165 2674, 632 63.3 1.3
BHAKBITTA R. 94.96 159.5 37.1 56.7 123.81 16.1 17.1 0.2
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Table 5.3.2 Summary of Water Balance

(Present Condition)
i Total Rainfall | Evapotms- Surface Water Groundwater
’L Year Area piration__| Inflow ' Qutflow , Recharge l Qutfllow [ Draft
| 1980 718.89 1.870.5| 752 36143 46487 2729 254.0 23
" Test|  7isse]  ism2,  s»el  3zensl 486951 ALE & 23,
1982 718.89 20576 4959 44805 57982 24291 2346 23
1883 718.89 1,800.8 5394 3,5406 45328 265.6| 239.4 23
1984 718.89 2,570.9 5647 57044 7,409.7) 302.9! 285.5 23
1985 71889  2,1049. 5927, 4,165.7 5,354 3005 289.0 23]
1986 718.89 1,260.3 5211 2,085.0 2,632.3! 2l6.5i 222.4 23
1987 718.89] 13875 5335) 234400 298791 2101 208.1 23
| 1988 718.89 1,7224. 5;2_.6;_5,@__3,&-8’ 274-3! 2633 23|
| 1989 718.89 1,862.4, 5497 36789! 47176 | 27391 270.6 23]
| 1920 718.89 31344 6747 6,9389! 9,029.7) _ 384.3] 365.3 23]
| 1081 718.89 20983 502 44208 57028 | 2889 287.3 23|
| _ 1892 718.89 1,207.1 601 20628 260631 205 209.7 23]
| 1993 718.89 1,728.2. 568 6 32078 4,100.3] 2636l 253.3 23
| Average |_(MCM/a) 1,802.8' 5546 37809 48737 2652 2586 23
| (mm/a) 2,646.8 7715 52718/ 67795 3689 350.7 32|

Since the surface runoff is very high in wet years, the rech
proportion to the rainfall, and the difference is 1.9 times the highest/lowest ratio compared

wi

arge coefficient has an inverse

th 2.6 times for rainfall. However, the considerable recharge volume in the area flows

smoothly out, and the flow-out coefficient is almost 97.5% in the present conditions.

Groundwater is currently being extracted from nine sub-basins, but the total amount 1s

only 2.3 MCM/a, which is a negligibly small amount compared with the irrigation water

demand explained later.

5.3.4. Evaluation of Groundwater Resources

(1) Conditions of the Simulation Study

To evaluate the groundwater resources, water balance simulations are carried out for the

following five cases:

Case-1) under pumping conditions with the designed irrigation water demand

Case-2) x 1.25 times of above designed demand

Case-3) x 1.5 times of above designed demand

Case-4) x 1.75 times of above designed demand

Case-5) x 2.0 times of above designed demand
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The irrigation water demand is calculated in the paragraph 6.3. The irrigation water de-
mand for spring paddy, wheat, and maize is multiplied by 0.4, 0.3, and 0.15, respectively,
according to the cropping area, and the figures are used as shown in the table below.

Table 5.3.3. Irrigation Water Requirement

(UNIT : mm)
Jan Feb Mar Apr May Jun Jul Aug Scp Oct Nov Dec | (Sum)
Main Paddy 108.1| 243.5] 176.0| 175.6| 90.4 6.7| 8003
Spring Paddy 4431 1104 95.9 46.2 3.7 300.5
Main Wheat 14.4 24.0 25.9 6.3 5.7 76.2
Spring Muize 14.2 252 26.5 14.4 803
Total 144] 240| 843] 1419[ 122.4] 60.6| 111.8] 2435 176.0] 1756 904| 12412573

Because the sub-basin division does not conform to the boundary of the irrigable area, the
net irrigable area is shared by a total of seven sub-basins by the area ratio.

The effective rainfall is to be greater than 5.0 mm and the ceiling is set at 80.0 mm; and

80% of the rainfall is treated as the actual effective rainfall to reduce the water demand.

The target aquifers to be withdrawn are confined aquifers 1 and 2, as a rule; the uppermost

unconfined aquifer and the Churia aquifer are excluded from the target.

The control level of the drawdown is set at 30 m below the surface. The drawdown is
measured by the average water level of aquifers 1 and 2, and pumping is to be stopped
when the drawdown reaches at that level.

Evaluation of Groundwater Resources

The results of the simulation are summarized in Table 5.3.4, as shown below.

Table 5.3.4 Summarized Groundwater Potential
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As shown in Table 5.3.4, there is no shortage year throughout the 14 year simulation whe,

pumping water necessary for the irrigation
use (case-1). In case-2, the situation is very similar to the '
owever, for case 3, which pumps 1.5 times the required demap
s over several years for sub-basin 20 and 23. W,

demand as well as for the current groundvyy,,

first case, but the maximup,

drawdown is deep. H
pumping is impossible in certain part '
setting the pumping demand at a higher rate, sub-basins 15, 16, 26, and 27 do not exper;.

ence problems, but the central part of the Study Area experiences a shortage almost every

year.

From the above examination, the groundwater potential of the target irrigable area is | 35

times of the designed irrigation water demand, approximately 206 MCM/year on an aver-

age. Therefore, it can be said that the groundwater potential of the area is sufficient to plan
o ’

groundwater irrigation, and that it is possible to plan further extensions in the future.
Table 5.3.5 shows the water balance under 1.35 times during the 14 year simulation.

Table 5.3.5 Groundwater Balance under Maximum Draft

(Water dernand x 1.33)

Year Arca * Rainfall Evapolrans. | Recharge Outflow Draft Note
am2) | oMoy | ovemy | ovemy | ovemy | avem)
__1980f 10988|  2858.9|  9463| _ _381.9| 2482 1695
et |7 osous| smas|  s063| _i2ss| 2468
1982 saaas| 8337|3447 890 2687
1983 27524 8910 a8 136.2 2282 |
1984 3.929.1 9255 430.1 174.0 219.1
o 1885 | 32170| 9631 4216 193.7 190.5 I
1986 19260] 8657| 3105|1198 2248
19870 | 20419) 8809|3009 1033 1es0|
cdessl | 26325 10004 3895|1968 i792|
_1089| | 28468| _ 9086|  3sas|  sia| a024|
1990 4795 10761 s372| 3070|1463 [The vet yea
1991 _ 32072 8833 a048| 2113 2106
1982 | 18447l 78aa| 2920|095 2354fthe dry yea
1993 2,641.4 928.1 370.7 168.0 sl
Average  (NCX) | ~ 29101| 9122 374.8| 168.3 206.1
D) 2,648.4 830.1 341.1 153.2 187.6

*: The area excludes surface basins (No.1.4)

(3) Potential on Shallow Aquifer

The outer zone surrounding the irrigable area (in the study area of Jhapa District) is clas-

sified into the areas where shallow groundwater irrigation is possible. The study on the
groundwater potential of shallow aquifers in the surrounding zone has been conducted.
The results are a maximum groundwater potential of 160 MCM/year for a total of 19,000

ha of the surrounding zone, in addition to the potential of more than 200 MCM/year from
deep aquifers in the irrigable area.
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5.3.5. Development of Groundwater Resources

(1)

2)

3)

General

As described above, the groundwater potential of the representative area in Jhapa District
is sufficient for groundwater irrigation, as formulated in this Project, and the area has an
excess potential of approximately 35% without developing the Churia Aquifer. It is pos-
sible to develop approximately 206 MCM/a of groundwater in the entire irrigable area
(17,000 ha).

The hydrogeological conditions in other two districts, Mahottari and Banke, are not par-
ticularly different from the conditions in Jhapa District, as these districts are all located in
the Terai Plain. In this section, the groundwater potential of the other two districts is
estimated based on the results of the study in Jhapa District. The following procedures for

groundwater development are outlined below.

Mahottari District

The hydrogeological conditions of Mahottari District are similar to Jhapa District, with
the Babhar Zone, Marshy Zone, and Gangetic Plain (Southern Terai) gradually changing.

The aquifer condition, as represented by transmissivity in the target area, is slightly
weaker than in Jhapa; however, the rainfall conditions which control the recharge of
groundwater is almost same as Jhapa District. These conditions suggest that the ground-

water potential of the area are almost the same as the ones in Jhapa District, and this means

that the same irrigation plan can be applied to Mahottari District.

For evaluation of the groundwater potential in Mahottari District, the same methodology
applied in Jhapa District can be used, along with the same aquifer classification and target
aquifers. However, the target groundwater basin involves the neighboring Dhanusha Dis-

trict as both the surface and subsurface system of the target area is connected from/to the

Dhanusha District.

Banke District
Although the basic hydrogeological conditions, consisting of the Babhar Zone, Marshy

Zone, and Gangetic Plain, are almost the same as the other two districts, the details of the

structure are slightly different from the others; that is, the Churia Formation is deemed to
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lie at a very shallow level in the current farmland areas, and outcrops as mountains or

terraces are seen in the northern and eastern part of the district.

As a result of these conditions, thick and dominant Quaternary aquifers are expected only
at the southern edge of the area. In the central part of the area, Quaternary aquifers includ-
ing unconfined aquifer are mostly thin and complicated. Under this situation, the same
irrigation system as the one in Jhapa District is not applicable, except in the southern belt
along the Indian border. The upper part of the Churia Formation consists of unconsoli-
dated layers, and its lower part is one on the most excellent aquifers in the Terai Plain.
These situations suggest that the Gangetic aquifer should be the target aquifer in the
southern belt, and that the Churia aquifer should be developed in the central part of the

area.
Besides the hydrogeological conditions, the annual rainfall in the district is smaller than

the other two districts, therefore, a thorough groundwater balance study, including the

Churia Aquifer, is requested for future groundwater irrigation in this district.
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5.4. Management and Monitoring of Groundwater Resources

5.4.1. Management of Groundwater Resources

(1)

2)

Concept for Groundwater Conservation Management

As mentioned in the paragraph 5.1, groundwater conservation management which allows
sustainable development within a permissible range of environmental impact is summa-
rized as “resource volume”, “water head” and “water quality”. Because resource volume

and water head are similar in meaning because of their close relationship, water head
management 1S a synonym for the resource management.

Conservation of Groundwater Resources

Sustainable groundwater resource development should be implemented within the range
of long-term groundwater recharge by recognizing groundwater is an element of the hy-
drological cycle. It is not necessary for the range of development to be an average re-

charge value over a certain period, but development can be conducted to a stochastic

maximum value within an allowable range in environmental impact.

The basin-wide behavior of groundwater is far more flexible for development than it is
generally believed.

Any aquifer may be considered to be a type of storage reservoir. The concept in “carry-
over storage” may, therefore, be adopted for the groundwater development in basin-
wide size. The development is not needed to be set forth within a level where its storage
is always replenished to the full level in the beginning of a water year. The development
could be set forth at a level which could be replenished to its full-storage within a wet
hydrologic cycle following a drought cycle. The groundwater development in a drought
cycle could be at the maximum level of basin capacity in this case.

Along with the advance of “leakage theory™, it is clarified the basin-wide recharge
potential depends largely in the vertical direction through the aquclude system more
than that in the horizontal direction through the aquifer system. The theory also clarified
that the recharge potential of a basin is at a low level when the development remains at
alow level and that it is increased in accordance with the extension of development. As
a matter of fact, the recharge potential of any groundwater basin is limited to a certain

extent, but it is unclear until the development reaches a certain level.

Application of a simulation model is convenient to continuously monitor basin-wide

groundwater resources and their behavior mentioned above. The model must be capable
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5.4.2.

of handling time-series and unsteady state in the hydrological cycle, including precipita-

tion, evapotranspiration, surface run-off, groundwater recharge, storage, flow, and draft;

and it must easy to alter the model parameters. The STML constructed for Jhapa District

possesses the above capability and can be used as a tool for conservation management of
groundwater resources.

However, aé this model is identified through the verification data collected in a very short
period of time, it must be tuned up based on further hydrographs which include precipita-
tion, river discharge, draft, and the groundwater head based on sub-basins and layers. As
mentioned above, the basin-wide recharge potential is related to the degree of develop-

ment, and sharpening the model at each Project implementation stage is necessary.

For the other two districts it will be necessary to construct similar simulation models in the

future.

It has already been mentioned that conservation and management of groundwater re-
sources have the same meaning as water head management.

In the simulation of the groundwater resource evaluation for this Study, the control
groundwater head is defined as the average groundwater head of the first and second
confined aquifers and is set at 30 m depth. The actual control groundwater head, however,
should be examined again when development shows the characteristics of each sub-basin

and aquifer.
Conservation and Management of Water Quality

As a result of development, the groundwater quality may become polluted by adjacent
brine or the absorption of ground pollutants. These pollution problems, however, are not
predicted in the Terai.

Nevertheless, water quality monitoring is essential as an environmental impact is ex-
pected as a result of pollution from chemical fertilizers or agro-chemical residuals from

agricultural development in the Terai.
Monitoring of Groundwater Resources

Based on the concept of groundwater resource management, as mentioned in the previous

paragraph, a monitoring of the following items is necessary.

 Precipitation (representative points in the districts, daily)

o River runoff (representative rivers in the district, daily)
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« Groundwater head (representative sub-basin, daily, based on aquifer)
« Pump discharge (purpose, sub-basin, monthly, aquifer: measurements by a cumulative
flow meter is desirable for production wells in this Project)

« Water quality (representative exploratory wells and rivers, seasonal)

Observation stations for the above items in Jhapa District should be reorganized in the
future based on the characteristics of the sub-basins and the degree of development. It is
recommended, however, that the DOI maintain the observation network established by

the Study Team and continue these observations (See Figure 5.4.1).

Additional studies are necessary for the other two districts and an observation network
should be planned in the process.

The Study Team has indicated the importance of accumulating time-series hydrographs in
the example of Jhapa District, and it is reccommended that DOI at least begin and continue

the observation of the groundwater head at several points.
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CHAPTER SIX: MASTER PLAN

6.1.

Basic Strategy

Under the background of a declination in the food self-sufficiency caused by a population
growth and a stagnation in agricultural productivity, HMGN has taken national measures
over the past 30 years which focus on the development of irrigated agriculture in order to
expand agricultural production. However, the surface water resources development, par-
ticularly any water storage scheme for irrigation in dry season, has been restricted due

with an impasse of coordination in the international water right.

The irrigation policy set forth in the Eighth Plan (1992~1997) is to expand 294,000 ha of
new irrigated land implementing multipurpose, medium and large scale projects by the
governmental agencies, and small scale projects by the joint participation of government

and user's group.

The tubewell irrigation has been implemented in the Terai where is blessed with land and
groundwater resources aiming a quick-return with a small initial investment. The small
scale STW projects have been remarkably and successfully extended by individual farm-
ers and farmer's groups under the encouragement by HMGN and the financing by ADB/N.
The STW irrigation meets to a small scale project, and is not undertaken by the force

account basis by the governmental agencies.

The Bailawa-Lumbini Groundwater Irrigation Project implementing by DOI is the pio-
neer of a large DTW irrigation project in the governmental level. DOI has already cor-
roborated the effectiveness and excellent economy of a large DTW irrigation project

through this project, and formulating the succeeding projects in same nature in the Terai.

This study aims to fomulate a large DTW irrigation project in three selected districts in the
Terai exclusive of STW development. As the result of this study shows as well as the
foregoing projects, the economy of DTW irrigation is in general remarkable when certain
conditions are cleared; and it may be expected a scale merit that the economic feasibility

becomes higher when the irrigable area commanded by a unit irrigation system is larger.

As stated in the previous chapter, it was clarified that he deep groundwater resource for
irrigation in the Terai would be sufficiently available in case certain hydrogeological con-
ditions are fulfilled. Upon the basis of this fact and the said background, the master plan of
DTW irrigation for the target Districts which is described in this chapter is to be formu-

lated under the following strategy:
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v

1 1 i ion of agricult
r crop diversification, expansl g ural

(1) Agricultural development plan fo

production, productivity, and farm 1
rrigation plan.

ncomes.

(2) Rational and water-saving-type 1
(3) Rational and realistic project plans.

(4) Organization and O&M plans led by farm
(5) Environmental considerations especially rela

ers and assisted by the government.
ted to groundwater development.

(6) Realistic project evaluations.

(7) Establishment of DTW irrigation guidelines which can be applied to the overall

Terai.

Agricultural Development Plan

6.2.1. Agricultural conditions and constraints

(D

(2)

The outline of the agricultural conditions and the constraints prevailing in the irrigable
areas of the target Districts under this project are described in the followings.

Jhapa District

The cropping intensity of this area at present is as low as 126%. The fact result from the
largest constraint of the absence of water source and irrigation facility to extend the crop-
ping in the dry season. The constraint is reflecting in the present limited cropping pattern
in the monsoon paddy and wheat in the dry season in a small extent.

Moreover, the situation that the small farmers holding less than 1.0 ha of farmland occupy
52%, makes another constraint on farm income due to surplus labor force in the dry season
though there is some employment opportunity for surplus labor in the busy farming sea-
son in larger farms. The sole measure to evacuate from the situation is to provide agricul-
tural infrastructure which suits the natural conditions such as climate, soils, etc. and is
composed mainly of irrigation and drainage facilities; and the reinforcement of extension
and support services. Thus, the drastic improvement could be expected over cropping
intensity, crop production, integrated use of surplus labor force; and then the farm
economy in the target area.

Mahottari District
Cropping intensity in Mahottari District as a whole is estimated to be 171%, but that in the

irrigable area under the study is as low as 140%. The difference of intensity between

irmgated area and study area becomes larger. In terms of crop yield, the study area remains

6-2



IF L

at a low level compared with other areas within the District, as was seen in Jhapa. 1t is
considered that the major factor restricting agriculture in a rainfed area is to be water. [p,
order to encourage farmers by increasing their income and expanding agricultural produc-
tion, the provision of farming infrastructure, particularly the irrigation facility, and the

sustainable and systematic extension and support services are to be necessary.
(3) Banke District

Both the farmland area and cropping intensity (142%) in the District as a whole are small-
est among three Districts under the study. The intensity in the study area is as low as
140%. It is assumed that the situation derives from the fact that the district receives only a
half of annual rainfall, and has less irrigated land than Jhapa. The prevailing cropping is,
therefore, limited to paddy only in monsoon season and small amount of pulses and maize
both of which are low water consumption crops. The paddy production is lower than any
other district under the study; and shares only 1.4% to that of the national total. In order to
clear the high hurdle under the said worst condition in agriculture, the first priority must

be placed at the expansion of irrigation facility and other farming infrastructure.

6.2.2. Increase of Cropping Intensity

The increase of cropping intensity is the one of the basic factors in the measures to im-
prove agricultural productivity. Although the expansion of land reclamation is also an
important factor, an increment of cropping intensity is a more realistic measure compared
with the many restrictive conditions due to topography, meteorology and social condi-

tions. The current cropping intensity in each district remains in a range of 120% to 140%.

Meteorological condition represents the most significant restriction in terms of cropping
intensity. The intensity during the monsoon period in the Terai is almost 100%, but sig-
nificantly drops during the dry period. This also affects the selection of crops. The target

of this plan is to ensure 200% cropping intensity through the introduction of irrigation

projects (refer to figures 6.2.1-6.2.3).

6.2.3. Increment of Crop Production

The increase of crop yield per hectare is another important factor in the increment of crop
production. In reference to the values taken by the preceding project and others, the target

yield of crop production in this Project is determined as follows:
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(1) Jhapa District

Crop name Without Project
(A)
(ton/ha)
Paddy 245
Wheat 1.59
Maize 1.31

(2) Mahottari District

Crop name Without Project
(A)
(ton/ha)
Paddy 2.12
Wheat 1.48
Potatoes 10.08

(3) Banke District

Crop name Without Project
(A)
(ton/ha)

Paddy 1.94

Wheat 1.40

Maize 1.61

Potatoes 11.98

Pulses 0.68

6.2.4. Crop Diversification

The farming and cropping are greatly affected by the meteorological conditions. The
cropping pattern in the Terai during the monsoon period is mainly paddy. Cash crops
including maize, pulses, oilseeds, onions, and potatoes are introduced during the dry sea-
son. The introduction of irrigation may diversify the current unified crop patlem.' The

following summarizes the features and changes of cropping during the dry season.

(1) Jhapa District

The introduction of spring paddy and vegetable as cash crops is recommended for the dry

season in this district. The production of maize and wheat will double when an irrieation
=]

is introduced.

With Project Increase

(B) (B/A)
(ton/ha)

4.00 1.63
2.70 1.70
2.70 2.10

With Project Increase

(B) (B/A)
(ton/ha)

3.40 1.60
2.60 1.76
12.00 1.19

Without Project Increase

(B) (B/A)
(ton/ha)

3.50 1.80
2:10 1.50
2.60 1.61
14.00 12l
1.00 1.47



(2)

3)

Mabhottari District

The production of monsoon paddy will be stabilized during the monsoon season, and

spring paddy (10%)), onions, and potatoes are introduced during the dry season upon the
introduction of irrigation,

Banke District

Rather than introduction of spring paddy, irrigation water is deemed necessary for the

stabilization of production of dry season crops currently being planted. Potatoes are to be
introduced as a major cash crop,

The cropping intensity and cropping calendar at present are shown in Figures 6.2.1 to
6.2.3.
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% Irrigation Plan

5.3.1. Irrigation Water Requirement

Evapotranspiration (ETo), which is the basis of the irrigation water requirement, was cal-
culated based on the procedures shown in the Technical Paper No. 24 of FAO adapting the
meteorological data obtained near or in the study area. The percolation rate in the paddy

fields, puddling water requirements, and irrigation efficiency are determined based on the

figures used in the foregoing projects in the Terai.

The values for each item are summarized as follows.

(1) Evapotranspiration
Month Total
JAN | FEB | MAR | APR | MAY | JUN | JUL AUG | SEP | oCT | NOV | DEC
Priority Sub-area (m-m/ycar)
ETo= (m-m/day) 2.0 29 4.3 5.5 5.4 4.4 38 4.1 36 36 30 2.1
JHADPA
(m-m/month) 62.0| 812[ 1333 165.0| 167.4| 132.0 117.8] 127.1] 108.0( 111.6] 900 65.1 1,360.5
ETo=(m-m/day) 2.1 29 49 6.9 7.1 5.1 53 5.0 4.3 3.9 2.1 2.3
MAIIOTTARI
(m-m/month) 65.1 81.2| 151.9) 207.0| 220.1| 171.0( 164.3 155.0] 129.0| 1209 81.0| 713 1,617.8
ETo = (m-m/day) 18 27 43 6.4 73 6.4 4.8 4.6 4.1 38 2.6 1.8
BANKE
(m-m/month) 55.8 75.6] 133.3| 1920 226.3| 1920 148.8| 1426 123.0( 117.8 780 558| 1,541.0
(2) Percolation Rate in Paddy Field :2.0 mm
(3) Puddling Water Requirement 1150 mm
(4) Pre-irrigation Water in Upland Crops : 60 mm (mainly for maize)
(5) Irrigation Efficiency : 70% for paddy, 60% for dry season crop

(2) to (5) are applied in common for the three study areas.

(6)

Design Discharge

The design discharges for irrigat
estimated based upon the water requirement for the selected representative crops,
inter crop) and maize (spring

ion facility (facility discharge) by each area were

which were monsoon paddy, spring paddy, wheat (W
crop); and effective rainfall by each area.

The estimated discharges by each area are as below;

(a) Jhapa study area : 0.8 l/s/ha,
(b) Mahottari study area : 1.1 l/s/ha; and
(c) Banke study area : 0.7 U/s/ha.

The details of design facility discharges by each area are shown in Table 6.3.1.

6-9



//

L
v

(7) " Annual Water Demand (design year: 10 year recurrence interval)

The annual irrigation water demand based on the cropping pattern and cro
intensity in cach ar¢a are shown below.

(a)Jhapa : 130.8 MCM

(b)Mahottari : 72.4 MCM

(c)Banke :66.7 MCM

The details of annual water demand by each area are shown in Table 6.3.2.

Pping

6.3.2. Water Source Development

The water source is to be deep groundwater taken through DTWs. Based upon the actual
DTW test and available hydrological data, the design yield of standard DTW is estimated
by each area. In accordance with the design yield and the peak water requirement by area,
the mean unit irrigable area by DTW (mean acreage of irrigation unit) is estimated by
study area. The design yield and mean unit irrigable area by study area are as below:

(a)Jhapa : 120 /s (120/0.8=150 ha)
(b)Mabhottari A1 : 66 ls (66/1.0=66 ha)
A2 . 97Vs(97/1.0=97 ha)
(c)Banke : 110 Vs (110/0.7=157 ha)
Values in () show the irrigable area/DTW.

Based on further examinations, the specifications of the above DTW are as follows:

Depth of the well . 130-150 m

Diameter of well : 250 mm

Standard drawdown : 20 m from the ground surface
DTW interval : 1.0km

6.3.3. Water Distribution Plan
(1) Water Delivery System

The irrigable area commanded by one DTW is referred to as an irrigation unit. The acre-
age of irrigation unit is determined by the yield of DTW and the design discharge. The
irrigation unit is determined in the range of 60 ha to 160 ha for these study areas. The
water delivery system within the irrigation unit is connected by a pipeline system from a
pump station to an irrigation block (valve command area; 4 ha to 6 ha). An alfalfa valve is
connected to the irrigation block and pipeline, and the discharge is adjusted by operating

the valve.

6-10
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(2)

O

Although the loop type pipeline system has been taken in the preceding DTW project, the
fish-bone type pipeline system is considered in this study.

In order to select one of those types of pipeline layout, there are many factors; such as
topography, shape and acreage of beneficial area, type and number of water source, mode
of water use, density of valves within the system and so forth. Itis, in general, said that the
loop type is advantageous to apply in case of system in high density of valves in a small
size, small and flat service area, multiple water sources and so forth. The fish-bone type is
said to be appropriate to any case in low density of valves in a relatively large size, large

service area in slope, single water source and so forth.

The major reason why fish-bone type is selected in this study area are as below;

- total length of pipeline becomes smaller than the loop layout,
- the discharge rate at each valve in a system could be manageable in view of relatively

low valve density,

- an irrigation unit covers comparatively large acreage (60 to 160 ha)
- water source is single; and then

- the advantage in loop layout is deemed to be small.

It is, however, recommended that the final decision for layout type of pipeline is to be
made basing on actual conditions of individual irrigation project in the further design

stage.
Water Distribution System

In order to distribute irrigation water after the valve said above, the terminal irrigation

canal (an open carth canal) is to be constructed in one or two upper sides of each irrigation

block.

The on-farm canal after the terminal canal is small-sized in both section area and length,

and to be constructed by the beneficial farmer himself, and excluded from the project

component.
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Table 6.3.1 Facility Discharge in Each District

TABLE
(Unit: &vha and ty)
Month
Remarks
JAN. FEB MAR. APR MAY JUN JUL. AUG. SEP. OCT. NOV. DEC.
Spring Maize 11| 09) 09] 05| 05 Ut/ha
A=15(ha) 165135135 15| 16 1
< | Spring Paddy 11 16] 12] 07) 08 tivha
i A =40 (ha) 24| B4| 48| 28| 32 i
E | Main Paddy 0.2 06| o6l 06] 03] 01| -|tnhe
A = 100 (ha) 20 G0] 60| 60| 30| 10 s
Wheat 02| 03] 03} 05} 06 04 0.1 ¢
A =30 (ha) 61 o] 15| 15| 18{ 12 3| th
Total sl 9| 15| 15| 18| 73| *78| 62| 36| 40 20 so| eo| eo| 30| 10} 3ietn
Spring Paddy 15| 23| 14| 14] 08| 04 Ueha
g | A=10(he) 15| 23| 14| 14 8 ¢ h
g Main Paddy 02| 10| o6| 06| 06| 08| 08| 06| 03} 01} -|¢vns
] A =100 (ha) 20 1* 100 60 60 60 80 80 60 30 10 ts
3 | Wheat 0z] 03| 06| 06| 07| 04/ 0} e
A =49 (ha) 141|294 | 294 34.3[196 49 e
Total ol 18| 30| sof 34| z0f 20| 2| M) M 8| 4 20| 100] eo| eo| so| mo| so| sa| 30| 10 th
Spring Maire 11l 12] 12] 13| 13] 06 taiha
A =15 (ha) 165/ 180]180|195[19.5] 9.0 Us
< s
§ é Main Paddy 08| 04| 04| 04] 08! 08| 06| 03} - tisha
A= 87 (ha) 606|348] 348|348 69.6|696| 522|261 . [
2% ) -
o @[ Wheat 02| 03] 04 08| 06 04] 01} 01 }——-———-"M.
A =60 (ha) o1 151 20| 25| 99| 20| S| 5 76| 35| 35| 35| 70| 10| 52| 26 s
.————/
Total w0l 15| 20| 25| 30| 37| B 2B 20( 20f 9 70| 35| 35| as| 70| 70| 82| 26 Ltﬁ»_'/

Note' Beneficialaresis fi
Acreage of esch cropping are
« JHAPA D. D 08Us/ha

xed a3 a hundred hectares
a are estimated by the percentage of cropped area in proposed croppi tt
+ MAHOTTARL D D 1.0¢/s/ha g it e

*BANKE-BARDIYAD.D 0.7¢/s/ha
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Table 6.3.2 Irrigation Water Demand in Each District

TABLE
Month Total/Year
0
JAN. | FEB. | MAR | APR | MAY | JUN. | JuL | AUG. | SEP. | OCT. | NOV. | DEC. 10'm"
i";‘;‘g;'(:) 3782 5830 | 3.241 12,853
P i":ﬂg;ﬁ.’, 10227 | 23820 | 13832 - s 47,579
2 [ ain Paddy B = 7591 | 19.805 | 1,122 52,93
2 | A=17.000ba) 4,420 27,591 5 ! 938
Wheat 2
A= 5,100 (ha) 3850 6,207 | 64N - 1,230 17,308
Total V=10'm’ 3550 | 6,207 | 20420 | 29,650 | 16,773 = N 4,420 " 21591 | 19,805 | 2,382 130,768
Spring Paddy
3 e 700 thi) 3st2| 2548 1138 - 7198
g Main Paddy
& | A=7.000(ha) 2,093 | 14,672 | 10,122 | 15372 | 8.351 427 51,037
Wheat
3 A=3.430 (ha) 2518 | 4981 | 5204 521 i 14,116
Total V=10°m’ 2818 | 4981 | 5204 | 4033 2548 1138[ 2093 | 14672 | 10122 16372 | 8351 | 1.319 72,351
Spring Maize
<] A=1200(ha) 1,832 | 3724 4,294 926 10776
>
=~ | Main Paddy
g g A= 6,960 (ha) 202 | 10,508 | 6,918 | 15291 | 8,011 285 41,216
@ m Wheat
2 a7
A=4,000 (ha) 2296 | 4316 6372 102 - e
Total V=10'm’ 2206 | 4316 | 7204 | 4736 | 4294 926 202 | 10509 | 6918 | 15291 | 3.0 965 65,668
Note : Arabdle land of Priority Sub-area for District
JHAPA ;17,000 (ha)
MAHOTTARI : 7,000 (ha)
BANKE.
BARDIYA 8,000 (ha)




6.4

64.1.

6.4.2.

6.5.

6.5.1

Drainage and Road Plapg

Drainage Plan

he current drainage system i« . _
i ge system i Very poor in the study area, and the excessive water during

monsoon season is draj : '
the 18 drained over plot to plot, which causes local flooding. In order to

solve this problem, draip: " ‘ . e _
sol p drainage networks are organized within an irrigation block as a drain-

acility plan is establisheg with a drainage discharge rate of approximately 4 1/

sec/ha (based on an example of the preceding project). The canal intensity is approxi-
mately 40 m/ha based on the mode] design in the sample area.

age unit. A f.

Road Plan

The enhancement and upgrading of agricultural road facilities are necessary not only in

this study area but throughout the entire Terai. Road development in the study area will

help reduce farm labor and also significantly reduce the construction period for the project
implementation stage.

Construction of main village and on-farm roads should begin immediately after the com-
mencement of project works. Based on an example of the preceding project, the road
network will be organized with the irrigation units at the center by connecting village
roads with a width of 6.0 m and on-farm roads with a width of 3.0 m. The density of the
road network is 4 to 5 m/ha based on an example of the previous project.

Project Plan

. Basic Strategy

The most significant feature of the DTW irrigation is the self-sufficient, independent sys-
tem in a command area of each DTW. The DTW irrigation project is essentially a group-

ing of the above individual systems, regardless of the size of the project area.

Therefore. the formulation of plan is to be based on the design of necessary facilities

within a standard irrigation unit.

From the above perspective, a sample area (100 ha acreage) is determined in the represen-
tative area; a topographical map is created based on the survey (scale 1:1,000); and the
&y

standard design for the required facilities is constructed (refer to Fig. 6.5.1).
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The following paragraphs discuss the project plan based on the above standard design ang

examples from the preceding project.

6.5.2. Project Component

(1)

(2)

3)

(4)

5)

The major project components are as follows:
DTW

The average yicld of DTW in each study arca is differcnt but the design and dimension of
DTW for cach study area is same.

Pump Facility

Pumps require a high head of 30 m. Considering the spare parts’ supply, operation, and
maintenance, a vertical shaft turbine pump already widely used in Terai will be used. An
electric motor will be used from the viewpoint of economy of operation and maintenance.
Ancillary facilities include a pump and operator house and an elevated water tank. The

required distance for the power transmission line is estimated from the example of the

preceding project.
Pipeline System

A pipeline system is applied for water delivery to irrigation blocks. The total length, pipe
diameter and type of pipe determined based on the standard design of the sample area.

Terminal Irrigation Canal System

The type of canal system, total length, and canal cross-section are determined based on the

standard design of the sample area.
Drainage System

The layout, cross-section, and total length of drainage canal are determined based on the
standard design of the sample arca.
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(6) Road Network

The layout, total length, and paving type of road network are determined based on ex-
amples of the preceding project.

6.5.3. Quantities of Project Works

Based on the standard design in the sample arca, and similar preceding projects in the
Terai Plain, the quantities of project works required in cach study area are determined and

summarized in Table 6.5.1.
6.5.4. Project Implementation Plan

The project implementation schedule is determined based on the project components and
quantities of works in each study area. Figure 6.5.2 summarizes the scheduled project

implementation preparation and program inclusive of preparatory and construction

works.

The preparation stages, such as the detailed design, preparation of tender documents, ten-
ders, and construction of offices, will require three years for each study area. Organizing
WUGs and land acquisition for roads and canals will require five years in Jhapa and four
years in the other two study area. Road construction will be implemented prior to facility

construction. This construction will require five years in Jhapa and four years in the other

two areas. The facility construction, such as wells, transmission lines. canals, and drain-

age, will require six years in Jhapa study area, five years in Mahottari study area, and four
years in Banke study area respectively.
Based on the above, the total project period for Jhapa area estimated at 10 years, nine

years for Mahottari area, and eight years for Banke area.

clated to the study area in each district, the greatest eco-

Based on economic evaluation 1
followed by Banke and Mahottari. Given this fact,

nomic effects will occur in Jhapa area,

beginning the project in Jhapa area will yield the most effective results.
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6.6. Organization, Operation and Maintenance System

6.6.1. Basic Strategy

(D)

)

In accordance with Irrigation Regulation Act (1988) and [rrigation Policy (1992), a water

users group (WUG) is to be organized by all beneficial far
ation policy in the Eighth Plan sets forth

mers in order to operate, main-

tain and manage an irrigation facility. The irrig

that the farmers group is to be involved in a large project where necessary.

The present plan is characterized that the project in each area consists of 51 to 113 irriga-

tion units which are composed of 66 to 150 ha of commanding area.

Basing upon the said policies and characteristics of project, the basic strategy for the

systems of project implementation and operation/maintenance of completed facility are to

be as below:

Project Implementing Agency

The implementing agency of the project is DOL. The actual implementation is undertaken

by the project office established in each project area. The project office is composed of

divisions for project implementation inclusive of divisions for extension service, farmers
organization and O&M which undertake the training of WUG's staff through the project

period for the handover of those function to WUGs and WUA upon the completion of

project.
Farmers Organization

The O&M of completed irrigation facilities is undertaken by WUG (composed of around
100 farmers) organized by each irrigation unit (DTW). In order to unified the necessary
extension and supporting services, a water users association (WUA) which is organized
by WUGs is established by each project area. The said organization is operated by the
water charge collected from all beneficial farmers. However, the extension, supporting

and other services by the governmental agencies is indispensable for the sound operation

of farmers organization.
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(3) Women in Development

DOI and farmers organizations are to actively take a policy of the involvement of "role of

women" in the beneficial farmers into the project implementation and O&M as well in
view of "women's participation into development".

6.6.2. Organization of Project Implementation

The project implementation agency is to be DOI. To ensure the success of the irrigation
project, close contact with the agricultural administrative agencies, including the Ministry
of Agriculture and ADO, is essential, together with the provision of assistance, instruction
and cooperation to the Water Users’ Association to be established.

The administration of current irrigation is handled by the district irrigation office (DIO).
In order to implement a systematic irrigation development project as an area, project of-
fices other than DIO should be established to manage and supervise the project. The estab-
lishment of a specialized project office under DOI is proposed for the implementation of
this project. The project manager would implement projects with the cooperation of DIO
and other agencies (Figure 6.6.1). The Project Office consists of the Agricultural, Farm-
ers’ Organization, Engineering, Hydrogeology, Maintenance and Administrative Divi-
sions. Under the Agricultural Division, agricultural subcenters would be established

within the irrigation area in order to train and instruct farmers.

Upon the completion of each project, the functions of the Agricultural, Farmers’ Organi-
zation, and the Maintenance Divisions will be transferred to WUA, and the functions of
the Hydrogeological Division will be transferred DIO. The project offices will provide
training for WUA’s staff beginning at the project implementation stage in order to prepare

for the transfer of functions.
6.6.3. Operation and Maintenance of Irrigation Facilities

The facilities to be constructed in this project include DTWs, pump stations, pipe lines,
and farm ditches. The main canal will be buried pipelines but the farm ditches are open

canals. The Project Office is responsible for the operation and maintenance of main and
eficiary farm households. The op-

r the responsibility of the Project

nction will be transferred to the

lateral canals, and farm ditches are maintained by ben
eration and maintenance of pump facilities will be unde
Office for the first several years of this project. As this fu
WUGs in the near future, the Project Office (Farmers’ Organization Division) will pro-
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Vg
o

P

and maintaining pumps, canals, water

ing
above are part of each

cilities mentioned
reforc a WUG will be established by

pervise the WUGs (refer to Fig,

vide training to the farmers in terms of operal
distribution, and other irrigation facilities. The fa
he individual system by each well, the

irrigation unit, t
nd a WUA will be established to su

each irrigation unit, a
6.6.2).

from the beneficiaries 18 essential for the operation and

e operation of WUGs. WUGS will collect fees based
tribution will be the basis for 100% fee collec-

The collection of a water charge
maintenance of facilities as well as th
on the registration of land, and fair water dis

tion.

6.6.4. Water Users’ Group and Water Users’ Association

ion projects. Success

WUG and WUA are important farmers’ organizations for the irrigat
e WUG. The fair

of irrigation projects in each district will depend on the operation of th

distribution of irrigation water will increase farmers’ incomes as a result of an increase in

ntensity and crop yield. Beneficiaries will in turn be willing to pay for water

crop 1
s, and irrigation facilities can be operated and maintained. It is important to offer

charge
education and training before the completion of the project in order for farmers to under-

stand the necessity of the WUG, the meaning of the water charges, and necessity of fair

water distribution. The Farmers’ Organization Division in the Project Office will play a

central role in these responsibilities.

The policy to transfer the operation and maintenance of irrigation facilities to WUGs and
WUA is the one of the irrigation policies in the Eighth National Development Plan (1992-
1997). Based on this policy, the functions of WUG are as follows:

* collection of water charges

* participation in WUA

« accept assistance services from DOI and ADO

 water use adjustment in areas

* operation of a joint workshop (pump repair)

» operation and maintenance of pump

* maintenance of power transmission line

* hold regular meetings for beneficiaries

* maintenance of open canal

« procurement and distribution of farm input materials

* involvement in product marketing
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Upon completion of the project, WUA will take over the functions of each division of the
Project Office, including the Agricultural Division, Farmers” Organization, and the Main-
tenance Division, and implement these activities. The activities by WUA require govern-
mental assistance through the irrigation and agricultural offices at the district level.

6.6.5. Women in Development (WID)

women of the rural areas of Nepal are playing roles of various kinds, not only within the
household but also in connection with the agricultural production. Within the household,
it is the duty of the women not only to handle such house-keeping activities as cooking,
looking after children, washing clothes, cleaning the house, etc., but also to take care of
such backbreaking duties as transporting drinking water and animal feeds. In connection
with the farming work, Nepalese women provide contribution to the houschold economy
by helping not only their own farm but also the planting and harvesting work of other
farms. Female work force is seen also at construction sites of Nepal. As can be seen from
the facts mentioned above, the role played by female work force in the rural areas of Nepal
is very important, but in terms of daily wages, women laborer receive barely 25 Rupees a

day, compared with the 35 Rupees received by their male counterparts.

However, the role played by women within the development process can not be neglected
under any circumstances. Women must play a proper role as “bearers of the development
process” and at the same time they must enjoy the benefits brought about by the develop-
ment, as “beneficiaries of the development process”. That would contribute to promote
the welfare and the position of the women, and to make the development still more effec-

tive and significant.

Concurrently with the implementation of DTW irrigation project, it will be possible to
transform the Nepalese agriculture from the rain-season-centered type, that has been prac-
ticed conventionally, into a round-the-year type in which crops will be available also dur-
ing the dry season. Such transformation in the agriculture of the country is expected to
contribute to increase the employment opportunity of the Nepalese women. Moreover, the
development of DTW is expected to alleviate the drinking water transportation work that
is being taken charge by women. As can be seen, the implementation of this project will

bring about direct benefits to the Nepalese women as “beneficiaries of the development”.
In connection with the role to be played by women as “bearers of the development pro-

cess”, it is proposed that the steps mentioned in the followings be taken, with the object of

not only promoting the participation of women in the present project, but also elevating
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A,

their technical skill level, education level and social position, so as to transform them into
an active element within the development process, instead of keeping them limited to the

role of passive beneficiaries.

- To promote the participation of women in the operation and maintenance of the irriga-
tion facilities on the farm

- To promote the participation of women in the agricultural extension and training pro-
grams

- To promote the participation of women in the WUG and other organizations for collec-

tive activity of the farmers.

The promotion of the activity of women in groups is also proposed. For example, women
have the possibility of playing an extremely important role for increasing the income level
of rural households and for protecting the environment, through the activities mentioned
in the followings.

- Nursery growing for afforestation

- Pig raising

- Processing of rice

It is presumed that the financial support of the ADB/N and other organizations will be

required in order to promote activities of this kind to be carried out by women.
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6.7.

(D

(2)

Environmental Considerations

Environmental cong; o
siderations in groundwater development include (1) water rights, (2)

' 1 pollution, (4) noise and vibration, and (5) land subsidence (JICA,
onment; S .
nvironmental Consideration Guidelines, 1994). The environment impact of the above

items related to gr — .
. groundwater development in this project are estimated and countermea-
sures are discussed.

groundwater, (3) water
E

Water Rights

New groundwater development may interfere the water right of existing well due to
groundwater head drawdown and then reduction of pumping capacity.

The current groundwater use in Jhapa District includes two DTWs at the Chandragadhi
water supply located north of the project area, domestic water use by shallow dug wells,
and small-scale irrigation projects using spring water in the northern part of the area.

Based on the groundwater development simulation for the project area, the maximum
groundwater head drawdown, compared with the current water head, is 20 m in every
aquifer in the northern terrace and approximately 10 m further north and in the southern
area (refer to Fig. 6.7.1). The water head drawdown will influence spring water and shal-
low dug well to some extent. Therefore a careful evaluation in the process of project
implementation as well as compensation, such as water source transfers, are necessary.

For domestic water use in the project area, DTW for irrigation can be used.

In Banke District, groundwater use is DTWs for water supply for Nepalganj and domestic
water from shallow dug wells.

Irrigation by deep tubewells is fairly developed in Mahottari District. Although simula-
tions have not been conducted in these areas, considerations similar to those in Jhapa
District are necessary as a significant groundwater head drawdown is expected.

There is no agreement in regard to groundwater rights between Nepal and India. Any
dispute from India, therefore, is not expected due with the groundwater development in

Nepal side.

Groundwater

This environmental item refers to the groundwater head drawdown caused by excessive

pumping, depleting groundwater resources, and water pollution caused by the intrusion of

brine. The groundwater head drawdown is discussed in the previous section.
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3)

©)

ces in Jhapa District for

ient groundwater resour
ted to be similar ip

her two districts are expec
ucted to confirm this point.

ion shows that there is suffic
evelopment. Although the ot
xaminations must be cond

The simulat
the degree of d
this regard, future
oject areas, and groundwater pollu-

uch as brine, in the three pr
wever, excessive use of chemi-

lopment is not expected. Ho
s may accumulate in the grou

There are no pollutants,
tion due to groundwater deve
cal fertilizers or agro-chemical

monitoring of groundwater resource

ndwater system. Carefy

s and appropriate countermeasures are essential.

Water Pollution

This refers to surface water and groundwater pollution caused by mud water and oil enter-

or aquifers as a result of the construction of irrigation facilities such as deep

ing rivers

tubewells.

Noise and Vibration

This refers to the noise and vibration caused during the construction of irrigation facilities
such as deep tubewells. Noise and vibration are caused especially by deep tubewell drill-

ing machines and construction vehicles. Careful consideration is necessary when under-

taking construction near schools, hospitals, public facilities, or animal barns.

Land Subsidence

Land subsidence refers to compaction of clay layers because of a drawdown in the
groundwater head. The result is land deformation and a deterioration of the social infra-
structures, such as canals, roads, bridges, and building, which are most seriously damaged
by groundwater development. Land subsidence is a phenomenon which occurs in the

weak alluvial sedimentary zones dominated by clay formed at the mouth of rivers
Gravel dominates within the alluvial sedimentary layer in the Terai Plain. As the clay

layers have been already been com is li I
pacted, there is little possibility of o S
land subsidence. ' s AL
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Figure 6.7.1 Groundwater Head Countour Under Pumping

(a) Groundwater Head on Unconfined Aquifer (UAQ)
Groundwater Head (UAQ) — full development —
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6.8.

6.8.1.

6.8.2.

Project Cost Estimation
Quantity and Unit Price

Prior to the project cost estimation for the three project areas, quantities for the project
facilities are estimated based on the facility layout in the sample area (mentioned earlier)
and examples of the previous plans. The unit prices for the construction cost is determineq
based on the materials used in the previous plans and data collected in the field study. The
index for basic unit prices, such as labor and material cost, is based on 1993 prices,

Project Cost

The project costs are estimated based on direct construction cost, equipment cost, engi-

neering and administrative fees, contingency and price escalation.

The overall construction cost for each study area is as follows; and their breakdowns are
shown in Tables 6.8.1 to0 6.8.3.

1. Jhapa area : US$57.8 million (US$3,400/ha)

2. Mahottari area : US$31.7 million (US$4,500/ha)

3. Banke area : USS$ 30.2 million (US$3,800/ha)
1 US$ =Rs 50

The total project cost of similar projects in Nepal, that are either already in operation at
present or over with their study, is outlined in the followings:

Project Irrigation area Total project cost Remarks
(ha) (US$1000)
* BLGIP 14,600 22,658 USS$1=Rs 12

(USS$1,552 per ha as of 1979)

** EGDI 7,250 31,700 USS$1 =Rs 50

(US$4,372 per ha as of 1993)
Yield of D.T.W. =80 Us
Yield of STW.= 12 s

*  Bhairawa-Lumbini Groundwater Irrigationa Project

** Expanding Groundwater Development Irrigation in the Briganj Area
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The total project cost of the BLGIP shown in (he ¢
. ‘ ¢

would increase to the ligure shown iy the foll

cost levels by adopting a escyj

able above was estimated in 1979, It

| owings, if a conversion is made to the current
ation factor of 4.0,

US$1,552x 4 = US$6,208/ha

On the other hand, EGDI {
shown in the followings.

as its irrigat ] ; TR
a8 1ts irrigation water resources classified in three categories

STW DTW Total
2,130ha  5,120ha  7,250ha

The specifications of the wells are shown in the followings.

STW 200 wells (10 ha/well) DTW 700wells (73 ha/well)
Depth of well: Depth of well:

40 to 50 meters 150 meters

q=10to 15V/s q =80 I/s (average value)

P = SHP Diesel engine P =50 KW motor

As can be seen, the well yield at each well is smaller. As a consequence the cost of the
irrigation projects mentioned above becomes more expensive in comparison with DTW

irrigation under the study.
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Table 6.8.1 Overall Project Cost List for Jhapa Area

JHAPA DISTRICT PRIORITY SUB-AREA (150 ha/D.T.W Q=120¢/s)
summary of Project Cost Estimate

(Unit: 1,000 NRs)

TABLE
Cost )
0S
No Remarks
- {Work Items L/C F/C Total
1 | Well Development i 219 1,297 1,616 |T.A= 17,000 ha
"""""""""""""""""""""""""""""""""""" L/C; Local Currency
F/C; Foreign Currency
2 | Pump Station 1,076 2,886 3,962
_________________________ L R
3 |Irrigation Canal System | 1295 | 948 | %28 |
| 4 |DrainegeSystem | 3801 ___ 87 | .. 467 |
5 |FarmRoadSystem ___ 1 ____ 1,635 | 1,023 | 2,558 |
| 6_|LandAcquisition 1 ___ 2000 | - 2100
Total (1-6) 6,605 6,241 12,846 | Costof One D.T.W
bt bhht bttt R E Area
1| WholeAreaCost | 146,365 | 105,233 | 1,451,698 | Noof DT.W: 113
| 8_|Buildingfor O&M_____ I 771 5 3,980_|___11,507 ]
9 | Procurement of O&M 2,940 52,170 55,110
...... and Office Equipment _ 1l oo deamaaoaem
| 10 | Technical Support _____{ 108,030 } 304,530 |__ 412,660
11_| Project Administration | 107730 L ____. 107,730
12 | Total Investment Cost_ | _ 972892 | 1,065,913 | 2038,505 }(7-11
| ___|USDollar Equivalent | 19,452 | 21,318 | 40,770 |(X1,000)
Per (ha) 1,144 1,254 9,398 | = 2,400 US$/ha
| 13| Physical Contingencies | __ 97,259 | 106,591 | _ 203,850 |(12X0.10)
| 14 |Price Escalation 1 __ 486,296 | 159,887 | _ 646,183 |
15 | Total Project Cost | | 1,556,147 | 1,332,391 | 2,888,538
US Dollar Equivalent 31,123 26,648 57,771 | (X 1,000)
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Table 6.8.2 Overall Project Cost List for Mabhott

ari Area

MAHOTTARI DISTRICT PRIORITY SUB-AREA A1 (66 ha/D.T.W Q=66 {/s)

Summary of Project Cost Estimate

A; (97

ha/D.T.W Q=97 {ls)

TABLE (Unit: 1,000 NRs)
/,‘ L Cost -
No. [ Work Items L/C F/C Total emarks
JRbip EEi bt
[ 1 [Well Development Ar_ 219 1,297 1516 | T A=
__________ i sk D297 | 1616 | T.A= 17,000 ha
' Well-Developmen 2 219 1,297 1,616 | L/C; Local Currency
| FIC; Foreign Currency
/'—’-J .
2_(PumpStation Ap 697 | . 1625 | 2,322 | Ay; 4,000 ha
- Pump Station Ao 864 2,250 3,114 [ Ag; 3,000 ha
.—-—""’——‘* .
3__|lrrigation Canal System Ay | 604 | 442 1,046
[~~~ "[Trrigation Canal System A, 837 [ 777813 ["TTT1,450
([ 4 |DrainageSystem A, | M| 4 218
'~~~ Drainage System Ay 245 T 301 |
6__|FarmRoad System Ay | (100 N - 1,193 |
----- Farm Road System Ao 992 662 1,654
6__{Land Acquisition ) S 090 e 990 |
"""" Land Acquisition Ay 1,380 1,380
Tot_al f\_l_(_l -_6_) ______ 1 3403 | §,§§g ______ 7,285 | Cost of One D.T.W Area
""""""" Total A, (16) 4,631 4878 9,416 | Cost of One D.T.W Arca
7 | Whole Area Cost ¢ 2 0_7_,@8.(1*__%@@,{392_ | __444,385 | Noof D.T.W: 61
--------------------- Ay 140,647 161,218 291,865 [Noof D.T.W: 31
Total (A} + Aq) 348,230 388,020 736,250
8 |BuildingforO & M 5,018 2,663 7,671
9 | Procurement of 0&M and 1,960 34,780 36,740
Office Equipment
10 | Technical Support 72,020 203,020 276,040
11 | Project Administration 71,820 71,820
|12 | Total Investment Cost_____ | _. 199,048 | _ 628473 | 1127521 | (7-1)
______ US Dollar Bquivalent | 9,981 | 12,569 | 22,550 |(X1,000)
Per(ha) 1,426 1,796 3929 | = 3,200 US$/ha
13 | Physical Contingencies 49,905 62,847 | 112,752 |(12 X 0.10)
-\_\‘
14 | Price Escalation 249,524 94,271 343,795
\\4
TP o, | AT || TESOL | LEBORS |
LL US Dollar Equivalent 16,970 16,712 31,682 !
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Table 6.8.3 Overall Project Cost List for Banke Area

BANKE-DARDIYA DISTRICT PRIORITY SUB-AREA (157 ha/D.TW Q= 1108/5)
Summary of Project Cost Estimate

TABLE (Unit: 1,000 NRs)
Cost
N - Total il
" | Work Items L/C F/C ola
1,516 000 ha
| 1 | Well Development 219 1,297 | ___1,00 | ha
v =oesseaeUsEinah S et Sstmaly e SIsEe S L/C; Local Currency
[*/C; Foreign CUrrency
\
| _2_ | Pump Station 1,072 | 2776 | 3,848
T
| _3_|Irrigation Canal System 1,381 1,011 2,392 |
T
__‘{_J _D_r_a_irlage System 405 ________9_3 ________ 498 |
\1
| _6_| Farm Road System 1637 | 1,091 | 2728 |
| _6_ | Land Acquisition 2 - |____2250 |
i Total (1-6) 6,964 6,268 13,232 g Cost of One D.T.W
) T A 1 D Area
!
7 | Whole Area Cost 356,164 319,668 674,832 [Noof D.T.W:51
el Ll R Ry SR SR . ( ————————————————————
| 8_|BuildingforO&M____ [ ___ 6,018 | ___ 2653 | ___ 1,671 ]
9 | Procurement of O&M 1,960 34,780 36,740
sndOfice Baulpment. i .
| 10 [TechnicalBupport, = | 12,020 | 208,020 | _ 275,040
11 | Project Administration 71,820 : 71,820
| 12 |Total Investment Cost _ | 505,982 | 560,121 | 1,066,103
.| US DollarEquivalent ;) - 10120 | 11,202 | 21,322 |(x1,000)
Per (ha) 1,265 1,400 | 2,666 | = 2,700 US$/ha
13 | Physical Contingencies | 50,598 66,012 | 106,610 |(12 X 0.10)
| 14_| Price Escalation _____ | 252,991 | 84,018 | 337,009 |
| 15 | Total Project Cost ____ | __ 209571 | 700,151 | 1,509,722
US Dollar Equivalent 16,191 14,003 30,194 | (X 1,000
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6.9. Project Evaluation
69.1. General

Agriculture is the mainstay of N
! e

et pal’s ,
live in rural areas and op Incomes tconomy, and as of 1991, 91% of the population

I derived f;

: rom iculturz -

said that an improvement ip (he iving i ;he agricultural sector. Therefore, it can be
ndard of

mentation of irrigation projects, will lead t farm households, through the imple-
’ 0

people. arise in the income of the vast majority of

The objective of the Project ;

PN i:C[ ‘:‘ to expand irrigated agriculture by means of development of

e st ce. m.the ttilree districts of Jhapa, Mahottari, and Banke in the
coincide with the policies of the Eighth National Development

Plan (1992-1997), which aim '
’ § at sustainable economi jati
54 srictibnd e rcliidine omic growth, the alleviation of poverty,

In this chapter, a financial and economic analysis based on the private and national
economy has been carried out for the project cost, operation and maintenance cost and the
benefits generated from DTW irrigation. Project life for the evaluation is 50 years: and the
replacement cost for DTWs, pumps, and O & M equipment is calculated at 20, 15, and 10

years, respectively.

6.9.2. Project Cost

The total project cost for the three project areas is estimated as follows (refer to Chapter

6.8 for details):
(unit: Rs million)
Financial Economic
Jhapa 2,889 1,932
Mahottari 1,584 1,098
Banke 1,510 1,019

The tax for transfer expenditures is deducted from the Jocal portion of the financial project

cost. The local portion of the financial project cost is converted to the border price by
andard conversion factor (SCF), which is calculated from the amount

past five years. As aresult, SCF was estimated at 0.911. The

stimated as follows:

multiplying by the st
of exports and imports in the

annual operation and maintenance costs are €

6-34



Rs million/year)

(unit:
Financial Economic
Jhapa 39 36
Mahottari 21 19
Banke 16 15

6.9.3. Project Benefits

(1) Agricultural Benefits

nefits generated by DTW irrigation arc expected from the increase of crop

Agricultural be
be re

yields, cropping intensity and production, which will
rvices.

alized by the stable distribution

of irrigation water and agricultural extension s€ Agricultural benefits in the three
fer to Table 6.9.2 for details). The financial and

project areas are estimated as follows (re
hown in Appendix 4.7.

economic prices of crops and agricultural inputs are S

Agricultural Benefit (Rs. million)

Net Irrigable Area (ha)
Jhapa 17,000 585
Mahottari 7,000 203
Banke 8,000 210

(2) Socio-Economic Impact

Along with the benefits which can be measured, such as crop production benefits, the

following socio-economic benefits are expected.

Agricultural production in the Terai increased by the Project will contribute to Nepal's

self-sufficiency in foods.

Living standards and nutritional levels of farm households will be improved by an

increase in farm incomes.

- The Project will contribute to the alleviation of poverty, which is one of the main poli-
cies of the Eighth Development Plan.

- Regional imbalances will be reduced.

- Results of DTW irrigation in the three areas will affect the surrounding areas and farms
in terms of cropping techniques, farm management, and so on, and become model
cases of DTW irrigation in the Terai.

- Harmony and communication among the beneficiaries will be generated by establish-

ing WUGs and WUAs in the areas.
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6.9.4. Economic and Financiy)| Analysis of the Project

(1

(2)

Economic Internal Rate of Return (EIRR)

EIRR was estj -
B Imated based op comparison of the project costs and benefits in the three
areas, and t I i
€ Projects are judged to be economically feasible (refer to Table 6.9.3).

EIRR(%)
Jhapa 21.0
Mahottari 13.5
Banke 143

Financial Analysis of Typical Farms

A financial analysis, with and without the project, was carried out to compare the living
standards of typical farms in the three areas. Farm budgets are expected to improve as a
result of the DTW irrigation projects, as shown below.

Jhapa Mabhottari Banke

a) Without Project
Farm Size (ha) 1.41 1.09 1.37
Farm Income (Rs) 12,504 15916 15,844
Off-farm Income (Rs) 521 838 273
Living Expenses (Rs) 11,552 9,984 11,328
Disposable Income (Rs) 1,473 6,769 4,790

b) With Project
Farm Size (ha) 1.41 1.09 137
Farm Income (Rs) 44 825 46,547 51,313
Off-farm Income (Rs) 1,868 2,450 885
Living Expenses (Rs) 44,013 40416 43,160
Disposable Income (Rs) 2,680 8,581 9,038
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Table 6.9, (1) Economic Project Costs (Jhapa)

S (Rs. 1000)
o Do TtTon i G Totl
ell Development 22,545 | 146,561 | 163,106
Pump Stations 110,767 | 326,118 | 43,845
3)1rrfgation Canal System | 133.311 | 107.124 | 240.435
4)Drainage System S| 99,118| 9,831} 289,384
5 Farm Road Systen 158,018 | 115,539 | 322,566
JLand Acquisition Sl 01282
NBuilding for 0 & M~ 5,897 | 3.880 10.887
8) Procurement, of 0 & M | | .
and Office Equipments 2,678 | 52,170 | 24548
9 Technical Support 198,415 | 304,530 | 402,945
10)Project Administration g2l .04 982
1) Total Investment Cost = 669,851 11,065,913 11,735,764
12) Physical Contingeroics ™ | 80.572 | 106,591 | 196,163
I3)Price Escalation _0 ; 0
fotal Project Cost 759.423 [ 172,504 [, 931,927

Table 6.9.1 (2) Economic Project Costs (Mahottari)

(Rs. 1000)
Description LC FC Total

1)¥ell Development 18,355 | 118,324 | 137.679
2)Pump Stations | 63,133 ] 168,875 232,008

3) Irrigation Canal System | 57,177 | 45,965 | 103,142

4)Drainage System 16,795 | 4,237 | 20,992

5)Farm Road System 67.804 | 49,619 | 117,423

6)land Acquisition | oy .o0p 0

7)Building for 0 & M 4,571 | 2,683 |  7.224

8) Procurement of 0 & M 0

_ and Office Equipments 1,786 | 34,780 | 36,566
9) Technical Support 65.610 | 203,020 | 268,630

10) Project Administration | 65,428 | 0| 65,428
11)Toat] Investment Cost | . 360,619 | 628,473 | 989,092
12) Physical Contingencies | 45,791 | 62,847 | 108.638
13) Price Escalation 0 0 0
[otal Project Cost 406,410 | 691,320 [I,097.730

Table 6.9.1 (3) Economic Project Costs (Banke)

(Rs. 1000)

Description LC FC Total

1)Well Development | 10,175 | 66,147 | 76,322
2)Pump Stations | 49,806 | 141,576 | 191,382
3)Irrigation Canal System | 64,163 | 51,561 | 115,724
4)Drainage System | 18,817 | 4,743 | 23,560
5)Farm Road System | 76,065 | 55,641 | 131,696
6)Land Acquisition | 0 0 0
7)Building for 0 &M | 4571 | 2,653 7.224
8) Procurement of 0 & M 0
and Office Equipments | 1,786 | 34,780 | 36,566

9)Technical Support | 65,610 | 203,020 | 268,63
10)Project Administration | 65,428 | 0| 65,428
11) Toat]l Investment Cost | 356,411 | 560,121 | 916,532
h9) Physical Contingencies 46,095 | 56,012 | 102.107
13) Price Escalation 0 0 0
[otal Project Cost 402,506 | 616, 133 11,018, 639
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Table 6.9.
2 (1) Incremental Agricultural Benefit (Jhapa)

M. Paddy M.padd
B ____Rainfed | ) Y S, Paddy Maize Wheat, Miscel

P 1 I e ﬂlgg\* iscel laneous Total
#ithout Project ated Irrigated (Mustard)

yield{ton/ha) .33 -

price (ts/ton) 10,106 - ) W3 LSy -

ooy (RS/ha) a0 - : .00 [aBlE e a2

production Cost (Rs/ha) 8.935 N 12.815 19.951 )

i {60p s 2o - 7368 10588 -

cropping Area (ha) 15, 300 = . 5,447 s i

Total NPV (RS1000) 23,406 - : a,268 A B 00

26 asg - 286.0

yith Project

Yield(l,on/ha) = 4.00 3

' : 3.80 2.

Flr’\l/r(lttixi/‘ )w") - ;g :UG 10,106 9, r},? 122:}12 230',?3

Y RS/1 : 152 30,987 3. 67

production Cost (Rs/ha) - 12,839 10,276 f‘l‘)‘:ég ‘:2232 lggg;

sl ' 2313 20701 15,244 20,985  9.618

Crompine “rg;m;‘ﬂ ! - 17000 6,800 2550 5100 2,550 34.000

Jola 498.321 202,035 38,872 107,024  24.526 870,777

W (Rs1000) -2

jncremental NPV(RsI1000)  -235.406 498,321 202,035 29,612 65.639 24520 584,721

ﬂ(,’@:’ml’ includes income from by-products

Table 6.9.2 (2) Incremental Agricultural Benefit (Mabhottari)

H. I.’ad(ly M.Paddy . Paddy Wheat  Pulses  Onion Potato  Olhers Total
i Rainfed Irrigated Irrigated (Lentil) (0i1seeds)
Hithout Project
Yield(ton/ha) 2.29 - . 1.48 0.60 ; 5 0.54
Price (Rs/ton) 10,361 - . 12.704 14,940 i, : 23. 480
PV (RS/ha) 24,733 - - 19,212 9,086 - . 12. 805
production Cost (Rs/ha) 9,338 - - 11,479 3.673 - = 6,483
NPV (Rs/ha) 15,395 - = 7,733 5.413 - - 6.322
Cropping Area (ha) 6.300 - - 1,400 1,400 - - 700 9,800
Total NPV (RS1000) 96, 989 - B 10,826 7.578 - = 4,425 119.818
fith Project
Yield (Lon/ha) = 3.40 3.60 2.60 - 13.00 12.00 =
Price (lis/ton) o 10,36 10,361 12,704 - 4,140 4,530 S
GPY (RS/ha) - 36,837 38,983 33,751 = 53,820 54,360 =
Production Cost(Rs/ha) - 12,697 10,584 13,583 = 26,899 35,598 =
NPV (Rs/ha) o 24,140 28,399 20,168 = 26,921 18,762 -
Cropping Area(ha) = 7,000 700 3.430 s 1,330 1. 540 = 14,000
Total NPV (RS1000) . 168,980 19,879 69,176 5 35.805 28,893 = 322.734
Incremental NPV (Rs1000) -96,989 168, 980 19,879 58,350  -7.578 35,805 28,833 -4.425  202.916
Table 6.9.2 (3) Incremental Agricultural Benefit (Banke)
M.Paddy M. Paddy Maize Mustard Wheat  Pulses  Potato  Others Total
Rainfed Irrigated (Lentil) (Cauli flower)
Without Project
Yield(ton/ha) 1.95 - 1.61 0.55 1.40 0.68 - -
Price (Rs/ton) 10, 584 . 10,302 20,330  13.043 21,600 - -
GPV (RS/ha) 21,552 - 17,00 11,309 18,598 14,826 - -
Production Cost(Rs/ha)  9.618 - 8.626 6,593 10,675 3,763 - -
NPV (Rs/ha) 94 - g404 4716 8,023 1L0683 - -
Cropping Area (ha) 6,400 - 800 300 2,400 goo - = 11,200
Total NPV (RS1000) 76,378 = 6,723 3,773 19,256 8.850 - - 114.979
Yield (ton/ha) = 3.50 2.60 0.80 2.10 1.00 14.00 11.00
Price (Rs/ton) - 10,584 10,302  20.330 13,049 21,600 3,600 7,000
GPY (RS/ha) : 18,608 27.498 16,417 27,897 21807 §0,400  77.000
Production Cost (Rs/ha) - 13.428 13,058 10,680 13,491 6,058 22,546 19,934
NPV (Rs/ha) - 25,180 14,440 5737 14.406  15.749 27,854  57.066
Cropping Area (ha) . 6960 1,200 1,00  4.000 1380 1,200 240 16,000
Total NPV (RS1000) - 175,253 17,328 5966 57.624 21419 33.425  13.69% 324,711
;::Wtal NPV (Rs1000)  -76.378 175.253 10,605 2,194 38,369 12,568  33.425 13.696 209,731
&:GVP includes income from by-products
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Table 6.9.3 (1) Calculation of BIRR (Jhapa)

(Unit: R

__Project Cost Project| Net Present Worth Value
InitialReplace] 0 & M Total| Benefit Benefith. Rate= 0.1 0.20  0.2]
Year | Invest. rent project] Project|Net  {Net
Cost Cost Costl (D 0 |- Cost Benefil Renefifl Benefit
138 o o 18 1o 0.00 LG it
7 166 0 T - . -166] 137, 4 0.0 -115.3 -113.4
3 15 0 ol 154 1157 0.0 -89.1 -8
4 116 0 of 116 79.2 0.0f -55.9 -54]
.9 254 0 0 - | 157,717 0,00 -102.1 -97
6 256 0 Ao s0g 16l 30 2
WL 252 0 18700 159, 1f 12.0 11,
8 252 0 2.8 1Ty 24T 23]
9 185 T 908 1832 422 39,
10 160 Q 75,6 182.4f 44T 4],
11 0 0 ~ 12,6 178.1) 635 98,
] I 2 18,5 169.4 531 48
13 0 16 sl 159.0 468 4l
14 0 16 18,7 147.7 39.6. 35
15 0 0 8.6 13624 346 30
16 0 0 7.8 1247 280 254
I 0 0 o7l s 24T 2L
1§ 0 0 6.5 10524 20,6 T,
19 Or__l(l ‘-4,5.4‘3%,,9_5._7 172 14T
20 0 74 16,4 87.0 2.4 105
E _%_é 0 T 149 791 103 8.7
22 0 9 162 1.9 82 6
23 Q 90 4] 653 69 57
24 a 90 128 594 58 A7
25 0 99 120 540 4.8 RA
26 0 29 55 491 4.5 3T
27 g % o9, g__, 4.6 3.8 3l
28 ~ 45 406 32 2
29 Q 29, 4 369 26 21
0 0 25 35 335 22 L
| a0 L9 305 1.9 L=
3 022 A IO A+ N W
33 a0 16 o9 n4 Ly LI
34 0 16 o 29 L1 08
35 0 T4 59 204 08 06
36 0 14 36 189 07 0.9
t 0 74 39 114 06 04
38 0 71 29 156 0.5 03
39 0 74 27 142 04 0.3
40 0 66 93 129 03 0.
4] 0 0 om 1.8 0.3 0,1
Y, I Coa 107 0 0
i 0 16 09 97 0.2 i N
_,44_,Jr_,,1§ #,Ag.gv,#,,gkg,,_, 3% dg
4y 0 0 05 80 04 b
e S e
AT ET| 04 66 01 U
48 0 036 o4 6o on O
49 0 Q 08 59 01 0
N 99 12 o, 0.0
Totall 1,933 1,397 1435 4 2.;%85 o 474 AL

BIRR=
B/C Ratio at 10§ 2 08



| l sV, 2)

T’WNN\GM' Bs Million)
ent BEnef‘[ el —Present Worth Val
mﬁl——mL l BenefitD, Ra[e: 010 0?39 0
B @ || Poiee proed et et -
- - 03— ;(]QL%%\—CDS' Benefit| Renefifl Benefit
oy oo -s2d -8l6
1Y 95
0 '83‘0 ~0.00 -90.1] -88,9
Yoy g 4 00f -T69 T4
S T 4.4 00 -39.9 -385
ST | “lod 98T 00 869 -82.6
o 14 920 514 346 -32.8
19 _37 O U JG ¢
| ; ey SR L7 15T -148
B  qed 4 653 156 83 1.7
== 1 1%5,,,58,1_,,J?tﬁ,,*lS._S,,_JA.,l
; o T3 744 513 469
o119 6.7 694 46.7 424
oA 166 1.8 647 383 349
166 10.7 588 339 30,2
<9 184 50 535 339 9294
o184 45 486 294 258
09 184 41| 4o 260 226
03 184 38 404 9230 198
18 34 365 204 174
184 31 339 180 153
13897 30 1200 100
\gg 132 27.4 106 8.8
0 1002 249 82 6.7
3 10 93 o7 7 5.9
203 138 66 206 73 59
3 03 %38 kgg 1871 6.6 53
1 208 1400 53 1700 58 46
.0 44 ~1§ , 203 10 48 155 59 41
:2%__48 gé_ } . 2,3[ ggg MO 44 141 46 36
28 19 47 203 156 30 128 45 3.5
FEET 0 0 Ja 19203 s L[ 116 47 3.6
3l 0 la 19 203 184 10 106 42 32
3 0 18 19 3 208 i6g 1.8 96 83 25
33 0 18 19 311 o0 66l 1.6 87 29 22
3 0 o 19 19 o8 184 07 19 29 21
35 o4 19 6 23 13§ 23 72 19 L4
3 o046 19 ey 209 13§ 21 66 LT L
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Table 6, 9. 3 (®) Calculatigp of EIRR (Banke)
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6.10. Guidelines for Deep Tubewel] Irrigation

6.10.1. General

The guideline is to apply for DTW irigation in the Teraj
The guideline consists of the following two items |

t .d . . I 'Y . -
The first guideline is related to LFCA,” which is an economically appropriate command

area for one DTW facility, as well as related to “LFWY,” which is an appropriate well

yield for irrigation in this command area

second guideline i “ :
The . g dc’:‘lme Is related to the “evaluation of aquifer capacity”, the “design of
production wells,” and the “construction of production wells”in the Terai.

6.10.2 LFCA and LFWY

The purpose of studying guidelines for the DTW irrigation project is to study the least
feasible command area (LFCA) irrigable by one DTW and to grasp the least feasible well
yield (LFWY) in order to offer the materials for assessing the economic feasibility of
DTW irrigation projects in a planning stage.

LFCA is considered as the least feasible command area irrigable by one DTW under vari-
ous conditions such as nature, the socio-economy, and agriculture in the project areas.

After determining the LCFA, LFWY can be estimated automatically as the water require-

ments necessary for LCFA.

An economic analysis has been carried out based on the same conditions used in section
6.9 “Project Evaluation,” and the representative area of Jhapa District has been selected

for the study. The conditions used in the study are shown below:

Command area by one DTW - 100 ha
Cropping Intensity without project : 126%
Cropping Intensity with project : 200%

: Refer to Figure 6.2.1
: Refer to Chap. 8 (vol.-2)
- Refer to Appendix 4 (vol.-3)

Cropping patterns
Farmgate Prices
Production Costs

Project Life : 50 years
Construction Period : 1 year
Power Source - Electricity
Replacement
DTW : 20 years
Pumps . 15 years
OM Equipment : 10 years
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The followi
in ASEE AT6-ant :
g three cases are analyzed in regard to the yicld of DTWs and the number of

pump stations:

DTW Yield Pump Stations

Case-1 90 lit/sec I place
Case-2 45 2
Case-3 30 3

The project costs for each case are estimated per 100 ha for ) irrigated by one DTW, b)

irrigated by two DTW, and c) irrigated by three DTW. These cost estimations arc based on

a topographical map of the sample area.

When estimating the economic project cost, the Jand acquisition cost and price escalation
and local portions in the financial project cost

cost are excluded as transfer expenditures,
are converted to international prices multiplying by SCF.

The following shows the economic project cost and O & M costs per 100 ha for the three

cases:

Electric Pump

Project Costs (Unit: Rs 1,000/100 ha)

Case-1 Case-2 Case-3
LC 5,129 5,727 6,358
FC 8,901 10,956 13,308
Total 14,030 16,683 19,666
O & M Costs (Unit: Rs 1,000/100 ha/year)
Case-1 Case-2 Case-3
LC 200 287 344
FC 25 39 42
Total 225 322 386
Diesel Pump
Project Costs (Unit: Rs 1,000/100 ha)
Case-1 Case-2 Case-3
LC 7,558 8,483 9,187
FC 8,445 9,804 11,157

Total 16,003 18287 20,344
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O & M Costs i
osts (Unit: Rs 1,000/100 ha/ycar)

Case-1 Case-2 Case-3
LC 513 692 807
FC 57 76 89
Total 570 768 896

Increased agricultural impact per 100 ha is shown in Table 6.10.1, and 6.10.2. Under the

ve conditions, th ;
abo ¢ EIRR and B/C for the (hree cases are estimated as listed below,

1) Jhapa Electric Pump Dicsel Pump
Case-1 Case-2 Case-3 Case-1  Case-2 Case-3
EIRR(%) 1677  13.94 11.75 1529 1253  10.69
B/C 1.53 126 1.07 1.33 112 - 099

2) Mahottari

Case-1 Case-2 Case-3 Case-1 Case-2 Case-3
EIRR(%) 15.51 12.69 10.53 13.86 11.04 9.17
B/C 1.38 1.14 0.97 1.20 1.0] 0.89
3) Banke
Case-1 Case-2 Case-3 Case-1 Case-2 Case-3
EIRR(%) 15.59 :12.81 1.67 13.98  11.21 9.37
B/C 1.40 1.15 0.98 1:22 1.01 0.90

Base on the economic analysis, the following facts are clarified:

* the number of pump stations can be reduced where the well yield is large;
¢ the annual O & M costs will be higher where the well yield is small and the number of

pump stations is large;
* the total length of the buried pipelines will be longer where the well yicld is high and

the number of pump stations is small;
* EIRR and B/C ratios will be higher where the DTW yield is high; and lower where the

yield of the DTW is small (refer to Figure 6.10.1);
« the B/C ratio will be less than 1.0 where the well yield is approximately 30 Usec in the
case of electric pump;
* LFCA is estimated at approximately 30 ha; and
* LFWY will be approximately 30 Usec also in the case of electric pump.
* In the case of diesel pump, LAFA is approximately 45 ha, and LFWY is around 45 I/

S€c.
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Table 6, :
10.1 (1) Increase In Agricultural Benefits (Jhapa)

M. Pwdy M Pad
- ) . Padd .
Without Project Rainfed [rrj tZd Iirl;adgzd Maize heat Miscellaneous  Total
gri‘eld(ton/ha) > (Mustard)
Gps‘zgs(%;o“) 10. lgg ) ) o L3l 1.59 -
Peadoct} .31 . i 9.567 12,312 -
NPY (Rs /;g;l Cost(Rs/ha)  go35 - i 1;.815 19,951 -
: 15. i ) 368 10,588 -
%’;""’"'8 Area (ha) 333 ) 3 5.447  9.363 -
otal NPV (Rs1000) 1.385 % 10 % - 126
a ' ) = 54 U3 - '
With Project . 1.683
Yield (ton/ha) ;
Price (Rs/ton) ) 4.00  3.80 2.70 2.70 0.80
glr:v (RS/ha) _ ;lzl :gg 10,106  9.567 12,312 23.110
oduction Cost ) ‘ 39.987  26.412  33.880  18.673
NPV (Rs/ha) fsihel ' ;g g?g 10.276 11,168  12.895 9,055
Cropping Area (ha ) . 29.711 15,244 20,985  9.618
Total NPV (Rsm(om) 100 40 15 30 15 200
- 2,931 1.188 229 630 144 5,122
Incrementa] :
al NPY(Rs1000) 1,385
Note:GVP includes incoms T by_prwuctéssl 1,188 174 386 144 3,440
Table 6.10.1 (2) Increase in Agricultural Benefits (Mahottari)
M.Paddy M.Paddy S.Paddy Wheat Pulses Onion Potato Others Total
Rainfed [rrigated Irrigated (Lentil) (Oilseeds)
Without Project
Yield(ton/ha) 2.29 - - 1.48 0.60 - . 0.54
Price (Rs/ton) 10.361 - - 12,704 14.940 - - 23,480
GPV (RS/hia) 24733 - - 19.212  9.086 - - 12.805
Production Cost (Rs/ha)  9.338 - - 11.479 3,673 - - 6.483
NPV (Rs/ha) 15.395 - - 7,733 5.413 - - 6.322
Cropping Area (ha) 90 - - 20 20 - - 10 140
Total NPV (RS1000) 1,386 - - 155 108 - - 63 L.712
With Project
Yield (ton/ha) - 3.40 3.60 .60 - 13.00 12.00 -
Price (Rs/ton) - 10,361 10361 12,704 - 4.140  4.530 -
GPV (RS/ha) - 36.837 38,983 33,751 - 53.820  54.360 -
Production Cost(Rs/ha) - 12.697 10,584 13,583 - 26.899  35.598 -
NPV (Rs/ha) - 24,140 28,399  20.168 - 26,921 18.762 -
Cropping Area (ha) - 100 10 49 - 19 2 - 200
Total NPV (RS1000) - 2.414 284 988 - 511 a3 - 4,610
Incremental NPV (Rs1000) 1,386 2.414 284 834 -108 511 413 63 2.899

Note:GVP includes income from by-products
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Tabl .
€ 6.10.1 (3) Increase In Agricultural Benefits (Banke)

M.Paddy . Padkly

Rainfed [rrigatu Maize Mustard Wheat  Pulses  Potato  Others  Total
flthout Project - —eaed (Lentil) (Cavliflower)
Yield(;;/n/ha; .95 . L6l ik { o SEs
i ton 10.5 < H 2 . . - -
g;;c(gs(/m, 21_5’.:; ) 10 gg{zj 20.330 13,040 21.600 -
Fy (Re/hal 93 ] 626 6.593  10.57%  3.763 - -
ine Area(ha) ) 8. 404 4.716 8.023 11,063 - -
Cropping ;Se‘l’oom 80 - 10 10 30 0 - - 140
Total NPV( ¥ - 84 a7 241 - F 1.437
With Project
Yield (ton/ha) o 3.50 2.60 0.8 2.10 1.00 14.00 11.08
price (Rs/ton) - 10.584 10,302 20,330 13.049  21.600 5,420 7,000
GPV (RS/hal 3 38.608  27.498  16.417 27.897 21.807 75.880  T7.000
Production Cost (Rs/ha) - 13.428  13.058 10,680  13.491 £.058  22.545  19.9%4
NPV (Rs/ha) - 25.180  14.440 5,737  14.406 15.749 53.334  57.0%6
cropping Area (ha) : 87 15 13 50 17 i5 3 200
Total NPV (RS1000) = 2.191 217 75 720 268 400 171 4.441
[ncremental NPV (Rs1000) -955 2.191 133 27 480 157 §90 171 3.004

Note:GVP includes income from by-products
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6.10.3
3. Aqui
qQuifers ang Production Wells

(1

Aquifer Identification

An evaluati
aluation
of . . . :
groundwater potential in a project area 1s {he most important aspect in

the plannj
ng st SR i
g stage of DTW irrigation project in the Terai. One of the important ways of

above is the ident: firar:
logici co; lldemlﬁcatlon of aquifer unit through proper interp
elati .
ation by lothologic and geophysical logs of existing and exploratory DTWs,

T et

1;;::5:;? a\:;d:ly beli'eved that .the Terai lies on the thick groundwater rich alluvial
In Factits ma'Or'tome fall'ed Ca‘ses in groundwater development by DTWs. '

oravel i o] i /l.i' of aquifers in the Terai made of an alternation of unconsol.ldated sand/
il B 103' ls; t, and most of the DTWs drilled into these aquifers may yle'ld, in gen-
’ s of water. However, some DTWs were unsuccessful and yielded less

water than expected.

retation of subsurface geo-

f semi-pervious layers ina

An attention i
ttention is called on the understanding to the existence ©
Banke District and terrace

sh . : .
allow depth as was confirmed in the central alluvial plain of
terrain in other districts in the Terai as stated in the preceding chapters.

Therefore, the Study Team proposes a new interpretation that the Upper Churia Formation

is subject to lie down in a shallow depth than widely understood. The formation is clearly
ium by its low composition rate of permeable layers, low trans-

distinguished from Alluv
high density and hydrochemistry and so

missivity, high seismic velocity, high resistivity,

forth.
For instance, the formation identi
f rate of permeable,

fied by the Study Team as the Upper Churia in Banke is

characterized by 15% 0 200 m2/day of {ransmissivity; containing silt-

stone layer as i described in lithological logs.

tion can be easily made through a careful interpreta-

The said hydrogeological identifica
ogical maps, examination of

tion of satellite imergery, aerophotos, topographic and geol
result of geophysical prospecling and lithological and geophysical logs of DTWs, and s0

forth.

Production Well Design

harge. Comparing with the flow

rmined by the required pump disc
ump

the three sizes of 150 mm, 200 mm, and 250 mm at a2 p
0 Vs, their velocities are 3.4, 2.5, and 2.0 cm/s, respectively. When the
ended diameter for the production well

t 3 cm/s, the “recomm
followings are set forth - well diameter 250 m,

Well diameter is dete

velocity through screen in

discharge of 12

critical velocity is set @
250 mm.” When the

screen
becomes
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opening 25%, well yield 120 1/s, and entrance velocity 2 cm/s - the “required screen Jen th
comes to approximately 31 m.” :

The required well depth is the required aquifer length plus the housing-pipe length. The
housing-pipe length is appropriate at 50 m, which is the length that the water drawdown is
added to the lowest static water level throughout the year. When the pump discharge is
determined at 120 I/s, a majority of the well depths are within 100 m in alluvial plain. The
areas with a required well depth of 100-130 m include the terrace area in Jhapa District,
the southern alluvium plain in Mahottari District, and the Babar Zone in Banke. In the
central part of Banke, the necessary well depth is estimated at 288 m.

From the above explanation, the required well depth in the Terai, in general, is approxi-

mately 130 m, with a pump discharge up to 120 Is.

3) Construction of Production Wells

a) Drilling method
The method for well drilling is to be in accordance with the geology. The percussion

method is appropriate in the Babar Zone where the distribution of boulders is expected. In
the Southern Terai, the formation is fine grain which allows the use of the mud-circulat-
ing rotary method. Except for special cases, the project area consists of alternating beds of
unconsolidated sand/gravel; and clayisilt, therefore, the most cost-effective drilling rig

should be selected.

b) Specific gravity of drilling circulating fluids
As the drilling area consists of unconsolidated beds and underlies confined aquifers, care-

ful selection of the circulating fluid is essential. Drilling circulating fluid includes fresh
water, clay-added water (bentonite), polymer-added water, and clay (bentonite)- and

polymer-added water. The fluid composed of only the clay and polymer additives is to be

considered for unconsolidated beds in the Terai. For areas where the static water level is

maintained at the surface, drilling fluids which include heavy additives, such as barite, are

unnecessary. In the area where the artesian water head is higher than the surface, such as

near the terrace area in the Jhapa District, where artesian water head is measured at 9

mags, a denser bentonite fluid or barite additive is necessary. Using a drilling fluid with an

excessive density, however, requires special attention due to the loss of drilling fluid, the

clogging of aquifers, and the higher pumping Costs.
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Casing and screen

Casing

Th N ) 1 i 3 .’ o
¢ selection of casing and screen materials i$ 10 be based on the estimated life span of 4

minj > TR g Slem .
Imum of 25 years for production wells. Groundwater quality 15 also important in the

erated on the screen of casing, their

selectio el y i ;
1on of casing materials, If rust or scale is gen
aluation related to this point

feld and life span will be affected. Theref e
y and life span will be affected. Therefore water quality ev
1S important,

The water quality which may cause a problem on DTW in the Jhapa District i located in

the alluvial plain of the Kankai River. Otherwise, there are no groundwater quality prob-
lems. The material for the screens should be stainless steel in areas where the quality of
water may be a problem.

The water quality in Mahottari District requires a water quality evaluation because of its

slightly higher pH content.

The water quality in Banke District has been analysed by GWRDB/USAID. According to

this analysis, the pH for a majority of the wells is very high at 7.5 or greater. Another

water quality evaluation is required when using the water in this area.

Screen
The required pump discharge for DTW irrigation is around 10

ous wire-wrapped screen with the largest opening is to be used. As men
and only the continuous wire-wrapped

0 I/s. Therefore a continu-

tioned in the pre-

vious section, the required opening is at least 25%,

screen can meet this requirement. The strength of the screen for DTWs in the Terai must

be seriously examined because of the examples of crushing accidents to the wire-wrapped

screens. The three types of loads or force imposed on screens include column load (verti-
cal compression), tensile load (extending load), and collapse pressure (horizontal force).
Vertical compression and tensile force tend to occur when installing the casing and
screen; horizontal stress on the screen occurs during gravel packing or development. The
s has also been reported due to earthquakes.

collapse of screen
sure required for screens with a depth of 150 m in the Terai 1

Resistance to horizontal pres
30 kg/cm2 when the safety factor is estimated at 100%. However, when the ordinary

continuous wire-wrapped screen does not satisfy this figure. The use of reinforced screens

is strongly recommended.

6-51



CHAPTER SEVEN

CONCLUSION AND RECOMMENDATION



R-SEVEN:
CHAPTE EN: CONCLUSION AND RECOMENDATIO
N

1.1

Conclusion

7:1.1: General

- - . ] : ] . . Pl E;t“d

7.1.2. Evaluation of Groundwater Resources

The evaluation o
s ol fdgroundwater resource in Phase I study was made through the
1cal an h
y g the groundwater conditions in the three target districts based on the

existing gro i i
gg undwats:r studies and DTWs information in the three areas. The average yield
of standard DTWs is evaluated as follows:

District Deep Tubewell Yield (I/s)
Jhapa 91
Mabhottari (South) 66
(North) 97
Banke 110

A simulation model for hydrological balance has been constructed based on the results of
a detailed study of the topography, meteorology, hydrology, and hydrogeology of the
representative area selected in southeastern Jhapa District. The model covers an area (719

km2), which includes the representative area and adjacent areas. A simulation under the

present and the future conditions has been projected over a 14 year period and the ground-

water resources were evaluated. The results show the average current water balance (unit:

million m3/year) in the representative

inflow and discharge of surface water (including th
adifference of 1,084 (57%); the groundwater recharge volume 369 (19%), the groundwa-

ter runoff 360, and the groundwater draft 3, among precipitation 1,903 (100%). The

groundwater recharge from the subsurface system is 360 million m3 on an annual aver-
use is only 3 million m3, which means that most of the groundwater

area as follows: evapotranspiration 555 (29%); the
e Kankai River) 3,790 and 4,874, with

age, but groundwater
recharged is discharged outside of the area.

d: 0.8 I/s/ha), the water

ha) is irrigated (peak deman
ch is only 36% of the

When the representative area (17,000 '
al is 131 million m3, whi

demand for a 10 year recurrence interv

PR PR Wt = |



iib()vc groundwater recharge. The simulation using this pumping demand shows

grou?dwa[er shortage over the 14 year period (critical drawdown is set at 30 m), Baseq no
the Simulation, the pumping of 206 million m3 water, which is approximately | 35 [imon
the designed water demand, is required to reach the level of critical drawdown. Frop, t;S
above results, groundwater resources in the Jhapa District are approximately 200 milli():
m3 annually, and there is a 35% surplus even after the full-scale implementation of this

Irrigation project,

In regard to the Mahottari and Banke districts, simulations similar to the one applied ¢,
Jhapa District have not been conducted. The groundwater environment in Mahottari, ip.
cluding meteorology, hydrology, and hydrogeology, is similar to that in Jhapa Distrjct
Therefore, it is believed there is similar groundwater potential in the District.

Banke District has less precipitation compared with other two districts. The Gangetic ally-
vium layer with its high groundwater potential is only distributed in the southern strip,

therefore, large-scale groundwater development in the district is limited to the strip.
7.1.3. Master Plan for Deep Tubewell Irrigation

(1) Agricultural Development Plan

The basic strategies of the agricultural development plan include a diversification of
crops, expansion of productivity, and the increase of farm incomes. A summary of the

planned patterns and intensity of cropping in the three study areas is shown below:

Districts

Jhapa

Mabhottari

Banke

Crop pattern
(without project)

Wheat, maize,
monsoon paddy

Pulses, wheat,
monsoon paddy

Onions, potatoes,

Mustard, pulses,
maize, wheat,

monsoon paddy
Mustard, pulses,

(with project) Wheat, maize,
dry paddy, wheat, monsoon | potatoes, maize,
monsoon paddy |paddy, dry paddy| monsoon paddy
P A SN L $aded
Crop intensity
(without project) 126% 140% 140%
(with project) 200% 200% 200%

7-2



2)

(3)

)

Irrigation Plan

the peak irrigation wat . .

S e J;r re(.]ulrements In each district are as follows (facility design dis-

water demand ina 10 apa; 1.0 I/s/ha for Mahottari: and 0.7 V/s/ha for Banke. The annual
yearrecurrence interval, based on the irrigable areas in each district

are 131 million m3 o
m3 for Jhapa, 72 million m3 for Mabhottari, and 66 million m3 for Banke.

Water Source Plan

The number Of irrigation units which cover each of the entire irrigable area and the aver-
age commanding area of DTW, which is determined by the average yield and the unit
water demand of standard DTWs (depth 130-150 m, diameter 250 mm, drawdown 20 m),

are summarized as follows:

Districts Jhapa Mabhottari Banke
(South)  (North)
Deep tubewell yield (I/s) 120 66 97 110
Average command area (ha) 150 66 97 157
Number of irrigation units 113 31 61 51

Facility Plan

The facilities required for an irrig nit per DTW is as follows: water source facility
(well, pump station, power transmission line); water distribution system (pipeline system
and valve); on-farm canal (command area 4-6 ha); drainage canal (unit drainage volume 4
Vs/ha; density 4-5 m/ha); village road (width 6 m, density 4-5 m/ha); and on-farm road

(width 3 m, density 4-3 m/ha).

ation u
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(5) Project Play

; ' * arized as follows:
From the above facility plan, the project dimensions can be summarize

e T
N Districls Jhapa | Mahottari | Banke
—_— L T Sousl e e T e
Irrigab]e area (ha) 17,000 7,000 8,000
Number of deep tubewells 113 92 51
Pump station
* Number of pumps 113 92 ol
* Total length of power transmission lines (km) 170 70 80
Pipeline System
* Total length (km) 680 300 320
* Number of valves 4,070 1,750 1,940 |
Total length of on-farm canals (km) 1.240 560 610 |
Total length of drainage canals (km) 770 330 350 i
Total length of road network (km) 170 74 77 |
Number of buildings 2 2 2 ;
(6) Project implementation plan
The project implementation schedule is as follows.
Districts Jhapa | Mahottari| Banke
Overall schedule (year) 10 9 8
Project preparation  (year) 3 3 3
Land acquisition (year) 5 4 4
Road construction  (year) 4 4 4
Facility construction (year) 6 5 4

(7) Organization, Operation and Maintenance System

The project execution body is the Department of Irrigation. The Project Office established
by each district to implement the Project includes the Agricultural, Farmers’ Organiza-
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Office will organize and guide the operation and management of WUG, which consists of

all beneficial farmers by each irrigation unit, as well as WUA, which consists of WUGs in
each area.

During the initial period of Project implementation, operation and maintenance of pump
stations are the responsibility of the Project Office, but this function will be gradually
transferred to WUG. Upon: completion of the Project, the functions of the Agricultural
Farmers’ Organization and the Maintenance Divisions will be transferred to WUA. All
functions (excluding technical services) including operation and management, extention

services, purchase and distribution of inputs, and the marketing of agricultural products
will be transferred to WUA.

Environmental Consideration

The most important environmental item in this Project is the existing water right related to
groundwater. According to the simulation in Jhapa District, a maximum 20 m groundwa-
ter head drawdown may occur. This groundwater head drawdown may affect existing
water source wells and yields from shallow dug wells for domestic use. Countermeasures

for these problems, such as water source transfers, will be necessary in the process of

project implementation.

Other environmental items related to groundwater development, such as water pollution

and land subsidence, are not viewed as serious problems.

Project Cost

The overall project cost in the each district, including direct construction cost, equipment

cost, engineering and administrative fees, contingency and price escalation are as follows:

Rs 2.988 billion (US$57.8 million, US$3,400/ha)

Jhapa District o
Mabhottari District Rs1.584 billion (US$ 31.7 million, US$4,500/ha)
Banke District Rs1.510 billion (US$30.2 million, US$3,800/ha)
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(10) Project Evaluation

The financia] and economic costs of construction and the annual operation and mainte-

nan i foted : !
4NCe cost in each district are estimated as follows:

Annual operation and

Construction cost maintenance cost
| mainfer
Financial cost | Economic cost | Financial cost Economic cost
i L O
Jhapa District 2,889 1,932 39 L
Mahottari District 1,584 1,098 21 -
Banke District 1,510 1,019 16 N

The agricultural production benefits (unit: million Rs/year) are evaluated at 585 for Jhapa

District, 203 for Mahottari District, and 210 for Banke District.

As a result of a comparison of the above project costs and the agricultural production
benefits, the economic internal rate of return in each project is evaluated as follows, which

shows the projects in all three districts to be economically viable.

Economic Internal Rate of Return (%)

Jhapa District : 21.0
Mabhottari : 13.5
Banke . 14.3

As a result of a financial analysis, the disposable incomes of the average farm households

in each district, before and after the Project, are as follows:

Farm (ha) Disposable income (Rs.)

Jhapa District (without project) : 1.41 1,473
(with project)  : 1.41 2,680
(difference) 1,207
Mabhottari District  (without project) : 1.09 6,769
(with project)  : 1.09 8,581
(difference) 1,812
Banke District (without project) : 1.37 4,790
(with project) @ 1.37 9,038
(difference) 4,248
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() Guidelines for Deep Tubewell Irrigation

As a result of the above .
e :
A Xamination, the following two items are important as guideli
planning stage of a DTW irrigation in the Terai Buideline
erai.

a) LFCA and LFWY
LFCA, which is .
approximately 3(t)h;ae::§?:f Ily appropriate command area of one DTW in the Terai, is
o ohis the DTW y’i o st and weft,-as far as an electric pump is applied. The LEWY
S _ ecessary to irrigate this LFCA is 30 I/s. Given this fact, DTW
irrigation is not considered economically viable in the areas where the DTW yi ;
than 30 I/s. yield is less

b) Aquifers
The. alluvial aquifers in the Terai can obtain a DTW yield of 60-100 I/s. The Churia
aquifer, however, has a low composition rate of permeable beds and low transmissivity.
There.fort?, th'e prescribed DTW yield may not be obtained. Sufficient hydrogeological
examination is necessary in regard to the distribution of the Churia Formation when plan-

ning a DTW irrigation project.

¢) Design of production wells

The details of production well up to a 120 Us yiel
screen diameter 250 mm, opening 25%, total length 30 m, total length of housing 50 m,

and well depth 100-130 m.

din the alluvial aquifers in the Terai are:

d) Construction of production wells

The percussion method is cost-€
zone, while the rotary method is cost-effective in the other areas.

ffective for the boulder distribution area in the Bhabar

y considered for drilling of production

tion of circulation fluid must be carefull
dwater head is below the surface.

he static groun
d when the artesian head is above the

st be avoided as they will signifi-

The selec
wells. Bentonite fluid can be used where t

A mixed fluid of bentonite and barite should be use

surface. Circulation fluids with excessive densities mu

cantly reduce the yield of production wells.

he Terai should be: reinforced wire-wrapped

The screen used for production wells in t
with an opening of 25% or greater; withstan /cm2 or greater;

and stainless steel should be used depending on the water quality.

d collapse pressure of 30 kg



U

7.2: Recommendations

7.2.1. General

ater potential in the three study

As mentioned above, this Study shows that the groundw '
hat the implementation of a

area is sufficient to operate DTW irrigation; it also shows t
DTW irrigation project in this area is economically viable.
This chapter discusses the recommendations for implementation of the Project for the

three study areas in the future.

7.2.2. Monitoring Work

One of the methods for groundwater resource evaluation was applied and demonstrated

during this Study. This evaluation shows that it is necessary to identify natural conditions
that include topography, geology, meteorology, hydrology, hydrogeology, and ground-
water. It is also essential to identify the hydrological behavior of groundwater and a time-
series hydrograph and groundwater use. Among the various hydrographs, the groundwa-
ter hydrograph is the only one that shows the hydrological behavior of groundwater.

Therefore it is the most important information when evaluating groundwater resources.

The urgent establishment of a monitoring network as well as continuous observation in

the three study areas are strongly recommended to DOL

7.2.3. Project Implementation in the Three Districts

(1)

The studies necessary for future project implementation in the Study Areas are proposed

as below:

Jhapa District

The survey and study related to the development and evaluation of groundwater resources
implemented to this district is considered to be beyond the master plan stage, reaching the
stage of a feasibility study. This Project is economically appropriate and will contribute to
the expansion of agricultural production, the diversification of agriculture, and the re-
gional economy as a whale, which are major targets in the Eight National Development
Plan. As well, the corroboration and demonstration effects of DTW irrigation in the dis-

trict will be very high. Therefore, the DOI should promote an immediate implementation

of a model project for 30 irrigation units (4,500 ha).
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\_,//

armers in the proj .

F project area are eager to introduce irrigated agriculture, b

have any experience in irrigati ; griquiluie,;ut they do'mot
bewell, and WUG gation practice through surface water, shallow wells, or deep

ewell, an , i 5,

w e §are not as yet organized. A large amount of preparatory works is
eeded prior 1O the : . :

n P iy implementation of project inclusive of the preparation of topomap

inventory of lan ' ot £Es

mv.en y. ownership, motivation of beneficial farmers, identification of each irri-

gation unit and then organization of each WUG. The DOI is deemed to have sufficient

. e a sqe, . . .
experience and capabilities from the previous projects in which to meet these responsibili-

ties.

As previously stated, in order to achieve the successful result of the project, scrupulous
govemmental support services are indispensable for the extension and O&M works
mainly rendered by WUA. DOI has to formulate, in cooperation with DOA, a WUA sup-
port program inclusive of definite measures; and to present the program to the donor

agency of project finance in advance.

Mabhottari District

Mahottari District has a relatively large number of existing deep tubewells. And as such,
there is a great amount of hydrogeological and groundwater information available. How-
ever, the economical priority of this district is the lowest among the three districts under

the study, following Banke District. As with Banke, further feasibility study is necessary

primarily to evaluate the groundwater resources.

Banke District
g to the economic evaluation in the Study, the priority of the Banke District
follows that of Jhapa District. Although the district strongly requires the introduction of

DTW irrigation, they have little information related to the hydrogeological and ground-
a. Before the implementa[ion of the Project, a feasibil-

with drilling of exploratory wells
DOI should promptly conduct a

Accordin

water conditions in the irrigable are
ity study is essential, including a hydrogeological study

and a thorough groundwater resource evaluation. The

feasibility study in this district.

79






