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Abstract

In 1961 a. program was initiated to evaluate the, water-resources
potential of Nepal on a country-wide basis. Beglnning as a cooperative
agreement between the Government of Nepal and the United States Agency
for International Development (US AID), the program was broadened in
1965 when the CGovernment of Nepal accepted assistance from the United
Nations in the collection of meteorologicai data. US AID provided
technical.assistance for surface water, ground water, quality of water,
and sediment investigations under a Participating Agency Service
Agreement (PASA)} with the U. S. Geological Survey .(USGS), and the
United Nations (UN) provided technical assistance in meteorological
investigations through the World Meteorological Organization (WMO).

By 1969, a nationwide network of hydrological stations had been
established for the collection of stream flow, sediment and meteoro-
logical data, and ground-water exploration, was, started. in the Teral
Belt. The Department of Hydrology and Meteorology, under the Ministzry
of Power and Irrigation, His Majesty's Government of Nepal, had been
established, staffed and equlpped to conduct the investigations.
Stresmflow data resulting from observations in the network of gaging
stations were .being published annually by the;Department of Hydrology
and Meteorology: - - . . )

Average annual runcff ip Nepal is more than adequate to meep.
existing needs for basic water supply and a large potential exists for
hydropower and irrigation development from the rivers. There is, how-

ever, a wide range in the flow regimens of all rxivers and streams.



During the monsoon season, from the middle of June to late September,
flooding commonly occurs in low lying areas. In the late dry season,
March to the middle of June, runoff is deficient in many areas of the
country. For example, flow in the Seti River, although influenced by
snowmelt during the slack water season, ranges from 1,180 cubic feet
per second to 207,000 cubic feet per second.

Streamflow characteristics for seven river basins are described
with special attention to the physical characteristics that govern the
runoff in the basins. Maximum and minimum daily discharges, as well
as average annual flows during the period 1962-67, are presented for
selected gaging stations that make up the nation-wide stream-gaging
network. Progress in the full utilization of the water-resources
potential of Nepal, except for small-scale irrigation projects, has
veen relatively siow owing to the pattern of runoff in all sections of
the country that makes the development of water resources difficult.
Many problems in future water-resources development can be avoided,
however, by studying the performénce of engineering structures already
in operation. During extensive travel in the country by the author
many existing projects were inspected and their performance studied as
an aid in evaluating hydrological data. This report attempts to-polnt
out problems that exist and suggest alternative methods that can be
considered in development projects of the future to avoid mistakes of
the past.

" Fubure dévelopment‘of water fésourbes~i5Jlike1y'to continue at a

relatively slo#.ﬁace; as Nepal*has'limited foreign exchange and: -



market for power consumption to justify large-scale development of
hydroelectric potential. The construction of moderate capacity run-
of-the~river type plants is, however, being pursued actively. These
plants will benefit many areas of the country buf wWill leave the total

potential underdeveloped.

Uneconomic ventures in surface-water irrigation schemes‘in the past
decade indicate that tube wells are probably the more suitable approach
to supplying irrigation requirements in the Teral Belt, at least in the
near future. The Irrigation Department, His Majesty's Government of
Nepal, is actively engaged in 2 drilling program for areas in the
vicinity of Janakpur and Bhairhawa. Alsc, the US AID sponsored Ground
Water Invest;gations Project, initiated in 1969, wil} provide essential
direction to ground-water development and thé installation of tube wells

to insure optimum development of the agquifer-.

Factors that effect the overall development of the water resources
potential of the river basins in Nepal are discussed in some detail,
and as in most developing countries the problems are pumerous. In
general, development will depend on outside assistance from friendly
nations. Assistance will be encouraged by the efforts being made by
the Government of Nepal to collect and evaluate hydrologic data to
document the availability of the water resources. The Department of
Hydrology ;nd Meteorology is now (1969) actively engaged in the

collection of basic data on all components of the hydrologic system,.



-Tntroduction

The present report is based on éhe observations of the writer, a
surface-water hydrologist with the U.S. Geological Survey (USGS), while
assigned from December 1964 to September 1968 as a technical advisor to
the Nepalese Department of Hydrology and Meteorology under the auspices
of the United States Agency for International Development (US ATD).

The report discusses the history of hydrological investigations in
Nepal; the relation of these investigafions to the social and economic
problems of water-resources development and management; and the

general hydrology of the more important river systems of the country.

The 1962 census placed the population of Nepal at 9.55 million.
The main populated centers are Kathmandu (fig. 1), Pokhara, Bhairawa,
Biratnagar and Nepalganj. Most of the population, however, live in
the thousands of small villages that dot the landscape. With the
exception of the snow-covered high Himalaya, the efuntry is at least

sparsely inhabited (fig. 2).°







































Climate

The lofty and continuocus mountain barrier formed by the Himalayan
Ranges exerts a dominating influernce over meteorological conditions in
mach of central Asia. The massive Himalays prevent the dry cold air
of the Tibetan region from moving into India, and likewise impede the
northward flow of warm moisture-laden air from the southwest menscon.
One can only speculate on what the weather pattern in Nepal would be
without the influence of the Himalaya. Most likely the monscon now
concentrated over India and Nepal would cover a larger region, thus
reducing precipitation intensity over the region. Temperabtures would

probably be moderate to cold.

Nepal has two distinet seasons, the summer monsoon wet season from
the middle of June to the middle of September and the rather dry winter
season. There is a general decrease in rainfall from east to west
across the country; however, the main features of the rainfall pattern
are governed by topography. Precipitation ranges from about 100 inches
in many parts of the country to 15 to 20 inches in the extreme north-
west. Maximum rainfall occurs in the Terai Belt and diminishes in the

areas to the north.

Figure 6 shows the annual rainfall pattern for Nepal. It should
be noted that relatively high precipitation occurs not only in the
Teral Belt but also near the river gorges in the Mahabharat Range.

Precipitation as hail during February and March is a local phenomenon

all over Nepal, often damaging crops and orchards.

17
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Climates range from tropieal in the south to alpine in the north.
Temperatures in the Terai Belt sometimes reach 115° to 120°F. The
daily mean temperature in the coldest month in the Terai is sbout 60°F.
In the interior temperatures vary with altitude. In the Midlands the
climate is mild except‘in the lower valley areas. vwhere hot humid
élimate is prevalent during the late spring and through the summer.
Kathmandu Valley with an altitude>of over 4,200 feet shows the effect
of altitude on temperature. Here temperatures only occasionally reach

90°F during the high sun period.

For a country with varied topography such as Nepal, wind movement
has only a moderate influence except in certein areas. 1In the Terai
Belt southerly winds from the Ganges Plains cause dust storms prior
to monscoon. TEmperature differences between the hot air of the plains
and the colder air of the highlands induce winds of gale force in the
main river canyons through the Mahabharat Range and even through the
deep gorges that eross the Great Himalaya. Strong winds occur during
the day and in some areas reverse during thé:nightwto"bloﬁ at

moderate rates.
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Water and History of Repal

The history of human migration and settlement of lands around the
world generally indicates that man first favored the major river
valleys. Rivers provided game and fish for food, a means of tTrans-
portation, and a zource of water for domestie needs and irrigation of
crops. Early Biblieal history speaks of the ancient civilizations
that ev91Ved in the Nile, Jordan and Kuphrates River valleys in the
then-known world. The inberior of North America was first copened up

by the settlers who followed the major river systems.

The early history of Nepal does not appear to follow this typical
pattern. Rather, steep stream gradients made the rivers unfit for
transportation. Floeods during the monsoon season and water-based
tropical disease prevalent in the river valley bottoms compelled the
inhabitants to establish villages on the hills end ridgeg. Even today
a large pgrcentage of the Nepalese live in localities where water is
scarce for 8 months in the year. Even so, this problem doe; not seem
to discourage the hill people. During‘the late dry season it is not
uncommon for villagers living along the ridge crests to carry water daily
from the valley areas below. Trips by water-carrier require as much
as 3 or 4 hours to satisfy the deily water requirements for the average

family.

The early development of the river systems of Nepal would probably

have changed the pattern of life, but up until the last 10 years

20



development was limited to small loeally-built projects to irrigate
winter vegetable crops. Thus, the rivers of Nepal have exerted only
nominal influence on the history of the country. They will, however,
exert a much greater influence in future years. The following
sections examine the potential of the rivers and point out the rfle

they can play in the future development of the country.

21



Importance of Water in Nepal's Development

Nepal's numerous river systems constitute one of the nation's
greatest assets and their proper control and utilizaetion is essential
to the future development of the country. Water can be made %o do
many things that will win the race being made in Nepal today to catch
up with the 20th century. Evident are the needs for inexpensive
hydroelectric power to liéht homes, to spur industrialization of the
economy, and to open up markets for consumer goods that depend on
electrical energy. Water for irrigation will pley a vital rdle in
providing food for a growing population as well as a possible surplus

for export.

Water exists in abundance in the snow fields and glaciers of the
high Himalaya, in the rivers and streams of the entire couniry and in
the underground reservoir of the Terai Belt. The annual runoff of the
streams of Nepal is more than sufficient to meet the requirements of
the country in any forseetible development. For example, in an average
year the rivers of Nepal discharge 225,000 efs (cubic feet per second)
to the CGanges River in India. This volume 1s equivalent to the water
required to cover all of Nepal to a depth of 56 inches and compares
with gbout 9 inches of runoff for all the rivers that drain co-termi-

nus United States.
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Hydrologic Investigations

Water has long been recognized as one of Nepal's most promising
resources. Yet, prior to 1960 little had been done to investigate and
appraise the resource. The Government of India had collected stream-
flow data at the proposed power site on the Trisuli River and at the
proposed site for the Kosi Irrigation and Power Project on the Sapt
Kosi. The Swiss Mission had collected data at Panauti in the Sun Kosi
basin. The Govermment of India had also co;lected rainfall data at
numerous points throughout the country. In general, however, data
were left in the rav stage and were available only to the agencies

responsible for ifts collection.

During the mid-1950's foreign assistance programs were introduced
to assist Nepal in various development objectives. Many projects were
waber oriented. Planning for those projects depending on water called
attention to the need fo; basic hydrological data as a prerequisite for
the development and utilization of the resource. With the signing of
an agreement on NQvember 17, 1960, between the Government of Nepal and
the UN, a detailed hydrologic survey and investigation was begun in the
Karnali- River basin (Sidler, 1965). This survey marked the beginning
of a concerted effort to collect streamflow, sediment.and meteorological
data in Nepal. In 1962 the Hydrological Investigations Project through
cooperative agreement between the Government of Nepal and the United
States Agency for International Development (US AID) was authorized,

and a similar data collection program was undertaken for the entire
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country. The Hydrological Investigations Project proposed to establish
within the Government of Nepal a separate bureau or agency solely
Tesponsible for the collection, analysis .-and publication of hydrological
data. The new agency was to be staffed with Nepalese engineers and
technicians who were to be trained in all aspects of data collection.
Hydrological data collected would be multipurpose in scope and would

be made available to other governmental departments for planning and

development purposes.

purface Water.--Prior to the signing of a formal work plan for the

Hydrological Investigations Project, US ATD entered intc an agreement
with the U. 8. Geological Survey (USGS) for the services of two hydraulic
engineers, Fred M. Veatch and Harry Hulsing, for a short-term asgignment
to Wepal to assess the needs for hydrological data in the development of
the water resources of the country together with recommendations for a
program to collect the needed dabta. The assignment covered 5 months,
from May 21 to October 18, 1961. At the completion of the assignment,

a report, "A Water Resources Investigation for Nepal" (Veatch and

Hulsing, 1961) was submitted to US AID and the Government of Nepal.

The formal project agreement between the Government of Nepal and
US AID indentified three objectives: (1) to create within the Government
of Wepal a Department of Hydrology, (2} to establish a nationwide net-
work of hydrological stations, and (3) to furnish technical assistance
from the USGS to assist the Government of Nepal in carrying out the
project. The Government of Nepal furnished counterpart personnel for

ol



USGS engineers assigned to the project and local currency in support of
budgetary requirements of the new department. US ATD furnished techni-
cal assistance, dollar currency for equipment and commodities, and local

currency as matching funds for the departmental budget.

Implementation-of nation-wide hydrologic investigations began in
May 1962 with emphasis on the estaslishment of stream-gaging stations.
This phase of the project has expanded until at present (1969) 57
regular gaging stations and 38 partial records stations are in operation
(fig. 7). TIn addition, numerous miscellaneous measurements have been

made at other sites to supplement these data.

Table 1 lists the technical consultants and advisors in hydrological
investigations who have been assigned to Nepal between May 1961 and the

present (1969).
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Table l.--Technical Advisors Assigned to Assist Government

of Wepal in Hydrological Investigations, 1961-69

Advisor

Title

Sponesor

Tour of Duty

Assignment

Fred M. Veatch
Harry Hulsing
Daniel E. Havelka
Williem F. Curtis
Woodrow W. Bvett

Mordehai Gilead

5. N+ Venho

C. Steinitz

H. M. Babcock
W. V. Swarzenski
G. C. Tibbitts, Jr.

William Ogilbee

Hydraulic Engineer
Hydraulic Engineer
Surface Water Hydrologist
Sedliment Specialist
Surface Water Hydrologlst

Meteorological Adv;sor‘

" Aeronsutical Meteorologist

Meteorologilcal Advisor

Ground Water Hydrologlst

Ground Water Geologist

Ground Water Hydrologist

Ground Weter Hydrologist

UsS AID

Us AID -

US AID’
US AID
US ATD

UN WMO

UN WMO

UN WMO

US AID
US AID.
US AID

Us ATD

May-August 1951

June-October 1961
May 1962-May 1964
June-November 1964

December 196k~
September 1968

May 1965-March 1967 -

March 1967- '
December 1968

May 1967-May 1969

April-June 1968
April-June 1968
March 196G-

September 1969~

Consultant on
Water Resources

Consultant on
Water Resources

Advisor on Surface
Water Investigations

Advisor on
Sediment Studles

Advisor on Surface
Water Investigations

Advisor on Meteorology

Advisor on Aeronautlcal
Meteorology

Advisor on Meteorology

Consultant on
Ground Water

Consultant on
Ground Water

Advisor on Ground Water
Investigations

Advisor on Ground Water
Investigations



A summary of records for regular gaging stations published prior
1;0 December 31, 1967, is given in teble 2 including the following
information for each station: (1) station number, (2} location,
(3) Arainage area, (4) period of record, (5) maximum and minimum daily
discharges, and (6) avérage discharge. The wide range in the flow
regime of the rivers of Nepal can be appreciated by comparison of the

maximim and minimum dajily discharges.

Ground Water.--Data avallable from the network of stream-gaging

stations point out the problem areas in Nepal where surface-water
supplies are deficient from Januwary to the middle of June. Because
total runcoff in all parts of the country is more than adeguate for
requirements, the need is apparent for storage of the runoff of the
rainy season for use during the dry season. As mentioned previously,
the snow fields and glaciers of‘the Hima}aya and the ground-water
reservoirs of the valleys and plains naturally store water in ldrge
but unmeasured quantities for varying lengths of time. Stream-f£low
records on the major rivers indicate in some measure the water yield
attributable to melt water. The ground-water potential, however,
needs to be éocumented by exploring the hydrologic characteristics of

underground reservoirs. In .development planning, manrmaﬁe storage

facilities in the forﬂ,of costly dams and surface reserveirs can be

avoided, if nature's storage facilities can be used more effectively.
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The giround-water reservoir in the Terai Belt of Nepal has an im-
portant development potential for irrigation as a means of increasing
crop yields and food production. However, knowledge of the availability
of ground water in Nepal is now (1969) relatively limited. A study of
the ground-water potential in the Kathmandu Valley was completed in
1961 by the Geological Survey of India (Nautiyal and Sharma, 1961).

Also during 1967-68, geologists from the Department of Hydrology end
Meteorology inventoried about 500 shallow wells in the Térai. Well
logs for 18 tube wells in Kathmandu Valley and the Teral are on file in

the Ground Water Section of the Department.

In 1967, US AID received a formal request from the Government of
Nepal for assistance in making an investigation of the .ground-water
potential in the Western Terai. It was proposed that the investigation
would follow the Hydrological Investigations Project which was scheduled
to be phased out in September 1968. Selected for investigation is the
area west of the Narayani River and extending southward from the Siwalik
Hills to the Indian boxder. Following the plan of action adopted for
the earlieg surface-water investigation project, US AID requested
assistance from USGS in preparation of a work plan for the new project.
By agreement between the two agencies, the USGES assigned two ground-
water hydrologists, H. M. Babcock and W. V. Swarzenski, in April-June 1968
to a tour of duty in Nepal. On completion of their assignment, they

prepared a report, which (1) points out possibilities for yields from

29



N
tube wells adequate for irrigation throughout most of the area and

(2) recommends a pilot development and study project to evaluate fully

the ground-water potential (Swarzenski and Babcock, 1968).

In January 1969, the Government of Nepal and US AID signed a
project agreement for a Ground Water Investigations Project based on
the Babcock-Swarzenskl report. The investigation, scheduled for a
h-yeer term, will include hydrologic mapping, exploratory drilling,
water sampling, and aquifer testing to appraise the development
potential of the ground-water resources. Also the project proposal
calls for the establishment and training of a Ground Water Section in
the Nepalese Department of Hydrology and Meteorology. Participation
by the Government of Nepal and US ATD will follow a pattern similar
to that uged for the Hydrological Investigations Project. Technieal
assistance furnished will include two ground-water hydrologists, a

well drilling advisor and a chemist from the USGS.

Meteorolégy.—-The first known hydrologic data to be collgcted
systematically in Nepal are the rainfali records at the Kathmandu
Wweather station which has been operated by the Governmenf of India
since Qbout 1900. Beginning in 1948, additional stations were
established by the Government of India in connection with ﬁroposed
h&droelec£ric and irriéation projeéts. By 1966, stations in the net-

work numbered about 60 and were located throughout Nepal.
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Collection of meteorological data under the Hydrological Investi-
gations Project began in 1963 with the installation of rain gages and
maximm-minimum thermometers at stream-gaging stations. The program
vas expanded in 1965, when the Government of Nepal accepted assistance
from the UN aimed at setting up a complete meteorological service to
qualify Nepal for membership in the World Meteorological Organization
(WMO). The UN has since provided technical assistance through the WMO
as well as dollar credits for commodities. The names, positions, and
tours of duty of technical advisors provided under UN-WMO auspices are

ineluded in table 1.

The network of meteorological stations presently (1969) numbers 102
stations, which record varying types of weather data. Stations formerly
operated by the Govermment of India are now in charge of the Meteorology
Section of the Department of Hydrology and Meteorology. Equipment at
many of these stations has been replaced with standard equipment adopted
for use by the department. Some statlions have been relocated to give a

better balanced network.

All rainfall data of réliable accuracy collected prior to
December 31, 1967, have. been compilated and published in a report by

the Department of Hydrology and Meteorology (1968).

Quality of Water.--In water-resources development planning the need

for quality of water data follows closely in importance‘the need ﬂof

data on water availability. Cities or industrial complexes located
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Teble 2.-=Su=tary of Records for Strean Geging Stetions in Nepal collected by Departzent of Hydrology and Meteorology
prior to December 31, 1967,

Period Average TRily Feen Diceharge
]S{::::;n Streaz and Iocatioo Drainnge Arce of Placharge {crs)
(square miles) Record {cfs} . Maxioum Min Leum
Sarda River Basin
170 Surna Gad at Patan near Baitndl 72.6 196667 255 L,270 7.06
Karaali Rlver Bealn
240 Xarnall Kiver st Acamm-Ghat near Sirkot 7,440 1962-6T 16,0 121,000 3,110
250 Xarpall River st Benl-Ghat near Belgson 6,200 1663-67 19,020 148,000 3,350
260 Setl River at Bangge mear Belgaon 2,880 1§5T 10,430 141,000 1,180
262 Thuli Gad at Xahneyatel near Belgeon 3ké6 166867 728 1,400 [y
270 Bherd River at Jam near Choukle 4,750 1963-67 14,350 140,000 2,120
260 Kernail River at Chistpapl near Dondajari 16,560 1562-67 45,340 349,000 7,560
260 Babal Nadf ot Bargadsha zeer Kumrsagson 1,160 1967 1,810 63,500 166
Wegt Raptl River Basin
Mari Kbola ot Nayagaon near Piuthan eh 1664-67 1,960 30,700
?33 Jhlaruk Kaols et Kellrati-Ghat pear Piuthsa 269 1565-67 688 7,520 7.06
360 Rapti Rlver at Jalkimdi near Amile 1,950 1964-67 3,160 50,500 ko 7
Tnau Khola at Bubwal 31 196h-67 860 49,800 kr.o
305 Bangangsa River at Bangechls near Taulihave 13 1967 586 27,500 10.6
Narayani River Besio
h1g ¥pll Gendaki River at Setibeni near Dumrlehaur 2,560 1964-67 8,22 49,100 925
415 Andhi Xhola et Duzrichaur near Tanslng 184 166467 1,120 21,500 35.3
L2y Kali Candaki River st Kota Qaon near Shringn 4,400 196867 19,570 280,000 2,350
430 Setl EKhola at Bimfre Taro near Pokhara 233 1964-67 1,580 12,200 208
hyp - Chepe Khola nt Palungtar near Gorkha 119 206067 1,100 16,200 8.3
A Burhi Gandeki River at Arughat Bazar nesr Gorkha 1,650 1964-67 5,390 29,100 738
W7 Trisull River at Betrawatl mear Trisuli Bezer 1,550 1967 Fy5ul 23,000 1,030
450 Herayani River near Narayangarh 12,000 1563-67 53,(9)2 273,000 6,710
160 Rapti River at Ralayn mear Eitaura 224 1%3-67 1, , ny
LE5 Manhar{ Khola at Nenheri near Beluva 185 1963-67 650 ) b5.9
470 Tothar, River at_LothaT near Deblchsur 65.3 196567 358 7,590 19.8
a75 ¥hagari ¥hola at Tikslf k5.6 1965-66 337 10,520 38.8
L86 Kair Kbola ak Jurpand near Jhawani 30.8 1064-67 210 2,990 2.h7
&85 Burhi Rapti River at Chitra-Sarf near Jhawani pn:l If 752 9,780 4.7
Bagrati River Basin “
505 Bagzatl River pear Sundarljal &.18 1963-67 36.1 177
507 Hegnatd Ehola et Hahanlkal near Sundarijal 5.06 1563-67 39.1 1,250 1.77
510 Sialeatl Khola ot Shye=dado near Sundarijal 1.25 196367 6.0% 239 .35
530 Bagmati River at Geurl Ghat near Kathmendu 26,2 1963-67 8.3 3,300 .35
sho Nakhu Khola at Tikabheirab near Patan 16.4 1563-67 s 3,670 .35
550 Bagmati River at Chobhar near Xathwandu 226 1963-67 i 14,700 -TL
560 Thade Khole at Derkot bear Markhu 5.33 1965-67 27.7 1,940 2 63
570 Kulikhani Xhola at Kulikheal 48.6 1963-67 15 1,910 L.oh
590 Bagmati Rfver at Kareaiys nesr Mangalpur 1,050 1965-67 5,300 05;500 1
Sapt Eosi Bapin i
610 Bhote Kosi at Barehbise near Ghumtheng 971 196567 2,570 12,900 Lol
[ Belephi Khola at Phalare Sangu near Cheutare 2k3 156L-67 1,400 6,710 216
630 Sun ¥Xosf mt Pachuwar Ghat near Chautara 1,500 1 7,10 51,600 1,080
&ho Fosl ¥hola at Panfuti near Dhulivhel 33.7 156467 T9.T 2,150 848
és0 Khizti Khola at Raspalu Villsge near Those 11 156467 3 - 2,68 6.7
660 Likhu Khola at Sangutar near Ramechhap Er:) 156467 2,040 11,700 260
670 Dudh Xosi ot Rabuva Bazar near Qkhaldhunga 1,560 166467 Ty290 43,100 589
680 Sun ¥osl at Keopu Ghat near Udaypur 6,800 1068.67 23,670 192,000 L,3%0
Kankai Mal Basin
T30 Puvn Khola near Ilom 41.3 1565-67 229 2,140 6.00
T70 Xackal ¥al at Chepti mear Ilam Lt 1965-6T 1,650 ko, 600 13
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near the oceans have available unlimited quantities of ﬁater; yet, the
quality of the water often restriets its use. TIn almost all situations
where water is used consumptively, the chemical quality of the water
gsource needs to be known and evaluated. Quality of water deals with
the chemical and physical properties of water and usually is studied
with respect to the chemical characteristics of constituents in
golution as well as with materials in suspension. Farly in the
Hydrologic Investigations Project it became evident that a chemical
quality program would be ineffective until qualified Nepalese chemists
and laboratory technicians were available tc staff a quality of water
laboratory, hence this phase of hydrologic program development was
postponed until the inception of the Ground Water Investigations
Project. Through 1968 a few samples were collected and analyses were
made in laboratories outside Nepal. Table 3 gives the results of
chemical analyses of waters from a few selected rivers and streams in
Nepal. Chemical analyses of samples from wells of varying depth are
given in table 4 and indiecate the general chemical character of the

ground water in the Terai Belt of Nepal.

Sediment investigations, or the study of materials in suspension,
in a quality of water program usually require less sophisticated
laboratory facilities than those for chemical analysis. Sediment
sampling of selected streams began in June 1964 under the direction of
William F. Curtis of the USGS, vhile on a 6-months assignment to Nepal.

Initial field investigations were carried on during the 1964 monsoon,
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Tgble 3.--Analyses of Water Samples from Selescted Stresms in Nepal

(Anelyses by U. S. Geologlcal Survey)

Constituents in milligramg per liter, except as indicated

Hardnees as Specific
CaC03 conduct-
Bicar~- | Sulfate ance
Date of | Mean Potas- |bonete {=0y) Nitrate (micro-
location collec- | dlscharge |Scdium glum | (HCO3) Chloride (N03) Calcium, Noncar- | mhos et pH
tion {cfs) {1a) §:9) (oL) magnesium ‘bonate 25°C)
Sapt Kosi Bagin
Sapt Kosi at Chatra 10-28-64 5,000 2.4 2.7 52 11 0.5 0.1 -] 4 109 7.2
Narayanl River Besin
. Narayahi Biver at Narayangern | 10-3-6h 73,000 2.k 2.0 118 pin 1.6 0.0 96 10 212 7.5
Kernali River Basin
Karnali River =t Chisepeni 10~ 9=6h 48,800 1.8 1.6 106 12 .5 04 a7 T 168 7.3



Table 4.--Analyses of Waeter Samples from Selected Wells in Nepal

(Analyses by Quality-of-water Laboratory, WAPDA, Lshore, Pakistan.

of collection under Seample Number)

Date

Constituents in milligrams per liter except as indicated

19

Caleium (Ca)

Magnesium (Mg)

Sodium and Potassium (Na + X)

Carbonate (CO3)

Bicarbonate (HCO3)

Chloride (C1)

Sulfate (S0))

Nitrate (NO3)

Total dissolved solids
(Residue on evaporation)

Specific conductance
(Micromhos at 25°C)

PH

Temperature (°F)

Residual carbonate
(Milliequivalents/liter)

(1) (2) (3) (&) (5) (6)
Mey 30, May 30, May 30, June 5, May 31, May 31,
1968 1568 1968 1968 1968 1968
67 67 59 4o 55 46
31 30 23 18 10 11
13 13 46 104 21 18

0 0 0 0 0 0
362 355 glsin N oD SIR
4 L by 5 L Ly

5 10 10 10 1k 5

0 0 0 0 0 0
330 330 340 400 ool 212
570 570 600 730 10O 360
7.85 7.60 7.70 7.45 T7.50 7.25
78 8 79 78 79 ———
0.0k 0 1.50 3.79 0.36 0.31

>

+Public supply, Birgan].

N FWw o

*

Public supply, Bhairashawa, flowing artesian well.
Nepal Distilleries, Bhairshawa, flowing artesian well.
Bhairshawa airport, 2" driven well and hand pump.
Nepal Punarvas Co. (Private) Ltd., Resettlement camp, Nepelganj, irrigation well,
Depth 350 ft.
Parvanipur Irrigation Rest House, 2" drilled well.

Depth 203 ft.

Depth 4O ft.

Depth 140 ft.

Depth 175 £+,

Depth L86 ft.




with emphasis on the trgiﬁing 0of Nepalese technicians in sediment
sampling. At the end of his assignment, Curtis prepared a report (1964)
making recommendations for a sediment sampling program tc be carried

out in conjunction with the nationwide network of stream-gaging stations.
Since 1964 sediment sampling has been included for key gaging stations
in the Karnali, Narayani, Bagmati and Sapt Kosi basins. The sediment
studies program is conducted by the Surface Water Section of the
Department of Hydrology and Meteorology. ©Samples are processed at the

Nepalese Bureau of Mines laboratory by technicians from the department.

A Quality of Water Section will be set up under the terms of the
Ground Water Investigations Project. Technical assistance planned for
the project includes a chemist from the USGS, who will set up a chemical
laboratory in the department, and the laboratory will be staffed with
qualified Nepalese technicians, who will be given "on job™ training.

The Nepalese chemist-in-charge of the laboratory is scheduled to receive
participant training in the United States with the USGS. Sediment studies
will then become a part of the Quality of Water Section utilizing the

departmental laboratory to process sediment samples.

Publication of Hydrologic Dats.--In ‘6 years of existence, the

Nepalese Department of Hydrology and Meteorology has achieved status as
the authoritative source within’Népal for water-resources data. Other
departments of the government as well as outsdide donors depend on the
department for basic hydrological data. The department maintains a steady

flow of hydrologicai data to other governmental agencies through the
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publication of annual basic-data reports. Interpretive studies are made
using available data and special reports prepared, which present data in

a readily usable form when required by cooperating agencies.

Publication of surface-water records started with a compilation
of records available prior to December 31, 1965. Records are kept current
by supplemental reports released each calendar year (Nep&l Départment of
Hydrology and Meteorology, 1967, 1968). Information presented includes:
(1) streamflow xecords from the nationwide network of stream gaging
stations, (2) discharge measurements made during periods of low flow at
partial records stations and (3) discharge measurements made at

miscellaneous sites.

Precipitation records prior to December 31, 1967, are presented in
a single volume published by the department during 1968 (Nepal Department
of Hydrology and Meteorology, 1968). Future reports will be releesed on

& calendar year basis.,

Information of a more detailed nature than that published for the
hydrological stations is on file in the Department of Hydrology and
Meteorology. Data available include average daily discharges, discharge
measurenments, water temperatures, recorder charts and gage readings for
stream gaging stations. F¥or meteorclogical stations supplemental data
avallable are humidity, evaporation rates, Wwind velocities, as well as,

Gaily average, maximum ard minimum temperatures.
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River Basins of Nepal

Major River Basins

The major rivers that transect Nepal (fig. 8) are the Sapt Kosi in
the eastern section, the Narayani in the central section, the Karnali
in the western section and the Sarda, which forms the western boundary
between Nepal and India. These rivers, which originate in the Himalaya
or on the Tibetan Plateau, are in part snow or glacler fed and thus
have relatively high sustained flow. The combined average yearly flow
of the Karnali, Narayani and Sapt Kosi is 159,000 cfs which accounts

for T1 percent of the runoff from the entire country.

The importance of the major rivers of Nepal is not the average
yearly flow, because it is influenced in large measure by floods during
the monsoon season. Indeed, monscon floods are a menace to adjacent
areas in India as the rivers cross the Terai to Jjoin the main stem of
Ganges. The value of these rivers in the Tuture development of Nepal
lies in the high sustained flow from snowmelt during the late dry
season. Thus, the long range of snow and ice-covered Himalayan highlands
forms a natural reservoir that stores water for release as runcff at the
time needed to supplement base flow during the latter part of the dry

Seas50n.

The pattern of flow of the four large rivers is similar. Extreme
high flows occur during the monsocon from the middle of June to the

middle of September. Flow then gradually decreases until the end of
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February. From March to the middle of June and the end of tThe dry

season there is a gradual increase in flow from melt water.

Sapt Kosi.--The Sapt Kosl is the largest river system in point of
drainage area in Nepal. The three main tributaries, the Sun Kosi from
the west, the Arun from the north, and the Tamur from the east, come
together at Tribeni Ghat to fowxm the Sapt Kosi. The total dralnage
area at the Nepal-Indian border is 31,700 square miles, 60 percent of
which is in Tibet and 40 percent in Nepal. There is a marked difference
in runoff from the catchment areas within Nepal that drain the southern
slopes of the Himelaya, and those that drain from the Tibetan Plateau.
The headwaters of the Arun extend far into the Tibetan Plateau. The
total drainage area at the mouth of the Arun is 13,380 square miles--
11,160 square miles of which is in Tibet. In the average year the flow
of the Arun at the mouth. is 1.65 cfsm (cubic feet per second per square
mile) of area drained. This compares with 3.43 cfsm for the Sun Kosi
which has a dralnage area of 7,330 square miles. Séﬁenty—nine percent

of the drainage area of the Sun Kosi is in Nepal; 21 percent is in Tibet.

The hydroelectric power potential of the Sapt Kosi Basin is vexy
large indeed. The Arun, for example, falls 7,000 feet in a river distance
of 86 miles from the Nepal border. Similar steep streém gradients pre~
vail on the Tamur and on the upper reaches of the Sun Kosi. Iarge scale
irrigation schemes for areas above the Mahabharat Range are not practi-

cable as topographic features limit the acreage of agricultural land
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that can be irrigated.

The only development of the river basin potential completed to date
(1969) is the Panauti hydroelectric station on the Rosi Khola (fig. 9),
a tributary of the Sun Kosi. The plant, built by the Soviet Union
(USSR) was completed in 1966. It is a run-of-the-river type installation
with an installed capacity of 2,400 kv (kilowatts). The Kosi project,
located on the Sapt Kosi at the Indo-Nepal border, is nearing completion.
The combined power and irrigation project is the largest river develop-
ment project yet undertaken in the country. It is being constructed
jointly by the Govermment of Nepal and the Government of India and

benefits will be shared by both countries.

There are two projects under consideration for further development
of the basin: (1) the Sun Kosi Project by the UN and (2) the Sun Kosi
Hydel Project by the People's Republic of China. Both projects are
foreign assistance projects with participation by the Govermment of

Nepal.

A feasibility study of the Sun Kosl Project was begun by the United
Nations Development Program (Special Fund) in 1965. The project proposes
diversion of water from the Sun Kosi to the Terai Belt by tunneling
through the Mahabharat Range. The diverted water would be utilized for
hydroelectric power and irrigation. By various combinations of surface
and ground-water development it is proposed to bring most of the Terai

between the lower Bagmati River and the Sapt Kosi under irrigation. The
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Figure 9.~-Maximum, Minimum and Average Monthly and Annual
Discharge (1963-67) of Rosi Khola at Panauti
and Khimti Khola at Rasnalu Village.
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feasibility study is scheduled for completicon by 1970.

Construction on the Sun Kosi Hydel Project is scheduled to start in
1969. The project is located 6 miles south of Barahbise and will be &
run-of-the-river type ingtallation. The installed capacity will be

10,000 kw. The project is scheduled for completion by 1972.

The Nepalese Electricity Department has programmed a number of
small hydroelectric installations on tributary streams in the Sapt Kosi
Basin. Construction is scheduled to begin in 1969 on the first of
these small plants on a tributary of the Tamur River. The design
capacity of the plant is 50 kw and the installation will furnish

electrical energy Tor Thankuta.

Development in the Sapt Kosi Basin in the next several years will
most likely be limited to completion of projects already under con-
struction or in the planning stage. Although technical assistance 1is
provided by sponsors of development projects, the Government of Nepal
is required to furnish engineers and technicians as counterpart
personnel. Iack of staff in the Electricity and Irrigation Departments
tends to limit the number of projects that can be carried simultane-

ously 1in Nepal.

Narayani River.-~The Narayani River drains the central part of

Nepal. The main tributaries are the Kali Gandaki, Seti, Marsyandi,
Burhi Gandaki, Trisuli, and the Rapti Rivers. The drainage area at the

Tndian border is 14,000 square miles.
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Mustang and the Tibetan Region of China. Precipitation in the Mustang
area is in the form of light snow in the winter season. The drainage
area of the XKali Gandaki‘above Jomosom 1s about 35 percent of the
catchment area above Setibeni, the uppermost point presently gaged;
yet, the average flow at Jomosom is probably less than 5 to T percent
of the average flow at Setibeni. This difference emphasizes the
influence on climatic conditions exerted by the main range of the

Himalaya.

The Kali Gandaki flows south from Mustang through a deep gorge
flanked on the west by Dhulaguri (26,810 feet) and Annapurna (26,504
feet) on the east. The alt&tuae of the river bed in the gorge is
8,200 feet, making it the deepest river gorge in the world. The ri%er
course south of the gorge is extremely rugged. The stream gradient
approaches 500 feet per mile; and the canyon walls extend almost
vertically above the stream chamnel for almost a thousand feet before

breaking away on less precipitous slopes.

The average discharge of the Narayani River at Narayangarh for 6
vears (1963-67) is 53,930 efs. The minimum flow recorded during the
pexiod is 6,360 ofs, or 0.530 cfsm. The importance of the melt water
contribution to the dry season flows at Narayangarh can be appreciated
‘by a comparison of minimum flow from an area that drains the Great
Himalaya as against the flow from an area with catchment in the lower
ranges (fig. 11). The gaging station on the Seti Khola at Birmire Taro

(near Pokhara) measures flow from a catchment on the south slope of the
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Figure 1l.-~Maximum, Minimum and Average Monthly and Annual
Discharge (1963-67) of Seti Khols at Birmire
Tero and Andhi Khole at Dumrichaur.
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spow and ice mantled Annapurna Range) whereas, the station on the Andhi
Khola at Dumrichaur (near Tansing) measures flow from a rain and spring-

fed catchment lying below an altitude of 8,000 feet.

Development of the water-rescurces potential of the Narayani Basin
ls currently (1969) small. A comblnation power and irrigation scheme
was completed in 1967 on the Phewa Khola at Phewa Tal in Pokhara Valley
where a dam was built at the ocutlet of a natural lake to increase the
usable storage. The released water is used during the dry season for
irrigation and power produced by dropping excess water through an
inclined flume to the gorge below. The designed capacity of the plant
is 250 kw, and 1,200 acres of fertile land in Peokhara Valley are being

irrigated.

The Trisull Hydel Project on the Trisull River at Trisuli Bazar.
when completed, will be the largest hydroelectric power installation in
the country. The facility is being built as a joint project between
the Governments of Nepal and India. Three units (total capaeity 9,000 kw)
have been installed and four additional units (total capacity 12,000 kw)
are scheduled to be completed by 1971. The plant, in operation since

March 1967, furnishes power for Kathmandu Valley.

Construction of the Gandak Power and Irrigation Project on the
Narayani River at the Indo-Nepalese border begen in 1965. The project

is also being built jointly by the Governments of Nepal and India.
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The project, scheduled for completion in 1972, will irrigate land both
in Nepel end in India. The pover facility has & designed capacity of

15,000 kw and power produced will also be shared by both countries.

A minor irrigation project was completed in 1967 at Tikoli om the
Khagari Khole, a tributary of the Rapti River. The Tikoli project

furnishes water for 14,800 scres east of the Narayani River.

Future development of the rivers of the Narayani basin probably
will continue at an accelerated rate owing to the economic importance
of the region. 'Three major highways, the East-West Highway, the
Sonauli-Pokhara Road, and the Kathmandu-Pokhera Road are under con-
struction or in the planning stage. The completion of these highways
will have consilderable impact on the development of the southern and
eastern parts of the Narayanl basin. Available water resources in the

basin will play an important rele in this development.

Karnali River.~-The catchment of the Karnali River embraces the

most remote region of Nepal. North of the Mahabharat Range -the Karnali
basin 1s only sparsely populated and the economic level is probably the
lowest In Nepal. The Karneli rises in thé Tibetan Region of China
near Iampiya Dhura Pass between India and Tibet. The river flows
southeasterly through the Tibetan Platesu for 61 miles and then enters
Nepal in a gorge through the Lipu Lekh (Renge). The total length of
the river above the India~Nepal border is 330 miles. The river course
through Nepal is markedly irregular. In a straight line distance of

110 miles from the gorge through Lipu Iekh to Chisapani, where the
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river crosses the Mahabharat Range, the river flows 240 miles. In
traversing Nepal the river falls from altitudes greater than 12,500

feet to about TOO feet where it enters the Terai.

The main tributaries of the Karnali are the Babai, Bheri, Mugu
Karnali, and the Seti Rivers (fig. 12). The drainage area above
Chisapani, the farthest downstream point gaged in Nepal is 16,560
square miles. Records available for 6 years (1962-67) at Chisapani
indicate a range in flow from 7,560 c¢fs on March 10-13, 1967, to
402,600 cfs on August 21, 1963. The average flow during the period

was 43,300 cfs.

In terms of hydroelectric power potential, the Karnall is considered
the most important river of Nepal. The great potential of the Karnali
has long been recognized; not until 1966, however, was the extent of the
potential and the cost of development fully appraised. The Karnall
River feasibility survey, mentioned previously, began in 1961 and field
work was completed in 1965. The feasibility report indicates a total
design capacity of the combined development in 6,765 mw (megawatts) of
electrical energy at a development cost of $1,566,800,000 (Nippon Koei
Co., Itd. 1966). The proposed development of the Karnali River would
furnish power sufficient to industrialize western Nepal as well as for
much of northwestern India. Since 1966, efforts have been made to
obtaln financing for all or parts of the project, but as yet funds are
not available. In the meantime the collection of hydrologic data is

being continued by the Nepalese Department of Hydrology and Meteorology-
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Except for locally built small irrigation schewmes, the Karnali
River is undeveloped. Future development will undoubtedly be in
accordance with the development plan mentioned above. To Nepal, the
economic value of the Karmali River lies in the proximity of this vast
source of electrical energy to the densely populated States of Uttar
Pradesh and Bihar, and to the metropolitan area of New Delhi in India.
Development of the hydropower potential would provide Nepal a valuzble
export resource. Exports are badly needed to maintain balance with

imports, as large quantities of goods are imported each year from India.

Sarda River.--The Sarda River drains the eastern part of Uttar
Pradesh in India and the area west of the Karmali River in Nepal. The
main tributaries are the Goriganga and Dhaulinganga Rivers in Uttar
Pradesh and the Mahakali River that forms the border between India and
Nepal. The Government of India has operated a gaging station on the
Sarda. River at Banbasa since 1930. ‘The drainage area above Banbasa is
5,890 square miles. At Banbasa a minimum daily flow of 1,620 cfs
occurred on April 16, 1940, and on Septewber 14, 1962, a peak flow of
398,000 cfs occurred. The average discharge is 23,300 cfs (Nippon

Keoi, Ltd., 1966).

Economically, the Sarda River is relatively unimportant to Nepal.
Of the 150 river miles that form the boundary between India and Nepal
less than 25 miles is adjacent to the Texal. North of the Teral the
Sarda River flows through deep river canyons where the land i1s not

suitable for irrigation. Iarge-scale hydroelectric development in the

near future 1s unlikely as power from the Karnali River development
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will service the densely populated areas in the Nepalese Terai. Two
small tributaries within Nepal, the Chamlia River and the Surna Gad are
suitable for small hydroelectric installations and minor irrigation
porjects. To date no development of the basin has been attempted and

future development ig likely to be minor.
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Minor River Basins

There are a number of streams that rise in Nepal and flow across
the country to join the Ganges River in India. These rivers originate
south of the main Himalaya and are not influenced By snowmelt, The
streamflow characteristics of these streams from basin to basin are
quite similar. Maximum flow occurs during monsoon followed by a marked
decrease through October with a further gradual decrease until the

beginning of the next monscon.

Iow flow of the minor river systems is effected by diversions for
numerous small scale irrigation schemes on tributary streams, high
evapotransplration rates, and loss of walter to ground-water storage in
the valley arsas. During the dry season runoff is deficient in most of
these streams and many with headwaters in the Siwalik Hills are dry for
several months prior to monsoon. Development of the minor river basins
will require storage reservoirs or diversion of flow from the major
river systems to supplement flow during the long dry season. Of these
minor river basins, three--the Kankai, Bagmati, and West Rapti--are
probably most important In terms of the population served. These rivers
originate in the hill country of the Midlands where stream gradients are
steep and channels are well-defined. In the valley areas of the Midlands
and across the Terai these streams flow in braided, anastomosing channels
and it is not uncommon for the streams to shift their ecourses frequently

during the flood season.
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Kanaki Mal.--Bastern Nepal, north of the Mahabharat Range, is in
the catchment of the Sapt Kosi system where the influence of snowmelt
assures sufficient runoff even during the extreme dry season. This is
a marked. contrast with the area to the south of the range where runoff

is deficient from January to the middle of June.

The southeastern corner of Nepal is densely populated. Moreover,
easy access to population centers in India from both the east and the
south makes the area important in the future development of the entire
eastern part of Nepal. TImportant towns such as Biratnagar, Jhapa,
Dharan Bazar, and Ilam serve as trade centers between the Nepalese hill
country and the plains of India. The area, covering approximately
2,200 square miles, has numerous streams that rise in the Churia Hills
and flow south across the Teral to India. The stream channels are wide,
shallow and often interbraided, one chamnel with another. Many of the

streams are dry for 2 to 3 months prior to monsoon.

The only stream of particular imporitance in the area is the Kankail
Mai. The Kankai rises on the south slopes of the Mahabharat Range and
Tlows through the Churia Hillg to reach the Terai. The minimum
discharge during 1965 through 1967 at Chepti was 97.1 cfs. The average
discharge for January through May was 314 cfs. The drainage area of the
Kankai at Chepti is kUil square miles. The drainage area below Chepti is
indefinite as the channel is braided. During monsoon there is often an

interchange of flow between the Kankai and adjacent streams.
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Hydroelectric Power.-~High annual runoff together with the unique

topographic features of Nepal provide the basic ingredients for hydro-
electric power development. The many rivers and streams that drain
Nepal's terrain offer a wide selection of potential schemes to the
design engineer in development planning. Relatively high heads can be
developed by diversion of flow along the same stream or by diversion
through tunneling from one stream to another at a lower altitude. Also

narrow river gorges may offer natural sites for high dam construection.

Iarge-scale hydroelectric development not only requires large
outlays of capital but also markets for power consumption, neither of
which ig currently available in Nepal. The delay in implementing
construction of the proposed Karnali River Project gives indication
that large-scale river development will not take place until construction
capital and markets for power are assured. In the meantime, hydroelectric
power development will likely be directed to power plants of moderate
gsize linked together in power grids for densely populated areas, or
small installations designed toc furnish power for one or two villages.
The rapid potential loss in reservoir capacity due to the sediment load
of streams presently makes run-of-the-river type installations the most
econcmically attractive method of development. Topographic features of
the Midlands and adjacent hill areas are idezal for this type development.
For example, the Kali Gandaki River, in a reach of 6 miles between Dana .
and Lete, falls 2,300 feet--an ideal condition for run-of-the-river
development. Similar conditions exist on the Babai, Burhi Gandaki,

Trisuli, and Tamur Rivers as well as Tinau, Mari, XKhimti and Likhu Kholas.
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These rivers flow north to south through deep narrow canyons as they
pass through the mountain ranges. The rock canyon walls are suitable
for diversion tunnels as well as underground construction of powerhouse

facilities.

The Nepalese Rlectricity Department has programmed & number of
small hydroelectric installations for construction during the present
5-year development plan. These plants will be located on small
tributary streams where high heads are available through inclined or
vertical conduits and will furnish electrical energy to villages in
remote areas. Transmission costs will be low as powef sites are
selected near the villages to be serviced. Several projects are in the

design stage; but, as yet no actual construction has started.

Irrigation.--The "%too much - too little™ characteristics of
available surface water in Nepal places high priority on development of
irrigation systems as a means of increasing food production. In all
areas of the country agricultural crops are limited for lack of water,
except during monsoon. With the exception of small locally built
irrigation schemes, successful surfdce-wgter irrigation projects thus
far have been ligited. Minor irrigation projects ha&e been built in the
Terai, Kathmandu Valley and Pokhara by cooperative efforts between the
Government of Nepal and India. Tn 1965, the Bureau of Statistics of
the Govermment of Nepal reported approximately 680,000 acres under
irrigation in these systems (Metzer, 1966). In most instances these
projects have pot come up to expectations. The failure to deliver

irrigation water during the dry season is attributed to insufficient
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stream flow and excessive leakage in the canals supplying the irrigated
areas. The irrigation project on the Tinau Khola at Butwal has repeatedly
experienced damage to the canal headworks during each monsoon since the

completion of the project.

Streamflow data produced by the Hydrological Investigations Project
clearly indicates the areas where suxface water is a practicable source
for irrigation requirements. In the Teral Belt with the exception of the
major streams that cross the belt, there are practiecally no.reliable
surface-water sources for year round irrigation. Moreover, construction
costs inhibit development of the major rivers for irrigation. The areas
adjacent to the large rivers can best be brought under irrigation using

low-1ift pumping stations to divert river water to feeder canals.

It thus becomes necessary to consider the ground-water potential
as a principal source for irrigation of most of agricultural land in
this food producing area 6f the country. AL present, however, data on
the potential of ground water for irrigation In Nepal are quite limited.
Hundreds of shallow wells scattered through the Terai Belt furnish water
for domestic use, and within the past 2 or 3 years a number of tube wells
have been drilled in the Janakpur, Birgunj, Bhairhawa, and Nepalganj
areas. The geologic terrain of the Teral alluvium conslsting of inter-
bedded gravel, sand, silt and clay, indicates water in sufficient quantity
is probably available to permit development for irrigation (Swarzenski
and Babcock, 1968). The limits for development, however, are yet to be

evaluated by systematic studies.
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The Ground Water Investigations Project, which began in March 1969,
will appraise and map the gound-water potential for the Western Terai.
The UN Sun Kosi Project proposes to make a similar study for most of the
Bastern Terai. Hopefully, tube-well irrigation may eliminate future

uneconomic ventures in surface-water irrigation schemes in the Terai.

For the Midlands region of Wepal, surface-water irrigation projects
appear to be generally feasible. The valley areas along the West Rapti,
Babai, Seti (Pokhara Valley) and Rapti Rivers are particularly suitable
for this type development. Here agalin, however, high construction costs
will require extensive feasibility surveys to assure that benefits
outweigh project costs. Alternatively, the Midlands valleys could be
irrigated by diversion of flow from tributary streams, where these
emerge from the hill tracts to the valley reaches, into canals serving
the terraces and bench lands along the main streams. In the Mustang
area this type of deveiopment (on a primitive scale) utilizes melt

water from the glaciers and snow fields to irrigate barley and

vegetable crops.

The individual field or farm I1rrigation schemes used for centuries
in the hill country can hardly be improved upon. Topographic features
make it impractical to irrigate sizeable areas of land from a single
source even if adequate water were available. 1In many areas optimum
use is already made of the water available, and aid to the farmer can
best be provided by the introduction of improved seeds, fertilizer and

agricultural practices.
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Public Water Supply.--The development of public water supplies in

Nepal, eXcept on a small scale, is relatively recent. The vast majority
of the country's population depend directly on rivers, springs or
shallow dug wells for water .for domestic use. Probably the cldest
public supply operated as a public utility is the Bhir Dhara system
built in 1895 in Xathmandu Valley. The raw water source for the Bhir
Dhara system is the Bishnumati River. The distribution is through a
3-inch diameter cast iron pipeline 28,000 feet long. In meny villages
of rural Nepal, water is supplied through small diameter pipe lines to

a community tap by gravity flow.

During the past 5 years considerable emphasis has peen placed on
ingstallations of drinking water facilities. Modern systems have been
installed at Biratnagar, Janakpur, Bhairhawa, and Wepalgan] using tube
wells as a supply source. Modern treatment plants have also been
placed in operation at Sundarijal and Balaju in Kathmandu Valley. The
interest of the Government of Nepal in upgrading the living standards
of the people is indicated by the number of public utilities in the

planning stage or completed during the past 5 years to furnish popu-

lation centers with drinking water.

In the Terai, the most logical source for domestic or public water
supply is from tube wells. Moreover, it is likely that tube wells will
be put down for drinking water in connection with the program already
underway by the Nepalese Department of Irrigation and Drinking Watgr, to

install tube wells for irrigation.
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In the Midlands and valley areas adequate surface-water sources
are available to meet future demands for domestic use. However, raw
water pumped directly from the streams would require treatment in
settling basing and with equipment to add coagulation materials and to
remove silt during the monsoon season. More economic would be water
sources from one or more small dlameter well points put dowm in
alluvium along or near the rivers. The water pumped from ground-water
storage would be replenished readily by adjacent streams and pumping

heads would remain stable.

In general, springs and sm2ll streams offer a ready scource of
water for domestic use in most of Nepal's hill country. This is not
always true, however, where villages are located at or near the tops of
the ridges. Tansing, in central Nepal, and Ramechhap, east of Kathmandu,
are examples of villages where acute water shortages occur each year.
The absence of any catchment area eliminates gtorage of surface water
and available ground-water storage at best can support springs that
only flow a few gallons'per minute. In many cases the available springs
can best be utilized by the construction of tanks to store water during
the night to supplement Tlow during periods of peak consumption during
the day. Materials and labor are available in most localities to build
masonry storage tanks; only technical assistance and funds are needed.
Growth of villages and farming communities along the ridge crests has
been retarded in the past by the scarcity ;f'domestic water supplies

and this will continue to be the case.
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Pollution Control.--Almost all streams in Nepal are subject to

varying degrees of pollution. Domestic waste accounts almost totally
for such pollution at present. There are no sewage treatment facilities
in the country and surface water is not only contaminated by raw sewage
but the soil has also become contaminated from centuries of unsanitary
practices. Thus, stream pollution is aggravated by soil erosion.
Biological contamination is a menace to the population but has little
effect on other uses of water. The pollution problem is most acute in
densely populated areas such as the Kathmandu Valley where there is high

input of pollutants with respect to the quantity of surface runoff.

With the industrialization of the country there will be a tendency
to pollute still more the nation's waters with industrial waste. Invest-
igations are now underway for a paper mill in the Hitaura area.
Addjtional industry will undoubtedly follow. Indiscriminate use of the
streamg for disposal of industrial waste could seriously affect the use
of water for irrigation, especially during the low flow season. As far
as is practical, industry with waste disposal problems should be located
near the major rivers where adequate water for dilution will be available.
It is suggested that the Government of Nepal should now consider legis-
lation to protect the nation's waterways from excessive use for waste

disposal.
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Flood Control.--The annual occurrence of floods in the low~lying

arecas of NWepal has already been mentioned as a menace to river
development and control structures (fig. 14). Surveys of existing
structures invariably show flow damage in some degree after each
mongoon. The piers and abufments of foot and highway bridges, culverts,
low diversion dams, and headworks, are all vulnerable to the raging
torrents of the monsoon season. These structures are not intended to
retard or control floods. Instead, they are designed to "pass the
flood" with minimum resistance. Thus, the design of flood control
structures required to harness the wild rivers of Nepal demand maximun
engineering expertise. Also construction costs call for tremendous
outlays of capital which must be welghed against vulnerability to

damage and loss.

Reliable statistics of annual flood damage in Nepal as a whole are
not available. Difficulty in travel and communieations undoubtedly
allow much damage to pass undetected or at leastunreported. In August
and September 1954 devastating floods in eastern Nepal claimed an
estimated 1,000 lives when more than 100 villages were washed away.
Shortly after the flood season the Government of Nepal estimated that
at least 25,000 families lost their homes, crops, livestock and other

property (Veatch and Hulsing, 1962).

Flood losg in Nepal is diminished somewhat because the Nepalese,
inured through long centuries of contact with the problem have learned
to live with floecds. Most villages and single dwellings, except those

of a temporary nature, are built on high ground. Ferries are discontinued

T



during the rainy season and people walk the additional distances
required to cross the rivers over suspension bridges. The greatest
loss occurs to crops, such as rice paddles, that are grown in the
river flood plalns. Paddy that is dameged early in the growing season

is replanted and the loss is minimized.

Flood control ranks as one of the important needs in this‘
developing country; yet, it is one that will be slow in materializing.
To be viable, flood-control measures when applied to any of the major
river basins of Nepal will need to be major in scope. Half-way
measures will not do the job. The Kathmandu Valley, where the pressure
on the land by a rapidly-increasing population is most acute, is in
most urgent need of flood-control planning. Some relief from flooding
in the areas adjacent to the Bishmumati, Manohara and Bagmati Rivers
could be realized by channel improvements. In addition to widening
and deepening of channels, planning should consider realignment of the
channels to eliminate bends and curves. Probably, the most striking
improvement would result in removing the obstruction to flow caused by
Chobhar Gorge. Deepening and widening of this constriction would in-
crease the natural stream gradient in the now critical low areas of

the Valley.

Flood control is a problem that needs to recelve an appropriate
measure of attention in the progressive economy of Nepal. It 1s likely,
however, that other development problems will continue to take precedence
over flood control and this problem will be pushed further into the

future. At present (1969} there is no department in the Government of

>




Nepal concerned with flood-control plamning on a countrywide basis, and
it would be well to create such an agency. In this way, planning could
begin and the agency would be in a position to prepare and substantiate

budget requests that otherwise could not be made.
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Conclusions

Nepal has an abundance of water to the extent of an annual surplus,
even when future development needs for the resource are considered.
However, as most of the surplus runs of% during the monsoon season and
as most of this surplus cénnot be stored in surface reservoirs under
prevaliling economic conditions, the usable water resources are basically
limited to those that can be taken from available stream flow and from

ground-water storasge.

Generally, north of the Mahabharat Range streamflow is adequate
(without surface storage) to satisfy local needs for domestic water
supplies and for irrigation of irrigable lands. Hydroelectric potential
in the region, if properly exploited, is substantial. The most
promising power sites are found in the Midlands and the lower ranges of
the Himaleya, where steep river gradients are suitable for run~of-the
river development and transmission costs to the valley areas would be

economically feasible.

In many areas to the south of the Mahabharat Range, streamflow is
inadequate from March to June to meet the requirements for even daily
domestic consumption. Many villages depend on shallow wells for local
water supplies. Past attempts to develop surface-water irrigation
systems on small streams have been unsuccessful because of deficient
streamflow during the pre-monsoon season. Preliminary investigations
indicate ground-weter potential in the area to be adequate for at least

limited irrigation. Meassures proposed under the govermment's present
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S5~year plan call for drilling tube wells to tap the deep agquifers
underlying the Terai Belt as a source for water for irrigation.
Twelve tube wells, ranging from 200 to 450 feet deep have already
been drilled by the Nepalese Department of Irrigation and Drinking
Water in the Janakpur, Bhairshawa, and Nepalganj areas. The Ground
Water Investigations Projeet for the Western Terai, undertsken with
US ATD assistance, will provide information on well spacing, well
design and anticipated yields to assure optimum development of the
potential. Ground-water exploration in the Eastern Teral by the UN
in connection with the feasibility survey of the Sun Kosi Project

will guilde ground-water development in that area.

Substantial withdrawals from tubewells to meet future requirements
for increagsed irrigation in the Terai Belt will ultimately have
appreciable affect on low flow in the streams whose catchment areas
lie south of the Siwalik and Churia Hills. With intensive ground-
water withdrawals the seasonal decline in flow in these streams would
begin earlier in the dry season and many of the streams with lew flow
sustained by seeps and springs discharging ground water from the
alluvial aquifer would cease to flow in the dry season. Under these
conditions it is conceivable that areas of as much as 2,000 square
miles between the major streams will be without surface runoff for
6 months each year. Thus it would be necessary to provide adequate
water for domestic use from public-supply tubewells, as yields from
the shallow dug wells may diminish appreciably with development of

ground water for frrigation.
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A surplus of electrical energy will be available to the area south
of the Mahabharat Renge, with energy resulting from the combined power
facilities of the Kosi and Gandak projects and the Karnali River
complex, if constructed. Much of this energy, however, will be needed

for pumping ground water in the Terai Belt.

Chemical analyses of the limited number of samples taken from the
rivers of Nepal indicate generally good quality surface water in most
areas of Nepal. Of the ground-water sources sampled in the Terai,
only the area near Nepalganj, where high residual sodium carbonate has
been detected, appears to be potentially troublesome with respect t6
water quality. The movement of sediment and bed load material in the
rivers during monsoon presents a sericus limiting factor in the use of

surface storage facilitlies in river development planning.

Stream pollution and flood control are problems that the government
will be required to deal with in the not to¢ distant future., Immediate
steps need to be taken to enact legal controls for pollution abatement
and to authorize the establishment of a govermmenital agency to begin
flood~control plaming.

It is difficult to schedule a time table for the full deVelopm;nt
of the/vast water-resource potential of Nepal. Development will depend
to a large extent on the finaneial assistance that is available from
friendly nations. The most favorable measures to encourage development
investment are the efforts being made by the Government of Nepal to
collect and evaluate hydrologic data essential to documentation of the

water resources.
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The Nepalese Department of Hydrology and Meteorology is now established
to supply this need on a continuing basis. The department is being
developed to assemble data on all components of the hydrological

l system. Hydrologic data related evaluations readily available will

eliminate lengthy delays in feasibility surveys for future projects.

If fubure development is designed to fill only needs within Nepal,
such development will be single purpose in scope. Moreover, there
would be a tendency to underdevelop the total water-resources
potential. Development along such lines would result in high cost-
benefit ratios. On the other hand, if development follows multipurpose
river basin development patterns with international connotation, the
full water-resources potential can be harnessed and cost-benefit
ratios will be lower. Under the latter approach, high dam.development
of the Sapt Xosi, Narayani and Karnalli Rivers at the gorges through
the Mashabharat Range would be feasible. Also, schemes to divert flow
from the upper reaches of these major streams to the minor river basins
can be justified. Rerouting of stream flow from the glaciers and snow
fields through basins that drain only the lowexr slopes can also resulb
in a more favorable distribubtion of flow daring the dry season in the

Terai Belt of Nepal and adjacent areas in India.

80



Selected References

Curtis, William F., 1964, Sediment Investigation in Nepal: U.S. Geol.
Survey Open-File Report, 16 p., 5 figs. "

Evett, Woodrow W., 1965, Construction Work in Nepal: South Carolina
Engineer, vol. 16, no. 2, 4 p.

, 1968, A Long Range Plan for Surface-Water Investigations in
Nepal: U.S. ATD Duplicate Report, 15 p., 5 figs.

, 1968, Water Resources Potential in Nepal: U.S. AID
Duplicated Report, 9 p., 1 fig.

Hagen, Toni, 1959, Observations on certain aspects of economic and
social development problems in Nepal: United Nations
Report mno. TAO/NEP/L.

Japanese Hydroelectric Power Survey Mission, 1960, Survey of
Hydroelectric Power in Nepal: ZElectricity Department,
His Majesty's Government of Nepal.

Metzer, James D., 1966, A Study of Water Utilization for Increasing
Agriculture Production in Nepal: U.3. AID Dupliecated
Report, 6 p.

Nautiyal, S. P., and Sharma, P. N., 1961, A Geologic Report on the
Groundwater Investigation of Kathmandu Valley: Geol.
Survey of India Manuscript Report.

Nepal Department of Hydrology and Meteorology, His Majesty's
Government, 1967, Compilation of Surface Water Records
of Nepal through December 31, 1965: Hydrological
Survey Dept., 66 p., 6 figs.

, 1967, Surface Water Records of Nepal, Supplement No. 1:
HOydrological Survey Dept., 66 p., 4 figs.

, 1968, Surface Water Records of Nepal, Supplement No. 2:
Hydrological Survey Dept., 7l p., 5 figs.

, 1968, Rainfall Records for Nepal through December 31, 1966:
Hydrological Survey Dept., (in press).

Nippon Koei Co. Ltd., 1966, Hydroelectric Development of the Karnali
River: United Nations Special Fund Report.

81



Overseas Technical Cooperation Agency, 1963, A Preliminary Design
Report on the Kulikhani Project, Nepal: Electricity
Department, His Majesty's Government of Nepal.

S8idler, Jak, 1965, The Conclusion Report, Hydroelectric Development
of the Karnali River: United Nations Special Fund Report

29 p.

Swarzenski, W. V., and Babeock, H. M., 1968, Ground-Water Investigations
Program for the Westerm Terail, Nepal: U.S5. Geol. Survey
Open-File Report, 57 p., 12 figs.

U.S.8.R. Ministry of Electrical Station Comstruction, 1960, the Panauti
Hydroelectric Station on the Rosi River: Electricilty
Department, His Majesty's Government of Nepal.

Veatch, Fred M., and Hulsing, Harry, 1962, A Water Resources Investigation

for Nepal: U.S. Geol. Survey Open-File Report, 81 p., 27 pls.,
b figs.

82



Orthographic List of Geographic Nemes

Nemes in this report conform to the Board of Geographic Nemes (BGN),

approved standard name where possible to verify.
Where no standard name is listed, this is not verified.

Where part of a name is underlined, the use of the part not

underlined is optional.

A BON or Report neme with ending in parenthesis mey be a generic
ending, describe feature, area, region, author's preferred usage,
former name, familar or conventional name of the country. This ending

may malntain description of the preceding word.

A BGN or Report name with wording spaced aside will show conventional
or familiar spelling usage, and spelling usage in the and spelling usage

in the adjacent country.

The BGN and Report name will have description of feature, area,
region, other, near right margin. Where none is indicated, this is

populated (city, town village, other).
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Board of .Geographic Names (BGN)

approved standard name (for report) Report name
Town
Arughat Bazar Arughat Bazar
Amile Amile
Bhaizrhwa Bhairawa
Biratnagar Biratnagar
Not verified Birmire Taro
Banbasa Banbasa RR Station
Birganj Bergun]j
Bahrabise . Barahbise
Butwal Butwal
Beluwa Beluwa
Chisapani Chisapani
Chepti Chepti
Chobhar Chobhar
Chaukle Chaukle
Chautara Chautara
Dhankuta Dhankutsa,
Not verified Dumrichaur
Dharan Bazar . Dharan Bazar
Pana Dana,
Debichaur Debichaur
Dhangarhi Dhangarhi
Ghumthang Ghunthang
Gurkha Gorkha

Hitaura 8l Hitaura



Ilam
Jomosom
JHEpa
Janakpur
Jalkundi
Jhawani
Kathmandu
KulTkhani
Not Verified
Karmaliya
Kumragaon
Tete

Kot Verified
Musténg (Lho Mantang)
Markhu
Mangalpur

Nep&lganj

Ilam
Jomosom
Jhapa
anakpur
alkindi
Jahawani
Kethmandu
Kulikhani
Khauaytal
Karmaiya
Kumragaon
Tete
Iabubesl
Mustang
Markhu
Mangalpur

Nepalgan]

Namche BaZar Namche Bazar

Naréyangarh Narayangarh

New Delhi New Delhi Imdia
Okhaldhunga Okhaldhunga
Pokhara Pokhara

Panaoti Panauti
Pharping Pharpin

Pyuthan Piuthan )

Patan Patan
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Rasm@lu (village)
Famechhap
Setibeni

Sundari jal
Sunauli

Not Verified
Sirkot

Tribeni {Tribeni Ghat)
Tansing

Tikoli

Taulihava

Those

Trisuli Bazar

Udaipur Garhi

Tribhuwan

Not Verified

Tarai

Dodajyari

Republic of India
Kingdom of Nepal

State of Uttah Pradesh

State of Bihar

Civll Structure

Area or Region

Political Geography
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Rasnalu Village
Ramechap
Setibeni
Sundraijal
Sonouli
Shringa
Sirkot
Tribeni Ghat
Tansing
Tikoli
Taulihawa
Those

Trisuli Bazar

Udaypur

Raj Path zroad

Chatra Canal canal

Teral region

Dondajari Jlocality

India

Nepal

Uttar Pradesh India

Bihar India



Andhi Khola

Arun River (Nepal)

P'eng-ch?i Ho China

PEghmati Nadi

Buri Gandaki

Babai Khola Nepal
Sarju River India

Bheri River

Biring River

Banganga River

Bishnumati Khola

Brahmaputra River India
Tsangpe Tibetan

Chamlia River

TDhauliganga River India

Ganges River India

‘Goriganga River India

Narayani (Nepal)

- (Gandak River India
Jhimruk Khola .
Karnali River
Kali River Nepal

Sarda River India

Khimti Khola

Kali

Drainage and Water

convential
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Andhi Khola

Arun River

Bagmati River
Burhi Gandaki

Babai Nadi

Bheri River
Bering Xhola
Banganga Khola
Bishnumati River

Brahmaputra

Chamlia
Dhlaulinganga
Genges River
Goriganga

Gandak River Indis

Jhrimruk Kholsa
Karnali River

Gandaki

Maha K&1li River India

Khimti Khola

Kali Gandaki River



Kenkei Nadi
Kenkai Nadi
Kokha jor Khola
SBapt Kosi River Nepal
Kulikhani Khola
Likhu Khola
Marsyandi River
Kali River Nepal
Marin Khola
Mari Khola
Narayani (Nepal)
Gandak River India
Not Verified
Phewa Tal (lake)
Rosi Khola
Kapti River Nepal and India
Seti River
Sapt Kosi River
Sun Kosi River
Sarda Khola
Svrna Gad

Seti River

Kali River Nepal
Sarda River India
Trisuli River

Tamur River

m——
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Kenkai India
Kankai Mai

Kokha jor Khola
Kosi River TIndia
Kulikhani Khola
Likhu Xhola
Marsgandi

Gandaki

Marin Khola

Mari Xhola

Narayani River

Phewa Ehela
Phewa Tal Ilske
Rosi Khola
Rapti

Seti River
Sapt Kosi

Sun Kosi

Sarda

Surna Gad

Seti EKhola
Sarda River
Maha Kali River
Trisuli River

Temur

Indis



Thuli Gadh
Tangtin Khola
TinFu Khola

Rapti River

thchenjunga
Dhaulagiri Himal
Siwalik Range
Mehabharat Lekh
Mustangbhot Himal
Lipu Lekh Nepal
Zaskar Range
Siwalik Range
Not Verified

Mount Everest

Tibet

Topography
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Thuli Gad
Tangtin Khola
Tinau Khola

West Rapti River

Kanchenjunga mountain
Dhulaguri mountain
Silwalik Hills
Mahabharat range
Mustangbhot

Lipu Lekh

Churia Hills
Chobhar Gorge valley

Mount Everest



Glossary For Table
Staftion Name
(See Table 2)

BGN approved standard Report name (Populated)

name (for report)

Belzaon Belgaon
Chaukle Chaukle
Doda jyari Dondajari locality
Kumragaon Kumragaon
Pyuthan Piuthan
Amile Amile
Taulihawa Taulihawa
Beluwa Beluwa
Patan Patan
Markhu Markhu
Mangalpur Mangalpur
Ghumthang Ghunthang
Not verified shringa
Slrkot Sirkot
Tansing Tavsing
Pokhara Polkthara
Gurkha Gorkha
Butwal Butwal

Trisuli Bazar

Trisuli Bazar

Narayangarh Narayangarh
Hitaura Hitaura
Debichaur Debichaur
Jhawani Jahawani
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sSundaril jal
Kathmandu
Kulikhani
Chautara
Dhulikhel
Ramechhap
Okhaldhunga
Udaipur Garhi
Ilam
Baitadi

Not verified (N v)
Bangahi
Betrawati

N v

N v

Jamu

N v

N v

N v

Kampu Ghat
N v

Manhari
Mahankal
Nayégaon

N v

Phalémsgngu
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Sundraijal
Kathmandu
Kulikhani
Chautara
Those
Ranechhap
Okhaldhunga
Udaypur
Ilan
Baitadi
Asara Ghat.
Bangachia
Betrawati
Chitra-3Sari
Gauri Ghat
Jamu
Jurpanil
Kalimati-Ghat
Kota Gaon
Kampu Ghat
Lothar
Manhari
Mahankai
Nayagaon
Palungtar

Phalame Sangu



N v
N v
N v
‘N v
N v

Tikabhairab

Pachuwar Ghat
Rajaya

Rabuwa Bazar
Shyamdado
Sangutar

Tikabhairab



Board on Geographic Names

(BGN)
Surna Gad
Karnali River
Setl River
Thuli Gad

Bheri River

Babal Khola Nepal
Sarju River  Indla

Mari Khola

Jhimruk Khola

EéBEi River Nepal
Rapti River Tndia

Tinau Khola
Banganga River
Kali
Andhi Khola
Setl River
Chepe Khola
Burhi Gandaki
Trisull River
Narayani River
Gandak River
Manhari Khola
Lothar Nadi

Khairanga Khola

Nepal

India
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Report name (Drainage)

Surna Gad
Karnali River
Seti River
Thuli Gad
Bherl River
Babai Nadi
Mari Khola
Jhimruk Khola

Rapti River

Tinau Khola

Banganga River

Kali Gandaki River

Andhi Khola
. Setl Khola
Chepe Kholsz

Burhl Gandaki River

Trisuli River

Narayanl River

Manhari Khola
Lothar River

Khagarl Khola



Kair Khola Kair Khola
Burhi Rapti Nadi Burhi Rapti
Béghmati.Nadi Bagmati River
Nagmati Khola Nagmati Khola

Sialmati Khola .- Sialmati Khola

Nakhu Khola

Not verified (N v)
Kulikhani Khola
Bhote ¥osi

Balephi Khola

Sun Kosgl River
Rosi Khola

Khimti Khola

Dudh Kosli

N v

Kankai Nadi Nepal

Kankai Nadi India
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Nakhu Khola
Thade Khola

Kulikhani Khola

Bhote Kosi
Balephl Khola
Sun Kosi
Rosi Khola
Khimti Khola
Dudh Kosi
Phewa Khola

Kankal Mai








