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SYNOPSIS

Inter -basin water transfer concept emerged in the field of water resources
planning and management is to correct the natural imbalance leading to largely
inequitable distribution of water-resources over the vicinity from surplus water area to
water deficit area.

Nepal's Trai land between Gandhak and Kosi rivers basins, is water deficit land.
The majors rivers flowing in this land area, are Kamala and Bagmati rivers which are
monsoon fed with discharge in non-monsoon season becorrﬁng inadequate to meet the
basin demands . Mainly because of this reason, the existing irrigation projects in these
basins are water deﬁcit.Eiehabilitation and modernization of the existing projects and
further extension of irrigation activities for year round irrigation in these basins have
become critical to any further development above the present unsatisfactory low level.
The concept of inter basin water transfer applies here to correct the natural imbalance of
water distributiorﬂ This dissertation study deals with the Sunkosi Kamala inter-basin
water transfer scheme. The present trend of water resources development and previous
feasibility studies of Sunkosi diversion, suggeét the possibility of Sunkosi Kamala inter-
basin water transfer scheme.

In water balance study, multipurpose demands and water availability in Kamala
basin have been computed with the purpose to find out the water status of the basin. This
study shows that Kamala basin is water deficit basin (2335 MCM). The water balance
study of Sunkosi river basin shows that it is a water surplus basin (26458 MCM). 1t is
possible to transfer surplus water to meet the balance demands of the Kamala basin.
Study also shows that this transfer has no adverse impacts in down stream of Sunkosi and

Sapta Kosi.

(viii)



In linear programming model study, a deterministic L.P model has been
developed and used to study various technological options such as changes in cropping
patterns, cropping intensity, conjunctive use of surface water and ground water with and
without storage on Kamala river and with and without water transfer from Sunkosi to

Kamala. The outcome of the L. P. model computations have been used in
finalizing the cropping pattern and cropping intensity.

The long term reservoir operation simulations have been done with 19 years data
series for annual irrigation reliability and minimum height of Kamala reservoir to meet
the basin demands.

The results of the simulation so that Sunkosi releases the Kamala basin demands
with only one month (one year) failure with the time and volume reliability as 99.5% and
99.6% respectively. The results of Kamala reservoir show four months failure in 3-years
at 83.3% of annual irrigation reliability with time and volume reliability as 98.1% and

99.7% respectively. There is only one year critical failure in July 1982 in this reservoir.

(ix)



CHAPTR -1

s

INTRODUCTION

11  GENERAL

Nepal's Terai land between Gandhak river and Kosi river basins has large
irrigable fertile land which at present is deprived of reliable irrigation. The inajor rivers
- flowing in between these basins, are Kamala and Bagmati , which are monsoon fed with
discharge in non-monsoon seasons becoming inadequate to meet the irrigation demands.
Mainly. because of this reason, the existing irrigation projects in these basins are water
deficit. Rehabilitation and modernization éxisting projects and further extension of
irrigation' activities for year round irrigation have been envisaged in Agriculture -
‘Perspective Plan of Nepal.

The present trend of water resources development in water deficit basin, is to
meet the demand of the basin through inter-basin water transfer. Inter-basin water
transfer is an useful concept in -the field of watef resources planning and management to
correct the natural imbalance leading to largely inequitable distribution of water-
. resources over the vicinity from surplus water area to water deficit areas. |

Among the two expectedrly water surplus basins (Gandhak and Kosi), the Sunkosi
river, a tributary of Kosi river has large amount of surplus water to feed the Kamala
basin. The present trend of water resources development and past feasibility studies of |
Sunkosi diversion, suggest the possibility of Sunkosi-Kamala inter-basin water transfer

'scheme (Nepal).

1.2 OBJECTIVE
| River basin being the natural unit for water resources planning and

implementation, the main objectives of the study are as follows.



(i) = To assess the multipurpose water demand and conduct basins water balance study
in a scientific manner.
Guidelines developed by National Water Development Agency of India have
been adopted to assess the multipurpose water demands i.e., irrigation demand,
domestic demand and industrial demands .

(i)  To formulate and solve a deterministic linear programming model for .
optimization of cropping pattern and cropping intensity:

(iii) Long term reservoir simulation study to analyze reliability of inter basin water

transfer scheme.

1.3 LITERATURE REVIEW
- 1.3.1 Inter-Basin Watef Transfer

Inter- basin water transfer is becoming a popular concept in the field of water
resources planning and.management to correct the natural imbalance leading to largely
inequitable distribution of water-resources over the vicinity from surplus water area to
water deficit areas.

Trend of water resources development for meeting human needs is byr the
construction of dams that create reservoir for the storage and future distribution.
Currently , there are about 45000 dams higher than 15m throughout the world. About 30-
40% of irrigated land worldwide now relies on dams. About 800 million people benefit
from food produced by dam related irrigation. |

In a related development of utmost importance in India, the recent Supreme Court
Majority of Judgement for Narmada project observed that dams have positive impacts on
preservation of ecol&gy, like arresting degradation in drought prone,_. arid and semi-arid
lands, arresting advance of deserts, arresting. groundwater depletioﬁ, water quality
improvemenf ,increasing greeﬁ coverage, preservation of already degraded environment
would be brought into the social mainstrearﬁ to enable them the benefits of a better
.enV1ronment and proportlon of people benefited to those affected is 100:1. (Ref.: Water
Resources and L‘nvnronment Management in Indxa- Antagonism against lar rge dams

unjustified)



The inter-basin links and inter district ( region) projects would physically make
the regions inter dependent. o
The national perspective plan' prepared by National Water Development
Agency (1ndia) have maximum component of engineering planning." The national
. perspective plan brought out by N.W.D.A has two main components of
(1) Himalayan River De\;elopment

(i1)  Peninsular River Development

1.3.2 Some examples of Inter Basin Water Transfer Scheme
'1.3.2.1 Himalayan River Development Components
The examples of the proposed link under Himalayan rivers are as follows (Fig.5)
Kosi -Mechi
- Kosi- Ghagra
Gandak - Ganga
Kamaii -Yamuna
Sarda -Yamuna
Brahmputra -Ganga (Alternative I)
Brahmputra -Ganga (Alternative II)
Brahmputra -Ganga (Alternative III)

® N kLN~

1.3.2.2 Peninsular River Development Components

'The examples of proposed links under peninsular river development.
components

L. Mahanadi-Godavari
| Indravati -Wainganga
Krishana (Srisailam) -Peninar (Prodattur)
Krishna (Almatti)-Peninar |
Godavari (Inchampalli) -Krishna (Pulichinatala)
Bedti-Varda
Netravati -Hemavati
Parbati-Kalisindh-Chambal
Par-Tapi—Narrnada

© % N R W N



1.3.2.3 Examples from Other Countries:

Many inter-basin water transfer projects have been executed in dlfferent

jcountnes and several studies have been concluded for the prolect executions. Some of

the examples are as follows:

1.3.2.4 Umted States

@)

(i)

(iii)

(iv)

The California's state water pIOJect Wthh diverts water from northern
California to the drier central and southern parts of the State was completed
in 1973. 4

The:Texas water plan envisages redistribution of water in Texas and New
Mexico to meet the needs of the year2020.

The water of the Colorado river which is the international river between
USA and Mexico is being supplied outside the basin to the imperial valley in
the California (USA). '

In Mexico, for the Mexico city water supply, transfer of groundwater from

the Lerma basin was completed in 1958.

1.3.2.5 Canada:

)

(i)

The major existing inter-basin transfer projects are Kemano, Churchill,
Diversion, Welland canal, James Bay.

Proposed enter-basin water transfer schemes in Canada are North America
water and power Alliance (NAWAPA), Canadian Water Magnum plan,
Central North American Water Project (CNAWP), etc. for transfer of water
from Canada to U.S.A.

1.3.2.6 S_rilanka:

(1) The Mahaveli project includes several inter-basin transfer links.

1.3.2.7 Kazakhistan:

@

The notable scheme executed is the Irtysh Karganda scheme in the

central Kazakhistan.



1.3.2.8 China:

(1) The Lilnua canal was completed in 214 BC.

(i) The Grand canal was completed in 605 AD.

(iii)  Recently completed projected in China is Biliuna-Dalian inter-basin water

_ ~ supply system.

(iv)  Trans-basin transfer of Luhana river to Tiajian and Tengshan,

V) Diversion of Quiantang river water, diversion of Yellow river surpluses
and South toA North transfer projects with the West route, middle route and

East route are other proposed projects in China.

1.4 PREVIOUS STUDY OF THE PROJECT -
 1.4.1 Study by Nippon Koei _

His Majesty'si Govgrnmcnt of Nepal had sponsored, the pre-feasibility study of
irrigation pbtential in the Terai region (The Sunkosi Terai Project). Nippon Koei Co. Ltd.
Tokyo Japan (1968), carried out preliminary benefit cost analysis of the project and
completed the study in various alternative in 1972. The first proposed site was as at
Kamphu ghat in Udayapur district to irrigate Saptri and Sirha districts through the
Sunkosi-Trijuga Diversion (Plan A). The second . site was at Kurule in Udayapur district
to urrigate addiﬁonal districts of Dhaﬁusha, Mahottari and Sarlahi through 'Sunkosi-
Kamala diversion (B Plan). The third site was at Gwaltar (Plan C) an alternative
scheme to develop higher power potential than the B plan. In further upstream reaches
_ of the Sunkosi ,fourth site at Khurkot was sfudied és D plan from the view-point of a
general study of the effe;:tive use Qf water for the entire land area 526000 ha(1.3 million
acres) by diveﬁing 'Sunkosi-Marin(Bagmati)

To select the most suitable one among the above various schemes, Benefit-Cost
study was carried out of all the four sites and the B plan was found to be the most one
suitable among all not only based on B/C ratio but in consideration of the wide irrigable

area as well as the high power potential promises.



1.4.2 Kosi Basin Master Plan Study

The Sunkosi—KamaIa diversion project was studied in further detail in 1984 by
JICA-sponsored Kosi basin master plan study. This report envisages that the water
resources of the Kamala basin would be augmented by a diversion of 72.0cumecs from
the Sunkosi river effected by a low diversion dam on Sunkosi near Kurule in Udayapur
district through a 16.6km long tunnel and associated 61.4mw power station. The
diversion flow would enter the Kamala watershed upstream from the proposed Kamala
dam site at Chlssapam in Dhanusha district. With the construction of the Kamala dam
and associated 32mw power house, the combined natural and diverted flows would be re-
regulated to supply a total Net Command Area (NCA) 175100 ha from the Chisapani

barrage head works site.

1.4.3 Irrigation Master Plan Study

This study env1sages that the total NCA 0of 175100 ha proposed in the J ICA report
- is very large -67200 ho. on the left banl( (Sirha and Saptri districts) and 107900 ha on the
right bank (Dhanusha,Mahottari and Sarlahi districts). The left bank main. canal would be
very long above 70. Okm and would cross several s1gn1ﬁcant rivers and streams. ’
Therefore, the Master Plan Studies concluded that the maximum NCA that can be
developed for year -1ound irrigation croppmg is about 138000 ha assummg that the
‘diversion is limited to 72.0 cumecs as recommended in the JICA report. There would be
scope, howev‘er for pfoviding additional flows by enlorging the diversion tdnnel, as the
reliable low ﬂ'ow of the Sunkosi at the diversion point is substantially higher than

proposed diversion flow.



CHAPTER-2

THE STUDY AREA CHARACTERISTICS

2.0 GENERAL

- The availability of land decides both the potential and limitation of
~ agricultural production. Therefore in the formulation of the basin master plan it is
important to have an appraisal of available land resources in the basin and there
limitations. The study of master plan for irrigation development Nepal has concluded the
land of the three districts namely Dhanusha, Mahottari and Sirha as the siie of the study

area considering the sustainability of the irrigation systems.

2.1 BASINS STUDY
2.1.1 Kamala Basin
2.1.1.1 General

Kamala river basin is a medium scale of basin with a catchment area of 2100.0
km?: The length of the Kamala river upfo the proposed Chisapani reservoir site is about
-57.0 km . The location of the river is bétween 27°17'N to 26036'N latitude and between
85%45'E to 86"30'E longitude. Kamalal river originates in Sindhuli district and flows in
south -east direction in the district while it flows in north to south direction’ in Terai belf

where it is the border boundary between Dhanusha and Sirha districts.

The main tributaries of the Kamala river are as follows.
1. Chadaha Khola
2. Tawa Khola _
| Kamala is a monsoon type river which originates in Sindhuli district from
Mahabharat mountain range and flows at an average height from 530m to 163 -m in
Sindhuli district and from 163 m to67 m height in Terai plain.- The 'avérge width of the
~ river in up stream of thé reservoir point is about beween 200 m to 500m while in down

stream site in plain area the average width is between 500 m to 2000 m. -~



2.1.2  Sunkosi Basin
2.1.2.1 General |
Sunkosi river is the western tributary of Saptakosi river system of eastern Nepal.

Sunkosi is called Bhhotekosi in the head region and comes from Tibet. It enters into
Nepal at Kodari and from there it flows to the south-west and meets Sunkosi river at the
Sunkosi Bazar. Up to Dolalghaat, the distance tfaveled by the river is S0km and from
Dolalghat to Tribeni where it joins Séptaksi is 219 km within the surface of 27 38°-0”"N

latitude to 26-55°-15”N latitude and 85-42°30”E longitude to 87-10;-0"E longitude. The
| general direction od Sunkosi in upper reaches is S30W, in middle part S30E (Tectonic),
lower part S40E (Tectonic) and lowest part is S70S (Tectonic). From Dolalghat the river
takes south —eastern course up to Dumja where it meets Rosikhola. At Dumja the river
valley is nearly % to 1 kmwide. From Dumja the river course becomes more easterly and
parallel to the hill ranges. The river channel starts meandering sometime cutting the
'vnorthern bank and other times touching the southern bank. Wide and long flood plains
occurs on the either side of the meander in alternate fashion where people grow rice and
other cereals. The main tributaries of the Sunkosi from west to east are as follows.

» 1. Bhotekosi |

Sunkosi
Balephi Khola
Indfawati Khola
Rosi Khola
Tamakosi
Likhu Khola and
Dudhkosi.

® N o kW

2.1.2.2 Hydrology

Sunkosi river makes its valley on the mid-land area. The Sunkosi valley is at
height of 2000 ft from msl . The rocks on the mid-land zones are highly folded, fractured
and are loose. The River.follows mostly the weak zones like fault ,fold and lineation or

strike of the rocks.



The catchment area of Sunkosi river is 19230 km It loads the sediments of about
542%10°m’ and 2818m’ per sq.km. In an investigation of the mean flow versus drainage
‘area of Sunkosi at Pachurwarghat, it is found that 4290 drainage area in square kilometer
and ratio of mean flow in cumecs square km. of drainage area is 0.04.In a study of
maximum discharge versus the drainage area at Komphughat is found that in 17600
drainage area square km. ,The ratio of maximum cumecs to drainage area is 0.53.The
.river- practically follows an axis of anticline. On the both sides of the river valley the
rocks consist dominantly of phyllite and quartzite and rarely dolomite. The river becomes
narrow after “L”bend taaht is near Dudhkosi confluence, where dolomite is exposed
Near Kopmpughat a series of thrust plains and main boundary fault touch the river
course and churiya formation comes ciose to the river bed. In central Nepal ,Sunkosi
makes a short bend to fhe east and produces a wide valley with the flood plain terraces
-.and meanders. _

Sedlment is domlnant in. Sunkosi. It has big boulders scattered in the river
dep031t¢d by its local tr;butarles. The sediment consists of mostly quartz and hard heavy
minerals like granite and magnesite etc. |

There are three hydrological stations in Sunkosi river from Dolalghat to Tribeni
.and one in Saptakosi at Chattara . In Sunkosi they are located at Pachuwarghat, Khurkot,
and Kompughat. These stations are established and maintained by Department of
Hydrology and Meteorology. All these stations are installed with automatic stage
recorder and cable way system for the discharge measurement. |

Stream flow records of Sunkosi river and Saptak051 river of the above stations

are avallable from the DoH&M .

Table 2.2
Station No. Name of location period
1.0 630 S Pachuwarghat 1967-1995
2.0 652 Khurkot 1968-1995
3.0 680 Kkomphughat 1967-1995
4.0 - . , ‘ ,
5.0 | ‘ Chattara 1967-1995

10




From the hydrograph , it is reflected that the pattern of flow in all the stations is
similar,they differ only on magnitude .Like in all other major rivers of Nepal, in Sunkosi
also the snowmelt and rainfall are the two major factors that contribute to the runoff.
Extremely large flows occurs during the monsoon frém the middle of June to the middle
of S.eptember. Flow gradually decrease until the end of February. From March to the
- middle of June, these follow a gradual increase in flow from snowmelt. As in other rivers
in Sunkosi also ﬂoéd is genérated essentially by rainfall and hence oceur in the period of
monsoon from June to September. It has been estimated that 85% of total annual
precipitation falls in these months. Snows start melting in May and by late July or early
August are contributing to the flood discharge. The discharge from two different sources _
at the same time gives rise to heavy floods and produces a distinct single peak

hydrograph.

A discharge measurement data-at Kampughat,the diversion point shows as the

lowest and highest velocity as 0.59 m/s and 3.25m/s respectively

Records of Annual minimum Discharge = 04,0 cumecs
839.47 cumecs
154.0 cumecs

7590.0 cumecs

Records of Annual Mean Discharge
90% Dependable Flow

I

Records of Annual maximum Discharge

2.1.2.3 Sunkosi- Reservoir Study
Reservoir in Sunkosi river is proposed of Kurule to divert the demand of Kamala
basin and to produce hydro power. The reservoir area capacity table is presented in table

no. 2.3 and area capacity curve (Fig. 4).
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Table 2.3 : Elevation Area Capacity Table : Sunkosi Reservoir at Kurule

S.N. Elevation Water surface Capacity
in. _ .m Area in Km? (10°m’ ) after o year

1. | 308.0 0 0

2 309.5 0.25 1.25

3 311.0 0.50 2.50

4 312.5 0.70 .5.00,

5 314.0 : 1.00 7.50

6 - | 3155 1.25 10.00

7 317.0 - 1.50 12.50

8 318.5 1.75 15.00

9 320.0 2.00 17.50

10 321.5 2.25 20.00

11 323.0 2.50 , 25.00

2.2  PROJECT AREA STUDY
2.2.1 Seil

The project area is the main Terai land which comprises the lithological-
deposition of Bhabar zone in northern part spreading in east-west in strip and the Indo-
Gangetic plains in central and southern part. The Bhbar zone consists of coarse alluvial
and alluvial sediments deposits.

The Indo- Gangetic plain is the major part of the Terai and comprise alluvial
clays and silts with sand and gravel layers.

2.2.2 Land Use

The total geographical area of the Kamla basin in Mahottari, Dhanausha and Sirha

district is 343288.0 ha. The total irrigation potential area is 240824.0 ha. The total area

under partial surface irrigation is 41500 ha and under groundwater irrigation is 21141.0
ha.

12



Table 2.4 : Land Use

Description/District

Dhanusha

S.N. Mahottari Sirha Total

1 Land area (ha) 121746.0 98745.0 122797.0 343288.0

2 Irrigation  potential | 83182.0 69286.0 88355.0 240824.0
area (ha) ‘ '

3 Area under surface | 14800 2600 24100 41500.0
irrigation (ha) .

4 Area under ground | 7403.0 7274.0 6464.0 | 21141.0
water irrigation (ha) | _ |

5 Total area under | 22203 9874 30564 62641
irrigation |

223 Land Holdings

The latest available information on land holdings in different districts, are as in

Table 3.2. In the total numbers of holders are 193300, total area of holdings is 214200 ha

and average land holding size is 1.13 ha.

Table 2.5 : Land Holdings

Districts Numbers of holding Area of holdings Average holding
‘ | (ha) size (ha)
Dhanusha 70000 73600 1.08
Mahottari 58000 63700 L1
Sirha - 65300 76900 1.21
Totai ' 193300 214200 1.13

2.2.4 Existing Cropping Pattern

The existing cropping pattern shown in the above table shows the major crops

‘paddy, wheat, maize, pulse, sugarcane and potatoes. The existing cropping intensity

. 18133%. The future cropping pattern with the project is changed with high yield crops

replacing the low yield crops and the cropping intensity is proposed 175%.The cropping

13




intensity is expected to increase to 200% with change in increase of cash crops after
assured irrigaﬁon- and practice of conjunctive use. The tables of cropping pattern and
intensity before irrigation, with irrigation and future change in cash crops and intensity

with irrigation are shown in Table 2.6. .

Table 2.6: Existing Cultivated area (ha)

| District paddy | Maize | Wheat | Millet | Barley | Potato | Sugarcane | Pulse Total
Dhanusha | 53288 | 2808 | 18758 | 585 382 518 1570 17362 | 95271
Mahottari | 47682 | 3085 | 15902 | 1075 168 588 1350 15920 [ 85770
Sirha 64600 | 2125 | 9905 1222 | 30 692 | 1200 12455 | 92229
Total | 165570 | 8018 | 44565 | 2882 580 1798 | 4120 45737 | 273270
(%) . 18076 |39 21.73 1.40 028 038 2.0 22.31 133.26

23  GROUND WATER
2.3.1 Stratigraphy of the Command Area

The command area is underlain by alluvial and alluvial sediments which wedge
- out northwards upon the’ consolidated folded rocks of the Siwaliks and thicken
southwards towards the Indo-Gangetic plai'n. The command area comprises the Bhaba}'

zone and the Indo- Gangetic plains.

2.3.2 The Bhabar Zone _

" The Bhabar zone consists of coarse alluvial and alluvial sediments deposited as
"out wash fans at the mountain front where the rivers enter the Terai plain..It is the major
intake area to the aquifers of the main Terai. It is recharged directly from rainfall and

from infiltration from the river beds.

2.3.3 Indo-Gangetic Plain

The Indo-Gnagetic plain underlies the major part of the Terai and. comprise
- alluvial clays and silts with important but subordinate sand and gravel layers northwards
and at depth, the sediments of Gangetic type appear to merge with Bhabar type 'déposits

while towards the Indian bbrder, fine grained sediments predominate.
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2.3.4 The Aquifer System

The aquifer system is regarded as leaky aquifer pile with vertical exchange

between shallow and deep confined aquifers. In the shallow zone, sand and gravel layers

are generally common enough to support productive ,unconfined shallow aquifers which

is found in most areas, typically between20%to50% of srceenable sand-gravel is

encountered to 46m and exhibit high permeabilities with range 20-150m/d.

2.3.5 Present Status of Utilization

The present groundwater utilization in the project area is in 20252.0 ha by different

~ tube wells. The details is shown in tabl¢ no. 2.7

Number and area covered under different ground water systems. In the project area

Table 2.7 : Present Status of Groundwater Utilizaﬁon '

| District Shallow tube | Dug wells Artesian wells | Medium Deep tube
wells ' tube wells | wells

Num | Area |Num. | Area | Num | Area | Num | Area | Num. | Area
(ha) (ha) (ha) (ha)
Mabhottari | 1218 | 4683 |76 286 | 347 | 672 26 793 |21 840

Dhanusha | 2377 | 3510 155 579 269 364 0 0 108 | 2950
Sirha | 1455 | 5238 | 86 337 {0 {0 0 0 30 889

| Total 13431 1202 1036 793 3790

(Source :- Ground Water Development Board 1999)

2.4 ESTIMATION OF POTENTIAL GROUNDWATER RECHARGE

' 2.4.1 Sunkosi Kamal Scheme

The annual groundwater recharges due to rainfall are computed suing the

following relationship developed by U.P. Irrigation Research Institute in 1977.

Rf:3.47(p-38) 0.4
- Where Rr

P

= Annual groundwater recharge in cm.

= Annual average rainfall in cm.

15




Total annual recharge = Rr*CCA
CRr =347 (p-38) 0.4
=3.47 (140-38) 0.4
=0.22m :
Total annual recharge = 0.221*138000ha = 304.98 MCM

(b) Rechérge due to irrigation:
Annual release*Ec*(1-Ea)*0.50
=2634*0.75(1-0.70)*0.50
=296.325 MCM
Total groundwater yecharge =304.98 + 296.325 =601.305 MCM

242 Existing Kamal Project:
The arjnual gfoundWater recharges due to rainfall are computed suing the
following relétionship de\}eloped by U.P. Irrigation Research Institute in 1977.
Rr=3.47(p-38) 0.4
. Where Rr = Annual groundwater recharge in cm.
P = Annual average rainfall in cm.
Total annual recharge = Rr*CCA

C Rr =347 (p-38) 04
= 3.47 (140-38) 0.4
= 0.22m |

Total annual recharge =0.22 x 25000 ha = 5500 ham

(b) Rechargé due to irrigation: _
Annual release*Ec*(1-Ea)*0.50
= 2634*0.75(1-0.70)*0.50
= 5256 ham
Total groundwater recharge = 5500 + 5256 = 10756 ham

16



CHAPTER -3

WATER BALANCE STUDY

3.0 GENERAL

While planning for water resources development in any basin, a careful
assessment of the reésonable water needs of the basin in the fore-seeable future for
various purpoées such as domesﬁc, irrigation, industries, hydropower etc, is essential.
These needs are to be met either from surface water or from ground water or from a
combination of both. This chapter®deals with the assessment of the reasonable basin
requirements. |

The water requirement for various uses, viz. irrigation, domestic, hydropower
and industries are assessed as under.

Present demands and future demands of the Sunkosi Kamala Scheme have been
studied and quantified as the multipurpose water demands (domestic, industrial and
irrigétion water demands) of the scheme. Similarly the various sources 6f water
availability in the Kamala basin like surface water and ground water, have been studied
and quantified. To find the water status in the Kamala basin, water balance sheet is
tabulated (Table 3.1), which shows the net deficit quantity of water in the Kamala basin
and shows that Kamala basin is water deficit basm The net quanuty of water to be
tlansfened from other basin is found as 75.0 cumecs. The 90% dependable flow of the
‘Sunkosi is 154 cu.mecs and the diversion required for Kamala basin is 75 cumecs. Thus

it is seen that Sunkosi has enough water available.

31 DOMESTIC WATER REQUIREMENT

The human and livestock population was projected to 2025AD using 1990 census
data. The per capita daily water requirement for urban, rural and live stock population
was taken to.be 200 ‘litr.es, 70 litres and 50 litres respectively.The requirement for
livestock and 50% requirement for rural population are proposed to be met from ground

water resources. The requirement for urban population and 50% requirement of rural
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population are proposed to be met from surface water resources. 80% of the surface water
utilization for the domestic purpose is considered to be available as return flow to the
stream. The total surface water requirement for future population 2920444 (upto 2025
AD)is calculated as 2.3 cumecs (72.53 MCM) for details calculations refer table no. 3.1.
(Soﬁfce of data. NWDA guidelines and statistics of Nepal 2000)

3.2 INDUSTRIAL WATER REQUIREMENT

In the absence of information on the existing, ongoing and future industries, the
total requirement of water for the indusfries was assumed to be of the same order as that
of domestic water requirement. The total industrial requirement is assumed as less than
- 50% of the domestic demands i.e. 1.1 m cumecs (34.69 MCM), for details refer table no.
3.1. The entife indusﬁial water needs afe proposed to be met from surface water
resources. 80% of the surface water utilized is considered to be as return flow to the

streams.

33 IRRIGATION WATER REQUIREMENTS

The irrigation water requirements have been assessed on the basis of the net
command area 138000 ha that can be brought under irrigation by 2025 AD. The irrigation
water irrigation water requirements has been calculated by adopting the following

procedures of irrigation water requirements.

- 3.3.1 Crop Water Requirements
The crop water requirements has been calculated by -using modified Penman

method, using the input data of the project area. The detail of the calculation is presented

in table no. 3-12.

;3.3.2 Selection of Crops and Cropping Pattern

The nos. and types of crops have been selected on the basis of existing use of
crops in the project area. The type of crops selected for Kharif seasons are sugarcane,
early paddy 'spring.maize,summer vegetables, normal paddy and late paddy (seven in
nos). While for Rabi season the selected crops are as wheat, pulses, oil seeds, vital

vegetables and potato (four in nos).

18



3.3.3 Optimization of Crop use Areas and Cropping Intensity

The crop use areas havé been ﬁnalized.by using the linear programming (L-P)
model stﬁdy. The model study has been conducted on various conditions of cropping
. pattern like no crop area, constraint existing crop area constraint, designed crop area
constraint and the results where 4analyzed with view of possible coverage by a single
crop, food cfop area constraint and minimum requirement of the other crops. The
designed crop area has been proposed on these basic factors. Thus adopting the lower
limit and upper limit of the crop areas. The optimal crop areas were suggested by the L.P.
model, which is matching with the designed cropping pattern. The optimal crop areas
selected by the model has been adopted. The table of L.P model analysis , results and

discussions have been presented in chapter 4.

3.3.4 Irrigation Efficiency
~ Tirigation water requirement has been calculated considering that canal system
~would be semi lined and field would be maintained by the farmers. The canal conveyance

efficiency as taken as 0.75 and field application efficiency as 0.70.

3.3.5 Estimation of Command Area
The maximum area that would be irrigated has been analyzed in two conditions. -
As first condition supply through reservoir and second condition supply without reservoir

as run off river scheme. .

3.3.6 Irrigation Supply Through Kamala Reservoir

The irrigation demand has been calculated for maximum net command area,
. considering the future demands uptd 2025 AD. The maximum nef command area wés
found as 1,38000.0 ha with G.W use and 123000 ha without G.W use.

The net irrigation demands have been calculated considering Kamala surface
water, ground water, and regeneration in downstream due to surface water flow and with
water transfer from Sunkosi River. The details of the calculation have been presented in
‘Table 315. |
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3.3.7 Irrigation Supply Without Kamala Reservoir (refer Table no. 16)

3.3.7.1 Irrigation with Kamala surface water only

' The maximum area that can be irrigated with Kamala surface water was found as
7000 ha.

3.3.7.2 Irrightion with Kamala surface water and ground water use

The maximum that can be irrigated in this conditions was found as 12000 ha.

~ 3.3.7.3 Irrigation with Kamala water and water transferred from Sunkosi
~ The maximum area that can be irrigated in this conditions was found as
78000 ha.

3.3.7.4 Irrigation with Kamal water ground water and water transferred from

Sunkosi

The maximum area that can be irrigated in this conditions was found as
114000.0 ha. o o

34  WATER BALANCE CALCULATION

The water balance of Kamala basin is computed at Chisapani reservoir site. The
total mulfipurpose project demand is calculated as per NWDA Guidelines. The project
. water demand in different sector is considered. The demand in differént sector is as
irrigation demand as major -demand, hydrb-power demand as the secondary demand,
domestic water supply demand and industrial demand.

The irrigation demand is considered for 138000ha, hydro-power generation is as
per irrigation demand. Domestic demand is considered for 2920444.0 population,
considering 25 years future demand ie. up to 2025. In absence of proper data, the

industrial demand on basis of domestic demand. For details of calculation refer Table 5.7.

3.4.1 Multipurpose Demands of Kamala Basin

The total multipurpose -pi‘oj ect demand calculated are as follows. .

Irrigation demand - = 3584.14 MCM

Domestic demand = 72.53 MCM

Industrial demand = 34.69 MCM
Total = 3691.36 MCM (-)

20



3.42 Water Available in Kamala Basin

Main source of wéter in Kamala basin is ,the available discharge of Kamala river.
Regeneration to the down stream main river' is considered as NWDA guidelines.
Groundwater is considered and the amount of water available is calculated as per the .

.annual recharge amount in the project area.

Water available in Kamala river =351.42 MCM

Groundwater available in project area =542.00MCM

Regeneration from surface flow - =442.82 MCM
Total =1336.24 MCM (+)

'3.4.3 Net Deficit Quantity of Water in Kamala Basin
The quantity of water to be diverted from the Sunkosi river is the net deficit quantity
of water in Kamala basin. The calculated figure is as follows.
Total demand of Kamala basin =3691.36 MCM (-)
Total water available in Kamal basin = 1336.04 MCM (+)
Net deficit quantity réquired to divert
From Sunkosi basin = ecemceceeeeeeee

=2335.12 MCM (-)

= 74.68 cumecs
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CHAPTER - 4

LP MODEL STUDY

41  GENERAL

The prevailing irrigation policy of Nepal states that water-resources should be
used to bring largest irrigable area under irrigation.. Food crop should be given first
priorjty. However farmers are likely to adopt that cropping pattern which yields maximum |
~ benefit. Thus the objective is to maximize the net farm benefits which reflects the farmer's
.choice of cropping pattern and yet certain food crop areas are irrigated. The following
technological bptions are possible for implementing the irrigation policy. |
. 1. Conjunctive use of available surface and ground water resources.
2. Changing the -¢ropping pattern to satisfy the water demand of crops according to

- availability of irrigation water.

42  DEVELOPMENT OF MODEL
A deterministic Linear Programming Model has been developed on the basis of
prevalent policy considerations and ‘available data. The model can be used to evaluate

physical performance of the project under different technological options.

All hydrological data are assumed to be deterministic even though they are
probabilistic in nature to facilitate the formation of a deterministic model. The model is
capable of analysing data on monthly basis for which monthly flow of 75% dependable

year has been taken. The following notations are used in the development of the model.

The index 1(=1 to 11) is used to denote crops type in the command and index t (=1

to 12) to denote time interval in months (t=1 for January).



4.3

PARAMETERS _ _
Pi = Net férm beﬁeﬁt in NRs/ ha from iﬁf crop in the command area.
Ali- = Area of i" crop supplied with irrigation water

A1 - =areaunder sﬁgarcane crop

A, = = areaunder early paddy crop

As = area under maize crop

Ay = area under summer vegetable crop

As = area under normal paddy crop

Ag = area under late paddy crop

A7 = area under wheat crop

As = area under pulses crop .

Ag = aréa under oilseeds crop

Aip = area under winter vegetables crop

A5 =area under potato crop

Dt = Diversipn to project area in " month in Ha-meter.

Yt = Downstream release in t™ month in Ha-meter

St = Storage at the beginning of month 't' month in Ha-meter.
Ft = Inflow into the reservoir during t™ month in H-meter.
Et  =Reservoir evaporation in t" month in Ha-meter.

WRt; = Net irrigation requirement of crop i"™ in month t' in meters.
Ut - =Project efficiency in t" month for irrigation project.

Tt - =Ground water use for pfoj ect area in month 't'.

Smax = Maximum sforage of reservoir in Ha- meter.

Snﬁn = Minimum storage of reservoir in H-meter.

Amax = Culturable command area of the project.

AK' = Culturable command area under Kharif season

-AR = Culturable command area under Rabi season

44



44 OBJECTIVE FUNCTION
' The objective is to maximize the net farm benefits from the irrigation project.
1 _
Maximize: Z P x 4,
i=1

Where 'i ' denotes the crop type in the command area

- 4.4.1 Constraints ‘ _
Water'bkalance équation
The continuity equation muét/be satisfied at the Chissapani storage / diversion site
" barrage. The continuity equation for the time interval 't' can be written as
 DeHYetS o -SeHE =y |
t=(1,12)

4.4.2 Water Use for Irrigation:
The net irrigation requirement of all the crops cultivated in the command area during
a particular month be satisfied by the surface water and groundwater available in the

command area.

4.4.2.1 Surface water use efficiency:
Y o
D WRi'x Ai-UtxDt-Nt xTt =0
i=1 . '

(= 1,12)

The over all efficiency of surface irrigation can be expressed as
U = (Field application efficiency) * (conveyance efficiency),
 Ut=Eu*Eq |
Where,
Ut = Over all canal efficiency in month 't
' Ex= Fiéld application efﬁciéncy in month 't’

E. = Canal conveyance efficiency in month 't

45



The conveyance efficiency Ec; varies during different season of culti\(ation
namely Khariff and Rabi for both lined and unlined canals.
[Conveyance efficiency]; =[canal system efficiency], *[water course efficiency],

Ect=Est *Ewt

4.4.2.2 Ground Water Use Efficiency:
It is assumed that the groundwater is directly pumped into the water course
N¢=Ey *Ewt

- 4.4.3- Constraints on Use of Groundwater:
The annual withdrawals from the aquifers must be less than or equal to the annual

recharge to ensure sustained yield from aquifers.

12

DT <=T,

max
=]

The annual groundwater recharge due to rainfall is computed using the following
relationship developed by the U.P. Irrigation Research Institute iﬁ 1977.
| | R, = 3.47 (p-38)%
Where Rr = annual grouhdwater recharge in cm.
P =annual averdge rainfall in millioﬁ cubic meters.
" Tumax =Rr/100*CCA in MCM |

Tmax = Recharge due to rainfall and irrigation water utilization

- 4.4.4 'Physical, Structural and Policy Constraints:
The optimization objective is further constrained by various policy considerations

and physical and structural capacity constraints.

4.4.4.1 Storage Constrﬁlint:
The storage at any time should not exceed gross storage capacity.
| S t<=Smax

(t=1,12)
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4.4.4.2 Dead Storage Constramt '
' The storage at any t1me should not be less than dead storage: .
St> Smm

(t=1,12)

445 Constraint on Irrigable Land:

'It is assumed that in any month of crop season the total irrigated area should not
exceed the total area, proposed for irrigation in crop season -

For Kharif

> 4, <4,

i<k
Kharif months (April, May, June, July, Aug,, Sept., Oct.,) and Rabi months (Nov.,
Dec Jan., Feb, and March) .

Rabi season

> 4,24,

i<R

| 4.4.6 Quantity of Water
The quantity of water diverted through canal should not exceed its éarrying.
-capacity. Assuming that the canal remains closed for 4 days in a month the potenﬁal
capacities are estimated knowing the design discharge of the canals. |
| Dy <= Dimax
-(tél, 1)

Dimax = canal capacity x no. of operating days x 24 x 60 x 60/ 10° MCM

4.4.7 Evaporation Losses From Reservoir:
Monthly evaporation from the reservoir depends on the reservoir area at the
- beginning and end of the month.

E:= E pt*Reservoir area.

Where

E,« = monthly reservoir evaporation depth in meter in t th month.
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45  GENERALISED FORM OF LP. MODEL:
' Objective function: | |
MAX= P1*A1+P2* A2+P3*A3+P4* A4+PS*AS+P6* A6
+PT*AT+P8*AS+PO* A9+P10*A10+P11*Al1

4.5.1 Consfrainté‘: Water Balance Equation:
- DI1+Y1+82-S1+E1=F1
" D2+Y2+S3-S2+E2=F2
D3+Y3+S84-S3+E3=F3
DA+Y4+S5-S4+E4=F4
D5+Y5+86-S5+E5=F5
D6+Y6+S7-S6+E6=F6
D7+Y7+S8-S7T+E7=F7
D8+Y8+S9-S8+E8=F8
DO-+Y9+S10-89+E9=F9
D10+Y10+S11-S10+E10=F10
D11+Y11+S12-S11+E11=F11
DI2+Y12+S1-S12+E12=F12

452 Water Use for Irrigation:

WR11*AI+WR17*AT+WR18*A8+WR19*A9+WR110*A10+WR111*A11-U1*DI-
N1*T1=0 | | |
WR21*AL+WR27*AT+WR28* A8+ WR29* A9+ WR210* A0+ WR211*A11-U2*D2- |
N2*T2=0 |

WR31*Al+ WR37*A7+WR38* A8+ WR33*A3-U3*D3-N3*T3=0
WRA1*A1+WRA2* A2+ WRA3* A3+ WRA4* A4 -U4*D4-N4*T4=0
WR51*A1-+-WR52* A2+ WR53* A3+ WR54* A4-US*DS-N5*T5=0
 WRG1*AI+WR62*A2+ WR63* A3+ WR64* A4+ WR65*A5-U6¥D6-N6*T6=0
WR71#A1+WR75*A5-U7*D7-N7*T7=0
WR81*A1+WR85*A5+WR86*-US*D*-N8*T8=0
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| WR91*AIT+WROS*A5+WRO6*AG-UI*D9-NO*T9=0
WR101*A1+WR105*A5+WR106*A6-U10*D10-N10*T10=0

WRI11*A1+ WR117*A7+WR118*A8+WR119*A9+WR1110*A10+WR1111%A11-
ULI*D11-N11*T11=0 o

| WRI2I*AT+WRI27*A7+WRI28* A8 +WR129% A9+ WRI1210*A10 +WR1211¥A11-
U12*D12-N12*T12 =0

4.5.3 Ground Water Constraints: -
Annual withdrawal should be less than annual recharge
T1+T2+T3+T4+T5+T6+T7+T8+T9+T10+T11+T12 <=Tmax

; 4.5.4 Storage Constraints:
4.5.4.1 Gross storage constraints:
S1<=Smax
S2<=Smax
S3<= Smax
S4<=Smax
S5<=Smax
S6<=Smax
S7<=Snmk
S8<=Smax
'59<=Smax
S10<=Smax
S1 1‘<=Smax
S12<=Smax
&5¢2Dawsmnga
S1>=Smin
S2>=Smin
S3>=Smin
S4§=Smin :

S5>=Smin

49



S6>=Smin
S7>=Smin
S8>=Smin
S9>=Smin
S10>=Smin
S11>=Smin
S12 >= Smin
4.5.5 Constraints on Irrigation Low:
Al+A2+A4+AS5+A6<=AKmax
A3+A7+A8+A9+A10+A11<=ARmax

4.5.6 Canal Capacity Constraints:
D1<=Dlmax
D2<=D2max
D3<=D3max
D4<=D4max
D5<=D5max
D6<=D6max
D7<=D7max
D8<=D8max
D9<=D9max
D10<=D10max
D11<=DI11max
D12<=D12max

4.5.7 Area Under Irrigation:

Al+A2+A3+A4+AS5+A6< AK
Al+AT7+A8+A9+A10+Al1l1 <AR
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4.6 APPLICATION OF MODEL
" The generalised L.P. Model developed can now be applied to analyse- -various

.conditions related to irrigation project development . A sensitivity analysis to the
optimization problem can be carried out by introducing necessafy changes into the
relevant constraints. Solution to different technological options with respect to base
condition defined for the optifnization' problem would mean the sensitivity analysis to
that‘base'condition . Comparison of optimal solution under Varioué,éonditions would
~ indicate impaét of various options in improving- irrigation and farm benefits. The
| following modifications to the parameters and put data with respect to the base condition
(Table 4.2) were made to study such impacts. |

1. The feasibility of adopting designed cropping pattern .

2. The feasibility of adopting cropping pattern practiced(Existing pattern)

3. The effect of removing crop area constraint.

4. The effect of conjunctive use of surface and ground water resources.

4.7 ESTIMATION OF INPUT DATA AND PARAMETERS
| The input data and other parameters required to run the L.P. Model have been
taken from the project report. These include data on -hydrology, cropping pattern, net farm
- benefits, irrigation efficiencies and crop water requirement. However, due to non
availability of data for the estimation of several input data and parameters certain
assumption‘ had to be made. As such, there is a scope for further improvement of the
 model.
1.. Monthly net irrigation requirement of crops for different crops (Table 3-14).
2. Monthly inflow to the reservoir (Table 4.3).
3. Net farm benefits for different crops of the command area (Table 4'.5).
4. The potential capécities of the canal and the méximurn and dead storage capacity of
‘the reservoir (Table 4.4 and 2. 1). |
5. Bounds on irrigation land in different commahds
. 6. Annual ground water resources |
7. Other data like area capacity curve, reservoir evaporation to estimate the loss from

reservoir.
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472 Net Irrigation Requirement:
| The crops in the project area are assumed to be grown in two seasons i.e., khariff
and rabi. The khariff crops are. sugarcane, early paddy, monso;m paddy, late paddy,
summer vegetable and maize, wheat, oilseeds, pulses, winter vegetables and potatoes are
Rabi crops.

,- Tﬁe crop water requirement for different crops have been calculated by modified

'Penman method.

4.7.3 Irrigation Efficiencies

Part of water diverted at the canal head into the canal is lost during conveyance
uptb the fields and a part is lost while applying in the fields. The conveyance losses in
unlined canals are assumed as 40% and in lined canal as 10%. Field application efficiency
~ is assumed to vary. from 60% under average field condition and 75% under improved
condition. In- this project canal conveyance efficiency is taken as 75% while field

application efficiency as 70%.

4.7.4 Monthly Diversion Capacities ‘
The potential diversion capacities have been calculated by multiplying the

.capacities by the number of operating days (Table 4.5).

4.7.5 Net Farm Beﬁefits
Net farm benefits are  referred from the other Terai irrigation project of Nepal.
(Table4.7). | | | |
- 4.7.6 Irrigation Land Resources
The net culturable cofnma_nd area of the project including Dllanuéh; Mabhottari and
Sirha tiistricts are 138000 ha.
- 4.7.7 Annual Groundwater Resources
Groundwater recharge due to rainfall is estimated as explained in cHapter—3. The
irrigation potential can be improved with conjunctive use of surface and groundwater. The |
.recharge due to irrigation, it is assumed that 50% of the percolated water due to irrigation
contributes to the recharging of aquifers. |
_ Annual. recharge” due to- irrigation = Average annual water release into the

canal*Ec*(ﬁEaf)*O.SO. The total groundwater recharge are worked out in paragraph 2.4.
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4.8 CONDITION OF ANALYSIS
Condition -1 (Irriga'tion' with Surface Water of Kamla Basin with no Crop Area
Co’nstraints)l - ' |

The use of sufface Wéter resources of Kamla Basin is considered without taking
_into account, the groundwater and Sunkosi water. The potential diversion capacity of the
canal is the eXisting canal syStem of Kamla I.P. Crop area constants have not been taken
into account in order to identify the ideal cropping pattern which gives the maximum
- returns. The net return given by the model is NRs 465 crores and covered maximum area
under irrigation i.e. 100% in kharif and 100% in rabi. The model selected vegetables in

kharif and potato in rabi which gives maximum benefit are requires minimum water.

Condition -1I : (Irrigation with Surface Water of Kamla Basin with Crop Area
Constraints)- |

So far the érea under different crop were not bounded by imposing upper, the
lower limit of te crop area have been used as per the actual (resisting crdp area constraints.

" The net returns in this condition is NRs 3050 crore which is less than condition I.

Condition- I : (Irrigation with Surface Water of Kamla Basin and Water Transfer
from Sunkosi with no Crop area Constraints)

In the absence of minimum requirement for food crops, as cbnstraints thé model
has given maximum return as NRs 2953 crores and model has selected Khariff Vegeta‘ble
and Rabi potato which gives maximum returns. It has not selected paddy as kharif crop
and wheat as rabi crop which are food crops. This is due to the fact that these give less

benefit then selected crops and require maximum water.

._Conditioxi-IV : ( Irrigation with Surface Water of Kamla Basin and Sunkosi with
Existing Crop Area Constréints and no Groundwater Use)

The existing cropping pattern areas have been used as crop area constraints
- without groundwater use. The upper limit of the crop areas have not binding by imposing
upper limit. The existing cropping area under different crops are used as lower limits, in

order to satisfy the minimum food crop requirements of the farmers, irrespective of the net
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. returns. The upper Iirhits have not been bounded to enable the model to select the
optimum cropping pattern, which gives maximum net benefit. The net benefit given by
the model in this case is NRs 1671 crores. The model has selected vegetable in khariff in |
37% of available land and potato in rabi season in 48% of land which is practically not

possible to grow due to land suitability to crops.

Condition- V : ( 1rrigation with Surface Water of Kamla Basin and Sunkosi with
Designed Crop Area Constraints and with Groundwater Use) '

The input data is same as in condition III and IV except that the lower binding
limit of the érop area constraints are replaced by the areas pertaining to designed cropping
pattern (Table 4. 1A). The net optimal benefits given by the model are NRs 1219 crores
~ which is minimum than condition IV and V. The low net return isl because of the

introduction of policy constraints.on cultivated areas under different crops.

Condition- VI : ( Irrigation with Surface Water of Kamla Basiﬁ aﬁd Sunkos{ with
Lower and UpperA Binding Limit of the Crop Area Constraints and with
Groundwater Use) | ' |

‘ To maximize the designed cropping pattern, the lower limits of crop areas on the
. basis of ékistin'g field practice and upper limit on basis of present opportunity of cash
- crops and suitable land use condition, the crop areas constraints have been introduced as
imposing uppér and lower limits. The model has selected the crop areas around designed
. crop areas. The areas selected by model is presented in (Table 4.1). The net benefit in this
condition is NRs 1127 crores, which is 1ess than existing are design cropping condition
No. IV, V and VL. In this condition, the model has selected quite acceptable crop areas to |
.satisfy the crop requires, irrespective of the net return. These crops areas have been

selected as designed crop area for further projects requirements.

Condition- VII : (Effect of Introduction of Design Cropping Pattern.

The optimal solution highlights the suitability of the designed croppihg pattern
" “(condition V) with available resources utilization. The optimal net returns is low NRs
1127 crores than cpndition -V (NRs 1219 crores). '
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Table 4.1 : Cropping intensities and comparison of optimal and designed cropping

" Patterns

Benefit / crop name

Designed crop are

Optimal crop area

Increase / decrease from

Total

(ha.) (ha.) design crop area(%)
Benefit NRs 1219 crores | NRs1127 crores
XKharif crops
Sugarcane (Ay) 11040 13835 (+2%)
Early Paddy (A;) 16560 11012 (-4%)
Maize (As) 13800 12448 (-1%)
S. vegetables (Ag) 6900 11040 (+3%) .
[Main paddy (As) 69000 75900 +5%)
Tate paddy (Ag) 2700 113765 (-5%)
Total ] 138000 138000
Rabi Crops
Sugarcane (A1) 11040 13835 (+2%)
“Wheat (A7) 48300 62110 (+10%)
Pulses (As) 20700 20700 | No change
Oil seeds (Ag) 20700 13765 (5%)
W. Vegetables (Ajo) 6900 - 11040 (+3%)
Potato (An)~ 6900 16560 (+7%)
138000 138000
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Table 4.2 : Net Returns and Optimal Irrigated Areas Under Various Conditions

Condition

138000

Ttem Condition | Condition | Condition | Condition | Condition
I I III 1v - \4 VI
- | Net Benefit (NRs).crores 465.0 304.0 2953.0 1671.0 1219.0 1127.0
| Khariff crops
.| 1. Sugar cane (A1) - 1330 - 7341 11040 13835
| | 2. E paddy (A2) - 1195 - 11012 16560 11012
3. Maize (A3) - 1662 - 9177 13800 12448
4.’S..Vegetab1e (A4) 25000 9208 138000 50820 6900 11040
5.N.Paddy(A5) - 8312 - 45885 | 69000 75900
6. L PADDY (A6) - 2493 - 13765 20700 13765
Tbtal 25000 25000 .} 138000 138000 | 138000 138000
Rabi Crops:
1. Sugarcane (Al) - 1330 - 7341 11040 13835
| 2. Wheat (A7) - 5818 - 32119 48300 62100
3. Pulses (A8) - 2493 - 13765 20700 20700
4. Oil seeds (A9) - 2493 - 13765 20700 13765
Is. W.Vegetables (A10) - 831 - 4588 6900 11040
6. Potato (All) 25000 12035 138000 66422 30360: ‘ 16‘560~
“Total 25000 25000 138000 138000 138000

4.9 COMMENTS

" The various results of the L.P model conducted to satisfy different conditions are

useful in decision making for fixing crop area and for operation planning in the project.

.. The model study justifies the proposed design cropping patterns with benefits and water

consumption fate by the crops. The proposéd cropping intensity and highest returns can

be achieved only with conjuncﬁve use of ground water and surface water Sunkois

- Kamala water transfer scheme is linked with power generation from Sunkosi and Kamala

reservoirs. Further study can be carried out by incorporating proper generation

constraints. These benefits have not been considered in the optimization study.
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Table No. 4.3

 POTENTIAL DIVERSION TO THE CANAL

SN. ~MONTH
canal running canal capacity(m3/s) potential canal
days days potential diversion capacity(ha-m)
1 JAN 27 ‘ 97.98 | 22857
2 FEB 25 97.98 21164
3 MAR 27 . 97.98 22857
4 APR 26 97.98 22010
5 MAY 27 97.98 ' 22857
6 JUN 26 97.98 22010
7 - JUL 27 97.98 22857
8 - . AUG - 27 97.98 22857 -
9 SEP 26 97.98 22010
+ .
10 OCT .27 97.98 22857
11 . Nov 26 - 9798 22010
12 . DEC 27 97.98 , 22857

Note: Canal Capacity = 0.71x 138000 /1000 = 97.98 cumecs
Potential Diversion Capacity = 97.98 x 3600 x 24 x 1 0 X N (No. of Days)
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Table No. 4.4 : , \
N . INFLOW TO THE KAMALA RESERVOIR

Infow from Sunkosi Self flow of
S.N. - Month o 7 Kgmala(ha;m) tal inflow in (ha-m)
déys . m3ls ha-m m3/s ha-m ha-m
1: AN | 31 75 20088 638 1709 21797
2» FEB 28 | 75 18144 5.'43 1314 - 19458
3 MAR 31 75 20088  4.94 1323 21411
4 APR 30 | 75 19440 5.4 1400 20840
5 MAY 31 7 | .-2(.3088 Ces s 21826
6 JUN 30 . 75 19440 9.65 2501 21941
7 w75 .20088: 183 4901 24989
8 AUG 31 75 20688 235 6294 2638§
9 SEP 30 . 75 | 19440 218 5651 | 25095
1_.0 ; bCT 31 75 20658 14.9 3991 24079
11 NOV 0 75 19440 874 2265 21705
12 DEC 5_1 5 20088 .7.26 - 1945 22033
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Table No. 4.5
DOWN -STREAM RELAESE FOR DOMESTIC AND INDUSTRIAL SUPPLY

SN. -~ MONTH - . : . DEMAND

DAYS ~ - m3ls - ham

1 JAN 31 . 34 911

2 e 28 34 . 83
3’ MAR 31 34 911

4 APR | 30. ‘ 34 881
5 Ay st - . 34 911
6 BT 30 34 | 881

7 m R 3.4 911

s - AUG 3 3.4 911
"'9 . - SEP 30 - 34 881
10" ocT 31 3.4 e
11 NOV 30 34 881

12- DEC. . 31 34 911

Note: Refer Table No. 3.1 for Detail Calculation
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Table No. 4.6

KAMALA RESERVOIR EVAPORATION LOSSES

.Pan' Evap. LOSS MONTHLY MULTI- RESER. REWSER RESER

EVAP.LOSS LOSS (ha-
SN.©  'MONTH  (mmiday) EVAP. LOSS FACTOR (mm) - AREA(ha) m)

1 JAN 31 35 108.5 0.7 76 5400 410

2 FEB 28 - 435 1218 07 85 | 5200 443

3 MAR 31 | 6.3 1953 - 0.7 137 4800 656

4APR 30 8.79 2637 0.7 185 4700 868

5 MAY 31 - 904 280.24 0.7 196 4600 902

6 JUN 30 . 7.28 218.4 08 175 4900 856

7JUL 31 6.78 21018 038 168 5400 908

. l8 e 3t 654 - 20274 0.8 162 5700 : 924

9 SEP 30 5.56 166.8 0.8 133 - 5700 761

10 OCT 31 . 521 151.51 0.8 129 5700 736

11 NOV 30 3.83 149 07 80 5600 450

12 DEC.' 31 ~ 3.08 94.86 0.7 66 | 5500 365
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Table No. 4.7

Agricultural benefit Per hectare

| S.N. Crops Without With project
| project (NRs.000)
(NRs.000)

1 Sugarcane 25.0 48.0

2 [ Early paddy 160 28.0

3 Maize 12.0 30.0
‘.4 Summer vegetables 28.0 56.0

5 »Monbsoon paddy 21.0 - 47.0
| 6 Late paddy 16‘.0 28.0

..7 Wheat 18.0 27.0

8 Oilseeds 6.0 17.0

9 Pulses 9.0 22.0

0 TWinter vegetables 23.0 76.0
11 [ Potatoes 60.0 130.0

(Source:- BLGWIP,Nepal)
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CHAPTER -5

LONG TERM RESERVOIR SIMULATION

5.0 GENERAL

Long term reservoir simulation ié a search technique used to examine and -
evaluate the performance of a reservoir with different assumed capacities for meeting the
specified release pattern and to satisfy the conditional operation rules. There are two
reservoirs proposed in this system first one is on Sunkosi river at Kurule to divert the
flow for meeting demands of Kamala basin as a link flow and to generate hydropower
from this diverted flow. Second one is Kamala reservoir at Chissapani, with the view to
meet the peak irrigation deinand and to generate hydropower. The monthly simulation of
these reservoirs operation for 19 years data series have been done using software for
reservoir analysis (SRA), developed by National Institute of Hydrology, Roorkee. The
model used in simulation is "multi- reservoir operation simulation" which is used to
simulate the operation of a multipurpose multi-reservoirs system for conservation
operation. The data required by the model are full reservoir level, dead storage level,
elevation-area capacity table, various conservation demands from the reservoir like water
supply for domestic and industrial use, irrigation, hydropower demands and minimum
flow requirement in the downstream channel, evaporation depth, and local inflow were
analyzed from these data, collected from previous studies reports and departmental data.
The inflow data of the Sunkosi river is available for the period 1966 to 1985 and that of
Kamala for the period from 1989 to 1994. In Sunkosi reservoir operation inflow was self
flow of the Sunkosi while in Kamala reservoir the inflow is self flow of Kamala and
diverted flow from the Sunkosi as a link flow.

Project
Area

LINE DIAGRAM
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5.1 MULTI-RESERVOIR OPERATION SIMULATION

Software For Reservoir Analysis (SRA) developed by National Institute Of
Hydrology, Roorkee is a menu-driven, interactive package and easy- to- use software
with full -screen menu. The package includes many tabular and graphical options
facilitating efficient reporting.

This model can be used to simulate the operation of a multipurpose multireservoir
Sysfem for conservation operation. The various conservation purposes considered in the
model are water supply for domestic and industrial purposes, irrigation, hydropower -
generation and minimum flow in the downstream river channel. In a multireservoir
system, the model can help in finalizing the optimum rule levels for each storage
location.

For each storage location, the model operates the reservoir in accordance with the
given trial rule curves and carries out the reliability analysis. It calculates the time and
volume reliability of each reservoir for the given set of rule curve and for the given
period of operation. Detailed simulation table is also prepared. Based on the observation
from the simulation tables, trial rule curves are modified till optimum results are
achieved.

No. of years“x= one or more failure months

Annual reiiability = —
Total numbers of years of operation

. o Total number of months of operation - failure months
Time reliability =

Total months of operation

Total volume release during operation period

Volume reliability = - - -
Total demand volume during operation period

Critical failure month:
When the release from the reservoir is less than a specified percentage of the total
demands. In this study release less than 75% of demand release is considered critical

failure.
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5.2 METHODOLOGY ADOPTED FOR RESERVOIR OPERATION:

The highest priority is given to the water supply demand for domestic and industrial
purposes and the minimum flow requirements in the downstream channel. The demands
for irrigation and hydropower are given second priority as compared to the water supply
and minimum flow demand.

The amount of water required to produce hydropower is calculated based on the
mean elevation of water during a period. In the present model, four rule curve levels
have been specified, namely the upper rule level, the first middle rule level, second
middle rule level and the lower rule level. The level of these rule curves have been

mentioned in area capacity Table 2.1 and 2.3 of chapter 2.

(i) Upper Rule Level _

The upper rule level specifies the upper most level up to which a reservoir should
be filled if there is sufficient inflow to the reservoir. The upper rule level can be either
FRL or a level below FRL. In Sunkosi reservoir FRL is 323.0 m and Kamala reservoir is
182m. If the reservoir reaches this level then the demands for the remaining duration of
that year are likely to be satisfied in full. If the level in the reservoir overtops the upper
rule level, then water is spilled from the reservoir in the downstream river. Thus, it is the
most desirable level and effort is made to maintain this level.

Though it is always desirable to fill a reservoir up to the maximum available
capacity (up to FRL), it is recommended that some spill should be made from the
reservoir to keep up the downstream river channel and to avoid encroachment in the
river bed. Keeping the upper rule level below FRL can give extra space for flood
absorption in the reservoir also. However, lowering the upper rule level below FRL

should not affect the performance of the reservoir for conservation demands.

(i) First Middle Rule Level
The middle and lower rule levels are used in the situation when water is scarce and
full supply for the various demands cannot be made throughout the year. Supply for some
demands (with lower priority) can be curtailed to some extent so that the partial demands
can be satisfied for longer duration. The underlying assumption is that it would always be
better to supply less water for longer duration rather than to meet free demand for some

time and then stop the supply.
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Based on the priority between irrigation and hydropower, the first middle rule level
can be critical for irrigation or power generation which are given low priority as
compared to domestic and industrial water supply demands and minimum flow
requirements. If irrigation is at higher priority, this rule level corresponds to hydropower
rule level and vice versa. If the water level in the reservoir is above the first middle rule
level, full supply of water is made for all the demands. However, if the water level in a
reservoir falls below the first middle rule level, reduced supply (based on the curtail
factor) is made for the least priority demand and full supply is made for other demands.
The release is made at the reduced rate so that the partial demands can be met for longer

duration. This level in Sunkosi reservoir is 312.0m in Kamala reservoir 164.0 m.

(iii) Second Middle Rule Level
The second middle rule levels are derived when the purposes from a reservoir
include, both, irrigation and hydropower in addition to the water supply demands. It is
used in a situation when water is so scarce that even after curtailing demands for least
priority demands, release for other higher priority demands can not be made in full.
The second middle rule level is critical for second higher priority demand (irrigation or
hydropower). If the water level in the reservoir falls below the second middle rule level,
the supply for the least priority demand is completely curtailed, reduced supply (based on
the curtail factor) is made for the second least priority demand and full supply is made for
the highest priority demand and full supply is made for the highest priority water supply
demands. The release is made at the reduced rate so that these partial releases can be
maintained throughout the water year. This level in Sunkosi reservoir is 312.0m in

Kamala reservoir 164.0 m.

(iv) Lower Rule Level

The lower rule level is critical for water supply demands and minimum flow
requirements in the downstream river. If the reservoir level falls below the lower rule
level, then supply in made to meet full demands of water supply and minimum flow only.
No water is released for irrigation or hydropower generation in this situation. If this water
passes through the power plants, then some incidental hydropower may also get

generated. This level in Sunkosi reservoir is 312.0m in Kamala reservoir 164.0 m.
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5.3 DATA REQUIREMENT OF THE MODEL:

The data required for the model study are available, full reservoir level, dead
storage level, elevation- area-capacity table, various conservation demands from the
reservoir lime water supply for domestic and industrial purposes, irrigation, hydropower
demands and minimum flow requirement in the downstream channel, evaporation
depths and local inflow from the catchment area. These input data have been presented
in the following Table 5.1 and other required data have been computed and presented in
the following tables of this report.

(1) Elevation area capacity table in Table 2.1 and 2.3 in chapter 2.
(ii)  Domestic and industrial demands in Table 4.5 in chapter 4.

(iii)  Inflow of Kamala river (average) in Table 4.4 in chapter 4.

(iv)  Link diversion from Sunkosi to Kamala in Table 4.4 in chapter 4.
(V) Reservoir evaporation depth in Table 4.6 in chapter 4.

(vi)  Inflow of the Sunkosi river in Table 4.7 in chapter 4.

(vii) Inflow of Kamala river in Table 4.8 in chapter 4.

Table 5.1: Program Input Data

Line Variable name Format Description INPUT DATA
1 TITL A Title of the problem Reservoir-1 Reservoir-2
2 NLOC Free Total number of controlling locations in the | 2.0 2.0
system.
IMON(1) Free Initial month of operation. 10.0 1.0
IYR (1) Free Initial year of operation. 1966.0 1966.0
NMON Free Number o months of operation. 324 324
IFMON Free A factor for specifying length of a period =
For monthly operation, 2.0 2.0
For early 1.0 1.0
3 - - Blank line
4 NAME (1) A Name of location alphanumeric. Reservoir 1 Reservoir 2
5 ICP (I) Free Node Number of the control point. . 1.0 1.0
Number of control points immediately
Free upstream of the present control. 0.0 0.0
Free A flag to specify the way of supply of
water through the power plants:
=0 - no power plants, 1.0
= 1- all release pass through plants
=2 - Irr. Release bypasses the plants,
=3 - WS release bypasses the plants.
=4 - all release bypass the plants. 4.0
FIR (1) Free A factor for reducing demands of irrigation | 1.0 1.0
in case of insufficient water.
FPOW (I) Free A factor for reducing demands of
hydropower in case of insufficient water (if
icon(i0 = 0, then 0). 1.0 1.0
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FCRI (I) Free A factor for defining critical conditions | 0.75 0.75
(release less than a specified percentage of
total demands). 0.0
ICP2 (I) Free Node number of ICPI control points
upstream of the present control point. 0.0
IfICON (I) Greater Than 0, Then
6 PINST (O Free Installed capacity of the power plants in | 69.0 31.0
MW.
ETAIL () Free Tail water elevation (m) 198.0 140.0
PLMIN (1) Free Minimum level for power production in | 312.0 164.0
meter,
EFF@) Free Efficiency of the power plants. 0.85 0.85
7 IPRIO (1,J) Free Priority index for irrigation & power
= 0 if irrigation has higher priority., 0.0
=1 if power has higher priority. 1.0
8 POW (1,J) Free Monthly/ ten-daily hydropower demand in | 0.0 0.0
MK wh.
Endif
9 SMAX (I) Free Gross capacity up to FRL (m’) . 22.5x 10° 900 x 10°
SMIN (I) Free Gross capacity up to intake of WS outlet | 7.5 10° 190 x
(')
STOR (I,1) Free Initial reservoir storage (m®). 22.5x% 10° 900 x 10°
NN D Free Number of points in Elevation -Area-
Capacity table. NN = 0 for non-reservoir
locations like weirs & barrage.
A flag controlling simulation table printing: | 11.0 11.0
1DP () Free = 2 for detailed simulation table in output
file; = 0 for no simulation table.
1.0,2.0 1.0,2.0
10 ELEV (I, 1)) .| Free Elevation in the FElevation -Area -Capacity
onward table (m).
AREA (1)) Free Corresponding area in Million Sq. m 2.5x10° 57 x10°
CAP(,J) Free Corresponding capacity in Million Cu.m. 22.5x% 10° 900 x 10°
Next INFL Free A flag for reading/ calculating Ilocal
line inflows:
= 1, if inflow data of present location to be
read: 1.0 1.0
= 2, if inflow data of present location is to
be computed from the inflow data of some
other location.
FAC Free Multiplication factor to convert inflow
values in Cu. M. 1x10° 1x10°
Free Node number of the downstream location
whose partial demands are to be satisfied by
the present location 0 0
Free % age of downstream location demands to
be satisfied. 0 0
Free Retum flow expressed as fraction of the
irrigation release from the present location | 0 10 %
that will join the downstream location.
Irrigation demand from a canal (LBC or
Free RBC) which passes through the power | O monthwise
house (if applicable) in M Cum (either attached

monthly or ten-daily) starting from January.
If there is no power house or all irrigation
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Free

Free

Free

demand (LBC +RBC) passes through the
power house, then this represents total
irrigation damned ( LBC+ RBC).

Irrigation demand from other canal which
does not pass through the power house (if
applicable) in M Cum (either monthly or
ten-daily) starting from January. If there is
no power house or all irrigation demand
(LBC + RBC) passes through the power
house, then this represents zero (0)
irrigation demand irrigation.

Total domestic and industrial water supply
demand in Million Cu. m (either monthly or
ten-daily) starting from January.

Minimum flow demand in the downstream
channel in M Can (One value only).

0.
month
attached

wise

Next
line

RULE (1.3)

Free

Upper rule levels in meter ( either monthly
or ten-daily straiten from January)

First middle rule levels critical for irrigation
or hydropower demands {depending on
priority) in meter) either monthly or ten-
daily) starting from January.

323.0

312.0

182.0

164.0

If both, Irrigation and Hydropower are to be Served, Then

Next
line

Next
line

Next

line

Next
line

POL (L))

WPL (L)

EVPD (L))

FLOW({, )

Free

Free

Free

Free

Second middle rule levels critical for
irrigation or hydropower demands (
depending on priority) in meter ( either
monthly or ten daily) staring from January,
Lower rule levels critical for water supply
and minimum flow demands in merrier
(either monthly or ten-daily) starting from
January.

Evaporation depth in meter/ month (either
menthly or ten-daily) starting from January.
Inflow values at the location in Million Cu.
M for all the periods of record (either
monthly or ten-daily). If INFL is = 1, then
mode number of the location whose inflow
data is to be used for calculating the inflows
at the present node must be specified here.

312.0

312.0

monthly value
attached

monthly value
attached

164.0

164.0

monthly
attached

monthly
attached

value

value

5.4 OUTPUT OF THE MODEL

The model was used to simulate the operation of the Sunkosi and Kamala

reservoirs for 19 years. Baséd on the trial rule curve levels the monthly time and volume

reliability for each reservoir have been calculated. In addition, the total number of months

of irrigation failure and water supply failure have been computed. It also calculates the

number of months when the release from the reservoir is less than a specified percentage
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of the total.demands and thus calculates the Critical Failure months computer printing of
line results are given in appendix 2.

For each period, the table gives the year, month and period of operation, the initial
storage, flow from intermediate catchment, evaporation, irrigation demand, water.supply
demand, hydropower generated, spill from the structure, end level and middle and upper

rule levels.

5.4.1 Results of Long Term Reservoir Simulation
The simulated results show the time and volume reliability of the Sunkosi

reservoir as 0.995 and 0.996 respectively. There is only one failure year (1982). While
the Kamala reservoir at 4.75% decrease of design irrigation demand shows the annual
irrigation reliability as 0.833. At this demand, the number of failure years are 3-0. and
the failure years are 1982 (June, July), 1983 (July), and 1984 (July). The summary of the
simulated output has been presented in Table 5.2 and computer print of results are given
in appendix II. 4

Table 5.2: Reservoir Reliability

Annual irrigation Reservoir -1 (Reliability ) Reservoir -2 (Reliability)
demand (Mcm)
Volume % Time Volume | No.of | Time | Volume Annual No. of Years
Decrease failure | reliabil reliability | failure
Year ity Year
(i) 2598 0 0.995 0.996 1(1982) | 0.971 0.953 0.056 18
(i) 2468 5 0.995 0.996 1 0.955 0.998 0.994 ] 1982
(iii) 2481 4.5 0.995 0.996 1 0.945 0.995 0.44 11 - :
(iv) 2475 4.75 0.995 0.996 ! 0.981 0.997 0.833 3 1982-83-
84
(v) 2477 4.65 0.995 0.996 1 0.963 0.996 0.611 8 -

5.5 COMMENTS

The irrigation demands for the condition of annual irrigation reliability more than

75%, becomes deficit by 4.75% (121 MCM). Therefore, either irrigation demands should
be reduced by 4.75% or link flow diversion should be increased by 121 MCM (5% of the
total diversion) or monthly peak demands of the second reservoir can be minimize by
adopting alternative cropping pattern as presented in printed sheet No. VI as an
alternative. The simulation was conducted also for the minimum height of the reservoir
dam and it was found that the minimum capacity of 900 MCM as full resume of elevation

182.0 m (minimum height 44 m) is required.
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CHAPTER 6

SUMMARY AND CONCLUSION

6.0  This report deals with basin water balance study. L.P. model study and long term

reservoir simulation study.

6.1 STUDY AREA CHARACTERISTICS

The study area is the Kamala basin and the basin has catchment area 2100 sq.km
at prbposed reservoir site and project area 3432 sq.km. The length of the Kamala river is
about 100 km. The present study of the Kamala basin covers three districts namely
Dhanusha, Mahottari and Sitha. The net command area considered in this project is
138000 ha.

6.2 WATER BALANCE STUDY
6.2.1 Kamala Basin Water Balance Study

The water balance study of Kamala basin was carried out with the purpose to find
out the water status of the basin. The multipurpose demands of the project such as
irrigation, domestic and industrial were estimated as per NWDA guidlines. The surface
water and groundwater available in the basin has been assessed. The discharge data of
Kamala river at Inarawa site was obtained from the Dept. of Hydrology and Meteorology
of Nepal for six years period from 1989 to 1995. This data has been considered for
surface water study. The groundwater assessment has been done on basis of annual
recharge due to rainfall and surface water utilization. The annual recharge has been
calculated by the formula developed by U.P. Irrigation Research Institute, Roorkee. The
annual recharge has been found as 601.00 MCM out of which 542 MCM has been
considered for use for this project demand. Similarly the water available in Kamala basin
has been worked out. The total demands of the Kamla basin sector wise are as 3584.14
MCM for irrigation, 72.53 MCM for domestic demands and 34.69 MCM for industrial
demands while water available in Kamla basin are as surface water of Kamla river 351
MCM surface watler, groundwater 542.0 MCM (Ground water) and regeneration due to
the surface water utilization is 442.82 MCM. The net deficit of water for Kamla basin is

2355.0 MCM (75.0cumecs), which is to be transferred from the Sunkosi basin (Table 315),
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6.2.2 Sunkosi Basin Water Balance Study

The purpose of this study was to estimate the surplus water available in the basin.
The discharge data of Sunkosi river at Kamphu Ghat, immediately down stream from the,
Kamala diversion point at Kurule, was obtained from the Dept. of Hydrology and
Meteorology, Nepal for 18 years from 1967-1985. This data was considered for the study.
In upstream of the diversion point, there are irrigation demands and Melanchi water
supply demand for Kathmandu Valley. The water balance study has been computed
considering these upstream demands. In down stream of the Sunkosi River there is not
any major demands before joining Sapta Kosi river. So there may not be any adverse

effect in downstream due to diversion from Sunkosi to Kamala (Table 17 & 18).

6.2.3 Sapta Kosi River Water Balance Study

Sunkosi river is a tributary of Saptkosi river, so water balance of Sapta Kosi has
been carried out to see the effect of Kamla diversion on this river basin. The discharge of
Sapta Kosi River at Chattara near Kosi barrage, was obtained for 20 years from 1977
t01997. This data was considered for this study and it was found that large amount of
untapped water still remains in this basin (refer Table 19). |

Thus water balance study of the Sunkosi shows that Sunkosi river basin is a water
surplus basin. Hence it is possible to meet the demands of Kamala basin from Sunkosi

basin and this transfer has no adverse impacts in downstream of Sunkosi

6.3 L.P. MODEL STUDY -

A deterministic linear programming model has been developed and used to study
the various technological options such as changes in existing and designed cropping
patterns, cropping intensity, conjunctive use of surface water and ground water. As this
project is in planning phase, two types of analysis were carried out in the model study.
. One is to find out the cropping pattern which yields maximum benefits using canal water
and ground water. The second type of study was to find out the optimal crop area and

intensity to check the suitability of existing and designed cropping patterns with surface

— Y

water and ground water. ‘.//
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Estimation of iﬁput data and related prameters of the model are based on existing
Kamala project data, Bhairwa -Lumbini ground water project data and feasibility study
report of Sunkosi - Trai irrigation project LP Model has been solved using the above data

and for various conditions

(i) Irrigation with Kamla surface water, (ii) Kamla surface water and ground
water, (iii) Kamla surface water and water transferred from Sunkosi and Kamla surface
water, (iv) Groundwater and water transferred from Sunkosi). These analysis have been
computed using no crop area constraints, existing crop area constraints, designed crop
area constraints and policy constraints as lower binding and upper binding limit for
minimum required and maximum possible crop area suitable for crops. The crop area has
been finalized on basis of outcome of the model computations (Table 4.2). The L.P
Model study ié scientific study and provides guidelines on different options of crops and

crops area selections for cropping pattern and cropping intensity.

6.4  OPTIONS OF WATER SUPPLY
6.4.1 Supply through Kamla Reservoir
The maximum area that can be irrigated with water supply through reservoir |

supply along with groundwater use has been found as 138000 ha and power generation

from this reservoir is 31 MW.

6.4.2 Supply without Kamla Reservoir (Run-off river Scheme)

The maximum area that can be irrigated with Kamla surface water has been
calculated as 7000 ha, and with ground water conjuctive use it is as 12000 ha. The
maximum area that can be irrigated with Kamala surface water and water transfer from
Sunkosi has been found as 78000 ha while with groundwate use as 114000 ha. So the net
difference in command area in supply through reservoir and without reservoir is found as .
24000 ha.
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6.5 LONG TERM RESERVOIR SIMULATION STUDY

It is a search technique used to examine and evaluate the performance of a o

reservoir with different assumed capacities for meeting the specified release pattern and
to satisfy the conditional operation rules. Two reservoirs are proposed in this system; first
one is on Sunkosi river at Kurule to divert the demands of Kamla basin as a link flow
and to generate hydropower from this diverted flow. Second one is Kamala reservoir at
Chissapani, with a view to meet the peak irrigation demand and to generate 31
hydropowef. The monthly simulation of these reservoirs operation for 19 years dgta
series have been done using software for reservoir analysis (SRA), developed by National
Institute of Hydrology, Roorkee.

The model study was conducted for annual irrigation reliability and minimum
height of Kamla reservoir required to meet the irrigation demand. The summary results of
the simulation (Table No.5.2) show that Sunkosi releases link demands as time reliability
*995% and volume reliability as .996 %. With this release from Sunkosi, the various
demands of the Kamla scheme are met by the water supply through Kamla reservoir. The
annual irrigation reliability has been computed for greater than 75% reliability condition.

- The reservoir simulation has been done to fix minimum height of the Kamla dam -
required for irrigation supply. It has been found that the minimum capacity of 900 MCM

as full resume of elevation 182.0 m (minimum height 44 m) is required.

6.6 CONCLUSION

Kamala river basin covers the most fertile plain land which is highly valuable for the
mountainous country like Nepal. The development of the basin is not possible without
developing the irrigation infrastructure and fulfilling the other needs of water. Agriculture
sector is the largest' user of water resources and without equitable water for crops,
agriculture production can not be assured. Kamla basin is water deficit basin, while
Sunkosi is water surplus basin. Therefore, water transfer from Suﬁkosi to Kamla basin
should be attempted. With this inter-basin water transfer 138,000 ha of agriculture land
can be irrigated along with 69 MW power generation at Sunkosi and 31 MW power
generation at Kamla reservoir. The reservoir would moderate the floods in Sunkosi and

Kamala basin. Reservoirs will have positive impacts on preservation of ecology, like
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arresting degradation, arresting groundwater depletion and increasing green coverage
which are widely required for the healthy development of the basin.

The LP model has been déveloped and used on various technical options. The
outcome of the model study has been used in finalizing the design cropping pattern and
cropping intensity. Thus the linear planning model study is scientific study and provides
guidelines on different options of cropping pattern and intensity.

- The monthly simulation of these reservoir operation for 19 years data series have
been done using software for reservoir analysis (SRA), developed by National Institute of
Hydrology, Roorkee. The model study was conducted for annual irrigation reliability and
minimum height of Kamala reservoir required to meet the irrigation demand.

The result of the simulation shows in Sunkosi reservoir, there is only one year
failure in 1982 in April month. Time and volume reliability of this reservoir supply are
99.5% and 99.6% respectively. Kamala reservoir at 83.3% (> 75%) irrigation reliability
meets the irrigation demands at 4.75% decrease of design irrigation demands. Time and
volume reliability of this reservoir are 98.1% and 99.7% respectively. For minimum
height of the dam the simulation results shows that the minimum capacity of 900 MCM

as full resume of elevation 182.0 m (minimum height 44 m) is required.
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PRINT RESULTS SHEET)
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BAT ]

— —
- LEAVE '
LF OPTIMUM FOUND AT STEF 15
OBJECTIVE FUNCTION VALUE
1) 4650000,
VARIABLE VALUE REDUCED COST
Al 0.000000 138.000000
- A2 0.000000 28.000000
A3 0.000000 26.000000
N A4 '25000.000000 0.000000
N AdS o 0.000000 9.000000
AB - 0.000000 28.000000
o . AT ' 0.000000 103.000000
A8 0.000000 101.000000
A9 0.000000. 113.000000
. . AlO0 0.000000 54.000000
All 25000.,000000 0.000000
D1 0.000000 . 0.000000
" Y1 1709.000000 0.000000
D2 ~0,000000 0.000000
Y2 1314.000000 0.000000
! D3 1323.000000 0.000000
v Y3 0.000000 0.000000
‘D4 0.000000 0.000000
» Y4 1400.000000 0.000000
i D5 0.000000 0.000000
Y5 1741.000000 0.000000
; D6 0.000000 0.000000
" Y6 2501.000000 0.000000
D7 0.000000 0.000000
L Y7 4901.,000000 0.000000
" D8 0.000000 0.000000
Y8 6294.000000 0.000000
D9 3987.000000 0.000000
Y9 1864.000000 0.000000
D10 0.000000 0.000000
| Y10 3991.000000 0.000000
- D11 2265.000000 0.,000000
Y11 0.000000 - 0,000000
D12 1945.000000 0.000000
Yiz2 0.000000 0.000000
*Al 0.,000000 0.000000
. ¥A7 0.000000 0,000000
*A8 0.000000 0.000000
*A9 0.000000 0.000000
C ¥A10 0.000000 0.000000
h -*A11 0.000000 0.000000
s *D1 0.000000 0.000000
( T1 0.000000 0.000000
¥D2 0.000000 0.000000
T2 0.000000 0.000000
C *D3 0.000000 0.000000
T3 0.000000 0.000000

......



LP OPTIMUM FOUND AT STEP 27

L

OBJECTIVE FUNCTION VALUE

1) 3045146,
VARIADLE VALUE REDUCED COST
Al 1330.000000 0.000000
A2 1995.000000 0.000000
A3 1662.000000 0.000000
A4 9208.000000 0.000000
A5 8312.000000 0.000000
A 2493,000000 0.000000
AT 5818.000000 0.000000
A8 2493.000000 0.000000
\ A9 2493.000000 0.000000
A10 831.000000 0.000000
All 12035.000000 0.000000
DI .~  0.000000 0.000000
Y1 1709.000000 0.000000
D2 0.000000 0.000000
Y2 1314.000000 0.000000
D3 1323.000000 0.000000
Y3 0.000000 0.000000
D4 0.000000 0.000000
Y4 -1400.000000 0.000000
D5 0.000000 0.000000
Y5 1741.000000 0.000000
D6 0.000000 0.000000
Y6 2501.000000 0.000000
D7 0.000000 0.000000
Y7 4901.000000 0.000000
D8 0.000000 0.000000
Y8 6294.000000 0.000000
D9 0.000000 0.000000
Y9 5851.000000 0.000000
D10 3991.000000 0.000000
Y10 0.000000 0.000000
D11 2265.000000 . 0.000000
Y11 0.000000 0.000000
D12 1945.000000 0.000000
Y12 0.000000 0.000000
*A1 0.000000 0.000000
*AT © 0.000000 0.000000
*A8 0.000000 0.000000
*A9 0.000000 0.000000
*A10 0.000000 0.000000
*A11 0.000000 0.000000
*D1 0.000000 0.000000
T1 0.000000 0.000000
£D2 0.000000 0.000000
T2 0.000000 0.000000
*D3 0.000000 0.000000
T3 0.000000 0.000000
 *A2 0.000000 0.000000
*A3 0.000000 0.000000
*A4 0.000000 0.000000
D4 .0.000000 0.000000
T4 0.000000 0.000000
D5 0.000000 0.000000
T5 0.000000 0.000000
*¥AS5 0.000000

0.000000



LF OPTIMUM FOUND AT STEP 24

OBJECTIVE FUNCTION VALUE

1) 1 0.2953200E+08
VARIABLE VALUE REDUCED cosT
Al 0.000000 144 .000000
AR 0.000000 55.000000
A3 . 0.9000000 53.000000
A4 138000.000000 0.000000
A5 0.000000 B4, 000000
AS 0. 000000 0.000000
A7 0.000000 66 . 000000
Yz} 0.000000 85.000000
A9 0.000000 94000000
A10 0.000000 34. 000000
ALl 138000, 000000 0. 0600000
D1 22857.000000 0.000000
~ vl 0.000000 0. 000000
g2 21134.000000 0.000000
81 42282.000000 C. 000000
El 0.000000 0.000000
b2 0.000000 0. 000000
Y2 0.000000 0.000000
53 22448.000000 . 000000
ER 0.000000 0.000000
D3 0. 000000 0. 000000
Y3 0.000000 0. 000000
S4 22773.000000 0. 000000
E3 998. 000000 0. 000000
D4 0.000000 0. 000000
Y4 0.000000 0. 000000
55 24173.000000 0. 000000
~ 4 0.000000 0.000000
D5 0.00¢000 0. 000000
Ys 0.000000 0.000000
36 25%14.000000 -0.000000
ES 0.000000 0. 000000

. NG ?2415_000000 0. 000000
16 0. 000000 0.000000
87 19000.000000 0.000000
Fe 0.000000 0.000000
‘w7 0.000000 0.C00000
Y7 0.000000 0.000000
o 23901.000000 0. 000000
w7 0.000000 0.000060
a}z} 0.000000 0.000000
Ve 291.000000 0. 000000
& 29204.000000 0.000000
E8 0.000000 0.000000
ot} 0.0000600 0. 000000
& , 0.000000 0. 000000
810 34081. 000000 0.000000
Eo 974, 000000 0.000000
D1y 0.000000 Q. 000000
Y10 0.000000 0.000000
s11 S8072.000000 0. 000000
Ele 0.000000 0.000000
D1} 0. 000000 0. 000000
Y1) 0.000000 0.000000
31% 40337.000000 0. 000000



LP OPTIMUM FOUND AT STEP

50

OBJECTIVE FUNCTION VALUE

1)
VARIABLE

0.1671

VAL
73471.
11012.
9177.
50820.
45885.
13765..
32119,
13765.
13765.
4588.
66422.
0.
911,
39476,
19000.
410.
0.
394971.
19000.
443,

. 0.
a1,
38844.
656.
0.
39817.
19000.
§67.
0.
20927.
19000.
902.
0.
21085.

-19000.

856.
0.
24081
19000.
908.
0.
25458,
19000.
924.
0.
24331.
19000.
760.
0.
23343,
19000.
736.
0.
21255,

155E+08

UE
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000 -
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

REDUCED COST

OQOOOOOOOC)OC)QQOOOOOC)OOOOOQOOOOQQOOOOOOQQOOOOOOOOOOOOOQ

.00000¢0
.000000
.000000
.000000
.000000
.000000
.000000
. 000000
.000000
. 000000
.000000
. 000000
.000000
000000
. 000000
.000000
.000000
.000000
.000000
000000
. 000000
000000
.000000
.0c0000
.000000
.000000
.000000
. 000000
.000000
.000000
.000000
. 000000
.000000
. 000000
000000
. 000000
. 000000
.000000
.000000
. 000000
000000
000000
. 000000
.000000
.000000
.000000
.000000
. 000000
.000000
.000000
.000000
.000000
.000000
000000



*D4

¥A5
¥D6
T6
*D7
T7
*A6
*D§
TS
*D9
T9
*Di1o
T10
*Di11
Ti1
¥Di2
T12

668

OOOOOOOOOOOOOOQOQQOOOQO

[&,]

OO0 TCOCOOTO

. 000000
. 000000
.000000
. 000000
.000000
.000000
.000000
000000
.000000
.000000
000000
000000
.0006000
.000000
.000000
. 000000
.000000

000000

.000000
.000000
.000000
.000000
.000000

.000000

.000000
. 000000
.000000
. 000000

856934

. 000000
.000000
000000
.000000
.000000
.000000
000000
.000000
.000000
. 000000
. 000000

0.000000
0.
0.000000

000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

000000

.000000
000000
. 000000
. 000000
. 000000
.000000
.000000
. 000000
.000000
. 000000
.000000
.000000

.000000
.000000
000000
.000000.
. 000000
. 000000



LP OPTIMUM FOUND AT STEP 61 szj

OBJECTIVE FUNCTION VALUE

1)

" VARIABLE -

Al
A2
A3
A4

Eit
D12
yi2
E12
*AT1
*A7
*A8
*A9
*A10
*AT1
*D1
T

0.1127476E+08

VALLUE REDUCED COST
13835.000000 0.000000
11012.000000 0.000000
12448.000000 0.000000
11040.000000 0.000000
75%00.000000 0.000000
13765.000000 0.000000
62100.000000 0.000000
20700.000000 0.000000
713765.000000 0.000000
11040.000000 - 0.000000
16560.000000 0.000000

0.000000 ©0.000000

911.000000 0.000000
39476.000000 0.000000
19000.000000 0.000000

410.000000 0.000000

. 0.000000 0.000000
39491.000000 0.000000
19000.000000 0.000000
443.000000 0.000000

' 0.000000 0.000000
20755.000000 0.000000
19000.000000 0.000000
656.000000 0.000000
0.000000 0.000000
19973.000000 0.000000
19000.000000 0:000000
§67.000000 0.000000
0.000000 0.000000
20927.000000 0.000000
19000.000000 0.000000
$02.000000 0.000000
0.000000 0.000000
§81.000000 0.000000
39204.000000 0.000000
§56.000000 0.000000
0.000000 0.000000
44285.000000 0.000000
19000.000000 0.000000

908.000000 0.000000

- 0.000000 0.000000
25458.000000 0.000000

©19000.000000 0.000000
924.000000 0.000000
0.000000 0.000000
881.000000 0.000000
42450.000000 0.000000
760.000000 0.000000

~0.000000 0.000000
46793.000000 0.000000
19000.000000 0.000000

736.000000 0.000000

- 0.000000 0.000000
881.000000 0.000000
39374.000000 0.000000
450.000000 0.000000
0.000000 0.000000
42037.000000 0.000000
376.000000 0.000000
0.000000 0.000000
0.000000 0.000000
0.000000 0.000000
0.000000 0.000000
0.000000 0.000000
0.000000 0.000000
0.000000 0.000000
0.0n0000 0.000000



T9

} . *D10
- T10
*D1 1

TI1

*D1 2

T12

ROW

-
{
N
—
~—

{ -
w
w
—_

0.
0.
Q.

668

CO OV TOOOUOTOOOOTOOOTO

SLACK OR SURPLUS

. . 000000
. 0006000
.000000
.000000
. 000000
.000000
. 000000
. 000000
. 000000
. 000000
. 000000

COVDODODODOODOOO

000000
000000
000000

.000000
.000000
.000000
.000000
. 000000
.000000
.000000
.006000
.000000
.000000
.000000
.000000
. 856934
.000000
.000000
.0006000
.000000
.000000
.000000
.000000
. 000000
.000000
.000000
. 000000

000000
000000

.000000

6000060
000000
000000
000000
000000
000000

000000
000000
000000

. 000000

0C0000
000000

. 000000
.000000
.000000
. 000000

000000

.000000

000000
000000

. 000000
.000000
. 000000
.000000

(=Rl NoN oo e oo oo Ro R e RN e N e Ro Ru R e R ke e Ro R o

DUAL

!
QOMOCOONVDOUOCOOIOTIOTO

—~ N
AOVOO NGO~

Q
—
N3 Co O

- W
DO 0O

. 000000
.000000
. 000000
. 000000
.000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
.000000
. 000000
. 000000
. 000000
. 000000
.000000
.000000
.000000
. 000000
. 000000
.000000
. 000000
. 000000
. 000000

000000

. 000000

PRICES

. 000000
. 000000
.000000
. 000000
.000000
. 000000
.000000
. 000000
.000000
. 000000
.000000
. 000000
.000000
.000000
. 000000
.000000
. 000000
.000000
.000000
.000000

.000000
.000000
.000000
.000000
.000000
. 000000
.000000
. 000000
.000000
. 000000
. 000000

000000

. 000000
.000000
. 000000
.000000
. 000000
.000000



e s T Amm et e

40)
41)
42)
43)
44)
45)
46)
47
48)
49]
50)
51)

53)
54)
- 55)

571
58)
~ . 59)
60
61)

63]
64)

66}
67}
68)
69
70)
71)
72)
73)

7 75)
- 76)
— . 77)

78)
) 79)
~— ‘ 80)

81)
) §2)
[ . 83)

_ 84)
(- 85)
86)
8§7)

89)
90)

92])
93)
94)
95)
96)
97)

o~
l

, 99 )
L 100}
: 101}

C : 102)
- . 103)
104)

105}

107 )

SO0 OOO

22857.
21164.
22857.
22010.

22857

22010.
22857.

.000000

. 000000

.000000

.000000

. 000000
. 000000
. 000000
. 000000
. 000000
. 000000

000000
000000
000000
000000

.000000

22857.

22010.
22857.
22010.

22857.
. 000000

38668.
19844.
19092.
20016.

43294.

000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000

.000000

24467 .
.000000

45802.

47514.

COOOOQOO

71000.
50524.

000000
000000

000000

. 000000
41040.

000000
144531

. 000000
.000000
. 000000
.000000
.000000
.000000
.000000
.000000

.000000

.000000
.000000
.000000

71000.

71000.

71000.

71000,

50796.

71000.

71000.
47550,
71000.

50626.

20476.
0.000000

2020

DO OO

000000
000000
006000
000000
000000
000000
000000
000000
000000
000000
000000
000000

.000000

000000

.000000
.000000
,000000

000000

. 000000

. 000000

OOOOOOOOQOOOOOOQQOQQOQOO

.000000
.000000
. 000000
.000000
.000000
.000000
.000000
.000000
.000000
, 000000
.000000
.000000
. 000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
,000000
.000000
.000000
.000000Q
. 000000
.000000
.000000
. 000000
.000000
. 000000
.000000
.000000
.000000

.000000
.000000
. 000000
.000000
.000000
. 000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000



LP OPTIMUM FOUND AT STEP 50 T
OBJECTIVE FUNCTION VALUE

éw 1) 0.1219920E+08
. VARIABLE - . VALUE REDUCED COST
-, R Al 11040.000000 0.000000
' : ' ' A2, ©  16560.000000 0.000000
i : E A3 13800.000000 ' 0.000000
~ N . A4 6900.000000 ' 0.000000
' A5 69000.000000 0.000000
{ : o . A6, 20700.000000 . 0.000000
~ (O A7 48300,000000 0.000000
- A8 20700.000000 0.000000
' A9 20700.000000 » 0.000000
\ i AT 6900.000000 0.000000
AT 30360.000000 0.000000
D1 . 0.000000 0.000000
“ V1 ' 911.000000 0.000000
S2 39476.000000 0.000000
‘ S1 19000.000000 0.000000
O E1 410.000000 0.000000
- I ' D2 0.000000 0.000000
! ’ S Cy2 39491.000000 0.000000
hnd G S3 19000.000000 0.000000
E2 443.000000 0.000000
O ' D3 0.000000 0.000000
.~ y3 911.000000 - 0.000000 | .
; sS4 38844,000000. .. . 0,000000°
. _ . E3 656.000000 0.000000
e : ‘ D4 0.000000 0.000000
V4 39817.000000 0.000000
. - : S5 19000.000000 0.000000
. i E4 867.000000 0.000000
; " D5 0.000000 0.000000
L P Y5 . 20927.0600000 0.000000
R o S6 19000.000000 0.000000
| E5. °  902.000000 0.000000
; ) D6 0.000000 0.000000
> - V6 21085.000000 0.000000
S7 19000.000000 0.000000
Eé6 856.000000 0.000000
- . D7 0.000000 0.000000
y7 24081.000000 0.000000
; , . S8 19000.000000 0.000000
- L~ : E7 908.000000 0.000000
i D8 : 0.000000 0.000000
C P Vs 25458.000000 0.000000
o S9 19000.000000 0.000000
ES 924.000000 0.000000
i - D9 0.000000 0.000000
G, S V9 24331,000000 0.000000
, S10 19000.000000 0.000000
O - . E9 760.000000 0.000000
4 G D10 0.000000 0.000000
; V10 23343.000000 = 0.000000
C Co , St1 19000.000000 ©0.000000
oG E10 736.000000 0.000000
\ D11 ' 0.000000 0.000000
Vi1 21255.000000 0.000000

L. ‘
Sr2 19000.000000 0.000000

I R



~~.

bad

El1 450.000000 0.000000
D12 0.000000 0.000000
vi12 21657.000000 0.000000
El12 376.000000 0.000000
*A1 0.000000 0.000000
*A7 0.000000 0.000000
*A8 0.000000 0.000000
- *A9 0.000000 0.000000
*A10 0.000000 0.000000
*AT 1 0.000000 0.000000
*Di 0.000000 0.000000
T1 0.000000 0.000000
*D2 0.000000 0.000000
T2 0.000000 0.000000
*D3 0.000000 0.000000
T3 0.000000 0.000000
*A2 0.000000 0.000000
*A3 0.000000 0.000000
*A4 0.000000 0.000000
*D4. 0.000000 0.000000
T4 0.000000 0.000000

" ¥D5 0.000000 0.000000
T5 0.000000 0.000000
*AS 0.000000 0.000000
*D6 0.000000 0.000000
T6 0.000000 0.000000
xD7 0.000000 0.000000
T7 10054.285156 0.000000
V¥AGE 0.000000 0.000000
*D§ 0.900000 0.000000
TS 0.000000 0.000000
*Dg 0.000000 0.000000 .
T9 0.000000 0.000000
*D10 0.000000 0.000000
T10 0.000000 0.000000.
CXDI 0,000000 0.000000
Ti1 0.000000 0.000000
*D12 0.000000 0.000000
Ti2 0.000000 0.000000
ROW  SLACK OR SLRPLUS DUAL PRICES
2) 0.000000 0.000000
3) 0.000000 0.000000
4) 0.000000 0.000000
5) 0.000000 0.000000
6) 0.000000 0.000000
7). 0.000000 0.000000
§) . 0.000000 0.000000
9) 0.0600000 0.000000
10) 0.000000 0.000000
11) 0.000000 0.000000
12) 0.G00000 0.000000
13) 0.000000 0.000000
14) 0.GG0000 -7138.000000
15) 0.000000 © -28.000000
16) 0.000000 ~26.000000
17) ~ 0.000000 0.000000
18) 0.000000 -9.000000
19) 0.000000 -28.000000
20) 0.000000 -103.000000
21 0.000000 -108.000000




¢ < O

[P 175"

(SRR S PPN

22) 0.
23) 0
24) 23460,
25} 0
26) 0
27) 0
28) 0
29} 0
30) 0
3t} 0
32} 0
33) 0
34) 0
35} 0
36) 0
37) 0
38) . 0.
39) 22857,
40) 21164.
41) 22857.
42) 22010,
43} 22857.
44) 22010,
45) 22857.
46) 22857.
47) 22010.
48] 22857.
49) - 22010.
50) 22857.
51) 0
52) 38668.
. 53] 0
. 54) 38936.
55) 20016.
56) 20204,
57 ) 23090.
58) 24467,
59] 23450,
60) 22352,
61} 20374.
62) 20666,
63) 44145,
64) 0
65) 0
66} 0
- 67) 0
68} 0
69) 0
70) 0
71) 0
72) 0
L 73) 0
74) -0
75) 0
76) 71000.
77) 50524.
. 78) 71000.
79) 51156.
80) 71000.
§1) 71000.
82) 71000.
83) 71000.
8§4) - 71000.
85) 71000.
§6) ~71000.
§7) 71000.
88} 0
§9) 20476.
90) 0
91) 19844,
92) 0
! 93/ 0
94) 0
95 0
96} 0
97 ) 0
98) 0
99 0

NO. ITERATIONS=

000000

. 000000

000000

. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
.000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

. 000000

000000

. 000000

000000
000000
000000
000000
000000
000000
000000

000000

000000
714844

. 000000
.000000
. 000000
. 000000
. 000060
. 000000
.000060
. 000000
.000000
.000000
. 000000
. 000000

000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000

.000000

000000

.000000

000000

.000000
. 000000
. 000000
. 000000
. 000000
. 000000
.000000
.000000

50

-713.
~54

56.

130.
.000000
.000000
.000000
.000000
.000000
. 000000
. 000000
.000000
. 000000
. 000000
. 000000
.000000
. 000000
.000000
. 000000
. 000000
. 000000
. 000000
.000000
.000000
.000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
.000000
.000000
000000
.000000
. 000000
. 000000
.000000
. 000000
. 000000
.000000
. 000000
. 000000
. 000000
. 000000
.000000
.000000
.000000
. 000000
. 000000
.000000
.000000
.000000
.000000

QO

OOOOQQQOOQOOOOOOOQOO'3000006000000000OQOOOOOQOOOQQOQQQQO

O OO0V OOD O

000000

.000000
.000000

000000
000000

.000000
.000000
.000000
.000000
. 000000
. 000000
. 000000
.000000 .
.000000
. 000000
. 000000
.000000
.000000
.000000
.000000
.000000



CALCULATION OF HYDROPOWER GENERATION

From Sunkosi- Reservoir:
Diversion Flow (Q) = 75 cumecs.
Head available (h) =308 m - 198.0=110.0 m
Efficiency (n) = 0.85
Power Generation =9.81 x 75x 110.0 x 0.85
=68792.0 KW
=68.8 MW
= 69.0 MW

From Kamala Reservoir

Q1 =101.77 MCM = 37.99 = 40.0 cumecs
Head Available

Bed Level = 140 m

FRL =198 m

MDDL = 164.0 m

Head = (164—140)+§x(198—164)=24+§ x 34 =46.70m
FRL =1182.0 m
Head = (164——140)+§x(182—164)=24+% x 18 =36.0m

Q1 =9.81x4.67x40x0.85=15.50 MW
Q1.1=9.81x4.67x36x0.85=140.01 MW
It from Kamala reservoir the inflow is when as a firm discharge

Q=75+5.4=80.4 cumecs

H=46.7m

h=0.85

Power Generation =9.81 x 80.4 x 46.7 x 0.85
=31308.0 KW
=3131 MW

=31.0 MW
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APPENDIX IT
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