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Al-1 - INTRODUCTION
Al-1.1 - Objectives

Annex Al has four objectives :

1. To define the details of all irrigation developments by
district, and by individual project where possible and
appropriate

2. To identify or estimate the planned, developed and irrigated
command areas of present irrigation developments, together
with their irrigation capability and development intensity

3. To identify and account for the duplications and overlaps
which exist in the various different records of irrigation
areas

4. To ensure by proper referencing and explanation that the
information can be readily revised and updated

Al-1.2 - Scope and Outline

This annex provides a summary of the present level of irrigation
development in Nepal, based on the most reliable data now avail-
able, It contributes to definition of the potential and scope for
improvements to the present irrigation developments, and for im-
plementation of new irrigation developments.

Following this introductory section, in Section Al-2, the data
sources which provided basic data on present irrigation development
are identified and discussed. The methodologies applied to compile
and analyse the data are then described in Section Al-3. Section
Al-4 is concerned with a comprehensive presentation of the results
of the work, while Section Al-5 presents an overview of the present
level of irrigation development in the country.




Al-2.1 - Water Use Inventories

Water Use Inventories (WUIs), prepared for the Water and Energy
Commission Secretariat (WECS) by several consultants, were avail-
able for a total of 31* of the 75 districts of Nepal. Preparation
of WUIs for further districts is under way, and measures are in
hand for undertaking WUIs in the remaining districts. The WUIs
provide an account of* existing irrigation schemes in each district,
defining them as either Department of Irrigation (DOI) schemes or
farmer managed irrigation schemes (FMIS). Information on surface
water sources is also provided. Irrigation developments based on
groundwater sources are generally not accounted for in the WUIs.

The WUIs are largely based on aerial photography dating from 1978
and 1979. For this reason, more recent DOI sources of data are
generally preferred for defining the DOI schemes. However, the
WUIs remain the best data source for defining farmer managed sur-
face water schemes. They are also useful for defining overlaps
between DOI schemes and farmer managed schemes.

The WUIs are prepared according to common terms of reference.
However, because of the many consulting firms involved, their qual-
ity varies from district to district. This applies both to the
data inventories and to the mapping that is presented. The data
include mapped or gross developed command areas; information on
actual irrigated areas, irrigation capabilities and development

intensities is not normally given.

Al1-2.2 - Irrigation Agencies

DOI sources of data on the present status of DOI projects comprise
project inventories**, individual project reports, official
progress reports to the National Planning Commission (NPC), and the
recollections and experience of many engineers who serve on, and
have contributed to, the planning, implementation and management of
the various projects. The available information extends, with less
detail, to the numerous farmer managed schemes assisted by DOI with
regard to their construction, upgrading, rehabilitation or main-
tenance. It is noted that these FMIS ‘represent only a small

* All 20 of the Terai districts, plus 11 of the 39 Hill
districts, and none of the 16 Mountain districts.

** The principal source of basic data on DOI projects has been
the project inventory included in Reference 1. ‘
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proportion of the total number of farmer managed schemes. They
include the schemes that were associated with the Farm Irrigation
and Water Utilization Division (FIWUD) of the Ministry of Agricul-
ture, and with the irrigation section of the Ministry of Panchayat
and Local Development (MPLD), prior to their incorporation into DOI
as the Small Irrigation Division (SID).

Command area is an important indicator in the monitoring of pro-
gress of DOI, including SID (FIWUD and MPLD), irrigation develop-
ment programs. For this reason it is not surprising that reported
command areas often exceed the real command areas. The same com-
mand areas can be reported more than once (duplication or double
counting), and existing FMIS can be reported as new DOI schemes
(overlap). In addition, command areas can be reported which are
unrelated to any defined project ("undefined” project command
areas) . Accounting for these reporting features is a major
difficulty in the use of the DOI data sources.

The only government agency outside of DOI that has recognized major
responsibilities for irrigation development is the Agricultural
Development Bank of Nepal (ADBN). The primary area of direct
involvement of ADBN in irrigation is in shallow tubewell (STW)
development, with assistance provided to individual farmers. The
jnvolvement is financial rather than technical. Records indicate
the numbers of STWs financed by district; a standard value of
served area per tubewell is used to estimate command area, and no
other technical details are available. ADBN is also involved in
development and assistance related to farmer managed surface water
irrigation schemes, primarily in cooperation with CARE Nepal.

Irrigation development responsibilities of the Department of Agri-
culture (DOA) have largely been taken over by DOI. The only cur-
rent irrigation development program that is associated with DOA is
the Agriculture Development Program Janakpur (ADPJ), which was
undertaken with Japanese aid. The program involves development of
groundwater resources for irrigation by installation of STWs and
deep tubewells (DTWs); there is also some involvement with farmer

managed surface water schemes.

Inventories of projects associated with the many international and
foreign agencies and their aid or development programs are avail-
able. Fach project is reported by the government agency associated
with it.




Al-2.3 - Res es i oject

The Land Resources Mapping Project (LRMP) (Ref 2), which was
completed in 1986, comprehensively mapped and analysed the land

resources of Nepal. The project undertook aerial photography of
the country in 1978 and 1979 and prepared land resources maps and
databases from this photography. The project included a land
utilization component, which comprehensively classified agricul-

tural, grazing and forest lands; however, irrigation systems, or a
land use classification covering irrigation status, were not
included. The WUIs, discussed in Section Al-2.1 above, identify
irrigation systems from the LRMP photography and topographic maps.
However, as noted above, the inventories are now available only for
one third of the country’s districts.

The IRMP land use mapping and database does identify and fully
describe agricultural land in terms of cultivation types and crop-
ping sequences. From this, by means of some generalized assump-
tions, an indication of irrigation status can be obtained. This is
the only detailed data source and consistent method available at
present for estimating the overall extent of irrigation development
on a country-wide basis. An extension of the method can also
provide an estimate of irrigable agricultural land.

Two separate components of the LRMP cover land systems and land
capability. The land capability component provides an irrigation
suitability classification, from which irrigable areas can be
guantified independently from land use. These irrigable area
estimates need to be expanded to account for irrigable terraced
lands, which are not covered by the suitability classification.
The division of irrigable lands into present land use categories
(agricultural, grazing and forest lands) would best be obtained by
physically superimposing the two map sets to delineate and measure
the area subdivisions, but this is a lengthy procedure that cannot
be undertaken at present. The definition and detailing of irri-
gable areas from both land capability and land use databases, using
simplified methods, is reported in Annex AZ2. For the purposes of
the present compilation, irrigable agricultural land areas are
estimated from the LRMP land use database, and hence the land
capability mapping and database are not used.*

* The basic assumption made is that presently irrigated lands
are also irrigable (i.e. suitable for irrigation). To these
lands are added those presently unirrigated agricultural
lands that are judged to be irrigable by virtue of their
cultivation types and cropping sequences.
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Al-2.4 - Project Apprai Reports

A few assessments of individual existing irrigation systems have

‘been documented, and accounts of present status are included in the

corresponding reports. "Rapid appraisal" reports prepared by WECS
for six DOI projects are available, and somewhat less structured
assessments of other DOI projects appear in various reports. The
details of DOI projects required for present purposes are available
from the DOI sources of information discussed . in Section Al1-2.2
above; the project appraisals will therefore be of most value in
the definition of potential improvements to the existing projects.
However, there have been some 'rapid appraisals" of individual
farmer managed schemes (Ref 3); some case studies of farmer managed
schemes have also been reported (Ref 4). These provide indications
of system status for such schemes that are unavailable from other
documented sources.

Al1-2.5 - Field Observations and Appraisals

A small number of DOI projects and FMIS were visited during the
initial preparation of this annex. The resulting observations
supplemented the  documented information where this was very
limited on some aspects of the present status of irrigation deve-
lopment. However, the present final version of the annex generally
incorporates the findings of the more extensive field programs and
appraisals carried out subsequently. The exception to this relates
to command area data for the larger DOI projects. In this case, the
officially declared and currently accepted values to mid 1988 have
been retained; it is recommended for the future that annual updates
of these wvalues be carried out which both accurately reflect
current progress and incorporate improved estimates of previous
progress. The current best estimates of large DOI project command
areas are reported in Annex C2,




Al-3 - METHODOLOGY

Al1-3.1 - Individual Project Details

From the DOI data sources discussed in Section Al-2.2 above, all
DOI implemented and managed projects were identified and their
details documented on an individual project basis. Available
individual project data were also documented for the defined Agency
Assisted FMIS, together with the "undefined" project command area
data. The WUI lists of FMIS were reviewed to identify and correct
for overlaps with DOI projects. They represent an incomplete
inventory for the country; preparation of a complete database of
individual farmer managed schemes is recommended.

Al1-3.2 - Data Compilation by District

The political subdivisions of Nepal (wards, panchayats, districts,
zones and regions) do not coincide with the physical and physiogra-
phic subdivisions (catchments and land systems) which are usually
more appropriate for analysing irrigation and agriculture data.
However, the districts in particular are the geographic units most
often used for the reporting, compiling and analysis of statistical
data, and they also represent the smallest subdivision suitable for
master planning from a national perspective.

The aggregation of districts intoc manageable units for master plan-
ning purposes has been arranged to reflect the regional (east-west)
and physiographic (north-south) variations which are important in
the formulation of development strategies. The regional variation
is provided by use of the five development regions (Eastern, Cen-
tral, Western, Mid Western and Far Western), which are fully recog-
nized aggregations of districts. The physiographic variation is
approximated by use of the three ecological belts (Terai, Hill and
Mountain), which are also recognized aggregations of districts used
in several previous studies. A summary of the overall correspon-
dence between ecological belts and major physiographic divisions,
obtained from the LRMP database, is given below.

Ecolo- Land Major Physiographic Division (%)

gical Area Terai Siwalik Middle High High
Belt (ha x 106) Mountain Mountain Himal
Terai 3.41 61.9 34.2 3.9 0.0 0.0
Hill 6.15 0.2 11.6 62.7 17.4 8.1
Mountain 5,19 0.0 0.0 6.9 35.3 57.8
Total 14.75 14.4 12.7 29.5 18.7 23.7
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Table Al-1, from which the above summary is derived, presents a
full listing of the districts, their land areas, their aggregations
into development regions and ecological belts, and their breakdown
in terms of the physiographic divisions being used for master
planning purposes. The information was obtained by processing of
the LRMP land systems database. The table forms the basis for all
subsequent presentation of data on irrigation development compiled
by district.

Al1-3.3 - Identified Irrigation

Identified irrigation development in Nepal is defined herein as
corresponding to those irrigation projects explicitly defined in
the DOI and agency inventories or derived from the WUls. The
available WUIs cover all 20 of the Terai districts (which contain
the major proportion of the command area in the country) and 11
Hill districts. The inventories of DOI implemented and managed
projects naturally cover the entire country. These inventories
were checked against the corresponding DOI project listings in the
WUIs for omissions and major command area differences. Problems
of this nature were resolved through discussions with DOI person-
nel; the DOI data sources, corrected as appropriate, were used to
define these projects.,

The DOI reported project command areas include any incorporated
FMIS, even though these schemes often continue to function
independently. Since all identified FMIS are accounted for
separately in the WUIs, this resulted in a need to identify and
adjust for such overlaps. It was established that almost all FMIS
located within DOI project boundaries could be served by the
projects’ irrigation systems. These schemes were then not
considered to fall within the category of FMIS. All major cases of
overlap occur in the Terai districts, for which WUIs are available,
hence this overlap problem is considered to be largely resolved.

The problems of duplication and double counting of reported command
areas arise from the use of official progress reports and data
aggregations submitted to the NPC, as opposed to project-specific
inventories. Interventions in the same project at different times
may result in multiple reporting and addition of the same command
area; in addition, different project inventories, for separate
development programs or agencies, may be treated as additive when
reporting total command areas yet may in part contain the same
projects. Investigations within DOI, including SID, resulted in
some reconciliations and updated project-specific inventories.

~]




The remaining differences between the officially reported command
areas and those defined on a project-specific basis in the agency
inventories have been separately recorded as corresponding to "un-
defined” projects. These project areas do not fall into the cate~
gory of identified irrigation for the purposes of master planning
analyses. Note must also be made of indications that specific
projects which are included in the agency inventories sometimes do
not exist, or were implemented or assisted to a negligible degree.

A special overlap problem arises in the accounting of command areas
served by STWs. This applies primarily to the ADBN development
program. Data are not available on the locations of developed
tubewells, and hence it is not known what number, if any, are
located inside the command areas of surface irrigation projects.
Some farmers nominally served by surface irrigation systems may
install STWs under the ADBN program to supplement unreliable or

non-existing supplies from the system. However, it is considered
that STWs would normally be installed in areas otherwise unserved
by irrigation schemes, For present purposes therefore the es-

timated STW command areas are added to the identified surface
irrigation system command areas to give the estimated total command
areas under farmer managed irrigation.

After applying the appropriate corrections, available WUI estimates
for farmer managed surface irrigation system command areas by
district were adopted. It was then necessary to estimate these
areas for those Hill and Mountain districts for which WUIs were not
available., For this purpose it was assumed that the 11 Hill dis-
tricts for which WUIs had been prepared were representative of all
Hill and Mountain districts with respect to present level of irri-
gation development. Their total identified developed command areas
were expressed as a fraction of their irrigable agricultural land
areas, estimated from the LRMP database (see Section Al1-3.4),
giving values between 0.36 and 0.58 for net areas. The overall
weighted average value of 0.49 was applied to the irrigable
agricultural land areas of the remaining districts, to give their
estimated identified developed command areas. The corresponding
estimated farmer managed surface irrigation system command areas
were then obtained from these by subtracting the identified
commanded DOI system and farmer managed groundwater system areas.
The procedure is described symbolically as follows




a) For 11 Hill districts with WUIs:

Tr = DOIsw + DOlcw + FMsw + Mcw

and
Ro = T1 / Tia:
where
Tr = Total identified irrigation schemes
DOIsw = DOI surface water schemes
DOI¢w = DOI groundwater schemes
FMsw = Farmer managed surface water schemes
FMew = Farmer managed groundwater schemes
Rp = Irrigation development ratio (range 0.36 to 0.58
with weighted average 0.49, for net areas)
Trat = Total irrigable agricultural land (see Section

Al-3.4)
b) For remaining Hill and Mountain districts, without WUIs:
Tr = Rpa . Traw
and
FMsw = Tt - DOIsw - DOIgw - FMgw
where

Rpa = Weighted average irrigation development ratio for 11
Hill districts with WUIs (value 0.49)

The resulting estimates should naturally be replaced by those which
will emerge from the WUIs still to be compiled.

Al1-3.4 - Unidentified Irrigation

The LRMP land utilization database was analysed to provide an
overall indication of the irrigation status of agricultural land in
Nepal, and by extension, as explained in Section Al1-2.3, an
indication of the irrigable agricultural areas. The evaluation was
undertaken as part of the process of establishing the interim
estimate of irrigation areas in those districts for which WUIs were
not available (see Section A1-3.3). However, it also led to add-
itional 1insights and information regarding irrigation areas in
districts for which WUIs had been prepared, with implications
concerning irrigation area estimates for all districts. In par-
ticular, the existence of '"unidentified" irrigation practices, in
areas which the WUIs show to be unirrigated, seems to be indicated.

9



In the absence of land use information directly related to irriga-
tion systems, the analysis was concerned with assessing the avail-
able cultivation type and cropping sequence information. Local
knowledge and judgement was used to allocate each combination of
cultivation type and cropping sequence to an irrigation status

category. To characterize irrigation developments for master
planning purposes, three irrigation capability status categories
were formulated —-- unirrigated (rainfed), monsoon season irrigated,

and yvear round irrigated. Table Al-2 shows the assumptions applied
in this allocation. It also shows the additional assumptions made
concerning the irrigability of unirrigated agricultural land. The
analysis itself provides the breakdown of agricultural land by dis-
trict into the three categories, and the estimates of irrigated and
irrigable agricultural land by district. The following general
definitions of irrigated and irrigable agricultural lands apply in

this analysis

- Irrigated agricultural lands -- agricultural lands with cropping
sequence and cultivation type associations which would be ex-
pected to be either monsoon season or year round irrigated

- Irrigable agricﬁltural lands -- agricultural lands (i.e. exclu-
ding forest, grazing and other non-agricultural lands) which are
irrigated or which are unirrigated but with irrigable cropping

sequence and cultivation type associations.

Table Al-2 indicates that the irrigation status analysis treats the
important rice/fallow cropping sequence as unirrigated. This is
because any irrigation system would provide some potential for
winter cropping. However, it is known that social and other fac-
tors sometimes result in only single-season cropping within irriga-
tion schemes, particularly in Terai areas. This implies that the
analysis is underestimating the irrigated areas.

Subtracting the identified irrigation areas (see Section A1-3.3)
from the LRMP derived irrigated areas gave an estimate of "uniden-
tified" irrigation areas by district. When this estimate was
negative, which occurred most often for Terai districts, it was set
to zero*. For most Hill districts, however, including 10 of the 11
districts with WUIs available and hence with comprehensive accounts
of irrigation development, the estimates show significant areas

under "unidentified" irrigation.

A field visit was made to such an area in Bhaktapur district, and
discussions were held with farmers. This visit confirmed that the
cultivation types and cropping sequences were essentially as mapped

* This is because greater reliability is placed on the
estimates of identified irrigation areas derived from the
WUIs and agency inventories than on those of total irrigated
areas derived from the LRMP database. ‘

10



by the LRMP. It also showed that the upper part of the area
(valley tar) was farmed year round under rainfed conditions,
apparently successfully. The lower part (valley floor) received
runoff from the upper part and was also occasionally but judicious-
ly irrigated by pumping from a stream, resulting in successful year
round cropping of both grain crops and vegetables. There is no
formal irrigation distribution system in the area; irrigation
occurs as gravity flood flow from field to field. If representa-
tive, this observation would imply that the LRMP database analysis
overestimates the irrigated areas, contrary to the previous assess-

- ment above*.

The foregoing indicates that a conclusive generalized statement
regarding "unidentified" irrigation areas and practices cannot be
made at present. The manipulation of the LRMP land use database,
applying the assumptions of Table A1-2 to give a breakdown by
irrigation status, is not fully satisfactory. The estimates of
"unidentified" irrigation, all of which are considered to cor-
respond to farmer managed schemes, can serve as an indication of

the apparent existence and scale of such irrigation, but it is
proposed at present to use only the identified irrigation areas for
master planning assessments of irrigated agriculture. The

remaining agricultural lands will be treated as unirrigated
(rainfed or uncultivated) lands.

* Irrigated agriculture in Bhaktapur district, and in the

Kathmandu valley in general, should probably not be regarded
as representative from the country-wide viewpoint.
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Al-4 -

Al-4.1 - Present Level of Development of DOI Projects

Al-4.1.1 - Details by Project

Table Al-3 presents the collected and compiled information on
completed and ongoing DOIL managed and implemented projects.
Section A of the table gives the details by project with a break-
down by district. The information includes planned and developed
command areas, both gross and net, as well as estimated net irri-
gated areas in summer and winter. From these data, onhgoing gross
and net development areas, defined as the difference between plan-
ned and developed areas, are derived, and the year of planned

completion is shown. Also derived are the net underused command
areas in summer and winter, defined as the difference between
developed and irrigated areas. DOI  data sources normally report
command areas as nhet areas. Following the normal practice, a

factor of 1/0.8 is applied to these to obtain the gross command
areas, except where these are explicitly reported.

Two further items of project-specific information are given in the
table. These are the irrigation capability status and the develop-

ment. intensity status. The first of these provides an indication
of the designed capability of the irrigation scheme, related to the
reliability of supply of irrigation water. The second describes

the assumed present intensity of the distribution system, related
to the reliability of delivery of irrigation water. Together with
the information on underused command areas, and on agricultural
performance, these data formed the basis for assessing the need and
potential for structural and non-structural improvements within

presently developed irrigation project areas.

The large number of existing projects, both DOI and farmer managed,
precluded an assessment of potential improvements by individual
project, except for the larger DOI projects. Examination of the
project details reveals that a natural division between larger and
smaller projects occurs at a planned net command area value of
2,500 ha; however, a value of 2,000 ha was subsequently used as a
division, to conform with previously established DOI criteria. This
division has been used in the presentation of project details in
Section A of Table Al1-3. Table Al-3 shows that the larger DOI pro-
jects represent 80% of the total planned net command area.

Some of the DOI projects detailed in Table A1-3 are in fact
development programs which comprise several component subprojects.
For completeness, the details of these subprojects are pyesented in
Table Al-4, as a supplement to Table Al-3.
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It is noted that, except for the Bhairawa-Lumbini DTW project,
groundwater development projects comprise installation of indivi-
dual wells at non-contiguous locations rather than in wellfields.
Since individual wells are not described as individual projects,
the presented project details represent aggregations by district.

Al-4.1.2 -~ Details by District

The details of existing DOI projects given in Section A of Table
Al-3 are presented again in Section B of the same table. This
section of the table is arranged to give an account of the projects
by district, and by the aggregations of districts into the planning
units (development regions and ecological belts) discussed in Sec-
tion A1-3.2; a geographical perspective of the DOI irrigation
developments is therefore provided. The distribution of DOI deve-
loped net command areas by region and belt is shown graphically in
Figure Al-1.

The developed gross and net command areas of DOI schemes by dis-
trict and planning unit, divided into surface water and groundwater
scheme totals, are carried forward from Table Al-3 to form part of

an overall summary of present irrigation development areas (Table
Al-T7).

Al-4.2 - Jdentified Farmer Managed Irrigation Schemes
Al-4.2,1 - Agency Assisted Schemes

The developed net command areas corresponding to Agency Assisted
FMIS are summarized by district and planning unit in Table Al-5.
Data are presented for each of the 5 implementing agencies: DOI,
SID(FIWUD), SID(MPLD), ADBN and DOA. A further breakdown is made to
identify the contributions of the major development programs. The
data have been extracted from individual agency and development
program inventories, corrected and reconciled as discussed in
Section Al1-3.3; details are given in a set of supporting tables,
Tables Al-Al to Al1-A9, as indicated in Table Al-5. It is noted
that there are several additional development programs, not ex-
plicitly referenced, whose contributions are aggregated and shown
as corresponding directly to their associated implementing agen-
cies.,

As noted in Section A1-2.2, not all of the developed command areas
reported by the agencies can be related to specific projects. The
reported command areas corresponding to these "undefined" projects,
obtained as described in Section Al1-3.3, are summarized Separately
in Table Al-5, The distribution of net command areas of the
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defined Agency Assisted FMIS by region and belt is shown graphi-
cally in Figure Al-2.

Al-4.2.2 - iliati with WUls Project

The very large numbers of FMIS have precluded for the present a
detailed project-by-project comparison and reconciliation of the
agency inventories and the available WUls. An initial review
showed that such a task will be complicated by the use of different
names of projects and water sources, and by inconsistencies in

reporting of areas.

Al-4.2.3 - Reconciliation with WUls by District

The defined Agency Assisted FMIS in most districts represent only a
small fraction of the overall command area under farmer managed
schemes. This observation results from a comparison of the total
command areas of farmer managed surface water schemes defined in
the agency inventories with those identified in the WUIs for the 20
Terai districts and 11 Hill districts. In only 2 districts with
WUIs, one Terai (Rautahat) and one Hill (Bhaktapur), does it appear
that agency intervention has extended essentially to all the

schemes.

In view of this observation, the WUls were generally adopted as the
source of data by district on identified command areas of farmer
managed surface water schemes, after applying the adjustments
discussed in Section A1-3.3. The extrapolation of command area
data for Hill districts with WUIs to Hill and Mountain districts
without WUIs is described in Section A1-3.3, as is the subsequent
estimation of the identified farmer managed surface water scheme
command areas. The WUIs generally report command areas as gross
areas, and a factor of 0.8 is applied to them to obtain the es-
timated net command areas, except where these are given directly.

Identified command areas by district of farmer managed groundwater
schemes were taken from the ADBN/STW and DOA/ADPJ groundwater pro-
ject inventories as presented in Table Al-5, since there are few
indications of separate independent tubewell developments. A
factor of 1/0.8 is applied to obtain gross command areas from net
command areas. As noted in Section Al1~2.1, the WUIs do not

generally account for groundwater projects.

The resulting estimates of identified developed gross and net
command areas of farmer managed schemes by district and planning
unit, divided into surface water and groundwater scheme totals, are
presented as part of the overall summary of presenteirrigation

development command areas (Table Al-7).
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Al-4.3 - Unidentifi r Irrigatio

Al-4,3.1 - Irrigation Status of Agricultural Land

Table Al-6 shows the results of the LRMP land use database analysis
to estimate the irrigation status of agricultural lands. The
analysis was carried out by applying the assumptions of Table Al-2,
as described in Section Al1-3.4. In Table Al1-6, the overall total
net agricultural area® for each district and planning unit is
shown, together with its division into unirrigated, monsoon season
irrigated and year round irrigated areas as provided by the
analysis. The sum of the monsoon season and year round irrigated
areas gives the total irrigated areas, and the further addition of
unirrigated but irrigable areas gives the total irrigable areas.
The application of these results to obtain estimates for both iden-
tified and "unidentified" farmer managed irrigation areas is dis-
cussed in Sections Al1-3.3 and Al1-3.4.

Al-4.3.2 - Unidentified Irrigation by District

The estimates of '"unidentified" irrigation areas, obtained as
described in Section Al-3.4, are shown by district and planning

unit in Table Al1-7. The gross areas are obtained from the net
areas by applying the ratios of net to gross areas corresponding to
identified irrigation areas. The estimates supplement those for

the identified DOI and farmer managed command areas also shown in
Table Al-7, thus completing the overall summary of present
irrigation development command areas. As mentioned in Section Al-
3.4, "unidentified" irrigation areas are considered to correspond
only to farmer managed schemes. It was also noted that these
estimates have not been used for master planning assessments of
irrigated agriculture; the areas are treated as unirrigated
agricultural areas in this report.

Al-4.4 - Present Status of Farmer Managed Irrigation Schemes

In the case of the DOI implemented and managed schemes, project-
by-project estimates of actually irrigated areas in summer and win-
ter, and of irrigation capabilities and development intensities,
have been compiled, with the results given in Table A1-3. In the
case of identified FMIS, similar estimates cannot be made with the
level of ‘information available at present. Only highly generalized
and tentative indications can be made, based on the few available

* Excludes. grazing, forest and other non-productive land areas
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relevant studies and on limited local knowledge and experience of
FMIS. Such indications are regquired to allow some master planning
assessment to be made with respect to potential improvements to
farmer managed irrigation. The following sections present these
tentative indications, which should naturally be improved as
available knowledge increases.

From a review of the compiled information on DOI schemes given in
Tables Al-3 and Al-4, it was found that the overall net irrigated
areas in summer and winter at present are about 60% and 25%
respectively of the developed net command areas of these schemes.
These same values apply to Terai areas; in Hill and Mountain areas,
net irrigated areas in summer are close to 70% of the net command
areas. Observations indicate that a greater utilization is achie-
ved in areas commanded by FMIS. The values given below provide an
estimate of effective use of command areas on farmer managed

schemes®

Ecological Identified Farmer Managed Irrigation Schemes
Belt Developed Net Net Irrigated Area
Command Area
(ha) (% of NCA)
Summer Winter
Terai 475,010 70 40
Hill/Mountain 193,215 80 40

Al-4.4.2 - Iyrigatiog Capability

The review of DOI scheme data indicated that almost 50% of the
overall developed net command areas are served by systems capable
of providing reliable year round (YR) irrigation, with the remain-
ing 50% being served reliably during the monsoon seasan (MS) only.
In Hill areas, these values are 25% and 75% for YR and MS irriga-
tion capabilities respectively. However, generalizing from inter-
pretations of the few available studies of individual farmer mana-
ged schemes, the indicated values are 60% and 40% in Terai areas,
and 50% and 50% in Hill areas- From this information, the dis-
tribution of irrigation capability status of FMIS is estimated as

follows :

* Annex B2 provides a more detailed account of effeqﬁive use
of command areas on both DOI and Farmer Managed schemes.
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Ecological Identified Farmer Managed Irrigation Schemes
Belt Developed Net Irrigation Capability
Command Area Status Distribution
(ha) (% of NCA)
: MS YR
Terai 475,010 50 50
Hill/Mountain 193,215 50 50

A1-4.4.3 - Development Intensity

The DOI scheme data review indicated that 36% of the overall deve-
loped net command areas have been designated as under extensive
development (ED), with a further 42% under intensive development
(ID) and the remaining 22% under command area development (CAD).
For master planning purposes, these development intensity catego-
ries were used to provide an indication of the achievable degree of
equitable water distribution, and hence of the achievable improve-
ments in utilization of developed command areas. Service block
sizes are used as the basis for definition of development intensity
as shown below

Development Service Block Canal/Drain Systems
Intensity Size (ha)

ED 300 to 500 Primary and Secondary
ID 30 to 50 As ED plus Tertiary
CAD 3 to 5 As ID plus Quaternary

Some of the DOI schemes with an ED status designation, especially
the smaller ones, are in practice ID schemes. Although the DOI
development of these schemes reached only the ED level, farmers
have provided water distribution networks which, while perhaps not
fully satisfactory from the technical viewpoint, have nevertheless
effectively raised the status of the schemes to approximately the
ID level. In the case of FMIS, all available project-specific
studies and recent field observations indicated development
intensities of at least ID level. For master planning purposes, a
development intensity status of ID has been assumed for all Terai
and Hill farmer managed schemes. '
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Al-5 - OVERVIEW OF PRESENT LEVEL, OF IRRIGATION DEVELOPMENT

As indicated in Section Al-4, Table Al1-7 presents a summary of the
present irrigation development command areas which have resulted
from the work for this annex. Developed command areas, both gross
and net, for both identified and "unidentified" irrigation, are
given as aggregates by district and planning unit. Identified DOI
and FMIS areas are shown separately, each divided into surface
water and groundwater scheme areas.

Drawing on the information in Tables Al1-3, Al1-6 and Al-7, a more
general overview of the present level of irrigation in the country
is given in Table Al1-8. This presents an account by planning units
(combinations of development regions and ecological belts) of the
present status of agricultural land with regard to irrigation
development. The table provides a perspective of the level of
development of DOI projects and FMIS with respect to each other and
also in the context of total irrigable agricultural areas.

Some visual indications of the overall distribution of identified
irrigation development command areas are given in the two graphs of
Figure Al-3, which is derived from Table A1-8. Both graphs present
developed command area values by development region. The first
graph, Figure Al-3a, shows the split between Terai and Hill/Moun-
tain ecological belts, while the second graph, Figure Al-3b, shows
the split between DOI schemes and FMIS. The graphs demonstrate the
relative importance of Terai as opposed to Hill/Mountain irrigation
development, and of farmer managed as opposed to DOI irrigation
schemes.

By expressing developed command area as a percentage of irrigable
agricultural area, a visual perception of the present level of
irrigation development compared to the potential irrigation deve-
lopment of present agricultural lands is obtained. Figures Al-4,
Al-5 and Al1-6 present this information by development region for
the Terai belt, for the Hill/Mountain belt, and for all the belts
together, respectively. The division between DOI and farmer
schemes is also shown in each figure.

Figure Al-4 is of ' particular relevance since command ares data
availability and reliability has been greatest for the Terai dis-
tricts, and because of the dominant position of Terai irrigated
agriculture from the national viewpoint. It shows that the Eastern
and Far Western regions have the highest overall present levels of
Terai irrigation development (60%), while the Mid Western region
has the lowest (46%). The Eastern region also has the highest
level of Terai DOI scheme development (30%), with the Mid Western
region having the lowest (3%). Conversely, the Far and Mid Western
regions have the highest levels of Terai FMIS development (44%) ,
while the Eastern region has the lowest (31%).
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Because of the absence of comprehensive inventories of irrigation
developments in most Hill and Mountain districts, and because of
the methodology consequently needed to derive estimates of irriga-
tion development areas for these districts, the information on
present level of irrigation presented in Figure Al-5 is obviously
less revealing and relevant than that of Figure Al-4. As expected
from the estimating methodology, Figure Al-5 shows all regions as
having approximately the same overall present level of Hill/
Mountain irrigation development (47% to 51%). It also shows that
the Western and Central regions have the highest levels of Hill/
Mountain DOI scheme development (6%), with the remaining regions
having a lower level (1%).

The above comments on the relevance of information in Figure Al-5
apply by extension to the information on all the belts combined,
presented in Figure A1-6. In this case, however, the dominance of
Terai irrigation would probably be strongly reflected regardless of
the true situation of Hill/Mountain irrigation. The analysis of
Terai irrigation development levels presented above for Figure Al-4
applies also to the overall regional irrigation development levels
shown in Figure Al-6 but with minor differences in the actual
numerical values.
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Table Al-1
DISTRICTS OF NEPAL

Page

l of 3

District Zone Development  Beological Land Physiographic Division (¥ of area
Region Belt Area  Teral Siwalik Yiddle Hountain High Mountain  High

(ha) Valley Slope Valley Slope Valley Slope Himal
Jhapa Kechi Rastern Teral 156891 83.5 6.2 0.2 0.1 0.1 0.0 0.0 0.0
Yorang Koshi Fastern Terai 184680  82.4 0.6 8.3 0.0 87 0.0 0.0 0.0
Sunsari Koshi Eastern Teral 127076 §1.2 0.6 5.8 0.0 2.5 0.0 0.0 0.9
Saptari Sagarmatha  Eastern Terai 135928 76.7 .2 22.1 0.0 0.0 0.0 0.0 0.0
Siraha Sagarmatha  Rastern Teral 122197 M. 2.7 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL FOR EASTERN TERAI DISTRICTS AR LI 2.3 0.8 0.0 &1 00 0.0 0.0
Tlan Hechi Bastern Hill 171725 3 us 2.8 666 0.0 3.2 0.0
Panchthar Nechi Fastern Hill 124589 0.0 0.0 0.0 1.9 84.4 0.0 13.1 0.6
Terhathun Koshi Eastern Hill 07163 0.0 0.0 0.0 1.2 98.2 0.0 0.6 0.0
Dhankuta Koshi Eastern Hiil gooac 0.0 0.0 0.1 54 W5 60 0.0 0.0
Bho jpur Koshi Eastern Hili 150994 3.0 0.0 0.0 0 851 0.0 11.8 0.0
Udayapur Sagarnatha Fastern Hill 203169 38 180 3.8 LT 418 06 0.0 0.0
Khotang Sagarmatha Fastern Hill 160864 0.0 0 0.0 2.6 81.4 0.0 15,9 0.0
Okhaldhunga Sagarmatha  Eastern Fill 08503 0.8 0.0 0.0 2.8 M4 00 228 0.0
TOTAL FOR EASTERN HILL DISTRICTS 1017026 6.9 40 10,2 &h 19 0.0 84 0.1
Taplejung Hechi Fastern Yountain 364221 0.0 0.0 0.0 12,6 0.0 38.2 49,1
Sankhuwasawa Koshi Eastern Hountain 345729 0.0 0.0 0.0 234 0.2 42.6 32.9
Solukhumbu Sagarmatha Fastern Hountain 330776 0.0 0.0 .0 0.8 0 403 58T
TOTAL FOR EASTERN MOUNTAIN DISTRICTS 1049725 6.0 0.0 0.0 03 183 01 404 46,9
Dhanusha Janakpur Central Terai 121746 75.0 3.6 2.4 0.0 0.0 0.0 0.0 0.0
Mahottari Janakpur Central Teral 98745 83,1 2.8 .2 0.0 6.0 0.0 0.0 0.0
Sarlahi Janakpur Central Teral 126327 84.8 LY 134 0.0 0.0 0.0 0.0 0.0
Rautahat Narayani Central Terai 103708 92.5 0.1 7.4 0.0 0.0 0.0 0.0 0.0
Bara Narayani Central Teral 129564 87.2 0.8 12,0 0.0 0.0 0.0 00 0.0
Parsa Narayani Central Teral 138943 65,1 14,1 20,9 .0 0.0 0.0 0.0 0.0
Chitwan Narayani Central Terai a9se 0.0 528 33,6 03 133 00 00 0.0
TOTAL FOR CENTRAL TERAL DISTRICTS g38488 617 15.6  19.5 0.1 3L 00 00 0.0
Sindhuli Janakpur Central fill 703 0.0 W4 418 L3 %5 0.0 0.0 0.0
Ramechhap Janakpur Central Hill 5018 0.0 0.0 0.0 a0 8 03 12,0 163
Nakawanpur Narayani Central Hill 239076 0.0 16,6 42,7 2.5 38.2 0.0 0.0 0.1
fabhre Palanchowk Bagmati Central Hill 140485 9.0 0.3 2.1 5.0 91,0 0.0 0.0 0.0
Lalitpur Bagmati Central Hill 39267 0.0 0.8 07 M TS 00 0.0 0.0
Bhaktapur Bagmati Central Hill 2T 0.0 00 0.0 60,2 398 0.0 0.0 0.9
Kathmandu Bagmati Central Hill 22 0.0 0.0 0.0 414 526 0.0 0.0 0.0
Nuwakot Bagmati Central Hill 119648 0.0 0,0 0.0 8.3 6.0 0.0 13.5 2.2
Dhading Bagmati Central Hill 192487 0.0 0.0 0.0 4.8 86,3 0.0 215 7.4
TOTAL FOR CENTRAL HILL DISTRICTS 1182087 0.0 6.4 19,0 6.4 B2 0.0 6.4 3.5
Dolakha Janakpur Central Hountain 214278 0.0 0.0 0.0 24 0.2 8.1 e
Sindhupalchowk  DBagmatl Central Hountain 248096 0.0 0.0 0.0 29 0.2 B2 w5
Rasuwa Bagmati Central Hountain 151179 .0 0.0 0.0 2.7 b4 455 51
TOTAL FOR CENTRAL MOUNTAIN DISTRICTS 63553 0.0 0.0 0.0 0.6 225 0.2 428 34,9




Table Al-1 (continued) Page 2 of 3

DISTRICTS OF NEPAL

District Zone Region Ecological  land Physiographic Division (%)

Belt Area  Terai Siwalik ¥iddle Mountain  High Hountsin High
(ha) Valley Slope Valley Slope Valley Slope Hinal
Nawalparasi Lumbini Western Teral 201613 27.5 2.6 325 1.9 13.5 0.0 0.0 0.0
Rupandehi Lumbini Western Teral 141351 85,0 0.0 4.8 0.0 0.5 00 00 0D
Kapilbastu Lunbini Western Terai 175694 83.8 0.0 16,2 0.0 0.0 0.0 0.0 0.0
™OTAL FOR WESTERN TERAL DISTRICTS 518658 62.2 8.6 221 0.7 5.4 0.0 0.0 0.0
Palpa Lumbini Western Hill 136595 9.0 0.9 184 6.7 73,9 0.0 0.0 0.0
Arghakhanchi Lumbini Western Hiil 123272 0.0 2.6 3L 2.1 6.2 0.0 0.0 0.0
Gulmi Lumbini Western i1l 107918 0.0 0.0 0.0 5.0 950 0.0 0.0 0.0
* Tanahun Gandaki Western Hill 156878 0.0 1.1 0.7 13, 8.3 0.0 00 0.0
Syangja Gandaki Western = Hill 103555 0.0 0.0 0.0 8.4 91.6 0.0 0.0 0.0
Gorkha Gandaki Western Hill 361469 HRY 0.9 0.0 5.1 2.0 0.2 U7 459
lianjung Gandaki Western fill 170871 .0 0.0 0.0 540 2 05 a2 18T
Kaski Gandaki Western il 213167 0.0 0.0 0.0 8.8 29.7 b4 304 300
Parbat Dhawalagiri  Western Hill 54931 0.6 00 0.0 .6 6.6 0.2 158 0.0
Bag lung Dhawalagiri  Western Hill 1827145 0.0 0.0 0.0 Ly BT 2.2 8.5 1.2
Kyagdi Dhawalagiri  Western fill 230007 0.0 0.0 0.0 0.2 2.4 0.7 545 42,
TOTAL POR WESTERN HILL DISTRICTS 841408 9.0 0.3 3.5 5.6 453 0.4 W5 20.3
Hanang Gandaki Western Wountain 219625 g0 0.0 0.0 0.0 6.0 0.1 5.2 9.8
Nustang Dhawalagiri  Western Hountain 355951 .0 00 00 0.0 0o 0. 1.2 9.8
TOTAL FOR WESTERN MOUNTAIN DISTRICTS 575576 0.0 0.0 0.0 0.0 0.0 0.1 2.1 812
Dangdeukhuri Rapti ¥id Western Terai 297339 0.1 385 458 0.2 15.3 0.0 0.0 0.0
Banke Bheri Wid Western Teral 235983 49.5 §.9 380 0.0 0.0 0.0 0.0
Bardiya Bheri ¥id Western Terai 203553 693 4.8 259 0.0 0.0 00 00 00
TOTAL FOR KID WESTERN TERAL DISTRICTS 736875 35.0 20,0 3.8 0.1 7.0 00 06 0.0
Pyuthan Rapti Nid Western Hill 129521 0.0 .0 2.8 49 8.8 00 TS 00
Rolpa Rapti Kid Western Hill 197149 0.0 0.0 0.0 0.7 133 0.0 2.9 0.0
Salyan Rapti ¥id Western Hill 150102 0.0 0.0 0.0 3.6 964 0.0 0.0 0.0
Rukun Rapti Hid Western Hill 200675 0.0 0.0 0.0 0.8 9.5 1.0 67.1 218
Surkhet Bheri Kid Western Hill 9017 0.0 125 429 1.1 435 0.0 0.0 00
Jajarkot Bheri ¥id Western Hill 222183 0.0 0.0 0.0 1.0 9 04 608 9.9
Dailekh Bheri Mid Western Hill 150054 0.0 0.0 0.0 2.0 814 0.0 16.6 0.0
TOTAL FOR MID WESTERN HILL DISTRICTS 137700 0.0 2.3 8.0 1.7 BLE 03 300 6.2
Dolpa Karnali Mid Western Mountain 793230 9.0 0.0 0.0 0.2 0.0 0.1 12,3 813
Jumla Karnali Kid Western Mountain 254365 0.0 0.0 0.0 0.0 0.0 2.3 63,7 W1
Kalikot Karnali ¥id Western Mountain 174927 0.0 0.0 0.0 0.0 0.0 0.3 99.7 0.0
Hugu Karnali Wid Western Nountain 358282 0.0 0.0 0.0 0.0 0.0 0.2 4714 524
Humia Karnali Kid Western Mountain 583826 0.0 0.0 0.0 0.0, 0.3 0.5 1.0 82.2




l Table Al-]1 {continued) Page 3 of 3
I DISTRICTS OF NEPAL
District Zone Region Ecological [iand Physiographic Division (%)
Belt Area  Teral Siwalik Niddle Nountain  High Mountain High
' (ha) Valley Slope Valley  Slope Valley Slope Himal
Kailali Seti Far Western Terai 324791 59.8 L4 386 0.1 0.1 0.0 0.0 0.0
I Kanchanpur Hahakali Far Western Tersi 163678 81,5 0.0 12,5 0.0 0.0 0.0 0.0 0.0
TOTAL FOR FAR WESTERN TERAI DISTRICTS 488469 69,1 0.8 2.9 0 0.1 80 0.0 0.0
I Achhan Seti Far Western Hill 169224 0.0 0.0 0.0 Le 83 00 10,8 0.0
Doti Seti Far Western Hill 205704 0.0 0.3 3.9 L8 90.5 0.0 3.5 0.0
Dadeldhura Wahakali Far Western Hill 149525 0.1 &6 215 1.1 2.7 0.0 0.0 0.0
l Baitadi Nahakali Far Western Hill 148678 0.0 0.0 0.0 Ll 9.0 0.t 0.8 0.0
TOTAL FOR FAR WESTERN HILL DISTRICTS 673132 0.0 1.1 6.0 1.5 87,4 0.0 4.0 0.0
l Bajura Seti Far Western Nountain 202177 00 00 0.0 1.0 80.0
Bajhang Seti Far Western Mountain 347560 0.0 0.0 0.0 L7 10.0 0.8 42.7
I Darchula Nahakali Far Western  Mounfain 232960 0.0 0.0 0.0 0.5 15.9 0.3 40.9
TOTAL FOR FAR WESTERN MOUNTAIN DISTRICTS 782696 0.0 0.0 0.0 0.9 9.6 0.7 51,8 37.0
TOTALS BY DEVELOPMENT REGION
I EASTERN DISTRICTS 2854125 218 2.1 8.5 1.1 38,1 0.0 180 113
CENTRAL DISTRICTS 2734128 212 8.1 149 2.9 33 0 124 9.1
WESTERN DISTRICTS 2935642 110 1.9 6.1 3.6 284 0.3 158 3.8
I NID WESTERN DISTRICTS 4280205 6.0 4.2 9.1 0.6 17.8 0.3 260 35.8
FAR WESTERN DISTRICTS 1944287 17,4 0.6 9.6 | 0.3 2.2 149
I T0TALS BY BCOLOGICAL BRLT
TERAI DISTRICTS 3409863 61,9 10,7 23,5 0.2 38 0.0 00
HILL DISTRICTS 6152354 02 2T 8. .9 B8 02 12 8
OUNTAIN DISTRICTS 5186180 0.0 0.0 0.0 0.3 6.6 0.4 349 518
l TOTAL FOR ALL DISTRICTS 4748397 144 L6 9.1 L8 207 02 194 3.7
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k ) U U U* U* U* Ux §f U

S kil , MS MS MS MS MS MS MS [3)
E 1 ; Ux U* Usk Ux U* U U U
Q 11 | MS MS MS MS MS MS MS U
U m y U* Ux Uk U* U* U* U U
E n ; U* Ux* U* Uk Uk U* U U
N o p Ux U U* U* U* U U U
C P ;o Ux U* Uk U* U* U U U
E q | U* Ux U* U* U* Ux* U U
S r . YR YR YR YR YR YR YR U
rz , MS MS MS MS MS MS MS 19)

s (20%)] MS MS MS MS MS MS MS U

s (80%), YR YR YR YR YR YR YR 9)

t ;U U* U* U* U* U* U U

u , MS MS MS MS MS MS MS U

v ;o U* Ux U* U* U* U u U

w y Ux U* U* U* Uk U* U U

X . U* Ux* U* U* U* U* U U

x1 , MS MS MS MS MS MS MS U

x2 ; Ux* Ux* Ux U* U* U* U U

y i U* U* U* U* U* U U U

Z ;o Ux U* Ux* Uk U* U U 9)

zl R LS U* U U* Ux Uk U U



Table Al1-2 (continued)

Page 2 of

1) Assumed Irrigation Status

U Unirrigated U* Unirrigated Irrigable
MS Monsoon Season Irrigated

YR Year Round Irrigated

2) Cultivation Types

Terai Hill Valley Hill Slope

W Wetlands VF Valley Floors LT Level Terraces
Uw Upper Wetlands VT Valley Tars ST Sloping Terraces
D Drylands

M Mixed Lands

3) Cropping Sequences

(Monsoon / Winter)

a Rice / Fallow n Cereal / Fallow
b Rice / Oilseed ¥ o Maize / Tobacco
c Rice / Mixed Winter Crop P Pigeon Pea
d Rice / Pulses q Cereal/Fallow / Fallow
e Rice / Cereal r Maize/Rice / Winter Crop
f Jute/Rice / Fallow s Sugarcane
g Jute/Rice / Winter Crop t Tobacco / Fallow
h Rice-Maize / Winter Crop u Maize/Rice / Fallow
i Rice Seedlings / Mustard v Other
J Maize-Millet / Fallow W Maize / Pulses
k Maize / Mustard X Maize / Potato
1 Maize / Cereal y Maize-Potato / Winter Crop
m Mixed z Potato / Fallow
1 Double Monsoon Crop (Spring/Summer)
2 Relayed Winter Crop
3 Double Monsoon Crop (Spring/Summer) and Relayed Winter Crop
4 Upland Rice Monseoon Crop
Sequential Cropping

1~

Parallel Cropping




t5E07  CC2CST  €BB6R  o0BMI  gegsI OSIEL 00585 0s8321 02817  g69u87 111 GV A IS VE 0002 NYBL §ELYSYD *V'D°N BLIN $10300Nd 40 VL0l

000§ 0002 0001 ] 0 0 000¢ 000y 060§ 025§ 000§ 025§ w .19 $187dR0D {x001)andurqanvy | aseyg - TTeyeqey
§ 2300 @38 q06¢ 000¢ 0002 9 0 ¢ 00§ 0051 00§¢ 019§ 005¢ 0499 @ SH EAAE] (i3] {%001) 1131103 BURGOY
£e1e £661 £68 0 0 0 002 001 33¢4 0042 134 0043 a1 SK 31374N00 {x001)1er TR wivagyeg
6 3300 235 9009 [173] 0001 00§ 529 1 00¢1 000§ 0009 0064 0058 §i1e a1 Sk 11374800 (%001 1m3seat1dvy Juedugg
§ 90K 338 (gu¢ 444 41 311 385 144 0087 0584 o018 SZI01 00021 0051 eol (g
£ 310K 295 g¢¢ (1 6§ 806¢ Si8% 0s1 a0¢ 4 44 528 000 005§ m u 0661 (%001) 193puadny 2-TUlqENT-3ARITeyg
004§ oo1¢ 002 0 L] 0022 005# 00¥e 0094 0056 0094 0056 aw .19 1137dR02 {%001) Tyepuadny [-1u1q8nT-eaviteyg
B 300 298 009zl 0066 004 ¢ 9 006 008" 0008 00¥ET  O0E3T  QOMST  00e91 a1 u BLANAROD  [%007)1seavdivney 1epus) ysep
6 330K 998 0066 0036 008 008 §t0l 00§ 008 0096 00%0T  00¥ST  Q0RLT  tvel - a1 u 1187dR0D {%007)uen31g) UsA3Tg)
B 2300 %35 gobye 00817 00s1r 008 8¢9 0 00821 00322 00MIt  §l05¢ 00107 §5¥sH . %300
06091 00001 00§ 0 0 [ 0009 00301 00091  ou6Li 0008t gugu a1 .11 AL81dR0) {X07)esang
062 00481 0011 ¢ [} ] 0021 0091 0042 S01¢ 00Le §01¢ [} 13 3137dK00 {%4)(nig)eavg
0oizl 0ol 0oty [} 0 0 008 0098 06131 019h 0oLzt 19kl a1 E 3L37dR00 {32¢)wavg
§ 330N 338 p0¢ 0002 0021 001§ 08¢9 0 0001 0081 000¢ 05¢¢ 008 0146 a1 .1} £661 {¥17]1%qiney Tuederey
£ 2908 338 (g 008+ 008 0 0 0 0001 000§ 0089 0009 008§ 0009 1 .19 §L37dN00 {%001) 1yvrang
000§ 00012 Q0051 ¢ 0 0 000} 00001 000§z 0s2If  Q00Sz  oselc [%30)
005el  g0s01  o0se 0 ] 0 0002 000§ 00521 SE9ST 00521 gz951 g3 Sk 2187dK00 1%0§)vysnueyg
00§21 00501 0052 ] 0 ¢ 0002 000§ 00521 29§ o0s21 5291 a3 SK H187dN0D {%0§)vyrarg UALL |
Q001€ 00041 Go0TI o5t L8R 0 000FT 0000 oo0It o058t 008K seIer @ (¢yaa/si  oesr {%001) 1awqdsg 180y
§ 2908 235 0096 00965 00088 ¢ 0 0019 0018 0000¢ 00098 007301 00099 002401 v10) )
6 230K 235 0000t o000t 00061 o 0 000¢ 000¢ 000¥T  QOOEE 00125  o00cs 001z {ular/ed W 3131dK00 {%25) 1a9sung
00%62 00962 0001 9 0 003§ 00¥¢ 00091 600€t 00125 000fC  001ZS @ Sk 3137dH00 (x8y) 3uraog 3uvaop- 1avsung
6 330K 335 gpog 008y 0002 0002 0042 000¢ 0021 000 0008 002l 0008 0096 a u 6861 (%001)wdegr 1efusy
VE 000°7 NVEL ¥34V39 *V'0°N HiI S408£0%4
{11) s3omaey  Buiidg 13Uy Jawwmg  qay 8802 Juridg  Jaqunp 19WERG  ja) 88013  jap 88010 {s) (2) n
0} JduRysissy {131 39N - a9 oK) {a9g - ueyq) ) EE] | 99N L3003 51 snjegg {a%3)) {39ef0ag 3o
puv slaaopuey pasniapup $utodyg {01) poredraay () padoyanag pauuvyg £318u091] £11q%de) uoty31duc) wo1330doyg)
‘#31y w0 sjuaNNG) {eq) swazy puvewoy Juandoterag TOTIeITAI]  panuwyy 581G 309l01g

1031044 A8 STIVIAC ¥

£-1v 2199

£l 0 I 3¥yg

D ——




- i v v vi 1] b1 L] St 9% a1 SK 11374000 (%001)andvyyuyg e
061 061 [} 0 08 08 042 113 0Lz 144 o Sk 31314K00 {%007)and L-__n wypajunyg
§33mv) o) 0§ 0§ 0 0 0 0 0§ 4] 0§ 1 [ib] SK 31374800 :2::3: R[yeTI04¢
03 ¢ 0 0 06 031 081 881 051 881 [t} SK IR0 {%001)and3 i1vq ayqeng
§19W1%] of [ o 0 0 01 ¢ 0§ 14} 05 4] [iE] SN ALITEN03 (%001)3nd3 1w 1eAgsagquny
022 §8 9 0 §id 08¢ [ 03¢ 0%y (0] SK 1LITdH0D (%001)and311e LD ]
0 0 ¢ 0 001 001 001 521 001 521 a3 SK 3147d%00 2001 Jandy1(9g Tvavpoy
1) [} 0 ] 081 00¢ 00¢ §it 00¢ §i€ (] SK 3137d%00 (%001} and317v - quaregg
08t 0 0 0 082 [ 00 00¢ [ a2 & Ha314R0Z 2007)3nd37[eq 1 - quateqg ey
§lau19] of 07 0 0 0 07 o [ 0¢ LiNeN00 %001 jdeygoansy 1nlgy
§lamivg o] 0 0 0 0 09 0% 03 St 08 5L 3 SK 3187dH02 {%001) tTnyputg vogy Juvay
001 0 0 ¢ 001 009 009 009 00§ 003 a3 Sk 13TdROY (%001)ues31g) vARYY 1]
0001 00t 0 0 002 0001 0021 0051 0021 0081 1310}
0§51 114 0 0 0¢ 0§1 081 j144 081 922 a3 SN A131dH00 RIROLERLY
0%8 0t 0 0 0Ll 048 0201 5421 0201 §iel a8 SA 3187400 {%58)vavg vIoyphg-visiig
006- 0 0 0 008 0051 0081 §181 0051 §181 ] Sk 3L3T4N00 {%001)3vyIney fegp
0051 000! [ ¢ 004 0001 oo& 0012 0002 80v¢ ] SN 4131dR0D {%001)vysnuegg y3vuipieg
0K ¢ ¢ 0 0 082 00t 0rz 00t aa SN 1121dR0D (x001)38unpreysg 1vyindavy
0§1 001 0 0 05 001 002 052 007 0¢¢ ] SN 3437dR0D {%001)3uegoyy vdiay
[i}¥) 00y [] 0 §¢¢1 §991 §902 9552 $307 9567 1%308
‘ ’ ' { 052 0 0 0 (131 09y 03y §i8 09y 6§ a L1 3137dR0D (%32)miseayidey
sawmragold | 002 002 [ 0 00¢ 00¢ 008 008 00§ 009 a1 L) 3L37dR0D {232} 1qapuddny
30UwIs18SE | 001 b 0 0 001 002 007 052 002 082 ¢ 19 1137dH00 [%01)¢avg
(anaid) a1s | 0 9 0 0 00 00r i3] 00 00r 009 a1 i 31374000 (%61} 1qe1avg
1o/pus { 0 0 0 0 §02 502 502 952 502 952 a1 1 2L4TdR0D (%07) 1233009y
10q Jpun | [} 0 ¢ ( 001 001 001 §21 001 §21 a L1 3137dH0D (35)vqsnueyg
‘s1euazy of | 002 002 0 0 0 0 002 057 002 052 1 LI 8137dK00 {%01)vqtarg {018} 303eapunosy
§926 8204 b3 0269 000§ 182 §9291 08841 00861 05L02 viol
586 £5h 82 L4128 0§¢ 44 5§06 [£481 8811 §831 {8)avosai/ad (r)ua/sk  s61 STEL.S
001 §80¢ 982 £56¢ 0522 4928 05¢9 LE6L 103} 06801 {8)Qvo/a1/08 (¥)UA/SR 861 {xpp)oday
018y g6kt 0682 ¢I9¢ 0¥t o3t oleL  pule 0066 SuE2E  (B)YO/CI/G3 (h)NA/SN  gg6l {%05) 12v4dvg (1) dauis
SSAT 0 VE 000°2 40 V0N BIIA SLOAfONd
{11) sasmany Juridg I2JUTR  JeWEng  jof - 88019 Buradg U1y Jowmng  jon 88019 19K $8025 {9) E {1
03 20UNIBISRY [33] 39K - asq joK) {aoq - wyg) bE | bE | 19N snjegg 813938 {aea)) {y99l01q jo
pus s1aaopusy pesnIapup Juiofug {01) paywdraay {§) padoyanag pavue]4 Iy18we3u]  f31[1qudey uotjaydeo) uo1340d03q)
%23y U0 sjuINND) {%q) svaay purmmoy Juandoraasq 9019RF1Ia]  pauuvyq 39149814 199f01g

(ponuti¥ed) 108104 A€ STIVARQ ¥

SL081084 100 INT0MO0 %0 cdiztamon 40 SMIVIS 1R3SEAd

(pemanuos’ ¢-1y ayqey

.




e v v v b 00¢ 00z 052 007 052 (] SK 3134503 (x001)Butpegq LRy

[} 0 0 ¢ 08 001 001 sl 001 LA a3 Sk 3137dR0D {%001)3utpeyg LEISLIA )
89 0 0 001 081 114 oI¢ 842 0it a1 .14 3187dK00 {%001)30x%AnY $13g-331n3140-ngpqe
0 0 0 L] 001 001 001 21 001 §21 a1 U LASYEY ] {%001)10q%ARY ivq1peg
114 ey [} 0 0 0 4] 3] by (U3} i ) $187dR0) 2001 )30x%Ang ERVIELEE
$13mivg o) 081 001 0 [} 0§ 001 00¢ 052 002 052 [} SK 1131400 {2001 )npuvsyyey ngyueg
8lauieg of §¢ ol 0 0 52 31 09 G 09 §l az SK 31374800 (%001 )npurngyey nleyvg oursvgousy
313018 o] 01 0 0 0 §1 § §2 ¢ & 13 1 SN 2131dR00 (%001 ) npuenyyey L ies]
§6 1] 0 0 0¢ o1 0f1 §¥] 081 13 h 3247dR0C (%801 )npuvan;ey Twelzpy]
14 0§ 0 0 St 05t 13 0¢? ¥4 0¢2 i3 Sh 3131400 {3001 npuragyey r§xo;
113 01 0 0 §2 [ 0% G4 09 173 ] SK 81314000 (%007 )rpurwgyvy nfeyeg
041 08 0 ¢ 09 0l 007 052 002 092 @ SK 1187dH0D [%001 }npuvwysey ¥PjUBNIUTpRG
08 0 0 L B 021 002 002 057 002 02 a8 SK $281dR0D {%001)npusmyyey BIRqRRgs1g
5§ 11 0 0 02 02 §i 1] §4 1] i} SH 4137dK0D {%001)npuemyyey Tvdnyseg
00¢ 144 0 ¢ §l 061 it 0Ly G4t (A ik SH 3131dH0D {x00i}npurayyey ruieyor
11 41 0 0 b4 §§ U 06 0L 06 e SK 3L3TdR0D [%001 ) npuswyyey 10P%40]
0l 0 0 0 0 01 01 14! 0 il {1 SK 3LFTAR0D (%001 )npueeyey OIny 1[epny
0§1 001 ] 0 0§ 001 002 057 002 042 i} SK 3431dH00 {%001)npuengIey ervqpadunyg Surdanyg

012 091 0 0 0§ 001 092 g2t 032 42¢ [} SK 3137dK0D (%001 )npuvag;ey uesog .

i 0 0 0 [ 01 01 11 01 i a1 SR 3497dR0D X007 )npuveyjey [0y ®iy1sy) .
58 0¢ 0 0 ¢ 04 001 141 001 §ei k] ] 31374500 [%007) npueny3ey R LR ES L1
04 0F 0 [} 08 09 001 §21 001 §21 03 SK 5L37d%00 2001 ) andeyyeyg ajuvunuvy
08 0r 0 i 0z 09 001 521 001 el a3 SN SLETdNGD %007} 3ndw5eqq RY¥RGREQ;
62 691 1] 0 08 017 6l §9¥ §i% 39% a8 ] 2431dN00 (%001 )3ndvixeyg P10qY Adpeyey
0og 00¢ 0 0 0§ 0§1 08¢ 114 08¢ 31 (it} SR EL3TdR0D 001 ) Jndwyyugg opnye3jegy
S 52 0 ¢ 02 0r 9 18 59 18 a3 SN 3137dR0D {%061) andviyeqg 1nopig
T Moy e s s I ST
0} 9IUR)SIs8Y (23] 39K - asg 190} {aag - woyq). kT FET] 198 snyeyg 803938 {1v3)) {y99f014 Jo
pu® siaropuey pasniapap Sutodug [01) poyedraag {§) pedotenag pauuvyy f1suaguy  £y1[1q8dey wo1jayduog to1}30dol4)
‘e3ly U0 sawN0) {*g) svsay puemuog juendofaraq vo1yRdraay peuneyy 19131814 1997014
{panut3u0D) 1387084 A6 $TIVAIC ¥
SL0310¥d 100 ONI09M0 %0 C(RLITANOD 40 SAIVIS INSHNd
tl j0 Iy afvy ..«...u.ﬂm_ﬂy.m..m.wmmm
R EN =
SR N IS N EE A N BN EE BN D DD B e EE B me

R T



0§ ¢ ] 0 0§ 001 001 §i1 001 b4 ] Sk 31814009 %001 )*q420p nny
0 ¢ ] 0 4 14 n §§ 4] §§ ag 1] 8184800 %001)%q120p joyeanyq
7} (] 0 [ 3 [} 001 $21 (44 521 a3 Sk 31314800 {1001)vgy209 R |
(1] ¢ 0 0 57 0r § § 143 (4] i 318'1dR00 (%001)%q1a09 o[nyuasutyg
06 [} 0 4 02 09 (8¢ i$1 011 13 [0} H 30374802 (x001)¥qa209 AR ML H]
(4] ¢ 0 0 01 57 09 § 09 5l @ SN 34874800 (%001)*q3a09 ¥3adayy
(11 9 0 ¢ ¢ 02l 021 051 0zl [41] . 130
Yog o] 6 0 [ 0 J §6 86 1284 i 11 iglar/e s 81874RcD (%61 i3unfwng
¥0Q © 81 [} 0 0 0 i 11 §1 H §l & L 1LFRC) {351 fdveig
YOG o4 2 ¢ 0 0 L] o1 0l 14 ¢ 4 a ] §L3TdN0D {18 }anqrony {1; davy
042 002 0 0 05 001 0o §iE 00¢ §i¢ 5} SH §L31dR00 {3001 ) ungeue) Turiyeg ayfug
02 0 ] [] LH 0% 0¥ 0§ or 0§ a1 Sk 34914800 %001 ) anqeuzy Jnywyleg
0¢ 0 0 0 [ 09 03 7] 03 §L a1 Sk 3131400 {%001) 1e1ng dvyorquagay
0 0 812 (483 0 0 0 0 842 (483 a8 SH 0661 {%001)%drvq JwRqd[eyoey
SK3 Burys1e gavg 0 0 094 056 [} 0 [} 0 094 056 a1 SH 0661 (%001} %d1eg vydanduny
0oy 0¢! 0 0 0 00t 004 00§ 00¥ 00¢ [k} SK 34874R00 (%001 )n3seaT1dwy Teqep
00y 001 0 0 0 00¢ 00y 00§ 00 00§ (i} Sk 284000 (2001) n3seaT1dvy Tyeang
00y 001 0 0 001 001 00§ 009 00§ 008 a SR 3187400 2001) 1gapuadny Hwdrg
051 09 0 ¢ 06 081 0K §0¢ 012 §0¢ a SN ALKTR0D  (%001)1svvdyenvy vduring
001 0 0 0 0§ 0s1 081 0 08! 0y a SH BLETAN0D  (%001)1svavdienvy vovdiag
00¢ 08¢ ¢ 0 [} 0 00¢ [44] 00¢ 00y a3 SH ULINAROD  (%001) seavdyvavy vysng
§l 0 0 0 601 §41 i1 002 §il 002 @ K 41374000 (X001 }vgx100 *Toqy3uniyy
830818} o] § 0 ] 0 § 0l 01 i 01 U a1 SN 3L314R02 {%001)3utpeyg
819mI%) o] § 0 L] 0 oI §1 §1 81 §1 a_. a1 SH 81874800 %001) Sutpeyg
0t [13 0 0 (13 0¢ [L] i (] 1) a1 SN 11314800 {3001} 3u1peqg TRy
e .-m_._mm--.mm.n.-m-um-..um_m...--.m...m..-.mm...-..umu T — TN
0 3auw)gTssy {131 Yo - asg o) {asq - ueid) 1o 3N (173 E1] mvyg {avag) (133f0ag Jo
PUR BJaA0puwy pasniapuy Jutodyg (01) pajedraa; {5) padoyaasq pauuryy £y1swage] f11qedey w01331d80) vo1330d014)
‘932y w0 Ejuoumo) {*q) w1y puesno 109ndoaasg wo1yvs1al) pavuvyy 1912981 199l034

{psnu13903). 08 rond 4g STIVi30 ¥

b

§123¢08d 100 SNY0SNO %0 031974H00 40 SALVIS INgsINd

{ponuryuns) -1y aqqng

Illlllllllllllllllll
e EEEEEEEE————

£l Jo 4




viia 83 wih He 10

111 oot [} ([ 86¢ 86 [14] " i al 1 6861 {%001 )andwvyouey Mg ndurgoury
0801 113 00 1110 09t 113 [11)] 4111 (11} . m u 8861 {%001)4ndveqouey Mg Induvgaury
818 one ol 14} 009 8811 [141) §861 (1] 0% @ u 6861 (%001) 117110y UL ]
i 08 06 1114 08 108 LAt 410t LULI .1 am u 6881 (%001)1v1 10y Alg 1v1INY
0081 0 0 0 0 001 (1318 §i8l 0081 §i81 (] SR 3137dR00 (5001} 113110y | 93334 - w190y
00¢ 00¢ ] 0 00t 00¢ 008 054 008 08l @ A 21314000 {5001 )enyny
819M¥) o] {13} 0 0 0 0§ 08% 08+ 008 08} 009 (] SR 3131400 (%001)*k1pavg
8iamIs] o 43 ] 0 ¢ [} [11] 08y 008 111 W . @ 21T14R0D (%001)ek1pae
0st11 3] 0 0 001 00§ 0§21 0961 0531 08§51 a SR 5137000 {%001)9xus Jaopung
08 0 0 0 00t 091 091 007 081 toz @ s 412180 (3007 )Iweq a1seing
9% 141 0 0 0 §i6 §941 3128 §841 el ol
L143 0 0 ¢ 0 (143 1L 11] (113 521 a8 N EAS-ULT ) 162 uryansg
sell (13 0 0 0 §9 sl 1041 sl 1041 L4 Sk 24314R00 (%24)3usg {1) donie
001 00y 0 0 001 00% 008 0001 008 0001 ] K 2L31dR0D (%001}3usg ey
1§ 0 0 0 ] I$ 1$ ] 1§ ] ag {§)sn 83374000 %001 ) Suvgang Buvgpusnon
i§ 0 0 0 0 1§ 1§ 1 1§ 1 [} {§)sn $L374R0D [%001)8uvysny dnuoyyy
8¢ 0 0 0 0 9§ 8§ 0L 8§ 0L [} {§)sH 31374R00 (%007) duvgsny 1ueyq
§§ §¢ 0 0 0 (4 §t ¥6 6l ¥t [} SK 31914800 (%001)3%qa% aleyes
062 0 0 0 5 §i¢ §2¢ 804 §2¢ 901 a1 SH 31874R0J {%007)3%q33%¢ 8%qa[vgy
0L or 0 ¢ 0t 09 ()] S ) 001 21 a2 SK 34374800 (%007)3%qa%g 1pusiy
§91 0 0 0 §81 ¢t 143 144 0¢ iy a1 ] 31874%00 (%007} 118%y viuely ,
08¢ (14 0 0 0 041 084 §2L 085 2l [ u 8861 {x001) 128¥y Tv8%ufag
086 592 0 0 06t §201 087 0091 0821 0081 a1 K $1874H0D 2007) 1assy ndiufy
(143 0 0 0 0 [ 113 ozt 00r 143 0¥ as u 21314800 $001)138%) [RELLELE
0£01 0 0 0 0 0t01 0801 §i21 0801 §i21 a1 L1 31914N00 $001) 1088y 80D 233wy wavyYog
001 0 0 0 001 002 002 0s2 002 052 )| LI 343'18N00 {%001)Jun(s Ie3a12009
008 (131 L] 0 o 0f1 042 113 0z it (] SN 31314R0) %001 )3unfwwq Ixjapuny
¥l i 0 0 [H 001 m §0t we . osoe | 31H1dR0D (%001 )3unfweq vyeyduey
{11) saowisy  Buradg RULIRNEC | T BT 8033 JRlidg  aajuiy  zewmng 9y 88019 J) 3013 19 _u
03 2ouwsisey (431 390 - a3q 391) (49g - wryq) EL | kL | " g (av31) [199f01g Jo
puv sI3a0puny pasniapug Juiodyy {01} payeduaag {§) padopeaag (211 ¢ fyseagey  fy111qedey uo1jerdwoy uo13d0dosg)
‘valy uo syvaEND) [*g) swazy puwvmmoy Jwendofandg wo13dLaa]  paumeyq 391381 199f0dg
{panur3eed) Loarovnd 46 sTIving v
Moummmm‘ug._ OXIOON0 %0 OMINIANOD 40 $NLViS INASR i
3 Ja § Mmﬂmmﬂmy-nnm-m_mﬁ
D ———



£89607  4B0BEI 68701 ET6YT  BGEOC  OGIET  ¥ETLY  2T0BST  TIES9% USRI ¥RO060  GE98LE

SIDRL0d 1TV 40 TVI0L

0 yege  90ril ££98 89301 0 PLET  2LTTE BLG8Y 16509 TIILS 64214 $SHT ¥0 VE 000‘T 40 “V'O'N HIIA SLOSTO¥d 20 TVLOL
0¢ 0 q 0 0¢ 09 08 §i 09 i (3 SH $13TdR0D {%001) 1pva1eg pedopedy
§6 0 0 0 801 561 §61 1411 861 ¥z a3 SK $131dR0D (%001) 1pwy1eg pedukieuang
097 0 ¢ ¢ 0 092 032 149 097 L1 1®30]
011 0 0 0 0 1131 041 §11 0H §1 {8)a1/ad W $137dR0D (%15} 1p93T8g
021 0 0 0 0 021 03t 0s1 (1 041 a SN 3137dR00 {%3¥)vanyprapeq (1} da¥IR
{11) sasmivg  3uradg Jojuyy  Iomwng 9N ssoln  Butadg  1ajuip  Jowwng  jaf 88019 390 88019 {9) (2) (1)
07} 30UB)STI8EY {331 198 - A9 oK) (Asq - woyq) 198 LT 194 BN393¢ 8nyeig {1ea]) {108l0ag Jo
puv saaa0puey pasniapup Suto03ug (o1) poredraag (8) pedoraaag pauueyq fy1suaju]  £3171qedv)  wogaTdeo) uo1j30doiq)
931y U0 8JUIRNO) {vq) svazy puswso) judndoTonaq woT)eB1aI] peuusyg 1913981¢ 193l014

(ponu1yu0)) LOArOUE A STIVIZE 'V

$104£0%d 100 ONIODNO ¥O QR1IT4N0D 40 SALVLS INESHMd

¢l i0 § a%%g {ponutgend) ¢~y 21q3




R R R

[] 0 1 9 0 9 ] 9 0 0 SIDTUISIA WIVINAOR NXILSVA 04 TVIOL
L LLLE LI CH
vARRY
Junfaydey
. 1196 T¥)1907008 NIVINAON - NOIDSR LXEN0TEASG NUSLSYE
- - §¥6 £l £87 ¥§e 00¥ 141 §iE1 1891 8291 5602 SLOINASIA TTIR NYFLSVE %04 TVIOL
114 o ¢ 0 0 0 o 00t e 00¢ ] | 313400 .uec_.~.u~=~.¢.. wungpigy)
051 001 0 0 05 001 002 [41] 002 052 a@ 3127dR0) (%001)daay Juzgoqy
§8¢ tsh £ 15e 08¢ 41 §06 WD I si (9)evo/ar/as (Mua/sK  eesl (1) {x¥)daa1s andsiupp
Irdfogg
ynguryg
angyvgasg
- 14390y
. LIS
4738 T¥01907008 T1IH - NOTORY ININOTIAZE N33LSYE
e o s e e e e e T atnis s v w0 v
T e e T
Y 013338 a3g 007 002 0 [ 0 0 003 05¢ 00z [113 i u 11814000 (%01) {a30)123%npunozy
00§21 00801 00§L 0 0 0 0002 0008 00S21  §e9§1 00§21 §29§1 ¥ SN 1131dR0D {%05)1vuvy
oory §80¢ 2987 £§67 052t §93¢ 05¢9 186¢ uis 06801  (8)avo/a1/ag [¥)4a/sh SE , (1} {sri)dauls
01812 06MIT 0689 8861 0081 02662 0108 TISLY  00YE  00§SS . 193104
018  06%C 0687 IS¢ GO0 03SE 010 38 0086 SUERD  (B)OVD/GI/OX (MNA/SH 685 (1) (xos)das1s
00018 00041 00011  008¢ i1 [} 00001 00002  000TT  0S48¢  00SPE Sy a1 le)u/sk  os61 {%001) 180) 1awydeg
' § 330N 935 0000F  0000f 00061 ¢ 0 060t 000¢ Do0¥T  o00€C 00125 0008¢  6013S  (u)aIfex SN H13TdR0D {x25)9us10y-1avsung 1esung
00962 00862 00041 0 | 00¥s 00i¢ 00091  000EE 00126  000f¢  00TZS  6F si RATdR0D (%81)3uvaoR-1avsung Juvaog
§ 2108 935 00¢ 008 0002 0007 00N 000¢ 0021 0ood 0008 003 0008 0096 a u 861 %001} 1equry Al
’ 4736 V21907008 VAL - NOISEY LNIRAOIAAN NILSVE
...-‘._.U.-u.: 4 Juradg  aegwyp zoweng kL7 | ) 88015 E.:.au :WMWL..-MQ-.& b ] 88019 19K 8015 (3) 1) {1)
03 IUByB1SSY {331 oK - ad( 1) [asg - ueyq) 19 o8 Jog njvg miv)g [av9]) {31381 Iq
puT 313a0puvR pasniapuy) Jutosug {01) paesraay (§) padojanag paveeyy Iy Iypigedyy worjaqduoy woryd0doag)
a1y W0 syuaNRL) {3g) svazy puvawo) Jvendofoaeq Yoryedraiy ponuey J99f0ag P18y
4183810 49 $TIVIRC ‘4
8108r0%d 104 unuwgo 30 Q3431dR00 40 SOJVIS INESINd
£l 0 i ey [[o———

[ponurgu0d) ¢-1y ayqe;




[1Y] §§1 [ ¢ 413 13143 o il (18] il ™9 |
8330w o] 0§ [1] [J ] 0 0 [ 4] 0§ 1] a Sk L371d800 {%001)nrya1a0yy |
(1} [ 0 [J 06 051 051 11} 051 891 (] 1] 1TTdR0D (%001)ngqmng
813813) o} (] 0 0 0 01 0f 0§ 4] [ 3] 4] 2] Sk 11914000 3001 )2eaqsayquny
144 58 0. 0 oH 842 03¢ [} 08¢ 1} a SN 1131d%00 (300101301
[] 0 0 0 001 ol 001 §20 001 s (1] SR BL31dR00 (%001) vavavpoy
051 9 K [] 0§51 00¢ 00¢ Sit 00¢ §if a SH 3134800 {%001)3-quategg ayyy
0§1 0 0 0 062 43 00% 00§ 00} 005 a ] 2187dK00 {3001)1-quatvyg myg ndye
aygey
Induvavyey
8I3MIv] o} 0 0 ] 0 02 0} [ 0 [} 0s a1 SR A137d%00 (s001) 13wIgy deqyosmey
B3au%; o] 0 4 1 0 09 09 89 S. 9 1) bt | S L4800 {3001} e70qy Sumay Tingpuig

1738 V21501008 1IN - MOISEY IAANJOTIAR IVHINGD

00525 00K05 00127 0069 §1n 00¢ 0881 SOILY  S0P6Y 50916 S0uS 12088 SIOTNISIO IVAEL IVAINED %04 TViO0L
00001 008 008 §¢01 006 0010 00601 000M 01T sees) %00
00y 0 0 ] 001 00§ 008 008 908 009 8 ] I1IR0D {3601 Jemngag
6 @308 98 0066 0086 008 008 §€01 00§ 008 0096 00101 00¥ET 00211 semy a1 .13 BLATAN00 {2001)uon1gy LU H] )
08101 0¢¥S 0 0 0£08 0501 0BIST  SEIBT 08181 ghIgl %300
081 0t 0 ¢ 0t 0s1 081 27 081 §22 a SK 3L274R00 {%§1)#308png-s1821g
00091 00001  00¥§ ¢ L] 0 0008 00301 Q0081 04bLT  CO0SL  OlGLl  qI i 31874800 {x0¥) 1uvduany
05601 0uE§ 4 [ 0108 0§2T1 02081 obasT 02951 ¢hzel 1300
¥ UoT3oag aeg el 4 0 0 001 002 002 314 007 052 a1 119 NATdN0Y {%01) {nLg}aayeapunoag
058 ol 0 0 0Lt 048 0201 5421 0201 §ie1 @ SH 11374400 {x58)vaogpng-v1sa1g
00:7 008! 0011 ] 0 [ 0021 0081 0042 §01¢ 0047 $01¢ a i JLETdR0D {3¢)(ad0) 1wvduany
00i81 0018 00Tt [} 0 0 909y 0098 00i21  019KL  0del oISk 01 u BA7dN0) (%2¢) 1uedvivg wlvg
0062 0031 00L§ 08£9 0031 oot 005+ 978 00201 §y8IT "ol
006 ] 0 0 608 0081 0051 §i81 0081 S48l a SN J18TdR0D {%001)feqt
6 3308 298 g00¢ 0002 {14 8018 08¢9 0 0601 0681 000¢ 06€0 008 0Li6 a1 u £661 112) 19sdaany 1BguIney
0084 008 0 9 0071 00¥§ 0073 4069 0028 0049 00
¥ U0133a3 aag 0 [ 0 0 004 061 00y 008 434 00§ 4] L1} 5187dR03 {361}{Adg) 239npunoay
6 3308 33§ 0085 008y 008 0 0 [ 0901 000§ 008§ 0008 008§ 0009 a1 i 313d%00 (%601 e2vasnuny AU
¥ Uo13295 aag [} [ [J 0 §02 §0¢ 508 952 §02 947 a1 .13 1181dR0D {%01){Adq) 393enpuncay 1av3304%4
00021 00s8 ] 9 0082 0019 008%1  OSTBL 00941 05181 1%30]
¥ U01)99g aag 0 0 0 0 00l 001 001 L 001 111 a1 U 2131409 35){ALL)393vapanoay
0081 0001 0 0 00§ 0001 0002 e 0007 0032 @ 0 A1L3TdR0D (%001 ) y3sutpavy
0051 00801 0054 ] ] L] g0z 0004 (UL 14 T TR 11 T2 B 1 1) G | 4] 3187dR0D (%05)vvuny ML

1736 VD150008 IVH3L - OI9¥Y INARIOIATC TVELNED

{11} siomavy  Juridg 301y Jowmng  qag 88019 Jutidg  zajuiy  1swmng  yep £8019 bt | $3019 [9) {7) {1)
0} 22UV}ETESY {131 39 - a3q 93n) {asg - wn[y) 19 EET] 198 1 51 LT njeyg {avef) [1oun1g &g
pUT sI3acpuny pasnaepug Jutoiyg [01) pap¥inaa] (6} pedofanag pauge[g hisvaey  D1piqudy)  serjardwog w013d0doag)
831y uo syTaEN0) {*q} seazy povamosy uandoaasq vorydlaa]  paumary 3990y 1911981

(PauR13%0D) LO1MIS1A AG STIVIEA "¢

S$L0810¥4 10€ DRI0ONO ¥0 QRLAIANOD 40 SOAVLS INASHE4

{pomuranod) g-ry aqqsy

£l Jo 8

R TEE—————————




St ¢ 0 ] Sl 002 Sl 002 SIOTNISIA NIVINOOR TVEINZD %04 TVS0L
ARy
ymoqaedngpuls
St 0 0 0 001 §il il 002 §41 002 a9 1} 197dR0D (%001)®10q18uv gy WIeToq
1739 901907008 NIVINAON - NOIORY INSNAOTIARQ TY3INED
141 4113 0 [ 01 08¢ 518 0041 318 Wi SLOTHSSIO TTIH TYRINSD W04 T¥40L ’
082 [} ¢ 0 501 §5¢ 80 08y 8¢ 08y
8lalivg of § 0 0 0 § 01 01 1 01 14 a1 SR 31374800
§lamiv) of § 0 ] ] [ §i Sl 81 §i 81 1D 3R 11314800
€ 43 ¢ 0 13 0c 08 §i [k §. 11 H | BLETdNGD 1%001) 1v3%d1g
002 4 [ ¢ 9 32 0z 057 902 052 i3 b ] 3% iy {%601' 13130" 1oy
kY ¢ 0 0 28 o 00! 521 201 §11 @ BLITGH02 {%007) 3731405 Buipeyq
28 11} 9 0 4] 087 1213 §98 el 598 %30}
BHl 89 0 0 601 081 842 01¢ 81z 01¢ 41 i 3139dR0D  [%001)%395-20an31yg-ngpgey
0 0 0 4 [ 001 001 531 001 §] a 1 3137400 (%001} 4943pug
LA by 0 0 [ 0 Yer (13 (143 [13] 8 u 81378R02 {%001)3717 av33%g joyeany
. s181 088 ¢ Y §i9 (28] 0812 8€L2 0612 8817 w30l
SIauIv} o] 051 001 0 0 0§ 001 002 042 002 052 08 ] 3131dR0D {%001)nyaueg
8J9WI%) o] §¢ 0t 9 0 1 0§ 09 St 05 ¢ a3 N B1314N03 (%007 )nf®]2q suvawgoung
§JamIR) o 01 0 ¢ 0 sl «® &7 0¢ 5§t 0t a1 81374R00 {%001)nqxyvg
6 St 0 ¢ 0 oot §H 081 §1 LEN ] i 31374K00 2001 ) ruvdeapu]
gl 0§ 0 0 8¢ 051 007 414 002 087 08 ] 31374R0D 1%001)3420)
14 01 [ 0 82 4 Lk} Sl 038 §¢ k] 8 %1314K00 {%001)nfvpeg
o 08 0 [ 08 021 002 052 002 052 e i 1131dR00 (%001 ) ¥yyuey[tueypag
08 0 0 0 0zl 002 007 052 007 052 3 ] 3137dR0D {3001 )va8queysyg
§§ 11 0 ¢ [ 07 g L3 §¢ ¥ L] SA 3131dK00 {%001)13%dngseg
00¢ 522 ¢ 0 i [ §i¢ (] §i¢ 0L a SN 1231dk00 {%001)u1wy0pn
§t §1 0 [ 1 §§ 0L 06 0L 06 A SR 1131dR0J {%001 ) Top¥ga1
Lt 0 0 4 0 01 ot [l 01 i [} R 11314800 (x001)01ry 1ivpny
081 001 0 [} 0% 001 002 052 002 052 a Sk §LE14R0D  (%001)®4ypadunyq Burdavyg
01z 091 0 0 [ 001 052 143 097 149 ] 1] 3187dR0D {%001)uesog
01 0 0 0 0 [ o1 ! 01 Zl 41 N 2137dR0D {3001 )v10% vhqregy
9 [t} 0 9 gt [} 001 §1 061 521 U] S 14374002 [%001) 1TvquIysyeq apuTKyIRy
488 519 0 [} (149 08 11231 0891t SOE1 [3H #30
[} or (i ¢ 09 0% 001 b1 001 g a8 S 13314800 {%001)23usanuvy
08 0 0 0 07 09 001 st 061 §el ] 1 L314N0D [%001 ) nyangyey)
§62 §81 0 0 08 012 §if 894 SiE [l @ A B13TdN0D {%001) %7107y Aapeysg
00t 002 0 0 [ 051 0%¢ 11 05¢ 13 a8 Sk 1373800 {5001} 01008333)
st b4 0 ¢ 0z [} 59 18 98 18 ] Sk 31313803 (%001} 1nop1g
§¢ §1 0 ¢ 01 0¢ St 8§ 1 9¢ @ Sk 1314000 {%001)3fungny
081 081 0 ¢ 08 08 0.2 143 017 113 L] Sk B137d%00 (%001} 9avypadunyg Indwyyeyg
{11) somayy  Buradg  zou1p  Joweng  jap 88013 Buudg  ojurp  Ioweng  jey 88013 39 85019 {9) (1) m
0] J0UR]BISEY {331 390 - Asq j9R) {aaq - wviq) o0 10) FET $nyeg suyelg {avag) (1912381 iq
PUT S13A0pERY pasniapup u:ouuo S: pageduaa] {6) padojaasq pauueiy £y1sue30) 5:2&5 wo7jadnog E:.t.x_c.::
‘%3IY TO 87038807 (%4} svauy puvemoy 109nd0Ta431 wa1YRBLAI]  pawen]g FELIL SF] 91
{ponuituo) 1o18ISIC 48 $1Ivigq g
) 81081008 100 OXIOOKO 30 3I314N0D 40 SOLVLS INgSIRd
i i 5 a% [pamaTau03) £-17 o1qn

R



64§ Hi

¥od ol 1] 0
0ol ¢
008 0¢1
¥l "
01¢ 04l
04 0
0 0
0 (3}
0§ 13
06 03
0§ §¢
¥0g ol 51 [
082 il 4
¥0q o4 01 [1]
052 002
07 0
0¢ 0
0 0
0 ¢
SHe Auiisixe jreg ) 0

052¥2  0800C  0Mi6
084§ 0621
004 001
00% Q01
¥ V011098 83§ 082 0
£ 3100 235 009 0oLy 000}
¢06¢ 048
004 601
¥ B0T329g eag 002 002
6 330N 93§ g 002 0§
0015 001¢ 002
05K01 L1293
081 99
001 0
00¢ 092
§ 210N 23§ (0631 0066 00n
{11) s1owisy  Buradg 1ojuip  Jowmng
0} JJUP}8188Y {331 19K - asg jan)
pav sI9a0puvy paselapuy
%91y U0 BjuONEO)
£ 10 ot

[} ¢ 0l 1131
0 0 0 §6

] 0 001 002
0 0 0L (3}
0 (1] 05 001
[ 0 6i1 143
[ 0 0$ 001
0 0 ] 1

¢ 0 0t 0§

0 0 §7 0
[} ¢ 02 03

0 0 (i 114

0 4 0 §1

[ 3 0. 0§
0 } 1 01

0 bl 0¢ 001
9 9 [ L4

4 4 ¢ 09
8061 0321 [ 0
(112 01¢ ¢ 9
09¢ 056 ¢ 0
g2 006§ (1949 0LEdT 08902
00§ 529 (1311 0509
4 Q 4 008
0 0 ¢ 00¢
{ 0 067 09y
00§ 623 0 0081 000§
006¢ Sigt 0028 0528
0 0 061 001
0 9 00¢ 00¢
008t §L6% 051 00¢ [
[ ¢ 9022 3054 0L
0 0 0r9¢ 0489
0 ¢ 08 081
0 0 0§ 051
9 [} 0 [

0 0 008 004¢ 00039
k| 380Jg  Buridg  Jajury  Jawung

{490 - uvyq) kL | 19 U |
Bur0fug {01) parsdraag
(%4} svoly puzmmo)

608 1191
58 8il
002 052
0 ift
i $0t
11} 119
001 el
4] §8
001 21
5 1
o1t it
LE) §i

§1 3
288 eib
1 i
00¢ §it
o ¢

09 §i

0 0

[ ¢

0 L
05Y0¢  §9u¢
0924 §108
00y 004
00y 00§
09% 618
0008 0084
0018 Setll
008 009
00§ 009
00§ 529
0094 0048
{111} SO 19
0z §0¢
0§l 311
00t 00y
0011 00£8Y
J9) 88018

(6) padojanag

608 1191
1] 611
002 052
02 )
e 508
684 119
001 §e1
r §§
001 21
§i [
a1l 331
09 §i
§i 61
03¢ ity
0i i
00t 1134
0} 0§
09 §b
8001 092l
812 018
09¢ 086
058k SHIEH
0941 0046
00y 008
00y 00§
09¢ §i8
0059 5318
00081 00291
00§ 069
008 008
004 008§
0084 0046
0600 S¥RLl
0 508
051 0re
00¢ 001
p0¥E1 00EH
199 3802
panuvyq

1m0
B)ar/ea s 31514800 {1) (%§4)a0vd
i} u 3137dR0D {%001)v3a1307g -
] SK 31814R00 {%001) av39puny
a | 34474802 (%001 )v39y 2wy Junfueq
"o}
] SN 2431dK0D {2001 Javgnay
] SK 34874K00 {%001)3038Anyg
i} ] 21314500 (%001)avyv71vR
it} SN 31314800 [%001) oynyuasuiyg
a K 11374809 [%001}aw1933p207)
[i] SN 11874800 (3001)3932d2g) vyop
a Sk 34314800 11) {x¢1)dGvd *lgseig
ey
a1 s 343700 1) (xg)duvn
i} ] $197dR02 {4803} 1uvdyng aydung
1 SK 3337dH00 {%007) 30g(eg unyeie]
8 SK 83314R00 {3007 dwvarquadiy L]
192usyRRy Iy
Tviog
3 Y] 0661 13001 1vydiyoey
] 1861 {30011 veydanduny wdjeg

1138 TW2I90T00 THE - XOI98Y INIRAOTIAI0 NUSLSTM

SL0T3ISIQ IVHRL N¥ALSIA HO4 TVI0L

®0)

] Sk 8131dR00 Ix001)1eqep

a3 SH EASE] oo} ©{%001)Tyeang

01 i 31374800 12%) (L@} 393empanoay

a1 SK 1197dR00 [xgy)edueduvg  nyseqyidey
104

a3 SN 2081dN0) 1%001)1avd1g

a L1 EARSET 4] {%32) (AL0)3a7empunoag

o L1 0661 [X001)7- 1uiqung-vavayeyg

v 19 BLETANGD  {X0G1)i-TuiqEn-mawaregg  1yapuvdny
%0}

[0 SN 10314R0D [%001)avgdutng

it SK 31914800 (%001 }uovdasg

o] ] 31314009 {3001)vqeysng

a i 819'1dR02 [%001)avpuz) 1838 Uswavdiwany

L7188 WIIB0T003 1VHEL - MOI19%Y ININOTAARO NEILSHA

{9) (7 {1}
EIFL A 8R3¥9g {aw9}) (e &g
Itsuaje)  £y171q9de)  wotys(duoy vo13d0dolg)
10omdotarag wo198813ay  pavun[y 199folg 101381(

{PaNUTIRO)) LOTRISIA A8 STIVISD °§

SIORPONd 100 SN109R0 30

G3131dR00 40 SALYLS IKISEYY

(pasu17u00) ¢-1y ajqey




wei[eg
oy
0¥¢ 0 0 0 0 03¢ (143 §tr 0i¢ 1} [t} SN 81374400 (1) {xe2)douny usgiady
' 4738 V01507003 T1IR - NOIDHN NEZLSHA QIN
§68¢ 0191 0 0 04y . 6597 §62% 198§ §62% 19¢§ SIOINISIQ IVNgL NYBASHA QTN 304 VIO
038 0 0 0 001 036 098 0021 036 0071 1319}
Blaniey o) 13 0 9 0 0§ 08y 08r 008 08 009 a .S BL314K0D (x001) 180 3h1peg
§lamivg o) 0ty ] 0 [} i} (03] [ 009 08t 0098 a SR 3137dR0) {%001) 1%L pvdeg) sU1pang
0§11 054 0 0 001 00§ 1141 0951 053 0851 12} N1 Bi314H00 (%001 yeangung
5881 068 0 0 il §311 5821 1082 :80% 139 %3]
09 0 0 0 961 041 000 581 007 a8 SH 84314R05 {%031)2avgdng
§211 067 0 [ ¢ 689 UM §211 ion (13 SR 31317dK00 (1) fas)dauny
00¢ 00% 0 ¢ 001 00 0001 008 0eot a3 K $191dH00 [%001) %Ay  ranginapdueg
L188 TYO1907008 1VHSL ~ HOIDIY INSRIOTIAZO NHELSEA QIR
8¢1 8§1 61 8¢1 861 SIOTYLSTO NIVINAOR NYALSER 804 IVIOL
841 861 861 8¢1 861 : [¥30]
1§ 1§ L] 1§ 8 k] [$)SR 2137dR0D 13001 }3uvpuvnoy
15 &4 4] 1§ £} a3 {§)sn 34374000 {1001 }dnuogyy
9§ 9§ ) 98 04 (&) {SIsK FL8TdR0D {3907} vwwgq Bumsny
Junuvy
413 IWO1007008 NIVINAOK - NOIOHY LNINOTIARG NYIASSA
) [253) LU 3001 0921 6801 313 €948 0814 1ii8 4§48 SIDIRLSIA TTIH N¥ZLSEM %04 TVLOL
ipdeiy
Bunydvg
§it §4 0 0 §21 2% 00§ 429 00§ 598 1%30]
§§ 13 0 i [ 4] §i 13 §i 13 [} SK 31374M0D (%00} )aaegee
052 0 ] 0 5t 14 2t 80 - 628 304 a1 SK BLATdR00 [%001)%e27%qg
o 0r [ ] 0t 9 001 2l 001 5§21 ) SN 1137dR0D [%001) 1pudy Ieqieg
S0t 589 0 0 S8 §582 0rse 1484 014¢ [484] ®30
§91 0 0 0 §91 U3 U3 i 0g¢ 44 (0] SN 1187dK00 {%001]w3usdy
08§ (13} 0 0 0 051 08§ 1123 08§ 143 a1 L) 1113} (%001} Tvysvadag
086 §9¢ ] 0 00¢ 5201 0821 0091 0821 0091 a1 K 3137dR0) (%001)andduf 1y
(133 [ 0 0 0 02t 0z 00y 0 001 [ib] u 21374300 {%001) [3384244
0801 9 L [} 0 [H) 0801 §i21 0£01 §i2l a n 3U16R0D  (%001) *su0) Jajeg wavynoq 138%)
{11) s4omvi  Buradg  I9quiy  zowamg  jen 88019  Juladg  Iejury  Jawwng  jay 88039  qap 88019 {9) {2) 1
0] 22UP)STE8Y (237 190 - rag 304) {asq - werq) 19K 1o kLT F151 413 snjelg {avag) (3913381¢ 44
puv sIaropusy pasnlapuy $utofug (01} pandraa] (8} padofarag pauuRyy 1swee)  E171qede)  wotjatduey woT3a0d0aq) :
%31y U0 §3UdW0) ) #%aly puvEno) Juamdoraaag uo1yed1aay pouteyy 39afelg 3213381¢
(PenuIIe)) LOTNISIC 46 STIVARQ '€
SI0810% 100 9NI00¥0 %0 ORIZTANOD 40 SOVIS IN§SHAJ
8] Jo 1) ¥y {panutau0a) g-1y afqug

R T




0t1 0 0 ¢ 0 13 L1 0§l 0t 051 a

11914809 (1) (%99)da¥In  vangpyapyq
1304

LULEL

4738 V01907003 THIR - NOID3Y INIROTAAZC NYALSAR AVA

§6901 8611 §US 0661 8812 ¢ 098¢ 89VIT  §RULY 16127 €€261  6€9NT SIDINISIQ IVEEL KEAISAM ¥VA W04 TVIOL

88t¢ 5281 006 §211 686t £21§ 8169 ¥e61 88l 6106 0l

0005 0002 0001 0 0 0 000t 000 000§ 025§ 000¢ 0256 o -1 3137dH0D {%001)1 o89gg - 1[3q%YeR
862 001 ] 0 002 86¢ 86% 44 86¥ 134) ] u 6861 {001)a10 ndusyouey  °
0601 0L 006 §e11 09t §8L s 2687 1t6¢ v u 6861 {%001)als Iodusgouvy  induwgoun
5658 056¢ 0601 £9¢1 041 389 §6201  u6TRT EBEIT COGSI ™0
0081 [} 0 ¢ 0 0081 0081 §81 006! $i81 @ Sk F131dN0D (%001} #8%34 ®19nqy

(812 £E61 €8 0 q 0 002 0081 13¢2 0042 813 0042 I Sk L3RI {%001)3E19373%4
816 0l 001 21 009 8621 8¥SI G661 8491 0902 a1 1) 6861 {001 }REQ 1TRTI9X
el 108 066 €21 00F 108 Y91 1108 1092 §43¢ w u 6861 {%00T)a3S TT9TIvX

6 2308 93§ (0§¢ 000t 0007 0 0 0 00¢ 0081 005¢ 0485 00§¢ 049§ [} SH 3L3TdR0D {%001)vuvqoR 118y

4

1786 TVOID0T008 IVHAL - NOIDEY INARAOTIANQ NEALSEM V4

0 0 0 0 0 0 0 [ [} ¢ SIOIYISIQ NIVINAOK KYILSAA GIN %04 TVI0L

vpung
n3ng
jorirey
sjeng
wdyog

1739 V01007008 NIVINQOR - NOIOZY ININJOTAAZC NYALSAM QIR

019 00¢ 0 0 00¢ 013 o6 Sl 01§ STl SIOTRISIA TTIH NY¥3LSIM GIN 304 TVIOL

R
joxasfep
19423Rg
00¢ 002 0 ¢ 00¢ 00¢ 009 05 009 0§l a SN J1X1dR0T {%001) 1avyelaney)y nyng
{11) s1emryy  Bunadg  1ejuipy  JomEng  39) 88019  Buridg  29juiy  JomEng 9N 88013 9N $8018 (9) {7) {1
03 3JuwjETEsy (131 134 - a3q 1K) [asg - weyq) N kL | 803938 LLELFH] {aw2) {1013381¢ £q
puv s12a0puvY pasnapuq Butofup {01) pajwdraag {§) padotanag pauus|g Lyisuoye]  £9171qedey  worqerdeo) wo1330d0ag)
‘23JY UO BJUIWNO) (sy) B®aay puemso) juendofaadg we1pedtal] pavuryy 193f01g 1911981

{pavut9uo)) IOIWISIQ AR STIVLAC °€

SL0810%d 10G HNI0ONO X0 (H137dROD 20 SALVLS INESTNE

{pavurquod) ¢-1¥ 314N

g i ]

T




aWaqag5 paduwy zamvy = gRy Leamyynotady Jo jusmyindaq : yoq
*la1g o381 payeaodioaut) yog jo OTSIAYG WOIITIIIINY 93N PU WOYINFLAS] WAV = QMAI4 100 Jo UOISTalq worywdI] [[wNg = q]§ ‘woy3edlai] jo juawyIwdeq - 100 (1)
L1ue 8329f0ad 1a3ae7 3q3 10] aqe[Iear £17022203 alv woTjedlaly vosvas Juidis & Jurje[az sajenyea vy (g)
S31WI133 $3I¥ puNN0D par0lduy Jo] g) Yeuny 23 1100 q pIIv[29p s v 3309002d 193I¥] IYY J0] UAOYS 6VAIV pUTNEOD pedotarag (g)
SOT9RITLIT pgg 20 V) ‘uoljvdraar 2ovjans [[ves Liaa puw wolydraar ayg 10} g1 ‘uoljedraiy adwjins 1o} (§ (g)
1893 0 (g (3u10800 ~y-)'N 3G 004°91) 11 8% puw (93a1dw0d ‘y-goy vy 054°) 1 9s%4d J0j q1 (1)
VD 1[%y (5-0¢ ¥o01q 291aJag) juamdojanaq SATBUNUT = (] {{v§ 005-00¢ YI0TQ 991A2ag) juaNdo[aad( PATsWIIXF = a3 {9)
atqussod Jou £[eoryeanyo Surddozs zaumy (g)
UOTIRB1LIT [1oA3qn] J0) §) ‘voTqudraal 9ovjins 0] 8i ()
(%9 90012 "v+0°N padojanag) swensis padund puv [soy ulajsey 10) §i 1{®4 000'01 *¥'0'N pedo[srag) wajsks wipuey) 103 gk ()
. PUROY J93) = Yi 'U08YIY WOOSUOK = SR (7)
Zg;g-&;;_mﬁe_zﬁmoft:3.352:2&-8%:::”“3..:o:._:on::o-:z_%oa ._s::u-z_azozzm":m.:

(29 g-g Y201 301alag) juondojarag valy puvmwo)

§930§

E8GE02 180861 - 682401  €E6HZ  BSCOT  OSIET  h22L9  Z208ST  1IES97  1828KE C 1NRO6T  6E9RLS

SIOTWISIT TTV %04 TN

0 314 0 0 0 0 ol 311 131 133 113 86¢ SLOTBLSIG NIVIHNON
¢ 98901 62L} 1631 st [} 6€0Y 9666 SAYT O6EBT 91091  000T SIOTHISIA 111K
CBSE0T  B9TI8T 085301 2Y9ET  #MABZ  OGIST  SBOES  €6OLMT  £G2060  EIERC  GELLT  A0285C SLOTHLSTA IVEEL

1738 1¥01501003 18 8IVi04

- PR

EE90T  88ET1  SULS 0661 8842 0 068 EO61T  BSLLT  S6L27  BMLRL £8287 SLOTULSIA NETLSEM V4
0 S5 016l ¢ 0 [ 004 563¢ §£28 1351 §§2§ 1451 SLOTNISIA N¥FIsEM GIN
05erT  TIEYT  WITT 80§ 0949 053¢ BSYIT  A6TSE  TAEOE  £S08Y  GLLIY  LBLIS SIDTBISIC NEBLSEM
00929 LI8¥S  2gENT 0089 s 00§ §e012 Q121§ 2¥S§L  90SES  Zh0Z8 12696 SLOTRISIQ TVHINRD
001901  GS4T0T  830Y9  SEOTT  §69E1 0046 09983 LEES9  SOWOCT  SONRSL  ObRIEY  001B6! SLOTBLSI0 NYRLSYE

NOIO3E INIRGOTAARC AS STVLIOL

0 0 0 0 0 L] 9 0 0 0 SIDIUISIA NIVINNOR NMZISEA V4 ¥0d TVIO0L

BnyaIEg
Susyfeg

wnfe

4728 IVD1907003 NIVANAON - NOIOSY INZHJOTIAZ( NYILSIA ¥¥d

8¢ 0 ¢ 0 (133 §1§ §1§ i} §1§ 43} SI0THISTA V1IN NUZLSAA VI ¥04 TVI0L

92 [ [} 0 (14} §6¢ 56¢ ¥y §6¢ 111 1#304

0 0 0 0 0f 08 09 § (L] §i a@ SH 4137dw0D {%001)p¥Bapagy

56 [} [} ] 001 561 461 W 561 e a ] 41574000 {%007) pedvdisuing

01 9 0 ] 0 2] 01 Gl 0n §i1 9)a1/68  sn 1131dR00 (1) {x¥s)daurn Ipviteg
(11) sdemavy  Juriddg  2aqu1y  Jowmemg g9y 88019 Juridg  Jejury  sewwng  gep $80J9 EET] 8801 {9) {z) )
03 20Uv)S188Y {431 39N - A9q 32)) (aag - weiq) 198 kETS 19K T osnes g (R 19143814 £q
PuT sIaA0pURY pesniapup Butofug {o1) porvdina] {§) padojanag pauuw(q £1swayn)  £3171qedey  woTjardeo) wotja0dolg) .

%31y U0 3)UINND) {3y} seaay puwwwoy Juandoaasg vo19B14a] pauuw[g j%f01g 91387

{panuT3u0)) LD1A1S1G A9 STIVIAG "6

SE03£0%d 100 DRI0OKO 30 C3LITAMOD 40 SAIVLS

{ponutjuod) ¢-y atqe




Table Al-¢ Page i of 2
PRESENT STATUS OF COMPLETED OR ONGOING DOT SUBPROJECTS
Project i District Planned Irrigation Development Conmand Areas (ha)
(Proportion Completion Capability Intensity Planned Developed Irrigated Ongoing Underused
of Project) {Year} Status Status : Net Net  Net (Plan - Dev) (Net Dev - Net Irr)
(2) (3} Gross  Net Gross Net Suamer Winter Spring Gross  Net Summer Winter Spring

SAGARMATHA INTEGRATED RURAL DEVELOPMENT PROJECT (SIRDP)
Saptari STW Saptari 1989 R CAD 8775 7020 7125 5700 2850 1995 1650 1320 2850 3705
Saptari DT¥ Saptari 198§ R D188 150 62 50 40 30 126 100 10 20
Deodhar NIP Saptari Conplete S B 500 400 500 400 200 120 0 0 200 280
Chapin HIP Saptari Complete ) B3 00 35300 150 90 0 0 150 210
Jhoradsh KIP Saptari Complete KS B 60 %60 30 15 0 0 3 45
Baaana MIP Saptari Coaplete kS B 500 400 500 400 200 120 0 0200 280
Laxaipurdah NIP  Saptari 1984 K8 ED 500 400 125 100 50 30 35300 50 0
Kuraha MIP Saptari 1989 KS ) S Y N ] 00 0 0 87 10 0 0
Lohjara NIP Saptari 1989 (] B 125 100 b0 0 0 126 100 0 0
Ansot MIP Saptari 1989 K$ B 500 400 00 0 0 500 400 0 0
Haraj HIP Saptari 1984 KS ED 500 400 6 0 0 0 500 400 0 0
Baragidhar KIP  Saptari 1989 KS B 250 200 00 0 0 250 200 0 0

Total Saptari 12375 9300 8762 7010 3520 2400 3613 2890 390 4610
Siraha STV Sirshs 1989 n CAD 6796 5437 6593 5275 2638 184D 203 162 2637 3430
Sirahs DTW Siraha 1989 YR ID 500 400 375 300 240 180 125 100 60 120
Khutti KIP Sirgha Coaplets KS B35 00 316 300 150 88 0 0 15 212
Sarswati MIP Siraha Complete S B 7§ 94 7% £y 2 0 0 38 53
Betaha XIP Sirgha Complete XS B 125 100 125 100 50 2 0 0 50 !
Hutanidah HIP Siraha Conplete KS 100 80 100 80 40 rA) 0 0 40 57
Bhawarsdah MIP  Sirahs Conplete K$ B 250 200 250 200 100 58 0 0 100 142
Jaruws KIP Siraha Complete 5 D 25 20 20 10 5 0 0 10 15
Jiwakhols HIP Sirgha 1989 KS B 500 400 00 0 0 500 400 ] 0
Lohjore KIP Siraha 1989 KS ED 500 400 0 0 0 0 500 400 9 0
Katniya KIP Siraha 1989 A B 500 400 00 0 0 500 400 0 b
Hainawati MIP Siraha 1989 ¥S ED 500 400 0 0 0 0 500 400 0 0
Bano NIP Siraha 1989 XS D 500 400 00 0 0 500 400 0 0
Jhirjhire HIP Sirahs 198¢ K8 B 128 100 0 0 0 0 125 100 0 0

Total Siraha 10890 8712 7937 6350 3265 2250 2953 2362 3085 4100
Udayapur STW Udayapur 1989 R CAD 1016 813 812 650 325 225 204 163 325 425
Swaroptar KIP Udayapur Conplete K8 ) S Y A )] 62 50 25 25 0 0 25 25
Baruwakhols NIP  Udayapur Complete ) ED 100 80 100 80 40 {0 0 0 40 40
Asare Kulo KIP Udayapur Complete ¥ ED 63 50 63 50 2 25 0 0 25 25
Chilaunekhola Wi Udayapur Complete kS ) 1 5 94 15 n 35 0 0 38 {0
Lanakhola NIP Udayapur 1984 S )] 87 10 ] 0 0 0 87 0 ] 0
Karonjekhola ¥IP  Udayapur 1989 S £ 63 50 0 0 0 0 63 50 0 0

Total Udayapur 1485 1188 1131 905 452 350 KLY 5] 453 555
TOTAL FOR SIRDP 24750 19800 17830 14265 7237 5000 6920 5535 7028 9265




Table Al-4 (continued) Page 2 of 2
PRESENT STATUS OF CbHPLETED\OR ONGOING DOI SUBPROJBC
Project (1) District Planned Irrigation Developent Conmand Aress (ha)
(Proportion Completion Capability Intensity  Planned Developed Irrigated Ongoing Undezused
of Project| (Year) Status Status Net  Net  Net (Plan - Dev) (Net Dev - Net Irr)
(2) (3) Gross  Net Gross Net Summer Winter Spring  Gross  Net Suomer Winter Spring
GANDART AGRICULTURE DEVELOPMENT PROJECT (GADP)
Baisjagar Tanghun Conplete Ks ) 12 10 121 10 0 0 0 0 10
Total Tanahun 12 10 1210 0. 0 0 0 0 10
Hareddanda Syang ja Conplete XS Ip 19 15 19 15 15 0 0 0 0 15
Total Syangja 14 15 9 5 15 0 0 0 0 15
Swreeswara Liaajung Conplete K§ D § { 5 4 { 0 0 0 0 4
Taksar Head Reg,  Lanjung Coaplete ¥s D50 40 5 40 {0 0 0 0 0 40
Dovan Lift [ianjung Complete kS CAD 2 l 2 1 | 0 0 0 0 |
Phirdi Lift Laajung Conplete K8 ED 62 50 62 50 50 0 0 0 0 50
Total Laajung 1y % 1y 9 g5 0 ] 0 0 95
TOTAL FOR GADP 150 120 150 120 120 0 0 0 0 120
RAPTI INTEGRATED AURAL DEVELOPMENT PROJECT (RIRDP)
Gobardiha Dang Complete ¥s D 644 435 44 435 435 0 0 0 b 435
Belghare Dang Complete X8 B 425 M0 425 340 100 0 0 DU o
Chiregad Dang Complete kS B 438 350 438 30 100 0 0 0250 350
Total Dang 1407 1125 1407 1125 635 0 0 0490 1128
Dharnabati Pyuthan Complete ¥s B 425 340 {25 30 M0 0 0 0 0 340
Total Pyuthan 425 M0 425 M0 M0 0 0 0 1)
TOTAL FOR RIRDP 1832 1465 1832 1465 975 0 0 0 490 1465
NARAKALT INTEGRATED RURAL DEVELOPMENT PROJECT (IRDP)
$altuna Dadeldhura Conplete s B 150 120 150 120 120 0 0 0 0 120
Total Dadeldhura 150 120 150 120 120 0 0 0 0 120
Sers Baitadi Complete N B 75 50 7 60 60 0 0 0 0 60
Banku Baitadi Complete LN 4] % 60 %60 60 0 0 0 0 60
Dhungeli Baitadi Complete ] 1] 25 A 2 20 0 0 0 0 20
Total Baitadi 175 140 175 140 140 0 0 0 0 140
TOTAL FOR MIRDP 325 260 385 20 260 0 0 0 0 260
Notes

{1} $TW = Shallow Tube Wells: DTW = Deep Tube Wells; NIP = Hedium Irrigation Project;

811 component projects of the SIRDP, GADP, RIRDP and KIRDP are included in aggregate fora in the main listing of DOI projects, Table Al-3

{2) ¥S = Monsoon Season; YR = Year Round

{3) B = Bxtensive Developuent (Service Block 300-500 ha); ID = Intensive Devel

{Service Block 3-5 ha)

opaent (Service Block 30-50 ha); CAD =,Comnand Area Developaent
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Table A1-5 (continued) Page 4 of 4

COMMAND AREAS OF AGENCY ASSISTED FARMER MANAGED SCHEMES

........ 1 U e e et ottt

Notes:

(1) Aggregated from agency inventories compiled with details of individual projects and corrected for duplications in reported
areas
(2) official agency reported totals, less the defined project totals

(3) DOI = Department of Irrigation; SID = Small Irrigation-bivision of DOI;
FIWD = Farn Irrigation and Water Utilization Division of DOA {incorporated into SID); DOA = Department of Agriculture;
MPLD - Ministry of Panchayat and Local Development, irrigation section {incorparated into SID);
ADBN = Agricultural Development Bank of Hepal

(4) HFFP = Hill Food Production Project (World Bank): SINKALAMA = Sindhupalchowk, Kavre, Lalitpur and Makwanpur Project
(Asian Development Bank); ILO = International Labour Organization Projects; KHARDEP = Kosi Hill Area Development Project
(British Aid); DIDP = Dhading Integrated Development Project (German Aid); CARE = Care Nepal Projects; STW = Shallow
Tube Wall Programme; ADPJ = Agriculture Development Project Janakpur (Japanese &id)

{5) Refers to compiled agency inventory tables.



TABLE AL-Al  SUMMARY OF DOT ASSISTED FARMER NANAGED SCHEME NET COMMAND AREAS

District Ninor Agriculture People’s  Farmer System Small  Small  Decentralization  Farm  Food for District Total

Irrigation  Vear Participation Maintenances Hill Irrigation Irrigation  Work Level I.P

Table No. A-14 A-1B A-1C A-1D A-1IE A-IF A-16 A-1H A-11 A-1]

Jhapa - - - 200 - - - - - - 200
Korang 1,580 04 1,200 - - - - - - - 2,780
Sunsari 880 DA - - - - - - - - 880
Saptar] 880 - - - - - - - - - 880
Siraha 2,680 - - - - - - - - - 2,680
Ilan - - - 50 - - - - - - 50
Bhojpur - - 25 - - - - - - - 25
Rhotang - - - 50 - - - - - - 50
Dhanusha 200 - - - - - - DA - - 200
Kahottari - - - - - - - - - - -
Sarlahi 40 4 - - - - - - - - - 4
Rauthat 3,056 - oo - - - - - - - 3,296
Bara 3,495 & - - - - - - - - - 3,495
Parsa 1,070 - - - - - - - - - 1,070
Chitwan 850 - - - - - - - - - 650
Ramechhap - - - 50 - - - - - - 50
Lalitpur 905 - - 50 - - - - - - 955
Bhaktapur 1,490 - - - - - - - - - 1,490
Kathaandu 460 - - - - - 150 - - - 610
Nuwakot 0 - - - - - - - - - 240
Dhading - - - 12 - - - - - - 12
Sindhupalchok - - - - - 000 50 - 1600 U 400 2,350
Nawalparasi 280 - - 200 - - - - - - 480
Rupandehi 6,260 - 1,400 200 - - - A - 200 8,060
Kapilvastu 1,700 - - - - - - 04 - 200 1,900
Tanahu - - - 30 - - - - - - 30
Gorkha - - - 50 - - - - - - 50
Lumjung 144 60 - 50 - - - - - 150 404
Kaski - 300 - 0 Lire - - - - - 1,497
Parbat - - 108 - - - - - - - 108
Baglung 80 - - - - - - - - - 60
Kyagdi Al - : - 25 - - - - - 60 105
Kustang - - - 105 - - - - - - 105
Dang Deukhuri 00 - - 1,040 - - - - - - 1,740
Banke 400 40 - - - - - - - - 440
Bardiya 80 - - - - - - - - - 80
Pyuthan - 60 - - - - - - - - 60
Salyan 20 - - - - - - - - - 20
Kailali 4,650 - - - - - - 04 - - 4,850
Kanchanpur 720 04 - - - - - 04 - - 720
Baitadi - - - 150 - - - - - - 150
Undefined 4360 A - 1,400 0 - - - - - - 200 11,840
Total Defined 32,900 460 NN 2,332 0 H 200 0 D 1,010 39,635
Total Undefined 4,360 0 7,400 0 1,127 300 0 0 ‘1,500 320 14,867
Total 37,020 460 10,133 2,332 1,187 300 200 0 1,600 1,330 54,502

4 = After adjustments for double counting
U = Undefined projects



Note :

Minor Irrigation total includes tubewell areas of 400 ha in
Sarlahi and 1400 ha in Bara previously accounted for as DOI
managed projects. Agriculture Year total includes 330 ha in
Morang, 150 ha in Sunsari and 60 ha in Kanchanpur already
accounted for 1n Minor Irrigation total. Farm Irrigation total
covers tubewell areas of 300 ha in Dhanusha, 300 ha in Rupandehi
and 250 ha in Kapilvastu included in the ADPJ, plus tubewell
areas of 350 ha in Kailali and 350 ha in Kanchanpur previously
accounted for as DOI managed projects. Total adjustment for double
counting is therefore 3,840 ha.

From DOI progress reports, command areas under agency assisted
Farmer Managed Irrigation Systems are

1. Minor Irrigation 38,820 ha
2. Agriculture Year 1,000 ha
3. People’s Participation
9,533 + 600 10,133 ha
4. Farmer’s Canal Maintenance
1,212 + 1,120 2,332 ha
5. Small Hill Irrigation 1,127 ha
6. Small Irrigation 300 ha
7. Decentralization 200 ha
8. Farm Irrigation 1,500 ha
9. Food for Work 1,600 ha
10.District Level I1.P 1,330 ha
58,342 ha




|

Sub~Total

Sunsari

Sub-Total

Saptari

Sub-Total

Siraha

Sub-Total
Dhénusha
Sarlahi

Rautahat

Sub-Total

FARMER MANAGED SYSTEMS WITH DOI INTERVENTION UNDER
MINOR IRRIGATION PROGRAMME

Baghi project
Darlokna diversion
Gadhi diversion
Ghorjana Regulator
Gouria

Kajala

Kathanu diversion
Kochani diversion
Mangalapur Pokhari
Maria

Sagar

Sukna Pain

Bajhgata tunnel
Padaria-Garuda

Sigia Daha Kachchawa

Chapin
Mutani
Panchi

Baburam Khola
Gagan Nadi

Lonia Bah

Ra jokhar Pokhari
Rampur Kamala Wari

Jamuni
Hariyai project

Baluwa Jabdi
Bhakuwa

Bhakuwa Dumaria
Hatauna branch
Jalaiya Bulkai
Kharaiya Dah
Manusmara
Rampur Khopasi

Page 1 of 4



TARBLE Al-AlA FARMER MANAGED SYSTEMS WITH DOI INTERVENTION UNDER
MINOR TRRIGATION PROGRAMME (Continued)
Page 2 of 4

District Project Name Developed Command Area (Ha)
G.C.A N.C.A

Bara Bagari 156 125
Behtani 1lift 150 120

Gadhal 62 50

Imriti 500 400

Jamani 1,000 800

Pasaha 2,000 1,600

Thalahi 500 400

Sub-Total 4368 3495
Parsa Chamari 200 160
Gangola 12 10

Oria 400 320
Patlaiya-Mohana 100 80

Rahat Kuwa-Bhabhanipur 12 10

Rahat Kuwa-Suwarnpur 13 10

Thoduwa 500 400

Tilawe Minor 100 80

Sub~Total 1337 1070
Chitwan Anandpur 13 10
Anjana Tal 250 200

Krishnapur 200 160

Kusatta Overpass 150 120

Lower Kerunga 25 20

Pungi Khola 75 60

Upper Kerunga 100 80

Sub-Total 813 650
Lalitpur Aphal Kulo 312 250
Ikud Kulo 150 120

Kambhu Kulo 62 50

Lele Kulo 32 25

Lubhu Kulo 575 460

Sub-Total 1131 905
Bhaktapur Dhungedhara Rajkulo 250 200
Ghatte Kulo 1256 100

Kathudhal 50 40

Kathuraj Kulo 500 400

Katunje Kulo 50 40

Lapsetar 75 60

Nala Kulo 150 120

Suryabinayak 62 50

Thimi Manohara Kulo 50 40

Walarku Kulo 50 40

Yugdhara Kulo 500 400

Sub-Total 1862 1490



FARMER MANAGED SYSTEMS WITH DOI INTERVENTION UNDER

MINOR IRRIGATION PROGRAMME

(Continued)
Page 3 of 4

Developed Command Area (Ha)

G.C.A

N.C.A

Kathmandu

Sub-Total
Nuwakof

Nawalparasi

"Sub-Total

Rupandehi

Sub-Total

Kapilvastu

Sub-Total

Lamjung

Sub-Total
Baglung
Myagdi

Dang

Sub-Total

Banke

Sub-Total

Gagal Indrayani Kulo
Pharping Dhungedhara
Sankhu Rajkulo
Tukucha Rajkulo

Andheri Khola

Gaidakot
Hulasi diversion
Potaha reservoir

Manigram Tubewell
Solah Chattis Kulo
Teller Nala

Bhutaha
Jamuar diversion
Marthi project

Chisankha Besi
Mulmule

Kudle and Kathe Kulo
Babia Chour

Bela project
Bhote Dah
Chaime Khola
Chandanpur
Charange Dah
Rakse Chour

Puraiya Tal
Shuruwa (Garwa Gaon)



FARMER MANAGED SYSTEMS WITH DOI INTERVENTION UNDER

MINOR IRRIGATION PROGRAMME

{(Continued)
Page 4 of 4

Developed Command Area (Ha)

G.C.A

N.C.A

Bardia

Sub-Total
Salyan

Kailali

Sub-Total
Kanchanpur
(Terai)

TOTAL

Note:

Gularia Kulo
Manpur Tapara

Ghatte Khola

Gular Gappa Pump
Gurgi diversion

Kailali Nala
Kateni Nala
Khareti Pump

Pahalwanpur Pump-
Shukti Irrigation

Routeli Khola

Unidentified Projects

The progress reports of the following Minor
Irrigation Projects are shown in D.0.I lists,
They are double counted, hence the area has been
deleted from the M.I.P list.

Sarlahi Tubewells
Bara Tubewells

G.C.A
500
1750

N.C.A
400
1400

Bara tubewell areas are included in the Narayani

Project.




TABLE A1-A1B

FARMER MANAGED SYSTEMS WITH DOI INTERVENTION UNDER

AGRICULTURE YEAR PROGRAMME

N.C.A

Sub-Total
Sunsari

Lamjung

Sub-Total

Kaski

Sub-Total
Banke
Pyuthan
Kanchanpur

TOTAL

Notes
1. These
list,

G.C.A
Chiradhar 125
Kajala 288
413
Ba jh gadha 187
Barahbise Kulo
Jyamire Kulo
Pang Kulo
Satrasai Kulo 75
75
Lower Hyanja
Upper Hyanja 375
375
Dugwel Nimade 50
Bijuli Biraulla 75
Kanchanpur Tubewell 75
1,250

areas were previously included in the Minor
and are not recognised here.

Irrigation



Khotang
Ramechhap
Lalitpur

Dhading

Nawalparasi

Sub-Total
Rupandehi
Tanhun
Gorkha
Lumjung
Kaski
Myagdi

Mustang

Sub-Total

Dang

Sub-Total

Baitadi

Sub~-Total

TOTAL

FARMER MANAGED SYSTEMS WITH
FARMERS IRRIGATION SYSTEM

Mawa Khola

Ek Tappa and Mahamai
Sabju Khola

Mugitar

Saibu

Dudurung

Bhartipur Gaon
Tang Khola

Pahela Khola

Rishinch Patan Kutiaphant
Dhawatar

Bangrebesi

Lahachok

Ratnachour Small Kulo
Chaile

Chetang

Chuksang

Gyakar

Jhang
Tangwe

Chamai Khola
Sankram Khola

Bagari
Tungali

DOI INTERVENTION UNDER
MAINTENANCE PROGRAMME

62
87

32

50

70

25

——— -

————— -



TABLE Al1-AlE

TABLE Al1-AlF

FARMER MANAGED SYSTEMS WITH DOI INTERVENTION UNDER
SMALL HILL IRRIGATION PROGRAMME

Unidentified Projects

FARMER MANAGED SYSTEMS WITH DOI INTERVENTION UNDER

SMALL IRRIGATION PROGRAMME

Sindhupalchok

TOTAL

TABLE Al-A1G

Unidentified Projects

FARMER MANAGED SYSTEMS WITH DOI INTERVENTION UNDER

DECENTRALISATION PROGRAMME

Kathmandu

Sindhupalchok

N.C.A
in ha
T e
T Tiizn
N.C.A
in ha
300
""""""" 300
N.coA
in ha
T is0
50
_______ 200

Name of Project G.C.A
in ha
-——_——-——_————=§;;;;=;;;;==:===—===:_=================;;;= ---------------
Ghatte Kulo 62
"""""""" 250

TOTAL



TABLE Al1-A1lH

FARMER MANAGED SYSTEMS WITH DOI INTERVENTION UNDER
FARM TRRIGATION AND WATER UTILISATION PROGRAMME

District Name of Project G.C.A N.C.A
in ha in ha
Dhanusha JADP Tubewell 375 300
Rupandehi & Tubewell 625 500
Kapilvastu
Kailali & Tubewell 875 700
Kanchanpur
TOTAL 1875 1500

TABLE A1-A1T1

Sindhupalchok

TOTAL

FARMER MANAGED SYSTEMS WITH DOI INTERVENTION UNDER
FOOD FOR WORK PROGRAMME

Unidentified Projects 2000 1600
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l TABLE Al=A2 DETAILS OF SID (FIWUD) SCHEMES NEPAL
SUemiiree oo SIS e : e - .1 of 8
l District: Name of Project Type of Cbmmand
I e . Project . Area (ha)
I Jhapa Dhaijan Reh. 100
T Rekhapaini Reh 80
I Sub-Total 180
-Sunsari - Baklauri - 100
I s Sukumari - 500
Sub-Total 600
l Saptari Khado ‘Khola (100 ha) Reh. 30
HEN Ghod Daha (100 ha) 20
) I -Sub-—51‘otal o 50
-Siraha- Sarsoti Khola (150 ha) Reh. 15
Gagan Khola o 300
l '~ Kamala Paini Reh. 300
Maina Wati (300 ha) 60
I Sub-Total. 675
Panchthar Kafalbote New 150
l :’I‘.‘ehrathum Halchok Néw 25
5 Hattihal - 30
Jirikhimti - 300
l a Lohatopa T 100
o Teliya Khola . .New: 100
SR Uwa Khola . New 100
l ‘Sub-Total 655
Dhankuta Guthitar Pond - 5
l Kavre .- 30
L Leguwa e T 200
Mulghat e 35
l:‘sSub—Total 270
l‘thOqur Champe , 200
f‘-Udayapur Basaha (100 ha) _ New 55
e Fleod affected area of Udayapur (65 Nos) . 164
Iﬁ_?' Sukha Sundari (100 ha) < g New 35
lfi“_St;ib-Total by 254




TABLE Al-AZ

Khotang

Sub-Total

Okhaldhunga

Sub-Total

Solukhumbu

Sub-Total

Dhanusha

DETAILS OF SID (FIWUD) SCHEMES

Bulku

Chyan Danda
Dorpa
Ekchhange

Makshingtar (33 ha)

(Continued)
Page 2 of 8

Type of Command

Project Area (ha) I
New 15
New 50 l
New 250
New 200

Sawa Katahare (100 ha) New 5

Devi Tar (17 ha)

Gamnang Tar (80 ha)

Khata
Kutunje (70 ha)
Mamkha (100 ha)

Mukali (50 ha)
Salyan (50 ha)

Agangir

Amari

Aumara
Bacharaja
Bagdi Mogaliya
Baigapiparadi
Bakchura
Balha Kathal
Banguhai
Basahi

Bidhi

Bighi

Bighi

Birta Kulo
Bu.Ja Nadi
Chaubahi
Dabari
Daldale Ghigh
Dhadar Kulo
Duchamati
Gagatiya Bandh
Gagdar Khola
Galaiya
Ganeshpur
Jalad

Jallad

Jamuni

New 3 ll
New 21
New g 5

46
New 10 I

New 80

New 120
New 100
New : 125

New 100

New 200

New 150



' TABLE A1-A2 DETAILS OF SID (FIWUD) SCHEMES {Continued)
‘Page 3 of 8

' District Name of Project Type of Command
Project Area (ha)

l Jamuni Kulo 75
Jhallha 50

Jhojhhi Kataiya 55

Kagibandh ' 100

l Kagipain 150
Kagipain 50

Kagipain yamba Bhari 225

' Kamala Sownpur 85
Litara New 100

Lohana 100

l Lohara Khola 70
Lohara Khola 100

Madhubasa 50

Magalhaiya ' 75

I Maruwahi New 25
Mechi Kulo 100

Mithilayshwar 250

l Pain Bi Bi New 75
Pain P.B. 7

Pujagari 8

i Purano Jalladha 250
I Satokhar ' 150
' Sidhipai 150
Silami 20

l Sima 12
Sinujoda New 100

Sugrahai 13

l Thumchuna 125
Tilcho 75

Vas Khola 100

I Vugalivya 75
Sub-Total 5847

l Mahottari Judo New 90
Rauthat Bhakuwa (A) * (200)
Bhakuwa (B) * (500)

' Kamdehi 200
Lal Bakia 2500

I Sub-Total 2700
Parsa Anara New 8

l Doda New 200
Sub-Total 208



TABLE Al-A2

—— e e o ——

Chitwan

Sub-Total

Sindhuli

Sub-Total

Ramechap

Sub-Total

DETAILS OF SID (FIWUD) SCHEMES

Birendra Nagar
Dunge Khola
Jagatpur
Junpur
Kahirani
Kapiya Kumroj
Kathar Kapini
Kathar Kulo
Kathar (A)
Ladari

Ma jhui

Tanahi

Andheri Khola

‘Barah Palase

Bardeutar
Batonigale
Chaurahi Khola
Dhami Dumaria
Gairi Khet
Kamala
Khattar

Khopi Kharka
Khurkot

Lamu Kulo
Nigale
Pokhari Khet
Sindhuli
Thulo Khola

Babiya Kharka
Bathare Khola
Bhatauli Khola
Bhyagure Khola
Bire Khola
Bohora Khola
Haluwa Khola
Junga Ghorang
Kamare Khola
Karki Tar
Khimti Khola
Ma juwa

Utise

Waling Khola

(Continued)
Page 4 of 8

Type of Command
Project Area (ha)
Reh. 150
Reh. 50
Reh. 50
200

100

Reh. 200
200

250

Reh. 30
400

Reh. 60
Reh. 150
Reh. 150
1990

New 165
New 150
Reh. 6
Reh. 15
Reh. 34
New 39
Reh. 10
- 39
Reh. 16
Reh. 19
- 77
Reh. 8
Reh. 2
Reh. 5
- 5
New 60
650

- 1
- 25
New 25
- 23
New 2
New 150
New 150
New 25
New 20
New 25
New 12
New 2
- 5
New 25
490




e

TABLE A1-A2

DETAILS OF SID (FIWUD) SCHEMES

- S S R L S S S S S S S S S S S R SRS ST ST - TS oDzZE=mZzZmzZ=Z======

Makwanpur

Kavre

Sub-Total
Lalitpur

Bhaktapur

Sub-Total

Kathmandu

Sub-Total

Nuwakot

Sub-Total

Dhading

Sub-Total

Dolakha

Sub-Total

Sindhupalchok

Rasuwa

Nawalparasi

Rapti Nawalpur

Balthali
Bhygure Khola

Godawari

Dhunge Khola (25 ha)
Narayanthali

Bagmati
Thado Khola (150 ha)

Andheri Khola
Archale (100 ha)
Baspani

Betini Khola
Bhanjyang Bhurung
Chhupang Khola
Chhyang Khola
Darsan Tar
Duichhange

Gomati Khola

Hatti Khola (150 ha)
Ma jhuwa

Puranagawn (100 ha)

Salang (125 ha)
Tabal Besi

Dolti Khola
Gopi Khola

Hoste Khola
Phalakhu Khola

Misrauli Bhaluwa

{Continued)

Page 5 of ¢

Type of Command
Project Area (ha)
60

New 55
New 80
135

New 4
New 3
New 30
33

New 250
New 37
287

New 60
New 64
New 250
New 70
New 70
New 250
New 200
New 125
New 150
New 30
New 59
‘New 150
New 33
1511

New 20
New 100
120

Reh. 20
New 135
155

New 100
New 30
New 100



Rupandehi

Sub-Total

Kapilbastu

Sub-Total

Palpa

Sub-Total

Arghakhanchi

Sub-Total
| O .
Gulmi

Parbat

Sub-Total

Baglung

Sub-Total

DETAILS OF SID (FIWUD) SCHEMES

Mudiyari Khola
Sota Jharana

Ghorai Dhankauli (300 ha)
Maurma (150 ha)
Sankarpur (150 ha)

Chhewa Phant

Galcha Phat (25 ha)
Gijanchour Panche (28 ha)
Heklang Thangali (65 ha)
Sera Danda (25 ha)

Thulo Khola (100 ha)

Chorika Solatra (20 ha)
Mandre Khola
Sichkhok (150 ha)

Hile Khola

Arthar Dandakharka
Baraute-syal
Chinne Khola
Dhairing Lougdi
Gade Khola

Gahare Khola
Jharuwa (65 ha)
Jhyaple Khola
Khahare Khola (100 ha)
Khandula (125 ha)
Lasti Khola

Rayou

Sirubari

Sundare Khola

Dhapa Khola

Dhapa Khola (65 ha)
Ghudi Khola

Lubhuwa Khola (200 ha)

(Continued)
Page 6 of 8

Command
Area (ha)

Type of
Project

New 120

Reh. 75

New 44

New 20
Reh. 25

New 25

New 45

New 25



TABLE Al1-A2

Sub-Total
Banke

Rolpa

Sub-Total

Salyan

Sub-Total

Rukum

Sub-Total

Jajarkot

Sub-Total
Dolpa

Kalikot

Sub-Total

Kailali

Sub-Total

Accham

Sub~-Total

DETAILS OF SID (FIWUD) SCHEMES

Nildaha
Phaure Khola (25 ha)
Thulo Khola

Nibuwa Chappargadi (100 ha)

Dhabang (60 ha)
Jawal Khola

Goth Khola (40 ha)
Pharula Chaur (50 ha)

Chandriwang
Rijegad

Chokha
Matela
Nabalgar

Tal Chhahara

Shanti Chchetra Horticulture

Chhati
Khola Kharka

Kuldiyo
Pratap pur Chawrahi

Darﬂa (50 ha)
Tausi (150 ha)

(Continued)

Type of Command
Project Area (ha)

New 60

New 15

New 15
New 40
New 60
New 35

New 7



TABLE A1-A3

DETAILS OF PROJECTS UNDER THE HILL FOOD PRODUCTION PROJECT

(ha)

Tanahu

Sub-Total

Syanja

Sub-Total

Gorkha

Sub-Total

Bande Khola

Byandi Khola
Chundi Khola
(Chitti)

Chundi Khola
{Basantpur)

Daudi Khola
Dhalesti Khola
Kulang Khola
Thasam Kandi Khola

Andhi Khola
Batang Khola
Bodi Khola
Chhore Khola
Chiti Khola
Dolche Khola
Gudi Khola
Jare Khola
Jyagdi Khola
Jyagdi Khola
Kebare Khola
Labdi Khola
Labdi Khola
Mirdi Khola
Mulung Khola
Thulo Tal

Andheri Khola
Beni Khola
Blang Khola
Daraudi Khola
Dhakde Khola
Khar Khola
Mul Apeng Khola
Raudi Khola
Sirdi Khola
Sirdiru Khola
Taudi Khola

=
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TABLE Al1-A3

DETAILS OF PROJECTS UNDER THE HILL FOOD PRODUCTION PROJECT

(ha)

Lamjung

Sub-Total

Bhidim Khola
Bisedi Khola
Dhad Khola
Dhuwa Khola
Jyamitre Khola
Jyamitre Khola
Khahare Khola
Khali Marang
Lupu Khola
Paudi Khola
Rople Khola
Rumtako Khola
Sisueri Khola
Tardo Khola

OVERALL TOTAL

oQw>
1

PR QPE> P>

- Present seasonal upgraded to perennial
Present rainfed to perennial
- Present indigenous seasonal to improved seasonal
Present rainfed to improved seasonal



TABLE Al~A5 DETAILS OF ILO ASSISTED PROJECTS UNDER MPLD

District Project Name Command
Area (ha)
Ilam Dhuseni 150
Shantipur 70
Shantipur 65
Sub-Total 285
Khotang Haunchaur 60
Okhaldhunga Molung 150
Ramechap Darkha 40
Makwanpur Namtar 60
Kavre Ghattekhola 60
Dhading Marpark I 40
Marpark I1 60
Satyadevi X 100
Sub-Total 200
Sindhupalchok Jade Khola 20
Palpa Binapathe 35
Arghakhanchi Sitapur 20
Waclakhola 60
Sub-Total 80
Gulmi Gwalichour 100
Kumaltari 90
Sub-Total : 190
Tanahun Nayatar 100
Syangja Baguwakar 60
S Phant 60
Sub-Total 120
Lamjung Malebagar 10
Kaski K Majuwa 60
Lahachowk 100
Takanjatar 150

Sub-Total ) 310




TABLE A1-A5 DETAILS OF ILO ASSISTED PROJECTS UNDER MPLD
(Continued)

District Subproname Command
Area (ha)
Achham Digreni 20
Kogarsoot 15
Poitorani 20
Tarskuna 15
Thanti 12
Sub-Total 82
Doti Alrkot 9
Amtoda 18
Bolasan 1.5
Chadakot * 20
Chaneesen * 10
Deuliaam 20
Dipayal 50
Dogod 80
Hodrani 25
Jakholekulo * 4
Kachadakulo * 18
Kundko 25
Makgel 10
Malloajit 35
Matalkhat 2
Mulesala 1.5
Pokhari 10
Roitara 40
Rowakhat 2
Saltoda 3
Sapori 10
Sara 1.5
Serakhet * 40
Serikulo * 40
Talikhat 5
Talkot 50
Thadichoma 5
Thali 5
Tulakhet * 5
Sub-Total 545




TABLE Al1-A5 DETAILS OF ILO ASSISTED PROJECTS UNDER MPLD

(Continued)
District Subproname Command
Area (ha)
Dadeldhura Ancholi 10
Chaur 60
Jormana 15
Khajjar 1
Korali 5
Letum 5
Melmoda 10
Okhani 6
Radil 150
Randgon * 125
Sunikhet 10
Talai 10
Tileta 20
Sub-Total 4217
Baitadi Dhungad (Sajha) 20
Gurhadi 40
Kumaligad Syadi 80
Likhadi 10
Liskela 15
Surkal 40
Wwoo Kul-Kalayoon 2 Km
Sub-Total 205
Bajura Gankhel 10
Kagebagar 8
Pari jadanga 7
Serakhel 8
Simsera 9
Tapre 10
Titrasan 6
Warijadonga 7
Sub-Total ' 65
Ba jhang Boddi Kulo 50
Byasi 45
Deura 41
Echeli 5
Maj Kulo 35
Marailregam 7
Mulkado Dewal 80
Parakaina 0.4
Wad Kulo 30

Sub-Total 293




TABLE Al1-A6 DETAILS OF IRRIGATION PROJECTS UNDER
KOSI HILL AREA DEVELOPMENT PROJECT

District Name Of Project Type of Command
Project Area (ha)
Tehrathum Basantpur New 40
Hattisar Reh. 35
Morhang Reh. 50
Piguwa Reh. 150
Samdu Reh. 100
Solma New 33
Sungnam Reh. 25
Sub-Total 433
Dhankuta Belharabesi Reh. 40
Bhaise New 34
Chungmang Reh. 30
Dandagaon Reh. 60
Dharapani Reh. 20
Dilungatar - Reh. 9
Hathi Khark New 25
Hathitar Reh. 10
Jitpur Reh. 45
Piliyatar Reh. 15
Sano New 35
Tankhuwa Reh. 30
Sub-Total 353
Bho jpur Boya Reh. 100
Bukula Reh. 20
Dewangtar Reh. 20
Ma juwatar Reh. 40
Manebhanjhang Reh. 25
Panchkanya Reh. 75
Sub-Total 280
Sankhuwasabha Bardeo Reh. 15
Hidangma Reh. 75
Kurkusani New 30
Malimulkhark New 30
Malinga Reh. 50
Noom Reh. 40
Pairaini Reh. 10
Pangma New 40
Sibhuwa Reh. 45
Sitalpati Reh. 55
Tama Phok Reh. 50
Sub-Total 440
OVERALL TOTAL KHADP 1506
ADDENDUM : IRRIGATION PROJECTS UNDER DHADING INTEGRATED

DEVELOPMENT PROJECT (G.T.Z.)



TABLE Al1-A7

Name of Project

Sub-Total
Sunsari

Dhanusha
Sub-Total
Mahottari

Sub-Total

Sarlahi

Sub-Total

Chitwan

Sub-Total

Makwanpur

Sub-Total

@)

o o0
Q

O

AGRICULTURAL DEVELOPMENT BANK

Bahundangi

Bhorjana I1I
Bhorjana III
Letang 1
Letang II
Letang 111
Sijuwa
Sunderpur

Pakli

Chakkar
Dhanusha Dham
Tulsi

Hathilet
Khayarmara

Haripur
Parwanipur

Kumroj D/S
Kumroj U/S

Baraytar
Jhilkeni
Namtar
Rajaiya
Thade
Tigtung

DETAILS OF CARE/USAID PROJECTS UNDER

Page 1 of 2

Type of Command
Project Area (ha)

SFDP Name
(ADB/N)

Bahundangi New
Dulari Reh
Dulari Reh.
Letang New
Letang Reh
Letang Reh
Sijuwa Reh.
Dulari New
Pakli Reh.
Chakkar New
Dhanusha DhaNew
Tulsi Reh.
Hathilet Reh.
Khayarmara New
Haripur New
Parwanipur Reh.
Kumro j New
Kumro j Ext.
Namtar Reh.
Jyamire New
Namtar New
Jyamire Reh.
Jyamire New
Tistung New



TABLE Al1-A7 DETAILS OF CARE/USAID PROJECTS UNDER
AGRICULTURAL DEVELOPMENT BANK (Continued)
Page 2 of 2

District - Name of Project SFDP Name Type of Command
(ADB/N) Project Area (ha)

Kavre Balthal I Khopasi Reh. 20
Bhumultar I Bhumultar I New 20
Jamunay Bhumultar Reh. (15)
Khopasi IT Khopasi Reh. (36)
Nayagaon Nayagaon Reh. (250)
Taramarang Taramarang New (20)
Sub-Total 40
Nuwakot Bhorle Bhorle New (25)
Jilling I Jilling New 25
Kholaygaon Kholaygaon Reh, (110)
Lechyang Lechyang New 36
Samari Samari New (30)
Sano Bhorle Sano Bhorle New 25
Sundera Devi Sundera DeviReh. (80)
Thulochour Jilling Reh. (26)
Sub-Total 86
Rupandehi Gauribandh Kerbani Reh. 212
Gorkha Pyaudi Chyangli Reh. (20)
Taklung Taklung Reh. 14
Sub-Total i4
Lamjung Sunder Bazar Sunder BazarExt. (15)
TOTALS - COMPLETED PROJECTS 1,919
UNCOMPLETED PROJECTS 2,680
OVERALL TOTAL 4,599
Notes

1. Completed projects totalled 1919 ha by 1988. Only completed
projects are included in Table 5.

2. Uncompleted projects are shown in brackets.



TABLE A1-A8

Morang
Sunsari
Saptari
Siraha
Udayapur
Dhanusha
Mahottari
Sarlahi
Rauthat
Bara

Parsa
Chitwan
Makwanpur
Nawalparasi
Rupandehi
Kapilvastu
Dang-Deukhuri
Banke
Bardiya
Kailali
Kanchanpur
Unidentified

OVERALL TOTAL

DETAILS OF ADBN TUBEWELL AND
DUGWELL PROGRAMS

346

132

2217

972

1496

144

135

338

1401

268

260

760

Net Command
Area (ha)

1384
528
908

3888

5984
576
540

32
1352
5604
1072
1040

3040

Page 1 of 2

52

37

30

36

260

46

52

658

152

56

14

66

33



TABLE A1-A8 DETAILS OF ADBN TUBEWELL AND
DUGWELL PROGRAMS (Continued)
Page 2 of 2

Notes
1. Reconciliation of agency reported totals

STW 61,044 ha (see Table A-8)

Dugwell 7,472 ha (see Note 3 below)

Rower Pumps 1,075 ha (see Note 4 below)
69,591 ha

Double counting of STW
areas of SIRDP & ADPJ 21,073 ha

CARE/USAID Surface Projects 1,919 ha (see Table A-7)

Reported Total 92,583 ha

2. Basic data were obtained in the form of numbers of tubewells
and dugwells assisted by ADBN between 1980 and 1988, Net
command area irrigated by STW’s was estimated assuming that
each well serves an average of 4 ha.

3. Dugwells are normally temporary in nature and are primarily
used for domestic purposes, with up to 0.5 ha of home garden
being irrigated from each well. The potential NCA from
dugwells is therefore ignored in computing the total area
developed through ADBN assistance.

4. The areas that could be irrigated by Rower Pumps are ignored,
as these areas are not permanent and usually serve less than

0.5 ha per pump.



TABLE A1-A9 DETAILS OF PROJECTS UNDER AGRICULTURAL
DEVELOPMENT PROJECT, JANAKPUR

A. DEEP TUBEWELLS FROM 2031/032 TO 2044/045

Successful Command
District Tubewell Nos Area (ha)
Siraha 1 45
Dhanusha 62 2790
Mahottari 7 315
Sarlahi 12 540
Bara (Parwanipur) 1 45
Kathmandu 1 45
Total 84 3780 1
B. SHALLOW TUBEWELLS FROM 2037/038 TO 2044/045
Successful Command
District Tubewell Nos Area (ha)
Dhanusha 787 5509
Mahottari 545 3815
Sarlahi 1255 8785
Rauthat 2 14
Bara 4 28
Chitwan 2 14
Makwanpur 2 14
Total 2597 18179 2
C. SURFACE IRRIGATION PROJECTS
Command
District Area (ha)
Unidentified Surface
Irrigation Projects in
Dhanusha, Mahottari, Sarlahi,
Dolakha, Ramechhap and
Solukhumbu Districts 6041
Total 6041 3
Grand Total A+B+C 28000

1. Basic data were obtained in the form of numbers of tube-
wells completed. Net Command Area was estimated assuming
that each Deep Tubewell serves as average of 45 ha.

2. Basic data were obtained in the form of numbers of tube-
wells completed. Net Command Area was estimated assuming
that each Shallow Tubewell serves an average of 7 ha.

3. Recorded separately as "Undefined Projects" on Table Al-5.




Table Al-§ Page | of 3

[RRIGATTON STATUS OF AGRICULTURAL LAND FROM LANP

District Net Agricultural Areas (ha) (1)
Unirrigated Honsoon Year Total Total Overall
Season Round Irrigated Irrigable Total
[rrigated Irrigated

EASTERN DEVELOPMENT REGION - TERAI ECOLOGICAL BELT
Jhapa 53391 45604 10534 56139 108530 108530

Yorang 49456 37541 1541 53483 39959 102939
Sunsari 46889 16861 8007 24868 10629 1757
Saptari 58158 12605 §186 18791 76950 76950
§iraha 56433 16738 4585 a9 17726 17726

TOTAL FOR EASTERN TERAI DISTRICTS 264328 129350 45223 174573 434793 438901

FASTERN DEVELOPMENT REGION - HILL RCOLOGICAL BELT
[lan 25786 1 3146 10619 12742 36405

Panchthar 25253 4184 2815 §998 1241 32251
Terhathun 15380 4729 1553 6282 6282 21661
Dhankuta 20302 3185 3316 §495 7495 26797
Bhojpur 28720 3540 2416 5957 8820 467
Udayapur 19795 6284 4634 10978 18408 30773
Khotang 2821E 6494 241 8735 8859 37949
Okhaldhunga 20338 2893 918 3812 4478 15!

TOTAL #0R BASTERN HILL DISTRICTS 184730 38782 21094 59875 1232 244685

EASTERN DEVELOPMENT REGION - MCUNTAIN ECOLOGICAL BELT
. Taplejung 14691 5976 1441 1411 1443 22102
Sankhuwasaws 21386 5% 2000 4592 5170 25972
Solukhumbu 16000 1251 483 1733 2038 17734

CENTRAL DEVELOPMENT REGION - TERAI ECOLOGICAL BELT

Dhanusha 45676 15482 11767 21249 12926 12925
Hahottari 32963 11325 16367 27686 60633 60648
Sarlahi 33937 18561 a1 39772 13621 13709
Rautahat ‘ 21348 23281 11761 35042 56141 56390
Bara 8536 13123 18413 42136 §0390 60666
Parsa 200" 11695 14672 26367 48314 48374
Chitwan .622° 15616 12694 28310 41963 4537

TOTAL FOR CENTRAL TERAIL DISTRICTS 190688 115686 106876 226562 413948 417250

CENTRAL DEVELOPHENT REGION - HILL BCOLOGICAL BELT

Sindhuli 21586 6892 5855 12 20652 34383
Ranechhap 28356 2468 1452 3921 {248 32276
Yskawanpur 27672 3802 4302 8108 23502 3777
Kabhre Palanchowk 23645 3466 2810 §217 1958 29922
Lalitpur 5530 2786 2752 5538 1425 11067
Bhaktapur an 2555 2555 5109 6274 1223
Rathaandu 6042 5531 5531 11062 14069 17103
Nuwakot 18313 5941 7469 13410 15047 31783
Dhading 27384 5522 3084 8805 10839 36189




Table Al-6 (continued) Page 2 of 3
IRRIGATTON STATUS OF AGRICULTURAL LAND FROX LRNP
District Net Agricultural Areas (ha) (1)

Unirrigated Honsoon Tear Total Total (Overall

Season found Irrigated Irrigable Tatal
Irrigated Irrigated

CENTRAL DEVELOPHENT REGION - MOUNTAIN ECOLOGICAL BELT
Dolakha 19267 2704 2071 4775 4911 24042
Sindhupalchowk 21915 1648 4259 11905 12276 33820
Rasuwa 4450 509 U2 751 836 5201
TOTAL FOR CENTRAL MOUNTAIN DISTRICTS 45632 10859 6572 17431 18023 £3063
WESTERN DEVELOPMENT REGION - TERAL ECOLOGICAL BELT
Nawalparasi 29842 14094 11302 25396 50650 55231
Rupandehi 43357 28314 16745 45059 87979 88417
Kapiibastu 45873 27683 11329 38912 84453 84785
TOTAL FOR WESTERN TERAL DISTRICTS 119072 70092 39278 109367 223122 228439
WESTERN DEVELOPMENT REGION - HILL ECOLOGICAL BELT
Palpa 25586 1822 2046 4768 8851 30354
Arghakhanchi 16216 1583 2221 3809 479§ 20019
Gulmi 21646 2042 1918 3460 4240 25605
Tanahun 21572 3222 378 6399 14496 33971
Syangja 23270 3495 4253 iy 9848 301
Gorkha 27082 4472 2360 6833 11027 33915
Lanjung 14031 73 2083 9817 11937 23848
Kaski 24236 4791 2378 7169 15960 31405
Parbat 9314 3625 2292 5917 6455 15231
Baglung 20268 4659 1598 6254 7780 26522
Kyagdi 12164 2605 i 3576 3685 15740
TOTAL FOR WESTERN HILL DISTRICTS 221378 40049 26201 66250 99084 287628
WESTERN DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Manang 18 b 0 0 121 718
Kustang 4221 0 0 0 15§ 4221
TOTAL FOR WESTERN MOUNTAIN DISTRICTS 4939 0 ) 0 280 4939
NID WESTERN DEVELOPMENT REGION - TERAI ECOLOGICAL BELT
Dangdeukhuri 40536 18714 5267 23986 59505 64522
Banke 39529 7487 2509 9995 48550 49524
Bardiya 40945 9627 2264 11841 52660 52836
TOTAL FOR MID WESTERN TERAI DISTRICTS 121010 35832 10040 45872 160715 166882
1D WESTERN‘DEVELOPHENT REGION - HILL ECOLOGICAL BELT
Pyuthan 18907 2197 2043 4290 1037 23197
Rolpa 26922 1303 1426 2728 3980 29651
Salyan 23586 2308 2139 4447 5282 28032
Rukun 21372 1110 11 2221 4170 23592
Surkhet 23448 4337 3446 7783 19275 31231
Jajarkot 17800 1663 1651 314 4143 2
Daiiekh 22268 3631 4N 6105 1075 28373
TOTAL FOR MID WESTERN HILL DISTRICTS 154302 16549 14339 30888 50962 185190




{1] From LRMP agricultural land use database analysis of cultivation types and cropping sequences;

assunptions defining irrigated and irrigable cultivation types and cropping sequences are given in Table Al-2

Table Al-6 (continued) , Page 3 of 3
I IRRIGATION STATUS OF AGRICULTURAL LAND FROM LRMP
District Net Agricultural Areas (ha) (1)
l Unirrigated Honsoon Year Total Total Overall
Season Round Irrigated Irrigable Total
Irrigated Irrigated
I ID WESTERN DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Dolpa 4896 50 50 100 544 4995
Junla 10532 1115 945 2110 4765 12642
l Kalikot 10372 1547 1207 2754 3084 13128
Yugu 7830 893 843 1787 2030 9617
Humla 4425 219 219 558 969 4984
I TOTAL FOR MID WESTERN MOUNTAIN DISTRICTS 38055 3884 3424 7309 11392 45363
FAR WBSTERN DEVELOPMENT REGION - TERAL ECOLOGICAL BELT
I Kailali 36458 20873 9392 30265 64112 66722
Kanchanpur 19000 13783 8187 21870 40891 40971
I TOTAL FOR FAR WESTERN TERAL DISTRICTS 55458 34656 17579 52235 105003 107693
FAR WESTERN DEVELOPMENT REGION - HILL ECOLOGICAL BELT
Achhan 21629 5031 5316 10383 10872 31982
Dot1 18862 3877 4823 8699 10468 27562
Dadeldhura 9954 2060 4018 6078 7266 16032
I Baitadi 19022 2695 3826 6521 1450 25543
TOTAL FOR FAR WESTERN HILL DISTRICTS 69467 13668 17983 31651 36155 101118
I FAR WESTERN DEVELOPHENT REGION - MOUNTAIN ECOLOGICAL BELT
Bajura 9747 1241 1143 2384 3584 12181
Bajhang 15931 3306 3405 8712 7549 22643
l Darchula ‘ 9960 1276 1965 3241 4239 13201
TOTAL FCR FAR WESTERN MOUNTAIN DISTRICTS 35687 5823 6514 12337 15373 48024
TOTALS BY DEVELOPMENT REGION
l EASTERN DISTRICTS 501189 177844 70241 248184 521769 149374
CENTRAL DISTRICTS 397021 169508 . 149457 318965 541984 715986
WESTERN DISTRICTS 345389 110140 65477 175617 322486 521006
' KID WESTERN DISTRICTS 313367 56265 27804 84069 223069 397436
FAR WESTERN DISTRICTS 160611 54148 42076 96223 156531 256835
I TOTALS BY ECOLOGICAL BELT
TERAT DISTRICTS 750556 389615 218994 608609 1337581 1359165
HILL DISTRICTS 790637 148012 115626 263638 368540 1054275
OUNTAIN DISTRICTS 176384 30379 20434 50813 59719 227196
l TOTAL FOR ALL DISTRICTS 1717577 568005 355054 923059 1765838 2640636
l Note



Table Al-7 Page 1 of ]
PRESEHT IRRIGATION DBVBLOPNRKT COMKAKD AREAS
District {1) Developed Gross Comsand Ares {GCA] (ha) Developed Net Comsand Area (NCA] (ha) Ratio
Identified Irrigation Unident. Overall Identified Irrigation Unident, Overall NCA/6CA
DOI Schemes  Faraer Schemes . Total  Irrig., Total DOI Schemes Farmer Schemes Total  Irrig, Total {Ident.
H ) ov s¥ oW SV G SV G Ireig.)
(@ 4y (5 (8) (1) @ e 8w (6) (1 (8)
BASTERN DEVBLOPMENT RRGION - TERAL BCOLOGICAL BELT.
Jhaps ¢ 1200 0 69380 8125 84705 0 84705 6000 0 55504 6500 68004 0 68004 0.80
Morang ¢ 52100 0 40488 6875 §9563 0 99563 33000 0 32380 5580 70970 0 10870 0.11
Sunsari ¢ 52100 0 10810 s 12158 0 72155 33000 0 8728 7796 495U 0 495 0.68
Saptari ¢ 40325 TI81 %410 0 56922 0 56922 32260 5150 71528 0 45538 0 45538 0.80
Sirsha ¢ 16594 7218 11670 56 35538 0 35538 13215 5115 9336 4 0 84l 0.80
TOTAL FOR BASTERK TBRAL DISTRICTS 168319 14405 141858 24901 349483 0 348483 17535 11525 113486 19921 262487 0 282467 0.15
EASTERN DBVBLOPNRNT RBGION - HILL BCOLOGICAL BBLT
Il 0 0 8362 [ 1Y) §981 14343 0 0 6181 0 6181 4428 10619 0.1
Panchthar 0 0 4826 0 4826 an §599 0 [ 3 0 3518 3480 6998 0.73
ferbathun 0 0 4328 0 4328 519 8907 0 0 3052 0 3052 3230 6282 0.1
Dhankuts 0 0 {968 0 4968 3892 8860 ] 0 3642 0 342 2853 6495 0.13
Bhojpur 0 0 4582 0 4582 1655 8237 ] 0 U 0 NN 2843 5851 0.72
Udayapur * 3 812 12102 5 13308 i e 255 650 9682 60 10647 330 10918 0.80
Thotang 250 0 50 0 5951 8184 12015 200 [T [ kT 430 8735 6.72
Okhaldhunga 300 0 2641 0 2841 2211 5152 240 0 193 0 217 1636 3812 0.1
TOTAL FOR RASTERN HILL DISTRICTS 869 812 471510 75 49266 31630 80895 £95 650 35439 60 36844 23031 58875 0.15
BASTERN DEVELOPMENT REGION - NOUNTAIN RCOLOGICAL BELT
Taplejung 0 0 5054 0 5054 5303 10387 0 o 3617 0 61 3194 1411 0.72
Sankhuvasewa 0 0 3456 0 3456 2862 6318 0 0 2512 02512 2080 4592 0.13
Solukhumbu 0 0 1340 0 1340 1006 2346 ] 0 390 0 380 "3 1133 0.4
TOTAL FOR BASTBRN NOUNTAIN DISTRICYS ] 0 9851 0 9851 9110 19021 0 01 0 1y 6617 13736 0.72
CENTRAL DBVELOPXENT REGION - TERAL BCOLOGICAL BELT .
Dhanushs ¢ 18025 125 17696 12104 47950 0 47950 14500 100 14157 9683 38440 0 38440 0.80
Nahottari ¢ 0 256 32570 5823 38649 0. 38649 0 305 26056 4658 30819 0 091 0.80
Sarlahi ¢ 000 500 28353 12791 475U 2896 50541 5800 400 21060 10233 319 219 31 0.19
Reutahet ¢ 5285 0 9450 4878 19593 2301 4294 4500 0 7567 3902 15969 19073 35042 0.82
Bars ¢ 16885 3355 an 1811 50088 1016 51104 13120 2900 18622 6051 {1288 837 42136 0.82
Parsa ¢ 18195 0 9185 720 28100 2638 30738 16180 0 7348 516 24104 2265 26367 0.86
Chitwan $ 14000 0 15690 893 30383 S447 35830 10800 0 12552 854 24008 1306 28310 0.1¢
TOTAL POR CENTRAL TERAI DISTRICTS TIN0 4236 136221 44579 262406 35398 297804 65600 3605 107361 35663 212220 28757 240988 0.81
CBNTRAL DEVBLOPMENT RBGION - HILL BCOLOGICAL BELT
Sindhuli ¢ 15 0 11625 0 11700 403 15934 60 0 9300 0 9360 /T e 0.80
Reaechhap 50 0 218l 0 2801 2519 5320 40 0 208 0 2084 1851 3921 0.74
Kakavanpur 0 0 13991 58 14055 0 14055 0 0 113N 461141 0 1418 0.81
Kabhre # ) 0 0 4044 0 4044 3802 1846 0 0 3238 0 3235 3041 211 0.80
Lalitpur # 1762 0 301 0 4841 2080 8921 1410 0 268 0 un 1665 5538 0.80
Bhaktapur # 1630 0 1237 0 2867 3517 §384 1305 0 990 0 2295 2815 5109 0.80
Lathaandy 2138 0 5698 56 8493 5250 13743 2190 0 450 5 6838 1226 11062 0.80
Nuwakot 365 0 8876 0 884l 4209 18050 112 0 68539 0 1M 6099 13410 0.1
Dhading 480 0 8485 0 6965 4680 11645 385 0 4882 [ 11 3589 8805 0,76
YOTAL POR CENTRAL HILL DISTRICTS 1100 0 51193 [14 65607 34291 99898 6162 0 45401 81 51660 28627 18287 0.19




Table Al-7 (continued) Page ? oof {
PRESENT IRRIGATION DEVEBLOPMENT COMMAND ARBAS
District (1) Developed Gross Command Area {GCA} (hs) Developed Net Command Area (NCA) (he) Ratio
Identified Irrigation Unident. Overall Identified Irrigation Unident. Overall NCA/GCA
DOI Schemes  Parmer Schemes Total  Irrig. Total DOl Schexes Parmer Schemes Total  Irrig. Total {Ident,
SW G S G¥ ¥ G¥ S¥ GW Irrig.}
{2) (2} (31 {4) (5) () {1 (8) (2} (3 {5) (8) (" (8)
CENTRAL DEVBLOPNENT REGION - WOUNTAIN BCOLOGICAL‘ BBLT
Dolakhe 200 0 M [ KKH 3336 £668 115 0 0 238 2388 15 0.12
Sindhupslchovk ] b 823l 0 823l 8186 16427 0 0 5965 0 5865 5940 11905 0.12
Rasuva ] 0 558 L] 558 i 1033 0 0 106 0 06 s 151 0.1}
T
TOTAL POR CENTRAL MOUNTAIN DISTRICTS 200 0 1182 0 12121 12006 128 115 0 8582 [ 8674 1431 0.12
WESTBRN DRVELOPNRNT RBGION - TERAI EBCOLOGICAL BELT
Navalparasi * 11245 0 25332 1690 44267 b 487 14090 0 18380 1352 432 0 42 0.18
Rupandehi # 800 10725 44361 7005 62691 0 62891 500 B600 35579 5604 50283 0 50283 0.80
Rapilbasty ¢ 8500 575 25505 1340 35920 12720 48640 800 460 20404 1072 28736 10176 38812 0.80
TOTAL POR WESTRRN TERAI DISTRICTS 26345 11300 95198 10035 142878 12720 155598 21380 9060 74973 8028 113451 10176 123827 0.19
WESTERN DEVELOPMENT RBGION - HILL BCOLOGICAL BBLT
Palps ¢ ] 0 4209 0 420 1751 5360 0 0 3367 0 33817 1401 {168 0.80
Arghakhanchi ¢ 0 0 2959 0 2959 1765 i 0 0 2386 0 2386 1423 3809 0.81
Gulni 15 [ %111 [T 2519 1950 60 0 1885 0 1945 2015 3960 0.80
Tanshun 31 0 8381 0 8818 0 3818 350 0 6694 0 1044 [] 1044 0.80
Syangjs 19 0 126 0 6145 3804 9950 15 [ ] 0 4188 2962 1"y 0.18
Gorkhs 11 0 6337 0 618 1912 8861 489 0 4869 0 5388 1415 6833 0.11
Lsajung 1011 0 6583 [ 17 5260 12854 809 0 4991 0 5800 1011 9817 0.76
Easki 12 0 52 0 9835 0 9835 3540 [ F3t 0 1785 0 1755 0,79
Parbat 625 0 602 [ F1] nt "y 500 0237 [T 2780 5811 [ 2]
Baglung 0 0 5094 0 5044 3B 8429 ] b 3780 0 30 U 6254 0N
Hyagdi [] 0 W [TV U3 1876 0 019 01 1185 3576 0.13
TOTAL POR WESTEAN HILL DISTRICTS 1180 0 53503 0 60703 26527 87230 5763 [ PRI 0 47047 20333 81480 0.18
¥ESTERN DRVBLOPNENT REGION - WOUNTAIN BCOLOGICAL BELT
Kanang [} 0 " 0 " 0 N 0 ] 59 ] 59 ] 58 0.80
Kustang 198 ] 131 [} 323 0 329 158 ] 105 0 263 0 263 0.80
TOTAL FOR WRSTERN XOUNTAIN DISTRICTS 198 0 205 0 403 0 1038 158 0 164 0 322 0 322 0.80
NID WRSTERN DEVELOPMENT REGION - TRRAI RCOLOGICAL BELT :
Dangdeukhuri # 2607 0 38645 1300 43552 0 43552 2085 0 M8 1040 84! 1131 0.80
Banke ¢ 1560 0 7661 3800 13021 0 13021 1250 0 6128 3040 10419 0 10418 .80
Bardiya 3 1200 [T 5115 38089 0 38089 960 0 23527 4092 28579 [ ] 0.15
TOTAL ROR NID WESTERN TERAL DISTRICTS 5367 0 79080 10215 94662 0 84662 4295 0 61372 8172 73839 0 7383 0.78
HID WESTBRN DEVELOPMENT RRGION - HILL BCOLOGICAL BELT :
Pyuthan # 425 0 3818 [ tTH 568 4811 340 [TT Y [T 506 4290 0.89
Rolps [] 0 2550 0 2550 1049 3599 ] 0 19 0 183 145 ] 0.16
Salyan ¢ 0 [ —TT11 111 2063 5558 0 0 2186 0 219 1651 i .80
Rukus 150 b 18U 0 2584 246 2810 800 0 142 0 2026 184 2221 0.7
Surkhet * 0 [N 0 1232 01 0 0 9862 0 9862 [} 9862 0.80
Jajstiot 0 0 2658 0 2858 11 02N 0 0 2013 0 2013 1301 WU 0.76
Dailekh : ] 0 412 0 4612 BN 819t 0 0 M 0 34 2667 6105 .15
TOTAL POR NID WRSTBRN HILL DISTRICTS 1175 0 N [ ITT ] 9221 41670 940 0 24912 0 25852 1 3961 0,80




Table Al<7 (continued) Page 3 oof {
PRESBNT IRRIGATION DEVELOPMENT COMMAND AREAS
District (1) Developed Gross Coamand Area (GCA) (ha) Developed Net Connsnd Ares (NCA) (ha) Ratio
Tdentified Irrigation Unident. Overall Identified Irrigation Unident. Overall NCA/GCA
DOT Scheaes  FParmer Schemes  Total Irrig. Total DOT Scheaes Rarmer Schemes Total [rrig.  Total (Ident.
S¥ o Sy 4] s 4] Y o¥ Ireig.)
(e {a (4r (5 () (1 (¢) (2 (3 4y (5l (6) {1 {8
¥ID WRSTBRN DBVBLOPNBNT RRGION - KOUNTAIN ECOLOGICAL BRLT
Dolps ] 0 128 0 38 ] 328 0 ] H [} 284 0 264 .81
Juals 0 0 2887 0 2857 0 2857 0 0 235 0 21 0 2815 .81
Talikot 0 0 2016 0 2018 1689 30 0 0 198 0 1498 1255 A1) (A
Nugu ] 0 1306 b 1306 1058 2365 0 0 987 ] 987 800 1787 W18
Husls 0 0 595 0 595 111 105 ] 0 i (] in 88 558 0.7¢
TOTAL POR MID WRSTERN MOUNTAIN DISTRICTS 0 0 1102 0 1102 2858 9960 0 0 5535 0 553 243 1678 0.18
FAR WESTERN DEVELOPXENT REGION - TERAL BCOLOGICAL BELT
Eailali ¢ 10245 3950 3sent 7915 58389 0 58388 1133 3162 29022 6332 45649 0 45649 0.78
Kanchanpur ¢ 5520 2434 1355 5995 21304 5248 26552 5000 1948 5884 4786 17628 4342 21870 0.83
T0TAL FOR PAR WRSTERN TERAI DISTRICTS 15765 6386 43632 13910 79693 5248 84941 12133 5110 34906 11128 63217 4342 47818 0.79
FAR WESTBRN DEVELOPHENT REGION - HILL BCOLOGICAL BELT
Achhaa ] [ Y [ AT 6814 14048 0 [ 1) [ 1) 5082 10383 [B1]
Doti 0 [ 113 [} 1 11495 0 0 5086 0 5086 3613 3699 078
Dadeldhurs 150 0 40 0 4580 3305 1885 120 b M0 0 3530 2548 6078 .1
Baitadi 4%4 [ ¥} 1] 0 4888 3818 8806 3195 0 322 0 3620 2901 6521 0.1
TOTAL FOR AR WESTERN HILL DISTRICTS 844 022178 0 23423 18812 42235 515 0 17052 0 L7567 14084 31851 0.5
FAR WESTERN DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT :
Bajura 0 0 2250 0 2250 830 3080 0 0 12 0 142 642 0 (B
Bajhang 0 04T 0 4T3 3928 3662 0 b 3668 0 3668 3044 6712 0.77
Darchuls ] 0 28 0 28 1576 4323 0 0 2080 0 2060 1181 3 BH
TOTAL FOR PAR WESTERN MOUNTAIN DISTRICTS 0 ¢ 9132 0 9732 8334 16066 0 0 M 0 M 4867 12337 0.1
TOTALS BY DEVELQPMENT RBGION
BASTRRN DISTRICTS 169188 15217 199219 24976 (08600 40800 443400 118230 12175 156045 19981 306431 29648 336079 0.7%
CENTRAL DISTRICTS 85270 4236 205936 44693 340134 81696 421830 11937 3605 161351 35754 272647 64058 336704 0.80
WESTERN DISTRICTS 33733 L1300 148916 10035 203984 3927 243211 il 9060 116521 8028 160920 30508 191429 0.1
NID WRSTERN DISTRICTS 6542 0 117456 10215 134213 12079 146292 5235 0 91819 8172 105226 9257 114483 0.18
PAR WESTERN DISTRICTS 16409 6386 76143 13910 112848 30384 143241 12648 5110 59427 11128 88313 23294 111601 0.78
TOTALS BY BCOLOQICAL BELT
TERAI DISTRICS 203166 36327 485989 103640 929122 53367 982489 220953 29300 392088 82912 7125283 43215 168538 0.78
HILL DISTRICTS 17578 812 212869 189 231447 120481 351928 . 14075 650 164195 151 179071 81190 270261 .
KOUNTAIK DISTRICTS 398 0 3881l 0 38209 30368 69577 333 0 28870 0 28203 22301 51504 .
TOTAL FOR ALL DISTRICTS LLL42 37139 747668 103829 1199778 204216 1403994 235361 29950 585164 83083 933538 156766 1090304 0.78




Table A1-7 (continued) Page 4 of 4

Notes

{1) Asterisks indicate those districts for which WECS WUIs were available
{2) DOI implemented and managed surface water (SW) and groundwater (G¥) projects from DOI information sources (Table Al-3)
(3) Farmer managed SW schemes from WECS WUIs, as available, excluding overlaps with DOI projects in (2},
else from derived representative ratio of irrigated to irrigable agricultural land area,
corrected where appropriate from agency inventories reconciled with respect to duplications {Table Al-5)
(4) Farmer managed STW and DTW G¥ developments from ADBN/STW and DOA/ADPJ inventories {Table Al-3)
{5) Sum of (2), {3) and {4)
(6) Net total irrigated agricultural area from LRKP agricultural land use database analysis (Table Al-6)
less net total identified irrigation area in {5), with negative differences set to zero;
GCA = NCA / [Ratio in (8)]
(7) Sun of (5) and (6); values differ from those for total irrigated area in Table Al-6,
in those cases where zerc is used instead of a negative value in (6)
(8) Ratio of NCA in (5) to GCA in {5}




Table Al-§

Devélopment Ecological : Net Agricultural Areas (ha)
Region Belt Overall Total Existing Irrigation Development
Total Irrigable Developed Developed Total Ongoing Total
DoI Farmer Developed DOI  Existing
Schenes Schemes Schemes Schenes Schemes
(1) (1] (2} (2) {3) (4) (5)
Fastern Teral 438901 434793 129060 133407 262467 10752 273219
Hill 244665 12324 1345 35499 36844 283 37127
Hountain 65807 14651 B 71198 7119 b 1118
Total 149373 521768 130405 176025 306430 11035 317465
Central Teral 417250 413948 69205 143024 212228 6500 218729
Hill 235673 116014 6162 45498 51660 0 51660
Hountain 63063 18023 175 8582 8757 b 8757
Total 715986 541985 75542 197104 272648 6500 279146
Western Terai 228438 223122 30450 83001 113451 4400 117851
Hill 287628 99084 5763 41384 47147 1008 48155
Kountain 4439 280 158 164 322 0 322
Total 521006 322486 36371 124549 160920 5408 166328
Mid Western  Teral 166882 160715 4295 69544 73839 0 73839
Hill 185190 50962 840 24912 25852 0 25852
Hountain 45363 11392 0 5535 5535 0 5535
Total 387435 223069 5235 99991 105226 b 105226
Far Western  Terai 107693 105003 17243 46034 53277 1990 55267
Hill 101118 36185 518 17052 17567 0 17567
¥ountain 48024 15373 0 7470 7470 0 7470
Total 256835 156531 17758 70556 88314 1890 90304
Nepal Terai 1359165 1337581 250253 475010 725263 23642 148905
Hill 1054274 368539 14725 164345 174070 1291 180361
Nountain 227196 59719 333 28870 29203 Q 29203
Total 2640635 1765839 265311 668225 933538 24933 958469
Notes

{1} Fron Table Al-6
{2) From Table Al-7, sum of identified surface water and groundwater scheme net command areas

Sum of developed DOI and farmer scheme areas
(4) From Table AI-3
(5} Sun of developed and ongoing scheme areas
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A2-1 - INTRODUCTION

A2-1.1 - Objectives

Annex A2 has two objectives :

1. To present a reliable estimate of irrigable land areas,
together with breakdowns by land types and land use

2. To provide direct compatibility with Annex Al and Annex A3 in
the presentation of results, to provide the data required for
analysis of irrigation development potential.

A2-1,2 - Scope and Outline

This annex provides a summary of those land areas in Nepal which
are considered to be irrigable. This information is used with data
on existing irrigation developments (Annex Al) and on identified
potential irrigation developments (Annex A3) to estimate the
remaining land resource availability for as yet unidentified
potential irrigation developments. Annex A4 presents the results of
this reconciliation of land resource data.

For master planning purposes, it is necessary to have some know-
ledge not only of the total irrigable land areas but also of their
current land use. A breakdown of the irrigable areas into current
agricultural and nonagricultural land areas is therefore provided.
The former correspond to cultivated lands, or lands developed for
cropping, while the latter correspond to grass or forest lands. In
the case of the Terai ecological belt*, a further estimate has been
made, giving the breakdown of irrigable nonagricultural land areas
into irrigable grassland areas and irrigable forest land areas.

Another useful breakdown of the irrigable land areas for planning
purposes is that which differentiates between land types. A
breakdown into the following two broad land type categories is -
provided

- Terai plains and hill valleys, which includes the main Terai
plains, inner Terai plains (Siwalik valleys), hill valleys,

and hill tars

- Hill slopes, which include the terraced lands

®

See Annex Al for discussion on the use of development
regions and ecological belts for master planning purposes.

1




A2-2 - DATA SOURCES

A2-2.1 - Land Resources Mapping Project

The Land Resources Mapping Project (LRMP) (Ref 1), discussed in
Annex Al (Section Al1-2.3), has provided a comprehensive and
country-wide account of the land resources of Nepal. Its separate
land utilization and land capability components, each comprising a
detailed database and mapping, have been the primary data source
for this annex.

The land utilization database offers an indirect approach to
estimating those agricultural land areas which are currently
developed for irrigation and, by extension, which could be deve-
loped for irrigation. This is based on an analysis of cultivation
type and cropping sequence data, using generalized assumptions
about irrigation status and irrigability.

The land capability database includes an account of irrigable land
areas based on an irrigation suitability classification. These
estimates are independent of land use, and therefore include
current grass and forest land areas as well as current agricultural
land areas. Application of the LRMP irrigation suitability
classification was governed by natural slope and soil depth
criteria. The major effect of the slope restriction was to exclude
from the account of irrigable land areas the irrigated level
terraces on hill slopes, which represent a highly significant
portion of the irrigated land area in the Hill and Mountain ecolo-
gical belts. It 1is also likely that the soil restriction classed
significant hill valley areas as unirrigable.

Since the land utilization and land capability databases are en-
tirely separate, it is not possible to generate from them directly
a breakdown of the total irrigable areas into current land use
areas. This breakdown is, however, physically obtainable from the
two map sets, by superimposing them to delineate and measure the
area subdivisions. This would be a lengthy procedure and could not
be undertaken at present, but an exercise of this nature was under-
taken for the Water and Energy Commission Secretariat (WECS) and is
discussed in Section Al1-2.2 below. A broader and more approximate
breakdown of the irrigable areas into agricultural and nonagricul-
tural components is obtainable by a subtraction of the irrigable
agricultural land areas, derived from the land use database, from
the total irrigable land areas, derived from the land capability
database. In all these exercises, it is essential to properly
account for the irrigated level terraces, by either fully including
or fully excluding their land areas.




A2-2.2 - WECS _Report on Irrigable Land in Terai Districts

WECS, in conjunction with the Integrated Surveys Section (ISS) of
the Topographic Mapping Branch of the Ministry of Land Reform,
undertook a transposition of irrigation suitability data from LRMP
land capability maps onto corresponding LRMP land utilization maps.
This was followed by determination of land use areas according to
irrigation potential, and aggregation of results to district level,
The work was done for Terai districts only. Initial results were
included in a 1986 report (Ref 2), and improved results were
presented in a 1988 report (Ref 3). The latter report is the one
used in this analysis.

A comparison between the WECS study and the more definitive LRMP
land capability database shows that the total mapped irrigable area
in the Terai ecological belt was underestimated in the WECS study
by about 10%. This could be considered an acceptable and perhaps
inevitable difference, given the fact that the WECS study involved
the manual overlaying, copying, planimetering and aggregating of
numerous small areas. However, the same comparison at district
level showed underestimates of between 21% and 32% for 5 of the 20
Terai districts; these represent significant land area differences.

In spite of the consistency difficulties encountered with the WECS
study results, they do represent a valid and basic analysis of the
combination of LRMP land use and land capability data. The study
also provides the only currently available means of estimating
separately the areas of irrigable grasslands and forest lands.




A2-3 - METHODOLOGY

Use of Land Utilization Database

A2_3.1 -

In Annex Al, an explanation is provided of the methodology used to
estimate irrigable agricultural land areas from the LRMP land use
database. In addition to the total irrigable agricultural areas, a
separate account of irrigable agricultural areas on hill slopes was
obtained. As noted in Section A2-2.1, these areas were not ac-
counted for in the LRMP irrigation suitability classification.

The information presented in Table Al-2 of Annex Al shows that
there are two hill slope cultivation types defined -- level
terraces and sloping terraces. It was Jjudged as part of the
analysis that the situation in Nepal was such that there was no
significant potential for development of hill slopes for irrigation
beyond the present level of development. Hence only those level
terraces which are assumed to be irrigated at present were taken as
irrigable. The opposite approach was taken in the case of the
Terai plain and hill valley cultivation types -- all were deemed to
be irrigable from the land resource viewpoint. The first approach
may be conservative and the second may be optimistic, but a greater
refinement with this database was not possible.

The LRMP land utilization study included, from field level observa-
tions, a derivation of appropriate ratios for estimating net agri-

cultural areas from mapped agricultural areas. Net areas are
required for master planning purposes, and hence conversions are
applied when only mapped or gross areas are available. The land

use database analysis was undertaken for both mapped and net areas,
so as to define conversion ratios for subsequent use in the land
capability database analysis.

A2-3.2 - Use of Land Capability Database

The LRMP 1land capability database can provide directly an account
of all land areas according to their irrigation suitability rating,
irrespective of current land use. Land areas deemed to be firmly
irrigable correspond to irrigation suitability Classes 1, 1R, 2 and
2R, where R denotes a primary suitability for paddy rice crops.
Land areas deemed to be tentatively irrigable correspond to Class
5, while those deemed unirrigable correspond to Class 6. As men-
tioned in Section A2-2.1, the classification system and its
application did not account " for the irrigated level terraces and
may have classed as unirrigable significant agricultural areas in

the hill valleys.



The database was used to generate firm and tentative irrigable
areas, which are taken to represent the overall land resource
potential for irrigation in the Terai plains and hill valleys.
Since this database provides only mapped areas, the equivalent
ratios of " net to mapped agricultural areas obtained from the land
use database were applied to convert the mapped areas to net areas.

A2-3.3 - Synthesis of Methods to Establish Irrigation Potential
A2-3.3.1 - Terai Plains and Hill Valleys

For the Terai plains and hill valleys, the land capability analysis
discussed in Section A2-3.2 provides an estimate of the overall
irrigable areas, while the land use database analysis discussed in
Section A2-3.1 provides an estimate of the irrigable agricultural
areas. It follows that a subtraction of the latter from the former
should serve as an estimate of irrigable nonagricultural (grass and
forest) areas in the Terai plains and hill valleys.

If only the firm irrigable areas from the land capability database

analysis are used in this subtraction at district level, some nega- -

tive values for irrigable nonagricultural areas occur. For the
Terai districts, these occurrences are infrequent (3 out of 20
districts) and relatively minor in percentage terms (up to 7% of
the firm irrigable area). For the Hill and Mountain districts they
are very frequent (45 out of 55 districts) and often very large in
percentage terms. When total (firm and tentative) irrigable areas
are used, the frequency and size of the negative values decrease
notably, and disappear completely in the case of the Terai dis-
tricts. The negative values clearly result from the natures and
limitations of the two different databases and analyses; it is
noted from Sections A2-3.1 and A2-3.2 that the land capability
analysis may be somewhat restrictive, while the land use analysis
may be giving optimistic values of irrigable agricultural areas.

It is considered that inclusion of the tentative irrigable (Class
5) areas in an assessment of overall irrigable areas would normally
be unduly optimistic, especially in the Terai plains. On the other
hand, it seems 1likely that some irrigation of Class 5 and even
Class 6 lands is occurring at present and could reasonably occur in
the future, especially in the hill valleys. A resolution of these
conflicting assessments was achieved as follows

- In the normal situation, only the firm irrigable area is used as
the estimate of overall irrigable area. This is consistent with
previous assessments of this nature in other studies, and ap-
plies to most of the Terai districts



- In the situation where the estimate of irrigable agricultural
area exceeds the firm irrigable area, the former is used as the
estimate of overall irrigable area. This applies to most of the
Hill and Mountain districts and provides some recognition of the
potential importance of marginally suitable lands.

Once the overall irrigable land areas are defined in this way,
subtraction of the irrigable agricultural land areas gives either
zero or positive values for the irrigable nonagricultural land

areas.

A2-3.3.2 - Hill Slopes

The estimate of irrigable hill slope areas is obtained from the
land use database as discussed in Section A2-3.1. It is equivalent
to the estimates of irrigable agricultural hill slope areas and of
current irrigated level terrace land areas. There is no informa-
tion on these areas obtainable from the land capability database.

Adding the irrigable hill slope areas to the Terai plain and hill
valley irrigable areas (Section A2-3.3.1) gives the total irrigable
areas. They are also included in the estimated total irrigable
agricultural areas (Section A2-3.1), so that total irrigable
nonagricultural areas are obtained by subtracting the total
irrigable agricultural areas {from the overall total irrigable

areas.

A2-3.4 - Irrigable Land Use in Terai Districts

For the reasons discussed in Section A2-2.2, irrigable area values
from the WECS 1988 study were not used to derive the definitive
irrigable areas for the present annex. However, the WECS study did
provide the means of obtaining a breakdown of the estimated
irrigable nonagricultural areas of the Terai districts into
irrigable grass and irrigable forest areas.

Simple ratios were derived from the results of the WECS 1988 study,
relating the irrigable grassland areas and the 1irrigable forest
areas to the total irrigable nonagricultural areas. These ratios
were then applied to the total irrigable nonagricultural areas
derived as explained in Section A2-3.3.2, to give the breakdown
into irrigable grass and irrigable forest areas.




A2-4 - RESULTS

A2-4.1 - Irrigation Potential of Agricultural Land

Table A2-1 presents the data by district on agricultural land
irrigation potential resulting from the LRMP land use database
analysis. It includes the estimated irrigated, irrigable and total
agricultural areas, to allow for comparisons between these values.
The subdivision of the irrigable areas into the two land type
categories —— Terai plain and hill valley, and hill slope -- is
also shown. Both mapped and net areas are given. As explained in
Section A2-3.1, these areas were obtained by a reapplication of the
method used for the equivalent exercise described in Annex Al.
Values from Table A2-1 which are carried forward to subsequent
tables are those for irrigable Terai plain and hill valley areas
and those for irrigable hill slope areas.

A2-4.2 - Land Resource Irrigation Potential

Table AZ2-2 presents the data by district on overall land resource
irrigation potential resulting from the LRMP land capability data-
base analysis. The firm and tentative irrigable areas are shown as
separate components of total '"optimistic"* irrigable areas. These
represent estimates corresponding to the Terai plains and hill
valleys only, since hill slopes were not assigned irrigation suita-
bility rankings. The corresponding values for irrigable agricul-
tural Terai plain and hill valley areas, from Table A2-1, are shown
here for direct comparison purposes, and the differences are also
shown. The differences, where they are positive, represent "opti-
mistic"* estimates of the irrigable nonagricultural land areas;
where they are negative, as noted and explained in Section A2-
3.3.1, they reflect, in addition, the discrepancies between the two
estimating methodologies.

Both mapped and net areas are given in Table A2-2. In the case of
the irrigable areas from the land capability database, net areas
are calculated from mapped areas, applying the ratios of net to
mapped areas given in the table, These ratios correspond to the
comparable irrigable agricultural Terai plain and hill valley
areas, which originate from the land use database. The implicit
assumption in this is that future irrigation development will have
the same net to mapped area ratios as present irrigation develop-
ment.

*  "Optimistic" irrigable areas include tentative irrigable
areas; see Section A2-3.3.1.



Firm irrigable area values in Table A2-2 are carried forward to
subsequent tables.

A2-4.3 - Irrigation Potential by Land Type and Land Use

Table A2-3 represents the synthesis of the two methodologies
applied to obtain an account of overall irrigation potential by
land type (Terai plain and hill valley or hill slope) and land use
(agricultural or nonagricultural). Both mapped and net irrigable
areas are given.

Irrigable Terai plain and hill valley areas shown in the table are
either the firm irrigable areas from Table A2-2 or the irrigable
agricultural Terai plain and hill valley areas from Table A2-1,
whichever are the greater (see Section A2-3,3.1). Irrigable hill
slope areas are the irrigable agricultural hill slope areas from
Table A2-1. The two are added to give the overall total irrigable

areas.

Irrigable agricultural areas shown in the table are those from
Table A2-1. These are subtracted from the overall total irrigable
areas to give the irrigable nonagricultural areas.

Table A2-4 gives an expanded account of the breakdown by land use
of the irrigable areas in the Terai ecological belt. The irrigable
agricultural areas and total nonagricultural areas shown in the
table are taken from Table A2-3. The breakdown of the irrigable
nonagricultural areas into grassland and forest land components
directly reflects the proportions of these components obtained in
the WECS 1988 study.



A2-5 - OVERVIEW OF LAND RESOURCE LIMITATIONS TO IRRIGATION
DEVELOPMENT

The summary totals of Table AZ2-3 indicate that there is a total net
irrigable area in Nepal of about 2,178,000 ha. Of this total,
about 1,743,000 ha are located in the Terai ecological belt and
about 435,000 ha are located in the Hill and Mountain ecological

belts.

The Terai plains and hill valleys together have about 2,016,000 ha
of net irrigable area, while the hill slopes have about 162,000 ha.
Irrigable Terai plain and hill (Siwalik) valley areas make up prac-
tically all of the irrigable area in the Terai ecological belt and
amount to about 1,742,000 ha net. Irrigable hill valley (and tar)
areas in the Hill and Mountain ecological belts amount to about
274,000 ha net, There are only about 1,000 ha net of irrigable
hill slope areas in the Terai belt, while the Hill and Mountain
belts have about 161,000 ha net of irrigable hill slope areas.

The irrigable agricultural lands cover in total about 1,766,000 ha
net, and the irrigable nonagricultural (grass and forest) lands
cover about 412,000 ha net. Irrigable agricultural lands in the
Terai ecological belt amount to about 1,337,000 ha net; in the Hill
and Mountain ecological belts they amount to about 429,000 ha net.
Most of the irrigable nonagricultural land areas, about 406,000 ha
net, are located in the Terai belt; only about 6,000 ha net are
located in the Hill and Mountain belts.

Table AZ2-4 shows that, of the irrigable nonagricultural land area
in the Terai ecological belt, only about 33,000 ha net correspond
to irrigable grassland, while there are about 373,000 ha net of
irrigable forest land. It is noted that clearance of forest lands
has continued to some extent in the years since the LRMP was under-
taken®. The effect of this is not reflected in the irrigable area
values derived for this annex, but it is likely that most of the
clearance will have been for agriculture on irrigable lands.

Figures A2-1, A2-2 and A2-3 have been prepared from the data in
Table A2-3 to give a visual perspective of the regional distribu-
tion of irrigable areas by land type and land use. Figure AZ-1
corresponds to the Terai ecological belt, Figure A2-2 corresponds
to the Hill and Mountain ecological belts combined, and Figure A2-3
corresponds to the whole country (all ecological belts). Some of
the indications that emerge from a study of these figures are given

below.

* Aerial photography for the LRMP dates from 1979; field
verification and final studies for the LRMP were completed
in 1985,
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In the Terai belt, the Central Development Region has the greatest
irrigable area (about 540,000 ha net), but a substantial part of
this area {about 126,000 ha net) is currently nonagricultural
(predominantly forest) land. Both the Eastern and Central regions
have over 400,000 ha of net irrigable agricultural lands. The
three remaining regions each have between 200,000 and 300,000 ha
net irrigable areas. The nonagricultural parts of these areas
increase from east to west, with the greatest part (about 128,000
ha net), over half of the region’s total irrigable area, being in
the Far Western region. However, the recent forest clearance re-
ferred to previously would have occurred primarily in these re-
gions.

In the Hill and Mountain belts, the Central Development Region
again has the greatest irrigable area (about 128,000 ha net); the
Western and Eastern regions both have over 90,000 ha net, and the
two remaining regions have over 50,000 ha net. Most of the irri-
gable area in the Eastern region is located on the hill slopes
(about 54,000 ha net), as is half of the irrigable area in the Far
Western region (about 25,000 ha net); hill slope irrigable areas
also form significant parts of the total irrigable areas in the
three remaining regions. The current land use of irrigable areas
in the Hill and Mountain belts is essentially all agricultural; the
occurrence of irrigable nonagricultural lands 1in these belts is
minimal.

In the country as a whole, the distribution of irrigable areas by
region obviously reflects to a great extent the distribution in the
Terai belt. The Central region has the greatest irrigable area
{about 668,000 ha net) and the Fastern region has the second grea-
test  irrigable area (about 535,000 ha net). The three remaining
regions each have net irrigable areas from about 300,000 ha to
about 400,000 ha. Irrigable hill slope areas account for only 5%
to 10% of the total irrigable areas. The principal irrigable non-
agricultural (predominantly forest) areas are in the Central and
Far Western regions, and amount to about 130,000 ha net in each
region. At the other extreme, the FEastern Region has a net irri-
gable nonagricultural area of only about 13,000 ha, reflecting the
fact that agricultural development has been underway in this region

over the longest period of time.

11




£L9587 10011 61L22 S62L8 £L6vL 49824 L00£ST 9Trey 165601 057601 SIJI¥ISIO TN TWHLN3) ¥DJ WIOL

| 6819¢ 6£80T 810§ 1288 5088 500%L 22431 §9L6 605 "o Butpeyg
£8L18 L¥0ST 6616 6985 (24791 28509 6£957 1081 89r( 61587 J0YENDN
£0TL1 69001 L3 Teg£ET 29011 v09¥2 6281 L2281 18041 £65¥1 npuewyiey
£2L r9 1S 65LS 6015 1896 ¢L08 6SL (437 §099 indeqyeyg
L9011 Sort 1473 99 855 099L1 0896 9801 1658 14248 indiren
22662 8S6L 2061 9509 129 66519 L9STT 508¢ 473 roré juoydue[Rd aJyqey
LL15¢ 20552 STt 18520 G018 15968 68162 412 18912 88L0T Induenexey
91228 124 2324 [Atd1 1268 64165 8809 1413 9081 L1g9 deyydawey
133949 25900 S0L Ly6s1 17821 £8.8¢ 86657 08ST 811 96291 1nyputs

1138 WII907003 1K - NOISIY LNING0IIAI0 TWHINID

0slLly 8651y 0 LU 095922 6118Y 1992i¥ 0 z99eLy SeLIST SIOT¥ISIO Iv¥3L WHINID ¥O4 w101

LESry £951¥ 0 £S61y 814 6062 Te¥8+ ¢ 1648y 86628 uen3iyl
rLEBY [J31:14 0 vLEBY 19892 AR 47849 0 Ly 8808 es.eg
99909 06109 0 06509 iy 89569 L4889 0 L¥889 0558y eleg
06295 1198 0 1719 42194 86519 [A13%] 0 A 13% 6050% 1eyeyney
60481 12881 0 Tesss 43833 9eLv8 £8118 0 £8148 60LSY Iye.eg
89909 ££909 0 £2909 9891¢ 12493 98269 0 98769 reig Liejjouey
112.¥48 §362L 0 5262l 12424 781£8 8188 0 28188 L8028 eysnueyg

1138 191907033 I¥H3L - WOI93Y ININJOTIAIC TH¥INID

10859 169¢1 60621 A28 98181 3:14A8 14424 8812z 1052 922§ SLITYLSIQ RIVINAON N¥31SYI ¥04 14101

PeLLT 8807 5591 £8% 3741 £1ees 01¢ (2284 88y 9182 nqunygyniog
2L6Se 0L18 S66¢ SLTT 265 1886 £598 gLt LSt 0L8L emesemnyyues
20122 £yl 6571 81 11wl 0680% £85¢1 P51 ¥ 19621 unfaydey

1739 31901003 NIVLKNON - NOISIY LNING01IAIC NYILSH3

§99v¥T 2434 L8y1y 8£80¢8 51869 698Lh¥ zznett F06TL 61288 05996 SIOT¥ISIO T7IH NYILSHI ¥04 19101

11124 ;1A 1182 1991 ;18 8588 99¥L s 2424 0959 ebunypeyyg
6v6L8 6588 882l 0291 Seis £260L ve6pt [ALTAS [2a¥4 99141 Buegoyy
eLL0g 80¥81 648 62841 81601 58S §£627 2981 ¥L012 £665T JsndeAepn
LL9PE 0289 14:143 8eet 1569 veL99 SpLTi 1966 8Ll 81507 indloyg
16£92 S6vL 6129 912 G699 9189¢ 0811 658 r0g 122t UL ELE]
19912 2829 829 0 2829 8218 6866 6866 0 6866 unyleys)
152¢¢8 5243 1189 081 3669 02£88 69511 £106 96%2 U241 JEYyaveg
50998 A J2A 5028 (1314 61901 0¥9L9 v0002 97641 8L¥§ 34781 wey]

1139 WII901003 TVIH - NOISIY LN3WG013AI0 NyI1SY3

10688% £6L080 173 feLvsy §LSYLT 558005 68276 [A¢4 ST0T6Y 099002 SLOTYISIO 19Y3L NYILSHI ¥04 18101

9Ll L 0 9eLLL 4211 5588 5788 0 55588 98152 YRl
0569L 05691 0 0569L 16481 28198 8198 0 78198 £6022 Lieydes
1SLL 6290L 0 62901 898vZ Y618 ¥S86L 0 ¥SE6L £8282 LJesung
686201 65666 13 88866 £8rgS 665021 £L58T1 jav4 6SEETT 01519 fue.oy
086601 0£5601 0 055607 65795 vLSE21 451741 0 PLSETY 19589 edeyp

1738 901501003 1¥¥31 - NOI93Y LNINAOTIIAIC NYILSHI

(9) {s) (r) (g) (2) {9) (s} (v) (£) (2)
1211 SH AH 3 di 1ejo4 SH AR % dl
1830 ayqebrig palebriig 1230} atqeblaa] pajebrily
’ {1) (ey) sealy yesni(natsby ja (1) (ey) sessy {esnyino1uby paddey 101381

x
=
—
—
<
<
et
o
a
=
o
=
3
—
'
—
<
o
=
=
—t
>
o

35V8YLYQ NOILWZITILN GNYY dW¥1 WOYS THILNILOd

¥ J0 1 abey 1-2y alqet




061581 29608 13374 12588 8880F 1847143 142413 Wiz 1806y £LLSY SLITYISIC TIH NYIISIN OIN ¥0J TwioL

£1982 SLOL 985y s So19 81928 TosTt vl L9588 12001 y¥atieq
120414 £r1y 8912 SL61 [ 4339 4249 y165 3049 (444 BY8Y joylefep
18218 SLzsl o111 §9181 £8LL 08418 L2052 8987 6592¢ 52501 12yyJng
14334 LTy 8L9 168 [£444 00£S¥ 6%59 0811 665 £11g wnyny
05082 474 11341 061§ 34244 ¥(928 £99¢ 1992 2008 8959 vedyes
15962 086¢ 88L1 2612 3284 55865 £y 6288 [A8:12 615 edjoy
L6182 L80L 99 Y59 067y 4047 6296 L6771 888 8109 uey3nig
1738 01307003 1114 - NOIDIY LNIMJOIIA3G NYILSIM CIN .
' 288991 STL09T 801 L09097 cLasy ¥61102 096981 [434 £20981 £608 SLOTYLSIC 19¥31 W3ISIN QIW w04 W10l
9£828 09928 144 61925 16811 9¥s19 §9119 £8 £8019 £887 ehipieg
74114 0558y FL4 5058 5666 9585 15998 901 SrE9s 86911 ayueg
12432 50565 44 18r68 98657 1L908 o6 13 56269 143121 angynapbuieq

-138 901307203 1¥43L - NDIZY LN3NGITIAIC NYTLISIM JIN

6E6Y 082 0 082 0 2089 ¥sg 0 vse 0 SIOTYLSIO NIYINNON NYILSIM ¥04 19101

1ezy 651 0 681 0 AL 107 0 102 0 Bueisay
81¢ 121 0 24 0 L0t bsT 0 ¥t b bueuey
. 1138 1$I1907033 WIVINAON - NOI93Y 1NIWJ013AI0 KYILSIN
829187 #8066 8r1Le L86TL 05299 0Sk6PS ySYoPRT 84618 9196 S21E01 SIJIYISTQ T1IH N¥ILSIM ¥O4 15101
OpL5t S89¢ ¥86¢ 204 9458 9662 1829 238 1 {p19 pbedy
12592 08LL 209% 8L1¢ 7529 22943 18851 1126 0Lty R bunybeg
18281 SGp9 &06¢ 9v5e LT85 §098¢ £6801 £8YyL (244 (101 1equeg
SovIS 09651 8 [N 6911 £00€9 9682 £218 $EULT £9801 hisey
8y88 L8611 80LY 622 1186 19L8% 16067 2166 0856 $8291 Bunluey
I$13%3 T LI0TE 025¢ 105 £989 19849 £2891 2049 1266 $9401 BYNJ0D
L101¢ 8v86 019¢ 8£2L 3784 81009 33341 698% ¥9v6 SPSTT elBuehg
TL6g8 F1342¢ £66 £0587 669 00199 12561 98L1 S8t v648 unyeue|
50952 [iz4] P1L 9748 0968 81145 £909 128t Ly 199% YNy
61000 664% P91 SE9y 6088 97668 6829 867 1609 8i18 Tyaueyyeybay
$5g0¢ 1588 124 SELB 9Ly LTS 6411 612 PLSTT £959 edeg
1738 7921907033 13IH - NOI93¥ LNIKA01IAIC NYILSIM
394144 [4AtY24 A S0T£2Z 1956061 109652 89LL%2 s £ILLhe SEL611 SLOI¥ISIQ T¥y¥IL NYILS3M ¥04 110}
$8L¥8 £5498 A 9evhe 2168¢ 62186 19826 s 11826 6200 nyseqiidey
L1488 64618 0 61618 6505 S06L6 29896 0 29896 6288F Tyspuedny
L5255 06905 0 06905 96§52 . L9619 07085 0 0r08s 8(¥8Z TseJedeney
1138 1901907003 Ivy¥3L - NGIDIY [N3IHA01IAIC NYILSIM
£9089 £2081 08EST £692 1§3731 142611 018 $3:Y%4 116¢ ¥820¢F SIJTYLSI0 NIVLINNGH THYINID 404 W10}
1928 98 769 2 15¢ 18507 1281 8eg Y £81 A4 eRNSeY
02888 9L221 91101 1§20 S0611 74889 Seg1z 80991 9812 81602 AR0YOTRANYPL TS
FAL1124 6y 125 068 SLiy 8106% 1218 SBSL 1443 1564 ByyeTog
1738 931907003 NIVINROW - NOIDIY INING01IAIG TWHINID
{9) {s) (%) {g) (¢} (9} (s) {¥) (£) (2)
1e30) SH AR B L 18304 SH LI 11

e36} arqebriig pajebriag (230} 21qebu4] pajebrsay

. (1) {ey) seasy {eanj{natiby jay {1) (2y) seasy [en1{na1iby paddey 13143514

» » 2 Wiy (panutivod) Y-7¢ ayqe)




9590792 6£859L1 626191 016£091 650£26 6LELYEE 91LESTT $61£62 £250981 BSLZBYT m_onr»mz 1Y ¥04 104

961L22 61165 yiveg S¥ine £1805 334247 86556 81089 00842 0L0¥8 SIIY1S10 NIVLINNOW
SL2¥S0T 0$589¢ 8eL22t 118542 859892 9022661 £9L1485 Y152t 0S2r1s SeLgoy SLOI¥ISIA MIH
§9T6S8T 1854887 (243 £589951 609809 61¢1L8T §5S028T 2091 £5681ST £06969 SLOTYISIO Tw¥al

1138 WII907023 A8 SIVI0L

§£8950 185951 Lr952 88057 £22%6 SLLYOb 699202 890Ly . 288951 S8L0ET SIJTYLISIG NYIL1SIN ¥y4
9EPL6E 690822 £0991 994502 650v8 ¥06629 £LIvLT 06262 £889¥2 618601 SLITHISIO NYILS3N GIN
920126 98Y228 ¥91L2 1443174 L1967 265518 LISK6E £2915 44449 099222 SLITY¥ISIO NYILS3IN
9868 1L ¥361rS Br082 956505 696818 98201 T1£959 Lye0! ¥3Less BSI10Y SIJT¥ISIG WHINID
bIEER] 651128 93993 £O£L9Y 191847 8082401 18979 FTAL 135185 §1687¢ SIOTYISIO N¥ILSY3

NOIDIY LNINWGOTIAIQ A8 STWI0L

9208y £LEST SL19 8616 [sse1 92668 99582 L6vTT 89021 98661 SLOTYLSIO NIVINNON N¥31S3M ¥v4 ¥0J4 910L

10egt (3144 9620 £r61 4249 99850 i¥89 (334 S¥se Ess UTREL)
£¥922 6¥SL 3474 9205 AT STity Lozt L29%y 0099 gl Bueyleg
18121 b8se 6s8l 6222 v 9v88e 1134 £15¢ (2474 1288 eunfeg

1738 191907003 NIGENNOW - NOI93Y LNINGOI3AIQ NYILISIM Wyi

0re87 STy 16918 §69981 85699 9Ly¥e [4:1424 9801¢ SLITYLSIA TUIH NYILSIM ¥¥4 ¥4 W10t

£995¢ 0SvL £99¢ 9642 1259 £0508 65921 1668 699¢ [A 1A% Tpelteg
28091 992L £82¢ 286 8109 434289 23 LLoy LS¥% 1006 eanyprapeq
29812 89901 I5i¥ 0TLS 6698 1956y 96091 £298 £ivL 18L81 1100
2861¢ 11601 5L 1484 26501 16565 69901 e8Lt P88y 65891 Weyyoy

1138 01901003 111K - NOI9IY INIWGOTIAIQ WYILSIM Hb4

£69L01 £00507 433 TLypQ1 3824 161821 S26121 5601 0£8021 01109 SIJTYLISIQ IV¥3L NYILSIN Y4 ¥O4 W10L

TL60¥ 1680r 0 16807 04812 sty 31434 0 LSeLy iere ndueyouey
72L99 AR 2 43 08589 §970¢ 08,08 899¥L §601 €188 £218¢ Teiey

1138 WII307003 IVHIL - NOIIZY ININGDIIAIQ NY3ISIN ¥yi

£9L5Y e6eT1 090¢ $373 6081 0058 06651 o169 8L06 vL601 SI3TYISIO0 NIVINNOW NY3LSIM QIN ¥04 9101

214 696 51 918 865 8626 9121 61 (249} 418 BINRY
L196 0£07 1921 ¥9L 18L1 92881 2Lg 1022 16 £182 nbiny
FTASYt 808 £ve 199 14184 8YLE So8y 1668 £18 00y 104178y
[ARIAS S9Ly 68 925 01¥e L5092 €19 528 109§ 9982 ejang
Se6y 44 0 (14 001 0rge 999 0 999 w ediog

17138 WII307003 NIVIMIOK - NOT93Y ININAOIIAIC NY3LSIM QIN

10301 arqebria] pajebriig [ei0y a1qebrua] pajebria]
{1) (oy) seasy {esn3(notsby JeN (1) (ey) seaty [eim[natiby paddey 3913810

(panuTiu0d) 1-zy arqey

[ 36 ¢ afieg




08°0 S¥SE S6ZL8 07806 . bISLT | £A371 i82¥ 165601 £188T1 S0612 89616 S13TH1SI0 1IH TYYINID ¥0J W10
8L°0 058- 128§ oLer 186 0668 L60T- 60S¢ [A34] 13741 Ly1S butpeyg
8L°0 j:324 685 1609 bL6 8118 L1t 89¥L S8LL 0521 6869 joyeany
8L°0 619 16851 0T0¥T 8922 3780 06L 180L1 yi8LT £687 18691 npuewyIey
6L°0 819- 6SLS 1421 1221 1988 ¥8L- 4343 8259 8191 0T6b Jndeqyeyg
8L°0 9¢- iL99 $£99 6LTT 964§ Ly 658 LS8 6161 820 mndiire
8L"0 £88- 9509 $L1§ s 199% 1= 9L 0£99 699 1968 AMOYIURTR] 8.yqey
1870 1088 18522 {13184 L0g£S 98820 1569 L8912 98148 2859 98912 Induenexey
8L 68¢- {2121 0g01 921 v06 T6¥- 9081 SIgl N 511 deyyoaney
7870 221 LY6s1 06002 188y 10281 91 28424 115924 B8L6S 91981 TTnyputs
1738 9019071003 111K - NOISIY INIWIOIIAIQ TWHINID
88°0 TR 8r65TY 204818 $1T68 685655 961881 1991Ly 858099 9¥9¥y 218919 S1JTYLST0 I¥H3L TW¥LN3D 404 Y101
1870 9062 £981¥ 59148 (A0 §699¢L 81164 1698 60946 Sris ¥9y88 uesIyg
88°0 608T¥ [8%:14 £8106 SLpll 80(8L YOLLY IAYA 980201 £8621 £5068 es.eg
8870 0LLSS 06209 19196 1568 60206 66488 L4883 99ELOT S0Sy 158701 vieg
8870 [a314 198 §Sb9L Ly 6061 98182 141333 8L0L8 vE9s [44at Jeyeiney
89 oyLsT 12681 9L(8 £628 69618 §ELGT £8148 91666 0%09 95886 fyefseg
8870 2861 ££909 99589 89%¢€ 86099 5906 98269 19984 £96¢ 88gvL Lie3l0yeR
8870 28%% 94:%43 90941 5902 1¥58L 0¥¢S 281¢8 12588 9582 99198 eysnuryQ
1738 191307003 Iv¥3L - NOISIY LNIWAOI3A3Q TWYINID
9L°0 62 IAZAl ye0Z §65 01 9Ty Losz £l 961 L2671 SIJTHISIG NIVINNGW NY3ILSW3 ¥04 WidL
8L°0 eg- £8¢ [34 ¥l 154 98- 88y 29 81 14 NQany3r1as
Lo 299 SLTt (781 €8S ¥821 ¥i8 LLST 1542 8L el eMESEMAYYURS
5070 S~ 181 651 8¢ 121 g~ £¥ 01 0S 091 bun{aydey
1739 31901003 NIYINNOW - NOIS3Y LNIWAOT3A3Q N¥3LSY]
1870 £801 92808 0L91y (A48 L5288 801¢1 61288 12815 $606 £eLLY S10T¥ISIQ 71IH Ny3ILSHI Y04 Will
SL0 ov (991 (041 65 6821 13y 7444 L 529 2991 ebunyp1eyxp
§L70 96L 09t 5142 981 0822 Sr0T [2AtA 991¢ i 1262 Buejoyy
18°0 19478 [YAYA) 5612 165 09¢02 ¥268 vLOT2Z 96662 1288 LLvPE indedepn
S0 oLL 8egl 8012 812 0581 9201 ¥8L1 0182 10s (3424 indfoyg
SL°0 0s2- 9l 9%07 g1y £991 L0g- 1408 492 258 81z eImpeEyg
1870 281 ¢ 81 8 yA Y44 0 522 01 114 wnyIeyaay
SL°0 8L~ 0481 16TY 0 1811 656- 9697 LEST 0 LgsT JRyIyouRq
$8°0 0457 LESY 1N L9¥1 0¥99 £01¢ 8LbS 1858 [§23) 0199 LLAN
1738 1921907033 NIH - NOISIY LNIWIOT3AI0 NY3LSY3
6870 0058 SeULYEY £2088¥ $0L0S 61528¥ L08¥S S20T6¥ 188SHS 02218 21988% SIOYHISIQ IW¥3L NY¥ILSYI 404 9101
88°0 £26 9Lt 8y98L 12414 STT9L 6¥01 55588 #0768 0882 2598 ByRJIS
6870 0892 05691 08961 6019 1288 6008 18198 16568 9689 ££628 taeydeg
68°0 08111 62901 09218 79181 86659 50621 43192 65816 60LLY 19373 Lesung
8870 8¥222 88866 9Tzl 89151 891901 8yIse 858511 £098ET ovvLl 91121 bueloy
6870 02811 0£5607 6¥0121 1£601 811011 L6621 729941 146981 £e8T1 A ZAN edeyp
1138 1901901003 Iv¥31 - NOISIY LN3WGOTIAI0 NY¥3LS¥I
(9) (s) Q) {s) (2) (m (s) (v (g) @) (v
paddey (¥} LUR 3 1801 JATIEWI] Wiy AH ¥ dl fejoy BAljEjUE]l Wi
03 18\ (%) 2ousiaj41g “Iuuby aseqeje] A1111qede] puel 83u8Ja410 "alaby aseqeqeq Aj1[1gede) puey
40 ol3ey (ey) seasy ayqebLisf 39K (ey) seasy afqebriy] paddey PUIsY
v )0 ! abeg

¢-7v 31qe)




8o rros- L2588 £85r¢ £228 65867 £625- 7806 S8LEY 7559 £eLLs S1JI¥ISIO TIK NY3LSIK GIN ¥04 TWI0L
SL°0 Liy- 12474 £28 181 143 9122~ £9g¢ 1601 002 168 y¥3tleg
6L°0 16- G161 241 01 YoLl 69~ [A£14 (3224 §91 822 joyuefep
0970 1892 g918t §¥807 98rd 60991 [42%) 68922 £0092 ¥E5S 69Y02 18yy§ang
6L'0 £2L- 16v8 8912 91 £69¢2 116- b6ty 88Y¢ 99T [AZ3Y ;nyny
9L70 266~ 06L8 8642 St §812 60¢1- 200§ £69¢ 09 £99¢ uedyes
8o S91T- 2612 L2017 ¥91 298 9691~ p182 BIgT e LOT1 vd1oy
o LL6T- | 28%7 L6sh 181 912k £852- 8218 SPLS 952 6055 ueyinig
1738 1991301003 11IH - NOT93Y LNIK40TIAI0 NYILSIM GIN
9870 628911 £09091 9869L2 G9LIg 118592 1293531 £219817 158128 9¥p9¢ 119582 S1JI¥LSIQ IV¥3L NYILSIM QIN Y04 19101
980 06565 61928 691807 50681 ¥9216 §8rp9 £8019 895521 FAatAt 92r601 eA1pieg
980 SYL9Y S058Y 05256 07201 0rshe T0EYS Gpe98 979011 14241 §0286 ayjueq
98°0 geont yEP6S L1884 0649 L5199 8re9t §6269 £9958 £98L 08441 Tanyynapbueg
1738 1931907003 I¥y3L - NOI9IY ININAOTIAI0 NYILS3N OIW
el 082 890 1¢1 L8y Si- 1233 688 991 £Li S10I¥4SIG NIVINACW NYILS3M ¥04 19101
6L70 S 651 ¥91 601 S 9 10z 102 88l 69 Buegsny
670 - £4l vo1 142 8 2- el AN 87 o1 Sueuey
1738 931907003 NIVINROW - NOISI¥ ININGGIIAI0 WYILSIM
9170 L092- LE6TL 00869 00622 Tev9y 0Lve- 91876 Fi2a1 £810¢ £9219 SLOTYISIO 111K NY31S3IM 404 19101
900 £L9 2oL 7831 8L 168 688 L2 9181 S201 < 18L 1pbein
9470 9r6 8L1¢ vty an L008 fAzal 0Lty s 99v1 968 Sunibeg
SL°0 L= 9p5e bige 99L 8091 0g2- (2824 081¢ 9201 [A1t4 18Q.%4
970 £8¢- 68181 98L21 8629 88Y9 £9b- £ETLT 0LL31 0928 0158 9S8y
§L°0 8Ler- 62l 1589 0641 190% 9281- 0856 ¥SLL 28l 28¢5 Sunlwey
e £L9% LOSL 08121 SIS 5989 SL19 1266 96091 veoL 2L06 BYYJ03
9.0 1ge- 88l 998% Lo 0688 To1g- v9¥6 £9¢9 Ll 9809 e(bueks
90 81- £05¢1 98¥s T 20r¥ £806 £2- §8LL1 9LLY 6615 £9611 unyeue|
SL°0 [AYAS 9268 yIss £81 g1 8- ar achy 21 £61v JOIE]
90 §971- SE9Y 0Lss 13 [A24Y £997~ 1609 :04 24 191 L8y woveyyeybay
SLU6 0g1g- SeL8 9095 1911 Shry LPTy- yLSTI 1wt 8851 6885 edyed
1738 1491901093 TVIH - NOID3Y INIWJOIIA3C MYILSIM
rigzL 4128944 619562 jy2xat 969282 £6908 §TLLvt 907928 L5291 (328284 SI0T¥LISIO T¥¥3L NYILSIN ¥4 Twi04
16°¢ 26088 95918 6I8LTT Spey y8I1¢T1 91898 11826 181621 9L 1921 nyseq{tdey
1670 2423 61618 yorTo1 0552 £5886 08LYY 19896 ¥9111 8087 $£9801 1yapuedny
’ 1870 L6152 06905 98%9¢( 8285 65901 18962 0%08S (5t8 £199 Y0608 tseledesey
1138 9I1907033 19H31 - NOIDJY LNIWA0TIAIG KYILS3N
. (o 268 £692 §80¢ L6l 88L1 L1s 11688 820¥ 2891 998 S13181SI0 NIVLINNOW TW¥INID ¥04 T9i0L
8.0 8¢ gri 8¢ 434 L 1433 81 §19 28 062 BMRCEY
8L°0 901- 1912 5502 (449 £E11 98l 98L2 0892 6811 19%1 AMOY21eaNYpUTS
o 681 06¢ 6¥5 231 8k 122 1443 §9L 891 S6S eyNR{0g
1738 WII507033 NIVINNOW - NOIII¥ LNIW0IIAIQ WYINID
9) (s) (v (g) (2) (1 (s) (¥) (£) () (n
padder (¥) AW 34l 1e10) eatjejus] Wiy A 3 dL 8301 aAljejua) WYy
03 10K (¥) aoudJayytg  otdby aseqejeq A117tqede) puey a0ussa 1 "oTaby aseqeleq AJTIqede) puey
jo oTey (o) sessy a1qebrus] 18y (ey) seaty agqebrsd] paddey 12143519
ISYGYLVQ ALITIG9AYD ONYT dWY1 WOYS TWILN3IL0d NOILWOIYML 30¥NGSIY QNVY
[ 0 4 abieg

Avmsc:coow -24 81qe}




98°0 £9005S 0T6£097 £56£5TC 602212 YrLIP6T 504829 £250981 826810 918052 7588827 SIJIYISIG T ¥04 WiOL

8L°0 68Y 112484 YeL1T 8255 90291 s [24¥24 16812 AT 89400
8L 0 £18 118502 Y2991 1505 15261 925~ 052y1¢ 243484 82069 969992
8870 147814 £6898¢81 $665881 0£9281 §9628L1 099829 £5681ST £T9L910 SIeril 8areLel

SIJTYLSIQ NIVINNOW
SL0TYISIO 111K
SI01¥1S1Q Ivy3l

1738 1901003 A8 SIWL0L
S10I¥1SI0 WYILSIN ¥¥d
S10T¥1S10 N¥ILSIN OIN
SLOTUASIQ NY3LS3M
SLITYISIC TWHINID
SLOTYISIA W¥3ILSVE

121887 88087 §59692 Y81z 221829 62651 1888ST SE9r18 92152 606882
092811 99907 9TL61E 61618 Lyi18e 88057 £88Y¥e 191528 10Lby 090188
96969 1243 Y4 81059¢ 21539 £9261¢ [§ 2273 rr6zve 16102y 909+¥ §855L¢
169891 986505 £29eL9 08645 L69¥19 S66261 Y9585 65L8LL £6789 9250TL
§2965 £08L9Y 826925 414:5 91289% 12289 165746 788665 01129 TLLLES

KOI93Y IXINdDI3AIC A8 ST¥10L

§L70 6501 8616 6218 4¢84 5209 1821~ 69021 28907 9L 906 S1JT¥1SIQ NIVINNOW KY31SIM ¥¥3 W04 TWL0L

9L70 819- §rél sesT £9 1921 018~ S¥sl SeLv £8 1591
9.0 999 9208 143 1802 £rye 519 0099 STzl £692 2212 Bueyleg
90 606- 6222 02§l 0 0281 o611~ 2444 Ay 0 Ayl eanfeg

1138 901907003 NIVLINAOK - NOISIY ININGOTIAIQ WHILSIN ¥4

e{nyaleg

o v10L- S1Zil 10201 966 S026 6816~ 4142 £6201 p6el 66611 SIJTELSIC 1TH NYILSIM Y3 ¥O4 iDL

9L'0 6291- 96Le 8911 L6 201 151e- 6998 4311 XAl Sovi
Lo 82- £36¢ 13134 05¢ 50y 9¢- 1549 129 413 6¥S
90 9662~ 0148 [ate4 £5 2990 1268~ £irl 558 69 £88¢ nog
9170 2983~ 142 1221 96 8921 9608 - 88y 98L1 921 2991 weYyIy

1738 WOI903003 1K - NOISIY¥ IN3WADIIAIQ MYIISIN H¥J

tpeiteg
2nypIspeq

980 §98981 193 J 1 T SIETSe SZL8T 065080 008697 028021 099062 95912 ¥0069¢ S1JTBISIQ Tvy3L NY3LSIM ¥YJ W04 WIDL

180 61989 16807 L95¥01 2008 ¥9596 69981 152ty 998021 8ri6 86STTE indueyouey
9870 69148 08589 ByL9%1 £2L01 920981 %296 £188L y18691 80¥21 909L87 tepey

~ 1739 7901981003 Iv¥3L - NOI93Y ININJOTIAIQ WY3iSIM ¥ud

1870 9.8 188 1028 1391 9189 1901 8L06 61101 £0L1 9748 SIOT¥LSIG NIVINNON N¥3LSIM GIN 04 9104

870 9901 9¢8 £061 404 1091 £081 €201 (1414 69¢ 9561 e{wny
6L70 91¢- L gy 0 ary 0%~ L6 018 0 0Ls nny
1870 208~ 199 65¢ 0 658 uis- £18 Thr 0 144 Joyt1ey
1870 686- 925 [$4%9 0 [§4%Y 12e1- L0958 985y 9 995Y epeng
870 £181 "s 1567 6801 898 1841 999 2344 veel £901 edioq

. 1138 WOI507003 NIVLINAOW - NCISIY ININJ0TIA3Q NY3LSIM QLW

(9) (s) {v) (£) (2) (1) (s) (v) (g) (2) (1)

paddey () M 14l 1830 AAljRIUR) W4 AR 3 dL 1e30} aATiEIual Wl

03 18N (#) aouassyy1g  Il.by aseqejeq Aj1tqede) puel 80UaIRTG  OT4bY aseqeyeq A31{igede) puel

j0 ol1ey (ey) seasy a1qeblia] yaw (ey) seaty ayqebriu] paddey 1911519

ISYSYLY0 ALITIEYAYD ONYI dW¥Y WOYJ TYILNILOd NOIIYOIWYI 33¥N0S3Y ONYI

¥ i0 ¢ abeg (panu1uod) z-zy 3rqe]




201114 0 10017 r10011 61420 S62L8 L00£ST 4 L00£ST £00£57 9T¥Er 165601 S101¥1816 :Hr TWUINID D4 TY10)
6£801 0 6£801 6£801 8105 128§ vietl 0 LIXA%¢ PL2ULT 6§96 605 + Butpeyg
{9051 0 Ly0ST 1hos1 6676 6185 68952 0 6£952 6£952 12181 89rL + 104ENNN
69097 0 69091 69097 Ly 16881 61281 0 69287 69281 1220 ¥80L1 » Mpuewyjey
7347 0 ¥y [ J2A ¢1s 65L5 2108 0 2L08 iL08 65L 14343 x 4ndeyeyg
7474 0 1147 11473 ¥sL 299 . 0896 0 0896 0896 9801 658 x Indiirey
8561 0 856¢ 8664 1061 9509- L9STE 0 L9811 19511 so8g 1L s MOYdURTRg Biyqey
204882 9 20682 20582 STTE [3: )44 68162 [ 68167 68162 8512 19912 1 Jndueweyey
8yl 0 1244 8rzy $£87 2121 8Ly 0 8eL9 8849 4434 9081 + deyyoawey
75907 0 25907 25902 SoL L7661 86652 0 86652 86652 0881 81¥¥e 1 11nyputs
£138 931907093 11IH - NOISIY LINIMGOTIAIC TWYLNID
685686 19521 L1390 685689 0 685686 212919 055801 2992Ly 212919 0 212919 SLOTYLSIO IWy¥IL WHLNID ¥04 Wi0L
§659¢L T654E £9619 66891 0 §699L 19788 £1668 T6¥8Y ¥9988 0 988 UenjIy)
80.8¢ yegos yLE8Y 80L8L 0 80481 £5068 128v§ IEL¥S £6068 0 £5068 BSJYy
60206 61862 06£09 60206 0 60206 198201 P665E L4889 148201 0 198201 vleg
605TL L9851 Tr19¢ 60811 0 60STL P8 20SLT Th6589 vrvis 9 i2hat! ieyeney
69618 8148 1265 69618 0 69618 956886 £196 $8148 95886 ¢ 95856 lyejles
86069 S9by ££909 86059 ¢ 86059 88LYL 2018 98269 888%L 0 888pL Hiejioyey
, 1rs51L 9192 ST62L 195SL 0 1956L 99198 862 1818 99198 0 99198 Bysnueyq
1138 ¥1501003 1v¥3L - NOISIY LNINGOIIAIQ TWHINID
09L¥! 601 169%1 09L¥7 60627 1581 26592 91 a2 43124 88122 $5%2 SIOTYLSIQ NIVLNNOW N¥3ILSYI ¥DJ 19101
8802 0 8502 8802 5597 £81 012¢ 0 012¢ 0128 (443 88y + NQERYYNTOS
6125 601 0LT1S 6178 5668 v8z1 6618 9¥1 £698 6618 9L0L Ut EMESERNYYUES
1274 ¢ 13278 13374 65CL 81 £8521 0 £8521 £8521 ovser 324 ¥ Bun{syde)
17138 1991907023 NIVINNOK - NOI9IY LNINAEIIAIG NYILSY3
£854L 6025 yegeL £881L L8914 L7098 (25911 v079 zzrott L2591 pO6TL £29%¥ SIOTYLSIG T1IH W¥ILSV3I 404 Tv10L
443 0 aLvy 8Lvy 1182 1991 99rL 0 99%L 9981 s vzt x ebunypreyyg
69%6 019 6588 6996 A8 0822 £8L81 66L 129321 £8L61 FAR A 1262 Buejoyy
65212 182 80781 68212 6.8 09502 68597 £0rg S862e 62892 2981 Ly indedepn
1158 16y 0289 118L 895 0887 00¥21 599 SYLIT 00921 1966 3424 Indfoyg
4371 0 137] Sebl 6128 9127 08¥11 0 08811 08¥T1 6548 Trot x BInyueyg
55¥9 A 7829 S5¥9 1809 eLY y0201 1114 6866 $0201 6866 414 unyjeyusy
13744 0 743 [324) 1S 0181 69611 0 69511 69917 £L06 962 + JBYIYoueg
[37:03¢ £011 fA 14t G¥8E1 508 0998 98812 (439 #0002 95812 92541 0189 We(l
. 1138 901907003 1IH - NOISIY ININA0IIAI0 NYILSYI
IATAAM ] 89¥!L SoL¥EN IATAA L) 1 1612¢¥ 0TL66Y L8 68216% 01L66% 12 96¥661 SIOT¥ISIO Iv¥3L NYILSYT 04 TW10)
9TLLL 1 - UL 9eLLL 0 9eULLL 6588 0 6688 65£88 0 66588 + BURJIS
0569¢L 0 0S69L 0569¢ 0 0569¢ 78898 0 78898 1898 0 18598 » liejdeg
62901 0 62901 61901 0 62901 ¥Se6L 0 ¥Se6L FSe6L ¢ $586L + 1JESURS
6£8901 0989 65666 6£8901 I 891901 188121 8084 £L8E1T 188127 [ar4 191121 Buesop
811011 885 0£5601 gTTo11 0 8TT0TT ivaZal $99 PLSETT :}¥A 240 0 882p21 edeyyp
. 1138 WII907003 1¥y3L - NOIDIY LNINGOTIAIQ NY3LSHI
(9} (s) () (€) (@) (m . (9) (s) (v) (£) (@) m
1e30] *oLby uoN  aTby iei0f SH AH 3 dl 1e30) "9T46y voy  "914By tejo] SH A ¥4l
asn pue’) Aq umopyealg 9dk| puey Aq umopyealg 9sfy pue Aq umopyes.q adA] puel Aq umopyealg
{ey) seasy arqebrds] 18N (®y) seasy 81qebrus] paddey 39143810
] 0 1 afieg £-24 814¢e}
B N N aE e
Il N AN N D BN S BN N B BN BN BE b e




29608 0 29605 29605 11124 L2588 124411 0 2241} i 12044 28067 S10I¥LSIA T1IH NY31SIN GIN ¥04 1¥I0L

SLOL 0 SL0L SL0L bi414 144 T0€11 0 10801 10EN ve6l L9g¢ s D311
£y 0 £y hiats 8912 SL61 r168 0 r16s P16S £00E [ALY4 + 10yseler
SLT6T 0 SLT6t SLz61 oTTT 59187 12052 0 12082 L2052 8982 65922 + 13ying
oLty 9 oLty oLty 8.9 16v¢ 6955 0 6v8S 6955 0st1 665k 1 wnxny
14:24% 0 [4:1A 414 11348 06L8 £99L ¢ £99¢ £99L 1992 200§ + uRATES
0868 0 0868 086¢ 98L1 14384 £919 0 £979 £¥19 [143Y [41:12 s edyoy
L1501 0 < Ig0L L80L ¥99 yL89 5796 0 5296 §296 (234} 8259 + ueyinkg

1138 7901907093 TUIH - NOI93Y 1NIWG013AIQ NY3LSIM- GIN

6L95%C ¥96¥8 STLO9T 6195%2 801 115692 . 859582 88986 096981 899997 (374 114682 SIJT¥1SIQ Iv¥3l N¥IISIN OIN ¥O4 Tvi0L

5086 SyelY 09925 SOLPE T y9crh 605601 £resy S9T19 605601 £8 92601 eATpieg
585¥8 §£09¢ 0658y 585¥8 Sr 0¥918 11£86 0981 15499 11586 901 50786 ayueg
68L99 v8ZL G056 68199 124 19199 628LL SBY8 bre69 628LL 6F 08LLL tanyynspbueq

1738 1901907003 Ivy3L - NOT9I¥ LNIWAOIIAIQ R¥ILSIN CIN

082 0 087 433 0 bee 143 0 bse SIJTYLSIA NIVLNROW NYILSIM Y04 19101
681 ¢ 65T 651 0 651 124 0 102 102 0 0 r Buejsoy
1l 0 1 121 0 121 ST 0 A ¥s1 ¢ A3 + Bueyey

] 1738 WII907093 NIVINNOK - NOISIY INIWGO1IA3C NYILSIN

18066 8riLe L8611 ySp9vT 0 Peporl ¥Sr9RT 81518 9L8¥6 SIOTHISIO 11IK NY3LSIM ¥04 TWi0!

589¢ 0 §89¢ 689¢ ¥867 20t 1829 0 1829 1829 $588 43 v pbedy
08LL 0 08LL 08LL 209% 8L 18281 4 188¢1 18887 1126 . oLiy r Bunybeg
S549 0 §S¥9 SEvs 6068 9¥52 £6801 0 £6801 £6801 £8bL (2329 + 18Q/Bg
09681 0 096ST 09651 2282 (SN 98822 0 98822 95822 £21§ ISYAA r Txsey
LE6TT 0 L8611 LEOTT 80Ly (Y243 26061 0 26061 26061 2166 0896 x bunfae
L2011 0 L2011 Loty 0258 L0S¢L £2891 0 £2891 £2891 2099 1266 x BYYI09
8986 0 8¥86 8786 0192 882t £L0¥T 0 £EERT £Eep! 698 $9¥6 3 e{bueAs
96ve1 0 96¥¥1 96941 £66 £05ET 11661 0 11861 1561 98LT S8LLY 3 Unyeuej
orZy 0 orZy (1244 prL 9258 £709 0 £909 £¥09 1281 iy FRLUIE]
(1343 0 66L¥ 6oLy ¥91 Se9% 6889 0 6889 6889 867 1609 x 1Qoueyyeybay ’
£588 0 £588 L988 2At qgL8 Z6L1T 0 26411 coLTt 612 pLSTT + ed(ed
1138 015017033 171K - NOIO3Y LN3Wd0I3AIQ NYILS3m
114282 16565 [248%44 L1Le8e L 969282 JATAA%Y 98¥99 69LLYL RLIAAH 199 [3212M S10I¥LSIQ IVY3L NY3LS3M ¥0J4 T¥.0L ’ '
fozgtt 8¥182 £Sh98 100811 A $8ISTI 99v¥e1 00918 L9826 99r¥el 11 188274 niseqyrdey
§5886 yL801 61418 £5886 0 £6886 $£8801 LLBTT 29896 ¥£9801 0 ¥£8801 1yspuedny
65901 69661 06905 65901 0 65901 v0608 v982¢ 07089 ¥0608 0 »0608 Isetedieney
1138 1901807003 1¥¥31 - NOIDIY INIWA01IAIQ NY3LS3M
Sp181 24! £2081 Sy181 02881 S182 £021¢ 091 Z§01¢ £0Z1¢ 18642 TL9g SL1OTYISIA NIYINNON TWYINID 404 TWLCL
616 8 958 676 269 (244 8291 £07 1281 8291 BEsT 062 ennsey
RIRAAS 0 9.2t 9L2T1 9TTQ1 912 S6£12 0 S68TT S6£12 80987 982 ¥ MoydTRdngputS
(32 8¢ 116y (3234 125 8z 0818 £S 1218 0818 S861L S65 eyxelog
) 1138 HOI907003 NIVINNOK - NOID3Y LNINA0TIAIQ TWHINID
(9) (s) €2 {¢) {2) (1) (9) () (¥) (g} {2) (N
1e30] oty uoy oluby 1830] SH AN ¥ 4 1e10] o146y woN Tonby [el0} SH AH 3 4l
asn pue] AQ umopxealg adA} puel Aq umopyealg asn puel Aq umopyea.g adA} puey Aq umopyealg
(ey) seasy ayqebrud] 38N (ey) sealy a[qebrii] paddey 30143840
¥ 40 14 abeg

(panutiu03) §-zv 8198}




1818412 1441484 6£859LT 1618412 626791 1229102 L0129 198ELY 9TLLSTZ LLoLe9e be1g62 1882867 S19IBISIO 17¥ 04 10)

8g£019 6181 61168 8g019 bip8s ¥9522 98046 L1891 86256 980L6 8089 85687 SLOTYISIO NIHLNNOW
6¥LELS 6026 0¥589¢ (37894 ;178248 020752 8914¥S ror9 £94L85 B9THYS (AL} 124 ¥$902¢ SLOTYISIO V1IK
VIsERLY £8L50¢ 1884881 PIEERLT (328 L892pL1 v185861 02859 5650251 185861 2097 [4¥A£:1Y SLOTYISIO Tvy3l

1138 WII501003 A8 S1vi0L

059+87 611821 185951 059+82 19952 £00652 £2905¢ yLIBYT 6¥£207 £29058 890L% 665808
121608 5098 690822 121608 £0991 815267 [43478 610007 £LvLL 434789 06267 06998
L0288 16565 98vees LLOT8S ¥S1L2 £169S¢ £1019% 9£¥99 LLSh68 £1019% £691¢ 08860
8199 £90521 186745 rLL9s 8r08¢ 669629 129008 TTLERT 11999 125008 L9601 (781743
331499 98.21 684128 33759 99%¥S 680087 6280%9 2448 108829 6280%9 95286 £L59%S

SIJIYLSIQ WY3LSIN wv4
SLOTYLSIQ NY3LSIM QI
SLOT¥ISIC N¥3ILSIM
SIDIYISIO TWYINID
SLOTHISIG NY31S¥3

NCI93Y ININGDT3AIC A8 $1W101

£i861 0 £L881 £LEST 5419 8616 995582 0 9988 9948¢ LevIT 69021 SIOTYISIO NIVINAOK NYILSIM Y¥4 ¥4 19101

682y 0 (3447 657 9622 341 289 0 Iv89 89 .14 11474
6951 0 6¥SL 6¥5L £252 9205 Lz 0 j2AN Leen L29% 0099 + Bueyleg
v8ss 0 v8s¢ v8s¢ §set 2844 L6¥S 0 L1698 L6¥S £L82 2414 ¥ vinfeg

1338 1901907003 NIVINNOW - NDIS3Y INIWGO1IAIG NYILSIH ¥y

§19¢ 0 5679¢ §ST9¢ 07681 SigLt 95695 0 85695 85699 Ly 8T SLITHISIO 1TIH WYILSIH ¥4 ¥04 19101

¥ B[NyaLeg

05¥¢ 0 0S¥L 0S¥L £99¢ 9612 65921 0 55921 65927 1668 6992
9921 ¢ 9924 992L 788 £86¥ pEsot
89907 0 89501 89¥01 144 0148 96091
21601 ¢ iL601 21607 9¥eL SeLt 69941

x 1pejreg
43141 e80T LLOY 513 ¥ Banypiapeq
96091 96091 2298 £t x 100
69911 699L1 §8L21 788% + Weyysy

1138 WII901003 1IN - NOI53Y LNINAOTIAIQ NYILISIM Y4

124834 611827 £0050T 443344 88 066287 660012 LIRE:T4¢ 526121 6600£2 §601 ¥00692 SIOT¥ISIQ IV¥3L NYILSIM BYd ¥D4 W10L

¥9596 £L95% 1680% 79996 0 19596 865111 TrEv9 LSILy 868111 0 869711 sndueysuey
855921 IryiL 1199 859951 43 920981 196851 ££858 899vL 105857 5601 90287 tretey

1138 901507003 I¥¥3L - HOXB3Y INIWAOTIAIQ HYILSIM ¥y

o o o

08vel 8807 26811 08¥21 090 0278 e 331 06651 Testt e169 60¥01 SIOI¥ISIA KIVANAOK NYILSIM GIN ¥4 TWI0)

Ava ¥9L 696 £eLt £e1 1091 051 149 91T 0512 61 9661 BlRNY
0802 ¢ 0507 0807 1921 ¥9¢ g 0 aLig 1738 1022 126 x Pbny
80¢ 0 808 80§ £ 199 508y 0 508% 508y e66¢8 £18 + 104T1RY
13734 0 S9LY S9Ly 680 925¥ Ig19 0 I£19 I£19 349 1098 x ey
898 1249 1443 858 ¢ 89g £901 L6% 599 £901 ¢ £901 edyog

1739 01907003 NIVINAON - NOISIY LNINGO13AIC N¥3LSIN GIN

(9) () (v) (£) 1 {1) {9) (s} (¥) (g} (2) ()
Tei0] "ouby uoy  “oluby 12301 SH A %4l [e10] 96y uoN LBy 18304 SH A 3 dl
s pueY Aq umopyessg adk) pue) Aq uMopyeaig asf) pue] Aq umopyes.g 304 pue g umopyraig
(ey) seasy a1qeblul] jax (®y) seasy ayqebuul] paddey 1914381

y ;0 $ obeg {panuTIu0a) g-7v arqe)




£-24 a[ge) vl uaA1b se sease puel Tesnj(natsBeucu arqebrast o3 Tenba ‘(g) pue (7) jo wng (§)

S30149STp Teua) 8y} vl puel 3[qeBLisT jo Apn3s ggeT SIIN w02} paaTsep oijes Butkydde Aq () wouy pautejqo sease puel 3seuoy afqeStiil (g)
S191498Tp TR43) Y3 T puey 3[qeBIul jo Apnis ggel SOIN WoJ paaliap o1jed ButAydde Aq (y) wouy paureqo sease pue(ssesb eqqebriil (Z)
£-79 8[qe) Ut uaalb se seade puel Yesnjinovsbe afqebrail (1)

S3j0H
A3 A £8150¥ 128848 L5628 1864881 pL85861 028597 198020 88618 6650081 SLOI¥ISIQ I¥¥3L 119 ¥04 19101
1248374 611821 £16611 9078 £00501 660002 $LIBKT 689821 88%6 S26T121 SIJTYLSIC Ty NYFLSIN B4 ¥04 TWLOL
¥9596 £499¢ ¥1%08 666 1680% 865117 THEY9 £968S LLLs LSy andueyouey
8559¢1 SPhIL 68269 1028 JARS ] 10681 £eece 22108 1148 899%L tretiey

1138 WII907003 I¥¥3L - NOISIY INING0TIAIQ WYILSIM ¥y

6L9S¥C ¥9618 10808 L5%¥ STL09T 879582 98986 LLTs6 115 096981 SIJTYLSIC IVH3L NYILSIM GIN ¥O3 V104

S08¥6 59Ty 85868 1822 09928 605601 £rE8Yy 8895 §69¢ §9119 eAtpieg
$8SY8 §£09¢ £9v¥e 2481 0598 T1e8e 0981¥ £E00Y 9281 16495 ajueg
' 68199 8L 98%9 86l 50565 60811 588 1192 056 PrEes Lanyynapbueq

1738 7901907033 VY31 - NOID3Y LNINGOTIA3C NYIIS3IM OIW

2148 16569 85645 ££91 (24044 [A0420Y 9699 £09%9 £887 69LLYT SLOTHISIC 19431 NYILSIM ¥O4 TWL0L
102811 8vL8e Syl 20y £5v¥8 9991 00918 L8118 4 19926 ngseqydey
£5886 v2801 001 ey 6618 28801 CLBTT vey11 8Ly 298%6 Tyspuedny
6590L 69661 $LT6T 96L 06909 0608 ¥9822 £5612 A0 0¥08 tseJediemey

. 1739 901501033 I¥¥3L - NOT93Y ININAOTIAIQ NUILS3M

685685 199521 " 98vL0T 9S181 8resTy [AYALS] 085597 699221 18802 199l SIOTYISIC IVY3L TWHINID ¥OJ V101

§599L 2659¢ 5022 8¢5eT £96T¥ y9v8s $L66 111114 68Y11 16¥8¢ ) ueMITY)
80481 PEE0E w0182 2891 yLESY £6068 1244 [7824% Ly81 FAYALY esied
. 60206 61867 05v82 8981 06£09 178201 ¥66£e yepes 0951 19889 eleg
605TL 19851 9L9%1 169 Tr198 Pry1g8 “zosL1 STL9T L8t Ires9 ) Jeyeiney
69618 g8 8661 0S¥ fesel 95826 £L96 8574 §18 £8118 yegses
86059 59vy 0Tyy 59 £8909 88ghL 2018 0v0§ 9 99769 Tie3joyeN
12398 9192 S6TT ¥4 Se6lL 99198 ¥B6¢ vost 1291 28158 BySNURYG

. 1738 W01907003 Tvyil - NOIDIY LH3Wd0T3A3Q WHINDD

290y 89%L Y91l 508 S6LYEY 0TL86Y iLv . 918 9 650T6Y S10TUISIO 19431 NY3ILSY3 H03 TWI0L

SLLL 0 0 0 9TLLL FI39:1: I 0 0 §5588 ByRITS
0569L 0 0 0 05654 18598 0 0 0 28898 iejdeg
6299L 0 0 0 62904 ¥5e6L 0 0 0 ¥ss6L Tesung
688901 0889 859 962 65666 18£121 808L iyt 928 $LSETT Bueaoy
81011 88% 088 8 085601 8g2Nt 99 559 6 233441 edeyp

1138 1901507003 I¥¥3L - NOIDIY IN3NA0TIAIG WYILSY3I

{s) {r (g) {z) {n () (v) (g} (2) (t)
12104 158404 s5e49 {8104 352404 SSBUY
18304 *9146y uo IT4bY 1e104 *2t4By uoy LY
asn pue7 Aq umopyea.q asn puei Aq umopyeaig
(oY) seasy ayqeBrdi J9N {ey) seaty ayqebiad] paddey 12143514
1 30 H afieg y-2y 31qe}




v/
NN

FAR WESTERN

AN

FAR WESTERN

= 7 =
; L
NN /,,. NN\ ////// 4
////”V/ ///,,/f g u //7/ / o Pm |
]
_J_b ~ m & n__ i \ﬂ m &
o ! NNNNNER o | NN
= | i o &
= = m
: gy B ALK
//».////U./,/M../Hf ﬂ % < / //A/, N ///. /f. &
iy @ Ay £
[0

EASTERN
EASTERN
77 agricutturd

ARSI
g

§ 8 8 -° 5

g & & 8

Q

repuoanay ) {epupanoy i} .
(oy) oory aqobi ey (By) oday 9qodi) jen

i
.



NN DY
M NN\ HE RN g
= s 24 m m_ o = m mﬁ_
M_ HP NN NE ] ,Mw P iy g mm
RTINS %///m AR I
00 ° ) |

§ 8 8 B & 8 8 R R 2 ° IR A28 %RBRER IR O

(043 M.oﬂuu_“wwmh_ N CopS .muﬂu“_mw%_w__ *N




=

NN

N
7N

ﬁ B4 N
< a mﬂ ] S m/\, m

R i T~ < iy
NN 2 7 NN

Maragricuturd

(O row

My - T -

J Bod A T B

| . S -2 "

= N ., —.D - =T ™ hm -
- n ™, hN f{a./f S e M_ S L] .// /... ;...../// b U
. 1 =i, [

2 1,5 el _
= — ¢

AT \\
CENTRAL

CEMTRAL

T ERhHRrE SR

DI

~
- . . N t\_
EASTERN
A Ploing/Mvalleys
71 saricuturd

T

s 3§ 3 § § § & ° 5 § § 8§ § &8 °

-—

(apuoanay]) [apuoanosy}y
(o) oex aqodii jeN (o) ooy Aqobl) ey




TABLE OF CONTENTS

MASTER PLAN SECOND CYCLE REPORT - ANNEX A - LAND RESOURCE DATA

ANNEX A3 - Inventory of Identified Potential Irrigation Projects

LIST OF TABLES

LIST OF FIGURES

A3-1 INTRODUCTION
A3-1.1 Objectives
A3-1.2 Scope and Outline
A3-2 DATA SOURCES
A3-2.1 Project Study Reports
A3-2.2 Annex Al
A3-2.3 Department of Irrigation
A3-3 METHODOLOGY
A3-3.1 Larger Projects
A3-3.2 Smaller Projects
A3-3.3 Other Projects
A3-4 RESULTS
A3-4.1 Larger Projects
A3-4.1.1 Data Sheets
A3-4.1.2 Net Command Areas
A3-4.,2 Smaller Projects
A3-4.3 Other Projects

A3-5 OVERVIEW OF IDENTIFIED POTENTIAL TRRIGATION PROJECTS

TABLES
FIGURES

APPENDIX - DATA SHEETS FOR THE LARGER IDENTIFIED
POTENTIAL IRRIGATION PROJECTS

[¢}]

=00 YD

— O



LIST OF TABLES

Number

A3-1

A3-2

A3-A2
A3-A3
A3-Ad
A3-A5
A3-A6
A3-A7
A3-A8
A3-A9
A3-A10
A3-Al1
A3-A12
A3-A13
A3-A14
A3-A15
A3-A16
A3-A17
A3-A18

A3-A19

Title
Net Command Areas of the Larger Identified Potential Irri-
gation Projects, Accounting for Overlaps with Existing
Schemes
Net Command Areas of the Larger Identified Potential Irri-
gation Projects, Accounting for Incorporation of Other

Schemes

Data for the Smaller Identified Potential Irrigation Pro-
Jjects

Summary of Identified Potential Net Command Areas
Data Sheet for Kankai Multipurpose Project

Data Sheet for Eastern Terai Irrigation Project
Data Sheet for Sun Kosi - Kamala Multipurpose Project
Data Sheet for Kamala Multipurpose Project

Data Sheet for Bagmati Multipurpose Project

Data Sheet for Rato Irrigation Project

Data Sheet for Bagmati Irrigation Project

Data Sheet for East Rapti Irrigation Project

Data Sheet for Marchwar Lift Irrigation Project I
Data Sheet for West Rapti Multipurpose Project
Data Sheet for Sikta Irrigation Project

Data Sheet for Karnali Multipurpose Project

Data Sheet for Bheri - Babai Multipurpose Project
Data Sheet for Babai Irrigation Project

Data Sheet for Geruwa Island Irrigation Project
Data Sheet for Jamuar Nala Irrigation Project
Data Sheet for Khutiya Irrigation Project II

Data Sheet for Mahakali Irrigation Project 1T

Data Sheet for Bhairawa-Lumbini Groundwater Irrigation
Project III




A3-1 - INTRODUCTION
A3-1.1 - Objectives

Annex A3 has three objectives

1. To present the principal characteristics of all formally
identified potential new irrigation projects

2. To complement the information on the present level of
irrigation development presented in Annex Al, such that there
is compatibility between the two annexes and no duplication
with respect to identified irrigation projects and their
command areas

3. To serve as a land resource reference for irrigation
expansion planning.

A3-1.2 - Scope and Outline

This annex provides a summary of those potential new irrigation
projects in Nepal which have been identified and studied and for
which some formal evaluation report is available, Project
identification of this nature has been undertaken only by, or on
behalf of, the Department of Irrigation (DOI) or the Nepal
Electricity Authority (NEA), the latter when there is a hydro-
electric power component of the project.

Numerous additional potential small projects have been proposed by
DOI district offices or other agencies interested in promoting
irrigation development. Some of these projects have been included
in official development programs, pending confirmation of their
technical and economic viability; these are listed in the Ministry
of Finance irrigation projects database. Because formal study
reports are not available for them, they are not covered in this
annex. This has little significance for the overall master planning
process, as these projects are generally small in terms of size,
cost and production potential.

Potential projects concerned with rehabilitation, intensification
or upgrading of the existing DOI developments listed in Annex Al
are not considered in this annex, although potential command area
extensions to the existing developments are covered. It is noted,
however, that many of the potential new DOI projects listed in
this annex incorporate existing schemes; these are most often
farmer schemes but are sometimes DOI schemes. The extent to which
the identified potential new projects incorporate existing schemes
needs to be documented for evaluation purposes. This annex includes
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A3-2 - DATA SOURCES

A3-2.1 - Project Study Reports

All of the identified potential irrigation projects listed in this
annex have been the subject of technical studies; most but not all
of the corresponding formal reports have been available for review.
The level of study achieved to date for each project is variable
but has usually been described as either feasibility or prefeasibi-
1ity level. The study reports where available have been the primary
references for the compilation of project characteristics, but
thegse have been adopted from the other data sources discussed below
if they were considered to be more appropriate.

A3-2.2 - Annex Al

Data presented in Annex Al and the sources of data wused in its
preparation have been important sources of data for the present
compilation. Many of the identified potential irrigation projects
would incorporate existing DOI and farmer schemes. Command areas
corresponding to the existing defined DOI schemes involved in these
overlaps are sometimes identified in the project study reports, but
in all cases use of the areas presented in Annex Al for these
schemes was preferred, to ensure compatibility as far as possible
between the two annexes. In the case of existing farmer managed
irrigation schemes (FMIS), Annex Al presents district aggregates of
command areas based on the Water Use Inventories {(WUIs) prepared
for the Water and Energy Commission Secretariat (WECS) . This
source was used as the basis for estimating the overlaps between
existing defined FMIS and identified potential projects located in
Terai districts. Since WUIls were not available for most of the
Hill and Mountain districts, overlap information for Hill and
Mountain projects was taken directly from the project study reports
as available.

A3-2.3 - Department of Irrigation

The DOT has periodically prepared irrigation development plans and
summary descriptions, lists and tables of potential irrigation pro-
Jjects, often in connection with submissions to international deve-
lopment agencies. Project details presented in these documents
tend to take on official status yet may differ from those of the
project study reports. DOI versions of project details have been
adopted where they are compatible with, or can be reconciled with,
those given in the project study reports.
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A3-3 - METHODOLOGY

A3-3.1 - Larger Projects

In keeping with the standard approach adopted for the Master Plan,
larger potential irrigation projects are defined as projects with
planned net command areas greater than 2,000 ha. All of these pro-
Jjects are located in districts within the Terai ecological belt*,
Data on the larger projects are often available from more than one
data source.

The larger projects have been reviewed arid are described indivi-
dually in this annex. Particular attention has been given to es-
timating satisfactorily the command area overlaps not only with
existing schemes but also with other potential schemes. The over-
lap with existing schemes represents the command area which
corresponds to a potential upgrading from a present irrigation to a
future irrigation development situation, as opposed to a potential
upgrading from a present rainfed or uncultivated situation. The
overlap with other potential projects offers a means of estimating
the true potential addition to the existing irrigation command
area. Command area data were compiled by project, and by district
within projects where applicable.

The use of information from Annex Al and the WUIs in conjunction
with the project study reports to estimate the command area
overlaps with existing schemes was relatively straightforward.
Command area boundaries for the potential projects were first
compared with those for the existing schemes on the WUI maps.
Command area data from Annex Al or the WUIs for those existing
schemes that would be incorporated into the potential projects were
then aggregated to give the required command area overlaps.
Existing scheme command areas include both the developed and the
ongoing command areas given in Annex Al.

Estimation of command area overlaps with other potential projects
cannot yield a final estimate of potential additions to existing
irrigation command areas until a sequence of development of poten-
tial projects is established. It should be further noted that the
potential projects could not all be implemented as identified at
present, since there are cases where implementation of one project
would render another project redundant or would result in a need to
reformulate the other project. Selection and sequencing of poten-
tial projects is a variable in the master planning process, but the
present compilation is intended to serve as a standard reference on
formally identified potential projects.

* See Annex Al for discussion on the use of development regions
and ecological belts for master planning purposes.
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An overview of the potential command area additions can be obtained
by classifying the larger potential projects into two categories of

projects -- run-of-river/large groundwater projects, and storage
and diversion projects. There are no overlaps between potential
projects in the first category. Projects in the second category

can incorporate projects in the first category. They can also over-
lap with each other; to assess this aspect a hierarchy of projects
has been postulated, based on their scope and complexity. From this
has emerged a generalized statement of the additional command area
corresponding to each new project. More specific assessments of
incremental command areas need to be compiled for each proposed
development sequence, to conform with the component projects and
their configurations in space and time.

A3-3.2 -.Smaller Projects

Most of the smaller identified potential irrigation projects, which
have planned net command areas less than 2,000 ha each, are located
in districts within the Hill and Mountain ecological belts.
However, there is also some identified potential command area
corresponding to smaller projects in the Terai ecological belt. In
both cases, information on the command area overlaps with existing
schemes was obtained as available from the project study reports.
The location of the smaller potential Terai projects was establis-
hed, to determine their possible incorporation into larger
potential projects. Overlaps between potential Hill and Mountain
projects were not assessed, since their occurrence is believed to
be minimal or nonexistent. A listing of all of the smaller
identified potential projects, including their principal charac-
teristics, has been prepared for this annex.

A3-3.3 - Other Projects

Some other currently formulated potential irrigation projects are
not location specific. Their relationships with existing schemes
and other potential projects are therefore not definable. However,
available information on these projects has been obtained and is

presented.




A3-4 - RESULTS

A3-4.1 - Larger Projects

"A3-4.1.1 -~ Data Sheets

The work described in Section A3-3.1 has resulted in an inventory
of 19 identified potential irrigation projects having net command
areas dreater than 2,000 ha. Key data for these larger potential
projects have been compiled on an individual project basis. A
standard two-page project data sheet was prepared for recording
these key data. A data sheet was then completed for each of the
projects; the completed data sheets are included in the Appendix.

The Appendix serves as a reference inventory of the larger iden-
tified potential irrigation projects. Use of the standard data
sheet has made the inventory amenable to future updating and
expansion as improved information or details of new potential
projects become available. The data sheets document those individ-
ual project characteristics that are important for broad master
planning purposes. These characteristics are discussed briefly in
the following paragraphs.

Each pro,ject has been assigned a project number which is used to
reference overlaps between the projects. The original sequence of
project numbers reflects the geographical locations of the
projects, with the numbers ascending in value from east to west®.
Name and type of project are also given; the latter provides an
indication of the major water supply characteristic (run-of-river,
groundwater, storage, diversion) and of the major linkage with
subsidiary projects, existing or potential.

The location of each project is specified in terms of ecological
belt and development regions, the combinations of which define the
basic planning units proposed for master plamning. The districts
and zones in which the project is located are also identified, as
is the water source for the project.

*  Because of the relatively small number of larger projects, it is
considered that future project additions to the inventory can
adequately be made using the next available sequential number,
regardless of project location. This has already been done in
this final wversion of the annex, for the recently defined
Bhairawa-Lumbini Groundwater Irrigation Project, Phase IIT.
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The planned irrigation capability and development intensity have
been recorded as available for each project, based where possible
on information given in the project study reports. The projected
cropping intensity has also been given, to serve as an indication
of the expected production from each project.

Net command areas for each project given in the data sheets of the
Appendix are those for

- the overall scheme

the overlaps with existing DOl schemes
- the overlaps with existing FMIS
- the resulting new, unirrigated, portion of the scheme.

It is emphasised that these values apply to each project as
originally defined® and taken independently, as if implemented
without any interaction with other potential projects. As in Annex
Al, existing FMIS have not been named individually; their overlap
areas are given directly as a total. However, each existing DOI
project, and each of the other larger identified potential
projects, which overlaps with or could overlap with the project,
has been named in the data sheet; the corresponding net command
area overlap values are also given. The overlap areas given for
the individual existing DOI projects are additive, and sum to give
their total overlap area. The overlap areas given for the other
potential projects are those for the individual projects taken
independently; they are therefore not additive if there are over-
laps between these other projects. '

The remaining information given in the data sheets for each pro-
Jject, when known, includes

- the agencies responsible for development of the project
- project appraisal level, year, and responsible organization
- implementation schedule earliest start and completion years.

Relevant additional comments are presented in text form at the end
of each project data sheet.

*  Annex D2 describes water balance studies which led to reductions
in the projected net command areas below the values quoted in
this annex.
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A3-4.1.2 - Net Command Areas

For master planning purposes, a comprehensive account of the com-
mand areas pertaining to each potential project is required.
Tables A3-1 and A3-2 have been prepared with this in mind, and more
specifically to meet three objectives

a) To summarize concisely the net command area information per-
taining to the larger identified potential irrigation

projects

b) To provide a district-level breakdown of the net command
areas of the larger potential projects, to allow for subse-
quent analysis of irrigation development potential by
district or planning unit

¢) To give an indication of the true incremental (i.e new and
unirrigated) net command area of each of the larger potential
projects, accounting for overlaps not only with existing
schemes but also with possible previously implemented

potential schemes

Table A3-1 presents the net command areas of the larger potential
projects accounting for overlaps with existing schemes. The total
project areas in this table correspond to those given in the data
sheets of the Appendix, but the breakdown by district within
projects is also given where applicable. By identifying the
command area overlaps with existing DOI and farmer schemes, and
subtracting these from the overall project command areas, the new
scheme command areas are obtained, as given in Table A3-1. As
mentioned in Section A3-4.1.1, the new scheme command areas apply
to each potential project taken independently; they are not addi-
tive if there are overlaps with other potential projects.

Table A3-2 presents an account of the net command areas of the
larger potential projects accounting for incorporation of all other
schemes both existing and. potential. It therefore gives an
indication of the true and additive incremental areas of the
projects. As in Table A3-1, net command areas are given by
project, and by district within projects where applicable. To
arrive at the incremental scheme areas, in accordance with the dis-
cussion of Section A3-3.1, projects have been grouped and shown as
either run-of-river/large groundwater projects or storage and

diversion projects.

The nature of the run-of-river/large groundwater projects is such
that they are more modest and less complex than the storage and
diversion projects; they are also intrabasin as opposed to
interbasin projects, at least with respect to the larger river
basins. This relatively minor scope implies that they may fully
incorporate some of the smaller identified potential projects
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discussed in Section A3-4.2, but that they may themselves be
incorporated into the larger potential storage and diversion
projects. '

The storage and diversion projects, in addition to incorporating
some more minor potential projects, may also have command area
overlaps with other similar potential projects. This is because
they may have been formulated at different times and in different
studies, in some cases without reference to studies of previously
formulated projects.

To give an indication of the previously unirrigated portion of a
potential project’s command area, as an additive increment over
that for other potential projects that may precede and overlap it,
a logical hierarchy of the groups of projects has been postulated,
in which higher order projects potentially incorporate lower order
projects. Thus the smaller potential projects of Section A3-4.2
are of lower order than the potential run-of-river/large ground-
water projects, which in turn are of lower order than the potential
storage and diversion projects. Within the latter category of
potential projects, those which are essentially intrabasin storage
projects, or direct expansions of equivalent potential run-of-river
projects, are of lower order than the more extensive interbasin
projects.

Specifically, the hierarchy of the larger identified potential pro-

jects which have overlaps between them is as shown below by groups
from lowest to highest order

Hierarchy of Identified Potential Projects With Overlaps

a) Run~-of-River/Large Groundwater Projects

Rato

Bagmati

Sikta

Babai

Geruwa Island
Jamuar Nala
Khutiya II

b) Lower Order Storage and Diversion Projects
Kamala Multipurpose
Bagmati Multipurpose
West Rapti Multipurpose
Bheri-Babai Multipurpose

c) Higher Order Storage and Diversion Projects

Sun Kosi-Kamala Multipurpose
Karnali (Chisapani) Multipurpose
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As indicated in Section A3-3.1, use of this hierarchy in the
present annex does not prejudge any outcome of the master planning
process with regard to sequencing of development of potential
projects, since there are many factors other than project size and

complexity to be considered.

By applying the above defined hierarchy, the incremental command
area of each potential project can be obtained from the overall
command area by first subtracting the incorporated command areas of
all the overlapping lower order potential projects and then sub-
tracting the command areas of the additional incorporated existing
schemes. The results of this are presented in Table A3-2, using
net command areas. Values are shown separately for the smaller and
larger identified potential schemes, and for the additional DOI and
farmer schemes, incorporated into each potential project as descri-

bed above.

A3-4.2 - Smaller Projects

Key planning data for the numerous identified potential irrigation
projects with net command areas less than 2,000 ha are presented in
Table A3-3. The table is intended to serve as a reference inventory
for these smaller potential projects. Command area totals are given
by district, planning unit, development region and ecological belt.

Reference project numbers have been assigned to each potential
project listed in Table A3-3. The numbering convention used iden-
tifies the planning unit with the first two digits (01 to 15), the
district within the planning unit with the next two digits ( 01,
02, etc.), and the project within the district with the last two
digits (01, 02, etc.). This will facilitate future expansion of
the inventory of smaller potential projects, by allowing new pro-
jects to be inserted into the appropriate location in the table
while maintaining a sequential numbering system. Subsequent
versions of the database could usefully include the project codes
from the Ministry of Finance irrigation projects database, in
akticipation of the possible need to combine the two databases.

For each project in Table A3-3, the district, name and water source
is given. This is followed by the irrigation capability, deVelop-
ment intensity and cropping intensity planned for the project, as
explained in Section A3-4.1 for the larger projects. Net command
areas are given for the overall project, and for the existing and
additional new scheme portions of the project.

10
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It is assumed that responsibility for development of the smaller
projects will lie exclusively with DOI and the beneficiary farmers,
therefore Table A3-3 does not include an indication of development
responsibility. Project appraisal information, including level,
yvear and responsible organization, is given in the table, together
with any relevant comments on each project.

A3-4.3 -~ Other Projects

As mentioned in Section A3-3.3, some other potential irrigation
projects have been formulated. However, there are no quantitative
data available on their interactions or overlaps either with exis-
ting schemes or with other potential schemes. The following para-
graphs summarize the available information on these projects, which
at best have been studied to preliminary level only.

The Groundwater Development Project, as envisaged by DOI, would
irrigate by groundwater a total net command area of 76,910 ha,
divided among all or most of the districts in the Terai ecological
belt. It would thus have some impact on irrigated agriculture in
all the development regions, but the proposed distribution and
locations of the development areas have not as yet been specified.

The Dang Valley Groundwater Irrigation Development Project has a
proposed net command area of 50,000 ha, which covers essentially
all of the net agricultural land area of the Dang Valley in Dang-
deukhuri district. Aquifer capabilities in the area have yet to be
determined, and there are possible alternative surface water supply
schemes involving pumping from the Babai River or a transbasin
diversion.

The Surkhet Valley Irrigation Development Project would provide
irrigation supplies to a net command area of 2,500 ha in Surkhet
district. It is envisaged that both surface and subsurface water
sources would be exploited, but their capabilities have not yet
been determined.

Finally, the Agricultural Development Bank of Nepal (ADB/N) plans
to continue to fund individual tubewell developments. However,
since these are undertaken on a demand-driven basis, there is no
advance identification of potential projects or indication of
potential development locations.
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A3-5 - OVERVIEW OF IDENTIFIED POTENT IRRIGATT

From the results of the work on identified potential irrigation
projects presented in Section A3-4, a summary in terms of command
areas by district, planning unit, development region and ecological
belt has been prepared as shown in Table A3-4. This table gives the
aggregated overall, new and incremental scheme net command areas of
.all of the identified potential projects for each of the geographic
divisions. Net command areas are also given separately for the
larger projects and for the smaller projects.

Table A3-4 shows that, for the country taken as a whole, an overall
potential project net command area of about 983,500 ha has been
identified. The corresponding new net command area, after account-
ing for all existing schemes within the overall area, is about
594,500 ha; however, there is a substantial portion of this area
which is covered by more than one identified potential project.
After applying the assumed hierarchy of potential projects, to
obtain a plausible estimate of the overlap between them, a final
incremental net command area of about 391,100 ha is estimated. Of
this incremental area, about 342,200 ha or 88% corresponds to the
larger identified potential projects, while only about 48,900 ha or
12% corresponds to the smaller projects. Total incremental NCA in
the Terai districts is estimated to be 364,100 ha*, while 27,000 ha
is located in the Hill and Mountain districts. .

The distribution of the identified potential project net command
areas between development regions is also given in Table A3-4, but
a visual overview of this is provided by the graphs of Figure A3-1.
.Figure A3-la shows the overall net command areas and their division
into the overlap areas (existing and other potential scheme areas)
and the incremental areas. Figure A3-1b shows the incremental areas
only, with a division into those for the larger projects and those

for the smaller projects.

Figure A3-1 shows that the Central Development Region has the
greatest identified potential project command area, while the
Western Region has the least. The larger projects contribute the
dominant portion of the identified potential commnand area in all
the regions; the most significant contribution from the smaller
projects is in the Western region.

*  Although Annex D describes water balance and project evaluation
studies that resulted in reductions in NCA’s for some individual
Terai projects, the estimate of incremental NCA obtainable by
implementing all proposed projects remains valid and is used in
Annex A4 to estimate remaining development potential. Reducing
NCA’s of individual projects can be compensated by eliminating
some of the command area overlaps between the large multipurpose

projects.
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Table A3-1

NET COMMAND AREAS OF THE LARGER IDENTIFIED POTENTIAL TRRIGATION PROJECTS,
ACCOUNTING FOR OVERLAPS WITH EXISTING SCHEMES

Project Project District
Number Name
(1) (2)
1 Kankai MP Jhapa
2 Eastern Terai Morang
3 Sunkoshi-Kamala MP Saptari
Siraha
Dhanusha
Mahottari
Sarlahi
Total
4 Kamala MP Siraha
Dhanusha
Mahottari
Total
5 Bagmati MP Dhanusha
Mahottari
Sarlahi
Rautahat
Bara
Total
6 Rato Mahotarri
7 Bagmati Sarlahi
Rautahat
Total
8 East Rapti Chitwan
9 Marchwar Lift T Rupendehi
10 West Rapti MP Kapilbastu
Dangdeukhuri
Banke
Total
11 Sikta Banke
12 Karnali MP Banke
Bardiya
Kailali
Total

Page 1 of 2

Net Commmand Areas (ha)
Overall Overlaps with New
Scheme Existing Schemes Scheme
Total DOI Farmer Total Total
(3) (4) (5) (6) (7)
67000 8000 24532 32532 34468
7000 0 7000 7000 0
16200 700 4164 4864 11336
51000 15375 6226 21601 29399
42700 14500 12531 27031 15669
41900 0 22667 22667 19233
23300 4640 6250 10890 12410
175100 35215 51838 87053 880417
51000 15375 6226 21601 29399
33200 14500 8587 23087 10113
11800 0 6043 6043 5757
96000 29875 20856 50731 45269
6900 0 2352 2352 4548
12100 0 84170 8470 3630
43200 5800 18031 23831 19369
34100 1500 7527 9027 25073
23700 0 8710 8710 14990
120000 7300 45090 52390 67610
3200 0 1400 1400 1800
14000 0 7920 7920 6080
23000 0 7527 7527 15473
37000 0] 15447 15447 21553
9500 1390 2810 4200 5300
5600 0 0 h¢] 5600
30500 800 4996 5796 24704
9500 435 7396 7831 1669
36070 1250 2890 4140 31930
76070 2485 15282 17767 58303
36070 1250 2890 4140 31930
36151 1250 2430 3680 32471
64169 960 23527 24487 39682
90630 3633 28653 32286 58344
190950 5843 54610 60453 130497



Table A3-1 (continued)

Page 2 of 2

NET COMMAND AREAS OF THE LARGER IDENTIFIED POTENTTAL IRRIGATION PROJECTS,
ACCOUNTING FOR OVERLAPS WITH EXISTING SCHEMES

Net Commmand Areas (ha)
Overlaps with New
Existing Schemes Scheme
DOI Farmer Total Total
(4) (5) (6) (7)

960 11312

12272 27728
0 5308 5308 8192
0 12215 12215 2785
0 13600 13600 0
0 1000 1000 2500
0 703 703 6097
0 725 725 7875

Project Project District
Number  Name Overall
Scheme
Total
(1) (2) (3)
13 Bheri-Babai MP Bardiya 40000
14 Babai Bardiya 13500
15 Geruwa Island Bardiya 15000
16 Jamuar Nala Kailali 13600
17 Khutiya II Kailali . 3500
18 Mahakali 11 Kanchanpur 6800
19 Bhairawa~Lumbini IIT Rupandehi 8600
TOTAL LARGER PROJECTS 924490

Notes

(1) MP = Multi Purpose

92318 286618 378936 545554

(2) Sequence of districts as in Annex Al

(3) Division between districts from approximate estimate,
unless available from project study report

(4) Based on values from Annex Al and project study reports

(5) Based on values from Annex Al and Water Use Inventory studies

(6) Sum of (4) and (5)

(7) Total in (6) subtracted from (3). Note that although the figures in Column 3
represent originally proposed NCA’s and water balance studies here indicated
that reductions are required in some projects, the "New Scheme Total" still
represents a realistic estimate of incremental irrigation potential. This is
because overlaps between projects (eg Bagmati MP, Kamala MP and Sun Kosi-Kamala
MP) would permit the same overall to be irrigated.




Table A3-2 Page | of 2

NET COMMAND AREAS OF THE LARGER IDENTIFIED POTENTIAL IRRIGATION PROJECTS,
ACCOUNTING FOR INCORPORATION OF OTHER SCHEMES

Project Project District Net Command Areas (ha)
Number  Name QOverall Incorporation of Other Schemes Incremental
Scheme Identified Potential Schemes Additional Existing Schemes Schene
Total larger  Smaller Total Dot Farner Total Total
(1) (2) (3 (4] (5) (6) (7 (8) (3) (10)

RUN-OF-RIVER/GROUNDWATER.- PROJECTS

4 Fastern Terai Horang 7000 0 0 0 U] 7000 7000 0
8 Rato Hahottari 3200 b b 0 0 1400 1400 1800
7 Bagmati Sarlahi 14000 0 0 0 ] 7920 7920 6080
Rautahat 23000 0 400 400 0 et 1127 15473

Total 37000 9 400 400 0 15047 15047 21553

g Fast Rapti Chitwan 9500 | b 0 0 1390 2810 4200 5300
9 Y¥archvar Lift [ Rupendehi 5600 0 0 0 b 0 0 5600
11 Sikta Banke 36070 0 0 b 1250 2890 4140 31930
14 Babai Bardiya 13500 0 290 290 0 5308 5308 1902
15 Geruwa Island Bardiya 15000 0 0 0 D 12215 12215 2785
16 Jamuar Nala Hailali 13600 0 0 0 f 13600 13600 0
17 Khutiya I1 Kailali 3500 0 0 0 0 1000 1000 2500
18 Kahakali II Kanchanpur 6800 0 0 0 0 103 103 6097
19 Bhairaws-Luabini II1 Rgp&ndehi 8600 0 0 0 0 725 725 7875
;6;AL-é&N-OF—RIVER;éROUNDWATER mos 5900 §90 656- 2640 62698 65338 9;;;;-

STORAGE AND DIVERSION PROJECTS

i Rankai ¥P Jhapa 87000 0 4821 4821 8000 24128 32128 30051
3 Sunkoshi-Kamala ¥P  Saptari 16200 0 0 0 700 4164 4864 11336
(11) $iraha 51000 51000 0 51000 0 0 0 0

Dhanusha 42700 40100 0 40100 0 1692 1582 1008

Hahottari 41900 27100 1200 28300 0 6194 6194 1406

Sarlahi 23300 23300 0 23300 0 0 0 b

Total 175100 141500 1260 142700 760 11950 12650 19750

{ fanala HP Siraha 51000 0 0 0 15375 6226 21601 29399
(18) Dhanusha 33200 0 410 410 14500 8379 22879 3911
Kshottari 11800 b 0 0 b 6043 6043 5757

Total 96000 D 410 410 29875 20648 50523 45067

5 Bagmatl MP Dhanusha 8900 0 2000 2000 0 2352 2352 2548
{13) Yahottari 12100 0 500 500 0 8470 8470 3130

Sarlahi 43200 14000 810 14810 5800 10111 18911 12479

Rantahat 34100 23000 0 23000 1500 0 1500 §600

Bara 23700 b 1472 1472 0 7910 1910 14318

Total 120000 37000 4782 41782 7300 28843 36143 42075
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Table A3-2 (continued) Page 2 of 2

NET COMMAND AREAS OF THE LARGER IDENTIFIED POTENTIAL IRRIGATION PROJECTS,
ACCOUNTING FOR INCORPORATION OF OTHER SCHEMES

Project Project District Net Command Areas (ha)

Number  Name Overall Incorporation of Other Schemes Incremental
Scheme Identified Potential Scheme Additional Existing Schem Schene
Total larger  Smaller Total oL Farmer Total Total

(1) (2) (3) (4) (5] (6) (") (8) () (10)

STORAGE AND DIVERSION PROJECTS (Continued!

10 West Rapti WP Kapilbastu 30500 D 360 360 800 4998 5736 UM

(14) Dangdeukhuri 9500 0 1835 1835 435 6100 8635 1130

Banke 36070 36070 0 36070 0 0 0 0

Total 76070 36070 2195 38285 1235 11096 12331 25474

12 Karnali ¥P Banke 36151 321 § 210 0 0 0 1881

(15) Bardiya 64169 55000 0 55000 0 0 0 9169

failali 90630 17100 0 17100 3633 14083 17686 §5844

Total 190950 106370 b 106370 3633 14053 17686 66894

13 Bheri-Babai MP (16} Bardiya 40000 13500 0 13500 960 6004 6964 13536

TOTAL STORAGE AND DIVERSION PROJECTS 765120 334440 13408 347848 51703 116722 168425 248847

TOTAL LARGER PROJECTS 924430 334440 14098 348538 B33 179420 233763 342189
Notes

(1) MP = Multi Purpose
(2) Sequence of districts as in Annex Al
(3) Division between districts from approximate estimate unless available from project study report
{4} See Notes (11) to (16]; corresponds to overlaps with projects 2,000 ha N.C.A. of the next lowest order
(5) Based on values from Table A3-3; corresponds to overlaps with projects <=2,000 ha N.C.A. additional to those
already accounted for in (4) (i.e. which overlap with projects 2,000 ha N.C.A.)
(6] Sum of (4) and (5)
{7} Based on values from Annex Al
(8) Based on values from Annex Al
{9) Sum of (7) and (8)
(10) Sum of (6) and (8) subtracted from (3]
{11} Incorporating Kamala MP project and part of Bagmati MP project; however,
Bagmati MP project could probably be reformulated to make use of saved water elsewhere
{12) Not incorporating any lower order identified potential scheme »2,000 ha N.C.A.
(13} Incorporating Bagmati run-of-river project
{14} Incorporating Sikta run-of-river project
{15} Incorporating part of West Rapti WP project, Bheri-Babai NP project, and Geruwa Island, Jamuar Nala and
Khutiya 1T run-of-river projects; the following observations apply:
- West Rapti MP project could probably be reformulated to make use of saved water elsewhere
- Bheri-Babal P project would probably be redundant and could probably not coexist with the Xarnali MP project
(16) Incorporating Babai run-of-river project




Table A3-3 Page i of 10
DATA FOR THE SKALLER IDENTIFIED POTENTIAL TRRIGATION PROJECTS
District Project Project Water Source Irrigation Developuent  Cropping  Net Command Areas (ha) Project Appraisal Comaents
Nunber ~ Name Capahility Intensity Intensity Overall Existing New Level  Year  Organization
(%) Scheme Scheme Scheme
(1} (2] {3 {4 (5] (6] (1 (8) (9)
FASTERN DEVELOPMENT REGION - TERAL ECOLOGICAL BELT
Thapa 010101  Deonia Deonis (] ED 200 1650 0 1650 Foo1985 Ara
010102 Gauradaha Krishna Nadi N ) 183 1341 404 943 Fooo1984 B.N.Acharya
010103 Siddhikhola Siddhi il ED 292 400 0 400 F Const. Hgant,
010104  Bhutankhola Bhutan 400 0 400 3 Report n.a.
010105 Surungakhola Surunga HS ) 197 04 0 704 F DOT{FS)
010106 Hadiakhola Hangrayakhola ¥s ED i 720 ] 720 Fo198¢  DOI{FS!
Total 5221 04 481
Yorang 010201 Khadankhola Khadan HS ED 267 i 0 204 F Ra jbandbu
010202  Sanyakhola Sanya S £D 220 0 220 F 1988 DOL{FS)
016203  Chisangkhola Chisang 1’ D 261 264 264 0 F 1986 Biswakaraa
010204 Telikhola Telikhola L) £ 368 368 0 368 ¥ 1986  Biswakarma
Total 1056 264 192
Sunsari 0103
Saptari 0104
Sirgha 0108
TOTAL PFOR EASTERN TERAI DISTRICTS 8217 668 5609
BASTERN DEVELOPMENT REGION - HILL ECOLOGICAL BELT
[lan 020101  Puwakhola Puwakhola R ED 200 450 0 450 P18 Bast
020102 Jognaikhola Jognaikhola 1 i) 201 525 0 525 F o984 Rast
020103 Deomaikhola Deomai Nadi ¥$ L)} 800 0 800 | " DOL(FS)
Total 1775 0 1
Panchthar 020201  Jinjuwakhola Jinjuwakhola L] ED 156 226 0 226 FooI1o B.N.Acharya
020202 Lunkhwa Lunkhva KS B 235 320 200 120 Fo1982  Ara
Total 546 200 346
Terhathua 020301 Koya Koyakhola 8 4] 600 0 600 P DOL(FS)
020302 Teliakhola Teliskhola Ks )] 115 393 0 393 F 1984 DOI{FS)
020303  Piguwakhola Piguwakhola R 0] 525 0 525 P DOI(FS)
020304  Saduwa Saduwakhola s BD 200 0 200 F Luna
Total 1718 0 Ims
Dhankuta 020401  Kewakhola Kewakhola LA ED 160 23 137 Fooorisd B.N.Acharya
020402  Mahendra Kulo Leguwakhola {89 0 489 Report n.a.
020403 Hanguwakhola Hanguwa 200 ] 200 Report n.a.
Total 849 IA] 826
Bhojpur 020501  Siganekhola Siganekhola K8 )} 200 400 0 400 Fooo1983 Ara
020502 Panchene Nashingkhola i £ 250 50 0 50 F 1985 United
020503 Chhange Pewa & Shyam £h. R D 15 0 7% P19 Ara
(20504 Hougrayokhola  Hougrayo Dhebi Kh. HS KD 280 200 200 0 P984 United
020505 Nagdaha Hkwakhola ¥s ED 113 50 63 Foo1984  BOO
020306  Shyaskhola Shyaakhola EN )] 200 0 200 P 1985  Const. Mgant
Total 1038 250 88




Table A3-3 {continued)

DATA FOR THE SHALLER IDENTIFIED POTENTIAL IRRIGATION PROJECTS

Page 2 of

District Project Project ¥ater Source Irrigation Development  Cropping  Net Conmand Areas (ha) Project Appraisal Coanents
Nusher  Name Capability Intensity Intensity Overal]l Existing New level  Year Organization
(%) Scheme Scheme Scheme
{1 {2} {3 (4] (5) (e (1 (8) {9)
Udayapur 020601  Tarikhola Tarikhola KS ] 120 0 120 F DOL(FS)
020602  Tawakhola Tawakhola ? ] 200 860 860 0 Fo1982  United
Total 480 860 120
Khotang 020701  Tawakhola Tawakhola s )] 250 0 250 F 1982 EKO Engineering
Okhaldhunga 020801  Dhuseni Serakhola s D 200 150 5 145 P KO Engineering
020802  Hoksetar Sinlekhola K$ 0 280 17 [ 15 F1985  DOL(FS)
Total 167 7 160
TOTAL FOR EASTERN HILL DISTRICTS 7323 1340 5983
EASYERN DEVELOPNENT REGION - MOUNTAIN ECOLOGICAL BELT
Taplejung 0301
Sankhuwasawa 030201 Tumlingtar Pangekhola Foo1983 Cenat
030202 Himasima Hina & Sina i ) 185 300 0 300 F 1985  DOI(FS)
Total 300 0 300
Solukhumbu 0303
TOTAL FOR EASTERN MOUNTAIN DISTRICTS 300 0 300
CENTRAL DEVELOPMENT REGION - TERAL ECOLOGICAL BELT
Dhanusha 040101  Jaouni Jamuni s ED 2000 [} 2000 Fooo1985 Hulti
040102  Bachharaya Bachharaya s D 410 260 150 Foo1985 DOT(FS)
Total 2410 260 2150
Kahottari 040201 Kantwa Kantwa K8 B 210 500 0 500 Foo1988 Abhiyant
040202 Bighi Bight us £D 5 1200 520 680 Foo1984 United
Total 1700 520 1180
, Sarlahi 740301 Sapaha Nadi Sapaha Nadi K8 Eb 810 0 810 o198 DOI(FS)
Rautghal 040401 Bhakuwa Bhakuwa s 1) 220 400 400 0 F1983  United
Bara 40501 Unjan Tier R ED U0 1000 1000 0 Foo1984 United
040502 Bhagwanpur Aruwa S KD 260 LI in 0 F United
Total 7 1472 0
Parsa 0406
Chitwan 040701 Kerungakhola Kerungakhola s ED 141 600 ] 600 F Abhiyant
D40702  Jugedikhola Jugedikhola R 0 200 0 200 Foo1984 DOL(Fs)
30703 Gunjuntar Rapti . b £D 255 1004 0 1004 Fo1985  Mult
Total 1804 0 1804
8596 2652 5044

TOTAL FOR CENTRAL TERAL DISTRICTS




Table A3-3 {continued] Page of 10
DATA FOR THE SWALLER IDENTIFIED POTENTIAL IRRIGATION PROJECTS
District Project Project Water Source “Irrigation Developnent  Cropping  Net Comand Areas {ha) Project Appraisal Connents
Nuaber  Nane Capability Intensity [ntensity Overall Existing New Level Xear (Organization
(%} Scheme Scheme Scheme
{1) A2 {3) {4) (5) {8 (M (8) (9
CENTRAL DEVELOPMENT REGION - HILL ECOLOGICAL BELT
Sindhul i 050101  Mahendrajhadi  Marinkhela R kD 291 182 0 182 F 1983 Abhiyant
050102  Ladavir Thakur R il 258 300 0 300 Foo1e85  DOL(Fs)
050103 Sapaha Nadi Sapaha Nadi 5 £D 810 D 810 F o198 poI{Fs)
Total 1292 6 1292
Ranechhap 050201 Salpu Hingakhola L i 170 100 ] 100 po1987 8ir ¥, MacDonald Third Hill IP
050202 Bhirpani Sunkosi R )] 50 0 50 F DOT(FS)
050202 Birtatar Bitizore R ED 215 98 0 99 Boo1984 DOT(FS)
Total 29 0 49
Yakawanpur 050301  Rapti Rapti il £ 0 800 600 200 Foo1984  DOI{FS)
050302  Manahari Nanahari S 1] 235 150 0 150 P 1987 Sir M. MacDonald Third Hill [P
Total 950 600 350
Kabhre Palanchowk 050401  Pipaltar Roshi 8 b 235 55 8 i1 F 1987 S§ir M. MacDonald Third Hill IP
050402 Khaharepangu Simsinkhola L CAD 250 90 30 60 o987 Sir H. MacDonald Third Hill [P
050405 Ghattekhola Ghattekhola KS )] 100 0 100 Fooo1983  United
050404 Yoggen Yonbelkhola LN 1] 180 20 0 P P 1987 Sir K. MacDonald Third Hill IP
Totai 265 38 221
Lalitpur 050501  Tikabhairav Nakhukhola L) ) 200 220 220 0 ool Sir ¥. MacDonald Third Hill IP
Bhaktapur 050601  Salinadi Sankhu 150 0 150 . Report n.a.
050602  Hanunantekhola  Hanumante K Ep 160 0 160 F o194 DOI{RS)
Tolal 310 ] 10
Kathnand 0507
Nuwakot 050801 Dunikhola Gonatikhola NS B 100 0 100 [ United
050802  Gerkhutar Phalankhu R )] 230 915 0 916 Fooo1985 United
050803 Phalangukhola  Phalankhu EN 4] 200 850 105 "5 P 1987 Sir ¥, MacDonald Third Hill IP
050804 Salankhukhola  Salankhu . i 170 165 10 165 b9t Sir M. MacDonald Third Hill IP
Total 2030 115 1915
Dhading 050301  Ampatar Halekhukhola 48 ] 261 5 0 51 F 1981 Trisul
050902 Gomatitar Gonati S £D 288 60 k7) 28 F 1983 United
050903  Richoktar Nalekhu i CAD 300 100 0 100 Folger 0o Nepal Medium IP
050904 Jogimara Rigdikhola s D 200 100 0 100 P 1987 Sir ¥, MacDonald Third Hill IP
050905 Ratamate Adherikhola 48 i} 200 10 10 0 P 1987 Sir ¥, MacDonald Third Hill IP
Totai 321 12 285
5643 1015 1628

TOTAL FOR CENTRAL HILL DISTRICTS




Table A3-3 {continued)

DATA FOR THE SMALLER [DENTIFIED POTENTIAL [RRIGATION PROJECTS

Page { of

District Project Project Water Source [rrigation Developnent  Cropping  Net Command Areas (ha) Project Appraisal Coaments
Nuaber  Name Capability Intensity Intensity Overal] Existing New level  VYear Organization
(%} Scheme Scheme Scheme
i (2 (3 {4) (5) (6 {7 (8) {s)
CFNTRAL DEVELOPMENT REGION - NOUNTAIN ECOLOGICAL BELT
Dolakha 06010i  Jhankeekhola Jhankre KS ] 110 0 110 F 1984 Nepal Engineers
060102  Andherikhola Andherikhola LA )] 170 200 30 170 P 1987 Sir M. MacDonald Third Hill IP
Total 310 30 280
Sindhupalchowk 060201  Bhimtar Alanpur 50 i 50 Report n.a.
060202  Selang Selang 100 0 100 Report n.a.
060203  Legarche Kaaero 100 0 100 Report n.a.
060204  Phulpingkot Sinsin i ED 168 ] 0 %5 Fooo1985 Phi
060205  Thokarpa Ghattekhola bt B 282 65 0 65 3 DOI{FS)
Total 410 0 410
Rasuwa 0603
‘TOTAL FOR CENTRAL MOUNTAIN DISTRICTS 720 20 690
WESTERN DEVELOPMENT REGICN - TRRAT ECOLOGICAL BELT
Navalparas 070101 Tokreghat Devsetkhola 8 CAD 210 150 " 80 ¥o1987 L0 Nepal Kediua [P
070102 Girwari’ Girivari R CAD 185 1321 1321 0 o198 [0 Nepal Medium [P
070103 Turiabandh Turia S B 259 246 ] P21 Fooo1988 Nepal Engineers
010104 Benaikhola Benaikhola NS £ 230 1000 0 1000 Foo1988  DOL{FS)
Tota] A 1391 1326
Rupandehi 070200 Telar Nadi Kailihawa s U] 200 1355 0 1355 Fol98  Ara
070202  ¥adhubani Koilihawa [N ED 108 1050 ] 1050 Hepal Bngineers
Total 2405 b 2405
Kapilbastu 070300  Zakira Bandh Surai L D 360 0 380 1984 Abhiyant
070302  Rajkundwa Kundra s i) 200 300 0 900 1988 BDA
Total 1266 0 1260
TOTAL BOR WESTERN TERAL DISTRICTS 6382 1391 4991
WESTERN DEVELOPMENT REGION - HILL ECOLOGICAL BELT
Palpa 080101  Kachalphant Dovankhola R CAD 175 282 95 187 Foo1981 ot} Nepal Wedium IP
080102  Thomakhola Thomakhola s 0 90 0 90 1984 DOL(FS)
Total n 95 N
Arghakhanchi 080201  Pawaratar Bangangakhola R CAD 250 50 16 3 k1987 [0 Nepal Nediua IP
(80202  Darbantar Simruk 0 {2 0 {2 Unknown
080203  Durgakhola Durgakhola U b 212 38 0 38 Trinurti
080204  Khanchikhola Khaneni s ) 210 50 0 50 Trinurti
080205 Ringdiwangle Khanchikhola i} 1{) 258 60 0 60 F Masina
080206 Chawahatae ¥S i) U1 8 0 ] f Silt
Total 318 16 302



Table A3-3 (continued] Page of
DATA FOR THE SNALLER IDENTIFTED POTENTIAL IRRIGATION PROJECTS
District Project Project Water Source Trrigation Developnent  Cropping  Net Command Areas (ha) Project Appraisal Connments
Nusber  Nane Capability Intensity Intensity Overall Existing New lLevel VYear  Organization
(%} Scheme Scheme Scheme
(1 (2) {3) (4) (5p (6] (8) (9)
Gulni 080301  Chaldikhola Chaldi il )] 275 667 0 667 F Hulti
080302  Apachaur Gyedikhola n” CAD 205 160 10 90 Foo198 JUF( Nepal Mediua IP
080303  Wamitaksar Dharaa K8 0 300 130 0 130 o198 Nepal Engineers
080304  Arbani Thuaka  Rodikhola i ) 298 56 0 5§ F 1987 Abhiyanta
080305  Khagdakot Palung L] ] 215 80 { 76 F DOIL (S}
080306  Ghamirkhola Ghamir K§ 9] 150 113 13 100 P 1987  Sir K. MacDonald Third Hill IP
Total 1148 a1
Tanghun 080401  Pipaltar Kothangkhola R CAD 280 15 0 7 Fooo1987 Sir M. WacDonald Third Hill TP
080402  Thulotar Saudi s 2} 200 5 0 52 Foo1980 Spit
080403  Bhagwatipur Phedi R CAD 240 90 1 80 P8t Sir K. MacDonald Third Hill [P
080404  Satrasayaphant  Adhikhola R ) 260 55 0 5% Foo1985  Trimurti
080405 Rataulitar i ED 230 275 0 275 Foo1984  Silt
080406  Thulo-Khumal Tar Kalestikhola R 1] U5 50 0 5 P984 Luna
080407  Rishtikhola Rishtikhola NS ED 250 0 250 F DOL(FS}
080408  Duleganda Kotrekhola i B 264 415 0 {5 F DOI{FS)
080409  Atrauliputtar  Haidi L] B 293 40 253 F Unknown
080410  Bariphant Chundikhola KS D 233 170 42 128 P 1987 Sir M. MacDonald Third Hill IP
080411  Piudhartar Bhutkhola i ED 245 55 0 55 ¥ Abhiyant
Total 1780 92 1688
Syangja 080501  Batangkhola Batang R il 211 28 0 28 Abhiyant
080502  Andhikhola Andhikhola il CAD 300 110 50 60 F 1987  Sir M. MacDonald Third Hill IP
(80503  Chapakot Jagdikhola ¥S 1) 200 850 0 850 3 Unknown
Total 988 50 838
Gorkha 080601 Kunduntar Latirah S ] 150 ] 150 1979 Luna
080602  Palungtar Chhepe il CAD 265 850 50 800 F 1987 §ir M. MacDonald Third Hill P
080603  Kyanauntal Jyadukhola s £ 200 65 0 65 Foo1985  Trimurti
080604 Daraudikhola Daraundi R i 240 400 100 300 P 1987 Sir X. MacDonald Third Hill IP
Tatal 1465 150 1315
Lanjung 080701  Jita Gaiyakhola S i} 50 0 50 F Unknown
080702  Carapu Rudikhola i D i ] 40 F Unknown
080703  Rainastar Chhepe R CAD 240 610 ) 586 Foo1987 Lo Nepal Mediua [P
080704  Saal Banjyang Pistikhola 8 )} 200 50 50 0 poo1987 §ir K. WacDonald Third Hill IP
Total 750 " 676
Kaski 080801  Puranchaur Bhur jung s D 200 250 [} 250 F Luna
080802  Paudharphant 200 ] 200 3 Report n.a.
080803  Kahunkhola Kahunkhola LN 0] 175 110 0 110 F Haj Bandhu
080804  Mijure Danda Rudikhola R 0 s 235 0 235 F 1987 Raj Bandhu
Total 795 0 95
Parbat 080901  fatikhola Rati 360 150 210 Foo1982 Report n.a.
080302  Pungdikhola Pungdi KS CAD 170 325 A 298 Foo1os L0 Nepal Hediua IP
080903  Taklachaur Setikhola M3 CAb 245 32 0 32 Foo1987 L6 Nepal Nediua IP
080304  Linithan Chirdikhola 105 0 105 Foo1982 Report n.a
Total 822 1 645




Table 43-3 (continued] Page of
DATA FOR THE SMALLER IDENTIFIED POTENTIAL [RRIGATION PROJECTS
District Project Project Water Source Irrigation Developaent  Cropping  Net Comnand Areas (ha} Project Appraisal Connents
Number  Name Capability - Intensity Intensity Overall Existing New Level Year  Organization
(%)  Scheme Scheme Scheme
(1) (2) {3 (4 {8 (6 (N (8) (9
Baglung 081001  Harichaur Dharan 90 0 L] Fo198 Report n.a.
081002  Chhisti Palungkhola ki CAD 260 63 2 49 Foo1987 I Nepal Nedium IP
Total 153 3 130
¥yagdi 081101 Gandakhola Dharkhola 640 0 640 Foo1982 Report n.a.
081102  Jhaprekhola Jhaprekhola )i} B 215 168 0 168 F Biswabandhu
081103  Askarekhola Askare (] ED 128 0 128 P 1983 Biswabandhu
081104  Dhukkukhola Dhukku n B 157 140 0 140 F 1986 Rejbandhu
Total 1076 0 1076
TOTAL FOR WESTERN HILL DISTRICTS 9665 04 8961
WESTERN DEVELOPMENT RBGTON - MOUNTAIN BCOLOGICAL BEL?
Kanang 0901
Hustang 090201  Lomang Thang Jhyang Dokpa 52 0 52 P 1982 Unknown
TOTAL FOR WESTERN KOUNTAIN DISTRICTS 52 0 52
ID WESTERN DEVELOPMENT REGION - TERAL BCOLOGICAL BELT
Dangdeukhuri 100101  Bahundanda Sewakhola il D 413 440 2 {38 F 1983 Masira
100102 Sirkhola Sirkhola L} 0 160 450 0 450 F 198 Abhiyant
100103 Arjunkhola Ar junkhola MS ) 200 500 415 25 For98s  Multi
100104  Satbariya Rapti ik 1) a5 1335 0 1335 F DOL(FS)
100105 Sonpur Buralahiya R ) 230 400 3 ) F 1985 DOI(ES) .
100106  Sivapur Kulo Report n.a.
100107  Chorahi Manpur feport n.a.
100108 Sudi Kulo Report n.a.
Total 3125 180 2645
Banke 1002
Bardiya 100301 Rehukhola Rehunala n B 255 250 0 290 P 1984 Hasina
TOTAL FOR MID WRSTERN TERAI DISTRICTS 5 480 2835
HID WESTERN DEVELOPMENT REGION - HILL BCOLOGICAL BELT
Pyuthan {10101  Naranthana Dharaawati i 1) 40 0 10 F DOI(BS)
110102 Phalkabesi Jhiurikhola il 0 225 180 0 180 F 1987 Nep Consult
110103 Lungrimadi Lungrinadi R ] 225 180 0 180 Foo1985 Ara
Total 1000 0 1000
Rolpa 110201 Khungrichaur Deukhurikhola 100 0 100 Foo1982 Report n.a.
Salyan 110401  Banjhakande Sardakhola it 0] 10 0 0 F 1987 DOIL{FS)



Table 43-3 (continued) Page of 10
DATA FOR THE SWALLER IDENTIFIED POTENTIAL IRRIGATION PROJECTS
District Project Project Water Source Irrigation Developnent  Cropping  Net Connand Areas (ha) Project Appraisal Conments
Nunber ~ Name Capability Intensity [ntensity Overall Existing New level  Year Organization
(4] Scheme Scheme Scheme
{1 {2 {3 (4] (5) 6 (" (8) {9)
Rukus 110401  Ghattekhola Nathigad ] ) 58 0 58 F Multi
110402 Majaukhola Hajoo 1R m 2l 2 0 i P98 B.N. Acharya
[10403  Rukuakot Harikhoia i kD 200 275 0 2 F DOL{FS}
110404 Nathigad Nathigad R ED 214 50 0 50 F 1988 Seth Eng
110405 Kot jhari Report n.a.
Total 425 0 42
Surkhet 110501  Babiyachaur Apsainikhola K8 CAD 170 325 125 200 Foo1987 Lo Nepal Mediua [P
110502  Salket Khanare & Bhyagute M3 £ 200 300 0 300 P18 Anatya
110503 Kaprichaur Sintakhola R CAD 00 210 7% 135 ooy ey Nepal Mediun IP
110504 Khorkhekhola Khorkhe R jul A4 108 0 108 Foo1986 Abhiyanta
Total 443 200 143
Jajarkot 110600  Nalgad Nalgad () CAD 270 5% 17 38 Fooo1987 1 Nepal Mediua [P
110602 Holubhairabi Holukhola i) CAD U3 54 50 { po1987 ity Nepal Medium P
110603 Jukot LA ED 220 Unknown
110604  Dahakhola Report n.a.
Total 109 67 42
Dailekh 110701 Rawatkot Sanokhola i) i 260 i 0 in Foo1985 Ara
TOTAL FOR NID WESTERN HILL DISTRICTS 32 267 2857
KID WESTERN DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Dolpa 130101 Chaila Ghunghart R ED 1o 0 110 FO1984 DOL(¥S)
120102 Jupaltar feport n.a.
Total 110 { 110
Junla 120201 Garyangkot Talpunera () K 200 200 0 W00 3 Ara
120202 Dhupi jyula Tilanadi b ED 200 50 0 50 F DOI{FS}
Total 250 0 250
Kalikot 120301 Okhadi Okhadikhola R ) 202 215 0 215 B 1985 DOI{FS)
120302 Jubitha Khanlagadkhola 0] 100 0 100 Foo1987 Wb, Van
Total 315 0 315
Hugu 120401 Natharpur fiuala Karnali R )] 183 60 0 60 Foo1985  DOI(ES)
120402 Dhilanaghatta  Kaligad NS ED 143 141 0 1 F 1988 Rajbandhu
Total 201 0 201
Hurla 120501 Samya Sanyakhola R i 190 60 0 60 Fo1988 DOI{Fs}
120502 Yanchu Yanchukhola K§ 0 187 30 0 30 ¥ DOL(FS}
Total 90 0 30
TOTAL FOR ¥ID WESTERN OUNTAIN DISTRICTS 366 0 966




Table 43-3 (continued) Page of 10
DATA POR THE SALLER IDENTIFIED POTENTIAL IRRIGATION PROJECTS
District Project Project ¥ater Source [rrigation Development  Cropping  Net Comnand Areas (ha) Project Appraisal Conaents
Nuaber  Nane Capability Intensity Intemsity Overall Existing ew Leve]  Tear  Organization
(%] Scheme Schene Scheme
{1 (2} {3) (4) {5) 6 (1 (8) (3)
FAR WESTERN DEVELOPMENT REGION - TERAI ECOLOGICAL BELT
Kailali 1301
Kanchanpur 130200 Kalapani Sihali & Tolinala XS ] 203 649 0 649 F 1985 Masina
130202 Malaria Nala Halaria Nala (i i) 0 1800 0 1800 Foo1981 4 Gupta
Total 449 ] 449
TOTAL FOR FAR WESTERN TERAL DISTRICTS U4 0 U4
FAR WESTERN DEVELOPMENT REGTON - HILL ECOLOGICAL BELT
Achhan 14010t fungreli Parbali Lungreli Parbali i ) 190 142 142 0 D198 Ara Second H#ill IP
Dot 140201 Dipayal Dware & Godre Kb, i D 215 100 100 0 D 1986 East Second Hill IP
140202 Bhumirajmandu Salyanigad R (] 196 100 50 50 D 1986 BDA Second Hill IP
140203 Kadanandu Gandigad ¢ i) 250 Ho 14 126 b 1987 Ara Second Hill [P
140204 Bandungrasain Ghattegad R b 287 155 48 107 b1987 RDA Second Hill IP
140205  Mastamandu Sailighat R i) 257 162 {1 6! D 1986 Ara Second Hill IP
140206 Kaflebari II Pilegad i If) 200 25 0 25 b 1988 Bast Second Hill IP
140207 Latanandu Talkotgad R D 200 120 0 120 i 1988 fLuna Second Hill [P
140208 Kaflebari [ Talkotgad ¥R 1) 200 80 60 0 D 1988 Luna/DOI Second fill IP
140203 Mudegaon Kalagad () I 0o 300 0 300 D 1988 Luna/DOI Second Hill [P
Total 1102 3 89
Dade}dhura 0301 Gilla Sakail S 0 240 85 0 85 Foo1983 DOT{FS)
140302 Sakayal Sakayal i} ED 250 100 0 100 Unknown
140303 Dotikhols Nahakali 120 0 120 Report n.a.
140304 Sirsekhola Report n.a.
Total 305 0 305
Baitadi 140401 Surnayagad Surnayagad ¥s 1] 200 61 0 61 B 1983 DOI{FS)
140402 Satgad Satgad KS il 200 68 0 68 Foo1983  DOI(BS)
140403 Dilleswari Lohigad KS 1) 200 " ] " Foo1983  DOI(FS)
140404 Dumanigad Dumanigad uS i) 200 b 0 U F 1983 DoI{Fs)
140405 Kakarimalghat Report n.a.
Total 227 0 227
TOTAL FOR FAR WESTERN HILL DISTRICTS 1776 455 1321




Table A3-3 {continued) Page ] of 10
DATA FOR THE SHALLER IDENTIFIED POTENTIAL IRRIGATION PROJECTS
District Project Project Water Source Irrigation Developnent  Cropping  Net Conaand Areas (ha} Project Appraisal Coanents
Nuaber  Name Capability [ntensity [Intensity Overall Existing New Level  TYear Organization
{4) Scheme Scheme Scheme
(1 (2) {3 (4 (5) {6 (M (8) it
FAR WESTERN DEVELOPMENT REGION - KOUNTAIN ECOLOGICAL BELT
Bajura 150101 Koltt Badigadkhola KS 1)} 200 150 ) 150 D198 East Second Hill IP
150102 Gothi Kalagad i 0] 200 80 0 80 D 1987  East Second Hill IP
150103 Martadi Bauligad i b 200 65 45 20 D188 East Second Hill IP
Total 295 4 250
Bajhang 150201 Juili Juiligad R 0] 220 122 122 0 D 1987 Luna Second Hill IP
150202  Thapagaon Jogdakhola R 0] 200 mn 85 32 D 1987 Luna Second Hill [P
150203  Ritapata Bauligad i3 0] 200 124 124 0 D198 East Second Hill IP
150204  Majhigaon Dhauligad R () 200 170 170 0 D198 tast Second Hill IP
150205  Deuraphant Kalangad Hs i) 59 k1 3 0 D 1987 Ara Second Hill TP
150206  Pujarikot Sainigad i 1D 246 4 20 21 D 1987 Ara Second Hill TP
150207 Gairasela Khateranala - W 0 236 i 0 4 D198 Ara Second Hill [P
{50208 Bisket Runigad bl 0] U2 69 {5 U D (987 Ara Second Hill IP
150209  Khaira Bauligad R 0 200 40 {0 0 D 1988 BDA Second Hill IP
150210 Talkot-Dantoli  Dantoligad b )] 200 112 116 56 D198 BDA Second Hill IP
150211  Bhandar Panesh  Patalgad s U} 200 86 67 19 D 1987 BDA Second Hill IP
150212 Kuchha Thalangad () ) 200 41 21 20 b 1988 Luna Second Hill [P
150213 Pikhet Thalangad R )] 200 105 60 {5 D 1988 Luna Second Hill IP
150214 Paringal Seti R 1) 200 100 20 80 D 1988 Luna/DOI Second Hill IP
150215 Regam Regan i i 200 59 IA] 25 D 1988 Luna/DOI Second Hill IP
150216  Tontali Kalagad R D 200 60 10 50 D 1988 Luna/DOL Second Hill IP
Total 1381 465 416
Darchuia 150301  Kukhuregad Kukhuregad L B 200 114 [ 114 Foo1982 Ara
150302  Latinath Dedkhola 8 ) 200 9 2 i F Unknown
150303 Dharigad Dharigad L) £ 150 300 0 300 P 1987 Unknown
150304  Dhap Thaligad Ks KD 200 120 65 55 TARC
Total 629 90 539
TOTAL, FOR FAR WESTERN MOUNTAIN DISTRICTS 2305 1100 1205
TOTALS BY DEVELOPMENT REGION
EASTERN DISTRICTS 13900 2008 11892
CENTRAL DISTRICTS 14959 3697 11262
WESTERN DISTRICTS 16099 2095 - 14004
MID WESTERN DISTRICTS 7505 HY 6758
FAR WESTERN DISTRICTS . 6530 1555 4975
TOTALS BY BCOLOGICAL BELT
TERAI DISTRICTS 27119 5191 21928
HILL DISTRICTS 27531 3781 23750
MOUNTAIN DISTRICTS 4343 1130 3213

TOTAL FOR ALL DISTRICTS 58993 10102 48891




Table A3+
SUMMARY OF IDENTIFIED POTENTIAL NET COMMAND AREAS

District
Project Category:

Larger (22,000 ha)

Page

Net Connand Areas (ha} {!)

Smaller (¢=2,000 ha)

of

All

Area Description: Overall New Incremental  Overall New Incremental  Overall New Incremental
i "

BASTERN DEVELOPMENT REGION - TERAI ECOLOGICAL BELT l J; lf//’ '
Jhapa 67000 34468 30051 521 4817 817 12221 39285 34868
Korang 7000 0 0 1056 %2 192 8056 192 192
Sunsari 0 0 0 0 0 0 0 0 0
Saptari 16200 11336 11336 0 0 0 16200 11336 11336
Siraha 102000 58798 29398 0 0 0 102000 58798 29399
TOTAL FOR EASTERN TERAI DISTRICTS 192200 104602 10786 g211 5609 5609 198477 110211 76395
BASTERN DEVELOPMENT REGION - KILL BCOLOGICAL BELT
Ilsa 0 0 0 1775 1175 1775 1775 1715 1775
Panchthar 0 0 0 546 e kI 546 36 346
Terhathua 0 0 0 1718 1718 118 1118 1718 1718
Dhankuta 0 0 0 444 826 826 849 826 826
Bhojpur 0 0 0 1038 188 788 1038 788 788
Udayapur 0 0 0 980 120 120 980 120 120
Thotang 0 0 0 60 250 250 250 %50 250
Okhaldhunga 0 0 0 167 160 160 167 160 160
TOTAL FOR EASTERN HILL DISTRICTS 0 0 0 738 5983 5983 132 5983 5983
RASTERN DRVELOPNENT RRGION - MOUNTAIN ECOLOGICAL BELT
Taplejung 0 0 0 0 0 0 0 0 0
Sankhuwasawa 0 0 0 300 300 300 300 300 300
Solukhunbu 0 0 0 0 0 0 0 0 0
TOTAL FOR EASTERN KOUNTAIN DISTRICTS 0 0 0 300 300 300 300 300 300
CENTRAL DEVELOPNENT REGION - TERAL ECOLOGICAL BELT .
Dhanushs 82800 30330 13467 10 2150 2150 85210 3280 15617
Nahottari 69000 30420 18093 1700 1180 1180 70700 31600 19213
Sarlahi 80500 37859 18659 810 810 810 81310 38669 19369
Rautshat 57100 40546 %5073 400 0 0 57500 40546 25013
Bara 23700 14990 1318 1472 0 0 BN 14990 14318
Parsa 0 0 0 0 0 0 0 0 0
Chitwan 9500 5300 5300 1804 1804 1804 11304 1104 1104
TOTAL FOR CENTRAL TERAL DISTRICTS 322600 159445 94810 8596 5944 5944 331196 165389 100754
CENTRAL DEVELOPKENT REGION - HILL BCOLOGICAL BELT
Sindhuli- 0 0 0 1292+ 1292 1292 1292 1282 1292
Ranechhap . 0 0 0 U4 248 249 U9 U us
Kakawanpuz 0 0 0 950+ 350 350 850 350 350
Kabhre - 0 0 0 265+ 44 a2 265 221 221
Lalitpur 0 0 0 20 0 0 220 0 0
Bhaktapur 0 0 0 310 30 310 310 30 310
Kathmandu 0 0 0 0 0 0 0 0 0
Nuwakot 0 0 0 2030 1915 1915 2030 1915 1915
Dhading 0 0 0 1) 285 285 w 285 285
TOTAL FOR CENTRAL HILL DISTRICTS 0 0 0 5643 4628 4628 5641 1628 4628




Table A3-4 (continued)
SUMMARY OF IDENTIFIED POTENTIAL NET COMMAND AREAS

.................................................

Page 2 of 3

District Net Command Areas (ha) (1)

Project Category: Larger (22,000 ha) Smaller (<=2,000 ha) All

Area Description: Overall New Incremental Overall New Incremental Overall New Incremental
CENTRAL DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Dolakha 0 0 0 310 280 280 310 280 280
Sindhupalchowk 0 0 0 410 410 410 410 0 410
Rasuwa 0 0 0 0 0 0 0 0 0
TOTAL FOR CENTRAL HOUNTAIN DISTRICTS 0 0 0 720 690 690 720 690 690
WESTERN DEVELOPMENT REGION - TERAI ECOLOGICAL BELT
Nawalparasi 0 0 0 2017 1326 1326 217 1326 1326
Rupandehi 14200 13475 13475 2405 2405 2405 16605 15880 15880
Kapilbastu 30500 24704 24344 1260 1260 1260 31760 25964 25604
TOTAL FOR WESTERN TERAI DISTRICTS 44700 38179 37819 6382 4991 4991 51082 43170 42810
WESTERN DEVELOPMENT REGION - HILL ECOLOGICAL BELT
Palpa 0 0 0 3N 21 277 n 277 277
Arghakhanchi 0 0 0 318 302 302 318 302 302
Gulmi 0 0 0 1146 1119 1119 1146 1119 1119
Tanahun 0 0 0 1780 1688 1688 1780 1688 1688
Syangja 0 0 0 988 938 938 988 938 938
Gorkha 0 0 0 1465 1315 1315 1465 1315 1315
Lamjung 0 0 0 750 676 676 750 676 676
Kaski 0 0 0 795 795 795 795 195 795
Parbat 0 0 0 822 645 645 822 645 645
Baglung 0 0 0 153 130 130 153 130 130
Hyagdi 0 0 0 1076 1076 1076 1076 1076 1076
TOTAL FOR WESTERN HILL DISTRICTS 0 0 0 9665 8961 8961 9665 8961 8981
"HESTERN DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Manang 0 0 0 0 0 0 0 0 0
Mustang 0 . 0 0 52 52 52 52 52 52
TOTAL FOR WESTERN MOUNTAIN DISTRICTS 0 0 0 82 52 52 52 52 52
MID WESTERN DEVELOPMENT REGION - TERAI ECOLOGICAL BELT
Dangdeukhuri 9500 1669 1130 3125 2645 2645 12625 4314 3775
Banke 108291 96331 33811 0 0 0 108291 96331 33811
Bardiya 132669 18387 39392 290 290 29¢ 132959 78677 39682
TOTAL FOR MID WESTERN TERAI DISTRICTS 250460 176387 74333 3415 2935 2935 253875 179322 77268
MID WESTERN OEVELOPMENT REGION - HILL ECOLOGICAL BELT
Pyuthan 0 0 0 1000 1000 1000 1000 1000 1000
Rolpa 0 0 0 100 100 100 100 100 100
Salyan 0 0 0 70 70 70 70 70 70
Rukum 0 0 0 425 425 425 425 425 425
Surkhet 0 0 0 943 743 743 943 743 743
Jajarkot 0 0 0 109 42 Y] 109 42 42
Dailekh 0 0 0 477 477 477 477 477 477

TOTAL FOR MID WESTERN HILL DISTRICTS 0 0 0 3 2857 2857 3124 2857 2857




Table A3-4 (continved) Page 3 of 3
SUMMARY OF IDENTIFIED POTENTIAL NET COMMAMD AREAS
District Net Command Areas (ha) (1)

Project Category: Larger (>2,000 ha) Smaller (<=2,000 ha) All

Area Description: Overall New Incremental Overall New Incremental Overall New Incremental
MID WESTERN DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Dolpa 0 0 0 110 110 110 110 110 110
Junla 0 0 0 250 250 250 250 250 250
Kalikot 0 0 0 315 315 315 315 35 315
Mugu 0 0 0 201 201 201 201 201 201
Humla 0 0 0 90 90 90 90 90 90
TOTAL FOR MID WESTERN MOUNTAIN DISTRICTS 0 0 0 966 966 966 966 966 966
FAR WESTERN DEVELOPMENT REGION - TERAI ECOLOGICAL BELT
Kailali 107730 60844 58344 0 0 0 107730 60844 58344
Kanchanpur 6800 6097 ‘ 6097 2449 2449 2449 9249 8546 8544
TOTAL FOR FAR WESTERN TERAI DISTRICTS 114530 66941 64441 2449 2449 2449 116979 69390 66890
FAR WESTERN DEVELOPHENT REGION - HILL ECOLOGICAL BELT
Achham 0 0 142 0 0 142 0 0
Doti 0 0 1102 789 789 1102 789 789
Dadeldhura 0 0 305 303 305 305 308 305
Baitadi 0 0 227 227 27 2 221 227
TOTAL FOR FAR WESTERN HILL DISTRICTS 0 0 0 1776 1321 1321 1776 1321 1321
FAR WESTERN DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Bajura 0 0 295 250 250 295 250 250
Bajhang 0 0 1381 416 416 1381 416 416
Darchula 0 0 629 539 539 629 539 539
TOTAL FOR FAR WESTERN MOUNTAIN DISTRICTS 0 0 0 2305 1205 ‘ 1205 2305 1208 1205
TOTALS BY DEVELGPHENT REGION
EASTERN OISTRICTS 192200 104602 70786 13900 11892 11892 206100 116494 82678
CENTRAL DISTRICTS 322600 159445 94810 14959 11262 11262 337559 170707 106072
WESTERN DISTRICTS 44700 38179 37819 16099 14004 14004 60799 52183 51823
MID WESTERN DISTRICTS 250460 176387 74333 7505 6758 6758 257965 183145 8109}
FAR WESTERN DISTRICTS 114530 66941 64441 6530 4975 4975 121060 71916 69416
TOTALS BY ECOLOGICAL BELT
TERAT DISTRICTS 924490 545554 342189 271119 21928 21928 951609 567482 364117
HILL DISTRICTS 0 0 0 27531 23750 23750 27531 23750 23750
MOUNTAIN DISTRICTS 0 0 0 4343 3243 3213 4343 323 3213
TOTAL FOR ALL DISTRICTS 924490 545554 342189 58993 48891 48591 983483 594445 391080

Note
(1) Aggregated from values in Tables A3-1, A3-2 and R3-3
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Appendix - Table A3-A1l Page 1 of 2
DATA SHEETS FOR THE LARGER IDENTIFIED POTENTIAL IRRIGATION PROJECTS -
DATA SHEET FOR KANKAI MULTIPURPOSE PROJECT

(See Annex D3 for modified project data resulting from water balance and
agricultural benefit studies and used in Master Plan evaluations)

Project Number 1
Name of Project Kankai Multipurpose Project
Type of Project Storage project, expansion of

existing DOI project
Basic Details

Location of Project

- Ecol. Belt / Devel. Regions Terai / Eastern

- Districts (Zones) , Jhapa (Mechi)

Water Source : Kankai River

Irrigation Capability (1) , YR

Development Intensity (2) CAD

Cropping Intensity (%) 200

Net Command Area (ha)

- Overall Scheme Total : 67,000 a

- Overlap with Existing DOI Schemes 8,000 b

- Overlap with Existing Farmer Schemes 24,532 c¢

- New Scheme Total 34,468 d=a-b~-c
Development Responsibility DOI and NEA

Project Appraisal

- Level Feasibility

- Year 1988

- Organization Electricite de France (consortium)

Implementation Schedule
- Earliest Start Year c e e
- Earliest Completion Year e e

Overlaps with Existing DOI Projects

Kankai 8,000

Overlaps with Other Identified Potential Irrigation Projects

- - —— - ———— —— - —— o —————— -




Appendix - Table A3-Al1 (continued) Page 2 of 2

DATA SHEETS FOR THE LARGER IDENTIFIED POTENTIAL IRRIGATION PROJECTS -
DATA SHEET FOR KANKAI MULTIPURPOSE PROJECT

(See Annex D3 for modified project data resulting from water balance and

agricultural benefit studies and used in Master Plan evaluations)

Project Number 1 (continued)
Name of Project Kankai Multipurpose Project
Type of Project Storage project, expansion of

existing DOI project
Additional Comments

The project feasibility study envisages a flow regulation dam with a

60 MW powerhouse on the Kankai River about 3 km upstream from the East-
West highway, a diversion barrage about 0.5 km downstream from the dam,
and irrigation distribution systems serving total net areas of about
33,500 ha on each bank (including the 8,000 ha existing right bank
Kankai project). The project would also have flood damage reduction
benefits. The hydroelectric power generated at the dam would be trans-
mitted to the national power grid, connecting at Anarmani.

Notes
(1) MS = Monsoon Season; YR = Year Round
(2) ED = Extensive Dev.; ID = Intensive Dev.; CAD = Command Area Dev.



Appendix - Table A3-A2 Page 1 of 2
DATA SHEETS FOR THE LARGER IDENTIFIED POTENTIAL IRRIGATION PROJECTS -
DATA SHEET FOR EASTERN TERAI IRRIGATION PROJECT

(See Annex D3 for modified project data resulting from water balance and
agricultural benefit studies and used in Master Plan evaluations)

Project Number 2 )
Name of Project Eastern Terai Irrigation Project
Type of Project Run-of-river/groundwater project,

improvement of farmer schemes
Basic Details

Location of Project

- Ecol. Belt / Devel. Regions Terai / Eastern

- Districts (Zones) Morang (Koshi)

Water Source Bakra River and aquifers
Irrigation Capability (1) YR

Development Intensity (2) CAD

Cropping Intensity (%) 205

Net Command Area (ha)

- Overall Scheme Total 7,000 a

- Overlap with Existing DOI Schemes 0 b

- Overlap with Existing Farmer Schemes 7,000 ¢

- New Scheme Total 0 d=a-b-c
Development Responsibility DOI

Project Appraisal

- Level Feasibility

- Year 1984

- Organization Electrowatt Engineering Services

Implementation Schedule
- Earliest Start Year et
- Earliest Completion Year e e

Overlaps with Existing DOI Projects

Overlaps with Other Identified Potential Irrigation Projects




Appendix -~ Table A3-A2 {(continued) Page 2 of 2

DATA SHEETS FOR THE LARGER IDENTIFIED POTENTIAL IRRIGATION PROJECTS -
DATA SHEET FOR EASTERN TERAI IRRIGATION PROJECT

(See Annex D3 for modified project data resulting from water balance and
agricultural benefit studies and used in Master Plan evaluations)

Project Number 2 (continued)
Name of Project Eastern Terai Irrigation Project
Type of Project Run-of-river/groundwater project,

improvement of farmer schemes
Additional Comments

This conjunctive use project would allow for increased agricultural pro-
duction from a net area of 7,000 ha, by providing reliable and adequate
irrigation water supplies from surface and subsurface sources. The
existing surface water farmer schemes would be remodeled, headworks and
feeder canals would be built, and about 90 deep tubewells would be sunk
to provide supplementary groundwater supplies direct to the distribution
system. :

Notes
(1) MS = Monsoon Season; YR = Year Round
(2) ED = Extensive Dev.; ID = Intensive Dev.; CAD = Command Area Dev.



Appendix - Table A3-A3 Page 1 of 2

DATA SHEETS FOR THE LARGER IDENTIFIED POTENTIAL IRRIGATION PROJECTS -
DATA SHEET FOR SUNKOSHI-KAMALA MULTIPURPOSE PROJECT

(See Annex D3 for modified project data resulting from water balance and
agricultural benefit studies and used in Master Plan evaluations)

Project Number 3
Name of Project Sunkoshi-Kamala Multipurpose Project
Type of Project Storage and diversion project, major

incorporation of other schemes
Basic Details

Location of Project

- Ecol. Belt / Devel. Regions Terai / Eastern and Central

~-Districts (Zones) Saptari, Siraha, Dhanusha, Mahottari
& Sarlahi (Sagarmatha & Janakpur)

Water Source Sunkosi and Kamala Rivers

Irrigation Capability (1) YR

Development Intensity (2) CAD

Cropping Intensity (%) 200

Net Command Area (ha)

- Overall Scheme Total 175,100 a

- Overlap with Existing DOI Schemes 35,215 b

- Overlap with Existing Farmer Schemes 51,838 ¢

- New Scheme Total 88,047 d=a-b-c

Development Responsibility DOI and NEA

Project Appraisal

- Level Preliminary

- Year 1985 '

- Organization JICA

Implementation Schedule
- Earliest Start Year e
- Earliest Completion Year ..o

Overlaps with Existing DOI Projects

Name of Project (3) NCA Overlap (ha)
Kosi 0
SIRDP 3,575
Kamala 25,000
Hardinath 2,000
Manusmara 4,640

Total: 35,215

Overlaps with Other Identified Potential Irrigation Projects

Name of Project (4) NCA Overlap {(ha)
Kamala MP (No.4) 96,000
Bagmati MP (No. 5) 42,300
Rato (No. 6) 3,200
Bagmati (No.T7) 7,000



Appendix - Table A3-A3 (continued) Page 2 of 2

DATA SHEETS FOR THE LARGER IDENTIFIED POTENTIAL IRRIGATION PROJECTS -
DATA SHEET FOR SUNKOSHI-KAMALA MULTIPURPOSE PROJECT

(See Annex D3 for modified project data resulting from water balance and
agricultural benefit studies and used in Master Plan evaluations)

Project Number 3 {continued)
Name of Project Sunkoshi-Kamala Multipurpose Project
Type of Project Storage and diversion project, major

incorporation of other schemes
Additional Comments

The project would divert water from the Sunkosi River through a tunnel
to a dam on the Kamala River, from which total net command areas of
67,200 ha on the left bank and 107,900 ha on the right bank could be
irrigated, and at which 93.4 MW of hydropower generating capacity could
be installed. It is essentially an expansion of the potential Kamala
multipurpose project. Three project stages are proposed, as follows

- Stage I would comprise a 16.6 km diversion tunnel from the Sunkosi to
the Kamala, a 61.4 MW diversion hydropower station, a Chisapani pickup
barrage, and irrigation systems to serve 55,000 ha (including the
existing 25,000 ha Kamala project).

- Stage II would comprise a dam on the Kamala near Timnai, a 32 MW
hydropower station at the dam, and a left bank extension to the irri-
gation system to serve a further 24,200 ha.

- Stage II1 would comprise a right bank extension to the irrigation sys-
tem to serve a further 95,400 ha

Because of the project’s overlap with the potential Bagmati multipurpose

project, some reformulation of one or both of the projects may be
needed.

(1) MS = Monsoon Season; YR Year Round

(2) = Extensive Dev.; ID = Intensive Dev.; CAD = Command Area Dev.
(3) SIRDP = Sagarmatha Integrated Rural Development Project
(4)

MP = Multi Purpose
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A4-1 - INTRODUCTION

A4-1.1 ~ Objectives

Annex

A4 has eight objectives

To combine district-wise land resource data tabulated in
earlier annexes, for developing estimates of remaining
potential irrigation areas.

. To depict in map form existing land use in the Terai

districts, emphasizing irrigated, rainfed agricultural, and
forested areas.

To depict in map form the areas to be covered by the large
identified potential Terai irrigation projects, and the areas
with significant groundwater development potential.

To depict in map form the land capability characteristics of
the Terai district areas not covered by existing or iden-
tified potential irrigation projects, as a means of defining
the locations of remaining potential irrigation areas in the
Terai.

To effect a reconciliation between tabular and mapped
information, to define and quantify land use within the
remaining potential irrigation areas.

. To identify in a preliminary manner the possible sources of

water supply for irrigation in the remaining potential Terai
development areas, and to proceed to tentative formulation of
development concepts for possible new large Terai projects.

To commence a rational assessment of remaining irrigation
potential in the Hill and Mountain districts, by undertaking
sample Hill district land and water resource assessments.

To derive from the study results an estimate of the ultimate
potential irrigation development area in Nepal, as determined
by both land and water resource limitations.




A4-1.2 - Scope and Qutline

This annex describes a study undertaken to identify remaining
potential irrigation development areas, and to suggdest possible
development modes for them. The study had both an analytical
component and a mapping component. It was initially office based
only, but was later extended to include a field program.

The analytical component of the study aimed at a numerical
reconciliation of land use and land capability data, or more
specifically, of irrigation project areas (existing and potential)
and irrigable areas. This provided quantitative estimates of the
remaining potential development areas.

The mapping component of the study developed maps depicting current
and projected land use, and the distribution of irrigable land
areas and aquifer zones. This led to an identification of the
locations, extents, current land use and groundwater development
potential of the remaining potential development areas.

The tabulated numerical reconciliation of land resource data covers
the entire country, while the completed mapping covers only the
Terai Plains and Siwalik Valleys within the Terai ecological belt.
A correlation between mapped and tabular information was effected
for the Terai districts, based on mapped area measurements. This
gave a comprehensive estimate of the undeveloped irrigable areas
and their current land use.

The assessment of remaining irrigation potential in the Terai
ecological belt was extended in a qualitative way to consider water
resource aspects, and to outline in preliminary fashion five
specific projects which may warrant further study at prefeasibility
level. Broad assessments of remaining irrigation potential in three
Hill districts were also undertaken, from which some generalized

indications for the Hill and Mountain ecological belts were
derived,

Following this introductory section, data sources and methodologies
used in the study are documented in Section A4-2. The results of
the numerical and mapping work, and of the individual project and
sample district assessments, are then presented in Section A4-3 and
in an Appendix. A concluding discussion on estimated ultimate
irrigation potential is given in Section A4-4., The maps themselves
are presented in a separate Map Volume.,



Ad-2 - DATA SOURCES AND METHODOLOGY

A4-2.1 - Compilation of Tabular Data

To quantify the net remaining potential irrigation development
areas, a calculation procedure was set up to assemble and reconcile
all relevant previously compiled data on land use, land capability,
existing irrigation developments and identified potential irriga-
tion developments. These data, which are presented in Annexes Al,
A2 and A3, were compiled in the present study for each district,
with aggregations by planning unit (combination of ecological belt
with development region).

Total irrigable areas* from Annex A2, Table A2-3, were taken to
represent the total land resource areas which are assumed to be
amenable to development for irrigation. For Terai district
analyses, irrigable areas were quantified according to two current
land uses, as follows :

- irrigable agricultural areas, corresponding to both irrigated
and rainfed lands.

- irrigable non-agricultural areas, corresponding to forest
lands, grasslands and urban areas, and including reserve
lands.

This distinction was not made for Hill and Mountain district
analyses, since in these districts the irrigable non-agricultural
areas generally represent insignificant proportions of the total
irrigable areas.

Existing irrigation development areas, taken from Annex Al, Tables
Al-3 and Al-7, represent all defined surface water and groundwater
DOI schemes and Farmer Managed Irrigation Schemes (FMIS). Not all
existing irrigation developments are actually fully developed.
There are some existing DOI schemes which have both a developed and
an ongoing or planned component; this distinction was carried
forward from Annex Al in the compilation of areas for the present
study.

* 1In this procedure, all areas - irrigable, irrigated, etc-
are taken as net areas, as opposed to mapped areas. Net

areas are typically smaller than mapped areas by 10 to 25
percent.



The subtraction of the existing irrigation project areas from the
irrigable areas gives the irrigable areas with current development
potential. These can still be quantified as either agricultural or
non-agricultural areas, since existing project areas all correspond
to agricultural areas.

Identified potential irrigation development areas, taken from Annex
A3, Table A3-4, cover all potential irrigation projects which have
been identified in previous formal studies. Since these projects
often overlap with existing projects, and even with other iden-
tified potential projects, only their incremental areas (areas
exclusive of such overlaps), as presented in Annex A3, were used in
the present study. The distinction between larger projects (NCA
greater than 2,000 ha) and smaller projects (NCA less than 2,000
ha), as made in Annex A3, was maintained for Terai districts in the
present compilation of areas.

The subtraction of the incremental identified potential irrigation
project areas from the current development potential areas provides
an estimate of the irrigable area with remaining, as yet uniden-
tified, development potential. The tabular calculation procedure
does not quantify these areas in the Terai districts as either
agricultural or non-agricultural areas, since this distinction has
not normally been made in the studies for the identified potential
projects. However, the mapping work which was undertaken does
provide a means of estimating this breakdown of the remaining
irrigable areas, as described in Section A4-2.3.

A4-2.2 - Presentation of Relevant Information in Map Form

A4-2.2.1 - Compilation of Basic Information

The first step in the preparation of mapping to illustrate
irrigation development potential was to depict, as accurately as
possible, the locations and boundaries of all existing and iden-
tified potential irrigation developments. Sources of data for this
exercise included the Water Use Inventory (WUI) maps, prepared for
each Terai district for the Water and Energy Commission Secretariat
(WECS) by several consultants, and maps from individual project
study reports as available. The personal knowledge of Master Plan
team members and DOI staff was also used where possible.

A map scale of 1:250,000 was adopted, and eight base map plates
covering the Terai ecological belt were prepared. This arrangement
is similar to that employed for the maps which form part of the GDC
Terai groundwater development strategies study (Ref 1); these maps,
supplemented by those of the Land Resources Mapping Project (LRMP)
(Ref 2), served as the initial source of data for the base map

details.



Two development location overlays were prepared for each base map
plate, the first (Overlay Series A) to depict the existing land
resource development situation and the second (Overlay Series B) to
depict the projected land resource development situation. The
latter corresponds to a possible future scenario in which all
identified potential projects have been fully implemented.

The overlays needed to distinguish between DOI projects and FMIS.
Maps prepared for Terai district WUI’s were reduced in scale from
1:50,000 to 1:250,000, to allow all existing FMIS boundaries to be
traced and to check DOI scheme boundaries.

To show the overlaps between identified potential projects, the
hierarchy of identified potential projects defined in Annex A3 was
used to define the boundaries of "higher order" and "lower order"
multipurpose schemes. However, the depiction of these boundaries on
the overlays does not reflect the complex overlaps resulting from
superposition of all the individual projects. A rationalization or
reformulation of command area boundaries has therefore been
undertaken. This allowed the development concepts which have
evolved during preparation of the Master Plan to be presented,
eliminating the less practical configurations previously proposed.
The final selection of scheme boundaries will be subject to
modification resulting from future project-specific studies.

A4-2.2.2 - Depiction of Development Potential

To depict the existing and projected development situations in a
land use context, an indication of present land use outside of the
irrigation development boundaries is included on Overlay Series A
and B. A distinction is made between rainfed agricultural lands and
non—-agricultural (mainly forest) lands. Non-agricultural reserve
lands are also shown as a separate land use category. The principal
source of these land use data was the LRMP land wutilization map
series (Ref 2), interpreted for land use details in similar fashion
to the GDC study (Ref 1).

For the assessment of remaining irrigation development potential,
two further sets of overlays were prepared, which in transparent
form could be superimposed as required on the other sets to obtain
relevant information. These further overlay sets, Overlay Series C
and D, depict the irrigability of land and the groundwater
development potential respectively.

Maps from the LRMP land capability map series (Ref 2) were reduced
in scale from 1:125,000 to 1:250,000 to allow irrigable area
boundaries to be transferred directly to Overlay Series C.
Irrigable areas were defined as areas with designated irrigation
suitability classes 1, 1R, 2 and 2R. This conforms with the
definition used in Annex A2 and in the GDC study. Overlay Series C

5



was prepared to show directly the superposition of irrigable and
non-irrigable areas on agricultural and non-agricultural areas®*.

The GDC study map series depicting groundwater irrigation develop-
ment. potential was used to outline areas of shallow and deep
aquifers with high development potential. These areas were
designated as high potential aquifer zones; they comprise Class S1
aquifers, in the case of shallow aquifer zones, and Class D1 and D2
aquifers, in the case of deep aquifer zones. The aquifer zones were
numbered for reference purposes and mapped on Overlay Series D.

A4-2.3 - Reconciliation of Tabular and Mapped Information

To obtain quantitative estimates of the current land use within
undeveloped irrigable areas, mapped areas were measured for
reconciliation with, and hence extension of, the tabulated data. A
two phase approach to this exercise was adopted.

The first phase was concerned with establishing the reliability of
the mapping and of the area measurement work. This was accomplished
by measuring areas for which there were equivalent tabulated values
available (such as total land area and total irrigable area). All
measurements were undertaken on a district basis, using a simple
"square counting" method**. This resulted in direct comparisons
between tabulated and measured mapped areas, from which large
differences could be identified, explained and corrected.

The second phase was concerned with providing a breakdown by land
use of the mapped irrigable areas within the two principal
development status categories - existing and identified potential
projects, and remaining development potential areas. The ultimate
purpose was to define for each of these the irrigable area and its
breakdown into 3 principal current land use categories - non-
agricultural reserves, other non-agricultural (mainly forest), and
agricultural. Appropriate ratios to convert mapped areas to net
areas were then applied. The resulting total net irrigable areas
were compared with the equivalent tabulated areas, and explanations
were sought for any large differences that were identified.

* The maps prepared for the GDC study (Ref 1) could not be
used to prepare this overlay series, since they do not
separate the non-agricultural (primarily forested) lands
into irrigable and non-irrigable categories.

** The accuracy of this simplified area measurement method was
demonstrated in comparison with planimetered areas. It was
judged to be the most suitable method for this study,
combining a level of accuracy that was consistent with map
accuracy with a reliable means of checking the results.
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Ad4-2.4 ~ Tentative Formulation of New Large Terai Projects

Having gained a perspective of the remaining potential development
areas from the mapping work, it was decided to examine at a
tentative level of detail some of the possible options for
irrigation development in those areas. Some of these options had
been identified prior to commencement of work on the Master Plan,
while others evolved during the preparation of the Master Plan. It
is emphasized that the projects discussed in this annex are at a
much earlier stage of definition than those described in Annex A3;
they must therefore be considered as 1long term development
prospects. The present formulation of these projects corresponds to
less than full reconnaissance level.

The tentative formulation of new large Terai projects comprised,
where possible and appropriate, the following elements

- selection and observation of headworks locations and
conditions

- estimation of command water levels

- estimation of possible withdrawal flows at critical times

- alignment of main diversion and conveyance systems

- outline and estimation of possible command areas
Basic data used in this work included 1:50,000 scale contour
mapping, land capability data as represented by LRMP data on the
Overlay Series C maps, representative irrigation water requirement
and streamflow data (see Annexes D1 and D2), available study

reports, discussions with DOI and NEA officials, and site observa-
tions.

A4-2.5 - Hill District Irrigation Development Assessments

A greater effort is required to obtain estimates of irrigation
development potential in the Hill and Mountain districts that are
comparable to those obtained for the Terai districts. This is due
in large measure to the different scale and nature of the land and
water resources in the hill and mountain areas. Irrigable land most
often occurs in numerous small and widely scattered pockets, and
the streams which serve as water sources are usually small and
ungauged. The analytical effort required at the planning level is
thus considerably greater on a unit area basis than for Terai
areas.



A methodology for undertaking broad planning assessments of
irrigation development potential in Hill and Mountain districts was
developed and applied to three sample districts. Based on ex-
perience with its use, it was then modified somewhat and is
presented here to serve as a guide for further similar assessments.
The required reference and source material includes a completed WUI
for each district being studied, corresponding LRMP land capability
maps and topographic maps, and any relevant district-specific
development program reports.

The methodology begins with an office-based review and study of
available land and water resource data for the district under
study. This is followed by field visits to the district, to
examine areas showing the greatest potential for new development,
and to meet with DOI District Irrigation Office (DIO) and other
irrigation development agency staff. Further desk studies are then
undertaken to define, as quantitatively as possible, the extent of
expansion potential and the areas for which further investigations
would be warranted. The specific steps are as follows

a) Prepare a tracing of irrigable areas from 1:50,000 LRMP land
capability maps for the district. Overlay this on district
WUI maps at the same scale, to correlate irrigability with
current land use, including existing irrigation areas.

b) Perform approximate water availability calculations on a
watercourse or river basin basis, using available streamflow
data and estimates, and standard per ha irrigation water
requirements* . Compare the resulting supportable area with
the area of existing projects on the same watercourse, to
estimate whether a water resource surplus or deficit exists,
and to estimate its magnitude.

c) Classify the irrigable potential expansion areas as either
‘extension areas for existing projects or completely new
potential project areas. Identify priority areas for further
investigation, based on water availability considerations**.
Refer also to relevant previous studies of irrigation
development potential, to help define and apply appropriate
criteria, and evaluate the priority areas. Obtain air photos
if possible, for use in the evaluation process.

The assessments undertaken to date made use of average
streamflow estimates from the WUT reports (reduced by
factors to approximate 80% reliable conditions) and
representative irrigation water requirements from Annex D1.

** Modest interbasin water transfer schemes (including
diversion, 1lift pump and pipeline aqueduct schemes) will
often be the means required to effect significant irriga-
tion development expansion.



e)

£)

g)

Visit the DOI District Engineer and staff of other project
implementing agencies for the district, obtain their views on
irrigation development potential in the district, and review
with them the information prepared in the desk studies. Take
note of additional information provided on water rights,
water availability and development concepts for the iden-
tified priority areas.

Visit the priority areas as possible, to obtain first-hand
information on present land and water use, on available
streamflows and current water rights, and on the physical,
operational and organizational status of existing irrigation
schemes. Obtain farmers’ views on the potential for new
irrigation development, including the potential for improving
existing systems, conserving water, and extending existing
systems into adjacent areas.

Refine the desk studies to quantify, as much as possible,
land and water resource availability and the potential for
further irrigation development. Prepare an action plan to
carry project identification studies further, discussing it
at the draft stage with the District Engineer.

Estimate the overall potential for expansion of the existing
irrigation development area in the district, expressing it in
both absolute terms and as a percentage of the remaining
available irrigable land area. Prepare an assessment report
for the district, to document the study and present its con-
clusions.



A4-3 - STUDY RESULTS
A4-3.1 - Tabular Analysis

The tabular analysis of irrigable and development areas by district
is summarized in Table A4-1 for the Hill and Mountain districts and
in Table A4-2 for the Terai districts. The two tables are presented
in comparable formats. Column 1 of Table A4-1 and Columns 1 to 3 of
Table A4-2 present net irrigable land area data taken from Annex
A2; these serve as the starting point for the analysis. Columns 2
to 4 of Table A4-1 and Columns 4 to 6 of Table A4-2 present data on
existing project net areas taken from Annex Al. Subtracting these
areas from the irrigable land areas yields estimates of irrigable
land areas that could be available for irrigation development, as
given in Column 6 of Table A4-1 and Columns 7, 8 and 9 of Table A4-
2. The net incremental areas that could be developed under
identified potential projects, taken from Annex A3, are tabulated
in Colum 8 of Table A4-1 and Columns 10 to 12 of Table Ad4-2. The
figures in Column 9 of Table A4-1 and in Column 13 of Table A4-2
are then calculated by subtraction. These represent the total
remaining areas which could be available for irrigation develop-
ment, outside of the boundaries of existing and identified
potential irrigation projects.

A4-3.1.1 - Hill and Mountain Districts

As expected from the estimating methodology of Annex Al, results
for Hill and Mountain districts presented in Table A4-1 show con-
siderable consistency among regions and districts. On average, 48
percent of the total net irrigable area has been estimated as
developed to date, with district Ilevel percentage development
normally in the range of 37 to 54 percent*. After allowing for the
net areas of identified potential projects, the remaining develop-
ment potential area averages 46 percent of net irrigable area, and
varies between districts normally in the range of 22 to 59 percent.

District WUI’s conducted to date reflect the degree of consistency
in relative development areas given in Table A4-1. As explained in
Annex Al, the developed areas in those districts not yet covered by
WUI's were estimated using a simple relationship based on irrigable
agricultural areas. For this reason, the pattern observed in the 11
Hill districts for which WUI's were available when Annex Al was
prepared (denoted by asterisks (*) in Table A4-1) is repeated in

* Three Mountain districts (Mustang, Dolpa and Humla) have
some unusual characteristics which place their levels of
development outside of this range.
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the other districts. More meaningful assessments of the areas
available for further irrigation development in the other districts
must await the completion of a WUI or equivalent study for each.

A4-3.1.2 - Terai Districts

The data presented in Table A4-2 for the Terai districts show
considerable variability among districts, and incorporate the
distinction between irrigable agricultural and non-agricul tural
(mainly forest) land areas. As mentioned in Section A4-2.1, the
identified potential project study reports do not generally
identify the extent of forested irrigable areas to be developed, so
that the estimated remaining potential development areas for each
district (Column 13) include both land use categories. The tabular
data can be enhanced by map based data to obtain an estimation of
the distribution of remaining irrigable land between these two
important land use categories, as shown in Section A4-3.3.

Referring to the tabular data alone provides a quantitative
overview of remaining development potential in the Terai districts
as follows :

a) A total approximate* net area (convertible to NCA of irriga-
tion projects if adequate water supplies can be provided) of
about 630,000 ha is available for further irrigation develop~-
ment in the Teraij.

b) Approximately one half of the remaining potential development
area 1is located in the Eastern and Central development
regions, with the balance evenly distributed over the three
western regions.

c) Only Parsa (69 percent), Chitwan (58 percent), and Kanchanpur
(72 percent) have remaining development potential that
substantially exceeds 50 percent of the total irrigable area.
These could be considered relatively "underdeveloped"
districts, but their development potential is limited by the
presence of large tracts of reserve land. This limitation to
development potential applies also to Bardiya District.

* approximate because of the loss of accuracy when large
numbers are subtracted, and when standard factors are used
to convert "mapped" to "net" irrigable areas and "gross" to
"net" command areas.
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d) Five districts could be classed as "well developed" upon
completion of all identified potential projects. At that
time, the remaining development potential in Jhapa, Saptari,
Siraha, Mahottari and Kailali will be less than 25 percent
of total irrigable area. All except Kailali are located in
the eastern Terai. It is unlikely that significant additional
developments could be planned for these districts.

e) The largest tracts of remaining irrigable land are located in
the Central Terai (220,000 ha), the Western Terai (122,000
ha), Banke District (40,000 ha), and Kanchanpur District
(69,000 ha).

A4-3.2 - Terai District Mapping

A4-3.2.1 - General Description

Map sets covering the Terai Plain and Siwalik Valley portions of
the Terai ecological belt, developed to illustrate existing and
projected land resource development, remaining land resource
development potential, and high potential aquifer zones, are
presented in the Map Volume. The map contents, and the procedures
used for their preparation, are described in Section Ad4-2.2. All
map sets have been printed with screened black (grey) base maps and
unscreened black (black) overlay maps. Additional overlays for
enhancement of information on Map Set C have been printed in
colour.

Map Set A (Existing Land Resource Development) presents a picture
of ‘existing DOI and FMIS development in the overall land use
context.. It shows a pattern of increasing irrigation development
across the Terai from west to east, generally associated with a
corresponding pattern of decreasing non-agricultural (mainly
forest) lands.

Map Set B (Projected Land Resource Development) shows these
patterns being completely broken in the identified potential future
situation, which has large new irrigation developments in both the
western and eastern portions of the Terai, and comparatively small
scale new developments between these two areas. The projected loss
of forest cover is heavy in the Far Western Terai planning unit,
moderate in the Mid Western Terai planning unit, and generally
light in the Western, Central and Eastern Terai planning units. As
noted in Section A4-2.1, many of the identified potential project
study reports do not indicate whether or where existing forest and
grassland areas within the project area are to be conserved. Where
such information was not available, it was assumed for mapping
purposes that these areas would be fully developed for irrigation.
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Map Set C (Remaining Land Resource Development Potential) at one
level conveys the basic information about the interaction between
land irrigability and existing and identified potential land use.
At another level it presents information on the location, land use
characteristics, and possible water supply details of the remaining
potential development areas. The first of these levels is discussed
here, while the second level is discussed in Sections A4-3.2.2 and

A4—3o4o

Land irrigability varies according to land slope, soil type and
drainage limitations, with the steeper slopes and coarser (sand and
gravel) soils being characteristic of non-irrigable lands. Map Set
C demonstrates the normal pattern in the Terai Plains as one in
which the non-irrigable lands are confined to a strip of land along
the foot of the Siwalik hill range, and to strips along stream and
river courses. The extent of these lands in most areas does not
have a very significant effect on irrigation development planning.
However, in the western portion of the Terai, and most especially
in the Far Western Terai planning unit, there is a third type of
non irrigable land which is very significant and which will require
careful consideration in irrigation development planning, design
and construction. These are extensive tracts of undulating or
broken land with coarse grained soils located in the middle plains
areas. They are currently mostly under forest cover but fall
largely within the potential Karnali multipurpose project area.
They are areas which should probably be maintained under forest
cover; however, they have not been shown in this manner in Map Set
B because there was insufficient detail on projected irrigation and
drainage canal and block layouts available in the Karnali project
study report.

Map Set D (High Potential Aquifer Zones) shows the distribution and
extent of the high potential shallow and deep aquifer zones
delineated as described in Section A4-2.2.2; a summary of the
aquifer zone information is given in Table A4-3. All planning units
have areas with high aquifer potential. This should provide good
opportunities for the reformulation of identified potential
projects which may have surface water limitations rather than
irrigable land limitations. By directing surface water supplies to
areas without high groundwater development potential, and by
encouraging groundwater exploitation within the high potential
aquifer zones, it may be possible to serve almost all of the
irrigable lands with reliable water supplies.

The overlays of Map Sets B, C and D were superimposed in the final
instance to identify the locations and characteristics of the
remaining potential development areas. The results of this
exercise, which are depicted on Map Set C, are briefly discussed
for each map sheet in the following section.
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A4-3.2.2 - District-Specific Comments

Comments in the following paragraphs are based on a visual
inspection and interpretation of each of the maps presented under
Map Set C. Section A4-3.3 provides a quantitative summary of the
irrigable areas and their implications for future developments.

Plate 1C covers the Far Western Terai planning unit, incorporating
Kanchanpur and Kailali districts. The remaining development poten-
tial in Kanchanpur District is quite large. The Royal Suklaphant
Wildlife Reserve accounts for a significant portion of this, but
there is another large portion in the southeastern part of the
district. Surface water supplies for this area may be obtainable
from the Mahakali river or from extended Karnali project right bank
main and pumped canals (see Section A4-3.4.1). Groundwater should
probably be considered as the primary water source for another area
in the west of the district, adjacent to the Mahakali river. Some
potentially irrigable areas in Kailali District are located to the
north of the proposed Karnali project right bank main canal, but
overall there is little further development potential in this
district.

Plate 2C covers Bardiya and Banke districts in the Mid Western
Terai planning unit. In Bardiya District, remaining development
potential is largely restricted to the Royal Bardiya Wildlife
Reserve located to the north of the proposed Karnali project left
bank main canal. Central and eastern Banke District contains some
major irrigable forest areas along the West Rapti river. The
northern areas might be developed as a pumped extension of the
proposed Karnali project left bank system, while the southern areas
have good tubewell development potential.

Plate 3C covers Dangdeukhuri District in the Mid Western Terai
planning unit. There appears to be little scope for developing the
remaining potential in this area, but the Dang valley area in
northern Dangdeukhuri District 1is believed to have some as yet
unproven groundwater development potential.

Plate 4C covers Kapilvastu District, Rupandehi District and the
Terai Plains portion of western Nawalparasi District in the Western
Terai planning unit. There is considerable remaining development
potential across the entire area, but availability of adequate
water supplies represents a major development constraint. Eastern
Kapilvastu District and much of Rupandehi District are underlain by
high potential deep and/or shallow aquifers, while shallow tubewell
development potential is good in the remaining potential develop-
ment areas of Nawalparasi District. Surface water supplies could
possibly be obtained from a reformulated West Rapti (extended
Kapilvastu development) project (see Section A4-3.4.2), from a
possible Kali Gandaki diversion to the Tinau river (see Section
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A4-3.4.3), and/or from a possible extended Sapt Gandaki/Lumbini
Zone project (see Section A4-3.4.4).

Plate 5C covers the Siwalik Valley areas of eastern Nawalparasi
District in the Western planning unit and Chitwan District in the
Central planning unit. All the irrigable area to the south of the
East Rapti river lies within the Royal Chitwan National Park, and
the forest corridor to the east of Bharatpur is currently also
protected. The possible Sapt Gandaki multipurpose project could
provide surface water by gravity to almost all areas, both
developed and potential, on both banks of the Narayani river (see
Section A4-3.4.4). The Lumbini Zone irrigation project could serve
the same area on the right bank.

Plate 6C covers the central portion of the Central Terai planning
unit (Parsa, Bara, Rautahat and Sarlahi districts). Parsa District
contains large extents of remaining irrigable agricultural and non-
agricultural land. The northern part lies mostly within the Parsa
Wildlife Reserve; the remainder is underlain by high potential
shallow and deep aquifers. Since reliable surface water supplies
are unlikely to be generally available in this area, tubewell
development should be assigned a high priority here. Bara and
Rautahat districts also have large areas of remaining irrigable
land, most of which is under forest cover. Tubewell development
potential is also high in much of this area, but it is not clear
whether present forest conservation policies would permit these
areas to be released for irrigation development. The remaining
irrigable lands in Sarlahi District may be amenable to development
by pumping from the potential Bagmati multipurpose project left
bank main canal.

Plate 7C covers Mahottari and Dhanusha districts in the Central
Terai planning unit, and Siraha and Saptari districts in the
Eastern Terai plamning unit. In all four districts, remaining
development potential is concentrated to the north of the proposed
Sun Kosi - Kamala development, where there are no high potential
aquifers. The only likely development mode in these areas is small
pumping schemes drawing from the main canals of the Sun Kosi-
Kamala development. The principal exception is a small amount of
tubewell potential in eastern Saptari District.

Plate 8C covers the remaining three districts of the Eastern Terai
planning unit - Sunsari, Morang and Jhapa. Although Table A4-2
indicates that a large extent of irrigable land should be available
for further development in Sunsari District, Plate 8C shows only a
small extent located in the northern portion of the district. This
inconsistency probably arises primarily from the relatively low
ratio of net to mapped area for the Sunsari-Morang project (only
0.63 compared to 0.80 for many projects). High potential deep and
shallow aquifers underlie the area, so much of the remaining
available area should be amenable to development. In Morang
District, shallow tubewell potential could be exploited in a large
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area of irrigable agricultural land to the southeast; there is
little such potential for developing the irrigable forest area to
the north. The possible Kosi High Dam multipurpose project could
provide reliable year round surface water supplies by gravity to
almost all development areas in both Sunsari and Morang districts
(see Section A4-3.4.5). Jhapa District has 1little remaining

irrigation development potential.

The suggestions described above, regarding potential water sources
for the remaining potential development areas, have been provided
in the form of notes and possible new project boundaries on Map Set
C, and in the form of quantitatives estimates as described in
Section A4-4. Tubewell development potential has been suggested
based on the superposition of Map Set D overlays, and potential
extensions of identified potential surface water projects have been
identified based on the superposition of Map Set B overlays.
Outlines of possible new large Terai projects were derived as
discussed in Section A4-2.4; further details of these projects are
given in Section A4-3.4. The indications relating to surface water
projects must be considered as tentative only, since they do not
consider possible physical or economic limitations.

In examining Map Set C, it will be -noted that some small areas
adjacent to large project canals have been identified as having
potential for development. It is normally preferable that small
irrigable areas located close to the main canals of a new project
be planned for ultimate inclusion in the project. If such areas are
ignored at the planning stage, no allowance is made for their
water requirements and no physical provision is made for water
supply, then unauthorized water taking is likely to occur. This
will probably be detrimental to the functioning of the overall
projéct. Small irrigable areas located within gravity command can
be served by special outlets, preferably supplied from a separate
secondary canal that runs parallel to the main canal. Small areas
located above gravity command can be supplied with water from small
farmer-operated pump sets. In such cases, providing simple pump
sumps and conduits to accommodate pump discharge lines at ap-
propriate locations should be sufficient to ensure that farmer-
operated pumping does not interfere with canal operations.

A4-3.3 - Mapped Ares Measurements and Findings

The quantification for Terai districts of current land use within
the irrigable potential development areas, based on mapped area
measurements, was undertaken as outlined in Section A4-2.3. Results
are given in Tables A4-4 and A4-5 and are discussed in the

following two subsections .
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A4-3.3.1 - Equivalent Area Comparisons

Table A4-4 shows the results of the first phase reconciliation
between tabular and mapped information, in which equivalent mapped
area values were compared. Differences are expressed as percentages
of the tabular database values. It is noted that small absolute
area differences can lead to large percentage differences in the
cases where the land areas themselves are small. In assessing the
results, therefore, attention is placed on the larger, dominant
areas within each Terai district, which are

- the total district'land area,

- the Terai Plain and Hill Valley portion of the district,
which is a subset of the total district land area

- the irrigable portion of the plains and valleys, which is a
subset of the total Terai Plain and Hill Valley portion of
the district.

Of these areas, only the first can be considered as truly e-
quivalent between database and map, so that differences are
attributable solely to errors in depiction or recording of areas.
Table A4-4 shows that good compatibility (less than 6% difference)
has been achieved in total district areas, with one exception. The
major discrepancy in the case of Banke District has been traced to
the LRMP maps and database, in which over 30 km of the upper Babai
river valley to the north have been incorrectly included within the
district. The present mapping work has used the correct district
boundary, excluding the Babai river valley.

In the case of the plain and valley portions of the districts, it
must be noted that the mapping work depicts only the Terai Plains
and Siwalik Valleys, whereas the database values include all the
Hill Valley areas. However, for the Terai districts, this dis-
crepancy is insignificant, and Table A4-4 shows in fact that very
good compatibility between tabular and map values has been
achieved. The principal exception was Banke District, where Siwalik
Valley areas along the Babai river contributed to the discrepancy
shown in Table A4-4.

The definition of irrigable plain and valley areas is also not
directly equivalent between database and map. Mapped irrigable
areas correspond directly to LRMP irrigability classes 1, 1R, 2 and
2R, whereas the tabulated values can include additional areas based
on the land use assessments described and applied in Annexes Al and
A2, However, these adjustments for Terai districts were small in
percentage terms and in any case were applicable to only 3 Terai
districts (see Annex A2, Table A2-3).
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The differences between tabulated and mapped irrigable areas shown
in Table A4-4 cannot in general be attributed to the minor
definition aspect discussed above, Although the comparison
differences are greater (up to 11 percent) than those for the other
comparisons, they can still be considered as generally acceptable,
so that a meaningful reconciliation between mapped and tabulated
irrigable areas can be achieved. However, it must be assumed in
this case that the accuracy of mapping and measurement is noticeab-
ly reduced for the non-irrigable lands, due to their small, broken
and scattered nature. By extension, a similar comment would apply
to the mapping and measurement of land use areas.

A4-3.3.2 - Irrigable Area Land Use Breakdown

Table A4-5 presents the results of the second phase of the
reconciliation, in which district-level estimates of the current
land use of Terai Plain and Siwalik Valley irrigable areas have
been obtained, both within existing and identified potential
development areas (Section A of Table A4-5) and within remaining
potential development areas (Section B of Table A4~5). Within these
two development status categories, a quantified current irrigable
land use breakdown into non-agricultural reserve, other non-
agricultural (mainly forest) and agricultural components has been
provided. The breakdown is also given for the district as a whole
(Section C of Table A4-5).

The total mapped irrigable areas shown in Section C of Table A4-5
are directly comparable to those shown in Table A4-4; the total net
irrigable areas derived from these mapped areas are comparable to
the. corresponding values tabulated in Table A4-2. As expected from
the results of Table A4-4, the comparison of net irrigable areas
shows close agreement for most districts, with the maximum dif-
ference of 11 percent observed in Parsa District. This indicates
that any major differences between map-derived and tabular data in
Sections A and B of the table are due to the manner in which the
command areas of existing or potential projects are delineated on
the maps.

Section A of Table A4-5 shows close agreement in most districts
between map-derived and tabular data for existing and potential
projects. For districts showing close agreement (difference under
10 percent), it can be concluded that existing and potential
projects are delineated on the maps correctly. It can also be
concluded that the assumptions regarding use of irrigable land
(ratio between NCA and mapped area, accounting for loss of
irrigable land to physical infrastructure) that were inherent in
the compilation of the tabular data were consistent with the
situation shown on the maps. For districts exhibiting major
discrepancies, the following observations apply :
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Sunsari -

Dhanusha -

Chitwan

Rupandehi

Dangdeukhuri -

Kailali -

Kanchanpur -

about 9,000 ha (net) more irrigable area than
expected is incorporated into mapped existing and
potential project areas. ‘This is due to the
delineation of the Sunsari-Morang project and
existing FMIS - more irrigable area is mapped
than would be expected from the tabulated NCA’s.

about. 12,000 ha (net) more irrigable area than
expected is incorporated into mapped existing and
potential project areas. This is primarily due to
delineation of the Kamala project’s command area
- more irrigable area is mapped than would be
expected from the declared NCA of 25,000 ha.

about 11,000 ha (net) more than expected is
incorporated into mapped existing and potential
project areas. This appears to be due to
inaccurate mapping of existing FMIS in the Water
Use Inventory.

about 28,000 ha (net) less area has been mapped
under existing projects than has been tabulated.
This appears to arise primarily from the Water
Use Inventory - not all existing FMIS have been
mapped, and NCA’s of existing FMIS have been
over—estimated in the tabular data presented in
the WUI.

About 8,000 ha (net) more areas has been mapped
under existing projects than has been tabulated.
This is probably due to the difficulty of
accurately mapping and measuring the scattered
projects in this district.

about 9,000 ha (net) more area has been mapped
under existing plus potential projects than has
been tabulated. This is primarily due to the
manner in which the Kailali (right bank) portion
of the proposed Karnali Multipurpose is delinea-
ted on the map. More irrigable area than expected
has been consumed, but this could have been due
to allocation of some irrigable forested lands to
forest reserves. This was not shown on the map.

about 10,000 ha (net) less area has been mapped
under existing projects than has been tabulated.
This is probably due to groundwater development
that has been recorded since the air photos were
taken in 1979 (7,000 ha recorded), and to
unmapped potential small projects (2,000 ha).
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Section B of Table A4-5 shows close agreement overall between map-
derived and tabulated data, but large discrepancies for several
districts illustrate the problems associated with subtracting large
numbers in the case of the tabular data, or the effects of
delineation of existing and potential projects noted above. Major
district discrepancies (over 15 percent and over 10,000 ha) are as
follows : '

Sunsari - 16,000 ha - this discrepancy arises from total
mapped irrigable area being 7,000 ha 1less than
tabulated data (see Section C), and the 9,000 ha
discrepancy in Section A of the table as noted
above.

Dhanusha -~ 13,000 ha - this discrepancy arises directly from
the manner in which the Kamala project’s
boundaries have been established, as noted above.

Chitwan - 10,000 ha - this discrepancy arises directly from
inaccurate mapping of existing FMIS, as noted
above,

Rupandehi - 29,000 ha - this discrepancy arises directly from
the over-estimation of NCA’s of existing FMIS, as
noted above,

Kapilvastu - 12,000 ha - this discrepancy arises from a
combination of total map-derived irrigable area
being less than tabulated irrigable area by 5,000
ha (see Section C), and a 7,000 ha discrepancy in
Section A of the table.

Dangdeukhuri - 12,000 ha -~ this discrepancy arises from a
combination of total map derived irrigable area
being less than tabulated irrigable area by 4,000
ha (see Section C), and the 8,000 ha discrepancy
in Section A of the table, as noted above.

Kailali - 22,000 ha - this discrepancy arises primarily

from the delineation of the Karnali project area
described earlier (9,000 ha). In addition, the
map-derived total irrigable area was less than
the equivalent tabulated area by 13,000 ha.

Kanchanpur - 11,000 ha - this discrepancy arises directly from
the lack of map identification of existing
groundwater developments and small potential
projects, as noted above.
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Recognizing the reasons for the major discrepancies in Table A4-5
allowed the tabular and mapped data to be used rogether in Section
Ad-4 to assess overall jrrigation potential in the Terai dis-
tricts® . This was achieved by combining information on existing an
identified potential projects with information on remaining
development potential, as described 1n Section Ad-4.

A4-3.4 - Overview of Five possible New_Larse Teral Projects

In Section A4-3.2.2; and on Map set C of the Map Volume, indica~
tions have been given with regard to options for development of the
remaining jrrigation potential in the Teral belt. Among these
options are five possible large scale gurface water schemes, not
yet fully identified, for which tentative development concepts have
been formulated. gection AM-2.4 outlines the approach used in these
tentative formulations, and the present section provides some
further details of the possible projects. As indicated in Section
A4-2.4, the level of detail 18 preliminary; more comprehensive
reconnaissance level work would be required in many cases pefore
proceeding with prefeasibility gtudies. It is also noted that these
project formulations are derived from technical considerations an
relate only to potential jrrigation development in Nepal.

A4-3.4.1 - Kanchanpul’ Irrigation Project

The Tanakpur barrage; currently under construction by the Govern-—
ment of india, is jocated 7 km upstream.from the Sarda barrage on
the Mahakall river. It would be possible to offtake from the
barrage 2 left (east) bank gravity canal, which would traverse
northern Kanchanpurl' pistrict from west to east and bring much of
the jrrigable land in the district under command for jrrigation.
The command water level at the barrage would be about 246 m above
datum. The possibility of constructing this canal and the irriga-
tion development that could result are to be investigated under the
program of studies for the proposed Pancheswar mul tipurpose
project.

The presence of the Royal Suklaphant wildlife Reserve in the west
of the district would restrict development below the upper reaches
of the canal, while the principal development area 1in the south~
ecast of the district would be served from the lower end of the
canal. This implies a comparatively high cost of conveyance works
(long supply canals) to gain penefits from a major jrrigation area

at the tail of the system.

E3

The analysis of discrepancies allowed the most reliable
data to be used in estimating the jrrigable areas that are
1ikely to be available for development.
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A4-3.4.2 - West Rapti Multipurpose Project (Extended Kapilvastu
Development )

The West Rapti multipurpose project, as formally identified and as
described in Annex A3, would comprise irrigation areas in Banke
District (the Sikta irrigation project), in the Deukhuri Valley
area, and in Kapilvastu District. However, Master Plan studies (see
Annex D3) have indicated that the Sikta project may be better
developed as part of a reformulated Bheri-Babai multipurpose
project.. This would then provide the possibility of an extended
{larger than the previously proposed 30,500 ha development)

—-— — —Kapilvastu District development, based on an increased diversion

flow from the West Rapti river. This development could provide
irrigation water to areas for which no other development options
are currently apparent. It could also provide supplementary
irrigation supplies to the Banganga project if needed.

The project’s extended main canal would traverse the district from
west to east and could cross the Banganga river. The command water
level at the head of the main canal, below the tunnel diversion,
would be about 196 m above datum, but at the head of the extended
main canal it would be about 122 m above datum. This drop in level
is as envisaged in the identified project study report, and is
provided to avoid crossing difficult and unproductive terrain.

The tentative main canal alignment for the possible project,
representing the upper command area limit, is shown on Plate 4C of
the Map Volume. The project area would actually be limited by water
rather than land availability. From the methodology and assumptions
of Annex D2, a constant diversion flow of 60 m3/s from the West
Rapti river to Kapilvastu District can be contemplated, leading to
a total year round reliably irrigable area of about 55,000 ha.
These values correspond to an operational priority given to
irrigation, and would yield an increase of 24,500 ha beyond the
previously proposed 30,500 ha development. Operating the Naumouri
dam with priority given to power generation at the dam would allow
a diversion flow of 57 m3/s and a development area of 52,300 ha.
The diversion itself would, in either case, also have an associated
hydropower station. The development areas indicated above are less
than the physically commandable irrigable area, because water
availability would limit the size of the irrigation development.
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A4-3.4.3 - Kali Gandaki Diversion Project

A previously proposed concept involving a diversion of flow from
the Kali Gandaki river to the Tinau river, for subsequent withdra-
wal for irrigation of Terai areas in Rupandehi and Nawalparasi
districts, was examined as part of the Master Plan studies. The
favoured diversion site (near Ramdi village) would give a diversion
tunnel length of about 20 km, but this site lies upstream from the
potential Kali Gandaki No. 1 hydroelectric project power station
tailrace. The same tailrace site is being used by the Andhi Khola
power project, which is now under construction. It therefore
appears prudent for planning purposes to assume a diversion site
just downstream of the tailrace site (near Asardi village); this
would result in a diversion tunnel length of at least 25 km.

The diversion tunnel could emerge at the confluence of the Tinau
and Jhumsa rivers, where the bed level is about 335 m above datum.
There would be no significant drop in level between tunnel entrance
and exit in this case, so that a diversion hydropower station would
not be contemplated. However, between this point and Butwal, also
on the Tinau river about 10 km downstream, there is a total drop of
about 200 m. The withdrawal of water for irrigation would be from
the river at or near Butwal, using a command water level of about

137 m above datum.

The Tinau river reach above Butwal offers potential for both
storage and hydropower developments, but quantification of this
potential has not been attempted for the Master Plan. It may be
feasible to obtain power benefits by extending the diversion tunnel
to exploit the drop in 1level. Alternatively, refurbishing,
expanding or replacing the existing Butwal Power Company facility,
to benefit from the very substantial increase in firm flow, may
prove feasible. This facility is located in the gorge about 3 km
upstream from Butwal; a storage dam may also be feasible at this

site.

At Butwal, a barrage and head regulators to serve main gravity
canals on both banks of the river could be constructed. However,
some major irrigation benefits could also be realized by leaving at
least part of the diverted flow in the Tinau river for use down-
stream, to improve water availability to the Marchwar Lift project
and to develop adjacent irrigable areas which have no identified
water source at present. Many other parts of the possible project
command area have good groundwater development potential; the
Bhairawa-Lumbini groundwater project is in this area.

The Kali Gandaki diversion project area could extend west into
Kapilvastu District, overlapping with the possible extended
Kapilvastu development of the West Rapti multipurpose project (see
Section A4-3.4.2). It must also be noted that an extended Sapt
Gandaki project or the Lumbini Zone irrigation project (see Section
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A4-3.4.4) would overlap with some or all of the Kali Gandaki
project area. Each project has several different possible develop-
ment concepts which would require substantial study before
selecting the most favourable ones.

For present purposes, the Kali Gandaki diversion project is tenta-
tively formulated as a simple run-of-river project which would
divert flows from an unregulated Kali Gandaki river. The project
would have no storage on the Tinau river, but it would provide
reliable year round irrigation to its command area. Using the
methodology of Annex D2, with approximate estimations of reliable
flows at the diversion site, it was deduced  that a maximum
diversion of 44 m3/s, corresponding to the Kali Gandaki'’s 90%
reliable monthly flow in March, would reliably serve a command area
of 40,000 ha for Year-round irrigation. In proposing this diversion
flow, it 1is assumed that there are no significant downstream users
in the Kali Gandaki basin, and that the loss of flow will not
significantly affect downstream Narayani (Sapt Gandaki) river
users. ,

The upper limits on the command area of the possible project are
shown on Plate 4C of the Map Volume; they are assumed at present to
be confined to Rupandehi District. Command over all of the Terai
portion of Nawalparasi District would also be physically possible.
However, the actual extent of the project would be determined by
water and not land availability, as noted above, so that the
irrigable area that could physically be commanded exceeds the
40,000 ha figure derived on the basis of water availability.

A4-3.4.4 - Sapt Gandaki Multipurpose Project

The development concepts for a possible Sapt Gandaki multipurpose
project arise from a previously formulated possible run-of-river
hydroelectric power project. The project would be located on the
Narayani (Sapt Gandaki) river below the confluence of the Kali
Gandaki and Trisuli rivers, at the point of emergence of the river
into the Siwalik Valley of Chitwan and Nawalparasi districts. The
proposed dam at this location would provide an operating level of
230 m above datum.

With a command water level of 230 m above datum, most of the
irrigable land in the valley on both sides of the river could be
served for irrigation by gravity; this includes the existing
Chitwan project on the left (east) bank area, which is now served
in part by pumping from the Narayani river downstream. On the same
bank, it would be possible to consider provision of supplementary
water supplies, if needed, to the proposed East Rapti project. On
the right (west) bank, existing FMIS and undeveloped irrigable
areas could be served.



A principal difficulty in formulating this possible project will be
the interaction between power and irrigation interests. The power-
dominated scheme envisages an installed capacity commensurate with
the instream use of 300 m3/s. This exceeds the 90% reliable flows
in the river during the period from January to April (see Annex
D2). If irrigation headworks are located at the dam, and if the
irrigation project is entitled to withdraw only from the incremen-
tal river flows above 300 m3/s, then the project could support only
monsoon season cropping. It is possible to envisage removal of this
restriction by siting irrigation headworks below the dam. This
would reduce the command water level +to about 184 m above datum,
thus reducing the commandable area, and may require another river
control structure or other works to ensure reliable withdrawals.
This option would not appear to be very attractive.

To obtain a reliable vyear round supply for the irrigation project
based on shared headworks, a reduction in scope of the power
project would be required. A careful study of the irrigation
project requirements will be required to assess alternative
development options. The study should cover the entire Siwalik
Valley area but should examine all options with regard to supple-
menting or superceding existing projects. For example, the Chitwan
project lift pump scheme may warrant incorporation into the gravity
scheme for monsoon season irrigation only, with the pump scheme
operating during winter and spring seasons; this could give
considerable operational benefits, due to reduced sediment handling
problems and energy savings. The study would determine the required
level of withdrawals to complete a fully integrated development of
the valley for reliable Year-round irrigation. The remaining
available instream flows for power generation purposes would then
be determined and the multipurpose project's irrigation and power
benefits evaluated.

The main canal alignments of the possible Sapt Gandaki project,
representing its upper command area limits, are shown on Plate 5C
of the Map Volume. Because of the large flows of the Narayani
river, the project is considered to be limited by land rather than
water availability. On the left bank, up to 8,800 ha (NCA) of
existing DOI schemes could be served, along with up to 8,800 ha
(NCA) of irrigable agricultural land, most of which is under
rainfed cultivation at present*. On the right bank, up to 15,800 ha
(NCA) of irrigable land could be served within the Siwalik Valley
portion of Nawalparasi District.

* The proposed East Rapti irrigation project (NCA = 9,500 ha)
could also receive supplementary water supplies.

26




It is expected that the multipurpose project as formulated above
will not in fact result in a very marked reduction in power
generating potential; the reduction might be in the range of 10 to
20 percent. However, an alternative development concept was
examined for the Master Plan studies, involving an extension of the
right (west) bank main canal through the Siwalik hills in a 4 km
tunnel to the Terai Plains. From this point, with a command water
level of about 152 m above datum, the project could extend to cover
the large Terai Plain portions of Nawalparasi and Rupandehi
districts, and possibly even further to the west*. A more practical
formulation would probably limit it to Nawalparasi District; this
area could also be commanded by the possible Kali Gandaki diversion
project (see Section A4-3.4.3), but water availability limitations
on that project could preclude this.

With the extended Sapt Gandaki project, the drop in system water
level through the Siwalik hills would permit an associated
hydropower development, but the additional water withdrawal
requirements would further reduce the project’s power generation
component at the Narayani dam. The project may, therefore, need to
be evaluated as an irrigation-dominated project. In addition,
although the project may continue to be viewed as restricted by
land rather than water availability, it will probably be necessary
to quantify the effects of withdrawals on water availability for
existing downstream developments.

At the time of writing of the present annex, DOI's Feasibility
Studies section was conducting further investigations into the
potential for diverting large flows from the Narayani intec the
western Terai area. This potential development, referred to as the
Lumbini Zone irrigation project, would use an inundation-type
intake (no barrage would be required) near the confluence of the
Kali Gandaki and Trisuli rivers. The canal would follow a similar
alignment as that shown on Plate 4C for the Sapt Gandaki multipur-
pose project, and could potentially command the same extent of
irrigable land. The present thinking within DOI is to limit the NCA
irrigated to under 100,000 ha.

Four alternative development concepts to use Narayani basin waters
for major irrigation developments have been outlined in this
section and in Section A4-3.4.3

- the Kali Gandaki diversion (NCA up to 40,000 ha)

~ the smaller Sapt Gandaki multipurpose project (NCA up to
33,000 ha)

* Alternatively, the Terai plains area could be commanded by
pumping from the Gandak Barrage head pond.
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- the larger Sapt Gandaki multipurpose project (NCA up to
100,000 ha)

- Lumbini Zone irrigation project (NCA up to 100,000 ha)

If any of these developments are to be considered seriously, basin
studies will be needed to examine power and irrigation benefits,
and the needs of existing downstream irrigation users.

A4-3.4.5 - Kosi High Dam Multipurpose Project

The possible Kosi High Dam multipurpose project was proposed in
previous studies and would include a high dam and a reregulating
dam* on the Sapt Kosi river near Barahchhetra and Chatraghat
respectively. The reregulating dam, which would probably be located
about 3 km upstream from the existing Sunsari-Morang project’s
Chatra canal intake, would have an operating water level of about
152 m above datum. From here, a left (east) bank main gravity canal
could extend from west to east across the northern part of Sunsari
and Morang districts, commanding a large portion of the irrigable
land area in these districts and providing supplies for year round

irrigation.

The only major tract of undeveloped irrigable land area which would
be served by this project is located in southeastern Morang
District, in what would be the tail end of the project system.
However, the project could also represent a means of overcoming the
severe underutilization problems of the existing Sunsari-Morang
project. This could be effected by a carefully planned integration
of the two projects, or by completely superceding part or all of
the existing project’s water withdrawal and main canal systems. The
project would also supplement or supercede the many FMIS in the
areas to the north of the Sunsari-Morang project; the proposed
Eastern Terai irrigation project area also falls within the

possible command area.

* g reregulating dam is presumed to be necessary to provide a
uniform flow pattern to permit irrigation withdrawals by
existing downstream irrigation developments. The underlying
assumption is that Kosi High Dam peaking operations would
not be compatible with existing downstream irrigation
operations, thus necessitating the provision of a reregula-
ting structure that 1is chargeable to the hydropower

development.
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The tentative main canal alignment of the possible project, which
also represents the upper command area limit, is shown on Plate 8C
of the Map Volume. Given the large perennial flows in the Sapt Kosi
river, the project is viewed as limited by land and not water
availability. The incremental irrigable area that could be served
by the canal is estimated to be 57,000 ha (NCA) located to the
north of the Chatra main canal in Sunsari and Morang districts,
Most of this area has already been developed for farmer managed
irrigation - only about 10,000 ha is now under rainfed cultivation
or forest cover,

A4-3.5 - Irrigation Development  Assessments for Three Hill
Districts ‘

The assessment of irrigation development potential in three sample
Hill districts - Kabhre, Palpa and Surkhet - was undertaken using
the methodology described in Section A4-2.5. The results of the
assessments are presented separately for each district in Appen-
dixes A4-1, A4-2 and A4-3, while the general conclusions are
discussed in this section.

Although the three sample districts are each located in a different
development region, they exhibit some similar irrigation develop-
ment characteristics. The Hill Valleys, which are the principal
areas for irrigated agriculture, represent only a small percentage
of the total land area and are quite scattered. Identified existing
irrigation schemes within these valleys cover about half the
corresponding irrigable land area, although this percentage figure
increases if unidentified irrigation area estimates are added to
the identified areas. The principal rivers are deeply incised, and
are therefore not extensively used as water sources for irrigation.

Notwithstanding the observed similarities, significant differences
among the districts are also apparent; these are primarily
associated with location. Kabhre District, which is located in the
Central Development Region and also close to Kathmandu, has a high
existing level of development (79% of total irrigable land area, if
estimated unidentified irrigation areas are included). It also has
a high incidence of water surplus basins. Surkhet District, which
is located in the Mid Western Development Region, is currently less
developed and has a high incidence of water-deficit basins. Palpa
District, which 1is located in the Western Development Region,
appears to fall between these two extremes.

To obtain an indication of district-level net ultimate irrigation
development. potential, based on both land and water constraints
within those subsidiary basins which were assessed, the following
criteria were applied.
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a) Total net irrigable areas (from Annex A2 Table A2-3) were
taken to represent the maximum available land resource.

b) The existing situation was taken as represented by the
identified irrigation scheme areas {from Annex Al, Table Al-

7).

c) The remaining potential expansion areas were taken as those
corresponding to the assessed basins (from Appendixes A4.1 to
A4.3); the non-assessed basins were assumed to have no
remaining expansion potential.

This results in the following estimate of ultimate irrigation
development potential, expressed as "net" areas, in each district:

Assessed District Three Hill and Moun-

District  tain District
Kabhre Palpa Surkhet  Total Totals

Total Irrigable Area (ha) 7,958 8,857 19,275 36,090 434,787

Existing Irrigation Area (ha) 3,235 3,367 9,862 16,464 208,274

Undeveloped Irrigable Area (hal 4,723 5,480 9,413 19,626 226,513

Estinated Additional Irrigation Potential (he)
- Year Round 1,703 1,115 1,760 4,576

- Monsoon {Includes Year Round area) 2,114 1,385 3,007 7,076

Fstinated Ultimate Irrigation Area (ha) 5,949 4,722 12,869 23,540
{Existing & Additional Monscon)

Proportion of Total Irrigable Area (%) 75 53 67 65

The results obtained for Kabhre and Surkhet districts can be
accepted with some confidence, although discussions with district
office staff and field observations indicated that some of the
water availability estimates were likely to be optimistic. Thus the
estimates of ultimate irrigation potential for these districts may
be biased on the high side. Conversely, the estimate of ultimate
irrigation potential for Palpa District may be biased on the low
side, due to the assumption that the Tinau basin is a water deficit
basin. This assumption was adopted because downstream (Terai) users
of the Tinau river are known to experience water shortages, and
they would be adversely affected by expansion of irrigation in the
upper basin. However, there may beé feasible alternative water
sources in the Terai (groundwater or transbasin diversions),
whereas there are none in the case of the hills.
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Notwithstanding the potential for bias in the results, the weighted
average results from the three districts are proposed as a basis
for estimating the ultimate irrigation potential of the Hill and
Mountain districts. The three assessed districts represent 8
percent of the total irrigated and irrigable land area in these
districts, and they cover a representative range of topographic and
water availability conditions. Using the overall figures of the
above table indicates that about 65 percent of the total irrigable
area in the Hill and Mountain districts could ultimately be brought
under irrigation. Applying this figure to the total estimated
irrigable area in these districts of 435,000 ha yields an estimated
ultimate irrigation area of 280,000 ha. This represents an increase
of 35 percent over the present area under irrigation, or develop-
ment of 33 percent of the remaining irrigable area.

Each of the three reported assessments of irrigation development
potential represent a wuseful step in broad-based irrigation
development planning in the assessed district. Appendixes A4-1, A4-
2 and A4-3 provide district-specific recommendations on the further
steps required to complete the district-level planning process to
the stage that all feasible projects to irrigate available
irrigable lands have been identified.
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A4~4 - ESTIMATED ULTIMATE TRRIGATION POTENTIAL

The net irrigable agricultural area in the Hill and Mountain
districts, as summarized in Table A2-3, is estimated to be 435,000
ha; about 210,000 ha or 48 percent of the area has been developed
to date. Water availability, topographic limitations and technical
and economic factors will prevent full development of the remaining
225,000 ha. Based on the analyses of the three representative Hill
districts summarized in Section A4-3.5, it is estimated that about
75,000 ha of the remaining 225,000 could be developed for irriga-
tion, indicating an upper limit of 280,000 ha on irrigation
development in the Hill and Mountain districts. This level of
development would entail a 35 percent increase over the present
level of development, and would represent development of 65 percent
of all irrigable lands.

Table A4-6 presents a rationale for estimating the wupper limit on
irrigation development in the Terai districts. Six steps were

followed in preparing this table :

a) Net irrigable land resource data were taken from Annex AZ (as
in Table A4-2) and tabulated in Columns 1, 2, and 3.

b) Existing irrigation project area data (including ongoing
projects) were taken from Annex Al (as in Table A4-2) and
tabulated in Column 4.

c¢) Identified project area data were taken from Annex A3 (as in
Table A4-2) and tabulated in Column 5. If all of these
projects are implemented, the irrigation "coverage" depicted
in Plates 1B to 8B would be achieved, leaving the "remaining
development areas" highlighted on Plates 1C to 8C to be
developed for irrigation, if possible,

d) Data on land areas in the '"remaining development area"
category were assembled from Section B of Table A4-5, and
tabulated in Columns 7, 8, 9 and 10. Mapped area data were
taken from the table and directly converted to "net" areas,
except where the area reconciliation discussed in Section A4-
3.3.2 indicated significant discrepancies. In such cases, the
tabulated data served as a guide to estimate the distribution
of land use. Where necessary, adjustments were made to ensure
that the sum of existing and potential development areas did
not exceed the total irrigable land area in the district.

e) The potential for irrigating the total remaining development
area (Column 10) was estimated by postulating two possible
development modes
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Notwithstanding the potential for bias in the results, the weighted
average results from the three districts are proposed as a basis
for estimating the ultimate irrigation potential of the Hill and
Mountain districts. The three assessed districts represent 8
percent. of the total irrigated and irrigable land area in these
districts, and they cover a representative range of topographic and
water availability conditions. Using the overall figures of the
above table indicates that about 65 percent of the total irrigable
area in the Hill and Mountain districts could ultimately be brought
under irrigation. Applying this figure to the total estimated
irrigable area in these districts of 435,000 ha yields an estimated
ultimate irrigation area of 280,000 ha. This represents an increase
of 35 percent over the present area under irrigation, or develop-
ment of 33 percent of the remaining irrigable area.

Each of the three reported assessments of irrigation development
potential represent a useful step in broad-based irrigation
development. planning in the assessed district. Appendixes Ad-1, A4-
2 and A4-3 provide district-specific recommendations on the further
steps required to complete the district-level planning process to
the stage that all  feasible projects to irrigate available
irrigable lands have been identified.




A4-4 - ESTIMATED ULTIMATE IRRIGATION POTENTIAL

The net irrigable agricultural area in the Hill and Mountain
districts, as summarized in Table A2-3, is estimated to be 435,000
ha; about 210,000 ha or 48 percent of the area has been developed
to date. Water availability, topographic limitations and technical
and economic factors will prevent full development of the remaining
225,000 ha. Based on the analyses of the three representative Hill
districts summarized in Section A4-3.5, it is estimated that about
75,000 ha of the remaining 225,000 could be developed for irriga-
tion, indicating an upper limit of 280,000 ha on irrigation
development in the Hill and Mountain districts. This level of
development would entail a 35 percent increase over the present
level of development, and would represent development of 65 percent
of all irrigable lands.

Table A4-6 presents a rationale for estimating the upper limit on
irrigation development in the Terai districts. Six steps were

followed in preparing this table :

a) Net irrigable land resource data were taken from Annex A2 (as
in Table A4-2) and tabulated in Columns 1, 2, and 3. ’

b) Existing irrigation project area data (including ongoing
projects) were taken from Annex Al (as in Table A4-2) and
tabulated in Column 4.

c) Identified project area data were taken from Annex A3 {(as in
Table A4-2) and tabulated in Column 5. If all of these
projects are implemented, the irrigation "coverage" depicted
in Plates 1B to 8B would be achieved, leaving the "remaining
development areas" highlighted on Plates 1C to 8C to be
developed for irrigation, if possible.

d) Data on land areas in the '"remaining development area'
category were assembled from Section B of Table A4-5, and
tabulated in Columns 7, 8, 9 and 10. Mapped area data were
taken from the table and directly converted to "net" areas,
except where the area reconciliation discussed in Section A4-
3.3.2 indicated significant discrepancies. In such cases, the
tabulated data served as a guide to estimate the distribution
of land use. Where necessary, adjustments were made to ensure
that the sum of existing and potential development areas did
not exceed the total irrigable land area in the district.

e} The potential for irrigating the total remaining development

area (Column 10) was estimated by postulating two possible
development modes :
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- identified large projects - Column 11 - these are the
five potential projects discussed in Section A4-3.4. It
was assumed that opportunities for developing further
surface projects in the Terai would be minor, given the
generally water short status of the "remaining develop-
ment area',

- groundwater development - Column 12 - data presented in
Annex D4, together with assessments of the coincidence
of irrigable land and high potential aquifer zones, were
used to estimate additional groundwater potential*.

f) The summation presented in Column 14 represents the estimated
upper limit on irrigation development in each district. This
figure can be compared with irrigable area and present
irrigation data in columns 1,2 3, and 4 to assess the
postulated increase in irrigation development, and the
proportional development represented.

The assessment presented in Table A4-6 indicates that developing
all previously identified projects, plus the five additional
projects described in Section A4-3.4, would yield a total net
irrigated area in the Terai of about 1,220,000 ha. Adding the
estimated additional groundwater development area of 110,000 ha
would yield a total Terai NCA of 1,340,000 ha. Combining this with
the figure of 280,000 ha estimated for the Hill and Mountain
districts yields a figure of 1,620,000 ha for Nepal as a whole.
This represents 73 percent of the total net irrigable area of 2.2
million hectares estimated for the country, and an increase of 73
percent above the present net irrigated area of 934,000 ha.

* this does not represent total groundwater development
potential, as some of the areas designated as identified
surface projects in Plates 1B to 8B may, in fact, be
developed for some form -- full use or conjunctive use--
of groundwater irrigation.
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TABLE Ad-1

[RRIGABLE AREA DEVELOPMENT POTENTIAL - HILL AND MOUNTAIN DISTRICTS

Page

of

District Net Areas (ha
Irrigable Existing Projects Current Devel. Ident. Remaining Devel,
Potential  Pot, Proj. Potential
Total Developed Ongoing Total Proportion  Total Proportion (Incr.) Total Proportion
{1 (2) {3] {4) (81 (6) (7) (8) (9) (10)
EASTERN DEVELOPMENT REGION - HILL ECOLOGICAL BELT
[lan 13843 5181 0 6191 0.45 7654 0.5% 1% 5879 0.42
Panchthar _ 1241 3518 { 3518 0.49 3722 0,51 346 3376 0.47
Terhathun 5405 3052 b 3052 0.47 3403 0.53 1718 1685 0,26
Dhankuta . 1485 3642 b 3642 (.49 3853 0.51 826 3027 0.40
Bhojpur I 33 0 3314 0.45 3997 0.55 788 3209 0:44
Udayapur * 21239 10647 283 10936 6,51 10309 0.4§ 120 16189 0,48
Khotang 3469 4304 i 4304 0.43 5165 0.5% 250 4915 0.52
(Okhaldhunga 4478 2176 0 2176 0.49 2302 0.51 160 2142 0.48
TOTAL FOR EASTERN HILL DISTRICTS 77533 36844 283 YAV D.48 40406 .52 5983 34423 044
FASTERN DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Taplejung 443 3617 0 3617 0.49 3826 0.51 0 3826 0.51
Sankhuwasawa 5219 512 b 2512 G.48 2767 0,52 300 2467 0.47
Solukhumbu 2038 990 0 990 0.49 1048 0.51 0 1048 0.51
TOTAL FOR EASTERN MOUNTAIN DISTRICTS 14760 1119 0 1119 .48 7641 0.52 300 1341 0.50
CENTRAL DEVELOPMENT REGION - HILL ECOLOGICAL BELT
Sindhuli * 20652 4360 0 3360 .45 11292 0.55 1292 10000 0.48
Ranechhap 4248 2064 0 2064 0.49 2184 0.51 249 1935 0.46
Nakawanpur 23502 11419 0 11418 0.49 12083 0.51 350 11733 0.50
Kabhre Palanchowk ¥ 7958 3235 b 3235 0.41 4723 0,58 227 4496 0,56
Lalitpur # 7425 3873 0 3873 0.52 3582 0.48 0 3552 0.48
Bhaktapur ¥ 6274 2895 f 2295 0.37 3879 0.63 310 3669 0.58
fathmandu 14069 6836 0 6836 0.49 7233 0.51 0 1233 0.51
Nuwakot 15047 31 ? 7311 0,49 7736 0.51 1915 5821 0.39
Dhading 10839 5267 H 5267 0.49 5572 0.51 285 5287 0.49
TOTAL FOR CENTRAL HILL DISTRICTS 110014 51660 U] 51660 0.47 58354 0.53 4628 53726 0.49
CENTRAL DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Dolakha 4449 2386 0 2386 0.48 2563 0.52 280 2283 0.46
Sindhupalchowk 12276 5365 0 5965 0.49 6311 0.51 410 5801 0.48
Rasuwa 919 406 b 406 0.4 513 (.56 0 513 0.56
TOTAL FOR CENTRAL MOUNTAIN DISTRICTS 18144 8757 b 8757 0.48 4387 0.52 630 8697 0.48




TABLE Ad-1 {continued) Page 2 of 3
[RRIGABLE AREA DEVELOPMENT POTENTIAL - HILL AND MOUNTAIN DISTRICTS
District Net Areas (ha)
Irrigable Existing Projects Current Devel. Ident. Renaining Devel.
Potential  Pot. Proj. Potential
Total Developed Ongoing Total Proportion  Total Proportion (Incr.) Total Proportion

(1) (2) {3) (4] (5] (6) (7 (8) (9) (10)
WESTERN DEVELOPMENT REGION - HILL ECOLOGICAL BELT A
Pajpa * 8857 3367 1008 4375 0.49 4482 0,51 an 4205 0.47
Arghakhanchi * A 4799 2386 D 2386 0.50 2413 0.50 302 el 0,44
fulmi * 4240 1945 0 1945 0.46 2295 0,54 1119 1176 0.28
Tanahun 14486 7044 Y 1044 0.49 1452 0,51 1688 5764 0.40
$vangja 9848 4785 0 4785 0.49 5063 0.51 938 4125 0,42
Gorkha 11027 5358 0 5358 0.49 5669 0.5 1315 4354 0,39
Lanjung 11937 5800 0 5800 0.49 5137 0.51 676 5461 0.46
Kaski 15960 1755 H 1755 0.49 8205 0.51 95 1410 0.46
Parhat 8455 3137 b 3137 0.49 3319 0.51 645 2674 0.41
Baglung 7786 3780 b 3180 0.49 4000 0.51 130 3870 0.50
¥yagdi 3685 1791 b 1791 0.49 1895 0.51 1076 819 0,22
TOTAL FOR WESTERN HILL DISTRICTS 99084 41147 1008 48155 0,49 50929 0.51 8961 41968 0.42
WESTERN DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Manang 121 59 9 59 0.49 62 0.51 0 62 0,51
Mustang 159 263 0 263 i.66 -104 -0.66 52 -156 -0.98
TOTAL FOR WESTERN WOUNTAIN DISTRICTS 280 322 0 322 1.15 -42 -0.15 52 -9 -0,33
ID WESTERN DEVELOPMENT REGION - HILL ECOLOGICAL BELT
Pyuthan ¥ 7037 38 D 3784 0.54 3253 0.46 1000 2253 0,32
Rolpa 3980 1934 ) 1934 0.49 2046 0.51 100 1946 0,49
Salyan ¥ 5282 27%6 0 2196 0.53 2486 0.47 10 216 0.46
Rukum 4170 2026 0 2026 0.49 2144 0.51 425 1719 0.41
Surkhet ¥ 19275 9862 0 9862 0.51 9413 0.49 3 8670 0.45
Jajarkot 4143 2013 i 2013 0.49 2130 0.51 42 2088 0.50
Dailekh 7075 3438 0 3438 0.49 3637 0.51 477 3160 D.45
TOTAL FOR MID WESTERN HILL DISTRICTS 50962 25852 0 25852 0.51 25110 0,49 2857 22253 0.44
HID WESTERN DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Doipa 868 264 0 264 0.30 604 0.70 119 494 0,57
Jupja 4765 2315 0 2315 0.49 2450 0.51 250 2200 0.46
Kalikot 3084 1498 ) 1498 G.49 1585 0.51 315 1270 0.41
Nugu 2030 987 f 987 0.49 1044 0.51 201 843 0.42
Humla 1733 {71 0 4171 0.27 1262 0,73 90 1172 0.68
TOTAL FOR MID WESTERN MOUNTAIN DISTRICTS 12480 5535 0 5535 .44 6945 0.56 966 5479 0.48

----------1




TABLE Ad-1 {continued) Page 3 of 3

IRRIGABLE ARRA DEVELOPNENT POTENTIAL - HILL AND MOUNTAIN DISTRICTS

District Vet Areas (ha)
Irrigahle Bxisting Projects Current Devel, Ident. Remaining Devel,
Potential  Pot, Proj. Potential
Total Developed  Ongoing Total Proportion  Total Proportion (Incr.) Total Proportion
(1) i2) {3] (4] i5) (6) (1) (8) (3) (10)
FAR WESTERN DEVELOPMENT REGION - HILL ECOLOGICAL BELT
Achham 10972 5331 d 5331 6.49 5641 0.51 [} 5641 0.51
Doti 10468 5086 0 5086 0.49 5381 0.51 789 4592 044
Dadeldhura 7260 3530 b 3530 0.4§ 3735 0.51 305 330 0.47
Baitadi 7450 3820 0 3620 0.49 3830 0.51 221 3603 0.48
TOTAL FOR FAR WESTERN HILL DISTRICTS 36155 17567 f 17567 0.49 18587 0.51 1321 17266 0.48
FAR WESTERN DEVELOPMENT REGION - MOUNTAIN ECOLOGICAL BELT
Bajura : 3584 1742 b 1142 0.49 1843 0.51 250 1593 0.4
Bajhang 7544 3668 0 3668 0.49 3881 0.51 416 3465 0.46
Darchula 4239 2060 9 2060 0,49 2180 0.51 539 1641 0,39
TOTAL FOR FAR WESTERN HOUNTAIN DISTRICTS 15370 470 B 7470 0.49 7903 0,51 1205 6698 0.44

TOTALS BY DEVELOPHENT REGION

EASTERN DISTRICTS 92293 43963 W3 H4US 0,48 48047 0.52 §283 41764 0.45
CENTRAL DISTRICTS - 128158 60417 0 80417 0.47 6T 0.53 5318 6E4a3 0,49
WESTERN DISTRICTS 99365 47469 1008 48477 0.49 50887 0.51 8013 41814 D.42
KID WESTERN DISTRICTS 63442 31388 H 31388 0.49 3205 0.51 328wz 0.4
FAR WESTERN DISTRICTS 51527 25037 o 25037 0.49 26450 0.51 2526 23964 0.47

TOTALS BY ECOLOGICAL BELT

HILL DISTRICTS 373748 179071 1291 180362 0.48 193386 0.52 23750 169636 0.45
KOUNTAIN DISTRICTS 61037 29203 O 29203 0.4 31835 0.52 3213 28622 0.47
TOTAL FOR ALL DISTRICTS 434785 208214 1291 209565 0.48 225220 0.52 26363 198257 0.46

Notes : (1] Total net irrigable area from Annex A2, Table A2-]

{2} Developed net command areas for identified irrigation schemes from Annex Al, Table Al-T;
asterisks indicate those districts for which WECS WIs were available

{11 Ongoing DOI project net command areas from Amnex Al, Table Al-3

{4) Sum of {2) and {3}

(5} Total as a proportion of irrigable area, ratio of (4)/(1]

(6] Area at {1} less area at (4)

! Total as a proportion of irrigable ares, ratio of (6)/(1)

&) Tdentified potential project incremental net command areas from Annex 43, Table A3-4

{30 Area at (6] less area at (8)

{101 Total as a proportion of irrigable area, ratio of (9)/{1]




TABLE A4-¢

District

Net Areas {ha)

Page

of

Irrigable Existing Projects  Current Developaent Potential Identified Potential Projects Reaaining
{Incrementsl Areas)  Dev. Pot.
Mric. Non Agric. Total Developed Ongoing  Total  Agric. Nom Agric. Total 52,000ha <=2,000ha  Total  Total
(1) (2) (3) (4) (5) (6] {1 {8) (9) (10) (1 (1 (13)
BASTERN DEVELOPMENT REGION
Jhapa 109530 568 110118 68004 2000 70004 38526 588 4014 30051 4817 M8 56
Norang 99959 6880  10683¢ 70970 0 70070 28989 6880 35869 0 792 792 36077
Sunsari 10629 0 70629 49524 0 49524 21108 0 21105 0 0 0 2105
Saptari 76950 0 76950 45538 6390 51928 25022 0 25022 1133¢ 0 1133 13686
Sirahs 11726 0 1 8431 2362 30793 46933 0 46933 29399 0 29399 175U
TOTAL FOR BASTERN TERAI DISTRICTS 479 7468 442262 262467 10752 273219 161575 1468 169043 70786 5609 76395 92648
CENTRAL DEVELOPNENT REGION R
Dhanugha 12925 216 75541 38440 0 38440 34485 %16 37101 13467 2150 15617 21484
Kahottari 60633 4465 65098 30819 0 30918 29714 H“E5 M1 18093 1180 19273 14806
Sarlahi 73521 8448 81969 3493 0 I3 36028 8448 44478 18559 810 18369 25107
Rautahat 56141 15367 71508 15969 5700 216639 34472 15367 49839 25073 0 25073 24786
Bars 60390 29819 90209 41299 0 41209 . 19081 29819 48910 14318 0 1318 34592
Parsa 48314 3034 18108 2104 0 4108 24270 3033 54604 0 0 0 54604
Chitwan 41963 34592 76555 24008 800 24806 17157 4BS2  SIn48 5300 1804 1104 44645
TOTAL FOR CEHM TRRAI DISTRICTS {10047 125641 509588 212230 6500 218730 195217 125641 320858 94810 5044 10075¢ 220104
WESTERN DEVELOPMENT REGION ‘
Navalparasi 50690 19969 70659 3432 0 3432 16258 19969 38227 0 1326 1326 34801
Rupandehi 87979 10874 98853 50283 3900 . 54183 33796 10874 44670 13475 05 15880 28790
Kapilbastu 84453 28748 113201 28736 500 29236 55217 28748 83965 UM 1260 25604 58361
TOTAL FOR WESTERN TRRAI DISTRICTS 203122 59BS1 280713 1IMS1 4400 117850 105271 59591 164862 37819 4991 42810 122052
NID WESTERN DEVELOPMENT REGION
Dangdeukhuri 59505 1284 66789 a4l 0 84l 2664 128 31948 1130 2645 s 81N
Banke 48550 36035 84585 10419 0 1419 38131 36035 74166 33811 0 33811 40855
Bardigs 52660 41645 94305 28579 0 28579 24081 41645 65726 39392 290 39682 26044
TOTAL POR KID WESTERN TERAI DISTRICTS 160715 84964 245679 13839 0 73833 86876 84964 171840 74333 2935 11268 M
FAR WESTERN DEVELOPNENT REGION
Kailali 64112 72446 136558 5649 1090 46733 17873 12446 . 89819 58344 0 583 375
Ranchanpur 40891 55673 96564 17628 900 18528 22363 55673 78036 6097 49 8546 69490
TOTAL FOR FAR WESTRRN TERAI DISTRICTS 105003 128119 233122 3217 1990 65267 39736 128119 167855 64441 2449 66830 100965
TOTAL FOR ALL TRRAL DISTRICTS 1337581 405783 IM3364 725264 23642 748906 588675 405783 004458 342189 2928 3411 a0




TABLE A4-2 (continued) Page 2 of 2

IRRIGABLE AREA DEVELOPMENT POTENTIAL - TERAI DISTRICTS

Notes :

— o~ —

B Lo DO
Nt et gt

(5)
(6)
(7)
(8)
(9)

(10)

(11)

(12)
(13)

Net irrigable agricultural area from Annex A2, Table A2-3

Net irrigable nongricultural area from Annex A2, Table A2-3
Sum of (1) and (2)

Developed net command areas for identified irrigation schemes from
Annex Al, Table Al1-7

Ongoing DOI project net command areas from Annex Al, Table Al-3
Sum of (4) and (5)

Area at (1) less area at (6)

Area at (9) less area at (7)

Area at (3) less area at (6)

Larger identified potential project incremental net command areas
from Annex A3, Table A3-4

Smaller identified potential project incremental net command areas
from Annex A3, Table A3-4

Sum of (10) and (11)

Area at (9) less area at (12)




TABL

E A4-3

HIGH POTENTIAL AQUIFER ZONES

Zone Location Aquifer Areal
No. (District) Class Extent
(1) (2)
a) Shallow Aquifer Zomes
SAZ 1 Kanchanpur & Kailali S1 Moderate
SAZ 2 Kailali S1 Minor
SAZ 3 Kailali, Bardiya & Banke S1 Major
SAZ 4 Bardiya S1 Minor
SAZ 5 Kapilvastu & Rupandehi s1 Moderate
SAZ 6 Nawalparasi S1 Moderate
SAZ 7 Parsa, Bara, Rautahat, Sarlahi, Si Ma jor
Mahottari, Dhanusha, Siraha,
Saptari, Sunsari, Morang & Jhapa

b) Deep Aquifer Zones
DAZ 1 Kanchanpur D2 Moderate
DAZ 2 Kailali & Bardiya D2 Moderate
DAZ 3 Bardiya b2 Minor
DAZ 4 Bardiya & Banke D2 Minor
DAZ 5 Banke D2 Moderate
DAZ 6 Kapilvastu & Rupandehi D1 & D2 Moderate
DAZ 7 Parsa, Bara, Rautahat & Sarlahi D2 Ma jor
DAZ 8 Mahottari & Dhanusha D1 & D2 Moderate
DAZ 9 Saptari, Sunsari & Morang D1 & D2 Major
DAZ 10 Morang D1 & D2 Moderate
Notes :
(1) SAZ = Shallow Aquifer Zone; DAZ = Deep Aquifer Zone;

the numerical sequence of zones is from west to east
(2) High potential aquifer classes are as defined in Ref. 1.
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TABLE A4-5 (continued) Page 4 of 4

MEASURED AND DERIVED DEVELOPMENT AREAS - TERAI DISTRICTS

Notes :

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)
(11)
(12)
(13)
(14)

From measurements

From measurements

Area at (1) less area at (2)

From measurements

From measurements

Area at (3) less sum of areas at (4) and (5)

Ratio of net to mapped irrigable areas from Table A2-2
Product of area at (3) and ratio at (7)

From Table A4-2 (calculated as a sum in the case of existing and
identified potential projects)

{0(8)=(9)1/(9)}*100

[(4)/(3)]1*100

[(5)/(3)]*%100

[(6)/(3)]1*100

Sum of percentages at (11), (12) and (13)
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TABLE A4-6 (continued)

Page 2 of 2

SIMPLIFIED ESTIMATE OF ULTIMATE IRRIGATION POTENTIAL - TERAI DISTRICTS

Notes :

~1 D T DN

(
(
(
{
(
(
(

(8)
(9)
(10)
(11)
(12)

(13)
(14)

Source: Table A4-2 -
Source: Table A4-2 -
(1) + (2)

Source: Table A4-2 -
Source: Table A4-2 -
(4) + (5)

Source: Table A4-5 -
reflect overall area
Source: Table A4-5 -
reflect overall area
Source: Table A4~-5 -
(7) + (8) + (9)
Source: Text Section

Col 1 {(rounded)
Col 2 {rounded)

Col 6 (rounded)
Col 12 (rounded)

Section B - Col 6 adjusted to net area and to
reconciliation

Section B - Col 5 adjusted to net area and to
reconciliation

Section B - Col 4 adjusted to net area

A4-3.4, quoting only incremental areas served

by newly identified developments
Source: Approximate estimates based on district-wise estimates in
Annex D4 and assessments of aquifer overlaps with irrigable land

(11) + (12)
(6) + (13)
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APPENDIX A4-1

HILL DISTRICT IRRIGATION DEVELOPMENT ASSESSMENT - KABHRE DISTRICT

A4-1.1 - General

Kabhre District is a Hill district located in the Central Develop-
ment Region. It has a total mapped land area of about 140,500 ha,
of which about 8,850 ha or 6.3 percent is classified as Siwalik or
Middle Mountain valley (see Annex Al, Table Al-1). The principal
town 1is Banepa, located in the northwestern portion of the
district. The principal land access route is the paved Kathmandu to
China road, which traverses the northern part of the district.
Figure A4-1.1 summarizes relevant information in map form.

A4-1.2 - Land Resources

Of the total mapped Hill Valley area of 8,850 ha, 5,961 ha are
classified as firmly irrigable and a further 669 ha are classified
as tentatively irrigable (see Annex A2, Table A2-2). These areas
have been outlined in Figure A4-1.1. It should be noted, however,
that the total mapped irrigable valley area derived for this
district in the Master Plan studies is 7,762 ha, based on land
utilization analyses (see Annex A2, Table A2-3). It should also be
noted that there is a further 3,805 ha of mapped irrigable area in
the hill slope regions, corresponding to level terraces. This gives
a total mapped irrigable area of 11,567 ha for the district.

For assessment purposes, irrigable areas need to be expressed as
net areas. The derived net irrigable areas in Kabhre are 6,056 ha
in Hill Valleys and 1,902 ha in hill slopes, giving a district
total of 7,958 ha (see Annex A2, Table A2-3). All of this area is
classed as being under agricultural use at present.

A4-1.3 - Present Level of Development

Identified irrigation schemes in the district, most of which are
located in the Hill Valleys, are estimated to cover a total net
area of 3,235 ha (see Annex Al, Table Al1-7). This represents 53
percent of the net Hill Valley irrigable land area, or 41 percent
of total net irrigable area. All of these are FMIS; their areas are
outlined in Figure A4-1.1,



It is estimated from the land utilization analyses that a further
net area of 3,041 ha in the district may be under some form of
unidentified irrigation (see Annex Al, Table Al-7). This area could
include the hill slope level terraces and some Hill Valley areas
in which there are no formal irrigation systems but which may be
irrigated by direct withdrawal and field-to-field water transfer
methods. Some such areas were seen during the field visits. If this
broader interpretation of irrigation development is applied, the
present net level of development in the district could be as much
as 6,276 ha or 79% of the total net irrigable area.

Of the identified FMIS Net Command Area of 3,235 ha, 435 ha
correspond to schemes that have received some form of agency
assistance (see Annex Al, Table Al-5). The SINKALAMA program has
been the principal assistance program in the district.

A4-1.4 - Water Resources

There are three principal drainage basins in Kabhre District, as
shown in Figure A4-1.1. These are the Indrawati/Sun Kosi rivers,
the Rosi Khola and the Bagmati river basins, which cover the north,
center and south of the district respectively. Except in the case
of the Rosi Khola in its upper reaches, the main rivers do not
themselves serve as water sources for irrigation. This is because
they are deeply incised and well below the level of most of the
irrigable land areas; even lift pumping must normally be considered
infeasible in the case of the main rivers. Irrigation supplies are
generally withdrawn from the small tributary streams along which
irrigable valleys are located.

A4-1.5 - Irrigation Development Assessment

The assessment of potential irrigation development in Kabhre
District was based on an office study supplemented by field visits
and discussions with irrigation agency staff. The office study
consisted of an analysis of Hill Valley basins which had identified
irrigation developments and/or firmly irrigable land areas; it
provided estimates of land areas that could be reliably served for
irrigation from the corresponding streams. The field visits and
discussions served to complement the office study, by providing
details of existing and planned developments, and by confirming or
refuting the basin analyses or expanding on them.

Details and results of the office study are given in Table A4-1.1,.
The assessed basins had existing identified scheme net areas
totalling 3,016 ha (93 percent of the district total of 3,235 ha)
and net irrigable Hill Valley areas totalling 5,730 ha (95 percent
of the district total of 6,056 ha). From the estimates of both land

2



and water limitations to development in each individual basin, the
study concluded that all of the 5,730 ha could be reliably served
for monsoon season cropping and that 82 percent of it (4,720 ha)
could be reliably served for year round cropping. This assessment
assumed that there would be no transfer of water from surplus to
deficit basins.,

The field visits and discussions generally confirmed the results of
the office study with regard to the ultimate irrigation develop-
ment potential in the district, although it was felt that the
actual potential for reliable year round irrigation may be less
than the assessed potential. Furthermore, indications were provided
that the actual existing extent of effective Hill Valley irrigation
is greater than the identified and recorded level of development.

It has been assumed consistently in the Master Plan studies that
any expansions in irrigation coverage in the hill slopes (level
terraces) will be minor. The present level of irrigation develop-
ment in these areas has been assumed to be 100 percent of the
irrigable area, using the definitions of irrigable agricultural
land provided in Annex Al, Table Al1-2.

A4-1.6 - Basin-Specific Comments

The following paragraphs provide basin-specific comments resulting
from the irrigation development assessment. The basins emphasized
are those that offer some potential for irrigation improvement or
expansion; they would therefore need to be assigned priority for
conducting more detailed studies and assessments. The basin numbers
used for reference purposes are consistent with those of Figure A4-
1.1 and Table A4-1.1.

Basin 1. Dhanr Khola

Water availability calculations indicate that all of the
remaining irrigable area {6 ha) can be provided with reliable
water supplies for year round (YR) irrigation.

Basin 3. Chak Khola

Water availability calculations for this basin indicate that
667 ha could be supplied with water for YR irrigation. A water
surplus is indicated, as existing schemes have a total NCA of
445 ha, and the remaining irrigable area is 55 ha. The new area
could be irrigated by gravity canal from a tributary of the
Chak Khola, or from the Chak Khola itself.



Basin 4. Jhiku Khola

The Jhiku Khola basin is a water deficit basin, although water
availability calculations indicate that all of the irrigable
land in the basin could be provided with sufficient water for
monsoon {(MS) irrigation. Bringing additional water from the
adjoining Chak Khola would not be feasible, as the elevation of
the Chak Khola basin is generally lower than that of the Jhiku
Khola. Dry season irrigation of the remaining irrigable area of
530 ha might be achieved through improved water management,
possibly combined with selective use of low consumption
irrigation methods (sprinkler or drip) and/or the adoption of a
cropping pattern incorporating low water consumption crops (eg
vegetables). Kathmandu is a potential market for vegetables.

Basin 7. Timreni Khola

No flow estimates were available for this basin. The small
additional irrigable area (6 ha) might be irrigated with
better water management, as suggdested for the Jhiku Khola

basin.

Basin 8. Punyamati Khola

Water balance calculations indicated that all of the irrigable
area in the Punyamati Khola basin could be provided with
reliable water supplies for MS irrigation, and that much of the
area could be irrigated on a year round basis. Most of the
irrigable area in the basin is classified by the WUI as rainfed
land, although many areas are irrigated by farmers without
formal canal systems. This was confirmed during field visits
through discussions with farmers and examination of their
irrigation systems. During the field visit it was also observed
that the area on both banks of the lower Punyamati Khola could
be irrigated by low 1lift pumping. It can be concluded,
therefore, that much of the expansion potential of the basin
has already been realized, and that further development would
be generally limited to providing formal canal systems to serve

the same lands.

Basin 10. Dapche Khola.

Water balance calculations indicated that all of the remaining
irrigable area could be provided with reliable water supplies
for MS irrigation, and that some of it could be provided with

YR irrigation.



Basin 11. Rosi Khola

Water balance calculations indicated significant water
surpluses in the Rosi Khola basin, which is one of the largest
sub-basins in Kabhre District. The remaining irrigable area is
estimated to be 1182 ha; most of these areas are located on the
Rosi Khola’s tributaries. As in the Punyamati Khela, it was
found that many of the "rainfed" areas are irrigated by farmers
without formal canal systems. The Surahi Khola valley appears
to be typical -- in this valley, nine dams have been con-
structed at intervals down the main stream. Water is conveyed
directly to the first commandable field, after which the water
is conveyed from field to field. The discharge in the Surahi
Khola reduces rapidly when there is no rainfall during the
monsoon season, and farmers report that water supplies are not
adequate in the winter. This constraint could possibly be
removed by pumping of Punyamati Khola water and conveying it by
contour canal to the Surahi Khola. High patches of irrigable
land along the lower reach of the Rosi Khola could be irrigated
using low 1lift pumping, preferably at the initiative of
individual farmers.

The 90 ha Khahare Pangu project, which was studied under the
ADB Third Hill Irrigation Project (see Annex D4), is located in
the Rosi Khola basin, south of Dabcha. The project would divert
water from one of two possible sources on Rosi Khola tributar-
ies (the Sim Sim Khola or Khare Khola), as the Rosi Khola
itself is too deeply incised in the vicinity of the project
area.

A4~-1.7 - Recommended Further Studies

The principal basins offering potential for expansion of irrigated
area in Kabhre District are the Chak Khola, Jhiku Khola, Punyamati
Khola and Rosi Khola. In the Punyamati Khola and Rosi Khola basins,
further studies should investigate the means by which existing
informal FMIS could be improved and the remaining irrigable areas
brought under irrigation. In the Jhiku Khola, studies should
investigate the potential for both conventional and water-efficient
irrigation developments. As in all of the surveyed districts, the
potential for rehabilitating existing FMIS and for undertaking
minor expansions of their NCA's should be treated on a project-
specific basis, using the principles established under the
Irrigation Sector Program. This represents a "bottom up" process,
in which a farmer request prompts action by DOI to appraise a
particular project. The present exercise represents a "top down"
process, in which resource characteristics are used to identify
potential projects.




TABLE At-1.1 Page | of 2

Assessed Basin/Strean Existing Schene  Remaining Streanflow Estinates Repr.lrrig.Req. Net Reliably  Net Potential  Further Water
Number Name Comaand Areas [rrigable Aress  October Narch October March [rrigable Areas Bxpansion Aress  Avajlability
Gross  Net Happed  Net  Mean fel.  Mesn  Rel. NS R s i) s i) LH) b

{ha}  (ha) (ha) {ha) (ad/s] (n3/s) (nd/s) (nd/s) (L/s/ha) (L/s/ha) (ha] (ha)  (ha)  (ha)
(@ W 6 wm () 9 () (1) Qe (1) () (18 (18)

1 Dhanr Khola 58 {5 8 6 L2} 0. 0.6 0.2 285 145 259 83 § 6 Surplus Surplus
i1 Govinde Fhola 69 55
22 Raule Khola it il

Total 83 86 0 0 L3 079 07 013 .85 L5 278 88 0 0 Surplus Surplus
31 Chak fhola 32 258
32 Ashi Khola 28 166
3/3  Gangati Khola 2 20

Totsl 556 445 0 5 970 583 129 0.97 .85 145 2046 667 55 55 . Surplus Surplus
41 Dhud Khola 326 181
4/2  Dhap Khola 0 56
i3 Subarno Khola {9 3
{/t  Sukundol Ehola 10 8
45  Namde Khola 92 1
4/8  Bhote Ehola 45 38
4/7  Khahare Khola 2 18
4/8  Andheri Khola 83 50
49 Danfey Ehola 363 2%
4/10  Jhiku Khols Bl W

Total 1491 1193 680 530 8.9 491 108 081  2.8% 145 14 59 530 0 Surplus Deficit
5 Eabhre Khola 7 2 0 0 2.67 1.60 035 026 2.8 L.45 562 18t 0 0 Surplus Deficit
b Ghatte Khola 58 46 0 0 LI 08T 015 0l .85 1.4 Al 18 0 0 Surplus Surplus
! Tiareni Khols 15 12 8§ N4 NA NA NA 285 LS NA A NA A NA A
§ Ghatte Khola 14 9 0 0 3 2,00 044 033 2.8 145 01 228 0 0 Surplug Surplus
9 Punyaaati Khola M0 272 9% TS 1048 625 138 L4 285  L4b 2134 i 175 442 Surplus Deficit
10 Dapche Khola 164 131 22 165 41T L300 020 022 .85 14F 45T 150 165 19 Surplus Deficit
i Rosi Khola §42 514 1515 1182 68.7B 41,27 Q.11 6.3 2.85 145 4480 4712 1182 1182 Surplus Surplus
13/1  Pakadol Khola 13 10
12/2  Dobhan Khola 12 10
13/3  Phyang Khola 30 U
12/4  Nul Ehola 20 16
12/5  Khani Khola 81 n
12/6  Chan Ehola 83 67
12/7  hAanp Khols 18 15
Total Assessed Basins (Rxcl. A} 3771 3016 3479 271 20933 T459 214 1703




TABLE A4-1.1 (continued) Page 2

IRRIGATION DEVELOPMENT ASSESSMENT - KABHRE DISTRICT

Notes :

e e e
O W01 U WN

[
(o

Aggregated from WUI report

[0.8%(1)]

Measured from Figure A4-1.1

[0.78%(3)]

Mean flow from WUI report

Reliable flow; [0.6%(5)]

Mean flow from WUI report

Reliable flow; [0.75%(7)]

Representative irrigation requirements from Annex D1, cor-
responding to HMV/E/MS cropping pattern

Representative irrigation requirements from Annex D1,
corresponding to HMV/E/YR/C cropping pattern

[(6)*%1000/(9)]

[(8)%1000/(10) ]

Potential in-basin expansion calculated from areas in (11),
(2) and (4)

Potential in-basin expansion calculated from areas in (12),
(2) and (4)

Exportable surplus or restrictive deficit indicator
calculated from areas in (11),(2) and (4)

Exportable surplus or restrictive deficit indicator
calculated from areas in (12), (2) and (4)

of
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APPENDIX A4-2

HILL DISTRICT IRRIGATION DEVELOPMENT ASSESSMENT - PALPA DISTRICT

A4-2.1 - General

Palpa District is a Hill district located in the Western Develop-
ment Region. It has a total mapped land area of about 136,600 ha,
of which about 10,380 ha or 7.6 percent is classified as Siwalik or
Middle Mountain valley (see Annex Al, Table Al-1). The principal
town is Tansen, located near the center of the district. The
principal land access route is the paved Butwal to Pokhara road,
which traverses the district from south to north. Figure A4-2.1
summarizes relevant information in map form.

A4-2.2 - Land Resources

Of the total mapped Hill Valley area of 10,380 ha, 5,889 ha are
classified as firmly irrigable and a further 1,538 ha are clas-
sified as tentatively irrigable (see Annex AZ, Table A2-2). These
areas have been outlined in Figure A4-2.1. It should be noted,
however, that the total mapped irrigable valley area derived for
this district in the Master Plan studies is 11,574 ha, based on
land utilization analyses (see Annex A2, Table A2-3). It should
also be noted that there is a further 219 ha of mapped irrigable
area in the hill slope regions, corresponding to level terraces.
This gives a total mapped irrigable area of 11,792 ha for the
district. '

For assessment purposes, irrigable areas need to be expressed as
net areas. The derived net irrigable areas in Palpa are 8,735 ha
in Hill Valleys and 122 ha in hill slopes, giving a district total
of 8,857 ha (see Annex A2, Table A2-3). All of this area is classed
as being under agricultural use at present.

A4-2.3 - Present Level of Development

Identified irrigation schemes in the district, most of which are
located in the Hill Valleys, are estimated to cover a total net
area of 3,367 ha (see Annex Al, Table Al-7). This represents 39
percent of the net Hill Valley irrigable land area, or 38 percent
of total net irrigable area. All of these are farmer schemes; their

areas are outlined in Figure A4-2.1.



Two DOI irrigation schemes are under construction in the district-
the 282 ha Kachalphant project in the southwest, and the 760 ha
Rampurphat project in the northeast. When these projects are
completed, they will increase the total area under irrigation to
3,908 ha, after accounting for overlaps with existing farmer

schemes.

It is estimated from the land utilization analyses that a further
net area of 1,401 ha in the district may be under some form of
unidentified irrigation (see Annex Al, Table Al-7). This area would
include the hill slope level terraces and some Hill Valley areas
in which there are no formal irrigation systems but which may be
irrigated by direct withdrawal and field-to-field water transfer
methods. If this broader interpretation of irrigation development
is applied, then the present net level of development in the
district could be as much as 4,765 ha or 54% of the total net

irrigable area.

Of the identified FMIS NCA of 3,367 ha, 137 ha correspond to
schemes that have received some form of agency assistance (see
Annex Al, Table Al1-5). DOI, ILO and HELVETAS have undertaken

assistance programs in the district.

Ad4-2.4 - Water Resources

There are two principal river drainage basins in Palpa District,
as shown in Figure A4-2.1. These are the Kali Gandaki and the Tinau
river basins, which cover the north and most of the south of the
district respectively. The Purba/Nisti Khola is a major tributary
of the Kali Gandaki river in the district. There are also some
further minor independent drainage basins in the south east of the
district. Except in the case of the Tinau Khola in its upper
reaches, the main rivers do not themselves serve as water sources
for irrigation. This is because they are deeply incised and well
below the level of most of the irrigable land areas; even 1ift
pumping must normally be considered infeasible in the case of the
main rivers. Irrigation supplies are generally withdrawn from the
small tributary streams along which irrigable valleys are located.

A4-2.5 - Irrigation Development Assessment

The assessment of potential irrigation development in Palpa
District was based on an office study supplemented by field visits
and discussions with irrigation agency staff. The office study was
restricted to the Kali Gandaki drainage basin only. This was
because of the recognized water supply constraint to further
irrigation development in the Tinau drainage basin; it was assumed
that there is no potential for expansion of irrigation in this

7




basin., The study therefore consisted of an analysis of Kali Gandaki
Hill Valley basins which had identified irrigation developments
and/or firmly irrigable land areas; it provided estimates of land
areas which could be reliably served for irrigation from the
corresponding streams. The field visits and discussions served to
complement the office study, by providing details of existing and
planned developments, and by confirming or refuting the basin
analyses or expanding on them.

Details and results of the office study are given in Table A4-2.1.
The assessed basins had existing identified scheme net areas
totalling 2,630 ha (78 percent of the district total of 3,367 ha)
and net irrigable Hill Valley areas totalling 4,400 ha (50 percent
of the district total of 8,735 ha). From the estimates of both land
and water limitations to development in each individual basin, the
study concluded that 90 percent of the 4,400 ha (3,985 ha) could be
reliably served for monsoon season cropping and that 85 percent of
it (3,745 ha) could be reliably served for year round cropping.
This assessment assumed that there would be no transfer of water
from surplus to deficit basins.

The field visits and discussions generally confirmed the results of
the office study with regard to the ultimate irrigation develop-
ment potential in the district, at least with respect to monsocon
season irrigation. There are indications that the actual develop-
ment potential for reliable year round irrigated cropping may be
less than the assessed potential. For the Nisti Khola basin in
particular, it was indicated that streamflow estimates used in the
office study may be exaggerated. The Nisti Khola is a water surplus
basin which is viewed as a potential source of water for westward
water transfer to the water deficit basins of the Bau Khola and
Tarundi Khola.

It has been assumed consistently in the Master Plan studies that
any expansions in irrigation coverage in the hill slope (level
terrace) will be minor. The present level of irrigation development
in these areas has been assumed to be 100 percent of the irrigable
area, using the definitions of irrigable agricultural land provided
in Annex Al, Table Al-2.

A4-2.6 - Basin Specific Comments

The following paragraphs provide basin-specific comments resulting
from the irrigation development assessment. The basins discussed
are those that offer some potential for irrigation improvement or
expansion; they would therefore need to be assigned priority for
conducting more detailed studies and assessments. The basin
numbers used for reference purposes are consistent with those of
Figure A4-2.1 and Table A4-2.1.



Basin 1 Serdewa Khola

There is potential for expansion of the irrigated area in this
basin. Estimated water supplies in October and March indicate
that all of the remaining irrigable land should have access to
sufficient water to permit year round (YR) irrigation. The
remaining irrigable land is reportedly of good quality.

Basin 2 Kuru Khola

Estimated water supplies in October and March indicate that all
of the remaining irrigable land should have access to suffi-
cient water for monsoon (MS) irrigation. A small portion of the
additional area could be irrigated during the winter season.

Basin 3 Barandi Khola

In this basin, about 103 ha has access to reliable irrigation
water supplies. Estimated water supplies in October and March
indicate that all of the remaining irrigable land should have
access to sufficient water to permit year round irrigation.
Expansion of the irrigated area should be possible with low
cost interventions.

Basins 4 and 6 Godi Khola and Wasya Khola

Estimated water supplies from the Godi Khola and the Wasya
Khola in October and March indicate that all of the remaining
irrigable areas in each basin should have access to sufficient
water to permit YR irrigation.

Basin 9 Bhattari Khola

Estimated water supplies in October and March indicate that
there are water shortage problems in the Bhattari Khola basin.
Hence expansion of the irrigated area is unlikely to be
feasible.

Basin 14 and 15 Bandh Khola and Karande Khola

Estimated water supplies in October and March indicate that
Karande Khola has surplus water, and that the Bandh Khola basin
experiences water shortages. It should be possible to transfer
surplus water to the deficit area, providing both basins with
adequate water supplies. The combined flows of both basins are
sufficient to meet the needs of all of the remaining irrigable
land.



Basin 16 Jhamma Khola

In this basin, an estimated 60 ha of rainfed irrigable land is
available for conversion to irrigation. Estimated water
availability in October indicates that all irrigable land in
the basin could be irrigated in the monsoon season. However,
estimated supplies 1in March indicate that the entire irrigable
area cannot be irrigated in the winter season. According to the
Palpa District Engineer, however, the people in this basin are
unlikely to participate actively in the implementation of a
project.

Basins 17 and 18 Lide Khola and Gebdi Khola

Both of these basins have water shortage problems. Expansion to
serve the remaining irrigable land is probably not possible.

Basin 19 and 20 Khahare Khola and Guhe Khola

Both of these basins have water shortage problems. Water
availability calculations indicate that some expansion of
irrigation should be possible, primarily with MS capability.

Basin 22 Turundi Khola

The Turundi Khola basin has water shortage problems, although
some expansion of the irrigated area should be possible. Water
availability calculations indicate that a total area of 181 ha
can be provided with MS irrigation, and 104 ha with YR
irrigation. Expanding to this degree would utilize about 40% of
the remaining irrigable land.

Basin 23 Bau Khola
The Bau Khola basin experiences water shortage problems, and

further expansion of the irrigated area is probably not
possible.

Basin 25 Nisti Khola
The Rampurphat irrigation project is being executed by DOI,
using water from the Nisti Khola basin. The estimated flow

data indicate sufficient flows in October and March to serve
the entire irrigable area within the basin for YR irrigation.
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Had the water supply in Nisti Khola been sufficient, the
command area of the Rampurphat project could presumably have
been extended to the adjoining Randakhal area, which has good
land potential but lacks water (Turundi Khola). Since this
expansion was not undertaken, the estimated Nisti Khola flows
may be overly optimistic.

Basin 8 Chhahare Khola

Under the Andhi Khola power project, which is under construc-
tion by the United Missions to Nepal (UMN), a total NCA of 84
ha in the Asardi area will receive irrigation water. The power
project will divert 4 m3/sec through a tunnel from the Andhi
Khola basin to the Kali Gandaki basin. At the exit of the
tunnel, the water will be divided into two parts —— 2.7 m3/s
allocated to power generation and 1.3 m3/sec to irrigation. Out
of the 1.3 m3/s allocated to irrigation, 0.63 m3/s will be used
to irrigate land on the left bank of the Kali Gandaki in
Syangja District, and 0.17 m3/s will be used in the Asardi/
Hungi area of Palpa District. The water will be conveyed
through steel pipes under pressure from the tunnel exit to the
highest point of the Asardi command area. The pipes will cross
the Kali Gandaki by means of a suspension bridge.

A4-2.7 - Recommended Further Studies

The principal basins offering potential for expansion of irrigated
area in Palpa District are the Serdewa Khola, Wasya Khola, Bandh
Khola, Jhamura Khola and Turundi Khola. Investigations of potential
irrigation projects should be concentrated in these basins, to
identify specific projects to develop the remaining "new" irriga-
tion potential in Palpa District. The potential for further use of
the Nisti Khola, beyond the requirements of the Rampurphat project,
should also be investigated.

As in all of the surveyed districts, the potential for rehabilit-
ating existing FMIS and for undertaking minor expansions of their
NCA’s should be treated on a project-specific basis, using the
principles established under the Irrigation Sector Program. This
represents a "bottom up'" process, in which a farmer request prompts
action by DOI to appraise a particular project. The present
exercise represents a '"top down" process, in which resource
characteristics are used to identify potential projects.

11




TABLB Ad-2.1 Page 1 of 2

SESSHENT - PALPA
Assessed Basin/Strean Existing Scheme Renaining Streanflow Bstinates  Repr.Irrig.Req. Net Relisbly  Net Potential Further ¥ater
Nuaber Name Comnand Areas Irrigable Ares  October Harch October  March Irrigable Areas Bxpansion Areas  Availability
Gross Net Mapped  Net  Hean Rel.  Wean  Rel. s R L " S (] LY i

(ha)  (ha)  (ha)  (ha] (n3/s] (3/s] (n3/s) (n3/s] (L/s/ha) (L/s/ha) (ha)  (ha) (ha)  (ha]
(4 @ 6 W 6 e m o) (o) () () () (18 (16)

! Serdewa Khola U ae 185 M6 298 179 04T 036 232 0.8 769 {28 16 146 Surplus Surplus
e Kuru Khols 300 4o 50 8 Le4 098 026 0,20 2,32 0.83 423 239 38 0 Surplus Deficit
3 Barandi Khola 128 103 {2 0.9 089 016 012 282 0.83 2 145 32 32 Surplus Surplus
{ Godi Rhola 90 n 12 9 106 084 01T 0.3 232 083 2 155 $ § Surplus Surplus
§ Laadi Khola 10 3 0 D 058 035 000 007 252 083 W9 g 0 0 Surplus Surplus
6 Vasya Khols 84 § W4 108 368 2,21 059 044 232 0.83 953 529 108 108 Surplus Surplus
i Saudi Khola n 62 0 ¢ 0.8 051 0.4 001 232 0.8 2% 127 0 0 Surplug Surplus
8 Chhehare Khola 10 8 19 014 008 002 002 232 0.8 36 P44 It} 14 Surplus Deficit
9 Bhattari Khola 25 2 18 [ 0.08 003 000 o000 232 08 13 8 0 0 Deficit Deficit
10 Khahare Khola 55 ] 0 0 0.1 006 002 0.0 232 083 28 18 0 0 Deficit Deficit
11 Daure Ehola ! 5 0 0 0,20 0.2 0.03 003 232 0.83 5 3 0 0 Surplus Surplus
12 Bojha Ehola 15 12 0 0 0.0 002 0.08 002 232 0.83 1l 23 0 0 Deficit Surplus
13 Ga.harikKhola 10 8 0 0 0,07 0.04 0.00 0.01 230 0.83 1% 12 ¢ 0 Surplus Surplus
U Bandh Khola {8 8 M8 UL 040 0,24 007 005 232 0.8 102 60 b4 2 Deficit Deficit
15 Karande fhola €, U 1 I3 L2t 676 021 005 .32 0.8 38 186 13 13 Surplus Surplus
18 Jhaams Ehola 183 146 80 60 LI 068 0.8 0.4 232 0.8 29 186 60 30 Surplus Deficit
1 Lide Ehols i 1 § . § 008 005 002 000 232 0.8 2 it § 0 Surplus Deficit
18 Gebdi Khols 86 52 12 § 002 007 002 002 232 .0.83 32 19 0 0 Deficit Deficit
19 Ehahare fhola 86 53 3 & 031 019 0,08 0.4 232 083 81 i 4 0 Surplus Deficit
2 Guhe Khola 3 2 92 §9 0.5 0,09 0,03 002 232 0.8 39 3 36 8 Deficit Deficit
A Sukmadi Khola 30 U 0 0 0.05 0.03 0.3 002 232 0.8 12 3% 0 0 Deficit Surplug




TABLE Ad=2.1 (continued)

SHENT - PALPA DISTRICT

Assessed Basin/Strean Existing Scheme Renaining Streanflow Estimates  Repr.lrrig.Req.

Nunber Nane Command Areas Irrigable Area  October March October -

Gross Net Mapped  Net  Hean Rel. Mean  Rel. s

March [rrigable Areas Expansion Areas

ik

(ha) (ha}  (ha]  (ha) (n3/s) (n3/s) (m3/s) (n3/s) (L/s/ha) (L/s/ha)

I N (A (N € I

(10)

2 Turundi Khola 56 3 W 6 042 02 0.0 2.3
a3 Bau Khola 3n 287 216 BT 109 065 0.8 013 2.3
1 Andheri Khola 53 42 0 0 0.3% 0.2 0.06  0.05 2.3
25 Nisti Khola 1150 20 85 671 13.4 .95 2,05 L4 2.3
26 Lasachar Khola 18 14 0 0 067 0.40 001 0.08 2,32
27 Pondhare Khola 7 5 0 0 NA NA NA N 232

0.83
0.83
0.83

0.83

59 Deficit Deficit
0 Deficit Defit_:it
0 Surplus Surplus
671 Surplus Surplus

0 Surplus Surplus

Total Assessed Basins {Rxcl. NA) 3288 2630 2360 1770

Notes ;

{1) Aggregated fron WUI report

(2) {o.8%(1)]
{3) Weasured fron Figure A4-2.1
(4) [0.75¢(3))

(5} Mean flow fron WUI report

(6] Reliable flow; [0.6%(5)}

{T) Fron WUI report

(8) Reliable flow; [0.75%(7)]

{3) Representative irrigation requirements from Annex DI, corresponding to HKV/W/KS cropping pattern
{10) Representative irrigation requirements from Annex D1, correspanding to HMV/W/TR/C cropping pattern
(11} [(6}%1000/(9})

(12} [(8}%1000/(10)]

(13) Potential in-basin expansion calculated from areas in (11}, (2) and (4]

(14) Potentisl in-basin expansion calculated fron areas in (12}, (2) and (4)

(18) Exportable surplus or restrictive deficit indicator calculated fron areas in (11}, (2) and (4]
(16) Bxportable surplus or restrictive deficit indicator calculated fron areas in (12), (2} and (4]
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APPENDIX A4-3

HILL DISTRICT IRRIGATION DEVELOPMENT ASSESSMENT - SURKHET DISTRICT

A4-3.1 - General

Surkhet District is a Hill district located in the Mid Western
Development Region. It has a total mapped land area of about
240,000 ha, of which about 33,865 ha or 13.6 percent is classified
as Siwalik or Middle Mountain valley (see Annex Al, Table Al-1).
The principal town is Birendranagar, located in the Surkhet valley
at the center of the district. The principal 1land access route is
the paved and gravel topped Nepalgunj to Birendranagar road, which
enters the district from the south. Figure A4-3.1 summarizes
relevant information in map form.

A4-3.2 - Land Resources

Of the total mapped Hill Valley area of 33,865 ha, 20,469 ha are
classified as firmly irrigable and a further 5,534 ha are clas-
sified as tentatively irrigable (see Annex AZ, Table A2-2). These
areas have been outlined in Figure A4-3.1. It should be noted that
the total mapped irrigable valley area derived for this district in
the Master Plan studies is 22,659 ha, based on land utilization
analyses (see Annex A2, Table A2-3). Tt should also be noted that
there is a further 2,368 ha of mapped irrigable area in the hill
slope regions, corresponding to level terraces. This gives a total
mapped irrigable area of 25,027 ha for the district (see Table A2~
3).

For assessment purposes, irrigable areas need to be expressed as
net areas., The derived net irrigable areas in Surkhet are 18,165 ha
in Hill Valleys and 1,110 ha in hill slopes, giving a district
total of 19,275 ha (see Annex AZ, Table A2-3). Most of this area is
classed as being under agricultural use at present.

A4-3.3 - Present Level of Development

Identified irrigation schemes in the district, most of which are
located in the Hill Valleys, are estimated to cover a total net
area of 9,862 ha (see Annex Al, Table A1~7). This represents 54
percent of the net Hill Valley irrigable land area, or 51 percent
of total net irrigable area. All of these are farmer schemes; their
areas are outlined in Figure A4-3.1.
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The land utilization analyses indicate that there is no further
area in the district which may be under some form of unidentified
irrigation ({(see Annex Al, Table Al-7). However, some of the
irrigated hill slope level terraces would be expected to fall into
this category.

None of the identified FMIS (NCA 9,862 ha) have been identified in
Annex Al as having received any form of agency assistance (see
Annex Al, Table Al-5). However, some assistance to farmer schemes
has been and continues to be provided in the district by the
Karnali-Bheri Integrated Rural Development (K-BIRD) project through
MPLD and DOI. These areas are included in the "Undefined Projects"
figures provided in Table Al-5.

A4-3.4 - Water Resources

There are two principal river drainage basins in Surkhet District,
as shown in Figure A4-3.1, These are the Karnali river basin, which
covers the northwestern part of the district, and the Bheri river
basin, which covers the balance of the district. The Chingar Khola
is a major tributary of the Bheri river in the district. The main
rivers do not themselves serve as water sources for irrigation.
This is because they are deeply incised and well below the level of
most of the irrigable land areas; even lift pumping must normally
be considered infeasible in the case of the main rivers. Irrigation
supplies are withdrawn from the small tributary streams along which
irrigable valleys are located.

A4-3.5 - Irrigation Development Assessment

The assessment of potential irrigation development in Surkhet
District was based on an office study supplemented by field visits
and discussions with irrigation agency staff. The office study
consisted of an analysis of Hill Valley basins which had identified
irrigation developments and/or firmly irrigable land areas; it
provided estimates of land areas which could be reliably served
for irrigation from the corresponding streams. The field visits and
discussions served to complement the office study, by providing
details of existing and planned developments, and by confirming or
refuting the basin analyses or expanding on them.

Details and results of the office study are given in Table A4-3.1.
The assessed basins had existing identified scheme net areas
totalling 9,688 ha (98 percent of the district total of 9,862 ha)
and net irrigable Hill Valley areas totalling 14,122 ha (78 percent
of the district total of 18,165 ha). From the estimates of both
land and water limitations to development in each individual basin,
the study concluded that 90 percent of the 14,122 ha (12,695 ha)
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could be reliably served for monsoon season cropping, and that 81

percent of it (11,448 ha) could be reliably served for year round

cropping. This assessment assumed that there would be no transfer
of water from surplus to deficit basins.

The field visits and discussions generally confirmed the results of
the office study with regard to the ultimate irrigation develop-
ment potential in the district, although it was felt that the
actual potential for reliable year round irrigation may be less
than the assessed potential. Attention was focused particularly on
the water deficit situation in the Surkhet valley (Nikas Khola
basin) and in other valleys just to the east (Gam Khola, Kagati
Khola, Tusare Khola and Korelli Khola basins). It was further
indicated that potential development in the adjacent Jhupra Khola
basin, which has a water surplus, could not proceed due to the
presence of a hydro-electric power plant downstream from the
irrigable areas. By contrast, the Chingar Khola and its tributari-
es, located in the centre of this area, have a large water surplus
and little in-basin irrigation potential. A study is under way to
determine the feasibility of water transfer westward from the
Chingar Khola basin to the Surkhet valley, via the Jhupra Khola. It
is noted that this would be quite a long diversion system, and it
is suggested that the possibilities of shorter southward water
transfer systems to serve some of the other water deficit basins
should also be examined.

It has been assumed consistently in the Master Plan studies that
any expansions in irrigation coverage in the hill slopes (level
terraces) will be minor. The present level of irrigation develop-
ment in these areas has been assumed to be 100 percent of the
irrigable area, using the definitions of irrigable agricultural
land provided in Annex Al, Table Al1-2.

A4-3.6 - Basin-Specific Comments

The following paragraphs provide basin-specific comments resulting

from the irrigation development assessment. The basins emphasized
are those which offer some potential for irrigation improvement or
expansion; they would therefore need to be assigned priority in
conducting more detailed studies and assessments. The basin numbers
used for reference purposes are consistent with those of Figure A4-
3.1 and Table A4-3.1.

Basin 1 Limu Khola

Estimated water supplies in October and March indicate that
year round (YR) irrigation should be possible for all irrigable
land in the basin. The remaining irrigable areas could be
irrigated either by gravity or by low 1lift pumping.
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Basin 2 Mauriban Khola

Estimated water supplies in Mauriban Khola indicate that
existing irrigated areas have access to reliable water supplies
for YR irrigation, but that significant expansion will be
difficult to achieve. Some of the remaining irrigable land can
be irrigated during the monsoon season, but significant water
shortages will limit winter cropping.

Basin 3 and 4 Mallanga Khola and Baldo Khola

Water surpluses are indicated in both of these basins.

Basins 5, 6 and 7 Bhumka Khola, Kewari Khola and Karpa Khola

All of the irrigable land in the Bhumka Khola and Kewari Khola
basins has been developed for irrigation and water balance
calculations indicate that water shortages are likely.
Additional irrigable land is available in the Karpa Khola
basin, but water availability is not adequate to permit any
expansion.

Basin 8 Basanti Khola

Estimated March and October flows in the fributaries of Basanti

Khola indicate surplus water availability in the monsoon season -

and sufficient water for some expansion of winter cropping. It
should be possible, therefore, to provide all of the remaining
irrigable land with MS irrigation, and a portion of it with YR
irrigation.

Basin 9 Kuliban Khola

Water balance calculations for the Kuliban Khola basin as a
whole indicate that adequate water supplies are available to
serve the existing irrigated area during the monsoon season,
with minor shortfalls 1likely in the winter season. The
individual assessments of tributaries indicate surpluses in
most areas, but significant deficits in the Bhyagute/Khamare
Khola catchment. During the field visit it was established that
systems in this area have been improved with DOI assistance,
with extensions to the irrigable area up to the Maigad/Dhandure
catchment area. Conflicts among FMIS during periods of water
scarcity were reported. Given the water availability situation,
expansion of irrigated area should be planned with caution,
restricting it to the sub-basins which have surplus water
supplies.



Basin 10 Sot Khola

Water surpluses, enabling the development of all remaining
irrigable areas for YR irrigation, are indicated for this
basin,

Basin 11 Simalchaur Khola

Estimated flows for October and March indicate that all of the
irrigable area in the basin could be developed for MS irriga-
tion, and much of it could also receive winter irrigation.
However, much of the undeveloped irrigable area is forested,
which makes it unlikely that it will be developed for irriga-
tion.

Basin 12 Nikas Khola

This important basin drains the entire Surkhet valley, where
much of the population and economic activity of Surkhet
District is concentrated. Figure A4-3.2 provides an enlarged
view of the basin, identifying most of the tributaries numbered
in Table A4-3.1, which was not possible in Figure A4-3.1. Water
balance calculations for the overall basin indicate that
significant water shortages can be expected for both MS and YR
irrigation, and that expansion beyond the existing level of
development will be difficult to achieve. Calculations for
individual tributaries indicate that shortages are concentrated
in the Dundhara Khola, Khorke Khola and the Nimare Khola, and
that the most severe shortages can be expected in the Itram
Khola basin. These conclusions were verified during the field
visit.

The flow pattern of most of the tributaries of the Nisti Khola
is characterized by the disappearance of surface flows during
the dry season, at locations about 1 km downstream from the
foothills, at approximately elevation 710 m. Flows typically
reappear at approximately elevation 670 m, for example in the
vicinity of the village of Bulbule. This water is used in FMIS
in the lower basin, but no quantitative studies have been
carried out to assess the effects of this surface/subsurface
flow combination on ultimate irrigation development potential.
It is not known, therefore, whether all flows re-emerge or
whether the lower basin FMIS have the capacity to use all of
the available flows.

DOI has constructed a deep cutoff wall at a new headworks
structure on the upper Khorke Khola. This appears to have
increased the availability of low flows, benefitting the
irrigation scheme at that location. No reduction in the volume
of water that re-emerges in the lower basin has been reported
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as a result of the construction of the cutoff wall. DOI is
considering the construction of cutoff walls at other irriga-
tion diversion points on the Nikas Khola tributaries, where

conditions permit.

The potential for alleviating water shortages in the Surkhet
valley using diversions from adjacent water surplus watersheds
is currently under study. Two river basins - Jhupra Khola
(Basin 13) and Chingar Khola (Basin 14) - are candidates for
diversion schemes. The Jhupra Khola lacks sufficient water in
its headwaters, from which a gravity diversion could be
effected, and an existing small hydro development beneficially
uses all available flows. The Chingar Khola appears to be more
suitable, and studies began in 1989 of a scheme to direct flows
to the Surkhet valley via a 20 km canal.

Further studies to develop the most cost-effective program for
water resource development in the Surkhet valley should
consider the following points :

a) The effect on the overall water balance of constructing
cutoff walls in the upper tributaries.

b) Available means for alleviating waterlogging in parts of
the lower Surkhet valley, and their relationship to the
surface/subsurface flow mix.

c) The potential to conserve water through the adoption of
low water use irrigation methods and cropping patterns.
Such measures could include the adoption of sprinkler or
drip irrigation with high value cash crops.

d) The opportunity cost of the waters of the Chingar Khola.
The potential benefits of using this water in the Surkhet
valley should be compared with the benefits of using it
in other water short basins. It may be possible to
benefit more than one basin with diverted waters (Nisti
Khola valley, Gam Khola valley, and the Ramghat area).

Basin 13 Karai/Jhupra Khola

Water balance calculations indicate that sufficient water
should be available in this basin to permit development of all
irrigable lands for YR irrigation. The 345 kw Jhupra hydroelec-
tric projects on this stream has restricted upstream irrigation
development in the past. However, the recent connection of
Surkhet District to the national power good may allow the
restrictions to be relaxed, permitting all of the irrigable
area to be developed.
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Basin 14 Chingar Khola

Water surpluses are indicated for this basin, enabling the
development of all remaining irrigable areas for YR irrigation.
It may also be possible to transfer surplus water to the
Surkhet valley (Basin 12), Gam Khola (Basin 15), or to the
Ramghat area (Basin 26).

Basin 15 Gam Khola

Water balance calculations indicate that water shortages are
currently experienced in this basin, as the water supplies are
inadequate to serve the existing irrigated area. This was
confirmed during the field visit, when it was reported that
acute water shortages are experienced in the winter, and that
water-related conflicts are common among the FMIS. DOI has
assisted one left bank FMIS by providing technical assistance
and some repair works. The main canal, which now commands a NCA
of 115 ha, has been extended beyond Kagati Khola on the left
bank. If any expansion of irrigation is to be achieved in this
basin, water supplies must be augmented. The most likely source
is the Chingar Khola (Basin 14).

Basin 16 Kagati Khola

Existing Kagati Khola irrigation systems are located on both
banks of the khola north of Dashrathpur village. In the upper
reach of the stream there is a water turbine which is used for
milling of paddy, maize, wheat and oilseed. No estimates of
streamflows were available for the Kagati Khola, but the
existing area reportedly receives adequate water supplies to
permit MS irrigation, with a portion of the area being
irrigated during the winter. It is unlikely that any of the
remaining irrigable area can be developed for irrigation.

Basin 17 Khar Khola/Tushare Khola

Water balance calculations indicate +that both the Khar khola
and Tushare Khola have inadequate water supplies in October and
March. DOI has conducted a prefeasibility study of a potential
150 ha irrigation scheme, drawing water from the Khar Khola.
The feasibility of this project should be carefully reviewed,
as water shortages are likely. No further development of the
remaining irrigable area in the basin is likely to be possible.
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Basin 18 and 19 Betaini Khola and Ghum Khola

Water balance calculations indicate that water supplies in
October and March are inadequate to serve the existing
irrigated area. Water-related conflicts are reported to be
common in these basins, especially in the winter. Development
of the remaining irrigable area is unlikely to be feasible.

Basin 21 Simte Khola

Water balance calculations indicate that there is a surplus of
water in all seasons, permitting development of all of the
remaining irrigable area. The Kaprichaure project, which DOI is
constructing in the basin, will improve existing FMIS and
extend irrigation to the Rukamchaur area. This will virtually
complete the development of irrigable lands in this basin.

Basin 22 Khare Khola

Water balance calculations indicate that all of the irrigable
lands in the basin can be provided with adequate water supplies
for MS irrigation, with only minor shortfalls in the winter
season. Under the K-BIRD project, a scheme to transfer water
from the Gochhe Khola (Basin 23) was studied, but it was found
to be infeasible.

Basin 23/1 Amkholi Khola

Water balance calculations for Basin 23 as a whole indicate
that all irrigable lands can be provided with MS irrigation,
and that a portion of the remaining irrigable area could be
provided with winter water supplies as well. In the Amkholi
Khola sub-basin, DOI and K-BIRD are studying a scheme to use
Gochhe Khola waters +to supplement water supplies from the
Amkholi Khola to serve existing FMIS in the Sahare area.

Basin 23/2, 23/3, 23/4, 23/5 Gochhe Khola

As noted above, the Gochhe Khola basin as a whole has adequate
water supplies to develop all irrigable lands for MS irriga-
tion. DOI is developing a 50 ha project on the upper left bank
of the Gochhe Khola. Further development should be possible on
the lower right bank of the Gochhe Khola, although an earlier
prefeasibility study conducted by DOI found a project in this
area to be infeasible. Improvements to existing projects in
sub-basins 23/2, 23/3 and 23/4 can be achieved by providing
supplementary water from the Gochhe Khola, and an area on the
left bank of the Bheri River can be provided with water for MS
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irrigation. Since some of the Gochhe Khola flows will be
diverted in future to the Jigne Khola (Basin 24), studies of
further development of lands in the Gochhe Khola basin should
be based on post-diversion conditions.

Basin 24 Jigne Khola

Water balance calculations for the Jigne Khola indicate severe
water shortages for both MS and YR irrigation of the existing
irrigated area. A K-BIRD sponsored project to alleviate these
water shortages via a diversion from the Gochhe Khola is under
construction. Development of the remaining irrigable area in
the Jigne Khola basin is unlikely to be feasible, due to water
supply limitations. .

Basin 25 Nachne Khola

Water balance calculations indicate that ample water supplies
are available for YR irrigation of all irrigable land in the
basin. Development of the remaining irrigable area should
therefore be feasible from the water supply viewpoint.

Basin 26 Korelli Khola

Water balance calculations 1indicate that this basin has
insufficient water to serve the existing irrigated lands, even
at the MS level. The only means available to improve the
situation would be a scheme to transfer water from the Chingar
‘Khola (Basin 14), or to 1lift water from the Bheri River.
Neither of these alternatives are likely to be feasible.

Basin 27 Chhinchu Khola

The Chhinchu Khola basin has sufficient water to provide YR
irrigation to all existing irrigation schemes and all potential
irrigable areas. This conclusion, which was reached from water
balance calculations, was confirmed during the field visit. DOI
is providing assistance to construct a new irrigation system in
the upper Hathikhel Khola, to serve an overall NCA of 115 ha.
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Chhahre, and Rujkha Kholas, and Rajigaon
Spring

Water balance calculations indicate that all of these basins
have surplus water in the months of October and March,
indicating that all irrigable areas can be developed for YR
irrigation.

Basin 34 and 36 Sa jhamul/Baghphyle Khola and Golfa Khola
Water balance calculations indicate that both of these small
basins experience water shortages at many times of the year,

and that there is little potential for expanding irrigation to
the remaining irrigable areas.

A4-3.7 - Recommended Further Studies

Proposed further studies are outlined in Section A4-3.6 for the
water-short Nikas Khola basin. Apart from the studies of this basin
and the potential schemes to divert water to it, studies of future
development potential should concentrate on those basins with water
surpluses. The principal basins with good prospects for expansion
of irrigated area are the Basanti Khola, Jhupra Khola, Chingar
Khola, and Gochhe Khola,.

As in all of the surveyed districts, the potential for rehabilit-
ating existing FMIS and for undertaking minor expansions of their
NCA’s should be treated on a project-specific basis, using the
principles established under the Irrigation Sector Program. This
represents a "bottom up" process, in which a farmer request prompts
action by DOI to appraise a particular project. The present
exercise represents a '"top down" process, in which resource
characteristics are used to identify potential projects.
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TABLE Ad4-3.1 Page | of 3

RRIGATION DEVELD ASSRSSKRNT - SURKHET DISTRICT

Assessed Bagin/Strean Bxisting Scheme Remaining Streanflow Estinates Repr.lrrig.Req.  Net Reliably  Net Potential  Further Water
Nuaber Nane Command Areas [rrigable Area October Narch October  March Irrigable Aress Expansion Areas  Availability
Gross Net Mapped  Net Mean Rel. Mean fRel. S i S i s R L5 m

{ha) (ha)  (ha] (ha} (n3/s) (m3/s) {(a3/s) (nd/8) (L/s/ha) (L/s/ha) (ha) {ha} (ha)  (ha)
{t) {2) (3 (4} (5 (6 (1 (8§ {9) (top (1) (12) (13 (14) (15) (186}

i Limu Khols 159 127 194 16 195 17T 0.3 0.26 2.32 0.85 504 307 146 146 Surplus Surplus
2 Kauriban Khola 25 20 56 38 0,20 013 004 003 232 083 B4 3 U 16 Deficit Deficit
3 Hallanga Khola 12 10 {7 ¥ 038 0,23 007 0.08 .32 0.83 98 63 35 35 Surplus Surplus
{ Baldo Khola 26 2l § 5 057 0.3 0.1 0.08 2.2 0.8 W 99 5 5 Surplus Surplus
511 Bhuaka Khola 80 64 0 0 07 010 0.03 0.02 230 085 M 0 0 0 Deficit Deficit
5/2 MNauli Khola 0 o 0 0 0.50 0.0 0.0 0.08 2,32 0.8 128 90 0 0 Surplus Surplus
5/3 Dung Khols (incremental) 128 102 b 0 0.43 0.26 0.07 0,05 2.32 0.83 11 63 0 0 Surplus Deficit

Total 207 166 0 0 L10 0.66 0.20 0.5 2.32 0.83 284 181 0 0 Surplus Surplus
6 Kewari Khola 64 51 0 0 0.09 0.05 0.02 0.02 2.32 0.83 23 18 0 0 Deficit Deficit
! Karpa Khola 184 147 §7 66 0,21 013 004 003 232 0.8 B4 38 0 0 Deficit Deficit
81 Jeunerital/Sinket Khola 97 " NOOONA 05 045 04 0L 2,32 0.8 1Y 127 NA NA WA NA
8/2  Guttu/Jamule Khola 393 314 NAONA 286 112 D49 037 2,32 083 40 443 A NA NA MA
8/3  Biju Khola 134 107 FA& NA 106 0.4 018 0.4 2,32 0.8 2 172 NA NA NA NA

8/4 Basanti Khola (incremental) 86 68 NA NAOOLL98 119 0.4 0.l 2.32 0.83 512 127 NA N& NA NA
Total 09 567 904 678 6.65 3.99 (.96 0.72 2.32 0.83 1720 867 678 300 Surplus Deficit

/1 Maigad/Dandhure Khola 102 81 NOONA 128 07T B3 0.7 232 083 M 208 NA A NA NA
§/2/1  Bhyagute/Kheaare Khola 518 460 N& N 113 0,68 021 006 232 0.83 292 190 0 0 NA KA
9/2/2  Singalighat Khola 10 56 FA NA 043 0.26 0.08 0.06  2.32  0.83 1l 17 NA A NA NA
9/2/3  Palote Khola 260 208 Mo N 089 053 016 0.2 232 0.83 230 145 NA 0 NA KA
§/2/4  Kota Khola 56 45 MO N 022 0.3 0.0 0,03 2.32 0.8 5T 36 HA 0 KA N&
9/8/5  Dharapani/Saktipur Khola 58 46 NN 0 032 010 008 232 0.8 I 90 NA A WA KA
§/2/8  Srichaur Khola 59 47 MO N 011 007 o002 0.02 2.3z 0.83 28 18 0 0 A NA

9/2/7  Gaddele Ehola (incremental} 67 5 NA NA 070 0.42 002 0.08 2.32 0.8 181 108 NA NA NA NA
9/3  Kuliban Khols (incrementsl} 40 32 N& O NA 079 047 0,04 008 2,32 0.83 2 36 N& NA A NA
Total 1286 1028 798 599 6.09 3.65 1.00 075 2,32 0.83 1575 904 547 0 Deficit Deficit

10/1  Dhanighat Khola 89 55 MW L2067 0,20 05 232 0.83 290 181 NA NA A NA
10/2  Sot Khola (increnental] 159 1 NA NA 583 380 095 07D 232 0.8 1508 858 NA N & N&
Tolal 228 182 8 T 695 417 LIS 086 232 0.83 1791 1039 L 74 Surplus Surplus

1i/1 Khetkhorl fhoia H 2 NAOONA 048 029 009 000 232 0.83 124 81 NA NA NA NA
1/2  Simalchaur Khola 3 26 MO ONA 084 052 010 0.08 232 0.83 140 90 NA VA NA W&
Total 66 § 0.19 0.1 .32 0.83 264 12 154 119 Surplus Deficit

2% 1 102 0.6




TABLE Ad<3.1 (continued) Page 2 of 3

Assessed Bagin/Stresn Existing Scheme Remaining Streanflow Estinates Repr.Irrig.Req.  Net Reliably  Net Potential  Purther Water
Nuaber Name Command Areas Irrigable Area October March October  March Irrigable Areas Expansion Areas  Availability
Gross Net Mspped  Net Mean Rel. Mean Rel. XS K 1’ K§ (2 8 i}

(he) tha)  (ha) (ha) (n3/s) (n3/s) (n3/s) (n3/s) (L/s/ha) (L/s/ha) (ha) (ha) (ha}  (ha)
(1) (2] R I I €Y I (S L VI ] {$) (10} (1) (12) (13 (14) (18)  {16)

12/l Bharali Khols 196 157 NAOONA L6 082 024 08 232 083 352 3y N& NA NA NA
12/2 Damse Khola 88 3! NABA0.260 0.6 005 0.4 232 0.83 g7 45 0 0 NA KA
12/3  Uttergangs thola 1 62 NAONA 015 009 003 002 232 083 39 21 0 0 NA [/}
12/¢  Duwale Khols 3 3 NN 087 0.3 0t 0,08 232 0.83% 147 % NA KA NA NA
12/ Dhundhare Ehola 180 128 NeoMAOID 007 002 002 232 0.8 28 18 ) 0 NA NA
12/6  Khorke Khola §34 "1 NoOR L2 L35 039 029 232 0.83 582 352 0 0 KA NA
18/ Itrsa Khola 121 1019 Ne- NA LS8 083 025 019 232 083 3 226 0 0 N& NA
12/8  Nisare Khola 33 250 NA- N 0B 029 009 007 252 0.83 1 81 0 0 .1 NA

Nikas Khols Total 3081 2365 925 634 6.56 .94 118 0.80  2.32  0.83 1697 1068 0 0 Deficit Deficit
13/1 Rarai Ehola 169 135 0 0 N NA M M 23 083 WA A N& NA NA NA

13/2  Jhupra Khola (incremental] 4l w0 185 NA O ONA M NA 232 0.8 WA NA NA N& A NA
. Total 210 168 220 165 472 2.83 0.80 0.60 237 0.8 1221 123 185 165 Surplus Surplus

14/t Kol Khola 8 66 M0 0.13 0,10 232 0.83 184 11 54 51 Surplus Deficit
14/2  Chingar Khola (incremental) 0 0 287 25 1076 L7121, . 0.83 2783 1554 215 215 Surplus Surplus

Tatal 83 66 359 269 11.47 1.85 2,32 0,83 2966 1672 869 269 Surplus Surplus
15 Gaa Khola i 253 23 055 033 0.0 008 232 0.83 142 90 0 0 Deficit Deficit
16 Kagati Khola 90 o6 182 WA NN N4 232 0.8 M NA NA NA NA NA
17/1 Khar Khola 50 40 NA NA NA NA NA NA 2,32 0.83 NA NA NA NA NA NA
17/2  Tushare Khols 942 753 NA NA N4 NA NA NA 2.32 0.83 NA NA NA NA NA. NA

Total 992 1925 190 L9 L1 035 026 232 0.8 5012 318 0 0 Deficit Deficit
18 Betaini Khola 693 555 §2 47 135 081 0.2 0,18 232 0.85 349 o 0 0 Deficit Defieit
18 Ghua Ehola 9 359 86 50 0,95 0.56 0.7 0.3 232 0.8 A 154 0 0 Deficit Deficit
2 Barsajar fhola It 8 0 0 NA NA NA NA .32 0.83 NA NA NA NA NA NA
i Siate Khola 483 386 160 120 5.0 300 0.84 083 232 0.8 129 753 120 120 Surplus Surplus
) Ehare fhols 142 113 i 3079 047 005 0.1l 2.32 0.83 20 138 3 22 Surplus Deficit
23/1  Aakholi Khola 169 135 MOOONE 020 0.4 005 004 2,32 0,83 82 45 0 0 NA NA
23/2  FKural Rhols 36 28 NANE 05T 0.3 0.1 0,08 232 0.8 147 9§ NA NA A A
23/3  Punyar Khols 234 187 NA NA 0,38 0,23 0,07 0.05 2.32 0.83 98 63 A A NA Nk
23/ Nakale Khola 86 68 N& MR 0460 0,28 0,09 007 232 0,83 (19 81 NA KA NA NA

23/5  Gochhe Rhola (incremental) 281 225 NN 328 L9 051 038 2.3 C08 us {61 NA NA M NA
Total 805 64 40 R3 493 296 0.83 062 232 T 083 11 750 323 106 Surplus Deficit

/1 Katheghari Khola o4 259 NA- M 08 0,29 0.09. 0,07 232 0.80 1y 81 0 0 NA A
8472 Jigne Khele (incremental) 350 280 N WA 060 037 0.0 0,08 232 0.8 158 9 0 0 & NA
Totsl 674 539 185 139 109 0.65 0.20 0.15. 232 0.83 282 181 0 0 Deficit Deficit



TABLE Ad-3.1 (continued) Page 3 of 3
[RRIGATION DEVELOPMRNT ASSRSSMENT - SURKHET DISTRICT

Assessed Basin/Strean Existing Scheme Remaining Streanflow Estimates Repr.Irrig.Req.  Net Reliably  Net Potential  Further Water
Number Nane Command Areas [rrigable Ares October Narch October  March Irrigable Areas Expansion Areas  Availability
Gross Net Mapped Net Mean Rel. Mean Rel. L b} s R s b s i}

(ha} (ha)  (ha) (ha) (n3/s) (n3/s} {n3/s) {n3/s) (L/s/ha) (L/s/ha) (na) (ha} {ha)  (ha)
(1) @ (3 (5 (6 {1 (8 o) (o) (1 oae) (13 (4 (15) (18)
3/1  Kiteh khola 104 83 NAON& 01T 00100 008 0.02 2,32 0.8 W n 0 0 A NA
2/2  MNachne Rhola (incresental] 56 {5 NoOONAO L6 084 019 04 2,32 0.8 N 172 NA A NA N
Total 160 128 ¢ W LW 0T 022 017 2,32 0.83 38 199 k1 3 Surplus Surplus
% Korelli Khola 21 178 186 140 0.43 0.26 0.08 006 2,32 0.8% 1l ] 0 0 Deficit Deficit
A Chhinchu Khola 43 354 106 80 6.5 3.9 .09 0.82 2,32 0.83 168} 985 80 80 Surplus Surplus
28 Hallerighat Khola 66 53 26 20 L7070 0.2 0.8 2.3 0.83 303 190 20 20 Surplus Surplus
2 Hagar Khola 119 95 4 1 LT 032 o.M 2.3 083 43 289 41 41 Surplus Surplus
30 Khante £hola {5 3 0 5% 0.5 0.20 0.07 0.05 2,32 0.8 9 63 53 21 Surplus Deficit
3 Battisi Khola 35 28 ‘ 12090 130 L 03¢ 026 232 0.83 481 307 90 $¢ Surplus Surplus
8 Chhshre Khola a2 18 0 0 Lol 0.61 0.18 0.4 2,32 0.8% 261 163 ] 0 Surplus Surpius
kX] Rujkha Khola 28 22 081 015 045 014 o0.H 2,32 0.8 194 121 n 1 Surplus Surplus
/1 Sajhasul hola 04 51 2 0.2 0.3 004 0,03 232 083 B4 36 3 0 Deficit Deficit
/2 Baghpyle Khola 69 55 0 § 0.15 0,09 0.03 0.02 2,32 0.83 39 27 0 0 Deficit Deficit
Total 133 108 ¥ 2 0.3 0.22 0,07 0,05 2.2 0.8 93 63 0 0 Deficit Deficit
3 Rajigaon Spr. (Bargar Kh.} 28 2 8 & 052 031 0.10 0.08 2,32 0.8 1y 80 b 6 Surplus Surplus
3 Golfa Khola 48 a ¥ 2 0.2 0.4 0.0 0.04 .32 0.8 62 45 25 8 Deficit Deficit

Total Assessed Basins (Rxcl. NA) 12234 9688 5912 444 20909 12380 3007 1760

Notes : (1) Aggregated from WUI report
(2) [0.84(1)]
(3] Heasured from Figure A4-3.1
(4 [0.8¥(3)]
(5) Nean flow from WUI report
(6) Reliable flow; [0.6%(5)]
{T] Mean flow from WUI report
{8) Reliable flow; [0.75%(7)]
(3) Representative irrigation requirenents from Annex DI, corresponding to HNV/W/MS cropping pattern
(10) Representative irrigation requirements fron Annex DI, corresponding to HMV/W/YR/C cropping pattern
(11) [(6)¥1000/(9}]
(12) [(8)¥1000/(10))
(13) Potential in-basin expansion calculated fron areas in (11}, (2) and (4)
(14) Potential in-basin expansion calculated froa areas in (12), (2) and (4)
(15) Exportable surplus or restrictive deficit indicator calculated from aress in {11), (2) and (4}
(16) Exportable surplus or restrictive deficit indicator calculated from aress in (12), (2) and (4)
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Proposed
diversion from
Chingor Khola
to provide
supplementary
woter supplies.

Dundharo

emmmemnsze  Nepaiganj - Surkhet road
==~ === = Proposed trans basin diversion canal
~2000~ Contour line {Elevation in feet)

=S Watercourse
2/t Watercourse number (see Tabie A4-3.1)
Dot (#) shows point af which flows were calculated.
mi000 300 O | 2 3 Km

THE WORLD BANK /THE UNITED NATIONS DEVELOPMENT PROGRAMME
MASTER PLAN FOR [RRIGATION OEVELOPMENT IN NEPAL w.

Surkhet District - Surkhet Valley Area




