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PREFACE

This study was conducted as part of the Water Management
Synthesis II Prcject, a program funded and assisted by the United States
Agency for International Development through the Consortium for
International Development. Utah State University, Colorado State
University and Cornell University serve as co-lead universities for the
Project.

The key objective is to provide services in irrigated regions of the
world for improving water management practices in the design and
operation of existing and future irrigation projects and give guidance
to USAID for selecting and implementing development options and
investment strategies.

For more information about the Project and any of its services,
contact the Water Management Synthesis II Project.

Jack Keller, Project Co-Director Wayne Clyma, Project Co-Director
Agricultural and Irrig. Engr. University Services Center

Utah State University Colorado State University

Logan, Utah 84322 Fort Collins, Colorado 80523
(801) 750-278% (303) 491-6991

E. Walter Coward, Project Co-Director
Departmert of Rural Sociology

Cornell University

Ithaca, New York 14850

(607) 256-5495
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FOREWORD

This report is an intermediate output of a Water Management
Synthesis II Project activity in Indonesia directed toward the
development of a small-scale irrigation system project. The writers were
asked to evaluate alternatives in West Java, Western Nusa Tenggara (NTB)
and Eastern Nusa Tenggara (NTT). In doing so, a strategy for
implementation emerged which would, if accepted, lead to a new concept
for USAID support of smali-scale irrigation projects. This strategy is
the primary contribution of this report.

Individual projects were identified in all three provinces, but in
most cases the Team felt there was a need for more detailed information,
and subsequently recommended a series of initialization studies. This
recommendation appears to have been accepted by the Mission, and
additional WMS II personnel are scheduled to further the Team's initial
effort. Although the Team made some analysis with regard to the economic
feasibilty of the project, it was felt that an in-depth evaluation would
be premature. Consequently, this report omits a discussion of economic
factors except in the general sense. Appendix D is, however, included to
i1lustrate the potential benefits of irrigation developments which
support rice and polowijo cropping.

“his report also defers the formulation of specific operation and
maintenance issues and a program of technical assistance and training
related to project implementation and management. The future role of
WMS II 1in the Indonesia Small-Scale Irrigation Project is not clearly
defined at this intermediate stage, but the Team feels the opportunities
would be very interesting and would hope that a linkage could be
established.



EXECUTIVE SUMMARY

General Introduction

Background

The objective of the project is te . . . "improve the Government of
Indonesia's institutional capability to increase food production by
improving the performance of small-scale irrigation systems. . ." Three
institutional elements are considered essential to the accomplishment of
this objective. The first is to "d2concentrate," to increase the
responsibility of province and district irrigation and agricultural
agencies. The second is to dimprove farmer participation in the
irrigation project in order to enhance both on-farm water utilization as
well as the operation and maintenance of the diversion and delivery
system. The third is to diversify irrigation technologies and designs.

There is an important water management problem associated with
small-scale irrigation systems that should be outlined at the outset.
Irrigation engineering principles are not easily applied at what might be
called the "micro" scale of small systems. The flows are small so that
channels and related control structures are simple and usually
oversized. Fields are small, level and often irregularly shaped. Major
hydraulic issues do not often come into play. Management therefore is
more of an "art" than a “science" and experience becomes more valuable
than expertise. The result is that irrigators may be more adept and
efficient than, say, engineers or agronomists in small-scale system
operation and management. This is particularly true at or below the
tertiary level of the distribution system and, depending on size, may
also be true at the secondary level. Usually, good engineering practices
emerge in an important roie at the diversion works and primary canal.

Proposed Project Strategy

The fundamental conceptual problem of small-scale irrigation systems
mentioned earlier lead to three conclusions and observations directly
associated with the provinces of West Java, Eastern Nusa Tenggara (NTB)
and Western Nusa Tenggara (NTT). Those are:

1. The hydrolegic variations in the typical rainfall-run>ff
processes should be mitigated to reduce the uncertainty of the
water supply for dirrigation purposes. This introduces the
first of three dimensions 1in the recommended small-scale
strategy -- Augmentation of the rainy and dry season water

supply;

2. The technical capability of Public Works personnel will in all
1ikelihood be severely overextended if present plans are put in
motion for small-scale irrigation systems. If each small
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system is considered a discrete project in which responsibiity
1s assigned for planning, design, construction supervision,
operation and maintenance, and this responsibilty extends
beyond the diversion works OF the irrigation system, the
Department of Public Works wil] require large and probably
unreasonabie increases in staff and operating funds. It was
found in discussions with Public Works personnel and
administrators that this would be difficult. This conclusion
gives rise to the Team's second proposed dimension of the
strategy -- Decoupling of basic water supply functions and
irrigation management; and

3. In order for water rosources developed to be effectively used
for small-scale irrigation, given the 1imitations on Public
Works noted above, substantial technical, institutional and
financial assistance is needed at the village level, This
conclusion leads to the third dimension of the proposed
strategy -- Farmer operated and maintained small-scale
irrigation svstems.

It is proposed that the Ministry of Public Works, in terms of this
project, adopt as a primary objective the stabilization and augmentation
of water flows to small irrigation systems. This does not imply that
many Public Works run-of-the-river systems already planned or in progress
in areas iwhere small systems are located should be abandoned or
neglected, but it does suggest that areas with individual functioning
irrigaticn systems should not be complicated by the further addition of
facilities which require Public Works involvement.

This straceyy nas a number of important advantages. These include:

1. A more regional focus on water resource development leading to
higher efficiencies and better equity;

2. A more concentrated and effective use of GOI technical and
administrative personnel, particularly focusing their expertise
where it is needed most and is more effective;

3. A more rapid implementation of irrigation goals such as
expansion and intensification because even without secondary
and tertiary components, more reliable water supplies would be
distributed faster and over larger geographical areas;

4. Better possibilities for maintenance since fewer kilometers of
canals would be constructed initiaily in sucn an augmenting
system; and hopefully

5. A more flexible and responsible system of irrigation; and

6. A more effective use of local capacities and un affirmative
approval to the role of 1local organizations in irrigation
development.
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This strategy also has two unique features. It would not preclude
the traditional irrigation development strategy since it produces the
same first phase irrigation works. If the village level unit is not
effective as put forth, the system need only be expanded to include the
primary and secondary conveyance as currently practiced to form the more
traditional project. The second unique feature is that this strategy
allows medium- and large-scale project resources and expertise to be
focused in the small-scale setting. It can implement some medium- and
large-scale project: with far less investment and manpower. One may also
argue that it simplifies the function of technical project implementation
by standardizing planning and implementation procedures.

One observes that most small systems do not irrigate ali the
potentially commandable lands and certainly the dry season crops are less
intensively cultivated than the wet season paddy. If the main waterway
is very large it is unlikely that small systems would divert water from
it because of the need for 1large structures. It may, however, be
observed that some farmers are pumping irrigation water directly from the
river.  The important aspect to consider hydrologically 1is that the
tributary streams are very often non-perennial. One option for
-augmentation for 1large run-of-the-river diversions on the perennial
waterway involves constructing a peripheral canal connection to some of
the tributaries. During the dry season or other low 7iow periods in the
tributaries water is diverted into the individual catchmants to stabilize
the base flows. This type of augmentation system is provably most
adaptable in West Java, but it also has occurred in Central Java as part
of a World Bank project near Yogyakarta.

Another augmentation strategy, applicable primarily to NTB, is to
build small reservoirs, cailed embungs, in the uplands of a watershed to
collect uny excess water duing the wet season that would ordinarily drain
to the sea. This stored water can then be resupplied to the stream
during dry periods to encourage expanded irrigated acreage as well as
double or triple cropping, or it may simply be needed to augment rainfall
shortage during the first crop of paddy.

Finally, the option of pumping as a means of augmenting water
supplies is proposed. The pumps may suputy water from perennial streams
or from groundwater. They may irrigate new lands as well as supplement
supplies on existing lands. Of course, any particular project area may
include any numder of these options in a mix favorable to the 1local
circumstances.

These options illustrate the augmentation component of the strategy
as well as the decoupling, since the small-scale systems remain intact.
In support of this configuration, it is also assumed that the individual
small-scale cystems may need to be improved to use the augmented suppiies
better. Technical and financial assistance may be required in case the
more reliable water supply would necessitate rehabilitation of the
village system beyond their temporary means.
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Project Objectives

The larger objectives of increased agricultural production and
institutional strengthening are discussed above. Objectives of a
specific nature are:

1. To improve reliability and duration of the irrigation water
supply to as much as 30,000 hectares of new and existing
irrigabie lands in West Java, NTB and NTT provinces (based on
Repelita IV);

2. To improve the capability of village level organization of
farmers to operate and maintain small-scale irrigation systems;

3. To introduce and test several new technologies and
institutional arrangements that may address particular problems
in the three provinces; and

4. To monitor and evaluate the evolution of the small-scale

development strategy to establish the effectiveness of water
utilization and system maintenance.

Candidate Projects

West Java

Eight subproject sites are recommended for consideration subject to
further assessment: "Cikaso Filir and Cikaso Udik or the Cikaso River;
Cibuni Hilir, Cibuni Udik, CikuTina and CiJampang Udik on the C(ibuni
River; and Cisadea HiTir and Cisadea Udik on the Cisadea River.  No
subprojects on the Cisokan River are specifically recommended at this
point. Since the overall concept of these eight subproject irrigation
schemes is the same, the Cikaso Udik Project will be described here to
illustrate the West Java components.

The proposed layout for the Cikaso Udik subproject is basically that
suggested by Snowy Mountain Engineering Corporation with modifications to
reflect the proposed augmentatior -~nroach. The Cikaso Udik weir will
have an offtake on the right ban . This requires a 200 m long aqueduct
over the Cikaso about 2.5 km downstream of the weir, but enables
irrigation of 350 ha on the right bank of the Cikaso. The weir will have
a crest length of about 35 m and height of about 5.5 m. The main canal
system would be abc * 57.3 km long with a design discharge of 4.75 m3/s.
The majority of the J,510 ha of net irrigated area lies within a small
river basin which feeds intc the Cibuni River. The proposed main canal
will split with one leg following the contour on one side of this
watershed and the other leg following the contour on the other side.
Both legs will augment the flows in the small natural drainages of the
watershed. Village diversion structures will tap the augmented flow of
these natural watercourses. Any water not diverted by a village weir



plus any return flow will be available for diversion by village systems
Tower down.

An economic assessment of the Cikaso Udik and Cikaso Hilir projects
produced benefit/cost ratios of 1.7 and 1.5, respectively. However,
there is serious question regarding the incremental yields assumed to
result from irrigation. Rainfall in the region equals or exceeds 200 mm
per month for at least eight months per year. Usually this would be
sufficient for two paddy crops and possibly a polowijo crop on residual
moisture. This issue needs close examination before a final decision on
the projects in West Java is made.

NTB - Sumbawa

The irrigation development program in Sumbawa can follow two broad
strategies: (1) simple diversion of river runoff by means of weirs; and
(2) storage of excess river runoff in the periods of high flow to be used
in the periods of Tow flow. This will require building reservoir
capacity in the form of tanks (embungs). Included in both strategies
could be the exploitation of groundwater to increase water supply
available for irrigation. However, compared to surface water, the
contribution of groundwater will be Timited since it is available in only
one of the following potential irrigation projects.

Four .general projects consisting of one or more components are
proposed. The first is the Taliwang complex located on the west coast of
the Sumbawa Island.  Two relatively major river basins in the complex,
Taliwang and KaTimontang, are reported to be perennial, and hence the
project proposes to construct diversion weirs and necessary conveyance
canals to increase water supplies. Taliwang River is the second largest
on the island with good average and dependable f1ow throughout the year.
The total area presently under irrigation is about 2,590 ha, mainly in
the lower basin adjacent to the Kalimontang River and downstream of
Taliwang. Most of this area receives irrigation in the rainy season and
only about 170 ha receive jirrigation in the dry season. The major
irrigation works being proposed by Public Works consist of a weir on the
Kalimontang River irrigating about 850 ha, along with two weirs on
Seteluk River irrigating about 1,445 ha upstream of Taliwang Lake. The
remaining area (301 ha) is irrigated by village irrigation systems on
small tributaries of the main river. The project should make it possible
to grow two crops on about 2,590 ha, which presently grows only one
crop. Some additional new land could also be brought under irrigation.
The project also has the potential to stabilize water levels in Taliwang
Lake with a surface area of about 860 ha. Two canals of about 16 km
would direct water from the weir to the croplands. The left bank main
canal, after irrigating some area in its head reaches, would augment
water supples in the Kalimontang weir irrigation system. The right bank
main canal would supply water to the Taliwang Lake 1in addition to
irrigating agricultural land.
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The Design Team has one primary concern related to the Taliwang
Project. First, the proposed site for the weir is such that the main
canals will traverse a long distance (about 14 km) through a very narrow
valley before they get to the main irrigation area. Transit losses of
diverted water may be very high. An alternate design could be relocating
the weir further downstream where it is near the main irrigated area and
still be able to command the Taliwang Lake. The area upstream of the
weir can then be irrigated by 1ifting water out of the river by means of
pumps. Farmers' groups are already using small pumps to 1ift water and
irrigate land areas varying in size from 12 to 30 ha.

An economic analysis of this project could not be made because the
Costs were unobtainable during the Team visit. However, based on
expected benefits, it is estimated that up to Rp. 12,500,000,000 could hbe
invested for a benefit/cost ratio of 1.5.

The second regional focus wouid be in the Tiu Kulit, Empang and
Plampang "areas. There are four major river systems draining the area
including the Empang River in the east, the Empang West River, the
Plampang River soutiwest of Plampang Town and the Marunge River system in
the northwest corner of the area. Each of the river systems has its
source in the hills at a relatively low elevation around 500 m.
Cultivated land in this region covers about 8,000 ha, and over half the
cultivated lands are down to paddy with about 27 percent of the total
cultivated lands presently under irrigation.

Given the characteristic flash peaks of the rivers, any further
development of surface irrigation would necessarily involve creation of
storage capacity in the systems. The stored water then can be used to
modify the daily and weakly fluctuations of water supply so that a
dependable irrigation is possible throughout the rainy season. Further,
the storage tanks can be used to carry over water from the wet season for
use in the dry season for small areas of Trrigated polowijo crops.
Storage tanks (embungs) will be particularly critical in the
Empang-Plampang area since no potential exists for exploiting groundwater
for irrigation. However, construction and management of embungs will not
be easy. The provincial Public Works Department has not had suostantial,
if any, experience in the design, construction and operation of storage
reservoirs. Although most of the design and construction work will be
done by the Contractors, Public Works engineers will need to be trained
for supervising the design and construction. Further, they will need to
develop skills in the proper operation and maintenance of the storage
reservoirs. There are some reasons for optimism regarding the economic
feasibility of these projects, although they were not evaluated
independently by the Team. During field visits to the proposed sites for
Tiu Kulit and Muir tanks the Team was quite impressed with the
locations. The site for Muir tank is perfect if future subsoil
investigations indicate good bedrock for dam foundation and no excessive
seerage losses from the reservoir.

The third area is the Pelaparado Basin which drains an _area of about
400 sq.km. south of Bima Bay with one major river and two minor
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tributaries, namely the Pelaparado River, the Keli River and the Tonggo
River. The Pelaparado River rises at an elevation of about 400 m and
runs northward, entering a large plain near Bima Bay. The average flow
in the wet season in the Pelaparado River is only about 500 1ps, which is
insu.ricient to irrigate the total avai®able land. In the'dry seasen the
flow is virtually zero in the river. Presently about 4,225 ha grows one
rice crop in the rainy season out of a total cultivated area of about
8,666 ha. Other popular cash crops grown are onions, tomatoes and
soybeans. With irrigation farmers can grow one ice crop and three onion
crops, or two rice crops and one onion crop in a year. Market for onions
and tomatces is reported to be very good; a substantial part of the
produce is being exported to Kalimontang.

The Pelaparado Basin has a very good potential for irrigation
development. The area of irrigated 1and can be doubled if water is made
available. Every irrigation system visited is critically short of water,
so much so that in many places farmers actually apply water by -hand,
using specially designed buckets. The water is obtained from shallow,
open dug wells. As such, farmers in this area are very conscious of the
value of water and reportedly very efficienct and experienced
irrigators. Pelaparado Reservoir could be constructed to satisfy
irrigation requirements in the wet season. However, this would only
solve the problem in the upper part of the plain along the main stem of
the river, To solve the problem in the lower part an ir 2rbasin
diversion from the Mori River to bring the water into the area d..astream
of Kalate may be necessary. The water shortage in the tributaries to the
right hand side of the main stem (Tonggo and Karanun) cannot be solved
with Pelaparado Reservoir, and more small embungs will be necessary on
those tributaries.

An option for increasing water supply in the Pelaparado Basin is the
exploitation of groundwater. There is good groundwater potential in the
basin around Bima. A test bore by the Department of Public Works near
Bima and other tests indicate a safe groundwater yield of 40 to 60 1ps,
which 1is adequate to grow all polowijo crops, and even rice. As
mentioned, farmers are already using groundwater by tapping the shallow
aquifer. These shallow, open wells dug by farmers are about 6 m deep and
each well irrigates about 1/4 ha of onions or a tomato crop. If the
wells were a little deeper (10 to 15 m), with water being 1ifted by
surface mounted small pumps, the area irrigated by these shallow wells
could be dramatically increased. Further, water loss in the farm
distribution system could be completely avoided by the use of PVYC pipes.
In addition to the open dug wells, tubewells can be successfully used to
exploit the deeper aquifers. Application of both shallow and deep
tubewells should be investigated. Shallow tubewells might be more
desirable as small groups of farmers can purchase and conveniently manage
this technology. Deep tubewells will require greater assistance, and
even funding, by the Department of Puolic Works.

This complex of projects would cost between Rp. 1,500,000 and Rp.
2,000,000 per hectare and would, if limited to this range of cost, yield
a benefit/cost ratio of about 1.1.
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The final proposed projects fall in Sape and Sumi River basins. In
the Sape and Sumi basins, Tand suitable for 1rrigation is about 4,000 ha,
of which about 1,820 ha are presentiy under irrigation. A1l of the area
under irrigation grows one rice crop in the rainy season and about 500 ha
grow another crop during the dry season. The major benefit of the
proposed irrigation project will be to increase the amount of cropped
area during the wet season to about 2,625 ha, and that during the dry
season to about 1,500 ha. Two storage reservoirs, one on e~ river, are
proposed to regulate river flows in the wet season and prov.de irrigation
water for the dry season.

The Sape Reservoir would lead to an increase of wet season irrigated
rice by 500 ha and it would add 600 ha of second crop on land not
previously double cropped. The benefit/cost done by FENCO assumes an
increase of yield from 4 to 5 tons per ha on irrigated rice and a switch
from dryland polowijo to paddy for 500 ha. The yearly increase in net
farm income was figured to be Rp. 882,500,000. The present value of such
an income stream (ending in 30 years) would be about Rp. 8,295,760,000.
The benefit/cost ratio for this project would reach 1.0 only if the
project were to be completed within two years. This assumes the value of
benefits are valued at Rp. 6,856,000,000. Thus, investment in the Sape
Reservoir is not reccmmended based on the existing data and analysis.

The Sumi Reservoir Project is also designed to move from dryland
polowijo to double crop paddy (1,800 ha) along with 700 ha of single crop
paddy to double crop paddy. The calculated present value of the
incremental net farm income is Rp. 6,978,000,000, as compared with a
present value for incremental costs of Rp. 6,481,000,000, for a
benefit/cost ratio of 1.08.

NTT - Timor

The guiding principles in out’ining proposals for development in
Timor have been the extreamely limited institutional infrastructure, very
Timited technical information and a relatively undeveloped farming
system. “he strategy proposed is one of iniciating a series of discrete
activities to gain some developmental experience and to build an
information base for future development. The proposals seek to build on
the strongest elements, both institutional and socio-economic.

The first set of activities is recommended for 1ift irrigation in
the Oesao PTain.” The Oesao Plain is situated east of Kupang, skirting
the Kupang Bay, and is drained in the Kupang Bay by several rivers, the
largest being the Oesao and the Airkom. This area is well connected with
Kupang by the Kupang-Atambua Hignway. Several fair weather roads provide
access to the Plain from the main highway. Lack of irrigation is a
Timiting factor to agricultural intensification in the Oesao Plain. In
the wet season the surface water resources, if tapped properly, are
adequate to meet the irrigation requirements. In the dry season,
however, surface rescurces nearly dry up and alternatives must be found
to provide irrigation.
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Project activities would 1include installation of several
infiltration wells on the banks of the Oesao and Ajrkom rivers.  The
wells would be 3 to 5 m in diameter and up to 10 m in depth. The wells
would be protected against river flooding, where necessary. An
Infiltration gallery would be built across the riverbed to draw wet
season surface flows and dry season subsurface flows into the well. Each
well would be mounted with a portable diesel engine pump, sized to
irrigate 25 to 30 ha on the wet season. ({Along the Airkom River and its
tributaries, where the Crippen Study indicates groundwater js available,
A0 mm PVC tubewells might be installed to augment dry season water
availability.) The infiltration wells would be located in regions not
served by existing weirs during the wet season and where the wells would
require least protection against flcoding. The wells and pumping systems
would be ins“alled by the Public Works and handed over to a village water
user association for operation and maintenance following the pattern in
Central and East Java.

A second set of activities is suggested in the Pariti Plain at the
northern extreme of the Oesao Plain, about 15 km southeast of the Biboko
River. The region is recently settled and some settlement activity 1is
StTTT going on along the way to Pariti. Transportation is through a fair
weather road which branches off from the Kupang-Atambua Highway.
Approximately 600 ha of land capable of intensive agriculture is
available in Pariti. The soils are deep alluvial and alluvial marine
sediments.

The Crippen Study found no groundwater resources in the area,
although they did encounter an unccnsolidated dry formation between 7 to
17 m deep. Static water levels in shallow dugy wells during rield visits
were found to be at 4 m. Conventional diversion weirs would in all
probability be technically difficult and economically infeasible. In any
event, as development would require substantial in-migration, only a
phased strategy of development would be advisable. The alternative
technologies are most suited to such a strategy, but further
investigations are needed to establish the feasibility of these
alternatives.

NTT - Flores

This program activity would be for the purpose of assisting the
Tocal Public Works Seski o¥fice development capacity to systematically
assist the many small village systems that exist ' thrcughout  the
district. Funds would be channeled through some mechanisms such as the
Bupati or the Bappeda with technical assitance coming from the Public
Works Department. A small number of technical staff (perhaps graduates
of technical high schools) would be added to the Seksi sta f to pertform
this service role. Work on this tonic may be timely given the suggestion
that a decree may soon be issued giving Public Works explicit
responsibilities to support village irrigation.
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The Team was strongly urged to consider supporting a project in the
Mautenda River Basin which wou,d eventually command 7,200 ha. This is
more than double the presen* sawah area for all of Kabupaten Ende and
nearly eight times the present area being served by Public Works
systems. The Team felt that t..is would be too Targe of a project at this
stage of development in Flores. For tnis reason, and the fact that the
population in the Mautenda area would have to more than double in order
for there to be enough farmers, the Tern recommends a slower pace of
activity in Kabupaten Ende, which would involve the u rading of existin
village ‘iqgigation systems  through improvements ang 0ssible primar
canals. 1he Team be leves, given the large Tand and water resource o
the Mautenda River Basin, that actual expansion ar1 intensification will
occur with the implementation of the suggested small-scale irrigation
improved diversion technologies (improved low cost weir, inverted weirs
and pipe system and diesel powered 1ift system). These technologies
would be especially appropriate in the Mautenda area where the course of
the rivers can change every year, totally bypassing a diversion
structure. A pump system can be moved to the water source. The other
two alternatives are inexpensive enough to build to span a wide river.

The overall strategy suggested for NTT s to plan the above
activities for the initial three years of the project. Following that

eriod an _assessment would be madc of accomplishments and new
opportunities considered tor implementation during the second phase of

the project.

Project Implementation

The developmental strategy proposed herein creates a need for a
larger scale planning and design process plan than is curvently being
undertaken. Most of the ronsultant reports and project plans deal with
the main diversion of styrage facilities and to a lesser extent, the
primary elements of the distribution system. What appears to be
lacking is an accurate assessment of the nature and configuration of the
existing and potential irrigated systems below. Consequently, the Team
proposes a phased project implementation beginning with a more complete
detailed design. It is recognized that in each of the proposed project
sites the Public Works already may have various elements of the project
at the detailed design stage, or even under construction. The Team does
not suggest these activities be necessarily ended or delayed, but that a
review be made to determine what modifications might be made to more
closely conform to the augmentation strategy.

Phase 1 Detailed Design

It is proposed that the Small-Scale Irrigation System Project at all
locations initiate, as it were, with a "Year-Zero." Upon executing the
loan agreement USAID technical assistance teams should assist the Public
Works Department in conducting the following detailed design studies (it
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should be noted that aspects of the following information will be
collected for inclusion in the Project Paper, well in advance of
"Year-Zero"):

1. A thorough land use inventory of each watershed where a project
might augment the water supply. The land use data should be
determined for each existing irrigation system in the area,
whether public or private. Potentially irrigable land under
each system should also be identified. Aerial photos can serve
as the basis of this study;

2.  An operation and maintenance needs assessment should be made
of each small system diversion and primary distribution
channel. This information should be utilized to formulate a
plan for rehabilitation requirements at the village 1evel under
the project;

3. A baseline study of the project's social characteristics should
be made to identify the nature of existing user organizations
and land tenure status;

4. An integrated development plan for each watershed under the
project should be developed using the results generated in the
studies noted above. This plan should show the location and
alignment of structures in the entire system and how they will
be integrated with the major project improvements. The plan
should devise operational rules for augmentation, particularly
ir tiew of existing water entitlements, and as a contingency
plan for periods of severe flooding or drought; and

5. A more comprehensive economic analysis shouid be developed
which would consider the entire watershed impact includins
secondary impacts due to enhanced streamflow.

The time reguired to complete Phase 1 will vary substantially
depending upon work already completed under various projects. It will
undoubtedly be desirable to accelerate the work on a number of projects
so they can move into the construction phase. In fact, the manpower and
budgeting constraints on an implementation agency 1like Public Works are
such that many activities must be concurrent. Thus, Phase 1 may be
completed within as little as two to three months for projects already
being plar~2d and then extended project by project over the following
years of the overall project. This will require that Public Works
develop a priority for potential projects and formulate a longer term
plan for its integrated planning-implementation process.

Phase 2 - Augmentation

Based on the results of Phase 1, construction of the diversion,
storage and conveyance structures needed to augment the water supply in
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the entire project area should be undertaken. Major diversions, tanks
and primary conveyance should be constructed and begin operation ahead of
any rehabilitation at the small system level. Although the operation and
maintenance needs assessment will have identified the individual systems
requiring attention, it is suggested that they not be made until after
the entire augmentation development is completed except where the
augmented flows are high encugh to prevent construction of the diversions

of the private small systems.

Phase 3 - Small-Scale System
Readjustment

It is important to note that the development strategy propcsed in
this report places substantial responsibility for diversion and use of
water on the village level system itself. The long-term success ot this
strategy requires that the individual system remain intact and therefore
organize its own resources to make irrigation viable. Thus, the Team
would suggest that some time be .1lowed for the village system to adjust
to the more reliable water supply in order to establish just what they
can mobilize to do and just what further support they may requive. It is
felt strongly that governmental intervention and assistance be 1imited
and based on carefully demonstrated need. This is not to say that Public
Works should withhold its technical expertise from the irrigators. On
the contrary, it should establish a technical assistance team to offer
technical advice and suggest alternative measures to improve the village
system.

Phase 4 - Small-Scale System
RehabiTitation

Following the adjustment of the village system to the augmentation
strategy, funds should be provided for the resoiution of critical
structural problems at the village level.

Monitoring, Evaluation and Testing

In many cases irrigation development processes end when the systems
are constructed. The systems are generally operated and maintained, but
they are seldom evaluated to identify the strengths and weaknesses of the
planning-implementation process. The following * paragraphs in this
section will suggest a set of activities for monitoring, evaluating and
pilot testing of these systems. The Team recommends that Public Works
conduct critical reviews of its small-scale projects to determine how the
project implementation functions might be modified and improved. The
evaluation of pilot scale tests of alternative technologies might, for
example, lead to changes in structural as well as operational design
policies.
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Preproject Baseline

In addition to the information contained in the Phase 1 task
described above, there are a number of hydrologic measurements that need
to be made. The magnitude and distribution of local streamflow
(hydrographs) should be monitored to determine the existing nature of the
water supply. Groundwater resources should be further explored. In
sample cases conveyance losses and irrigation efficiencies should be
measured. A number of agronomic factors such as soil types, fertility
and farming practices should be evaluated. Together with the Phase 1
data, a comprehensive picture of the preproject condition should be
made. These data provide the basis for selected simulation which might
yield some insignts as to how the systems will react to the project.

Monitoring and Evaluation

The Team suggests that sample small systems be monitored throughout
the life of the project. Measurements of cropping patterns over time
will establish the expansion and intensification produced by the
project. The volume of augmentation should be measured at the diversion
points and compared to the diversion made at the inlets to individual
systems to evaluate the augmentation as a function of its timing and in
relation to the small systems' individual characteristics.

Special Studies

Several tests of alternative technologies have been referenced and
outlined in the body of the Team report. Replacing masonry open canals
with buried PVC, pumping directly from streams, alternative
run-of-the-river diversion structures and groundwater development at
various scales have been suggested. Others might include automation of
the peripheral canals to be self-operating or the introduction of
computer assisted management for design and training. Few of these can
be formulated precisely until a project begins to emerge and personnel
are better trained.
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SECTION I
PROJECT CONCEPT AND SCOPE

General Introduction

Background

Irrigation is a major factor 1in Indonesian agriculture. The
configuration of most projects involves a diversion weir in the river or
stream with primary and secondary canals leading diverted flows to
croplands along either or both sides of the waterway. The need for
irrigation increases from a supplemental nature during the rainy season
to a primary source of water afterwards. As with irrigation projects
worldwide, system performance often suffers from inadeauate attention to
operation and maintenance, as well as the difficulty in establishing an
effective interface between the government project and the irrigators.

The Government of Indonesia (GOI) recognizes in 1its dirrigation
sector goals the need to increase food production by increasing the area
of cropped land and the intensity of cropping on existing lands. To

“accomplish these goals, consideration wiil be given to irrigation
developments in addition to run-of-the-river systems. Two basic options
exist. The first is to augment surface water supplies currently being
utilized with groundwater development, small storage reservoirs (tanks or
emburigs) and surface flow 1ift schemes. The second is to increase the
efficiency of irrigation systems through improved on- and off-farm water
management practices. Typical efficiency measures include channel lining
or piping, greater attention to actual crop water requirements and better
matching of field and soil characteristics with the frequency, rate and
duration of the irrigation water supply.

The proposed USAID-GOI "Small-Scale Irrigation Systems" project is
consistent with the broad agricultural sector goals in Indonesia.
"Small-Scale Irrigation Systems" are those typically encompassing less
than 1,000 hectares (ha), but most often in the range of 50 to 300 ha.
The stated objective of the project is to ". . . improve the GOI's
institutional capability to increase food production . . . and implement
improvements, including alternate water delivery options. ' Three
institutional elements are considered essential to accomplishing this
objective. The first is to "deconcentrate," or to increase the
responsibility of province and district irrigation agencies.* The second
is to improve farmer participation in the irrigation project in order to
enhance both on-farm water utilization as well as the ooeration and
maintenance of the diversion and delivery system. The <third is to
diversify irrigation technologies and designs.

There is a difficult water management problem associated with
small-scale irrigation systems that should be outlined at the outset of
this, report. The problem has two aspects. First, irrigation engineering



principles are not easily applied at what niight be called the "micro"
scale of small systems. The flows are so small that channels and related
control structures are simple and usually oversized. Safety and cost
considerations are generally minimal so that detailed engineering is not
needed. Fields are small, level and often irregularly shaped. Major
hydraulic issues do not often come into play. Management, therefore, is
more of an "art" than a "science" and experience becomes more valuable
than expertise. The result is that irrigators may be more adept and
efficient than engineers or agronomists in small-scale system operation
and management. This is particularly true at or below the tertiary
division of the distribution system, and depending on size, may also be
true at the secondary level. Usually, good engineering practices emerge
in an important role at the diversion works and primary canal. In small
systems the optimal combination may be a good engineering design with
operation and management left to the collective judgment of the
irrigators.

The second aspect of the small system management problem is that the
need for maintenance is less obvious to the irrigator, and therefore
almost universally neglected. Further, it is less challenging to the
engineer from a technical point of view and certainly not funded
adequately by most irrigation agencies. Thus, it is not uncommon to hear
project officials express a desire for farmers to assume more of the
maintenance role and farmers wishing the project would maintain what they
designed and implenented.

The result of these symptoms is that a clear, carefully defined and
highly effective transition of water control between the supplier and the
user is not easily accomplished. In the cases where it appears to func-
tion effectively, one is Tikely to encounter one or more of the following
fFactors: (1) the users are motivated to act and communicate effectively,
often through strong community organizations; (2) the system has been
designed and maintained to maximize the flexibility for accommodating
variable flow rates, watering frequencies and the time one has access to
the supply; (3) water itself is considered a valuable resource in the
economic sense, occasionally even marketable; and/or (4) a sense of
"property" is felt among the users toward the system as a whole.

These views and assertions will lead in the following sections to a
proposed small-scale irrigation system strategy which is admittedly not
new. The strategy is based on the somewhat unique conditions in
Indonesia, but is considered a viable approach to water resource
development for agriculture throughout Asia.

WMS Design Team Scupe of Work

The composition of the Team is described on the title page of this
report. USAID/Indonesia prepared detailed scopes of work for each of the
Team members, a summary of which is attached hereto as Appendix A. It
should be noted that as indicated on the title page, the senior



irrigation engineer and senior sociologist shared the role and
responsibility of team leader.

In less detailed terms, the Team collectively viewed its terms of
reference as a task of preparing recommendations for various small-scale
irrigation system activities in three provinces: (1) West Java; (2)
Eastern Nusa Tenggara (MTB); and (3) Western Nusa Tenggara (NTT) (see
Figure 1). This effort was guided by a perception that while the primary
institutional 1linkage would couple USAID and the Ministry of Public
Works, the principal institutional strengthening should occur at the
provincial and village levels. Further, tnat innovative technologies
should be incorporated and tested as part of the project.

Summary of Effort

In addition to the preparation of this report, the design Team
collected and reviewed an extensive body of literature describing
proposed developments and developmental policy (including its 1legal
framework). Numerous discussions were held with GOI officials,
provincial and district personnel, consultants, university staff and
farmers. Site visits were made in each of the three target provinces and
a number of 1individual project sites were examined. Follow-up
discussions were held to test the appropriateness of the Team's ideas for
the project design as well as the accuracy of 1its assessments. A
detailed itinerary will not be given. Individual trip reports are on
file with the WMS II administrators.
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Proposed Project Strategy

The fundamental conceptual problems with small-scale irrigation
systems discussed earlier, as well as the issues and problems observed
with regard to present programs of small-scale irrigation development in
West Java, NTB and NTT, suggest a program strategy based on the following
three components.

The Augmentation Component: There is a need to mitigate the
hydrologic variations in the typical raintall-runoff processes that occur
in these three provinces to reduce the uncertainty of the water supply
for irrigation purposes in both the "wet" and "dry" seasons. The
techniques for augmentatior will vary between provinces, and perhaps
between subprojects, in a single province. In general, responsibility
for pianning, executing and managing the augmentation facilities will be
with the technical staff of the Department of Public Works, hereinafter
referred to as Public Works. USAID project assistance may include
financial assistance, technology transfer and staff training, for
example, with regard to the operation of the augmentation facilities.

The Decoupling Component: I+ appears that under the present Public
Works policies for small-scale irrigation development a point will soon
be reached whcre the technical staff will be overextended in their
mandate to operate and maintain these many small and dispersed schemes.
When each small system is considered as a discrete subproject with Publ;n
Works responsible for planning, design, construction supervision,
operation and maintenance, and this responsibility extends beyond the
diversion works into the commands of these small systems. there is a
corresponding need for large and probably unreasonable increases in staff
and operating funds. In contrast, it is noted that in many of the
potential subproject sites there are preexisting local organizations for
irrigation management -- some form of village or farmer irrigation
institution. When Public Works assumes direct responsibility for actions
at and below the small-scale diversions there is a strong tendency for
these local organizations to be displaced. The decoupling component of
the strategy 1is intended to develop a clear set of rights and
responsibilities for both Public Works and the local iJrrigation
organizations. The Team's recommendation is that Public Works be
responsible for the augmentation facilities up to the upstream side of
the small-scale diversion works. The small diversion facility and the
downstream command area will be the responsibility of the 1locail
organization. USAID project assistance may include technical assistance
to better define the policies and administrative procedures required to
implement this decoupling concept and support needed staff training for
concept implementation.

The Capacitation Component: The first two components will operate
successfully onTy if the local irrigation organizations have the capacity
to respond and adjust to the new water supplies planned to be more
abundant and reliable. There may be need to upgrade physical facilities,
modify agricultural patterns or evolve new institutional arrangements as




the result of both augmen*ation and decoupling. Some local organ’zations
will have the capacity to respond to the improved situation and use water
at Tleast as efficiently as a system under the management of a public
agency. Other local organizations may be able to achieve this
performance only with external assistance. The capacitation component of
the program is intended to provide local irrigation organizations with
the L.sistance they require to be able to effectively operate in the
improved irrigation environment. The Team suggests that this external
assistance should include three items: financial aid, technical
assistance services and institutional development support. USAID project
assistance may include financial support for Tlocal level construction,
the staffing and training .of agency technical service units and support
for the establishment of community organizer-like activities.

It 1is therefore proposed that where possible, under the widely
varied hydrologic, agronomic and socio-economic conditions in West Java,
NTB and NTT, the Public Works adopt, and USAID previde assistance to, a
pregram of small-scale irrigation development based on the above three
program strategies. Under this program Public Works would give major
attention to the development of augmentation facilities to improve the
amount and reliability of water supplias to small irrigation commands and
support local irrigation organizations in remaining or becoming viable
and autonomous bodies for using the improved irrigation supply.

Under this program government would have the primary role of
insuring the supply of irrigation water to existing and new local groups
of irrigators. It would also provide and enforce an equitable access to
the water resource among all the interests within a watershed and develop
policies for allocating shortages between small-scale systems. Local
organizations would be given clear rights and responsibilities for ail
systen facilities at the 1local 1level in harmony with a historical
principle in Indonesia of local irrigation responsibility.

This strategy may be seen to have the disadvantage that it will
require a higher level of operational skill on the part of Public Works
staff and, therefore, create the need for specialized training in main
system management. Others may worry that the strategy 1is overly
dependent upon local organizations which are certain to be uneven in
their capacities and performances. However, neither of these are
insurmountable problems and the Team concludes that the proposed strategy
enjoys a number of important advantages. These include:

l. A more regional focus on water resource development leading to
higher efficiencies and better equity;

2. A more concentrated and effective use of GOI technical and
administrative personnel, particularly focusing their expertise
where it is needed most and is most effective;



3. A more rapid implementation of irrigation goals such as
expansion and intensification because even without secondary
and tertiary components, more reliable water supplied would be
distributed faster and over larger geographical areas;

4. A more effective use of local capacities and an affirmative
approach to the role of local organizations on irrigation
development;

5. Better possibilities for maintenance since fewer kilometers of
canals would be constructed in augmenting systems; and
hopefully at least,

6. A more flexible and responsive agriculture.

This strategy also has two unique featuras. It would not preclude
the traditional irrigation development strategy since it produces the
same first phase irrigation works. If more technical manpower is
available to Public Works than the Team estimates, or if the village
level unit is not effective as put forth, or if any other local condition
dictates, the Public Works system need onlv be extended into the primary
and secondary conveyance as currently practiced to form the more
traditional project. The second unique feature is that this strategy
allows medium- and large-scale project resources and expertise to be
focused in the small-scale setting. It can implement some medium- and
large-scale projects with far less investment and manpower. One may also
argue that it simplifies the function of technical project implementation
by standardizing planning and implementation procedures.

It may be helpful to illustrate some examples of this concept.
Figure 2 postulates a "cypical® watershed in either the southern part of
West Java, NTB or NTT. Development of irrigated lands is shown to have
evolved from the individual efforts of communities. Also, it may very
well be the case that some of these systems have a government initiated
origin (Sederhana, for instance). One observes that most small systems
do not irrigate all the potentiaily commandable lands, and certainly the
dry season crops are less intensively cultivated than the wet season
paddy. If the main waterway 1is very large, small systems may not divert
water from it directly because of the need for large structures. It may,
however, be observed that some farmers pump irrigation water directly
from the river. The important aspect to consider hydrologically is that
the tributary streams are very often non-perennial.

Figure 3 illustrates one option for augmentation involving a large
run-of-the-river diversion on the perennial waterway and a peripheral
canal connecting it to some of the tributaries. During the dry season or
other Tow flow periods water is diverted into the individual catchments
to stabilize the flow. In the three provinces being considered, this
type of augmentation system is probably most adaptable in West Java, but
it also has been used on a Timited scale, for instance, in Central Java.
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Figure 2. Typical watershed in West Java, NTB or NTT where development
has occurred as an aggregation of small-scale irrigation
systems.

Figure 4 represents an augmentation strategy applicable primarily to
NTB. Small reservoirs called "embungs" are constructed in the uplands of
a watershed to collect any access water during the wet season that would
ordinarily run into the sea. This stored water can then be resupplied to
the stream during dry periods to encourzge expanded irrigated acreage as

well as double or triple cropping. It may also be needed to augment
rainfall shortage during the first crop of paddy.

Finally, Figure 5 is given to illustrate the option of pumping as a
means of augmenting water supplies. The pumps may supply water from
perennial streams or from groundwater. They may irrigate new lands as
well as supplement supplies on existing lands. Any particular project



-

Augmenting
diversion

..

o)
\

L d
-
F\

f\.

\\,

RS-

Large

/ % welr

Peripheral
canal

Augmenting
diversion to
tributary
catchment

Sea

Figure 3. Augmentation of the system using a large diversion weir and
peripheral canal, including the developmert of new irrigated
areas.

area may include any number of these options in a mix favorable to the
Tocal circumstances. Figures 2 through 5 illustrate the augmentation and
decoupling components of the strategy. The small-scale systems remain
intact. In support of these configurations, it is also assumed that the
individual small-scale systems may be improved to use the augmented
supplies better. Technical and financial assistance should be available
in case the more reliable water supply requires some rehabilitation of
the village system beyond their temporary means, or it causes cropping
patterns to shift. Outside assistance may be needed to develop mutually
agreeable means for individual small systems to share water along a
segment of the waterway.

= diversion
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Augmentation using small tanks (embungs) to store rainy season
excess runoff for dry season cropping.

Project Objectives

The Tlarger objectives of increased agricultural production and
institutional strengthening are outlined above. Objectives of a specific
nature are:

1.

To improve reliability and duration of the irrigation water
supply to approximately 30,000 hectares of new and existing
irrigable lands in West Java, NTB and NTT provinces;

To improve the capability of village level organizations of
farmers to operate and maintain small-scale irrigation systems;

To introduce and test several new technologies and
institutional arrangements that may address particular problems
in the three provinces;
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4. To monitor and evaluate the evolution of the small-scale
development strategy to establish the effectiveness of water
utilization and system maintenance; and

5. To identify the parameters and determine guidelines therefrom

for establishing the optimal mix of public and private
responsibilities for small-scale irrigation developments.

Scope of Project

As the design of this proposed project emerged, several changes in
its original scope were adopted. First, the attention to development in
West Java has been 1limited to the southern half of the province.
Groundwater development has not been included in the region, although
options may exist for limited development. 1In NTB, the initial focus of
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this project has been limited to the island of Sumbawa because it was
felt that Lombok was already receiving considerable foreign donor
assistance. Again, groundwater development was not found to be a major
component except in the Pelaparado complex south of Bima. The scope of
groundwater development for NTB 1is, therefore, reduced to several
proposed pilot projects. Added to the scope of NTB investments, however,
are the nction of pump 1ifting directly from the river in the Kalimontang
region. For NTT, the scope of the project did not change substantially.
The proposals herein are primarily limited to a small effort to develop
groundwater.

In the fcllcwing sections of this report the writers move toward the
more specific project components through three general statements.
Section II overviews the institutional and social setting of the proposed
project. Section III gives a brief technical review of various small
system components and the engineering processes that are applied to these
projects. Section IV generalizes the agricultural and economic setting
with a particularly interesting economic analysis of alternative
technologies that are reviewed in Section III. Section V outlines the
individual proposed activities for the Small-Scale Irrigation Projects.
Section VI briefly summarizes the proposals, their cost and impacts, as
well as bringing to the attention of the reader a number of issues and
opportunities associated with the project.
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SECTION II
THE INSTITUTIONAL AMD SOCIAL SETTING

Institutional Setting

Small-Scale Irrigation Facilities

In Indonesia small irrigation facilities are a key component of the
total irrigation sector. Even in a province such as West Java, with the
numerous large-scale irrigation systems on the north coast, it is
reported that approximately 40 percent of the irrigated sawah is served
by small village irrigation systems. The institutional setting in which
these small systems are created, improved and sustained is complex. It
is common in Indonesia to distinguish two broad categories of small
irrigation systems: Public Works systems that have been desigaed, built
and are partially operated and maintained by the irrigation section of
Public Works; and systems which have -been designed, built and are
operated by the land owners and water users of the systems. This latter
type is variously referred to as non-Public Works, "irigasi desa," or
sometimes “irigasi pedesaan." While these 1local systems are
farmer-developed and managed, it does nots mean that they have not
received public assistance of various kinds.

Most commonly, small systems are thought of as those with command
areas of less than 2,000 hectares. However, it is interesting to note
that at the present time Public Works typically maintains its irrigation
records in three categories -- none of which includes small-scale. The
categories that are used to inventory irrigation facilities are:
technical, semi-technical and sederhana. Some lists will also contain
the category non-Public Works. Small systems, defined as having commands
of less than 200 hectares, may be found in any of these four categories.
While it appears there has been no national inventory of small systems,
partial surveys in scattered locations suggest that many of the small
systems are 100 hectares or less in size.

Institutional History of Small Sy_tems

The Indonesian Government has a long history of providing assistance
to the small irrigation systems that dot the countryside. During the
Soekarno period, for example, there was a separate Ministry of Rural
Irrigation ("Irigasi Pedesaan," probably better translated as the
Ministry of Village Irrigation). Later, when ministries - were
consolidated, this became a Directorate and continued until 1969 in the
Ministry of Agriculture. The remnant of that involvement in small
irrigation systems is seen in the work of the present sub-Directorate for
Water Management ("Tata Guna Air"). Over the last decade or more there
has been an increase in attention to small irrigation systems in the
Ministry of Public Works, Directorate General for Water Resources

13,

K
3

rpew 3
PO N T e, 10t Ly

7R
o 0 N e i
L I R AT T

e -
AR C L e . L.\.‘: 22 ‘-.‘.’-'
Bt aeo Ko Mo B el R



Development (DGWRD) ard the various provincial public works departments.
A major effort has been the Sederhana program funded by USAID, but other
activities include the development of small-scale groundwater systems and
construction of various small systems in the provinces with the use of
provincial or district (kabupaten) Inpres funds.

It is important to note that much of the government's work with
small irrigation systems is assistance to existing, farmer-developed
facilities. Even the Sederhana program, which in its original
conceptualization was aimed at the development of new small-scale
commands, has in fact been largely a program of '“upgrading," and
sometimes expanding, existing facilities. Of course, since Public Works
directly administers many small technical, semi-technical and sederhana
systems, it also is the case that efforts are directed at small systems
which do not fall in the non-Public Works category. Farmer-developed
systems may receive assistance from any of several government departments
and programs. For example, a village irrigation system might be assisted
through Public Works' Sederhana program. Or, it might receive funds from
either the “"subsidi desa" program or the provincial or district Inpres
funds administered through the Department of Home Affairs. Alternately,
it might receive assistance by means of the rural infrastructure program
of the Department of Labor (the "Padat Karya" program). In a few
provinces, such as West Java and North Sumatra, funds might be provided
through the Agriculture Department from the Governor's Office. In spite
of this diverse set of assistance activities, the actual funding level is
modest and Bottrall (1981) concludes: “There is a serious gap, both
institutionally and financially, in relation to the provision of support
to the very 1large number of communal desa irrigation systems in
Indonesia."

The nature and consequences of these various forms of assistance
vary on several important dimensions. First, they vary in what is
expected of the local water users. In the typical Sederhana program
Tittle is expected of the farmers until after the project is completed,
at which time they are expected to assume 0&M responsibility for the
tertiary level component of the system. The same appears to be true of
the Province and District Inpres-funded activities. In the “Padat Karya"
program villagers are expected to provide the labor for the construction
activities. Limited evidence available (Hafid and Hayami, 1979; Coward,
1982) suggests that when subsidi desa funds are used for irrigation
development, these funds are matched with various in-kind or cash
contributions by local people. The Agriculture Department's program in
West Java, funded by the Governor's Office, does have the explicit policy
of funding only about 40 percent of the total project cost, the remainder
to be borne by the community. Likewise, the recently developed program
"Irigasi Desa Terpadu" (operated by Home Affairs and Agriculture jointly)
conceptualizes its assistance funds as a “stimulant" to local
mobilization.  Second, these various assistance programs differ with
regard to the amount of technical assistance that is provided. In nearly
all cases, the source of *hc iechnical assistance is Public Works, and it
is not surprising that its small irrigation systems projects receive the
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largest amount of this assistance. This includes both work done through
the Sederhana program and Public Works activities funded through one of
the Inpres sources. In theory, the other programs, such as "subsidi
desa" and "Padat Karya," can call on Public Works for technical advice,
but the results appear to be uneven. The limited evidence of field
visits suggests that the Tack of technical backstopping for some of the
assistance programs is a serious constraint on their effectiveness. The
third area of difference 1is .the impact of the assistance on the
governance of the facilities assisted. Here, the significant distinction
is between the activities of Public Works and all other programs. With
all  the assistance programs except Public Works, post-project
responsibility for system operation reinains fully with the local group.
The assisting agency does not assume a continuing responsibility for the
operation and maintenance of facilities and does not assign permanent
field staff to the project 1location. However, with Public Works
programs, i.e., Sederhana, in the post-project period of assistance to a
farmer-developed facility, there is a fundamental shift in governance.
The policy is that Public Works will assume responsibility to maintain
and to manage the main system facilities and that farmers will use and
maintain the tertiary structures. To fulfill its responsibilities,
Public Works usually assigns one or more permanent field staff to the
Tocation and adds the project to its roll of Pudblic Works systems
requiring continuing 0&M funding. The result is a de facto shift of
these small irrigation works from the private to the public sector.
Several observers (Bottrall, 1981; Pasandaran, 1984) have noted that this
modification of governance has left the matter of real responsibility
confused.

While understanding the range of current assistance programs to
small irrigation systems is useful, it seems important to recognize that
over the last decade there has been an increasing concentration of agency
responsibility for irrigation development in Public Works. It is this
agency that has gained wide experience with irrigation development
planning and implementation and this agency that has the trained staff
and confidence of external donors to implement irrigation projects.
Thus, it seems plausible to argue that Public Works will continue to be
the major instrument for government assistance to small irrigation
systems. Further evidence of this point is the report that the govern-
ment will soon issue a statement explicitly assigning the DGWRD
respons ibility to improve village systems. For that reason, attention is
given first to a discussion of the dinstitutional arrangements and
processes operating in Public Works and then to a closer examination of
the Tocal institutions and processes that occur at the local level for
irrigation activities.

The Organization of Public Works

As with other technical agencies in Indonesia, there is both a
center organization and counterparts of that organization at the
provincial level. At the center the Ministry of Public Works is divided
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into several important units, one of which, DGWRD, dincludes
responsibility for irrigation. The DGWRD is further divided into a
number of Directorates.

At the provincial Tevel the Department of Public Works has several
units to deal with its major functions -- including an irrigation unit.
In addition, the provincial office usually has a number of branch offices
throughout the province to supervise irrigation activities in the Public
Works systems within the field of that branch office. The most common of
these branch offices is called a "Seksi" and is roughly comparable to the
territory of an administrative district ("kabupaten"), though the
boundaries often do not coincide. In some provinces, such as West Java,
several of these Seksi offices will be administered by an intermediate
regional office called the "Wilayah." Also, in areas where there is a
significant amount of Public Works administered irrigation in the
territory of the Seksi, there will be additional field staff responsible
for progressively smaller areas. Staff ca.ied “pengamats" supervise
areas of several thousand hectares and are assisted by staff called
"juru," each of whom has responsibility for an area of several hundred
hectares. In this way, the total area of the province is diviieq into
progressively smaller zones for irrigation supervision.

As mentioned above, the primary responsibility of the Seksi and the
Pengamat Staff is to the Public Works irrigation in their territory.
Howéver, they are viewed by Tocal government and local people as the
resident irrigation experts, and are called on to pic*ide advice on
activities such as improvements in a village system being done with some
other agency's funds. of course, the proposal to have Public Works more
explicitly involved in village irrigation could alter the tasks of some
of these offices significantly.

Irrigation Institutions at the Local Level

In many regions of Indonesia there exists a long tradition of local
responsibilities for irrigation activities and well established rules for
System operation and management. The “subaks" of Bali are well known
throughout the world as remarkable examples of 7local initiative and
capacity for irrigation activities. 1In the provinces of Java, where
village-level government i5 well established, there is a Tong tradition
of village government responsibility for 1local irrigation affairs.
Traditionally, these responsibilities have been exercised through the
village headman's appointment of village irrigation officials (often
called the "ulu-ulu," but with numerous Tocal variants). These village
irrigation officials have a number of responsibilities, including the
mobilization and supervision of labor and other resources for system
construction and repair and the management of water distribution,
particularly in the dry season. Where appropriate, the village
irrigation officials also have acted as contact persons with other
village irrigation officials and with government officials such as Public
Works staff. There are other cases 1in West Java where the village
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headman works through hamiet-level 1leaders rather than a village
irrigation official for the purpose of managing the village's irrigation
infrastructure (Coward, 1982). More recent studies in other parts of
Indonesia have further documented the institutional arrangements and
capacity of local irrigation groups. For example, research in South
Sumatra by a team from Sriwijaya University has provided evidence of
remarkable non-village based irrigation groups that have developed small
irrigation commands and are completely responsible for their management
and upkeep. A useful summary of local irrigation institutions is
provided in Asnawi (1984).

The analysis of these local irrigation institutions reveals several
important dimensions of their performance which are often unrecognized.
One is their ability to persist over long periods of time -~ through many
changing circumstances in their physical, as well as socio-economic,
environments. In fact, it may be that the circumstance to which they are
most vulnerable is certain forms of government assistance. A second
important feature of these local systems is that they are capable of
highly complex water management arrangements, often involving intricate
water rotation patterns, using a combination of simple physical
structures and sophisticated rules and organization. Visitors to such
systems can be misled by the seemingly crude apparatus with which water
is divided and channeled. A third key finding is that these local
systems are capable of supporting intensive agriculture patterns within
the 1imits of the water supply that they are able to capture.

Obviously, not all local irrigation systems are operating with a
high degree of effectiveness and not all local groups have been able to
resolve the problems associated with insufficient and erratic water
supplies.  Nonetheless, this wealth of local experience and capacity
represents a very significant resource for any program of small
irrigation system cdevelopment in Indonesia. The Team agrees with
Bottrall's (1981) forceful suggestion: “. . . Indonesia's water users
. + . themselves represent a local executive capacity which deserves and
demands to be used."

The Indonesian Government has recognized the impoirtance of local
water associations and has made considerable effort to promote their
formation. Known generically as Perkumpulan Petani Pemakai Air (P3A),
they have been the subject of attention by both the Ministry of Public
Works, the Ministry of Agriculture and the Ministry of Home Affairs.
Except in the context of two experimental programs discussed below (the
High Performance Sederhana Irrigation Systems [HPSIS] and the Madium
program), none of these agencies has attempted to create a cadre of staff
with special training in farmer group formation. The common approach has
been to add this task to field staff whose basic training is not targeted
for these activities and whose burden of responsibilities already is high
-- the agricultural extension worker or the irrication field man.

The Ministry of Agriculture, through its Subdirectorate for Water
Management, has drafted a model organizational format for the P3A. 1In
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turn many, but not all, provinces have drafted regulations specific to
their province to gquide P3A formation. This provincial adjustment has
worked well where staff were familiar with the ectual Tocal scene and
could draft appropriate rules and procedures. Many of the provincial
regulations are explicit in their recognition of traditional institutions
(adat) and advocate their use when possible. However, the Tlevel of
training and experience of many of the staff forming P3A has resulted in
a much more stardard approach with little attention to local variation.
Typically, these field staff know very little about existing irrigation
institutions and tend to promote new organizations rather than trying to
"improve the existing ones." In part, these problems may be ameliorated
where strong local institutions exist since Tocal people may essentially
place in the "new" organization the experienced and trusted staff of the
"o1d" one. Nonetheless, there may be unnecessary confusion and a period
of sorting out roles and responsibilities that probably could be avoided
with a more sensitive organizational approach.

The Interaction of Public Works and Local Irrigation Groups

Several key programs of the DGWRD and the provincial 1irrigation
offices require close interaction between the agency's staff and local
groups and individuals. This section will review several of those
programs and highlight institutional issues that emerge from these past
experiences. While not all of the experiences reviewed deal directly
with small irrigation systems, they should contribute to our
understanding of the basic agency-community interaction.

Public Works and Village Irrigation
Systems

As mentioned above, Public Works in recent years has been extending
its range of activities to include village irrigation systems and new
small irrigation systems. From about the mid-1960s the agency's work was
focused on the rehabilitation of the larger public systems in areas such
as the forth coast of Java and parts of South Sulawesi. The Sederhana
program of the last several years has represented an important small
irrigation program by Fublic Works and there is evidence that this trend
toward more attention to small systems will continue. Consistent with
this point is the statement in a recent World Bank issue paper which
suggests the following: "The suggested Repelita IV program emphasizes
the continued rehabilitation, upgrading ard tertiary construction, moving
progressively into small irrigation systems."

A current example of this trend is the recent proposal by the former
PROSIDA unit of DGWRD for a program of modernization of small systems in
the Sumadang-Majalengka region of West Java. This is a significant
proposal because in the past PROSIDA has confined its work exclusively to
large-scale system rehabilitation and tertiary development in large

systems funded with external loans.
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In sum, it seems that one can expect in the years ahead an even
greater 1involvement of Public Works in existing village irrigation
systems. Thus, it appears it would be instructive to examine the past
experience resulting from such agency-community interactions.

While Public Works sometimes provides technical advice for village
irrigation projects funded by some other agency, those activities are not
the main point of this discussion. Rather, the discussion here will be
on those Public Works activities in which they are the primary agency
implementing the project with funds coming through Public Works programs
such as Sederhana or the sedang/kecil program, or with support from the
Governor's or a Bupati's Inpres funds.

The common approach in these projects has been for Public Works to
take charge to plan the changes to be made in the village system,
contract with a design firm to prepare the necessary design materials and
contract with a construction firm to build the improved facilities.
There may be minimal consultation with local water users during the
planning and design process so that Tlittle attention to either the
existing physical apparatus or the institutional and organizational
arrangements of the village system may tend to be ignored. There usually
is some attempt to organize a water user group to be responsible for 0&M
at the tertiary level of the system, but this process also tends to
ignore Tlocal experiences and arrangements. Upon completion of the
project, Public Works assigns one or more staff to the system to operate
and maintain the main system facilities and to coordinate with the water
user group in operating and maintaining the lower level facilities.

Two important institutional consequences are associated with this
strategy of assisting village systems, particularly Sederhana systems.
Some have immediate impact on the performance of the irrigation systems,
while others have longer range implications for systen. sustainability.
First, this Tack of local involvement led to poorly planned, designed and
constructed facilities that simpiy fail to improve the irrigation
situation. A second institutional issue is that thre approach of shifting
governance of the main system facilities from the local group to the
Public Works results in an increasing staff and financial burden to the
agency while both underutilizing local capacity and, in some instances,
causing confusion about farmer responsibilities and demobilization of
Tocal actions. Public Works staff suggest that it should be the policy
to return completed Sederhana projects that serve only a single village
to the local group. However, it appears that 1ittle of this has actually
occurred. It also may reflect an incorrect perception that there is a
Tack of institutional arrangements at the local level for the inter-desa
coordination of irrigation activities. While this issue may not have
immediate implications for system performance, it does raise potential
problems in the long run. The recurring costs to government implied in
this “takeover" approach may prove very burdensome in the future.
However, it may also be the case that at that future time it will be
difficult to reconstitute the local capacities that previously existed.
Public Works is aware of these and other problems that derive from their
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Sederhana approach. One attempt to devise alternative ways to implement
this program is the HPSIS experiment which is disussed below.

Public Works and Teritiary Development

With assistance from the World Bank, the DGWRD has been involved for
the past several years in a major program called Tertiary Development.
This activity has been primarily targeted to the larger Public Works
systems and has been premised on the need to develop more elaborate and
sophisticated tertiary-level facilities to improve water management.
White tertiary - facility development 1is supposed to be a farmer
responsibility, this program has argued the need for government to become
directly involved in the design and construction of these facilities in
order to increase the pace and quality of tertiary construction.

As with the Sederhana program, the Tertiary Development program has
placed the agency in the position of having to deal directly with local
groups since the tertiary facilities are located at the village level.
Also, as Sederhana, the program has generally been unsuccessful in
incorporating 1local experience and facilities into the tertiary
modifications. . Frequently, the result has been facilities that do not
operate as intended or layouts that are unacceptable to the water user.
Some innovative approaches to deal with this problem are being tested and
will be discussed below.

Public Works and Pump Irrigation

Grougs

Public Works has also been working with small groups of farmers
through its various groundwater projects; primarily in East and Central
Java. In East Java, for example, these pump groups use groundwater to
irrigate commands of approximately 40 hectares. The organizational
approach used by Public Works in these projects varies considerably from
the approach taken in the Sederhana program and is suggestive of possible
models for other small irrigation work by them. The basic principle that
distinguishes work with the pump groups is the principle that these
irrigation facilities will become the property and responsibility of the
Tocal users. With this objective in mind, it appears that Public Works
then is able to set in motion a set of activities designed to achieve
this end. Farmers are assisted with forming a user group. They are
encouraged to establish financial procedures to handle future pump repair
and replacement costs and they are provided training in the efficient use
of the pump water for agricultural purposes. Unlike other Public Works
programs, the assumption is made from the start that farmers will be
capable of autonomous operation of the irrigation facilities, and project
activities ~re implemented to achieve this goal. In East Java it is
reported that a number of pump facilities have been completely turned
over to the user groups for their continued operation. More needs to be
known about the advantages and disadvantages of this important variation
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in Public Works' approach to local groups. For example, it is not clear
to what extent local experiences and capacities are utilized in planning
the pump project.

Public Works and Program Experiments

Partly in response to perceived problems with both the Sederhana
program and the Tertiary Development program, Public Works has begun two
interesting experimental efforts to improve the effectiveness of these
programs. The HPSIS program is an effort to test a more participatory
style of Sederhana program implementation than the conventional approach
(Robinson, 1984a). There are 21 sites in this experiment, six of which
are being implemented by Public Works. The HPSIS experiment attempts to
deal with two of the institutional issues discussed above regarding the
Sederhana program -- underutilization of local experience and information
and resolving the confusion regarding the matter of post-project
governance.

The basic element of the strategy involves the placement of a
community organizer (CO) in the locale «f a Sederhana subproject to
assist the farmers in mobilizing to participate in project planning and
implementation and to act as a 1link between the agency and the
community. In this way it 1is expected that farmer knowledge and
experience will become available as inputs into the planning and design
processes and that farmers will develop a sense of commitment to the
project that will sustain that responsibility in the post-project phase.

This experiment is still in process and there is thus no firal set
of data to examine and conclusions to be reached. Robinson (1984b) has
summarized preliminary data prepared by the Institute for Social and
Economic Research, Education and Information. This preliminary data
indicates that it is possible to mobilize farmers for greater involvement
in the early project steps of planning and system layout. What is not
yet documented is the dimpact of this additional information on the
quality of the systems designed. MNor is there clear evidence that this
early involvement encourages a sustained post-project involvement.

A similar experiment is being conducted in the Madium area of East
Java as part of the Tertiary Development program. As with the HPSIS
experiment, COs are assigned to the location where tertiary development
programs are to be implemented several months prior to the initiation of
surveying and design work. During this period the COs actively work with
the involved farmers to carefully map the location and condition of their
present tertiary system and to prepare suggestions for the improvements
that are required. The process to be followed is that this information
will be made available to the staff of the design firm when they enter
the field to begin their work and that the preliminary designs prepared
by the firm will be reviewed by the farmers for comment and possible
modification.
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As with HPSIS, this experiment is in process and final evaluations
are not now possible. However, in this program there is in place a very
well conceived and executed research and monitoring program and strong
data should ultimately be available. Preliminary results indicate that
as a result of che CO approach, farmers did have much more input into the
work of the design team than was previously the case. Since many of the
difficulties with the tertiary development program are perceived to
derive from the design process, it will be important to determine the
effect of farmer input on the final design results.

While neither the HPSIS program nor the Madium project has yielded
final data at this time, there are some promising outcomes. Moreover,
these experimental activities have attracted the attention of various
Public Works staff regarding alternative approaches to village-level
irrigation activities and the possible benefits of a new mode of
agency-contractor-community interaction. The presence of these
experimental institutional efforts within the Public Works system should
facilitate the opportunity for continuing institutional testing.

Social Soundness: Response of Impacts of Small-Scale
Irrigation DeveTopment on Rural People

Past Responses to Small-Scale
Irrigation DeveTopment

The considerable prior experience in Indonesia with government
programs to develop small-scale irrigation provide a good basis for
assessing the responses of local people to such programs. In general,
given the central importance of irrigation to iice production, 1local
people producing rice, or wishing to do so, have responded very favorably
to programs of small-scale irrigation development. This favorable
response is measured in terms of their use of the available water for

rice and other crop production and the frequent intensification of their
general cropping patterns.

The Ministries of Public Works and Agriculture have provided data
that indicate positive response of water users to the Sederhana project.
Based on the compilation of data from al] Sederhana subprojects, the
reported increase in area of irrigated rice in the wet season is 56
percent (from 160,220 ha before Sederhana to 250,552 ha after). An
enormous increase in dry season irric Zion is reported; an increase of
1,455 percent (from 10,475 ha before to 152,413 after).

In addition to the increase in area irrigated, there also is a
reported increase in productivity. From numerous studies this increased
productivity has occurred because of the increased utilization of various
production inputs that typically accompanies better water supplies. It
is reported that average yields have increased in the Sederhana project
areas by 36 percent in the wet season and 20 percent in the dry season.
Studies show a consistently high correlation between regional multiple
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cropping indices and regional proportion of total cultivated land which
is irrigated sawah (Booth, 1977).

It is also useful to note that in general both yieilds and cropping
intensity decrease as the size of holdings increase. Three fictors are
usually involved: (1) land quality tends to be better in small-holding
areas (and more densely populated); (2) small-holders may use inputs more
intensively than large-holders; and (3) labor is used more intensively on
small-holdings.

In those few cases where there has not been a positive response, a
frequent cause has been that the project has been located in an area in
which other crops, or economic activities, were more profitable to the
farmer, and thus there was 1ittle economic incentive to utilize the
irrigation facilities. This situation may arise in selected areas in
southern West Java in plans for further development of various tree crop
plantations and nucleus estates materialize.

Some Sederhana subprojects have experienced difficulty because they
are located in areas of relatively low population density and the labor
required for conducting wet-rice agriculture simply has not been
available. This may be an issue in selected subproject sites in both the
Flores and Kupang regions of NTT.

In other cases the expected response has not occurred because
technical difficulties of one sort or another have resulted in a less
than reliable or adequate water supply for the water user. The
combination of augmentation, decoupling and capacitation suggested in
this project's strategy should result in fewer problems of this type.
Additional constraints may be discovered at proposed project sites.

Past Impacts of Small-Scale Irrigation

Development

As mentioned above, a major response of water users to the prior
small-scale irrigation programs has been the intensification of their
agricutural production activities -- increasing their cropping intensity
by extending production into the dry season and in both the wet and dry
seasons waking more use of production inputs and labor. It is this
increase in intensification that has had the greatest socio-economic
impact on the rural scene.

To understand these socio-economic impacts one must first begin by
disaggregating the rural population into general socio-economic
categories; first, to distinguish between farm owners and landless
laborers (many of whom are women) and then to decompose farm owners into
categories based on size of land ownership and the degree of capacity for
self-sufficiency represented by that land size. Since the universal rule
in Indonesia is to allocate gravity water supplies in proportion to the
amount of land one owns (or operates}) in a command area, it is clear
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that those with the largest amounts of land will be given the greatest
potential for improving their situations through the use of the new
Trrigation supplies.

While it is clearly the case that introducing an improved irrigation
system into a rural setting in which land and other assets are unevenly
distributed will tend to benefit some more than others, there is also
evidence that the introduction of this infrastructure has the potential
to improve the conditions of many, if not all. Hayami and Kikuchi (1972)
have concluded from intensive field studies in Indonesia that ". . . the
real wage (of farm laborers) rose despite rapid increases in both labor
force and animal power. The real income of hired laborers increased
absolHtely even though their relative income share remained constant

This suggests there is the potential for agricultural laborers to
gain in employment opportunities and income because of the more intensive
agricultural activities if their Tabor is not replaced by farm
machinery. Thus far, this has not been a large problem in Indonesia -
since tractorization has been quite Timited in extent.

A1l landowners will have an opportunity to improve their positions
because of the improved irrigation, providing that they have relatively
equitable access to the water supplies and to the necessary credit for
purchase of the yield-increasing production inputs. With regard to the
latter, the various BIMAS and INMAS programs appear to have a rather good
record of supplying credit and inputs to farmers of a range of sizes,
With regard to the former point, the relative small command areas
involved in the Sederhana-1ike projects tend to minimize negative spatial
effects of water distribution. However, the positive effects of small
size may be outweighed in situations where social power and influence are
highly skewed (perhaps directly reflecting a highly skewed pattern of
asset contr-ol} and allow for a few to enact a pattern of water delivery
unfavorable to the many.

What should be clear is that given the existing principles in
Indonesia, it is highly unlikely that irrigation development will lead to
any fundamental reordering of asset distributions to favor those with
fewer assets. On the other hand, by encouraging the intensification of
agricultural activities, irrigation development does offer the
opportunity for both landless laborers and small-holders to jincrease
their productivity and thereby increase their income streams. Finally,
it should be noted that many studies demonstrate that the prevalence of
Tess secure forms of land tenure and smaller harvest shares to tenants
are each associated with high population density in rural areas -- that
is, under conditions in which the abundance of available farm labor
increases the bargaining position of landowners.

The effects of agricultural intensification on women can be

negative, as seen in the shift in institutional arrangements for rice
harvesting in some regions of Java. New institutional arrangements such
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as tebasan, harvesting gangs of men moving from village to village, have
resulted in fewer opportunities for women in harvesting. Similarly, the
increased presence of mechanical rice hullers in rice-abundant areas has
reduced employment opportunities in hand milling for some women.

Anticipated Responses to the Augmentation,
Decoup!ing and Capacitation Strategy

The basic objective of the augmentaticn component of the strategy is
to provide each small-scale irrigation system with an enhanced water
supply in terms of both quantity and reliability. Assuming that
augmentation activities are not implemented in those settings identified
above as leading to non-positive response by farmers (areas short of
labor, areas involved in other profitable agricultural activities, etc.)
there is every reason to believe that water users will respond positively
to these improved supplies by increasing agricultural intensity and
productivity.

The decoupling component of the strategy will result in a clearer
definition of rights and responsibilities between the irrigation agency
and the water ‘user community. The suggested pattern is for the
irrigation agency to have responsibility for the design, construction,
operation and maintenance of the "augmentation structures" -- the
facilities at the point of water supply, the supply canals and other
control structures required to convey the water from the supply point to
the natural waterways from which the small systems divert water. On the
other hand, the water user greoup will have lead responsibility for the
construction and operation and maintenance of all facilities starting
with their diversion weir and continuing through the actual comma~d
areas. In implementing this 1lead responsibility they may receive
assistance from various government agencies as implemented through the
capacitation component of the strategy.

Since there is a general lack of exparience with an exact case of
decoupling as defined in this project strategy, the likely response of
Tocal people is somewhat more indeterminate. However, there are several
experiences in Indonesia that provide some guidance as to what can be
expected. For one, the large number of small-scale non-Public Works
systems that exist throughout Indonesia and which operate independently
in both securing a water supply and allocating and distributing it to the
involved water users suggests the considerable institutional capacity
that is possible to achieve. That many such groups have existed for long
periods of time and have successfully operated and maintained their
social and physical infrastructures is a significant reason to believe
that it is reasonable to expect a positive local response to a decoupling
approach.

A second example to consider is the subak: of Bali, nearly half of

which are now served by main diversion structures and main canals built
and operated by the government. There has beei a conscious policy to
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bring the water to the subak command, but to allow the subaks to retain
their autonomy 1in operating and maintaining those commands. Recent
research completed at Udayana University suggests that subaks have
remained viable local organizations under this arrangement.

The capacitation component of the strategy has as its objective
ensuring that the independent smali systems have the engineering
apparatus, technical assistance and orgarizational capacity to
effectively utilize the augmented water supply aiid meet the commitments
assigned to them as part of the decoupling. Again, while a definitive
answer regarding farmer response to this component of the strategy is
difficult to formulate, there is some evidence to suggest that a positive
response is a plausible expectation. The HPSIS experiment discussed
earlier is providing evidence that increasing local capacity through
strengthening the organizational arrangements of the local water users is
both possible and has positive impacts on aspects. of the irrigation
development process. HPSIS is showing how more productive interactions
between the irrigation agency and the water user community can be
structured -- a capacity that will be crucial to the success of the
decoupling component. Likewise, limited evidence investigating the use
of subsidi desa funds for improving community systems suggests that when
external funds are provided to the community along with technical
assistance, water user groups are able to apply those resources, often
complemented with resources o7 their own, to make useful improvements in
tiieir irrigation facilities.

Finally, the capacitation component as suggested will 1leave
ownership of the local level irrigation facilities with the user group.
This arrangement is consistent with the principle suggested by Coward
(1983) that in successful small-scale irrigation systems in Asia (and
elsewhere) there is a high correspondence between local ownership of
facilities and local responsibility for operation and maintenance.

Anticipated Impacts of the Augmentation,
Decoupling and Capacitation Strategy

The most significant impact of the improved water supply achieved
through the strategy of augmentation will be to prompt farmers to
agricultural intensification. Since the augmentation approach is
expected to provide a much improved water supply, one can expect that
expansion of dry season production will be an especially significant
outcome. The socio-economic impacts of this intensification are likely
to follow the same pattern as that experienced in Sederhana projects
where intensification occurred -- an expansion of employment
opportunities for agricultural Tlaborers, increased production and
productivity for land owners and farm operators. Where production inputs
are made widely available one can expect a general rise in the
socio-ecunomic conditions of all those participating, but no fundamental
rearrangement in the pattern of asset distribution between landed and
Tandless or between those with different size land holdings.
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An explicit policy of decoupling agency and community rights and
responsibilities will decrease the negative impact on control and
governance of the small irrigation command by the local water users. By
terminating direct agency involvement (though not assistance) above the
small system's diversion structure, it should be clear to both parties
that responsibility for and control over the utilizaZion of water within
the small system's command area belongs to the water users of that
command to be exercised through their own organizational and
institutional arrangements.
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SECTION III
TECHNICAL ANALYSIS

Irrigation in Indenesia

Irrigation systems in Indonesia are designed primarily to support
paddy production with an increasing secondary interest in dry season
crops such as corn, soybeans, vegetables, etc. Most irrigation supplies
reach the small land holdings via direct diversion from a local river or
stream. Groundwater development and direct pumping from a waterway is
present but not commen. The most critical problem appears to be one of
stabilizing and extending the seasonal runoff pattern. At the farm
level, irrigation methods are primarily basin irrigation, furrow
irrigation and hand watering. There is practically no use of pressurized
systems such as sprinkle or trickle irrigation.

This section contains a technical review of irrigation technology in
the Indonesian setting and explores an array of technological options
applicable in the country, most of which have been wel] established
elsewhere. Groundwater presents one of the most interesting alternatives
to direct stream diversions, as do 1ift schemes which pump directly from
the stream. Alternative components of irrigation systems also appear to
be feasible, such as substituting buried PVC pipe for the traditional
masonry or .earthen open channels.

Tﬁis section is written in the general, but because the Team's

focus was toward West Java, NTB and NTT, tke generality is more directed
to those regions.

Run-of-thé-River Systems

Desci-iption and Configurations

The bulk of irrigation in Indonesia is comprised of run-of-the-river
systems. Typically, these systems take water from a stream by means of
some sort of diversion weir and distribute it throughout the command area
by a series of canals and ditches.

The DGWRD within the Ministry of Public Works (Public Works) has
classified run-of-the-river systems into four categories: technical,
semitechnical, nontechnical and non-Public Works irrigation systems.
The primary distinguishing factor between these systems is whether or not
any of the canals serve a dual purpose of water distribution as well as
drainage. Technical systems have distinctly different distribution and
drainage channels and are also typified as having masonry or concrete
weirs anc flow measurement devices at the headworks and at flow diversion
points &long the distribution system. In nontechnical (Sederhana)
systems a channel may be used both for water distribution as well as
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drainage.  Nonteci. ..al systems have free intakes from the river or
simple gabion weirs anu lack any measuring devices. Semitechnical
systems 1lie somewhere in between technical and nontechnical. These
systems generally have some channels in their tail reaches which serve
both as part of the distribution network and as part of the systems'
drainage. Such systems usually have masonry weirs and a flow measurement
device at the headworks. Non-Public Works systems are typically village
irrigation systems, some of which have been in existence for hundreds of
years.

This system of classification has led to an inferior design in some
cases. The distinction between technical and nontechnical systems
implies a difference in the level of sophistication. Yet a so-called
non-technical, village irrigation system in which the channels serve both
as a collection system and distribution system may reflect a degree of
sophistication greater than that of a technical system.

Diversion Structures

There are three types of river diversion structures used in
Indonesia: free intakes, gabion we’ys and masonry weirs. Free intakes
accomplish river diversions without the aid of diversion weirs or other
structures to raise the natural water surface of the river. Because the
river is uncontrolled, the natural river depth, discharge and sediment
transport must approximate the conditions achievable with a diversion
weir. Unfortunately, few sites have appropriate or near appropriate
natural conditions. Where these conditions are met, however, a free
intake diversion may be by far the best choice. Figures 6a and 6b show
two typical diversion structures.

Gabion weirs are appropriate in wide shallow streams where the weir
length is controlled vy the site topography and not by the limitations of
the gabion structure (i.e., maximum unit discharge of 4 m3/s/m of weir
Crest, maximum weir height of 2.5 meters). In order for a gabion weir to
be effective there must be sufficient water available to meet the
irrigation diversion requirement and the leakage through an unsealed
gabion. (Leakage through an unsealed gabion of the maximum height is
about 400 to 600 1/s/m.) Gahion weirs require impervious foundations or
high silt and clay sediment stream loads. Stones suitable for gabion
construction must also be available near the weir site.

Masonry weirs are used where neither free intakes nor gabion weirs
are appropriate. Masonry weirs have the advantages of watertightness and
of greater resistance to static and dynamic hydraulic forces, but may or
may not be more expensive than gabion weirs. The major disadvantage of
masonry weirs is that proper design and construction is usually beyond
village capabilities.

Village diversion structures in Indonesia are typically often simple
rock and debris checks, as shown in Figure 7, with free intakes, although
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Figure 6a. Typical river diversion structure in Indonesia.

Figure 6b. Typical river diversion structure in Indonesia.
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some villages have constructed masonry structures. During periods of low
streamflow, simple gabions or dikes of mud, sticks and stones are
constructed, extending from the downstream side of the free intakes
across the river channel. During high flow periods these dikes are
either washed out completely or severely damaged, but because of the
increased stream depth, the free intakes are able to divert water from
the river until the stream drops to the point where the simple gabions or
dikes can be reconstructed or repaired. This is a labor intensive means
of diversion that also has the disauavantage of being inefficient in terms
of the divertable flow. In an effort to increase the diversion
efficiency as well as the 1ife of these typical village diversion
structures, some have been plasterad over and sealed with cement. Where
the dikes are on previous foundations this has had the opnosite effect of
decreasing the efficiency and 1ife of the structure through accelerated
piping beneath the dikes.

Some of the proposed subprojects call for the augmentation of the
water supply 1in natural channels which are already being tapped by
village built weirs of the type described. This augmented water supply
will come from either diversion dams on neardy larger rivers too big for
village systems, or from tanks upstream of the village weirs. In order
to realize the potential benefits of such flow augmentation projects,
changes to increase the diversion efficiency of existing village weirs

Figure 7. A typical village stream diversion.
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may be required. ‘uggested improvements for existing diversion
structures, as well as alternatives to diversion weirs, are presented
Tater in this section.

Conveyance Structures

Canal control structures commonly used in small irrigation systems
in Indonesia 1include drop structures, chutes, division boxes and
wasteways. These structures are normally of masonry construction;
however, where stones, cement and/or sand are not locally available,
timber or bamboo structures are found. Separate check structures to
maintain sufficient water Tevels during low flow periods are not used and
are generally not required. Checks below temporary and permanent canal
off-takes are common, however.

Both 1lined (masonry and concrete) and unlined canals are used.
Lining is particularly common where canals pass through settlements and
where special canal structures exist to allow access for washing and
bathing. Bench flumes are widely used where unstable soil conditions
exist or severe space restrictions preclude the use of ordinary unlined
canals. Closed conduits (i.e., pipes for water conveyance, inverted
siphons and elevated flumes) are rarely used in small dirrigation
systems. Tie reason for this is unknown.

Water conveyance structures in village irrigation systems are often
different from those that would perhaps be designed by public agencies.
Modern engineering and technical innovations are needed to enhance many
village irrigation systems. Perhaps the most important of these is the
design and implementation of diversion structures or methods which are
less labor intensive to maintain and more efficient in diverting water
than traditional village diversion structures. Technical assistance is
needed in village irrigation systems for flood control and protection
structures such as cross-drainages and wasteways. Another major benefit
from technical assistance could be the expansion of commandable areas
through the use of pipes and elevated flumes to deliver water to land
otherwise beyond the reach of canals.

Planning, Design, Operation and
Maintenance

A flow chart is shown in Figure 8 on -the planning and design process
used by the Public Works Department was provided by the Subdirectorate of
Planning and Design 1in Bandung. The theoretical criteria used for
project selection are:

1. The availability of water in sufficient quantity and acceptable
quality to meet crop irrigation requirements;

2. The suitability of soils for the proposed crops;
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The Decision Making Process For Irrigation Dev. (Single Purp.)

Ramarks
g::.:‘v Resources Availab. Informt.
Identification —By: SBPD / PRIS (+Const.)

Reconaiss Res: — Area may be developed

* — Choice of Irr. method

Possibl No l -"' I — Formal Ident. Report— DOI
ssible Stop Checked using Criteria
Identification | Yes by SDPD
Mapping — Mostly by Consultants
1:5000
System — By SDPD / PRIS (+ consultant)
Lay Out ( Based on Topography)
Hydrological

Analysis

2\ _Insufficient_["Atea Limited

Water Or Revis#
- |
Final — Resuits
Lay Out - Canal Alignment
* Net Area
5\__ Other Criterla Dominate + Headworks Location
/ (Social Poiit.) Canal Dimension
Eg?n'::"z:';«——{ Invest. & Surveys]

Feasible

Figure 8. The Public Works planning and desigr process.
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Lack of problems with land status;

3

4. The availability of farmers and manpower;

5 The willingness and support of farmers for the project;
6

Accessibility to the project site;
7. The significance of flood potential;
8. The availability of transportation in the project area; and
9. The priority for deve]opment'within the region.

The relative degree of importan:e placed on these criteria individually
is not known. Failure to adequately consider some of these criterie has
been observed on field visits. The first two criteria are the most
important for appropriate project selection and design from a technical
standpoint, yet sufficient streamflow data and soils data are seldom
available.

An area that seems to be given minimal attention in project planning
and design is the inventory of existing irrigation, both within the
project design area as well as within the river system being developed.
An inventory of existing irrigation system-, within the project area is
important to determine the local diversion requirements as well as to
take advantage of the already existing irrigation infrastructure. An
inventory within the river basin of the project is necessary to determine
the impact of the project on irrigation systems downstream. The nature
of all run-of-the-river systems (except those with transbasin diversions)
is such that the only water lost from the basin is that which has been
transpired or evaporated. Therefore, a project which increases diversion
and conveyance efficiencies in a given system will only effect downstream
systems if the project is larger than before. The general assumption has
been that water, not land, is the Timiting factor to expand production.
This may well be the case; but in planning and designing run-of-the-river
systems the return flow from existing irrigation as well as the flow at
the mouth of the river basin should be investigated. If there is
sufficient quantity of unused water of acceptable quality, and if
irrigable land is available within the project area, then the command
area can be expanded.

Design St .+dards

There are at present no official design standards for small run-of-
the-river irrigation systems in Indonesia. This situation is complicated
by the fact that for the last 14 years (since the beginning of the first
five-year development plan) irrigation development has been carried out
at a very rapid pace. Many international consultants have been retained
for their services and each has used its own design criteria. Now
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concern exists over what criteria should be adopted. The government,
in recognition of this problem and the need for official design
standards, has contracted with a Dutch firm, Netico, to develop a set of
hydraulic design standards appropriate for Indonesia. ‘his is a two-year
contract which has not yet begun. O0Official design standards are not
expected before 1987.

As, part of the USAID-funded Sederhana Project, the San Francisco
based International Engineering Comnany, IECO, developed a set of design
guidelines, standardized drawings and technical papers for small
irrigation projects in Indonesia. The original design guidelines
prepared by IECO in 1978 were unacceptable to the government because they
were developed without consultation with the Subdirectorate for Planning
and Design (SDPD) and because they were too theoretical. For the next
two years IECO, working with SDPD, developed new design guidelines of a
more procedural nature. These guidelines were available late in 1980 and
further revised by the middle of 1981. While the new guidelines were
acceptable, they were not officially adopted and their status remains as
“consultant's recommendations."

The revised design guidelines and materials prepared by IECO have
been reviewed and are considered satisfactory for appropriate planning
and design of small run-of-the-river systems. It is recommended that
these guidelines be adopted as the design standards for the Small-Scale
Irrigation Project until the official hydraulic design standards for
-Indonesia being developed by Netico are available. A listing of the IECO
design materials is provided in Appendix B.

Problems with Present Design Practices

There appears to be a tendency toward standardization of design in
Indonesia. This is generally desirable in the design of canal structures
since the function, hydraulic characteristics and structural requirements
remain very nearly the same from location to location. However, the
selection and proper location of appropriate structures does vary from
site to site, and thus the tendency towards a standardized layout should
be avoided. Unnecessary or poorly Tlocated structures (i.e., unused
division boxes and improperly spaced drop structures) are frequently seen
in small irrigation systems. This may be due to the tendency towards a
standardized layout, or poss-bly by designers not visiting the project
site, i.e., inadequate consideration may be given to existing structures.

Another limitation of present design practices whizh might also be
due to the tendency towards a standardized run-of-the-river system is
Tack of innovations in design. Often more ingenuity has been observed in
village irrigation systems where farmers have had to rely on indigenous
materials such as bamboo for pipes.

The greatest observed weakness in present design practices may be
that of masonry weirs. Two major design flaws were consistently observed
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on field visits: (1) design of the stilling basins; and (2) design of
sluiceways. One of the most effective means of dissipating the energy of
water discharging over a weir is by means of a hydraulic pump on a
concrete apron. The stilling basin should not be omitted from masonry
weirs unless a hard rock foundation exists or numerous large boulders
passing cver the spillway during floods would cause extensive damage to
the apron. Stilling besins that have been observed are usually too high
in relation to the streambed, too short in length and do not have an
adequate downstream baffle. The result is that the energy of the flood
waters passing over the spillway is not dissipated within the structure
itcelf, but rather in the soft bed materials below. This causes damage
to the toe of the weir and the downstream wingwalls (which also tends to
be too short in length). These design flaws in stilling basins may be
due to attempts to reduce initial cost, but they car also result in
significantly shorter life of the structure, and hence greater cost in
the long run,

Sluiceways are required in the majority of diversion structures to
reduce the amount of stream bedload entering the headworks and to assist
in maintaining a channel to the headworks. The sill of the sluiceway
should be placed anoroximately at the level of the bed of the river and
should be at Teast 30 cm below the sill of the neadworks. Some of the
sills of the sluiceways observed were generally at the same elevation as
the sill of the headworks, thus totally eliminating the effectiveness of
the sluiceway. Some sills were located below that of the headworks, but
also tended to be below the level of the streambed. Under such
conditions the sluiceway has to be kept closed at all times in order to
divert water to the headworks. Under normal operation the sluiceway
alone is discharging, i.e., no water is flewing over the spillway crest,
and the tailwater is at a comparatively low elevation. For these
reasons, the sluiceway stilling pool should be placed at a Tlower
elevation than the stilling pool for the spillway. Mone of the weirs
observed have met this criteria. In fact, most have walls separating the
sluiceway from the spillway which are too short to separate the stilling
pools.

Operation and Maintenance

In village irrigation systems the responsibility for operation and
maintenance clearly falls on the users. In systems built or upgraded by
Public Works, however, the division of résponsibility for operation and
maintenance is not so obvious, and as a result, is often not properly
carried out. Problems of poor maintenance and operation are further
augmented when the design for the system has failed to adequately
consider and incorporate the preexisting irrigation infrastructure. For
these reasons, it is believed that more clearly defined roles, and hence
better operation and maintenance, will occur if the village irrigation
systems are decoupled from the systems design, constructed, operated and
maintained by Public Works. The suggested point of decoupling is at the
point of diversion. Some diversion structures, such as masonry weirs,
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are beyond the typical resource capabilities of a village and should
become the responsibility of Public Works. Cther diversion structures,
however, such as alternatives to weirs can be constructed, operated and
maintained by the village and should thus remain the responsibility of
the village. Other recommended technical interventions include flood
contro’ structures (i.e., wasteways and cross drainages) and command area
expansion facilities (i.e., pipelines, elevated flumes and inverted
siphons). While these may require Public Works assistance for design and
construction, they could be operated and maintained by the village.

Technical Challenges and I.inovative Solutions

Innovative solutions to technical challenges in run-of-the-river
systems can be divided into two categories: alternative methods of river
diversion and alternatives in water conveyance and control. Alternative
methods for diverting water from the river are needed which are less
labor intensive to maintain; can be constructed, operated and maintained
with typical village resources; are more efficient at diverting lTow river
flows; and/or are more economical than the usually practiced means of
river diversion. Alcernatives in water cot veyance and control are needed
which can convey water to land beyond the reach of canals; enhance water
management and control; and/or be more efficient, and hence more
economical than usual practices.

In Indonesia, practically all diversions of river flows are made by
means of a gabion or masonry weir which create a certain amount of head
by damming up the stream and diverting it into the canal headworks.
Three alternatives to gabion and masonry weirs are suggested for
consideration and application in Indonesia. The first suggestion is for
a simple check-dam. This would be nothing more than the stabilization of
the typical village rock, stick and mud dikes that periodically wash out,
and is illustrated in Figure 9. As was mentioned earlier, the plastering
over of such dikes generally does not work, as piping below the dikes is
accelerated. A solution to this problem of piping would be to place a
cutoff wall below the dike extending below the river bed to a depth equal
to the water head created by the dike plus the hydraulic gradient head of
the river foundation material. Where the conductivity of the river bed
material is unknown, 1.5 times the head created by the dike could be
used. The dike itself would then be actually an extension of the cutoff
wall above the surface. The height of the dike should be no higher than
the maximum head required for the canal. Ideally, the dike should be
placed in a subcritical flow saction of the river and should be placed as
far upstream from the point of need as practicaily possible to minimize
the required height of the dike.

A second alternative would be to divert and convey the water to the
croplands using a buried pipe system. This structure would be
essentially the same as the one shown in Figure 9. Immediately upstream
of the check structure the gravel and rock in the streambed is removed
for a distance of a few meters. A slotted pipe is then located at the
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Figune'Q. Simple river or stream check-dam.

bottom of the excavation and extending across the stream. The excavated
area is then backfilled with a graded rock and gravel pack to provide the
pipe with an even flow of water and a filter for sediment and debris.
This graded gravel pack should be designed in the same way the gravel
pack for a well is designed to increase flow surface area and reduce
movement of fine sediments. The slotted pipe should be of a diameter
required to carry the design flow and placed in the center of the gravel
pack. The water collected in this pipe is then conveyed by pipe to the
point of need. The pipe diversion would have to be placed at a point far
enough upstream from the point of demand to create enough head to
overcome the friction loss in the pipe as well as the head required to
1ift the water to the elevation of the fields. If this results in a pipe
of uneconomical length, the water collected can be pumped. An attractive
advantage of this diversion, besides its low cost, is that it can divert
some of the subsurface base flow otherwise unavailable to a traditional
weir. Since no portion of the in  ted weir extends above the river bed,
there is no danger of damage to structure during flood flow periods.
A brief economic comparison of tn1s alternative is given in Appendix C.

The third suggested alternative to traditional weirs is 1ift

irrigation (Figure 10). A diesel powared pumping plant lifting water
3.5 m above the river to serve 30 ha of land would require a 5 hp engine.
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This is assuming an irrigation water delivery 1.0 1/s/ha for 12 hours a
day and a pump efficiency of 50 percent. Assuming an overall pumping
plant efficiency of 13 percent (the low average found in the United
States), the diesel fuel consumption would be 1.4 1/hr. An economic
comparison of this alternative is also given in Appendix C.

The advantages of these three alternative methods of diversion are
that they are inexpensive compared to traditional weirs; can be built,
‘operated and maintained by the usars; and they are highly divisable.
This Tatter advantage reduces the effect of the classical headend-tailend
problem by diminishing the area under command of any given structure.
Thus, controlled water, as opposed to water in the river, does not have
to be stretched as far. In other words, the requirements for good water
management are reduced. Poorly managed water will soon flow back into
the river system where it can be rediverted by a downstream diversion
structure.

It is strongly recommended that the use of PVC pipe be considered as
an alternative to open channels. PVC pipe is being manufactured in
Indonesia by the Wavin Company under Dutch 1license. PVC pipe 1is
relatively lTow cost, requires minimal skill to install and maintain, and
can convey water to points beyond the reach of canals. Closed conduits
such as PVC pipe are not recommended when the water is heavily laden with
sediment and the velocities within the pipe may become too slow to keep
the sediment suspended. To illustrate the relative costs of piping
versus masonry channels, consider the following. The cost of one meter
of PVC pipe, which will carry the same amount of water as a trapezoidal
channel with a 60 cm bottom width and 1:1 side slope, will cost about 25
percent more than the canal. It is estimated that the masonry channel
would typically cost about Rp. 8,000 per meter and the pipe (8 in<h)
would cost Rp. 10,000 per meter. However, there are a number of
advantages which will make a system using pipe cheaper than that using a
canal system. First, the pipeline can take the most direct route, thus
reducing the required length of pipe by at least 30 percent of that
required for canals which must follow land boundaries and contours.
Secondly, a pipe saves about Rp. 1,000/m in land costs required for canal
right-of-way. Third, maintenance is important in both systems, but it
should only be about 1 percent of capital costs/yr for pipes, and as much
as 5 percent per year for canals. Fourth, fittings for pipe are about 10
percent of pipe costs, while canal structures (i.e., turnouts, drops,
bridges) are at least 20 percent of canal costs. And finally, the pipe
life is at least twice, if not three or four times, the canal 1ife.

Experience in irrigation water management worldwide has demonstrated
that flow measurement devices are critical for good water management, yet
flow measurement below the headworks of small systems is rarely seen in
Indonesia. This may be in part because most small irrigation systems
have been classified as nontechnical or semitechnical. It is recommended
that flow measuring devices be placed at the headworks of all systems.
This is particularly critical in river systems with diversion structures
in series. It is further recommended that measurement devices be placed
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at division points along the primary canal where the measurement devices
can be incorporated into the design of the division boxes. Use of the
measurement devices may be facilitated if the staff gages are calibrated
to read in liters per second or liters per second per hectare rather than
in the usual units of flow depth.

Flow control and division structures in Indonesia generally take
advantage of the hydraulics imposed by 1imiting the size of openings. In
upgraded systems the use of propor%ional flow division structures has not
been observed. It is interesting to note that in the village systems
visited, proportional flow devices are more common. Such structures tend
to be better suited for continuous flow systems, such as the rice
irrigation systems of Indonesia, while the division box that is the
standard engineering practice, is better suited for rotational type
systems. The concept of a proportional division structure is that of
dividing the flow into constant proporticns regardless of the head in the
canal,

Finally, many state-of-the-art innovations can be implemented in the
proposed flow augmentation systems. Some of these innovations incluie
dynamic regulation structures, level top canals and flow regulation
tanks. If the flow augmentation concept is implemented along with some
of these suggested innovations, st face irrigation technology in
Indonesia would reach a relatively advanced state.

Groundwater Development

Background

Groundwater is generally the most productive supply of irrigation
water because it can be used when and as long as needed as opposed to
when available and for presented duration, as in the case of surface
supplies. It is generally the "closest" water supply to the farm, and
therefore the easiest to convey and apply. However, since it is
separated vertically from the farm, it is not always inexpensive to
develop, nor may the conductivity of the water bearing strata be high
enough to provide a sufficient flow rate. Nevertheless, groundwater is
an important option to irrigated agriculture, either as a primary supply
or in conjunction with surface -upplies to supplement the latter.

Technological Alternatives

The techniques for groundwater development currently in use range
from manual Tifting of water to submersible turbo-pumps. The
corresponding institutional configurations range from private ownership
and operation to public development and subsidy of privately operated
systems to public owners and marginal systems. The technical
alternatives and attendant institutional configurations associated with
groundwater resources in Indonesia can be charatterized as follows.
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The first category is the "dug well." This technique of exploiting
groundwater is being practiced fairly widely in both Java and the outer
islands. Wells are excavated as open pits, usually circular in diame%er,
ranging from 1 to 3 meters and depths of up to 10 meters. Water is often
lifted manually in some places by walking down the steps into the wz(1 to
fill a container or by using a lever and counterweight mechanism. The
wells typically are unlined and intercept a short depth of the water
table which collects in the well for use. The lifted water is used
primarily to irrigate high value commercial crops of vegetables and
melons along furrows or raised beds.

The advantages of this technique are low capital cost, independence
from outside agencies for construction, operation and maintenance and
efficient use of the lifted water. In addition, the water is free,
thereby eliminating the cash flow constraints some of the other
techniques present. Farmers have complete control over the usc of water
within the physical limitations of the system.

The disadvantages are the human drudgery, energy inefficiency and
Timited capacity to irrigate. Often the entire family, including young
children, must 1ift water to irrigate an area barely large enough to make
even a subsistence 1iving. Though the lifted water itself is used very
efficiently, repetitive physical work of this nature is a very
inefficient use of human effort. The area that can be irrigated is
limited by the availability of family labor. Each such well typically
irrigates between one-tenth to one-fourth of a hectare of land.

The next categury of groundwater system is the surface-mounted
Centrifugal pumps which are now being used widely through a variety of
institutional arrangements. The prime movers used are portable gasoline,
kerosene or diesel engines. Water is lifted from 5 em shallow tubewells
up to 20 m de .p. The well is drilled manually using an auger. Water 1is
conveyed through unlined field ditches to irrigate high value polowijo
crops such as groundnuts, vegetables and melons. The rumping units range
in size from 3 to 10 hp, with discharges from 2 to 10 Tps.

A number of alternative institutional arrangements have evolved in
the use of the shallow, private tubewell. The pumping unit and the well
may be owned by one family who may also "rent" either the water from its
well or the pump itself to other users in the village. Similarly, a
group of small farmers may pool resources to buy a pumping unit. These
groups tend to be small, with 5 to 10 members, though larger groups with
30 to 40 members can be found operating somewhat Tlarger capacity
systems. The aspects of the rental arrangements are quite interesting.
For example, a single user may rent the pumping unit from an individual
farmer or a group within the village, or occasionally from an outside
entrepreneur. The former practice is widespread in all regions where
1ift irrigation is being practiced. (One example of the latter was
observed in Kupang where the local pump and agricultural machinery dealer
was promoting the use of pumps through a leasing program.) Rents range
from Rp. 500 per hour to one-third share of the crop. Fuel is arranged
and paid for by the user separately.
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Tocal industry to support groundwater development. The structural
element of a groundwater program includes drilling rigs, pumps, engines,
pipes and fittings.

Most drilling equipment for deep wells is imported and spares are
not easily available. Deep well pumps in Central and East Java are
generally submersible turbo-pumps, whereas preference for centrifugal
pumps are expressed in NTB. While these large pumps are also imported as
a rule, at least one local manufacturer (Rutan in Surabaya) has been-
licensed to assemble British turbo-pumps and fabricate some parts
Tocally. However, some of the more precision tooled parts require a
three to six month order period. Centrifugal pumps are being
manufactured locally with only the shaft blanks imported. The quality of
these pumps is, however, poor. Specifically, the range of designs is
limited. Since the basic capacity does exist for manufacture, it is not
unreasonable to expect improvement in foundary and quality testing
facilities to yield better systems.

Engines for well systems present again a mixed picture. Electric
motors, large and small diesel engines are being Tocally assembled under
Ticensing agreements with both Dutch and Japanese firms. Many parts must
.be imported, but the trend toward local fabrication is increasing.

A second major issue regarding groundwater development concerns
support for smaller farmer-owned systems. Not all areas can be
effectively irrigated with subsurface systems or public tubewells because
of typography and limited public resources. Shallow aquifers can be
exploited economically by farmers and support is needed to accelerate
farmer initiated development. Access to technical information and
technical services such as drilling and capital are the main constraints
faced by farmers. These constraints 1imit the scope of private
initiative and result 1in poor system efficiencies reflected in
substantial increases in costs.

Another important related issue is to financing groundwater
development. At present the development of deep tubewells is entirely
subsidized. Farmers pay the 0&M costs once the system is handed over to
them, but the project cycle costs of replacement and major maintenance
are borne by the government. Farmer initiated development, on the other
hand, is entirely privately financed and no subsidies are available. The
alternatives of recovering all or part of the costs of public sector
development and subsidizing private development need to be considered.

The fourth issue concerns the relative role of private and public
sectors. Certain aspects of groundwater development can only be handled
v the public sector. These are mapping of the aquifers, monitoring the
aquifers, develcpment in areas requiring mechanized drilling and the
development of deeper aquifers where yields from shallow aquifers are
insufficient. The development of shallower aquifers can, however, be
done by dindividual farmers, farmer groups and outside (non-farmer)
entrepreneurs. When development must take place in the public sector,
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the operation and maintenance can be undertaken by farmer groups, as is
the practice at present. The private sector can also play a key role in
equipment manufacture, financing and technical assistance. At present
farmers have no access to technical information in well siting, well
design and pumping system design. As a result, capital and operating
costs to the farmers are three to four times as much as in a properly
designed system. The poorer farmers suffer the most, as they end up
buying inefficiency when they rent these poorly designed systems. The
pumping equipment presently available s wusually inappropriate for
shallow wells. Pumps being sold are designed for medium to high (15 to
30 m) 1ifts, whereas a surface mounted pump 1ifts water from depths below
8 meters. The hydraulic efficiency of the pump will be low and the
engin2 would be run below its rated capacity, resulting in low
efficiency. Centrifugal pumps can be designed to almost any
specirications, and there is no technical reason why better systems
cannol. be introduced.

p. fifth issue concerns the management of groundwater as it enters
the tertiary and field boundaries of the irrigation system. At least one
alternative to the existing open ditch conveyance of pumped water is the
buried PVC pipeline with risers and valves for each farm takeoff.
Preliminary analyses show the costs to be substantially below masonry or
concrete lined open channels. Further, the extent of lands served by a
well would not be topographically limited, maintenance would be simpler
and the energy recovery from the pump system could be improved. Piped
water can be divided into manageable portions for field application, as
opposed to’ the present practice of dumping the entire discharge of up to
40 1ps on one field. It enables the use of water saving application
technologies such as hoses, showers and sprinklers. The pipeline system
could still provide for secondary water demands like washing basins and
animal wallows. Finally, there 1is the question of groundwater
development policy. Public resources can be selectively applied to
provide supplemental irrigation in the tail reaches of surface systems,
in places where yields from shallow aquifers are inadequate and to build
farmer confidence about aquifer potential 1in undeveloped areas or
indiscriminately to develop high potential aquifers. Exactly what mix is
followed has implications for equity as well as efficiency of resource
use.

Opportunities for Innovation

There are a number of opportunities for the introduction and testing
of alternative groundwater technologies and institutional arrangements.
Some of the possible technologies include the following:

Percolation wells. In areas where aquifer conditions are not
favorabie or hignly variable and surface irrigation is sporadic, large
diameter dug wells can be built to irri¢g te small land holdings. These
wells can be used to irrigate paddy during the wet season when
percolation rates are high and then dry season vegetables or polowijo
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crops when percoiation rates decline. Such wells can also be built on
river banks to trap the base flows where rivers dry up during the dry
season.

Pit-mounted centrifugal pumps. In areas where the aquifers are
beyond the suction 1ift of a centritugal pump or the yield from the
shallower aquifers is limited, the possibility of installing shallow
tubewells inside small dug wells might be considered. This alternative
expands the range of. the shallow tubewell, both in terms of area
commanded and aquifer depths tapped. Beyond some point, though, a
submersible pump may be a better alternative.

Small_centrifugal pumps and waterinc hose. The smallest pumps
available at present are 3 hp pumps. Even smaller (1 hp), gasoline
engine driven pumps might be introduced. These pumps, if properly
designed, could command 1 to 3 ha, which is what the presently available
3 hp pump irrigates (because of inappropriate pump design). These pumps
could be used to pump from dug wells or small cavity wells. Since flows:
from these small pumzs (including the existing 3 hp pumps) are very
small, flexible watering hoses might be used to achieve higher conveyance
and application efficiencies.

Rigid FVC wells. Slotted rigid PVC pipes can be used in shallow
tubewelTs. These wells cost less than mild steel and have Tow friction
losses. PVC pipes are lighter and easier to transport and install.

Rigid PVC ‘conveyance system. Rigid PVC conduits can be used in
place of open channels. PVC pipes typically are cheaper than open
channels, take no land for construction and are easier to install and
repair. Additionally, PVC pipes 21low a great deal of flexibility 1in
system design.

Distribution system design. The present practice in public
tubewelTs s to transport the water through large channels to irrigation
blocks and dump the entire flow (often 40 1ps) into each block by
rotation. An alternative which can be easily developed by using buried
PVC pipes is to divide the flow into units of say, 10 1ps, and to
irrigate more than one block at a time. Other possibilities, such as
placing the pipe in a loop, might be possible. Through careful design
using PVC pipes it would be possible to offer more flexibility to
the farmers and effect higher water use efficiency and overall system
economy .

Improved design of shallow wells.  Presently shallow wells are
cavity type; that is, a galvanized

iron tube is taken down to the top of
the aquifer but not through it. No screen is used. The well diameter
typically is 5 cm. The yield of such wells is usually very small and the
tube in any case cannot handle flows larger than 3 to 5 1ps due to
excessive friction losses. Such wells are suited.to very small command
areas (1 to 2 ha), using a 1 hp pump and a plastic hose to irrigate. For
larger command areas, where aquifer yields are good, larger diameter (10
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or even 15 cm) wells should be used. These wells should tap the entire
shallow aquifer, using appropriate screens. The key point is that rcroper
matching of the well and the pumping system to aquifer conditions on the
one hand and irrigation requirements on the other is crucial for
efficient use of resources in groundwater development.

Needs and opportunities exist for promoting institutional
innovations for efficient and equitable usz of groundwater resources.
Some of these include the following:

Manufacture of pumping systems and accessories. The pumps and prime
movers for shallow tubewells are generally inappropriate and available in
a very limited range. A simple rule of thumb to evaluate surface mounted
centrifugal pumps is that the discharge per hp ratio should be at least 4
to 5. The manufacturing capacity for centrifugal pumps is not well
developed in foundry and testing facilities. Also, the designs available
are limited. Improvements in manufacturing and testing facilities and
introduction of a range of designs suited to the prevailing aguifer
conditions and farmer needs would facilitate groundwater development in
the private sector.

Entreprereurship development. Two areas where an entrepreneurship
development pragram can Dbe developed are shallow well drilling and
pumping equipment leasing. In both, entrepreneurs have spontaneously
emerged and technical support and provision of venture capital would
improve both the quality and the scope of services available to the
farmers. Wells are at present drilled by village mechanics who own the
drilling equipment. Because of the equipment available to them, and
perhap- because of lack of expertise, they drill narrow and very shallow
wells. The ultimate loser in the process is the farmer who gets an
inefficient well and pumping unit and expensive water. A program of
upgrading their skills and providing them access to tripod mounted manual
percussion drills or mechanized augers would considerably reduce costs of
irrigation from private weils.

Another program is promoting entrepreneurs who would lease pumping
equipment to farmers and address the two key problems of farmers --
access to capital and technology. This approach is 1likely to be more
effective than the alternative of credit and technical extension to the
farmers because implementation would require dealing with a few
individuals, who can- be carefully selected and would be capable of
handling technical and managerial sophistication. The process is
self-requlating as competition would ensure quality and cost. In
Bangladesh, for example, the price of water in the "landless pump groups
experiment” has come down to about 10 percent witi the entry of more
entrepreneurs. This perhaps is already happening in Indonesia where the
rental rates for pumps vary from place to place, the highest being in
Kupang, where one dealer enjoys a monopoly. In addition, monitoring is
politically more feasible because the public agencies -- and other
non-government groups -- can play an adversary role. Government can play
an effective regulatory function and non-government groups can be more
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forthright in evaluations without fear of embarrassing public agencies.
Most importantly, this approach reduces farmers' risks and managerial
burden which a credit program still has. The problems of equipment
maintenance, equipment efficiency and fuel supply get transferred to the
pump owner.

It seems conceivable that both the drilling and the pump Tleasing
programs could be combined into a two-tier structure of entrepreneurs and
their agents/employees, the latter being based in the villages.

Improvement of equipment dealership. Equipment can at present be
sold by Ticensed dealers, but there are only a few in the field. The
equipment sold too often is inappropriate, most possibly because the
dealers do not know what the appropriate equipment is for the region.
There is need to regulate the type of equipment sold. In India, where 80
percent of the pumps are bought against bank credit, banks regulate the
equipment used by lending only for a pump suitable to a particular area.
Two kinds of institutional interventions are needed: standards for
equipment and accessories, and zoning of aquifers in terms of suitable
equipment.

Special studies. Before promoting development of new pumping
equipment, a market survey must be conducted of the need for such
equipment. Such a survey would take into account farmers' irrigation
needs, aquifer conditions and equipment costs and would identify gaps.

Very little is known about how private development is financed, the
sources of technical services, the characteristics of the equipment
Teasing market and existing gaps. Future program planning would greatly
benefit from research on these issues.

Studies on the performance of public and private tubewells and their
respective institutional arrangements in terms of technical and economic
efficiency, farmer access, reliability, equity and impact on agricultural
productivity would be helpful in identifying the strengths and
weaknesses. Some studies of the public weils exist, but none on private
wells.,

Groundwater monitoring. As development proceeds, space monitoring
capabiiities must be deveToped to safequard against aquifer damage.

In order for these suggestions to have their fullest effect, there
are three research needs that are suggested.

Small Tank Systems

In the tropical climate of Indonesia, the river runoff is
Characterized by two phases: (1) a high flow period with numerous flash
peaks during the rainy season; and (2) a slow receding base flow during
the dry season. In the dry season, the discharge approaches almost zero
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ir rivers with small catchment areas and those of rather steep slope.
Th. smail steep watersheds result in runoff in the rivers closely related
in time and intensity to rainfall. For most months even in the rainy
season, periods of up to a few days without rainfall are com.on,
resulting in corresponding periods of low runoff. Dependable irrigation
flows under these conditions can be increased by the provision of small
Storage tanks (embungs) to store water during high flow periods, for use
in periods of low rainfall and runoff.

The design Team observed only one embung in the site visits and were
told that more existed in the three provinces. There appears to be no
design standards for such structures in Indonesia. Consequently, the
team was unable to technically assess the procedures that might be
employed to plan and implement such structures. It is assumed that the
same standards for design and construction being used for larger tanks
and reservoirs would be applicable. This section, therefore, outlines
briefly the small tank or embung technology and suggests some of the
general design criteria to be applied. It does not comment on associated
design or management issues since the lack of such systems precludes
comparisnn.

Types

Although tank designs vary with Tlocation and purpose, each is
basically one of two types. The "pit or dugout pond" is developed by
enlarging an already existing depression or simply by excavating a pit in
flatland areas. Many existing depressions are normally wet because of
close proximity to the water table and can be expected to provide good
water retention.

The second and most widely used type is the embankment tank.
Concrete, timber and steel dams are forms of embankment, but are rarely
considered for small tanks due to high costs. An earth and/or rock
filled embankment is generally the easiest and least expensive ponding
method for the amount of water stored and materials moved. In an earth
or rockfill dam, the major portion of the embankment is pervious
materials and, therefore, a water barrier is necessary. This barrier can
be in the form of an internal core, or as an impervious blanket on the
upstream slope.

Topography, to a 7large degree, influences the site, type and
capacity of tank. For an embankment type pond some desirable site
characteristics are:

1. Narrow valley at damsite to reduce fill and provide deep water
storage which reduces evaporation losses;

2. Wide abutments for an emergency spillway with minimum
ercavation;
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3. An alternate watercourse to allow diversion during
construction; and

4. A flat valley slope upstream to minimize deep cuts in the pond
area.

To insure that the water storage capacity at a selected site will be
adequate for the intended use, an estimate of capacity should be made.
For an embankment tank, a reasonable estimate can be made by multiplying
the pond surface area by 0.4 times the maximum water depth at the dam.
Topographical maps, visual inspections and preliminary surveys are
valuable guides to site selection.

On-Farm Water Management

This section describes technical aspects of water conveyance,
distribution and application at the farm level. Although institutional
and organizational aspects were presented earlier in Section ITI, it may
be useful at some places to briefly repeat some institutional aspects.

Water Conveyance

Government controlled projects tend to be rigid; i.e., they are
relatively inflexible in altering the frequency, duration and discharge
to individual outlets that enhance the irrigators’ ability to optimize
water use on individual fields. Village administration allows possibly
better flexibility as neighbors work together to manage the entire system
for their mutual benefit. One of the major problems in the traditional
government built weir and primary conveyance system is that it often
“overlays" upon several historically individual village systems.

The conveyance system in small-scale irrigation systems built by the
Public Works Department has traditionally consisted of a main canal with
tertiary channels. The main canal tends to be too long, and feeds a
larg: number of farmers who take water directly from the main canal.
Because of the inequity and maintenance problems associated with such
large commands, the practice of breaking the overall command into smaller
tertiary and quaternary units has become very popular.

Village isrigation systems commonly use this practice of
disaggregating large commands into small man>gement units of 5 to 10 ha
size. It is not uncommon to see a tertiary channel flanked by two
quaternary channels, running parallel over 1long distances. Such a
conveyance system helps clearly define a social group of farmers, their
water rights and obligations to channel maintenance. Since farmers get
water only through the quaternary channels, farmer groups are responsible
for maintenance of the quaternary channels. Village administration
maintains the tertiary channels since water in the tertiary channels is
used both for domestic and agricultural purposes.
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To obtain better water control, simple gates are used at the
tertiary and quaternary intake points. These gates can be 7Jocked in
position whenever it is necessary to have a rotational system of water
delivery. Flow regulating gates are much more commonly used at the head
of the main canal. Serious omissions in the conveyance system are the
lack of flow measuring devices and keeping reasonably accurate records,
both at the main and farm levels. Sometimes flow measuring devices are
initially provided at the diversion point, but because of inadequate
attention and maintenance, these devices give inaccurate measurements.
For the purpose of monitoring and evaluating the impact of the project,
it will be necessary to ensure proper measurement and collection of Jata
related to water flows.

Water Distribution and Application

During the rainy season water is generally supplied through the
tertiary and quaternary channels on a continuous basis and farmers take
water at their own discretion. Institutional control on the system is
minimum to reduce management costs. As the water supplies decrease
during tha dry season, institutional control on the system is increased
and farmers no longer make unsupervised withdrawal from the system., It
is then distributed ameng the farmers under the supervision of a village
irrigator, ulu-ulu, who is responsible to the village headman.

During the dry season, the most effective way of matching the
decreased water supplies to the demand is to reduce the amount of land
planted to rice. These cropping decisions related to authorization for
rice and polowijo crops in a particular year are made at the village
Tevel by the administration and the water users association. The water
allocations to the units over the dry season then follow the cropping
decisions, and are implemented by the ulu-ulu and water user association.
Because of close supervision and contact between the association officers
and the farmers, the water distribution is somewhat on demand rather than
a strict rotational basis.

Rice is primarily grown in small submerged basins during most of the
growing season. These paddies are formed by bunds laid out parallel to
the ground contours, with distance between bunds decreasing with
increasing slope. Superimposed on the paddy pattern are the property
boundaries, generally normal to the slope and to the supply channel. It
s considered highly desirable for each property unit (patok) to have an
individual turnout from a quaternary channel. This design criteria, in
addition to the desirability of not making the quaternary channels too
Tong, necessitates a long and narrow shape of the property units, the
narrow side being parallel to the supply channel.

To apply water to the land, farmers introduce water in the basin
nearest the intake point on the supply channel. Water then spills from
higher paddy to lower paddy until the last paddy is irrigated. Farmers
do not normally use field channels within the patok.
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In the dry season, because of decreased water supplies, many farmers
grow upland crops such as corn, beans, soybeans and onions. In Southern
West Java province soybeans and cassava seemed to be common, whereas in
Sumbawa, onions are a very popular high-value cash crop. Farmers'
decision whether to grow upland crops or Tleave the land fallow is
primarily influenced by twu technical considerations. First is the
expected amount of irrigation water available during the dry season for
growing these crops. Though secondary crops such as cassava and green
beans are commonly grown on residual soil moisture, high value crops such
as onions and tomatoes are almost always irrigated. The second factor is
the soil textura. Polowijo crops are usually grown by employing the
furrow-and-ridge method; hence, the flat paddy lands must be converted to
furrows and ridges which requires substantial labor. If the soils are
predominantly light-textured, farmers can make furrows and ridges without
incurring high labor costs. For heavy-textured clay soils the labor
costs will be high. Also, light-textured soils have good internal
drainage as compared to the heavy-textured soils and as such, under
similar management conditions, yields are generally higher on 1light-
textured soils.

Potential Improvements in On-Farm
Water Management

An important aspect of water management is the use of devices for
measuring water flows in the systems. For an effective monitoring of the
project impact, it is imperative to include flow measuring capability and
recording of the data in the design of irrigation systems. Providing
simple flow regulating gates at the tertiary and quaternary intakes is
usually helpful in ohtaining greater operational control. The same is
true for other on-farm control structures such as distribution boxes and
check structures.

Disaggregating large tertiary command areas into small quarternary
irrigation units is a very pragmatic use of physical technology to sup-
port organizational rules. Although the design requires greater numbers
of farm distribution channels, it is helpful because the farmers' water
rights and obligations to channel maintenance are then clearly defined.

In the dry season irrigation of high-value crops such as onions and
tomatoes might use sprinklers and should be investigated. Sprinkler
irrigation should be particularly efficient when the soils being
irrigated are sandy. Similarly, trickle irrigation should be considered
where perennial crops are being irrigated from groundwater sources.
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SECTION IV
BASIC FEATURES OF THE LOCAL SETTING

Indonesia in General

Rainfall

The climate of Indonesia is controlled largely dy the monsoons, the
northwest monsoon from November to May bringing the heaviest rains and
the east monsoon originating from Australia bringing Tittle rain. The
average annual rainfall 1is about 2,500 millimeters and is typically
frontal, “convectional and orographic. It varies widely between 700
millimeters and 7,000 millimeters. The higher rainfall areas are in the
western part of the country and gradually decrease toward the east. This
is illustrated by the difference between the provinces of West Java and
East Java. Most areas in West Java have at least seven consecutive wet

-months (at least 200 mm of rainfall) and. Fast Java less than seven
consecutive wet months. In the far eastern islands of Nusa Tenggara
there are only three or four wet months and seven to nine dry nionths.
The monsoonal rainfall pattern is modified by topography in which humid
air is pushed upward against mountain chains, causing heavy orographic
rain on the windward slopes. Therefore, rainfall generally increases
from the coastal areas to the mountains. For example, Jakarta on the
coast has four or five wet months and four or five dry months, and the
rest in between for a total of abou: 1,800 millimeters. Bogor, on the
other hand, at a much higher elevation, has over 200 millimeters (wet)
every month, for a total of over 4,000 during the year.

Temperature

Because of its equatorial 1location, the seasonal temperature
variation is not pronounced (isothermal). The main cause of temperature
variation is the elevation above sea level. As a rule of thumb, the
maximum temperature decreases 0.6°C per 100 meters and the minimum
temperature decreases 0.5°C per 100 meters. For example, the average
maximum temperature at low elevations toward the end of the dry season is
about 32 to 33°C, and only two or three degrees lower during the wet
season. The average minimum temperature is slightly lower auring tne dry
season, 22°C, than the wet season, 21°C. At the 1,000 meter elevation
the average maximum temperature is about 25°C toward the end of the dry
seison and about 24°C during most of the year. The average minimum
teiperature is about 16°C during the dry season and 18°C during the wet
season.

Matural Features

Indonesfa has a land area of about 736,000 square miles (about 1.9
million square kilometers, of 190 million hectares) distributed among
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13,667 islands, of which only about 1,000 are inhabitated. Five of the
islands include nine-tenths of the 7and area: Sumatra, Sulawesi,
two-thirds of the islands of Borneo and Irian Jaya.

The Tandscape is highly varied and mountains stand out in sharp
relief on the larger islands. Mo;t Indonesians live in sight of craters
or volcanic cones. There are two iong mountain systems which intersect
in Sulawesi and Halmahera. One concists of two parallel ridges that are
a continuation of the Western Burmese Chain and runs through Sumatra,
Java, Baii and Timor and curves sharply in a great hook through the
southeastern islands to Ceram and Buru. The second runs southwest
through the Philippines into Eastern Indonesia. Thus, the mountain
structure is complex and accounts for the peculiar shape of Sulawesi and
Halhamera, which have ranges running north-south and east-west.

Indonesia is the most highly volcanic region in the world; over 100
peaks are active volcanoes or were active until recently. The country's
highest peak is in Irian Jaya and rises to about 16,500 feet. There are
many peaks over 10,000 feet. Soils formed from volcanic ash are
relatively fertila and the highest population dersity is found in regions
where there has been the most volcanic activity. Thus, Java with the
most volcanoes, is by far the most densely populated of the islands.

Soils

The land area of Indonesia may be broadly classified into five land
forms or systems:

1. Alluvial land;
2. Plains;

3. Hills;
4. Mountains; and

5. Miscelleneous lands -- coastal, marine soils, sands, tidal
flats and mangrove swamps.

Soils of the alluvial lands are generally level and relatively
fertile and well suited for Trrigation development and/or for intensive
rainfed crop production. They are usually fairly deep and medium to fine
textured. Some areas may be sandy, gravelly, or saline, but these areas
are not extensive within most alluvial lands. The main limiting factors
on these lands is flooding caused by rainfall ponding and/or river
overflow.

Soils of the plains zone range from shallow to deep and are found on

the low terraces above the flood plain.  The topography is generally
undulating and the soils show some development of horizons. They are
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usually well drained and may be relatively fertile, depending on the type
of rocks from which the soils are derived. Probably some areas in this
zone are arable, but much of it may be best suited to grazing.

50ils of the hill lands are generally shallow and preclude
cultivation because of the steep slopes. Most of thece areas are used
for grazing or perennial crops and shifting cultivatiosi. In some areas
where land is cleared and cul :ivation attempted, erosion is a serious
problem. Overgrazing, indiscriminate burning and cutting of trees for
firewood have greatly accelerated erosion.

Steep hills and mountains have a more rugged topography than the
hill lands and the soils are very shallow. Cultivation, grazing or
deforestation would cause serious damage to the watershed ard a dense
vegetative cover should be maintained.

The coastal marine soils, tidal flats and mangrove swamps are
generally too saline. or sandy for cultivation. 0f the 35 million
hectares of coastal swamp, about 10 percent has been developed for
irrigation. There are many technical difficulties in using much of this
land for irrigation such as salt water intrusion, maintenance of desired
water table levels, etc.

Land Use

The diversity of climate, topography and soil conditions in
Indonesia supports a wide range of agricultural production and land use
patterns vary from region to region. Although detailed surveys are not
available, it is estimated that about 10 percent of the land area (19
million hectares) 1is cultivated to annual and perennial crops, about
two-thirds is too steep for farming and is largely forested and about 22
percent 1is swampland. Of the 19 million cultivated hectares, over Y
million are in rice, of which over 5 million are under irrigation.
Although the area planted to rice has increased about 10 percent in the
last ten years, average yields of paddy have increased from a little over
2 tons per hectare to almost 4 tons. This has been the result of
improved and more irrigation, more use of fertilizer increasing from 78
to 183 kg/ha in the last ten years, greater use of high. yielding
varieties and more use of pesticides.

Corn is planted on about 3 million hectares, but the yields are
quite low -- about 1.5 tons per hectare. About 1.5 million hectares are
planted to cassava and the yields of this crop are also Tow -- less than
10 tons per hectare. Soybeans are grown on about 700,000 hectares with
yields averaging about 900 kilos per hectare. Other important cultivated
annual crops are peanuts, sweet potatoes and vegetables.

Perennial crops are grown mostly in the uplands on about one-third

of the total cropland. Rubber and coconut are the most important -- a
total of almost 2.5 million hectares in rubber and over 2.7 million
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hectares of coconut. Smallholders grow all of the coconut and over 80
percent of the rubber; the rest are in plantations. There are about
650,000 hectares in coffee, all but about 6 percent grown by
smallholders. On the other hand, practically all of the 265,000 hectares
in oilpalm are grown in plantations. Tea is grown on about 113,000
hectares, over 60 percent in plantations. Almost 500,000 hectares are in
clove and 348,000 in kapok, all of which are grown by smallholders. Of
over 400,000 hectares planted to sugarcane, about 60 percent were grown
by smallholders. Other important perennial crops of smaller areas are
nutmeg, pepper and cassiavera.

Agricultural Policies

Sites being  considered for  this project are diverse
climatologically, topographically and demographically. There are,
however, important similarities: all are affected by GOI's agricultural
policies whicih stabilize and standardize prices and which provide
subsidies for inputs such as fertilizer, pesticides, credit and water.
Another common denominator is the dominance of padcy rice as a staple
crop. A high priority of GOI's agricultural policy has been oriented
toward achieving rice self-sufficiency. It appears that this goal has,
at least temporarily, been achieved. A number of factors 1including
extensive irrigation development, adoption of high yielding varieties and
a recently increased relative price of rice seem to account for this
achievement.

Policy analysts are predicting that if current trends persist, GOI's
rice marketing organization will be forced to revise its prices downward
or face the prospect of exporting high cost rice at a loss. Such a
policy would make secondary crops relatively more attractive for
commercial farmers, which is consistent with another governmert goal:
food diversification. The possibility of such changes raises qustions
about the efficiency of projects which further expand Induaesian
irrigation systems. Definitive answers to these questions are L .yond
reach at this time. However, the questions imply a note of caution in
the use of current agricultural prices in assessing the prcfitability of
this project: rice prices are subjected to downward pressure and the
momentum of the ongoing intensification and extensification projects are
likely to persist for some time, worsening this pressure. Assumed
benefits must take into account this trend.

A second question -- adaptability of irrigation-systems to secondary
crops -- underlines a goal of this project: increased farmer control of
irrigation systems. Involvement of farmers in the design, operation and
maintenance of their irrigation systems 1is unlikely to decrease the
flexibilities of the systems, and it gives farmers the opportunity to
design parts of their systems specifically for secondary crops.
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Regional Per Capita Incomes

Regional income disparities are an inescapable effect of economic
development (at least for market economies). To some extent these
disparities are constructive, as they serve to motivate reallocatio~ of
resources, including Tabor, from regions where their productivity is Tow
to regions where their productivity is high. There is also a tendency
for such adjustments to be uneven. Capital incomes of "backwash" regions
tend to lag more progressive areas, creating a kind of negative
multiplier effect. There is some plausibility in the argument that
government projects may be justified in such areas on grounds of
efficiency as well as equity, the argument resting on the existence of
excess capacity (e.g., unemployment) in regions subjected to backwash
effects. If there are excess capacities, then induced and indirect
effects could in principle be counted in benefits. It is also true that
certain sectors tend to be victims of "backwash" effects during economic
development -- agriculture being the classic case. The disparity is not
without social costs -- either underemployment in backwash regions or
urban unemployment, both of which have real costs. Clearly, there is
some justification for public investment in projects to mitigate extremes
of regional inequalities.

The most straightforward indicators of regional wealth 1is per
capital income. Again, the three areas where proposed projects are
located are well below the national norm: two Kabupatens of West Java
where project sites are located had 1978 per capita incomes of Rp. 28,627
(Ciamgur) and Rp. 50,426 (Sukabuma) -- less than one-half the average for
West Java (Rp. 115,128) and less than one-third the national per capita
income of Rp. 150,000. The 1978 per capita incomes of NTT and NTB were
Rp. 71,920 and Rp. 78,765, respectively -- again, roughly half the
national norm for the same year.

West Java

Agrometeorology

The proposed area for 1{nitial activities of the Small-Scale
Irrigation Project in West Java comprises the complete catchment areas of
the Cikaso, Cibuni, Cisokan and Cisadea rivers. This area extends some
75 km west to east and 40 km north to south, lies south of Sukabumi and
Cianjur and is entirely within Wilayah Pengairan Bogor.

Mean annual rainfall within the proposed area varies from about
2,750 mm per year in the lower elevations to 4,250 mm per year in the
upper elevations. There is a well-defined dry season extending from May
through September. There is, however, a limited amount of hydrological
and climatological data available for the area. Almost the entire area
has been covered by up-to-date, good quality aerial photography at a
scale of 1:15,000. Topographic maps have been prepared for parts of the
area at a scale of 1:5,000.
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At present there are approximately 11,500 ha of rice grown within
the four river basins. This rice is either rainfed or irrigated through
temporary diversion weirs. There appear to be no permanent diversion
weirs in the area. Less than 50 percent of the area is presently double
cropped. The estimated potential for development is 14,000 ha, 9%
percent of which could be double cropped with proper water resources
development.

Most of the soils on the level to slightly sloping lands are
alluvial in origin and are generally moderately to poorly drained.
Probably the most common are the dark cracking clays, Grummosols (in Soil
Taxonomy, Vertisols) and the very poorly drained hydromorphic soils,
called Gleysols. The latter have strongly gleyed or mottled subsoils
with a high water content much of the year. Two crops of rice are
commonly grown on the Grummosols and Gleysols. Because of drainage
problems, rice is the most suitable crop and the potential productivity
is high. Some farmers on these soils are now getting about 4.5 tons of
paddy per hectare for the wet season crop and 2.5 to 3 tons per hectare
for the dry season crop. Undoubtedly, the dry season crops would produce
as much as the w¢* season crop given better water control and greater
inputs.

Some of the soils on the moderate slopes as well as in more level
areas have good drainage. Though they may be puddlied for rice, they can
grow two crops of paddy rice followed by short season secondary crops
such as soybean, peanuts, mungbeans, etc. In some places in Indonesia
three crops per year, or five crops in two years have been, successfully
grown where there is a sufficient supply and adequate management of
water. A short season vegetable crop has been grown on small parcels
following two crops of rice.

In the rainfed upland areas on the steeper slopes mixed perennial
tree crops and cassava, largely in subsistence farming, predominate.
Below Cikaso smallholder estates of hybrid coconut and rubber are being
developed, 1.5 hectares per family. A processing plant for rubber has
already been established. These perennial upland crops are important in
stabilizing watersheds and reducing runoff.

A number of separate background studies have been undertaken
covering fields of agriculture, socio-economic, hydroclimatological and
technical matters. These are as follows:

Analisa perencanaan pengembangan sumber2 air Walayah Jawa Barat
Selatan. July 1981, C.V. Kutamas

Hasil Analisa Tanah daerah Irigasi Cikaso, Kecametan Sagaranten,
Kabupaten Sukabumi, 1981, UNPAD

Laporan Analisa Laboratorium Contoh Tanah, Air dan Sedimen Transport
di daerah Irigasi Cikasi, July 1981, DPMA"
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Observation of Floord Cibuni River, 1981, C.V. Pembahas

Penyelidikan Geologi Tehnik & Mekanika Tanah Saluran induk Cikaso
1981, P.T. ISUDA PARANA CO eng

Reconnaissance Study Pengembangan daerah irigasi S Cibuni, Nov.
1978, sub P3SA JABAR SELATSN

Studi Kelayakan Pengembangan Wilayah Sungai Cibuni, 1982, P.T. HEGAR
DAYA

Identification of Possible Irrigation Develp:ients in Southern West
Java, Sept. 1982, PU JABAR + Snowy Mountain Engineering Corp.

Cikaso Irrigation Project Pre-Feasibility Study. May 1982. PU
JABAR + Snowy Mountain Engineering Corp.

Social Characteristics -

The primary social statistics for the proposed project area are
given in Table 1 and taken from the publication Penentuan lukasi Daerah
miskin Propinsi Jawa Barat, Dr. Tata Funa Tanah, Agrari., Dep. Dalam
Negeri, Publikasi No. 125, 1978. The data are listed at the provincial
level for West Java, at the Kabupaten level for Kap. Sukabumi and Kap.
Cianjur, and at the Kecamatan Tevel for Kec. Sagarenten in Kab. Sukabumi
and Kecamatans Cibinong, Pagaleran and Kadupandak in Kap. Cianjur. The
data in columns are in the following categories: (1) Average Income per
Capita (Inc/Cap); (2) Percentage Unemployment (5 Unempl.); (3) Propor-
tion of Total Land which is Rainfed (% Pnfd); (4) Land Productivity in
Rupiahs per Hectare (LProd.-Rp/Ha); (5) Average Amount of Agricultural
Land per Household in Hectares per Household (Ag1-Ha/HH); (6) Average
Amount in Hectares of Landholdings per Landowner (from total landowners;
L/owner); (7) Average Number of Children per Total Population (CH/Pop);
(8) Population Density (Prs.km?); (9) Proportion of Total Land which is
Sawah (Swh/YL); {10) Proportion of Total Households which are Landowners
(LOWN/THHs); (11) Average Value of Livestock Owned per Household
(LVSTk-R/HH): (12) Proportion of Total Land Tax which is Recovered (L Tax
Rec/Tot LT); and (13) Proportion of Yotal Households having Homes at
Least Partially Made with Concrete (ConcH/HH).

About 70 percent of the population is at least partially employed in
agriculture. For Kapupaten Sukabumi only 15 percent of all farm families
are devoted full-time to the land, 47 percent have one sideline
occupation, 26 percent have two and 12 percent have three or more.
Interestingly, the average monthly income listed in Table 1 is just over
Rp. 50,000 per capital per month. Of the full time farm families this
figure drops to Rp. 13,000 per capital per month and climbs to Rp. 53,000
for the one side-live group and Rp. 66,000 to the two side-live group.
On the other hand, for those with three and four outside occupations,
income per capita drops to Rp. 22,000 and Rp. 21,000 per month,
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SUMMARY SOCIAL

TABLE 1

DATA FOR WEST JAVA PROSPECTIVE SITE LOCATIONS

Location Inc/Cap | % Unemp | % Rnfd LProd- Aigl:; L/Owner |CH/Pop { Prs/km? | Swh/TL L/Owner/ LVstK LT Rec/ [Conch/
(Rp) Rp/Ha Farmers| (Ha) THHs TotLT HH
West Java 30,553 23 23 217,291 .35 .75 43 - .32 .62 15,061 .68 .20
Kab. Sukabumi | 50,426 30 31 212,994 .50 .27 .50 587 .21 .63 16,537 .79 .19
Kec.Sagaranten] 38,401 34 30 230,719 .55 .89 .40 283 .09 E7 35,782 .79 .18
Kab. Cianjc. 28,627 22 23 280,712 .43 .63 49 . 515 .31 .80 12,360 7 .24
Kab. Cibinong | 48,873 29 18 162,388 .58 1.05 A7 170 .08 .79 11,270 12 .005
Kec. Pagelaran| 29,664 15 46 203,841 .25 .68 \ .44 480 .22 .79 15,539 .62 .005
Kec.Kadupandak] 20,983 28 30 89,571 .69 .89 .50 462 .51 .87 18,692 .62 .005




respectively. One might suspect that farm families with three or frar
outside occupations are those with small holdings and might be moving
toward non-farming livelihoods.

NTB - Sumbawa

Agrometeorology

The island of Sumbawa is of volcanic origin with a total land area
of about 16,800 sq. km and population of approximately 750,000. Over 90
percent of the land is mountainous, and the average gradient from the
mountain top to the shores varies between 5 and 10 percent. The area
with agricultural potential is limited to a narrow band along the shore,
up to 5 km wide, which has been deposited by alluvial sediments from the
river valleys. “ne land capability studies have identified approximately
180,000 ha that are suitable for cultivation of agricultural crops. Of
this total, 51,000 ha is of highly suitabl