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PREFACE

Appropriate sites for new irrigation development
are increasingly hard to find, and new systems are
so extenstve that they are often neither financiwly nor
cconomically viable. As a result, many countrics
cleet to rehabilitate and upgradce existing irrigation
systems instcad. They sce rchabilitation' as an
extremely cost-effective measure due to the sunk
costs associated with existing structurces, reservoirs,
and land; the relatively short construction period;
and, in many cascs, the presence of experienced
farmers who do not require extensive training in
irrigation techniqucs.

However, very few postproject studies specify how
well rehabilitation schemes have met their social and
cconomic objectives. Nor do available studics pro-
vide firm recommendations to improve fulure
rehabilitation projects.

This study {ocuses on the USAID/Government of
Thailand-funded Northeast Small Scale Irrigation
(NESSI) Project andirrigationrchabilitation scheme,
whichinvolves seven medium-scaleirrigation systeims
in Northeast Thailand. The study provides detailed
postproject analyses of social, cconomic, and
technical factors, and also contributes to our
understanding  of how medium-scale irrigation
systems actually operate in Southeast Asia. Drawing
on longitudinal data, the study links improved water
management practices to agricultural production
practices, which in turn relate to expanding public
and private market opportunitics,

The study highlights significant regional trends:

» the rapid absorption by the private scctor of
traditional public-scctor activitics;

s the critical importance of rapidly expanding
market opportunitics for non-rice agricultural
systems to cnsurc the success of new or
rchabilitated irrigation systems;

s the value of viewing water uscr associations as
not just O&M facilitating bodies, but
organizations that potentially can play strong
production and marketing roles; and

» the critical necessity of developing regional
water resources based on basin-wide dynamics,
to minimize conflict and optimize the use of
scarcc water resources.

Mcthodologically, the study is innovative for USAID,
as it offers an alternative approach to the more
traditional project cvaluation. The tcam, consisting
primarily of Thai nationals (rather than the typical
expatriate  evaluation tecam), worked during an
extended period, which allowed an in-depth study
of the overall development process. With a single
cxpatriatc advisor and five scnior Thai experts, the
study was also very cost-cffective. The addition of a
member  of ISPAN’s  permanent  stalfl  during
document preparation ensured that the study reflects
broader issucs of intercst to other ANE Missions
and the Burcau.

This document, while specifically cxamining a single
project in Northeast Thailand, has implications for
development and investment plans far beyond
Thailand’s borders. Issues that emerge in the study
must be faced by other countrics as they determine
the technical and social wisdom of investing in
irrigation rchabilitation and upgrading.

"In this document, the term rehabilitation also cncompasscs

some degree of lacility upgrading,.
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EXECUTIVE SUMMARY

Northeast Thailand is the largest and most populated
region of the country, but its per capita income and
crop yiclds are the country’s lowest. Erratic rainfall
and poor soils contribute to its low agricultural
production and conscquent slow cconomic growth.
Given the region’s limited irsigation potential and
the fact that many irrigation systems developed
during the 1960s have ncver reached their full
potential, a regional priority is to improve and
upgrade cxisting irrigation systems. The Northeast
Small Scale Irrigation Project (NESSI) was designed
to rehabilitate seven medium-scale irrigation systems
dispersed throughout the region and, in so doing,
develop a model that could be used to improve
farmer incorae levels at other small- and medium-
scale irrigation sites in the Northeast. This study
assesses the NESSI approach in terms of cffective-
ness and replicability, and provides a scries of
recommendations for the next phase of medium-
scale irrigation systems development in the Northeast.

Assessment
1. Institutions

The Central Policy and Project Coordinating
Committees, the two national-level committees in
the original design, played little direct role in project
implementation. Dircct involvement at the national
level began  with the Project Coordinating
Subcommittee, which was created when the project
nceded a means to bring NESSI issues directly to
the attention of national officials. Even with its
relatively infrequent meetings, (2¢ subcommitice
appears 1o have been a useful and responsive entity.

Provincial coordinating committees organized in
cach of the seven provinces involved scrved a
legitimizing role for the project rather than filling an
active working function. The committecs’ primary
utility was to provide an oricntation at the beginning
of the project and formally create a ficld working
group for cach site.

Al the sites, ficld working groups have cmerged as
very cffective coordinating bodics for government
agencics and farmers, and clearly have contributed

to project implementation. Mectings are held
monthly, with fixed agendas that include
achicvements, plans, and problems. Officers {rom
participating irrigation, cxtension, and other line
agencics attend the meetings, as do officers of water
uscrs associations.

2.  Water Users Groups

Within a relatively brief four-year period, NESSI has
formed chack groups and revived water users
associations (WUAS) inactive since their formation
fiftcen years carlier, during site construction,
Hundreds of chack groups at ncarly all the sites are
playing a direct role in on-farm system O&M,
involving themselves in  decisions about water
delivery in farm ditches and contributing labor and
cash for maintenance. WUAs have been reactivated
and appear to be oversceing site activitics, while
offering a degree of accountability to members.
Royal Thai Government (RTG) staff now meet
regularly with farmers and include them in decision-
making concerning both water scheduling in the
farm ditch and dry scason cropping.

However, as NESSI moves toward project
complction, shortcomings in the approach are
apparent. Farmer participation in system operation
has been restricted to the on-farm system, largely to
the farm ditch. A more substantive role requires
involvement in decision-making on water deliverics
throughout the system, from the water source to the
chack. Future project activities need to have long-
term goals of improving crop production and
increasing farmers’ incomes, not just improving
water management,

3. Extension

Due to staffing and resource constraints, NESSI’s
agricultural extension component did not realize
many of its goals. A rcliance on traditional extension
techniques hampered activitics. Demonstration plots
and field trials were few and limited in scope, with
their success depending upon factors often outside
the extension worker’s control. Department of
Agricultural Extension (DOAE) workers responsible



for promoting dry scason cropping suffered from
incxpericnee in producing non-rice crops. The
Planning and Special Projects Division established
a system to monitor production, but these data were
not distributed widely within the projects.

During NESSI’s carly years the private sector, which
could have provided technology and markets (as it
docs in North and Central Thailand), remained in
a formative stage in the Northeast. As a resull, the
privatc sector was only marginally involved in
extension, usually  providing information about
market demands, rather than playing a technical
role. Extension did not provide the leadership role
envisioned in the original project design, nor has it
proven responsive to the rapidly changing economic
climate or the new demands that the region’s rapidly
expanding private firms have created for cash crops
and better-trained farmers.

4. Marketing

Although market demand for vegetables in the
Northeast has increased dramatically during the past
decade, project staff found it difficult to give farmers
technical assistance in improving market activitics.
The project’s only (raining in marketing skills and
marketing studics, provided by consultants, occurred
prior to the completion of the sites. Waen farmers
were actually willing and able to produce enough
additional dry scason crops to need expanded market
outlets, market assistance was no longer available
under the contrict.

Much remains to be done to increase and stabilize
agricultural incomes in NESSI sites. Continuing
problems in production and marketing include
diversilied cropping on small-scale farms, non-
uniformity in the cropping system, extension stafl’s
inexperience in growing and marketing new crops,
farmers’ limited access to market outlets, and
incfficiencics in transportation, grading, storage, and
information dissemination.

5. Economic Analysis

Project analyses have been conducted by the Asian
Institute of Technology, USAID, consultants for
USAID, the consulting group, and the RTG Burcau
of the Budget. These analyses were based on
projections and a varicty of assumptions. Following
these same approaches, a study team analysis, using
five-year data for four sites, reveals that two sites
have an economic rate of retwn (ERR) greater than
12 percent and two have ERRs greater than 10
pereent. While not as high as ERRs estimated by

others, the ERRs arc marginally acceptable given
NESSI’s experimental nature. Ficld data indicate
that family ucomes in three study sites have risen
from 20 to 50 percent, largely due to expanded wet
scason yields and increased dry scason cropping.

6. Engineering

NESSI’s on-farm design, Lased on small chack
service  arcas, lcads to good operation and
maintenanice. However, the design requires a large
number of main ditches and unlined farm ditches,
which make construction costly. This design’s overall
cost will limit large-scale implementation of NESSI’s
design concept.

At scveral NESSI sites, conflicting demands for
irrigation and domestic water put pressure on the
Royal Irrigation Department  (RID) to  find
alternative sources. Adding to the strain of increased
nonagricultural  withdrawals is the inflow of
scdimentation that continues to reduce reservoirs’
storage capacity.

Current methods to forecast available water for
medium-scale  reservoirs tend  to  overestimate
inflows, which results in an overly optimistic
estimation of irrigation potential. Nor do the
methods currently used consider the impact of land
usc change on firm runoff from the catchment arca.
The development of numerous small irrigation weirs
and reservoirs in the catchment arcas during the
last decade has further reduced reservoir inflows.

Recommendations
1. Institutions

As designed, NESSI’s management structure was far
too complex. Based on NESSI experience, additional
medium-scale projects in the Northeast need a
relatively lean  organizational framework. The
following arc iustitutional rccommendations for
Phase Il rchabilitation of medium-scale irrigation
systecms:

»  Create a project coordinating subcommittee at
the national level and a ficld working group on-
site.

»  Develop a mechanism to allow field working
groups to form carly and to function even after
a project is formally completed, thus cnsuring
that cooperation among line agencies and with
farmers continues.



2. Water Users Groups

Presently, WUA formation has no clear home within
the government. The tcam recommends that RID
continue as the primary agency for organizing and
strengthening water users, since improved water
management is the basis for successful group
formation.

»  The Roval Thai Government should adopt the
concept of farmer involvement at all stages of
irrigation  development, from site  design
through O&M. The concept should be
institutionalized in a Standard Operating
Procedure, which cstablishes clear rights and
responsibilitics for farmers at all phases of
svstem rchabilitation and operation.

« To strengthen rchabilitation  programs,
Irrigation Community Organizers (ICOs)
should be recruited to work with farmers,
beginning with the design phase, until they form
viable O&M groups. Two ICOs should be
assigned per zoneman and should tay on the
job for at least two full scasons.

« In order to further promote dry season
cropping, 1t is critical that water users
associations work with zonemen in projecting
land for dry scason cropping, to cnsure that
available water supplics are not over
commitied.

3.  Crop Production

Rice will remain the main lowlands crop during the
wet scason, although in most cases the shift from
glutincus to nonglutinous varicties will continuc,

»  Farmers in NESSI sites should be encouraged
to continue expanding the arca planted in dry
scason vegetables, including baby corn,
tomatoes, peanuts, and soybecans and other
lcgumes, as these ~re all demanded by
processing plants.

s Training and better technology transfer from
the public and private sectors are necded, as
well as farmer production and marketing
groups, to help farmers produce more and
better crops both for processing and for the
fresh market.

4. Extension

The following recommendations address adjustment
to the new economic climate:

= In the future, suodistrict agricultural otficers
should take responsibility for helping provide
liaison among processing firms, fresh markets,
and farmers, preferably through farmer
production and marketing groups (FPMGs) and
WUA:s.

s DOAE must play a new role in the iniensively
irrigated arcas where the private sector is
active, In the carly stages, while Northcast
farmers are still naive about legal contracts,
DOAE should develop a standard contract.

»  DOAE should also organize a campaign to
inform farmers about the concept of market
contracting and promote the standard contract.

» In somc cascs, DOAE staff may want to
mediate when problems arise between farmers
and private firms.

5. Marketing

The next phase of medium-scale irrigation systcms
development  should  emphasize  four  arcas:
promoting market-based crop production, improving
the cxisting procurement systcms, improving and
simplifying market contracts, and establishing market
training programs for farmers and DOAE and RID
staff.

s Becausc farmers commonly enter
disadvantageous marketing contracts  with
processing plants and middlemen, new
marketing contracts (Appendix F) should be
developed to ensure fairness for botn partics.
Contracts should include more-specific details
specifying  inputs, price, and  dclivery
requirements.

e Farmers now have limited market outlet
options. Toimpreve their procurement systems,
some produce, particularly baby corn,tomatocs,
soybeans, and peanuts, should be redirccted
from provincial to national markets.

%,



s  Postharvest activitics (sorling, grading, and
packing) must also be performed in order to
cxpand the market boundary from farms to
morc distant processing plants. Vegetables for
fresh produce markets should be sorted,
graded, packed, and dclivered by farmers
working as production and marketing groups.

s Only 4 of 17 Northeast provinces have Private
Joint Committces (PJCs). PICs should be
established in all provinces with rchabilitated
systems. Agricultural cxtension will play an
important role linking private entreprencurs to
WUA:S.

6. Engineering

Although NESSI design criteria have been proven to
work, they are relatively expensive and limit the arca
that can be rehabilitated using this approach,

n  RID should consider increasing the design
criteria for chack service areas to 200-250 rai
to reduce construction costs.

s Farmers  should  contribute  labor  for
constructing farm ditches and sodding to
further reduce site-rehabilitation costs.

»  Mcthodsemploycdtoestimate reservoir inflows
should incorporate both physical characteristics
and cffects of land use change on runoff, so
that inflow cstimations better represent actual
conditions.

s« RID, in coordination with other government
agencies, should develop measures against soil
erosion in the catchment arca to reduce
reservoir  sedimentation and lengthen the
project scrvice life.

s Prior to planning any additional projects, RID
should investigate the impact small weirs and
reservoirs in the catchment arcas have on
inflows into all irrigation projects downstream.

s A long-lerm basin-wide watecr management
study that considers all water demands within
a subbasin, such as irrigation, domestic,
industrial, and tourist demands, should be
carried out in the Northeast and other regions
in Thailand.

xii

Implications for Future Regional Development

'vhailand’s deveiopment experience provides a model
for other countries in the region. Laos, Cambodia,
and Vietnam all look toward Thailand as an
economic model they would like to emulate.
Indoncsia, Malaysia, and the Philippines also are
interested in the "Thailand model," particularly its
balanced growth between agricultural and industrial
exports. Its strong economic base guarantees that
Thailand will continue to be a regional development
resource for the next two decades.

The secret of Thailand’s success has been RTG’s
willingness to let the private sector do the things it
does best. RTG has not hesitated to stop providing
services when the private sector demonstrates it can
perform the service better and at less cost to the
government. Not only has Thailand allowed the
private scctor to provide such services as air travel,
higher education, agricultural inputs, and agricultural
exports, it has also encouraged the sector to provide
more traditional public services: seed development
and multiplication, and agricultural research and
extension. The private provision of public services
brings the forces of competition into areas of
monopoly. In Thailand, thesc forces have led to
better services at a lower price.

With respect to NESSI, the entrance of private-
scctor processing plants in the region has ensured
that farmers can benefit from their labor. When
NESSI rescrvoirs were first constructed in the 1960s,
farmers had water but no outlet for their products.
The end result was that limited cconomic incentives
prevailed, and farmers did not usc the water. That
situation contrasts with the Northeast today where,
at every location with dry scason water, farmers are
cager to produce crops and private processing plants
arc anxious to buy the output. RTG’s
cncouragement of regional private-scctor investment
cnsures that past investments in Northcast water
resources development will have a high payoff,
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BACKGROUND AND PURPOSE OF THE APPLIED STUDY

1.1 Study Background

In December 1988, USAID /Bangkok requested the
Irrigation Support Project for Asia and the Near East
(ISPAN) to conduct an applied study of the
Northeast Small Scale Trrigation Project (NESSI).
The study was designed to deseribe and assess
NESSIs positive and negative aspecets, and also to
set the direction for the next stage ol medium-scale
irrigation development in the Northeast. Scheduled
to end in October 1989, NESSI was o identify, test,
and refine a replicable approach for improving
irrigation management and agricultural production
for seven  medium-size  reservoirs  scatlered
throughout the Northeast. The project undertook a
diversificd program, which included physical system
improvements, water user organizations, interagency
coordination, training, and marketing initiatives,

Over two hundred medium-seale  reservoirs in
Northeast Thailand are potential tocations for the
approach NESSI sought to define. These systems,
many of which were developed in the 1960s with
USAID assistance, are among the most underused
irrigation resources in the Northeast. The Royal
Irrigation Department (RID) has cstimated that
these reservoirs, ranging in size from S to 30 million
cubic meters (mem), could eventually command an
irrigable area of over 1,000,000 rai. Most of these
reservoirs, however, are inelficiently used at present
and realive only a fraction of their potential,

The Royal Thai Government (RTG) regards NESSI
as the first phase in developing and improving
medium-scale irrigation systems in the region. Phase
Il is expected to expand upon the NESSI experience
both by continuing uncompleted activitics in the
original sites and by moving into new sites within the
region. NESSI contained a significant construction
component  through  which main  canals  were
rehabilitated and main ditches and farm ditches
constructed. Phase 11 will likely decemphasize
construction and focus on sustatning farmer

organizations, operation and maintenance, and
marketing linkages.

1.2 Study Objectives

The NESSI Applicd Study takes the place of a
standard projeet evaluation, which measures suceess
against end-of-project indicators. This study is meant
to be primarily a forward-thinking cifort with the
following major purposes:

= to describe and asscss NESSI, both in terms of
individual clements and as an integrated
package;

»  toidentify thosc clements of NESSI that should
be perpetuated and transferred to other
potential sites;

s to establish guidelines for  potential  or
incomplete activitics, such as  marketing
initiatives; and

s to provide recommendations concerning the
modification and institutionalization of NESSI
clements suitable both for {urther development
in the seven NESST sites and for transfer to
other regional sites.

1.3 Study Approach

The study began on 1 March 1989 with a three-day
tcam planning meeting in Bangkok, which included
tcam members, USAID and RID staff, and
representatives of the Department of Technical and
Economic Cooperation (DTEC), the Department of
Agricultural Extension (DOAE), the World Bank,
and the Consultant Task Force (CTF). The team-
planning cxercise was designed to clarify study
objcctives, determinge individual responsibilities, and
finalize technical and administrative issucs.



After completing the exercise, the tecam moved to
Khon Kacn, where they worked out of the Water
Resource and Environmental Institute at Khon Kacen
University (KKU).

Ficldwork began with team visits to all seven project
sites to familiarize members with the conditions at
cach, These  wvisits  were  complemented by
information and data gathered from various oarces;
the NESSI office, about 20 km outside of Khon
Kacn; provincial and  district  irrigation  and
agricultural — extension  offices;  and  TEAM
Engincering. Given the time and resources available
for the study, it was not possible to study all seven
sites in depth. In keeping with the Scope of Work
(Appendix A), the team sclected three sites that
capture the clements envisioned in NESSI: Huai
Acng in Rot Et Provinee, Hual Khilek 1+ Mukdahan,
and Huai Chorakhe Mak in Buri Ram. These sites
reflect diversity of location, crop production, and
development level. Huai Acng, as the first system
completed, was sclected so the team could assess the
impacts of the most mature system a few years after
completion. Huai Khilek was selected to represent
the rolling terrain of the high-rainfall arcas of
castern Mortheast and because of its links to markets
in the northeast parts of the region. Huai Chorakhe
Mak was selected to represent the more crratic
rainfall arcas of southern Northeast and also to
represent a system that is still in the process of
rchabilitation. Table 1 presents characteristics of the
three sclected sites.

Team members also visited the Lam Nam Oon
Integrated Rural Development Project at Sakon
Nakhon. Lam Nam Oon offers marketing initiatives
and both water user group and O&M  activilics,
which provide interesting comparisons with the
NESSI approach. Opcerating policics and marketing
initiatives  from  Lam  Nam  Oon  might  be
incorporated into a Phase 11 program for medium-
scale irrigation systems development. In addition, the
tcam made visits to processing plants, general
oilseed wholesalers, fresh  vegetable  wholcesale
markets, and sced markets in every Northeast
province.

In addition to extensive interviews with farmers and
government officers, tcam members conducted two
ficld surveys. In cach of the three commands,
zonemeninterviewed landholders regarding cropping
and landholding patterns, on- and off-farm income,
O&M practices and prefererces,  marketing
arrangements, and agricultural extension services. A
smaller survey was conducted to examine the
changing rolc of women in agriculture. The
marketing specialist collected price data from the
provincial agricultural and commerce offices, and
mapped the effective range of regional processing
plants and markets. The team drew upon extensive
agro-cco'ogical studies conducted in cach of the
NESSI sites by KKU in 1987-88, and utilized the
numerous documents (Appendix B) published as
part of the NESSI Project. Appendix C lists
individuzis contacted in Bangkok and the Northeast
as part of the study.

Table 1

Description of the NESSI Applied Study Sites

Huai Huai Huai
Aeng Chorakhe Mak Khilek
Years cank constructed 1962-65 1962-63 1963-64
Years system rehabilitated 1982-86 1986-88 1985-88
Storage (mcm) 17.48 20.30 22.1
Watershed (km’) 147.50 90.25 80.6
Command area preproject (rai) 18,691 12,500 9,000
Command area 1986-7 (rai) 21,066 9,165 8,632
Area irrigated dry season
1986-7 (rai) 4,000 1,540 1,050
Main canals (km.) 16.37 23.58 25.20
No. farmers 2,214 780 620
No. villages 23 14 15

Source: TEAM Consulting Engineers,

Ltd.




The NESSI Applied Study covered a period of threc
and onc-half months, which permitted team
members to repeatedly visit the three project sites.
The extended study period slse permitted the team
to collect and analyze a rxorc varied body of both
primary and sccondary data than would have been
possible otherwisc.

The study concluded with team presentations to
USAID on June 12 and a half-day presentation at
RID to USAID, RID, DTEC, and other government
agencies on 19 Junc 1989. A final presentation was
made on 6 Qctober at the NESSI Policy Conference
in Patlaya,

1.4 Team Composition

The study team was led by an Amcrican cconomist,
Dr. Sam H. Johnson IH, from the Department of
Agricultural Economics at the University of Illinois.
He was in-country during the first and last months
of the study. During Dr. Johnson'’s six-week absence
from Thailand, Dr. Sanguan Patamatamkul,
irrigation engincer /deputy team leader, of the Water
Resources and Environmental Institute at KKU,
supervised team activitics. Other members included
Dr. Terd Charocnwatana, agronomist, and Dr. Adul
Apinantara, agricultural extension specialist, both of
KKU, and Dr. Kanda Paranakian, rural sociologist,
and Dr. Apisith Issariyanukula, marketing specialist,
of Kasctsart University. Dr. Peter Reiss, a staff
member of ISPAN’s Technical Support Center, took
part in writing the report during the last month of
the study.

1.5 The NESSI Project

In August 1980, the Royal Thai Government and
USAID/Thailand signed an agreement for the five-
year NESSI Project. The project sought to establish
a sustainable system for increasing agricultural
productivity and income of morc than 30,000 rural
poor within the potential command areas of scven
existing medium-sized reservoirs in the Northeast,

1.5.1 Constraints to Agricultural Growth in
NESSI Sites

Northeast Thailand has the lowest crop yields per
arca of any region in the country. One of the main
rcasons for this is unrcliable seasonable rainfall (sce

Figure 1). Erratic rainfall in the region constrains
agricultural production and growth, and creates a
nced for irrigation to stabilize and increase
agriculiural production. Yet, irrigation development
programs in the Northeast have not automatically
led to rapid yicld increascs; often these systems were
unused due to a lack of distribution systems. The
first priority {or improved water use in the Northeast
is better distribution through improving and
upgrading cxisting irrigation systems.

NESSI’s feasibility and design stages identified
numerous problems to be addressed in improving
crop production and farmer incomes within the
command arcas of the scven systems. Many
reservoirs and their delivery systems required design
modifications, considerable rchabilitation, and
extension of their canal systems in order to reach
their water delivery and usc potential. Construction
and/or improvement of the on-farm structures
(ditches and gates) were needed in many cases, and
the construction of related infrastructure such as
service roads was usually required.

In addition to capital improvements nceded in
existing systems, many other constraints nceded to
be overcome before water available from improved
irrigation systems could lcad to increascd agricultural
yiclds. Maintcnance of existing systems was poor and
irrigation water, when available, was generally poorly
managed within the system. Cropping patterns and
cultural practices did not maximize rcturns, and
cropping intensitics were well below their potential,
Farmer access to agricultural inputs, such as quality
extension services, low-cost credit, proper fertilizer,
pesticides, and sceds was generally inadequate.
Marketing problems were important constraints, and
farmers necded dependable market access and
attractive prices before they would invest money and
labor to improve yiclds.

152 Project Objectives and Approach

NESSI was expected to address the major
constraints to improved productivity through a
package of construction, training, demonstrations,
and expatriatec and local technical assistance. Key
clements were to include the following:

= improvement of dcteriorated ecmbankments;

= rchabilitation, extension, and improvement of
main canal systems;
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design and construction of effective on-farm
distribution systems;

organization of water user associations to
encourage farmer participationin operation and
maintcnance;

development of training programs for farmers
and RTG personncl;

coordination and participation of local
government agencics; and

s« marketing initiatives in the agro-industrial
scctor.,

NESSI’s puipose was to identify, test, and refine a
replicable approach for accomplishing these objec-
tives in the command arcas of the seven sclected
irrigation systcms. These seven systems were to
determine the replication potential of the approach
and, through training RTG staff, provide a vool of
experienced manpower to cxpand the effort into
other regional sites.
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NESSI PROJECT SITES

NESSI Project arca sprcads across 7 of the 17
provinces in Northeast Thailand (Figare 2). These
provinces—Mahasarakam, Roi  Etf, Kalasin,
Mukdaharn, Ubon Ratchatani, Buri Ram, and
Nakorn Ratchasima—represent  widely  diverse
environmental, cultural, social, and cconomic
conditions. Similarly, the seven projeet sites—Huai
Acng, Huai Kaeng, Huai Khilek, Huai Chorakhe
Mak, Lam Chamuak, Huai Talat, and Phuttha
Utthayan—vary  technically,  physically, and
institutionally. As such, lessons learned from the
NESSI cxperience have wide applicability with
respect to improving other medium-scale irrigation
systems across most of Northcast Thailand.

2.1 Political Setting

Northcast Thailand, covering 170,000 sq. km.,,
cncompasses onc-third of the land arca of the
Kingdom of Thailand, and the region’s 18 million
pecople constitutc  approximatcly onc-third of
Thailand’s total population. Duc to low and unstable
agricultural production from erratic rainfall and
generally poor soils, per capita income is the lowest
in the country. In 1985, average per capita income
of the agricultural population in Northeast Thailard
was 3,023 baht, compared with 7,922 baht in Central
Thailand'. There is also a substantial diversity within
the region between the incomes of rural farmerg and
urban residents (in 1985, the ratio was about 1:6).
Despite comprising 89 percent of the total labor
force, the rural population’s income amounts to only
40 pereent of the region’s gross income,

Because of the natural barricr created by the Korat
Platcau’, the Northcast has historically been isolated
from central Thailand. After World War 11, rural
infrastructure in the Northeast was minimal. The
region’s infrastructure has improved considerably in
recent decades, although it was not until carly 1960
that, with the assistance of the U.S. Government,
an all-weather road was completed from Bangkok
through the Northeast to Nong Khai on the banks

of the Mckong River. Educational facilities have also
improved and now over 80 percent of the population
are cstimated to have completed primary school.

As the majority of the population in the Mortheast
spcak Esarn dialect, which is closer to the Lao
language than to Central Thai, there has historically
been a cultural as well as a physical division between
the Northeast regiot and the rest of the country.
This division was accentuated during and after the
Vietnam War. With the large population base and
low incomc levels in the Nortl.cast, the RTG began
in the 1950s to make a stronger cffort to diffuse
social unrest that existed in the arca. This cffort
entailed a higher level of investment in programs to
reduce poverty and increasc the range of cconomic
opportunitics for the population,

A major element in the RTG’s investment program
was the development of available water sources for
irrigation, which included construction of large dams
on the Pong, Pao, Nam Qon, Dom Noi, Takong, and
Pra Pleung Rivers. During the late 1950s and 1960s,
the RID constructed over 200 small to medium
irrigation projects in Northeast Thailand®. These
systems range from 2,000 to 30,000 rai in service
arca size. In addition, over 2,000 small-scale systems
were completed to provide increased irrigation
capacity as well as domestic water. Three-fourths of
these systems have storage capacity of less than §
million cubic mcters (mem) and only 10 percent
have capacities in excess of 10 mem. The National
Energy Authority developed river pumping schemes
to serve farmers along such rivers as the Mun and
the Chi, and different RTG agencies also instituted
a number of drilling programs to determine the
feasibility of groundwater development in the
Northeast’,

A sccond aspect of the RTG scheme for improving
cconomic conditions in the Northcast was increased
investment in agricultural rescarch and outreach,
which included forming the Northeastern
Agricultural Research Center at Tha Phra as well as
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expanding agricultural cxperiment stations in the
region. In conjunction with these activities, the RTG
committed a large percentage of its development
funds to cxpanding rural roads and other
infrastructure. The government  also  created
additional rural and sccondary schools and
institutions for training additional tcachers, and
increased tlic number of colleges and vocational
schools. In 1964, RTG cstablished KKU as a
regional university to serve the rapidly expanding
Northeast population.

2.2 Social Setting

Four diffcrent ethnic groups, Thai, Lao, Khmer, and
Phu Thai, are found in the project area. Although
over 90 percent of the project-arca residents are
local to the area, cach cthnic group spcaks a
distinctly different language; thus, linguistic problems
do cxist. Religious conflicts, however, are not a
factor in the project sites because most inhabitants
arce Buddhists.

Around 60,000° people live in 9,800 houscholds in
the service arca of NESSI's scven sites. Previously,
families in the Northeast were very large, with 8-10
children. But at present, families have 2 to 4 children
as a result of Thailand’s active and very successful
family planning program, and steadily increasing
income levels,

Table 2 details basic characteristics of the
population. On the average, 81.6 percent of the
project population have a grade 4 cducation, 7.5
percent have Iess than a grade 4 education, and 4.4
percent have higher than a grade 4 education. Over
84 percent of the familics live in their own homes
separate [rom parents or parents-in-law.

Around 9 percent of the villagers in the NESSI arca
arc farmers cullivating rice and other cash crops for
a living. The majority of the villagers own their own
land except for Buri Ram’s two sites, Chorakhe Mak
and Huai Talal, where there is a relatively high
degree of tenancy. Farm size in gencral is small,
averaging about 18.6 rai per houschold in the seven
sites, with very little site-to-site variation.

Rice is the dominant crop of the Northeast,
especially during the wet scason. Rice grown in the
project sites is cither the more traditional
nonglutinous rice or, in arcas where the Lao
population dominatces, glutinous rice. Glutinous rice
is the main crop in Huai Acng, Huai Kacng, Huai
Khilek, and Plattha Utthayan; in the other three
sites—~Huai Chorakhe Mak, Huai Talat, and Lam
Chz\xg\uak*nonglulinous ricc is the predominant
crop’.

Table 2

Population Profile in NESSI Project Area, 1983-84

No. of Total Population Ethnic (%) Grade 4
Site Household Population Per Household Origin Education
Huai Aeng 2,023 11,598 5.7 Lao 89.7
Huai Kaeng 1,060 5,969 5.6 Lao 90.0
Huai Khilek N 4,041 6.7 Lao 76.2
Phu Thai
Phuttha Utthayan 1,725 10,664 6.2 Lao 90.0
Huai Chorakhe Mak 1,565 9,465 6.1 Khmer 74.2
Lao
Huai Talat 1,572 11,919 7.6 Khmer 69.9
Lam Chamuak 1,275 7,738 6.1 Thai 81.1
Lao
Total 9,831 61,394 6.3 81.6
(average) (average)

Source: Final Report of Consultant Task Force for Mortheast Small Scale Irrigation Project,
Appendix A. Bangkok, September 1985




Given the crratic rainfall in the Northeast, most
familics place high priority on sclf-sufficicney in rice.
When possible, a family stores rice s.ocks sufficicnt
to feed its members for a year. After filling the rice
barn, familics scll any surplus rice, but with small
land holdings and uncertain rainfall, this type of
income is not available cverv year.

On higher land, farmers grow cassava, kenaf, and
other less water-demanding crops. In addition to
crop production, livestock raising and fishing are
important activitics of the rural population. Most
Northeast familics supplement their incomes from
outside sources’. Traditionally, young and older
males and unmarried females have gone to Bangkok
or the South to work during the dry scason. Alfter
working outside the region for three to five months,
these individuals usually return to the village prior
to the rainy scason.

2.3 Environmental Setting

Northcast Thailand is surrounded by 400 mecter
mountains in the South and 1300 meter mountains
in the West, with the Mckong River serving as a
natural border with Laos in the North and East.
Hills to the south define the border between
Northcast Thailand and Kampuchea. Average
elevation is between 200-230 meters above mean sca
level. Except for the rugged, hilly areas along the
southern and western boundaries of the region and
the low mountains south of Udorn Thani and Sakon
Nakhon, the Northeast consists mainly of an
undulating plain with highly weathered soils that are
saline in some arcas and lateritic in other arcas.
Runoff from the monsoon rains is drained from
four-fifths of the entire region by the two major
rivers, the Mun and the Chi. These rivers converge
ncar Ubol and flow into the Mckong River in Laos.

Thailand’s climate is classified as tropical savanna,
according to Koppen’s climatic classification. There
arc three scasons: the rainy scason, winter (cool),
and summer (hot and dry). These three scasons are
influcnced by the southwest and northeast monsoons.
The rainy scason lasts from May to October and has
a bimodal type of distribution, with the first peak (a
result of the southwest monsoon) in May to Junc
and the sccond peak (a result of the northeast
monsoon) in July to October. Early scason rains are
usually lighter than in the sccond scason and also
tend to be more variable in their onset. Second
scason rains arc usually heavier and more frequent
than the first peak.
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As scen in Figurc 3, Northeast Thailand can be
divided into three distinct zoncs based on the
average rainfall reccived:

»  arcas recciving 1,400 mm of rainfall and above,
which include those lying in the northern and
castern parts of the region;

»  arcas recciving less than 1,200 mm of rainfall,
mainly comprising land in the western part of
the region; and

w arcas receiving between 1,200 to 1,400 mm of
rainfall, which include the central and southern
parts of the region.

Bascd on this distinction, it should be possible to
divide the scven NESSI sites as follows: Huai Khilck
and Phuttha Utthayan fall in the arcas receiving
morc than 1,400 mm of annual rainfall; Lam
Chamuak is located in the arca receiving less than
1,200 mm of annual rainfall; and Huai Acng, Huai
Kaeng, Huai Chorakhe Mak, and Huai Talat ar¢ in
the central and southern arca, where the annual
rainfall varics from 1,200 mm to 1,400 mm, Table 3
provides historical rainfall averages for the seven
NESSI sites.

Data in Table 3 indicate that, in general, rainfall
patterns at the scven sites (it very well with the
expected rainfall. Huai Aeng's annual rainfall is less
than 1,200 mm, which, although it is in the central
area, indicates that it is right on the ecastern
boundary of the dricr western part of the region that
juts into Mahasarakam Province (see Figure 3).
Toual average rainfall is important, but the deviation
around the average is cqually important. The
rclatively high standard deviation for Lam Chamuak
serves as a warning flag, indicating extremcly
variable rainfall patterns for that particular site.
Recent rescarch at the University has found that
localized annual, weekly, and daily rainfall variation
is far morc important than the simple average
annual rainfall®, Appendix D provides cxpanded
details of the environmental conditions at each of the
three study sites.

2.4 Economic Setting

Income levels in Northeast Thailand are the lowest
in the country, NESSI was designed to address this
problem at the scven sites and, in addition, was to
develop a replicable model that can be used to
improve incomc levels at other medium-size
reservoir sites in the region.
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Isohytes for Annual Rainfall, Northeast Thailand
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Table 3

Rainfall and Evaporation Characteristics of NESSI Sites

Rainfall (mm) Annual Pan Mean Daily

Site Minimum Max imum Average Evaporation Potential ET
Huai Aeng' 689.1 1,497.3 1,118 (118)% 1,834 mm 4.96 mn/day
Huai Kaeng2 1,112.6 1,539.7 1,271 (227) 1,863 mm 4,96 mm/day
Huai Xhilek® 1,136.6 1,711.0 1,490 (235) 1,940 mm 5.03 mm/day
Phuttha Utthayan® 805.3 1,905.9 1,676 (282) 2,226 mm 4.91 mm/day
Huai Chorakhe Mak® 1,0264.1 1,945.7 1,292 (196) 2,289 mm 4.67 mm/day
Huai Talat® 1,004.6 2,191.0 1,462 (328) 2,289 mm 4.67 mm/day
Lam Chamuak’ 802.0 1,815.1 1,172 (220) 1,925 mm 4.55 mm/day
1 1964-1988 data 5 1963-1988 data

2 1970-1986 data 6 1963-1988 data

3 1964-1986 data 7 1962-1988 data

4 1962-1986 data 8 Standard deviation

Source: Inception Report for Northeast Small Scale Irrigation Project. Consultant
Task Force. Bangkok, November 1982. Supplemented by data collected by Study Team.

24.1  Preproject Economic Conditions rural incomc in the project sites was less than
US$150, with almost all of this income coming from
Based on benchmark data collected prior to project crops produced during the wetl scason, off-farm
implementation project (Table 4), real per capita cmployment, and livestock production.
Table 4

Average Preproject Net Household Income (1978-1979)

Net On-Farm Net Off-Farm Total Per Capita
Site Income' I'ncome Net Incume Income
(baht)’ (baht) (baht) (baht)
Huai Aeng 14,580 3,925 18,505 2,549
Huai Kaeng 14,505 2,554 17,059 2,437
Huai Khilek 12,005 3,806 15,811 1,935
Phuttha Utthayan 18,300 6,807 25,107 3,787
Huai Chorakhe Mak 10,684 3,648 14,332 2,126
Huai Talat 26,526 3,543 30,069 3,905
Lam Chamuak 26,914 5,680 32,594 4,179
Average 17,645 4,280 21,925 2,988

1 Based on "without project" farm budgets.
2 1978 one US dollar equaled 20 Thai baht,

Source: AIT Feasibility Study of the Rehabilitation of Tank Irrigation Systems in
Northeast Thailand: Volume 1-Main Report. Bangkok: USAID, 1980.
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Table 5

Farm Situation in NESSI Project Area, 1979

Average farmland Per Average % Area in
Site Household Person Rice Yield Major Crops Dry Season
(rai) (rai) (kg/rai) crops'

Huai Aeng 17.7 3.1 200-300 Glutinous rice 2.87 percent

Huai Kaeng 20.5 3.6 200-300 Glutinous rice, 0.68 percent
cassava

Huai Khilek 17.7 2.6 200-350 Glutinous rice, 0.98 percent
cane, cassava

Phuttha Utthayan 16.9 1.4 200-400 Glutinous rice, 0.48 percent
corn

Huai Chorakhe Mak 18.4 3.0 200-350 ordinary rice 0.02 percent

Huai Talat 21.8 2.9 270-400 ordinary rice

Lam Chamuak 17.5 2.9 240-350 ordinary rice, 5.46 percent
cassava

1 Calculated as percentage of wet season cultivated area. Excludes rice.

Source: AIT Feasibility Study of the Rehabilitation of Tank Irrigation Systems in Northeast
Thailand: Vulume 1-Main Report. Bangkok: USAID, November 1980.

Additional ficld data collected at project initiation
arc presented in Table 5. Land holding sizes were
uniformly small, with ricc the dominant crop. Yields
were very low. Non-rice crop production in the dry
season was limited to a very small arca. Irrigation
development in the Northeast, including the NESSI
Project, had as a primary goal increasing agricultural
income, particularly income from dry scason crop
production. In addition to promoting increascd dry
scason production, Northeast irrigation development
was designed to promote increased usc of high-
yiclding varictics (HYVs) of rice and higher levels
of fertilizer and other agricultural chemicals.

Prior to project implementation, use of agricultural
chemicals and HYVs was very limited and, as a
result, crop yiclds were gencrally quite low.
Preproject surveys reported that although virtually
all farmers used fertilizer on their rice, the average
amount applicd was only 8.35 kg/rai: well below the
rccommended level. On average, less than 50
pereent  of the rice land was planted in
reccommended HYVs and, as a consequence, the
weighted wet season rice yiclds were around 230
kg/rai’.

242  Postproject Economic Conditions

Per capita income in Thailand has increased
significantly over the past ten years. Increcases in
Central and Northern Thailand have been extremely
rapid; income increases in the South and Northeast,
while slower, have been consistent across the entire
time period. Adoption of new HYVs and the
increased use of agricultural chemicals have played
a major role in raising rural income. These
innovations have occurred in both rainfed and
irrigated arcas. Therefore, at least for the wet
scason, some positive cconomic changes in NESSI
sites would have occurred even if the project had not
been implemented.

Duc to staggered timing in developing the seven
different sites and delays related to RTG funding
approval, cconomic improvement varicd across
NESSI sites. As a consequence, although rapid
changes can be identified in all sitcs, the magnitude
of change, which relates to the time farmers have to
adjust to new conditions, is still relatively uncven.
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In order to document changes, the team studied
DOAE socioeconomic data for each scason, which
extension staff had collected using a 5 percent
sampling frame (approximately 50 farmers at cach
site). In addition, 100 farmers at cach sitc were
surveyed to provide up-to-date information and data
unavailable from the extension staff. A third source
of data was the NESSI office outside Khon Kaen,
and the final source was technical and socioeconomic
data gathcred by TEAM Engincering’s water
management engineer and cconomist. The following
material is drawn from all of these sources.

Onc obvious change that has occurred in the project
arca is increased overall rice production, reflecting
(a) the rapid adoption of modern seeds and inputs
and (b) the switch in the glutinous-rice-cating sites
to a larger percentage of land planted to high-
yiclding, nonglutinous rice. Data presented in Table
6 document these changes in the three study sites
(and Phuttha Utthayan). There has been a definite
trend toward a more balanced mix between area
planted to glutinous ricc and arca planted to
nonglutinous rice. This shift has been a major
objective of agricultural extension staff, who have

Table 6
Wet Season Rice Yields, Mix, and Fertilizer Use at Four NESSI Sites,
Preproject tz 1988
Rice Yields Rice Mix Fertitizer Use
Site Glut. Regular Glut. Regular Glut. Regular
(kg/ha) (kg/ha) (kg/ha)
Huai Aeng
preproject 220 200 18,000 8.35
initial vyear 280 290 14,985 3,515
86’ 409 454 14,114 6,952
87’ 345 438 13,693 7,373 47-52
8g’ 313 391 65%° 35%° 42 48
Huai Khilek
preproject 230 220 9,000 8.35!
initial year 239
86’ 427 498 884 156
a7’ 482 473 4,254 694 25-38
88’ 325 398 80%° 20%° 43 23
Chorakhe Mak
preproject 200 260 12,500 8.35!
initial year 287 308
86° 599 1,575
87? 546 0 3,972
8a? 500 0 9,600°
88’ 49 100%° 22
Phuttha Utthayan
preproject 230 250 12,000 8.35!
initial year 240 250
862 315 8,410 3,604
87’ 335 400 7,208 4,806
88’ 409 398 5,647 6,367
1 NESSI sites, 1978-79.
2 Reported by DOAE field staff based on survey using a 5% sampling frame.
3 Taken from field survey data collected for Study Team in May 1989.
4 Atter completion of farm ditches during 1989.
5 Percentages of area planted as reported in May 1989 field survey.
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been trying to persuade farmers to plant non-
glutinous rice because it usually commands a higher
pricc and is much casicr to market. Along with a
shift toward growing more nonglutinous rice, there
has been a significant move toward fertilizer use. For
example, in 1983, only half the farmers that DOAE
stafl interviewed in Huai Acng uscd ferlilizer on
their wet scason rice; in 1986 and 1987, all those
interviewed were using fertilizer.

In the four sites detailed in the table, both glutinous
and nonglutinous rice yiclds have almost doubled
over the past eight years. In addition to increased
fertilizer use, higher yiclds can be traced to adoption
of proper HYVs, DOAE data indicate that during
the 1987 wet scason, 89 percent of the farmers in
Huai Acng, 100 percent in Huai Chorakhe Mak, and
70 percent in Huai Khilck used recommended
varictics. Wecighted yicld for glutinous and
nonglutinous wet scason rice was 400 kg/rai,
compared with the average of 285 kg/rai that the
Ministry of Agriculture and Cooperatives (MOAC)"®
reported for major scason rice from Northeast
irrigated land.

Although wet scason agricultural productivity gains
in the project arca have been impressive, it is the
incrcased dry scason cropping activitics that have
pleased RID and DOAE staff. Prior to the project,
average dry scason crop arca, based on area
cultivated during the wet scason, was less than 5

percent, and much of that land was planted to
cassava, tobacco, and kenaf, However, farmers in the
project sites now produce a wide range of dry season
crops, including tomatocs, baby corn, sweet corn,
peanuts, soybeans, chilics, and other vegetables. The
rapid expansion of canning and food processing
facilitics in the Northeast, accompanicd by the
increased recognition  that thc  Northeast is
climatically a very good region to produce high-
quality sced, has brought about a dramatic change
in dry scason farming,.

Table 7, while documenting the rapid expansion of
dry scason crops, also illustrates farmers’
responsiveness in the sites to varying market
conditions. Depending on price and expected market
conditions, farmers have been experimenting with a
wide range of crops. Thus, crops grown vary by
location and by year. In addition, total dry scason
cropped arca depends upon the level of rainfall; the
decline in arca planted during the 1988/89 dry
season reflects the dry conditions that prevailed in
most of the Northeast during that scason. At all
sites, wide variability in total arca cropped during the
dry scason is typical of new irrigation systems, which
tend to fluctuate as uscrs aud operators learn (o
maximize system operation. Unfortunately, erratic
rainfall patterns in Northcast Thailand may make it
very difficult to stabilize the arca served during the
dry season. This issuc is addressed further in the
engincering scctions.
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Table 7

Dry Season Crop Production in NESSI Sites

CROP AREA (rai)

Site Sweet Peanut Soybean Veget- Chilis Mung- Water  Other Total
rai) Corn ables beans Melons
Huai Aeng 21,066l
86/87 1,910 1,282 952 9 618 4,771
87/88 1,305 731 337 28 709 3,150
88/89 1,31 520 264 101 264° 2,433
Huai Khilek 8,625'
86/87
87,88 374 168 1,388 162 193 2,285
88/89 132 58 181 532 245 15 31,166
Chorakhe Mak 9,6002
86/87
87,88 30 16 465 534
88/89 269 49 490 7 16 831
Phuttha Utthayan 12,014}
86/87 380 26 7 265 1 12 23 725
87/88 1,431 394 16 1,216 57 209 175 3,398
88/8 1,122 878 149 611 14 1,236 81 4,091

Irrigated area (rai).

Fish ponds.

Irrigated area (rai) after completion of all farm ditches.
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of the National Economic and  Social
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Because of the Korat Platcan, Northeast
Thailand is part of the Mckong River waltcershed
and drains into the South China Sca, while
North and Central Thailand drain into the Chao
Phya River and eventually into the Gulf of Siam.

Many of these systems were built with assistance
from USAID. In contrast to NESSP’s rchabilita-
tion vosts, these systems could be constructed
very inexpensively in the 1960s, given the low
construction costs and minimal distribution
system provided.

Asian Institute of Technology. "Water for the
Northecast: A Strategy for the Development of
Small-Scale Water Resources; Vol 1 Main
Report.” Bangkok, September 1978,

The original Project Paper, based on AIT
preliminary social data, estimated 30,000 people
living in the NESSI command arca. However,
surveys undertaken as part of the project found
in excess of 60,000 people that would benefit
direetly from the project.

9.

10.
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NESSI Project Arcas 1983-1984." Parsons-
TEAM, Contract No. 493-0312-01 & 02.
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Economic studics show that often 50 percent of
the family income in the Northeast comes from
off-farm sources.
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Kaen: Khon Kaen University, July 1988.
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1987/88. Center for Agricultural Statistics,
Office of Agricultural Economics, Ministry of
Agricultural & Co-Operatives.  Bangkok:
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3

ASSESSMENT OF NESSI EXPERIENCE

This chapter assesses significant aspects of NESSI
and identifies positive and negative findings related
to project design and implementation. NESSI was
designed as an innovative project to develop a
replicable model for RTG to use in improving over
200 small and medium reservoirs in Northeast
Thailand. As the project evolved, a number of
changes were made in the original design, including
reducing chack and associated water users group size
and increasing the number of laterals and farm
ditches. Duce to a significant underestimation of the
costs to rchabilitate the system, as originally
approved, funding was available to rchabilitate only
four of the original seven sites. The conscquent need
for more funds slowed project implementation and
completion at all seven sites.

3.1 NESSI Institutions

This scction asscsses strengths and weaknesses of
NESSPs final institutional structurc, The Project
Paper cavisioned a relatively complex institutional
management  structure;  however, only certain
clements of that structure were implemented.
Although it is difficult at this siage to determine
why some  project  clements  werc  omitted,
Chambecrlain’s 1985 management review of NESSI!
provides an excellent discussion of midproject
management  issucs. Intcrested  readers  arc
encouraged to read his paper, since that material is
not repeated here,

311 Original Project Management Design

As formulated in the Project Paper, NESSI was to
operate under the supcrvision of policy and project
commiltces that would serve as coordinating bodics
for a number of ministrics and agencies (Figure 4).
Below these coordinating committees, site- and
command-level groups were to carry out the actual
implementation.  The plan  was ambitious  in
attempting to coordinate a number of local govern-

ment agencies and water users in running the
project. Major participants in NESSIimplementation
were expected to include the following:

s Central Policy Committee for Irrigated
Agriculture, Chaired by an MOAC
undersccretary, the Central Policy Committee
included representatives of the Ministry of
Finance (MOF), Ministry of the Interior
(MOI), and Bank for Agriculturc and
Agricultural  Cooperatives  (BAAC). The
committee’s function was to provide a
consistent  policy framework for irrigated
agricultural projects.

s Project Coordinating Committee. The Project
Coordinating Committce was (o scrve as a
forum for coordinating departments involved in
implementing government projects. Chaired by
a deputy undersecretary of the MOAC, other
agencies represented were to include the Royal
Irrigation  Department  (RID)  and  the
Departments  of  Agricultural — Extension
(DOAE), Agricultur¢ (DOA), Land
Development (DLD), Community Development
(CDD), Technical and Economic Cooperation
(DTEC), and Fisherics (DOF), in addition to
the Bank for Agriculture and Agricultural
Cooperatives (BAAC). The committce was
expected (o prioritize project implementation
activitics.

s Project Manager. RID and the DOAE were
expected to station full-time  project co-
managers  at  thc Northcast  Agricultural
Development Center (Tha Phra) to coordinate
and monitor the project’s ficld activities. These
project managers were (o serve as an extension
of the Project Coordination Commitice and
cnsure that cach sitc tcam was supported and
progressing satisfactorily. As well, they were
to scrve as liaisons to their own linc agencics.
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w  Province Operations Committee. The
committee was established exclusively for the
operation of NESSI. Chaired by the governor
of the province, the committec was (o be
responsible for initiating much of the project
activity. Commiltce members (RID, DLD,
BAAC, DOAE, CDD, and DOF) wcre to
resolve implementation problems and ensure
that required inputs were provided to projeet
teams in a timely manner.

»  Site Teams. As originally designed, project
activitics at cach sitc were to be carried out by
a tecam composed of site co-managers (RID
engincer and DOAE subject matter specialist),
RID site personnel (O&M unit chief and
zonemen), CDD, and DOAE extension agents,
Site teams were to be supported by the
consultant team, which was to provide technical
expertise and  on-the-job traiming for tcam
members.

»  Water Users Associations. Management and
maintenance of the on-farm structures were to
rest with the water users associations. The
project was expeceted to test various WUA
modcls  at  different  sites,  attempt  to
decentralize management so that WUASs could
better represent small farmers, define a more
equitable system of collecting water user fees
to defray the distribution system’s O&M custs,
and test arrangemends for cost recovery rom
farmers.

3.1.2 institutions in Qperation

The NESSI design introduced a hicrarchy of
committees that ranged from the senior government
level, for sctting consistent policies in irrigation
development, to the ficld level, for ensuring smooth
project implementation. In fact, the two national
committees, Central Policyand Project Coordinating,
played no direct role in implementation and had a
negligible effect upon the project. The Project
Coordinating Committee is an existing forum for
reviewing progress on all projects, rather than for
focusing on NESSI alonc.

Dircet involvement at the national level began with
the Project Coordinating Subcommittee, which was
created to bring NESSI issucs directly to the
attention of national officials. Mecting once or twice
a yecar, the subcommittee could act as project
advocate, taking the case for more funding to higher

levels of the RTG. Even with its relatively infrequent
mectings, the subcommittec appears to have been a
usclul and responsive entity.

At the provincial level, NESSIs  coordinating
comntittees served a legitimizing role rather than
functioning as real working committees. Created in
all seven provinees, their primary {unctions appear
to have been to inform governors about the project
(usually their onc and only mecting unless a new
governor was appointed) and to formally create a
ficld working group for cach site. As designed, the
committces were outside the existing provincial
structure because in cach provinee, progress on
projects is reviewed monthly in a meeting chaired by
the governor and attended by the senior provincial
official of cach agency. The RID provincial engineer
attends this mecting after first being briefed about
NESSI and other RID projects, and reports progress
tothe governor. Therefore, a separate committee for
NESSI at the provincial level appears to be a
duplication, and it is not surprising that the
commiltee rarcly met.

Site teams, representing a number of government
line agencies, have worked productively during
project implementation. The design scheme for site
co-managers was not carricd out; DOAE never
appointed a co-manager at any site, but the
department was  involved  through the  district
agricultural officer and the subdistrict agricultural
worker. At the sites, ficld working groups have
emerged as very cffective  coordinating  bodics
(Figurce 5). Mcceting cach month, the members work
through a fixed agenda that includes the previous
month’s achievements, plans for the next month’s
implementation, and special problems. Minutes arc
kept and circulated to participants.

Mecctings of the ficld working group arc attended
by officers from RID (O&M unit chicf and
zonemen), DOAE (district and subdistrict officers),
and somctimes DLD, CDD, BAAC, and DOF. The
WUA is represented by its president, who may be
accumpanicd by members of the administrative
committee. In Huai Aceng, the main ditch leaders
also atlend; farmers are paid 5 baht for cach
mceting they attend and fined 10 baht for those they
miss. At most sites, the DOAE chairs the meeting,
but in Huai Khilck the chair rotates among members
and has included WUA olfficers. At Lam Chamuak,
a working group has not yet been officially formed
by the provincial coordinating committee becavse of
the severe water shortage at the site.
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To NESSI’s credit, project implementation has not
closely followed the over-claborate design. The two
most cffective entitics grew out of implementation
requirements. At the national level, NESSI required
a voice, and the Coordinating Subcommittee has
Nlled that role. At the local level, the fieid working
groups have clearly contributed to the project and
appear to be an important element. However, there
is a question of what will happen to the working
groups once the project is completed.

3.2 Water Users

NESSI’s design emphasizes improved farmer partici-
pation in the operation and maintenance of on-farm
water management systems. Prior to NESSI, water
users’ lack of involvement contributed significantly
to incfficient water use and poor maintcnance in
public irrigation systems. Through NESSI, RID and
other line agencics have sought to change their
relationship with farmers, offering them greater
responsibility for operating and maintaining the
system and thereby reducing the agencics’ own
O&M burden. NESSI was expected to experiment
with different approaches for organizing water users
groups, decentralize management to be more
representative of small farmers, identify an equitable
systerr of water user O&M fees, and test
arrangements  for  cost  rccovery  for  capital
improvements. This scction discusses the NESSI
approach and assesses its strengths and weaknesses.

32.1 Early Water Users Designs and
Initintives

Pre-NESSI Attempts

Prior to NESSI site rchabilitation, water in the seven
systems was often unrcliable and inequitably
distributed. The water delivery system of most
medium-scale  irrigation sites throughout the
Northeast included only main canals and a limited
nuiidier of laterals, In a number of cases, RID had
installed outlets, normally constant head orifices, on
canals and laterals that farmers with adjacent land
uscd. Water was usually passed ficld-to-ficld, starting

with those adjacent to the canals and laterals, but
right-of-way was sometimes refuscd. Farmers at the
tail rarcly received water. Farmers called the canals
klong lom, “wind canals," becausc they carried no
water. There arc reports of frequent water theft and
conflicts over water. When water was available, the
delivery system was bascd on continuous flow.

NESSI’s cfforts to organize water users groups
followed attempts begun over twenty years ago to
crcate water uscrs associations at RID sites. In the
19605, roughly 200 WUAs, nearly half of them in the
Northcast, were registered under the provincial
governor’s officc soon after construction was
completed. WUAs  were  expected  to be
multipurpose, performing credit and markeling
functions in addition to their O&M responsibilitics.
Farmers were obliged to pay 20 baht as a
merabership fee. In most cascs, fees collected were
usc for officers’ travel expenses, but no records
were kept and farmers arc now unable to account
fo¢ how the funds were used. Early WUAs had an
claboratc organizational structurce with many officers,
but lacked a clear sense of purposc and
responsibility. With no continuing cfforts by RID
and other agencics to help them develop, most
WUAS stopped functioning soon after their creation.
However, all NESSI sites had WUAs, and they were
registered in the 1960s at the time of construction.

Initial NESSI Designs for Water Users Groups

The 1980 USAID Project Paper included WUAs as
the only farmer organization at the sites; O&M and
fee collection were their implicit functions. Soon
after project implementation began in 1982, the
Consultant Task Force (CTF) identified a need for
smaller chacks and a sccond ticr of organized groups
at the chack level. After reducing chaek area, groups
below a single turnout were formed to have mainly
O&M responsibilitics. However, in 1984, CTF
proposed and RTG concurred that villages in project
arcas be organized as marketing units, independent
of water uscrs groups, to focus on production only.



Originally, chack groups were expected to range
from 20 to 50 members working an arca of 300 to
500 rai®. Chack boundarics were determined by
hydrological conditions and were largely duc to the
original NESSI technical design that included few
lateral canals. WUAS, carry-overs from the 1960s,
were expected to serve as federations of these chack
groups and included all water uscrs at the site. RID
intended to reactivate these groups, which remained
legally registered despite their long period of
inactivity. Dclivery systems in NESSI were designed
to use rotation rather than continuous {low between
canals and within a chack, depending upon water
availability.

A Change in the Final Design Criteria

In 1982, RID designed and installed the first section
of the rehabilitated system at Huai Acng, to serve as
a pilot arca of 500 rai. The design for Huai Aceng
and the other six sites included left and right main
canals and a limited number of laterals. However, an
asscssment of the operation of Huai Aceng revealed
severe operational and organizational problems,
Although  technical  aspects  were  considered
acceptable, the on-farm system as designed created
problems in cstablishing an  cffective  farmer
organization at the chack level. In most cases, on-
farm ditches in Huai Aeng fed directly from the
main canals, resulting in rotational units that were
too large to allow for a manageable farmer
organization,

A visit by RID officers to India and the Philippines
suggested an alternate design based on an increase
in the number of lined laterals and unlined on-farm
ditches. In the redesign, laterals were renamed main
ditches. Lateral maintenance falls under RID, which
must also compensate furmers for the right-of-way.
All ditches, whether main or farm, are by definition
part of the on-farm system and therefore the
responsibility of farmers. Chacks were reduced to
100-150 rai, serving roughly 10 to 15 farmers
(although some chacks might have fewer farmers).
Chack groups continue to be informal; under Thai
law they are not legal entities, although in practice
they arc the primary contact point for RTG staff.

The division of site systems into smaller tertiary
units, comparable to the NESSI chack, has been
adopted by RID as part of its standard approach.
This change in the final design criteria of the
physical system s arguably the most significant
contribution that NESSI will have made to RID’s
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development of medium-scale irrigation systems in
the Northeast. Changes in chack size created smaller
and more cffective farmer groups, which are better
able to manage water delivery and  system
mainicnance.

322 Tae NESSI Approach te Organizing
Water Users

Chaek Groups

According to the NESSI approach, RTG staff arc
to mect regularly with farmers and assist them in
developing chack groups. Prior to completion of site
rchabilitation, the RID zonecman and a DOAE
extension worker make an initial visit to farmers who
work together in a chack. At the mecting, they
discuss the reasons for chack groups, clect a group
leader, and review the rules and regulations for the
group, including determining the level of penalties
for infractions (Appendix E).

In consultation with the zoneman, chack leaders
determine a water delivery plan and schedule for
watcr rotation, initiate a maintenance plan, supervise
O&M activities on the farm ditch, resolve conflicts
over water or refer them to RID staff, oversee the
collection of Q&M and other fees, and convene
chack group meccetings as nceded. Leaders are
assisted by an assistant group leader and a ficld
investigator (nai truat na), who reviews reports of
rules viclations,

Main Ditch Groups

Chack groups arc joined into main ditch groups with
an clected leader. On average, there are about six
chack groups on a main ditch. Mcctings of the main
ditch group arc the arcna for chaek group leaders to
discuss labor mobilization and main ditch
maintcnance. Mcetings are  held regularly to
schedule maintenance and are occasionally convened
Lo discuss special problems as they arise.

Main Canal Groups

Main ditch groups arc organized into main canal
groups. Mcctings of main ditch leaders as a canal
group arc held as required to discuss issues cf
importance to that part of the system.



Water Users Associations

Water uscrs associations arc viewed as multipurpose
organizations, with responsibilitics for O&M,
increasing production, and marketing. This broad
mandate mirrors carlier aborted WUA attempts in
the 1960s. Specifically, WUAs work with RTG line
agencies in project implementation, promote chack
group activitics, scck agricultural credit and inputs,
and market produce from the site. WUAs hold
monthly mcetings of the administrative committees,
which include people in charge of agriculture,
irrigation, credit, and marketing; an auditor; and
village representatives. Unlike WUAs clsewhere,
those in the NESSI sites have policing functions. A
spectal committee composed of chack group leaders
is formed to ensure that the water delivery schedule
is followed and to investigate all reports of
obstructions and darsages to the system.,

WUASs are led by a president, clected to a two-year
term by the general membership, who appoints an
administrative coamitice. WUAs maintain their own
accounts in the BAAC or commercial banks with
funds that chack leaders collect as fees from
members, including a one-time membership fee; an
0&M fee agreed to by cach WUA; fines for not
participating in farm ditch clcaning; profits from
purchasing inputs and sclling them to members; fish
pond charges; and donations. WUAs are expected
to use their funds to cover honoraria for the chack
lcaders, farm ditch and main ditch maintenance, and
WUA activitics—an honorarium for the president,
travel expenses for official business, and supplics.
Huai Acng, Huai Kacng, and Phuttha Utthayan
WUASs have used their funds to provide RID staff
with fucl and supplics. Accounts are kept for
members’ review at a yearly open meeting, when a
progress report and workplan are presented to
members. On occasion, special WUA mectings are
convened to resolve conflicts over water or to discuss
extraordinary uses of the WUA fund, such as for
purchasing fucl for pumping water from the
reservoir during periods of scvere water shortage.

3.23 NESSI in Operation
Farmer Participation

A gap cxists between the spirit of the NESSI design
and actual project implementation, According to the
design, water users were Lo play a more responsible
role in both the operation and the maintenance of
the irrigation system. Farmers have, in fact, been

given a decision-making role in allocating and
scheduling water in the farm diich, which moves
their role beyond maintenance alone. However, with
the exception of Huai Acng, where the main ditch
group leader can somctimes get the key to open the
gate, farmers continue to play a restricted role in the
system operations above the farm ditch, where they
only monitor operation. RID officers decide how and
when water will be distributed in the main ditches,
although main ditch group leaders and main canal
group lcaders often police the rotation system
schedule. Farmers arc expected to mairtain main
ditches as part of the on-farm system.

Farmers first Icarned of site rchabilitation from a
contract construction tcam, shortly before the work
began. Mecting with a large group of farmers, the
tcam reviewed the plan, disclosed that the work
would take roughly 12 to 24 months, informed
farmers that water delivery would be disrupted, and
requested permission for uncompensated rights-of-
way for farm ditches and tree removal. Only for
main canal preparation were farmers compensated
for land or tree removal.

Immediately alter completing the site, the RID
zoncman and a DOAE extension worker called a
water uscrs meceting to discuss the need for chack
groups. In preparation for the mecting, RID staff
reviewed the cwnership map to determine the names
of farmers who shared water from the same turnout
and to updatc listings. This meeting lasted only a few
hours and usually resulted in farmers agreeing to
form a chack group and abide by RID’s proposed
rules and regulations. At the same meeting, a leader
was sclected. RID staff estimate that it takes about
a month to form all the chack groups in a site.

Chaek group formation. Only during the last four
years, with the complction of the project sites, have
chack groups bcen formed on ncarly all farm
ditchcs. When rchabilitation is completed on
remaining canals, groups will be formed there as
well. Te -fate, existing groups have agreed to the
prescribed rules and regulations and have sclected
a leader. Chack groups have been most successful
in managing water rotation from farm ditch to ficld
and in mobilizing labor to maintain both main and
farm ditches. In the project, chack group size rarcly
exceeds 20 farmers. Figure 6 illustrates the variation
in group size at the three Applied Study sites: an
average of 12 at Huai Acng, 6 at Huai Khilek, and
13 at Huai Chorakhe Mak. This variation reflects a
difference in land-holding size at the three sites.
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Water rotation, NESSI’s emphasis on farmer
participation in system operation and maintcnance
requircs an unusual degrec of decision-making
among the members of chack groups and WUAs,
Chack group control over farm ditch rotation has
been most successful at sites with sufficient watcer.
Farmecrs receive water on rotation according to crop
demands and water availability. At the head of cach
farm ditch is a water-delivery schedule board, which
sels the rotation and shows when cach farmer is
entitled to water. This board, a NESSI innovation,
is found only at project sites. Farmers arc expected
to pay an O&M fee cach scason they grow a crop.
In Huai Acng and Huai Khilek, farmers agreed to
pay 1 baht/rai in the wet season and 5 baht/rai in
the dry, 10 baht/rai for a fish pond and 20 baht/rai
for raising ducks. Table 8 indicates the average fee
paid and the labor contribution for Q&M by farmers
in 1988-89, bascd on interviews with 100 farmers at
cach of three NESSI sites. RID staff expect that
O&M fee collection will begin in Huai Chorakhe
Mak when site rchabilitation is completed.

Dry Season Cropping

With NESSI, contact between water users and RID
staff has grown in both frequency and importance.
Al lcast monthly, there are interactions through the
ficld working groups. WUA representatives and RID
staff discuss dry scason crops to be grown, water
allocation, water scheduling, and on-farm system
maintcnance. Mectings are particularly important

before the dry scason, when water in the reservoirs
can scrve only a portion of the total scrvice area.
CTF stalf projections indicate that, on average, 40
percent of the service arca in NESSI sites will be
irrigated during the dry scason. Cropped arca may
be far lower during an unusually dry scason, as it
was last year in Huai Khilek when only 10 percent
of the total service arca could be irrigated.
Interviews with farmers suggested that many would
not grow dry scason crops because of off-farm
cmployment opportunitics, or because they lack
confidence in the water reliability in their chack or
anticipate problems with marketing dry scason crops.

At the beginning of cach dry scason, the RID
zoncman and his gate keepers and canal keepers
formally survey cach farmer to determine interest
in growing a dry scason crop. At that time, the
surveyors question the farmers about preferred crop
type and arca. Following the survey, the zoneman
tabulates the data and reports his findings to the
chicfs of the O&M unit (formerly water master) and
the provincial irrigation project. If the expressed
demand to grow dry scason crops exceeds the
available water supply, farmers are selected who
agree to grow the crop promoted by the RID or
crops that consume less water: dry scason rice is
always discouraged. In 1988-89, Huai Acng and Huai
Khilck both wanted more water than was available.
Huai Acng’s dry scason crop survey, for example,
indicated that farmers wanted to cultivate 1,822 rai;
however, water was available for only 831.

Jabte 8

Farmer Contributions for O8M at Three NESSI Sites

Contribution

Huai Aeng

Huai

Huai Khilek thorakhe Mak'

Average 0&M
fee (baht)
No. farmers
Average no. days labor
No. farmers

Cash in O0&M Bank
Account as of 5/89

26,082

6.4 0
56 0
2.6 2.4
99 83
7,443

been collected yet.

! Due to water shortages and incomplete on-farm ditches, 0&8M fees have not

Source: Applied Study team field survey
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When the water supply is less than required, the
zonceman trics (o concentrate dry scason cropping in
certain sclected arcas in the site. Concentration is
often done by persuading a landowner ncar a main
canal to permit other farmers to cultivate portions
of his land, so that the irrigated plots are contiguous.
Although the farmers do not pay him for the usc of
his land, the landholder doces gain a residual benefit
from the fertilizer they apply. However, farmers do
not like to use their inputs on another’s land and do
so reluctantly.

In mid-March of cach year, shortly before or after
the dry scason harvest, RID’s zoneman meets with
farmers. The mecting may be confined to a single
chack group but morc often includes farmers from
a number of groups. The zoncman discusscs gate
closing at the end of the dry scason, maintenance
scheduling for the chack group to mobilize labor,
water delivery scheduling during the wet scason, and
problems with dry scason cropping that year.
Sometimes WUA officials will attend these meetings
and describe a recent observation tour, made
through the project, to another Northeast irrigated
area.

Water Users Associations

All the sites have reactivated their WUAS, usually
by first creating chack groups linked to an
administrative committee. At some of the sites, the
commitice members are those who served on it
beforc NESSI. Mcetings of the administrative
committee are held occasionally, rather than monthly
as designed. Policing  committees, a NESSI
innovation, have failed to materialize: no such
committice has been formed at any site. RID project
staff believe that WUAS have not yet reached a level
of organization that warrants a policing committee
or position, Nor has the position of ficld investigator
been filled in any of the chack groups; in practice,
chack lcaders investigate violations of rules and
regulations.

At one NESSI site, the WUA has begun to take on
marketing functions. Farmers in Huai  Khilek
markcted their tomatocs in 1989, with WUA
assistance, However, Huai Khilcek is atypical of the
NESSI sites because it is siluated in a Land
Settlement Scheme, which is under the Department
of Public Wecllare (DPW). Dcpartment  staff
arranged for an agent from a King's project

processing plant in Sakon Nakhon to visit Huai
Khilck and contract with farmers. The WUA
administrative committee then assisted with the sale
and transportation. Although the WUA was able to
build upon DPW arrangements in this instance, it is
unlikely that the association could have provided the
marketing assistance on its own. DPW staff have
already assigned the WUA administrative committee
responsibility for determining farmer interest in
growing a dry scason crop in 1989-90). The
committee is expected to visit farmers three times to
assure survey reliability and then give the results to
DPW for workplan preparation. (RID staff conducts
this survey in the other NESSI sites.) DPW provides
sced and fertilizer to farmers through Huai Khilek’s
WUA. Last year, the WUA was sclected as the best
performing WUA in RID Region V and placed in
national competition for a special  award
(Appendix E).

Probably the most important formal interaction
between water users and RTG officers takes place
monthly, in the ficld working group mectings. The
meeting is attended by the O&M unit chief and
zoncman from RID, the district officer and ficld
extension worker from DOAE, other line agency
officers, and the president and other officers of the
WUA. Each reports monthly progress and discusses
new or ongoing problems. Ficld working group
meetings provide a regular opportunity for the WUA
president to present problems the WUA faces and
seek solutions from those attending,

324 Impact on Women

Two factors appear to have affected the role women
play in crop production and on- and off-farm
income-gencraling  activitics:  site  rchabilitation,
leading to a better water supply for dry scason
cropping, and the burgeoning market and processing
systems of the Northeast. During the last five years,
the number of females hired for dry season activitics
has increased in two of the three study sites.
Unfortunately, 1988/89 was a dry ycar and,
conscquently, dry season production was scriously
reduced. However, from ficld observations it is clear
that the bulk of dry scason agricultural activities arc
managed and operated by women. In contrast to
the practice in many countries, men and women in
Thailand play similar roles in agricultural production
and generally receive the same daily wage (Table 9).



Table 9
A Comparison of On-Farm Household/Hired Labor and Wages for
Men and Women in the Applied Study Sites

Labor and Wages Huai Huai Huai
of Men and Women Aeng Khiltek Chorakhe

Mak
Houschold labor/adult men 2.5 2.5 2.0
Household labor/adult women 2.3 2.4 2.3
Household labor/male children 1.5 1.6 1.5
Household labor/female children 1.3 1.9 1.4
Wet season hired labor/adult men 9 5 5
Wet season hired labor/adult women 10 3 13
Dry season hired labor/adult men 2 3 6
Dry season hired labor/adult women 3 6 3
Wages (baht/day)/adult men 35 32 30
Wages (baht/day)/adult women 35 34 30
Total males hired/5 yrs. ago 223 100 361
Total males hired/currently 243 40 542
Total females hired/5 yrs. ago 256 80 424
Total females hired/currently 225 m 1032
Source: Applied Study team survey of roughly 100 water users in each site.

Off-farm employment in Northeast processing plants
is a new and significant source of income for women,
In the sites studied, three large plants and a number
of smaller ones employ women to prepare fresh
produce for processing and canning and to work on
the assembly linc. At the Universe Food Co. plant
in Roi Et, 250 women of all ages clean baby corn.
They arc paid by the kilogram and work on a
flexible schedule, often coming to work after the
children lecave for school. Universe Food also
employs over 600 women on the assembly line for 60
baht/day, roughly twice the daily rate for agricultural
labor, In Yasothon, 160 work at the Boon Siri Food
Canncry, and in Sakon, approximately 70 pereent of
the 400 employees at Nakhon Royal Project Food
Products arc women. Five plants in Nakon
Ratchasima employ women in smaller numbers to
shell groundnuts, prepare chili powder, and make
soybean and corn cakes (Table F-1).

3.2.5 Water User Leadership and Technical
Training

Training for watcr users has focusced exclusively on
WUA officers and chack group leaders. Every ycar,
before wet scason cropping, a onc-day program has
been scheduled for 100 to 200 chack group leaders
from the sites. Training cmphasized technical
information—O«M, fish ponds, soil improvement,

livestock, and crop production—which participants
werce expected to share with group members. In June
1988, a three-day leadership workshop was held for
WUA and chack group officers from all scven sites.
The program, for 49 participants, included 90-minute
sessions on public speaking, conducting mectings,
group relations, lcadership development, role playing
for problem-solving, bookkeeping, and marketing
principles. Training material was largely presented
by lecture, and cven problem-solving was morc
theoretical than practical. There was no attempt to
deal with ongoing or recurrent problems, nor was
there any follow-up with participants.

326 Water Users Group Sustainability

Project implementation to date indicates that both
the availability and rcliability of the system'’s water
arc preconditions for water user group viability.
Water shortages in both wet and dry scasons occur
regularly in the NESSI sitcs, as well as in much of
the Northeast. In arcas that receive a relatively
sufficicnt water supply, chack groups show the
greatest member involvement and activity. In Huai
Acng, it was obscrved that chack groups with
adequate dry scason water sct a schedule for water
delivery on the chack and followed it, participated
more in maintenance activitics, paid the O&M fee,
decreased conflict considerably, and scemed to have
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no problems with members violating rules and
reguintions

However, evidence from project sites suggests that
in arcas cither of severe and regular water shortage
or of overabundance, attempts to organize viable
chack groups arc largely futile, Orgamzational inputs
cannot replace water supply. For examole, i a bad
scction of Huai Acng’s left main canal (LMC),
where {looding is frequent and attempts at dry
season farming have been unsuccessful, chack groups
arc fargely inactive. Their leaders attended no WUA
meetings, no Q&M fees are collected, and members
argue [requently with RID officers about which
crops to grow in the dry scason,

Although vital, an adequate and dependable water
supply does not in atselt ensure the viability of the
group. For the group to suceced, its members must
first feel a sense ol ownership, Unlortunately, the
method used by NESSEstadf 1o orpanize farmers has
done little to instill & sense of shured purpose amiong,
chack group members, RID stadt allow virtually no
lead time for farmers to organize and seleet a
leader; instead, RUD presents the Famers with rules
and regulations for a chack group, rules the larmers
may not fully understand. The farmers are first
contacted by construction teams shortly before
construction begins, then by RTG officers shortly
before it ends, But at no time are the farmers given
a role, even advisory, in the construction work itscll.
Although occasional changes are made in design or
construction, based upon turmer requests,  the
irrigation  canal system s usually presented 1o
farmers as a completed package. RID then tells the
farmers that the on-farm system belongs to water
users, who should assume a sense of ownership and
responsibility for it Yet the way systems are now
rchabilitated and operated makes farmers unlikely
to develop a strong sense of ownership of even the
on-farm system.

Further undermining  organizing cfforts is the
shortness of wvision of line ageney field  staff,
Although concentrated cfforts have been made to
form water users groups at different levels, from

farm ditch to the entire site, the full potential of

these groups appears to go unrecognized. Greater
O&M participation should not be the sole goal for
group formation. Project activities also neerd to
address long-term goals, such as improving crop pro-
duction and increasing farmer incomes, With little
agricultural extension and cven less mark sting
support, water users have not been encourag:d o
expand their organizational role beyond water inputs
andthe relatedirrigation management requirements,

30

32.7 Another Approach to Organizing Water
Users in Northeast Medium-Scale
Irrigation Systems

In 1983, with partial funding from the A.LLD. Water
Management Synthesis 11 Project, RID introduced
an alternative approach Lo organizing water uscrs:
the Farmer Participation in Irrigation Project
(FPIP). Funding for the project was later picked up
by the Ford Foundation. Until recently, FPIP was
implemented at five sites, including two NESSI
project arcas, Lam Chamuak and Huai Khilek. The
first FPIP site, Lam Chamuak, was selected because
rchabilitation was more than a ycar away. FPIP
focuses on three elements;

» working with farmers during the
preconstruction period and continuing through
completion to system operation;

» cmploying "process documentation” to record
the actions and events stemming from project
implementation; and

= institutionalizing a "learning process” in RID to
improve the rehabilitation and management
processes  through  increased  farmer
participation.

The key vehicle for FPIP  implementation is
irrigation community organizers (ICOs), social
science and education graduates who, after training,
live in the project arca. Use of ICOs is an adaptation
of the approach first developed in the Philippines by
the National Irrigation  Administration (NIA).
Initially, 1CQOs were assigned to work with roughly
150 water users in chacks along a streteh of the main
canal, but the ratio has now changed to one 1CO per
200 to 250 farmers. 1COs stay in an arca for at least
two cropping scasons,

The 1CO’s first responsibilitics are to compile a list
of water users in the chacks, meet many of them
informally and individually, discuss his/her rcasons
for living in the arca, and clicit the names of
notential group leaders. Within a month, the 1CO
requests a first meeting of the chack members, A
sccond meeting is chaired by a leader chosen by
member consensus. During that and subsequent
meetings, discussions of real and potential water use
problems lcad to an identification of mutuaily
agreed-to rules and penaltics, and members sign
their names to a codified list. Farmers also formally
agree to cede land for farm ditch construction. The
diffcrent  chack groups vary somewhat in the
definition of these rules; however, the formulation
of rules has been an effective group-building activity.



Lcad time, which at Lam Chamuak was more than
ninc months, has now shortcned to four to six
months, a period considered adequate for initial
organizing activitics.

During the design phase, ICOs work with farmers in
reviewing plans and then convey the water users’
rcactions to the site engincers (i.c., requests for
changes in turnout location and farm ditch direction,
or for additional drain culverts). During construction,
ICOs meet repeatedly with cach chack group to
update the work schedule and attempt to resolve
problems over compensation for ceded construction
land. During the O&M phase of the system, ICOs
mect with chack groups to discuss water delivery
plans, cncourage the groups to clean the main and
farm ditches before cach cropping scason, monitor
the rotation, and help zoncmen carry out a survey to
determine farmer interest in growing dry scason
crops.

The approach has shown these strengths:

s farmer preference for 1CO participation;

= morc-realistic feedback of project activitics,
leading to a smoother implementation;

s decrcased conflict as farmers organized and
understood their roles and responsibilities in
the system; and

= incrcased interest among water users in dry
scason cropping duc to ICO support.

However, this approach requires an understanding
and commitment by concerned line agenry siaff, who
arc not always interested in the approach and arc
not cncouraged by their supcriors (o take part. As
a result, ICOs are somectimes assigned technical
responsibilities that take them away from their
organizing dutics.

328 A Summary of NESSI Implementation
Strengths and Weaknesses

In summary, bascd on the relatively short period of
NESSI attempts to organize chack groups and
revitalize WUAs at project sites, a number of
strengths and weaknesses arc apparent in the NESSI
implcmentation process.

Strengths

Project stafl are beginning to usc a morc
systcmatic approach toward organizing water
user groups.

Farmers participate in monthly ficld working
group meetings.

Chack size has been reduced.

On the chack, farmers participate more in
watcer allocation and scheduling, with their role
not limited (o maintenance alonc.

A water delivery board has been installed at the
hcad of cach farm ditch to help farmers with
rotation monitoring,.

Inter- and intrachack conflicts over water usc
have decreased.

WUASs have reactivated, with regular meetings
and a degree of accountability to members.

An O&M fee is collected from WUA members
for the association’s usce.

Weaknesses

Virtually no lead time is devoted to preparing
farmers to understand the NESSI approach and
to organize them into chack groups.

Line agency staff lack a clear understanding of
the rationale behind the NESSI concept.

Water users arc cxcluded from playing a role
both before and during rchabilitation.

Chack groups or WUAs arc not encouraged to
play a larger role in marketing and technology
transfer.

Involvement in opceration is largely limited to
the farm ditch, with no substantive role in
allocating or scheduling water in the main ditch
and main canal.

Training programs have ignored chack group

members who are not officers or who are
women.

31



w  Training has focused on WUA and chack group
lcaders but has not provided nccessary
management skills in a practical context.

s No monitoring of water uscrs  group
implementation  or  experimentation  with
different approaches has occurred, as was called
for in the project design,

s Line agencics lack vision concerning future
roles and approaches to further strengthen
chack groups and WUAs; thus, these groups
rarcly look beyond water inputs,

On the whole, NESSI has made a positive
contribution to farmer participation in  water
management. In a relatively short four-year period,
NESSI formed chack groups and revived WUAS at
all seven sites. Hundreds of chack groups are now
playing some direct role in on-farm system O&M,
becoming involved in decisions about water delivery
in farm ditches, and contributing labor and cash for
maintcnance. WUAs have been reactivated and
appear to be overseeing site activities, while nffering
adegree of accountability to members, RTG officials
now meet regularly with farmers and include them
in decision making concerning water scheduling in
the farm ditch and dry scason cropping,

However, as  NESSI moves  toward  project
completion, shortcomings in the approach are
apparent. Farmer participation in operation has been
restricted to the on-farm system, and largely to the
farm ditch. A more substantive role requires that
farmers be involved in water-delivery decisions
throughout the system, from the main canal to
farmers’ ficlds. Nor should farmer participation and
improved water management be ends in themsclves,
NESSI’s objectives were to improve agricultural
production and increase incomes for farmers in the
Northeast; however, the project has yet to develop
an approach that reaches beyond a water
management focus. To achicve its original goals, the
project will nced an ceffective system for technology
transfer through a public extension program, and
production/marketing support with sustained private-
scctor participation.

33 Extension Program

Onc of NESSI’s innovative aspects was an approach
that cnvisioned a management role for the
Department of Agricultural Extension that nearly
cqualed RID’s. NIESSP's design was developed
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recognizing that a major problem with Northcast
irrigation systems was a lack of ccordination among
RTG agencics. As indicated in the institutional
scction, NESSI organization rclicd heavily on
coordination committees at the national and
provincial level and working groups at the site level.
Working groups have proven successful in resolving
local problems and stimulating intcragency
cooperation. This section assesses DOAE actions in
the project and identifics positive and negative
findings related to the design and implementation of
NESSI agricultural extension cfforts.

33.1 DOAE Role in NESSI Management

The NESSI Coordinating Subcommittee, chaired by
a Dcputy Permancnt Secretary of Agriculture, and
representing DOAE, RID, DOA, DLD, CDD,
BAAC, DOF, and DTEC, has proven to work quite
well. The secretary represents the Project Division
of MOAC, with NESSI's project manager scrving as
assistant sceretary, At the provincial level, a monthly
mccting, chaired by the governor, reviews the
progress of all projects. In contrast to the separate
provincial-level  NESSI  committee  proposed
originally, the provincial monthly mecting has scrved
a coordinating rolc.

NESSI's original design included full-time project co-
managers to be stationed in Khon Kaen (at Tha
Phra). At cach site location a tcam with co-
managcrs, the RID engineer, and a DOAE subject
maller specialist was to be formed. DOAE never
filled the full-time project co-manager position, nor
were DOAE co-managers appointed ot any of the
sites. However, DOAE’s Planning und Special
Projects Division has taken responsibility for
activitics that occur in all sites, and activities specific
to cach arc managed by provincial- or district-level
extension offices. At the site level, ficld working
committees, which irclude district extension officers
and RID water masters, have evolved into an
cffective management entity. The cffectiveness of
these groups varics from site to site, but in the three
sites studied, they meet on a monthly basis and play
an active role in project planning and implementa-
tion.

Expatriate agricultural extension technical assistance
was provided under the original contract, but as with
the marketing specialist, it was scheduled too early
in the project to be available when actually needed.
Planning of extension activitics has become the
responsibility of the local DOAE staff, suppiemented
by special staffing and Bangkok-based staff from
the Planning and Special Projects Division.



332 DOAE Project Special Stafling

NESS!I funds were used to hirc two cextension
workers for cach site: one had a B.Sc. in agriculture,
the other a diploma in agriculiure. In Huai Acng, an
additional diploma holder was reciuited for a pilot
arca that policy makers wanted to make into a
model, These NESSI extension workers helped the
subdistrict extension agents with their ficld activitics
in the NESSI arca. When not busy in the project,
NESSI ¢r.cension agents worked in the provincial
offices carrying out assignments for  provincial
agricultural officers. Subdistrict extension agents
complained that, at times, NESSI extension agents
spent too much time in the provincial offices and too
little time in the ficld. This problem was partially
causcd by the lack of available housing in the project
arca, but it reflected a continuing problem: attracting
and keeping well trained extension personnel in the
ficld.

Even with additional staff, subdistrict agricultural
agents were responsible for approximately 1,000
familics. With other duties outside the irrigated
arcas and routine administrative activitics, local
extension staff in the NESSI sites were (oo
understaffed to address the complex technology
transfer, production, and marketing  extension
requircments  of  multiple-cropped,  irrigated
agriculture.

333  DOAE Project Activities

Although more emphasis was placed on production
duc to the project’s additional budgetary funds,
NESSI extension activities included @ number of
traditional extension programs usced in other arcas
of the country:

Trial plots. Crops that DOAE wished to test in the
arca were planted in trial plots at the various sites.
These plots were usually planned by DOAE subject
matter specialists and managed by local project staff.
The arca covered by trial plots of ficld crops was
very small. In Huai Acng, cight rai of peanuts and
three rai of mungbeans were planted for 1983-85;
in Huai Khilek, 12 rai of pcanuts and 2 rai of
mulberry were planted during the same period. Rice
acrcage in trial plots was much greater, but it was
the non-rice crops during the dry scason that nceded
to be promoted. Extension workers’ lack  of
experience caused problems with trial plots, as did
input shortages.

Demonstration plots. Planned by DOAE staff,
demonstration plots arc cultivated by local farmers
according to DOAE recommendations and inputs.
Budgctary delays and insufficient labor to follow
complicated crop management practices  often
resulted in lower than predicted yields. Water
shortages and pest problems also caused low yields,
as well as damaged crops. While more rai were
planted in demonstration plots than in trial plots (56
rai of non-rice crops in Huai Acng in 1983, 1984,
and 1985), there still were insufficient plots to serve
a real demonstration role.

Cropping system and double cropping trials. New
practices, such as peanut/ricc/corn  systems,
were also introduced into the project for ficld
testing. Cropping system studics were designed to
identify crops suitable for the arca, with farmer
income rather than maximum yiclds the main
criterion for adoption, Double cropping, such as corn
and chilics or corn and watcrmelon, was also tried in
the NESSI sites. Farmers were hesitant to adopt
these complex  systems  because  they required
additional time and labor. The arca planted for
cropping systems trials was very small, no more than
onc or (wo rai per site.

Ficld days. Staff attempted to hold ficld days at cach
sitc to pass ncw information to farmers. These
gatherings were usually held in conjunction with
demonstration or trial plots of a single crop and
were often "opened” by the chiel of the district or
another influential official. Given the staff time
required to organize them, and their cost, gencrally
no morce than onc annual ficld day was held in cach
site. Ficld days rcached only a small number of
farmers.

Field trips. At project inception, ficld trips were
madc quite frequently, but the number of trips has
been reduced during the last few years. Generally,
the trips were to such arcas as Lam Nam Qon or
Nam Pong project sites, where dry scason crops
were being promoted. The four-day ficld trips
normally included about 30 people, most often chack
leaders or other important individuals at the
different sites.

Farmer training, Under NESSI RID and DOAE
staff conducted a number of training courses for
farmers, zoncmen, subdistrict extension staff, farm
leaders, and WUA officers. Table 10 details the
varicty of courses and number of trainees.
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Table 10

NESSI Training Course, 1983-1988

Type of Training

No. of Annual Participants

YEAR

Course
1983

1984

1985 1986 1987 1988

Field Worker

Chaek Leader OFWM®

08M Staff Training n
Orientation of chaek groups
Chaek Group Leadership Training
RTG' Orientation Workshop
Training of Trainers

Zonemen Training

Subdistrict Ext. Agent, SMS
Farmer Marketing Training
Farmer Leader Training

O8M Participation Planning

O0&M in Northeast Training

Farmer Training 240

240 400?
40
300

45

30
210
540
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Farmer training on O&M
OFWM On-farm water management
Data not available

RTG members of the Field Working Group

Meonitoring and Evaluation. The team could find no
studics concerning the effectivencss of the extension
mcthods.  Technology transfer  techniques,
communications, and media methods usedbyDOAE
stalf have not been eveluated in any systematic way,
which appecars to bec a major weakness in the
original design. Each wet and dry scason, DOAE
carricd out farm surveys at the sites. Data about
increased yiclds and improved production practices
did provide indircct cvaluations of the cxtension
activitics, but this approach docs not clearly define
causc-and-clfect relationships. At the ficld working
group level, an informal evaluation of agricultural
activitics was made through presentations and
discussions by involved partics, but this approach
cannot replace a formal cvaluation.

3.3.4 Extension Problems and Assessment
Extension agents identificd their main problems as

too much routinc work, lack of knowledge and
expericnce concerning irrigated agriculture, limited
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funds, and too large an arca of responsibility. RID
ficld staff indicated similar problems: dcficiencies in
the quantity of required inputs, lack of knowledge
and experience, in addition to a shortage of ficld
staff. Both groups placcd highest priority on
incrcasing the number of ficld staff assigned to work
locally with their respective agencies.

During the project, many DOAE field cxtension
workers attended no training courses. Of the 12
extension workers interviewed, 5 were trained by
KKU staff on arca analysis at thc seven sites.
Following their training, the agents carried out
applicd agro-ccosystuss  studies at  their  sites,
although only two had cver received training in
irrigated agriculture. In contrast, 8 of 17 RID staff
surveyed had attended a training course on system
O&M. One RID staff member from cach site also
attended a course on cooperating with water uscrs
groups. Two staff from Huai Acng attended the
irrigated agriculture course, and onc from Huai
Chorakhc Mak attended the course on project
management.,



Due to numerous constraints, NESSI’s agricultural
extension component did not realize many of its
goals. A rcliance on traditional extension techniques
hampered its activitics. The few demonstrations and
trials held were limited in scope, with their success
depending upon factors often outside the extension
worker’s control. Extension workers who were
responsible for promoting dry scasor cropping
suffered from a lack of experience in growing non-
rice crops. During NESSDs carly years, the private
scetor was still in a formative stage in the Northeast;
thus, it was only marginally involved in extension,
usually providing information about market demands
rather than playing a technical role®, Extension did
not provide the leadership role envisioned in the
original project design, nor has it responded to the
rapidly changing cconomic climate and the demands
thus created.

3.4 Marketing

Increased dry scason production and  market
development were to be major thrusts of the NESSI
Project. The following scction assesscs marketing
approaches used by NESSI, describes  existing
markcting and procurcment systeimns in project arcas,
and identifies persistent marketing problems that
have implications for future development cefforts,

3.4.1 NESSI's Design and Approach to
Marketing

In the late 1970s, when NESSI was designed, the
primary crops sold by farmers in the Applied Study
sites were rice (glutinous and nonglutinous), kenaf,
cassava, sugarcane, Turkish tobacco, watermelon,
peanuts, and various vegetables. Crops such as rice,
sugarcanc, kenaf, and cassava use the monsoon as
a primary source of moisture and arc not normally
irrigated in the Northeast. Turkish tobacco, peanuts,
watcrmelons, and the various vegetables grown were
relatively drought tolerant and could survive on a
nominal amount of supplemental irrigation watcer.
Today’s high-valuc cash crops, such as baby corn,
tomatocs, supersweel corn, and oil seed crops (with
the exception of peanuts), were generally grown only
in small arcas and primarily for local consumption.
Even when grown for home consumption, yiclds
were very poor and, combined with limited scecure
water supplics and local market opportunitics, did

not offer strong cncouragement for cxpanding
production of the higher-value, irrigated non-rice
crops.

Given these circumstances at NESSIPs initiation,
project staff tricd in 1982 to facilitate marketing
opportunitics and identify crops well suited to the
various sites. Conscyguently, in 1983, 1984, and 1985,
DOAE field staff implemented a sct of crop tests to
dentify appropriate irrigated crops (including rice)
to rccommend. Results were very mixed, with
dilferent crops doing well at different locations.
Since the crop tests were not replicated, it was
impossible to make proper statistical comparisons
across the test sites. Mungbeans and sweel corn
werce the only new crops found to be favorable in the
tests.

Unfortunately, the test results were not linked to any
markeling criteria, and recommendations for an
arca’s new crops were based only on possible
yiclds—not nccessarily a sufficient criterion. For
cxample, bascd on DOAE stalf recommendations,
farmers at Huat Acng planted baby corn. But by the
time they harvested the crop, the canning factory
that had offeved to buy the crop was closed. Farmers
were then forced to sell their baby corn as a fresh
vegetable on the local market, at a lower price.

NESSI staff approached marketing by first trying to
cstablish demand for crops at local, regional,
national, and international levels. They also collected
information on price trends and fluctuations. These
activitics were carried out by relatively junior DOAE
staffl under the Planning and Special Projects
Division. As part of this process, local merchants and
rclated  government  officers at the sites were
intervicwed to develop preliminary ideas about
market structure, and altempts were made (o
organize village-level farmer cooperative centers.
CTF and DOAE staft also approached BAAC
officials at the NESSI sites to ensure credit would be
available for dry scason crops.

In August 1984, CTF proposed and the project
accepted that within cach village a marketing unit
would be organized to buy and sell on behalf of the
people. This organization was to be totally
independent of the WUAs, The expatriate marketing
specialist spent his last four months of scrvice
promoting village co-op marketing centers, but there
is no record of this approach being adopted at any
NESS!I site.
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Table 11

Estimated Daily Flow of Vegetables Supplied to
Potential NESSI Markets (1984)

Source of Supplies

Site potential Local Other Total
' Market Markets
(tons) (tons) (tons)

Huai Aeng Roi Et 8 14 22
Mahasarakham ) 8 14
Khon Kaen 1 72 83

Huai Kaeng Kalasin 6 9 15
Khon Kaen 1 72 83

Huai Khilek Mukdahan 5 5 10
Loeng Nok Tha - 1 1

Phuttha Utthayan Amnatcharoen 2 4 6
Yasothon 2 10 12
Ubon Ratchathani 1" 30 41

Kuai Talat Buri Ram 3! 12! 15!

Huai Chorakhe Mak

Lam Chamuak Pimai - 4 4
Nakhon Ratchasima 105 294 399

' combined for both reservoirs.

Source: Special Report on Marketing, The Northeast Small Scale Irrigation Project.
Bangkok: Parsons-Team, CTF, September 1985.

Various NESSI markcting studics revealed that most
vegetables produced in the sites were sold to local
markets in provincial and district towns. Since the
volume of vegetables demanded at ncarby local
markets is limited, NESSI staff cxamined the two
regional wholesale vegetable markets at Nakhon
Ratchasima and Khon Kacn. In 1984, the daily
volume of vegetable trade at Nakhon Ratchasima
wholcsale market was approximately 300-550 tons.
During the same period, the flow of vegetables
through Khon Kaen market was less than 100 tons,
Local markets near the NESSI sites draw on these
markets and, thus, vegetables from NESSI sites must
compete with supplics from the regional markets.
Table 11 shows the flow of vegetables into potential
local markets as estimated by NESSI staff prior to
the 1984 dry scason. In terms of location and market
access, this table indicates that in 1984, Huai Acng,
Huai Kacng, Lam Chamuak, and Phuttha Utthayan
offcred the best opportunity for expanding dry
scason vegetable production,

3.42 Expansion of Processing Plants and
Vegetable Markets in Northeast
Thailand

Before 1985, there were 47 processing plants in the
Northcast. The more important processing
industrics, in term of production capacity, were
tomato paste, baby corn, and shelled groundnuts.
During 1985-89, ninc ncw processing plants,
including three food cannerics, one frozen food
company, onc tomato pastec factory, and four
vegetable preserving factorics, were established in
Roi Et, Yasothon, Khon Kacn, Nong Khai, and
Nakhon Ratchasima. During this period, production
capacity of baby corn and tomato increased at least
16,000 and 18,000 tons per annum, respectively. In
addition, decmand for other vegetables as raw
matcrials for freezing and preserving increascd more
than 15,000 tons a year. In 1990, two large-scale
processing plants will be established to produce chili
saucc and powder and soybean oil in Ubon
Ratchathani and Kalasin (scc Table 12).



Table 12

Types and Total Number of Processing Plants by
Years in Northeast Thailand

Types of Processing Plants Before 1985 During 1985-198% In 1990
Food canneries 4 7! 7
Groundnut shelling plants 7 27 27
Frozen food companies 1 2! 2
Tomato paste factories 4 5 5
chili precessing plants 2 2 3°
Ginger powder factori:s 1 1 1
Vegetable preserving factories 8 12° 12
Mungbean milling plants 1 1
Vegetable oil factories - - 1
Total 48 57 59

and tomato over 18,000 ton/year.

[P VRN

Data are not available.

Production copacity of baby corn increased more than 16,000 tons/year,

Capacity increased more than 10,000 tons/year.
Production capacity increased more than 50,000 tons/year.
Production capacity increased more than 15,000 tons/year.

The number of provincial and regional wholesale
markets for fresh vegetables in the Northeast has not
changed significantly during the last decade, but the
volume of vegetables traded in the markets has
increased  due  to  production  cxpansion  and
population growth. Likewise, the region’s structure
of provincial wholesalers tor oil crops remains
largely the same as in the carly 1980s, because of
difficultics new firms face entering the industry,
Growth of the oil sceds market has occurred more
from the expansion of existing firms than from new
firms cntering into the arca.

343 Market Organization in the NESSI

Project Areas

In the Northeast, cight different types of facilitics
provide at least preliminary processing of agricultural
products:

s food canncrics,

=« groundnut shelling plants,

» frozen food companics,

s tomato paste factorics,

s chili processing plants,

»  ginger powder factorics,
»  vegetable preserving factorices, and

»  mungbean milling plants.

Yegetable Processing

In NESSI sites, food canncrics and tomato paste
factorics arc thc most important in terms of
production capacity, capital investment, employment
levels, and amount of business with farmers.

The food canncrics are of two types: private
investment companics and Royal projects. As of
carly 1989, five privately owned food canning
companics were located in or near the cities of Roi
Et, Yasothon, Khon Kaen, Nakhon Ratchasima, and
Nong Khai. In addition, two Royal project food
processing plants are located in Sakon Nakhon and
Buri Ram, These seven companies have a total
production capacity of over 20,000 tons per year for
baby corn and tomatoes. There are also 27
groundnut shelling plants: 2 in Surin, 4 in Ubon
Ratchathani, 6 in Si Sa Ket, 1 in Udon Thani, 3 in
Kalasin, 11 cleven in Nakhon Ratchasima. The
groundnut processing plants in Kalasin arc relatively
large operations, with a production capacity in excess
of 50 tons a day.
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Five tomato paste factorics are in Nong Khai, and
Nakhon Ratchasima has a frozen food company (the
only onc in the region). All of these plants require
tomatoes as a raw material. Operating more than
100 days per annum, the plants can process about
1,700 tons of tomatoes per day. Other fruits and
vegetables for [reezing are also required, making
their volume roughly 2,000 tons of produce per day.
Factorices in Chum Phae (Khon Kaen provinee) can
process over 10 tons of salted mushrooms daily.
Finally, a new processing industry of chili sauce and
chili powder will start operation under the Chamber
of Commercee in Ubon Ratchathani in 1990. This
plant is designed to meet the demand for chili
products, which is expected to increase rapidly in the
ncar tuture, Table F-1 and Figure F-1 show the type,
number, location, production capacity, and labor use
of these processing plants.

Agribusiness Qil Seed Firms

Privately owned provincial wholesalers are the major
agribusiness firms involved in marketing oil crops
such as soybeans, groundnuts, and mungbeans. They
are found in every provinee of the region, with the
fargest  concentrations in the major  markceting
centers in Nakhon Ratchasima, Khon Kaen, Ubon
Ratchathani, Surin, Buri Ram, Si Sa Ket, and
Yasothon. Through their local sales oflices, many
wholesalers purchase the crops direetly from the
farmers. The Department of Agriculture’s Centers
for Propagation have been another  important
purchaser of oil sceds, These centers are located in
8 of the 17 Northeast provinees (Roi Et, Kalasin,
Khon Kuaen, Nakhon Ratchasima, Surin, Ubon
Ratchathani, Sakon Nakhon, and Udon Thani).
Table F-2 and Figure F-2 give the names and
locations of oil wholesalers.

The major entitics purchasing oil seed crops from
farmers in Huai Acng, Huai Khilek, and Huai
Chorakhe Mak are the Centers for Propagation in
Surin, Roi Et and Kalasin. A private agribusiness
firm in Nakhon Ratchasima (Bangkok), Charocn
Phokaphan Produce, Co., Ltd, is also a large
purchaser. Provincial wholesalers, however, account
for only a small part of the amount purchased from
NESSI farmers,

Marketing Centers for Fresh Vegetables

The Northeast has 31 wholesale vegetable markets,
at least one or two in cvery province. These markets
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can be classed as cither provincial or regional.
Regional markets are centers for vegetables from
several provinees. From regional markets, vegetable
distribution moves to the national market in
Bangkok. Chum Phol and Prapa markets in Nakhon
Ratchasima arc the Northeast’s main regional
vegetable markets; the rest are provincial markets
that distribute vegetables to the regional wholesale
market and to the nearby provinces. Table F-3 and
Figure F-3 give the names and locations of the fresh
vegetable wholesale markets.

Because of their low level of vegetable production
and the distance to the markets for their perishable
crops, farmers in NESSI arcas in Roi Et, Mukdahan,
and Buri Ram do not usually sell to wholesale
merchants. Field survey data indicate that about 81
percent of vegetables in the Applicd Study sites were
sold to buyers at wholesale markets and roadside
booths. The remainder was sold on-farm to local
dealers.

Market Agents for Seeds Production

Two kinds of market agents sell commercial sced for
planting: private seed merchants and DOA Centers
for Propagation. Most sced merchants are in Khon
Kacn, Nakhon Ratchasima, and Sakon Nakhon,
Major seed merchants (detailed in Table F-4) deal
largely in seeds for corn, tomato, cantaloupe, bottle
gourd, watermelon, and other vegetables, and sceds
for oil crops. Centers for Propagation usually
contract farmers to produce such oil sceds as
soybcan, groundnut, and mungbean. Seeds produced
under contract are used only for breeding and
production ¢xpansion to the other arcas. Generally,
propagation centers have a quality/price schedule
that encourage farmers to harvest when quality is at
its peak,

In addition to sced merchants and the Centers for
Propagation, sced companies in Bangkok, Saraburi,
and Chiang Mai province have also cntered the
Northeast to play an important role in the sced
market. Additional companics entering the market
have stimulated competition in the region, At NESSI
project sites of Huai Acng, Huai Khilek, and Huai
Chorakhe Mak, farmers produced tomato sceds
under contract solely for merchants from Khon
Kaen, and grew soybeans and peanuts for the
Centers for Propagation in Surin, Roi Et, and
Kalasin.



Procurement Systems in the NESSI Applied
Study Sites

In NESSI arcas, there are two lypes of procurement
systems  for  producing and marketing  crops:
procurement for the spot (current) market and
procurement by contracts.

In the spot market, crops are traded for immediate
delivery. Most mungbeans grown at the NESSI site
in Buri Ram and peanuts produced in Roi Et and
Mukdahan are sold on the spot market. Likewise, all
mushrooms and vegetables, other than baby corn
and tomatoes, from study sites are shipped to the
spot wholesale market and local retailers,

Two kinds of contracts arc used in the NESSI
project arcas: the production contract and the
marketing or procurement contract,

Production contract. A production contract involves
the processing plant in the growing process. The
processing plant frequently purchases the crop under
cultivation and pays the farmer a "compensation”
that includes a payment for his land and labor. The
farmer’s payment often takes the form of a
picce-wage, c.g., 100 baht for three working days.
Currently, production contracts predominate in the
NESSI project arca in Roi Et for baby corn and in
Nong Khat for tomatoces.

Marketing or procurement contract. A marketing
or procurcment contract is an agreement between
the seller (farmer) and the buyer (a processing plant
or a Center for Propagation) covering details of the
product, time and naturc of delivery, price, and other
aspects of exchange (for example, when payment
docs not take place at the time of delivery).
Marketing contracts are very common for baby corn
and tomatoes in Roi El, tomatoes and soybeans in
Mukdahan, and groundnuts in Buri Ram. Figures
F-4, F-5, and F-6 show additional dctails of these
procurement systems.,

Results from the Applied Study ficld survey reveal
that most farmers in the NES.  sites prefer to sell
their produce to the contract market in order to
assure rcasonable  prices. In genceral, farmers
themselves do not selecet the kinds of crops to scll
by contract: the processing plant has 10 offer an
agrcement to them. Farmers would like to have
marketing contracts for crops they know how to
produce, as well as for newly introduced crops.

However, contract markets now exist only for baby
corn, tomatacs, soybeans, and groundnuts, Other
agricultural products produced in the study sites are
markcted mostly through the spot market, Table 13
presents a comparison of prices reccived in the spot
market and uvnder market contracts for selected
crops in 1988. From this table, it is apparent that
contract prices are consistently slightly higher than
spot prices.

Farm Prices of Selected Crops on Spot and Contract Markets
NESSI Applicd Study Arcas, 1988 (boht/kg)

Table 13

Crops Contract Market Spot Market

Roi Et Mukdahan Buri Rom Roi Et Mukdahon Buri Ram
Baby Corn 2.00 1.80
Tomatocs 1.30 1.35 1.20 1.20
Soybeans 7.50 7.00 7.50 7.00 7.00 7.00
Groundnut 8.00 11.00 6.00 8.50
Nungbeuns 10.00 8.00

Source: Interviews and Provincial Offi

ces of Commerce
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344 Problems in the Marketing and
Procurement System

Ficld rescarch identified a number of production
and marketing problems in the NESSI sites. These
problems are not unique to NESSI, but solving them
is critical if small to medium reservoirs are to be
cconomically viable in the Northcast. Initially, it was
expected that NESSI would be able to solve some of
these problems. However, many of them continuc to
exist, although there has been improvement over
time.

Production Problems

Small-seale farms with diversified crops. Little arca
in the NESSI sites is planted in commercial crops,
and there is a tendency for farmers to grow several
diffcrent non-rice crops, usually in small quantitics.
As a result, crops are rarcly in sufficient supply at
the right time to satisfy market requirements. For
cxample, during the dry scason of 1988-1989, the
arca planted with baby corn in Huai Acng was orly
975 rai; its production was less than 1,000 tons. Yet,
processing demand for baby corn in the Roi Et
markets exceeded the supply over fivefold. In Huai
Khilek, the arca planted with tomatoes was only 110
rai, producing about 20.4 tons. Fresh tomato
processors’ demand in Yasothon and Sakon Nakhon,
which Huai Khilek supplics, is greater than 11,000
tons a ycar.

Nonuniformity in the cropping system. Crops grown
arc still not uniform in varicty, planting dates, or
time to maturity, This variation affects water use and
causcs fluctuations in quantity and quality of
produce. For example, crop production in Huai
Aeng on average variced 20 to 60 pereent from one
dry scason to another. Accordingly, farmers have
fewer markeling options, since the wide fluctuations
in quantity and harvest timing mcan that they cannot
transport their produce to the market in volume.

Lack of experience in preducing new crops. Local
agricultural extension workers and NESSHagriculture
staff lack expericnce in the produciion of new crops,
such as baby corn and tomato. This creates an
obstacle to cxpanded production in the NESSI
project arcas, even when sufficient watcer is available.

Marketing Problems

Limited market outlets for farm products. The
problem of where to scll their products for
rcasonable prices is crucial to farmers. At present,
salcs are mostly limited to nearby processing plants
and merchants within an average range of about 100
kilometers. In structural terms, there are many
farmers producing onc kind of crop and only a few
buyers in the market to purchasc that crop.
Fortunately, cven with this situation, a rapidly
increasing world market for many of the products
farmers can produce in the Northeast keeps prices
fairly competitive.

Unspecific marketing contracts, When dealing with
processors, farmers tend to center agreements as
individuals, thus sacrificing the leverage they might
have if they operated as a group. Marketing
contracts signed between individual farmers and
processing plants usually lack specific terms
concerning the rights and responsibilitics of both
partics. Contractual terms normally used in NESSI
arcas, as well as other arcas in Thailand, often place
farmers at a disadvantage (scc Figures F-7 and F-8).
Most contracts do not contain penaltics for crop
damage caused by cither party, conditions of
payment, payment schedules, and/or schedules for
crop delivery. In addition, only two parties sign the
contract, the farmer as scller and the processor as
buyer. Two plant workers normally witness it, and
no onc represents the farmer as a [friendly witness.

Lack of expertise in marketing. DOAE extension
workers and NESSI ficld staff lack a knowledge of
markcting and market structure. Furthermore, WUA
and chack group lcaders play little or no marketing
role and lack experience solving marketing problems
that arisc. These individuals are more interested in
water resource supply and management, which are
the focal points for their organizations.

Fuefficiencies in market performance. Marketing
activitics now performed are often inefficient
because transportation is arranged by individuals,
not by groups; no sorting and grading takes place
before the transaction; and no cold storage is
provided. Marketing information is not readily
dissecminated from the important trading centcers in
the Northcast, and there is an absence of market
specialists in the ficld to advisc farmers.



3.4.5 NESSI Marketing Activities

As indicated, NESSI marketing activitics were very
general and did not address the specific problems
faced by farmers in the scven sites. Due to
construction delays as a result of the original
project’s underfunding, the expatriate marketing
specialist worked in Thailand before rehabilitation
was completed at any of the NESSH sites. Thus, by
the time farmers had irrigation and were actually
willing to produce cnough additional dry scason
crops to supply expanding market outlets, the
marketing, specialist had already completed  his
assignment. As a conscquence, just when market
development was critically needed, CTF no longer
had the technical skills to address market issucs.
Fortunately, rapid cxpansion of  private  food
processing  facilitics in  the Northeast, and an
explosive demand for non-rice export crops such as
baby corn, tomatoes, and sweet corn, has partially
overcome these market weaknesses. Much remains
to be done, however, to further increase and stabilize
agricultural incomes in the NESSI sites.

3.5 Economic Analysis

The Scope of Work calls for rcassessing the
cconomic feasibility of a sclected subsample of the

NESSI sites. One objective of the NESSI Applicd
Study is to compare the originally estimated 3.41
percent cconomic rate of return (ERR), from the
1980 Project Paper, with the ERR caleulated using
data now available. In  order to  maintain
comparability, this analysis uses basically the
approach given in the Project Paper; the only change
is a substitution of real data in place of the various
assumptions.

351 AIT, USAID, and CTF Economic
Analyses

Since the project as originally approved  was
significantly underfunded, USAID and CTF felt it
was necessary (o recaleulate the 1980 ERRs. This
was donc for three of the locations in 1983, by both
a dircet-hire USAID contractor and CTF. Along
with the original ATT and Project Paper ERRs, these
valucs are detailed in Table 14, All of the economic
calculations used a 12 pereent discount factor.

ERRs presented in Tabie 14 depend  upon
assumptions related to yield of wet and dry scason
crops and the arca that is cropped during the dry
scason, Assumptions related to overall project costs
are also critical with respect to calculating ERRs.

Table 14

Comparison of AIT, CTF, and USAID Revised ERRs

Feasibility Paper

AIT Project

Project CYF USAID
Paper, Wet Revised Knapp

Site Study 1980' Season Only 1983 1983
Huai Aeng 7 27.79 21.43 23.10 27.28

21.58 15.10°  16.92°
Huai Koeng 17 36.02 1% .62 19.70

21.58 17.20°
Phuttha Utthayan 26 27. 1 2h. 46

17.3¢

Huai Khilek 29 46.85 10.26

14.29
Huai Chorakhe Mak 11 10.38

7.90°
Huai Talat 23 17.42

9.05
Huai Lam Choamuak 59 23.55

18.34}

Reduced area in dry season crops.

Based on 1978-79 AlY survey data.
Reduced yiceld of major crops by 20 percent.

41



Table 15 presents assumptions uscd in the various
ERR calculations. The differences in the costs
assumptions from the original Project Paper and
the final costs provided by the Burcau of the Budget
(BOB) arc striking,

Costs underestimation resulted primarily from AIT’s
serious misjudgment of the degree of damage in the
main canals and the costs of removing the vast
amount of accumulated scdiment. Of course, as the
project was delayed, inflation added an additional
burden to the originally cstimated  costs.
Assumptions varicd considerably, also, with respect
to the arca that could be cropped during the wet and
dryscasons. For example, the Project Paper assumed
7,800 rai of dry scason cropping in Huai Acng while
CTPF’s revised estimate assumed 15,890 rai. Similarly,
for Phuttha Utthayan, the Project Paper planned for
14,000 rai of wet scason rice and no dry scason crop
production, while CTF’s revised estimate assumed
22,700 rai of wet scason rice and 15,89 rai of dry
scason cropped arca. Providing written documenta-
tion of these assumptions helps  cxplain the
differences in the ERRs and also facilitates
comparison with circumstances that now exist in the
different sites.

352 Bureau of Budget NESSI Economic
Analysis

In addition to the ERRs presented in the Project
Paper and the revised ERRs developed in 1983,
BOB staff developed ERRs for the entire project in
1987, as part of an RTG evaluation. This economic
analysis drew on available data, primarily thosc
rcported by DOAE, although some assumptions
from the original Project Paper were used. Table 15
details the critical assumptions of the Project Paper,
USAID, CTF, and BOB cconomic analyscs. Table
16 presents the ERRs calculated by BOB.

BOB found that all of the projects had an cconomic
rate of return greater than 14 percent and, therefore,
concluded that all the sites were cconomically
justificd. Yield values used by BOB in its study
presumably came from data collected in the sites by
DOAE staff. However, in some cascs it is not readily
apparent exactly where all the data, such as total
arca served in the vet and dry scasons, dry scason
arca in diffcrent crops, and yiclds, were obtained.
Assumed yicld values for non-rice crops used by
BOB in its cconomic analysis arc contained in Table
17. Data used and calculations made in the
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BOB study arc clearly specified, and very detailed
tables are provided in the annexes. As a result, the
document  provides an  excellent  basis  for
comparisons.

3.53 Applied Study Economic Analysis

Project cconomic analysis involves a comparison of
the future situation "with" the project compared to
the situation "without" the project. Not only is it
difficult to estimate what production increases will
be once a project is completed, it is also difficult to
estimate what future yields will be in the absence of
the project. As indicated carlicr, conditions in
Thailand, including agricultural production practices
and market opportunitics, are changing very rapidly.
This means that, even without NESSI, it is very likely
that yiclds for wet scason crops would have
incrcased. Since the study tcam has the gift of
hindsight, it is casy to document that rice yiclds and
production in irrigated and non-irrigated arcas of the
Northeast have increased over the past two decades.
In fact, Dr. Ammar Siamwalla®, a recognized expert
on world as well as Thai rice trade, claims that an
ever larger percentage of Thailand’s exportable
surplus ricc now comes from the Northeast.

One of the major weaknesses of the previc sly
referenced economic studies is that most of t.vm
assumed static yiclds for the "without" condition and
assumed rapid or immediate increase to maximum
yiclds for the "with" situation. In addition, all of the
previous cconomic studies assumed dry scason
cropped arcas that, given the crratic rainfall in the
sites, are not possible on an annual basis. The crude
mcthod uscd by AIT to forecast average inflow into
the system overestimates the true figure, particularly
during the dry years. Similarly, the more
sophisticated regression (echnique used by the CTF
also appcars to overestimate inflow during the drier
years. The engincering section discusses this issue in
more detail.

Using actual project data from four of the sites, it is
possible to "reestimate” ERRs for those sites. The
cconomic analysis presented here follows the original
mcthodology as closcly as possible, to cnsure that
results presented can be compared to the previous
cconomic analysis. For ecxample, when the
benefit/cost (B/C) ratios are calculated, a 12
percent discount rate is uscd, and the analysis begins
with 1982 to cnsure comparability.



Table 15

Assumptions Used for Calculating USAID, CTF, and BO3 ERRs

Project
F ~tor Paper CTF Revised USAID Study  BOB Study’

Site Assumed 1980 1983 1983 1987
Huai Aeng Wet Area (rai) 19,000 22,700 22,000 20,083
Dry Area (rai) 7,800 15,890 15,400 4,762

2,800°
With Rice Yld (kg/rai) 530 500 500 470
w/o Rice Yld (kg/rai) 248 250 250 323
Costs ('000 B) 36,678,000 84,544,392 93,100,100 90,621,130
Huai Kaeng Wet Area (rai) 15,000 22,700 10,534
Ory Area (rai) 10,000 15,890 4,214
Costs ('000 8) 44,988,000 100,855,000 85,205,331
With Rice Yld (kg/rai) 454 600 470
w/o Rice Yld (kg/rai) 238 310 293
Phuttha Utthayan Wet Area (rai) 14,000 22,700 12,014
Dry Area (rai) 0 15,890 2,979
Costs ('000 B) 34,264,000 74,993,000 66,879,407
With Rice Yld (kg/rai) 506 500 450
w/o Rice Yld (kg/rai) 257 300 224
Huai Khilek Wet Area (rai) 9,000 8,632
Dry Area (rai) 9,000 4,316
Costs ('000 B) 37,014,000 47,175,412
With Rice Yid (kg/rai) 490 470
w/o Rice Yld (kg/rai) 240 277
H.Chorakhe Mak Wet Area (rai) 14,000 9,065
Dry Area (rai) 0 3,626
Costs ('000 B) 26,138,000 57,196,175
With Rice Yid (kg/rai) 506 635
w/o Rice Yld (kg/rai) 240 350
Huai Talat Wet Area (rai) 14,000 15,466
Dry Area (rai) 6,186

Costs ('000 B) 55,602,000 59,743,946
With Rice Yld (kg/rai) 6638 635
w/o Rice Yid (kg/rai) 339 395
H.Lam Chamuak Wet Area (rai) 7,000 8,245
Dry Area (rai) 1,000 3,298
Costs ('000 B) 29,786,000 51,002,184
With Rice Yld (kg/rai) 495 635
w/o Rice Yld (kg/rai) 368 338

Based on 1978-79 AIT survey data.
Assumes 18 percent dry season area cropped.
Based on Burecau of Budget reported data, 1987.
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Table 16

ERRs from BOB Economic Analysis

ERR 8/c' ERR B/C ERR B/C
Site Ratio Case 2 Ratio Case 3 Ratio
Huai Aeng 15.4 1.2:1 13.2 1.1:1 14.0 1.0:1
Huai Kaeng 23.6 2.0:1 20.5 1.7:1 21.7 1.8:1
Phuttha Utthayan 16.9 1.3:1 14.2 1.1:1 15.2 1.2:1
H. khilek 19.5 1.5:1 16.7 1.3:1 17.8 1.4:1
Chorakhe Mak 15.3 1.2:1 12.9 1.0:1 13.8 1.1:1
Huai Talat 22.4 1.8:1 19.4 1.5:1 20.6 1.6:1
Lam Chnmuak 15.4 1.2:1 13.0 1.0:1 13.9 1.1:1
NESSI average 18.5 1.5:1 15.8 1.2:1 16.9 1.3:1

Case 2 Sensitivity analysis assuming construction costs increase 20 percent and

benefits decrease 10 percent.
Case 3 Sensitivity analysis assuming benefits decrease 20 percent.
! uses a 13 percent discount rate.

Table 17

Initial and Final Dry Season Crop Yields in NESSI Project Sites
Used by BOB for Calculating 1-30 Year Benefits

CROP YIELD (kgs)

Site sweet' Peanut Soybeans Veget- Chilis Mung- \Vater
Corn ables® beans Melons
Huai Aeng 2,034 202 814 1,800
4,000 250 1,300 5,500
Huai Kaeng 2,138 185 814 1,800
4,000 250 1,300 5,500
Huai Khilek 2,688 134 588 162 1,520
3,300 330 1,300 214 6,000
Chorakhe Mak 3,379 240 124 792 47
5,000 310 204 2,500 122
Phuttha U. 2,688 192 814 106 1,520
3,300 330 1,300 125 6,000
H. Talat 1,480 246 124 1,480 70
5,000 310 204 2,500 122
Lam Chamuak 733 120 124 1,735 B4
3,500 240 204 2,500 122

! Ears per rai.
? tucumbers.




Factor Values Used for Calculating Applied Study ERRs
Factor Value
Site Used
Huai Aeng Vet Area (rai) 21,066
Dry Arca (rai) 3,160 (15%)
Costs ('000 B) 83,742,653
After 5 yrs With Rice Yield (kg/rai) 330
Final With Rice Yield (kg/rai) 480
Initial w/o Rice Yield (kg/rai) 220
Final w/o Rice Yield (kg/rai) 320
Huai Khilek Wet Arca (rai) 8,625
Dry Arca (rai) 3,850 (40X)
Costs (*000 B) 39,632,683
After 5 yrs Nith Rice Yield (kg/rat) 340
Final With Rice Yield (kg/rai) 475
Initial w/o Rice Yield (kg/rai) 239
Final w/o Rice Yield (kg/rai) 320
H.Chorakhe Mak Met Arca (rai) 9,6002
Dry Area (rai) 2,880 (30X)
Costs ('000 B) 53,129,236
After 5 yrs With Rice Yield (kg/rai) 450
Final With Rice Yield (kg/rai) 600
Initial w/o Rice Yield (kg/rai) 287
Final w/o Rice Yield (kg/rai) 400
Phuttha Utthayan Wet Area (rai) 12,014
Dry Area (rai) 4,806 (20%)
Costs (‘000 B) 66,879,407
After 5 yrs UWith Rice Yield (kg/rai) 300
With Rice Yield (kg/rai) 475
Initial w/o Rice Yield (kg/rai) 240
Final w/o Rice Yield (kg/rai) 320
! Based on RID costs data.
2 Assuming completed all on-farm ditches.
} Based on Bureau of Budget reported data, 1987.
( ) Best estimate of long-term annual average dry season cropped area as percentage of wet season
cropped area.

A comparison of Tables 15 and 18 shows that the
assumptions related to arca served in the dry scason
are, in general, much smaller than used in the
previous cconomicstudics. This reflects the historical
data that clearly indicate initial cstimates of dry
season cropped arca are not sustainable on a year
to year basis. In the different sites, assumed arca for
yearly dry scason cropping presented in Table 18

represents the best estimate of "on the average” arca
that can be cropped. Wet scason crop  yicld
assumptions in the two tables are not very different,
although the final "without" project yiclds tend to be
higher than those used in the other economic
studics. Similarly, it is also important to examine
assumptions concerning average yiclds obtained for
non-rice crops; these data are in Table 19,
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Table 19

Initial and Final Non-Rice Crop Yields Used in
NESSI Applied Study Economic Analysis

CROP YIELD (kgs/rai)

Site sweet! Peanuts Soybeans Veget- Chilis Mung- Water
Corn ables’ beans Melons

Huai Aeng

initial 1,300 180 814 1,000
final 3,000 250 1,150 3,100
H. Khilek

initial 1,000 588 1,200
final 3,500 975 2,000
Chorakhe Mak

initial 1,800 180 180 100 1,200
final 3,200 250 240 200 1,800
Phuttha Utthayan

initiat 2,200 180 700 1,400
final 4,000 250 1,150 2,500

! Ears per rai.
2 Usually cucumbers.

Combining data from Tables 18 and 19, economic
internal rates of return were calculated for four of
the seven NESSI sites. As the previous economic
analyses carried out by the different organizatiors
varicd in the way farm labor was treated, analysis in
Table 20 treats farm labor in two ways. In the first
approach, farm labor required in NESSI sites is
treated as a production cost; in the second, farm
labor opportunities gencrated are treated as a
project benefit. The appropriate approach to use
depends upon whether labor in the NESSI sites has
sufficient off-farm employment opportunities. If so,
the usc of this labor in increased agricultural
production represents income foregone; if not, the
use of this labor represents increased income and
therefore is a benefit to farmers in the project arca.
Given the historical tendency of Northcast farmers
to work off-farm during the dry season, this question
can casily be argued cither way. To minimize debate,
and to make the analysis comparable with the
previous ERRs, results are presented using both
approaches. Tables G-1 through G-4 provide a

listing of the 30-ycar strcam of benefits and costs
uscd to calcrlate the Applied Study ERRs.

From Table 20 it is apparent that two projects, Huai
Khilck and Huai Phuttha Utthayan, have ERRs well
above 12 percent, while Huai Acng and Huai
Chorakhe Mak have ERRs at or slightly below 12
percent, even considering farm labor as a project
benefit. The success of Huai Khilek and Phuttha
Utthayan is related to a relatively better dry season
water supply in the case of Huai Khilek, and a
slightly better dry scason water supply combined
with a faster adoption rate for dry scason cropping
in Phuttha Utthayan. Lower ERRs for Chorakhe
Mak and Huai Aeng reflect the relative shortage of
dry scason water in both arcas and the delay in
completing construction at Chorakhe Mak. The
results of the sensitivity analysis show that, for the
systems, an increase in dry scason cropping of 10
percent’ of the wet scason arca and/or a 15 percent
decreasc in construction costs is required to increase
the ERRs to greater than 12 percent.



Table 20
ERRs for NESSI Applied Study
1982 through 2012 (30 Years)

ERR B/C ERR ERR ERR
Site Standard Ratio case 1' Case 2 Case 3
Assumptions (12%) Assumptions Assumtions Assumptions
Huai_Aeng
Include labor costs 10.0 0.87: 1.9 3 12.0
Exclude labor costs 12.0 1.03: 12.4 3 15.0
Huai Khilek
Include tabor costs 15.5 1.21: 17.1 i8.8 18.4
Exclude tabor costs 17.5 1.35: 20.3 22.7 21.6
Chorakne Mak
Include labor costs 10.5 0.91: 1.6 13.3 12.9
Exclude labor costs 11.5 0.98: 13. 14.7 14.3
Phuttha Utthayan
Include labor costs 16.5 1.22:1 20.6 26.1 21.4
Exclude labor costs 18.1 1.33:1 24.8 33.7 24.5

2

in overall construction costs.

Case 1 Assumes increase in dry scason area by 5 percent of wet season area, for example, increase
Huai Aeng from 15 percent to 20 percent of area.

Case 2 Assumes increase in dry season area by 10 percent of wet season area, for example, increase
Huai Khilck from 40 percent to 50 percent of area.

There is not enough secure water to consider case 2 in Huai Aeng.

Case 3 Assumes increased farmer participation and larger chaek size leading to 15 percent reduction

3.5.4 Conclusions

Economic analysis, using actual project data [or the
past five ycars, indicates that two of the four sites
cxamincd by the Applicd Study team have an ERR
greater than 12 percent, while the other two have
ERRs greater than 10 percene. Given NESSI's
cxperimental nature and the difficultics associated
with developing projects in "bypassed™ areas,
NESSI's cconomic results, while not nearly as high
as those originally cstimated by AIT, can be
considered marginally acceptable. At all sites,
overestimation of the sceure potential arca for
planting dry scason crops has led (o higher
expectations than can be realistically achicved. Yet,
ficld data indicate that family incomes in the three
Applicd Study arcas, based on "average dry scason”
arca that can be ser ed, have risen by 20 percent in
Huai Aeng and 50 percent in Huai Khilek, and will
increasc by 40 percent in Chorakhe Mak when all
the construction is complete’.

Even the relatively low income increase at Huai
Acng is slightly misleading, as it was more advanced
than the other sites in 1982. Agriculture in the Roi

Et region has incrcascd rapidly, lessening the
differcnce between "without” and "with” conditions;
the low arca that can be cropped in the dry scason
limits family benefits, however. Income increases in
the other arcas reflect their ability "on the average"
to plant larger dry scason arcas.

3.6 Engineering Issues

This scction assesses significant engineering aspects
of NESSI and idcntifics positive and negative
findings reclated to these issues. The primary
engincering issucs arc thosc related to design,
irrigation command arca, dry scason water supply
forecasting, rescrvoir scdimentation, water conflict,
and construction costs. These issucs are addressed
in the following section.

3.6.1 Design and Implementation

NESSI engincering  design  emphasizes  water
distribution and drainage systems. Design critcria arc
bascd primarily on minimizing construction costs and
facilitating opcration and maintcnance activitics.
Initially, NESSI’s dcsign features were similar to
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irrigation systems in Thailand, but after revision,
chack size was reduced and additional farm level
ditches were introduced.

Main design features and opcration procedures
assume the following:

s A change from continuous to rotational flow
allows the main canal convcyance capacity to
be less than system-wide water requircment,

s Increasing the number of main ditches and
farm ditches hetter serves small groups of
farmers (10-15 farmers).

s Higher canal density requires a better plan for
scheduling rotation irrigation.

Implementation of the NESSI design concept has
been successful in developing a good operation and

maintcnance program. However, project construction
costs were quite high due to an increased number of
concrete-lined main farm ditches, as well as a large
number of unlined ditches. NESSI’s most prominent
design critcria has been the reduction of chack
service area. The project developed an cxperimental
pilot arca of 500 rai in 1982, which, using the Bishop
system, had farm ditches that served a relatively
large chack arca. Experimental results indicated that
farm fceder ditches, which in many cases fed directly
from the main canals, served too many farmers to
permit effective organization of farmer groups. This,
in turn, led to poor watcer control. Based on an
evaluation of the pilot arca, a decision was made to
modify the NESSI design criteria. A series of lined
main ditches were added to feed much-smaller farm
ditches. After this modification, chaek service area
for each farm ditch was reduced to 100-150 rai.
Table 21 dctails the main project features of the
three Applied Study sites.

Table 21

Summary of Selected Project Features of Study Sites

Project Name

Features lluai Aeng Huai Chorakhe Mak Huai Khilek
Storage capacity,mcm 17.8 (21.89) 20.91 (21.22) 23.7 (26.98)
Active storage, mcm 17.4 19.58 21.7

Dead Stornge{ mcm .4 1.32 2.0

Lost Storage , mcm 4.09 0.31 3.28
Number of years with 6 8 7

with no spillage

Lowest storage, mcm N.A. 1.6 3.0

Year - 1989 1989
Annual municipal water demand,

Present, mcm 1.5 3.6 0.07

By year 2009, mcm 3.02 7.2 0.41

( ) Initial storage capacity.
Storage lost due to sedimentation.
Rough estimate.




3.6.2 Recervoir Sedimentation

Duc to reservoir sedimentation, two of three study
sites, Huai Aeng and Huai Khilck, have much lower
storage capacity than when they were initially built.
In the past 18 years, Huai Aeng’s reservoir has lost
storage capacity of 4.09 mcm. If sedimentation
continucs at this rate, the reservoir dead storage
capacity will be severely reduced in a few years, and
reservoir  dredging  activities may have to be
undertaken, Major reasons for Huai Aeng reservoir
sedimentation are cassava growing in the watershed
arca and the sandy-soil nature of the watershed.
Huai Khilek has lost storage capacity of 3.28 million
cubic meters in 16 years. However, its dead storage
capacity of 2 mem is still quite high, and it will not
be filled in the next 10 years. Huai Khilek reservoir
scdimentation  results from  the  mountainous
watershed topography and sandy soils. Cassava and
sugarcane production arc also a contributing factor.

Huai Kacng has a reservoir sedimentation problem
similar to Huai Khilck and scems (o have the most
severe sedimentation problem among the seven
project sites. Huai Kaeng has lost about 5.7 mem of
storage capacity in 10 years, Huai Kacng’s watcershed
arca is used for cassava production even more than
the Huai Khilek arca and, therefore, has a more
scverc  sedimentation  problem.  Even  though
scdimentation is not yet a significant problem in the
other systems, given the relatively small storage in
the rescrvoirs, it is still a concern.,

3.6.3 Command Irrigation Area

Huai Acng has the largest command irrigation arca,
21,066 rai. Compared 1o its active storage capacity
of 17.4 mem, the command irrigation arca is quite
large, given its water supply. Morcover, with an
additional daily water withdrawal of 4,000 cubic
mctcrs for the Pra Phutta Yod Fah army camp, the
available irrigation potential is further reduced.
Other NESSI sites have more-realistic command
irrigation arcas, although the city of Buri Ram’s
domestic usc of the available water supply at Huai
Chorakhe Mak reduces the potential arca that can
be served at that site. However, in all cascs it is clear
that the available service arca for dry scason
cropping 1s dircctly related to the previous wet
scason rainfall. Because of limited storage capacity
and erratic rainfall, it will be very difficult to plant
100 percent of the available arca during the dry
scason. In the three study sites, reservoirs in the dry
scason can scrve, on average, 15 pereent of the wet
scason arca for Huai Acng, 40 percent of the wet
scason arca for Huai Khilck, and 30 pereent of the
wet scason arca for Huai Chorakhe Mak.

3.6.4 Water Availability

Techniques used to forecast sccure available water
supply tend to overestimate inflows into NESSI
reservoirs, As a result, there has been an overly
optimistic estimation of irrigation potential. Three
mecthods were employed in estimating inflow into the
NESSI projects reservoirs. AIT used a crude runoff
cocfficicat approach to cstimate inflows, assuming
inflow to be 20-25 percent of cffective monthly
rainfall. Resource  Engincering  Consulting  Co.
(REC) used a water balance cquation to estimate
inflows based on mecasured outflows. TEAM
Consulting Engincers Co., wtd. used a regression
cquation approach to estimate reservoir inflows.
TEAM’, approach, which has been used by CTF to
develop recommendations for dry scason operation,
developed lagged, lincar regresston cquations to
predict runoff (inflow) as a function of rainfall,
These cquations were based on ncarby watersheds
that  had adequate rainfall-runoff data.
Unfotunately, there are few watersheds  with
adequate data in the Northeast. Thus, the available
watersheds were not necessarily representative of the
NESSI sites (Tables 22 and H-1).

Although lincar regression  techniques  usually
provide a good cstimation for average conditions,
they do not provide accurate cstimates if extreme
values arc the norm. REC's approach is much better,
as it predicts extremes with more aceuracy. However,
the water balance approach requires that outflow
data be available. Given the importance of accurately
cstimating low-flow extremes in medium-size
reservoirs, an approach that overestimates low flows,
such as the lincar regression model, should not be
uscd for forecasting inflows, With the Northeast’s
crratic rainfall, any system uscd to forecast available
water must be onc that does not minimize the
importance of extreme values, particularly low
extremes.

Severe drought in 1985-88 caused extremcly dry
conditions for Lam Chamuak and Huai Chorakhe
Mak rescrvoirs. Although it is impossible to predict,
this critical drought period may again occur.
Therefore, it is suggested that inflow cstimation
study be based on physical hydrologic modcling and
that irrigation potential studics be carried out taking
into considcration the 1985-88 drought period.
Figure 7 illustrates different inflow  cstimates
obtained using a physical hydrologic model
comparced to a lincar regression model.
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Table 22

Important Characteristics of NESSI Matersheds ard
Selected Watersheds Used for Regression Analys\s

Characteristics
NESSI Subproject Watershed Annual Major Type of Land
and Corresponding Area Rainfall, Use in Watershed
Selected Matershed (knf) (mm) Area
Huai Aeng, Roi-Et 147.50 1,118.4 Cassava
Lam Chi Long, Chaiyaphum 265.00 1,028.3 Forest
Huai Khilek, Mukdahan 80.60 1,480.6 Sugar cane, forest
Huai Bang E, Mukdahan 702.00 1,529.0 Forest
Huai Chorakhe Mak, Buri Ram 96.25 1,294.0 Paddy

3.6.5 Conflicting Water Demands

All threc NESSI sites studied expericnce both
municipal and irrigation water demands. It is
expected also that several other medium-scale
irrigation projects in the Northeast are in a similar
condition. Huai Chorakhc Mak is in the worst
situation, since it is expected to provide 3.6 mem of
water annually for the city of Buri Ram’s domestic
consumption. As Buri Ram grows, in part from
tourism promotion, thc domestic water demand will

likely double within 20 years. Morcover, the
Provincial Water Works Authority (PWWA) for Buri
Ram, the organization responsible for providing the
municipal water supply, currently pays nothing for
the water, which it sclls at a profit (1988 net return
was stated as 10,000,000 baht). In contrast, farmers
in Huai Chorakhe Mak are asked to contribute free
labor for Q&M. In the near future, water users there
will also be asked to pay WUA membership and
scasonal O&M fees. Table 23 compares the
projected return from water for municipal and
irrigation use.

Table 23

Comparison of Municipal Water Revenues and
Potential Net Returns from Dry Season Agricultural Use

Annual Hunicipal Dry Season Agriculture
NESSI Site Supply Revenue'

{mcm) (million baht) Irrigated Arca’ Net Return’

(rai) (mitlion baht)

Huai Aeng 1.5 7.5 1,500 2.07
Huai Chorakhe
Mak 3.6 18.0 3,600 3.98
Huai Khilek 6.07 0.2 70 11

! Assumed treated water net revenue of 5 boht .
2 Assumed net water consumption of 1,000 l‘l_l;a_i/season.
? Based on average net returns for all dry season crops at three sites.
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As cxpected, municipal water provides higher
returns, but these returns accruce to the PWWA
rather than RID. Conscquently, there is no
contribution toward O&M from water used for
municipal purposcs.

In addition to domestic and industrial demands,
there are also competing agricultural demands. As
can be scen in Figure 8 (and in Appendix H), there
has been a rapid increase in small weirs and
diversion structures in the watcershed above the
NESSI sites. These structures are restricting inflow,
and during dry ycars such as this year in Nakhon
Ratchasima, arc capturing all the flow in the stream.

RID is currently studying alternatives to solve the
long-term  water  shortage  problem  for  Huai
Chorakhe Mak and address the water problems for
Buri Ram. The department is considering the
following:

1. Building a pumping station to pump water from
the Lam Plaimat stream at a rate of 4 cms
during the wet scason to fill the Huai Chorakhe
Mak reservoir. This intrabasin water transfer
scheme is cconomically feasible if PWWA is
willing to pay the investment and operation
costs. Prior to undertaking this alternative, a
natural resource management scheme  that
considers both upstream and downstream water
demand from the Lam Plaimat must be
undertaken, to cnsure there are no conflicts
over watcer rights.

2. Raising the dam in order to increase the
reservoir storage height by 0.5 meter, thus
increasing reservoir storage capacity by about
5 mcm, This alternative will inundate onc
square kilometer of land,

3. Digging a connccting channel between Huai
Talat reservoir and Huai Chorakhe Mak
reservoir, The retention level of Huai Talat
reservoir is 0.729 meter higher than that of the
Huai Chorakhe Mak reservoir. Historically, the
water level in the Huai Talat rescrvoir is
generally higher than in Huai “horakhe Mak’s
reservoir. From 1964 to 1988, .. lowest annual
maximum water level was at wevation 161.7
meters msl for Huai Talat reservoir, This level
is just 0.5 meter below the maximum retention
level of the Huai Chorakhe Mak reservoir. The
total storage capacity of both rescrvoirs is 40.67
million cubic meters, and the total catchment
arca of both reservoirs is 249.25 square
kilomelters. Huai Talat’s storage level also has
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less variation than that of Huai Chorakhe Mak.
Therefore, this third alternative is a fecasible
alternative to consider in morc detail for relieving
the water supply problems of the city of Buri Ram,

3.6.6 Construction

Construction activitics were delayed for Huai Khilek,
Huai Talat, Huai Chorakhe Mak, and Lam Chamuak
duc to underestimated construction costs during the
design of NESSI. Of the three NESSI sites with
completed  construction, only Huai  Kaeng’s
construction quality is poor, due to its sandy soil,
stcep rolling terrain, and  poor engincering
supervision. Huai Aeng and Phuttha Utthayan
construction quality appears to be satisfactory. Huai
Khilek and Huai Talat were recently completed and
that construction quality is also satisfactory. Lam
Chamuak and Huat Chorakhe Mak are ncarly
completed, and so far the construction quality is
satisfactory. Table 24, which summarizes
construction costs of the main components for all
NESSI sites, reveals the following:

1. Construction of the distribution system and on-
farm system accounted for sbout 60 percent
and 35 pereent of the total costs, respectively.
If these two cost items can be reduced, the
cconomic viability of the project will be much
more attractive.

2. Drainage system construction costs are much
reduced from original designs, from about 23
million to 4.8 million baht. Use of the natural
drainage system, which was recommended by
the project ficld director during the carly stages
of the project, makes this cost reduction
possible.

Overall, NESSI’s construction costs arc rather high
duc to a comprchensive distribution and on-farm
system. With this type cost structure, the NESSI
modcel will not be casily spread to other areas on a
large scale due to limited government budget and
the model’s relatively high per-unit costs.

3.6.7 Operation and Maintenance Program

The NESSI concept of small irrigated chacks at the
farm ditch level that serve a limited number of
farmers (10-15) requires irrigated water to be
delivered on a rotational basis. Rotation scheduling
at the NESSI sites includes the entire distribution
system hicrarchy, from main canal to farm ditch.
Except for farm ditch rotation scheduling, the RID
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Table 24

NESS] Subproject Construction Cost! (1982-1989)

Line Item Cost (baht)

Subproject Dam Distribution
Improvesent System

Drainage On Farm Total
System Systea

Huai Aeng 799,278 40,943,588 3,417,705 37,898,980 83,059,511
Huai Kaeng 788,152 55,354,291 432,99 19,659,982 76,235,419
phuttha Utthayan 957,600 30,452,374 957,600 26,778,131 59,145,705
Huai Khilek - 23,956,530 - 13,014,344 36,970,874
Huai Talat 152,998 40,352,770 - 11,881,137 52,386,905
Chorakhe Mak’ 5,040,249 33,293,106 - 13,966,482 52,299,837
Lam Chasuak’ 153,000 26,053,878 - 17,363,566 43,570,444
Total 7,891,277 250,406,537 4,808,299 140,562,622 403,668,735
X of total cost 1.955 62.033 1.191 34.821 100

preparation.
Construction will be complcted iy July 1989.

} Under construction.

! Excluding office building, farmer training center, access road, and construction

O&M unit chicf and zonemen arc responsible for
operating the system. Because of the expanded
requircments of operating a rotation system, rotation
has caused an increasc in their tasks. Therefore, the
arca under cach O&M unit chicf has been reduced
to about 6,250 rai. Q&M unit chiefs and zonemen
at NESSI sites have attended a number of
proccdural training courses to help them cope with
their tasks of dclivering irrigation water, and
coordinating O&M involvement of chack groups and
waler users associations,

3.6.8 Engineering Conclusions
NESSI has demonstrated that an irrigation system

with small chacks works well in mecdium-scale
rescrvoirs in Northeast Thailand. However, due to
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the large number of lined canals and unlined farm
ditches, the NESSI approach has proven to be
rclatively cxpensive. AIT and CTF forecasting
techniques to predict firm supply of dry scason water
have consistentlyoverestimated actual availability. As
a result, the irrigation command area is too large for
the norinal water supply; 50 percent or more of the
irrigation facilitics cannot be used cach dry season.

Sediment inflow into NESSI reservoirs is a problem
at srme locations and, if not restricted, will soon
reduce the active storage at a number of sites.
Compcting decmands for municipal and industrial
water also serve to reduce the water supply actually
available for farmer use. In the future, as the
Northcast cconomy continues to grow, competition
for water supplies will become even more
problematic.



Notes—Chapter 3

1. James R. Chamberlain, "The Northeast Small
Scale Irrigation Project: A Management
Review." Prepared for USAID/Thailand, Office
of Agriculture. March 1985.

2. In some cases chacks were as large as 700 rai.
3. AdamsTobacco’sinnovative extension program
all over the Northeast promoting Turkish

tobacco is an exception to this statement.

4. Personal conversation held on May 22, 1989 at
TDRI in Bangkok.

6.

Dry scason cropping at this level is not possible
on a sustainable basis for Huai Acng duc to a
shortage of watcr.

Bypassed arcas arc thosc that cconomic
development has missed due to such factors as
poor (ransportation access, occupation by a
minority group, presence of discases like
malaria, limited natural resources including
poor or erratic water supply, and distance from
the sca or the more settled arcas of a country.

This assumes chack groups will be formed in
cevery chack, contiauing cfforts will be made to
strengthen the WUA and help the farmers with
their transition to more commercial agriculture,
and "normal” rainfall will occur soon.
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4

RECOMMENDATIONS

This chapter provides a set of recommendations for
the future development of nedium-scale reservoirs
in Northeast Thailand. The recommendations are
bascd primarily on findings from the NESSI Applicd
Study. Drawing upon other on-going water resource
development  activitics  in the  Northeast, the
recommendations also attempt to synthesize these
experiences and provide a comprehensive approach
that the RTG can follow over the next decade. The
ultimate goal, of course, reaches beyond merely
developing the water resources, 10 encompass
improving the income of a significant portion of the
Northeast's agricultural population, who are at
present the lowest income group in the country.

4.1 Institutions

Successful exploitation of medium-scale reservoirs in
the Northeast requires not only technical develop-
ment of irrigation structures, but also a proper
institutional structure to cncourage inleragency
cooperation, NESSI provided a relatively complicated
institutional structure; this section recommends a
simpler model.

Project Coordination

In retrospect, the management structure proposed
for NESSI was far too complex and overdesigned.
Yet, given Thailand’s irrigation climate in 1978-80,
when large irrigation systcms dominated and few
advocated investing cither in small-scale irrigation or
in the Northeast, it probably made scnse to propose
a system that had many built-in checks. However, as
indicated in Chapter Tiiree, only two coordinating
bodics, the Project Coordinating Subcommittee and
the ficld working group. played a major role in the
project. Ironically, ncitter was part of the original
design.

Bascd on NESSI experience, additional medium-
scalc projects in the Northeast should have a
rclatively lean organizational framework featuring
the ficld working group as a major element. This
group should be formed very carly and should
continue to function even after the project (as a
farmal entity) is completed. Of course, as the WUA
becomes stronger over time, the role of the field
working group will have to reflect the WUA's
growing strength. Figure 9 details the recommended
organization. Notc that the Coordinating Subcom-
mittee contains only dircctly concerned line agencies.
Both groups include representatives of the private
joint committces (PJCs) at the national and
provincial level, to ensure private-sector knowledge
of the project.

4.2 Water Users

NESSI has successfully created a functioning
structure of watcr uscrs groups at the project sites,
and has provided opportunities for them to
participatc in systcm O&M and planning for dry
season cropping, The project has also improved
water group access to RTG officers. During its
relatively briel period of strengthening water users
groups, NESSI has made tangible gains in reaching
these shorter-term water management goals of
improved O&M, but it is still too early to conclude
that the revitalized WUAs and the newly-created
chack groups are sustainable.

Sustainability of water users groups depends upon
a mixed set of organizational factors, only some of
which rclate directly to water management:

» an understanding of the rules and regulations

of the chack group, preferably growing out of
conscnsus among the farmers over time;
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Phase 1I: Medium-scale irrigation Project
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= strong but accountable group lecadership;

s preparedness and  willingness  to  accept
increased responsibilitics for system O&M;

o a substantive role in decision-making about
water allocations and scheduling above the farm
ditch;

= an ability by both group mcmbers and
government officers to be forward-thinking, not
secing group formation as an ¢nd in ttself but
as a means to incrcased production and
income; and

s appropriate technologics for turning systcm
O&M benefits into increascd agricuitural
income.

Effcctive  technology transfer and  marketing
initiatives, as the means to attain the longer-term
goals of improved agricultural production and
increased income for farmers, have been far more
difficult for NESSI (o implement. NESSI's first
phase legitimized a role for water users in system
O&M; Phase Il must move beyond water manage-
ment by using the new chack groups and revitalized
WUASs as a means to generate higher agricultural
incomes. Recommendations presented here will not
be casily implemented; they may require both
increased funding and adoption of ncw operating
procedures by sometimes entrenched burcaucracics.
However, at lcast two potential rewards offset these
difficultics: an improved standard of living for
Northcast farmers, and a reduction in the costs of
rchabilitation construction and O&M due to
increascd farmer contributions.

Recommendations

1. Kcep RID as the primary RTG agency in waler
uscr organizing ond strengthening, since
improved water management is the basis for
successful group action. Within  RID,
responsibility for organizing water users would
best lic within the On-Farm Water Develop-
ment Branch, under the O&M Division. This
branch is alrcady responsible for assisting and
monitoring WUAs and chack groups through-
out Thailand. To strengthen its capability to
organizc water uscrs, the branch will nced to
obtain technical assistance from a senior, ficld-
experienced social scientist who can work with
the staff to cstablish procedural guidelines for
organizing farmers and intcgrating production-
oricnted activitics into the approach.

Adopt at the highest levels of the RTG the
concept of farmer involvement at all stages of
irrigation development, from site  design
through O&M, and institutionalize thc concept
as the Standard Opcrating Procedurc at all
RID levels. Savings in construction and O&M
costs will more than cover the cost of recruiting
a rclatively small number of contract staff to
work with water users. Specific actions for cach
stagc should include the following
rccommendations:

Design

Recruit ICOs (both B.Sc. Agriculture and B.A.
Sociology/Education) as contract RID
cmployecs.

Dcploy two ICOs per zoncman; pair
Agriculturc and Sociology Education graduates.

Establish a 4-6 month lcad time for organizing
chack groups.

Explain the RID plan in detail and rcach
agrecment on right-of-way and property
compcensation.

Arrange visits for chack leaders to other sites.

Have farmers review, discuss, and offer
suggestions for changes in prcliminary design.

Construction

Explain construction schedule and update
farmers regularly.

Have water users help RID lay out ditches and
locate ficld outlets.

Recruit local farmers as skilled and unskilled
labor for construction,

Make certain farmers understand final design
prior to construction.

Organize O&M training for chaek group
leaders.

Have farmers monitor construction and
fcedback information through the ICOs.
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Operation and Maintenance

At sites with existing WUAs, reactivate and
provide management skills training,

In sites without WUAs, have chack leaders
cnroll members and collect membership fec.

Expand responsibilitics of water users through
chack and main ditch leaders in allocating and
scheduling water with zoncmen.

Have zoncmen gradually take over ICO
responsibility of working with water uscrs.

Keep ICOs in sites rehabilitated carlier under
different programs.

Lack of monitoring of the farmer training
program has made it difficult to assess Phase
I training cfforts. In Phase 1, training focused
on chack group leaders and WUA officers;
other water users at the sites did not dircctly
participate. In Phase [, the training approach
must become more participatory. WUAs and
water uscrs should be involved in program
planning, rather than taking part as passive
participants.

These suggestions should be incorporated into
the training design:

A Training Task Force for the Northeast should
be created in the On-Farm Weter Development
Branch in Bangkok, which will oversee training
programs for ICOs and zonemen. This training
function should be gradually absorbed into
RID’s Division of Training,

ICOs should determine specific, goal-oriented
training nceds of WUA officers and chack
group leaders/members, and give feedback to
the Training Task Focce through the on-site
Ficld Working Group.

Initially, the Training Task Force will need to
design training programs bascd on 1ceds
identificd by 1COs, Ficld Working Groups,
WUAs, and water users. To ensure a sensc of
involvement, the Ficld Working Group should
approvc training course formats in advance.

As training progresses and training programs
arc given and modificd, the Training Task
Force should devclop standardized training
modulcs for usc in future sitcs.

Training should ¢mphasize learning by doing,
most often in a ficld situation. Material ought
to cite rcal expericnces of farmers and work
toward resolving actual ficld problems. Contract
marketing will be an important area for training
in Phasc II.

Monitoring and follow-up visits should be made
to determine if the training was used and to
serve as a feedback mechanism. ICOs ought to
monitor the success of training programs and
convey findings to the Field Working Groups
for transmittal to the Training Task Force.

Even if Phasc I medium-scale water
development activitics arc based on these
rccommendations, monitoring of Phase 11
implementation will stil! be required. The
reccommended monitoring system is based on
the Standard Operating Procedure discussed
above. In Phase II, on-sitc monitoring of
rchabilitation, farmer organizing, and system
operation must emphasize cost-elfectivencess,
minimized staff time, timely fcedback, and
maximum farmer participation. Since farmers
arc the most important beneficiary group, water
users should conduct the monitoring themscelves
and channel their findings through the WUA
to the Field Working Group. (Sce Appendix E
for further claboration of this monitoring
concept.)

Phasec M development of medium-scale
irrigation in the Northeast will require greater
participation from the private sector than was
found in Phase 1. (Estimates suggest that in the
next 10 years, approximately 80 percent of the
Northcast’s dry scason produce will be
produced under contract.) WUAs, marketing
activitics, and processing agents will be crucial
to the success of extending the focus of water
group organizing beyond water management
alone, to include increasing production and
incomes for group members,  Contract
marketing will require greater pre-planning
coordination between farmers and buyers, to
better match supply with demand.

Prior to cach dry scason, the WUA and
zoncman should determine how much water
will be available in the reservoir and project the
rai of dry scason crops that can safcly be
irrigatcd with this amount of water. Farmers
who grow dry scason crops will form Farmer
Production and Marketing Groups, informal



interest groups composed of the farmers at a sile
who grow the samc crop. WUAs must ensure that
FPMGs do not overcommit themsclves in contracts
with buyers and promise to cultivate more land than
the available water can supply. The WUA role in
projecting land for dry cropping and ensuring that
available water supplics arc not over committed tics
marketing to the WUA’s morc traditional water
management responsibilitics.

43 Crop Production

Recommendations for crop production require
consideration of other factors: market demands for
crops, conservation of soil fertility, sustainability of
soil fertility, sustainability of soil resources, and
quality of products. Processing plants are rapidly
establishing a presence in the Northeast and,
conscquently, demand for non-rice crops s
increasing rapidly. Processing plants requirc a
regular supply of quality crop products, but at
present, plants in the region have difficulty mecting
their supply requircments. Farmers should change
to producing crops that can be grown on contract to
mcet the plants’ requircments.

Erosion and depletion of soil nutrients are major
problems of Northeast soils. Nitrogen-fixing crops
like peanuts, soybeans, and mungbeans can be used
to improve soil fertility. Such cropping patterns as
intercropping of cassava and peanuls are
recommended both to reduce soil  crosion,
particularly in the upland crop arcas above the
medivm-scale reservoirs, and to help maintain soil
fertility.

43.1 Crop Recommendations for Applied
Study Sites

Huai Aeng

Rice is the main wet scason crop, both in irrigated
and nonirrigatcd arcas. The most widely used varicty
is RD6. Cassava is the main upland crop. Dry scason
crops include a sccond rice crop, pcanuts,
watermelons, glutinous and sweet corn, and
vegetables, Vegetables include chili peppers, gourds,
yard-long beans, and eggplant. Dry scasoz: rice is not
rccommended because it requires so much water.,

Farmers’ incomes can be increased from both wet
and dry season crops. It is rccommended that other
ficld crops replace cassava in the upland areas, since
scdiment inflow into the reservoir is a major
problem. Peanuts and baby corn have potential,
since they have a high market demand. Farmers
alrcady have cxperience growing peanuts in the dry
scason, and peanut growing has an indirect benefit
of increasing soil fertility. Crops recommended for
the dry scason depend on market demand and,
therefore, will vary with market prices.
Recommended crops include peanuts, baby corn,
sweet corn, vegetable soybeans, tomatoes (fruit and
sced), mushrooms, and such vegetables as yard-long
beans, cucumbers, and chilis. All of these crops are
suitable for nrocessing and export. Price will depend
upon quality, which can be improved if farmers at
the site use irrigation properly.

Huai Khilek

During the wet season, cassava, sugar cane, and
pcanuts arc the main upland crops, while rice
occupies the lowland arcas. The only
rccommendation for crop intensification at. this site
is to grow more pcanuts by intercropping them with
cassava in the upper fields. Again, this
rccommencdation is made to reduce sediment inflow
into the rescrvoir and io improve soil fertility.
Overall rice production can be improved by shifting
more arca into improved nonglutinous rice varietics.
Dry scason crops are sweet corn, chilis, yard-long
beans, cucumbers, eggplant, and some cabbage and
pumpkin: all are required by processing plants.
Recommended  crops for promoiion include
tomatoes, baby corn, soybeans, and peanuts, which
are mainly for processing and export.

Huai Chorakhe Mak

Under rainfed conditions, rice is the main wet
scason crop. Rice is also the main wet season crop
in the irrigated arcas. Glutinous corn is the main
crop grown in upland arcas. Upper paddy or upland
areas should be diversified to grow baby corn and
pcanuts. A possible way to increase cropping
intensity is to grow peanuts in vpland areas and
vegetables close to water sources. Dry season crops
arc pcanuts, mungbcans, soybeans, sesame, and such
vegetables as cucumber, garlic, and shallots.
kccommended crcps for the dry season are the
samc as thosc for Huai Acng.

61



432 Crop Production Considerations

Farmers in all three sites arc continuing to
experimeat  with  different crops and different
cropping practices. As additional farmers grow crops
under contract, processing plants will advise
concerning the required technology. Over the next
few years, however, there will be quite a variation in
yields and quality, but over time, expericnee with
ncw crops and availability of better varietics will
reduce yicld wvariation. Training and improved
technology transfer methods—both private and
public—and the formation of FPMGs should help
farmers become more proficient in producing
processing and fresh market crops.

4.4 Extension

NESSI’s extension activitics were premised on the
assumption that farmers had almost no access to
technical knowledge and secure markets for non-
rice crops. Marketing and production data presented
in Chapter Three clearly indicate that the situation
in the Northeast today is far diffcrent from the late
1970s, when NESSI was designed. Under these new
circumstances, approaches used to help increase
farmer incomes need to be rethought.

44.1 Increasing Production in Irrigated
Areas

Increasing labor costs in the central and northern
regions of Thailand constrain the country’s ability to
meet the world market’s rapidly growing demand for
such cxport crops as canncd/fresh baby and sweet
corn, processed tomatoes, and the more-cxotic
bamboo shoots, muskrooms, Chincse radishes, and
tropical fruits. Under these circumstances, if
irrigation watcr is available, the semitropical climate
of the Northeast is actually much better suited than
clsewhere in Thailand for producing a number of
non-rice crops. As a result, interest has shifted to the
region’s production arcas that have good supplics of
dry scason irrigation water.

NESSI project sites, as well as Lam Nam Qon, Nam
Pong, and Lam Pao, arc alrcady starting to reflect
the benefits of this new interest. Processing capacity
alrcady built in the Northeast, combined with that
planncd or alrcady under construction, guarantces
that the Northeast’s rapid expansion in non-rice crop
production will continue, at least in the ncar futurc.
Ficld-level technical knowledge to feed this growth
is presently being refined by farmers in the irrigated
arcas. Yicld fluctuations and quality-control
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problems, along with a certain amount of frustration
on the part of thc newer growers, arc an incvitable
by-product of rapid cxpansion. Similarly, RID
officials are having to learn how to operate irrigation
systems to producc non-rice crops. Erralic rainfaii
leading to widely varying water supplies in the
reservoirs complicates the process, as it is difficult
for all parties to plan from year to year.

442 Technology Transfer

Changing from rainfed subsistence crops to
commercial crops in both wet and dry seasons has
brought Northeast farmers much closer to private-
sector processing and marketing organizations. Thesc
initial contacts have brought certain problems, but
morc and more farmers are starting to look to firms
like Adams Tobacco, Universe Foods, NACO, and
Charocn Phokap and for market guidance and
technology. Farmers now realize that market
demands dictate both the type of product and the
timc of its harvest. This, information is available
only from commercial firms; thus, DOAE field staff
at the subdistrict and district level are ' nding their
traditional, purc technology-transfer oles being
reduced.

The study team believes that this phenomenon will
continue and that it works to the benefit of the
farmers. the private-scctor firms, and DOAE.
Howcever, DOAE must now find a new role in the
intensively irrigated arecas where the private sector
is active. In the future, it is recommended that
subdistrict agricultural officers provide liaison
between  processing  firms  and  marketing
organizations and farmers, preferably through
FPMGs and WUAs. In the carly stages, while
Northcast farmers are still naive about legal
contracts, DOAE should develop a standard contract
(see Appendix F). DOAE should alsn organize a
campaign to inform farmers about the concept of
market contracting and promote the standard
contract. In some cases, DOAE pcrsonnel may also
nced to play a mediator role when problems arise
Sctween farmers and private firms.

In contrast to the model of the flow of technology
and information represented in the Project Paper
(Figure 10), the study tecam believes a new model for
future medium-scale irrigation projects in the
Northeast is required. Figure 11, in which the
private-sector role in policy, technology transfer, and
marketing is much morc dominant, captures the
dircction of Northeast agricultural development
during the 1990s.
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4.5 Marketing

Although marketing initiatives under NESSI have
been limited in the project sites, these efforts do give
some direction for future development. The next
phasc should emphasizc crop recommendations
based on cxisting and predicted market conditions,
approachestoimprove existing procurement systems,
improved and simplificd market contracts, and
market training programs for WUA lecaders and
DOAE and RID staff.

4.5.1 Recommended Crops and their Markets

Vegetables and oil sced crops for processing arc
strongly recommended for the NESSI project arcas,
because regional and international demand for these
crops continues to be very strong. Recommended
crops include baby corn, tomatocs, soybeans,
peanuts, and mungbeans. These crops should be
grown undcr marketing contracts with food
processing plants or wholesale dealers. In particular,
it is rccommendced that baby corn be produced to
supply processing plants in the Northeast and fresh
markets in Bangkok. Demand for baby corn has
incrcasced by more than 120 percent per annum since
1983. For cxample, onc Bangkok exporter demands
a minimum ol 50 tons of baby corn per week, and
is willing to provide cold storage facilitics at the farm
level if farmers in a location can mcet the demand.

Mushrooms, chilics, peppers, and yard-long beans
arec recommended for sale to spot markets. Tables
F-5 through F-7 give rccommended vegelable

varieties for Huai Acng, Huai Khilek, and Chorakhe
Mak for sale to wholesalers, processing plants, and
roadsidc markets. Size of the market represented by
the information in Table F-1 suggests that the three
NESSI sites studied have access to large and
expanding markets. Tablc 25 lists the most important
national and provincial markets for the various
recommended Northeast crops.

452 Improvement of the Marketing
Contract

Farmers commonly cnter into disadvantageous
marketing contracts with processing plants and
middicmen. For cxample, most contracts have no
penalty clause when processing plants do not uphold
their  contractual terms. The following
rccommendations arc suggested for improving the
production and marketing aspects of contract
farming in medium-scale irrigation locations. These
rccommendations include specific suggestions for
more-cquitable contracts.

Production Aspects

1. Local RID officers, in cooperation with
agricultural cxtension agents, decide which
crops will be grown, and where.

a. Farmers determine their production plans
and inform the WUA,

b. WUA and zoncmen synthesize the plans
into a viable pattern for cach site.

¢. RID officials, WUAs, and FPMGs ointly
determine the dates to plant crops and
supply water to the different chaeks.

Table 25

Important Markets for Recommended Northeast Crops

Crop Provincial and National Markets

8aby corn

Tomatoes

Soybeans

Mungbeans

Roi Et, Yasothon

Khon Kaen, Sakhon Hakhon
Bangkok

Roi Et, Yasothon

Khon Kaen, Sakhon Nakhon
Kalasin, Nakhon Ratchasima
Ubon Ratchathani, Sakhon Nakhon
Bangkok

Khon Kaen (Chum Phae)’
Nakhon Ratchasima, Buri Ram
Kanchanaburi, Bangkok

1

Most important mungbean market in Northeast Thailand
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2.

Farmer Production and Marketing Groups stay
actively involved.

a. Production and Marketing Groups would

play the following roles within the existing
structurc of WUAs:

Water Users Association

RMC WUG

-

|

LMC WUG

Provide administration and
coordination within and among chaek
groups, and interaction with other
concerned parties.

Chaek 1

Chaek 2

Chaek N+1

Manage water use, operate and

maintain irrigation system.

Chairmen of the FPMGs sign contracts with
processing plants and contact concerncd
partics for assistance. Membership and
status of FPMGs will likely change cach
scason as farmers decide to vary the crops
they grow.

. The optimal size of cach FPMG depends

upon the arca planted to the crop and the
markct demand.

Baby Corn Tomato Soybean Groundnut Provide production inputs and
facilities, and help market
FPMG FPMG FPMG FPMG crops. Members of FPMGs are
drawn from many chaek groups.
. FPMGS, informally organized around a Marketing Aspects
particular crop during the dry season, are
represented by an clected group chairmen. 1. Have WUA, Ficld Working Group, and DOAE

staff arrange meetings between FPMGs and
processing plants or middlem«n. The following
commitments are suggested:

a. Processing plants/middlemen fix the

quantity required of a particular crop at a
guaranteed price, with an agreed-upon date
for delivery.



[\ )

b.

FPMG chairmen, having alrcady determined
group members’ interest and level of
commitment, make an agreement with the
processing plants (or middlemen) to fill
some or all of the production quota. They
then discuss the terms with the FPMG
members and agree upon a quota for cach
farmer. At this point, markcting contracts
arc prepared and signed.

Inputs and assistance provided by processing
plants shouid include the following facilitics and
services:

a.

b.

furnishing sced,

providing credit or suggesting sources for
pivduction credit,

accepting delivery of crops, and

recommending production practices.

The Marketing Contract

Contracts should include the following
provisions:
a. quality of the crop and a fixed-price sct by

processing plants/middicmen;

detailed arca planted by the farmer under
the contract;

cultural practices recommended or required,
including amount and type of fertilizer and
chemicals to be applied;

harvesting schedule;

determination of grade and nature of
product, and schedule for delivery,

responsibility for dainages caused by cither
party, c.g., nondelivery of crops on time;

date of contract cxpiration; and
conditions and payment schedule for cach

crop transaction (sce Figures F-8, F-9, and
F-10).

453 Improving Procurement Systems

Procurement systems can be improved by changing
the direction of commodity flows from provincial to
national markets.

Processed Vegetables

In the Northeast, farmers generally have limited
market outlet options, and often scll their baby corn
to ncarby processing plants. In the future,
procurcment for baby corn, tomatocs, soybeans, and
peanuts should move to exporting channcls.
Exporters or wholesalers need to provide cold
storage facilitics at the local level for baby corn
purchase by Bangkok wholesalers and/or exporters.
In addition, post-harvest activities such as sorting,
grading, packing, ctc., must be performed in order
to expand the market boundary from farms in the
NESSI sites to processing plants further away (sce
Figurcs F-11 through F-14 and Tables F-8 through
F-10). Table F-1 gives names and addresses of major
processors.

il Sceds

The procurement system for such oil sceds as
soybeans, pcanuts, and mungbeans can be improved
by having farmers dcal with the provincial markets,
rather than depending only upon the Centers for
Propagation and local asscmblers (sce Figure F-15).
However, this will put a greater burden on the
farmers to carry out predelivery activitics such as
grading, (ransportation, and collecting and
disseminating market intclligence. Table F-2 lists
names and addresses of provincial wholesalers
dcaling in oil sceds.

Fresh Vegetables

Northcast provinces can produce many different
kinds of vegetables, which arc sold to wholesale
markets within the province and in other provinces
of the region (Figure F-16). At present, produce
from the study sites is shipped too far (Figures F-
17 through F-20). In general, the distance from farm
to wholesale market should not exceed 150 km. for
green leafy vegetables and fruits, and 200 km. foi
root vegetables. FPMGs should handle delivery of
fresh vegetables. Before selling, the groups will nced
to sort, grade, and pack the produce properly for
shipping. Tables F-5, F-6, and F-7 give
recommended vegetables for the WNESSI project sites.
Table F-3 lists addresses of provincial wholesale
markets in the Northeast,
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4.54 Encouraging Private Firms to Contact
Farmers

Recently, RTG established a national policy of
forming Private Joint Committees in every province
to connect private-sector firms and public-scctor
government agencies. PJCs are to develop provincial
cconomies, assist with production and marketing
schemes, and solve problems in agriculture, industry,
and services at the provincial level. So far PJCs have
been established only in the large provinees that are
trading centers and/or main producing arcas of
cconomic crops, ¢.g., provinces in East Thailand, an
economic zone for fruits. To date, PJCs in the
Northeast have been established in Ubol, Udorn,
Khon Kaen, and Nakhon Ratchasima. Ubol is the
only NESSI site with a PJC,

In order to focus on the marketing problems and
improve/develop procurement systems in the NESSH
arcas, PJCs should be formed by senior provincial
government officers and private-sector businessmen
in all NESSI provinces. To convey the importance of
the PJC, the governor should initially chair the
committee. Once PJCs are formed and functioning,
the chairmanship of the PJC should be rotated, given
the numecrous tasks of provincial governors.
Committce  members  include  private  firms,
representatives from private-sector groups such as
provincial chambers of commerce, and officials from
provincial offices of agricultural  extensior,
commerce, industry, and communication. Figure 12
iliustrates the composition of a typical PJC at the
provincial level.

The head of the Provincial Office of Agricultural
Extension should be a member of the PJC and play
an important role in linking private entreprencurs to
WUAs in the NESSI project arcas. Through the
PIC, the extension director will lcarn about crops
semanded by private firms. His office and staff can
then carry this information to WUAs, In turn,
WUAs will be expected to convey the information
to water uscrs groups and farmer production and
marketing groups.

4.6 Engineering

NESSI cxperience, particularly at Huai Acng,
indicates that the design criteria for the farm ditch
service arca of 100-150 rai is workable and effective
for O&M activitics. The experience has been based
upon farmer participation during the
postconstruction stage only.
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4.6.1 Design, Construction Costs, and Other
Demands

The study tecam believes that if farmers are involved
during preconstruction, a workable and cffective
scrvice arca for cach farm ditch may increase to
200-250 rai. This translates into about a S pereent
reduction in construction costs, as shown in Table
26. Furthcrmore, if farmers can be motivated to
participate during the construction period, costs can
be reduced cven further. Assume, for example, that
farmers contribute free labor for farm  ditch
construction and sodding as shown in Table 27.
Using the basic NESSI technical design, with
increascd waler user participation, construction costs
can be reduced by approximately 15 percent.

Both rchabilitation and new development projects,
particularly in the Northeast, must take into account
other water demands (such as for domestic and
industrial use), annual rainfall,  physical
characteristics of the catchment arca, and land use
in order to get realistic estimations of water
availability and irrigation command area in both wet
and dry scasons. In particular, it is important that
any new reservoir constructicn consider present and
potential demands for domestic and industrial water,
For example, in the three reservoiis studied by the
team, none of the original documeats planned for
domestic usc, yet all three systems now provide free
water (o other users. But furmers are being asked to
pay O&M fees and provide labor. The study tcam
strongly recommends  that a  mechanism  be
developed for censuring that other large water
consumers, such as the city of Buri Ram, pay for
part of the capital development cost and accept their
share of O&M costs.

4.6.2 Reservoir Inflow Estimation

Inflow forccasting techniques originally used to
design the NESSI Project tended to overestimate
firm inflow. Therefore, the team recommends that
future inflow estimations be based upon a hydrologic
modecl that is better suited to take into account land
usc and physical characternistics  of  specific
watersheds. A hydrologic model employed in RID’s
Chi Basin Water Management Improvement Project,
based on the SCS small watershed rainfall-runoff
model, can be applicd to any medium-scale irrigation
project. Appendix H shows examples of inflow
cstimation using these methods.



Public-Sector Members

Representative from
Office of Industry

N/

Private-Sector Members

Representative
from Provincial
Chamber of
Commerce

Representative from
Officc of Commerce

Privatc Joint Committeec

Chairman: Governor

(Chairmanship of the mceting

should be rotated)

Representatives from
Other Offices

Representative from
Office of Agricultural
Extension

WUA<

Transaction

Representatives from
Private firms

of Crops

Figure 12

> Private

Firms

Composition of Private Joint Committee at Provincial Level

69




70

Table 26

Construction Cost Comparison for Three Design
Criteria’ for Huai Aeng.

Cost, x 10° B

2

RID Criteria’ CTF Criteria’ Proposed Criteria

Dam improvement 2,670 2,671 2,671
Main canals 9,445 9,445 9,445
Main ditches 7,516 17,216 13,336°
Drainage system 113 761 761
Structures (main systems) 4,093 4,784 4,784
Access roads 15,382 12,270 12,270
Sublateral canals 4,231 17,092 17,092
On-farm system 40,082 23,854 23,854*
Total 84,554 88,093 84,213
Note: 'Criteria Service area, rai
Original up to 400
NESSI 100-150
Proposed 200-250
2 From NESSI Final Report of Consultant Task Force, Vol. 11, September
1985,

Estimated using linear cost reduction between the NESS] criteria and
original criteria.

Assume that cost reduction of fewer farm ditches is offset by higher
costs for additional farm ditch conveyance capacity and length.

Table 27

Analysis of Construction Cost Reduction Generated from
Farmer Participation at Huai Chorakhe Mak

Item Unit Quantity Unit price Total
(B) (B)
Construction of farm ditches m 57,290 85 4,869,650
Type, TN-1
Construction of Farm ditches, m 21,430 95 2,035,850
Type, TN-2
Sodding of main ditches m? 41,490 6 248,940
sodding of main canal m 234,342 6 1,406,502
Total 8,560,492
Total project construction cost 53,129,235
Fifty percent farmer labor contribution 4,280,240
Percentage of farmer contribution 8.056
Sixty five percent farmer labor contribution 5,564,320
Percentage of farmer participation contribution 10.470




4,63 Basin Water Management Study

Given the vast amount of uncoordinated water
resource development over the past 20 years, as well
as work underway in the "Greening of the Northeast”
Program, it is strongly recommendced that a basin-
wide water management study be carried out prior
to deciding to develop any new reservoirs in
Northcastern subwatershed basins, All small-scale
irrigation projects in the catchment arca must be
included in the study so that realistic irrigation
potential of the medium-scale irrigation project can
be assessed. In Lam Chamuak, for example, 19 small
weirs have been developed in the watershed above
the reservoir in the past six years. This partially
cxplains why Lam Chamuak re-crvoir is having
trouble Nilling. Without more coordination of water
resource development in the Northeast, this problem
will become even more acute in the near future.

In addition, reservoir sedimentation continucs (o be
a major problem in several NESSI subprojects. It is
suggested that any lurther expansion of the NESSI
concept 1o other  Northeast  reservoir — sites
incorporate a scdimentation survey program into the
rchabilitation  plan  and  include  watershed
conscrvalion mcasures in any rchabtlitation or new
development programs. At sites where cassava is
extensively grown in upland arcas above the
rescrvoir, programs to promote intercropping with
peanuts and mungbeans should be made an integral
part of the development program. Otherwise, many

medium-scale reservoirs will fill with sediment
before  providing cnough  benefits o justify
development.

4.6.4  Dry Season Cropping Area

With the erratic rainfall and intensive development
that has occurred in the subwatershed basins
throughout most of the Northeast, inflows into
reservoirs arc extremely variable. This means that it
will be impossible to produce dry scason crops on all
of the service arca cvery year. In fact, based on
historical records and hydrologic models, it is
cstimated that "on the average” dry scason cropping
will be 15 percent of the total service arca in Huai
Acng, 40 percent in Huai Khilek, and 30 percent in
Huai Chorakhe Mak. These percentages must be
recognized as averages: for example, Huai Khilek
had over 4,000 rai of dry scason crops in 1987/88,
and about 1,000 rai in the dry scason of 1988/89.
Thercfore, the dry scason cropping intensity dropped
from 50 pereent to 12 pereent in one year.

With this type of variation, RID and the WUAs will
have to work very hard to accurately determine the
available water supply. Equily problems associated
with allocating limited water supplics in dricr years
will place severe strain on both RID staff and WUA
lcadership. RID and the WUAs nced to develop
guidelines to plan for the shortages that are expected
to occur regularly, and formulaie an equitable
mcthod of rotating dry scason scrvice arca.
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SUMMARY AND IMPLICATIONS

NESSI was conceived and initiated during a turbulent
period in Thailand’s history. Since NESSI’s
conception in the late 1970s, Thailand has undergonc
dramatic economic and democratic changes and, at
present, is onc of the strongest economics in Asia.
Lessons learned from activitics carricd out during this
period, including those learned from NESSI, arc
valuable not only for Thailand, as it rchabilitates
additional medium-scale irrigation systems, but also
for other countrics in the region that struggle to
address poverty in lower-income arcas.

5.1 Summary

NESSI faced a number of challenges in the carly
years: budgetary, staffing, institutional, and
organizational. Duc to delays caused by
underfunding, the cxpatriate consulting firm had
basically completed its contract before NESSIE was
at a point to use many of the skills available. As a
result, the local contractor, TEAM Engincering,
carricd the weight of the responsibility and deserves
credit for much of the project’s success. Thailand is
fortunate to have capable local cngincering
contractors and will certainly want to draw on them
in the future.

Sites developed under NESSI are at a stage where
cconomic opportunitics for farmers are very high. In
order to maximize economic benefits from improved
irrigation water availability, stronger chack groups
and WUAs must exist, and RID must continue to
work closely with these groups to encourage and
support them. In addition, it is critical that farmers
work closely with private-sector firms to establish an
cquitable contracting system benefitting both partics.
Prior to expansion of the private sector in the
Northeast, market opportunitics were very limited,
Now that these opportunitics exist, all efforts must
be made to link producers and farmers in a
productive chain.

Strengthening chack groups and developing an
expanded role for WUA s will take a significant effort
from RID. This is a new role, which requires that
RID enhance the capabilitics of its On-Farm Watcer
Management Branch. However, if RID is cver to
benefit from increased farmer contributions for
0&M, the agency must make a commitment to
increasing its own capacity to train and work with
watcr users groups.

Under the present "Greening of the Northeast”
program, there is a tremendous amount of
development activity, much of it focused on water
resources. This activity follows two decades ol
various water resource  dev.iopment  projects
organized through RID, .and Development
Department, Community Development Department,
Accelerated Land Development Department, Land
Scttiements Department, KKU, the Army, National
Encrgy Authority, PWWA, and a multitude of other
agencics. While a large number of projects have
been completed that provide benefits to the
population, the projects have been carried out in a
relatively uncoordinated way. As a result,
competition for water resources in the Northeast is
increasing. Before the Northeast has a bad enouga
drought year 1o lead to a crisis, it is necessary Lo
study present conditions in the different subbasins
and determine the c¢xact water balance in cach
system, Otherwise, as is becoming apparent, new
projects will simply take water from older irrigation
systems, causing their benefits to decline. Soon,
competition with industry and tourism for the limited
water supplics will be the most scrious problem
farmers face.

52 Implications
Thailand’s development experience provides amodel

for other countrics in the region, Certainly, Laos,
Cambodia, and Vietnam all look to Thailand as an
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cconomic modcl they would like to cmulate.
Indonesia, Malaysia, and the Philippines arc also
interested in the "Thailand model,” particularly its
balanced growth between agricultural and industrial
exports. Thai busincssmen are alrcady involved in
agricultural and tourist-related activities throughout
Southcast Asia. With its strong cconomic base,
Thailund will continuc as a regional development
resource for the next two decades.

The sccret of Thailand’s success has been the RTG’s
willingness to let the private sector do what it docs
best. This policy has mcant that the RTG docs not
hesitate to withdraw from public service arcas when
the private scctor demonstrates that it can perform
the service better, and at less cost to the
government. Thailand has allowed the private sector
to provide such scrvices as air travel, toll roads,
lower and higher education, agricultural inputs,
agricultural marketing, and cxports. It has also
encouraged the privale seetor to provide more
traditional public services: seed  development,
agricultural rescarch and extension, express mail
service, power gencration, and even water resource
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development. The private provision of public services
brings the forces of competition into arcas of
monopoly. In Thailand, it has been demonstrated
repeatedly that these forees lead to better services
at a lower price.

With respect to NESSL it is clear that the
emergence of private-scctor processing plants has
ensurcd that farmers can benefit from their labor.
When NESSI reservoirs were first constructed in the
1960s, farmers had water but no outlet for their
products. Given their limited economic incentives,
farmers did not usc the water. Today, by contrast, at
every Northeast location where dry scason water is
available, farmers are cager to produce crops and
private processing plants want to buy them. When
local farmers are not interested, farmers from other
parts of the Northeast will rent their land. Due to
RTG encouragement of private-sector investment,
massive past investments in water resource
development are paying very high returns for
farmers in Northeast Thailand and for the country
as a whole.
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A

SCOPE OF WORK

I.  Project Objectives

The Northeast Smail-Scale Irrigation Project (NESSI)
is a pilot project which seeks, through a diversified
prograin of construction and institational support, to
incrcase agricultural incomes in Thailand’s most
deprived region. The project is being implemented
on seven sites dispersed throughout the Northeast
Region. These sites are the potential command areas
of existing small reservoirs (called “tanks” locally).
Roughly 4600 houscholds are being served by NESSI
on the seven sites.

Project activities have included:
w theimprovementofdeteriorated embankments;

»  the rchabilitation, extension, and improvement
of main canal systems;

n thedesign and construction of effective on-farm
distribution systems;

= the organization of water user associations to
encourage farmer participation in operation and
maintcnance;

= the development of training programs for
farmers and RTG personncl;

s the coordination of participating local govern-
ment agencies; and

= marketing initiatives in the agro-industrial
sector,

As a pilot project, NESSI is expected to be the first
experimental phasc of a longer-term initiative of the
Royal Irrigation Department. A somewhat modified
NESSI approach will eventually be extended to
ncarly onc hundred additional sites in the Northeast.

II. Purpose of the Applied Study

The Northcast Small-Scale Irrigation Project is
regarded by the RTG as Phasc | in the development
of irrigation systems in the region. Phase 11 will
expand upon the NESSI experience both by
continuing activities in the original sites that were
not completed during the project’s life and by
developing new sites. In any case, there are certain
to be changes in approach in all sites in the
Northeast during the sccond phase.  NESSI
contained a significant construction component,
threugh which main canals were rehabilitated and
main ditches and farm ditches were constructed.
Phase II is likely to deemphasize const. action, by
restricting the scope of this activity to the main
canals, and will focus on sustaining farmer
organizations, opecration and maintenance, and
marketing linkages.

This applied study of NESSI will serve both to
describe and assess NESSI and to set the direction
for the next phase. Specifically, it has the following
major purposcs:

» to describe and assess NESSI, both in terms of
individual clements and as an integrated
package;

» toidentify those clements of NESSI (and other
irrigation development efforts in the region
such as the Lam Nam Oon Integrated Rural
Development Project) which ought to be
transferred to other potential sites;

= to cstaolish guidelines for potential activities,
presently at only a formative stage in NESSI,
such as marketing; and

» to provide recommendations concerning the
modification and institutionalization of NESSI
elements suitable for the further development
of the seven NESSI sites and for transfer to
other sites in the region.
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An objective of the NESSI Project was the
development of an implementation approach which
would provide a replicable model for the
rehabilitation of other sites in the Northeast.
Following on that objcctive, an caily purpose of this
applied study was the delincation of a  "NESSI
model” for such replication, based on actual project
expericnce. However, during the life of the project,
activities focused heavily on construction. There has
been initial progress made on coordinating local
government  offices, organizing  water  user
associations, and encouraging farmer participation
in operation and maintenance, but there have been
few marketing initiatives, Thercfore, the definition
of a NESSI model based on actual project
implcmentation is not yet possible.

In summary, the study tcam will be responsible for
assessing project activities as they stand and
suggesting to the RTG the most effective ways in
which Phase II might be conducted, in terms of both
goals and steps to reach those goals.

III. Background

The 1978 Report on "Water for the Northeast”
prepared by the Asian Institute of Technology for
the Royal Thai Government’s Water Resources Sub-
committce points out that the farmers of the
Northeast arc plagued by unreliable scasonal rainfall
and that this is onc of the main rcasons that the
Northcast has the lowest crop yields per arca of any
region in Thailand. Most rainfall is lost to the
farmers as it quickly percolates through the sandy
soils. In the dry scason water is scarce. Despite
these problems, the repori concludes that much of
the demand for basic houschold water requirements
could be met through existing water resources and
that the first priority for water resource development
in the Mortheast should be the better distribution of
available resources through improvements to existing
systems.

There is considerabie potential for increasing crop
yiclds in the Northeast that is not being realized duc,
at least in part, to poor utilization of available water
resources. Estimates vary depending on source, but
it appears that less than 20% of the Northcast’s
irrigable arca from existing water resources of about
650,000 hectares is actually being irrigated in the wet
season, and less than 5% in the dry scason.

Onc of the important resources for irrigation in the

Northeast is the more than 200 small to medium-
sized tanks in the region. RID estimates that these

78

tanks, ranging in size from about 1 million cubic
meters to over 20 million cubic meters, command an
irrigable arca of over 175,000 hectares. However,
since most of these tanks have incomplete or
detcriorated irrigation systems that are being
incfficiently utilized, only 2 fraction of their potential
is being realized.

There are numerous problems in improving the crop
production and incomes of farmers within the
command areas of these tanks. Many existing tanks
and their delivery systems require some design
modifications and/or considerable rchabilitation as
well as extension of their canal systems in order to
maximize their water delivery and utilization
potential. Construction and/or improvement of the
on-farm structures (ditches and dikes) is especially
nceded in many casces, and construction of related
infrastructure such as opcration and maintenance
roads and farm-to-market roads can also be
important.

Besides the capital improvement needed to existing
tank systems, there arc many other constraints that
must be overcome before the water available from
improved tank systems can be properly utilized to
improve agricultural yields. Mainlenance of existing
systems has been poor and irrigation water, even
when available, is generally not well managed within
the systein. Cropping patterns and cultural practices
do not maximize returns and cropping intensitics are
well below the potential.  Farmer access to
agricultural inputs such as quality cxtension services,
low-cost credit, unadulterated fertilizer, pesticides,
seeds, ctc. has been generally inadequate. Marketing
problems are also important constraints and farmers
need assurance of dependable market access and
atiractive prices before they will invest their money
and labor to tmprove yiclds.

The NESSI Project sought to establish a sustainable
system for increasing the agricultural productivity
and income of morc than 30,000 rural poor within
the potential command arcas of seven existing small
to medium sized tanks in the Northeast of Thailand.
The strategy of the project was to address the major
identificd constraints to improve productivity in the
Northeast Region through a package of consultant
assistance, demonstrations, training and construction
that would provide:

s Dbasic infrastructure for reliable delivery of
water to farmer’s fields;

» improved arrangement for key RTG
agriculturalservice organizationstodeliver their
scrvices to farmers;



= adequate procedures to help link up farmers to
necessary agricultural inputs and markets;

» a strengthened farmer organization structure
for managing and maintaining on-farm water
delivery; and

= a system of training that would motivate
farmers to properly utilize inputs to increase
yields and market their crops.

The NESSI Project was expected to yield an
implementation approach which would provide a
replicable model for rehabilitation of about 100 of
the remaining small-medium tanks in the Northeast
which have sufficient storage capacity to warrant
development. It should be pointed out that the
seven tanks selected for the NESSI Project were
seven of the ten largest tanks in the Northeast in
terms of storage capacity. In fact, the NESSI Project
tanks have storage capacities in the range of 15-35
million cubic meters, whereas of the remaining
tanks, about 45 have capacitics of 3-5 million cubic
meters and about 100 have capacitics of only 1-3
million cubic meters.

IV, Study Approach

The applied study will be conducted under the
guidance of the team leader who will have the
responsibility for coordinating the work of all study
tcam members, cnsuring the quality of the written
report, and presenting results of the study at the
NESSI Workshop to be held in mid-October 1989.
The tcam leader will be in-country for 2 1/2 months
during the study period and an additional 2 wecks
to finalize the report and prepare the presentation
for the workshop.

Since the team leader will be in-country for only two
months of the threc month study period, a deputy
team leader who is a Thai professional will be
selected and will coordinate the study team’s efforts
during the absence of the team leader.

Given the limited amount of time and resources, it
will be impossible to study each of the seven NESSI
sites. Thus three sites are recommended, based on
size and approach, which should capturc all of the
clements envisioncd in the NESSI objectives. These
sites arc Huai Aeng at Roi Et, Huai Khilek at
Mukdahan and Lam Chamuak at Nakhon
Ratchasima.

Detailed arrangements and organization of the study
team will be the responsibility of the Team 1.cader,
but a suggested work schedule is outlined here as
a preliminary guide:

Month One

The Study Team members will assemble in Bangkok
for a two-day Tcam Planning Meeting, to be led by
a Thailand-based facilitator. The meeting will serve
to acquaint all members with the objectives of the
study, determine individual responsibilitics, and
clarify technical and adininistrative problei.s. The
team will review all documents, including project
reports, AIT and other feasibility studies, and RTG
evaluations related to NESSI and other relevant
development efforts in the Northeast.  These
documents ought to be assembled by USAID prior
to the arrival of the tecam.

The team, with USAID and RID assistance, will
select no more than three of the seven NESSI sites
for intensive study. In addition, the team members
will visit the Lam Nam Oon Intcgrated Rural
Development Project to identify marketing initiatives
and watcr user group/opcration and maintecnance
activitics which might be incorporated into Phase 11
for medium scale systems development. During this
period, the team will visit the sites sclected for
intensive examination and interview NESSI staff,
RTG officials, and farmers. They wili jointly
determine arcas for further investigation which will
be followed through during the coming month.,

By the conclusion of Month One, the American
tcam member who will participate only during this
period will provide a final report to the Team
Leader, according to an aiready agreed to focus.
Those tcam members who will be actively involved
during month two will agree on their activities during
that period.

Month Two

The threc Thai members of the team will participate
in the study half-time. Their responsibilitics will
likely fall into three categorics: review and summary
translation of Thai documcnts which will form part
of the basis of the final report; review of notes,
determination of additional intervicws, and
preliminary dralting of sections of the final report;
and ficld visits to the selected sites to supplement
previous trips. The members will work under the
supervision of the Deputy Team Leader.
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Monti Three

Gathering of the team, including the Team Leader
and the three Thai members. The team will make
field visits as 1equired, brief USAID and RID on its
conclusions and anticipated guidelines for further
development activitics, and prepare the final report.
The tecam will prepare and submit the final draft
report in the form given below which discusses the
presentation of results.

Month Fou:

USAID will review the report and request
modifications, as required. The T<am Leader and
Deputy Team Leader will make any reasonable
changes. Their activitics, however, will focus on a
presentation of the report’s findings and
recommendations to the NESSI Policy Workshop,
which will formally close the project.  Their
prc ntation will take one-half to one full day, as
agreed to with USAID personnel.

V. Study Team Composition and Leve! of Effort

The study team will be composed £ two American
and three Thai specizlists:

Agricultural Economist/Team Leader
(Amcrican)

Irrigation Engincer (American or Thai)
Social Scientist (Thai)

Agricultural Extension Specialist (American or
Thai)

Marketing Specialist (American or Thai)

Only one of the three latter positions will be filled
by an American. The choice will depend upon the
qualifications and availability of candidates, although
it is likely that the pivotal position of Marketing
Specialist will be filled by an American citizen.

A Thai member of the team wili be selected as
Deputy Team Leader and will provide continuity to
the assignment during the period the full team is not
in place.

The following chart indicates the projected level of
cffort of the team members:

Marketing Specialist =s==zs====sc=S

z=z===  full-time effort

----- half-time effort

Position / Month 1 / Month 2 / Month 3 / Month 4 /

Ag. Extension Spec, T T




This chart is meant to be indicative of anticipated
levels of cffort bascd on assumptions that the
Deputy Team Leader is an engincer and that an
American is identified for the ma. keting position.
The sccond American tcam member will participate
for one person-month.

VI. Team Member Responsibilities

Agricultural Economist/Team Leader. The
responsibilitics of the agriculiural cconomist/tcam
leader will include the overall supervision of the
study tcam and the final report. The team leader
will organizc and coordinate the work schedules of
the other tcam members and determine activities for
Thai team members during Month Two. The team
leader will also regularly review team progress and
dircctions with USAID and RID to cnsure
compatibility of objectives, and will review and edit,
as required, all preliminary and final drafts of the
study report to cnsure internal consistency and that
the report fulfills its goals. With the deputy tcam
lecader, the tcam leader will prepare an oral
presentation, with appropriate visuals, for the NESS]
Policy Workshop.

The agricultural cconomist will assess the economic
feasibility of the NESSI modcl. Assumptions on
which the project was built will be tested. For
example, the Project Paper drafted in 1980 estimated
an ERR of 31.41 percent based on a variety of
assumptions about cost and benefit  streams
associated with project activitics. Recognizing that
not all picees of the originally envisioned project fell
into place as planned, the agricultural cconomist
should utilize such data as has been generated over
the cight years since the project was authorized and
reestimate the ERR. The objective would be to
reach an overall judgement on whether the NESSI
project concept warrants continued investment by
the RTG. A part of reaching this judgement would
be to determine modifications in project concept that
would improve the ERR. In undertaking this task
the agricultural cconomist would work closely with
other specialists on the team.

The agricultural cconomist should evaluate the
implications for cconomic and financial fcasibility
of the NESSI modcel of the RID decision to only
construct and rchabilitate main channcls, leaving
construction and improvement of minor channcls
and water courses to the farmers. Specifically, a
financial analysis of investment in irrigation ditches

and recurrent expenditures in maintaining them by
the farm unit(s) will be undertaken by the
agricultural economist. This work should be
undertaken in ciose consultation with other members
of the team.

Irrigation Engineer. The responsibilitics of the
irrigation engineer will be to review the opcrations
and maintcnance programs in the threec NESSI sites
selected and, in cooperation with the social scientist,
identify and define the approaches to O&M which
appear to be successful, The engineer should also
review the development of main canals, farm ditches
and on-farm water distribution systems at the three
sites, to describe the design and construction
approach used and identify problems which have
constrained successful completion of any of the
elements. The engineer should work with the social
scientist to develop an approach for involving
farmers in the design and construction process and
rccommend how this approach might be applied to
the smaller remaining undceveloped tanks in the
Northeast. Since current RID thinking implics that
no farm ditches would be constructed by RID in
these remaining smaller project areas, the engineer
should work with the social scientist to develop a
recommended approach for mobilization of farmers
to construct such facilitics.

Social Scientist. As the organization of water user
associadons will become an increasingly important
aspect of irrigation development in the Northeast,
the Social Scientist will be responsible for reviewing
and asscssing NESSI progress in this area. The
social scientist will draw upon Thai experiences in
organizing such groups, through a carcful review of
all documentation and personal involvement in
rescarch and implementation. Many of the farmers
in the sites have no previous cxperience with
irrigation or are relative newcomers to the arca.
Working with this diverse population, NESSI has
organized a formal structure for farmer involvement
with chacks and hicrarchical levels of leadership,
closcly ticd to the physical plan of the system. The
social scicntist will examine the effectiveness of this
participatory approach and its suitability for
operation and maintenance and other irrigation
activities. Based on cxtended periods in the
sclected sites, interviewing farmers and farmer
leaders, the Social Scientist will also provide
rccommendations for Phase II activitics. The Social
Scicntist is expected to work particularly closcly with
the Agricultural Extension Specialist and the
Marketing Specialist.
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Agricultural Extension Specialist. The principal
responsibility of the Agricultural Extension Specialist
will be to work with RTG extension specialists at the
three sites selected to describe how dry season
irrigated crops can best be introduced to the farmer.
Most farmers in the command areas now scrvicerd
by the systems have little or no cxperience with
irrigated crops during the dry scason and a well
planncd extension program is needed to ensure that
farmers fully understand both the options available
and the cultural practices required.

The Extension Specialist should also work with the
Marketing Specialist to develop a recommended
extension program which would introduce farmers
to crops with highest market potential and assist
them in developing such potential.  Approaches
should be recommended both for the seven existing
NESSI sites and also for the remaining smaller sites
with development potential in the Northeast. The
approaches may or may not ve similar in these two
cases.  In cither case, the objective will be to
stimulate  farmer  responsiveness  to market
requircments.

Marketing Specialist. The creation of marketing
linkages between farmers and  transporters or
factories in the arca was a goal of the NESSI
Project. It is also certain to be a significant Phase
II objective.  The Marketing Specialist will closely
cxamine the experiences of the Lam Nam Oon IRD
Project in marketing and assess their suitability for
medium scale sitcs. The existence and availability
of markets for dry scason crops is still uncertain.
The Marketing Specialist will canvas the areca and
determine  various strategics which might be
cmployed by both farmers and transporters/factory
owners for establishing cither formal or informal
linkages. The focus here will be on the creation of
sustainable ties between the two sectors o ensure a
reliable source of and market for farmer produce.
The specialist will be expected to determine the
nature of those tics and requirements (credit, for
cxample) to maintain them. Close collaboration
between the Markctmb and Agricultural Extension
Specialists is requircd

VII. Presentation of Results
Results of the study will be presented in two

formats, a formal written report and an oral
presentation to the NESSI workshop.
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a.  Written Report—should contain the following
sections:

Basic Project Identification Data Sheet
Executive Summary: Three pages, single spaced.

Body of the Report: The report should include,
(1) a discussion of the purpose of the study; (2) the
economic, social and political context of the NESSI
project and replicable sites; (3) team composition
and study methods (one-two pages); (4) an
assessment of the NESSI project including a
description of the NESSI "model" and the strengths
and weaknesses of cach clement; (5) recommended
appreaches to extend the positive aspects of lessons
learned in the NESSI project to other sites in the
Northeast; (6) recommendations for strengthening
uncompleted elements of the NESSI project such as
market development; and (7) a summary of other
findings of the study and overall conclusions. The
body of the report should consist of no more than
40-50 pages, with more dcetailed information
regarding methodological or technical aspects of the
study placed in appendices.

Appendices should include:
= scope of work of the study;

s bibliography of thc study and documents
consulted;

s persons interviewed and sites visited;
s other information as noted above.

b.  Oral Presentation—should be prepared with
quality visuals highlighting findings of the study. The
presentation should include:

=  study tecam composition;

s study objectives;
a  bricf discussion of the approach;

»  summary of the findings of the assessment of
NESSI;

= recommendations  for  strengthening  the
marketing component of NESSI; and

s rccommendations for extension of NESSI
concepts to other sites in the region.
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DOCUMENTS REVIEWED

Asian Institute of Technology

1.

A Feasibility Study of the Rechabilitation of
Tank Irrigation Systems in Northcast Thailand
Volume [: Main Report. Asian Institute of
Technology. August 1979.

A Feasibility Study of the Rchabilitation of
Tank Irrigation Systems in Northeast Thailand.
Volume II - Appendix I: Huai Talat. Asian
Institute of Technology. August 1979.

A Feasibility Study of the Rchabilitation of
Tank Irrigation Systems in Northeast Thailand.
Volume III - Appendix H: Huai Chorakhe Mak.
Asian Institute of Technology. August 1979.

A Feasibility Study of the Rchabilitation of
Tank Irrigation Systcms in Northeast Thailand.
Volume VI - Appendix V: Phuttha Utthayan.
Asian Institute of Technology. August 1979.

A Fcasibility Study of the Rehabilitation of
Tank Irrigation Systems in Northeast Thailand.
Volume VII - Appendix VI: Huai Acng. Asian
Institute of Technology. August 1979.

A Feasibility Study of the Rchabilitation of
Tank Irrigation Systems in Northeast Thailand.
Volume VIII - Appendix VII: Huai Khilck.
Asian Institute of Technology. August 1979.

A Feasibility Study of the Rchabilitation of
Tank Irrigation Systems in Northcast Thailand.
Volume IX - Appendix: VIIT Huai Kacng, Asian
Institute of Technology. August 1979.

A Feasibility Study of the Rchabilitation of
Tank Irrigation Systems in Northcast Thailand.
Volume X - Appendix IX: Lam Chamuak.
Asian Institute of Technology. August 1679,

A Feasibility Study of the Rehabilitation of
Tank Irrigation Systcms in Northeast Thailand.
Volume XII - Appendix XI: Socio-Economic
Implications. Asian Institute of Technology.
August 1979,

A.LD. and USAID/Thailand

10.

11.

12,

13.

14.

15.

Northeast Small Scale Irrigation Project Paper.
USAID/Thailand. July 1980.

Thailand Northeast Small Scale Irrigation
Project Anncxes. Agency for International
Development, Washington, D.C. August 1980.

NESSI Project Implementation Workshop:
Workshop Report, August 16-19, 1982.

Economic Feasibility Report: Northeast Small
Scale Irrigation Project. Jerry W. Knapp.
USAID /Thailand. April 1983.

The Northeast Small-Scale Irrigation Project:
A Management Review. James R. Chamberlain.
USAID/Thailand. March 1985.

Socio-Cultural Factors Affecting Water User
Groups at Lam Nam Oon. James R.
Chamberlain and Charuwan Thammawat.
USAID/Thailand. October 1985,
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Parsons-TEAM Consuitant Task Force (CTF)

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.
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Inception Report for Northeast Small Scale
Irrigation  Project. Parsons-TEAM CTF.
November 1982.

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 2: 1 January to 31
March 1983. Parsons-TEAM CTF.

Progress Report for The Northeast Small Scaie
Irrigation Project. Volume 3: 1 April 30 June
1983. Parsons-TEAM CTF.

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 4: 1 July to
September 1983. Parsons-TEAM CTF.

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 5: 1 October to 31
December 1983, Parsons-TEAM CTF,

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 6: 1 January to 31
March 1984, Parsons-TEAM CTF.

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 7: 1 April to 30 Junc
1984. Parsons-TEAM CTF,

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 8: 1 July to 30
September 1984, Parsons-TEAM CTF.

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 9: 1 October to 31
December 1984. Parsons-TEAM CTF,

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 10: 1 January to 31
March 1985. Parsons-TEAM CTF.

Final Report of the Consultant Task Force for
the Northeast Small Scale Irrigation Project.
Volume 11: Sentember 1985,

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 12: 1 October to 31
December 1985. TEAM CTF. (Thei language)

29.

30.

3L

32.

33.

34,

36.

37.

38.

39.

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 13: 1 January to 31
March 1986. TEAM CTF. (Thei language)

Progress Report for The Northeast Small Scale
Irrigation Project. VOlume 14: 1 April to 30
June 1986. TEAM CTF. (Thai language)

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 15: 1 July to 30
September 1986. TEAM CTF. (Thai languagc)

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 16: 1 October to 31
December 1986. TEAM CTF. (Thai language)

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 17: 1 January to 31
March 1987. TEAM CTF. (Thai language)

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 18: 1 April to 30
Junc 30 1987. TEAM CTF. (Thai language)

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 19: 1 July to 31
December 1987. TEAM CTF. (Thai language)

Progress Report for The Nertheast Small Scale
Irrigation Project. Volume 20: 1 January 1 to
31 March 1988. TEAM CTF. (Thai language)

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 21: 1 April to 30
June 30 1988. (Thai language)

Progress Report for The Northeast Small Scale
Irrigation Project. Volume 22: 1 July to 30
September 1988. (Thai language)

Revised Economic Analysis of Huai Acng.
Northeast Small Scale Irrigation Project Special
Report. Farsons-TEAM CTF. January 1983.

Special Report on A Study of Water Fecs.
Northcast Small Scale Irrigation Project.
Parsons-TEAM CTF. January 1983,



41.

42,

43

44,

45.

40.

47.

48.

49.

50.

Special Study on Final Design  Criteria.
Northeast Small Scale Irrigation Project.
Parsons-TEAM CTF. April 1983.

On-Farm Dcmonstration Criteria for 1983 Wet
Scason. Parsons-TEAM CTF. July 1983.

On-Farm Dcvelopment Report. Study Report
No. 2. SEATEC International. Northeast Small
Scale Irrigation Project. Parsons CTF. August
1983,

Promotion of the Role of Demonstration
Center of the Village Development Funds as
a Tool for Marketing Development. Northeast
Small Scale Irrigation Project, Parsons-TEAM
CTF. September 1983, (Thai language)

Water Balance and Flood Studies: Huai Aeng
Sub-Projeet. Northeast Small Scale Irrigation
Project Special Study. Parsons-TEAM CTF.
September 1983,

Northeast Small Scale Irrigation Project Review
on Cost Estimate of the 4 Sub-Project (Huai
Khilck, Huai Talat, Huai Chorakhe Mak and
Lam Chamuak). Parsons-TEAM CTF. October
1083.

Operation Plan: Huai Aeng (Draft). Northeasl
Small Scale Irrigation Project. Parsons-TEAM
CTF. October i983.

Special Report on Water Balance Studics for
Huai Kaeng, Huai Khilek and Phuttha
Utthayan. Northeast Small Scale Irrigtion
Project. Parsons-TEAM CTF. November 1983.

Promotion of the Role of Demonstration
Center of the Village Development Funds as
a Tool for Marketing Development. Northeast
Small Scale Irrigation Project. Parsons-TEAM
CTF. Fcbruary 1984. (English and Thai
languages)

Special Report on Flood Studies for Huai
Kaeng, Huai Khilek, Phuttha Utthayan, Huai
Chorakhe Mak, Huai Talat, and Lam Chamuak.
Northcast Small Scale Irrigation Project.
Parsons-tEAM CTF. April 1984. (Thai
language)

Special Report on Water Balance Studies for
Huai Chorakhe Mak, Huai Talat, and Lam
Chamuak. Northcast Small Scale Irrigation
Projcet. Parsons-TEAM CTF. May 1984,

St

52.

53.

54.

55.

56.

5.

Special Report on Soils and Land Suitability
Classification for Chorakhe Mak, Huai Talat,
and Lam Chamuak. Northcast Small Scale
Irrigation Project. Parsons-TEAM  CTF.
October 1984,

Final Report for the Agricultural Extension
Advisor. Northeast Small Scale Irrigation
Project. Parsons-TEAM CTF. April 1985.

Construction  Quality  Control  Manual.
Northecast Small Scale [Irrigation Project.
Parsons-TEAM CTF. September 1985.

Special Report on Operations and Maintenanee
Manual: Huai Acng. Northeast Small Scale
Irrigation  Project.  Parsons-TEAM  CTF.
September 1985.

Special Report on Marketing. Northeast Small
Scale Irrigation Project, Parsons-TEAM CTF.,
September 1985,

Special Report on Project Water Utilization
Potential  Study. Northeast Small  Scale
Irrigation Project. TEAM CTF. Aungust 1987.
(Thai language)

Special Report on Flood Operating Rule Study.
Northeast Small Scale Irrigation Project.
TEAM CTF. October 1988. (Thai language)

Royal Irrigation Department

38.

59.

60.

On-Farm Water Distribution and Rotational
Irrigation. Metha Horungkool, Division of On-
Farm Water Dcvclopment, Royal Irrigation
Department. 1984,

Basic Irrigation Practices: Training Materials
for Farmers at Phuttha Utthayan Project
Training Center. Ubon Tatchathani Provincial
Irrigation Office, RID Region 5. August 1985,
(Thai language)

Farmer Participation Project at Lam Chamuak,
Changwat Nakhon Ratchasima. On-Farm Water
Management  Scction, Operations  and
Maintenance  Division, Royal Irrigation
Dcpartment. 1986. (Thai language)
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62.

63.

64.

65.

67.

68.

69.

70.

Summary Report of Field Operating Unit-Dry
Season 1987/88, Huai Aeng Project, Muang
District-Roi Et Province. Huai Aeng Field Unit.
Northeast Small Scale Irrigation Project. (Thai
language)

Summary Report of Ficld Operating Unit-Dry
Scason 1987/88, Huai Kaeng Project, Muang
District-Kalasin Province. Huai Kaeng Ficld
Unit. Northeast Small Scale Irrigation Project.
(Thai language)

Summary Report of Field Operating Unit-Dry
Season 1987/88, Huai Khilek Project,
Nikomkhamsoi District-Mukdahan Province.
Huai Khilek Field Unit, Northeast Small Scale
Irrigation Project. (Thai language)

Summary Report of Ficld Operating Unit-Dry
Scasen 1987/88, Huai Talat Project, Muang
District-Buri Ram Province. Huai Tzlat Field
Unit. Mortheast Small Scale Irrigation Project.
(Thai language)

Summary Report of Ficld Operating Unit-Dry
Season 1987/88, Chorakhe Mak Projeci, Muang
District-Buri Ram Province. Huai Chorakhe
Mak Ficld Unit, Northeast Small Scale
Irrigation Project. (Thai language)

Summary Report of Field Operating Unit-Dry
Scason 1987/88, Phuttha Utthayan Project,
Amnatchern District-Ubon  Ratchatani
Province. Phuttha Utthayan Ficld Unit,
Northeast Small Scale Irrigation Project. (Thai
language)

Upper Chi Basin Development Projects.
Division of Planning and Budget. March 1989,
(Thai language)

Water Resources Development Project along
the Phanom Dong Rck Mountain Range
Foothills. Division of Planning and Budget.
March 1989. (THai language)

Water Dclivery Data for the Left and Right
Main Canal, Huai Khilek, Changwat
Mukdahan. n.d. (Thai language)

Water Delivery Data for the Left and Right
Main Canal, Huai Aeng, Changwat Roi Et.
n.d. (Thai language)

71.

72.

Water Delivery Data for the Left and Right
Main Canal, Huai Kaeng, Changwat Kalasin.
n.d. (Thai language)

Report on Huai Acng After Construction and
Rehabilitation. Northeast Small Scale rrigation
Project. n.d. (Thai language)

Department of Agricultural Extension

73.

74.

75.

76.

77.

78.

79.

Results of Agricultural Extension Activities:
Wet Scason 1984. Northcast Small Scale
Irrigation Project. Department of Agricultural
Extension. (Thai language)

Results of Agricultural Extension Activities:
Dry Scason 1984/85. Northecast Small Scale
Irrigation Project. Department of Agricultural
Extension. (Thai language)

Target and Implementation Plan for Extension
for Dry Season Cropping: Dry Scason 1984/85.
Northeast Small Scale Irrigation Project.
Department of Agricultural Extension. (T i
language)

Results ot Agricultural Extension Activities:
Wet Season 1985. Northeast Small Scale
Irrigation Project. Department of Agricultural
Extension. (Thai language)

Target and Implementation Plan for Extension
for Wet Scason Cropping: Wet Scason 1985.
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INDIVIDUALS AND ORGANIZATIONS CONTACTED

Name Position Department/Organization
USAID/Thailand
Douglas Clark Director O/TR
David Delgado Director O/ANR
Kamol Chantanumate Program Officer O/TR
Peter Thormann Economist O/Programs
RID
Leck Jindasanguan Deputy Director General
Nukool Thongtawee Formerly Director O&M
Sakulwat Chantarobol Director o&M
Viraa Vongsaengnak Chief, Forcign Aid Cooperation Branch Q&M
Pradit Prombut Chief, Ditch and Dike Khon Kaen
Project 11
Suchat Hanchanachaikul Office Engineer, Ditch and Khon Kaen
Dike Project 11
Sombat Suksuvan Chief, Water Use Promotion Khon Kaen
Unit, Ditch and Dike
Project II
DOAE
Suprance Chantarathat Chief, Irrigated Agriculture Works DOAE
Athi Panpleng Subject Matter Specialist DOAE

TEAM Consulting Engineers, Ltd.

Pradit Napmongkol
Paitoon Rodvinich

Engineer
Economist
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Huai Kaeng

Parchum Iamaram

Watcharan Sirimongkol
Sommai Dokbua
Chaichan Niyomchan
Tawce Kamolert

Kham Phansamret

Huai Aeng

Tanakit Nimwinya
Chantre Wilitchai
Tongdacng Wilitchai
Amorn Sriraj

Wichai Kittisriworaphan

Damrong Wonglert
Marong Wongsiri

Sithi Promchai
Wichai Khamsaiua

Worarat Parwal Patamakul

Ronnachit Boonsri
Waichai Chantarawong

Nongpanga Koraj
Pakdce Poribal

Somsak Samgwibutra
Narin Sriprom
Kittipong Tongwisoong
Cherdchai Karnsamniang
Supol Chipaworn

Manas Kirduboon
Wandece Prapasarang
Porntep Anontachai

Assistant Provincial

Agricultural Extension for
Academic Affairs

Muang District

Agricultural Extension Officer
O&M Engincer Zone 1,

Kalasin

Subject Matter Specialist, Extension

Water Master

Committee Member, WUA

Maintenance Engineer
Chairman

Controller

Agricultural Extension Worker
Chief of Fruit Tree Section,
Muang District

Agricultural Office

Vice Chairman

O&M Engineer, Zone 1,

Roi Et

Agricultural Extension Worker
Registrar

Project Engineer

Agricultural Extension Officer
Nikhom Khamsoi District
Agricultural Officer

Rescarch Assistant, FPIP Project
Research Assistaat, FPIP Project
ICO supervisor, FPIP Project
Agricultural Worker
Agricultural Officer

ICO

Agricultural Officer

Irrigation Engincer

Water Master

Water Delivery Work Chief

DOAE

DOAE
RID
DOAE
RID

Huai Kaeng

RID

Huai Aeng WUA
Huai Aeng WUA
DOAE

DOAE

Huai Aeng WUA
RID

DOAE

Huai Aeng WUA
RID

DOAE

DOAE

KU
KU
DOAE
DOAE
DOAE
RID
DOAE
RID
RID
RID



Phutha Utthayan

Chaiyuth Sathiprapa
Prateep Loonachit
Tipwipa Sopakacw
Amporn Sokham
Chan Butsao

Huai Talat and Chorakhe Mak

Winai Padoongcharoen
Prasong Pinyosap
Tianchai Oonchitwatana

Yaowalax Tangchanyadhyum
Prapat Polsiam

Tawee Chaichana

Suchin Meesantat

Lam Chamuak
Aroon Poonpat

Chakrit Oonsamai
Banchong Sacnpinit
Thitipong Placngngern
Duangporn Satnok
Duangporn Satnok
Ubol Phanngulcum

Lam Nam QOon

Wichai Sanguanpaiboon
Patanapatha Meesupq
Chootinat Maliwan
Sansonthi Boonyothayan

Water Master
Canal Keeper
Agricultural Officer
Agricultural Worker
Canal Keeper

Civil Engincer

O&M Enginecr, Buriram
Muang District Agricultural
Extension Officer, Buriram
Agricultural Officer
Agricultural Worker
Construction Technician
Civil Engincer

O&M Engincer, Zone 5,
Nakhon Ratchasima

ICO

Water Master

Irrigation Engineer

1CO

ICO

Research Assistant, FPIP Project

Project Manager
Administration Officer
Personnel Officer
Ficld Coordination

Nikhom Kamsoi Land Settlement

Khanchai Sathian

Other Organizations
Apichart Anukularmpha
Israel E. Navor

Dhira Phantumvanit

Kevin Smith

Superintendent

Managing Director

Agricultural Operations Division
Director, Natural Resources
and Environment Program
Project Advisor

RID
RID
DOAE
DOAE
RID

RID
RID
DOAE

DOAE
DOAE
RID
RID

RID

RID
RID
RID
RID
RID
KU

RID
RID
RID
ALRO

DPW

A&R Consultants
World Bank
TDRI

Thai-NZ SWDP
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Part IL. Individuals Interviewed for Data on Marketing

Name

Position

Department/QOrganization

1. Food Processing Plants

Pornsak Viniyompong

Chairman

Charnnarong Reonchaichatuporn General Manager/

Paiboon Nititawan

Vichacharn Boonsamboon
Somsak Phloypanitcharoen

Sakchai Aoonjittikul

Montree Kongtrakoontian

Sitthisak Sothikulanun
Arthit Metdamrong
Preecha Phunchasri
Charuk Phoramanon

Thavatchai

Wirukchai Lerchaphatanaphon
Phairot Lonutkaphong

Somsak Thainoi
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Committee
Executive Director

Administration Manager
Plant Manager

Plant Manager

General Manager

Plant Manager

Manager
Owner/Manger
Manager

Owner

Export Manager

Chief, Division of

Raw Matcrial Purchases
Purchases Manager

Universe Food Co.,Ltd, Roi Et

Boonsiri Canned Foods Co.,Ltd,

Yasothon

Northcast Agriculture Company, Ltd,

Limited, Nong Khai

Northeast Agriculture Company, Ltd,

Royal Project Food Products,

Sakon Nakhon

Srichiengmai Agriculture

Industry Ltd, Part., Nong Khai

1. Charocen Phokaphan Agricultural
Industry Co.,Ltd, Bangkok

2. Bangkok Seed Industry,
Co., Ltd, Bangkok

3. Charocn Phokaphan Engincering
Co.,Ltd, Bangkok

4, Characn Phokaphan Produces,
Co.,Ltd, Bangkok

E-Sun Foods Industry

Co., Ltd, Khon Kaen

TAS Co., Ltd, Nakhon Phanom

PSH Part., 1.td, Nonthaburi

Asian Best Canned Food

Products Co., Ltd,

Samut Sakhon

Kwang Eal Lung Part.,

Ltd, Bangkok

Royal Foods Co., Ltd, Bangkok

Malee Samphran Co., Ltd,

Nakhon Phatom

Thep Phadung Co., Ltd,

Nakhon Phanom



Name

Position

Department/Organization

2. Exporters of Vegetables and Fruits

Narecrut Sae Tae

Wunchai Lertphangdee
Tavat Lavapaoraya
Pornthima Sithabut
Rutchanecporn Kanokvanich

Nuanchun
Macthithamphongvanit

Vinich
Nakorn Sangnin

Kui Huat

Manager
Owner/Manager
Consultant
Manager

Owner /Manager

Manager
Manager
Agricultural Products Managcf

Owner

3. Other Agribusiness Firms and Banks

Sukkasem Chitsing
Khai Arkamut

Sommanat Suwanmena

General Manager
Chief, Agricultural
Credit Division

General Manager

Manager

Al Trading Co., Ltd, Bangkok

International Fruits
(Bangkok) Co., Ltd, Nonthaburi
International Fruits Co., Lid.

Eastern Foods Co., Ltd, Bangkok

Phisitthichai Intcrnational Co., Ltd,
Rangkok

L.V. Phong Part., Ltd, Bangkok
C.P. Intertrade Co., Ltd, Bangkok

Asoke International Co., Ltd,
Bangkok

Kui Huat Store, in Market
Organization, Bangkok

Pacific Sceds Co., Ltd, Saraburi
Bank for Agriculturc

& Agricultural Cooperatives,
Roi Et Branch

Bank for Agriculturce

& Agricultural Cooperatives,
Bangkok Branch

Bangkok Bank

Roi Et Branch

4. Other Individuals

Government Officials at Provincial Offices of Commerce (POC)
Provincial Offices of Industry (POI)

Provincial Offices of Agricultural Extension (POA)

There are 17 provinces in the Northeast. Each of them has one POC, onc POI, and onc POA. In the Study, 17
government officials at POC, 17 al POI, and 17 at POA were interviewed about marketing and processing
situations, Among the officials are Phanich Changwat (lcader of POC)/ Assistant of Phanich
Changwat/Economist at POC, Utsahakam Changwat (lcader of POI)/Assistant of Utsahakam Changwat at POI,
and Kasct Changwat (leader of POA)/Technical Assistant of Kasct Changwat at POA.
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DESCRIPTION OF THE RESEARCH SITES

1. Huai Aeng, Roi Et and Mahasarakam Provinces
2. Huai Khileck, Mukdahan Province

3. Huai Chorakhe Mak, Buri Ram Province

TABLES
D-1 Monthly Rainfall Temperature, Relative Humidity, and Evaporation at Roi Et

D-2 Production Areas of Dry Season Crops at Huai Khilek

FIGURES

D-1 Monthly Rainfall and Temperature at Huai Aeng (1974-81)
D-2  Cropping Patterns for Huai Aeng Project

D-3  Monthly Rainfall at Huai Khilck (1984-86)

D-4  Irrigated Cropping Patterns at Huai Khilek

D-5  Monthly Rainfall and Temperature at Huai Chorakhe Mak
D-6 Irrigatecd Cropping Pattern at Huai Chorakhe Mak
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D

DESCRIPTION OF THE RESEARCH SITES

1. Huai Aeng, Roi Et and Mahasarakam Provinces

Huai Aeng irrigation scheme is about 22 km from
the city of Roi Et. The system is located in
Mahasarakam and Roi Et provinces and commands
an arca of 21,066 rai. The reservoir was started in
1962 and completed in 1965, Average farm size in
the arca is 15 rai and there are slightly less than
2,000 familics in the service arca.

1.1 Rainfall

Rainfall in the Huai Acng area is influenced mainly
by the southwest monsoon and depressions from the
South China Sca. Rainfall normally starts in April
and ¢nds in late October or November. Maximum
rainfall is in September with an average of 253 mm.
Average annual precipitation is 1070.5 mm.

The range of mean monthly temperature is rather
narrow, from a  minimum mcan  monthly
temperature of 233 ¢ in December to 29.7 C in
May. Mcan annual temperature is 27.18 C. Mcan
monthly rainfall, temperature, relative humidity and
cvaporation at Roi Et is illustrated in Table D-1.
Monthly rainfall and temperature at Huai Acng is
given in Figure D-1.

1.2 Soils

Soils of the Huai Aeng project are classified as Roi
Et, Ubol, Korat and Sithon series. Roi Et scrics
covers an arca of 14,000 rai. It has developed from
old alluvium. The soils arc very decp, poorly
draincd and have moderate permeability and slow
surface runoff. Surface soils are brown to strong
brown sandy loam. Rcaction of both surface and
subsoils arc strongly acid (pH 5.0). Ubol scries is
similar to Roi Et and suitable for rice production
in an arca of 3,500 rai.

Korat scries is also derived from old alluvium. They
are very deep, moderately well drained soils.
Permeability is moderate and runoff is medium to
slow. Surfacce soils arc dark reddish brown, brown
and light brown sandy loam. Reaction of surface
and subsoils is strongly acid (pH 5.0). This series is
suitable for ficld crops and covers an area of about
4,000 rai. Sithon scries covers an arcas of about 500
rai. It is loamy clay or clay and poorly drained. The
soil are suitable for rice in the rainy scason and for
field crops in the dry season.

13 Cropping patterns

Most land areas of the project are level to flat land.
In the rainy season, farmers normally grow rice in
the lowland and ficld crops in the upland areas
especially cassava. With the availability of irrigation
water, farmers can start their rice crop earlier in the
scason, i.¢., in latc Junc or July, RD 6 is the most
popular rice varicty and is widcly grown in the area.
Cassava is grown only in the upland areas on Korat
soils.

The main aim of irrigation water is not for a second
rice crop since it requires too much water. Due to
damage of their rice crop in the rainy season by
flooding, farmers are frequently aliowed to grow rice
in the dry scason. The second rice crop was first
grown in 1983 for 200 rai and the arca increased up
to 400 rai in 1985. RD 23 varicty has been used to
replace RD 7 and RDY since it is more tolerant to
rice blast discase. Fertilizer (16-20-0) is applicd at
the rate of 30 kg/rai. Furadan 3 G. at the rate 2.6
kg/rai is uscd to control stcm borer. Under this
type of cultural practices, the average yicld is about
450 kg/rai.
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Table D-1

Mean Monthly Rainfall Temperature, Relative Humidity and
Evaporation at Roi Et (Period 1955-1968)

Month Mean Monthly Mean Monthly Mean Monthly

Precipitation Temperature Relative Humidity Evaporation

Mean Monthly 2/

(mm) C % (mm)
Jan 1.8 23.5 63 155
Feb 12.4 25.9 62 154
Mar 36.5 28.7 60 191
Apr 85.4 30.2 63 187
May 190.8 29.7 72 167
Jun 188.8 28.9 75 123
Jul 196.1 28.5 76 153
Aug 251.6 28.0 80 131
Sep 324.4 27.5 82 17
Oct 95.0 26.8 76 153
Nov 9.3 25.2 70 151
Dec 0.2 23.3 66 151
Total 1,411.3 326.2 1,863
Average 27.18 70

1/ The Soils of the Kingdom of Thailand by F.R. Moormand and

S. Rojanasoon-thorn
2/ Period 1961-1968.

Field crops grown in the dry scason are watermelon,
glutinous corn and vegetables. Watermelon was
introduced into the projcct arca about 10 years ago.
Although it is a high rcturn crop, it also requires
high production inputs and skill. Watermelon necds
good land preparation and intensive care. Farmers
normally grow watermelon on raised beds with a hill
size of 40x40x40 cm. They arc usually fertilized with
both farm manure and chemicals. Normal spacing
is 120x110 cm. The most widely grown varicty is
Sugar Baby. Watcrmelcens have many pests such as
beetles, lcal minors and leaf rollers which requirces
regular insccticide sprayings. The crop will mature
in about 70-75 days and yicld about 2,000-2,500
melons per rai.

Glutinous corn is normally planted in double rows
with 30x30 cm spacing on one mcter raised beds.
Farm manure mixed with 15-15-15 fertilizer is used
at the beginning when sceded. The crop is normaily
top-dressed with 15-15-15 fertilizer at the rate of 50
kg/rai. Harvesting can be donc in 70 days. The
average yield is about 6,000 cars/rai and the price
is 0.6-0.7 baht/car.
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Pcanuts are also planted in the project area on 50
cm beds with 30x30 cm spacing. Tainan 9 variely is
uscd and planted 2 sceds per hill. Furadan is
normally applicd before sceding to  control
subtcrranian ants. The crop can be harvested at 120
days and avcrage yicld is about 80 kg/rai which is
rather low for pcanuts in the Northeast. Cropping
patterns for Huai Aeng are illustrated in Figure D-2.

2. Huai Khilek, Mukdahan Province

Huai Khilck irrigation scheme is located in the
Amphur center of Nikom Kham Soi, approximately
27 km from the city of Mukdahan. Construction on
the reservoir started in 1964 and was completed in
1965. The system commands an area of 8,625 rai
and scrves 611 familics. Average farm size is
approximatcly 20 rai.

2.1 Rainfall

The project site is located in the Mckong Basin
where rainfall is generally above average for the
Northeast. From the 15-year record, annual rainfall



at the project site is 1531 mm, Tnc rainy season
lasts from April to November and has a bimodal
type of distribution with the first pecak in April to
Junc and the second in July to October. Monthly
rainfall for Huai Khilck Project site is detailed in
Figure D-3.

Average temperature at the project site is 26.6 c.
Minimum temperature, which normally occurs in
December is about 225 ¢ and the maximum
temperature in April is 29.9 c.

2.2 Soils

The project site contains rolling land and is madc up
of several soil serics used for rice, ficld crops and
fruit tree production. The major soil scrics in the
projcct boundary include Chiang Rai, Nakorn
Prathom, Roi E(, Renu, Warin, Tartphanom and
Sanpaya.

Soils suitable for rice production arc Chiang Rai,
Nakhon Prathom, Roi Et, Renu, Sanpaya and Sithon
series.  These soil series arc developed from old
alluvium. The soils are very deep, poorly drained
and have moderaic permeability and slow or
medium ruroff. Surface soils are dark gray or gray
silty clay loam or light reddish brown silt loam.
Reaction ranges from strengly acid (pH 5.0) to
ncutral (pH 7.0). Subsoils reaction ranges from
very strongly acid (pH4.0) to alkaline (pH 8.0).

Soils suitable for ficld crop production are serics of
Sanpaya, Sanpatong, Satuk and Warin. There soils
are derived from recent and old alluvium. They are
very deep, moderately to well drained with modcerate
permeability and have medium to rapid runoff,
Surface soils range from pinkish gray and light
reddish brown silt loam, to dark brown loam.
Reaction ranges from ncutral o strongly acid.

Fruit trees will grow well in soil series of Satuk,
Tartphanom and Warin. They arc derived from old
alluvium and arc very deep, well drained with
modecrate permeability and medium to rapid runoff.
Surface soils arc brown to dark brown loam.
Reaction ranges from medium acid to ncutral.

23 Cropping patterns
In the rainy scason, main rain crop of the lowland

arcas is rice. Upland arcas arc usually devoted to
ficld crops such as sugar cane, corn, peanut,

cassava, kenaf and scsame. The proportion of
production arcas in rice to ficld crops is about 60:40.
For example, in 1985 the planted area for rice was
4,677 rai while for ficld crops was 2,985 rai. The
most important ficld crop in 1985 was sugar canc.
Also, 1985 vegetable arca was 227 rai.

Rice varictics grown in the rainy scason are
glutinous types and improved varictics such as RD6,
RD8, and Sanpatong, carly maturing varictics.
Popular varictics planted in the higher terrace arcas
arc Pong-Anew and Plakeng. The average yield for
the whole project arcas is 200-350 kg/rai. Only
small land arcas are used to produce non-glutinous
rice. Sugar canc is also an important ficld crop
produced in the arca to scll to the sugar mill located
in Kham Soi Land Scttlement.  Varicty F-141
"Pinda," provided by the sugar mill, is grown in their
area. Land preparation is done by hired tractor at
the cost of 450 baht per raiwhich include two
plowings and creation of a raised planting bed of 50
cm width.,  Fertilizer, 15-15-15, at the rate of 25
kg/rai is uscd. Harvesting starts from Dccember;
1985 planted arca was about 1,637 rai,with average
yiclds in the range of 5-10 tons/rai.

Dry scason crop production is practiced in limited
arcas. Vegetables are the major crops farmers grow,
These include yard-long bean, chili, eggplant and
cucumber. About 33 percent of total cropped arca
in the dry scason is planted to vegetables. Area
planted to vegetables is detailed in Table.  Yard-
long bean is grown after 11ce, on raised beds of 120
cm width with a drainage ditch of 30 cm. A spacing
of 50x70 cm is used. Organic manure is first
applicd, followed by chemical fertilizer (13-13-21) at
a rate of 50 kg/rai. The crop needs insecticide
sprayed cvery two weeks. Harvesting can be done
after about 50-60 days.

Chilics are grown widely in this arca. A spacing of
120x120 cm is used. Normally, scedlings are
transplanted in hills of 30x30 cm. After germination,
the stand is thinned to only two plants per hill.
Farm manure along with chemical fertilizer is
applicd. Harvesting starts at 4 months and lasts for
6 months. Avcrage yicld is orce ton per rai, but this
requires a monthly top-dressing with  13-13-21
fertilizer.  Peanuts were introduced to the project
sitc in 1983 and the production arca increcased
rapidly. In some arcas, RD rice varictics are grown
in the dry scason undcr irrigation with yicld of 500
kg/rai. Crop calendars for the project arca are
given in Figurc D-4.



Table D-2
Production Areas of Dry Season Crops at
Huai Khitek 1983-1986 (rai)

Crop Year
Crop 1983 1984 1985 1986
Vegetables 485 692 707 542
- Yard long bean 118 120 118 95
- Chili 75 88 107 57
- Eggplant 106 101 108 42
- Cucumber 110 102 95 96
- Others 76 281 279 252
(eg. pumpkin, cabbage)
Peanut 12 92 102 1
Rice 27 50 50 -
Total 524 834 859 543

Source: Amphur Nikom Kham Soi Agricultural Office, 1986

3. Huai Chorakhe Mak, Buri Ram Province

The Huai Chorakhe Mak reservoir is located in
Muang district about 12 km from Buri Ram city.
The project was started in 1962 and completed in
1963. Project rehabilitation started in 1985 and is
expected to be completed in 1989, Total irrigation
arca after completion will be 9,000 rai.  Average
farm size is around 12 rai.

3.1 Rainfall

As in the other parts of the Northeast, rainfall
normally starts in April and increase gradually until
September or October. tdighest rainfall in October
is influenced by the Northeast Monsoon.  Rainfall
will deercase  abruptly in late October  and
completely stop at the end of October or carly
November, There is normally a dry spell for theee
weeks or one month in Junc or fuly.  The
twenty-year average annual rainfall at Buriram is
1,230 mm which is the average annual rainfall of the
Northeast region.

Avcerage annual temperature at the site is 27" C.
Mcan monthly values are relatively  uniform
throughout the year. The mcean temperature is
highest in April and lowest in December. Mcan
maximum values are 34° C and 15.9° C in April and
January, respectively, Figure D-5 illustrates monthly
rainfall at Huai Chorakhe Mak.
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3.2 Soils

Soils on both sides of the main canal are different.
Soils in the right main canal (RMC) are clay or
loamy clay since they developed from voleanic rock
from the ncarby Khao Kradong. They are fertile
duce to the accumulation of silt washed away from
the sloped hill. Soils on the light main canal (LMC)
are sandy or loamy sand with rolling topography.

DLD’s soil survey indicated that the project site
contains more than 38 soil groups. The main soil
scries include:

Nakhon Phanom (31.57 %)---Nukhon Phanom serics
have developed Trom old alluvium on low terrace.
The sotls are very deep, poorly drained and have
slow permeability and run off.  Ground water is
deeper than 1-5 m in the dry scason. Surface soils
(0-15 em) are brown or reddish brown sandy loam,
or silt loam or silty clay loam. Reaction of the soil
is strongly to slightly acid (pH 5.6-6.5). Reaction of
the subsoils is strongly acid (pH 4.5-5.0). These
soils arce used for paddy ficlds.

Buriram (11.87%¢)---Buriram scrics derived from
volcanic rock on the lower part of lava flow. They
are very deep, poorly drained soils. Permeability and
runoll are slow. Surface soils (0-20 ¢cm) arc black
and dark gray silty clay loam or clay. Reaction of
the soil is strongly acid to slightly acid (pH 5.5 - 6.5).



Reaction of subsurfacc and subsoils is mildly alkaline
(pH 6.5 - 8.0). They are used for rice production.

Renu (11.12%)---Renu series also developed from
old alluvium. The soils arc deep, poorly drained and
have moderate permeability and slow runoff.
Surface soils (0-20 cm) arc pinkish gray or light
reddish brown or reddish brown sandy loam or loam
or silt loam or silty clay loam. Reaction of the soil
is strongly to shightly acid (pH 5.0 - 6.5). Subsurface
and subsoils have reaction ranging from very strongly
to strongly acid (pH 4.5 - 5.0). These soils arc used
for rice cultivation.

Khao Yoi (994 9%)---Khao Yoi scrics have
developed from old alluvium. They are deep,poorly
drained soils. Permeability is modcerate and runoff
is slow. Ground water is deeper than 1-5 m in the
dry scason. Surface soils (0-15 cm) are light reddish
brown or reddish brown sandy loam or loam.
Reaction of the soil is very strongly acid to slightly
acid (pH 4.5 - 6.5). Subsurface and subsoils have
rcaction of medium acid to mildly alkaline (pH
6.0-8.0). These soils are transplanted to rice.

3.3 Cropping patterns

Bascd on land suitability, land in the project arcas
can be classificd into paddy ficld and upland crop
arcas. Land suitable for paddy is about 14,967 rai
or 80% of the arca.

Before construction of the tank irrigation systems,
farmers grew crops under rainfed conditions. Most
of the arcas both in the lowland and upper paddy
ficlds (higher terrace) are transplanted to rice.
Lowland paddy ficlds ncar the river (Huai Chorakhe
Mak) arc normally flooded and fail to produce a
good rice crop. Besides rice, only glutinous corn is
grown in the small arcas of upland during the rainy
scason. In the dry scason, farmers grow vegetables,

using a supply of water from nearby hand-dug wells
or from Huai Chorakhe Mak. Only glutinous corn
and cucumber are normally grown during the dry
scason.

Even with the availability of water in the irrigation
systems, rice is still the main crop occupied most of
the arcas in the rainy scason. Small portions of
upland areas arc grown to glutinous corn. In the dry
scason only small portions of irrigated land arc
under cultivation.  About 650-850 rai arc under
cultivation of glutinous corn, pcanut, soybean,
mungbcan, sesame and vegetables such as cucumber,
garlic and shallot. Vegetables are grown primarily
for family consumption. Off-farm employment is
attractive to farmers in the dry scason, since the
project site is closc (o town.

Rice varictics normally grown arc Khao Dokmali
105, Khao Tahang and RD 6 (glutinous). Fertilizer
16-20-0 is normally applied to rice at the rate of
25-40 kg/rai. Mungbcans are grown in the paddy
fields after rice in the dry scason. Standard land
preparation is practiced after burning of rice stubble.
Flood irrigation is nceded to wet the soil before
broad casting of sced. Fertilizer 16-20-0 at the rate
of 25-40 kg/rai is applicd to mungbean.

For pcanuts, ficld burning and flood irrigation are
practiced before land preparation is start. Scedbeds
arc prepared in the form cf ditch and dikes pattern.
Dikes are about 60-80 cm wide, and ditch are spaced
cvery 25 cm. A glutinous corn variety is used and
is grown in hills spaced at 30 cm width. About 6-8
seeds per hill arc planted, which leave 3-4 healthy
scedlings per hill.  Fertilizer, 15-15-15 is usually
top-dressed at the rate of 15 kg/rai.  Harvest is
usvally in about 65 days.  Average vyield is
approximately 5000-7000 cars/rai which will carn
4,000-5,000 baht. Cropping patterns in non-irrigated
and irrigated areas of Huai Chorakhe Mak are
presented in Figures D-6 and D-7, respectively.
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Figure D—1 Monthly Rainfall and Temperature (1974—1981)
Hual Aeng Project
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Figure D—2 Cropping Patterns for Huai Aeng Project
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Figure D3 Monthly Rainfall, Huai Khilek Project (1984—19886)
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Figure D—4 Cropping Patterns in Irrigated Area (Hual Khilek Project)
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Figure D~5 Monthly Rainfall and Temperature (Hual Chorakhe Mak Project)
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Figure D—6 Cropping Patterns in Non—irrigated Area (Huai Chorakhe Mak Project)
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Figure D=7 Cropping Patterns in Irrigated Area (Huai Chorakhe Mak Project)
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WATER USERS

Chaek Group Agreement for Water Use and Maintenance
Water Users Association Rules and Regulations
Selection Criteria for the Best Performing Farmer Institution in Irrigation
Guidclines for Monitoring Site Rehabilitation and O&M Stages
Preliminary Monitoring Form for the Construction Phase
Preliminary Monitoring Form for the Operation and Maintenance Phase in the Wet Season

Preliminary Monitoring Form for the Operation and Maintenance Phase in the Dry Season
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WATER USERS

CHAEK GROUP AGREEMENT FOR WATER USE AND MAINTENANCE

Chack Group No.

Main Ditch No.

Canal:

LMC or RMC

Members will receive water on a schedule that the chaek group leader or assistant chack group leader
determines.

Any person stealing water will be fined ___ baht.

Any member who obstructs the watercourse at the main canal or the farm ditch or damages the
irrigation structurc will be fined ___ baht and that person must remove the obstruction or be fined _
baht.

All members must participate in cleaning and repairing the farm ditch, main canal, and irrigation
structures as the chack group leader and the assistant chaek leader schedule. If not, he the member
must send a substitute, of an age no less than ___ years. If not, the member will be fined __ a day.

If the chack group lcader and his assistant violate the rules and regulations, they will be fined __ times
the amount paid by the other members.

Any member who destroys and damages an irrigation structure and illegally opens and closes the gate
will be fined ___ baht,

The chack group leader and the assistant leader arc responsible for judging the culpability of those
charges with violating these rules and regulations and for determining the fine. The fines will be used
for cleaning and repairing the farm ditch, main canal and irrigation structures and for any other use
for the benefit of the members.

Agreement made: date/month/year

Signaturcs of members:
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WATER USERS ASSOCIATION RULES AND REGULATIONS

1. Name of the WUA:
2, Number of members:
3. The Policing Committee consists of some chack group leaders or all main ditch group leaders. The

committee is responsibie for inspecting activitics along the canals and ditches to determine that activities
are consistent with approved schedules and plans.

4, The Administrative Committee is composed of the WUA president, his assistant and secretary, specialists
in agriculture, irrigation, credit, marketing, and auditor, and chack group members or chack group
leaders, not cxcecding a total of 15 persons. The president and his committee are responsible for
implementing the project as proposed, in line with the regulations governing implementation.

5. Objcctives:
a. cooperate with the RID officers in water allocation;
b. maintain on-farm system (farm and main ditches);
c. cooperate with RTG officials who are providing scrvices and disseminating knowledge on O&M,
technologies for agricultural production, and credit;
d. providing, loaning, renting, and sclling agricultural inputs to WUA members; and
e. contact markets for WUA members to assist them in selling their crops.
6. Sources of Income:
a. Mcemberships fees

Mcmbers of the WUA pay a one-time membership fee of ____baht. The chaek leader is
responsible for fee collection and gives to the cash to the WUA president. The fee is to be used
in a revolving fund for WUA,

b. Fines
The chaek group leader is responsible for collecting fines within ___ days. The fines are to be
used for maintcnance of the chaek (_%), maintenance of the main ditch (_%), maintenance

of the main canal (_%), WUA activitics (_%), and for the devclopment of cooperation with
RTG, and for religious and social affairs (_9%).
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c. O&M fees

Wet scason cropping
Dry season cropping
Fish pond

Duck raising

Other

___ baht/rai
___ baht/rai
__ baht/rai
___ baht
___ baht

Mcmbers must pay wet scason Q&M fees before the end of Januvary and dry scason Q&M
before the end of April. The chack group leader collects the O&M fees for the WUA president

or auditor.

d. Agricultural inputs

Members who participate iv demonstration and trial plots and are provided sceds, fertilizer,
pesticide, and other agricultural inputs must return these inputs in kind or in cash equivalent
to the WUA president or WUA administrative committee through their chack group leaders.

The selection of farmers to participate in demonstration and trial plots is made jointly by the
administrative convmitiee ana the sub-district agricultural extension worker. Farmers must sign

a contact with the WUA, agreeing to pay back the WUA for the inputs.

Payback rates:  cash/kind

Sceds
Fertilizer
Pesticide
Other

The WUA administrative committce and the agricultural extension worker determine how the
repayments are to be used for such purposes as funeral rites, production, fishing, and donations.

Terms of office:

Chack group leader
Main ditch group lcadsr
Main canal group leader
President

__years
___ ycars
___ycars
___years
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Financial control

a. All WUA income will be deposited at BAAC or a commercial bank.
b. Balance sheets are to be kept.
c. Chaek group leaders are to give WUA income iney collect to the WUA presiccui or auditor

within seven days.

d. Any rcquests for WUA funds by chack group leaders or members of the administrative
committce are io be made at least 15 in advance so the WUA president or auditor can withdraw
the moncy. ,

c. The WUA president and auditor must present a financiai report to the monthly ficld working
group.

f. The ficld working group has the right to review and invoice the accounts of the WUA if there

is a problem.



SELECTION CRITERIA FOR THE BEST PERFORMING
FARMER INSTITUTION IN IRRIGATION

The Ministry of Agriculture and Cooperative has established a policy to select the best performing farmer
institution in a number of ficlds, including irrigation. The award will be presented by the King on the Royal

Ploughing Day (cg. 5 May 1989), which demonstraics the Miaistv's support for farmer organizations in
irrigation,
1. Objectiver.

to promote farmers participation in developing irrigated agriculture;

to promote group participation in Q&M for the greatest benefits; and

to promote cfficient and cconomical water use,

The goal of the award is the encouragement of farmer institutional self-reliance and the coordination of these
farmer institutions with both the government and the private sector in increasing yiclds within the irrigation

project arca.

2. Qualifications of the Farmer Institutions for Eligibility for Sclection

21

~e

23

Farmer institutions in irrigation are of two types:

water uscr associations and water user cooperatives [the latter are in the Land Consolidation
Project] that are registered and arc legal entities and

water use administrative groups that arce federated to implement activities.

The federated organizations have an administrative committee selected from water users, The
administrative commitice members should consist of the group chairman, sccretary, registrar,
and auditor, This administrative committee is to strengthen efficiency in water management
and the maintenance of irrigation structures, It leads to strong farmer institutions, which can
be registered as legal bodies in the future.

Project Size

For WUAs and water user cooperatives, the project size is as stated in the rules and regulations
governing their establishment and implementation.

For the medium scale project, the administrative group must cover the entire arca of at least
onc zone, or a minimum of 5,000 rai.

For the large scale project. the administrative group must cover at Icast onc zone or a
minimum of 5,000 rai.

Group Size

The number of farmers in a group must not be less than 50 familics.

115



116

24

Criteria

3.1

3.2

33

Criteria to be Considered
Administrative groups, WUAs, and water user cooperatives are cligible for consideration if:

they have ongoing activitics that arc uscful for all members, has the best performance of making
usc of water to increase yiclds, and can be used as an example {or others;

they arc established and registered at least for two years to the day the regional subcommittee
mects for sclection; and

they have received an award in irrigation at the national level or have not received an award
for at lcast 5 years.

for Sclection
Initiative (20 Points)
having other activities related to the promotion of water usc;

initiating systematic cfforts, such as meeting for planning before the cropping scason, preparing
the water use schedule, and coordinating with government agencics or other farmer groups;

initiating the development and sclection of new technology; and

developing or modifying expensive or local resources and technology to the best bencfit.
Cooperation among Mcmbers (20 points)

abide by the rules and regulations;

select a strong leader;

committece members know their responsibilitics;

committcc members devote themselves to the group, association, or cocperative;
members cooperate with onc another;

members have the right attitude and think primarily of benefits te the group rather than to
themsclves; and

mecmbers are strongly united.

O&M Activities (20 points)

members cooperate best in the maintenance of the delivery system;

members determine a maintenance plan;

members determine criteria for mobilizing labor, material, and money for maintenance; and

members request technical assistance from the project and follow the recommendations.
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Production and Local Development Activitics (20 points)

the group or WUA has good or satisfactory yiclds;

members scek to improve both the efficiency and quality of production;
members modify production to be consistent with the situation;
members transfer usciul technology to other farmers; and

members cooperate with other farmers for local development and for the benefit of the group.

Sclf-reliance (20 points)

members mainly usc the group’s funds;

members undertake activitics that assist other members;

members scek assistance from other members, rather than going to others;

when they reccived outside support, the members usc the resources for the benefit of the group;
and mcmbers set guidelines to strengthen self-reliance and to activitics.

4. Means of Sclection

4.1

4.2

4.3

The Sclection Committee

The selection committee at the ministry level is in charge of determining the method and criteria
for sclection. At the department level, the RID appoints the sclection committee to select the
best administrative unit, WUA, or waler users cooperative in the whole country. The sclection
committee then sends the report to the commitiee at the ministry, through the DOAE, lovel
for final consideration.

Procedures for Selection
1. The selection committees at the ministry and department levels arc appointed and the
criteria arc set. The regienal sclection committee sclects one group, WUA, water user

cooperative and proposcs it to committee at the department level.

2. The department appoints a working group to visit institutions which arc competing for
the award.

3. The sclection committee at the department fevel sclecets the best candidate and reports
its rccommendation to the committee at the ministry level.

4, The selection committee at the ministry level makes the final sclection of the group to
be awarded by the King.

Schedule for Dcliberations

15 Dccember-15 January Regional committee review

16 January - 15 Fcbruary Working group visits

16 February-29 February Dcpartment committee sclects
15 March RID reports to ministry

15 April Final dccision by ministry
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GUIDELINES FOR MONITORING SITE REHABILITATION AND O&M STAGES

Farmers will be trained by [COs to complete simple monitoring forms which are based on the actual steps of
the Standard Operating Procedure. A different form is prepared for cach of the three stages. Suggested models
appear in Appendix E, listing in scquence all of the anticipated actions and requirements from group formation
through O&M. Rather than offer here a complex and rigid mechanism for the transfer of the findings up the
system, ICOs ought to work with the chack groups, WUAs, and ficld working groups to determine a simple,
implementable procedure, The procedure ought to include how the information is transmitted from chack group
leaders to the administrative committee in a uscable form. This monitoring ought to become part of the ficld
working group’s monthly agenda. Findings, problems, and actions taken are then regularly conveyed to the On-
Farm Water Development Branch in RID and other line agencics for modifying the approach and
implementation activities and schedule, as needed.

By using the farmers to monitor the work:

. No extraordinary hiring of staff is required and little additional funding ought to be necessary,
since the On-Farm Water Development Branch is already responsible for monitoring O&M
efforts.

] The monitoring system reinforees the Standard Operating Procedure, since farmers are actively

involved with an assigned, continuing responsibility.
" Water users are aware of the entire sequence of the work at cach stage.

. Water users gain a practical understanding of their rights and responsibilitics and can measure
performance against expectation.

] The system emphasizes the accountability of RTG staff and construction tecams and requires
their frequent interaction with water users.

= Accurate feedback can be channeled regularly to the ficld working group through the WUA and
problems can be quickly identified.

. Responsible officials at the national and provincial levels will be able to track and assess project
implecmentation and make necessary adjustments as an ongoing process.
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PRELIMINARY MONITORING FORM FOR THE PRE-CONSTRUCT ION/DESIGN STAGE

Activity Completed Date Remarks

1. First mecting with ICO

2. Monitoring discussed

3 Site design introduced

4, Chack group lcader choscn

5. Monitoring plan approved
by chack group

6. Initial discussion about
rules and rcgulations

7. Agrcemeni on rules and
regulations

8. Agrcement on right-of-way
reimbursement

9. Ficld visits to other sites

10. Review preliminary design

11, Suggestions mace to RID
regarding design

12. Discussions with RID about
design and modifications

13. Consultations on training necds

14, Training program discussed

15. Monitoring forms transmitted to

WUA or reviewed with 1CO

16. WUA initial meeting,
fee collection, and follow-up

17. Discussions about dry scason
farming and incomc potential
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PRELIMINARY MONITORING FORM FOR THE CONSTRUCTION PHASE

Activity Completed Date Remarks
1. Construction schedule

introduced
2. Inierim ior schedule

update agreed to

3. Informed about RID visit
to stake farm ditch

4, Contributed stakes

5. Assisted with laying
stakes

0. Farmers approached for
labor

7. Farmers recruited for
hired labor or for
contribution

8. Final design shown and

chack greup discussion

9. Conscnsus rcached between
chack group and RID

10. Final revised design
presented

11. Ficld trip
12, Training provided

13. Feedback to ICO/zoneman
on construction

14, Resulting construction changes
15. Dry season crop techniques
16. Initial market contacts

with private scctor technicians

17. Initial FMPGs discussed or formed
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PRELIMINARY MONITORING FORM FOR THE OPERATION AND MAINTENANCE PHASE IN THE
WET SEASON

Activity

10.

RID meeting on mainicnance
plan

Labor contributed for
mainicnance in

- farm ditch
- main ditch
- main canal
RID mceting on water delivery in
- farm ditch
- main ditch

- main canal

Water delivery and rotation
schedule discussed and agreed

Determining and regulating water
allocations in

- farm ditch
- main ditch
- main canal

O&M and other fees collected

Survey by RID and WUA of
interest in dry scason

Training for dry scason
Rules violations

Rules enforcement
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PRELIMINARY MONITORING FORM FOR THE OPERATIOMN AND MAINTENANCE PHASE IN THE
DRY SEASON

Activity Completed Date Remarks
1. Maintenance plan meeting
2. Labor contributed for

maintcnance in

- farm ditch
- main ditch
- main canal

3. Mecting on water dclivery in
- farm ditch
- main d tch

- main canal

4, Water dclivery and rotation
schedule discussed and agreed

5. Determining and regulating water
allocations in

- farm ditch
- main ditch
- main canal
6. Informed of dry scason water
supply
7. Formation of FPMGs
8. Training in contract marketing
9. O&M and other fees collected
10. Contact with markets -
extension worker, factory
technician
11. Contracts signed
12. Rules violations
13. Rules enforcement

14. WUA activitics
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MARKETING

A Marketing Contract Currently Used in Roi Et

Suggested Model for a Marketing Contract

TABLES

F-1 Type, Number, Location, and Production Capacity of Production Plants in thc Northcast

F-2 Wholesalers for Soybeans, Groundnuts, Mungbceans, and Other Upland Crops in the Northeast (Thai
language)

F-3 Locations and Names of Vegetable Wholesale markets in the Northeast

F-4 Sclected Seed Merchants Dealing with Farmers in the Northeast

F-5 Recommended Crops to Produce and their Expected Markets for Huai Aeng, Roi Et Province

F-6 Recommended Crops to Produce and their Expected Markets for Huai Khilek, Mukdahan Province

F-7 Recommended Crops to Produce and their Expected Markets for Huai Chorakhe Mak (and Huai Talat),
Buri Ram Province

F-8 Distance between Rot Et and other Provinees

F-9 Distance between Mukdahan and other Provinees

F-10  Distance between Buri Ram and other Provinces

FIGURES

F-1 Location and Capacity of Processing Plants in the Northeast

F-2 Location of Markets for Qil Crops and Upland Food Crops in the Northeast

F-3 Regional and Provincial Wholesale Markets for Vegetables in the Northeast

F-4 Existing Procurcment Systems for Fresh Vegetables in the NESSI Applicd Study Arca

F-5 Existing Procurcment Systems for Oil Crops in the NESSI Applicd Study Arca

F-6 Existing Procurement Systems for Processing Vegetables in the NESSI Applied Study Arca

F-7 Existing Pattern and Practice of Contract Farming in the NESSI Applicd Study Arca

F-8 Existing Pattern and Practice of Contracting: Delivery and Payment in the NESSI Applied Study Arca

F-9 Improved Contract Farming Pattern and Practice in the NESSI Applicd Study Arca

F-10  Improved Contract Farming Pattern and Practice: Delivery and Procedure of Payment

F-11  Improved Procurement Systems for Baby Corn and Tomatocs

F-12  Distance from Huai Acng to Vegetable Processing Plants

F-14  Distance from Huai Khilck t~ Vegetable Processing Plants

F-15  Distance from Huai Chorakhe Mak to Vegetable Processing Plants

F-16  Arca Planted in Various Vegetables for All Provinces in the Northeast

F-17  Improved Procurement System for [resh Vegetables

F-18  Distance {rom Huai Acng to Regional and Provincial Markets

F-19  Distance from Huai Khilck to Regional and Provincial Markets

F-18  Distance from Huai Chorakhe Mak to Regional and Provincial Markets
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A MARKETING CONTRACT CURRENTLY USED IN ROI ET

Agreement to whom it may concern for participating in baby corn production:

This agrcement is made on the......... day of (month), between farmer name (Mr., Ms)) ........... I VLR
years, Address No........ SMU , Tambon .............. , Amphoe .. , Changwat .....ouecuu and Universe
Foods Co., Ltd., address No.92 Tambon Nua Muang, Amphoc Muang, Changwat Roi Et, Tel. (043) 511831, by
Mr. e as representative of the Company.  Both parties are willing to operate the program under the
following conditions:

1. The company agrees to

1.1 provide technician staff to advise new cropping techniques of baby corn to the farmer throughout
the planting period without any scrvice charges,

1.2 provide good quality of production inputs to scll to the attended farmer at fair prices,
1.3 purchase peeled baby corn from the attended farmer at the price of ... baht/kg. The
pecled baby corn must meet the company’s established standards as follows:
131 perfeet cars of baby corn
1.3.2  length of car not over 9 cm.
1.3.3  the shortest car not less than 4 cm,
1.3.4  diamcter of the biggest size not over 1.5 cm.
1.3.5  diamcter of the smallest size not less than 10 cm.
13.6  cars {resh, not sitting in the water before sales at all
1.3.7  kernels are straight
14 purchasc unpeeled baby corn at the price of ...
baht/kg. in the event the Tarmer sells unpeeled produce.
2, The attended farmer agrees to
2.1 plant baby corn on ....... rai,
2.2 look after the crops strictly as suggested by the company’s technical staff,
23 join the program willingly and pay additional expenses based on the company’s advice, and
24 join hands in work and solve problems together with the company.
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3. Both parties agree that

31 In case of damage duc to natural forces, war, politics, or other uncentrollable situations which
causc a bad harvest, each party will be responsible for himself and no penalty can be claimed
by cither

32 This agrecment is valid immediately at the date of adding both parties’ signature.

33 This agreecment has two copics, each retairing one.

Farmer'’s signature
( )

Company representative’s signature  coveveeveeeeeneenne
( )

Witness’ signature e
( )
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SUGGESTED MODEL FOR A MARKETING CONTRACT

This agreement is made on the ... day of (month), year, between the Farmer Production and Marketing
Croup (FPMG) in Mu ... , Tambon ... , Amphoe ........... , Changwat .......... and food processing

plant/middleman (name), in (address).

Both partics arc willing to operate the program together under the following conditions.
1. The plant agrees to
1.1 provide technician staff to closcly advise on cropping method and to help solve
problems of production to the FPMG through the planting period without any

service charges,

1.2 provide sceds and other production inputs (if necessary) for sale on credit to
the members of FPMG at prices not over the current local market prices, and

13 determine a schedule (including dates) for planting practices with the FPMG (sce attached
schedule)
14 provide vehicles without service charges to colleet produces from the members of FPMG at

agreed to delivery places on farm on the on the following fixed dates:

Datce of DeliveryName of Delivery Places Approximale
Amount*(tons/kgs.)

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

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

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

* may be vary 10% from this amount

1.5 purchase different grades of produces from the members of FPMG at the following guarantced
prices:
Grade of Produces Farm_Prices (baht/ky.)
A
B

------------
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1.6

Grading by the farmer will be inspected and apprcved by a representative of buyer and a
representative of the FPMG on purchase day. The quality and standard of cach grade arc
established as follows :

rade Description of quality and standard

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

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

payment is made for produces to individual members/farmers.

The chairman of FPMG on behalf of the members agrees to

2.1

22

23

24

Plan a production schcdule as mentioned in 1.3 with the cooperation of the plant (or
middleman) and is willingly to follow and operate the scheduled activities strictly,

harvest and scll all produce to the processing plant (or middlercn) in the agreed to amount
and on time as mentioned in 1.4, and at the prices fixed in 1.5 depending on the quality
produced,

purchase production inputs from the plant/middleman when tac prices are not higher than the
local market prices, and

work closcly with the plant/middleman to solve productior. problems.

Both partics agree that

3.1

32

in casc of damage duc to natural forces, war, politics or other uncontrollable situations which
cause bui harvests, affecting quality and quantity, cach party will be responsible and no penalty
will be claimed cach other.

in casc of damage caused by cither the processing plant/middleman or the member of FPMG,
a compensation can be requested from that party. Causes of damage and percentage of
compensation arc cstablished as follows:

Percent of Compensation based on the
Causes of Damage the Value of Produces Damaged

Date of dclivery to
buyer delayed e,

Buycr does not make payment
ontime

Farmer does not harvest
Crops on time  eeeserenenns



Farmer does not scll agreed
to amount (as in 1.4)

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

Others (SPECHY).ccncces cvcvevsssvcesersiniens

33 Mecmbers of FPMG will share the risk cqually if any damages occur,

34 The agrcement is valid immediately at the signing of both partics and the witnesses and expires

on (day/month/year).

3.5 The agreement has two copics, cach party rctaining one.
Signature of FPMG chairman ... (Scller) ... (Date)
Signature of processing plant/
middleman’s representative e (Buyer) . (Date)
Signature of extension worker
or NESSI Project officer e (Witness) .. {Date)
Signature of commercial bank’s
representative (Witness) e (Datc)
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Table F-1

Type, Number, Location and Production Capacity of Processing Plants in the Northeast, 1989

Name of Processing
Plant

Province

Production Capacity

Address

Roi-Et 1)*Universe Food Co., Ltd.

broker

of E-Sun Food Industry
Co., in Chem Phae,
Khon Kacn

Buri-Ram Royal Project Food Products’

- Baby Corn 40 tons/day

Tomato 25-30 tons/day
Super sweet corn 13
tons/day

- Others c.g. mushroom,

bamboo shoots, bean
sprout, longan,

papaya, mango, banana
water chestnut, ctc.
Total capacity 1,250
boxes per day
including

Baby corn 40%
Tomato 30%
Others 30%
(Workers over 800
persons, female workers
mostly)

Baby corn
Tomato
Others

(Sce E-Sun Food Industry

in Khon Kacn)

Baby Corn

Tomato

(Production capacity Sai

92 Mul0, Tambol
Nua Muang, Amphoe
Muang Roi-Et.

Tel (043) 511149,

511831,
512533

Amphoe Muang Roi-Et

Tambol Non Din
Dang, Amphoc Lahan

is almost the samc as Royal
Projcct in Sakon Nakhon)

Surin 1) Chong Siri Phanich

2) Wattan Phunphol
Surin, Part.Ltd.

3) Charocn Chai
(salted Chinese radish)

Ubon 1) Khow Tiam Huad

Ratchathani

130

Groundnut shelling 58.4
lons/yr., male worker
7 persons,

Groundnut shelling 60
tons/yr., male worker
42 persons

Chinesc radish 100
tons/yr., male worker
14 persons & female
10 persons.

Groundnut shelling
4,800 bags/yr.,
machine 14.3 horsc-
power, cash capital
0.81 million baht.

1/2 Mu 4, Tambol
Chom Phra, Amphol
Chom Phra

176,178,180 Paktama
rd,, Amphoe Muang
surin

118 Mu 3, Tambol
Chaliang

135 Soi Qoplisarn,
Ooplisarn rd.,
Ampho¢ Muang Ubon.



Table F-1 {(Continued)

Province Name of Processing Production Capacity Address
Plant
2) Sicw Siang Groundnut shelling 26 2/25 Soi Lung
tons/yr., machinc Chalerm Wattana,
4 horse-powcer Phalo Chai rd.,
Amphoce Muang Ubon
3) Hua Num Warin Groundnut shelling Mu 1, Tambol Thut,
1,400 bays/yr., Amphoc Warin
machinc 16 horse- Chamrab
power
4) Nathee Thong Groundaut shelling 449/1 Kunthaluk rd,,
6,000 bags/yr., Tambol Warin,
machine 12 horse- Amphoe Warin Chamrab
power
5) *Chili Processing
Plant Chili powder & Ban Nong Manow,
(Chamber of Canmera Dricd chili Tambol Rham Yai,
in Ubon Ratchathani) (Hua Rua varicty) Amphoec Muang Ubon.
Yasothon Boon Siri Food Cannery, - Baby corn 5,100 109 Mu 7,
Co.,Ltd* tons/yr. Aroon Prasert rd.,
- Tomato 1,000 tons/yr. Tambol Thad Tong,
- Bumboo shoot 204 Amphoc Muang
tons/yr. Yasothon.
- Mushroom 240 tons/yr.
- Mango 1,400 tons/yr.
- Papaya 250 tons/yr.
- Water melon 700
tons/yr. machinc
2,160 horsc-power,
male worker 15 persons,
female 160 persons.
Si Sa Ket 1) T. Sacng Thai Groundnut shelling 50 393 Mu6, Tambol

2) Lui Seng Lee Chun

3) Tai Tiang

tons/mo., malc worker
5 persons.

Groundnut shelling 10
tons/mo., malc
worker 2 persons,

Groundnut shelling 300
tons/mo., male
worker 7 persons.

Ponkha, Amphoc Muang
Si Sa Ket

317 Mus, Tambol
Nong Krok, Amphoce
Muang Si Sa Ket

987/26 Khukhun

rd., Tambol Muang
Tai, Amphoc Muang
Si Sa Kelt.
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Table F-1 (Continued)

Province Name of Processing Production Capacity Address
Plant
Si Sa Ket 4) Sri Veera Groundnut shelling 10 69 Sumrong Kiat
tons/mo., male worker Khunharn, Musé,
7 persons. Tambol Buk Dong,
Amphoe Khun Rarn
5) Saha Kit Groundnut shelling 87.5 Mu 5, Sumrong Kial
tons/mo. Khunharn, Tambol Si,
Amphoc Khenharn
6) Thai Charoen Groundnut shelling 10 89 Mu 5, Tambol
tons/mo., male Nong Ya Lad, Amphoc
worker 7 persons. Kunthaluk
7) Saha Siam Farm prescrved ginger and 149 Mu 5, Tambol
short cucumber 10 tons Si, Amphoc
per month, male worker Khumharn
15 persons
Udon Thani 1) Wachiraphon Industry Ginger power 4/tons/mo., 95-95/1 Wattana rd.,
malc workers 9 persons Tambol Mak Khang
Amphoc Muang Udon
2) Saeng Chai Factory Chili sauce 6,000 237/11 Adulyadet rd.,
bottles/mo., male Tambol Mak Khang,
water 7 persons Amphoe Muang Udon
3) Mr.Ming Daowon Groundnut powder 53/5 Chamnusorn rd.,
1.5 tons/mo. Tambol Mak Khang,
Amphoc Muang Udon
Nong Khat 1)*Sri Chiang Mai - Tomato paste 280 99/1 Soi 8, Mu4,
Agricultural Industry tons/day Sri Chiang Mai-Sung
(Note : (operating 100 days/ Kom rd., Tambol
Plants 1,2,4 yr., in Dec.-Apr.) Phan Phrao, Amphoe

also produce
canncd baby
corn and
canned
mushroom
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(Operating in May)
Worker 68 persons

Sri Chiang Mai



Table F-1 (Continued)

Province

Namc of Processing
Plant

Production Capacity

Address

Sri Chiang Mai

Sri Chiang Mai

Kalasin

Sakon Nakhon Royal Project Food Products*

2)*Thai Sun food products

3)*Kasct E-Sun
(NACO)

4)*Agricultural
Industry Nong Khai

5)*Luk Chai Trading,
Sri Chiang Mai
Phan Phrao, Amphoc

6)*Sri Charoen Farm

1)*Thai Carter Peanuts
(Exporter)
(makes contract with
farmers who have
planted arca of
groundnut more than
200 rai)

2) Kasel Thai

3) Mr.Prasit

4)*Vegetable Oil Processing

Plant
(Will operate in 1990)

Tomato paste 600-700
tons/day rd.,

Tomato paste 500
tons/day

Tomato pastc 50
tons/day,
worker 30 persons

Tomato paste 180 tons/
day, worker 20 persons.

Baby corn, Bamboo

Groundnut shelling 50
tons/day

Groundnut shelling
1,000 tons/yr.

Soybean, Groundnut

- Baby corn 5 tons/day
(operating 2 months/
yr.)

- Tomato 1100 tons/day
(operating from Jan.
to April, 100 days)

- Bamboo shoot 40 ton/yr.

- Mushroom
worker 400 persons
including fcmale 70%

26 Sri Ming Muang
Mu 13 Tambol
Phan Phrao, Amphoc

147 Mu 2, Tambol
Sang, Amphoce
Scka

3 Mitthaphab rd,,
Mu 3, Tambol Kong
Nang. Amphoc Tabo

31 Mu 13, Ming
Muang rd., Tambol
Amphoc Tabo
142/2 Theenanon

rd., Amphoc Muang
Kalasin

Amphoe Muang
Amphoc Kommalasai

Amphoc Kommalasoi

Tambol Tao Ngoy,
King Amphoc Tao
Ngoy

133



Table F-1 (Continued)

Province Name of Processing Production Capacity Address
Plant
Nakhon 1)*P.C.Food Industry, - Canned vegetables 117 Mu 18,

Ratchasima Co.,Ltd.

2)*Mr.Krai Lerk

3)*E-Sun Food Industry

(Branch of processing plant

in Chum Phae, Khon Kacn)

4) Song Chee

5) Lao Meng Huat

6) Yun Yong

7) Thawee Phol

8) Thai Soon Lee

9) Mr.Soonthorn
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1,960 tons/yr,

- Canned fruit 50 tons/
yr.(Cash capital 12.3
million baht, worker
245 persons)

- Baby corn&vegetables,
frozen, 100 tons/yr.

- Mango 400 tons/yr.
(Cash capital 25.2
million baht, worker
122 persons)

- Frozen bamboo shoot,
tomalo, vegetable
soybcan, & other
fruit vegetables.
(Cold storage
facilitics can kecp
produces 2,000 tons,
purchasc cvery
season)
Groundnut shelling
(male worker 6,
female 2)

Groundnut shelling
(male worker 2
persons)

Groundnut shelling
(male worker 6
persons)

Groundnut shelling
(male worker 4
persons)

Groundnut shelling
(male worker 4
persons)

Groundnut shelling
(male worker 5

persons)

Mitthaphab rd.,
Tambol Pak Chong,
Amphoe Pak Chong

942/1 Mu 1,
Mitthaphab rd.,
Tambol Pak Chong,
Amphoc Pak Chong

Korat-Pak Thong
Chai rd.

Mu 1, Si Kicw
Chaiyaphum rd.,
Tambol Si Kicw
Amphoe Si Kiew
Mu 1, Chumka rd.,
Tambol Si Kicw,
Amphoe Si Kiew.

Mu 7, Mitthaphab
rd., Tambol Si
Kiew, Amphoc Si
Kiew

Mu 1, Si Kiew-Dan
Khuntod rd.,
Tambol Si Kicw,
Amphoc Si Kiew
Mu 1, Suk Bantard
rd., Tambol Si Kicw,
Amphoc Si Kiew
Mu 16, Suk
Bantard rd.,
Tambol Si Kicw,
Amphoe Si Kicw,



Table F-1 (Continued)

Province

Namec of Processing
Plant

Production Capacity

Address

Khon Kacn

(Notc :
Musnrooms
arc cxported
from Chum
Phae about
10 tons

per day)

10) Tang Song Huat

11) Wikrom

12) Throng Phanich

13) Sahaphun Agricultural

Industry (Thailand)

14) Chat Chai Industry

15)*Charocn Phokaphan
(E-Sun)

16)*Betagro (North)

1) Prayoon Trading

2)*E-Sun Food Industry

(Has branches in Udon

Thani, Roi-Et, Maha
Sarakham)

Groundnut shelling
(male worker 3
persons)

Groundnut shelling
(male worker 2
persons, female,2)

Groundnut shelling
(worker 12 persons)

Groundnut shelling
(Worker 8 persons)

Groundnut powdcer 63

tons/yr.

- Chili 19 tons/yr.

- Chili power 6 tons/
yr. (Female worker 3,
male, 3)

Soybean Cake, corn

cake, clc.

(Cash capital 597

million baht, male

worker 30 persons,

female 20)

Bean powder, corn
powder, ctc.

(Cash capital 10
million baht, male
worker 16 persons,

- Bamboo shoot

- Mungbean milling
10 tons/mo.

- Baby corn 20 ton/day
(ali the ycar round)

- Tomato

- Mushroom

- Okra

- Vegetable soybecan

- male worker 57
persons)

Mu 1, Suk
Bantard, rd.,
Amphoe Si Kiew

151 Mu 8, Tambol
Si Kiew, Amphoe
Si Kiew

254/Mu 3,
Mitthaphab rd.,
Tambol Pak Chong,
Amphcee Pak Chong

97 Mu 8, Mitthaphab
rd., Tambol

Kok Kuad, Amphoc
Muang

58,59,60 Mu 19,
Nakhon Ratchasima
Chok Chai rd.
Tambol Hua Thab,
Amphoc Muang

86 Mu 6, Mitthaphab
rd., Tambol Kok
Kuad, Amphoc
Muang

196 Mu 4, Thana
Ruch rd., Tambol
Moo Si, Amphoc
Pak Chong

Mu 3, Tambol
Chaiso, Amphoc
Chum Phac
Amphoc Chem Phac
Tel 31221-212131

- Asparagus
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Table F-1 (Continued)

Province Name of Processing
Plant

Production Capacity

Address

3)*Mr.Sombat

4)*Sino thai

5) Khon Kaen Lublac Food

Cannery, Co.,Ltd.

6) Chun Seng Biscuits

Chaiyaphum  Siam Castor-Bean Oil
Kanchanaburi Bean Noodle Faclorics

Mushroom, salted
3-4 tons/day

Mushroom, salted
3-4 tons/day

Tomato paste
(Registered Capital
11.3 million baht)

Groundnut 7.1 tons/mo.
(male worker 8 persons)

Castor Bean
Mungbean for
Making bean noodle

Opposite Savings
Bank, Amphoe Chum
Phae

Amphoe Chum Phae

Kilometer 25,
Mitthaphab Rd.
Tambol Muang Kao,
Amphoe Muang

141/1-2 Pracha
Samrun rd.,,
Tambol Nai Muang,
Amphoc Muang
Muang Chaiyaphum
Ta Rua,
Kanchanaburi

Note : * indicates more important plants than the others in terms of volume of

products, and opportunity to deal with farmers in the NESSI Project

arcas.
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Table F-2 Wholesalers for soybean, groundnut, mungbean and other upland crops in the Northeast, 1959
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Table F-2 (Continued)
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Table F-2 (Continued)
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Table F-3

Locations and Names of Vegetable Wholesale
Markets in the Northeast, 1989

Province Amphoe (District) Name of Market

Roi Et Muang Hai Sok Municipality
Market

Mukdahan Nikom Kham Soi Nikom Kham Soi Market

Yasothon Muang 1) Municipality Market

Ubon Ratchatham

Buri Ram

Surin
St Sa Ket

Udon Thani

Nong Khai
Kalasin

Maha Sarakam
Sakon Nakhon

Nakhon Phanom
Khon Kacen

Nakhon Ratchasima

Loci
Chaiyaphum

Lung Nok Tha
Muang

Wirin Chumrab
Amnat Charoen
Prukon Chat
Muang

Ban Guad
Muang
Muang

Muang
Muang

Muang
Muang
Muang
Muang

Muang
Muang
Muang
Muang

Muang

Muang

Pak Chong

Muang

(No.wholesale market)

2) Krom Thanaruk Market
3) Lung Nok Tha Market
1) Municipality Market
2) Warin Chumrab Market
3) Amnat Charoen Market
1) Prakon Char Market
2) Municipality Market
(biggest)
3) Nikom Bun Guad Market
Municipaiity Market
1) Municipality Market
(biggest)
2) Trading Center
Market
1) Thai E-Sun Market
2) Udon Muang Thong
Market
1) Po Chai Market
2) Chai Porn Market
1) Market for Farmers
2) Municipality
Market |
Municipality Market
T.Karnka Market
Ekachon Market
1) Bang Lumphu Market
2) Bo Bac Market
3) Municipality Market
1) Chum Phol Market!
2) Prapa Marker'
3) Pak Chong
Municipality Market
Wung Saphung Market

' Regional markel.
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Table F-4

Selected Seed Merchants Dealing with Farmers in the Northeast, 1989

Province

Name ol Dealer

Types of Sced Purchased

Address

Khon Kicn

Nakon
Ratchastma

Chiang Mai

Bangkok

Sakon Nakhon

(Khon Kacn)

(Sakon Nakhon)

Adam Enterprises

Khakye Co., Ltd

Phion Kasct Co., Ltd

Universe Sced Co,,Ltd.

Agro-Sced Co.,Lud.

Scen Sceed Co., Ltd
(Taiwan)

1) Adam Enterpriscs
2. Hort-Thai Co.,Ltd.
3. Up-John Co.,Ltd,
4. Known You Sced

(Thailand) Co.Ltd
5. Kaset Sakon

6. Product-Marketing
Management Group
7. Trimit Kaset Co.

Tomato, corn, clc.

Soybean, oil sceds, corn,
ete.

Water melon, other vegetable
sceds

Tomato, water melon,
cggplant, cantaloupe,
munghean, ctc.

Tomato, Cantaloupe,
hybrid-water melon,
cte.

Tomato, water melon,
cggplant, cantaloupe, ctc.

Tomalo,baby corn,
watermelon, Cantaloupes
asparagus

Amphoce Ban Phai
(Ncar Ban Phai
Bus Station)

Amphoc Pak Chong
Amphoc Muang

Ratchada Phiset
Chong Nonsce,
Yannawa, Bangkok
Tel. 2495857

Amphoc Phan Khon

This company
purchases sceds
from farmers in
Amphoc Nong Rua

These companies
purchased sceds
from farmers in
the Lam Nam Qon
Irrigation Proj.
arca. They are
also exporters

& have branches
to collect seeds
in Amphoce Phan
Khon, Sakon
Nakhon
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Table F-5 Recommended Crops to Produce and their Expected Markets

Huai A2ng, Roi Et province.

Types of Recommended Crcps
Farm

Expected Markets

Processing Plant
Crops
- baby corn, tomato! (fruit), mushroom

- super sweet corn
- tomato (seed)

- white okra, vegetable soybean’
= chili (Hua Rua variety)
Fresh Market

Crops

- baby corn (fresh)

- water melon,ginger, bitter gourd, lettuce,white
gourd, Chinese radish, garden pea, cebbage.

- mushroom, chili, ginger, angled loofah, bitter
gourd, chinese radish, garden pea, short cucumber,
lettuce, pumpkin, leaf mustard, Chinese cabbage,
white gourd, multiplier onion, edible rape, yard
long bean, Chinese kale, kang kong.

- Sweet corn, chili, pepper, short cucumber

Home Garden
Crops

long cucumber, multiplier onion, yard long bean,
eggplant.

Processing plants in

Roi Et, Yasothon, Khon Kaen (Chum Phae,

via broker)

Processing plant in Roi Et

Seed companies in Khon Kaen, Saraburi, Sakon
Nakhon, Bangkok.

Khon Kaen (Chum Phae, via broker; processing plant)
Ubon Ratchathani (processing plant)

Bangkok (exporters/wholesalers)
Roi Et vegetable wholesale market.

Vegetable wholesale markets in Yasothon, Kalasin,
Mahasarakham, Khon Kaen

Local roadside booths, village assemblers/retailers,

Weekend markets, family consumption.

! Crops transacted by marketing contract.
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Table F-5 Recommended Crops to Procxe and their Expected Markets
Huai Aeng, Roi Et province.
Types of Recommended Crops Expected Markets
Farm

Processing Plant

Crops

Fresh Market

Crops

Home Garden
Crops

baby corn, tomato! (fruit), mushroom

super sweet corn
tomato (seed)

white okra, vegetable soybeanl
chili (Hua Rua variety)

baby corn (fresh)

water melon,ginger, bitter gourd, lettuce,white
gourd, Chinese radish, garden pea, cabbage.
mushroom, chili, ginger, angled loofah, bitter
gourd, chinese radish, garden gza, short cucumber,
lettuce, pumpkin, leaf mustard, Chinese caboage,
white gourd, multiplier onion, edible rape, yard
long bean, Chinese kale, kang kong.

sweet corn, chili, pepper, short cucumber

long cucumber, multiplier onion, yard long bean,
eggplant.

Processing plants in

Roi Ef, Yasothon, Khon Kaen (Chum Phae,

via broker)

Processing plant in Roi Et

Seed companies in Khon Kaen, Saraburi, Sakon
Nakhon, Bangkok.

Khon Kaen (Chum Phae, via broker; processing wiant)
Ubon Ratchathani (processing plant)

Bangkok (exporters/wholesalers)
Roi Et vegetable wholesale market.

Vegetable wholesale markets in Yasothon, Kalasin,
Mahasarakham, Khon Kaen

Local roadside booths, village assemblers/retailers,

Weekend markets, family consumption.

! Crops transacted by marketing contract.



Table F-6 Recommended Crops to Produce and their Expected Markets

Huai Xhilek, Mukdahan province.

Types of Recommended Crops
Farm

Expected Markets

Processing Plant
Crops

tomato1, baby corn1, mushroom

soybean1

groundnut

Fresh Market
Crops
chili (Hua Rua variety)
long cucumber, yard long bean, short cucumber,
Chinese cabbage, pumpkin, chili, angled loofah,
lettuce, edible rape, white gourd, ginger,
bitter gourd, leaf mustard, Chinese kale,
multiplier onion, Chinese radish, garden pea,
cabbage, morning glory.
Home Garden
Crops
sweet corn, chili, eggplant, short cucumber,
puwpkin, angled Leofah, muitiplier onion, yard
long bean, pepper

Processing plants in Roi Et, Yasothon & Royal
Project in Sakon Nakhon

Kalasin (oil processing plant), Yasothon &
Mukdahan (wholesalers)

Bangkok (C.P., via Nakhon Ratchasima branch)
Ubon Ratchathani & Sakon Makhon (Centers

for Propagation),

Kalasin (processing plant, Carter Peanuts Co.)
wholesalers in Nakhon Phanom, Mukdahan, Khon Kaen,
Nakhon Ratchasima, Yasothon, and Centers for
Propagation in Sakon Nakhon, Ubon Ratchathani

Ubon Ratchathani (processing plant)

Vegetable wholesale markets in Mukdahan, Nakhon
Phanom, Sakhon Nakhon, Kaiasin, Roi Et, Yasothon,
Ubon Ratchathani (Amnatcharcen, Muang)

local roadside booths, village assemb!=2rs/retailers
weekend markets, family consumption

1 Crops transacted by marketing contract
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Table F-7 Recommended Crops to Produce and their Expected Markets

Kuai Chorakhe Mak (& Huai Talat), Buri Ram province.

Types of Recommended Crops
Farm

Expected Markets

Processing Plant
Crops 1
groundnut

mungbean

soybean1

tomato1, baby corn1

cnili

tomato,vegetable soybean &
other fruit vegetables

Fresh Market

Crops
multiplier onion, ginger, gard:n pea,bitter
gourd, lettuce, edible rape, white gourd,
Chinese cabbage, angled loofah, yard long bean,
short cucumber, chili, Chinese radish, laaf
mustard, Chinese kale, kang kong, pumpkin, white
gourd, mushroom, cabbage, cauliflower,

Home Garden

Crops
chili,eggplant,angled loofah,coriander,multiptier
onion, cucumber, yard long bean, pumpkin, pepper

Centers for Propagation in Surin, Ubon Ratchathani
& wholesalers in Buri Ram, Si Sa Ket, Nakhon Ratchasima
(Pak Chong, Si Kiew), Khon Kaen

wholesalers in Khon Kaen (Chum phae), Buri Ram,
Nakhon Ratchasima, Bangkok, and processing plants
in Kanchanaburi

Bangkok (C.P., via Nakhon Ratchasima branch),

Ubon Ratchathani*T*"T (Center for Propagation),
Buri Ram (wholesalers), Xhon Kaen (Wholesalers)
Buri Ram (Royal Project)

Bangkok & other nearby provinces (processing plants
of noodle)

Nakhon Ratchasima (frozen vegetable company)

Vegetable wholesale market in Buri Ram,

Nakhon Ratchasima, Surin

Local roadside booths, village assemblers/
retailers, weekend markets, family consumption

1 Crops transacted by marketing contract.



Table F-§

Distance Among Roi Et and Other Provinces

From (Province/
District)

To Province/District

Distance (Km.)

Roi Et/Muang

Bangkok
Kalasin/Muang(a)
Kalasin/Muang(b)
Yasothon/Lung Nok Ta
Surin/Muang

Ubon Ratchathani/Muang
Maha Sarakham/Muang
Buri Ram/Muang

Si Sa Ket/Muang

Khon Kacn/Ban Phai
Khon Kacn/Muang

Khon Kacn/Chum Phac
Nakhon Ratchasima/Muang
Nakhon Ratchasima/Pak Chong
Sakon Nakhon/Muang
Nong Khai/Sri Chiang Mai
Udon Thani/Muang
Loci/Muang,
Chaiyaphum/Muang
Nakhon Phanom/Muang
Mukdahan/Muang

509
83

127
166
170

144
173
110
124
244
312
398
166
326
272
333
250
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Table F-9

Distance Among Mukdahan and Other Provinces

From (Province/
District)

To Province/District

Distanice (Km.)

Mukdahan/Muang

Bangkok

Mukdahan/Nikom Kum Soy
Nakhon Phanom/Muang

Ubon Ratchathani/Muang
Ubon Ratchathani/Amnat Charoen
Ubon Ratchathani/Dech Udom
Ubon Ratchathani/Num Yurn
Kalasin/Muang

Nong Khai/Muung

Roi Et/Muang
Yasothon/Muang

Sakon Nakhon/Muang

Maha Sarakham

Khon Kacn/Muang

Khon Kaen/Chum Phac
Nakhon Ratchasina/Muang
Nakhon Ratchasima/Pak Chong
Si Sa Ket/Muang
Surin/Muang

Buri Ram/Muang

Udon Thani/Muang
Loci/Muang
Chaiyaphum/Muang
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Table F-10

Distance among Buri Ram and Other Provinces

From (Province/
District)

To Province/District

Distance (Km.)

Buri Ram/Muang

Bangkok

Buri Ram/Lum Paimat
Buri Ram/Nang Rong
Buri kam/Lahan Sai

Buri Ram/Nong Kcee

Buri Ram/Ban Kruad
Nakhon Ratchasima/Muang
Nakhon Ratchasima/Pak Chong
Maha Sarakham/Muang
Roi Et/Muang

Khon Kaen/Muang

Khon Kacen/Muang
Surin/Muang

Si Sa Ket/Muang

Ubon Ratchathani/Muang
Yasothon/Muang
Kalasin/Muang
Mukdahan/Muang

Sakon Nakhon/Muang
Nakhon Phanom/Muang
Udon Thani/Muang

Nong Khai/Muang
Loci/Muang
Chaiyaphum/Muang

411
35
55
92
83

155
240
148
144
180

110
211
271
200
190
290
310
305
297
350
389
275
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Udon Thani
oGP

CP’ el

Kalasin

GP
@P

FC

CAPACITY SYMBOLS:

@ capacity over 6,000 tons/yr.

Ubon Ratchathani

capacity less than 6,000 tans/yr.,actually about 2,000- 3,000 tons/yr.

® capacity less than 500 tons/yr.
L__] capacity data is not available.

INDUSTRY SYMBOLS:

FC - Food cannery

GP =  Groundnut paste

FF = Frozen food industry

CP = Chilli processing plant

TP = Tomato past industry

Gl = Ginger powder industry

BM : Bamboo shoot and mungbean processing plant
MS = Mushroom saited industry
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Figure F-1 Location and Capacity of Processing Plants in

Northeast of Thailand
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Market Symbols:

a major markets in each province

® minor marketsin each province

PROVINCE _ SYMBOLS:

1 Buri Ram 8 Nakhon Ratchasima

2 Chaiyaphum 10 Nong  Khai

3 Knalasin 1" Roi Et

4 Khon Kaen 12 Sakon Nakhon

6 Loei 13 Si Sa Ket

8 Maha Sarakham 14 Surin

7 Mukdahan 15 Ubon  Ratchathani

8 Nakhon phanom 16 udon Than:

17 Yasothon
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Figure F-2 Sites of wmarkets for o0l Crops and ypland Food Crops in the Northeast of Thailand.
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Figure F-12 Distance for Flow of Selected Processing Vegetables : Huai Aeng
Farmers to Frocessing Plants, 1989, 165
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166 Figure F-13 Distance for Flow of Selected Processing Vegetables : Huai Khilek
Farmers to Processing Plants, 1989
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SYMBQS:

® & @ - Ginger

o @ [0 - Garlic

x X X « Shaliot

n & B - Chinese Radish
o 00O . Tomato

® e 3D .Garden Pea
«niE . Cabbage

oo O » Long Cucumber

Note:

» % * * Yard Long Bean

++ 3 . Short Cucumber
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aad + Chinese Cabbage
3 0 © . Lottuce

00 O . Leat N'lumnd

a m [ . Edible Rape

aad Kk 4
AecY+a
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gPA A
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e B EH «Chinese Kale
¢ 0@ .Kang Kong
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a A A . white Gourd

® © O .Baby Corn
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2 A ﬂ « Chilli

55 1\ .+ Bird Pepper

1. Small symbol refers to planted area less than 500 rai
2. Medium symbol refsrs to planted area betwsen 500- 1,000 rai
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3. Big symbol refers to planted area over 1,000 rai

Figure F-16 Planted Area for Various Vegstables by Crops, All Provinces in Northeast Thailand, 1989
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Figure F-18  Distance for Commodity Flow of Fresh Vegetables Ffrom
Husi Aeng to Regional and Provincial Wholessis Merket, 1989
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km. :
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Figure F-19  Distance for Commodity Flow of Fresh Vegetables from Huai Khilek

Farmers to Regional and Provinclal Wholesale Markets
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Figure F-20 Distance for Commodity Flow of Fresh Vegetables from
Husl Chorakhe Mak to Ragional and Provincial Wholesals Market, 1989
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ECONOMIC ANALYSIS

G-1 Huai Acng Benefit/Cost Ratios
G-2  Huai Khilek Bencfit/Cost Ratios
G-3  Huai Chorakhe Makc Benefit/Cost Ratios

G-4  Phutta Utthayan Benefit/Cost Rations



Table G-1

WIAI AENG 8/C RATIOS

LLT

AL DISCOMT  COMSTRLCTION  DISCOUMTED RECORSISG  DISCOMTED  INCROENTAL  DISCOINTED  INCRENNENTAL DISCOUMTED T ISCOMTED DISCOUNTED
YEAR YEAR  RATE (12X) costs COMSTRUCT 1t cosTs RECREIRC BEMEFITS  DIRECT BGEFIT  BEMEFITS  DIRECT BRMEFIT  BEMEFITS T T RENEFITS B/C RATID
cosTs (VET SEASON)  {WET SEASON) (DRY SEASON)  (DRY SEASON) BENEFITS  EXCLUDING LABOR COSTS
W/LABOR COSTS

. o 0.86%38
2525 1 1.000000 4,355,422 4,355,422 456,000 456,005 (28,000) (28,000) B, 7I2)  (158,712) (4,998,134  (4,998,134)) (5,051,1443)
2526 2 0.892857 26,397,199 23,568,928 610,200 S4k, 821 882,000 787,500 292,238 260,927 (25,833,161} (23,065,322) (22,769,938)
2527 3 0.7971% 12,809,714 10,211,826 642,260 512,006 2,473,000 1,971,460 2,143,960 1,709,152 (8,835,014 (7,0<X,219) (6,225,513)
528 4 0.711720 16,321,682 11,617,451 193,600 137,801 4,300,100 3,060,726 2,902,032 2,065,609  (9,313,150) (6,628,916) (5,448,286)
2529 5 0.635518 24,367,859 15,486,215 459,120 21,79 4,065,900 2,583,953 4,928,370 3,132,068  (15,832,709) (10,061,97%) (8,755,755)  W/D LABOR COSTS
530 6 0.567427 490,860 278,527 1,207,460 635,145 5,256,497 2,982,675 3,852,789 2,186,176 7,410,961 4,205,178 5,226,422
831 7 0.506631 128,600 65,153 1,115,774 565,286 6,385,100 3,235,397 1,910,118 967,725 7,051,844 3,572,684 4,307,451 1.030347
2532 8 0.452349 0 0 1,369,100 619,311 5,864,215 2,652,673 2,583,236 1,168,525 7,078,351 3,201,887 3,949,982
2533 9 0.403883 o 0 1,369,100 s52,957 5,876,533 2,373,433 2,805,696 1,133,174 7,313,129 2,953,650 3,621,592
5% 10 0.360610 ) 0 1,369,100 493,711 5,095,833 2,162,157 3,134,296 1,130,259 7,761,029 2,798,705 3,413,761
2535 1 0.321973 0 0 1,369,100 440,814 7,442,661 2,396,338 3,002,648 966,772 9,076,209 2,922,296 3,471,454
5% 12 0.287476 0 0 1,369,100 393,584 7,462,681 2,139,587 3,002,648 843,190 9,076,209 2,609,193 3,099,512
2537 13 0.256675 0 0 1,360,100 351,414 6,527,835 1,675,533 3,002,648 770,705 8,161,384  2,0%,82 2,532,609
2538 14 0.229174 0 0 1,369,100 313,762 7,371,220 1,689,293 2,813,568 644,859 2,816,088 2,020,420 2,611,299
2539 15 0.204620 0 0 1,369,100 220,145 6,924,159 1,416,828 3,02_,588 618,481 8,577,687 1,755,165 2,104,164
2540 16 0.1826%6 0 0 1,369,100 250,129 7,285,423 1,331,020 3,022,588 552,216 8,938,911 1,633,106 1,964,712
2541 17 0.163122 0 0 1,369,100 223,330 6,850,858 1,117,523 3,022,588 493,050 B,504,366 1,387,243 1,665,463
2562 18 0145644 o 0 1,369,100 199,402 7,800,960 1,136,166 3,415,516 497,451 9,847,376 1,434,215 1,682,626
2543 19 0. 130040 0 0 1,369,100 178,037 7.800,960 1,016,434 3,415,516 444,152 9,847,376 1,280,549 1,502,344
254 20 0.116107 o o 1,369,100 158,962 3,162,184 7,685 3,415,516 396,565 10,208,400 1,185,288 1,343,319
2545 21 0.103867 a 0 1,369,100 141,930 8,162,18 846,147 3,415,516 354,075 10,208,600 1,058,293 1,235,107
2566 22 0.092560 0 0 1,369,100 126,723 8,162,18 755,489 3,415,516 315,139 10,208,600 944,904 1,102,77%
25:7 23 0.082643 0 o 1,369,100 13,148 3,162,18 674,563 3,632,236 300,177 10,425,320 261,575 1,002,530
2548 2% 0.073788 0 0 1,369,100 101,023 8,885,632 655,579 3,632,236 68,015 11,147,768 822,57 *3,424
49 25 0.065682 0 0 1,369,100 90,199 8,884,632 ses,338 3,632,236 339,299 11,147,768 734,438 88,807
2550 26 0.058823 0 0 1,369,100 80,535 8,880,632 522,623 3,612,7% 212,517 11,128,328 654,605 754,934
2551 27 0.052521 a 0 1,369,100 71,906 8,884,632 465,628 3,612,796 189,747 11,128,328 584,409 674,048
2552 28 0.046034 0 0 1,369,100 84,202 8,884,632 416,632 3,612,7%6 169,417 11,128,328 521,847 €01,829
253 29 0.041859 0 0 1,369,100 57,323 8,88, 632 371,993 3,612,796 151,265 11,128,328 465,935 537,347
55 30 0.037383 o ¢ 1,369,100 51,18 8,884,632 332,137 3,612,796 135,058 11,128,328 416,013 419,774

8,871,335 65,583,521 36,173,714 8,546,565 201,360,111 42,273,491 91,321,966 22,172,081 171,637,027 (9,67B,514) 2,269,648



Table 6-2

WOAD KNILEX B/C RATIOS

AL DISCONMT  COMSTRUCTION  DISCOUNTED RECLERING DUSCOUNTED INREENTAL  DISCOUTED  INCRENEBNTAL OISCOMTE!  DISCOUMTED  DISCOUNTED D1SCOLNTED DIRECT
YEAR YEAR RATE (12) cosTS CONSTRUCT1CM cosTS RECLRRING BEXEFITS  DIRECT BEMEFIT KEMEFITS  DIRECT NEMEFIT MET  DIRECT BE*FITS WET BEMEFITS SENEFITS
cosTs (WUET SEASOM)  (WET SEASON) (ORY SEASOM)  (DRY SEASON)  BENEFITS EXCLIDING LABGR EXCLEDING LASOR EXCLUDING LABOR  8/C RAYIO
0

3525 1 1.000000 0 o 220,000 220,000 166,188 166,188 371,624 371,426 317,612 606,772 386,772 786,266 W/LABOR COSTS
%26 2 0.892857 0 0 534,010 476,795 364,578 325,516 73,264 243,58 92,707 623,828 147,032 739,008 *  1.212381
2527 3 0.7971% 450,000 358,737 1,123,361 295,537 351,206 280,051 423,066 337,266 (636,957) 666,427 (587,848) 911,18
%28 4 0.711780 1,324,049 942,432 1,009,580 718,599 404,572 287,967 546,272 328,825 (984, 235) 735,82 (925,207) 1,055,720
3% S 0.635518 8,728,486 5,547,055 477,000 303, 142 619,655 393,802 1,854,272 1,178,436 (4,277,989) 1,731,807 (6,118,420) 2,294,390  W/O LABOR
X3 6 2.567427 25,554,348 15,067,650 477,000 270,643 1,295,789 735,265 2,992,09 1,697,79%  (12,905,253) 2,722,950 (12,615,363) 3,954,358 cosTs
%31 7 0.505631 5,025,840 2,546,247 477,000 241,663 1,813,200 918,624 1,360,003 689,020 (1,180,267) 1,718,165 €1,069,745) 2,105,217 1.349¢73
%32 8 0.452349 128,600 58,172 477,000 215,77 1,747,950 790,684 4,143,548 1,574,331 2,391,072 3,042,161 2,768,218 5,504,362
2533 9 0.403883 0 ¢ 477,000 192,652 1,683,263 679,841 4,324,148 1,746,451 2,233,840 2,763,030 2,570,378 5,684,362
&34 10 0.360610 0 0 477,000 172,011 1,957,369 705,847 4,324,148 1,552,331 2,093,167 2,565,837 2,393,826 5,684,562
235 1 0.321973 0 0 477,000 153,581 2,210,756 711,804 4,321,748 1,391,487 1,949,710 2,371,737 2,218,155 5,684,362
53 12 0.287476 0 0 477,000 137,126 2,216,531 637,200 4,321,748 1,242,399 1,742,473 2,119,282 1,982,156 5,684,362
2537 13 0.256475 0 0 477,000 122,434 2,960,438 759,871 4,321,748 1,109,285 1,746,722 2,083,158 1,960,726 5,684,362
2538 1% 0.22917¢ o 0 477,000 109,316 2,850,600 653,284 4,445,848 1,018,874 1,562,841 1,843,232 1,753,915 5,840,362
2539 15 0.204620 o 0 477,000 97,604 1,452,194 706,387 4,441,996 908,920 1,517,704 1,785,909 1,688,306 5,840,362
2540 16 0.182696 0 3 477,000 87,146 3,452,194 630,703 4,441,996 811,536 1,355,093 1,55%,562 1,507,416 5,840,362
x4 17 0.163122 0 0 477,000 77,809 3,452,194 563,128 4,441,996 724,586 1,209,904 1,423,716 1,345,907 5,840,362
2542 18 0.145644 0 0 477,000 4,472 3,451,116 502,635 4,424,672 644,428 1,077,592 1,268,495 1,197,023 5,840,382
253 19 0.130040 o 0 477,000 62,029 3,418,716 444,568 4,784,672 622,197 1,004,736 1,175,186 1,113,157 6,200,362
2546 20 0.116107 0 0 477,000 55,383 3,418,716 396,936 4,784,672 555,533 897,086 1,046,273 993,890 6,200,382
2545 21 0.103667 0 0 477,000 49,449 3,408,741 353,373 4,784,672 496,911 799,936 935,817 886,368 6,200,362
B4 22 0.092560 0 0 477,000 &4, 151 3,407,663 315,412 4,784,672 442,867 74,128 835,451 791,300 6,200,362
347 B 0.082643 0 0 477,000 39,420 3,407,663 281,618 4,784,672 395,417 437,615 745,938 706,518 6,200,362
2548 24 0.073788 0 c 477,000 35,197 3,407,663 251,4hb 4,784,672 353,051 569,299 666,016 630,319 6,200,362
349 25 0.065882 0 0 477,000 31,426 3,407,663 224,504 4,784,672 315,224 508,302 59,657 563,232 6,200,362
550 2% 0.058823 o 0 477,000 28,059 3,407,683 200,450 4,779,872 281,168 453,559 530,662 502,603 6,200,362
551 27 0.052521 0 0 477,000 25,052 3,407,663 178,973 4,779,872 251,043 404, 964 473,805 448,753 6,200,362
252 23 0.0468% o 0 477,000 22,368 3,407,663 159,797 4,779,872 224,145 351,575 423,040 403,672 6,200,362
2555 29 0.041869 0 o 477,000 19,972 3,407,663 142,676 4,779,872 200,130 322,534 377,715 357,743 6,200,362
2554 30 0.037383 o 0 477,000 17,832 3,407,663 127,390 4,779,872 178,687 288,245 337,245 319,413 6,200,362

42,211,283 24,520,324 15,288,951 4,991,658 75,365,015 13,525,923 113,166,075 22,253,854 6,267,810 39,821,869 10,319,714 149,578,470

6L1



Teble G-3

CHORAKNE MAX, BURIRAM E/C RATIOS

THAL oISCOUNMT COMSTRUCTION  DISCOUMTED RECURRING DISCOUSTED INCREENTAL D SCOUMTED DIRECT DISCRMTED WET CISCOMTE  CISCOUMTED DISCOMTED DIRECT 8/C RATIO
YEAR YEAR RATE (12X) COSTS  CORSTRUCTION  CUSTS RECLRRING SEMEFITS  DIRECT BENSFIT BEMEFITS  DIRECT BEMEFIT  BENEFITS -2 DIRECT BENEFITS NET BEMEFITS  BEMEFITS
costs (MET SEASOM)  (WET SEASON) (DRY SEASON)  (DRY SEASON) BEMES(TS EXCLUDING LASOR EXCLUDING LABCR EXCLUCING LABOR
4] M/LABOR COSTS
2525 1 1.000000 Q - o 150,000 150,000 458,700 458,700 (21,239 21,239 287,461 287,461 431,591 281,551 262,150 0.91
2526 2 0.892857 0 0 150,000 133,929 4£7,500 417,411 16,313) (14,565) 301,187 268,917 399,774 265,846 269,506
2527 3 0.797194 0 0 150,000 119,579 529,070 421,77 86,791 69,189 445,861 371,382 397,434 277,855 364,700
2528 4 0.711780 o 0 350,000 249,123 ™, 75 527,945 70,388 50,101 462,113 328,923 443,875 194,752 419,550
2529 5 0.635518 11,769,583 7,479,783 277,250 176,197 1,212,655 773,664 189,535 120,453 (10,644 ,843) (6,764,843) T4, TS (6,881,226) 564,347 /G LABOR
2530 6 0.567427 15,081,670 8,557,745 415,000 235,482 2,268,705 1,287,324 326,032 184,999  (12,901,933) (7,320,903) 1,452,1 (7,341,121) 811,678 COSTS
2531 7 0.50643% 6,133,166 3,107,253 882,280 435,858 2,571,355 1,302,728 873,815 £42,702 (3,550,276) (1,798,680) 1,776,370 (1,767,740) 1,399,391 0.98
2532 B 0.452349 20,144,816 9,112,492 662,280 299,582 1,991,405 900,810 1,274,264 576,412 (17,541,427)  (7,934,851) 1,572,535 (7,839,088) 1,912,970
2535 9 0.403883 128,600 51,939 662,280 267,486 3,275,605 1,322,962 2,926,134 1,181,816 5,410,859  2,185.355 2,779,520 2,460,097 3,933,390
2536 1D 0.360610 ¥ 0 662,280 238,825 4,015,700 1,448,102 2,926,134 1,055,193 6,279,554 2,264,470 2,757,615 2,518,790 3,933,390
2535 11 0.321973 0 0 682,280 213,236 3,099,400 997,924 2,971,413 956,626 5,408,256 1,761,313 2,781,821 1,968,385 3,990,390
2536 12 0.287476 )] 0 662,280 190,390 3,099,400 891,003 2,966,134 852,693 5,403,254 1,553,306 1,546,439 1,756,049 3,990,390
2537 13 D.256875 0 0 662,280 169,991 3,099,400 795,539 3,205,294 822,976 5,643,414 1,448,524 1,799,535 1,629,544 4,230,550
2538 14 0.229174 0 0 642,280 151,777 3,099,400 710,302 3,136,29¢ 718,758 5,573,641 1,277,283 1,590,635 1,438,908 4,140,550
2539 15 0.204620 0 0 662,280 135,516 3,110,000 636,368 3,131,206 640,707 5,578,926 1,141,559 1,421,383 1,285,867 4,160,550
2540 16 0.182696 0 0 662,280 120,996 2,941,500 537,401 3,131,206 572,060 5,410,426 088,465 1,238,207 1,117,311 4,140,550
251 17 0.163122 o 0 662,280 108,032 2,941,500 477,822 3,131,206 510,768 5,410,426 882,558 1,105,631 997,509 4,160,550
2542 18 0.145644 0 o 662,280 96,457 2,941,500 428,413 3,131,206 456,042 5,410,426 767,998 987,171 890,714 4,160,550
2543 19 0.130040 0 0 662,280 86,123 2,941,500 382,511 3,137,206 407,961 5,416,426 704,350 882,183 796,060 4,166,550
2544 20 0.116107 0 0 662,280 76,895 2,941,500 341,528 3,137,206 364,251 5,416,426 628,884 787,663 710,768 4,166,550
2545 21 0.103&7 0 0 662,280 68,656 3,392,750 351,715 3,193,606 331,071 5,924,076 614,130 755,897 687,269 4,106,550
2546 22 0.092560 0 0 682,280 61,300 3,392,750 114,032 3,193,606 295,599 5,924,97¢ 548,330 674,908 613,608 4,166,550
2547 23 0.082643 0 0 862,280 54,732 3,384,050 279,666 3,193,606 263,928 5,915,376 488,862 601,878 547,145 4,166,550
2548 24 0.073738 0 0 662,280 48,868 3,835,300 282,999 3,214,606 237,199 5,387,626 471,330 572,237 523,389 4,187,550
2549 25  0.065882 0 0 642,280 43,632 3,835,300 252,678 3,214,608 211,785 6,387,626 420,830 510,926 467,294 4,187,550
2550 26  0.058823 0 0 662,280 38,957 3,835,300 225,605 3,214,606 189,096 6,387,626 375,741 456,184 417,226 4,187,550
2551 27  0.052521 0 0 662,280 34,783 3,835,300 204,433 3,214,606 168,834 6,387,626 335,483 407,307 372,526 4,187,550
2552 28 0.044294 0 0 662,280 31,057 4,476,550 209,921 3,214,606 150,744 7,028,876 329,609 393,73 362,681 4,187,550
2553 29 0.0418% 0 C 662,280 27,729 4,476,550 187,430 3,214,606 134,593 7,028,876 294,29 351,551 323,822 4,187,550
2554 30 0.037383 [\ 0 662,280 2,758 4,476,550 167,348 3,214,606 120,172 7,028,876 262,762 313,385 237,127 4,187,550
53,257,835 28,309,211 17,585,970 4,090,947 86,687,920 17,532,058 71,797,696 12,050,922 87,640,809 (2,817,179 31,765,154 (635,004) 97,030,752
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Table G-4

PHUTTHRA UTTHRAYAN B/C RATIOS

THAL DISCOUNT CORSTRICT 108 DISCONTEY RECLRRING DISCANTED INCREMENTAL DISCORTED INCREMENTAL  DISCOUMTED ¥*ET DISCOUMTED DISCOUNTED DISCRNMTED DIRECT
YEAR YEAR RATE (12X) cosTs CORSTRUCTION cosTS SEORRING BEMEFITS DIRECT BEMEFIY BEMEFITS DIRECT BENEF'Y BEXSFITS =T DIRECT SEMEFITS KET BGIEFITS SENEFITS
COSTS CosTS (VET SEASON) (WET SEASOE) (DRY SEASOM)  (DRY SEASGY) BEMEFITS EXCLLOING |ABOR EXCLLDING LABOR EXTUUNING LAROR
0

2525 1 1.000000 60,421 660,421 263,000 200,000 1,272,291 1,272,291 6C5,294 605,294 1,617,164 1,017,164 2,007,275 1,146,854 1,144,637 B/C RAYIC
2526 2 0.892857 634,192 566,243 430,063 333,929 1,%1,47 1,733,456 1,121,639 1,001,464 1,996,918 1,784,748 2,936,786 2,006,614 1,779,562 W/ LABOR TOSTS
2527 3 0.7971%« 817,301 651,547 450,000 358,737 1,941,471 1,547,729 1,114,727 838,454 1,738,897 1,426,098 2,620,056 1,600, T1 1,754,560 1.2
2528 4 0.771789 23,667,386 20,404,879 472,234 402,754 3,107,934 2,212,166 3,696,101 2,630,812 (22,541,584) (16,944,655) 5,340,755 €15,546,878) 4,824,420
2529 5 0.635518 32,643,285 20,745,398 765,696 488,647 2,934,087 1,864,665 2,267,635 7,441,123 (28,210,459) (7,928,257) 3,550,571 - (17,683,474 3,270,538
2530 6 0.567427 2,151,161 1,220,627 887,690 502,699 3,005,489 1,756,452 6,093,078 3,457,375 6,149,693 3,429,501 5,858,968 4,136,643 7,850,494 B/C RATIO
2331 7 0.50663% 1,177,061 596,336 768,896 389,547 3,537,080 1,791,995 6,006,033 3,042,843 7,597,156 3,848,956 5,240,404 4,254,521 7,630,329 $/0 LABOR
2532 3 0.452349 128,600 58,172 645,000 291,765 3,790,417 1,714,592 5,218,349 2,360,516 8,235,166 3,725,171 4,462,405 4,112,4 6,897,177 COSTS
2533 9 0.403883 o ] 566,200 220,601 3,262,282 1,317,581 4,187,612 1,691,306 6,903,654 2,788,266 3,290,676 3,070,175 5,534,950 1.33
2534 10 0.350610 o 0 546,200 196,965 3,574,646 1,289,053 4,355,012 1,570,461 7,383,458 2,662,549 3. .02 2,914,146 5,702,350
2535 11 0.321973 0 4] 566,200 175,862 3,336,788 1,074,350 4,342,800 1,398,245 7,132, 2,296,754 2,697,256 2,521,394 5,702,350
2536 12 0.287L76 0 0 545,200 157,019 4,168,978 1,198,482 4,354,588 1,251,840 7,977,366 2,293,302 2,650,89% 2,493,874 5,702,350
2537 13 0.256675 0 Q 546,200 140,196 3,750,891 962,760 4,345,236 1,115,314 7,549,927 1,937,878 2,257,158 2,116,960 5,702,350
2538 14 0.229174 0 4 546,200 125,175 4,806,081 1,101,430 5,938,336 1,154,857 9,298,217 2,130,611 2,415,981 2,290,806 6,395,450
2539 15 0.204620 o 0 544,200 111,763 4,431,244 905,720 5,038,336 1,030,943 8,923,380 1,825,900 2,080,427 1,968,664 6,395,450
2540 16 0.18269% 0 0 546,200 99,789 4,631,264 809,572 5,038,336 920,485 8,923,380 1,630,268 1.857,524 1,757,735 6,395,450
2541 17 0.153122 0 0 546,20C 89,097 4,631,264 Te2,832 4,993,836 814,603 8,878,880 1,448,338 1,651,245 1,562,148 6,395,450
2542 18 0.145644 0 0 566,200 79,551 5,701,424 830,380 4,547,736 720,610 10,702,960 1,571,439 1,652,604 1,573,055 6,395,450
2543 19 0.1I0040 4] 4 566,200 71,028 5,701,424 761,61 5,183,736 671,490 10,318,960 1,351,813 1,503,830 1,432,602 6,611,450
2544 20 0.116107 ) 0 546,200 63,418 5,672,590 658,626 5,232,736 607,556 10,359,128 1,202,765 1,347,190 1,283,772 6,580,450
2545 21 0.103667 0 (] 546,200 56,623 5,672,590 588,059 5,232,736 542,461 10,359,126 1,073,897 1,202,848 1,146,220 6,680,450
2546 22 0.092560 0 0 566,200 50,556 5,672,590 525,053 5,235,736 484,618 10,362,126 959,114 1,074,249 1,023,493 6,683,450
2547 23 0.082643 0 4] 546,200 45,139 5,672,590 468,797 5,235,73¢ 432,69¢ 10,362,126 856,352 959,154 914,012 6,683,450
2548 26 0.073788 [ 4 546,200 40,303 5,672,590 418,569 5,235,736 385,234 10,362,126 754,600 856,385 816,082 6,683,450
2549 25 0.065882 ] 0 546,200 35,985 5,672,590 373,722 5,235,736 344,941 10,362,126 682,679 764,629 728,645 6,583,450
2550 26 0.058823 [} Q 546,200 32,129 5,672,590 333,681 5,255,736 307,983 10,382,120 609,535 682,705 650,576 6,683,450
2551 27 0.052521% 0 0 546,200 28,687 5,672,590 297,929 5,235,736 274,985 10,362,126 544,227 409,558 580,871 6,683,450
2552 28 0.046894 1] 0 546,200 25,613 5,672,590 266,008 5,235,736 245,522 10,362,126 485,917 544,248 518,635 6,683,450
2553 29 0.041349 0 0 546,200 22,869 5,672,590 237,507 5,235,735 219,216 10,362,126 433,855 485,936 463,067 6,683,450
2554 30 0.937383 [¢] 5} 546,200 20,419 5,672,59C 212,060 5,235,736 195,729 10,362,126 387,370 433,871 413,453 6,683,450

66,879,407 &4, 903,622 16,845,116 4,987,866 131,614,938 29,227,928 135,515,514 31,810,095 183,405,929 11,746,536 66,165,497 16,275,010 175,336,500
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Inflow Generation by Hydrologic Model

FIGURE

H-1 Rainfall-runoff Model Structure
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ENGINEERING

The hydrologic model adopted in this study is modificd from the Soil
Conservation Service (SCS) model for estimating runoff from rainfall. The
SCS model has been widely used for a small agricultural watershed with arca
smaller than 10 squarc kilometers. The modified SCS model introduces a
varying contributive arca coefficient for cach menth to take irto account the
spatial distribution of rainfall so that the model can be applied for larger
watersheds. The model structure is shown in Figure H-1,

The model gencrates daily runoff from daily rainfall data. Therefore the daily
rainfall data to be input must represent the actual rainfall in the catchment
arca as much as possible. Generally an average rainfall of several rainfall
stations covering the whole catchment arca should be used. However, since
the NESSI project applied study sites lack the rainfall data within the
catchment arca the rainfall data at the subproject site are used.

Morcover, with very limited outflow data the model calibration is carried out
for Huai Aeng with three years data only.  After the model calibration the
modcl is used for generating a long record of inflows from available daily
rainfall data. Since the model calibration is made with limited data, the model
paramcters cstimated are not a good set yet. Therefore, the generated inflows
shown here can be improved further if morc data are available.
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Table H-1 Comparison of Land Use and Soil Type of Huai Aeng and Lam Chi Long Watershed

1 2
Land use Soil type Area , km Area, percent
Huai Aeng Lam Chi Long Huai fAeng tam Chi Long

Wood Farest A 27.5 147.4 18.7 85.862

8 74.5 28.11

C 32.1 12.11

D
Agriculture A 98.1 66.5

B 7.7 6.0 2.27

[

D
Residencr A
bare land B 6.5 4.4

c 5.0 1.59

D
Regervoir A, B, C, D 7.7 0.0 5.2 0.00
Note See “Hydrology," Suppl. A to Sec.4, Engineering Hand book, U.S.

Department of agriculture, Soil Conservation Service, 1968.

Average land slope of Huai Aeng = 0.18%

Average land slope of Lam Chi Long = 1.94%
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Table H-2 Comparison of Annual Inflow Estimation for Huai Aeng, mcm

Year Regression Model Hydrologic Model
1974 37.58 33.75
1975 51.46 37 .08
1976 31.70 33.60
1977 30.68 28.47
1978 53.92 43 .96
1979 32.39 33.71
1980 51.34 40.91
1981 18.93 21.84
1982 72.06 41.08
1983 43 .84 40.38
1984 53.45 36.82
1985 45.81 41.58
1986 J36.54 30.00
1987 43.69 25.27
1988 43 .86 30.97
Mean 40.71 34 .55

e e et T e e m e e WS TR Em T B WR Mw G e R SR S . T v ten W T G WAt Tt G s e e W M TR e S WA G G M M Tt MR e Gt G e e e T e T A S e = e e em e
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Table H-3 Monthly Inflow eneration for Huai Aeng, 1n .
Year April May June July Aug Sept Oct Nov Dec Jan Feb March Annual
1974 0.01 1.48 2.48 B2 17.20 3.74 1.83 0.54 Q.24 0.004 Q.81 0.14 33.7%
1975 0.01 1.74 6.02 6.13 6.50 15.42 Q.55 0.Q1 0.26 0.004 0.10 Q.16 37.03
1976 0.16 2.50 2.21 6.65 11.78 4.78 4.72 0.73 0.003 0.003 0Q.002 0.002 33.6Q
1977 0.68 1.24 1.45 1.87 7.433 15.11 0.92 0.006 0.003 0.002 0.03 0.35 25.47
1978 0.01 0.44 2.32 8.95 4.653 26.44 1.01 0.02 0.004 0.003 0.003 0.10 43 .96
1979 0.69 3.32 3.55 1.22 5.57 13.72 0.02 0.01 0.004 0.004 0.07 0.55 33.71
1380 0.02 3.58 7.30 7.10 3.01 18.05 1.24 0.91 0.006 0.005 0.22 0.15 40.91
1981 0.01 0.01 0.59 3.41 S.17 1.44 7.19 0.60 0.004 0.004 0.49 0.37 21.84
1982 0.15 1.68 5.20 2.30 4.79 13.80 6.42 0.47 0.06 0.004 0.002 0.12 41.08
1983 0.16 1.73 9.86 5.91 14.94 4.39 2.56 0.10 0.004 0.003 0.002 0.70 40.39
1984 0.14 1.40 3.31 2.61 12.52 12.45 5.53 0.37 0.003 0.07 0.38 0.62 36.82
1935 0.01 1.44 ' 4.33 4.25 15.23 11.28 4.31 0.73 0.004 ©0.003 0.C02 0.002 41.53
1986 0.07 2.98 5.39 4.40 Q.68 4.45 2.50 0.51 0.004 0.003 0.002 0.002 30.00
1987 0.01 0.19 0.01 1.56 5.81 15.75 6.47 1.33 0.004 0.003 0.002 0.13 25.27
1988 0.02 0.20 7.83 3.78 5.39 5.88 4.37 0.004 0.002 0.002 0.00I. 0.64 30.97
Average 0.14 1.94 4.13 4.36 3.71 11.55 2.91- 0.36 0.04 0.01 0.14 0.26 34.55
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Table H-4 List of Potential Existing Mediue Scale Irrigation Projects

District Reservoir Yaar of Potential Catchaant
cipacity  construction irrigation area (knz)
{aca) cospletion  area {rai)

Chaiyaphus Province

§, Huai Som Poi Chatturat - 7,83 1962 3,000 96.0
2, Laa Choraka Nuang 10,31 1969 3,000 46.0
3, Ban Phet Phu Khieo 19.66 1973 8,000 180.0
Sub-total 37.62 18,000
Yalasin Province
4, Huai Phung Na Non 4,15 1966 8,000 19,0
3. Huai Pha Na Kon 6.42 1944 13,050 27.0
b, Huai Sathod Na Mon 11,63 1949 8,000 n.d.
7. Huai Chus Chang Kuchi Narai 10.87 1973 8,300 n.d,
B, Huai Mano Khao Wong 3.82 “1m 3,186 n.d.
Sub-total 38.91 42,736
Khon Kaen Frovince
9. Huai Toei Nuang 5,33 1954 3,300 28,0
10. Bueng Kaeng Lawa Ban Phai 37,00 1984 n.d 946.4
Sub-total 42,33 3,300
Loei Province
1. Huai Yang Na Duang 3.0 1986 1,430 23,4
12, Nan Man Meir Nuang - 19% 3,300 n.d.
Sub-total 3.1 6,930
Naha Sarakham Province
13, Huai Chiang Khan Borabu 3.06 1933 3,200 n.d.
14, Kaeng Loeng Chan Nuang 6,06 1933 6,300 121.7
13, Huai Kho Na Chuak 31.40 19m 21,000 n.d.
14, Huai Khakhang Nuang 4,12 1997 8,000 72,9
Sub~-total 46,64 38,700
Kukdahan Province
7. Huai Bok Khas Cha E 6,3 1983 3,00 n.d,
18, Huai Chanod Don Luang 18.4 1985 1,800 n.d.
Sub-total 2.7 4,800
Nakhon Phanos Province
19, Huai Kan Lueng Huang 7.4 1948 1,700 n.d,
20, Huai Can Na Kae 11,09 1989 3,000 n.d,
21, Ban Dong Noi Na Kae 3.2 1985 4,000 n.d,
Sub-total _ 23.49 . 16,700
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capacity  construction irrigation area (knz)
{ncn) roapletion  area {rai)
Nakhon Ratchasima Province
22, Bueng Kradon Prathai 7.69 1952 2,900 n.d.
23, Huai Yang Pak Thong Chai  5.33 1956 3,400 n.d.
24, Huai Ban Yang Nuang 6,51 1948 5,100 n.d,
28, Huai Subpradro §i Khiu 27.58 1974 12,000 168.0
25, Laa Chieng Krai Non Thai 21,00 1982 23,000 n.d,
27, Lam Lam Lai Pak Thong Chai 39.00 1984 13,000 n.d.
28, Huai Tzkro Khong 8.92 1586 3219 n.d,
29, Huai Bong Chus Puang 11.4 1987 7,300 n.d,
Sub-total 127,29 74,479
Nong Khai Province
30, Huai Bang Puan Tha Bo 10.07 1v43 6,000 n.d,
Roi £t Province
31, Thawatchai Thawat Buri 3.01 1952 4,700 n.d.
32, Nong Pue Phasos Pray 4,17 1952 2,000 n.d.
33, Huai Kud Daeng Chaturaphak 2,80 1953 4,900 n.d,
Phisan .
34, Huai Laeng (upper) Chaturaphak 5,08 1959 4,110 n.d.
Phiman
33, Huai Jarn Tai Kaset Wisai 4,93 1968 4,000 n.d.
36, Huai Wang Nong Nong Phok 13.40 1987 10,750 n.d.
Sub-total 33.38 30,470
Sakon Nakhon Province
37, Huai Xan Lueng Sawang Daen Din 5,90 1987 9,570 n.d.
38, Huai Suang Ban Nuang 6,05 1949 71,700 n.d,
39, Huai Khas Wanon Niwat 6.0 1963 6,300 n.d.
40, Huai Diak Nuang 4.0 1984 3,000 n.d,
41, Huai Xhi Hin Kud Bak 4.0 1986 3,500 n.d.
42, Huai Huad Tao Ngoi 17.0 1986 n.d. n.d.
Sub-total 42,93 30,070
§i Baket Province
43, Huaj Kla Huang 3.78 1958 3,300 n.d.
44, Hual Ta Mai Kantaraluck 38.2 1982 23,000 n.d,
Bub-total 41,98 30,300
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capacity  construction irrigation area (ka*)

(nca) coapletion  area (rai)

Surin Province
43, Lan Phok 84 Khoraphus 17,7 1964 8,000 n.d.
46. Huai Samai Choa Phra 13.% 1577 6,000 n.d.
47, Huai Saneng Huing 18,54 1978 30,000 n.d,
48, Ae Pul Nuang 2.3 1978 4,600 n.d,
49, Huai Dan Kab Choeng 9.4 1988 8,000 n.d,

Sub-total 86.7 76,600

Ubon Ratchathani Province
30. Nong Chang Yai Muang Samsib 7.48 1933 7,300 n.d.
51, Huai Po Asnat Charoen  5.39 1956 4,300 n.d.

Sub-total 13.07 12,000

Udorn Thani Province
2, Kud Ling Ngo Huang .44 1962 8,800 n.d,
33, Huai Tuan Ban Dung 13,00 1982 n.d, n.d.

Sub-total 18.44 8,800

Brand Taotal 621,48 379,803

n.d., 3 no data
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Table H-5 List of Potential New Medium Scale Irrigation Projects

Project District Reservoir Comstruction Potential Catchrent
: tapacity period irrigation area
{scm) area {rai) {kn*)
Buriram Province
f. Lan Cnang Han Lahan Sai 36,00 1986-1990 3,520 ned,
2, Huai Yang Nong Khi 17.2 1990-1992 1,920 n.d,
3. Lan Pa Tear Lahan Sai 25,40 1991-1993 20,880 n.d,
4, Huai Sao {upper) Karn Buri 19.8 1995~ 1993 §,300 n.d.
3. 0 Pring Chanron Ban Kruad 8.4 1995-1993 2,900 n.d,
&, Hual Ply Ban Kruad 6.0 1992-1994 2,400 nd.
7. Huai Ta Khieo Ran Kruad .0 1992-1994 {,700 8.4,
8, Huai Ta Ko Ban Kruad 1.7 1992-1994 2,500 n.d.
9. Huai ¥a Nang Kra Sang 40.8 1993-1995 14,000 n.d.
Sub-total 166,3 38,420
Chaiyaphus Province
10, Laa Kan Chu Bagnet Norong 42.6 1990-1993 47,500 n.d,
11, Lan Prong Khun Phet Nongbua Rawe 82,0 n.d, 25,000 n.d.
12, Huai Sok Khon Sawan 6.2 n.d, 5,600 14,0
{3, Huai Sai Basnet Norong 7.1 n.d, 7,400 n.d.
14, Noa Phron Phu Khieo n.d, 1982-1990 60,000 n.d,
Sub-total 38.91 144,500
Kalasin Province
{3, Nong Yai Nong Kung Si 4,5 n.d. 6,000 bl.b
16. Nong Khan Muang Khaa Muang 3.7 n.d. 3,600 16,0
17, Las Nong Saen Nong Kuang 8i 8.7 n.d. 9,000 90,1
Sub-total 16.9 18,600
Khon Kaen Province
{B. Huai Lom Phai §i Choe Phu 4.4 n.d, 2,200 1.
19, Huai Sai Nang Si Chos Phu 3.1 n.d. 5,000 43.2
20, Huai Wha Ban Fang 3.0 n.d, 3,600 34.0
Sub-total 12.5 10,800
Loei Province
21, Huai Phusi Phu Kradung 16,35 n.d. 31,000 142,7
22, Huai Khong Khao Phu Kradung 2.2 n.d, 3,000 15.4
23, Hual Nanm Man {upper) Huang 26,3 1986-1990 15,900 n.d,
24, Huai Lin Xhwai Na Duang 12,4 1990-1993 22,800 n.d,
5. Huai Loei (Ka Pro) Wang Saphung  20.0 nd, 57,000 n.d,
26, Nam Thop Wang Saphung 5.94 n.d, 10,000 n.d,
Sub-total 83. 14 111,800
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District Reservoir Year of Potential  Catchment .
capacity  construction irrigation area (kn®)
{mcm) completion  area {rai)

Maha Saraknam Province
27, Huai Xut Mek Borabu 10,0 n.d, 10,000 3.9
28, Huai Khonsak Kosum Phisai 10,0 1991-1993 3,300 o

Sub-total 20, 1%,500

Mukdahan Province
29, Kan Tae Yai Khae Cha-E 3.6 1990-1991 3,600 n.d,

Nakhon Phanom Province
30, Huai Tuai Tha U-Then n.d, 1990-1991 10,150 n.d,
31, Huai Nan Kap That Phanon n.d, n.d, - 40,000 n.g,
32, Huai Kra Baou That Phanose 3.0 n.d, 2,700 n.d,

Sub-total 9.0 52,850

Nakhon Ratchasima Province
33, Huai Yang Plalai Bua Yai 7.60 n.d. 6,000 74,1
34, Las Phai Mat Khon Buri 97.30 1986-1999 97,000 n.d,
35, Huai Prasat Yai fan Khup Thot  5.50 n.d. 8,000 n.d,
36, Klong Lamlak Soeng Sang 7,50 1990-1992 2,300 n.d,
37, Huai Pong Roo thon Buri 4,68 1994-1993 1,600 n.d,
38, Huai Hoo Pak Theng Chai 7.10 1991-1993 2,450 n.d,
39, Huai Tap khrua Pak Thong Chai 11,30 1992-1994 4,000 n.d,
40, Huai Xlong Dua Pak Chong 10.80 1992-19%4 3,700 D,
41, Huai Wua Tai Pak Thong Chai 3.10 1992-1994 1,000 n.d,
42, Klong Phai{3) Pak Thong Chai 4.60 1992-1994 1,000 n.g.
43, Huai Ta Phroa Pak Thong Chai  7.80 1992-1994 2,700 n.d,
44, Huai Din Dan Pak Chong 3.40 1993-1995 1,100 n.d,
43, Huai Krok Tae Pak Chong 5,30 1993-1995 £,900 n.d,
46, Laa Phra Plueng(!l) Pak Thong Chai 8.70 1993-1995 3,000 n.d,
47, Lam Phra Plueng(2) Pak Thong Chai 40,00 1993-1995 20,000 n.d.
48, Khaa Sima (3) Pak Thong Chai 3.92 1993-1995 1,300 n.d,
49. Klong Boong(!) Pak Thong Chai  3.70 1993-199%5 1,300 n.d,
30, Klong Phai(2) Pak Thong Chai 4,00 1993-1993 1,400 n.d,
3§, Ban Ba E-Taen . Pak Thong Chai 4,70 1993-1995 1,800 n.d.

Sub-total 131,52 44,600

Nong khai Province
52, Huai Ton (upper) 5i Chiang Mai 12,00 1990-1992 2,500 n.d,
33, Huai Sai Bung Kan 7,63 n.d, 3,000 n.d.
54, Huai He Bugn Kan 8.20 n.d. 7,000 n.d.

Sub-total 27.85 24,500
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Project District Reservoir  Construction Potential Catchaent
tapacity  period irrigation area
{mco) are~ {rai) {xa~)

Roi Et Province
33, Sok Daeng Phon Thong 4.1 n.d. 2,700 8.0
56, Huai Dua Nong Phok 6.4 n.d, 2,300 8.2
37. Huai Phung Yai Nong Phok 6.5 n.d, 8,500

Jub-total 17.2 n.d. 13,500

Sakon Nakhon Province
58, Huai Tong Wanon Niwat (U 1986-1990 9,000 n.d,
59, Huai Lek Piak Wanon Niwat 7.4 ned. 8,000 n.d,

Sub-total 7.8 17,000

Si Saket Province
0. Huai Sala Khu Khan 32,0 1984-1989 25,600 n.d.
b1, Huai Samran ¥hu Khan 12,35 1990-1992 7,500 n.d.
62, Huai Ta Pang Khun Han 20,00 1992-1994 29,000 n.4,
63, Huai Tik Chu Khu Khan 38.80 1990-1992 13,000 n.d,
b4, Huai ¥anoon Kantaraluck 9.0 1990-1992 2,700 ned,
63, Huai Tha ~ Khun Han 42,9 1990-1992 23,500 n.d.
bb. Huai Chan Khun Han 13,0 1991-1993 4,400 n.d.
47, Huai Dan Eye Khun Han 12.0 1994-1993 4,500 n.g,
b8, Huai Sang Kot Khun Han 13.50 1991-1993 4,650 n.d.
69, Huai Kayung Kan Taraluck  53.00 1991-1993 18,000 n.d.
70, Huai D-Talat Khu Khan 5,00 1991-1993 3,000 n.d,
71, Huai Ta Baeng Khun Han 8.00 1991-1993 2,800 n.d,

Sub-total 258,63 140,450

Surin Province
72, Huai Tam Nop Bua Shade 16,0 1985-1989 10,000 n.d.
73, Ban Charat Bua Shade 24,50 1989-1990 15,500 n.d,
74, Huai Ta Thas Sang Kha 8,60 195 7,500 n.d,

(Systea)
75, Huai Lae Ngao Pra Sart 13.80 n.d. 11,000 n.d,
76, Huai Khanad Hon Sang Kha 17.80 1990-1992 11,000 n.d.
77, Huai Kraden §i ‘Kharaphua 27,00 1990-1992 9,300 n.d,
78, Huai Choeng Sang Kha 10.20 1990-1992 6,500 n.d.
79, Huai Sen Sang Kha 11.80 1990-1992 7,300 n.d,
80, Huai Kam Phok Sang Kha 10,40 1991-1993 2,500 n.d,
81, Huai Kam Phok (lower;  Si Khoraphun 10,40 1991-1993 3,000 n.d.
82, Huai La Loeng Kake Sang Kha 12,20 1992-1994 7,500 n.d.
83, Huai Ta chiao Prasart 10,30 1992-1994 3,500 n.d.
B4, Huai Sarung {upper) Prasart 10,50 1992-1994 4,300 n.d.
83, 0-Chiao Prasart 4,00 1992-1994 1,500 n.d,
86. 0-Dye Krahom Passart 10,20 1992-1994 3,500 n.d,

Sub-total 197.70 104,100
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Project District Reservoir Construction Potential Catchment
capacity  period irrigation are3
{ncm) area (rai) {kn*)
‘fbon Ratchathani Province
87, Huai Si Tho Amnat Charoen  7.00 1990-1994 3,000 n.d.
88, Huai Sai Chanuman 6,30 n.d. 10,000 n.d.
89, Huai Xaeng Mang Chanuaan .33 n.d. 7,000 n.d,
90, Huai Bet (Huai Ben) Nam Yuen 6,00 1990-1992 7,000 n.d,
41, Huai Luang Na Chaluai 12.00 1991-1993 14,000 n.d.
92, Huai Don Boon Tharig 7.90 1991-1993 10,000 n.d,
93, Huai Sa Phong Noi Boon Tharig 4.00 1991-1993 10,000 n.d,
94, Huai Din Dan Yai Boon Tharig 4,40 . 1992-1994 6,400 n.d,
93, Huai Duen Ha Boon Tharig 21,00 1992-1994 37,000 n.g.
94, Huai Wang Yai Nan Yuen 9.20 1992-1994 7,500 n.d,
97, Huai Nam Knieo Boon tharig 3,25 1993-1995 4,000 n.d.
98, Huai La Mue Boon tharig 3.10 1993-1995 9,500 n.d.
99, Huai Yang Nan Yuen 3.30 1993-1995 4,500 n.d.
Sub-total 99.20 131,400
Udorn Thani Province
100, Huai Mo 5 Boonrueng 3.00 n.d. 2,500 45,20
101, Huai Dan Na Klang 6.70 n.d. 6,000 n.d.
102, Huai Phawang Na Klang 3.00 n.d. 2,700 38.90
103, Nae Bong Non Sang 17,90 n.d. 15,000 n.d,
104, Huai Sae Phat Nong Saeng 15,00 1984-1999 20,000 n.d,
103, Lam Phanchat Wang Tam Mo 47,00 1990-1994 50,000 445
106, Huai Yang Nong Han 4,60 n.d. 4,500 39.4
107, Huai Phaichanyai Chai Ya Wan 3,10 n.d, 5,000 45,5
108, Huai Sai Nam Soa 2,25 1990-1992 3,400 n.d,
Sub-total 102,55 109,500 '
Yasothon Province
109, Huai Sabok Loeng Noktha 14,80 1986-1990 12,000 n.d,
110, Huai Ling Chon Loeng Noktha  12.40 1987-199!1 6,400 n.d,
{11, Huai Pong Loeng Noktha, 14.%0 n.d, 12,000 n.g,
Sub-total 42,90 30,400
rand total 1,340,861 998,220

198



	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif
	00000062.tif
	00000063.tif
	00000064.tif
	00000065.tif
	00000066.tif
	00000067.tif
	00000068.tif
	00000069.tif
	00000070.tif
	00000071.tif
	00000072.tif
	00000073.tif
	00000074.tif
	00000075.tif
	00000076.tif
	00000077.tif
	00000078.tif
	00000079.tif
	00000080.tif
	00000081.tif
	00000082.tif
	00000083.tif
	00000084.tif
	00000085.tif
	00000086.tif
	00000087.tif
	00000088.tif
	00000089.tif
	00000090.tif
	00000091.tif
	00000092.tif
	00000093.tif
	00000094.tif
	00000095.tif
	00000096.tif
	00000097.tif
	00000098.tif
	00000099.tif
	00000100.tif
	00000101.tif
	00000102.tif
	00000103.tif
	00000104.tif
	00000105.tif
	00000106.tif
	00000107.tif
	00000108.tif
	00000109.tif
	00000110.tif
	00000111.tif
	00000112.tif
	00000113.tif
	00000114.tif
	00000115.tif
	00000116.tif
	00000117.tif
	00000118.tif
	00000119.tif
	00000120.tif
	00000121.tif
	00000122.tif
	00000123.tif
	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif
	00000128.tif
	00000129.tif
	00000130.tif
	00000131.tif
	00000132.tif
	00000133.tif
	00000134.tif
	00000135.tif
	00000136.tif
	00000137.tif
	00000138.tif
	00000139.tif
	00000140.tif
	00000141.tif
	00000142.tif
	00000143.tif
	00000144.tif
	00000145.tif
	00000146.tif
	00000147.tif
	00000148.tif
	00000149.tif
	00000150.tif
	00000151.tif
	00000152.tif
	00000153.tif
	00000154.tif
	00000155.tif
	00000156.tif
	00000157.tif
	00000158.tif
	00000159.tif
	00000160.tif
	00000161.tif
	00000162.tif
	00000163.tif
	00000164.tif
	00000165.tif
	00000166.tif
	00000167.tif
	00000168.tif
	00000169.tif
	00000170.tif
	00000171.tif
	00000172.tif
	00000173.tif
	00000174.tif
	00000175.tif
	00000176.tif
	00000177.tif
	00000178.tif
	00000179.tif
	00000180.tif
	00000181.tif
	00000182.tif
	00000183.tif
	00000184.tif
	00000185.tif
	00000186.tif
	00000187.tif
	00000188.tif
	00000189.tif
	00000190.tif
	00000191.tif
	00000192.tif
	00000193.tif
	00000194.tif
	00000195.tif
	00000196.tif
	00000197.tif
	00000198.tif
	00000199.tif
	00000200.tif
	00000201.tif
	00000202.tif
	00000203.tif
	00000204.tif
	00000205.tif
	00000206.tif
	00000207.tif
	00000208.tif
	00000209.tif

