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PAGE 3 

.... F- I S S U E  O F T H E  NEED FOR AN E A W A S R A I S E D  D U R I N G T H E  ' 

APAC BlU NO D E C I S I O N  WAS WADE IN T H I S  REGARD IN VIEX O F  
B I L L  ACKERMAN'S ABSENCE BECAUSE O F  H I S  ATTEADANCE AT AN 

. - 
ACKFRMAN THAT D R I N G  SEMINAR - IT WAS-AGRED T H A T  . E A R L I E R  
NEGAT IVE I E E  WOLLD S I A t J D  A?!i TH.4T THERE I S  T H m E F C H E  NO 
NEED FCFf AN EA IN C , O N N E a I O N  WITH T H I S  PROJECT. 

4. D E S P I T E  USAID EXPECTAT ION,  R E F .  A, THAT R O J E C T  COSTS 
U I L L  BE LOdER THAN ENVISIOPIED WHEN SUBJECT P I D  FREPARED, PC,  
IN I T S  MOST RZCXEdT REVIEW O F  T I E  P I D ;  R E i T E F i A T E 3  ITS CON- 
CERE) THAT PH OJECTED OVERALL AID FINANCED C O S T S  PE!! FAP1IL Y 
GF T H E  FRQlECT ARE HIGH. DL? INS APAC D I S C b S S I O N  OF T H E  
PID, DON COHEV ' I?DIC.?TED THAT IF T H E  P Z O J E C T D  R A T E  O F  
RETURN FCR I:.IPROC'EMEM S ON A S P E C I F I C  TANK WAS NOT AT L E A S T  

T E N  T O  F I F T E E N  P E R C E i T  9 IT WOULD NCJI' BE ZNQUDFD IN T H E  
E I O J E C T .  COHEIJ I b D I C A T E D  THAT BECAUSE O F T H E  V A R I A B I L I T Y  
OF BOTH C O S T S  AN3 R A T E S  OF RET LRN. F E A S I B I L I T Y  S T U D I E S  ARE 
R A N X E D  SZR I f l  I:(. A i D / \ J  C0:ICURS $IT H VIEV THAT RATE O F  
R E T m N  SHOLZD BE I'IINIMALLY T F ? t  PERCENT ON ANY GIVEN TANK 
SLATEI, FOR IIIFROVEfiE!X UNDER T H E  RiOJECT. VANCE 
BT ' 
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Annex D Technical Analysis 

P a r t  1 - Agricul ture -- D l -  1 

ORGANIZATION AND TRAINING NEEDS FOR 
MEDIUM-SIZED IRRIGATION RESERVOIRS 

Introduction 

Numerous consul tants  from i n t e r n a t i o n a l  banks, from resea rch  
i n s t i t u t i o n s  and from a i d  organiza t ions  have c i t e d  the  p o t e n t i a l  f o r  
using small- and medium-sized r e s e r v o i r s  f o r  i r r i g a t i o n  purposes i n  
Northeast Thailand. Unfortunately, while more than 500 small,  medium 
and l a rge  r e se rvo i r s  and ponds have been b u i l t  the  f u l l  po ten t i a l  fo r  
use f o r  i r r i g a t i o n  has y e t  t o  be  proven. In many ins tances  the  f u l l  
p o t e n t i a l  cannot be r ea l i zed  due t o  the  lack of necessary in f ra s t ruc tu re .  
Yet, probably more importantly, t he  lack of proper operat ion and main- 
tenance s t a f f i n g  and procedures has  r e su l t ed  i n  poor management of t h e  
water and has led t o  rapid  d e t e r i o r a t i o n  of t h e  systems. This poor 
management s t r u c t u r e  has discouraged adoption of i r r i g a t e d  a g r i c u l t u r e  
such t h a t  very l i t t l e  of t h e  p o t e n t i a l l y  i r r i g a t e d  land under the  
medium-sized r e se rvo i r s  i s  a c t u a l l y  i r r i g a t e d .  I n  order t o  r e a l i z e  
t h e  p o t e n t i a l  of these r e s e r v o i r s  the  management s t r u c t u r e  must be 
re-organized and the s t a f f  t r a i n e d  i n  operat ion and maintenance pro- 
cedures. In addi t ion ,  i t  is necessary t o  provide proper on-farm water 
management and agronomic extension serv ices .  

S taf f  Requirements 

I n  order  t o  manage a medium-sized r e se rvo i r  i n  add i t ion  t o  a  
gatekeeper t o  opera te  the  g a t e  a t  t h e  r e se rvo i r  it i s  necessary t o  
have qnagement personnel a t  t h e  main and secondary canal  l e v e l  a s  
w e l l  a s  a  water user  group rep resen ta t ive  (common i r r i g a t o r  type) a t  
the  t e r t i a r y  l eve l  of the  system. There a l s o  must be a maintenance 
s t a f f  ava i l ab le  both f o r  prevent ive  maintenance and regular  r e p a i r s  
as w e l l  a s  fo r  emergency r e p a i r s  during the  cropping seasons. F ina l ly ,  
i t  i s  necessary t o  have competent extension s t a f f  with t r a i n i n g  i n  
i r r i g a t e d  a g r i c u l t u r e  and with a motivation t o  impact t h i s  t r a i n i n g  
t o  t h e  use r s  of the  system. 

Obviously, unless  t h e  permanent s t a f f  a r e  of s u f f i c i e n t  quan- 
t i t y  and have proper t r a i n i n g  it i s  not  poss ib le  t o  manage and maintain 
the  system. It seems necessary t h a t ,  i n  add i t ion  t o  t h e  gatekeeper,  
there  i s  a minimum of two systems opera t ions  personnel coordinating 
the  water demands from t h e  main and secondary canals  t o  the  Chak - 
ou t l e t s .  I f  t he  system i s  very l a r g e  the re  may be a requirement f o r  
add i t iona l  operat ion personnel. Within the  Chak there  is a need f o r  - 
on-farm water management extension personnel a s  well a s  regular  agro- 
nomic extension personnel. I f  t h e  normal Chak is from 500 t o  800 r a i  - 
i n  a rea  the on-farm water management and agronomic extension agents  
should be a b l e  t o  serve about t e n  Chaks. Yet even with t h i s  i n t e n s i t y  - 
of s t a f f  i t  i s  not going t o  be poss ib le  f o r  the  system t o  work e f f e c t i v e l y  
unless  the re  e x i s t s  a  s t rong water use r s  a s soc ia t ion  including a properly 
t r a ined  common i r r i g a t o r .  The on-farm water management extension s t a f f  



w i l l  work very c l o s e l y  wi th  these  groups and h e l p  t o  t r a i n  t h e  common 
i r r i g a t o r s  but  i t  is probably necessary t o  a l s o  have one sub jec t  
matter  s p e c i a l i s t  (SMS) t o  h e l p  organize these  a s soc ia t ions  i n i t i a l l y .  
F i n a l l y ,  t h e r e  must be a permanent maintenance crew s t a t ioned  a t  each 
reservoi r .  Therefore f o r  a system t h a t  has two main canals  and serves  
from 20-24 Chaks t h e  following s t a f f  a r e  required:  - 

Pos i t ion  

Gatekeeper 
Sys tem Operat ions S taf f  
On-Farm Water Management Extension Agent 
Agronomic Extension Agent 
Maintenance: 

Supervisors  
Technicians 
Laborers 

Subjec t  Matter  S p e c i a l i s t s *  
Water Management 
Water Users Associa t ions  

Number 

1 
2 
2 
2 

I f  t h e  system is l a r g e r  a d d i t i o n a l  s t a f f  w i l l  be  requi red ,  but  even i f  
i t  is smal le r  t h i s  i s  probably the  minimum s t a f f  requi red  t o  manage 
t h e  system. Af te r  t h e  system i s  working properly and t h e  c o m n  irri-  
g a t o r s  a r e  w e l l  t r a i n e d  i t  w i l l  be poss ib le  t o  reduce p a r t  of t h e  
extension inpu t  assuming t h e  r egu la r  extension agent  from t h e  tambon 
can provide some of  t h e  requi red  serv ices .  The sub jec t  matter  
s p e c i a l i s t s  w i l l  be r o t a t e d  t o  another  s e t  of r e s e r v o i r s  once they 
have t r a i n e d  t h e i r  r e spec t ive  s t a f f  and have e s t ab l i shed  t h e  necessary 
working procedures. 

S t a f f  T ra in ing  

The major i ty  of t h e  young engineering technic ians  working fo r  
t h e  Royal I r r i g a t i o n  Department (RID) have received t h e i r  t r a i n i n g  a t  
RID'S School of I r r i g a t i o n .  The zonemen and common i r r i g a t o r s  have a 
much l e s s  formal t r a i n i n g  program and thus a r e  even l e s s  prepared f o r  
the  demands of  t h e i r  pos i t ion .  Unfortunately, even t h i s  l imi ted  t r a i n -  
ing i s  n o t  very a p p l i c a b l e  t o  on-farm water management needs bf t h e  
medium-sized r e s e r v o i r s  nor has  RID shown much i n t e r e s t  i n  improving 
the  opera t ion  of these  systems. Recent research  has  a l ready demon- 
s t r a t e d  t h a t  t h e r e  e x i s t s  a s i g n i f i c a n t  gap between t h e  needs of water 
users  w i th in  t h e  Chak and t h e  schedule of r e l e a s e s  followed by t h e  - 
gatekeeper.  

I n  many ins t ances  t h e  gatekeeper simply opens t h e  g a t e s  o r  he  
wa i t s  f o r  a s p e c i f i c  r eques t  from a farmer. I n  e i t h e r  case t h e  system 

Wo work on a number of  systems depending upon loca t ion  and scheduling. 



i s  not being operated optimally.  The f i r s t  indiv idual  t h a t  needs to 
be t ra ined  i s  the  gatekeeper himself. He needs t o  l ea rn  something 
about plant-water requirements, i r r i g a t i o n  de l ivery  system e f f i c i ency  
and about the  inflow/outflow pa t t e rns  fo r  h i s  p a r t i c u l a r  system. 
Once the  gatekeeper understands the  fundamentals of water demand than 
working c lose ly  with the  operat ions s t a f f ,  t he  water management exten- 
s ion  agents  and the  water management sub jec t  matter  s p e c i a l i s t  t h e  
supply s i d e  can be scheduled without too much d i f f i c u l t y .  The formal 
t r a i n i n g  fo r  gatekeepers should take about two-three weeks wi th  another  
two weeks of on-the-job working with the  o ther  personnel i n  t h e  system 
developing and modifying t h e  t e n t a t i v e  opera t ion  schedule. However, 
the  gatekeeper must a l s o  learn  t o  very c a r e f u l l y  monitor the  water flow- 
ing i n  the  system a s  wel l  a s  the  water leaving t h e  system i n  order  t o  
learn  t h e  unique c h a r a c t e r i s t i c s  of h i s  r e se rvo i r  system. This know- 
ledge w i l l  a l low him t o  modify h i s  schedule from year  t o  year  a s  appro- 
p r i a t e  f o r  t h a t  y e a r ' s  r a in fa l l / runof f  pa t t e rn .  

The systems opera t ions  personnel have perhaps t h e  most d i f f i c u l t  
s e t  of tasks  p a r t i c u l a r l y  i f  t h e  system is operated so  that water is 
r o t a t e d  wi th in  the  i r r i g a t e d  area.  During each dry season given t h e  
amount of water s to red  t h e  systems opera t ions  personnel a r e  going t o  
have t o  determine the  limits o f  t h e  system t o  be served. Within t h i s  
system they a r e  going t o  have t o  decide on t h e  most e f f i c i e n t  r o t a t i o n  
system and a r e  then going t o  have t o  s e e  t h a t  the  water is r o t a t e d  t o  
serve a l l  t he  water needs of the  users  wi th in  the  d i f f e r e n t  Chaks. - 
This is going t o  r equ i re  very ca re fu l  coordinat ion with t h e  o ther  
systems operat ion personnel, with the  gatekeeper and with the  common 
i r r i g a t o r s  f o r  each - Chak. And, of course, t he  systems operat ion per- 
sonnel w i l l  have t o  work c lose ly  with the  maintenance s t a f f  i n  order  
t o  schedule maintenance so  t h a t  it has t h e  l e a s t  impact on the  use of 
the  i r r i g a t i o n  system. 

The t r a i n i n g  f o r  the  systems opera t ions  personnel should inc lude  
modules on crop-water demand, schedule r o t a t i o n  development, systems 
coordinat ion,  maintenance supervision,  water management, drainage,  
i r r i g a t i o n  techniques and farmers organizat ions.  This t r a i n i n g  should 
take  about e i g h t  weeks wi th  about six weeks of formal t r a i n i n g  divided 
roughly i n t o  two week segments r e l a t e d  to :  (1)  systems scheduling and 
operat ion,  (2) water measurement, maintenance and drainage,  and 
(3) i r r i g a t i o n  techniques and working with farmer organizat ions.  The 
l a s t  two weeks of t r a i n i n g  should be on-the-job t r a i n i n g  i n  t h e i r  
system where they put t h e i r  t r a i n i n g  t o  use under c l o s e  supervision 
both from the  subjec t  matter s p e c i a l i s t s  and the  concerned consul tants .  

The extension agents ,  both f o r  the  on-farm water management 
agent and the  agronomic agent ,  must have spec ia l i zed  t r a i n i n g  i n  irri- 
gat ion  water management. In add i t ion ,  the  water management extension 
agents  should have some idea about systems opera t ions  and drainage so  
they can explain the  r o t a t i o n  and drainager systems t o  t h e i r  farmers 
and a l s o  so  they can he lp  t r a i n  the  common i r r i g a t o r s .  The t r a i n i n g  
i n  on-farm water management should take about four weeks of formal 



t r a in ing  and then there  should be another two weeks of spec ia l i zed  
t r a i n i n g  i n  systems and drainage operat ion.  The f i n a l  two weeks of 
t r a i n i n g  should include the  common i r r i g a t o r s  and, again ,  should be 
on-the-job p r a c t i c a l  t r a in ing  t o  begin t o  learn  exac t ly  what is 
required t o  opera te  t h e i r  system wi th in  each Chsk. The agronomic - 
extension agents  w i l l  need about two weeks of formal and informal 
t r a i n i n g  i n  market development and marketing. 

The maintensnce supervisors  and technic ians ,  i n  add i t ion  t o  
t h e i r  regular  t echn ica l  t r a in ing ,  r equ i re  t r s i n i n g  i n  maintensnce 
scheduling and drainage repai rs .  They a l s o  need t o  have some know- 
ledge of t h e  opera t ion  of the  system because they may need t o  s l i g h t l y  
modify the  d i s t r i b u t i o n  system where t h e r e  a r e  problem areas .  

Training Materials  and S i t e s  

The regu la r  extension t r a i n i n g  and zoneman o r i e n t a t i o n  courses 
can be held st t h e  normal sites a s  the  loca t ion  requi res .  However, t h e  
spec ia l i zed  t r a i n i n g  f o r  the  gatekeepers,  t h e  systems opera t ion  personnel,  
t h e  extension agents  and t h e  sub jec t  matter  s p e c i a l i s t s  is going t o  
r e q u i r e  the  development of a new t r a i n i n g  s i t e .  I n  t h e  Phi l ippines  
t h e  National I r r i g a t i o n  Administrat ion has e s t ab l i shed  a center  f o r  
t r a i n i n g  i r r i g a t i o n  technic ians  (B.Sc. a g r i c u l t u r e  graduates)  t h a t  
has  a one-year curriculum which includes systems opera t ion ,  on-farm 
water management, maintenance scheduling and supervis ion  and extension. 
P a r t s  of t h i s  t r a i n i n g  course a r e  app l i cab le  t o  t h e  t r a i n i n g  needs f o r  
medium-sized r e s e r v o i r s  and an e f f o r t  should be  made t o  ob ta in  a l l  t h e  
t r a i n i n g  ma te r i a l s  t h a t  a r e  a v a i l a b l e  from t h i s  center .  The In te rna t iona l  
Rice Research I n s t i t u t e  (IRRI) i n  t h e  Phi l ippines  organizes each year  a 
6-8 week t r a i n i n g  course i n  water management which is o f t e n  run  i n  con- 
junct ion  with one of t h e  IRRI rice production courses. The ma te r i a l s  
from both these  courses should be obtained. I n  add i t ion ,  a s  p a r t  of 
an RID-IRRI j o i n t  research  p ro jec t ,  a t r a i n i n g  course f o r  t r a i n i n g  R I D  
zonemen and watermasters i n  i r r i g a t e d  r i c e  production and wster  manage- 
ment was organized i n  June-July, 1979 s t  Khon Kaen and Kalasin. The 
Thai language ma te r i a l s  t h a t  were developed f o r  t h a t  course a r e  now 
with Khun Prase r t  Kanoksing a t  RID and i f  a l l  goes a s  planned w i l l  be 
combined i n t o  a t r a i n i n g  manual i n  August, 1980. Tahsl Engineering, 
a s  p a r t  of i ts  Lam Pao con t rac t  with RID,  has developed t r a i n i n g  
ma te r i a l s  f o r  zonemen, common i r r i g a t o r s ,  and water user  organizat ions.  
These ma te r i a l s  should be obtained and evaluated f o r  usefulness.  

Probably t h e  b e s t  site f o r  t h e  majori ty of t h e  t r a i n i n g  is a t  
t he  Experimental and Demonstration Farm f o r  I r r i g a t e d  Agr icul ture  a t  
Kalasin. This a rea  rece ives  i ts  water i n d i r e c t l y  from Ubol Rstana Dam 
v i a  t h e  medium-sized r e se rvo i r  of Huey Sithon. Hence, the  s i t e  can be 
operated a s  a r e se rvo i r  i r r i g a t i o n  system and the re fo re  i t  is good f o r  
t r a i n i n g  gatekeepers,  systems opera t ion  personnel and on-farm wster  
management and agronomic extension agents.  I n  add i t ion ,  the  farm i t s e l f  
has  a cont ro l led  water de l ivery  t h a t  is exce l l en t  f o r  on-farm management 
ins t ruc t ion .  F i n a l l y ,  h o s t e l ,  classroom and d in ing  f a c i l i t i e s  a r e  
a v a i l a b l e  t o  accommodate the  t r a i n e e s  and the  s t a f f .  o ther  poss ib le  



s i t e s  include the Northeast Agricultural  Research Center/~xtension 
Training Center a t  Tha Phra, the Comunity Development Regional 
Training Center i n  Ubol, the  Nong Wai Project Center outside of 

a Khon Kaen, the R I D  f a c i l i t i e s  a t  Lam Pao Dam and perhaps a t  Huey Ang 
reservoirs outside of Roi E t .  However, none of these s i t e s  have a l l  
the f a c i l i t i e s  tha t  a r e  avai lable  a t  Kalasin. 

In order t o  make t h i s  program work the training should be a 
jo in t  RID-Extension Department exercise. RID can provide some of the  
s t a f f  from the School of I r r iga t ion  par t icular ly  from the Department 
of I r r iga t ion  Engineering and I r r iga t ion  Agronomy a s  well  as experienced 
s t a f f  from the RID regional centers such a s  Khun Nukul Towtavee a t  the  
Khon Kaen R I D  Center. Extension can provide t ra ining personnel from 
the Tha Phra t ra ining center such a s  D r .  Thanya Terasart who is very 
interes ted i n  water user organizations. Extension and maintenance 
personnel from the N U  small-scale pumping schemes could a l so  play a 
valuable ro l e  i n  the training.  If approached through RID i t  might be 
possible t o  persuade someone such a s  D r .  A 1  Early from the I R R I  Water 
Management Section t o  help organize and run the f i r s t  t ra ining course 
building on h i s  experience with the course he helped organize i n  1979 
a t  Kalasin. 
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Terms of Reference for 

On-  arm Water Management/Agronomic Extension Staff 

Much of the management of the system should be the 
shared responsibility of a water management and agronomic 
secialist assisted by Tambon Agents.l/ Since these 
specialists can best estimate the crop water requirements 
and the system's irrigation efficiency, they should schedule 
the water distribution and allocation. Their management 
and operational responsibilities are as follows: 

1. - Water Management Specialist: His duties are 
similar to those of an irriqation enqineer. He would assurne 
responsibility for the conveyance, distribution and allocation 
of all water below the dam. Thus, based on both the crop 
and variety need, the cultivated area, and water availability, 
he schedules the distribution of water on a rotational basis 
such that each farmer receives his equitable share. Addi- 
tionally, he must assure that the system efficiently conveys 
water, that the system allows precise water control, and 
that the water is efficiently utilized for crop production. 

To achieve efficient water management he must 
project, from the available supplies both the potential wet 
season and dry season irriqable area and deliver the required 
amounts of water on a timely basis. This requires know- 
ledge of potential evapotranspiration (Ept) and crop co- 
efficients (Kc) for both rice and various upland crops, 
the system's delivery efficiency, the probability of rainfall 
and rainfall intensity, effective rainfall, soil permeability, 
and the soil field capacity (FC) and welting point percentages, 
etc. - 2/ 

This water management specialist must advise 
farmers on the amount of water to apply, when to apply, and 
how to apply within the limits of the rotational delivery system. 
~ssentially he is in charge of the planning, operation, and 

1/ The number of Specialists and Agents on the tank system - 
will be established at a ratio of 1:400 farm families, 
minimum. 

2/ While most of the required information is not presently - 
available for each tank, all except Ept, Kc, and pre- 
cipitation probabilities can be determined by the water 
management specialist. 
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utilization of the irrigation system. He will consult and 
cooperate with RID engineers in the release and allocation 
of water particularly for irrigation (some tanks also provide 
water for city and village use), for flood control, in reqard to 
maintenance and closure, and the duties of the zone man and 
water master concerning the opening and setting of gates 
and checks. 

It is anticipated that system operation experience 
may dictate the need for changes, relocation, extension of 
channels and structures within the command area. The water 
management specialist must be able to design and supervise 
all additionally required construction. To assure continued 
efficient operation of the system he must advise on cleaning 
and maintenance procedures. In scheduling maintenance his 
maintenance request and needs must be complied with first. 

Additionally, the water management specialist must 
understand and be able to fulfill the duties of the agronomic 
specialist listed below. Each of these specialists must be 
able to substitute for the other in order that supervision 
and assistance is always available at the command site. 

To perform in this above capacity, this specialist 
must possess a command of the following disciplines: 
(1) surveying and mappinq, (2) open channel design, (3) water 
measurement includinq conveyance, delivery, and application 
efficiency, ( 4 )  solid intake measurements, (5) calculation 
of crop water requirement - both rice and upland crops, 
(6) determination of soil textures, weltinq point and field 
capacity percentages, (7) meteorological measurements and 
interpretations, in terms of evapotranspiration, effective 
rainfall, (8) field irrigation techniques includinq applica- 
tion rates, etc., (9) moisture conserving cultivation prac- 
tices (10) construction techniques, (11) principles of 
cleaning and maintenance. 

2. - Agronomic Specialist: This specialist's duties 
concern the activities in the field. In particular his 
concern is soil and crop management but o;erlaps with'the 
water management specialist in on-farm water management. 
In effect his duties are most closely aligned with those of 
an agronomist and soils scientist. 

Specifically, he advises farmers on their cropping 
patterns and crop varieties recommended for both wet and 
dry season production. Recommendations should reflect pre- 
sent and projected market demands, farmers family requirements, 
soil and climatic suitability, and water utilization. The 
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latter refers to prefering those crops with shorter maturity 
periods and minimal water requirements in order to conserve 
water for greater dry season cultivation. Continuing, this 
specialist advises the farmer on planting date, seedbed and 
soil preparation, seeding rates and plant spacing, fertilizer 
and lime requirements and time of application, water require- 
ments and application frequency and methods, use of pesticides 
and herbicides when required. 

Additionally, this specialist must play a lead 
role in demonstrating to farmers the advantages of improved 
water management and agronomic techniques. He would select 
various proqressive farmers with which to work on their land 
within the command site, establish demonstration plots with 
various crops, water, fertility and other management treat- 
ments which demonstrate their yield advantages. Sites would 
be so selected and marked to allow maximum exposure and 
information for other farmers in the command area. 

To fulfill these duties the agronomic specialist 
must be knowledgeable in the following disciplines: (1) soil 
fertility and nutrient availability, (2) soil pH and liming 
requirements, (3) soil physics and soil physical properties 
including the role of organic matter in improvement of soil 
physical properties, (4) identification of crop disease, 
insect, and nutrient problems and their preventive and 
remedial treatments, (5) crop and variety selection and adapta- 
bility to the soil and climatic conditions, ( 6 )  plot desiqn 
and layout, (7) extension techniques, (8) statistical analysis, 
etc. Additionally, the aqronomic specialist must be know- 
ledgeable in all disciplines required of the water management 
specialist. 

Despite what appears as formidable subject matter 
requirements for these specialists, it is felt these respon- 
sibilities could be managed by selected graduates of a 5-year 
vocational agricultural curricula. Their field and classroom 
training would emphasize methodologies with but a ninimum of 
theory. One of the primary products of the technical 
assistance would be a system's operational handbook which would 
outline in detail, step by step, the methods and procedures 
required in operating all phases of the system and which will 
srve as a guide in fulfilling their day-to-day job responsi- 
bilities. Additional assistance and advice will be available 
to them from the DOAE's regional water, soils, and crops 
subject matter specialists. 
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They+ training as described elsewhere consists of 
a one year perlod of mixed classroom and "on-the-job" 
experience. At the end of this period, continued back up 
training and assistance will be available from the technical 
advisor on an "as-needed" basis. While both specialists will 
receive similar training, the difference will be in the 
intensity of their field application. The water management 
specialist field training will emphasize primarily water 
problen~s while the agronomic specialist will concentrate on 
soils and crops. 



TABLE Dl -1 - PRECIPITATION, PAN EVAPORATION, AND 

TEMPERATUW AT SEVEN TANK SITES 

FIual Klli Lek 

I Iua i  Aeng 

P h u t t h a  Ut thdyan  

Hua i  Kaerig 

Lam Chamuak 

Huai  Chorakhe Mak 

Huai  T a l a t  

MEAN 

Mean 
Annual  

P r e c  i p i t d t i o n  
(m) 

Mean Annual TEMPERATURE (OC) 
C l a s s  A Pan 
E v a p o r a t i o n  

Mean Mean Mean 



I 
I TABLE ~ 1 - 2  - General C h a r a c t e r i s t i c s  of Tank Command Area S o i l s  
i 
I 

1 1 NO. 

i 
I 
I 
I 

j 1. 
; 

I 
I 

I 2. 1 

: 3. 
I 
i 
1 
I 
I 
i 
I 
i 
! 

I ' 
1 4. 

TANK 

Huai 
Ta la t  

Huai 
Charakhe 

Mak 

Phuttha 
Utthayan 

Hi::, 

SOIL SERIES 

Roi E t  

Loamy Var iant  

I 

Roi E t  
(Mixed Ser i e s )  

CLASSIFICATION 
- 

2. National 

1. Aeric 
Paleaquults  

2 .  Low humic 
gley s o i l s  

1. Aeric 
Paleaquults  

2. Low Humic 

Korat 

Kora t 

SOIL TEXTURE 

Fine sandy loam 
or s i l t  loam 
over c l ay  loam. 

Loamy sand, 
sandy loam over 
sandy c lay  loam 
o r  sandy c lay .  

1. Oxic 
P a l e s t u l t s  

2. Grey Podzo- 
l i c  S o i l s  

EFFECTIVE 
SOIL DEPTHS 
(a) 

>I50 

Ubon 

Sandy loam over 
sandy c lay  loam. 

COLOR PROFILE 

Pale brown o r  brown 
w i t h  Reddish yellow 
o r  s t rong brown mot- 
t l e s  over l i g h t  
Brownish grey with 
yellow brown o r  
yellowish mot t les .  

Dark grey w i t h  dark 
brown and yellowish 
brown mot t les  over 
l i g h t  brownish grey. 

breaking to s i n g l e  

1. Aquic 
Dystropepts 

2. Hydromorphic 

Very l i g h t  grey o r  
brown over brown 
o r  pa le  brown. 

STRUCTURE 
a .  Upper A - horizon 
b. Subsoil  

a .  Weak f i n e  an8 me- 
dium subangular 
blocky. 

b. Strong medium and 
coarse subangular 
blocky. 

a .  Weak f i n e  and me- 
dium subangular 
blocky. 

b. Moderate medium 
t o  coarse subangular 
blocky. 

Loamy sand over 
sandy loam 
grading to 
sandy clay loam 
below 80 cm.  

SLOPE 

( % I  

0-1 

0-3 

a. Weak medium sub- 
angular  blocky. 

b. Moderate medium 
and coarse subangu- 
l a r  blocky. 

0-3 

Dark grey to very 
dark grey with dark 
yellowish brown 
mottles over l i g h t  
brown with s t rong  
brown mottles. 

a. Weak subangular 
blocky o r  s i n g l e  
gra in .  

Moderate sub- 
angular blocky 

0-3 



TABLE Dl-2 - (Cont 'd) Page 2 

SOIL SERIES 

Korat 
Khilek 

Roi E t  
Kae ng 

7. 

- - - - -- - - - s imiiar  Character is t ics  a s  ~ 0 r a t ' ~ o s .  3 and 4 above -I---------------------:----- 

ZLASSIFICATION 
USDA - 

2 .  National 

Lam 
Chamuak 

SOIL TEXTURE 
EFFECTIVE 

SOIL DEPTHS 
(em) 

Same a s  No. 3 
above. 

Korat Same as Korat 
Nos. 3, 4 and 
5 above. 

COLOR PROFITE 

Sandy loam over 
sandy clay loam. 

Same a s  Korat 
Nos. 3, 4 and 
5 above. 

STRUCTbZE 
a.  Upper A - horizon 
b.  Subsoil 

>150 

SLOPE 

( % )  

Very dark grey o r  
brown over brown o r  
pale brown. 

Same a s  No. 3 above. 

Same as  Korat Nos. 3, 
4 and 5 above. 

a .  Moderate f ine  and 
medium subangular 
blocky . 

0 - 3  

0-3 







Table Dl-3 - Cropping Recommendations f o r  F i e l d  Crops 

Rice: I 4 weeks 60-60-40 Sow nursery i n  Marntain Puddle Sol1  
RD- 1 s t a r t i n g  s p l i t  n i t rogen  beds. 

i e v e l  i n  June. 
5  cm. water  2-3 times 4.06 

RD- 2 July-Nov < 140 
mid-June Transplant  a t  

15 an. x 15 cm. 

Sow nursery i n  
beds. 
Transplant  
15 cm. x 20 cm. 

c rop  
Nursery 
Period 

Growing 
Season 

Rice: - 
N.  Sanpathong 

Crop 
Duration 

N-P 0 -K 0 
2 5  2  

JL- Yt/ha - --- (Days) 

Rice: - 
RD-1, RD-2 

Kg/ha 

July-Dec 
40-30-20 

s p l i t  n i t rogen  

60-40-20 
s p l i t  n i t rogen 

Plant ing  
Method 

Jan-May 

Corn: - 
Super Sweet 

>I60 
Sow i n  nursery. 
Transplant 
20 cm. x 25 cm. 

Sow i n  nursery.  
Transplant  
15 cm. x 15 cm. 

46-20-25 
split  n i t rogen  

2-4 a t  Weeding 
2-4 week 4  times. 
i n t e r v a l s  Drain i n  

mnsoon . 

NO. Of 
I r r i g a t i o n s  

5  weeks 
s t a r t i n s  
i n  June 

1 
3.5 

5  .O < 140 

Monsoon 

Dry season 

P l a n t  i n  r idges ,  
2-3 seed /h i l l  

Sorghum: 
E a r l y  Hegari 

/ Average 
C u l t u r a l  
P r a c t i c e s  / Yleld 

4  weeks 
s t a r t i n s  
mid-Dec . 

6 5  

75-80 

25,000 
green cabs 

Dry season 
~ e b - A p r i l  

4 i r r i g a t i o n s  
a t  2-4 week 
i n t e r v a l s  

Weeding 
4  times. 
R a t o o ~ i n g  
poss ib le .  

85-90 
90-90-60 

spl i t  n i t rogen  
P l a n t  i n  r idges  
50 cm. x 15 cm. 



Table Dl-3 Continued 

Planting 
Method 

NO. of Cul tura l  N-P 0 -K 0 
2 5  2 

K g h a  

Nursery 
Period 

Spacing 
50 c m .  x 15 cm. 

c rop  ' 

Duration 
(Days) 

Crop 

Peanuts. 
Tainan No. 9 
Tainan No. 6 

4-6 l i g h t  
i r r i g a t i o n s  

Growing 
Season 

Dry season 20-60-40 
p rep lan t  

Soybeans: 
S.J.-2 

P l a n t  spacing 
50 cm. x 20 cm. 
2-3 seed /h i l l  

P l a n t  on r idges  
100 c m .  x 45 cm. 

Inoculate 
seed. 

10-12 

Thin t o  
10 cm. 1.9-2.5 
3 weeks 
a f t e r  sow- 
ing .  Weed 
o u t  r idge 
2 times 

~ e c - A p r i l  1.9-3.1 

Cotton: 
Delta Pine 

75-75-40 
s p l i t  n i t roge  
3 app l i ca t io r  

90-115 

50-50-25 
s p l i t  app l i -  
ca t ion  

P l a n t  spacing 
30 cm. x 10 cm. 

- 

Flood one 
month a f t e r  
sowing + 2 
more l i g h t  

20-40-40 

Burma 

Mungbean: 
M-7-A 20-60-40 

p rep lan t  
50 cm. x 20 cm. 
on r idge.  
30 cm. x 20 cm. 
on f l a t  beds. 

50-50-100 
preplant  i n  
dry season 

Thin, weed, 
hoe and 
r idge  

P l a n t  on r idges  
100 c m .  x 30 cm. 

1.9 

2-3 L i f t  v ines  



Table Dl-4 - Area Under C u l t i v a t i o n  i n  Hectare w i th in  Each P ro )ec t  Area 
According to  Crop Types and t h e i r  Percentage (Dry Season) 

(Percentages a r e  g iven  wi th in  b racke t s ;  

C u l t i v a t e d  Area 
Area 

Area 
Area Area 

Area To ta l  Area 
To ta l  Area 

Under 
Under Under Under Area Under I Area Under C u l t ~ v a t e d  a s  a % 

Under Cu l t i va t ed  
Rice 

Oi l  Water Sweet Vegetables  Others  of Rdlny  Season 
Seeds Melon Corn 

Kenaf 

Huai T a l a t  

Huai Chorakhe Mak 

Phuttha Utthayan 

5.79 
(100.0) 

16.59 

6.96 
(100.0) 

5.76 
(99.53) 

16.35 
(98.55) 

, 0.80 
(11.50) 

Huai Aeng 
20.47 

(100.0) 

---- 
0.74 

(3.61) 

5.56 
(40.78) 

0.06 
(0.67) 

1.04 
(4.57) 

8.97 
(9.38) 

Huai Khi Lek 

Huai Kaeng 

Huai Lam Chamuak 

T o t a l  : - 

- 
- 
- 
- 
- 
- 

0.32 
(1.60) 

1.76 
(12.90) 

- 
- 

0.48 
(2.11) 

2.56 
(2.68) 

13.65 
(100.0) 

9.38 
(100.0) 

22.76 
(100.0) 

95.60 
(100.0) 

- 
- 
- - 

1.02 
(0.15) 

1.12 
(8.21) 

- 
- 
- 
- 

26.96 
(?8.29) 

-- 
0.04 

(0.19) 
14.11 

- 
- 
- 
- 

3.48 
(60.06) 

0.31 
(2.20) 

0.04 
(0.43) 

6.40 
(28.12) 

7.14 
(7.47) 

3.28 
(24.04) 

8.32 
(88.68) 

14 -84 
(65.20) 

29.36 
(30.71) 

14.38 

9.32 

' 
15.70 

7.42 

- 
- 

0.08 
(0.48) 

1.49 
(21.46) 

0.40 
(2.93) 

0.88 
(9.40) 

- - 

10.94 
(11.44) 

- 
- 
- 
- 
- 
- 

1.22 
(8.95) 

0.08 
(0.85) 

- 
- 

9.66 
(10.10) 

0.03 
(0.47) 

0.16 
(0.96) 

0.16 
(2.30) 

- 

2.42 

16.09 

- 
5.29 



Tdble D1-5 - Averaye Yield of Pdddy and 
the Different Varieties (Mt/Ha.) 
For Each Tank 

TNG = Traditional Non-Glutinous Variety 
RNG = Recommended Non-Glutinous Variety 
TG = Traditional Glutinous 
RG = Recommended Glutinous 

. Paddy Variety 
c , 

Pro:ject Arei'-.. 
.. 

Iluai Talat 

Huai Chorakhe Mak 

Phuttha Utthayan 

Huai Aeng 

Huai Khi Lek 

Huai Kaeng 

Huai Lam Chamuak 

-- 

TNG 

1.9 

1.7 

1.6 

0.4 

1.4 

2.5 

2.1 

RG 

- 

1.3 

1.7 

1.6 

1.5 

1.5 

2.6 

I 
RNG 

2.0 

1.5 

1.5 

1.1 

1.5 

3 . 3  

2.4 

Mixed 

0.4 

1.1 

0.9 

1.7 

1.3 

1.2  

0.3 

TG 

- 

1.2 

1.5 

0.7 

1.7 

1.5 

2.2 

Weighted 
Average 

1.9 

1.6 

1.6 

1.2 

1.6 

1.5 

2.0 

1.6 



Annex D2 

PART 2 ENGINEERING ANALYSIS 

A. Irrigation System 

1. Existing Situation 

The seven tank systems included in the ~rojecf 
were all constructed as part of an 9TG tank construction 
program which began in 1951. Since the program began, 181 
tanks have been completed ranging in capacity from less than 
one million cubic meters to as much as 35 million cubic meters. 
Of these, 146 are primarily for irrigation and 35 for domestic 
water supply. 

For a number of reasons, discussed more fully 
elsewhere in this PP, the irrigation potential of the tanks 
has not been fully realized. Not the least of these is the 
fact that the irrigation system infrastructure has never been 
completed at any of the tanks. An essential component to a 
successful project is to complete these systems so that 
every irrigator can get water where and when (at least during 
the wet season) he needs it. 

The seven project tanks have drainage areas 
ranging from 62 to 180 square kilometers giving them enough 
inflow to provide for at least 80% of the supplemental 
irrigation needs during the wet season except for Huai Chorakhe 
Mak, which has only enough for about 56%. 

The percentage of the potential irrigable area 
which is being effectively irrigated is shown in Exhibit D2-1. 
There appears to be little relationship between the amount of 
runoff inflow to the tanks and the area actually being utilized 
for irrigation in the projects. For example, Huai Talat has 
the highest runoff amount but is actually irrigating only 21% 
of the potential area. This compares to Huai Chorakhe Mak which 
has a very low runoff but has one of the higher utilization 
rates at 56%. There seems to be, however, a high correlation 
between the percentage of the existing canal systems which is 
lined versus the rate of utilization as is illustrated in 
Exhibit D2-1. 

From the descriptions given in the AIT 
feasibility study, it would indeed seem to be the case that 
the effective water delivery is limited to the lined reaches 
of the canal. Most of the unlined portions suffer from being 
washed out, being filled with sediment, having excessive 



seepage losses, or beinq damaged by livestock crossing or 
wallowing in the canal. 

Even in the area covered by the lined portions 
of the canals, however, there are problems of too few turnouts 
and lack of distribution systems other than paddy to paddy 
flow. Many illegal turnouts have been dug through the canal 
dikes, but the effective irrigation is usually limited to 
the area nearby the main and lateral canals. There does 
not appear to be a strong tradition of cooperation via the 
paddy to paddy approach as is found in a few other Asian 
countries and the downstream farmers complain that their 
upstream neighbors are often unwilling to release water to 
them when they need it. 

2. riecommended Improvements 

The recommended improvements to the irrigation 
infrastructure include rehabilitation of the embankments, 
repairing and extending the lining on the main and lateral 
canals, constructing more turnouts, adding more cross drainage 
culverts and drainage inflow/outflow structures, constructing 
checks and regulators in the canals, building more bridges 
for people and livestock crossings, designing and constructing 
a complete on-farm distribution system, providing for laterite 
surfaced roads along the main and lateral canals, and designing 
and constructing a service center building at each of the 
tanks. Scale drawings of each of the seven sites with canal 
improvements sketched in are included in Appendix One of this 
Annex. 

a. Embankments 

Generally the embankments are being 
adequately maintained by RID and for only three of them are any 
improvements suggested (See Table 11-1). Even these improve- 
ments are not critical to the stability and safety of the 
embankments and, consequently, it is not necessary to the 
integrity of the Project that these improvements be made in 
the immediate future. RID may wish to schedule the suggested 
improvements according to their regular maintenance schedule. 

b. Main and Lateral Canals 

In most of the systems, the main canals 
had been designed and constructed to adequately cover the 
desired area. Some new laterals need to be added but primarily 



what is needed is to rehabilitate the main and lateral canals 
by excavating the areas which are filled with silt and fill in, 
compact and trim the sections where flood flows and cross 
drainage have washed out the dikes or scoured the channel 
making it too wide and rough. 

Lining is recommended for all the main 
and lateral canals for the following reasons: 1) these are 
light, sandy soils and the leakage losses in the unlined 
reaches have been observed to be extremely high, 2) these 
light soils also scour badly during times of excessive flows 
resulting in canals sections which are too wide and rough 
and are hydraulically inefficient, 3) because of a generally 
low priority for maintenance, the effective life of the 
unlined canals has been quite short, and 4) it is more 
difficult for farvers to make illegal turnouts when the 
canal is lined. Typical drawings showing the dimensions 
of the lining are shown in Exhibit D2-2 .  Lining is the 
largest single RTG budget item for the infrastructure improve- 
ment, but AID belives that it is essential for the develop- 
ment of a maintenable systen. It can he seen from the 
existing situation that the only effective irrigation being 
done in these systems is from the lined sections. 

A large number of structures must be 
added to the mains and laterals to make the system effective. 
Typical drawings of the structures are shown in Exhibit D2-2 .  
For better control and distribution of the water, enough new 
turnouts will be added to reduce the distance between them 
to an average of 300 meters instead of the existing 400 to 
500 meters. There will be a number of check structures 
built in the canals in order to stop the flow of water and 
to raise its level. Additional regulating structures will be 
provided at the critical junctures of the canals. Many more 
cross-drainage culverts and drainage inflow/outflow structures 
will be constructed and in some cases the natural drainage 
ways will be enlarged. Cross drainage has been one of the 
major problems on the systems, causing washouts, scouring, 
and sediment build ups. Where the canal goes through a cut 
section and there is considerable flow into the canal from 
the adjoining high ground, interceptor ditches will be 
provided to divert these flows to the nearest culvert. A 
number of wooden bridges spanninc~ the canals will be built 
to eliminate the damages done by livestock climbing up 
and down the canal sides. 



The AIT feasibility study recommended that 
laterite-surfaced roads be constructed alongside the main 
and lateral canals to allow for easier access for maintenance 
and, in some cases, to provide better farm to market access 
for the farmers. AIT specified four-meter wide roads along 
the main canals and three-meter wide roads along the laterals. 
AID agrees that a surfaced roadway is essential alongside 
the main and lateral canals to provide for better maintenance, 
but there is some question as to whether roadways of these 
widths are necessary unless they are also utilized as a 
farm-to-market road. AID believes that in most cases a 
narrower roadway sufficient for a motorcycle would suffice. 
Since this is a costly item on the RTG funding side, it is 
suggested that the roadway width requirements for each system 
be reassessed during the detailed design phase. 

c. On-Farm System 

The most pressing need on all of the 
systems is to improve the on-farm distribution of the irrigation 
water once it leaves the main and lateral canals. As mentioned 
before, no provision was made in the original RID designs 
for the provision of teriary, quaternary and on-farm canals 
and drainage so that the individual farmer can control the 
flow of water to his plots. This was not an oversight on the 
part of RID, but, in fact, it was the policy at that time that 
the farmer should be able and willing to finish the system. 
This was an almost universally held concept in Asia for 
many years but it has now been recognized to be invalid in 
most cases. 

The Project will provide for sub-lateral 
canals served by the turnouts on the main and lateral canals 
which will carry water to an area ranging from 100 to 300 rai. 
From these sub-lateral canals, which will be a triangular, 
unlined ditch, ranging in top width from one-half to three 
fourths of a meter, will emanate sufficient smaller di.tches 
to carry water to, and from, each farmer's land. In order to 
accomplish this, particularly in the steeper sections, it 
will be necessary to do some rearranging of the parcels and 
their bunds, to do some minor land leveling and to provide 
adequate drainage to all areas. It is impossible to predict 
the exact amounts and costs of this on-farm development 
without having the detailed topographic survey&/ the land 
classification, and the detailed designs. However, the unit 
costs are correlated with the various slopes occurring in 
1/ The topographical maps will be at least to the scale of 1: 5000 - 

with a contour interval of 25 CM. The surveys should be 
done with a plane table and should define all the rice field 
boundaries as well as the existing watercourses and drainage 
ways. 



the systems and are well substantiated by projects now 
underway - notably the Chao Phya Irriqation Improvement 
Project. The distribution of slopes and the cost extensions 
are given in Exhibit D2-3. The final project costs, of 
course, will be based upon detailed designs. 

d. Maintenance 

The maintenance facilities at the tanks 
are inadequate and underfunded. There are not enough 
technicians, laborers or vehicles and there is hardly any 
budget for materials. AIT recommends that each maintenance 
crew have a technician in charge, two inspectors, and 
a laborer for each two kilometers of main or lateral canal. 
They also specify, two motorcycles and one vehicle per site 
as well as increased budget for materials. AID fully agrees 
that upgrading the maintenance capability at each tank is 
essential to prolonging the life of the system and will 
urge RID to increase its maintenance budget. On the other 
hand, maintenance of the main and lateral systems will be 
greatly facilitated by the completed lining, by the provision 
of access roads, and by improvements in the drainaqe system. 
Also, with the addition of two full-time extension agents 
to each system, there will be much more pressure on the 
maintenance crews to perform. 

AID recommends and AIT agrees that RID 
should be responsible for maintaining the embankments, the 
main and lateral canals and the major drainage ways while 
the farmer groups should be responsible for maintaining the 
sub-lateral canals and the on-farm systems. This should be 
made clear to and agreed to by the farmers at the outset of 
the project, But until a viable farmer organization is in 
place, RID may have to assume responsibility for maintaining 
the whole system.temporarily if farmers efforts initially 
fall short of minimum maintenance requirements. 

e. Service Centers - 
As a final item of infrastructure, a 

service center building will be designed and constructed 
at each tank. These centers will be primarily to provide 
ofdices for the two extension agents to be stationed at each 
tank and to provide a meeting place for the various farmer 
activities, such as Water User Group meetings and for 
training and instruction to be offered by the extension services. 



The buildings will be simple concrete slab and concrete 
block structures with minimum furnishings and an outside 
latrine. P sketch and cost breakdown for the structure 
is contained in the Financial Annex. 

3. Technical Analysis of Water Balance 

AIT did a suitably rigorous water balance 
analysis for each system based on average rainfall and 
evaporation values. The pertinent data used in the water 
balance is shown in the Technical Agricultural Analysis. 

As can be seen from Exhibit D2-4, the outlooks 
for substantial amounts of dry season cropping are not promising, 
and for Huai Chorakhe Mak, only a 56% capability is predicted 
for the wet season. It is AID'S belief that this analysis 
by ATT is on the conservative side. AIT assumed an overall 
irrigation efficiency of 40% which is a good figure to use 
for the present situation. However, with lined mains and 
laterals and with improved irrigation practices, this 
efficiency should increase. The total acreages which can be 
irrigated would increase considerably with an efficiency of 
60%. Experience in the past has shown that these efficiencies 
are attainable under good management. 

Other practices can be improved to save water. 
For example, at four of the tanks, the rice planting begins 

in June even though the wet season usually begins in Play. 
Exhibit D2-8 demonstrates that the water requirement is 
reduced considerably if the planting is begun a month earlier. 
In the case of Huai Chorakhe Mak, moving the planting date 
to May and increasing the rice mix of long duration and short 
duration varieties from 50% - 50% to 40% - 60% respectively, 
the water requirement is reduced enough to enable the irrigation 
of an additional 1,000 rai in the dry season. With the 
provision of an assured water supply for irrigation in May, 
this change could most likely be implemented. 
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Land Prepa ra t ion  Costs 

Buai T a l a t  

Huai Chorakhe PIak 

[ Phuttha Utthayan 

Huai Aeng 

Huai K h i  Lek 

Huai Kaeng 

Lam Chamuak 1 TOTAL 

Unit Costs  Used: 0-2% s lope  - $310/ha. f o r  one-half t h e  a r e a ;  2-4% s lope  - $625/ha.: 4-5% s lope  - $1.250/ha. 

Area v s .  Slope Costs (US$1,000) I 

0-2% 
(Ha. 

2-4% 
(Ha.) To ta l  1 

I I I I , I 

2-4% 1 4-6% 
Slope 1 Slope 

4-6% 
(Ha. ) 

0-2% 
Slope 



Tank 

Huai Talat 

Huai Chorakhe Mak 

Phuttha Utthayan 

Huai Aeng 

Huai Khi Lek 

Huai Kaeng 

Lam Chamuak 

TOTALS : 

Recommended Irrigable Area with Improved Systems 

Potential 
Irrigable 
Area 

(Ha.) 

Recommended Irrigable Area 
with Improved System (Ha. ) 

wet Season I Dry 

1,340 

% Potential Irrigable 
Area Recommended by i Start of 

Season j seaion 1 (Month) 

AIT 
Wet I Dry 

1/ Long duration rice - 

Piantin: 

2 /  short dur'ation rice - 



> 

400- 

300- 

mm. 

200 - 

loo. 

- 0. 
27. 

SAVINGS IN FARM WATER REQUIREMENT BY SHIFTING PLANTIi'dG DATE - WUAi CHBXAKHE MA# 
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ANNEX D. 

PART 3 - SOCIAL ANALYSIS 

A. Beneficiaries: Present Characteristics 

The beneficiaries of this project are some 
40,000 people living within the potential service area of 
seven medium-scale irrigation dams in Northeast Thailand. 
Culturally, the population of these service areas is in the 
main Northeastern Thai (Lao-Isan) but some Cambodian- 
descended peoples are also involved in some of the southern- 
most areas. The majority of the population can speak 
serviceable Central Thai language (the Cambodian-descended 
peoples seem to insist on speaking it with outsiders, 
even though many of them are also fluent in Lao-Isan). 
The vast majority (99%+) are Buddhists although a few 
Christian familles can be found. 

In terms of education, the beneficiaries 
approximate recognized Thai education nrofiles, althouqh 
some interestinq anomalies exist. For example, while only 
90% (of those past primary school age) have not completed 
fourth grade (literacy level), nearly 30% have studied 
beyond the fourth grade (more than the national figure). 
Heads of household, however, usually in their mid-forties, 
only average about 5 years educational attainment. 

The beneficiaries pouulation shows the fertility 
rates that have characterized the Northeast in the recent 
past (Table 1). About 29% of the population is age 10 and 
under, average household size being 7.3 persons (average 
household labor force is 5.0 adult equivalents). Also, 
the 11 to 20 aqe bracket contains a further 29% of the 
population, indicating that there are likely to be serious 
land shortage problems over the next ten years unless. 
intensification occurs. This points out the timeliness 
for the present project. While average farm size among 
beneficiaries (about 35 rail ought to be able to support 
a somewhat expanded population if yields are increased 
through irrigation, irrigation is not being effectively 
utilized despite the nearby water supply. 



I t  i s  i n s t r u c t i v e  t o  compare t h e  b e n e f i c i a r i e s  
populat ion with  t h e  average ( r a i n f e d  a q r i c u l t u r a l )  
;>opulation of t h e  Northeast  i n  more d e t a i l .  To do t h i s  
t h r e e  v a r i a b l e s  have been chosen: land va lue ,  gro.ss c r o p  
s a l e s ,  and off-farm income (Table 2 ) .  A f o u r t h  v a r i a b l e ,  
a s  a  proxy f o r  income, is t h e  household sum of off-farm 
income and g r o s s  s a l e s .  This  approximates average n e t  
income (which inc ludes  in-kind income) bu t  may be 15 t o  2 0 %  
lower i n  a c t u a l  bah t  f i g u r e s  than t h e  more l a b o r i o u s l y  
computed n e t  annual  income. Table 2  shows t h a t  o n m o s t  
dimensions of comparison, t h e  b e n e f i c i a r i e s  of  t h e  p r o j e c t  
a r e  no t  now much b e t t e r  o f f  economically than  t h e i r  r a in fed -  
a g r i c u l t u r a l  neighbors.  Allowing f o r  an  i n f l a t i o n  f a c t o r  
and us ing  t h e  d a t a  quoted i n  t h e  1980 CDSS, and assuming 
t h a t  t h e  4 t h  v a r i a b l e  i n  Table 2 i s  a  s u r r o g a t e  f o r  about 50% 
o f  r e a l  n e t  income,* we can p o s i t  t h a t  any household below 
t h e  s u r r o g a t e  income of $a,OOO/year/household (7.3x1,SOOx 
1.2x.5) i s  below t h e  l e v e l  of " abso lu t e  pover ty"  a s  de f ined  
by t h e  World Bank. From t h e  l a s t  s e c t i o n  of Table 2, then ,  
we can assume about 57% of t h e  b e n e f i c i a r i e s  populat ion i s  
i n  t h i s  group,  compared with  6 4 %  of t h e  "ou t s ide"  popula t ion  
nearby.  This i s  near  t h e  accepted percentage of r u r a l  North- 
e a s t e r n e r s  i n  "abso lu t e  pover ty"  (608) .  I t  seems reasonable  
then t o  assume t h a t  t h e  p r o j e c t  is indeed t a r g e t t e d  on an 
a p p r o p r i a t e l y  needy popula t ion .  The one g l a r i n g l y  anomalous 
s t a t i s t i c  i s  land va lue .  Why land wi th in  t h e  p r o j e c t  a r e a  
should be  valued s o  much higher  than  o u t s i d e  land r ~ a y  r e f l e c t  
more t h e  a s p i r a t i o n s  o r  preconcept ions  of t h e  owners than  
r e a l  p r o d u c t i v i t y  va lue  (coapare  land va lue  wi th  c rop  s a l e s  
i n  Table  2 ) ,  o r  it may r e f l e c t  t h e  su rveyor ' s  op in ions  about 
t h e  va lue  of  i r r i g a t e d  land.  

* ( c . f .  economic a n a l y s i s .  Sur roga te  average i s  about 
,5310,500 whereas o v e r a l l  average n e t  income i s  about  
,5320,000 (,5315,000 n e t  farm income p l u s  @5,000 o f f - f a rm) .  
Sur roga te  does  no t  have farming c o s t s  s u b t r a c t e d  o u t  t o  
g e t  n e t  s a l e s  income, bu t  does - not  i nc lude  income, bu t  
d o e s n o t  i nc lude  income from c o t t a g e  i n d u s t r i e s ,  l i v e s t o c k ,  
i n c o i n e n  kind,  i . e .  home consumption, e t c . ) .  



ilerlcf i c i a r i e s  P o p u l a t i o n  Age D i s t r i b u t i o n *  

A ~ j e  (Years)  

0 - 5  

0 - 1 0  

11 - 1 5  

1 6  - 20  

2 1  - 25  

2 6  - 30 

31 - 35 

36 - 40  

4 1  - 4 5  

46 - 50  

5 1  - 5 5  

56 - 60 

61+ 

% o f  P o p u l a t i o n  

1 4 . 6  

1 3 . 9  

1 5 . 7  

1 3 . 3  

. 8 . 5  

5 . 4  

4 . 1  

4 . 6  

4 . 8  

4 . 8  

3 . 1  

3 . 0  

4 . 2  

(Average  Ilousehold S l z e  = 7 . 3  p e r s o n s ) .  

* (Not c o n ~ p u t r d  by  s e x ,  b u t  sample p o p u l a t i o n  d i d  show 

approx .  same nun~bcr  o f  ma les  dnd f e m a l s ,  49 .4%.  males, 

5 0 . 6 %  f e m a l e s )  . 

BEST AVA~LABLE COPY 



C o m p a r i s o n  .- o f  P r o  j cc t  L3enef i c i a r i e s  w i t h  
' r h o s e  - N e a r b y  B u u t s i d e  t h e  P r o j e c t  A r e a  

( i , . c .  w i t h  T y p i c a l  N o r t . h c a s t c r n  K a i n f e d  F a r m e r s ) *  

~ ~ 1 1 ~ ~ s  o f  U o u s e h o l d  . - - - - - - 
V ~ J I  I L~l,Lcs for Compar i so l l  - - .. -- .- - 

Ldnd V a l u e  ( B a h t )  - 

0  - 1 0 , 0 0 0  
L O , O O O  - 3 0 , 0 0 0  
~ 0 , 0 0 0  - 6 0 , 0 0 0  
6 0 , 0 0 0  - 1 0 0 , 0 0 0  

1 0 0 , 0 0 0  - 1 5 0 , 0 0 0  
1 5 0 , 0 0 0  - 2 5 0 , 0 0 0  
2 5 0 , 0 0 0  + 

~~o~~ C r o p  S a l e s  ( B a h t / Y r .  ) 

0  - 1 0 0  
1 0 0  - 2 , 0 0 0  

2 , 0 0 0  - 5 , 0 0 0  
5 , 0 0 0  - 1 0 , 0 0 0  

1 0 , 0 0 0  - 1 5 , 0 0 0  
1 5 , 0 0 0  - 2 0 , 0 0 0  
2 0 , 0 0 0  - 3 0 , 0 0 0  
3 0 , 0 0 0  - 4 0 , 0 0 0  

Y, of i l u u s c h o l d s  i n  V a r i a b l e  Kange - 

f i e n c f l c l a r i e s  O u t s i d e r s  

9 1 8  
1 5  29 
2  1 1 9  
2  0  1 5  
1 7  1 2  

9  4 
9 3  - 

1 0 0  1 0 0  

o f f  Farm l n c o m e  ( ~ a h t / Y r . )  

0 - 1  4 6 4  0  
1.8 ' 1 5  1 - 2 , 0 0 0  

2 , 0 0 0  - 5 , 0 0 0  1 4  2 3 
5 , 0 0 0  - 1 0 , 0 0 0  9 1 2  

1 0 , 0 0 0  - 3 0 , 0 0 0  1 0  6 

3 0 , 0 0 0  - 2 6 0 , 0 0 0  3  4 - 



Table 2 (Cont'd) 

8 of Households in Variable Range 
Beneficiaries Outsiders 

off- arm Income Plus 
I/ Gross Crop Sales (Baht/Yr.)- 

1/ (Computed another way: Among beneficiaries the - 
bottom 40% average 2,600 @/Household, the top 10% 
average 54,000 @/Household; among outsiders the 
bottom 40% averaqe 2,300/~/Household, the top 10% 
average 51,400 @/Household.) 

* Based on Sample surveying by AIT, Project beneficiaries 
for this Table defined as anyone holding land within 
the potential irrigation service area, even if most of 
their land is elsewhere. Outsiders defined as having 
no land at all within potential irrigation service area. 



Table 2 also shows that in crop sales, the project 
beneficiaries are already doing somewhat better than their 
neighbors (e.g. 40% sell more than $5,000 worth of crops 
a year, versus 33% for the outsiders), but this is somewhat 
made up for by the outsiders in off-farm e~ployment among ' 

"middle" income families ($2,000 to )35,000 range), although 
the poor groups are again at a disadvantage. The last section 
of Table 2, however, shows that these discrepancies between 
beneficiaries and outsiders are not as serious as they seem: 
except for the very poor and the well-off who both fare 
somewhat better inside irrigation areas, the others make up 
for crop income with off-farm income and vice versa. 
Von Fleckenstein (1980) reached similar conclusions in 
comparing irrigated and rainfed farmers in the Northeast: 
the rainfed farmers had to work harder but their incomes 
were quite similar. 

In terms of income stratification, the data in 
the footnote of Table 2 reveal two very important pieces of 
information. First, surroqate income is much more stratified 
than one might expect of rural Northeastern Thailand - 
the idea of the fairly uniformly poor Northeastern rural 
village seems to be contradicted by these findings. The top 
10% of the households have about 20 times the average household 
income of the bottom 40%. Certainly some of this, but probably 
not most of it, is explained by differences among rather than 
within the various irrigation areas (see data in economic 
analysis). Second, stratification of beneficiaries population 
is quite similar to that of the nearby "outsiders," indicating 
that it is - not the presence of irriqation per se that explains 
the unexpected degree of stratification. This raises questions 
about project feasibility and effects on the various groups 
(discussed below). 

That the beneficiaries group may indeed have high 
hopes for irrigation and thus value their land more highly 
is reflected in attitude surveying conducted in the various 
areas. The vast majority of those expressing an owinion did 
see the advantages of irrigation for increased yields, labor 
saved, and livestock and fish-raising opportunities. 



Of the beneficiaries population, the median age 
of the household head is 46 years. 95% are men (husbands). 
Women household heads were usually wives whose husbands were 
not present or occasionally dauc~hters of former household 
heads. 92% of the household heads surveyed characterized 
themselves as fully occupied in agriculture. 5% said they 
were part-time farmers and only 3% did not farm. Nevertheless, 
only 26% of the households surveyed did not have someone 
working off the family farm for at least part of the year. 
86% of the household heads worked their own (owned) fields, 
whereas about 11% used others fields free of charqe (a common 
example is parents allowing children this privilege), and 
only about 3% had to rent land or mortgage their land. 
Finally, it may come as a surprise to many to discover that 
the majority of farmers in these areas not only do purchase 
and use fertilizer, but they invest quite a bit in it and 
use it on their subsistence (rice) crops. 

B. Feasibility: Considerations 

Of the beneficiary households surveyed by AIT 
(excluding here only those whose holdings were entirely outside 
the potential irrigation survey areal well over half had at 
least some amount of wet season irrigation. Furthermore, 
nearly two out of six had at least some amount (greater than 
5% of their total farm area) of dry season irrigation as well. 
Nevertheless, the project sites were chosen because in each 
case the water in the system was not being fully utilized 
in either the wet or the dry season. Why, then, are people 
not using all the water they might? Situations vary from 
site to site but a general discussion is possible. On the 
average farm of 35 rai, 23 rai are cultivated in the rainy 
season, 5 rai are cultivated in the dry season, 4 rai are 
non-agricultural land, and the remaining 3 rai are left 
unclutivated for various reasons. Of those that use at least 
some wet season irrigation, the average irrigated area is 
about 17 rai (median = 15). In the dry season, the average 
irrigated area (of those that have at least 1 rai, i.e., 
other than kitchen gardens! is 3 rai (median = 4). This 
indicates that expansion of - dry season irriqation may not be 
a problem of physical infrastructure. Of those with access 
to water in the wet season, well less than half (about 36%) 
use dry season irrigation and of those that do, they vastly 
reduce the amount of land they crop, compared to the amount 
of irrigated land they use in the wet season. A seasonal 
reduction in water supply alone cannot explain this vast 
reduction: it is clearly evident at the site that in nearly 
all cases vast amounts of water remained in the reservoirs 
at the end of the dry season. - 



1 3 - 
DRY S1.ASOll LKKICATLON AND INCOME'< 

,A. WllO DOES AND DOES NO1' USE URY SEASOtl IRRIGATION, I N  RELATION TO 
1 NCOIME: 

--- - 

-- 

No r e a l  i r r i g .  
(I<itcl len e a r d e n  oilly) 

38.  OF THOSE USING DRY SEASON L K K L G A T L O N ,  WtlO USES MOKE,IN RELATION 
TO INCOME: 

I r r i g a t i o n  
( > 1 r a i )  

. . - . - - -- -- 
Poor B e t t e r  Off I- - 

] ( 10,000111hh) 1 (IO,OOO+L/hh) 1 
1,ow L r r i g a ~ i o n  
(1 LO 4 r a i )  

- 

13:: 

? u  t o  High 
I r r i g a t i o n  22% 23% 

(> 4 r a i )  
. -- I 

*Sur roga te  income used: c r o p s a l e s  p l u s  o f f - fa rm income ( s e e  Tab le  2 ) .  
' T I ~ L ,  i i s s o c i a t i o n s  impl ied  h e r e  i n  T a b l e  3 a r e  s i g n i f i c a n t  a t  l e a s t  t h e  
.U4 l e v e l  (Chi Square) i n  a  s i n g l e  9 x 8 n a t r i x  ( 6 3  d e g r e e s  o f  freedom, 
242  c a s e s  t o t a l ) .  

6 ;! 18% 



The statistics become even more compelling when 
one focuses on the poorer farmers whom the project aims to 
assist. Table 3 makes the point. The statistics summarized 
in this table support results of non-structured field 
interviewing. In the villagers' opinions, "other poor 
don't irrigate in the dry season" (opinions for why this was 
the case varied according to who was asked - the better 
off farmers said the poor were lazy, poorer farmers saw 
themselves facing a plethora of insurmountable obstacles 
many of which they couldn't understand; some blamed var.ous 
others, etc.).* 

All in all, four main potential problem areas 
exist for greater and more effective utilization of irrigation: 
physical infrastructure, orqanization (especially of irrigation), 
inputs, and marketing. The problem areas are also inter- 
connected with each other, thus solutions are not necessarily 
specific to particular individual problem areas. While added 
and improved physical infrastructure (mainly canals and roads) 
will reduce or eliminate physical constraints, the statistics 
cited above indicate clearly that this alone will not mean 
that the area actually irrigated in the dry season will 
significantly increase, nor will farmers, especially poorer 
farmers, be certainly benefitted. Were the data available, 
it is likely that a significant part of the average 13 out 
of 28 rai cropped but not irrigated in the wet season would 
also evidence problems other than physical infrastructure. 
We will thus narrow the discussion here to constraints on 
organization, inputs and marketing, and especially their 
social aspects. 

1. Organization 

Many studies in Northeast Thailand have shown 
that a principal problem in irrigated areas is the quantity 
and especially trming of water delivered to the fields. 
This is true of the project area also. 'During 
non-structural field interviewinp, it was apparent that 

*It is recognized that an association -- between poverty and 
non-irrigation does not prove direction of causality. 
In the present case, we can be fairly certain of mutual 
effect, actually of the "viscious circle" variety. 



farmers in the beneficiary population are rather bewildered 
by the subject of irrigation organization. Most seemed to 
think it was something the government did, not they themselves. 
They were quite surprised to hear about the high degree of 
locally initiated and controlled irrigation organization 
existing in parts of North Thailand. The orqanizational 
functions they did perform themselves were not perceived by 
them as being organized. Instead they characterized them 
either as just "helping each other out" or else individual 
participation for direct individual interest. For examole, 
in describing how shared farm ditches were maintained, one 
farmer answered people just helped each other, another said 
everyone took care of only the section fronting his own 
property, another said that downstream farmers only came up 
to work on the ditch (by themselves) if the water wasn't 
getting through. In most cases if disputes arose that 
could not be settled between the parties involved, the 
WUA only served as a conduit to bring the problem to the 
attention of the chief irrigation official who would usually 
(probably wisely) base his decisions on precedent (i.e., 
status quo ante). In part of one irrigation area farmers 
stated the village headman settled disputes - in their 
view they used to have a WUA but it had been disbanded. 

The single case found (during the few days 
interviewing) where disputes were settled by farmers rather 
than officials thus occurred where a WUA did not even exist. 
What then is wrong with the WUA's? In the AIT survey, 
a majority of farmers thought the WUA was inefficient and 
a vast majority thought WUA members could not agree on what 
to do when faced with problem, that various groups competed 
and conflict existed. On the other hand; most felt that 
WUA rules should be enforced strictly (and were not), that 
a WUA leader should be elected, that water allocation was 
necessary and that there should be a system to allocate it. 
A significant minority did not even recoqnize that WUA had 
any rules at all, yet, two to one, farmers, interviewed 
expressed their hopes for WUA by saying that WUA membership 
should be compulsory. They were more divided on such topics 
as whether or not water rotation would help solve conflicts 
and whether or not WUA should expand its activities beyone 
irrigation management per se. 



Varlous researchers have pointed out problems 
with irrigation organization in Thailand. AIT (1978) cited 
the lack of support for wUA'S by the Royal Irrigation 
Department but other research points in a different direction. 
In studying irrigation organization effectiveness in North 
Thailand, Vanpen et a1 (1979, in Thai language) found that 
organizational efGczveness resulted when the farmers 
themselves ran the system, made the rules, selected the 
leaders, took part in building the system, etc., and that 
the effective organizations were small and administratively 
easy to manage. Gillespie (1975)mfunya and Early (1980) 
and others (e.g. Thanya) have independently reached the 
same conclusion. 

The major problem with WUA's is that they 
are far too big, often many hundreds or even more than a 
thousand households in one organization. The more ideal size 
would be about 50 households or, less a size in which 
participatory decision-making and problem-solving could be 
expected to occur. The logical organization of this size 
would be along a farm ditch, which, according to several 
farmer's opinions serves 10 to 50 farmers. Table 4 points 
out the difficulty, however, the majority of farmers have 
plots in different locations, thus would need to be members 
of more than one farm ditch group at a time, creatinq a 
network lnstead of solid groupings. The solution to this 
dilemma must be found locally, by farmers themselves. 
A number of alternatives are possible. First, in areas 
where the majority on a ditch have primary interest in the 
plot on that ditch, an effective group might be organized. 
Second, land consolidation has been demonstrated to raise 
productivity in Thailand (Jerachone 1980) and may be 
feasible if locally desired, through informal trading, 
compensation system, etc. The key point here is that the 
method chosen must be selected locally in order to fully 
succeed. If organization by farm ditch group is imnr.actica1, 
other alternatives are available (subvillage, neiqhborhood, 
area where fields located regardless of ditch, etc.). 
Gillespie (1975) supports focusing on the farm-ditch level, 
pointing out that this level has the greatest potential for 
effective local leadership. His paper has many useful 
suggestions for initiating such organization. 



The organization of irriqation also will 
have to vary with the size of the system. In each case 
(Local variation), it must be clear what responsibilities 
are at each level, and these must be feasible to the 
organization charged with carrying them out. The organiza- 
tional issue is flagged here as the key item for investigation 
and follow-up by the project technical assistance team. 
A social anthropologist or rural spciologist would be the 
appropriate advisor to deal with this matter further on a 
full-time basis throught the life of the project. 

2. Inputs and Marketing (and Credit) 

The key item of feasibility, concern with 
inputs and marketinq is profitability, in both a narrow and 
wide sense. In the narrow sense, the Baht return to the 
farmer must be sufficient for him to choose to expand 
croppinq instead of pursuinq other alternatives. This is 
necessary but not sufficient. In the sider sense, the 
farmer's accounting system will include many factors not 
readily quantified nor easily discernable to others. 
For example, one farmer stated that he was dissatisfied 
with the prices offerred by the merchant he dealt with. 
When asked why he did not look for another merchant, the 
following considerations emerged in a lengthy discussion. 
First, the merchant had a virtual monopsony in the area and 
the farmer doubted it could be broken. Even if he went to 
another merchant, he could not be certain the merchants 
were not in collusion with each other. The merchant treated 
him well in other respects, for example, giving him 
instantaneous loans in emergencies. Turning elsewhere 
would jeopardize this relationship, perhaps meaning that 
a sick child would not be able to receive medical treatment 
at a later date if an emergency illness occurred. So many 
of these factors the farmer perceived as beyond his own 
control. What he could do himself, however, was to limit 
the amount of those cash crops the merchant would buy from 
him and pursue other options instead, which was what he did. 

What can the project, then, hope to do 
about profitability in this wider sense? A number of options 
are possible, but the choice of o~tion and the number of 
strategies adopted will influence success. If pared down 
too far success will be difficult (keea in mind that if 



Table 4 

Potentially Irriqable Plots 
per Household 

Frequency Distribution 

# of Potential Irrigable Plots 8 of Households in Survex 



it were easy the farmers would have done something about 
it already). The basic strategy would seem to be to help 
provide for as many as possible of the farmer's wider 
concerns through other channels than he currently has 
access to while at the same time strengthening his ability 
to deal himself with the concerns remaining. For example, 
to reduce the various kinds of risk the farmer faces, 
he will benefit from some form of partial crop insurance 
and emergency loan credit fund. These are administratively 
simple to run and could be organized locally using group 
guarantor methods. To increase his own bargaining ability 
as well as lower his costs, purchase 05 inputs and volume 
sales are also likely to help. Such techniques should 
logically fit in with water user organization at the farm 
ditch (or other small-scale level) but could also be 
promoted in other ways depending on the local situation. 
Local organization will also help to get a sufficient 
number of farmers cropping in the same place at the same m 
time. Water is more likely to be provided on time to such 
a group, labor exchange helps out, marketing is easier, etc. 

A key methodology is one of better commu- 
nications. Nearly all the factors discussed by Adul (1980) 
as influencing participation in irrigation are susceptible 
to improvement through better communications, i.e. such 
things as more frequent WUA meetings in smaller qroups, 
more visits by extension agents, clear knowledge of water 
schedules from RID, farm-market newsletters (which should 
pay for themselves once organized) to inform farmers on 
market conditions, inputs available, etc. Transport may 
be a problem. The project can contact various truckers 
and make a list of their rates and farmers can go together 
in hiring a truck. A sufficiently energetic communications 
strategy, initiated, supported and advocated by the project, 
should go far in leading to appropriate local solutions 
to overcome the wider, less tangible problems of credit, 
inputs and marketing. The prestige of the government 
agency, its concern for wider interests, the backing of 
technical advisors - all these could go a long way in 
encouraging sufficient communications leading to the 
solution of local problems. 



C. Feasibility; Effects 

Given the generative rather than predetermined 
nature of this project it is difficult to assess the effects 
that may occur. Like all projects, it will depend on the 
skill, sincerity and hard work of the implementors. What 
we can attempt here, however, is a discussion of some of 
the likely stumbling blocks and suggest ways to cope with 
them. 

In section B. above, some results of the AIT 
attitude survey were summarized. However, section A. showed 
that there is a great deal of variation in the beneficiary 
population, of particular concern here being variation in 
income and degree of seasonal irrigation utilization. 
In the present section then, we will examine the attitude 
survey as attitudes are or are not associated with this 
variation, to understand what it may mean for project 
strategy toward various groups. Several other findings 
will also be examined. 

Among the various attitudes which did not differ 
appreciably no matter what the income level or degree of 
dry season cropping were feelings that WUA rules should be 
strictly enforced and WUA ought to elect leaders, plus all 
those discussed above that demonstrate farmers' awareness 
of the benefits of irrigation. Interestingly, another 
statistic which did not vary appreciately across income 
level was how many families did and did not take loans 
(an average 20% did). Some differences did appear in 
attitudes once the responses were stratified, however. 
These are presented in Table 5. 

Table 5 suggests, although not at all conclusively, 
that two types of systematic variation may be occurring. 
On the one hand, the middle income group seems to stand out 
from the others while on the other, opinions seem to change 
with the degree of dry season irrigation utilization. 
Middle income earners generally seem to have more faith in 
WUA than others, perhaps hoping to expand their opportunities. 
The similarity between low and high income earners is 
probably not for the same reason. The poor, like the 
middle income earners think that those upstream (usually 
those better off than they?) are unfair to downstream 
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irrigation users, but they are more cynical about water 
rotation, WUA efficiency, and don't agree with paying for 
WUA, probably because they get little benefit from it. 
The hiqh income earners don't see upstream users (themselves?) 
as selfish, they don't want WUA to be compulsory, they don't 
think people pay for it, they don't think it works efficiently. 
Presumably they are happy with things as they are and have 
no interest in strengthening WUA. 

Along the dimension of degree of dry season irri- 
gation, Table 5 seems to show that opinions change the more 
one irrigates in the dry season. The high users are not as 
enthusiastic about compulsory WUA membership, do not think 
it works efficiently, are not eager for WUA to enforce 
its rules. 

If the above interpretations are meaningful 
Table 5 suggests that middle income groups are likely to be 
most enthusiastic about the project, high income earners 
and high irrigators may be rather reluctant, and the poor, 
while willing, are probably a little u realistic about what 
WUA might be able to do for them and how easily they can 
be helped. 

For the implications for project implementation 
we turn to a few last findings. We have no data on the time - 
spent in "off-farm" employment but we do know high income 
earners and high irriqators emvloy more Labor, while field 
interviewing strongly suggested that local wage employment, 
within the same rural area, was a primary dry season 
occupation for the Door. All this together with the 
unexpected degree of socio-economic stratification found in 
the survey data implies that while middle income earners 
and middle irrigators will be likely to benefit most easily 
from the project, in order to involve the poor special 
effort will be needed and that if any opposition to project 
goals occurs, it is likely to come from the better off 
farmers, some of whom are apparently quite well-of? indeed. 
The project strategy implications are not clear. A possible 
solution might be to interest the better off farmers in some 
sort of scheme that provides relatively high returns 
(in this case acceptably with relatively high investment) 
but requires little labor during critical times in wet or 



dry season cropping, if indeed the main thing this group 
is likely to lose as a result of the project is cheap and 
abundant labor. 

This issue is uncertain but is flagged here as 
an item of potential concern for the project implementation 
team. 

D. Spread Effects 

There will of course be some benefits to local 
inhabitants nearby the project area (secondary economic 
effects). Also if the local communications and organizational 
techniques prove successful they can be expected to spread 
rapidly throuqh many areas of the Northeast, since the 
irrigation areas are nearly all or very near major roads 
and are thus some of the least isolated places in Northeast 
Thailand. 

The principal value of the project, however, in 
terms of spread, is its replicability throughout most of the 
irrigation areas of the Northeast. The underutilization of 
irrigation in the Northeast is not an isolated phenomenon, 
thus the opportunity for replicmon is quite larqe, 
eventually to perhaps as many as 15% of the population of 
the Northeast. Although the size of irrigation systems vary 
from quite larqe to quite small, many of the techniques to 
be developed and tested in the project can find real use 
in both larqer and smaller systems. 

E. Effects on Women, Migration, Fertility, Population 

The project should result in greater on-farm 
employment and thus reduce rural to urban migration for both 
men and women. There seems to be nothing in this prodect 
that would benefit women more than men, but neither is there 
any evidence of the reverse. Women should be encouraged to 
participate in WUA and in the smaller group organizations. 
Whether or nor reduced rural to urban migration benefits 
women more than men depends on whether women migrate more 
from the Northeast than men (demographic figures in the 
project areas do not evidence this but it may be true of some 
age groups) and, ultimately, on value judgments concerning 
the status of women in urgan vs. rural settings. 



Effects on population through fertility and 
displacement within the project areas are uncertain. 
Fertility, hopefully, will decrease as income increases 
and as farmers begin to see the effects of having to fit 
more adult population onto limited land resources. 
Judging from the population age profile (Table 1) this 
effects may become increasingly severe over the next 
decade or so. Local officials and development workers 
should compute a local population age profile and teach 
farmers what it will mean for them, both as a means of 
encouraqing family planning but also as a means to ~enerate 
interest in irrigation and agricultural intensification. 

It is likely that population within project areas 
may effectively increase also as a result of attracting 
local outsiders to various types of employment, especially 
once incomes within project areas begin to increase. 
Effects of this type are certainly to be expected when 
projects are confined to particular scattered geographical 
settings with restricted resource access, an inevitable 
characteristic of irrigation projects in Northeast Thailand. 
The qovernrnent can recognize these characteristics in its 
area development planning and endeavor to promote other 
types of projects in the area, targetted to benefit those 
without access to irrigation. 

F. Effects on Environment 

Analysis of environmental imnact was not 
considered necessary for this project, since the project 
does not involve building any new dams or other major 
infrastructure. Rather, the improvement, extension and 
rehabilitation of existing physical infrastructure will 
result in an imnroved environment. Nevertheless, 
increased use of irrigation could present different types 
of environmental problems which should be mentioned here 
in order that project monitoring may be on the look out 
for thcm. Such sensitization will facilitate appropriate 
corrective actions if they are necessary. 

While the use of irriqation in the dry season 
and to supplement rainfed wet-season farming farming should 
not lead to significantly increased health hazards 



compared to present conditions, there are areas of health 
hazard associated with water in Northeast Thailand that 
are in need of attention. The cultural preference for 
(uncooked) fermented fish is one of the main reasons 
for the prevalence of liver fluke (opisthorchis viverrini) 
and intestinal in the Northeast.' The sunply of fish may 
indeed increase with increased water utilization, 
providing much needed protein and income, but the health 
hazards of consuming the fish uncooked should be stressed 
to the project area inhabitants. 

Luckily, schistosemiasis has not been found 
in the target areas of Northeast Thailand. Poor drainage 
of irrigation water from fields and water ways can 
lead to increased disease vectors, such as mosquitoes, 
increased seivage pollution problems, increased soil 
salinity and concentration of chemical residues from 
farm inputs and adequate drainage should be designed into 
the Project. 

Learning to manage and deal safely with an 
irrigation environment is certainly a feasible task. 
Northeasterners have long been accustomed to dealing with 
water problems in wet-season rainfed-flooded agriculture 
and small-scale dry season stream irrigation. Furthermore, 
the presence of hundreds of irrigation projects throughout 
the Northeast over the past three decades has provided 
an experience base that should insure that no unpleasant 
or unmanageable environmental groblems are in store for 
the inhabitants of the present ~roject areas. 



AnnexD4 - Economic Analysis  

1. P r o j e c t  Economic Analysis :  Farm Budget and Other Key 
S t a t i s t i c s  

I n  t h e  fol lowing s e c t i o n ,  summaries o f t h e  economic ana lyses  
of t h e  Ind iv idua l  sub-pro jec t s  a r e  presented.  The p o t e n t i a l  
w e t  season and d r y  season i r r i g a b l e  a r e a s  have been der ived  
fromthe AIT engineer ing  and t e c h n i c a l  s t u d i e s .  The e s t i m a t e  
of t h e  p o t e n t i a l  i r r i g a b l e  a r e?  t h e  w e t  season has  been 
b a s e d o n a  6 0 : 4 0 m i x o f  HWC-to 8 V s  i n a l l c a s e s .  F o r t h e  
d r y  season,  t h e  e s t i m a t e  of i r r i g a b l e  a r e a  i s  based on t h e  
water  requirements  of  non-paddy c rops  no tab ly ,  mixed vege tab l e s  
and f r u i t ,  groundnuts and mung-beans. 

P r i c e s  Used 

I n  c o n s t r u c t i n g  t h e  farm budget,  t h e  fol lowing f i n a n c i a l  
(farm-gate) f o r  t h e  major i n p u t s  and ou tpu t s .  

I n p u t s  

Amonium phosphate 
Area 
Labor (wet season)  
Labor (dry  season)  

B6/product kg. 
B6/product kg. 
,@22/man day 
B24/man day 

Outputs 

Paddy B2.5/kg. 
Groundnuts B5.75Lkg. 
Mung Deans B5.80/kg 
Vegetables  (wet season)  @1,20O/rai A t  f u l l  develop- 
Vege tab les /Fru i t s  (d ry  season)  B1,800/rai ment 

The lower r e t u r n  on vege tab l e s  t h e  wet season,  r e f l e c t s  
t h e  f a c t  t h a t  t h i s  r e f e r s  t o  a r a i  of mixed vege tab l e s  on ly  
excluding f r u i t s  which o f f e r  h igh r e t u r n s .  Although some 
f r u i t s  can be grown i n  t h e  w e t  season,  c o n d i t i o n s  i n  t h e  w e t  
season a r e  i n  q e n e r a l  no t  c o n d u c i ~ e  t o  t h e i r  s u c c e s s f u l  c u l t i -  
va t ion ;  They have, t h e r e f o r e ,  been excluded from t h e  w e t  
season farm budget. 

The p r i c e s  of  o t h e r  minor o u t p u t s  have been taken from 
t h e  r e s u l t s  of t h e  AIT survey and expressed i n  1980 p r i c e s  
t o  conform wi th  t h e  above. I n  conducting t h e  economic 
a n a l y s i s ,  r e l a t i v e  p r i c e s  a r e  assumed t o  be c o n s t r a i n t  over  
t h e  20 year  economic l i f e  of  t h e  p r o j e c t .  Paddy i s  t h e  on ly  
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commodity which has  been shadow p r i ced  f o r  t h e  economic 
a n a l y s i s ,  s i n c e  t h e  farm-gate p r i c e  i s  s u b s t a n t i a l l y  lower 
than  t h e  FOB expor t  p r i c e  ad jus t ed  f o r  t r a n s p o r t ,  p rocess ing  
and handl ing c o s t s .  An economic p r i c e  of B4/kg. is used.  
I n  t h e  c a s e  of sroundnuts  and munq beans t h e i r  f i n a n c i a l  
p r i c e s  approached c l o s e  t o  world market p r i c e s .  

Labor - 
Although t h e r e  i s  undoubtedly some underemployment of  

l a b o r  du r ing  p a r t  o f  t h e  year  l abo r  has  no t  been shadow 
pr iced .  Given t h e  tendency f o r  underemployed l a b o r  t o  seek 
off- farm work dur ing  s l a c k  per iods ,  p a r t i c u l a r l y  i n  t h e  d r y  
season it is be l ieved  t h a t  t h e  oppor tun i ty  c o s t  of  l a b o r  
does  n o t  d e v i a t e  s i g n i f i c a n t l y  from t h e  r e s p e c t i v e  seasona l  
wage r u l e s .  I n  a d d i t i o n ,  t h e  p r o j e c t  w i l l  l e ad  t o  a s i g n i -  
f i c a n t  i n c r e a s e  i n  demand f o r  bo th  household and h i r e d  l a b o r ,  
reducing t h e  inc idence  of underemployment. A combined t o t a l  
man-years o f  man-years of employment w i l l  be c r e a t e d  annua l ly  
i n  t h e  p r o j e c t  a r e a s  once they  reach  f u l l  development. 

I n  most of t h e  p r o j e c t  a r e a s  t h e  a r e a  under wet season 
paddy i n c r e a s e s  a s  f e l l o w  land  i s  brought under c u l t i v a t i o n .  
I n  most c a s e s  t h e r e  is  a l s o  a s i g n i f i c a n t  i n c r e a s e  i n  d r y  
season cropping.  However, i n  Huai Phut tha  Utthayan and 
Huai Lam Chamuak t h e r e  i s  a s l i g h t  d e c l i n e  i n  d r y  season 
cropping t o  a l low f o r  complete wet season supplemental  irri- 
g a t i o n  over  t h e  wet season a r e a .  I n  both  c a s e s ,  a l though  d r y  
season cropping is not  recommended, a smal l  a r e a  o f  vege t ab l e  
and f r u i t s  a r e  included i n  t h e  farm budget. I n  t h e  c a s e  of 
Nuai Chorake Mak t h e r e  is a more s i g n i f i c a n t  d e c l i n e  i n  t h e  
l e v e l  of  d r y  season cropping even assuming.a change i n  t h e  
c u r r e n t  emphasis on d r y  season paddy t o  t h e  recommended non- 
paddy c rops .  According t o  A I T  e n g i n e e r s  t h e  c u r r e n t  l e v e l  o f  
d r y  season paddy c u l t i v a t i o n  i n  t h e  sub-pro jec t  a r e a  w i l l  
anyway adve r se ly  a f f e c t  t h e  c u r r e n t  wet seasons  paddy c rop  
by reducing t h e  amount of  water  a v a i l a b l e .  Thus some d e c l i n e  
i n  t h e  l e v e l  of d r y  season cropping could be expected even 
i n  t h e  absence of t h e  p r o j e c t .  However, even though cropping 
i n t e n s i t y  does  not  i n c r e a s e  i n  t h e s e  c a s e s ,  t h e  p r o j e c t  
w a s s t i l l  j u s t i f i e d  a s  a r e s u l t  of t h e  increased  i n  produc- 
t i v i t y  of  w e t  season cropping and any remaining d r y  season 
c u l t i v a t i o n .  

An i n d i c a t i o n  of fa rmers  c a p a c i t y  t o  pay t h e  charges  
necessary  t o  cover f u l l  O&M c o s t s  and t h e  f u l l  c o s t  o f  on- 
farm development has  been made by inc lud ing  t h e s e  charges  
a t  t h e  end of t h e  summary farm budget.  (See n o t e s  on farm 
budget f o r  d e t a i l s . )  
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I n  t h e  farm budgets ,  a l l  produce inc lud ing  t h a t  r e t a i n e d  
f o r  home consumption, i s  valued a t  farm-gate p r i c e s .  

The fol lowing n o t e s  apply t o  t h e  summary farm budgets: 

( a )  Inc ludes  i r r i g a b l e  and non-rr igable  a r e a s  w i t h i n  
t h e  p r o j e c t  boundaries.  

( b )  Inc ludes  p r e s e n t l y  f a l l ow land bu t  exclude waste 
land and pas tu re .  

(c)  Inc ludes  smal l  a r e a s  of groundnuts ( w e t  season) 
tobacco,  c o t t o n  sweet corn  and sugar  cane.  

(d )  D e t a i l s  on t h e  product ion of v e g e t a b l e s / f r u i t s  
and o t h e r  c rops  such a s  sweet corn ,  a r e  n o t  inc luded  
h e r e  bu t  t h e i r  va lue  i s  included i n  t h e  "Gross 
Value of Product ion" .  

( e )  Inc ludes  an e s t i m a t e  of t h e  n e t  r e t u r n  from l i v e -  
s t o c k ,  p o u l t r y  and t h e i r  products  whether consumed 
on-farm o r  s o l d ,  and t h e  a c t u a l  r e t u r n  from f i s h  
r a l s i n g  and f i s h  ca tch ing .  

( f )  Inc ludes  d e p r e c i a t i o n  on a g r i c u l t u r a l  equipment and 
i n t e r e s t  on working c a p i t a l .  The i n c r e a s e  i n  t h i s  
i t e m  is due s o l e l y  t o  t h e  i n c r e a s e  i n  t h e  l e v e l  of  
i n t e r e s t  payments on product ion c r e d i t ,  t h e  l e v e l  
o f  which w i l l  i n c r e a s e  a s  a r e s u l t  o f  t h e  p r o j e c t .  

( g )  O&M charges  s u f f i c i e n t  t o  repay f u l l  c o s t s  of  
O&M per year  a t  f u l l  p r o j e c t  development and c a p i t a l  
c o s t  charges  s u f f i c i e n t  t o  repay t h e  f u l l  c o s t s  
on-farm developnlent over  15  y e a r s  a t  1 2 %  rate of 
i n t e r e s t  assuming a t h r e e  year  g race  pe r iod .  

2. P r o j e c t  Economic and Farm F i n a n c i a l  Analys i s  

For t h e  p r o j e c t ' s  economic a n a l y s i s ,  t h e  v a l u e s  of EIRR 
by tank  and a l l  7 t a n k s  combined were based on t h e  farm , 
budget d a t a  provided by t h e  A I T  survey o f  1978/1979 c r o p  
year .  The t o t a l  es t imated  number of farm households f o r  7 
t anks  a r e  4 , 5 9 6  households. Incremental  n e t  farm income 
de r ived  from n e t  incremental  income from r a i n y  season,  d r y  
season,  annual  and pe renn ia l  c rops  p l u s  n e t  o t h e r  farm 
income. (Other farm incornel/ minus Other farm cost;/). 

1/ Other farm income = income from~livestock/fiSh/pouLtry, - 
. .. r e n t a l  of equipment and land .  : , 

. . ... .. , . . 

/ Other farm c o s t  = equipment d e p r e c i a t i o n ,  i n t e r e s t  on 
working c a p i t a l ,  e x p l i c i t  and inputed .  
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Investment c o s t s  were broken down i n t o  5  main c a t e g o r i e s  - 
r e h a b i l i t a t i o n  c o s t ,  v e h i c l e s  and equipment c o s t  o p e r a t i o n  
and maintenance cost ,  personnel  and t e c h n i c a l  a s s i s t a n c e  p l u s  
15% contingency on r e h a b i l i t a t i o n  and v e h i c l e  c o s t ,  t h e  t o t a l  
b a s i c  EIRR was 31.4 percen t  on t h e  20 year  l i f e  of p r o j e c t  
a s  shown i n  Table D 4 - 1 .  EIRR f o r  each i n d i v i -  
dua l  t ank  was computed i n  t h e  same way. 

For t h e  farm f i n a n c i a l  a n a l y s i s ,  t h e  p r i c e  of paddy of 
B2.5/kilogram was used i n s t e a d  of t h e  shadow p r i c e  $4.0/kilogram 
a s  i n  t h e  p r o j e c t  economic a n a l y s i s .  The series of Benef i t /  
Cost Ra t io s  f o r  each ind iv idua l  t ank  were shown i n  Table D4.2. 

N e t  p r e s e n t  va lue  of t h e  f low of n e t  income of 20 year  
per iod  average s 49.5 thousand bah t  per farm o r  33,713 
thousand bah t  f o r  a l l  farms i n  t h e  t o t a l  7  p r o j e c t  areas. 
For each i n d i v i d u a l  a r e a  t h e  Table D4.2 a l s o  g i v e s  bhe 
d e t a i l .  



Surnmary of  Economic Ana ly s i s  -- 
Huai T a l a t  

Impact o f  R e h a b i l i t a t i o n  

Wet Season I r r i g a b l e  Area 14,000 ~ a i  

Dry Season I r r i g a b l e  Area 5,500 Rai 

Paddy - Targe t  Yield:  LDV 
tl YV 

Number o f  Bene f i t i ng  Households 624 . - 

Incremental  Employment Created 160,992 man-years 

Bene f i t  Cost  Ra t i o  t o  t h e  Farmer 1 .62 

Net P re sen t  Value o f  Net Incremental  
Income t o  t h e  Farmer 56,400 Baht 

Economic I n t e r n a l  Rate o f  Return 17.42 Pe r cen t  

S e n s i t i v i t y :  Case 1 .......................... 9.05 

.......................... Case 2 14.51 

.......................... Case  3 14.80 



Summary of Economic Analysis 

Huai Chorakhe Mak 

Impact of Rehabi l i ta t ion  

Wet Season I r r i g a b l e  Area 7,000 Rai 

Dry Season I r r i g a b l e  Area 1 ,000 ~~i 

Number of Beneriting liouseholds 486 

Incremental Employment Created 11,664 man-years 

Benefi t  Cost Ratio t o  the  Farmer 1.89 

Net Present  Value of Net Incremental 
Income t o  the  Farmer 20,981 Baht 

Economic I n t e r n a l  Rate of Return 10.38 Percent 

S e n s i t i v i t y :  Case 1 .......................... 7.90 

.......................... Case 2 6.55 

Case 3 .......................... 10.17 

Specia l  Comments - 
I n  t h i s  sub-project dry  season cropping is  only poss ib le  i f  t he  cu r ren t  
c u l t i v a t i o n  schedule f o r  LDVs i s  s h i f t e d  forward by 3 - 4 weeks. 
Ra in fa l l  d a t a  ind ica te s  t h a t  farmer could s t a r t  land prepara t ion  a t  t he  
beginning of May r a t h e r  than June as cu r ren t ly  happens. The p resen t  
p r a c t i c e  almost c e r t a i n l y  r e f l e c t s  t h e  u n r e l i a b i l i t y  of r a i n f a l l  and 
water r equ i re  a t  t h i s  time. With the  provision of wet season supplemental 
i r r i g a t i o n  t h i s  w i l l  no longer be a problem. 

The low EIRR i n  the  case  of Huai Chorakhe Mak is due t o  a number of f a c t o r s .  
F i r s t l y ,  i n  an e f f o r t  t o  maximize the  p o t e n t i a l  wet season i r r i g a b l e  and 
dry  season i r r l g a b l e  a r e a ,  it i s  proposed t h a t  the  e x i s t i n g  a rea  under 
paddy i n  t h e  dry  season be replaced by vegetables,  mung beans and groundnuts, 
While these  provide a good re tu rn  t o  the  farmer, when, compared with paddy, 
t h e i r  economic value i s  lower, thereby reducing t h e  l e v e l  of incremental 
b e n e f i t s  from d r y  season cropping. I n  add i t ion ,  t h i s  tank serves  t h e  
smal les t  p o t e n t i a l  wet season i r r i g a b l e  a rea  of t h e  seven p r o j e c t s  and, 



Summary of Economic Analysls - Huai Chorakhe Mak (Cont'd) 

has only a lim~ted dry season cropping potential. However, since 
assumptions regarding the target yields of the main crops are on 
the conservative side, the project is considered to be fully justified 
on the basis of our analysis. It is also worth emphasizing that 
there are certain to be some indirect benefits from the project, 
particularly as a result of improved extension, on crop production 
or non-irrigable land outside of the project boundaries, but operated 
by project beneficiaries, where paddy is the major crop. Such 
indirect benefits have not been included in the economic analysis 
because of the difficulties of quantifying them. 



D 4-8 

Surmnary o f  Economic A n a l y s i s  - 
I'lluttha Utthdydn 

Impact O f  R e h a b i l i t n  Lion 

Wet Season I r r i g d b l e  Area 

Dry Season I r r i g a b l e  Area 
I 
I 
I 

Paddy - T a r g e t  Yie ld :  LDV 
RYV 

Number o f  B e n e f i t i n g  Households 

Inc rementa l  Employment Crea ted  

B e n e f i t  C o s t  R a t i o  t o  t h e  Farmer 
! 

! N e t  P r e s e n t  Value o f  Net Inc rementa l  
1ncome to t h e  Farmer 

0 Rai 

59,920 man-years 

22,394 Baht  

Economic I n t e r n a l  Ra te  o f  Return  27 p e r c e n t  

S e n s i t l v i t y :  Case 1 .......................... 6.88 

Case 2 .......................... 21.82 

.......................... Case 3 21.73 



Summary o f  Economic A n a l y s i s  - 
Huai Aeng - 

Impact o f  Rehabil  i t a t i o n  -- - 

W e t  Season I r r i q a b l e  Area 

Dry Season I r r i g a b l e  Area 

Paddy - T a r g e t  Yie ld :  I,UV 
HYV 

Number o f  B e n e f i t i n g  Households 1 , 1 3 8  

Inc rementd l  Employment Crea ted  108,110 man-years 

B e n e f i t  Cos t  R a t i o  t o  t h e  Farmer 1 .73  

N e t  p r e s e n t  Value o f  Net Inc rementa l  
Income t o  t h e  Farmer 

Economic I n t e r n a l  Ra te  o f  Return  27.79 P e r c e n t  

S e n s i t i v i t y :  Case 1 .......................... 21.58 

Case 2 ........................... 24.98 

Case 3 .......................... 23.82 



Summary of Economic Analysis - 
Huai Khi Lek 

I 
r ; .  

Impact of Rehabi l i ta t ion  

Wet Season I r r i c ~ a b l e  Area 

Dry Season I r r i g a b l e  Area 

I 
Paddy - Target Yield: 

LDV 
HYV 

Number of Benefiting Households 

Incremental Employment Created 

Benefi t  Cost Ratio t o  the  Farmer 

I 
Net Present  Value o f  Net Incremental 

Income t o  the  Farmer 

Economic In te rna l  Rate of Return 

S e n s i t i v i t y :  Case 1 .......................... 
.......................... Case 2 

Case 3 .......................... 

9,000 Rai 

9,000 Rai 

1,443 

590,187 man-years 

1.66 

68,469 Baht 

46.85 percent  



Summary of Economic Analysis - 
Huai Kaeng 

Impact of Rehabilitation 

Wet Season Irrigable Area 

Dry Season Irrigable Area 

Paddy - Target Yield: LDV 
HYV 

15,000 Rai 

Number of Benefiting Households 720 

Incremental Employment Created 

Benefit Cost Ratio to the Farmer 

Net Present Value of Net Incremental 
Income to the Farmer 

256,320 man-years 

1.54 

60,389 Baht 

Economic Internal Rate of Return 36.02 Percent 

Sensitivity: Case 1 .......................... 15.92 

Case 2 .......................... 27.06 

.......................... Case 3 29.20 



Summary o f  Economic A n a l y s i s  -- 

Huai Lam Chamuak 

Impact o f  R e h a b i l i t a t i o n  

Wet Season I r r i y a b l e  Area 10 ,800  Rai 

Dry Season I r r i g a b l e  Area 0 R a i  

LDV 550 Kgs / ra i  
Paddy - T a r g e t  Yie ld :  

HYV 688 Kgs / ra i  

Number o f  B e n e f i t i n g  Households 540 

Inc rementa l  Employment Crea ted  22,140 man-years 

B e n e f i t  Cos t  R a t i o  t o  t h e  Farmer 2.63 

Net P r e s e n t  Value o f  Net Incrementa l ,  
Income t o  t h e  Farmer 63,739 Baht 

Economic I n t e r n a l  Ra te  o f  Return  23.55 P e r c e n t  

18.34 S e n s i t i v i t y :  Case 1 .......................... 
22.30 Case 2 .......................... 
20.22 Case 3 .......................... 



TABLE D4-1 PROJECT ECONOMIC ANALYSIS (Al l  7 Tanks Combined) - 
( Uni t  = $1,000 ) 

\ EIRR = 31.41 
1- 

Year 

N e t  Increments 
P r o j e c t  i P r o j e c t  

Farm Income N e t  Income 

INVESTMENT COST (@I, 000) 

R e h a b i l i t a t i o n  
C o s t  

Veh ic l e s  & 

Equipment 
Operat ion & 

Maintenance 
Personnel  

& T . A .  I Contingency T o t a l  



TABLE D 4-2 - FARM F I N A N C I A L  ANALYSIS 

I 

N e t  P.V.incom 
per farm (Bl, 000) 56.40 

N e t  ~.~,fncome 

w 

20.98 

10,197 
perproject 

(Bl, 000) 
35,194 

22.39 

12,541 

56.24 

64,004 

68 -47 

36,152 

60.39 

43,480 

63.74 

34,419 



AVERAGE l:AI(M HUIIGW WI'I'11 ANI) 'J1:l'llOUT PI<OJECT . . .  
... 

, .  . 
: I  . . . . 

, 

r -- .. -.. .- - 
1 Without I With ' ' I . :  

llUV Kice 

Vege tab les  
Otlter. (-J 

Dry Sfason  1.1)V KLce 
Mung Ueans 
Cruurldnut s 
V c g c c a b l e s / f r u i c s  
Otlicr $4 

Upland Crop:; (Manioc:/Trues) 

Cropping I n t e n s i t y  1.04 
(I/ Criq Productic)n - 

Wet. Season 1.UV i t ice  (Kg) 7,547 
IiDV Itice (Kg) 0 
tisnaf (Kg) 8 

Dry Se;isc~a 1.OV Kice (KI:) 2bl 
biung Ucaris (Kt:) - 
(;roundnuts (10:) - 

T o t a l  Labour l(cquLreuient (ul:i~~-days) 
Gross Value o$ Pr-oducriun 
P r o d u c t i o n  C o s t s , r x c l .  Labour 

(6) 

; Kii:ed Labour C o s t s  
(fi) 
( 8 ) .  

' Net Crop Incolsu, 1.1lside Profucc  Arc.11 
' Nu(; Crop Irlcoll~u 111cl. tlli. Lubour C U N ~  

(fi) 
(8) 

O u t s i d e  Pro jec t .  Area 

L~irrd Area ( r a i l  
.I .. . Cropped Arcla ( r a i l  

Nur Crop Incouia , o u t a i d e  P r o j e c t  Area 
Net Crop Incoue ,.incl .iLll.Labour Contv 

(6) 
, , ( 8 )  

T o t d l  Net Crop 11lco11iu ' ' 'CoGul N ~ L  Crop incolae (incl.till .l ,uLuur) I ' (8) I 
NrC Farm Incou~e I'rytra Llval.itock/V~sl~cri.ct;-- 
Other  Fanu ~osck;:E/ -: 

(8) 
, , 

Tota l  Net Faru~ 1nc:ome 
u/ ,: 

(P) 
Co$t Recovery-- 
0 & M Cos t s  
C a p i t a l  Costa  

Net F a r n ~  Incon~r  i ($) 2 9 , 2 6 0  

- .-.-- i -- _I 



I\v~:KA(;~:; ~ A L M  BUDGET WITH AND WITHOUT PKOJECT 

_ . _.. _ .-. ^ -~ 
.--- 

- . . .I .. - .  - -.-- CI 
l I l s i d ~ ~  p r , j . , : c ~  AI.c;I.-. 1 - - 

b /  Lalid Area- 
Crcpyed Area 

wet S c a s o ~ l  I.IJV Iticu 
ld)V Rice 
K ~ n l l : l f  

V,!!;,:c;lbLcs 
4 ucllcr 

Dry Seasull I.I)V Kice 
Mun}; Ilcalls 
(;ruul~dnu t :; 
~ c ~ c t ; l b l e s /  I r u i t  :; 
Other  CJ 

ul)l;lnd Crops (klauioc./'l'~cu:i) 
'roc?ll 

C r o l ~ p i ~ ~ g  1tlC.ch~:iil y 

dl 
Crcp p r o d u c t i < ) l ~  -. 

wec ~ e , ~ : ~ , , , l  1.u~ i<icc 
SUV LCicc 
Kcn;if 

Dry  Saasoa LDV 1lice 
Mulrg Ueans 
Groundlluts 

T o t a l  Labour l~equi.rclllel!t 
Gross  Value uC Produc t ion  
p roduc t ion  C u s t s , r x c l .  I.abour 
l i i r ed  Lobour C o s t s  
~~t c r o p  Incollle , I n s  idt? l ' ro ject  Arcs 
~~t crop II~c<llnr i n c l .  1111. I.al)our C t l S t  

O U C : ~ I ~ L ~  L > ~ O ~ L I ~ : C  Area --- 
Land Area 
Cropped Area 
N u t  crop I[1cL)lne,~u~:;idc l'ruJ~!i:C Al.c;r 
Net Crop l,,culuc ,illel .LII I .  L ~ ~ b o u r  cl~!;rs 

y u t a 1  NL?.c Crop ~lllcOlll~ 
yotal iqet c r o p  I n c o ~ l ~ e  (incl.llll.ld;lbotlr) 

Net varm I~~~~~~ ~ i v c s c t ~ c l < / F . i s l  
I Other  Far111 Cust:&j 

T o t a l  Net: For111 Incollle 
9 1 

Cost Recovery- 
0 P M C o s t s  
C a p i t o l  Cukitki 

Net Yarm IllcoIIlc 

. _ _ -  __ --- 



PUT11IA-U'rTAYAN 

AVl.l<A(.E 1,AHM 1IUI)CET W1TH AND WITHOU'I' I'I1OJI:CT 

Cro:)l]ud A~L::.I 
Wct SC.~I:;LIII l,l)V I< i i,,: 

1i l )V l ( i i :u 
KC.II;I( 
Vt:l:k!L;tlr I c s  
0 1  It,: r 

IJry I I.I)V Ki.1:~. 
blull]: 1i~:lll:; 
C1'1~urldl1uLs 
VL!):~:I.;I~I~L~!;/ I 1.11 i I. :, 

( J l l ~ t ! ~ :  

I lp la l ld  (:r<~p:; (kl:~i! io~~/' I ' t .~:<!:,)  
' I ' , l C i l  1 

CI.O~II ill}; I:\c~,II:;~ I y 
d l  Crop I ' t ' o d ~ ~ ~ ~ t  to11 .- 

Wc t I l l \  I: i<.i, 
I \  I < i < ' c ,  

VegctnbJcs/Sru i t s  
l ) r y  S~.a:;(ln I.lrC Ki,,,. 

blull]: 1;<.:1,1:. 

(:~(IIIIII~IILIL:~ 
O t i ~ e r  

Tot ;~ l .  Lnbouc I<C~LI I I.~::II,:,I~ 

Gross V~LIIIJ ol' lJrc,~luct it111 

I ' r o d u c t i u n  Cosc:: ,cxt:l . I . ; ~ ~ O L :  I. 

i i l . raJ  Labuur Cos ts  
Nct Crop I I  I I .  I L L  AI ,.,I 
Nct:  up I'IIL:I~IIIL* IIIL.~. 1111. I , . t l ~ t ~ 1 1 1  L;LI:;L 

O u t s i ~ l t .  !II.(I~<.L.I. !\,!.:I .. - -- . . . . . . . . . . . . . . . .  

1.iln.I Arcn 
Crol~l)t!d A r c i ~  
Nct (:rap 3 I I I  O u L s l I  1'ro.jc.c.L AI.~.;I 
N t : L  Crop IIII~IIIIIL!, SIIL: I .llll. I.;J~I~:II. (:',;;I :; 

I 'Yc~t:~bl. Net  [ : I ,O~ 'IIIC~~IIIC: 
I N c t  I IIICOIII~ (ilii..l . l l l l . l . i~ l~~~~~~~)  

( t i i t  i ) 
( I;I i.) 
(:.;I i ) 
( I ; I ~ )  
( I : I ~ )  

( r ; l i )  
(!.:I i ) 

(I<!:) 
(K:;) 

a 1 .- 
(lo,,) 
(hl:)  

2l Net I:aral IIIG:UIII~ P~CIIII I.ivc!!;t o~, l</ l : i  !;ltc!r 
0 t l 1e r  F ~ ~ I I I  (:o:;ts!:l 
T o t a l  Net I'.ilrl~ ZIICDIIIC ( L ' x c ~ .  [Ill. I.i1l)o11r) 

Y 1 Cosc I<ccovc'ry-- 
0 6. E l  Cost:; 
C i l p i  t i l l  Co:;t:; 
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IlUA1 ANG 

AVI:IWl.:I: I:AlbY IiUDCE1' WlTli AN0 WI'I'HDUT PROJECT 

............................ . . , . . ~  

.. . .. - . .- ....... -. . . - . - . . . . . . . . . - . .  ./ -...... -. .......... ', 
I i t  -. I '~.t,jc.ct - -. AI-~,:I -. ........ ... . . . . . . .  . ... 

C r t , : ~ l ~ ~ ~ l  Ar'!a 
tilet Sc;i?;t)r~ I.I)V l i i c t :  

I;I)V li i c : ~ :  

Vc:);"L;lI> icw 
III 11<.r a 

1)ry Sc;.l:;on 1.I)V i(i i :~ ,  
NIIII): Hrhi~rr>; 
~ ~ 1 , 1 1 1 1 1 ~ I 1 1 1 1 1 : ;  

\'t!j:t.L.~Ij I<!.;/ 1 1.11 i L :: 

l l l . l l !  
UII 1;rnd I :  (El;111 i IIC/'?~~:C.S) 

'l'l)l :I I 
1 : 1 o i 1 1  1111 t.81:; i  I, y 
d/  

Crop r u  I - -  
Wet Sc.o:;t,l~ I.1N R i r . , ?  

1iIlV l { i r c  
l<,.ll~l I 

Dry S ~ : a s o ~ l  I. IJV I< i c.c 
1~11111;: l~~;l l l !~ 
( : r o ! ~ ~ ~ c l ~ ~ u L s  
O c t ~ e r  

Total I .cl l~our I<~!(III i rt:111i+i1L 
(;ri.ss V;~luc oli I'rc,dur:t i o u  
I ' r o d u c t i ~ ~ n  Cost:; , ~ x ~ : l  . I.~ILIL)LI~ 
1li.red l u l ~ o u r  Cu:;c r i  ) - I  . 6'16 
Nct Crop I n c ~ ) ~ n ~ a ,  111.; i d e  I'roJc*r:L Al'ea (Y,) 1 11,153 
Net Crop in cola^: i11t: l .  llll. l . , a l ~ ~ ~ u r  Ctj:;t 

Out!;ldr! I 'c<>J<.~:L AI'L~~I - - .- -- -. ..... - .... -- 
I~III~ Area 
Cropped Arcd  
Nct Crop ~ I I I , ( I ~ I L ; ~ ~ :  I ' ro jccL At'i!;~ 
Nc~t Crop LII~:UIII~, ~IIL, 1 .llll. I.:I~.I<IIJI. t:t~:;l;f; 

' I ' t ~ ~ 1 1 ~  Net Cl'oll ~I lcOll lc 
'I'oLol Nul I TIICLIIII~! ( IIIC~.IIII . l , > t l ~ i ~ t ~ r )  

N c t  Far111 LIICOIII~ ~:I.OIII L i v e ~ ~ i ~ ~ l i / l ~ i . ~ i I ~ ~ ~ r i ~ ~ -  
Othc r  Far111 ( : t ~~ ; c : ; f /  
To t .a l  Ncl L';lr.~n I II~OIII~ 

9/ 
1 ltccovr!r y -  - 
0 b M Co:iLt; 
C i ~ p i t a l  Cot;t:; 

N c t  IJnra~ III&:<JIII~ 



AVl !<ACE FARM fiUIJCl?S WIT11 AND WITItOU'I' I'RO.JECT 

. . . .  

. 

. ,. 

. . . 

., 

- 

W i t 1 1  
I'l'ojcct 

20.39 

6.63 
10.02 
0.52 
0.35 
0.61 
0 
9.3 
5.92 
1.70 
0.31 
2.22' 
37.58, ' 

1.84 

2'. 607 
4.910 . 

0 
59. 

, 

1,763 
1,776 

25 . 
639 , 

44,417 
11,394 
4,146 
28,877 , 

18,169 ., ,. 
, . 

" 

1 ,27  
1.10 , 
640 
902 

29;517 
18 ,,169, 

5,662 
8,769 
26,[!10. 

6,076 
1,076 
4,999 

20,334 

, $9' -....-..-- 
~ 

-. .................................... 

I 
- 

Ir'i 1 ltut1t 
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I ) /  1a:ld Arca- I - i  20.39 ' .  

C~.'JppcxI Arc;i I 
Wet Sc;~!;on I.IJV Iiire ( r : ~  i )  

1iI)V I t i ~ c  (1.2 i )  
K O I I ; I ~  I 

V ~ ~ L J C : I J L C ! ;  
-I 

(r i i i )  
u ~ l i u r  ( I.:.I i ) 

D x y  Scason I.I)V Kicc a 
E h l i ~ l :  l i t~ ; i~i ! i  ( I:;I i ) 

12.03 
0 

. 0.52 
0.35 
0.7.1 
0.17 
0 

( : r ~ ~ ~ i n i l ~ n i ~ s  ( r i ~ i )  1 0.50 
Vi,,:t:Li~I,lcs/ I '  cu i t :i ( I . ; I ~ )  ( 0.96 
otl16:r d (1.a i . )  ! 0.31 

Upland Crol,:; (bl i~~~i<)c/ ' r~-e~!: ; )  I 
3.20 i r ; r t )  1 

' h ~ i 1 1  ( r a i  ) I 
r i g  InLc,n:;i.ty I 0.92 
&/ Cror~ I 'r(td~~cc io11 .... 

Wet Scaso~i  I.IJV K i c c !  (1;~)  1 1.891 
I W V  It i i.c (KC) . 0 
Kc.11;ll  1 5.9 

Dry Si:iisui~ 1.1JV 1t.ic.c (I;);) : 49 
0 1~1111)h: I ~ L , ; I I I S  car:) i 
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N L ! ~  Farni Iircoo~e I'ro~n l . i v c s ~ o ~ ~ I ~ / I ~ . i s l i c r l o s -  ( I )  (fl) / 5,662 
0t11cr par111 (:6,s~:,d'f 1 8,371 
'Total NeL I I  11ic11n1c ( d )  1 8,037 

51 
Cost Hcc:uvt~i'y-- I - I 0 & M CU:;~:; I - 
C i ~ j ~ i t a l  (;LI!.L :; - 

! 
Net Ibr~n IIII.OIII(! ( d )  8,037 

........ ..... .................. -- 
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HUAI KAENS. 

AVEIUGE FAKM BUDGET WITH AND WITHOUT PROJECT 

I n s i d e  f'r.o&t A r e a  
b / ).and Area- 

Cropped Area 
Wet Season LUV Rice  

1U)V ]<ice  
KennE 

Dry Season LUV Rice 
Hung Ueaus 
Croun~lnut  s 
V e g ~ ! t a l ~ L c s / f r u i t : ;  
u t l ~ u r  d 

Upland Crops (M;lnioc/'l'rces) 
'rotill  

r i g  I:IICC:IIS i t y 
d/ Crop Produc t iou  -- 

Wet Sejl~tJll Li)V Kictr 
' IUJV I<icc 

K C I I U ~ '  
Dry Seas011 L.I)V l<i.cc 

blung Ucans 
G r o u l l d ~ ~ u c s  

T o t a l  Labour ltequ i rellieiit 
Gross  Valuc 01 Pr \~du t : t  ~ ~ I I I  

P r o d u c t i o n  C o s t s  , c x c l .  Labour 
Hired Labour Co:its 

i Net Crop I ~ i c o ~ ~ i c , l ~ ~ s i . d u  IJ l :o j~?ct  A I C ; I  
Net Crop lnconle i a c l .  1111. I.al>l~ur (:o:iL 

Outs idc  P r o j c c c  -- Arcn 

Lat~d Area ( r a i )  . 2.11 
' Croppad Area 

Net' Crop Inc:oaw,Oucside l 'rojecc f\rc,;l 
I Nut Crop Income, i~rcl.llll . l .ubour Co:ils 

: 'fo;fll Net Crop 'IllcOllle 
T o t a l  Net Crop Inco~nc ( i ~ ~ c l . l f l l . ~ . ~ ~ l ~ u t i ~ r )  

Nek Farll~ Irico~ne Fro111 ~ivcs tock/r : ' i : . ; l lc r ic  
Ottier Farm Cost&/f 
T o t a l  Net Far111 IUCOIII~ 

419 Cobt Recovery- 
O & M C o s t s  
C a p i t a l  Cos t s  

Net Par111 Incollle 
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Annex E 

1. Equipment Costs 

2. Vehicle Costs 

3. Service Center Buildings 

4. Consultants 

5. Total Costs per Site 

6. Software Components 



ANNEX E-1 

l,:cp*rncnt Costs ($US) - 

9 Surveying s e t s  @ 2,000 each ' 
9 S o i l  t e s t  s e t s  @ 750 each 

2 Hand-held power augers @ 1,000 each 

7  Bull horns @ 200 each 

14 Cameras P 100 each 

15 Hand l e v e l s  @ 100 each 

3 Draft ing s e t s  P 250 each 

3 Calcula tors  P 100 each 

8 25 m .  tape measures @ 75 each 

7  Overhead p ro jec to r  @ 400 

7 S l i d e  p ro jec to r s  @ 300 

7  Loud speaker s e t s  @ 500 

14 Typewriters @ 500 

Vehicles 

LC (Local Cost) 

Equipment 
Motorcycles 



ANNEX E-2 

Tank A!:fnc y 

1 P1.l 0SL.I 
I3A OU4 (2) 
ss o:d4 (2)  
TS O&Y (1)  
S o i l  Survey O&N (1)  
Cons t ruc t  Supv. 

O&M (2)  

2 SS O&bI 
EA O&M 
TS O&M 
SS O&M 
CS O&M 

3 SS O&M 
EA O&N 
TS O&M 
SS O&M 
CS O&M 

4 SS O&M 
EA O&M 
TS O&M 
SS O&M 
CS O&M 

5 SS O&M 
EA O&M 
TS O&M 
SS O&M 
CS O&M 

6 SS O&M 
EA OW 
TS 0@4 
SS O&M 
CS O&M 

7 SS O&M 
EA O&M 
TS O&M 
SS 004 
CS O&M 

TOTAL 
r 

P r o j .  Mgr. - 1 
SMS's - 16 motorcycles  @ 700 11,200 

T o t a l  Vehicles :  Extension Agents - 14 motorcycles  @ 700 - - 9,800 
Topo Survey - 2 jeeps  @ 12,000 24,000 
S o i l  Survey - 2 jeeps  @ 12,000 24,000 
Cons t ruc t ion  Superv.  - 8 motorcycles  @ 700 - - 5,600 

Vehicle  Costs  ($US)- 

1 

1,146 

1,144 
1,144 

jeep @ 

Tota l  

-- 

131,806 

12,000 

2 

3,432 
474 
474 

948 

474 
474 

1,144 
1,144 

474 
474 

1,144 
1,144 

------ 

12,000 

3 

3,432 
1,900 
1 ,900  

948 

1 ,900  
1,990 

948 

1,900 
1 ,900  

942 

474 
474 

1,144 
1,144 

474 
474 

1,140 
1,144 

. Year 
4 

3,432 
1,900 
1,900 

1,900 
1,900 

946 

1,900 
1,900 

948 

1,900 
1,900 

946 

1,900 
1,900 

948 

474 
474 

1,144 
1,144 

474 
474 

1,144 
1,144 

5 

3,432 
1,900 
1,900 

1,900 
1,900 

1,900 
1,900 

1,900 
1,900 

945 

1,900 
1,900 

948 

1 ,900  
1,900 

948 

1 ,900  
1 ,900  

948 
. 

6 

3,432 
1,900 
1,900 

1 ,900  
1 ,900  

1,900 
1,900 

1,900 
1,900 

1,900 
1,900 

1 ,900  
1,900 

948 

1 ,900  
1,900 

948 
- -  
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ANNEX E-3 

SEllVICE CEX'SER BUILDINGS AND EQUIPMENT - DESCRIPTION AND COSTS 

TANK I (Consultant Head Quarters):  

1. Building: A s i n g l e  s t o r y ,  concrete  block and wooden 
bu i ld ing  with corrugated asbes tos  shee t  roof ,  concrete  
s l a b  f l o o r  on ground; 8m x 14m, cons i s t ing  of t h r e e  
ind iv idua l  o f f i c e s ,  one group o f f i c e ,  and a meeting 
room; e l e c t r i c a l  wir ing and plumbing; s epa ra t e  l a t r i n e .  
(See drawing) Cost $153,500 

2. Equipment/Furnishings: 

Amount Unit Cost($) Cost (B) 
Specia l  Desk & Chair 8 2,500 20,000 
Regular Desk & Chair 4 1,500 6,000 
Typing Desk & Chair 2 1,000 2,000 
Storage Cabinet,  s t e e l  2 1,000 2,000 
4 Drawer F i l e ,  s t e e l  4 1,000 4,000 
16" E l e c t r i c  Fan 8 1,250 10,000 
Meeting Room Chair 50 60 3,000 

. Meeting Room Table 1 7,000 7,000 

54,000 
Tota l  Cost $207,000 

TANKS 2 through 7: 

1. Building: a s i n g l e  s t o r y ,  concrete  block and wooden 
bu i ld ing  with corrugated asbes tos  shee t  roof ,  concre te  
s l a b  f l o o r  on ground; 6m x 12m cons i s t ing  of one group 
o f f i c e  and a meeting room; e l e c t r i c a l  wir ing  and plumbing; 
s epa ra t e  l a t r i n e .  (See drawing) Cost $113,500 

Regular Desk & Chair 
Storage Cabinet, s t e e l  
4 Drawer F i l e ,  s t e e l  
16" E l e c t r i c  Fan 
Meeting Room Chair 
Meeting Room Table 

Amount Unit Cost($) 

4 1,500 
1 1,000 
2 1,000 
3 1,250 

50 60 
1 7,000 

To ta l  Cost 

c o s t  (11) 
6,000 
1,000 
2,000 
3,750 
3,000 
7,000 

22,750 
$136,250 



ANNEX E-3b 
I- 6.5m. *I-  7.5m. --------+ 
1-3.5 ----I I 

SERVICE CENTER - CONSULTANT HEADQUARTERS 



ANNEX E-4 
Cost Bredkdowns l o r  Colisul t<~nts  

'P,ible A .  Porcigil C o n s u l t  ~int!; - 

6 mos 9 nos - Lrr 
AID 

Salary ($150 day) $19,500 $29,250 $39,000 

Post Diff .  (10%) 1,950 2,925 3,900 

. 5,000 

Travel  Trans* 11,800 11,800 11,800 

Medical/Ins. 300 300 300 

Workmen's Comp (12%) 2 ,  340 3,510 4,680 

Mater ia ls  

Tota l  

RTG 

Local Travel  
- per diem ($600xlOd/mo) 

- t r anspor t  

Quarters  Allowance 
- temporary ($600 x 15 days) (shalt 

term L41,460/day) 

Regular Quarter Allowance $9460/yr = 
$15,80O/mo ' - r egu la r  ()34,00O/mo.) 

Secre tary  (P3,000/m0.) 18,000 27,000 36,000 

Transportat ion t o  Off ice  6,000 9,000 . 12,000 

Misc . -- 5,000 5,000 5,000 

Tota l  

Tota l  Cost $ 5 2 , 9 9 0  $ 7 7 , 5 9 0  $ 99,910 
.- - - - - .. - - - - - - - - - - - - - - - - - - - - - - ====2== 

*includes 3 dependents when period over 3 months 

Employee, wife & 2 chi ldren  ( 1  over 12 & 1 urldcr) = 3.5 persons. 
Education allowance $2,250 t $2,050 .= $4,900 o r  l498,000 + Lab. Fee 16300 + 
Transportat ion #8,800 = $102,700 i o r  2 chi ldr rn /year .  



ANNEX E - 4 b  

AID - 
Salary 

Materials  

Total 

KTG - 
Quarters Allowance 

Local Travel 

Secre tary  

Transportation t o  
Office 

Iircruitnierit, 
Insurance, Misc. 

Total Cost Baht 

1 .  e I .  Tha i '  Coilsul t an t s  

3 rnos 6 1110s - - 

Tables a and b provide c o s t  est imates f o r  the ~ ~ I L L  y e a  of t h e  p ro lec t .  
Years 2-5 should be i n f l a t e d  by a minimum o i  10% annually. 



ANNEX E - 4 ~  

Consultant Cost to  be Paid by WrEC ($US) 

X Housing (7,00O/yr), 
In-country t r a v e l  
(1,00O/yr) and in-  

Subto ta l  t o  s u b t r a c t  
from AID consul tan t  

U.S. - Thai Total - 
Man months 127 177 304 
Man Years 14.8 25 .3  
x 
S a l a r i e s  

REST AVAILABLE COPY 



ANNEX E-5 . , . . 
PROJECP COSTS '(1,000 s US) - ~ i i  sites 

I 
, :  

~~ - .- - -- ~ - ~~ -~ - - -~ -- . .  ~ . .~ .. ~ - . - - 

'! 

BESTAVAIUIBLE COPY 
, 

'. 

74"- 
,-- 

' . 

TOTAL 

RTG 

464.1 

1,587.4 

88.4 

474.4 

30.9 

1,082.5 

562.6 

178.0 

. 4,468.3 

670.1 

2,335.7 

7,474.1 

Item 

Kmbanhents 

Main Canals 

Lining 

Structures/Drainage 

Lateral Canals 

Lining 

Structures 

Access Roads 

Sub-lateral canals 

Land Preparation 

Service centers 

Maintenance 

RTG Staff Salaries 

RTG Staff Per Diem 

Vehicles/Equipment 

Vehicle 0 & M 

Subtotal 

Contingency (15%) 

Inflation(lO$yr) 

TOTAL 

: RZD 

1%. I 

3,027.5 

64.+ 

55.? 

134.4 

139.1 

3,607.; 

541.1 

1,602.1 

5,750.0 

Huai 

R E  

0 

218.8 

9.2 

159.8 

6.6 

179.6 

84.9 

28.6 

687.5 

103.1 

204.4 

995.0 

Huai 

RTG 

147.9 

147.5 

14.8 

0 

0 

116.5 

34.8 

22.9 

484.4 

72.6 

331.1 

888.1 

nuai 

RTG 

265.3 

481.1 

12.9 

48.0 

5.9 

206.4 

56.4 

22.9 

1,098.9 

164.8 

755.9 

2,019.6 

Aeng 

AID 

. 

} 

36.7 

471.2 

13.5 

9.7 

19.2 

39.5 

589.8 

88.5 

160.6 

838.9 

Hoai I(hi 

.:& 
, ,  
0 

185.0 

10.1 

112.6 

7.6 

124.7 

101.0 

26.9 

567.9 

85.2 

239.8 

892.9 

Huai 

RTG 

0 

79.4 

18.3 

118.3 

10.8 

233.1 

161.6 

26.9 

648.4 

97.3 

273.8 

1,019.5 

Chorakhe Mak 

AID 

15.8 

173.6 

8.5 

7.6 

19.2 

12.8 

237.5 

35.6 

145.7 

418.8 

Phuttha 

RTG 

50.9 

265.9 

15.3 

22.3 

0 

95.6 

59.2 

24.9 

534.1 

80.1 

288.9 

903.1 

%lat : 

AID 

27.9 

347.2 

8.5 

7.6 

19.2 

12.8 

423.2 

63.5 

273.8 

760.5 

Lam 

RTG 

0 

209.7 

7.8 

13.4 

0 

126.6 

64.7 

24.9 

447.1 

67.0 

241.8 

755.9 

Lek 

AID 

24.4 

544.2 

8.5 

7.8 

19.2 

20.4 

624.5 

93.7 

239.6 

957.8 

Qeng 

AID 

49.6 

695.3 

8.5 

7.8 

19.2 

20.4 

800.0 

120.1 

309.0 

1,229.9 

Utthayan 

AID 

21.9 

415.3 

8.5 

7.7 

19.2 

16.6 

489.2 

73.3 

249.1 

811.6 

Chwuak 

AID 

9.8 

380.9 

8.5 

7.7 

19.2 

16.6 

442.7 

66.4 

224.3 

733.4 



Annex E-6 

Software Components 

Technical Assistance 

Market Support 

Demonstrations 

Crop Insurance 

Evaluation 

Farmer observation 
travel to successful 
systems. 

Research and work- 
shop 

Contingency 

Total - 

Quantity 

Approximately 27 man-years 
of technical assistance. 

Farmer trips 
transport of ~oods, etc. 

Seeds fertilizers 
Pesticide for demonstration 
plots (3 per year per site) 

Insurance of up to 50% of 
market value of farmers 
crops on demonstration 
basis. 

Two evaluations 

Two trips per site 

Operational research and 
2 workshops per site. 

DTEC 

$540,000 

10,000 

$550,000 

Cost 
AID 

$2,220,000 

50,000 

10,000 

200,000 

100,000 

40,000 

90,000 

50,000 

$2,760,000 



Annex F 

Thailand - Small Scale Irrigation Project Certification 
Pursuant to Section 611(e) of the Foreign Assistance 

Act of 1961, as Amended. 

I, Donald D. Cohen, principal officer of the Agency 

for International Development in Thailand, having taken 

into account among other things the maintenance and 

utilization of projects in Thailand previously financed 

or assisted by the U.S. and the commitment of the Royal 

Thai Government to carry out an effective Small Scale 

Irrigation program, do hereby certify that in my judgement 

Thailand has the financial and human resources capability 

to implement, maintain, and utilize effectively the 

subject Small Scale Irrigation Project. 

Date: 
Donald D. Cohen 
Director, USAID/Thailand 



ANNEX G 

I'IIOJECT CHECKL LST - 

A. General Criteria for Project 

1. FY 79 hpp. Act Unnumbered; FAA 
Sec. 653 (b); Sec. 634A. 
(a) Describe how Committees on 
Appropriations of Senate and 
House have been or will be noti- 
fied cor~cerning the project; 
(b) is assistance within (Opera- 
tional Year Budget) country or 
international organization allo- 
cation reported to Congress (or 
not more than $1 million over 
that figure)? 

2. FAA Sec. 611(a)(l). Prior to 
obligation in excess of 
$100,000, will there be (a) 
engineering, financial, and 
other plans necessary to carry 
out the assistance and (b) a 
reasonably firm estimate of 
the cost to the U.S. of the 
assistance? 

3. FAA Sec. 611(a)(2). If fur 
ther legislative action is 
required within recipient 
country, what is basis for 
reasonable expectation that 
such action will be completed 
in time to permit orderly ac- 
complishment of purpose of 
the assistance? 

4. FAA Sec. 611(b); FY 79 App. 
Act Sec. 101. If for water 
or water-related land resource 
construction, has project met 
the standards and criteria as 
per the Principles and Standards 
for Planning Water and Related 
Land Resources dated October 25, 
1973? 

(a) The project was not included in 
in AID'S FY 1980 Congressional Pre- 
sentation. A notification of the pro- 
ject will accordingly be forwarded 
to Congress and. the required waiting 
period observed prior to obligating 
funds for the project; (b) Proposed 
loan assistance is within OYB, but 
additional funding will be sought for 
the grant component. 

Agreed plans and cost estimates 
are incorporated into the 
Project Paper. 

No further legislation is required. 

All appropriate standaids and 
criteria have been met. 



ANNEX G - 2  

5. FAA Sec. 611(e).  I f  p ro jec t  
i s  c a p i t a l  a s s i s t ance  (e .g. ,  
cons t ruc t ion ) ,  and a l l  U.S. 
a s s i s t ance  f o r  i t  w i l l  exceed 
$1 mi l l ion ,  has Yission 
Direc tor  c e r t i f i e d  and Regional 
Ass is tan t  Administrator taken 
i n t o  cons idera t ion  the  coun- 
t r y ' s  c a p a b i l i t y  e f f e c t i v e l y  
t o  maintain and u t i l i z e  the  
p ro jec t ?  

6, FAA Sec. 209. Is p r o j e c t  
s u s c e p t i b l e  of execution as  
p a r t  of reg ional  o r  m u l t i l a t e r a l  
p ro jec t ?  I f  so why i s  p ro jec t  
not  so executed? Information 
and conclusion whether a s s i s -  
tance w i l l  encourage reg ional  
development programs. 

7. FAA Sec. 601(a).  Information 
and conclusions whether p ro jec t  
w i l l  encourage e f f o r t s  of the  
country to: (a)  i nc rease  t h e  
flow of i n t e r n a t i o n a l  t r ade ;  
(b) f o s t e r  p r i v a t e  i n i t i a t i v e  
and competition; (c )  encourage 
development and use of coopera 
t i v e s ,  c r e d i t  unions, and 
savings and loan a s soc ia t ions ;  
(dl discourage monopolistic 
p r a c t i c e s ;  (e) improve techni  
c a l  e f f i c i e n c y  of i ndus t ry ,  
a g r i c u l t u r e  and commerce; and 
( f )  s t rengthen  f r e e  l abor  
unions. 

8. FAA Sec. 601(b). Information 
and conclusion on how p ro jec t  
w i l l  encourage U.S. p r i v a t e  
t r a d e  and investment abroad 
and encourage p r i v a t e  U.S. p a r t i  
c i p a t i o n  i n  fore ign  a s s i s t ance  
programs ( including use of p r i  
va t e  t r a d e  channels and the  
se rv ices  of U.S. p r i v a t e  e n t e r  
p r i s e )  . 

Direc to r ' s  c e r t i f i e d  s tatement  is 
incorporated i n  the  P ro jec t  Paper. 

NO. 

No s i g n i f i c a n t  e f f e c t  expected. 

The P ro jec t  is not  de'signed t o  have 
any s i g n i f i c a n t  e f f e c t  on any of 
these  items. 



ANNEX G-3 

9. FAA Ser.  612(b); Sec. 636(h). The Royal Thai Government con t r ibu t ion  
nescr ibe  s t e p s  taken t o  assure  t o  t h i s  P ro jec t  w i l l  exceed 25%. 
t h a t ,  t o  the  maximum extent  There a r e  no US owned l o c a l  cu r renc ie s  
poss ib l e ,  the  country i s  con ava i l ab le  f o r  t h i s  P ro jec t .  
t r i b u t i n g  l o c a l  cur rencies  t o  
meet the  c o s t  of con t r ac tua l  
and o ther  s e rv ices ,  and fore ign  
cur rencies  owned by t h e  U.S. 
a r e  u t i l i z e d  t o  meet the  cos t  
of con t r ac tua l  and o ther  
s e rv ices .  

10. FAA Sec. 612(d). Does the  
U.S. own excess fo re ign  cur- . . 

rency of the  country and, if 
so, what arrangements have 
been made f o r  i ts re l ease?  

11. FAA Sec. 601 (e)  . W i l l  the  
o r o i e c t  u t i l i z e  competitive - 
s e l e c t i o n  procedures f o r  the  
awarding of c o n t r a c t s ,  except 
where appl icable  procurement 
r u l e s  allow otherwise? 

12. FY 79 ~ p p .  Act Sec. 608. I f  
.- a s s i s t a n c e  is f o r  t h e  pro 

Yes 

duct ion of any commodity f o r  
expor t ,  is t h e  commodity l i k e  
l v  t o  be i n  surp lus  on world 
markets at  the  time t h e  r e s u l t  
i ng  product ive capaci ty  becomes 
opera t ive ,  and is such a s s i s  
tance l i k e l y  t o  cause substan 
r i a l  i n ju ry  t o  U.S. producers 
of t h e  same, s i m i l a r ,  o r  com 
pe t ing  commodity? 

B. Funding C r i t e r i a  f o r  P ro jec t  

1. Development Assis tance 
P ro jec t  C r i t e r i a  

a .  FAA Sec. 102(b); 111; 113; 
281a. Extent t o  which - 
a c t i v i t y  w i l l  (a)  e f fec-  
t i v e l y  involve t h e  poor i n  



development, by extending 
access Lo economy at local 
level, Increasing labor- 
intensive production and 
the use of appropriate 
technology, spreading in- 
vestment out from cities 
to small towns and rural 
areas, and insuring wide 
participation of the poor 
in the benefits of develop- 
ment on a sustained basis, 
using the appropriate U.S. 
institutions; (b) help 
develop cooperatives, es- 
pecially by technical as- 
sistance, to assist rural 
and urban poor to help them- 
selves toward better life, 
and otherwise encourage de- 
mocratic private and local 
governmental institutions; 
(c) support the self-help 
efforts of developing coun- 
tries; (d) promote the 
participation of women in 
the national economies of 
developing countries and 
the improvement of women's 
status; and (e) utilize 
and enl:ourage regional co- 
operation by developing coun- 
tries? 

FAA Sec. 103, 103A, lo& 
105, 106, 107. Is assis- 
tance being made available: 
(include only applicable 
paragraph which corresponds 
to source of funds used. If 
more than one fund source is 
used for project, include 
relevant paragraph for each 
fund source. ) 

ANNEX G-4 

Project is designed to increase income 
of poor rural people in Northeast 
Thailand through improved use of 
available water resources. Appropriate 
technology will be used to established 
benefits. Benefits from the improved 
irrigation systems will be forthcoming 
on a sustained basis once established. 



ANNEX G-5 

(1) (103) for agriculture, The Project purpose is to increase the 
rural development or income of the small farmers in 

nutrition; if so, extent Northeast Thailand. 
to which activity is 
specifically designed to 
increase productivity 
and income of rural poor; 
(103.4) if for agricultural 
research, is full account 
taken of needs of small 
farmers: 

(2) (104) for population 
planning under sec. 
104(b) or health under 
sec. 104(c); if so, ex 
tent to which activity 
emphasizes low-cost, 
integrated delivery 
systems for health, 
nutrition and family 
planning for the poor 
est people, with parti 
cular attention to the 
needs of mothers and 
young children, using 
paramedical and auxil 
iary medical personnel, 
clinics and health posts, 
commercial distribution 
systems and other modes 
of community research. 

(3) (105),for education, public 
administration, or human 
resources development; if 
so, extent to which acti- 
vity strengthens nonformal 
education, makes formal 
education more relevant, 
especially for rural 
families and urban poor, 
or strengthens management 
capability of institutions 
enabling the poor to parti- 
cipate in development; 



ANNEX G-6 

( 4 )  (106) for technical as- 
sistance, energy, research, 
reconstruction, and 
selected development pro- 
blems; if so, extent 
activity is: 

(i) Lechnical coopera- 
tion and development, 
especially with U.S .  
private and voluntary, 
or regional and inter- 
national development, 
organizations; 

(ii) to help alleviate 
energy problem; 

(iii) research into, and 
evaluation of, economic 
development processes 
and techniques; 

(iv) reconstruction after 
natural or manmade 
disaster; 

(v) for special develop- 
ment problem, and to 
enable proper utilization 
of earlier U . S .  infra- 
structure, etc., assis- 
tance; 

(vi) for programs of urban 
development, especially 
small labor-intensive 
enterprises, marketing 
systems, and financial or 
other institutions to 
help urban poor partici- 
pate in economic and 
social development. 



ANNEX G-7 

c. (107) Is appropr ia te  e f f o r t  N /  A 
placild on use of appropr ia te  
tec!inology? 

d. FAA Sec. I lOfa ) .  W i l l  t he  Yes. 
r e c i p i e n t  country provide a t  
leas ;  25% of t h e - c b s t s  of the  
program, p ro jec t ,  o r  a c t i v i t y  
with respect  t o  which the  a s  
s i s t a n c e  i s  t o  he furnished 
(or  has t h e  l a t t e r  cost-sharing 
requirement been waived f o r  
a  " r e l a t i v e l y  least-developed" 
country)? 

e. FAA Sec. 110(b). W i l l  grant  No grant  fund w i l l  be used f o r  
c a p i t a l  a s s i s t a n c e  be d is -  the  c a p i t a l  p ro jec t  por t ion  
bursed f o r  p ro jec t  over more of t h i s  P ro jec t .  
than 3 years?  I f  so ,  has 
j u s t i f i c a t i o n  s a t i s f a c t o r y  
t o  Congress been made, and 
e f f o r t s  f o r  o the r  f inancing,  
o r  i s  the  r e c i p i e n t  country 
"qe la t ive ly  l e a s t  developed"? 

f .  FAA Sec. 281(b). Describe 
ex ten t  t o  %~hich  program 
recognizes t h e  p a r t i c u l a r  
needs, des i r e s ,  and capa- 
c i t i e s  of the  people of 
t h e  country; u t i l i z e s  t h e  
count ry ' s  i n t e l l e c t u a l  
resources t o  encourage 
i n s t i t u t i o n a l  development; 
and supports  c i v i l  educa- 
t i o n  and t r a i n i n g  i n  s k i l l s  
required f o r  e f f e c t i v e  p a r t i -  
c i p a t i o n  i n  governmental and 
p o l i t i c a l  processes e s s e n t i a l  
t o  self-government. 

P ro jec t  w i l l  s a t i s f y  peoples '  f e l t  needs 
f o r  b e t t e r  access  t o  water f o r  i r r i g a -  
t i o n ,  Local Water User Associat ions 
w i l l  play an a c t i v e  r o l e  i n  management 
of t h e  P r o j e c t .  

g. FAA Sec. 122(b). Does t h e  Yes, t hese  a r e  major ob jec t ives .  
a c t i v i t y  give reasonable . - 
promise of con t r ibu t ing  t o  
the  development of economic 
resources,  o r  t o  the  increase  
o r  product ive c a p a c i t i e s  and 
se l f - sus t a in ing  economic Growth? 



2. Developn~ect Assis tance P ro jec t  
C r i t e r i a  (Loans only) 

a .  FAA Sec. 122(b) .  Information There is a reasonable expecta t ion  
and conclusion on capaci ty  of t h a t  the  loan  por t ion  of t h e  
the  country t o  repay the loan,  P ro jec t  w i l l  be promptly repaid.  
including reasonableness of 
repayment prospects .  

b.  FAA Sec. 620(d). I f  a s s i s -  
tance is f o r  any product ive 

N/  A 

e n t e r p r i s e  which w i l l  com- 
pe te  i n  the U.S. with U.S. 
e n t e r p r i s e ,  is t h e r e  an 
agreement by the  r e c i p i e n t  
country to  prevent export  t o  
the U.S. of more than 20% of 
t h e  e n t e r p r i s e ' s  annual pro- 
duct ion during t h e  l i f e  of 
the loan? 

3. P ro iec t  C r i t e r i a  Solely f o r  
Economic Support Fund 

a .  FAA Sec. 531(a).  W i l l  t h i s  
a s s i s t a n c e  support promote 

N/A 

economic o r  p o l i t i c a l  s t a b i -  
l i t y ?  To t h e  ex ten t  possi- 
b l e ,  does it r e f l e c t  t h e  
pol icy  d i r e c t i o n s  of s ec t ion  
102? 

b. FAA Sec. 533. W i l l  a s s i s t a n c e  N/A 
under t h i s  Chapter be used 
f o r  m i l i t a r y ,  o r  parami l i ta ry  
a c t i v i t i e s ?  



Annex H 

PROJECT AUTHORIZATION 

Name of Country: Thailand Name of  Pro jec t :  Northeast Small 
Scale  I r r i g a t i o n  

Number of P ro jec t :  493-0312 

1. Pursuant t o  Sect ion 103 of the  Foreign Assis tance Act of 1961, a s  
amended, I hereby author ize  the Northeast Small Scale  I r r i g a t i o n  P ro jec t  
f o r  Thailand involving planned ob l iga t ions  of not  t o  exceed $5,800,000 
i n  loan funds and $2,800,000 i n  grant  funds over a  s i x  year  period from 
d a t e  of au thor i za t ion ,  sub jec t  t o  the a v a i l a b i l i t y  of  funds i n  accordance 
wi th  the A . I . D .  OYB/allotment process,  t o  he lp  i n  f inancing  fore ign  
exchange and l o c a l  currency c o s t s  f o r  t h e  p ro jec t .  

2. The p ro jec t  w i l l  e s t a b l i s h  a  r e p l i c a b l e  approach and i n s t i t u t i o n a l  
c a p a b i l i t i e s  f o r  increas ing  a g r i c u l t u r a l  incomes f o r  small  farmers wi th in  
command a reas  of e x i s t i n g  tank i r r i g a t i o n  systems i n  Northeast Thailand. 

3. The P ro jec t  Agreement which may be negot ia ted  and executed by t h e  
o f f i c e r  t o  whom such a u t h o r i t y  i s  delegated i n  accordance with A . I . D .  
r egu la t iohs  and Delegations of Authori ty s h a l l  be subjec t  t o  t h e  fol lowing 
e s s e n t i a l  terms and covenants and major condi t ions ,  toge ther  with such 
o t h e r  terms and condi t ions  a s  A . I . D .  may deem appropr ia te .  

4.  a .  I n t e r e s t  Rate and Terms of Repayment 

The Cooperating Country s h a l l  repay the  Loan t o  A.I.D. i n  U.S. 
d o l l a r s w i t h i n f o r t y  (40) years  from t h e  d a t e  of f i r s t  disbursement of 
t h e  Loan, inc luding  a  grace period of not t o  exceed t en  (10) years .  
The Cooperating Country s h a l l  pay t o  A . I . D .  i n  U.S. Dol la rs  i n t e r e s t  from 
the  Date of  f i r s t  disbursement of t h e  Loan a t  t h e  r a t e  of (a)  two percent  
(2%) per  annum during t h e  f i r s t  t en  (10) years ,  and (b) t h r e e  percent  
(3%) per  annum t h e r e a f t e r ,  on the  outs tanding  disbursed balance of t h e  
Loan and on any due and unpaid i n t e r e s t  accrued thereon. 

b. Source and Or ig in  of Goods and Services 

Goods and se rv ices ,  except f o r  ocean shipping,  f inanced by A. I .D.  
under t h e  p r o j e c t  s h a l l  have t h e i r  source and o r i g i n  i n  the  Cooperating 
Country, i n  the  United S t a t e s  and i n  coun t r i e s  included i n  A. I .D.  
Geographic Code 941 except a s  A . I . D .  may otherwise agree  i n  wr i t i ng .  
Ocean shipping f inanced by A. I .D.  under t h e  p r o j e c t  s h a l l ,  except as 
A.I .D.  may otherwise agree i n  wr i t i ng ,  be  financed only on f l a g  v e s s e l s  
of the  United S t a t e s  o r  t h e  Cooperating Country. 



ANNEX H-2 

c. Initial Conditions Precedent to Disbursement 
for the Grant and the Loan 

(1) Establishment of the Project Coordination Committee, Provincial 
Operations Committees, and first site team designated. 

(2) Project Manager Appointed. 

d. The following waivers to A.I.D. regulations are hereby approved: 

(1) Proprietary Procurement for 8 American Motors Jeep Vehicles. 

(2) Section 636(i) of the FAA of 1961 for 38 locally manufactured 
small (less than 125 cc) motorcycles. 

Signature: 

Title: 

Date: 


