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A. INTRODUCTION

A. 1. Study Obiectives

L The study objectlves are to formulate comprehensive water resources
development programs in the Bang Pakong River Basin and to put priorities on
the project to implement them in order in which dam reservoirs are constructed
upstream of the river and its tributaries, a diversion dam is built on the river
just upstream of Chachoengsao City and the existing irrigation facilities for the
irrigation projects are radically modified and the like; so as to stabilize water

- supply for paddy and dry cropping especially in a dry season to prevent saline
water from intruding into the area, and to supply industries and inhabitants
with water.

A. 2, Scope of Works

The study eomprises two parts; one is "OVERALL BASIN STUDY”
to cover the entire Bang Pakong River Basin and the other is “FEASIBILITY
STUDY ON THE KHLONG THA LAT RIVER BASIN DEVELOPMENT
PROJECT”. Requested by the Thai Government at the commencement of the
study in September 1989, the scope of works for the study was accordingly
revised in November 1989 so as to involve the above two parts in parallel.

A.3. Work Schedule of the Study -

The Progress Report (I) was prepared and submitted in December 1989
to the Thai Government to summarize major findings obtained from the field
surveys and investigations conducted as the Phage I Field Survey of the Study.
The Phase I Home Office Work was uninterruptedly made in order to conclude
the Phase I Study, and the Interim Report was issued at the end of March 1990
based on which this material was prepared. The Interim Report deals fully
with formation of the basic plan of water resources development for irrigation
and other purposes as the Overall Basin Study, and also proposes beneficial
areas, water balance and dimensions of major project facilities as the
component of the Feasibility Study. The Phase IT Study was just commenced in
May 1990 comprising about 50 days of the field investigation and 45 days of
home office works, and was completed submitting the Final Reports for both
OVERALL BASIN STUDY and FEASIBILITY STUDY by the end of
October, 1930.



B. OVERALL BASIN STUDY
B.1. Present Condttions of The Basm '

B 1.A1 Location and Topogragh!

_ Bemg sxtuated in. the east~central part of Thalland the Bang Pakong
River Basin has a catchment of 17,660 sq.km which covers about 3. 4 percent of -
the total national land area. The basin occupies major portions of the
Changwats Chonhun Chachoengsao, Prachmbum and Nakhon Na.yok '

- Four maJor physmgraphm features are dlstrlbuted m the basm They
are the northern mountain range on the south flank of the Khorat Plateau, the .
deeply dissected hills and low mountains in the south, the flood and terracial
terrain among tributaries, and the extensive alluvial plain in the west,

B.1.2. Climate

- Two pronounced seasons, wet and dry, dommate over the basm The
southern monsoon during May through October. carries tropical air from the
Gulf of Thailand and the Andaman Sea prov1d1ng most of annual rainfall over
the area. The northwest monsoon, during Noverber through March generally
brings dry air and high temperature, Mean annual rainfall ranges between
900 mm and 2,400 mm in the recent 20 years, with considerable differences
from place to place generally increasing in proportion to the latitude from the
gsouth to the north, Monthly temperatures vary from 26 to 30°C with
insignificant difference in time and space.’

B.1.3. Social and Economic Situation (Popuiatlon arad GPP)

MaJor Changwats in the Basm

Whole  Eastern -~ Chachoe Nakhon ~ Prachin
Ttem Kingdom Region Chonburi -ngsao  Nayok - -buri
Gross Provincial Product T :
- Agriculture 198,284 17,738 3,632 3,466 727 2,868
- Other Sectors 1,035,746 82,759 44,155 12,651 1,912 5,597
- Total © 1,234,030 100,497 47,687 16,097 2,639 8465
Population (1,000 person) 53,605 3,232 790 511 203 . T13
" per Capita GPP (Bahts) 123,021 31,094 60,368 31,501 - 12,999. 10,951

Note: GPP is given in million bahts.



B. 1.4. River System and Sub-Basin Zoning

- The two primary tributaries of the Bang Pakong river are the Nakhon
Nayok and Prachin rivers which join near the western boundary of the basin,
The Prachin river originates near Kabinburi where the Hanuman and Phra
Prong rivers join. Approximately 57% of the Bang Pakong basin area drains
- into the Prachin river, 11% into the Nakhon Nayok river and the remainder of
the basin drains into the Bang Pakong river downstream of the two major
tributaries. The basin was divided into 8 sub-basins and in total 54 1rr1gat10n
blocks as shown below:

Sub-Basin Zoning
Maenum Maenum
Nakhon Nayok Hanuman
Sub-Basin (MNN) Sub-Basin (MHM)
C.A =1,933 sq.km C.A = 2,130 sq.km
Upper . Middle : Upper
Bang Pakong Phra Prong Phra Prong
Sub-Basin (UBP) Sub-Basin (MPP) Sub-Basin (UPP)
C.A = 2,757 sq.km C.A =970sq.km C.A =1,628sq.km
. ,ﬁi‘l‘"_‘g Khlong
1a Liat
Sub-Basin (KTL) Phra Sathung
| C.A = 2,498 sq.km Sub-Basin (KPS)
! C.A = 2,643 sq.km
Lower
Bang Pakong
Sub-Basin (LBP)
C.A = 3,108 sg.km

Guifof
Thailand

B.1.5. Hvdrology

Rainfall, river runoff and runoff coefficient analyzed in terms of an
annual average in the recent 20 years are as follows:



Catchment ~ Rainfall

Runoff

Runoff Coefficient

" Sub-basin (sq.km) (xam) (MCM), (%)
UPP 1,628 1162 690 24
KPS 2,643 1,580 880 21
MPP . - 970 1,925 560 30
MHM 2,130 1,926 1,430 - 35
UBP 2757 1,641 1,480 33
MNN 1,933 1,729 1,540 40
KTL 2,493 1,343 700 21
LBP 3,106 1,240 650 17

Whole Basin 17,660 1,590 7,930.0 27.5

B.1.6. LandUse

Existing land use by sub-basin is summarized as follows:

(Unit: ha)

Project Agricultural Land Other

Sub-Basin :
: Area. - Paddy  Upland Orchard = Vege. Total Land
Lower Bang Pakong 310,600 102,680 144,110 17,830 8370 272,990 37,610

Khlong Tha Lat 249,300 3,990 61,050 700 160 65,900 183,400
Upper Bang Pakong 275,700 167,380 37,130 41,880 8,560 254,950 20,750
Mae Num Nalkhon Nayok 193,300 81,680 2,650 12,110 3,380 99,720 93,580
Middle Phra Prong 97,000 19,520 21,820 - - 41,340 55,650
Mae Num Hanuman 213,000 24,620 24,650 15,470 80 64,620 148,380
Khlong Phra Sathung 264,300 29,960 69,970 8,170 2,060 = 110,150 154,150
Upper Phra Prong 162.800 46,560 29,880 5,840 1,810 84,090 78,710
Whole River Basin 1,766,000 476,290 391,060 102,000 24,410 993,760 772,240

Note: Orchard includes tree crops stich as para-rubber, eucalyptus, bamboo and other fruit crops.



B.t.7. Major Crops

Planted areas by'inajor crops in the main four Changwat are extracted
from agricultural statistics as follows:;

7 (Unit: ha)

Crops = Chonburi Chachoengsao  Prachinburi  Nalhon Nayok Total
Paddy 47,900 78,800 296,700 78,900 432,300
Cassava = 26,200 67,400 139,200 - 232,800
Sugarcane 29,8_00 1,000 - - 36,800
Legumes . ‘800 2,200 13,000 - 15,800
Maize _ - - 2,200 104,700 200 107,100
Mango . 3,000 . 7,600 - 4,500 1,200 16,200

B.1.8. Crop Production -

Crop production in the major four Changwats as an average in the past
three years are as below: ' '

Area(ba) Production
Crop
Planted Harvested (ton}

Paddy T 432,300 432,300 914,700
Cassava 232,800 232,800 2,750,600
Maize 167,100 107,100 358,800
Sugarcane 36,800 36,800 1,519,600
Legumes 15,800 15,800 18,700
Mango 16,200 12,800 . 70,700




B.2. BasicStrategy for Basin Development

B.2.1. Problems and Constfaints'th\iolved“'

Favored moderately with an annual rainfall of about 1 600 mm, paddy _
cultivation is dominant in the basin during wet season. Mainly for lack of
interior drainage facilities comhined with absolutely limited outflow capacities
of rivers and tributaries, ‘however, the existing paddy areas are often suffered
from floodings and inundations. Another serious problem during wet season in
the same area is frequent shortages of supplemental irrigation water. Under
~ existing climatic condition, wet paddy consumes about 550 mm of water for
evapotranspiration on the field, 6f which 300 mm only are covered by effectwe
rains, meaning that supplemental irrigation of about 250 mm per growing
period are still required. However, it has not been achieved for lack of
irrigation facilities, limited river runoff and saline water intrusion. In dry
season, on the contrary, the area is almost left fallow from of lack of water. _

Acid sulfate soils of some 204,800 ha widely distribute in the major
four Changwats, Marl application is recommended to improve soil acidity,
however, land use on these soil may be quite limited. Develépment of the
potential acid sulfate soils in the limited tidal area may cause the other
problem, since these soils will be acid when they are drained or ridged.

Cassava is a profitable crop and is an easy crop to grow, requiring no
particular technical knowledge, extensive labour and no irrigation. Tt also
grow in & poor soil. However, based on the agreement signed between Thailand
and EEC, exports must decrease. This will lead to limiting production of
cassava, and in turn crop diversification plan should be examined. Crop
conversion plan from cassava to other upland crops may be feasible only when
countermeasures to grow valid alternative crops are given, and it is certain
that irrigation development is the only basie solution to cope with this problem.

Land rights still represent a main problem in the basin because the
boundary of national forest reserve covers a rather large area. In the
encroached forest areas, land allocation projects are being operated by the
Royal Forest Department (RFD) and the Agricultural Land Reform Office
(ALRQ). RFD issues a land use permit called “STK Certificate” for illegal
settlers in the national forest reserve. ALRO also issues a land use permit (Sor
Por Kor 401). A change in this type of document to Nor Sor 8 or Nor Sor 4 will
have a significant economic impact to the local farmers. On the other hand, it
may facilitate the transfer of ownership leading to the loss of land by poor
farmers and eventually more encroachment of forest land.

The Btudy area involves 3,100 sq.km of National Park areas at Khao
Yai, Thap Larn and Pang Sida. Wildlife reserve of 108 sq.km in Khao Ang Ru



Nai and 4,500 sq.km of national reserve spread over the area would to some
extent restrict the Project formulation.

B.2.2. Basic De\éeiopment Stréteg_!

‘The land resources development depends on water supply and flood
exclusion. In the lower reaches of the river basin forming wide flat paddy field
zone, such cropping patterns as double paddy farming and wet season paddy
plus dry season dry farmings are to be introduced by seécuring water by dam
construction. The middle and upper reaches of the river basin, on the other
hand, are expected to be developed urgently from a security viewpoint, since
the eastern border of the basin is located near the Cambodian boundary.

In the economy of Thailand, the progress of the industry has been quite
remarkable. The whole reaches of Bang Pakong river situated between
Chonburi and Bangkek have suddenly been highlighted as the areas suitable
for industrial estates. For industrial, municipal and domestic water supplies,
the tasks are to secure water source, to extend and strengthen conveying,
distributing and puritying facilities.

The project areas with higher priority must be developed in order, so as
to utilize water resources effectively in the whole Bang Pakong river basin, and
to plan a balanced development of the areas. Firstly, multi-purpose dams are
- constructed to supply water stably for agriculture, industry, municipal and
domestic purposes, and fishery. Concurrently, s diversion dam is built on the
main Bang Pakong river just upstream of Chachoengsao City to prevent saline
water from intruding in dry season, and to supply water multi-purposely by
storing fresh water in the river course upstream of the diversion dam.



B.3.

B.3.1.

Water Resources DevelopmentPlan -~

Methbdology

The following methods were employed to estabhsh a multipurpose

water resources development plan for irrigated agriculture and other water
supply schemes to be unavoidably involved, such as domestic, industrial and
fishery water supply, in the Bang Pakong river basin;

'Water Resources DevelOpment:

' Topographic ‘maps, hydro-meteorological data as well as information

obtainable from existing reports and statistics were fully used to support
field investigations. One to several technically possible damsites were
selected and the most suitable damsites and development scales were

determined through comparative study in sub-basins.

‘Gravity irrigation method was employed in principle.

Water Requirement/Demand:

Irrigation beneficial areas were mainly 'select.ed from such existing
farmland that can be irrigated by the proposed storagesby gravity.

Existing status of crops and croppmg scales, the. Thai Government’s
policy on agricultural production, balance of supply and demand,
guideline of the agricultural extension offices, profitahility of crops,
farming technique, ete. were fully considered in order to determine crops
and cropping scales to be introduced by the project.

Irrigation water demands by crop were computed based on crop water
requirements, percolation, effective rainfall and efficiencies with a 10
day time step.

Water supply demands for domestic and industrial purposes were
estimated for the target year 2000, on the basis of development plans
prepared by the Ministry of Industry and the Provincial Waterworks
Authority.

Compensatory water supply during dry season for the existing shrimp
culture after construction of the proposed Bang Pakong diversion dam
was estimated at the amount just to make the river water (33.5 ppt) thin
to an allowable maximum level of salinity suitable for shrimp raising (30

ppt).

The discharge of 0.1 cu.m/sec/100 sq.km was considered as the river
maintenance water. '



_ Sub-Basin Zoning:

‘The entiré Bang Pako::_lg river basin was divided into 8 sub-basins and 54
irrigation blocks in consideration of topography, river skeleton and
distribution of beneficial farmlands.

Water Balance:

Technically suitable and economically feasible damsites were selected
through water balance simulation studies for possible alternative
‘development plans in due consideration of well balanced scheme of
phased development,

The development plan envisages to ensure stable water sources
upstream river basin and, at the same time, {o prevent saline water
intrusion and to regulate water released and also natural runoff in the
river channel system, by means of constructing a diversion dam across
the Bang Pakong river near Chachoengsao city. In this connection, the
effective fresh water storage of the proposed diversion dam has been
estimated at about 30 MCM. .

Priority Order: _

The top priority sub-project was selected. through an overall study of
evaluation including economic feasibility, technical possibility,
inhabitant’s needs, urgency for development and others.

B.3.2. Proposed Land Use

(Unit: ha)
Proposed: Irrigated
: : . Not Total
Present Paddy Upland OQrchard Sub-Total Irrigated ok
Paddy 339,600 1,200 8,000 348,800 127,490 476,290
Upla_n_d 41,900 700 42,600 372,870 415,470
Orchard ' - 14,200 14,200 87,800 102,000
Other Land - 1,300 1,300 - 1,300
Total 43,100 24,200 406,900 588,160 995,060




B.3.3. Proposed Cropping Plan

{Unit: ha)

" Paddy Field Uplend Field o
Crops Wet Dry . Wet Dry -.-0.1'.‘3_h‘_1'r.d- : ,Tof':al
Paddy 339,600 38,200 . C- _ - 877,800
Soybean . - 65,000 - 5,000 - 70,000
Mungbean - 20,000 - 5,000 - 25,000
Groundnuts - 20,000 - '5',000 - 25,000
Maize - - 16400 - - 16400
Vegetables - 1,300 26,700 26,700 - - 54700
Mango - - - - 24,200 - 24,200
Total - 339,600 144,500 43,100 - 41,700 . 24,200 593,100
B.3.4. TargetYield of Crops
Target yields of major crops are estimated as follows:
Crops Target Yield (kg/ha) Crops Target Yield (kg/ha)
Wet Paddy 4,000 Groundnuts 1,876
Dry Paddy 4,500 Mungbean 1,125
Soybean 1,875 Mango 13,800

B.3.5. Available Water Resources

As the fundamental condition to be considered in the water balance
simulation, alternative studies on possible live storage capacities expected from
the selected 22 damsites were made as given in Table -1. The following

summarizes four alternative plans of dam sizing:

(1) MaximumPlan: Dam sizes equivalent to the maximum dam inflows
in the past 20 years or technically/topographically

allowable maximum sizes are considered.

(2) StandardPlan : Standard capacities corresponding to the mean

inflows during the past 20 years are given.

(8) ReducedPlan : A plansituated intermediate hetween the “standard”.

and “minimum” plan.

10



(4) Minimum Plan : Minimum capacities only to irrigate the existing
' scale of paddy during wet secason as well as upland
field and others in dry season are considered.

TABLE-1. POSSIBLE STORAGE CAPACITY AND WATER COST (BHRTS/CU.M)

Dam | Maximum. Standard Reduced | Minimum

. o .
No. Size Plan Size Plan Size Plan Size Plan Remarks

1* |'896 (169) | 448 (134) | 551 ( 97 | 6.35 ( 74) |Lower Bang Pakong
cox | 414 (36) | 501 (98 ['627 (66) | 973 (35 |Sub-Basin

3* | 339 (498) | 372 (410) | 3.97 (345) | 4.41 (278) |TalatSub-Basin
4* | 247 (382) | 2.84 (293) | 3.72 (205) | 4.54 (140)
5 |.1.28 (275) | 1.54 (199) | 1.93 (137) | 2.52 ( 88)
6+ | 292 (368) | 3.50 (240) | 4.48 (146) | 6.30 ( 78)

T* 2.63 (803) | 2.90 (718) | 3.30 (553) | 3.88 (413) |PhraSathung
BF ] 214 (634) | 256 (391) | 3.34 (255) | b5.63 (130) {Sub-Basin
-9 3.23 (249) | 3.7 (186) 513 (104) | 9.40 ( 44)

10¢ | 2.68 (402) | 3.61 (232) | 5.44 (120) | 12.75 ( 40) |Upper Phra Prong
11 | 155 (136) | 1.94 ( 93) | 2.32 ( 67).{ 3.02 ( 46) |Sub-Basin

12 2.26  (341) | 2.35 (286) 2.49 (236} 2.70 (188) [Maenum Hanuman
13 0.81 (113) | 112 ( 72) 1.72 ( 41) 3.30 ( 19 {Sub-Basin

14 254 (36) { 290 (29) | 3.36 ( 23) | 418 ( 17
15 1.63 (130) | 1.89 ( 89 | 270 ( 52) | 4.69 ( 25)
16 8.31 ( 42) 8,94 ( 33) 963 ( 26) | 1091 (19
17 591 (42) | 6.69 (29 | 7.86 ( 19 | 10.28 (11)
18/9 4.44 (320) 459 (273) 4.83 (238) 521 (196)

20 | 911 (154 | 9.20 (134) | 9.30 (116) | 9.40 (100) |Upper Bang Pakong

21 0.54 (264) | 0.63 (184) | 0.75 (134) | 0.93 ( 94) |Nakhon Nayok
22 7.24 (130) | 7.68 (100) | 8.24 ( 73) | 9.12 ( 51) |Sub-Basin

Construction Cogt + Acquisition Cost,

. =
Note: (1) Water Cost Live Storage Volume

(2) Parenthesis denotes live storage volume in MCM.
(3) Blanket method was considered for dams *-signed.

11




B.3.6. _Alternative Irrigation Plans.

Combnung field findmgs in various sectors concerned 4 cases of
alternative irrigation- plans in total were estabhshed Basic concept employed
in establishing these irrigation plans are briefly explained as follows:

Trrigation Plan-1 : In addition to full irrigation of the existing wet season
' ' paddy, the feasible maximum scale of upland crops,
vegetables and fruit crops’is introduced. Within the
" allowable limit of water resources, the maximum scale
- of dry season paddy is also considered. This plan
 would correspond with the maximum smmg plan of

water resources development

Irrigation Plan-2 : In the 1rr1gat.10n plan-1, the croppmg rate on the
S existing paddy field was taken at about 150% as a
target. This plan would correspond to the standard

sizing plan of water resources development.

Irrigation Plan-3 : The second cropping on the existing paddy field is
~ limited to the feasible maximum scale of upland crops.
No dry paddy cultivation is expected. This plan would
correspond with the reduced plan of water resources
development.

Irrigation Plan-4 : Only existing scale of wet season paddy' and upland
crops is considered. This plan would correspond to the
minimum plan of water resources development.

On the basis of crop water requirements and water demands for other
sectors than irrigation, computations were made to simulate the proposed
situation of water balance in irrigation blocks, and then computed results were
summarized in sub-river basins as well as in the entire Bang Pakong river
basin. Irrigable area by each irrigation plan is as follows:

12



Irrigable Area by Alternative Development Plan

Irrigation . Wet Season Dry Season ' NetIrr,

Plan Paddy ~ Vege. Paddy UplandC Vege. Orchard Area

Alt.Plan-1 339,600 . 28,000 67,200 120,000 28,000 24,200 406,800
Alt.Plan-2 = 339,600 28,000 38,200 120,000 28,000 24,200 406,800
Alt.Plan-3 339,600 28,000 - 120,000 28,000 24,200 406,800
Alt.Plan-4 339,600 28,000 15,000 28006 24,200 406,800

Note: Net irrigation area = 339,600 + 28,000 + 15,000 + 24,200 = 406,800 ha,
Unit is ha.

B.3.7. Water Demand

‘B.3.7.1. lrrigation Water Der'nan'd '

Irrigation diversion requirement varies from time to time and from
place to place depending upon the availability of effective rain. By way of an
example, irrigation water demands were extracted from the specific case of
water balance study (Alternative Development Plan-2), as follows:

Irrigation Diversion Requirement {Alternative Development Plan-2)

_ o Irrigation Water Requirement (MCM)
Sub-Basin

Area (ha) Crop Effect. Rain Diversion
Upper Phra Prong 62,400 377.830 211.933 310.179
Khlong Phra Sathung 43,000 261.950 146.077 216.740
Middle Phra Prong 25,000 159.674 94.342 118.959
Maenum Hanumen 39,800 230.404 128.192 191.662
Upper Bang Pakong 87,900 1,485.396 732,863 1,350.028
Maenum Nakhon Nayok 207,400 766.108 423.962 575.036
Khlong Tha Lat 8,700 54.923 19.995 . 64.567
Lower Bang Pakong 104,600 742.186 306.755 T79.703
Total 578,000 4,078.369 2,064.116 3,606.873

B.3.7.2. Domestic Water Supply

The targets of served population ratio in the year of 2000 in urban and
rural areas were set up around 75 to 95% and 80% respectively. Water demand
projection of 12 existing large-scale facilities under PWA was based primarily
on the figure recommended by the authority. Average water consumptions in
rural areas as well as sanitary districts, on the other hand, were assumed to be

13
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about 150 liter/capita/day in gross with a service ratio of 60%. Population
projection in rural area was made by assessing movement of population during
5 years from 1984 to 1988. As the rate of total losses due to conveyance,
leakage and operation, 25% and 40% were used respectively for urban and rural
‘areas, on the premise of system improvement. Water demands so estimated is
summarized in Table-2.

B.3.7.3. Industrial Water Supply

The scale and extent of industrial complex development in major local
areas are assumed to be 200 te 400 ha (1,250 to 2,500 rai) based on the number
of existing factories and the present status of infrastructure development. As
the maximum unit water demand for 12 m3day/rai was obtained for the light
- industry, on the basis of the results of surveys and discussions made with TEAT,
NESDB and private sectors. Total water demand in the target year 2000 so
estimated is 232.86 MCM/year.

B.3.8. Crbppinq, Irrigation and Paddy Double Cropping Relations

Various paraineters shcwing the rate of total eropping area, the rate of
irrigation area and the rate of cropping on the paddy field obtamed for each
alternative development plan are as follows:

" Net Beneficial Cropping Irrigation Cropping Ratio
Alternative Plan .

BrHELIve Area (ha) Ratio Ratio on Paddy Field
Irrigation Plan-1 406,800 153% 149% 51%
Irrigation Plan-2 406,800 146% 142% 43%(*)
Irrigation Plan-3 406,800 136% 132% 31%
Irrigation Plan-4 406,800 111% 107% 0%

Note: The (*) value would be 50% if Nakhon Nayok sub-basin is excluded.

B.3.9. Required Dam Capacity

In total, 22 damsites were preliminarily selected and investigated.
Water shortages obtained in terms of the required capacities of the proposed
storage reservoirs were then compared with the available runoff at the
proposed damsites. Figure-1 to 4 will explain such relatlons Required
capac1tles were thus allocated to each of possible damsite.

15



- Reauire Dam Storage by Alternative Development Plan
(Unit: MCM)

DamNo.  Alt.Plan-l ~ Alt.Plan2  AltPlan3 Al Plan-4

1 172 o119 119 9
4 370 300 300 -
B - : . 81
Rabom (40) (40) 40 (40)
9 565 . 470 - 288 157
10 160 160 122 122
11 105 86 - 86 -
12 30 290 290 193
15 150 98 45 -
18 + 19 327 . 322 204 204
20 12 133 133 99
21 230 188 90 90
22 126 98 oM 71
Total 2,747 2,304* 1,788 1,136

Note:  -(1) Rabom dam is under construction,
(2) 2,304 MCM (¥) includes losses due to evaporation and seepage,
corresponding to 10% of the required capacity. ' '

B.3.10. Optimum lrrigation Development Plan

B.3.10.1. NetProduction Value

Net production values expected from implementation of alternative
irrigation development plans were estimated as follows:

(Unit ; million baht)

Sub-Basin Alt, Plan-1 Alt, Plan-2 Alt. Plan-3 Alt. Plan-4
Lower Bang Pakong 648 624 547 501
Tha Lat 103 1060 - 95 92
Upper Bang Pakong 1,365 1,300 1,194 y 382
Nakhon Nayok 160 137 82 62
Middle Phra Prong 98 85 85 - - 59
Maenum Hanuman 254 240 240 - . 198
Phra Sathung 254 239 239 _ 205
Upper Phra Prong 412 390 390 338

Total - 3,292 3,115. . 2,853 1,837
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B.3.10.2. Construction Cost {Agricuiture Sector)

The project investment cost inclusive of the construction costs for
stora,ge dams, proposed Bang Pakong diver sion dam, main and lateral
irrigation facilities and on-farm facilities were estlmated The construction
cost for storage dam was allocated bétween agricultural and other sectors in
proportion to the amount of water to be released from the dam for use in each
sector. Total investment cost to be shared by the agncultural sector was then
accumulated as below:

| | (Unit: MCM & %)
Sector | Alt.Planl  Alt.Plan-2 Alt.Plan3  Alt Plan4

Irrigation 4,066 (92%) 3,607 (92%) 2,997 (91%) 2,412 (87%)

Industrial Supply - 215 ( 5%) 215 ( 5%) 215 ( 6%) 215 ( 8%)

Water Supply 116 ( 3%) 116 { 6%) 116 ( 3%) 116 { 4%)

Fishery N 14 ( 0%) 14 (0%) 14 ( 0%) 14 ( 1%)
Total 4412 3,953 3,343 9,758

Note: Irrigation and fishery are counted as agricultural sector.

CONSTRUCTION COST (AGRICULTURAL SECTOR) BY ALTERNATIVE PLAN

(Unit: Million Baht)
Construction Cost Alt. Plan-1 Ait. Plan-2 Alt. Plan-3 Alt, Plan-4

Dam Construction 9,957 8,902 17,839 6,212
-do-{Agri. Sector)  92% = 9,160  92% = 8,190 91% = 7,133  88% = 5,466
Diversion Dam 595 595 595 595
Main Facilities 12,302 12,302 12,302 12,302
On-farm PFacilities 4,037 4,037 4,037 4,037

Total 26,094 25,124 24,067 22,400

Note: (1) The Rabom dam is at present under construction.

(2) The proposed Khlong Luang dam is assigned as the No.1 dam.

(3) Some 1,500 million bahts of construction cost of the Bang Pakong
diversion dam is allocated fifty fifty between agriculture and other
sectors. The cost for agriculture sector is then allocated between both
banks of the Bang Pakong river, as;

1,500 X 5G% X 384.6 MCN/484.6 MCM = 595 million bahts (Left
bank) and 1,500 X 50% - 595 = 155 million bahts (Right bank)

17



B.3.10.3. Optimum Plan b‘f'lrrigaticn'Déve!opmeht' .

~ The net production values expected from the project were compared

~with the investment costs to be allocated to agrlcultul al sector, in order to

produce the B/C ratio to be achieved from 1mplementat10n of each alternatlve
plan of 1rr1gat10n development

Item  Al.Planl  Alt.Plan2  AltPlan-3  Alt.Plan-4
. Benefit .

- Benefit (1) 3,292 3,115 2,852 . 1,837

- O/M Cost (2) 302 301 300 299

- {1 (2)/0.12 24,917 23,450 21,267 12,817
Cost . . _ : .

- FinancialCost = 26,094 25,124 24,067 22,400

.- Economic (0.9) 23484 22,611 21,660 20,160

B/CRatio S 1.08 1.04 0.98 : 0.64

Note: Discount rate was takenat 12% and project life was considered to be 60 years
on an average.

No significant difference has been realized from the above, excluding
the alternative irrigation plan-4. However, the alternative plan-2 was selected
on the optlmum planin con31derat10n of the followings:

- Scale of dam and reservoir mostly corresponds with the average annual
runoff from the catchment, and therefore, the plan-2 is considered to be
appropriate and reasonable. :

- Usable runoff from the dam catchment for irrigation and the other
purposes will be maximized if the alternative development plan-1 is
selected, however, more shortage of water than once in 10 year level will
be resulted from the dam operation.

- Excluding the Nakhon Nayok sub-basin where availability of water
resources is quite limited with isolated. topographic situation, about
150% of cropping rate on paddy field is expected as a whole, meaning
that farmers could plant crops on their paddy field every two years
during dry season.

18



FIGURE- 1. OVERALL BASIN DEVELOPMENT PLAN (ALTERNATIVE PLAN-1)

Nakhoh'Nayok Basin ~ | Maenum Hanuman B,

Upper Phra Prong

A=43, 300ha (152%)

Req. C=22THCH

Ava. S=265(#10+11)
Bal, =(+)38MCH

A="76,400ha (120%) 1 : A=28, 100ha (148%)
Req. C=311MCH . Req. C=140MCH
Ava. S$=356(121+22) Ava. S=827(#12+15+18+19)
Bal, =(+)45MCH 1 Bal,=(+)68THCH :
i - & i : -
Upper Bang Pakong [ Middle Phra Prong
A=136, 800ha(159%) = A=18,600ha (160%) {=——
7 o= 1 Reg, C=398MCH = | Rog, C= TOHCH - 4=
: Ava. S=152(H#20) Ava. 5= 0 =
Right Bal.=(-)746MCH - Bal. =(~)T6MCH
Bank | § ' 1t
- ' ——
104mCH Tha Lat Basin
A= 6,900ha (133%) Phra Sathung Basin
4= | Req. C= THNCH A=29, T00ha (152%)
Ava. S=410(44+Rbn) Req. C=146MCH
3 Bal, =(+)33GHCH Ava. S-565(i18)
* * e Bal.=(+)419MCN
Lower Bang Pakong '
_A=68, 900ha (160%) Entire River Basin
4= | Req. C=612MCH =
Ava, S=172(f1) Entire River Basin
[ 4 "‘Bal.=(-)440MCH A=406, 800 ha (149%)
Req. C=2485HCHM(100%)

Gulf of Thailand:

K e h¢ ProQQSed Bang Pakong Diversion Dam

Ava, S=2747HCM(110%)
(Total 13 Dams)

CROPPING AND IRRIGATION PLAN (ALTERNATIVE PLAN-1)

—Wet Season

Dry Season

land Crops(105, 000ha)

Paddy {339

Maize (15,000ha)

Net,

Irrigable
Area
=406, 8(0ha

Orchard (24, 200ha)

Notes : 1) Req.C stands for water shortage analyzed in terms of the required live storage

of reservoirs.

2) Ava.S stands for available storage capacity at the proposed damsites.
3) LEffective live storage of freshwater at the proposed Bang Pakong diversion dam
is estimated at 30 MCM and is treated as the available channel storage in the

" water balance simulation study.
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FIGURE - 2.

Nakhon Nayok Basin
A=1786, 400ha (115%)
Req. C=260MCH
Ava. S=286(#21+22)
Bal. =(+)26GHCM

i

Maenum: Hanuman B.

A=28, 100ha (141%)

Req. C= oguem -

Ava, S= 710(#12+Ib+18+19)
Bal, =(+)601MCH - |

Right

Upper Bang Pakong
A=138, 900ha(151%)

&= 1 Req. "
Ava. S5=133(320)

1 Bal.=(-)B35HCH -

C=T68MCH

UL

Bank § ¥

e
104HCH

Tha Tat Basin

Middle Phra Prong
A=16, 600ha (151%)
Req. C= S8MCM
Ava,” 5=

Bal. ={-)58MCH

OVERALL BASIN DEVELOPMENT PLAN (ALTERNATIVE PLAN-2)

-

} '4[ |

U per Phra Prong

A 43 300ha (144%)

Rer. C 186MCH

Ava,  S=246(#10+11)
Bal, =(+)60NCH

A= 8, 900ha (126%)

Req.. C GOMCH

Ava S=340(f4+kkbn)
‘Bal,=(+)274MCH -

Phra Sathung Basin
A=29, T00ha. (145%)

Redq. - C=117HCH

| Ava. S=470(i8) -
Bal. _(+)3 IMCH

1

Lower Bang Pakong

A=68, 900ha  (151%)

&= | Req.” C=527TMCH

Ava. S=119(¢#1)
Bal. =(-)408MCH

Gulf of Thalland

'Entiré River Basin_

Entire River Basin:

A=406, 800 ha (142%)
Req. C-2097HCH(100%)
Ava. S=2304MCM{110%)

* LT

% Proposed Bang Pakong Diversion Pam i

(Total 13 Dams)

CROPPING AND IRRIGATION PLAN (ALTERNATIVE PLAN-2)

Hek Season

—Dry Season

Maize (I5,000ha)

s g e i

Orchard (24 200ha)

Net
Irrigable

Area
=406, 800ha

Notes : 1) Req.C slands for watler shortage analyzed in terms of the required live storage
of reservoirs.

2) Bva.S stands for available storage capacity at the proposed damSItes

3) Effective live storage of freshwater at the proposed Bang Pakong diversion dam
is estimated at 30 MCM and is treated as the available channel storage in the
water balance simulation study.
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FIGURE - 3. - OVERALL BASIN DEVELOPMENT PLAN (ALTERNATIVE PLAN-3)

Nakhon Nayok Basin Maenum Hanuman B.

Ava, $=133(#20) e

A=16, 400ha (100%) A=28, 100ha (141%)
Req. (=137MCH Req. C=109MCM
Ava. S=161(§21122) Ava, $=539(}12+15+18+19)
Bal.=(+)24MCH - Bal. =(+)430MCH -
"R
: Upper Bang Pakong Middle Phra Prong Upper Phra Prong
o A=136, 900ha (140%) A=18, 600ha. (151%) ; A=43, 300ha (144%)
4= | Req. C=h44MCH. Req. C= H8MCH 1 = =) TReq. C=138MCH

Right || Bal.:(—)4llHCﬂ
Bank | ¥ : .
- . .
104MCH | Tha Lat Basin

A= 6, 900ha (118%)

= 1 Req. (= H9NCH

Ava, 823406#4+Rbn)
Bal. =(+)281MCH

Lower Bang Pakong
-A-68, 900ha (137%)
+= I Req, (C=394MCM

Ava. S=119{1)

§ Bal.=(-)275MCH

Gulf of Thailand

Ava, = 0 Ava. $S=208(§10+11)
Bal. =(-)58HCH thi Bal.=(+)22HCH

|

Phra Sathung Basin
A=29, T00ha (145%)

Reg. G=117MCHM

Ava. S=288(#8)
Bal,=(+)171MCH

Entire River Basin

Entire River Basin:
A=406, 800 ha (133%)
Req. C-1604MCM(100%)
Ava, S=1788MCM(110%)

* wem Sk Proposed Bang Pakong Divérsion Dam

(Total 13 Dams)

* CROPPING AND IRRIGATION PLAN (ALTERNATIVE PLAN-3)

Wet Season

Dry Season

Net

irrigable
Area

=406, 800ha

Maize (15, 000ha)
egetable(28, 000ha):

Orchard (24, 200ha)

Notes 1) Req.C stands for water shortage analyzed in terms of the required live storage

of reservoirs.

2) Ava.S stands for available storage capacity at the proposed damsites.
3) Effective live storage of freshwater at the proposed Bang Pakong d1vers1on dam
is estimated at 30 MCHM and is treated as the available chaunel storage in the

water balance simulation study.
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FIGURE -4, OVERALL BASIN DEVELOPMENT PLAN (ALTERNATIVE PLAN-4) -

Nakhon Nayok Basin
A=T76,400ha (100%) §
Req. C 137THCH '
Ava. S=161(121+22)

Bal.=(+)24MCH

Req.

48MCH

Maentm Hanuan B,
A=28, 100ha'(102%)

Ava, 9 397(#18*18419)
Bal.=(+)349MCH

Right

Bank
.

104MCH

i

o

1 Ava.

Upper Bang Pakong
A 136 900ha (109%).
Req. - C=326HCH

S= 99(i20)
Bal.=(-)227M(H

1]

-

* 1

* Tha Lat Basin.
A= 6,900ha (100%)
Req. C“ 44MCH :
Ava. S=121(}4+Rbn)
Bal,=(+) TTMCH

§

Lower Bang Pakong

A=68, 900ha (112%)

Req. C=301MCM

Ava. S= 79(#1) .
Bal.=(-)222HCH

Middle Phra Prong

A=16, 800ha (103%)

Req.. C 15MCY

Ava. 5= 0
Bal.=(-)15HCH.

Gulf of Thailand

-

U per’ Phra. Prong :
Au43 300ha: (107%)
Req. C= 96MCH -
Ava $=122(%10)

| !{ -

Bal, =(+)26MCN

Req.

C=

Phra Sathung Basin
A=29, T00ha (108%)
GEMCH -
dva. " S=157(}i8)
Ba1 *(*) SIMCM

Entire River Bagin

* Proposed Bang Pakong Diversion Dam

Entire River Basin |
4=406, 800 ha (107%)
Req. C=1033MCM(100%)
Ava. S=1136MCM(110%)
(Total 11 Dams)

CROPPING AND IRRIGATION PLAN (ALYERNATIVE PLAN-4)

Pry Season

Net
Irrigable

Area
=406, 800ha

* V—
~HWel Season
Ma1ze (15 000ha)
Orchard (24, 200ha)
Notes :

of reservoirs,

1) Req.C stands for water shortage analyzed in terms of the requ1red live storage

2) Ava, S stands for available storage capacity at the proposed damsites.
3) Effective live storage of freshwater at the proposed Bang Pakong diversion dam

is estimated at 30 HCM and is treated as the available channel sLorage in the
water balance simulation study. _
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B.4. Projett Implementatibn Plan

B. 4. 1. Seiectlon of Priority Prolect

Based on the optimum basin development plan (alternative irrigation

| development plan-2), the highest priovity sub-project was selected and proposed
for implementation. As the guideline to select the hlghest priority sub-project,
the followings were fully 1nvest1gated

N ational Economic Feasibility

- The cost-benefit ratios were calculated and compared in order to
" evaluate the investment efficiency to be expected from the development
of each sub-basin.

| Technical ahd Engineering Feasibilitv

- Availability of water resources at the proposed damsites was extracted
from hydrological study, and they were compared each other in order to
evaluate potentiality of water resources development.

-~ Relative difficulty of dam construction from technical and engineering

" point of view, especially in view of reliability of dam foundation, quality
and quantity of embankment material and workability, was evaluated
and compared,

- Relative difficulty of land acquisition and compensation in and around
the dam/reservoir area was evaluated and compared.

Social Feasibility

- Needs and request of inhabitants as well as urgency for consolidation of
irrigation facilities, domestic water supply facilities, road, electricity
and industrial water supply facilities were evaluated.

Farm HEconomic Feasibility

- Agindex, the net incremental annual benefit per unit area to be expected
by implementation of irrigated agricultural development was evaluated
and compared.

The above items were then combined to make an overall evaluation as

shown in Table-3. The following figures summarize the overall evaluation.

23



Sub-Basin _ Total Point Priority Order

Lower Bang Pakong S R -8
Tha Lat ' _ 8.7 1
Upper Bang Pakong o 7.8 2
‘Nakhon Nayok - 5.0 8
Middle Phra Prong 60 6
Maenum Hanuman ' C 84 5
Khlong Phra Sathung | 5.9 T
Upper Phra Prong 7.2 3

Eventually the areas irrigable with the water to be stored in the Rabom
dam under construction and Si Yat dan to be built on the tributaries of Tha Lat
river, have been established in the sub-river basins of Khlong Tha Lat (KTL)
and Lower Bang Pakong (LBP)
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B.4.2. Projectimplementation Plan

84 2.1. Project Investment Cost

Ttem “Amount Unit Cost
1. Irrigation Component | (million Baht) (Baht/ha)
‘L.1. Direct Cost )
. Construction Cost o
' Storage Dam . 8,098
_ Diversion Dam § - B95
MainIrrigation Canal 12,302
Sub-Total 20,995
- Administration/Others - 8,125
Total 20,120 71,600
. 1.2.Indﬁect Cost o
- Construction Cost (On-farm) 4,037
- Administration/Others 1,193
Total 5230 12,900
Grand Total 34,350 84,500
2. Water Supply/Industry Component
- Construction Cost
Storage Dam T94
‘Diversion Dam 150
Conveyance System (*) 1,000
Sub-Total 2,544
- Administration/QOthers 816
Total 3,160
Grand Total (1, 4+ 2.) 37,510

Note: Conveyance systems consist of facilities for Bahg Pakong and Plaeng Yao
industrial estates.

B.4.2.2, Proiectimplementation Schedule

In due consideration of well-balanced regional development as well as
high efficiency of the project investment, staged development is considered to
be recommendable. The scheme was proposed to be of three stages. The
following table summarizes the staged development scheme proposed by the
study.
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First Stage Second Stage  Third Stage Total

1. Trrigation Component
1.1, Irrigation Area (ha) 37,900 (LBP) 30,300(LBP) 136,900 (UBP)
8,500 (KTL) 29,700 (KPS) 43,300 (UPP)
16,600 (MPP} 28,100 (MHM)
76,400 (MNN)

Sub-Total 46,400 76,600 284,700 406,800

1.2. Investment Cost (million baht)
- Direct Cost 3,930 6,170 19,020 29,120
- Indirect Cost . 600 850 3,780 5,230
Sub-Total 4,530 7,020 22,800 34,350
{baht/ha) . 97,600 850 80,100 84,400

2. Water 'Supplyllndustt"y Component
2. 1. Investment Cost (million baht)

-~ Raw Water Supply 2 280 210 670 3,160
Sub-Total 2,280 210 670 3,160
Total Investment 8,810 7,230 23,470 37,510

B.4. 3. Environmental Assessment

A preliminary study of environmental assessment was made on the
basis of the tentative project dimension as well as of the NEB guideline.
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A. MAKING DEVELOPMENT PLAN

A.1. Definition of the Project

In the overall basin study for the agricultural water resources
‘development project of Bang Pakong river basin, the river basin development
plan was established, and the priorities to be developed were given to
respective sub-basin projects. Consequently, as the project area with top
priority, the Tha Lat river basin project area consisting of two sub-basins, that
is, Lower Bang Pakong and Khlong Tha Lat, was selected. In these two sub-
basins, the Feasibility Study area of 60,600 ha was finally fixed.

So as to supply the above-mentioned area stably with irrigation water
as well as the staple cities along the river with drinking water, the industrial
- estates near the river with industrial water and the fish ponds and the shrimp
culture with fresh water to control the salinity for the latter; such water
resources development as Si Yat dam to be constructed, Rabom dam under
construction by RID and Bang Pakong diversion dam to be built, new
construction and rehabilitation of main irrigation and drainage canals and
consolidation of facilities on farm level are major works of the Project.

A.2. Inteqrated Agriculture Development Plan

A.2.1. Land Use Plan

The present land use in the Feasibility Study area is categorized as
shown below.

Present Land Use (ha)

Paddy Dry Bush Fish Sub- Cther
field field Orchard land pond total land Total

34,710 2,780 4,060 2,000 1;40{} 44,950 15,650 60,600

The land use plan is shown below as compared with the present land
use. '



Land_Use Plar_l (ha)

Land Use Present Planned - - = Balance
Paddy Field 34,710 34,400 - (-). 310
Dry Field 2,780 940 (-Y 1,840
. Orchard 4,069 7,160 - . 3,100
‘Bush Land 2,000 - 450 . (-) 1,650 ..
Other Land 250 850 600
Total _ 43,800 43,800 0

A2, 2, Prolect Crop Selection and Cropping Pattern __

- Depending on the careful study, Paddy, Malze, Soybean Groundnuts
'Mungbean Mango and Vegetables are recommended as adaptable cropsin the
Project area. Basically, double cropping pattern is adopted and the followmg
five categories are proposed.

Field Character

- Paddy field:

- Upland field:

- Orchard:

Wet Season Dry Season .

1) Paddy Paddy _

2) Paddy _ Legume, Maize, Vegetables(cropping
- rate is about 50%)

3) Maize =~ Legume

4) Vegetables  Vegetables

5) Mango Mango

A.2.3. Cropping Areas by Crops

The cropping areas by crdps are summarized below. Incidentally,
maize is not irrigated only in wet season.,

Crops

Cropping Areas by Crops (ha)

Wet Season Dry Séas_oh Total

Paddy 34,400 _ 6,880 41,280
Maize T00 460 1,169
Soybean - 3,350 3,350
Groundnuts - 2,930 2,930
Mungbean - 3,160 3,160
Vegetables 240 4,350 4,590
Mango 7,160 (7,160) 7,160

Total 42,500 21,130 63,630

The crop intensity will be 149%. (101.5% at present)



A.2.4, Project Crop Production

Project Crop Production

Crﬁj)s Harvested Areas Yield Production

- (ha) (kgtha) (t)

" Paddy in Wet Season - 34,400 4,000 137,600
Paddyin DrySeason =~ - . 6,880 4,500 30,960
Maize in Wet Season 700 2,100 1,470
" Maize in Dry Season - 460 2,500 1,150
Soybean 3,350 1,500 5,023
Groundnuts 2,930 1,500 4,395
Munghean _ 3,160 1,100 3,476
Vegetables _ 4,590 14,300 65,626
Mango , 7,160 18,800 98,808

Total 63,630 348,508

Note: It takes 10 years or more to attain the above target productinh excepting mango in

proposed Bang Pakong Expansion Aréa.



A.3. Water ResoUrces Development Plan’

A.3.1. irrlgable Area

The 1rr1gable area of the Tha Lat river basm deve]opment prq]ect is
divided into four areas.

1) Emstmg Tha Lat Area

: - This area con31sts mamly of paddy fields of 21,100 ha and fish ponds of
1,000 ha irrigated by gravity, witha weir, main and lateral canals

The second croppmg for 48% of paddy fields with 1rr1gat10n wateris
planned to be introduced.

2) Existing Bang Pakong Left Bank Area

This area is so called a water conservation area of 12 300 ha an'd'fish
pond of 400 ha without exclusive irrigation facilities, consisting of paddy fields
0f 9,900 ha, dry fields of 190 ha and orchard of 2,210 ha. :

The second cropping with irri gatmn water for 64% of paddy fields is
planned to be introduced.

3} ThalatExpansion Area

This area is situated downstream of Si Yat dam to be constructed and
upstream of the Existing Tha Lat Area. The farm land of 7,100 ha will be
developed and irrigated by this project plan.

4) Bang Pakong Expansion Area

This area is situated in the orchard belt zone between Existing Bang
Pakong Left Bank Area and the Bang Pakong river. The orchard and the dry
fields with vegetables will be fully irrigated through the year by this project
plan,

A.3.2. Irrigation Plan

The irrigation plan is shown in fhe following figure.



Sub-Project Season Irrigation Service Area and Proposed Crops
) Paddy
. Het :
Existing Tha Lat (21, 100ha)
Irrigation - : : :
Project Area Paddy {pland Crops Veget-
bry ‘ ables
(4,220ha) (4, 620ha) 1310ha [$35
: Orchard | ‘Paddy Veg.
. Wet | (180
Existing Bang - | {2210ha) < {9,900ha) ha) | Net Area = 12, 300ha
Pakong i{aft Bank . —
Project Arvea ] - Qechard { Uplaed Crops | Paddy | Vegat-
Dry ) ables
(2210ha) (2,980ha) | (1980ha) | 1370ha
Orchard |} Paddy
Het : i i
Proposed Tha lat (3,000ha) %%m‘ 4 (3, 400ha) Net Area = 7, 100ha
Exransion Area il -
: Orchard Upland | Maiz
Dry Crops | (460
(3,600ha) | (1840ha) { ha) : Not planted
Orchard | Vegt
et (50
Proposed Bang (1550ha) | ha} | et Area = 2,800ha ‘ Cropping Intensity = 150 %‘
Pakong Left
Bank Area Orchard | Vegt
Dry {50
(1950ha) [ ha)

A.3.3. Irrigation Water Demand

The yearly irrigation demands by irrigation service areas for 20 years
from 1968 till 1987 are summarized in the following table.

Irrigation Water Demand (MCM)

Area Season Maximum Minimum__ __Average
Existing Tha Lat wek 175.2 (1979) 80.0(i983) 119.3
dry 115.6 (1968) 79.0 (1975} 106.8
.......................................... annual 287.4(1979) 180.3(1983) 2261
Existing & Proposed wef 81.5(1979) 39.4 (1983) 57.2
- Bxpansion of Bang dry 196.8 (1968) 178.2(1973) 186.3
JPakong . annual  274.1(1979) 224.201983) 2435
Tha Lat Expansion wet 27.2.(1979) 12.8 (1983) 187
dry 58.9 (1968) 46.6 (1984) 52.0
.......................................... anngal 841 (1979) 59901969 707
Whole Service Area wet 283.9(1979) 132.2 (1983) 195.3
: dry 371.3(1968) 322.3(1973) 345.0
annual 645.6 (1979) 465.5 (1983) 540.3




A.3.4. Fisheries Water Demand

 Asthe fisheries water, fresh water supplies for brackish water shrimp
culture of 1 ,350 ha and fresh water fish ponds of 1,400 ha will be needed The
requlred water amount is estlmated as follows

Fishery Water Demand (MCM)

Area - Season Maximﬂm ' Minimum _Average
Existing Tha Lat wet 3.2(1979) -2.61(1983) . 3.0
dry 3.7 (19'_71) - 3.4 (1983) ' 3.0
.......................................... annual - 6901979) ~ .60Q983) .. .84
Emstmg & Proposad wet 2.0(1979) 1.6 (1983) 1.8
Expansion of Bang dry 11.2(1968) - 11.0(1983) 110
JPakong ‘.%99‘.1.?.1..............1.§..1..(.1..5?.'??? ............ 12.6(1983) .. 128 .
.ThalatExpansion ANNUAL e
Whole Service Area wet 5.2(1979) 4.2(1983) 48
dry 14.8 (1979) 14,4(1973) 14.3

annual 20.0 (1979) 18.7(1983) 19.1

A.3.5. Industrial and Domestic Water Demand

Industrial and Domestic Water Demand R
Irrigation __Water Demand

Service Area Amphoe Water Source _ ~Industry _Domestic Total
_ - AMCMfyr)  (MCMAyT)  (MCM/yr)
Tha Lat, Phnom Sarakan ExistingTha 9.798 3.810 13.609
(Existing PlaengYao Lat Weir o 36.304, ...1,519 37822
Sub-total 46,103 5.329 51.432
Bang Pakong, Ban Pho Bang Pakong 9.350 1.760 11.109
(Existing  BangPakong  DiversionDam 61.950 4596 . .066.546
Sub-total 71.300 6.356  77.656
Tha Lat, Sanamchai Ket RabomDam& 1.480 T.416 8.896
 Expansion SRR Si¥atDem . ..
L . e e
Bang Pakong, Bang Khra Bang Pakong 19.217 2.849 29.066
Expansion  Chachoengsao  DiversionDam 22,653 10735 33.388
Sub-total 41870  13.684 55454
Total : 160753  32.685  193.438




A. 3. 6. Tota!Water Demand -

The total water demand including irrigation, fisheries, Domestic and
industrial water supplies is thus summed as follows:

Overall Water Demand _(MCM)

Area Season

Maximum Minimum l Average

Existing Tha Lat . Wet 205.7 (1970) 109.9(1983) 149.6
Dry 146.3 (1968) 127.5 (1975) 136.8

Annual 348.6 (1979) 240.6 (1983) 286.4

Existing & Proposed . Wet 166.6 (1979) 124.1 (1983} 142.2
Expansion of Bang Pakong Dry 291.4 (1968) 272.1(1973) 278.9
: © Annual 453.3 (1979 402.9 (1983) 421.1

Tha Lat Expansion Wet 31.8 (1979) 17.4(1983) 23.3
Dry 63.5 (1968) 51.2 (1984) 56.6

Annual 93.4(1979) 69.2 (1969) 79.9

Whole Service Area “Wet 404.0 (1979) 251.4 (1983) 315.0
: : Dry 501.2 (1968) 451.3 (1973) 472.3
Annual 895.2 (1979) ‘713.8 (1983) 787.3

A.3.7. WaterBalance
The following two cases of water balance study were undertaken,

Case-1; Proposed final condition after completion of Rabom dam, Bang Pakong
diversion dam and Si Yat dam,

Case-2: Transitional condition after completion of Rabom dam and Bang
Pakong diversion dam only, but before completion of Si Yat dam.

The following assumptions were employed in water balance studies:

thatis,
Live storagés of
(1) Rabom dam : 40 MCM
(2) SiYatdam 300 MCM

(3) Bang Pakong diversion dam: 80 MCM of fresh water between the
upper water level of (+)
1.0 m and the lower water
level of (- ) 1.0 m under the
control.

The water allocation hxanner will be shown as follows «



Water Allocation

Water Source S Water Users
Bang Pakong  Trrigation: Existing and 'propose,d
diversion dam - - expansion of Bang Pakong
' plus compensatory supply
- to the Right Bank area
Industry, Drinking and others,
Existing o 7
Tha Lat Weir ~ Irrigation::  ‘Existing Tha Lat area
: Industry, Drinking and others.
Rabomand S : o
SiYatdam “Irrigation: Proposed Tha Lat Expansion.

As a result of water balance study in 20 years, on condition that the
Bang Pakong diversion dam is so operated as to keep the upper limit of
controlled water level of (+) 1.0 m as far as Rabom and/or 8i Yat dams have
storage capacties in reserve, the water shortage in each irrigation area and the
minimum water storage amount of each dam were summarized below:

Summary of Water Balance Computation (CASE-1)

Shortage in Irrigation Area Minimum Storage (MCM)
Year Area (1) Area (D) Area(8) Diversion Dam Upstream Dam
1968 0.000 0.000 0.000 30.000 75.739
1289 0.000 0.000 0.000 30.060 64_.370
1970 0.000 0.600 - 0.000 30.000 110.482
1971 0.000 0.000 0.600 - 30.000 61.979
1972 0.000 0.000 0.000 30.000 17.245
1973 0.000 0.000 0.000 30.0060 1.000
1974 0.000 - B.7T16 4553 30.000 1.000
1975 0.000 6.863 2180 30.000 4.000
1976 0.000 0.000 0.000 30.000 83.084
1971 0.000 0.000 0.000 30.000 79217
1978 0.000 0.000 0.000 30.600 25.918
1979 0.000 0.000 0.000 30.000 . . 9.048
1980 0.000 0.000 0.000 80.000  0.000
1981 0.000 0.000 0.000 . 30.000 112.364
1982 0.000 0.000 0.000 '30.000 76.541
1983 0.000 0.000 0.000 30.00¢ 19.527
1984 0.000 0.000 0.000 30.000 82.670
1985 0.000 0.000 0.000 30.000 60.999
1986 O.GDO 0.000 0.000 30.000 57.578
1987 0.600 0.000 0.000 30.000 38.471

Note : Area(l) = Existing and proposed expansmn of Bang Pakong
(2) = Existing Tha Lat -

(3) = Proposed Tha Lat expansion
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B. PROJECT FACILITIES

B.1. Khlong SiYatDam.

B.1.1. General Concept

The Khlo’hg Si Yat dam is composed of a main dam, saddle dam, intake

. facilities and a floodway.

| The main dam is constructed on the Si Yat river about 40 km
upstream of the conjunction of the Rabom river,

An earthfill dam of homogeneous type with impermeable blanket is

adopted for Khlong Si Yat dam,

The dam construction cost is estimated as 1,060 million baht and the
~ construction period will be for four years.

TABLE-1.

Reservoir
Average annual rainfall
Drainage area ;
Maximum annual runoff
Minimum annual runoff
Average annual runoff
-Maximum water level
Normal water level
Minimum operating level

Reservoir area (at normal water level)

Active storage
Dead storage
Gross storage

Dam
Type
Crest length

Mazimum height

Crest elevation
Embankment volume

KHLONG Sf YAT RESERVOIR AND DAM FEATURES

1,343 mm
976 sq.km
487 MCM
182 MCM
286 MCM
65.4 m
63.1 m
5L.5 m-
455 sq.km
300 MCM

25 MCM
325 MCM

Homogeneous earthfill dam

Maindam ........... 2,600 m
Saddledam ........ .. 620 m
Maindam .............. 30 m
Saddledam .......... 1256 m

67.5 m

approx. 3,600,000 cu.m
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Spillway

Type Side channel spillway

Crest length | 1650 m -

Crest elevation _ 63.1 m _

Spillway capacity ' - 1,030 cumfs

Inflow design flood (1 000 year frequency flood) 2,037 cum/s
Outlet Works . _ _

Type _ Concrete—encased pressure pipe conduit

Function

- torelease stored water into Si Yat Maln Canal (Qmax = 7.81 cu.m/s)

- %o release stored water into Khlong Si Yat for supplemental water
supply to the dewnstream areas excluding Tha Lat Expansion Ares.
(Qmax = 34.17 cu.nys)

B.1.2. Site Selection

A comparative study has been made carefully for two alternatlve
damsites No.1 and No.2 sites. The result is shown as follows:

Dams ' SiYatDam(No.l)  SiYat Dam (No.2)

Active Storage (MCM) 396 ' 300
Embankment Volume {cu.m) 8,200 3,740
Active Storage / Embankment Volume 48.3 . B0.2
Rough Estimate of Construction Cost _ _ .
Embankment {000 Baht) 820,000 374,000
Spillway ( 7 ) 266,000 206,000
Compensation ( % ) 293,000 223,000
Total 1,379,000 801,000
Water Cost (Baht/cu.m) 3.48 2.67
Acquisition Area (ha) 9,760 7,370

As shown above, No.2 site is advanfageous because of its lower water
cost and less expenses for acquisition of land to be submerged. Eventually,
No.2 site was selected in agreement with RID in May 1990.
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B. 1. 3. . Site Topography, Geoloagy and Fill Materials -

1) Topography

The topographic feature of the proposed damsite is characterized with
the prevalence of gentle but discernible low hills and widely extended flood
plain. ' : :

The Si Yat river about 20 m in width flows down through alluvial
plain to the northwest by west and is united at the damsite from the left bank
bya tribu_tary.

The alluvial flood plain has a width of 300 m on the left bank and 800
m on the right bank, and elevations of 45 to 48 m. The river-bed has an
elevation of 39.7 m. '

The undulated hill is distributed on the left bank where two
discernible heights of flat terrains are traceable.

 The flat terrains with an altitude of 50 to 54 m and 60 to 80 m are of
terrace origin and the latter develops extensively 8 km in width. The
undulated hill shifts into 200 m in height of mountainous terrain in the eastern
divide. ' '

The all_ﬁviai flood plain shifts into the mountainous terrain through
the transitional detritus zone in the right abutment where the highest peak
attains 158 m.

2) Site Geology

The formation is composed mainly of silty gravels and is characterized
by the presence of rock fragments. The rock fragments and silty gravel on the
left bank grade into clay in the riverbed and, sand and silty gravel on the right
bank. '

The mountainous terrain, which forms the right abutment of the main
dam and also the left abutment of the saddle dam, is mainly underlain by
sandstone and siltstone of Tanaosi Group of the Carboniferous in the basement.
Although no outcrops of the rocks are found in the area, rock fragments of fresh
siltstone are found on the mountain slope on the right abutment,

The permeability of the beds were determined by the Open-End Test in
respective drilling holes. The figure shows that the layer of more than 102
cm/sec permeability is distributed in the flood plain on the right bank and in
the lower terrace deposits, and thickness of these layers are 20 6 and 7 m
respectively. Another layers underlaying at the damsite indicate less
permeability of 10-? crn/sec in any place.
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B.1.4. Preliminary Design

1) ReservoirPlan

Effective storage capacity: = 300 MCM

(nearly the same amount as annual
" mean run-off)

- Dead water capacity . : 25MCM
(250 cu.m/sq. kmjyear X 976 sq km

_ X 100 year) -
- Grossstorage capacity : 325MCM .
- Normal waterlevel  : 63.1minelevation

- Minimum operéting level: 51.5min elevation
- Reservoirarea ¢ 4,5 sq.km on normal water level
2) Dam

The earthfill dam of a homogeneous type is proposed for Khlong 8i Yat
dam by the following reasons:

Topography

The topographic feature of the proposed site is characterized with the
prevalence of gentle but discernible low hill and widely extended flood plain.

The dam is approximately 2,600 m long at the dam crest, 67.5 m in
elevation, with a maximum height of approximately 23 m above the river-bed.

An earthfill dam is recommendable due to the location in low dam
height, from an economic point of view.

Foundation Condition

The foundation at almost all the parts of the proposed damsite consmts
of fine-grained materials such as silt, clay, silty clay, etc. These foundation
layers must be good for the support of earthfill dam, but are not suitable for
concrete gravity dam nor rockfill dam,

The seepage control through'the permeable layer is to spread an
artificial earth blanket upstream of the earth embankment of the dam,

14



Application of the grouting for the seepage control is not realistical, because
- the layers are composed largely of unconsolidated fine materials.

3) Fili Materials

_ The borrow-pit site for earth materials is located about 1 km upstream
of the damsite. The site is underlain by impermeable fill materials with which
people could be satisfied in terms of quantity and quality. More than 70% of
the earth materials which can be taken from the borrow-pit are classified into
CL.

: The propos.e& quarry of rock materials for ébarsé aggregate and riprap
- is located in- Khao Ba Ra Run 3 km far from the damsite. It is underlain by
solid granite which has enough quality for the coarse aggregate and riprap.

4) Spillway

In consideration of the project scale and the site conditions, a 1,000
year frequency flood with a peak flood discharge of 2,037 cu.m/sec should be
adopted as the design flood discharge flowing into the reservoir according to the
criteria for storage dams of the Project Planning Division, RID.

As the proposed damsite has a large reservoir area of 45.5 sq.km on the
normal water level of 63.1 m, the surcharge storage will be relatively large.
Accordingly, the spillway capacity can be reduced and determined to be 1,030
cu.nVsec judging from flooding routing.

Rock foundation is only found on the mountainous terrain which forms
the right abutment of the main dam and also the left abutment of the saddle
dam. The location of the spillway is selected on the left abutment of the saddle
dam in consideration of topographic feature, foundation conditions and the
location of the outlet works. By taking the tepography and foundation
conditions of the site into account, the side channel spillway is recommended.

5) Outlet Works
Main functions required for the outlet works are as follows:

- Torelease stored water into the 8Si Yat Main Canal
(Qmax = 7.81 cu.m/sec)

- To release stored water into the Si Yat river for supplemental
water supply to the downstream areas excluding Tha Lat
Expansion Area. (Qmax = 34.17 cu.m/sec)

The outlet works will be classified structurally into two types, one is

tunnel type and the other is cut-and-cover conduit type. As a tunnel is not
contact directly with the dam embankment, it may be safer than a cut-and-
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~cover cc}ndult However, the latter is recommended because 11; is more_ .
economical ag compared with the former '

B.1.5. _'Cohstruét'idh'Plah_and schedule _'

1 ‘Work Volume

The work volume by each working item for Khlong Si Yat dam is

shown in the following table..

Ttem of Wﬂrks _

- Work Voiumé

Fill of Impervious Zone 3,200,000 m®
Fill of Filter Zone and Riprap 390,000 m®
Bxcavation, Dams ' 700,000 m*
» ,Spillway 2,000,000 n®
# ", Outlet Works 250,000 m®
Concrete 41,000 m*

2) Working Schedule

The working schedule of dam construction is made bésed on the
volumes of earth works and concrete works.

Tentative working schedule for Khlong Si Yat dam is summarized as

follwos;

Year

Working Item
1st

2nd

3rd

4th

. Temporary Work

. Main Dam Embankment

. Main Dam Excavation ——

. Spillway Excavation
. Spillway Concreting
. Outlet Works

. Road Works

=3 M D W W BD
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© B.2, Bang Pakong Diversion Dam

B.2.1. Site Selection

Fi'fteen possible diversion damsites were selected on the meandering
part of the Bang Pakong river from the river mouth confluence point of Tha Lat
river. '

As'thé feSﬁIfs of cdmﬁrehe’nsive study on the site selection, the site
No.2, where situate at just upstream of Chachoengsao ¢ity.

B.2.2. Preliminary Design

The design sectional area of the proposed diversion damsite is
recommended as 1,500 sq.m which is the average section of 10 km between 5
‘km upstreéam and 5 km downstream of the site.

_Design Hvydraulic Conditio_n

1) Water Level at the Site

- Case-1: Upstreamlevel =130+ 0.50=1.80m
Downstream level = - 1,50 m

- Case-2: Upstreamlevel =-150m
Downstream level = 1,30 + 0.50 = 1.80m

2) Bottom Elevation and Water Depth at the Site

- Bottom elevation ¢ -9.0m
- Water depth : Max.1.3-(-)9.0=10.3m
Min.(-)1.5-(-)8.0=756m

Gate Type

The double shell type roller gate with normal sysfem is
recommendable for the regulating gate.

The single shell type roller gate is recommendable for the main gate,
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Reglliating Gate Din‘lension-

Specification . Upper Leaf Lower Leaf
-~ Topof the leaf (+)1.80m - (-)1.50m '
- : - the same ag design hlgh the same as design low water

water level of upstream side . level of downstrgam side

- Bottomoftheleaf (-)1.90m S (-)9.00m .

0.40 m lower than design low proposed sill level of the '
water level diversion dam
height of the gate ' 3.70 m 7.50m

No fishway and no navigation lock will be set up judging from
environmental, social and economic studies. (cf. ¥.2 (7) and (9))

Diversion'Channel

The bottom width of the channel is decided to meet the flow width of
the diversion dam and the side slope is assumed as 1 : 5, considering the
stability of side slope. As a result, the water flow area w111 be estimated at
2,240 sq.m.

The left bank upstream of the diversion dam is designed as straight
line and the right bank is considered with smooth curve as the transition to
make steady water flow, :

The opening of transition will be 20 degree from the hydrologieal
viewpoint and the radius of the curve shall be more than five times of the
channel width of about 800 m.

Closure Dam

The side slope of 1 : 5 is applied for the closure dam section to stabilize
the river flow. The top elevation of the dam will be (-+) 3.0 m in elevation
which is estimated as the flood level in 1983 of (+) 2,03 m plus 0.5 m of wave
height and 0.5 m of free board.

Connecting Road

The bridge is installed on the diversion dam body for the purpose of
gate operation and connecting right and left bank transportations,

The connecting road will be.prdvided using the bridge and the closure
dam. It will be used as the trunk road instead of navigation.
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B. 2.3. Construction Plan

Tentative constraction schedule for the diversion dam is illustrated in

Figure- 3.

FIGURE-3. TENTATIVE CONSTRUCTION SCHEDULE FOR BANG PAKONG DIVERSION DAM

Descripﬂun of Works

JiFiMial

@ty 51657

S oy Sedvant 1§ i
1. Preparation, Temporary Works e
2. Diversion Dam -

{1 Exca:vat.ion '500,050 m’

5P, C. Piling 1,564 pt

(33R.C. Piling - 310 pe

{4) Sheet Piling 282t

{5) Coﬁce[e_struclure 38,770 m?

(6} Connecting Bridge 5 spn

{7} Gate and Facilities 2515 t
3. River Bzd Protection

(1) Concrete Block 2,040 pe

{2) Rip-rap Stene 4,610 m’
4, Dike Protection

(L R.C.Pilling 1,000 p

{2} Concrete 500 in®

{3) Stone Pitching 4370 o
§. Diversion Channel

{1} Excavation 4,064,000 m®
6. Closure Pam

{4) Slripping 25,700 m*

{2¥Reck Marerial 30,040 m*

{3} Back fill 111,600 m*

3,000 m?

isigiwinis

24i35135

Dri Seabon

{d) Road pavement incl. base
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B. 3. Ii'rigation and Drainage Facilities

B.3.1. General Concept

The project area is composed of three magor irrigation systems, namely
Si Yat Irrigation System for the Tha Lat Expansion area, Tha Lat Irrigation
System for the Tha Lat Existing area and Bang Pakong Irrigation System for
Bang Pakong Left Bank Irrigation area and the Bang Pakong Expansion area.

1) Thalat lrrlgatmn System

The Tha Lat Irrigation System was constructed in 1953. The intake of
the main canal for the Project is located on the left bank 60 m upstream of the
Tha Lat weir.” And the main canal runs southwest in parallel with the Bang
Pakong river, There regulating gaties are installed 3.0 km from the intake and
the discharge of main canal is controlled by these gates. According to the
rehabilitation plan prepared in 1986 by RID, the design intake water level is
EL. 550 m. The canal slope is so flat as 1/50,000 from the intake to the
regulating gates and 1/14,000 from the regulating gates to the texminal, -

Total length of the main canal is 44 km. Initially it was designed as
concrete canal, it, however, was replaced by the earth canal during
construction for lack of the budget for the Project. The maximum capacity of
this canal is 15.90 cu.m/sec and the flow velocity is considerably slow ranging
from 0.3 to 0.5 m/sec. The canal section has been reduced by scouring and
silting. According to the Project plan, the canal capacity will be up-graded to
22.1 cu.m/sec so that the canal section and related structures are 1mpr0ved to
meet the plan.

More than 10 laterals have been constructed by farmers except 6
regular laterals which were initially installed by RID. Earth canal is applied
for laterals and only structures were made of concrete. The laterals are aligned
at right angles to the main canal. The water level in the laterals are assumed
somewhat lower than the ground elevation of the service area.

2) Bang Pakong lrrigation System

A polder dike is constructed surrounding the project area and
regulating gates are provided at the outlet of natural creeks to take fresh water
when the water level of the river is higher than that of the serviee area and to
save the water to be released during low water level of the river. Those gates
also function to prevent the saline water intrusion into the irrigation service
area during dry season. Some of them were, however, damaged and not
functioning.
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“ Natural crecks are connected each other forming canal networks. The
stored water in these creeks is supphed to the service area, however, it is not
enough to irrigate the area in dry season.

Farmers use their own small pumps to supply the irrigation water to
their paddy fields due to the insufficient water level. Accordingly, those creeks
are used for dual purposes of irrigation and drainage. The flow direction in the
creeksis not constan‘t S0 that check structures are not applicable.

’I‘he polder dike shall be 1mproved at the insufficient part and used as
the operation road. There re-gulating gates which are installed at the outlet of
creeks along the polder dike shall also be rehabilitated or improved. Several
regulating gates are required upstream of the proposed diversion damsite to
control the intake water and downstream to prevent saline water from
intruding info the orchard area located outside of the polder dike. Although
these creeks have a role to drain out excess water, the combined check gates
shall be considered to make operation easier. There exist considerable extent
of chicken and pig cultivation in the orchard area, The problem is the polluted
water drained from those livestock yards. Drainage canals for those polluted
~ water shall therefore be separated from irrigation canals.

About 87 km of main canal shall be installed to improve the irrigation
network to maximize the effect of construction of the diversion dam, Irrigation
water will be diverted to existing creeks through the main canal and head
gates. The canal will be lined by thin concrete to reduce land acquisition,
operation and maintenance costs.

3) SiYatirrigation System

The Si Yat Irrigation System is newly developed with service areas of
about 5,400 ha on the right bank and about 1,700 ha on the left bank of the Si
yat river which is a tributary of the That Lat river. A gravity irrigation
method is recommended. Since the elevation of right bank area is considerably
high and the area is located near the proposed dam, the direct intake method
will be provided for the area. As an alternative plan for the left bank area, it
was considered to discharge required volume of water directly into the Si Yat
river and take it from the diversion weir to be newly installed at 10 km
upstream of the Existing Tha Lat Diversion Weir. This method, however, is
not recommendable because a high diversion weir is required to take water
from the Si Yat river. Accordingly the water is conveyed crossing the That Lat
river at Wat Bang Phaniyang by a siphon extending the right bank main canal.

The main and lateral canals are constructed by the Project and the on-
farm facilities will be consolidated by the beneficiaries.
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B.3.2. lrriqa’tion and Drainaq’e Scheme

The exzstmg 1rr1gat10n system are’ to be efficmntly utlhzed with
additional construction as well as rehabilitation of main and lateral canals and
their appurtenant structures, and with consolidation of on-farm facilities,
- except for the Tha Lat Expansion area where new system of irrigation and
“drainage are constructed separately. :

Water duties for irrigation canals and ditches are summarized as

follows:
Water Duties for Irrigation Canals and Ditches
_ _ . (Unit: hterlseclha)
Service Area Main and Lateral Canal " Diteh
Existing Tha Lat Area ' B W1 1.21
~ Tha Lat Expansion 1.1 1.21

Existing & Proposed Bang Pakong 1.2 1.21

The Project aims to set up the design intensity of storm rainfall as the
3-day consecutive rainfall of a §-year return period, and 150 mm was obtained
from the measurements. - The design modulus was then determined so as to
drain the probable 3-day consecutive rainfall on the irrigated field in 3 days.
Losses due to evaporation and percolation were disregarded for safety reason.
The design modulus of 5.72 liter/sec/ha is, however, based on a Point rainfall.
The resulted design modulus is accordingly applicable for the area of on-farm
level not exceeding 2,000 rai (320 ha). Reduction factors to apply the design
modulus for drainage areas larvger than 2,000 rai are quoted from the RID’s
previous study as follows:

Reduction Factors for Drainage Areas Larger Than 2,000 Rai

Drainage Area in Rai Reduction Factor

less than 2,000 1.00
2,000~ 5,000 0.95
. 5,000~ 10,000 0.90
10,000~ 20,000 0.86
20,000~ 50,000 0.76
50,000~ 100,000 0.72
100,000~ 200,000 0.68
200,000~ 500,000 0.64 .
500, 000~ 1,000,000 0.60
> 1,000,000 0.58
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-B.3.3. Thalatlrrigation System

1) Thalat Weir

" The crest level of the welr shall be hexghtened 1 m to raise the capacity
of te main canal and to increase the effect of gravity irrigation system for the
service area. In order to drain flood water safely without reduction of the width
of existing weir and to maintain normal water surface, a flap type gate will be
effective, A rubber gate is, therefore, recommended in consideration of the
above functions, and from viewpoints of aperatmn and maintenance as well as
its reasonable constructmn cost,

2) Main Canal

The canal section between the intake and regulating gate has not
enough capacity due to silting so that is shall be excavated to the proper size.
Generally as the canal size is inadequate downstream of the regulating gates
due to silting, it shall be expanded to maintain proper canal section. Rock
excavation will be required for some part of canal located downstream.

Furthermore for the purpose of enforcing canal capacity from the
existing 15.9 cu.m/sec to the proposed 22.1 cu.m/sec to meet the improvement
plan, the main canal will be lined with concrete taking the limited land
property and reduction of operation and maintenance cots into consideration.

Since the free board is also insufficient at some parts of the main canal
especially at the downstream portion, additional filling will be needed and both
the banks will be used as trunk roads. Check gates are required immediately
downstream of head gates or the fail of the canal ¢o maintain the necessary
water level, Some culverts and siphons crossing roads or natural creeks have
not enough capacity in its section especially downstream of the main canal and,
therefore, they shall be improved to the proper section.

3) lLateral Canal

Lateral canal were designed with a lining section initially, however,
the lining was not implemented due to the budget shortage. Accordingly the
canal section which has been reduced by silting shall be expanded to a proper
capacity. Both the banks shall be improved with required sizes and they will be
used for operation and maintenance and agricultural purposes.

New construction of check ga‘bes at the proper stations, repairing of the
protection up and downstream of the structures, improvement of the structures
having insufficient capacity, etc. shall be required in order to maintain the
sufficient irrigation water level. Several laterals are also requested to be
improved for the proper irrigation distribution system in the area,
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4) FarmTurn-out

The farm turn-out will be improved into a constant head type turn-out
with one gate. They are principally installed at the same stations of existing
turn-outs, however, additional installation will be required so that a turnuout
will cover about 50 ha of irrigation service area. :

5) Drainage Cana!

Usually natural streams and creeks are used for main or lateral
drainage canals. Farm drains shall be constructed by the beneficiaries and
maintenance cost of natural creeks is included in the O & M costs.

B.3.4. Bang Pakong Irrigation System

1) Pump Station

- Sinee the control water level upstream of the proposed Bang Pakong
diversion dam varies from ( + ) 1.30 m to ( - ) 1.50 m, a low head pumping
station with the maximum capacity of 17.64 cu.n/sec shall be installed to lift
the water from the diversion dam to the main canal. .

The design condition of pump is as follows:

Design discharge : Q= 1764 cum/sec
Lowest suction waterlevel: (-)1.5m
Discharge water level i (+)37m

Judging from the monthly water requirement, the type and
dimensions of the pump are recommended as follows:

Type :  Vertical diagonal flow pump
Unit ¢ 4units '
Size ¢ 1,500 mm

Discharge capacity ¢ 264 cum/min

Total head : 610m

Motor capacity : 390kw

2) Main Canal

At the point 700 m downstream of the discharge basin of pumping
station, the intake canal is diverted to the Left main canal and the Right main
canal. The capacity of Right main canal is 12.89 cu.nv/sec with the canal size
deducted according to the irrigation requirement. The canal length is as
follows:
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Canal Name Capacity Length

_ (cumfsec) (kkm)
Intake Canal 17.64 .07
Left Main Canal CANE 12.0
Right Main Canal 12.89 24.0

~ The canal section is designed as trapezoidal shape having a side slope
of 1:1.5. And it is lined with the concrete to reduce the land acquisition cost
and seepage.

3) Check gate and Head Gate

~ Head gates are installed at the proper stations to deliver water to the
service area through existing creeks. In order to supply proper amount of
water to the service area, several check gates are arrange along the main
canal.

4} Drainage System

To prevent pollufed water from intruding into the proposed diversion
dam, a drainage canal along the Bang Pakong river is provided. Regulating
gates will be provided at the outlet of existing creeks upstream of the dam to
control outflow of polluted water and inflow of irrigation water. So the gates
work as intakes during the high water level of the dam.

On the other hand, several natural creeks are to be expanded to
maintain enough capacity to release excess water. Furthermore, some
regulating gates with insufficient capacity shall be rehabilitated and
improved.

B.3.5. SiYatlrrigation System

1) Main Canal

About 50 km of main canal will be installed for the 1rr1gatlon of Tha
Lat Expansion area.

Because the long canal is provided in order to take water directly from
the dam and to convey water to the left bank, a concrete lined canal is
recornmended to save water from leakage, In order to minimize the water to be
released from the dam, the drained excess water from the catchment area will
be received by the drain inlet structure or waste culvert. Adequate numbers of
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Splllways and waste ways are also provided for the convemence of operation
and maintenance works,

The canal slope is decided to maintain allowable velocity to avoid
scouring and silting. Drop structures are provided to waste excess water head
where the steep topography is predominant. ' :

The check gate shall be provided at the immediately downstream of
lateral head gates and at proper stations to maintain enough water level and to
use water effectively. Both or either bank shall be used for the operation road
and farm road.

2) LateralCanal

Lateral canal are constructed for the head gate of lateral to deliver the
water to the lateral canal.

Farm ditches, farm inlets, farm &féins, ete. will be arranged according
to the standard stated in the Tha Lat Irrigation System.
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C. PROJECT IMPLEMENTATION PROGRAMME
C.1. Project Management and Implementation

'C.1.1._ Project Leading and Executing Agencies

The prbject cdmponénts'cbnsist of water supplies for irrigatioii,
industry, drinking, fisheries and Bang Pakong power station.

Project Implementation Organization

Ministry of Agi*iculture and Cooperatives ....... Royal Irrigation Department (RID)
(MOAC) - ' ' Department of Agricultural
Extension (DOAE)

Department of Agriculture (DOA)
Department of Fisheries (DOF)
Royal Forestry Department (RFD)

- Ministry of Industry (MIND) .................. Industrial Estate Authority (IEAT)
- Ministry of Interior (MOD) ..................... Provincial Waterwork Authority
(PWA)
-~ PrimeMinister'sOffice ............ccovivvinn. Electric Generation Authority of
' Energy (EGAT)
- Local Administration

C.1.2. Coordination Committee

As the decisive organization at the national stage, the coordinating
committee to be presided by MOAC with the members of above-stated 4
minigtries, the National Economics and Social Development Board (NESDB)
and the Governor of Chachoengsao Province, will be recommended,

‘Under the coordinating committee, the conference at the secretarial
stage with the members of RID, IEAT, PWA, DOF, RFD and EGAT should be
set up. ‘ ‘ -

The items to be put for deliberation will be water resources
development policy, water distribution management, project budget, project
cost, allocation, ete.

- The system of the executing organization is compose& of such sections

as administration, land procurement, audit, cooperation, engineering, project
control, and construction.,
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C.1.3. Estabhshment of Water Management Orgamzatlon

_The Water resources development in this project alms at stormg the
river run-off with storage dams and a diversion dam and utilizing it effectively
for the purposes of irrigation and others, TThis basin hag large potentiality to be
developed, but phased development must be applied according to the objectives
and the priorities in the fields of water utlhzatlon As the project area with top

-priority to be developed in the Bang Pakong river basin, the Tha Lat river
basin project area was selected. The Bang Pakong diversion dam has the -
following functions:

- To prevent saline water from intruding into the upstream areaina
dry season. : '

- To store river run-off for the tranSItlon perlods from dry to wet
season and v1ce versa, :

- To control the water to be released from the storage dams to be
constructed upstream of the diversion dam.

- Tocontribute toward the regional development by constructing the
bridge and the road connecting both the banks of the Bang Pakong
river,

According to the regulations for the operations of Si Yat dam and
Rabom dam, the water level on the upstream side of the Bang Pakong diversion
dam should be kept (+) 1.0 m in elevation to the utmost.

The storage of water in the river course functioning as a reservoir for
the water users in many fields will reach the point about 50 km upstream of the
diversion dam.

.The water Management Board (WMB) on the provineial levél should
be established in order to distribute the water resources effectively and
harmoniously.

C. 2. Projectimplementation Programme

C.2.1. Implementation Programme

The implementation programme should be prepared by taking into
account phased water demand tendency as well as urgency of water supply
policy, effectiveness of investment and quick development of the project. The
project implementation programme are divided into two phases.
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1) Beneficiaries

Phase-1 - Irrigation : Existing BangPakong area (12,700 ha)
‘ Bang Pakong Kxpansion area ( 2,000 ha)
“<-Industry>: BangPakongIndustrial Estate (10,000rai=1,600 ha)
Phase-2 - Irrigation :  Existing Tha Lat area (22,100 ha)
- Tha Lat Expansion area {7,100 ha)
<-Industry>: Plaeng YaoIndustrial Estate (10,000rai=1,600ha)

2) Major Facilities
Phage-1
. Common facilities: Bang Pakong diversion dam

- Irrigation. _ o
facilities: Rehabilitation/construction of main and lateral canals
as well as related structures.
Construction of as pump station.
Dredging of drainage canals.
 Rehabilitation of regulating gates.

<-Industrial >
facilities: Construction of a pump station, pipelinesand a
regulating reservoir.

Phage-2
- Common facilities: Khlong Si Yat dam

- Irrigation
facilities: Rehabilitation/construction of main and lateral canals
as well as related structures.
Dredging of drainage canals.

<-Industrial >
facilities: Construction of a pump station, pipelines and a
regulating reservoir,

This prbject area is located between Bangkok Metropolitan and Eastern
Seaboard area as their hinter land.

The government of Thailand decided recently to accerelate water resources
development as well as infrastructural development in the said region.
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C.2.2. Optimum Construction Schedule

The project implementation schedule is shown in the following figure.

C.3. Operataon and Mamtenance

~ Three lrngatmn systems are set up for the development progect The
proposed organizations for operation and maintenance of respective systems are
illustrated. _

Each system has four sections in charge of administration, water control
service, engineering service and mechanical engineering. Irrigation system is
divided into several area managing sections which are composed of some managing
units. The area managing section will be responsible for the service area of 5,000 ha
to 7,000 ha- more or less, The zone managing unit responmble for the area of around
1,000 ha more or less.

Each area manag'ing section is controlled by water master under the
management of the system manager. Each zone managing unit is controlled by a
zone man with the assistance of several water tender and canal tenders.

In the water management plan of the Tha Lat river basin, how control the
water level upstream of the proposed Bang Pakong diversion dam is proposed in the
main report.

That is, the control water level upstream of the diversion dam are basically
as follows:

- Highest control water level ¢ (+)1.0m MSL
- Lowest control water level : (-)1.0mMSL
- Control water level for transition period : (+)1.0m MSL
- Control water level for wet season :  Full opening of the gates
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D. COST ESTIMATE
D.1. ProjectCost

Project costs which consist of direct and indirect project cost are
summarized in the Table - 2 and Table - 3.

TABLE-2. SUMMARY OF PROJECT COST
' - Unit : Million baht

Work Description Phage I Project -Phase I Project, Total

A. Direct Project Cost’

1. Preparatory Work 20 26 46
2. Construction Cost © 92,180 1,943 4,103
3. Land Acquisition / Resettlement 375 680 1,055
4.0 & M Equipment 11 11 22
5. Survey and Investigation 24 15 39
6. Administration Cost 106 130 236
7. Engineering Service C 216 194 410
8. Physical Contingency 201 299 590

Total (1-8) 3,203 3,298 6,501
9. Price Escalation 474 803 1,277

Total (1-9) 3,677 4,101 7,178

' B. Indirect Project Cost :
1. Construetion Cost 220 452 672

2. Engineering Cost 26 54 g0
3. Physical Contingency 25 50 S 1
Total (1-3) 271 556 827

4. Price Bscalation 51 147 198
Total (1 - 4) 322 703 1,025

Grand Total (A+B) 3,999 4,804 8,803
Foreign Currency (2,215) (1,980) {4,195)
Local Currency {1,784) (2,824) (4,608)
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D. 2. Diébursement Schedule

The dlsbursement schedule for the direct and the indirect projects is
made based on the pro_;ect 1mplementatlon programme,

The summary of the dlsbursement schedule is shown in Table -4,
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E. PROJECT JUSTIFICATION
E. 1. GeneralConcept :

 The project Justlflcatlon is made through the study of project
feasibility from economice, financial and socic-economic aspects.

The economic feasibility is studied by calculating the economic
internal rate of return (EIRR). Sensitivity analysis is made in order to
elucidate the economic viability of the project against the change in prices,
delay in implementation, cost overrun and yield,

Financial analysis is made by typical farm budget analysis and cost
recovery including joint cost allocation.

The social effects and economic impacts from the implementation of
the Project are treated in mtanglble benefit study and environmental impact
evaluation.

E.2. Identification of Project Benefit

E.2. 1. Taﬂgib!e Benefit

Economic mcremental net production values are shown in the
following tables.

{NCREMENTAL BENEFITS FROM ALL SECTQORS
Unit : Million Baht

Project Agricultural Industrial and
Year Water (Overrall) | Domestic Water Total
1995 -3.1 - -31
1996 162.3 59.4 221.7
1997 244.5 T4.8 319.3

- 1998 587.6 128.3 715.9
1999 639.6 ' 153.7 793.3
2000 677.5 190.1 867.6
2001 675.3 200.0 875.3
2002 683.0 203.9 386.9
2003 _ 690.0 2038.9 -893.9
2004 709.9 203.9 913.8
2005 7474 203.9 951.3
2006 804.2 203.9 1,008.1
2007 - 862.2 203.9 - 1,066.1
2008 904.1 203.9 1,108.0
2009 - 8301 203.9 1,134.0
2010 930.1 203.9 1,134.0
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E.2.2. _Intangible Benefit

* In addition to the tangible benefit for agriculture and fishery, various
intangible benefits and socio-economic impacts are expected from
implementation of the project comprised by agricultural sector, industrial
water supply sector and drinking water supply sector, - The major mtanglble
benefits are shown as follows

n Creatlon of new Job opportun1t1es
- 2) Improvement of local transportation
8) Improvement of sanitary condition
' 4) Improvement of water front environment

E.3. EconomicAnalysis Cost

E.3.1. Capital Cost

The project cost consists of t;he direct project cost and the indirect
project cost.

All these costs are estimated on a financial basis as shown in Table - 3.

In order to estimate the economic cost for agricultural sector, finanecial
cost for Si Yat storage dam and Bang Pakong diversion dam are previously
allocated by 63% of agricultural water sector and 37% of industrial and
drinking water sectors.

The financial costs are converted into the economic costs by applying
the conversion factor as cost component (CCF).

E.3.2. Annual Operation and Maintenance Cost

The financial cost does not include the depreciation cost of O & M
equipment. This financial cost is converted into economic cost using conversion
factor of 0.9.

(million baht)
Phase Finaneial Eeonomic
Phase-1 17.0 15.3
Phase-2 21.8 19.7

Overall 338 . 35.0
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E.3.3. ReplacementCost

Pumps proposed in Phage-1 project and Resettlement plan of Phase-2
are replaced by interval of 20 years,

{million baht) "
Phase - Financial  Fconomic
Phase-1 _ 170 153
Phase-2 - 0.08 0.07

E.3.4. Economicnternal Rate of Return

The economie iﬁternal rate of return for the agricultural sector is
calculated on the basis of the flows of economic benefits and costs mentioned
above. EIRR by phase is calculated as follows:

Agricultural Sector All Sector
Phase-1 . 14.0% 12.2%
Phase -2 9. 1%

Overall - 11.7%
Phase-1 13.6%
{tentative)

E.3.5. Sensitivity Analysis

SenSitivity analysis is the effective measures of testing for the
riskiness of the project. Analysis are made for the following cases:

Case-1: 10% increase in project cost due to unforeseen geological and
topographical conditions and unexpected increase of material costs.

Case-2: 10% decrease in project benefit due to unexpected decrease in prices of
commodities and in crop yield.

Case-3: Two years overrun of full-development period of project benefit,
Case-4: Two years overrun of construction period.

The EIRR of four cases are estimated as follows:

EIRR (%)

Case Overall Phase-1 Phase-2
Original 117 14.0 9.7
Case-1 10.8 13.0 9.0
Case-2 10.7 12.9 8.9
Case-3 11.1 13.3 9.4
Case-4 10.8 12,7 9.2
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E.4. Farm Budget Analysis

“The farm budget analysm are studled in order to evaluated the Project
from the financial aspect of the beneficialis. Typical farms are represented by
three farms with cropped acreage averaged by the sub-project area, that is,
Existing Bang Pakong area, Existing Tha Lat area and Tha Lat Expansxon
area,

Net farm income with and without the project are estimated as shown
in the Table - 5, :

E.5. ProjectJustification

Eiconomie internal rate of return (EIRR) fer all sectors was estlmated
at 12.2 percent, :

It was reported that the latest prime rate of loan interest is 15 percent
at the minimum and the deposit loan rate is 12,5 to 13 percent. When the
marginal productivity of capital is considered to be approximately the deposit
loan rate, the economy of all sector projects is rightly justifiable, The cost
benefit ratio for the agricultural sector will be con31dered nearly justifiable
from the national economic point of view. :
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F. ENVIRQNMENTAL IMPACT EVALUATION
F. 1. Introductton

The detalled Env;ronmental Impact Statement (EIS) is requu‘ed if the
main features of the proposed prOJect exceed the following guldehne

- Effective storage i 100 MCM
- Reservoirarea - : 15sqkm
- Irrzgatmn area ¢ 80,000 ral (12,800 ha)

, The proposed Tha Lat river basin development pro;ect has been’
divided into two phases in view of the project implementation, and the both
phases are larger than the above guideline in scale and therefore the detailed
EIS will be required. : :

Main Feature of Tha Lat River Basin Development Project

Overall |
Phase-1 Phase-2 Development

Effective Storage (MCM) 30 300 330
Reservoir Area (sq.km) -10 455 b5.5
Irrigation Area (ha) 14,700 30,240 43,640

The environmental sﬁudy comprises manifol_d items of environmental
impact evaluatmns They are primarily classified into the following four
categories:

(1) Physical resources
(2) Ecological resources
(3) Human use values
(4) Quality of life values

_ Preliminary studies were only carried out at the current stage of the
study for the purpose of pointing out the present environmental problems and
constraints and the anticipated alternation in environmental resources, either
positive or negative, probably be caused by the project implementation.

F.2. Preliminary Environmental Impact Study for Phase-1 Project
Since there are manifold items of environmental evaluation, some of

the important items to be stated in this summary report, will be introduced as
follows:
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1 Surface Water Hydrology

At the operation phase of the Bang Pakong diversion dam, there will
be no impact on flow discharges and patterns during wet season, because the
gates will be fully opened to release flow naturally. On the contrary, during
dry season, the river flow will much decrease due to water diversion for various
water supply purposes. Qccurrence of flash flood may not induce back water
upstream if an appropriate rule of the gate operation is introduced
accompanied with establishment of the basin monitoring systems,

Downstream of the diversion site, the water will become more saline
than that at present, because small amount of fresh water will only be released
in dry season. The water of high salinity of more than 25 ppt will effect growth
rate of shrimp. Provision of fresh water to dilute water salinity within the
suitable limit should be faken into consideration.

2} Surface Water Quality

The discussion on water contamination in the river, will conclude
preliminarily that the values of pesticides, and DO, BOD and coliform bacteria
were rather beyond the standard level of NEB,

The measures for controlling the concentration within the allowable
limit should be implemented as early as possible. The possible measures at this
moment may be as follows:

- Campaign to farmers to use less toxic pesticides

- To advise the farmers to plant rice with a variety of high
resistant to pest and diseases

- Serious intention to be paid on controlling measures of effluent
water from swine farm and industries

- To release retained water at the location below water surface

- Continuous monitoring of water quality after ccmpletion of the
diversion

In this connection, the proposed Project envisages to consolidate
drainage facilities to drain effluent water from swine farm and industries
downstream of the diversion dam.

3) Soil Erosion

Nipa palms 'are' Qbserved along the banks of the river and its
tributaries. After the project implementation, the nipa palms growing may be
impeded in some cases, by salinity change, resulting in some impact on possible
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soil erosion on river banks after a long white. It is very important to mdnib::r
the growing situation carefully. _

4) Groundwater :

The water level of the dlversmn dam is planned to be contx olled w1th1n '
the range between (+) 1.5 m and (- ) 1.5 m. The level below zero is, however, to
be avoided whenever possible, since it would cause adverse flow of groundwater
and in turn leakage of saline water would be resulied.

5)  Sedimentation

The riverbed upstream of the dwersmn dam, w111 be elevated bec*mse
of back sand at the edge of the reservoir during dry season. It is planned
however, that the gates are fully opened in wet season during which the
sediments are easily flashed down through the river channel into the sea.
Therefore, environmental impact by change of transpmtatmn mechanism of
sediment is considered very little.

6) Aquatic Ecology

Retention of fresh water in the river will induce significant changes in
aquatic eco-system. Study of existing ecological characteristics is considered to
be important so that the ecological changes can be antxmpated and mitigated as
much as possible. :

This river is still abundance of agquatic animals but have a trend of
decreasing due to human activities.

The economic type of zooplankton are still abundant. The fry of these
planktons appear for different period due to their spawning season. Shrimp fry
was found all the year but commonly observed to migrate upstream in March.
Fish fry normally appear the upper river section for growth in fresh or brackish
water in May and August.

The aquatic ecology as mentioned above will change when the
diversion dam has been implemented. Ecology of Bang Pakong river is very
complicate and requires a little more time for study in order to minimize the
impact change.

7} Fisheries

As high as 106 species of fishes and aquatic animals including fresh
water, brackish water and marine species were ohserved with econoimic species,
respectively, carp; sea-loach and giant prawn; squid, globefish and sea-bass.
These aquatic animals distribute and migrate up and down the river according
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to the changiﬁg :pattern'o'f salinity. ‘The total catch of fishes and other aguatic
animals in the river by the fishermen was estimated at 230 ton/year.

The construction of diversion dam will effect migratory of fry and
~adult of fishes and some aquatic animals. In the Bang Pakong river, the
spawning season of fishes is around April to July, and the fish fry migrate
upstream to growth during May to August. The operation of the diversion as
well as engineering facilities design should be taken into consideration.

In this regard, the proposed Project aims to release the minimum flow
discharge at the diversion dam through a year even during a critical dry period.
This minimum discharge will spill over the regulating gates with the water
depth of 10 to 20 ¢m, through which fishes can proceed over the gates upstream
and downstream.

~ The fishway construction will cost too high to afford facility to fishes
~and aquatic animals only in a dry season.

The shrimp growers downstream of the diversion dam will be fully
supplied with fresh water by the Project, resulting in a great improvement of
the present growing condition of shrimp.

An area of about 1,000 ha of fresh water fish ponds located nearby the
terminal areas of the Existing Tha Lat and the proposed Bang Pakong
irrigation main canals are also supplied with adequate volume of water by the
Project, improving existing one cycle of fish culture per year into two cycles.

8) RNipaPalm

Presently, the nipa is considered as one of economic tree crops among
villagers located close to the river channels. The growing situation will
therefore be monitored carefully after the project implementation.

9) Navigation

The transportation of goods by boats are rarely observed there. If the
road linking both the river banks by way of the diversion dam is propoesed, a
ferry will not be necessary and the transportation to the other bank be
improved very much, The transportation along the river, however, will be
interfered by the diversion dam. Landing places for passenger boats at the site
will therefore unavoidably be needed to transfer the boats. The construction
cost for navigation lock is too expensive to offer convenience to the villagers.
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F. 3. Pre!iminary Envirbnrrient’a! !mpact Study for Phas'e-z Project

Slnce there are Iots of env1ronmenta1 evaluatmn some of the
important items only to be stated in this report, will be introduced as follows:

1) Surface Water Quality

The quality of the Si Yat river is still w1th1n the range adaptable to
domestic and irrigation waters .

A thermocline will be easﬂy formed in the Si Yat reservoir judging
from the calculation using reservoir area, ‘inflow discharge and storage
capacity. Once it is formed, ‘the water quality will become worse owing to
reduction of DO.
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G. CONCLUSIONS AND RECOMMENDATION
G.1. Conclusion

As a result of the overall basin study for the agmcultural water
resources development project of Bang Pakong river basin, the Tha Lat river
basin project was selected as the one with top priority from several sub-basin
development projects. :

, Continuously the feasibility study on the project has been made
carefully. The project has multi-purposes for water resources development,
~ that is, for irrigation, indusiry, drinking, and fisheries, and two sub-phased
implementation schedules :

As stated above, it has been found that the project is accorded high
priority and great urgency to be developed with water supply for attaining
‘quick benefits to the project area and accelerating regional development.

_ It is, therefore, concluded that after its prudent findings, the Project
is technically feasible and economically viable,

G.2. Recommendation

1) In the time of the implementation of the Tha Lat river basin
development project with storage dam and diversion dam constructions, not
only the technical and economic examinations, but also social or environmental
considerations must inevitably be needed according to the result of the
environmental impact study to be carried out by the third party.

2) The facilities plan and their cost estimate made in this feasibility
study must be reexamined at the detailed design stage to enhance their
precision,

3) . The organization of the project implementation and their operation
and maintenance must be strongly functioned, because of multipurpose water
resources development schemes and multi-phased implementation programs.

4) Especially,'the confrol of the water to be released from the dams and
the diversion dam after construction will be quite important. 1t must be
unifiedly controlled by the technical officials of the government.

5) The water management board on a provincial level should be
organized to coordinate the water distribution plan based on the water demand
request from respective sectors for effective utilization of water resources.
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6) The project 1mp1ementatlon schedule must be phased in conformity to
water demand tendency, urgency of water supply policy, effectxveness of
investment, ete, :

7) - _.The resettlement areas for Khlong Si Yat; dam and Bang Pakong
diversion dam must be finally determmed after the more detailed mvestlgatlon
and study. :

8) ' Based on the understandlng of the bas1c concept in Whlch 1rr1gat10n
and drainage must be separated each other, the irrigation and drainage plans
must be implemented. Besides, RID should educate and cooperate farmers to
be benefited to implement construction works and proper
‘operation/maintenance of the terminal irrigation and drainage facilities in
order to execute quick yielding of the proposed crop productions.

9) So as to bring the cultivation fechnic of d1ver51ﬁcat10n crops and
‘transportation system on a higher level, administratively and financially
assisting countermeasures for such agricultural supporting services as
agricultural extension, farmers’ organization, credlt circulating system, ete.
will be required.

10) The diversion dam works to be implemented near the existing
communities require the treatment of plenty of dredged soil.. Acquisition of the
land to fill up the soil and how to use the filled land must be seriously
examined.

11) Since the construction of conducting facilities for industrial and
domestic water supplies is concurred with the construction of the diversion dam
and irrigation facilities, serupulous coordination will be necessary for
implementing the project harmoniously and economically.

12) The topographic survey and geological investigation must be carried
out for further detailed design, land acquisition and construction works,

- Topographic surveys for storage and diversion damsites and main
irrigation/drainage facilities. '

- Geological investigations for storage and diversion dams and major
facilities related.

13) Since the arrears of the planned construction schedule influence upén
the economy of the investment, the construction works on time will be
inevitably needed. '
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