11.3.5 Overall Construction Schedule

Overall construction schedule for 11 sub-projects is prepared taking into account vigent sub-
projects for the doror basin and disbursement schedule of the construction cost as showa in Table
11.3.5.

Table 11.3.5 Overalt Construction Schedule

Construction Divisions 1l213l14]l5361721819}110]11

Kok-Tak Canal

Tak-Ing Canal

Kok-Ing No.2 Tunne}

Ing Canal & Ing Weit

Ing-Yot Canal

Ing-Yot No.2 Tunne!, Division 1
Ing-Yot No.2 Tunnel, Division 2 & 3
Ing-Yot No.2 Tuanel, Division4 & 5
. Ing-Yot No.2 Tunmel, Division 6 & 7
10 Ing-Yot No.2 Tunnel 8, Division 8 & 9
11.Yao Dam & River Training

RS AN ol ol

11.160



1.4

11.4.1

Praject Cost Estimation

Summary of Project Cost

The whole Project cost is consisting of the coss for @) Kok-Tng-Nan Water Diversion Project,
@ Associate Isrigation Project, 3 Environmentat Impact Mitigation, @ Existing Beneficial Area in
Lowei Nan and Delta and B New Beneficial Area in Lower Nan and summarized as follows;

And the cost is estimated by 35 Baht/U.S.$.

Table 11.4.1 Suminary of Projecl Cost
(Unit Miftion Baht)

I APlan B Plan Remark
eme FC | LC | Totat | £C | LC | Tow
. Refer to Table
(1) Kok-Ing-Nan Project 314160 11,970] 43,386| 31.416) 11,970 43,386| 7y )
(2) Associate Irrigation Project 25000 1313 3813] 2500 1313 3813 Reﬁ' ;‘;I;;”e
(3) Environmental Impact Mitigation 380 420 800 380} 420 800 -do -
(4) Existing Beneficial Areain Lower i A ] ' e
Non & Belta o1  on 944 o144 do

A8} New Beneficial AreainLower Nan | 7,000 3,600 10,6201 o .. 0 ....0 _-do-

Total 41,206] 18,267] 59,563] 34,296] 14,647] 48,943

Remark; A plan includes the development of new beneficial area in the lower Nan {with new beneficial ared), while
B plan is without new beneficial area.

(1) Kok-Ing-Nan Project Cost
The Kok-Ing-Nan Project cost is summarized as follows;

Table 11.4.1.(1) Summary of Kok-Ing-Nan Projcci Cost

tems Amount (Million Baht)
F.C LC Total
(1) Construction Cost 24,987 7232 32219
(2) Bngineering Cost 1,539 1,565 3,104
(3) Administration Cest 0 645 645
{4y O/M Equipment 165 0 166
(5) Total (1)~(4) 26,692 9,442 36,134
(6) Tolal with Coatingency ((5) % 1167%) 29,36% 10,386 39,747
(7) Tolal with Tax {((6) X 107%) 3L,416 11,113 42,529
(B) Land Acquisition 0 857 857
(9) Projedt Cost Total {(7)+{8)) 31416 11,970 43,186

(2) Other Costs Related (o the Kok-Ing-Nan Project

The other costs for Associate' Jrrigation, Envitronmental Impact Mitigation, Existing Beneficial
Area and New Beneficial Area which are related to the Kok-Ing-Nan Project are cstimated
preliminary as shown in Table 11.4.1.(2)
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11.4.2

Table 11.4.1.(2) Other Costs related to Kok-Ing-Nan Project

. , Unit Price (Bah Amount (Million Baht
Remark Unit | Quantiy[ 7S LC( 'gotal EC ﬂllc Total |
1. Associate Irrigation Project
{1} lrrigation System in New Area
Kok-fng Beneficial Area Rai 200,000 10,000] S,000] 15000f 2,000; 1,000 3,000
______ Upper NenBereficistAvea | Rei | s50.000] 10000f so00f 15,000  sool  2s0f 750
................. stol |t Jasopool T L] 2sm] 1ase) as0
| (2) Land Consolidation for Perenial Crops
Kok-Ing Beneficial Area Rai 25,000 - 2,000 2,000 S0/ 50
..... Upper Nan Beneficial Area | Rai [ 6500 o 2000f 2000, - 13 13
Sub-total Rai 31,500| - 63 63
Tota) 2,5001 1,313 33813
2. Enviroamental Impact Mitigation
(1) Refocestation Conter Place 3 - - - o0 60 150
(2) Diversified Crop Conter Place 3 - - 30 30 60
{3) Eoo-Tourism Area Piace 2 150] 150 300
{4) Hatchery Facility Place 4 - - - 50 50 100
(5} Animal Dispensary Place 2 - - - &0 30 90
{6) Reseltlement LS - - - - - 100 100
Total 380 420 800
3. Existing Beneficial Area
in Lower Nan & Delta
Land Consolidation in Delta Rai {377,000 -l 2,000f 2,000 - 754 754
-do~ inLower Nan Rai 95,000 -1 20000 2,000 - 190 190
Total Rai | 472,000 - 244 944
4. New Beneficial Area in Lower Nan
New Irrigation System Rai 700000] 10,000f 5,000 15000] 7,000 3,500] 10,500
| Land Consolidation | Kel { S0000| . 420000 20000 f . 120 120
Total Rai | 760,000 1 7,000, 3620 lO,@I
Kok-Ing-Nan Project Cost

(1) Construction Cost

The construction works will be carried out on the contraci basis under the international tender
because the construction is composed of the large scale, complicated and difficult works such as the
diversion weir and canals 1o selease the large discharge capacity of 175 cu.m/sec, tunnel with the
large diameter of 11.0 m and long distance of more than 50 km and the dam with the large outlet

discharge capacity of 200 cu.m/sec.

The construction works also will be carried out by the following 11 construction diversions
taking into account the kinds of works, scale of works, construction cost, ¢ic.

Kok-Ing Diversion Canal

1) Kok intake, Kok canal and Kok-Ing No.1 tunnel

2)  Takcanal
3)  Kok-Ing No.2 tunnel
4)  Ingcanal and Ing weir
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Ing-Yot Diversion Canal and Tunnel

5)  Ing-Yot canal including Ing-Yol No.1 tunnel
6)  Ing-Yot culvert and Ing- Yol No.2 tunacl, Division 1
7)  Ing-Yot No.2 tunnel, Division 2 and 3
8) Ing-Yot No.2 funncl, Division4 and 5
9)  Ing-Yot No.2 tunnel, Division 6 and 7
10}  Ing-Yot No.2 tunnel, Division 8 and 9

Yao River

11y  Yao Dam and Yao River Training

(a)  Estimation of Unit Rate for the Works

Although the unil rate for the works is estimated by Thai side study, it is vety difficolt to
revicw it due to lack of back data for the cost estimation. JICA Team accordingly has studied the
unit rate for the works preparing the basic rate for labor, construction materials and hiring cost of
construction equipment for the works and comparing with the rate estimated by Thai side study.

The unit rate for tunnel construction is studied rmore carefully through classifying into tunnel
types based on the geological conditions along the tunnel route, bocause the direct construction cost
of funnel which is about 22,000 miltion Baht in the Project will occupy as much as 70% of the total
construction cost and give the targe influence to the Project cost and economy. The unit rate also is
divided into the foreign and local currency in order to judge the foreiga and local currency portion of
the construction cost.

(b)  Estimation of Construciion Cosl

The construction cost for the Project is estimated based on the Bill of Quantity for 11
construclion divisions as shown in the supporling report and summarized in Table 11.4.2.(1)

The total construction cost of the Project is 32,219 million Baht consisting of the foreign
currency of 24,987 million Baht and the local cusrency of 7,232 million Bahl.
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Table 11.4.2.(1) Construction Cost

{1,000Baht)
. Praject Cost x 1,000Bakt
[tem Unit FC. i j Total Remarks
74)71 Construction Cost of Kok Intake, Kok Canal & Kok-Ing No.1 Tunael B
(1) Kok Fatake LS. 219,445 99,265 118,710
| (2) Kok Open Canal LS. | 390,282 179577 569,859
(%) Kok-Ing No.1 Tuagel {Ls 827,178]  234,7%0] 1,061,968
_ () Main O/M Oflice LS. 205,590} 82,583 288,173
~ Sub-Tolal ("(1)"+~+"(4)") 1,642,000 596,000 2,238,000] x 1,000Babt |
B,Q-2 Consiruction Cost of Tak Canal .
(1) Tak Open Canal N LS. [ 21521 78,749 293,961
_(2) Tak Culvert Canal ) LS. 1,412,302 344,99 1,757,246
T SubTenal (")) 1,628,000 4240000 2,052,000{ x 1,0003m
[ B,Q3 Construction Cost of Kok- lng No.2 Tunnel B
(1) Kok-Ing No. 2 Tuanel LS. 1,414,000 328,000 1,802,600,
 SubTotal 1,414,000 388,000 1,802,000] x1.0008:m
B,Q-4 Construction Cost of Ing Canal & Ing Weir/lntake _ o |
[ (1) Tog Open Canal . LS. 623,834 242,891 866,728
() Jag Culvert Canal _ - LS. 246,871 67,967 314,84
~(3) Ing Weir } LS. | 2713504 79,767, 353,67
(4) Ing Intake LS. 277,992 121,150 399,142
Sub-Tolal (1) +~+"(4)") 1423000, 512,000 1,935,000] x1.000Bah
B,Q-5 Construction Cost of Ing-Yot Canal & Tag-Yot No. lTum:.eI
(1) Ing-Yot Opzca Canal LS. 65,564 15,921 81,485
(2) Ing- Yot Culvert Canal (1) LS. 1,434,946 T 342,254 1,777,200 L
(3) Ing-Yot No.1 Tuanel ] s 594,877 163,114 757,991
T SubTotal (1) s~ +"(3)") 2,095,000 520,000 2,616,000] x 1.000Ban
B,0-6 Cobpstruction Cost of Ing-Yot Culvert & Tng-Yot No.2 Tunnel Div.1 N
(1) Ing- Yot Culvert Canal 2) LS. | 1434946 342,254] 1,777,200
" (2) Ing-Yot No.2 Tusnel Division 1 LS. 1,270,858 358,39 1,629,250 _
Sub-Total ("(1)"+"(2)") 2,706,000 701,000,  3,407,000] x 1,000Ban |
8,Q-7 Construction Cost of Ing-Yot No.2 Tunnel Div.2 & Div.3
[ (1) Tng- Yot No.2 Tuanel Division 2 1.S. 1,389,592 393885 1,783,477
(2) Ing-Yol No.2 Tunucl Division 3 1S, 1,599,635 438,305 2,037,940 -
Sub-Total ("(1)"+"(2Y") 7.989,000] 832,000, _ 3,821,000] x1,000Bat
BQ- 8 Conslrection Cost of [ng Yot No.2 Tuonel Div.4 & Div.5
(1) fag-Yot No.2 Tunnel Division 4 LS. | 1,940,864 503,636] 2,444,500
(2) Ing-Yol No.2 Tunuel Division 5 LS. 1,801,914 465,i03] 2,267,017
[ Sub-Total ((1)"+"(2)")_ 3,743,000 969000  4,712,000] x1,000Batt
B,Q-9 Construction Cost of Ing-Yot Ne.2 Tu aael Div.6 & Div.7 _
(1) Ing- Yot No.2 Tuane! Division 6 | LS. 1,837,916 4810220 2,318938
(2) Ing-Yot No.2 Tuouel Division 7 LS. 1,704,036 441,895 2145931 |
Sub-Total ("{1)"+"(2)") 3,542,000, 923,000 4,465,000[ x 1,0008:m
B,Q-10  Construction Cost of Ing-Yot No. 2 Tumnel Div.8 & Div.9
" (1) Ing-Yot No.2 Tusnel Division 8 LS. 1,357,340 3774500 1,134,799
(2) Isg- Yot No.2 Tunael Divisicn 9 LS. 1,272,688 359,035 1,631,723
Sub Total ("(1)"+"(2)") T | 2,630,000 736,000, 3,366,000! x 1.000Baht_
B,Q-11_ Construction Cost of Yao Dam & Yot and Yao River Training
(1) River Diversion Works LS. 72,574 35,001 107,575
(2) Intake Works LS. 91,716 41,281 132,997
_ {3) Outlet Works s 67,179 21,584 94,763
{4) Coffer Dam LS. 26,029 15,202 41,231
~ (5) Main Dam LS. 126,737] 44,219 170,956 |
(6) Spillway LS. 378,078 125,898 503,976
" (7) Contsol House Yard j LS. 30,324 16,367 46,691 -
(8) Yot River Training LS. 790307 12,516 107,823|
(9) Flood Protection Dike LS. 96,247 31,030 121,277
| (10) River Improvement LS. 195,603 216,171 471,780 ]
Sub-Total ("(1)"+~+"(10)") 1,175000]  630,000] 1,805,000, x 1,0008aht
Total (*B,Q-1"+ ~ +*B,Q-11"} 24,987,060 | 7,232,000 | 32,219,000 | withow Tax
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{2) Other Cost

The Project cost is composed of the construction cost and the other costs such as the
engineering cost, administration cost, land acquisition cost and OfM equipment. These costs are
estimated as follows;

(a) Engincering Cost

The engineering cost is composed of the engincering fee for the detailed design and
consiruction supervision and the expenses for topographical and geological survey in the detaited
design stages. These costs are estimated as shown in Table 11.4.2(2)-2,3 and summarized as
follows,

Tahle 11.4,2.(2)-1 Engineering Cosl

fteen Cost (Million Babt) ]
F/C L/ Total
§. Detailed Design Stage
Eogineeriag Fee 205 169 34
Topographical Survey Cost - 30 30
Geological Investigation Cost oo 55 155 N
' Sub-folal 305 254 559
2. Construction Supervision Stage
Engincering Fee 1,23 1,311 2,545
Tolal 1,539 1,565 3,104

(b)  Adminisiration Cost

"The administration cost is the expenses of government for the implementation of the Project
such as the site office, supervision expenscs for the Consultant and Contracior, inspection expenses
for the monthly payment, management cost for the site maintenance during construclion, elc. Since
the KIN Project is the huge project requiring construction cost of 32,219 million Bahi, the
administration cost is ¢stimated al 645 million Baht which is equivalent 10 2% of the construction
cost.

{¢) O/M Equipment
The O/M woiks for the water diversion in the project will not have difficult items. The major

mainlenance of the Projeci facility is consisting of the following items;

- Sediment removal by dredging boat at the approach canal in the Kok infake and at the Ing
reservoir

- Road maintenance along the open canal
- Periodical painting and rcpairing for gate and valves
- Maintenance for the control house, office and residential quarters

These mainlenance works will be carried out by employing the contractors in Chiang Rai
province excep! the sediment removal works which will be carried out by the force account.

The O/M equipment, therefore will be consisling of mostly vehicles and their costs are
estimated at 166 million Baht {Foreiga currency)
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(d) Land Acquisition and Compensation Cost

The land acquisition and compensation cost is estimated based on the area and unil rate of
arca 1o be lost by the Project implementation.

The cost is estimated at 857 miltion Baht by Vhai side and its detaif is as shown in the
supporlting reporl.

(¢) Physical Contingency

"The Physical contingency of 10% is applied for the above construciion and other costs excepl
the land acquisilion cost.

@ Tax

Tax of 7% is applied for the above construction and other costs including the physical
conlingency cost.
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Table 11.4.2.{(2)-3 Engineering Fee for Detailed Design

1.1 Remuneration (36 ponthes) Umta:g‘aodaam
Stafl Foreign Curreocy Local Currescy {1,000B2hD)
1. Project Manager 1000 x I Pax 36 M= 36000 - 36,000
2. SubManager 20 x 1 opax 36 M= 9000 9,000
3. CivilEsg(8) 800 x 2 Fert 30 =M= 48000] 200 x 4 Pax 30 xM= 24000 72,000
4, Tunoel Eng (S) 800 x Pex 30 xM= 48000] 200 x 2 Pax 30 xM= 12,000 60,000
5. Dena Frg(5) 800 x 1 Pax 20 xM= 1560001 200 x 1 Pax 30 xM= 6000 22,000
6. Canal Fng (8) -] 180 x4 Pax 30 =M= 21,60 20,600
7. Geologist{S) 800 x 1 Pax 16 xM= 12800} 180 x 1 Pax 20 xM= 3600 16,400
8. Soil Machanist(S) < 180 x 1 Pax 10 xM= 1800 1,500
9. Boiding Fog () o180 x 2 Pax 15 xM= 5400 5,400
10. GateErg (S} £00 x 1 Pax 8 xM= 6400] 200 x 1 Pax 6 XM= 1,206 7,600
11, Electrical Eng (S) 200 x 1 Pax 12 xM= 2400 2,400
12. Telemetering (5) 800 x 1 Pex M= 3200 200 x 1 Pex 6 xM= 1200 4,500
13. Cost Etimator (S) 00 x 1 Pex 6 M= 4300] 120 x 1 Pax 10 =M= 1,500 6,600
I4. Spec Writer (5) $00 x 1 Pax 6 M=  4300]| 200 x 2 Pax 10 =M= 4000 8,800
15. Tender Documend ($) 200 x 2 Perx 6 M= 2400 2,400
16._Yurior Civil Eng {§) 60 x 15 Peax .30 xMz 27000 27,000
Seb-Tota! M= 115 ) £50,000 4= $H1 ) 123,400 303,400
1.2 Actual Expenses Unit 1,000Bak1
) Total
Item Foreign Cumrency Locat Currency (1,000Bahi)
1 Per Dice at Thei 50 M x 216 xM= 10,800 10,800
2 PeaDiem st Site - 0 M x 200 M= 4,000 4,000
3 Hotel Charge (BK) 60 M x 130 M= 7,800 7,800
4 Holel Charge (Site) 30 M x 8 M= 2580 30 M «x 00 M= 600 . 85%0
S AirFee 9 M x 30 Times= 2,70 2,700
6 AirFec(to Site) . 4 (Tinxs x 500 3,600 3,600
7 Communication 20 M % 36 ¥M= no| 10 M x % M= 360 1,08
8 CzrRenta}aiBK o4 mx 3 x 36 M= 4860 4850
9 Car Renta] at Site oo oM o8 o x 12 M= 3380 3,840
10 Office Rentat et BX. ] 200 Mox 36 M= 7200 7,200
11 Office Rent at Site ) Jd oo oMo ox 12 M= 600 600
12 Techrician ' Sl oo mx o6 x 30 Me 5400 5400
13 Office Worker o] 2 oM< 8 x B Me 480 4800
14 Report . 5,000 5,000
15 Others - 340 340
Sub-Total 24,600 45,000 70,600
Usit 1,000Bsht
Total 204,600 155000) 374000
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Table 11.4.2.(2)-4 Summary of Cost Estimate for Geological Survey Works

Type of Works Unit Amount (Baht)
1 Geological Investigation {Shatlow Drilling, Weir, Intake and Diversion Canal)
1.1. Mobitization and Demobilization LS. 1,140,000
1.2. Boring works IS 5,672,500
1.3. Tn-situ test LS. 4,759,000
1.4. Laboratory test (physical test) 1S 68,000
1.5. Reporting ' LS. 100,000
Sub fotal ("LL"+~+"1.5.") 11,739,500
2 Geological Investigation (Shatlow and Deep Dinilling, Kok-Ing and Ing-Yet Tunnel)
2.1. Mohitization znd Pemcbilization LS. 9,820,000
2.2, Boring works LS. 47,818,000
23, In-situtest LS. 6,520,000
2.4. Laboratosy test {tock test) LS. 699,400
2.5. Reporting LS. 700,000
Sub total ("2.1."4~+"2.5.7) 65,557,400
3 Geological Investigation (Y 20 Flood Coatrol Dam and Yan River Training)

[ 31 Mobilization and Demobilization LS. 2,220,000
3.2. Boring works LS. 8,303,000
3.3. Tn-situ test LS. 4,170,000
34. Testpitting and lab)ratory test LS. 2,854,000
3.5. Reporting LS. 500,000

Sub fotal (*3.1.°+-1"3.5.%) 18,052,000

4 Blectromagnetic Survey (TEM; TDEM)
4.1. Rental charge LS. 4,654,500
42, Labor charge 18. 3,062,200
4.3. Engineer for observation of TEM&TDEM 1S 16,459,400
4.4, Equipraent for measurment LS. 791,200
4.5. Transportation chage (International and domestic) LS. §18,100
46, Depreciation costs of Equipment (including repair & maintenznce) 5,206,700
4.7. Reporting (including analysis) LS, 2,083,400
Sub total (*4.1."4~$"4.7.7) 33,075,500

5 Seismic Survey (Refraction Survey)

5.1. Seismic survey (refraciion survey) | 400,000
5.2. Reporfing LS. 10,000
Sub total (*5.1."4"5.2.%) 414030_,01
5 Sub fotal ("1'"'+1"5") 128,834,400
7 Miscellaneous { 6" x20%) 20% 25,766.900
8 Sub total ( 16"+"7") 155,000,000
9 Tax {"8" x7%) % 11,000,000
o T A (""" ) Bahi 166,000,600
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Table 11.4.2,(2)-5 Cost of O&M Equipment
L {Foreign Curreacy)
Ne. Item Number of Equipment Unit Rrice] Initial Cost Remark

Chisng Raj Kok Area | IngArea | YaoArcs|  Total | (1000 Bab()] (1,003 Bab)

1 Truck 2t with Crane 2 2 - - - 2 850 1,700
Lift Truck H=8~%m
2} (for Tunnel Maintenance) 3 - - -1 3 1,170 3,510 | with 8xLight
3 [Water Tack Loay 5.0m3 I - . - 1| 1450 14500 |
4 |Saod Pump ¢ 1060 H=25m - 2 2 2 6 100 600
5 [Sand Pump ¢ 150 H=20m - 2 2 2 & 130 780
] at Kok Intake,

6 |Dredging Bost 500PS - i 1 - 2 70,460 140,920 Ing Weir
7_|Motor Boat - 1 1 1 3] 1,180 3,540
B |Station Wagon 3 1 1 1 6 830 4,930
9 Double Cab Tk 1ton 2 - - - 2 330 650
10 |Micro Bus 2 - - - 2 520 1,040
11 IMotor Cycle 14 4 4 4 26 70 1,820
12 |Movable Telephone 8 2 2 2 14 10 140
13 |Others - - - - LS. 3% 4,830
14 jSubtotal 35 13 13 12 73 166,000
15| Taxes 1% 12,000
16 |Tolal (Subiotal+Taxes) 178,080 | (1,000 Baht)
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Table 11.4.2,(2)-6 Swmmary of Land Acquisition and Compensation Cost

Local Curvency
No. Lotation Compensation Cost
, (Baht)

L-1 Kok-Ing Diversion Route 478,800,000
L-2 Ing-Yot Tunnel Inlet Diversion Route 128,400,000
L3 Maz Loy River Improvement 2,400,000
i4 Diversion Ing Weir Area 6,000,000
L 1 Nam Yao Reservoir Development and Resettfement 8,400,000
L-6 Nam Yao River Training Area 27,600,000
L-7 Ing-Yot No.2 Tunnel Adit No.7 Area 8,400,000
L-8 Ing-Yot No.2 Tunsel Muck at Adit No.3,5,9 Area 121,200,000
L9 Access Road Area 2,400,000
1-10 Canal Area from Qutlet of Ing-Yot Tunnel 15,600,000
L-11 Land Allocation Cost for Wam Yao Reservoir Development 21,600,000
1-12 Land Allocation Cost al Ban Pro for Nam Yao River Improvement - 21,600,000
L-13 1.and Allocation Cost at Wang Phang for Nam Yao River Improvement 14,400,000

Total 857,000,000
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11.4.3 Other Costs Related to Kok-Ing-Nan Project

The other cosis related to Kok-Tng-Nan Project as mentioned in Table 11.4.1.(2) are eslimated
1aking into account the following concept. :

(1) Associate Irrigation Project Cosl

The Associate irrigation project in the Kok-Ing basin is consisting of the irsigation
facilitics such as irrigation main and lateral canals connecting to the Kok-Ing diversion
canal, new weirs crossing the Ing river and small scale pumping stations along the river
and cana). Namely, the project cost docs not include the waler sources cost but only
covers the cost for water distribution facility in the beneficial area.

The Associate project cost in the lower Nan basin is consisting of mainly floating pump
and canal system in the bencficial area. The irrigation water released from the Yao dam
in the dry season wilt be lifted by fioating pump and conveyed to the beneficial area by
canal system.

The proposed beneficial area is presenly placed at the wet season paddy area under
rainfed. The proposed perennial area to be used for fruil and fish pond will be converted
from the exisling paddy area and will require the land consolidation cost to convert the
farm area.

(2) Environmental Impact Mitigation Cost

The surrounding area along the water diversion route of the Project is mostly formed with fiat
farmland along the rives, forest land at high mountain and hilly area and bush and grass land at low
hilly area. The environmental impact to the area by the Project implementation is very limited at the
area along the open canal because the water diversion roule consists of mainly culvert and tunnel
passing through underground. The environmental impact mitigation cost for the construction works
such as treatment of spoil banks, poluted drainage water, safely measures, elc is included in the
construction cost in each Project facility. However, the following mitigation werks will be proposcd
for conservation of water shead and improvement of human life in the Project area, These works will
be provided by the governmental agencies concerned and managed in cooperation with the peoples
living in the area.

Three reforestation centers at Amphoe Chiang Kham, Thoeng and King Amphoe Song
Khwae by RFD for purpose of forest conservation.

Three divessified crop centers at Amphoc Phaya Meng Rai, Thoeng and King Amphoe
Soeng Khwae by DOE for purpose of research and extension of crop diversification
program.

Two Eco-tourism facilities at the national park area in the Ing-Lao basin and the reserved
forest arca  nears the tunnel outlet in the Yao basin by RFD.

Four hatchery facility at the Kok; Iower Ing, and Yao basins by DOF in order to expand
the fish culture in the Project area.

Two animal dispensarics at the lower Ing and Ing-Lao basin by DOL for the purpose of

catile breading at the plateau area along the tunnel route in the Ing-Lao basin

Resettlement of houses, which is very scarce in the Project area, if required in future.

(3) Existing Beneficial Area in Lower Nan and Delfa

The perennial area of 377,000 1ai in the Dclta and 95,000 rai in the lower Nan will be

11.112




developed by the diversion water of the Project. The perennial area is consisting of the area of sugar
cane, fruit and fish pond and will be converted from the existing paddy arca. Some land
consolidation works will be required for the area conversion from paddy o other crops.

{4) New Benelicial Area in the Lower Nan

In the lower Nan basin, the large irrigation projecis of Phitsanulok (2) and pumping irrigation
project by DEDP will be newly proposed to use the diversion water of the Project. Those beneficial
area is presently under rainfed and will require the irrigation canal and pumping system to use the
diversion water. The irrigation main canal in the Phitsanulok (2) will be started at the existing
Naresuvan barrage and located at the left bank of the lower Nan river, while 2 number of pumping
stations are instalied along the Nan and Phichit river.
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PROJECT IMPLEMENTATION PLAN







CHAPTER 12 PROJECT IMPLEMENTATION PROGRAM

12.1 Method of Implemenfation

(1) Implementation Agency

The Royal Irrigation Department (RI1D) of the Ministry of Agriculture and Coopcrative will be
the responsible agency for implementation of the project as well as for coordination with the other
government agencics concerned.

In order te promote the project implementation, the National Committee for the Project has
been set up, while the Regional Irrigation Office 2 has also been nominated by RID to manage the
public relation activitics for the Project. Afier completion of the project implementation, the
Regional Operation and Management Group will take charge of the O&M of the project facilities.

(2) Project Office Organization for Implementation

The project office for implementation will consist of the proposed O&M headquarters and
five (5) Site Diversions to cover the construction works of the diversion canal from the Kok intake
to the Yao river training area and shown in Figure 12.1.1.

%% Figure 12.1.1 Organization Chart of Project office for Implementation

RID
Regional Trrigation Office 2

Main Office for KIN Project i/P
(Chiang Rai Provincial Office)

@ Kok-Tak @ Ing @ Ing-Yot @ Chiang ® Yol-Yao
Division Division Division Kham Division Division
Consiruction Div. Construction Div. Conslrudtion Div, Construction Div. Construction Div.
1&2 3,4,85 6&7 8&9 10& 11
- Kok-Intake - K-1 No.2 Tunnel - Ing-YotQulvert2 . [.YNo2T.Divd . IYNo2T.Div.8
- Kok Canal - Ing Canal - LY Ne2T.Divl - LYNo2T.Div.S - 1YNo2T.Div9
- K- I Nod Tunnel - Ing Weir -1YNo2T.Div2 - LYNo2T.Div6 - YaoDiversion
- Tak Canal - Ing-Yot Canal - LY No2T.Divd - [.YNo2T.Div.7 - YsoDam
- 1-Y No.1 Tunnel - Yao River Trainiag
- Ing-Yol Culvert 1 area
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(3) Project Office Organiza

fion for O/M

The RID shall set up the O&M organization al the Project sile before completion of the

Project. The organization will
manage the diversion canal syst

consist of an O&M headquarters and three (3) branch offices o
em from the Kok intake (o the Yao flood conirol dam.

The headquarters will be provided at the compound of the existing Chaing Rai Provincial
Irrigation Office and manage the whole Project area and the following three branch ofTices.

- Kok Branch Oifice at Kok-Inlake site

- Ing Branch Officc at Ing-Weir/Intake site

- Yao Branch Office at Yao-Flood Control Dam site

The functions of and the areas covered by each office ate as follows;

- Headquarters

- Kok Branch Office :

- Ing Branch Office :

- Yao Branch Office :

: Overall O&M, water management and coordination with other

agencics concerned.

Actual O&M works for the diversion canal system from the Kok
intake to the Tak canal.

Actual O&M wuorks for the diversion canal-system from the Ing-
Weir/Intake to the Ing-Yot canal.

Actual Q&M works for the Yao-Flood Control Dam and the area
along the Yao river.

The organization chart for the O&M of the Project is as presented in Figure 12.1.2.

Figure 12.1.2 Organization Chari fer Operation and Mainlenance of the Project

RID
Regional Irrigation Office 2

|

Headquarlers for KIN Project
(Chiang Rai Provincial Office)

Administrative
Section

- Administration
- Finance

- Accounting

- Personnel

Wates Management Mechanical
Section Section
- Monritoring | - Transport
- Hydrology - Machinery
- Gate Operation - Communication
- Coordination with the 3
other agencies concerned Dredging

- Gate Mechanics
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12.2 Iplemcndation Schedule

Various irrigated agriculiural projects and mitigation measur¢s for eavironmental impact in the
Project area shal be implemceated in parallel with the Project in order to realize the smooth and successiul
implementation of the Project, because the Project area where the water diversion soute is located is the
remote rural area in the country and is the donor basin to supply the water to the Chao Phraya basin.

Accordingly, the implementation schedule for the Project is preparcd as shown in Table 12.2.1
taking into account the following conditions of not only the Kok-Ing-Nan Project but also the other related
projects and works.

12.2.1 Kok-Ing-Nan Project

(1) Implementation Procedures

Feasibility study of the Project is completed at the end of the yeas 2542 {September
1699).

Review of environmental impact assessment by the National Environmental Board
(NEB), approval of the Project implementation by the Cabinet and budget armangement
for the Project will require two and half years. Namely it is expected that the Project
implemeatation will be commenced at 2545 (2002).

(2) Dectailed Design Works

The detaited design work is consisting of topo-survey, geological survey, detailed design, land
acquisition, elc and will requize two 10 four years depending on the work component.

The work for the diversion canat from Kok intake 1o Tak basin will be completed within
a shorl period of two years because topo-survey and geological survey are mostly
finished and design component is simple.

The work for Kok-Ing No.2 tunnel, the canal crossing the Ing basin and the Ing weir will
require the peciod of two and half years because the geolegical survey through (unnel
route, survey for water diversion points to the associate project area in the Ing basin, and
survey for land acquisition for the area along Ing canal route and Ing weir site are not
completed and will require stightly longer period than those in the diversion canal route
from Kok to Tak.

The work for Ing- Yot diversion canal consisting of culvest with excavation depth of more
than 26 m and Ing- Yot No.2 tunnel will require careful geological survey with the survey
period d[ mote than one year. The work period of three and half years accordingly, will
be required.

© ‘The working period for the Yao dam and river training will require two and half years.

(3) Construction Period

The consiruction period for diversion canal, weir and da_m will be four years but that in Ing-
Yot No.2 tunnel will require a longer period of 7 years as explained in 11.3 “Construction Plan™.
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(4)  Water Operation

When the construction of Kok-Ing diversion canal system is te be completed, the water
opceation fo divert the Kok water through the Kok-Ing canal system, regulate the Kok water and the
Ing river water at the Ing weir and use of the Kok and Ing water {or the associate irrigation projects
in the Kok and the lower Ing basins will be catried oul. The associate projects will also be completed
and us¢ the above watcr in the beaeficial arca.

Other M'rojects and Works related to Kok-Ing-Nan Project

{1}  Associafe Irrigation Projecis

As meationed in the above, the associate irrigation projects in the Kok and Ing lower basins
will be implemented in early stage in parallel with the implementation of the Kok-Ing diversion
canat system in order to accelerale the irrigated and divessified agricullure in the associale project
area.

{2) Eavirenmenfal Impact Mitigation Works

The environmental impact miligation works will be implemented by various goveramenta)
agencies concerned such as RED, D.OE, D.OF, DOL, eic in MOAC in ordee 10 preserve the
watershed in the Project area and improve the living standaid for peoples in the area. The works will
be carried out in parallel with the construction of Project facitities.

3) Improvement of Existing Sirikit Reservoir Operation

In accordance with the watet resources development for irrigation in the upper and lower Nan
basin in future, the available dry season water in the lower Nan and the Chai Nat barrage will largely
decrease. The improvement of the exisling Sirikit reservoir operation to increase the dry scason
outflow will be carried out under the new teservoir operation rule. ‘The operation aclivitics to
improve the reservoir oulflow will be carried out gradually during the period of 6 years from 2547
(2004) 10 2553 (2010).

{4) Development of Existing Beneficial Arvea in Lower Nan and Delfa

The existing irrigated agricultural areas at the Phitsanulok (1) and pumping irrigation in the
tower Nan basin and 25 large projects in the Delia have a complete irrigation system and wifl not
require additional irrigation system for use of the additional dry season water 1o be diverted by the
Projecf. Howecver, for the perennial crop area such as sugar cane, fruit and fish pond {0 use additional
water needs 1o be converted from the existing paddy area. Accordingly, some fand consolidation
works for the perennial crop area will be required. Since the additional dry season water of about
640 MCM will be supplied by the improvement of the Sirikit resesvoir operation before completion
of the whole Kok-Ing-Nan Project facilities, the consolidation works at the perenniat area shall be
carricd ouf together with the improvement activity of the rescivoir operation.
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12.3

(5) Devclopment of New Beneficial Arca in Lower Nan Basia

The new benelicial arca of 700,000 rai will be developed by the Phitsanulok (2) project and
ncw pumping projects of DEDP. Since those projects can nol be developed without the Kek-Ing-Nan
Project, the implementation of those projects will be made before completion of the Ing-Yot No.2
tunnel works.

(6) Trrigation Project in Kok-Ing Upper Basin and Upper Nan Basin

A number of medium and sniall izrigation projects are identified by the inventory survey in the
basins. Although these many projects have no direct selation to the Kok-Ing-Nan Project, it is
desirable to implement in parallel with the Kok-Ing-Nan Project because the associate project areas
will be developed by the Project while those bencficial arcas in the upper basin will be left without
developmenl. Thai side has already carried out the feasibility study for three medium scale projects,
which will be implemented in earlier stage.

Annual Disbersement Schedule

The annual disbursement schedule for the Project cosl is prepared as shown in Table 12.3-1 to 12.3-5

based on the implementation schedule in Table 12.2.1.

The largest disbursement amount per annum is 8,180 million Baht, of which the local cost is about

2,230 million Baht in the year of 2554. This disbursement will not cause difficulty to RID taking into
account the fact that RYD has about 26,000 million Baht construction budget annually at present.

124

Annual Operalion and Maintenance Cosf

{1) KokIng-Nan Project

‘I'he annual operation and maintenance cost is eslimated at 128 million Baht as shown in Table
12.4.1.

2) Associate Project in Kok-Ing-Upper Nan Basin and New Project in Lower Nan Basin

‘The associate projects in the Kok-Ing basin and upper Nan as well as the new project in the
fower Nan will require the operation and nrinienance cost for their irrigation canals and pumping
system. The cost is estimated at 1.5% of the project cost as follows;

- Associate Project 3,813 million Baht X 0.015 =57.2 million Baht
- New Project in Lower Nan 10,500 million Bah1X0.015 =157.5 million Baht

(3 Total Operation and Maintenance Cost

The total operation and maintenance cost with and without new irrigalion project in the lower
Nan basin is as follows; : o

12.6
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Item With New Project Without New Project
Kok-Ing-Nan Project 1280 1?8.0
Associate Project 57.2 512
New Project in Lower Nan 157.5
- Total 327 1852

() Starling Year of Operation and Maintenance Cost

The starting Year of operation and maintenance cost is as follows;

- Kok-Ing-Nan Project, The year of 2557 (2014) after completion of the whole
conslruction works

- Associate Projecis, The year of 2552 (2009) after complelion of the
associate project works

- New Projects in Lower Nan,  The year of 2557 (2015) afier completion of the new
project works.

12.5 Replacement Cost for O/M Equipment and Mechanicat Part

The Initial cost for the O/M equipment and mechanicat part is estimated at 358.6 million Baht as

“shown in Table 12.4.2.

The replacement cost for the equipment and mechanical part is estimated as follows based on the
replacement term.

Unit 10° Bhat
Term Replacement Cost o
Each 5 yeass 10,600
Each 10 years 10,600+ 10,000 = 20,600
Each 25 years 10,600+10,000+ 197,000 = 217,600
12.6 Annual Fend Requirement for Project Cost

The annual fund requirement for the Project cost is estimaled based on the disbursenent schedule
and the price escalation rate of 1.0% for the foreign currency portion and 5.0% for the local currency
portion taking infto account the low price escalation afler the economic crisis in Thailand and Asia
including Japan. '

The total fund requirement for the Project cost with and without the new irrigation project in the
lower Nan basin is estimated as shown in ‘Table 12.3.1 and summarized as follows;

Unit Million Baht
: Item EC L.C "~ Totat
With New Project in Lower Nan 45,744 29,952 75,696
Withoul New Project in Lowet Nan 37,773 23,059 60,872
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Table 12.4.1  Anuual Operation and Maintenance Cost for Kok-Ing-Nan Project

1. O&M Staff Salaries

No Staff Chizng Rai Ketln!zh&! Tez Wels | Yz0Pan | Required | Annwal Rate[Anncal Amount;  Remark
Hesd OlficeiCanal Officel Office | Office | Number | (Bad)) | (1,000Bab1)

1 [Project Manager 1 0 0 0 1 356,000 356

2 1Sub Manager 1 1 1 i 4 172,000 638

3 [Hydrologist 1 0 0 0 1 93,000 93

4 |Gate Operator 1] 1 1 1 3 106,000 318

5] above Assistant 0 1 1 1 3 92,000 276

6 |Civil Engineer 1 1 1 1 4 93,000 372

7 iMechanicat Engincer 2 0 0 0 2 145,000 290

8 |Blectrical Fngineer 2 0 0 0 2 106,000 212

G pWater Operation Monitor 1 H 1 1 4 92,000 368

10| above Assistant 2 0 0 o 2 85,000 170’

11 {Equipmen Manager 1 0 0 1] 1 105,000 165

12| above Assistant 1 ] 0 0 1 92,000 92

13| Truck Driver 3 0 o 0 3 105,000 315
14{Driver 5 1 1 1 8 92,000 736

15 |Administralor 2 i 1 1 5 132,000 660

16 |Acoount 1 1 1 1 4 198,000 792

17 |Store Keeper 3 0 0 Q 3 145,000 435

18 Typist 3 1 i 1 & 79,000 474

19| Technician 7 3 3 3 16 92,000 1,472
20]|Gate Keeper 1 1 1 1 4 6,000 264

Total 38 i3 13 13 71 8,488 |x1,000Babilyear
2. Labor Wages
200  MMx 180 Bahdayx 22 days/month = 792] =1,000Bahtyear

3. O/M Cost : including O/M office expenses and equipment is attached to the facilities.

(1) Canal (Open, Syphone & Culvert) 0.7% X 9414 xMBaht= 66,000
(2) Tunnel 015% x 23,129 xMBaht= 35,000 %
(3) Dam 05% x 1,175 xMBahi= 6,000
{4) River Training ' 1.5% X 756 x M Bahl = 11,000
Sub-Tolal  x1,000Bahtycar (34,474 x M Baht) 118,000}
(with Tax)

4. Annual Operation & Mentenance Cost

Total = “1"+"2"4+"3" 128,000 ‘x!,ODGBahUy.ear
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CHAPTER 13 PROJECT EVALUATION

13.1  Economic and Financial Evaluation

_ Economic evaluation aims at assessment of the Project in terms of contribution to the
national economy, while financial evaluation is carried oul to estimate the profitability of
individual household econemies after project implementation. On the basis of project benefit
and cost comparison for the two cases of (1} fufure without project (hereinafter calted FW/0),
and (2) future with project (hereinafter called FWV), the economic viability of the project is
examined in terms of the three criteria of Net Present Value (NPV), Benefit/Cost Ratio (B/C
Ratio), and Economic Interaal Rate of Retvrn (EIIR). Financial cvaluation focused on faun
income analysis in the benefit area, recovery of the Project cost, indirect ripple impacts of the
Project, and formutation of a financing plan.

$3.1.1 Basic Evaluation Criteria

(1) [Interpretation of Future Without Project Case

For the FW/O case, evaluation is in terms of future prices; however, il is assumed
that the present farming system including unit yield and farming techniques will remain
vnchanged over the fulure,

(2) Project Life

Project life is set at 60 years considering the utility life of the proposed water
diversion facilities, including the full 10 year construction period (2004 - 2013).

(3) Project Benefit and Cost

Under financial evalvation, project benefit and cost are expressed in terms of
market prices {financial prices). Economic evaluation is in terms of border prices
{cconomic prices) with ¢limination of transfer payment and application of conversion
factors.

(4) Inputs and Quipuls

1} Traded Goods

Ecoromic prices of traded goods such as agricultural products and fertilizer are
based on 2008 international market prices (1998 constant prices). As a result, inflation is
not considered for evaluation. The justification for adopting 2008 prices (1998 constant
prices) for FOB/CIF prices is based on the facts that (i) project completion is planned for

2013, with project benefit to begin emerging after 2014; however, calculation of
FOB/CIF prices for 2014 would exceed the World Bank's estimation horizon (the
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latest World Bank data contains estimated values for FOB/CIF up (o 2018}, and such
values would be considered unreliable given the numerous uncerlain faclors intervening
in international trade; {ii) in line with World Bank policy, the maximum period for
meaningful long-term forecast of future FOB/CIF prices is considered to be 10 years; and

(iii) applying 2008 international market prices is consistent with methedology adopted by
the Thai team.

Farmgate prices of agricultural products and feitilizer are based on FOB/CIF prices
and take into account tariffs, port handling charges, and marketing cost including
transport/handling costs, after which lariffs and taxes are then eliminated and the
necessary conversion factor applied {see the Supporling Report for details). Conversion
factors for agricultural commoditics and inputs are summarized in Table 13-1.

Table 13-1 Summary of Conversion Factors for Agricultural
Commodities and Inputs

Commodities Unit Financial Conveision Economic
Piice Factor Price
Rice/Paddy Baht/kg 4.2 1.10 4.6
Sugarcane Baht/kg | 05328 -0.838 1.26 1.041 - 1.051
Mungbeans Baht/kg 10.3 - 10.5 1.06 109--11.0
Soybeans Baht/kg 13.6 - 13.7 1.03 140-14.1
Sweet Com Baht/kg 53-54 1.04 55-5.6
Water Melon Bahikg 7.3-74 1.07 78-179
Vegelables Baht/kg 50-52 1.06 33-54
Mango Baht/kg 194 1.13 220
Fish Bahtkg 15,150 1.08 16,327
Inpuls and Others Conversion Facior

Standard Counversion Faclor (SCF) .92

Consuniplion Goods .95

Capital Goods 0.84

Electricity 0.90

Transpostalion 0.87

Skilled Labour - 092

Unskilled Labour 0.5%

Moarketing Margin 0.79

Seeds/Seedlings/Flingerlings 0.94

Agro-chemicals 0.58

Land Preparation 0.95

Fishery Feed 0.94

Source: 1} “Shadow Prices for Economic Appraisal of Project in Thailand”,
World Bank.
2} Estimates based on OAE data,

2) Non-traded Goods

In the case of non-traded goods, domestic market prices have been applicd for
financial prices. On the other hand, in the case of economic prices the composition of
non-traded goods has been broken down into traded component, non-traded ¢component,

13.2



tabour and transfer payment. In the case of the traded, non-fraded, and Jabour components,
border price, standard conversion factor (SC¥F), and shadow wage rate (SWR) are applied,
respectively,

{5) Capital

The World Bank's eslimated value of 12% for Thaitand is applied as the
opporiunity cost of capilal.

(6) Foreign Exchange

The official exchange rate, as of 1998 of US$ 1 = Baht 36.45 is adopted under both
financial and economic evaluatioa.

(7) Labour

‘The nominal wage rate is applied under financial evaluation. Under economic
evaluation, the S\WR for unskilled labour is estimated at 0.55 (see the Supporting Report
for details). In the case of the SWR for skilled fabour, on the other hand, a labour
conversion factor of 0,92 is applied.

13.1.2  ‘Tofal Project Cost

The Project consists of (i) Kok-Ing-Nan Water Diversion Project, (3i) Associate lrrigation
Projects, (iii) environmental impact mitigation measures, (iv) land consolidation in the existing
irrigation areas in the Lower Nan Basin (Phitsanulok Irrigation Project (Stage 1) and existing
DEDP Pumping Schemes) and the Chao Phraya Delta, and (v} mew irrigalion projects in the
Lower Nan Basin (Phitsanulok Irrigation Project (Stage 2) and new DEDP Pumping Schemes).

Total project cost comprises the Project cost, the replacement cost of operation and
maintenance equipment, and the annual operation and maintenance cost.

(1)} Project Cost

In order to convert costs for individual construction work items (financial prices)
into economic prices, transfer payment was eliminated and conversion factors applied as
shown in Table 13-2 (see the Supporting Report for details). The salvage value of the
facilities was not included in the calculation of the Project cost.
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Table 13-2 Breakdown of Project Cost

Item Financial Cost Conversion Economic Cost
(1,000 Bah) Factor (1,000 Baht)
1. Kok-Ing-Nan Project
(1) Direct Construction Cost 32,219,000 097 31,252,430
{2) Enginceiing Fee 3,104,000 0.92 2,855,680
(3) Administration Cost 645,000 092 543,400
(4) O & M Equipment 166,000 0.84 139,440
(5) Contingency 3,613,000 0.92 3,323,960
{6) Taxes 2,782,000 0 0
(7) Land Acquisition 857,000 0.92 799,440
Sub-lotz] o 43,386,000 - 38,953,350
2. Associale Irrigation Projects 3,213,000 0.91 3,469,830
3. Environmental Impact Mitigation 800,000 0.59 712,004
Works
4. Land Consolidation Cost for the 944,000 0.85 802,400
Existing [rrigation Areas in the
Lower Naa Basin and the Chac
Phraya Delts -
5. New Irrigation Projects inthe 10,620,000 0.91 9,664,200
Lower Nan Basin
Total 59,563,000 - 53,601,780

Note: The above conversion factors of 0.92 and 0.84 imply SCF and capital goods, respectively.

The Project cost (economic terms) without the new irrigation projects in the Lower
Nan Basin has been estimated at 43,938 million Baht which were compuled by deducting
53,602 million Baht of the Project cost from 9,664 miltion Baht for the new irrigation
projects in the Lower Nan Basin.

(2) Annual Operation and Maintenance Cost

O&M cost (financial prices) is converted to economic prices applying an SCF of

0.92 as shown in Tabe 13-3.

Table 13-3 Annual Operation and Maintenance Cost

Financial O&M Cost | Economic O&M Cost | LEconomic O&M Cost
Ttem with New Irrigation | without New Irrigation
Projecis Projects
(1,000 Baht) {1,000 Baht) (1,000 Baht)
1. Kok-Ing-Nan Project 128,000 117,760 117,760
2. Associate Iirigation 57,200 52,624 52,624
Projecis
3. New Irrigation Projecis 157,500 144,900 0
in Lower Nan Basin
 Total 342,700 315,384 170,384
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(3) Replacement Cost of Operation and Maintenance Equipment

O&M replacement cost {financial prices) is converled 1o economic prices applying
a capilal goods conversion factor of 0.84 as shown in Tabte 13-4,

Table 13-4  O&DM Replacenient Cost

Term Financial Replacement Cost | Economic Replacement Cost
{1,000 Bah) (1,000 Bahi)
Every 5 Years 10,600 8,904
Every 10 Yeais 20,600 17,304
Every 25 Years 217,600 182,784

13.1.3 Project Benelit

The benefits to be generated by the Project are diverse, including external economic
benefits (secondary benefits); however, three types of quantifiable benefit, i.e. water supply for
domestic, industrial and livestock uses, hydropower generation, and agriculture including
aquaculture, were computed as the benefit under the Project. Additionally, the project would
contribute to flood damage reduction in crop production, housing and infrastructures through
increased conlrol capacitly of the Sisikit reservoir during flooding; however, this benefit which
is deemed difficull to quantify 3s excluded from the evaluation duc to inadequacy of available
data and information.

(1) Water Supply for Domestic, Industrial and Livestock Uses

The benefit of additionat water supply for domestic, indusirial and livestock uses,
which was valued 2t the opportunity cost for producing the same quantity of water by a
groundwater source, has been estimated according to theee different water demand
growihs as shown in Table 13-5,

Table 13-§ Water Supply by Dilferent Water Demands

Case Year 2006 — 2015 Year 2016 —
(MCM) (MCM)
1. High Growih 276 1,103
2. Normal Growth 206 825
3. Low Giowth 145 578

Economic benefit calculation is based on 4.79 Baht/m® for the minimum
grovndwater charge (3.5 Baht/m® for groundwaler ulilization fee, which is imposed by the
Depariment of Mineral Resources of the Ministry of Industry, are additionally charged
only for beneficiaries within the service area) and 30% water conveyance losses.

. Annual economic benefits for year 2016 onwards have been calculated at 3,698.4
million Baht for the high growth case, 2,766.2 million Baht for the normal growth case,
and 1,938 million Baht for the low growth case (see the Supporiing Repost for details).
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(2) lydropower gencration

Benefits atiributable to the additional hydropower generation produced by the
newly available discharge of 2,000 MCM comprise the annual average electric energy
produced by this increase in available waler, and prevention of carbon dioxide emissions.

For the valuation of these benefits, the former was calculated in terms of the
opportunity cost for producing the same electric energy by a different source, i.e. the cost
of buying the same electric energy from the private sector (1.12 Bahy/kWh assuming that
the water volume required for generating 1XWh is 5.8 m® and power generation losses
including (ransmission losses are set at 15% (see the Supporting Report for details).

With fuli awareness of the fact that the commitments to reduce CO, emissions
made at the 1992 Roi Conference in view of the worldwide global warning due to
greenhouse gases suggest that power ulilities, and international financing agencies should
include the external cosls for a least-cost power system associated with CO; emissions
into the economic and financial analyses of power projects, the latter was valued in terms
of the cost of prevention of CO, emissions which would otherwise result from the use of
thermal plants, The approximate value of CO, emissions per M\Wh dispalched to the grid
for a gas fired power plant was estimated to be 0.431MWh. For the thermal alternative of
the Sirikil power plant with newly-produced energy of 293.1GWh/year, this resulls in an
emission of some 126,000t of CO, annually.

Annual economic benefit has been estimated at 405.5 million Bahi, comprising
328.3 million Baht (additional power generation) and 77.2 million Baht (reduction ef
carbon dioxide emissions) {see the Suppoiting Report for details).

(3) Agriculture

For agricultural development, the benefit from incrgased production of agricultural
products was calculated in tezms of the net incremental value in the dry season on the
basis of comparison of the FW/O and FW cases in the relevant benefit area. Of the newly
available water of 2,810 MCM, the remaining water after deducting the water volunie
used for water supply for domestic, indusirial and livestock uses is allocated for this
purpose. Financial prices were converled into economic terms by adopling crop-wise
conversion factors (see the Supporiing Report for details).

Achievement of target yields under the Project for dry season paddy, sugarcane,
other field crops such as maize, mungbeans, soybeans, etc., vegetables, fruit trees such as
mango, and fish is assumed to be 80% in the firsl year of cultivation possible in the
benefit area, and 90% and 100%, respectively, in the second and third years.

Although 1the benefil from increased production of agricultural producis is
calculated in tlerms of the net incremental value based on comparison of the FW/0O and
FW cases (see the Supporting Report for details), it should be noted that for derivation of
the net incremental value the loss value of wel season paddy production was taken into
account on the assumption that the existing wet season paddy field will be converted to
tand for fish culture, as well as the cullivation of sugarcane and fruit trees with
advancement in crop diversification in the benefil area under the FW ‘case (see the
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Supporting Report for details).

1} Agricultural Benefit in Chao Phraya Delta

Agricultural benefit in the Chao Phraya Delta varies with available ircigation water
and cropped areas for the proposed diversified agriculture in accordance with the above
three water supply cases. It is also influenced by whether the new ireigation projects in
the Lower Nan Basin are to be included in this Project.

The relationship between imrigation water availability and econemic agricultural

benefit at full development is summarized in Table 13-6.

Table 13-6 Economic Agricultural Benefif in Chao Phraya Delta

Vater Incrementat | Agriculiural
Case Availabitity | Cropped Asea Benefil

(MCM) {1,000 rai) (1,000 Baht)
With New Irrigation Projects 991.9 691.3 6,091,933
in Lower Nan Basin 1,192.0 799.5 6,320,991
1,369.6 895.5 6,524,225
Without New frrigation 1,603.7 1,040.0 6,530,131
Projects in Lower Nan Basin 1,803.8 1,180.4 7,127,358
1,981.5 1,305.1 7,391,348

2) Agricultoral Benefits in Qther Irrigation Projects

Annual economic agricultural benefits at full development in other irrigation projects

are summarized in Table 13-7.

Table 13-7 Economic Agricultural Benefits in Other Irrigation Projects

Project Water Incremental | Agricultural
Availability | Cropped Area Benefit

(MCM) (1,000 rai) | (1,000 Bali)
1. Associate Irrigation Projects 156.83 157.0 1,071,175
2. Phitzsanulok Irrigation Project (Stage 1) 1633 15.3 1,582,366
and Existing DEDP Pueroping Scheme 181.2 514 1,671,282
250.5 94.9 1,750,482
3. Phitsanulok Irzigation Project (Stage 2) 611.8 3605 1,854,335

and New DEDP Pumping Scheme

13.1.4 Scenarios for Project Evaluation

The relationship belween scenarios for project evalvation and water allocation is
sumumarized in Table 13-8. Plan A indicates agricultural development in the Chao Phraya Delta,
Phitsanulok Irrigation Project {Stages 1 and 2), Exisling and New DEDP Pumping Schemes and
Associate Irrigation Projects, while the Phitsanulok Irrigation Project (Stage 2) and New DEDP
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Pumping Scheme are excluded from the above benefit areas in case of Plan B.

Table 13-8 Scenarios for Project Evaluation

Water Power Water Agriculture
Scenario | Availability | Generation Supply
(MCM) {MCM) {MCM) {MCM)
Plan A-1 2,810 2,000 1,1037 27602 | 1,707 (991.9)?
A2 2,810 2,000 825(206) 1,985(1,152.0)
A3 2,810 2,003 578 (145) 2,232(1,369.0)
Plan B-1 2,810 2,000 1,103 (276) 1,707 (1,603.7)
B-2 2,810 2,000 825 (200) 1,985 (1,503.8)
B3 2,810 2,600 578 (145) 2,232 (1,981.5)

Note: 1) Figure indicates water supply for 2016 onwards.
2) Figuie in parentheses shows water supply for the period 2006 -- 2015.
3) Figare indicates water consumption for agricultural use.
4} Figure in parentheses shows walez consumption in the Chao Phraya Delta.

13.1.5 Indicators of Project Economic Viability

Based on the above six scenarios, the economic project benefit at full development has
been estimated as shown in Table 13-9 (see the Supporling Report for details).

Table 13-9  Scenario-wise Economic Preject Benefit

Scenario | Power Generation | Water Supply | Agricullure Tolal
(1,000 Baht) (1,000 Baht) | (1,000 Baht) } (1,000 Baht)
Plan A-1 405,500 3,698,400 10,599,813 | 14,703,713
(2.8) (25.1) {72.1) (100.0)
Al 405,500 2,766,200 10,917,789 | 14,089,489
29 (19.6) (71.5) (100.0)
A3 405,500 1,938,000 11,200,221 | 13,543,721
(3.0) {14.3) (82.7) (100.0)
Plan B-1 405,500 3,698,400 9,483,672 13,587,572
3.0 (21.2) (69.5) {100.0)
B-2 405,500 2,766,200 9,869,815 13,041,515
(3.1) {21.2) (757 {160.0)
B-3 405,500 1,938,000 10,213,005 | 12,556,503
{3.2) (15.4) (81.4) (100.0)

‘Note: Figures in parentheses show comparisen with total as 100.

In tecms of the 3 criteria in the previous section 13.2.1, economic viabilily indicators are
summarized in Table 13-10 (see the Supporting Report for details).
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Table £3-10  Smnmary of Economic Viability Indicators

Scenatio | NPV (1,000 Baht) B/C Ratio EIRR

(12% discount rate) | {12% discount rate) | (%)

Plan A-1 7,198,010 1.32 144

A2 6,134,314 127 14.1

A3 5,190,816 1.23 13.8
' B-1 8,421,146 1.43 15.0
B-2 7,494,162 1.38 14.7

B3 6,672,766 1.34 145 |

The above result shows that this project is economically viable, with even greater benefit
when indirect ripple impact of the project is considered.

13.1.6  Seositivity Analysis

"The following cases were assumed in analyzing the impact of economic uncertainty on the
economic viability indicators of the project.

Case O: Total project cost increases by 10% duc to increased prices for
construction materials, equipment and 1abour.

Case @: Total project benefit drops by 10% due to difficulty in achieving
target yields, and other negative factors.

Case @ Combination of cases (D and @

Resulls of sensilivity analysis on the basis of the above 3 cases are summarized in Table
13-11 (see the Supporiing Report for details).

Table 13-11 Summary of Seasitivily Analysis

Scenario Case D Case &) Case 3

Plan A-1 13.5 134 12.6
A2 13.2 13.1 123
A3 12.9 12.8 12.0
B-1 14.2 14.1 3.3
B-2 13.9 13.8 13.0
B-3 13.6 13.6 12.7

Although project economic viability is more sensilive 10 decrease in project benefit rather
than increase in project cost, no significant negative effect on economic justifiability is anticipated.
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13.1.7 Farm Income Analysis

Farm income analysis estimates the incremental benefits arising from faring activities
as a result of project implementation. The impact of implementation on the farm incomes of
houscholds in the benefil area will be considerable with a shift either (i) from seasonally
irrigated agriculture (which presently suffers from unavailability of irrigation waler during the
dry months) or (ii) from rainfed agriculture, to ycar-round irrigated agriculture with crop
diversification in line with national agriculture policy. Based on Plan A-2 (moderately
diversified casc) the project impact on income distribution type of land ewnership, i.e. owner
cultivator and owner-cum-tenant cultivator, has been quantificd. This analysis is subject to the
assumption that a tenancy obligation of 20% of total agricultural production is applied for
owner-cum-tenant cultivators.

With project implementation, average annual net farm household incomes from which
household expenses are subtracted will increase considerably as shown in Table 13-12 (see the
Supporting Report for details).

Table 13-12  Summary of Net Farm Household Income

Net Inconic Net Income Net Increment
Benefit AreafTenurial Form FW/O Fw
{Baht/year) {Bahl/year) {Bahlfycar)
1. Chao Phraya Dela
{31.6 1ai)
- Owner 42,000 163,000 61,000
- Owner-cum-Tenanl 21,260 75,700 54,500
2. Phitsanulok Irsigalion Project
(Stage 1) (31.9 rai)
- Owner 43,500 118,700 75,200
- Qwaoer-cum-Tenant 24,700 90,900 66,200
3. Existing DEDP Pumping Scheme
(16.1 rai)
- Owner 18,600 58,900 40,900
- Owner-cum-Tenant 8,500 44,400 35,900
4. Phitsanulok Irrigation Project
{Stage 2) (31.9 rai)
- Owner 6,400 139,000 ' 132,600
- Qwner-cum-Tenant 600 110,400 169,800
5. New DEDP Pumping Scheme
{16.1 rai)
- Owner 5,000 71,800 66,800
- Owner-cum-Tenant 2,000 57,400 55,400
6. Associate lrrigation Projects
(15.5 rai)
- Qwner 10,600 107,900 97,300
- Qumer-cum-Tenant 7,600 89,800 $2,200 |
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'The increase of net farm household income is acute especially in newly developed
arcas such as the Kok, Ing and Upper Nan Basins and the Lower Nan Basin, thereby Icading to
a high degeee of poverly alleviation.

13.1.8 Raw Water Cosl and Cost Recovery

Farm income analysis shows that project invesiments generale a large increase in farm
income for all sizes of farmers irrespective of type of land owaership. To assess the financial
capabilily to pay for water charges corresponding to full project cost, the raw water cost at the
Sirikit reservoir has been estimated based on the different loan conditions as shown in Table
13-13 (see the Supporting Report for details).

Table £3-13 Raw Waler Cost

(Unit: Baht/m’)
i Loan Condition 2,810 MCM | 2,000 MCM
Annual Interest Rate: 5%
(1) Repayment Period: 25 yeais 1.2 1.6
(2} Repayment Period: 50 years 0.9 1.3

Note: 1) Calculation is based on the construction cost of the Kok-Ing-Nan
Water Diversion Project, its O & M cost, and the construction cost
of the enviroamenial impact mitigation works.

2} The repayment period of the O&M cost is assumed to be one year.

Assuming unit water charges of 1.3 Baht/in® (half of which will be subsidized by the Thai
Government), these are accordingly estimated at 16 - 47% of the net income increment for
owner cultivators, and at 19 - 53% for owner-cumi-tenant cultivators (se¢ the Supporting Report
for detaits). Therefore, the farmer’s capability to pay for water charges would be high enough
to cover the project cost, and the charges are concluded to pose no heavy burden {o their farm
economies.

13.1.9 Financing Plan

The financing plan for Plan A has been formulated on the assumption that the entire
foreign currency component of the Project including the engineering component will be
financed by OECF, and the local currency component by local commezcial banks. OECF will
extend a loan to the Bank of Thailand (Central Bank) which will on-lend the funds to RID. The
loan will be repaid by RID in Baht with the exchange risk borne by RID. OECF provides
finance at 2.2% interest with a 7 year grace period and 18 year repayment period, and a
commitment fee rated at 0.1% of the total loan amount as summarized in Table 13-14.
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Table 13.14 Loan Conditions

Finangcial Borrower Interest Commitment Grace Loan
Source Rate Yee Period Period
(%) (%) {years) {ycais)
QEC¥ Central Bank on- 2.2 0.1 7 25
lending to RID
Local Commer- RID 11.0 - - 13
cial Bank

Annual repayment for this Project amounts to 8,057.1 million Baht during the period of
2009 - 2014 comprising 3,619.68 million Baht for the foreign currency component, and
4,437.42 million Baht for the local curcency component, and to 3,619.68 million Baht for 2015
onwards {see the Supporiing Report for details).

13.1.10 Indirect Ripple Impact

In addition to the ditect benefit from the Project as a result of the incréased production

of agricultural products, power generation, and water supply, the following indirect ripple
impact based on Plan A-2 would occur,

(1) Forward Related Impact

With the increased production of agricultural products, agricultural inputs such
as fertilizer and agro-chemical consumption will also increase, which will in tura
stimulate industries related to the production and marketing of these items and thereby
generate increased employment opportunities. Estimated anaual retail margin increase
for agricutlural inputs sales in the benefit area is indicated in Table 13-15 (see the
Supporiing Report for details).

Table 13-15  Forward Related Impact

Agricoltural Incremental
Enputs Sales Benefit Arca Retail Margin
(1,000 Baht)
Chemical Fedilizer | 1. Chao Phraya Delia 23,646
2. Phitsanulok Lrrigation Project (Stage 1) 5,457
and Existing DEDY Pumping Scheme
3. Phitsanulok Irrigation Project (Stage 2) - 8,647
and New DEDP Pumping Scheme ‘ %
4, Associate Irrigation Projects 2,519
Sub-tolal 41,269
Agro-chemicals 1. Chao Phraya Delta 38,740
2. Phitsanutak Irrigation Project (Stzge 1) 10,128
and Existing DEDP Pumping Scheme
3. Phitsanulok livigation Project (Stage 2) 13,407
and New DEDP Pumiping Scheme
4. Associate hrrigation Projects 4,080
Sub-tofal 66,355
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Total 1. Chao Pheaya Delta 62,386
2. Phitsanulok Yrrigation Project (Stage 1) 15,585
and Existing DEDP Pumping Scheme
3. Phitsanulok Irrigation Project (Stage 2) 23,054
and New DEDP Pumping Scheme
4. Associate Irrigalion Projects 6,599
Tolal 107,624

(2) Backward Retated Impact

Increased production of agricultural products will be expected to induce an
annual income increase for local collectors and millers.

(3) Geaneration of Employment Opportunities

Project implementation will generate an estimated 2,649,800 man-days of
employment comprising 2,638,600 man-days during the overall construclion period,
and 11,200 man-days annually during the farming period at full devclopment (see the
Supporting Repoit for details).

(4) Enhanced Standard of Living

Increased farm income will improve farmer standards of living, also increase
farmer purchasing power, and further stimulate commercial activily in the benefit area.
This will also contribute to reclifying the gap in living standards between urban and
rural areas.

(5) Generation of Valug Added

With project implementation, a considerable portion of the project cost will be
directed at the procurement of locally produced construciion materials. Also, large
scale employment of local labour during the construction period will increase the
purchasing power of these workers. Accordingly, production activities will be
stimulated in the construction materials and consumer goods sectors, leading ultimately
1o genesation of new value added for produced items.

13.1.53f Other Benefils

High economic viabilily as shown in the raw water cost of 1.3 Baht/m” and EIRR of 13.8
- 15.0% for six alternative plans has been guaranteed as a resuli of economic and financial
evaluation. In addition to the above, the Project will bring about multifarious beanefits as
described below.
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{1) Kok, Ing and Upper Nan Basins

- Flood mitigation in the Lower Ing Basin by diverting 175 m/sec of water under the
Project.

- Acceleration of diversified agriculture with assurance of stable water supply in the
dry season.

- Preservation of aquatic ccoTbgy and expansion of fish production in the river and wet
land by the dry season water supply.

- Development of agro- and eco-tourism in the area along the water diversion canal
roule.

- Promwtion of agricultural products trade to China, Myanmar and Laos via the
Mekong river.

(2) Sinkit Dam

- Increased flood conlrol capacity in the reservoic from 4,000 MCM 1o 6,500 MCM by
minimizing the exisling carry-over capacily for the next dry year, resulting in no
more flood outflow at the Sirikit dam 1o the downstream river.

(3} Nan Basin

- Expansion of water resouices development for irrigated ageiculture in tributary
basins where development has long been suspended due to reduclion in water
resources induced by large water use in the Chao Phraya Delta area.

- Large flood mitigation in the Lower Nan Basin and Chao Phraya Delta area through
implementation of new water resovrces development for large and medium scale
dams on the basin tribularies, and resultant enhanced peak flood control in the
tributaries through a number of reservoir,

- Sustainable conservation for agualic ecology in the Nan river with assurance of
sufficicnt dry season water supply.

- Improvement of waler management in the dry scason with respect to river flow,
reservoir operation, irrigation canal system, etc.

{4} Chao Phraya Delta

- Promotion of successful diversified agriculture and agro-indusiry with assurance of
ircigation water supply in the dry season.

- Export expansion of diversified raw and processed agricultural products.
- Job creation and income generation with advancement in diversified agricultural and

agro-indusiry,
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- Expansion of urban and industrial development by the dry season water supply.

- Improvement of the existing groundwater status (cusrently facing problems including
depleted quantily, decreased water level and worsening pollution) as a result of
surface water utilization instead of over-pumping of groundwater in the dry season.

"Consideration of the above indirect ripple impact and other benefits indicates a
considerable overall socio-economic profitability to emerge under the Project.
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The irrigated agriculture in the upper Chao Phraya basin tends to expand, reducing the flow of
the Chao Phraya river at Chainat from where water is diverted and distributed to the cxisling
large-scale irrigation projects in the delta. Water demand in the delta also tends to increase
because of agricuttural, urban and industsial devetopment. I thesc tendencics continue as they
are, waler resources especially in dry scason will become short seriously in future. (Under the
current water resources development policy as well as agricultural development policy including
crop diversification program, about 4,000 MCM of water wilt be deficient in dry season in
future.) Probable shortage of water in future would be far beyond of saving by means of effective
operation and management of water, however, it is an uigent necessily 10 consider the
comprehensive measurcs of water resources management aiming at sustainable development of
Ymited water resousces.

1n case that decision is made fo lake actions to mitigate the chronic shortage of water prevailing
over the Chao Phraya basin during dry season, water diversion as studied by the F/S can be
considered as one of effective measures from engineering point of view. Possible actions
inclusive of improvement of opezation rutes of the existing storage, such as some 640 MCM of
additional dry season refease ftom the Sirikit reservoir proposed by the F/S, should however be
taken 1o cope with the immediate needs of dry season wales, A series of waler balance scenarios
within a possible range are shown in this report for further consideration of appropriate aclions
by the Thai side. About 8,000 MCM of the water resources in the Kok and Ing basins are very
valuable for the peoples iving in the basin, however most of them are released unused to the
Mekong river al present. On the basis of the maximum development of the potential water
fesources in eventual future, the JICA Study estimated the volume of water 10 be resesved in the
basins and in turn available water for diversion. However, 1o lead the implementation of the
proposed project into suocess, it is necessary {o continue the public relation activities with full
information regarding the EIA and other studies including participatory rural appraisal efc,
aiming {o arrive at the common consent and undesstanding among the zesidents in the donor
basins.

In view of the magnitude of influence that might be caused by the waler diversion, public
relation activities should be executed not only in the Kok, Ing and upper Nan basins but also in
the direct beneficiary ateas in the lower Nan and Chao Phraya delta, and further ai the national
level. Water allocation and operation in the Chao Phraya seem (o be done well making the use of
its scale merit, however, the risk of waler shortage even in wet season in future should be fully
recognized by all concerned.

In view of a crilical condition of balance between demand and supply of water, "Waler Resources
Management® in the Chao Phraya basin is of quite imporiance. It is therefore necessary to
establish a responsible organization to take charge of this (Strengthening of National Water
Resources Committee, Eslablishment of Basin Authority, ¢tc.).

For the sustainable development of water resources and ralionalization of water use, it is
recommended to collect water charge from water users. In the case of the water divession, it is
desirable to allocate a pari of the collected charge for developntent of the Kok and Ing basins.
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(6

The JICA cavironmental technical assistance study was carried out focusing on review of RID’s
ElA study and supplemental study in due consideration of watcished conservation and
sustainable rural development. Regarding EIA as it ought fo be, RID is recommended to refer the

conclusion and recommendation of the JICA cavironmental technical assistance study for future
consultation with OEPP.
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