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CHAPTER 3 OUTLINE OF WATER DIVERSION FACILITY

The project facility to be proposed by the Kok-Ing-Nan water diversion plan is outlined as

follows;
Facility Dimension ' - Function

(1) Kok Diversion Dam ' | Water intake from Kok river

(2) Kok-Ing Diversion Channel 55 km Convey Kok water to Ing river

(3) Ing Diversion Dam : ' Water intake from Ing river and regutation of

, water diverted/conveyed from Kok river
(4) Lao Diversion Canal 12 km Convey Kok and Ing water to Ing-Yot tunnel
(5) Ing-Yot Tunnel : 50 km Transbasin water diversion tunnel from lng to
: Yot river

(6) Yao Flood Control Dam Control floods from upper Yao basin

(7) Yao River Training Works 40 km Improve Yao river to It flow design discharge
3.1 Kok-Ing Water Diversion Facility .

(1} Kok Diversion Dam

_ There are lwo alternative plans for the Kok diversion dam to take 125 cu.m/sec of
Kok river water, name'ly use of the existing Chiang Rai weir constructed by DEDP and

construction plan of new diversion dam at downstrcam of the existing weir. The plan of

_ utlllzmg the existing weir will have the advantages of higher intake water level and not

'rcqmrmg construction cost. Meore detailed geologlcal investigation will however be necded

to finalize the sclection of alternative plans, and both plans will be further studicd in the

~ feasibility study in association with selection of suitable route of the Kok-Ing diversion

channel.
(2) Kok-Ing Diversion Channel

- The divcrs._ion_ channel from the Kok river to the proposed Ing diversion dam is

Qomposcd of lh.e open canal or culvert to pass the paddy field in the kok basin, tunnel to

penetrate mountains dividing the Kok and Ing basins and open canal to connect the tunnel

outlet and the Ing diversion dam. There are five alternative plans for route selection as
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3.2

bricfed below;

- The A route plan proposed by the local consultants to connect new Kok diversion
dam and the Ing divcrsio.n dam, |

- The B route plan proposed also by the local consultant to connect the existing
Chiang Rai weir and Ing diversion dam consisting of a long culvert and a shart tunnel.

- The B-§ rounte plan proposed by JICA based on the B route plan \y'ith_intcni_iqn to

minimize the length of culvert by means of converting some section to open canal.

- The B-P route plan proposed by JICA on the basis of the B route plan to minimize

the deplh of canal and culvert by means of introducing a pumping system.
- The A-R route plan proposed by RID as a modification of the A route plan to

minimize the length of tunnel.

These alternative plans of conceptual plan level will be further studied during the
course of the feasibiity study, because more detailed study based on newly prepared topo-
maps and exccution of geological investigation is required to arrive at the final conclusion.
The study on environmental impact assessment will also be needed for all alternative routes
since the paddy arca wherein the canal and culvert are proposed is located near the Chiang
Rai urban area and owned by the people's irrigation district which has a long his.tory of

irrigated agriculture. The outline of alternative route plans is given in Table-11.
Ing Diversion Dam and Lao Diversion Canal
{1) Ing Diversion Dam

The Ing diversion dam is planned on the Ing river at Thoeng with the intake capacity

of 175 cuan/sec to divert and regulate the Ing runoff together with the water 'diverlcd and

- conveyed from the Kok river. The study on dam facility at present stage is only of

conceptual plannmg level, and more detailed study will be camcd out in lhc feaSIblhly study
taking into account the regulatmg capacity of diversion dam rescrvonr ﬂood “ater level at
damsite which is under mﬂuence of the Mckong back wates during ftood pcnod drainage

system of the upper Ing basin, 1mpr0vcment of Lao mcr flou mg mto thc lng rwer dam

: struclure based on topographtcal and geological condition, ctc.
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(2) Lao Diversion Canal

The Lao diversion canal is planned to convey 175 cu.m/scc of the Ing water to the

Ing-Yot tunncl with the total fength of 12.4 km consisting of open canal section of 1.1

km, culvert section of 10.3 km and tunnel section of 1.0 km. The detailed study will also be
made in the feasibility study in consideration of flood and water level conditions of Lao

river, topographical and geological conditions along the canal route, cte.
3.3 Ing-Yot Tunnel

 The Ing-Yot tunnel is planned to convey diverted water from the Lao diversion canal
to the head of Yot river passing through high mountainous division Belwcen the Ing and
Nan basins with a capacity of 175 cu.m/scc and a long distance of 50 km. Inclined adits of
17 km in total is requircd at 7 places, becausc of lohg length of tunnel construction. The
hydrziulic slope and sectional arca of tunnel arc designed at 1 to 2,500 and 73:4 sq.m

respectively.

Two alternative tunnel routes, namely southern route and northern route, are
proposcd and studicd by the local consultants. As a result of study, the southem route to
pass the southern mountain area has been canceled due to the fact that very poor geological
condition prevails over the proposed route and overburden depth is shallow which would
cause scrious construction problems such as rock fall, water leakage, nced of strong
reinforcement by steel supports, etc. On the other hand, the northern route is gencrally

forn'led.by hard and consolidated rock formation though having many fault zones which

' would force the tunnel to be designed and constructed classifying into the following tunnel

- types;

B G | G D, D, | E | Total

Length(km) | 2.7 | 89 | 148 | 121 | 78 | 4.6 | 509
Steef Support | X [ X .| O O O @
Remark:  O=Steel support required, X =not needed -
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3.4 Yao River Training

Diverted water of 175 cum/sec from the outlet of Ing-Yot tunnel is rc!ease& to the Yot
river and reaches the Sirikit reservoir through the Yao and Nan rivers. The nan river, Having the
flood releasing capacity of more than 2,0007 cu.m/fsec, can let the diverted water of 175 cu.m/sec
flow without any prdblem, however, the Yao river with capacity of 200 cu.m/sec in its upper and
400 cuanfsec in the lower reaches has no ability to flow smoothly 175 cu.m/sec in addition to its
own flood from catchment throughout the river course, and therefore river training works
including flood controf plan is to be set up. The detailed river training plan will be formulated in
the feasibilily study taking into account hydrological and hydraulic conditions along the river and

environmental impact to be caused throughout wet scason by additional flow of 175 cu.m/sec.

(1) Yao Floed Control Dam

The Yao flood control dam is proposed in the upstream basin of Yao river ncar the
outlet of the Ing-Yot tunnel at a site where drainage arca is 370 sq.km and design flood
capécity is 200 cu. m!séc The dam is so designed approximately as to have the gross

- storage capacity of 35 MCM, dam hclght of 37 m and the maximum outﬂou capacn) of
250 cu. mfsec

(2)  Improvement of Yao River

The river imprbvcment works consisting of expansion of river width, weirs and drops
to dissipate flow energjf, viliage water supply facility, reﬁlacemcnt and new installation of
roads and bndges, etc will be required along the river course of about 40 km so that the
designed flood of 200 to 300 cu.m/sec in upper and 300 to 400 cu.m/scc in lower rcachcs

including 175 cu.m/sec of dn erted water can be released safely and smoothly.

3.5 Project Cost

The pmject cost is esumatcd at 47 600 ml!llon Baht for the uatcr allocahon and
utilization plans A and Band 55 60(} nnlhon Baht for the plan C, as sho“n in Table-lZ Thc plan '
CAls set up so as to use de\,elopcd water b} the propos»d pro;ect for second crops in the existing

irrigated agricultural arcas of Phitsanulok and Chao Phraya delta requiring no additional
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investment to consolidate irrigation systems, while plan C intends to allocate some of water to
120,000 ha of the Phitsanulok Stage I arca in addition to supply of water to the plan A and B

areas requiring 800 million Baht of additional construction cost for irrigation system

development.
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CHAPTER 4 lMPLEMENTATlON PROGRAM
4.1 Disbursement Schedule

The project is planned to be implemented in 8 years period taking the net construction
period of 6.5 years for long distance tunnel into consideration. The construction of the Kok-Ing
di\,;ersion dam and channel will take placc first in order to contribute to levelling up of rural
inhabitant's living standard in the Kok and Ing basins which would be influenced by the proposcd
project, by imcans of providing the Kok river water for irrigalfon and other uses in irrigable atcas
to be newly developed. Constm.ction of remaining works such as Ing diversion dam, Ing-Yot
tunnel, Yao river training, etc will be commenced 1.5 to 2 years afterwards. Accordingly, the
annual amount of the project disbursement will be 6,000 to 7,000 million Baht on an average and

8,000 million Baht in the peak year.
4.2 Implementing Agency and Its Budget

The iniplcmenting agency of the project is RID which is the largest agcnéy to implement
watcr resources and irrigated agricultural development projects in Thailand holding employee of
more than 50,000, The annual budget allocated is 43,700 million Baht in 1997, of which 25,800
millton Baht is the budget for project implementation excluding the. foreign aid amount. The
annual disbursement amount of 8,000 million Baht in the peak year corresponds to about 30% of
the current size of the project implementation budget. There will be few constraints on the
projcct'implcmcnlalion from budgetary point of view, since the project implementation is

expected in early 21 century when more expanded budget will be allocated to RID.

4.3 FImplementation of Project in 8th National Development Plan

In accordance with the implementation list of water resources dcvelopmcnt prbjccts in the 8th
National Economic and Social Development Plan submitted by RID and appro»ed by NESDB, the

proposed Kok-Ing-Nan water dncrsmn pl’OjCCt is nommated as lhe pro_|ec£ to be commenced in

2000 takmg into account the period needed for fcas:blhly study.
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CHAPTER 5

5.1

PROJECT EVALUATION

Incremental Benefit of the Project

(1) Agriculturﬁl Incremental Benefit

Agricultural bencfit is preliminarily studied based on projected production of second

crops in dry season following the cropping plan propbséd as given in Tables 9 and 10.

 Plan A

- Beneficial Area:

- Cropping Plan:

Plan B

- Beneficial Area:

- Cropping Plan:

PlanC

. Beneficial Arca:

- Croppin_g Plan:

Existing mlgatlon arca of 270, 000 ha in total in Phitsanulok

“ pm]ect arca and Chao Phraya dclta area

Only sccond crops including upland crops, fruits, vegetables, ete

without adoption of dry season paddy

Same as p?zin A, but with the ldtal irrigable arca of 224,000 ha
Sccond crops same as the plan A but with adoption"of some dry

season paddy

New Phitsanulok Stage Tl arca of 120,000 ha in addition to

cxisling area as adopted in plans Aand B mlh the total arca of

" 335,000 ha

S_upplemental ireigation for Phitsanulok-- Stagé I arca and second

* crops for eatire projected area

Asuie from the above, agncultural bencﬁt is 'ﬂso produccd froi the beneficial area of

: 32,000 ha in Ihc Kok and Ing basins, .

The pmJect bencﬁt is eshmated on economlcal basns denvcd from ﬁnanclal prices, as

shown in Tables 13, I4 and lS and as summanzed be!ow o
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Basin Plan A " Plan B - Plan C

Area Benefit | Arca Bencfit | Area Benefit
(10%ha) | (106Baht) | (10%ha) | (106Baht) | (103ba) | (106Baht)

Nan & Chao Phraya Delta |~ 270 5,588 224 3,639 335 4,762
Kok and Ing 32 673 32 673 32 . 673

Total 302 6,261 256 4,312 367 5,435

~ Plantation of second crops such as upland crops and vegetable does not require much
irrigation water as compared with dry scason paddy resulting that the irrigable area as well

as project benefit for cropping plan without dry scason paddy increase.

(2) Incremental Benefit in Municipal and Industrial Water Supply

The municipal and industrial water of 1,208 MCM per year can be suppifed by the
project to the lower Nan and Chao Phraya dclta area. The benefit of waler supply is

cstimated as below;

_4.79 Baht/m3 x 1,200 MCM/year x 0.7 = 4,024 million Baht

where, 4.79 Baht is opporlunity cost of urban water and 0.7 is loss factor of water

supply
(3) Incremental Benefit in Hydro-Power Generation

The benefit from hydro-power ge.ncration' at the Sirikit power piant by additional g

water through the proposcd project is estimated as follows;

2,000 MCM x 1KWh/5.8m3 x 1.12 x 0.85 = 328 million Baht - _
\'\.fhcre, 1Kwh/5.8m3 mean_s' that 5.8m3_ of wa!ér i.s._consumgdl to produce 1Kwh
of power energy, 1.12 Baht/Kwh is the opportunity cQs_t of ¢lectricity, and

0.85 is the transmission loss cocfTicient
(4)  Total Incrementat Benefit

The total benefit is then s_ummarized as below;
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{Unit: million Baht)

Incremental Benefit Plan A Plan B Plan C
Agriculture - 6,261 4,312 5,435
Water Supply 4,024 4,024 4,024
Hydro-Power 328 328 328

Total 10,613 8,664 9,787

5.2 Economic Investment Cost

The cconomic investrent costs for plans A, B and C are eslimated based on the financial

project cost as given below;

Conversion Plans Aand B . PlanC
ltem Factor | ... . . ) . .
: Financial | Economic | Financial | Economic
1. Construction Cost 0.85 40,708 34,602 47,608 40,467
2. Engineering Fee 0.85 . 3,257 2,769 . 3,809 3,238
3. Administration Fee 0.94 2,035 1,913 2,380 2,237
4. Land Acquisilion 0.94 1,000 940 1,200 1,128
5. O/M Equipment 0.85 106 %0 | - 124 | 105
6. Environmental 0.49 500 245 | 500 245
Impact Mitigation ' :

Total _ 47,606 40,558 55,621 47,420

5.3 Economic Evaluation

It is gencrally realized that some time will be needed for the farmers to be accustomed to '_
thgiiniga'tcd farming and thus to arrive at the projected benefits. It is therefore assumed that the
' rea!izétion of the b'e'ncﬁts after the project is implemehtcd will be 60% in the first year, 80% in
the second year and 100% from the third year onward for the existing irrigable area where
irrigated agriculiure is béing' practiced by ¢xperienced farmers. In the newly developed area,
however, the reélizatidn of the benefits afler the project implementation is assumed to be 20% in
* the Ist year, 40% in the 2nd year, 60% in the 3rd year, 80% n the 4th year aud 100% from the

5th yea r onward.
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On-farm cost is considered in calculating benefits where such a cost is included in the
cconvmic inp'ut cost, however, the replaccment cosl is not taken into account because the
facilitics to be constructed are mostly civil engincéring structures except some gate-related

structures.

The result of economic cvaluation based on the above cconomic benefit and investment

cost is summarized as follows;

Item Plan A Plan B Plan.C
EIRR (%0) - 15.1 13.2 12.7
B/C .38 1.13 1.08

If additional supply of about 1,000 MCM of water become available in dry season to be
possibly provided from the Kok hydro-powcr dam being stidied, the project economy will be
further upgraded showing the EIRR of exceeding 16%.

54 Ne.tessity' and Viability of Kok-Ing-Nan Water Diversion Project.

Necessity and viability of the proposed Kok-Ing-Nan “atcr diversion prcqect 1s_|udgod to be

high as supported by the following reasons;

N Agriculturai productivity, lives in urban arca and activity of commercial and industrial
sectors in the Chao Phraya river basin, especially in the delta area, will be largely restricted
by the water shortage problems and as a result the socio-economic growth in Thailand will

be stagnant in future.

As the study results of various alternative water resources deve!opmcht and transbasin

waler dwer:non projects ever proposed, it is Judged at the present phase that the Kok-Ing-

Nan water diversion pro;ccl among these projects will have every pOSSlbill!)’ of uahzahon_

for its implementation,

{2) The Thai Govemmcnt has fully rccognizcd details of lhe water shoﬁagc probleﬁls in' ihe '

Chao Phraya basin and issucd the Oﬁlcml Notice to commencc ‘the fea&bxhty sludy on the

.Kok -Ing-Nan water diversion pmJect to the Mekong Joint Commnltee where the
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C))

(5}

{6)

notification was greatly appreciated by three siparian countrics, namely Lao PDR,

Cambodia and Victnam.

The Government has listed up the Kok-Ing-Nan water diversion project in the
implementation program of water resources development projects in the 8$th National
Economic and Social Devclopment Plan (1997-2001) in which the project is planned to be

possibly commenced in the year 2000.

- The Government has provided the large scale budgct of 150 million Baht for the
cdnceplual planning and feasibility studies of the proposed project in 1993, being carried

out at present by RID.

The préposed project is judged to be economically feasible with the EIRR value of 13%.
RID is the largest agency in Thailand for implementation of waler resources development
projects having a number of capable staff, ete. RID is, with its budget size, considered to be

the proper agencey for smooth and successful implementation of the proposed project.

Construction of the long distance tunnel, the most difficult work among the proposed

project facilities, could be implemented by international competent contractors.

Since there exist impacts on the natural environment on the diversion routes or at any
tocal placcs to be caused by land acqulsntmn ‘river training, borrow area and speil bank,
trans-basin water dners:on elc., cnwronmcmal mitigation measures should be carclully

planned and 1mp!cmentcd takmg mto account the “atershed management rules provided in

' Thalland Compcnsahon for ‘the problem causod by thc prescncc of the reservoir would
: ho“c»cr be rclamcly small for the proposed project. On the other hand, the irrigation
" development projccts o be implcnicnted in association with the proposed water diversion

~ project will contribute tb a great cxtent to the econbmic growth of the Kok and Ing river

basms and therefore it is neccssar3 to make every effort to obtain the consent and

pattlcnpatlon of the rural mhabnhnt in the project arca.
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6 Recommendation and Conclusion

As explained in the previous paragraph 5.4, the proposed Kok-Ing-Nan water diversion
.projcct will make a large contribution to the sustainable socio-cconomic development of the
Chao Phraya basin toward 21 century and it is hence judged from this conceptual planning study
that this project is viable and it is recommended to proceed to the feasibility study. It is however
necessary prior to the commencement of the feasibility study that RID, MOSTE and RFD arﬁve
at a general consensus through mutual discussions on the conceptual plamning of the proposed

pro;cct which would be lmplemcnted in the watershed classification areas and nanonal parks.
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Table-5 Summary of Projected Water Demand at Present and in Future

ltgm Unit ._ Nan Yém Wang Ping :j:‘::g Pasak { Delta | Total
1. Basin Area
Total Area km?® | 34,330 | 23,620 | 10,790 | 33,900 | 5,190 | 16,200 | 33,800 |157,920
Farm Land Area i0°ha | 1,080 760] 150| es0]| - 260 910| 2,070 5880
2. Present Water Demand (1993}
(1} Ircigation Area 10° ha _278 132 €8 260 92 121 1,281 2,232
(2) Population 100 | 2310 1900| 67| 2430 430 1,670 13,150 | 22,620
(3) Water Demand | | o
Irrigation Water MM | 2871|  sso| 487 2428{ 1161 835 11,620 | 20,261
Domestic Water MCM 66 54| 20| 76 gl 72| -] 208
Municipal Water mem | 31| 16 | ss : | 1,200 1,305
Industryftourism MCM - - 1 - . 24| ©B50] 575
River Maintenance MCM i . : . : | 2860} 2860
Total McM | 2974 - 928 08| 2657| 1,169 931 16,230 | 25,207
3. Future Water Demand (2016)
(1) Irrigation Area 10°ha | 437| 285| 138| 482  126| 179| 1,315 2,962
{2) Population 10 | s110| 2410] 80| ses0| 90| 2210} 13,420 | 26,670
3) Watér Demand | | | _ |
Irrigation Water MoM | 4360 | 2066| 813 | 4344 1161 1,114] 13500 | 27,358
Domestic Water MCM 16 64 23 94 16 114 - 3817
Municipal Water MCM 57 | . 90 . -1 1,860| 2,035
Industry/tourism MCM 6 1| 3| s .| 34 n1e0] 1,150
Rwer Mamtenance | MCM - - . - - . 2,40:0 2,400
. Totat MCM | 4,499 2,159 | . 839 | 4634 1,177 1,262 | 18,860 | 33,330
4. lncrement _ : ,
(1) lrrlgatlonArea o 10°ha 159 | 153 70 222 34 58| 34| 130
(2) Population 10° goo| 4s0| 10| 1550 260| 40| 270| 4,050
3) Water Demand . | '
Irrigation MeM | 1489 | r201| 326 1916 o =279 1880 700
Others - - Mom | 38| 2| 5| et 8 521 7650} 936
. Total MoM | 1505 | nem | ss| 97 8| 33| 2630] 8033

Remark The above water demand in the Chao Phrayabasinexcept the Delta area at present is summarcized based on nthe study result of
the water resources development l‘or 25 basins. The water demand at present is sunmarized by the data ofthe diversion water

at the Chainatl Barrage issured by RID O/M Division.




Table-8 Outline of Existing Large and Medium Dams

Drainage Annual © Active Iriigé.ble
Basin Dam Area Runoff Capacily © Area
(km2) (MCM) (MCM) " (ha)

Large Scale .
Ping Bhumibal 26,386 5,250 9,660 649,000
~Do— Mae Ngat 1,281 290 243 | 4800
— Do~ Mae Kuang - 569 210 249 28,000
Wang Kiulom 2,700 590 108 25,600
‘Nan | sirikit 13,130 5,120 6,660 | 649,000
| Sakﬁe l.:{.rung' :‘ Tap Salao ' ‘534 2()-07 152 | a 23,000
Chao Phraya Krasieo 1,200 170 201 | 3 20,800
Subtotal 7 45,800 11,830 17,273 | 1,400,000

Medium Seale |
' Ping Mae Tub 126 24.6 39| 4,160
Wang hiae Yao 35 | 3.2 3.5 960
Do~ _': - Mac Arb 35 4.4 78| - 640
~Do- Mae Prik 45 5.5 42 650__
Yom Mae Kam Pong - 139 26 1 960
Do~ MaeMan - 23.3 188 | . 2,320
—Do— Khlong Khang Nai 28 3.0 10041 320
Nan HueiHead 40 6.0 _'4.1 _1,230
~Do- Khlong Tron 265 38.0 104 | 3740
“Do— | Nam Haeng :.2-27 302 18.8 o _ 960
 ~Do-— 7 Sub-Projects - - a7 | 1,23{)
Sakae Krung 7 Sub—,Project-s , - - - 15,706
Pasak | | 19 Sub-Projects - - | lﬁ&(}‘ | 79,400
Chao Phraya | 38 Sub-l’rojects. | - — 26.0- 31,700
* Subtotat 81 " ~ - :'2§5.o' 143,940
Total 88 ~ — | 17588 | 1,544,140

K.



Table7 Outline of Proposed Large and Medium Dams

Drainage | Annual Active Irrigable
Basin Dam Area Runoff Capacity Area
(km2)} (MCM) | (MCM) (ha)

Large Scate . _
Ping Mae Khan 1,685 181 165 3,200
Wang Kiew Kho Ma 1,276 265 190 4,400
Yom Kaeng Sua Ten 3,683 - 933 1,176 48,800
Nan Khwae Noi 4,254 1,449 769 24,200
—Do— Nam Khek 854 485 345 10,300
Sakae Krung } Mae Wong 615 221 250 46,700
Pasak Pasek 12,929 2,100 185 37,000
Subtotal 24,595 5,638 3,679 | 175,800

Medium Seale o ' o

Ping Huai Mae Khon Reservoir 34 9.8 2.7 800
Husi _Mae Kon Reserveir 44 10.3 5.6 1,700
Khlong Khayang Reservoir 20 6.7 4.6 600
Khlong Prai Reservoir 51 171 [ 130 600
Nam Lai Reservoir 74 18.5 15.0 1,600
Khlong Khlung Reservoir 95 20.6 18.0 1,800
Wang Ban Lu Reservoir | - - 245 2,760
Yom Mae Song Reservoir 305 75.7 65.8 8,200
Mae Tang Reservoir 120 29.8 306 | 3,500
Huai Mae Song Reservoir 60 63 12.4 §,300
Huai Ta Pae Reservoir | 287 30.3_ 58.0 3,200
Mao Mok Reservoir 28] 850 960 | 8500
Wa_ng Deang Rg.servoir ' 17 9 34.1_ 1‘2.0_ 1,300
Mae Sai Reservoir 177 30| 243 3,700
H_uai Suang Reservoir 47 50 5.6 700
e Mae Khong Kai Reservoir 70 8.2 9.0 1,100
Nan Mae Khaning Reservoie | 299 . 34.0 62.0 2,400
Huai Nam KlungReservoir | 184 |~ 63.2 12.4 4,500
Khleng Chomphu Reservoir 364 63.6 13.0 5,900
S ) Ma§ Chaé_zy Resex{voir 3 : :18 ) 68 4.3 600
: S_ai;ae Kr.u'n'g‘ Khlong Phe; Rééé_ryoif ‘ 376 97.0 61.5 -
L | Huai Nam Dung Reservoir 40 g 82 5.0 600
| MuaiKan Yao Reservoir 85 176 5.0 800
Subtotal a | 3687 | 6913 | 5663 | 56,100
Total - 4,2453 | 231,900

- 28,182

6,329.3
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Table-9 Dry Season Cropping Pattern and Water Demand for Existing Area

Unit Phitsanulok Delta Total
Crop.s. _ lgéf::::i“ Area DWater Al;ea Water Area Water
o emand Demand Demand
m¥a) | @) | aeay | P aieny | P | aem
. Plan A, Existing Irrigation Area without Dry Season Paddy
Dry Maize 4,000 | 6,000 240| 64,000 256.0 [ 70,000 280
Dry Soybean 5,000 5,100 255 64,900 | 2745] 60,000 300
Dry Peanut so00| 1700| e8| 18300 32| 20000 80
Sugar Cane 2000 | 3400 2381 36,600 256.2 | 40,000 280
Orchard 11,000 3,400 y1.4] 36600 402.6 | 40,000 440
Vegetable 6000 | 900 54| 9,100 54.6] 10,000 60
Fish 12,000 2,600 31.2) 27,400 | 3288 30,000 360
Total 923,100 |  154.1| 246,900 | 1,645.9] 270,000 | 1,800
. PlanB, Exiétihg Irrigation Ar_ea with Dry Seas_on Paddy '
Dry Paddy 10,000 6,000 80 ss,ooo 850 91,000 910
Dry Maize 4,000 | 3,000 12 32,000 128 35,000 140
Dry Soybean 5,000 3000 - 16 27,000 135 | 30,000 150
Drypeanut' 4,000 - ; 9,000 = 38 9,000 36
Sugar Cane 7,000 2,000 | 14 18,000 126 20,000 | -~ 140
Orchard 11,000: 2,000 22 '13,ood 198 20,600 920
Vegetable . 6,000 - - 4,000 24 4,000 24
Fish _ 12,0b_o © 1,000 12 14,000 168 15,000 180
| T_otél‘ - ! w000 135 | 207,000} 1,665 224,600 1,800

Remark: (1) -Inj._iga.ble a}'éa at Phitsanu.l'ok and Delta is 108,000ha and 1,190,000ha respectively.
A_(:cdrdi_ngly the increasing crépping intensity in dry season is 22% in the A plan but
© 17%in the B plan due to high water demand of dry season paddy.
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Table-12 Project Cost of Kok-Ing-Nan Water Diversion

(Unit 10°Baht)
ftem PlanAandB PlanC Remark
1. Construction Cos.t |
(1) Diversion Dam and Canal between 8,500 | 8,506
Kok and Ing
{2) Ing Diversion Dam 354 354
(3) Lao Diversion Ca_nal 3,588 3,688
(4) Ing-Yot Diversion Tunnel 20,604 20,604
(6) Yot Flood Control Dam 182 182
(6) Yao River Training 400 400
(7 Ir;igati_on Project in Kok & Ing Basin 1,600 1,600 32,000 ha
8 lrrigafion Projectin Phitsanulok II - 6,000. 120,000 ha
(9) O/M Ofice, Quarters & Facility 170 170
Subtotal 35,398 41,398
2. Contingency 5,310 | 6,210 15% of subtotal
3. Total 142 40,708 47,608
4. Others
{n Engineéring Fee - 3,257 3,809 8% of_ total 3
2) Administrative Feo 2,035 2,380 5% of total 3
(3) Land Aéquisition 1,000 1,200
(4) O/M Equipment 106 124 | 0.3%of total 3
() Enviroﬁnmfent:a! Mitigation 500 500
| Total 6,898 8,013
" Grand Total 47,606 55,621
' - #247,600 =£55,600

Remark: (1) Thebeneficial area of the plan A and B is the existmg ireigation areaof the
Phitsanutok I and_ Delta area, which wnl! not requxre the constructmn cost

for canal system.

(2) The beneficial area of the plan C 1ncludes the new irri gatmn area of the
Phitsanulok II, which requires the construction cost of canal system.



Table - 13 Crop and Fish Benefitha (Economic)
L Economic Economic Economic
Feonomic Gross Value Input Cost Net Value
Yield/ ha Price per ha per ha per ha
Crop/Fish ton/ ha (Baht / ton) (Baht/ha) (Baht/ha) (Baht/ha)
o A B C=AXB D E=C-D
Wet Paddy 1.8 % 4,000 7,200 ©1,860% 5,340
Dry Paddy 45 4,300 19,350 9,320 10,030
Maize 35 3,000 10,500 6,195 4,305
Soybean 20 - 8,300 16,600 7,624 8,976
Peanut 1.8 11,400 20,520 9,410 11,110
Sugar Cane 433 460 19,918 12,078 7,840
Orchard 50 16,500 82,500 37,120 45,380
Vegetable ©10.0 9,100 91,000 33,600 " 57,400
Fish 40 27,000 108,000 47,250 60,750

Remark: 3 Thebenefitof wet season paddy is estimated by difference of with project (irrigation) and without project {rainfed).

Agricﬁltural Increment Net Benefit (Economic)in Nan & Chao Phraya

Table-14

Plan A PlanB . PlanC

N"‘E"“em Net Net | Net
CroprFish | oo | Area | et | aven | RSN | A | 108Wan:
Wet Paddy 5,340 . R - 120 | 641
Dry Paddy 10,030 - - 91 913 37 371
Maize 4,305 70 301 35 - 151 46 198
Soybean 8,976 60 - B39 30 269 39 - 850
Peanut 11,110 20 9222 9 100 13 144
Sugar Cane 7,840 40 | © . 314 - 20 157 26 | 204
Orchard -~ | 45,380 40 1,816 | . 20 208 26 1,180
Vegetable 57,400 10 574 4 230 '8 . 459
Fish ' 60,750 30 | 1,823 15 911 20 1,215
At - 270 5,588 224 3,639 | 335 4,762

Table-15 Agricultural Increment Net Beneﬁtr(Ec'o'nomic) in Project Area

: " Net Benefit/he " Area Net Benefit

Crop/ Fish Baht/ha . (103 ha) 106 Baht
Maize ' 4,305 10 43
Soybean . 8,976 6 B4
~ Peanut - 14,110 6 - BT
- QOrchard ~ 456,380 o 6 272
© Vegetable 57,400 2 116
Fish -~ 60,750 -2 122
L . - 32 673




Figure-1 Flow Diagram of Water Resourcés in Chao Phraya Basin (Average)
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Figure-2 Flow Diagram of Water Resources in Chao Phyaya Basin (Dry Years)
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Figure-8 Watcer Balance of Upper and Lower Chao Phraya Basin

%ﬁ (1) Water Balance of Sub-Basins in the Upper Chao Phraya Basin
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SUMMARY

: The ob)ecme of the Project isto dlvert surplus water avallable in the Kok and lng rvers floumg

in the Nonhern Thailand, both of them bemg tnbutanes of the Mekong River, through several facilities

such as ‘open canal, culvert, tunnel eto to the Nan river and ﬁnally to the Sirikit Dam to meet the “ater_ :

demand in the Chao Phraya Delta. The volume of the diverted water is est1matcd at about 2 billion m?
pet annum, which corresponds to 175 m3iscc, maml) used for agnculture, industrial and domestic
pnrposes_ _ ' l. S S

‘The Pro;ect s desngned to ut:hze cfﬁctently and eﬂ'ecttvely the existing facnhty of Smlm Dam
to storc the diverted u.ater of 2 billion m Thcreforo no sigmﬂcant rosettlemsnt problems mll takc place
in spltc of the storagc of water as largc as 2 bilhon m and the dners1on route mnnmg aover a length of

about 160 km becausc any large-scalc dam is not rcqutred Hou ever, a rc.,gulatmg dam w1th a helght of

ubout 35 n tS requtrocl to be oonstructed on the upstnam Yao river, for regulatmg the diverted water
’ protectlng the dmmstrcam wllages from ﬂoodmg and suppl_wng tho stored water to thc surroundlng
- '_wllages for agncultural purposes ln assocmhon vnth constmctmg the regulatmg dam any resettlernent

R not envnsaged

" The Pt’O_]eCl is pla:med to mmmnze resettlsment problcm of the local commumty as much as

o poss;ble especnally in selectmg the dwerston route Whtch meutably passes through the village

commumtles Ho“ewer about 20 households mll be roqulred to be rolocatcd in the route near thc Kok

dn erswn dam In addltlon to tho resettlement problcm more attention should be pa;d to tho issue of

| People s lmgatlon rcpresentmg the tradltlonal 1mgatlon system in Northern Tha1land lt will be
‘una\mdablc for thc, dwersmn route to pass more or less, through tho canal net\\ork of People s

lmgatlon Thls issue may be wtal to the unplcmentatlou of thc project, hecauso th:s arca is a startlng

pomt of the Prc)joct In thlS rsspect the activities of publtc relatlons should be conccntrated on tlns mattf.r

with a full support of Cluang Rat Provmoe at the begmnmg of the ncxt stage of the stud}

Conccmmg thc lng Dnusion Dam \'.hlch 1s plamled to be constructed 2 km upstream of the.

Thoeng road bndge oonssstmg of coticrele weir and polder d}kc mth a hught of S m, is rolcs and

' nnpacts such as mﬂuence o “etland cffect of ﬂood mltlgauon avallablhty of 1rngatton uatur in the

'_ dr) season etc should be \\oll mformod to and dlscusscd \\1th tho »1llage c:ommumt; ‘when more

. concrete plan on tlns scheme bo clanl' ed In tlus connectrou pe0plc s parttcxpation from the plannmg -
- stage in rural dewelopment mll be h:ghly recommcnded to be promotod undcr the m}tlatne of vnllage

' conmtumty mth a full support of C hlang Ral Provnnce

Thc tunnel runs underground in the mountamfconsenauon areas mostl} rcprssented by Natlonal

Forest Rcsenc (C)/Nat:onal Park under establlshmcnt and dessgnated as ‘\Vatcrshcd Classnﬁcat:on :

'.H(IA)” as w:ll Accordmg to the regulatlon set up by OFPP no de\elopment actlwties are allowed in thc

:.‘ S_l



forest areas classified as Watershed Classification (tA). In association with the tunnel consmiction

tunnel shafts are planned to be located at seven placcs along the routc. In order to avoid the
environmental impact, the entranoc “exit and all the m!et portions of shaﬁs are located outside of the
' Watershcd Classification (1A). - _ ' ' ' '

- However, the pnor permission to proceed to the ext study should be obtamed through

dlscussmn! consultatlon among RID, RFD and OEPP. In addition, their _romt site mspecllon is highly

advised to be carried out at the earllesl possrble date to clarify the prosent srtuahon of the inlet and the _

outlet portrons of the tunnel and the shafts focusmg on the forosl resorrrocs the w atershed conscrvatron .

the acccss road (remstatemcnt aﬂer the opcratron and/or proper protectlon measures to pre\em illegal

loggmg) rmpacts of portals on slope stability, socrai envrromnent of the surroundmg v1llages etc

In qddmon in assocratron mth the tunnel conslnrclron v.hlch is cstlmated to producc quamcd rock-
of around 7 - 8 million m much attentlon should be pald to safety of cons{mcllon and drsposal :

fefficient utrlrzatron of such a huge amounl of quarned rock On this maller sufﬁcrcnt dlscussron be

' hlghl} recommended to be made about constmc(ron contncts mcludmg unit pnce of quarned rock and

desrgnatcd drspo»al area, among RID RFD and Chrang Rai/Phayao Provmoes _

As mmganon mcasurcs in assocrat:on ‘with constructron of the tumrel shaﬁs and thc acccss roads e

' adeqmte reforcstatron plans are advised to be estabhshod undor the Vrllage Rcfon.statron concept

Finally, in order to flow the diverted \\ater of l?5 m"’/sec , the Yao river \\1ll be mov;tably requrred B |

to be mrprowcl along the rwer stream stre{chmg over a length of 40 km Along the rrver thrrtcen (13) :

. vrllages consrsimg of about 1,700 householcls equal to about 7,000 populatlon are drstrlbuted T”he

socral rmpacts on these 13 vrllagcb should be studredfdlscussed among RlD Nan Provmoe affected o

\1llage commumtres (chref of vrllages chlef of w Omen s assocralron etc.), envrronmental cxperts of the

thrrd part) (l\GOs mcluded) The ecologrcal mrpar,ts should be exammed asw ell

~ The RID study showed that zmporlant “ater-rolated dlscase prcvarlmg in lhe study \\as rnalana

'\xhereas enccphalahs and hemorrhagrc fe\er were not present in lhe record But cnccphalltrs is reportod to .

hdw oocurred m the iject Area

_More comprehensnc publrc hcalth survey is 11Mcd to grasp current pmblems and to forescc lreallh '
unpact \\.hrch will be brought by the watcr resourccs development prorcct Espocrally the study on .
proscnt sriuatron of samtatron and h} gicne such as t)pes of dnnkmg water and lalrmc is necessary in the‘

13 vrllagcs along the Yao mer the arca of the lng Drversron Dam and the vrcrmty of Nong Luang )

\sctland Most of the health mrpact studies show lhat mrprored acccss to w ater in terms of quanhty not

qualrt) broughtamgmhoant reduction in drarrheal drseasc L

ln the next s t'rge of Ermronmental lmpact Assessment (ElA) follo\\od by lEE lhe follomngs .

mcludmg the above itenis, are advised to be studrod in mor¢ dctarls




!mpacts on feosvstem in the Mekona

Thc amount of diverted water from the Kok and Ing rivers is estimated at l to 3% of the average
mnoﬂ‘ of 129,370 MCM at Chlang Khong. 'Ihe reductxon of this volume itself has more or less some
1mpaets on the Mekong river, but soems to be not s:gmﬁeant Snpposmg that, smular projects which
reduce the runoff in the Mekong river, be mlp}emented in near future at random or ¢ven in order in
npanan countries in the Mekong basm the impacts of the Project on the ecos:,stem in the Mckong basin

~might be not small. o _ -

The Kok-lng -Nan Water Dnerswn Pro_;ect eould be, in olher tenns a pilot pro_}.,ct which has,
more or !ess some impacts on the €Cosy stem in the Mekong basin, Takmg lhlS opportumty lhe RID will

be adwsed to car:y out some study or ool[eet data concemmg the eumulatlve lmpact of the iject

: lmpaets on Aquahc Eeologv frgm One Watefshecl to Other Watersh@d ,

The 1mpaets on aquanc eeolog) from one watershed to other \\atershed has bcen exammed based
on eaptured specles for Kok lng, Nan rivers and eonoemed tnbutancs At thls prellmmary stage, it has
been coneludecl that the Impacts on dlsmbuuen of ﬂsh from one watershed to other watershed i is expected
: to be small because the prehmmary result of the sludy (RID study) mdlcated that there are mmor
. dlﬂerences in familics and speeles of fish found i n each watershed. _ '

N T}us conciusion should be reconti rmed by more ‘:amplmgs/analyses and mMore precise examination
‘:‘i in the subsequent study And the 1mpaet analys:s ml! be reqmred to be contmuousi} made in lhe

momtormg stage after the 1mplemeutat:on of the pro;ect

Deep E‘(eavahon in Cuhert :

The canal passmg near the comnmmt) wliages is dessgned to be of cul\ ert typc The excavation
is, in some parts doma to a depth of 20-30 m from the ground Therefore the open spaee dunng
| - conslructlon is as mde as 100 m or more in the deepest sectlon Bes;des dlsposal of large amount of

e\ccavated sculs estnnated at 18 mllllon m’ thlS mlght posmb!y mduce safety problems sueh as academs‘ '
.durmg construction safety 'hazards to sma!l ehrldren ete -Therefore the des1gn of such a dcep

: e_x_eavatlon is st[ongly adwsed to be reviewed.

| 'Ethmc Hllltnbe o , , B _ , _ _

'- Vlllages of hllltnbe (Yao tnbe) are scaltcrcd around lhe entrmce of 'I‘unnel No. 4 shaﬁ Thus

thls area w ould need more attenuon than other areas before and durmg the conslmcuon And the
- Publre Relatlon actmt:es mll have to be e\cecuccd ( for mstance at the time \\hen the route of an acecss

road be clanﬁed) in a close eollaborahon \u!h NGOS for this specml regton eatlier than the other

_ I'BglOﬂS
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.Regulatmg Dam in the Yao River

The regulatmg dam will play a very important role not only in prwentmg the vxllages scattered |

along the Yao river from bemg flooded in a wet season, but also i in provndmg the paddy ficld with stored
water in a dly season. The water stored in the resen oir can be also used for example for nursery bed
of valuable trees medlcal plant ﬁshery, cte. In thns eonnectlon the enhancement programs are

‘recommended to be promoted for the rurat dexelopment undcr people s partrmpqt:on :

Yao R1 ver T rammg

In order to flow the dnertod water of 175 m’/seo the Yao river \ﬂll be mewtably reqmred to be

1mpr0\ed along the mer slream stretchmg ov er a length of 40 km, Along the river, thnteen ( 13) vnllages

oonsistmg of about 1 ,700 households equal to about 7 000 pOpulanon are dlstnbuted The soonal o

lmpacts on !hese 13 wllages should be e‘cammedfdlscussed among RID, Nan Provmce af’fected village

° communities (clnef of v:llages elnef of women’s association, etc.), enwronmental experts of the third

part} (NGOs mcluded) The coologtcal tmpacts should be e\ammed as \\ell o
The phn should have a nnmmal 1mpact upon nvcr ﬂo“ and m:mm:ze the aftects of agncultural
i shery and pastoral actmnes and nnmmuze loss of biologacal dwers:t} Ho“ever :f the plan is

unawondable all eﬁ'orts should be made sot onl) to mmmnse loss of blo!oglcal dn ersity but also to create

mor¢ of b1ologaca‘l dwersﬁ) than its loss 'Ihe followmg programs are recommended to be' '

lmplementecl

- creale moderate slope of banks for the aquatxc plant gromh “hmh mll eontnbute to

_ produoe natural detntus food for the fish _ R
- plant npanan \cgetatlon along the “ater s edge to consene and create blologlcal dnersﬂy

| - pay attention to the habxtat for wildlife and the morphology of th\, river _

Recommendalrons

Fmally, it mll be concluded that the Enwronmental lmpact Assessment (EIA) be mdlspensable E
in the next stage of the study In the EIA study, (he aclwltles of lhe publlc relauons in assocnat;on with |
soeial enwronmental impacts mduced b) the Proleet and lhe proposal of the enhancementfmntigatlon -

s programs to facmtate rural de»elopment under people s pamoxpatlon both of “lneh are closely related |

' to each ofher, should be gu.en lngh pnonty

The Kok lng Nan Waler Dwers:on Plan shoulcl be really a strategtc dmclopment plan

Therefore the Pro;eet should be planned and 1mplemented to mee: the development concepts of NESDB o

‘lhat is, to maximise thc benefit of lhe people affeetedfpeople related and facilitate people s pamelpanon




in the \\hole pro_lect cyc]c of planning, 1mplementallon momtormg and cvaluation, Funhcmwrc, to

sccure the sustainable envnronmcnta! devclopmcnt lhc co-operation /collaboration among govcrnmcnt

s agencies concerned and provmclal govenmaents mll bc strong!y rcqulru:i and be indispensable.
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CHAPTER 1 INITTAL ENVIRONMENTAL EXAMINATION

1.1  Executive Summary

The prime objccti';'c of an Initial Environmental Examination (IEE) is to reach a decision on
whether a full-scate examination of environmental impacts, i.¢., an Environmental Impact Assessment
(EIA), is required or not. The purpose of conducting the IEE for the Kok-Ing-Nan Water Diversion
Project is to |dent1f) various enwronmental parameters affected by a project lmplementatlon for the
proposcd aItemames. The impact on these environmental paramcters for the selected optimum water
diversion route will be reviewed and carefully examined in the next stage of the EIA.

The preparation of an IEE is an iterative assessmicnt process that begins at the carliest phase of a
project development and, running concurrently with pfoject devclopment, constitutes an integrated
feedback loop with project planning, impiemcntatioh, and operation.

The impact asséssmem, whether it is 1EE or EIA, should be regarded as an iterative assessment
process that retains its importance in prdject authorization ( or deniai ) but also becomes a central tool
for (1) monitoring al.]d nianaging predicted impacts from the time of land acquisition and the
management process through construction, operational, and maintenance phases; and (2) refining project
development i)_n discovery of impacts prcviod_sly overlooked or changes in project dCSign.that may be

required during the actual implementation.

The objccme of the iject is to dwett surplus water avallab!e in the Kok and lng rivers ﬂm\ ing
in the Northem Thadand both of them bcmg lnbulancs of the Mekong River, through several facitities
such as open canal, culvert tunnel, etc., to the Nan river and ﬁnall) to the Sirikit Dam to meet the water
demand in the Chao thya Delta. The volume of the diverted water is csnmated at about 2 billion m’

per annum which corresponds {0 175 m3lscc maml) uscd for agnculture mdustnal and domestic

' purp(_)ses.

| ln l:ght of thc dc»elopmcnt conoept focusmg on the human resources dev elopment addressed in the
8th National Economic and Social Devclopment Plan (1997- 2001) the follomng points are stressed
' (1) Thc people should bencﬁt thc most from the de\ elopment plan
(2) Sustainable enwromnental dev elopment to supporl the i improv: cmént of quaht) of hfc and
_ | partzc:patlon of peoplc in thc nauonal devclopmenl plan .
(3) Adjustmcnl of the admmsstratlon of thc go»cmment to such as cnwmnmcm v.hcre NGOS

pnvate scctor commumty ‘and pcople are. allo“cd fo pamcqmte nore in the nauonal

1-1



development plan, even in an initial stage of determining a steategic development plan and in

a later stage of monitoring and evaluation,

The Kok-Ing-Nan Water Diversion Plan should be rcally 'é 'st;fot.egic do;;élopniént pllan
Therefore, the Project should be planned and 1mp[ementcd to meet the above development concepts, that
is, to maximise the benefit of the people affocted/peoplo related and facilitate pcop!c s participation in the
whole pro;ect cycle of planmng, implcmcntation monitoring and evaluation. Furthemlore to sccure
the sustamable enwronmcntal dcwlopment the co-Opcratlon /oollaboratlon among gowemment agencnes

concemed and provmcsal governments will be strongly rcqurrcd and be md:spcnsable

The statistical déta on _
- Annual average income distribution
- Planting rate and water resources in a dry season'
- Land utilization rate - |
- Working location and period, and
- lnnmgranon rate and type of work _
have clearly indicated that most social problems in the rural conumunities are closely rclatcd to wage and
job opporfunities. Iudging from the correlation among three signiﬁcant indicators such as houschold
income, Iand. utilizalioo rate and emigration rate, a viciou$ circle of the problems is fouod, which the
rural communitics are now facing. ' -
The wc:ous circle is represcnted as follows; _
Water shortage — Low ratc of land utilization — Low iocomc gt
Emmigration to urban area, due to lack of job oppommlties in mral -
commumly - Socm-cconom:c problems |
In thts respect, the prov;slon of i 1rngauon natcr in a clry season hy thc PrOJCot and its assocnatecl
projecls will be cxpcctcd to contribute to séver lhiS vicious cycle In due COllSldCthlOﬂ of thc nahonal
development pnnmp‘cs and the problems faced by the rural connnumtlcs the matters seennngly vital to
the project lmplementalron are dlscussed below in assoc:auon mlh thc cnwronmenlal stud), but not

lumtcd to cnviroumental prob!t,ms

* The Pro;ect is designed to UtlllZO cfﬁcnen!l) and effecln cly Ihc c‘ustmg facrhty of « Smkrt Dam

“10 store the diverted water of 2 b]lhon m’, Thercfore no 51gmﬁcant roseillement/relocatton \\l" take

phco in spite of the storagc of water as large as 2 b;lhon m 'md the du. crsnon route runmng o\er a length _

of about 160 km, becausc any largc-sca!c dam is not requm,d Houmer a regulatmg dam mlh a height '

of about 35 m s reqmrcd to be constructed on thc upstream Yao fiver, “for rcgula{mg the dnerted water,
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ke

protecting the downstream vitlages from flooding and supplying the stored water to the surrounding
viltages for agﬁcultufal putposcs. In association with constructing the regulating dam, any
r\.seltiementfrdocatlon is not cnvnsaged '

The Project has to be planned to minimize relocation of local communities as much as possxble
especially in selecting the diversion route which inevitably passes through the village communities.
lfom:ver, about 20 households will be required to be relocated in the route near the Kok diversion dam.
In addition to the rescttlement pfoblem, more attention should be paid to the issue of People’s Irmigation,
calléd “ Muang Fai “, representing the traditional irrigation system in Northern Thailand. It will be
unavoidable for the diversion routc to pass, morc or less, through the canal network of People’s
Irrigation. This issue may be vital to the implemehtation of the project, because this arca is a starting
point of the Project. In this respect, the activities of public relations should be concentrated on this malter
with a full support of Chiang Rai Province at the beginning of the next stage of the study.

The Ing Diversion Dam, which is planned to be constructed 2 kn upstream of the Thoeng road
bridge, consists of concrete weir and polder dyke with a height of 5 m. The roles of and impacts by the
Dam, such as influence on wetland, effect of flood mitigation, ava.ilability of irrigation water in the dry
season, etc. should be well informed to and discussed with the village community when more concrete
plan on this scheme be clarificd. In this connection, people’s participation, from the planning stage, in
rural development \ﬁ'll be highly reconimended to be promoted under the initiative of village community
with a full support of Chian.g Rai Province. _ |

In the preliminary study, of two (2) routes for Ing - Yot tunnel selected for comparison, the
northem route has been judged to be more advantageous than the southemn route , bascd on the past
consultant’s expericnces, in taking into account engineering factors such as topographical and geological

conditions and construction cost estimated for tunnel. According to the preliminary engineering study,

. the cost of tunnel construcnon for the southern route has been estimated at about 30,400 million Baht

which is about 1.4 times as high as 21, 100 miltion Baht for the northem route.
The turmel runs underground in the mouutmnlconscrval:on arcas mostly rcprescnted by Nauoml
Forest Reserve ((‘)fNatlonal Park under establlshment and designated as “Watershed Classification

(1A)” as well. Accordmg to the regulation set up by OEPP, no deveiopment activities are allowed in the

_forest areas class:ﬁed as Watershed Classnﬁcatlon (LA). In association with the tunncl construction,

tunncl shafts arc planncd to be located at seven piaces along the route. In order to avoid the
enwronmenta! 1mpact the entranoe em and al! the inlct poruons of shaﬂs are located outside of the
Watershcd Classification (1A). '

From the ecologlcai wc“pomts of fon,sl oonservauon any mgmﬁcantl} adverse impacts of the

_tunnel construction on forest resources ma} not be e\pec(cd There exist some projects

.plannedhmplemented in the arca designated as Watershed Classnﬁcanon (1A), one of which was that an
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undcrgrouhd headrace tunnel had been planned, in pant, under the designated arca (1A) for the
“LAMTAKONG Hydroclectric Power Project ™.

However, the prior permission to proceed to the .ncxt study should be oblained through
discussion/ consultation among RID, RFD and OEPP.. In addition, their joint site inspcclion is highly
advised to be carried out at the earliest possible date to clarify the present situation of the inlet and the
oullet porfions of the tunnel and the shafls, focusing on the forest resources, the walcrshcd conservation,
the access road (reinstatement after the operation and/or proper protection measures to prevent illegal
logging), impacts of portals on slope stability, social environment of the surrounding villages, etc..

In addition, in association with the tunne! consiru.ction' ﬂvhich is estimated to produce qﬁarn’ed rock
of around 7 - 8 million m3, much attention should be peiid to safety of construction, and disposal
fefficient utilization of such a huge amount of quamed rock . On this matter, sufficient discussion be
h1ghl:, recommended to be made about construction contracts, including unit price of quarried rock and

desngnated disposat area, among RID, RFD and Chiang Rai/Phayao Provinces.

Finally, in order to flow the diverted water of 175 m*/sec., the Yao river will be inevitably required
to be improved along the river stream stretching over a length of 40 km. Along the river, thirteen (13)
villages, consisting of about l,?OO houscholds equal to about 7,000 population, are distributed. The
social impacts on these 13 villages should be discussed among RiD, Nan Province, affected vitlage
communitics (chief of villages, chief of women’s association, etc.), environmental cxperfs of the tﬁird
party (NGOs included). The ecological impacts should be examined as well.
In this discussion, the sitwation of the river before and after the implementation of the Projcct'should be
precisely and schematically e.\'blained s0 as to make village chiefs easily understand the merits and
demerits. In addition to that, the cahancement programs in v.hlch the water available due to this project
may be used for the villages’ cconomic activities, should be accelerated under people’s participation in

rural development with a positive suppost of Nan Province and other governmental agencies.
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Major items including the above-mentioned matters, revealed by this study of IEE, are &cscribed
as below, that is, “Overall Impacts”(A - E) and “Individval Impacts™{l - 15).

1.2 OQverall Impacts

A. Changein Run-off in the Rivers

The project is planned to ducrt surplus water estimated at 2.0 billion n’ avallablc in total, 1.1
biltion m? in the Kok river and 0.9 billion m’ in the Ing river, to the Nan river in the other basin, as shown
onChart 1. |

~ The surplus water, pn'ncijm!ly taken in the wet season, will contribute to mitigation of flood-induced
disaster in the paddy ficld sprcading in the lower Kok and Ing rivers. Espcci'ally, the Ing Diversion .dam
planned on the lhg river will contribute tb flood mitigation in Amphoc Thoeng and.thé paddy ficld

occurring in the lower basin of the Ing river. The diverted water flowing in the open canal and

temporarily stored in the regulating pond/Ing Diversion Dam could be used for agricultural purpose
~ through pumping-up by the surrounding vi“age-s and be supplied as well to Nong Luang Wetland on the

way.
The change in water volume in the lower basins of Kok and Ing rivers will be alleviated to some

extent due to inflow of back—v« ater f'rom the Mekong River.

B. Impacts on Ecosystem in the Mckong

The amount of diverted water from the Kok and Ing rivers is estimated at 1 to 3% of the average
runoff of 129,370 MCM at Chiang Khong as shown on Chart 2. The reduction of this volume itself has,
more or I¢ss, some impacts on the Mekong river, but seems to be not signiﬁcani. Suppos'mg that; stmilar
projects which reduce the runioff in the Mekong river, be implemented in near future at random or even in
order in riparian countries in the Mckong basin, the impacts of thé Project on the 'ecos'ystem in the
Mekong basin might be not small, ' | | '

Each individual pro;ect results in direct and indirect mlpacls Cumulative :mpacts arcthe

aggregates of durect and indirect nnpacts resultmg from two or morc pro;ecls in the same area or region.

' Assessmcnt of cumulative impact is 1mportanl consxdenng the impact on the future ecosystem of the

Mekong, nhcrcas n,lamciy smali amount of water taken from the tribulary of the Mekong may not be

envuonmentally sngmﬁcant ona per project bas:s the cumulatne amount of water takea in the future

. may be highly sxgmﬁoant

Gem,rally, enuronmentai m1pact assessment has focused on 1 those nnpacts that result from smglc
prcuects Howev cr the gromng concern for thc globa! enviconment is likely to underscorc the lmpomnoe
of assessing lmpacts in terms of u.ho!e de\elopmeutal programs as well as mdn idual pro_lects In this

respect, the Project should_ be rg.garded asa part of the whole developmental programs associated with



the watcrshed development of the Mekong River Basin, with which the riparian countries as well as @

intcrnational institutions/organization are concerned.

The Kok-Ing-Nan Water Diversion Praject could be, in other terms, a pilot project which has,
more or less, some impacts on the ecosystem in the Mekong basin. Taking this opportunity, thé RID will
be advised to carry out some study or collect data concerning the cumulative impad of the ijéct. The
location for this study is recommended to be “Nongbongkai Wildlifc Restriction Arca (NWRA) .near
Chiang Saen, which was declared as a Non-Hunting Area in 1985.  The river or stream originated in
NWRA is connected to the Ing river about 10 km from the river mouth to thé Mekong River.
The tentative itents for monitoring in a dry season and a wet scason are as follows;
- Observation of bio-diversity -
- Water lovel in NWRA o | o o | | B
- Rice productivity, fish capture, cultivation arca ’
- Population density
- Metcoro!ogicél data
- Observation of acquatic plant, including weed
- Typeand populatioﬁ of wildlife -
- pH, BOD, S8 and water levet at the mouth of the Ing river
- pH, BOD, S8 and water level in the center of the swamp

C. | Back-u ater from Mckong River

The water level of the Mekong River at the mouth of the lng river is recorded at 350 m max. and

340 m min., indicating that the fluctuation of water be rangcd within 10 m aro_und. The hlghcst water

level is observed in October to November and the lowest in April. The river gradient of the Ing river is
very gentle, being approximately 1/5,000, from Thoeng to the mouth to the Mckong, so that the back-

water comes up to about 50 km upstream from the mouth, but not to Amphoc"l‘hocng.

. D. Impacts on Aquallc Ecoiogv from Onc Watershed fo Other Watershcd

The lmpacts on aqualxc ecolog} from one watershed to other watershed have been c\ammed based
on captured specics for Kok, Ing, Nan rivers and concemed tnbuhnes At thls prehmmary stagt, it has
been concluded that the impacts on distribution of fish from OlIe W atcrshcd to other “atershed is e\cpeclud'
to be low because the prehmmary result of the stud) (RID study) mdlcatcd lhat there are minor

ds[h,n,nucs in hmlhcs and species of fish found in each “atershcd
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This conclusion should be reconfirmed by more samplings/anatyses and more precise cxamination
in the subsequent study. And the impact analysis will be required to be continuously made in the

monitoring stage after the implementation of the project.

E.  Public Health

In Thailand, diarrhea is by far the highest cause of morbidity. Diarrhea and food poisoning have
not been reduced due to lack of water supply, hygienic latrine and food sanitation.

The implementation of wates resources dcvcloplﬁent project could cause both positive or negative
health impacts. Therefore, it is nccessary to study the present public health condition before project
implementation, so that careful analysis of causes and problems could be done in the next study.

The RJD_ (TEAM J/V) study showed that important water-related disease found in the study was
malaria whereas encephalitis and hemorshagic fever were not present in the record. But encephalitis is
reporied to have occurred in the Project Area. Common malautrition problems were goitre and anermia.
Particulatly in the construction stagé the main problem is likely to be the outbreak of malaria among

labors and communities in areas around the tunnel outlet and shaft construction sites. Besides, the spread

" of AIDS and diarrhca might be poss_lbly fourd among workers.

More cbmprehensive public health su rvey is desirable to understand existing problems and to
foresec health mlpact which will be brought by the water resources developiment pro_[ect Especially, the
study on present situation of sanitation and hygiene such as types of drinking water and latring is
necessary in the 13 villages along the Yao river, the area of the Ing Diversion Dam and the wumty of
Nong Luang wetland.

Most bf the health impact studies show that improved access to water in terms of quantity, not
quality, brought a mgmﬁcant ceduction in dlarrheal discase. Furthermore, the health education for people

in commumtncs is useful to change madcquate health behavior. In this connection, it is recommended that

in the carly stage of the project, the health education programs be apphed to these arcas as a part of

enhancemcm prograrms of the Project, to cnsure that the avaifable water is fully used for hygicnic

purposes, and to minimize fecal contamination of the environment.

indmduai impacts along the dwersnon route from the stamng point of the intake s:tn, in the Kok
river are summanzed bclow The summary is shown on Chart 3 covering the whole route and the precise
impacts on several altemative routes lmuted to the area belween the intake in the Kok river and the Ing

Diversion Dam is shown on Chart_ i



1.3 Individual Impacts along the Diversion Route

1. Intake from the Kok River

As an intake site, two alternatives arc proposed, an upstream one and a downstream one of the
existing diversion dam administered by DEDP, The downstream one ( A route } is that a new intake
facility is planned to be constructed about 4 kim downstream of the Kok Diversibn Dam ( existing ). In
this case, the RID is able to administer the water under his control, but the canal will inevitably pass, in
most parts, through the irrigation canal nctwork undcr the DEDP control. On the other hand, the _
upstream one ( B route ) is planned to take dircctly the water at the location about 2 km upstream of the
existing dam, but is not able to administer the water under his control, _ -

In any case, mutual understanding and close co-operation between RID and DEDP will be highly
required to promote the project. It should be noted by both governmental agencies through the process of
site sclection that the project be implemented to contribute to the cconomic development in the local
comununity, in which the role the Chiang Rai Province is expected to play is not small, but rather farge

and vital to the project implementation.

2. Land Acquisition and People’s Irrigation

The Kok Diversion Dam (existing) and the subséquent canal route are the starting point of the Project.
The fand acquisition for these areas located within the economic zone of Chiang Ra1 cily, may be more
sensitive than that for other arcas.

The Project has to be planned to minimize rescttlcmcntfreloca!ioﬁ of local communities as much as
possible, especially in selecting the diversion route which inevitably passes throﬁgh the village _
communities, resulting in that aboul 20 houscholds be required to be rclocated in the route near the Kok
diversion dam. In addition to the resettlement probiem more attention should be paid to the i issuc of
People’s Irngallon called * Muang Fati “, representing the traditional lrngatlon system in Northern -
Thailand. '

The traditional People’s Irrigation system, called as * Muang Fai ©, not only controls the rivers
and streams but defincs the social fabric of thousands vitlages, \-.eldmg communities together to sharg
resources o ensure mut_uai prosperity. However, now village cohesion is weakening, and with it the
willingness to co-operate. One of the reasons is that the ncx? séfﬂcfs refuse to pay for the {xfater old
farmers, seeing the new: comcra receiving free w ater, becomc reluctant to pay, n,sultmg 1n most
distressing to “Muang Fm administrators”. Partlcu!arly when water supplies are scarce dunng the dry
scason, the potential for conflict escalates and the prob[em becomes morc senous

1t will be unavoidable for the diversion route to pass, more o less, through the canal net\\ork of

People’s Irrigation. This issue may be vital to the lmplcmcntatlon of the pro_;ect, because this area is the
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starting point of the Project. In this respect, the activities of public selations and the social study on
People’s lrrigation should be concentrated on this matter with a full support of Chiang Rai Province in
the next Stage of the study.

In cas of Route A, about 20 houscholds will be required to be relocated as mentioned above. On
the other hand, in case of Route B, no reseltlement problems may be expected to take place at this
moment, but some houscholds may be possibly affected in the future due to expansion of the urban
development in Chiang Rai city. Furthermore, in the route selection, it will be necessary to take into

consideration the hike of land price with progress of urbanization.

3.  Ecosystem of Wetland (Nong Luang) for Routes “B” and “B-P”
The wetland of Nong Luaﬁg is dried up in a dry season. The wettand presently plays an

~ important role not only in feeding and breeding for birds and wildlife but also in aguaculture in the rural

econony. 7 _
_ Thc cana! route is to pass through Nong Luang, resulting in, more or less, havmg some adverse
cffects on the “clland ecosystemn, However, the introduction of water from the canal in a dry season
into the wetland is expected to contribute more to the rural cconomy, in meeeting the needs of local
communities. In this respect, the conscrvation of the wetland in Nong Luang, or more positive
utilization of the wetland, is closely related to enhancement programs under people’s participaiion.to be
rcconfmended with a full supbort of RID, RFD and DOF .~
Despite the wide ranges of resources and services provided through wetlands in the region, they
have not likely been properly protected or managed on a sustainable basis. | In Southeast Asia, major
threats come from mining, and unsustainable forestry conversion to agricultural or urban land.  If thése
systems are to co_n_linué_ to support the region’é biodiversity and the people who depend upon their
résourcés, nrgent attcntioh needs to be given to improving their management. Govemments and non-
govcrmne{.ltal organizations (NGOS) have been paying increésing attention to this issue in recent years,
and Vietnam and Indonesia both joined the Ramsar Convention in the late 1980s. |
Before thét, undérstanding of wetlands, that is, understanding the full valuc of wetland ecosystems

and the role that their sustainable use can play in achicving social and economic goals, needs to be built

at all levels of socicly, firstly ambng government departments concerned such as RID, DOF, RFD,

provincial government, efc..

4. Dcen E\ca\atton in Cul\erl (Rou!c“B”)

The canal passes through a paddy ﬁeld and a small h:ll after coming out of the Nong Luang, and agam

©run lhrough a paddy ﬁeld along which several villages, namely Ban Thung Khong and Ban Mua Luk, are

situated sev cra! hundred meters away, and finally comes to a rcgulalmg pond planned with an area of 200 ha.



The pond plays a role in regulating diverted water temporarily, from which the diversion main caﬁal goes out
and another canal gocs out as well to supply the waler to the area on the lefi bank of the Hong Khua river, a
tributary of the Ing river. .

The canal passing near the above-mentioned villages, is designed to be of culvert type. The
cxcavation is, in some paris, down 1o a depth of 20-30 m from the ground. Therefore, the open space during
construction is as wide as 100 m or more in the decpest scction. Besides disposal of large amount of
e\ca\aled sotls, cshmaled al 18 million m’, this mlghi possibly mduce several safety problems such as
accidents during consfruction, safcly hazards to smail chn?dren, ete.. The design of such a deep excav auon is
strongly advised to be reviewed. If it is unavoidable, the construction will be required to lake thc following
measures in due consideration of anticipated adverse impacts on the enw’romncnl'

- Safety measures agamst excavated s!opc collapse and slope shdmg durmg constnlctlon
- | S'tf‘e{y measure agamst access o the e\ca\ ated open space durmg constmcuon (setlmg up lhc
fence along the shouldcr of the open space, preventing village people fcrm approachmg the site),
- Proper treaiment of dcwalermg during the excavalion work,
- Proper {reatment of excavated materials {utitization of orgamc top soii and dlsposal of 18 million
n’ excavated so:ls) angd

- Correct information about the construction to the local community.

5. Ing Diversion Dam

The construction of the polder dyke will contribute to close oft a paddy filed from the flood and to
alleviate polen(iai damage to infrastructure. On the other hand, farmers will lose a benefit from the fertilizing
role of the flood when the water recedes, but the bencfits of the flood are not altogether lost. Generally, the .
dry season drawdown épecds up aerobic decomposition of accumutated ofganic matter, 'rele’ssing
nutricnts that, on reﬂoodmg, support a wet- -scason bloom in productwrt) The life historics of many
organisms are mtimatei) coupled to this penodlmt) The volume of water dischargcs in mcrs and olher |
water bodies such as swamp and pond, principally dominates the distribution and the abundap_ce of aqualic
organisms. Thcrcfore,.lhc shortage of water supply has a significant influence on the activities of ﬁs.hing: and
aquaculiure. _

_ The change of environment after the constniction of the d}kes is rcprescnlcd by longcr periods of flood
condition, 3 to 4 months, comparcd with the current ﬂood 2 to 3 weeks. It should be noted that the
fluctuatton in water level caused by change in water discharge after the project 1mplcmenlal:on is less than
that duc to scasonal change, a dry scason and a wet seasen. Therefore, the impacis of the Pm}ecl on thc.
aguatic ecology are rather small. Pianls and wildlife lnmg therc may adapt thcmsel\ es to such cnnromncnlai "

change of alternate pcrlods of longer flooding and shorter drying. -
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In mainla.iz.ling the function of the wetland, the periodicity of flow paltern is quite important. Although
the flood pattern itsell is to be changed by the ?roject, the periodicity will be secured. Therefore, productivity
in aquaculture, growth by'cle in aquatic plant and habitat/migration for wildlitc will be less affected.

Here, it should be noted that the reservoir formed by the dyke helps farmers living there to ulitize
water even in a dry season for paddy/crop cultivation and aquaculture.  Available water of 300 MCM in a
dry season will be used for associaled projects, thal is, Lower Ing Irvigation project (5,000 ha), upper Ing
Ierigation project (3,000 ha) and Inland Fishery project (2,000 ha in waler surface area).

Principally, at each stage of the project implementation, such as planning, construction and operalion,
intensive and frequent consultation among local communitics, representatives of Theong, RFD, RID, ete. will

be advisable to be held for nutual understanding in the next stage of the study.

6. Tunnel Under Watershed Classification and Nalidnai Forcst Reserves

Although the impacis on forest resources are expected to be of low magnitude, there are imporiant
issucs abont environment-retated regulations to be clarified before proceeding to the next stage of the study,
that is, Watcrshed Classification and National Forest Reserves. According to the regﬁlation set up by OEFPP,
no development activities are allowed in the forest arcas classificd as Watershed Classification (1A).

A major objective of watershed classification is to formulate land use plan for conservation of natural
resources, in particular, water and forest resource from the viewpoint of their sustainable use. From the
ecological viewpoints of forest conservation, any sign'iﬁcanlly adverse impacts of the tunne! construclion on
forest resources may not be expected. However, the prior permission to proceed to the next study should be
obtained through discussibnf consultation among RID, RFD and OEFPP at the carliest pos.sible date.

In addition, no data on the \‘egctétion around the Phu Sang Waterfall in the National Park are

av anlable So, the survey on vegetation will be rcqulred to be made in the next stage of the study.

' In the tunnel construction, the major issues related to watershed conservation will be the behavior
of the groundwater/the surface water which may aflect, more or less, the vegetation and forest resources
occmrmg on the surface above the tunnel/shafts. The longltuclmal sccllons of the tunncffshaﬁs are shown

on Dqtabasc Map. From the watershed conservation aspccis the investigation items are provisionally

listed in Chart - § for the impacts hkcly induced by funnel construction.

7. Saféﬁ’ Measﬁres in Tunnet Cons'truclinn

- The tunnel consimcl:on will be rcqusred to take the fol!omng measures in due consideration of

anlmpated adverse 1mpacts on lhe environment;

- Safty MeasUres agamst thc collapse of the wall and the ceiling,
- Proper trcalmenl of pollulcd waler,
-'_ Propcr trcaiment of c\cava(ed rock, and

- Rcforcslauon of the areas alfected such as mlet and outlel portions of tunnel and shaﬂs



and access road from exisling roads to the shafls.

8, Reforcstaimn Plan in the Inlet Portions of Shafts and along the Access Road

Some forest resources will be inevitably affected by construction of the lunnel shafts and lhc access
roads. As miligalion measures, adequate reforestation plans are advised to be established under the “Village
Reforestation” conccbl. Secdles for forest planting should be provided from RFD’ Secdling Centre.
Principally, the area for reforestation should be niore than that affected by the construction. In the preparation
stage of the reforestalion plan, the co-operation/ collaboration among RID,RFD and village comnmnitics will

be indispensable.

9. ‘Utilization of Quarried Rock from Tunnel Construction

In conneclioﬁ to the proper treatment of excavated rock, i wiﬂ be well advised to prepare the plan
for utilizing the quareied rock from the tunnet excavalion, the volume of which is estimated to be as large as
6 to 7 mitlion ms_in-sim. _

The quarsied rock can be used for several purposes, not only for the project but also for other

purposes, depending on wethering degree.

For the project, and " coarse aggregales for concrete, rock material for river bank
associated projects protection and construction materials for dam and dyke
For other purposes coarsc aggregates for local sale and construction materials

for local sale
Particularly, in association with ulilisation of quarried rock related to the tunnel conslmcuon it is

advised that not only the provmc:al government, under the initiative of commumty villages, participate

pasitively in the development pro_gect but also private sectors will be umtcd to join the project in a more

positive manney, _

For instance, a special purpose company in which a private sector and an affiliated entity of the
provingial govcmmeaﬁ take an equity participation, will be possibly established to produce and sell
oonslruclmn materials such as concrete aggregates, etc., n using quarr:ed rock from numcl excavation. The
location for the spoil bank where the above cxcavated materials be dlSposcd shall be demgnated by the
provincial govemment. In case of disposing such excavated materials at the dcsngnatcd site, the
contractor shall pay at the price agreed among the pames concemed to the provmcml gowmment
First of all, it is necessary to formulate a frame\\ork in which all the parties concerned, fairly and
equally, share together the benefits and the risks commg from the Pchct | ' _

in the background of this concept, the deslructlon of forest resources couid be aw:ded in olher arcas

where the quarncd rock is necessnaled for rural des elopment purposes
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16. - Aquatic Ecology and Fish Migration in Tuancl

Concerning the migration of fishes through the tunnel with a length of 50 km, most of the fishes have
enough swimming capability so that no signiﬁcant impacts are expecled to be envisaged. DBut at the inlet
portion of the tunnel, some measures are recommended 1o be considercd for reducing the flow velocity, for
instance, installing a resting place.

The tack of oxygen in the tunncl will be avoided, because the oxygen will be supplied into the water as
far as the movement of atmospheric air occurs and the steady flow is presenl even under no sunlight condition
like the night time, Furthcnnbre the temperature of the underground, about 1,600 m below the ground
surface at the decpest, is almost the same as the annual average temperature of the atmosphere in the
respective region, so that the difference in temperature is expocted (o be minor throughout the t_unnel. Fishes

could adapt themsclves to change in temperature in the tunnel.

11. Ethnig H:llmb
Villages of hilltribe (Yao tribe) are scattered around the entrance of Tunnel No. 4 shaft. Thus this

area would need more altcation than other arcas, before and durmg the construction. And the Public
Relahon actmhcs will have {o be e\eculed ( for instance, at the time when the route of an access road be

clarified.) in a close coltaboration with NGOs for this spoc:al region earlier than the other regions.

12.  Regulating Dam in the Yao River
" The regultating dam is planned to be located out of the National Forest Reserve but its reservoir enters

in parts into the National Forest Reserve covered with degraded forests.  Any village is not directly affected,
but pasture will be affected at limited ptaces.  The regulating dam will play a very important role not only in
preventing the villages scatiered a.long the Yao river from being flooded in a wel scason, but also in
providing the paddy field with stored water in a dry season. The water stored in the reservoir can be also
uscd; for example, for nursery bed of .valuable trees, medical plant, fishery, cic. In this connection, the
' enhancement programs arc recommended to be promoted for t.he rural dcvelopmenl wnder people’s

pénicipalion.

13. ° Yao River Training _

| In order to flow the diveited water of 1735 mBIscc.., the Yao river will be inevitably required to be
improved along the rﬁ*cf stream stretching over a.length of 40 km. Along the river, thirtecn (13) villages,
OOHSiSliI:‘lg ;if about l,?OO households'cqual to about 7,000 populatioh, are distributed as shown on Chart
6. The soéial impacts on thése 13 villages shoﬁld be e‘caminedfdiscusséd dmong RID, Nan Province,
. aﬂccted wilage communities (chxef of v:llagcs chicf of women s assocnatlon cte), environmental -

'c\cpe:ts of the thlrd parly (NGOS included). ']113 eco!oglcal 1mpacts should be examined as well.



The plan should have a niinimal impact upon river flow, and minimize the affects of agricultural,
fishery and pastoral aclivitics, and minimize loss of biological diversity. However, if the plan is
unavoidable, all efforts should be made not only to minimise loss of biological diversity but also to create
more of biologicél diversily than ﬂs loss. The follewing programs are recommended to be implemented;

- crcate moderate slope of banks for the aquafic plant growth, which will contribule to produce
natural detritus food for the fish,
- plant ripanan vegetation along the water’s edge to conserve and creale biological diversity, and

- pay attention td the habitat for wildlife and the morphology of the river

. Vegetation can stabilize shorelings by reducing the encrgy of waves, currents or other erosive forcos.

At the same time, the roots of plants hold the boltom sediment in place, preventing the erosion of the river
bank, ' .

In this connection, taking the o[iporlunilics to ulilise water available in a dry season, rural

development projects are'_strongly rccqnmlendéd to be bromoted for the dry season cultivation cagerly nceded

in the Yao river basin. In addition, the Lower Yao Irrigation project (2,000 ha) is planned as associated

project. These projects should be implemented at the tambon level under the intiative of village poople.

There, village people themselves assess the present conditions of livelihood and resources potenﬁal such as

land use, labour force, credit/fund sources, and propose their development plan to the Tambon Council, which

undertakes coordination, cooperation and information disseminalion.

14.  Impagct on the Sirikit Pam _ : _
The volume of diverted water of 2,000 MCM will be stored additionally in the Sirikit Dam, which is

the Ninal destination of the Project.

This raises and keeps the water level of the Sirikit reservoir to HWL. in a wet season, which

eventually has some environmental impacts on the ecosystems of the reservoir in a different manner from the

casc without pmjec_l.
- Riparan habitat and ripérian vegetation
- Aqualic habilat and aquatic plant/aqualic organisms
- Fish nurséf)f and spawning
- Siltation S
- Eutrophication
- Weed habitat

- Freshwater aquaculture and fishing
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. 1S.  Minor Impacts on Wildlife

Only small size wildlife such as rat, snake, lizard, frog, ctc. is present in most of the project area.
The small size wildlife moves only within 50 m of his habitat. Most of the wildlife species present in the
project area can adapt themselves to the change of the environment caus:»ed by the project.  Most of the mid-
size wildlife such as decr, wild pig, efc. have gone to the forest area. So the impacis on the mid-size

wildlife appears to be minor,
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