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CHAPTER 5 CONCEPTUAL PLAN FOR PROJECT FACILITY

5.1 Proposed Water Diversion Route
(1) Proposed Water Diversion Plan

The proposed Kok-Ing-Nan water diversion plan is sumnarized as follows based on the

study result as mentioned in the preceeding chapter 4.

(3) The suiplus wet scason water of the Kok river is taken at the Kok diversion damsite
and diverted to the Ing diversion damsite by the Kok-Ing diversion canal with the
discharge capacity of 125 cum/sce. - The canal system consists of the open canal,

syphon, culvest, tunnel and pumping station.

@

(b) At the Ing diversion daﬁsite, the surplus wet scason water of the Ing river and tﬁe
diverted water from the Kok is regulated and then diverted to the Ing-Yot tunnel
with the gravity flow of 175 cun/sec. '

(c) The water conveyed by the Ing-Yot tunnd is relcased to the Yao flood control dan
which controls the flood in the Yao upper basin, '

| (&) - In order to rclcase the bulk discharge of more tha 200 cu.m/sec. through the Yao
river, the river training works are required along the Yao river for the approximate
length of 40 km.

@ ' {2) Alternative Routes

Three alternative water diw:rsion' rdutes of A, B and C as shown in the Database map
have been studicd by the Thai suie as the result, the route B plan is recommended to be suitable
'and wablc for conductmg the Feaslbnhty Study. '

JICA Team has reviewed carefully the above three alternative route plans and judged that
the route C plm is not suitable for lhc project, because the Ing-Yot tunnel route along the
southem mountain in the Lao basin is placed at unsuitable geological condition for tunnd

construction causing the high construction cost.

‘While, it is rather difficull at present stage to confinn the relative merits ofthe A and B route plans
~ as discussed below, ' '
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(a) Difterence of A and B Route Plans

A route

A new diversion dam is proposed at 3.3 km. downstream of the existing Chiang Rai

Weir. .
Open canal with the short distance crosses the agricultural arca and reaches the inlet

~ of the tunnel between the Kok and Ing basins.

Two tunnels with the total length of 13.5 km are required at the mountain batween
the Kok and Ing basin which is located under the poor goological condition with
many fault zones requiring high construction cost. N

There will be less environmenta impact along the route consisting of canal passing
through agricultufal field in the Kok basin and tunnels crossing the mountains.

B route

The existing Chiang Rai Weir is to beused as the diversion dan ofthe projed, so

 that the construction cost for diversion dam is not required.

An open canal is passing through the agricultural area neighboring Chiang Rai utban
arca, thus resulting in more social cnvironmeatal impact and land acquisition cost
will be higher than those of the A route plan.

The culvent with long distance of 13.5 kmand deep excavation of more than 25 m
depth is required at the reaches between the Nong Luang lake and the Kok-Ing
tunne! inlet, so that the high construction cost is required and the larger social
cnvironméntal impact takes place. o

However, tunnel passing through the mountain between the Kok and Ing basin is
planned with the short distance of 55 km and placed at the good geological

condition for conslruction.

~ Both A and B route plms have the same roule in the Ing basin after passing

through the route between the Kok river and outlet of the Kok-Ing tunnel and reaches to

the Ing diversion damsite. Namely, the difference of A and B route plan is only the

route scction passing through the Kok basin, where espeaally the big difference is in’

between the culveit with long distance with decp exca_?gtion in case of the B route and

the tunnel with long distance and passing through the poor geological condition in case of

the A route.
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(b)  Additional Altcmative Route for Plan B

In order to minimize the construction cost and mitigate the social environmenta
impact for the culvert works in the B route plan, HCA Team has studicd the following

additional two route plans.

- B-J route starls off at the existing Chiang Rai Weir and passes through the arca
between the route A and B in order to escape the culvert reaches of long distance.
- B-P routeis the same routc as the proposed B bt is planned with pumping station at
the Nong Luang swamp site to lift up the diverted water of 125 cum/see. with 10to
- 15 m head.

The above alternative route plans arc as shown in the Da{abasc map. In
accordancc with the study result, B-J plan has some advantage to minimize the culver
length as compared with the plan B, while the pumping system in the B route could
minimize the construction cost and mitigate the social environmental impact but requires

the additional pump operation cost.
(c)  Additional Altemative Route for Plan A-R

It is rather difficult to sclect the plan A as mentioned in the above, because tunad

ATI route with the length of 58 km is lying on the very weak geological condition

.consisling of fault zones of more than 10 places and thin 0\'crbnirdé_n depth of 30to 50m

along the route.

In accordance with the above tunnel condition, RID proposed the A-R route which

starls at the new diversion damsite and reaches the B-J tunnel inlet in orlerto avaid the

- tunnel ATI route.

- This altemative routc will be studied additionally in F/S stage.

- (d) Rccoﬁimcndation and Conclusion

The companson study for the above alternative toutes has been made on the

'conceptlonal plan Ievcl within a short period and without the detailed map of 1 to 10,000

in the B plan and the geological investigation warks for tunnet route in all route plans.
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Accordingly it is very difficult to discuss definitely the relative merits of the
aliernative routes at this stage. JICA Tean rccommends to cany owi the ddaited
topographical survey and geological investigation works and to perform the comparison
study of altemative routes at the basic plan study stage under the Feasibitity Study.

JICA Team has no objection to the other water diversion routes pxoposéd by Thai
Side Study such as the route of diversion canal route in the Ing basin, Ing diversion
damsite, route of Ing-Yot tunncl, Yao flood control damsite, etc., although some

modifications and improvement will be required for each structure.

JICA Team however recommends to set up the plan to use the Nong Luang wet
land being located along the B route for the fishery and irmigated agricultwe and to
provide the regulaing pond at the Kok-Ing tunnel outlet to distribute the diverted water
from the Kok to the Ing river and irrigation area in the Ing basin.

Overall hydraulic condition

Overall hydrulic condition along the route designed by Thai side is reviewed by JICA

Team and found mostly acceptable. The overall hydraulic condition designed along the route

is summarized as follows ;

Diversion water level at the Kok diversion dam is 389 m at the existing Chiéng Rai Weir in
the B plan and 385 m at the proposed new dam. - ' :
In the water diversion canal, the hydrulic gradient of 142,500 to !/3,000 is adopted for the
tunnel and culvert reachcs in onder to minimize the hydraulic section arca of strudure and
construction cost. : b

In the Ing diversion damsite, the high water level of 367 m for the design flood and the
reteation water level of 3635 m to divert the water of 175 cu.m/sec. to the Ing and .Yot
tunnel is adopted.  JICA Team recommends to study the pdssibi!ily to sct .up the full water
level of 365 m to provide the regulaing reservoir at the site so as to reguizie the peak flood
in the Ing basin and diverted water from the Kok nver.

In the Ing-Yot tunne), the h)dfauhc gradiont of 1 to 2500 is adopted mstcad ofthe gradiont -
of 1 to 4,000 proposed by Thai Side Study in order to reduce the tunnel h)dmuhc section
area and construction cost. Accordingly the \\atv,r level of the tunnei oullel is pl:r:ed at
339m which is sufficient water head to release the tuanel water to the resevoir of the Yao
ftood control dam with the full water Icvel of 310 m.
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52  Genera! Topography and Geology of Proposed Diversion Route

D

Topography
() Kok Alluvia! Plain

The Kok alluvial plain is lying along the Kok river basin with elevation of390 to
380 m and with five to scven k. width from the Kok river to mountains or low hiily arca.
The diwrsion canal route is planned to cross this alluvial plain.  There are many marshy
grounds and swamps on the upper strcam of the Sakoen river. The typical onc is
Nong Luang marsh.  The diversion canal route B is planned to cross these marshy areas.
The elevation of marshy ground is 397 m to 398 m (above sea level on topographical map
of scale 1/50,000). L

() Mountains between Kok and Ing Afluvial plain

The mountains are lying between the Kok and Ing alluvial plain atong the Tak river.

" Mountains consistof the west and east one and the west mostly of lower mountain with '

clevation of less tha} 500 mder, while the cast with 500 to 650 mdecr. The width of each
mountains is 7 km along the tunndl alignment A, The tumnel alignment B is selected to
approach to the most narrow part of this mountains after passing through the above

mentioned Nong Luang marshy area.
{c) lng alluvial plain aﬁd Chiang Kham Basin

- The alluvial piain of the Ing river has a width of 9 kmto 11 km with the elevation

- of365mto 370 m . There are small mountains with the elevation of 500 m near the Ing

diversion damsite.

Along the river Lao which is a tributary of the Ing river, a wide Chiang Kham
basin is formed with the alluvial plain of elevation of 390 to 400 m and terrace of 400 to
450 m. There are existing a number of low hills and small mountains between Chiang

Kham and Ing alluvial plain.
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(d) Mountains surrounding Chiang Kham Basin

There arc high and steep mountain ranges stretching from north to south along the
border of Laos. This mountains are divided into the river basins of Ing and Nan and Ing
and Yom. There are also formed with lowhills and small mountain of ground height 500
m to 600 m on the northern part and the southem part around the Chiang Kham basin.
In accordance with the Thai side study, two alignments of Ing-Yot diversion tunnd A and
B are proposed to cross Noith and East mountain arca of Chiang Kham basin and another

altemnative C alignment to cross southcrn low hilt and mountain arca.
(¢) Mountain arca of Yao river basin

This mountain area is formed with clevation of 500 m to 600 m and there aremany
tributarics distributed dense culting mountain. The both tunnel alignments reach to the
Yot river which is uppermost stream of Yaoriver.  Yaoriver is onc of the tributanes of

Nan river and Yao floed control dam is planncd on the upper sircam.

(i  Limestone Mountain

Some unique topographics are found in the limestone arca, of which mount Doi
Pha Deang on the Ing-Yot diveréion tunnel :ilignmmls A and B and nearby Ban Sakoen
village of the Ing - Yot tunn¢l alignment C are remarkable.  Another small and steep
limestone mountains are found also on the Kok-lng tunne! alignment A inthe valley of
Tak niver and neighborhood of outict of the Ing-Yot tunnel.

Geology
The gencral geology of the arca is shown in databasc map of scale 1/250,000.

Geological charactenstic of each fonmation is sho“n in Table 5.1. There are two -

goologlcal maps with the scale of 1/50,000 and 1/250,000 prepared by DMR. The different

giological formation name is used in the above maps and compared in Tablc SI The

geological characteristics are e\cplamcd below;
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Table 5.1 Stratigraphical Classification
Geological Age | Formation [ Acronym of Rock Facies Acronym of
' 1/50,600 1/250,000
Holocene Alluvial (Qa) " lunconsolidated Sand,Silt & [q
: deposit ‘ Gravel
Pleistocene Terrace (Qb) ~ Junconselidated Red Soil q
deposit Sand Silt Gravel '
Tertiary ~ |Hai Sico fm. [(Ths) Semiconsolidated Clay,Silt |ng
with Sand st.
Jurassic Mae Tam fin. {(Jmt) Shate ,Sand st. ms$
ms-5 (ms5-3) Tuff,Shale and Sand st. msS-3
Phu Kham  (Jpk) Quartzitic Sand st. Shale  |msd
fin. . : '
Na Ngan fin. |(Inn) ~ISand _ ms3
: : st.,.Shale,Conglomarate
Upper Taassic Mae Phong (TRmp) Sand st_Shale, Tuft & msl
: fm. e Lapiily tuff
Huai Sarian  |(TRhs) fin alternation of Shale and {t-p
fin. Sand st. associated tuff '
Pha Chik fin. |(TRpc) Lime st. h
Penmian Ban Tham fin. |(Pbt) Lime st. p2-1
Pennian- Phu Rang Ka [{CPpr) alternation of Phyltite,State |p-h
Carboniferous  [fm. & Sand st.associated
Quartzite, Tuff & Calcarcous
shale
Igneous Rocks_ o
Tertiary Basalt = |(Bsy - Basalt - : B-ng
Upper Triassic  |Doi Mon Yao [(TRv) Rhyolitic & Andesitic tuff, |Lms-2
Volcanic fin. Rhyolite & Andesite L-tp
Triassic-Permian |Andesite- {An) Andesite Rhyolite & Tuff  |L-tp
~_[Rhyolite AR SRR B
Triassic Granitc - {Gr) Granite,Granodionte G
porphyry
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< Carboniferous - Permian >
1) PhuRanKa formation (CPpr) or p-h fonmation .

This formation is the oldest one of Carboniferous - Permian which is located in the
diversion canal route arca. CPpr ctmaé!cn'_zcd with fow gmdc‘maamorphoscd tock such
as Phyllite and consist of alternation of Phyllite, slate and sandstone, and s
assoctated  with  quartzte, tuff and célcan:ous and siliccous shale. This
formation is located on the border arca of Thai and Laos making high and steep

mountains.

< Tnassic > : _
2)  Huai Saran formatior {TRhs) or t-p
Continuvously, CPpr has been overlain by Trassic formation by tp or Huai
Sarian formation {TRhs). This formation is characlerizzd. by fin alternation of sh.ale and
sand stone, and ti¥ is located nearby outlet of Ing-Yot tunnel. This formation is located
also on the area of watershed of Ing and Nan river basin, making high mouﬁt:;in and

mountains between Kok and Ing river basin.

3) Doi Mon Yzo volcanic formation (TRv) or Ltp and An _

Some volcanic formations are located as cmtcniporancous haerotopic fades of
TRhs formation. These are Ltp or Doi Mon Yao volcanic formation (TRv) which
consist of Rhyolitc and Andesite, Ryoritic and Andesitic tuff and Andesite, Rhyolite (An)

4}  Pha Chik formation (TRpc)orh
Some Limestone formations are located making unjque land form. One ofthan is
Pha Chak formation (’lRpc) or h formation is located on Dol Pha Daeng on Ing-Yot

d:versmn tunnel alignment A, B nearby Ban Pong Tham v1llagc

5 | Ban Tham fonnauon (Pbc) or p2-1 .

| " Another Linkstone formatron is Ban Tham formauon (Pbc) or p2- 1 located
ncarby Ing-Yot tunncl allgnmcnt C on Ban Sakocn village and ncarby theoutlet of Ing-
Yol tunnel on Ban Yot and Ban pha Lak wllage '

6}  Mac Phong formation (YRmp) or msl _

Upper most fonmation of Triassic sedimcentary basin is Mae Phdng fomlalion
(TRmp) or msl which consist of shale and sand stone assocmted with out 'md Lapllly tuff,
This formation is located makmg lower hills beh\een Ing alluwal p]am and Chlang Kham
basin, and margin of the higher mountain on northern patt of Chlang Kham basin ncarby
inlet of Ing-Yot tunnel Aand B mute
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7)  Granite { Gr) or Gt
The Granite is located on the mountains botween Kok alluvial plan and Ing
alluvia) plain nearby the axis of anticline. The Kok-Ing tunnd B route pass through near

the granite.

< Jurassic >

As a result of new transgression in Jumssic, a series of formation is formed on the
bascment rocks which is older than Trassic. These Junassic sedimentaty basins were
formed on the Chiang Rai plain ,the Ing plain and the Chiang Kham basin. These  serics
arc Na Ngan formation to Mae Tam formation. These formalion is located on the Ing-Yot

tunnel alignment C.

8)  Na Ngan formation ( Jnn ) or ms3

The Jan formation consist of sand stone, shale and conglomerate.

9)  Phu Kham formation ( Jpk ) or msd
The Jkp formation consist of quartzitic sand stone and shale.

10) Mac Tam formation (Jmt } or msS
The Jmt formation consist of silt stone and sand stonc.

11}  msS-3 formation _

| This formnation is only mentioned in 1/250,000 map about on the mountain top on
the Ing-Yot tunncd A,B and C route but not mentioned in the geological map of T Ban
Wacn Klohg() on the Ing-Yot tunnel C route. In addition the ms5-3 formation is
mentioned tb_ be lacated neérby planed the Yao flood contro! dam in 1/250,000 map.

The former has not been confinmed. The latter consist of tufT, sand stone and shale.

12y Lms-2

. The Lms-2 formation is mentioned in 1_/250,000 map which was forméd during
same age of the above mmtionéd Jurassic. On the other hand, there is mentioned as
the formation which was formed as a rosult of Upper Triassic volcanic activity in the
1/50,000 map #7an Waen Klongi and $¥8mphoe Chuni.

< chtiary >
13) Hai Sico formation ( Ths ) or ng
Tcﬁiary formation is located 'm'aking. gentle slope or flat plain. This fo_nnaf_ion
consist of sémiconsolidated clay, silt and sand. _
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14) Basalt (Bs ) or B-ng . :

The Basalt is located patly on the ridge ofmountams bds\ccn the Kok plain and
thc Ing plain and which is underlain ¢-p formation. The rock fades of the Basalt is lava.
The Ing-Yot tunnc! B alignment is planned to pass through undér the Basalt but it is
supposed that bottom of basalt will be higher than the top of tunnel.

< Pleistocene >
15) Terrace deposit {Qt)orq ‘
The Terrace is lacated around the Chiang Rai alluvial plmn and the Chiang Kham

basin. This consists of unselicited clay, silt, sand , gravel and Laterite.
< Holocene >
16)  Alluvial deposit { Qa)orq R

* The alluvial deposit consist of loose clay, silt, sand and gravel.

Geological structure

The geneml structural trend is north-east to south-westin the area. So the repetitive axis

of anticline and syncline , and major fault trend also follows this direction.
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5.3 Kok Diversion Dam

The Kok diversion dam (weir) will rcglilme water level of the Kok river for the water diversion

at the design discharge of 125 m's. -
{1 Alt_ernaiivé Study of Diversion Damsite

The Thai stde study made the alternabive smdy on Kok dm:rswn dam and sct up the

following two alteratives.
" (a)  Altemative 1: Existing Chiang Rai Weir

Altcmatwe 1: Existing Chiang Rai Weir was sclcctcd in connection with the water
duersmn route of altermativec “B”. The Chiang Rai weir was constructed i in 1994 by
' DEA for the purposcs of lrngatxon about 78,000 rais, water supply for the Chiang Rai
City and water conscrvation of the Kok river and Korn river, a lribu_tary; for river
transportation and tourism. The weir is located on the Kok river at Ban Pa Yang Mon,
Amphoe Muang, Chsang Rai Province and it is about ? km downsteeam from the Chiang
Rai City. The lrngallon fadlitics are under construchon at present  and the intake facili ity

~ will be constructed from December 1996 or early 1997.
(b)  Altemative 2: New Kok Diversion Dam

Alternative 2: New Kok Divcr_sibn Dam was selected in connection with the water
diversion route of altermative. “A”. The new diversion dam is plancd at downstream of
Ban Farm, Muang District, Chiang Rai Province or about 3.3 km downstream of the

existing Chiang Rai weir.

| Principal | festures of the Aitematlvcs arc shown in Table 52. The Thai side study

' reoommendcd the Alternative 1: c*ustmg Chlallg Rai weir as the Kok diversion dam with

the foliou ing reason
(It is desired to selcct Chlang Ral \\elr as ihe diversion dam site because; it

was alrcady constructcd and the conlrol \\ater tevel is high enough for dm,r{mg

\-.ater to a dncrs:on canal. Besxdes thls can reduce the couslructlon cost of now

duersmn slructures )
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Table 52 Principal Features of Alternative Diversion Dams

Hy,drology,and_ Reservoir
- Catchment arca

- Average annual Inflow

- Peak discharge in 100 year
retum period

- Maximum water level in 100
year retum peniod

- Backwater level at upstream
- Control water level

Lcn'gth of reservoir
- Kok river
- Ko niver

- Surface arca of reservoir

- Gross storage
Dam facilities
- Type of dam

- Type of gate

- Height of steel gate pane
- Width of steel gate pane

- Numbers of stecl gate |

- Cut-off channel bed
clevation at upstream and
downstream

- Gate sill elevation
- Pier top clevation
Dike .

- Crest level

- Height

- Lchgth

km2
M_CM_

mfs
m MSL

m MSL
m MSL

km
km

km
MCM

m
‘m
10s.

m MSL

m MSL
m MSL

mM SL

km |

6,220

3645
890

390.50

33900
389.00
at 389.00 m MSL

9.1
il

277
295

Concrete dam of

Ogee type
Radial gate
40
8.0
11
38475

385.75
392.00

39050
g

107

1,105
386.70

386.98
385.00
“at 385.00 m MSL

Concrete dérh'of
Ogee type
 Radial gate
3.80
1000
38150

IBLSO
389.00

Source : Thai side study
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The ﬂCA.Study Team reviewed the Thai side study and preparcd the additional

comments as follows:

Advyantage

1)| The utilization of the existing weir | The operation would be more
as the Kok diversion dam doesnot | simple.
make additional environmental

problem.
2} | The utilization of the existing weir | Water resource of the Kok-Lao niver
would save the Project cost. is available. '
Disadvantage .
1) | It shall monitor the flood condition | Tt might make a problem crossing
in the Chiang Rai city more the new imrigation canals.
carcfully.

2) | Joint operation by the both DEDP | It might make a problem of land
(mainly in dry scason) and RID (wet | acquisition in the value added paddy
s¢ason) is required. ficld by the new imgation system.

3) ) It might increase the dimension of
- waler diversion facilitics due to the
lower head between the dam and the
Ing diversion dam.

If the above items 1) 2) and 3) in disadvantage of Alterative 2; New Kok Diversion
Dam are not scrious problem or the cost increase is not so much compared with the total project
cosl, the new dlversmn dam might be con51derable for the safety of the Chiang Rai city.

o VTh_c site éelt_:cﬁon of the Kok diversion dam might not be the maor issuc to sclect the
oplimun_i_ route alignment from the t':_:chnical,' environmental and economical point of view. The
selection of optimwﬁ route will depend on the diversion canal and tunnel alignment since the
cost and environﬁ}cntal. condition of them will affect to the Project much more. It is
reoommcnded to decide the suitable location of the Kok diversion dam based on the oplimum

route between the Kok niver basm and the Ing river basin.
) Propdsed Intake Water Level at Di_version S_ite

The Thai side study rcoonnnendcd thc comroi water level at diversion structures in order

to deﬁnc the ophmum dlmensmn ofhcad reguldor ofdn"ersuon canal \whu:h can opcrae without
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any effoct on the downstream water requirement. The control water level at diversion structures

was recomimended as follows:

Control Water Level =389.00 m. MSL fd; A!tcmative.l: Existing Chiang Rai Weir
Control Water Level = 385.00 m. MSL for Altemative 2: New Kok Diversion Dam

The crest length of intake facitity will beabout 125 m assuming that approach velocity is

0.5 m/s and overflow depthis 2 min case of the design water diversion discharge at 125 m/s.

Design intake water level of the Kok diversion dan shall be determined taking into
considenmtion the mantenance flow to the downstrean: of Kok rivér, stable water d_iversioti and
safety of the Chiang Rai city against floods. J'udging from the rating curve and water level
fluctuation, the design d.ischargc of 125 m’/s could be diverted within some dmwdown. It is

recommended to study the possibility of the intake water level as follows:

Altemnative 1; Existing Chiang Rat Weir Nonmal IHigh WL = 389.00 m MSL

. - . Low WL = 388.00 m MSL
 Altemative 2: New Kok Diversion Dam ~ Normal High WL = 385.00 m MSL
Low WL =384.50 m MSL

() Parlicular Atteation for Water Operation and Flood Relcasiﬁg

The Thai side study made the ﬁrcliminary hydrological analysis, Probable flood at the

alternative diversion site on the Kok nver was estimated as follows:

Probable Flood and Water Level at Kok Divers.ion Dam

Aliemative 1 - Altemative 2
Existing Chiang Rai New Kok Diversion
- Weir . " Dam
Retum Perieds  + Flow - WL - Flow ... WL
o (yrs) _ (“,315) (m MSL) (‘“3151 - {m MSL)
. 48685 - 38925 . 63886 38555
5 595.50 38952 - 761.54 .- 38590 .
10 . . 67305 . 38992 . . 85215 . 38610 .
20 74174 . 390.10 - 93211 - - 38625
50 82841 39035 103325 38650
100 890.20 . 39050 . 1,1026 . 38670 -

500 104382 39075 1,28632 - 387.05
1,000 . 110986 . 390.85 . 136429 . . 38705

10,000 133030 . - 39125 162509 38765 . .-
Source : Thai side study ' ‘ g
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As the hydrological analysis are the basis for the design of diversion strudurcs, it is

recommended to study the hydrological analysis more carefully.

Altomative 1: Existing Chiang Rai Weir (catchment arca = 6,220 km”)
- Peak discharge in 100 year retum period = 890 m'fs (q=0.14 m]a‘s/lun"‘)
Maximum WL in 100 year retum period = 390.5 m MSL
Altemative 2: New Kok Diversion Dam (catchment area = 9,330 km?)
Flood discharge in 100 year retum period = 1,100 m/s (q=0.12 m3¢‘sﬂ<m2)
Maximum WL in 100 year return period = 386.7 m MSL

| According to the map on a scale of 1710,000, the elevation of low land area in the Chiang
Rai city is about 3908 m MSL. The Chiang Rai city may be safc against flood from the Kok
river. However, it is rcocommended to establish an operation rule for reliable regulation of the
diversion water and for the safety of the Chiang Rai city against flood due to the mistake of gae

operation.

(4}  Additional Study Items to be required for FiS

1) Flood amalysis and flood routing shall be made to confinm the safety of the

opcration nule.

i) | Operating rule for the Kok diversion dam shall be studied in collaboration with
flood forecasting system, telemetering system, etc. for the safety of the Chiang Rai

city and for the reliable regulation of the diversion water.
it} Influence of back water from the diversion dam shall be studied.

iv) Necessity of the emergency spillway besides the Kok dam shall be studied to avoid
" flood by mistake of gate operation and the design shall be made if necessary.

v) Basm and river management sy stem shall be studied as \\cll as momlonng sysicm.
i) Possibilily of water diversion from the Kok-Lao river shall be studled.

vit) Folloxw;'ing study shall be made for design.
1) Review of design data, design criteria and design standards
:  2) Detenﬁination of d.cs.ign loads and safety factors
3) Slablm) analysis of dam and bank
4) Foundahon treatmcnt in accordance mth geologic condition
~5) Design of mechanical and electrical cqu:pment

6) Quantity suf\-'ey and cost cslinia;e
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viii) Topographic maps arc required for the fadil ity design of F/S. Su rvey area shall
be from 5 km upstream of the Chiang Rai weirto 3.5 km downstream and 500
m width of both side from the river {If Kok diversion dam can be fixed at the
cxisting weir, survey arca shall be 5 km upstrcam from the Chiang Rai weir to
1 km downstream), incuding 1/1,000 with 1 m (to 5 m) contour for the arca of
intake and emergency spillway.
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Kok-Ing Diversion Canal
(1) Proposéd Canal Route

~ The proposed canal route by Thai Side Study is reviewed by JICA Team dividing into
two sections, one is planned with the canat length of about 30 km for the section from the Kok

diversion damsite to outlet of the Kok-Ing tunnel, whilc the other is for the above tunnd outlet

to the Ing diversion damsite with the length of about 24 km. The former route is very
complicated one consisting of the open canal, syphon, culvert, tunnd and pumping station but

~ the latter is simplc onc running through the Ing basin by the open canal only. The proposed

canal route is as shown in the Database Map.

" As mmtloncd in 5.1 Proposed Water Diversion Route, five alternative routes of A, A-R,
B, B-J and B-P are studied by JICA Team at the canal section between the Kok river and outlet
of Kok-Ing tunnel.

- A and A-R route start the Kok diversion dam newly constructed in the river, cross the flat
paddy ficld lying on the right bank of the Kok river with elevation of 380 1o 385 m, pass
through the mountain area by tunndl and reach the tunnel outlet located at the north of Ban

" San Khong in the basin. ' ' |

- A-Rroute is plawned with the open canal approching the tunnel inlet proposed by B-J plan
and with tunnel and culvert pmposcd by B-] plan passing thmugh the mountains between
the Kok and Ing basin. '

- The other thice routes start the existing Chiang Rai Weir, nm through the paddy field near
the Chlang Rai urban dlslnct by the open canal and culvert, cross the mountain by tunne
and reach the outlet of Kok- lng tunne which is the same as pmposed in A route.
However B route crosses the high land and mountain by the culvert with tong dlstancc of
13.5km and a short tunnel of 5.5 km, B-J rdute by two tunnels with long distance and B-P
route by pumping up and tunnel with short distance.

- The regu'!ating pond will be provided at the outlet of Kok-Ing tunnel near Ban San Khong

 in onder to regulate the fluctuated discharge diverted from the Kok river, su.pply the

irrigation water to the downstream beneficial area in the Ing basin, provide the rececation

place for local inhabitant, use for fishery pond, etc. The regulating pond is planned with
 the dike of 2 km, the depth of 2 to 3m and the pond arca of about 1.5 sq km.

- After passing through the tcgulating pond, five alternative canals take the same routg, cross

~ the paddy field in the lhg basin and reach the Ing diversion dasmsite.

The outline of five routes is summarized in the following table ;
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Item , Alternative  Route %

h A A-R B B-J B-P
1. Kok Diversion Dam New New Existing |Existing | Existing
2. Open Caral with Concrete Lining (m) | 13,746 | 15,112 | 12063 | 18,589 | 23,507
3. Culvert {m) | 050 | osonn | 17991 | 1861 | 3356
4 TenclNod (m) 5800 [ 3,114 | 5506 | 3114 | 4200
Tunnet No.2 (m) o 7240 | 7775 o 7778 .
$.Total (m) ' 13040 | 10889 | 5,506 | 1088 | 4,200
5. Open Canal in Ing Basin (m) | arzse | 21750 | 21,750 | 21,750 | 23,750
Total 19,586 | 50762 | 59313 | 53,089 | 53313

Adfa.u!égcmd_disadmnlégeicmﬁmaltcmamzcs,arc as follows ; |

Aroute; Tunnel with the long distance and passing through the 'p'oor geofogical
condition is required but social environmental impact is small. _

A-Rroute; The culvert length is short but tunncl length is long. Environmental impact is

| relatively small. _ . ,

Browte;  Culvert with decp excavatton and long distance is required and large social
environmental impact takes place. Tunnel length is short.

B-J route , Tunnel with the long distélnoe but less sociat environmental impact.

B-P route; Noculvent, short distance tunnel and less social environmental impact but high

. pump operation cost.

Outline for each canal route and _addilion'al _sru'dy i_téms to be réquired'for F/S are

described as follows :
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(2 A Route Canal

@

Outline

The open canal between the Kok diversion dam and inlct of Kok-Ing tunnel shall
pass through the paddy fictd where a number of irngation canal sysiems are
provided by DEA and the existing people irmgation arca so tha many crossing
structurcs such as syphon, cross drain, bridge, etc. are required for construction of

the open canal in the project. -

. The open canal route shatl Cross small villages, paddy ficld, provincial roads and

several nivers such as the Mae Hong niver.

The open canal is éonslr_uclcd mostly with excavation ‘with the depth of 4 m,
accordingly, the huge .spoil' bank of about 2 million cum. will be required.

No.l and No.2 tunnels with the length of 5,800 m and 7,240 m respectively are
required to cross the moﬁnlain beween the Kok and Ing basin, where is formed with

. poor goological conditions such as shallow overburden of 30 to 50 m above tunnel,

weathered shale, tuff and sand stone with compression strength of less than 100
kg/cmz, 20 fault zones, ete.  Accordingly tunnd witl be designed mostly by type D
and Eto be supported by strong steel support of H-150 ~ H-200 and to be lined with
the reinforced concrete of 50 to 60 cm thickness.

Tunne! type and its distance to beapplicd for the A route is estimated as follows in

accordance with reconnaissance goological survey al the site and the preliminary

" study.
. Classification of Tunnel Type

Tunnel  Type No.i Tunncl No.2 Tunnet Total
| Lengm(m) | Rate (%) | Length (m) | Rate (%) | Length (m) | Rate (%)
cl 25 1 716 0 | o m 6
@ 354 6 1,790 25 2,144 16
DI 132 12 1,390 19 2,122 16
;2 2 | a5 1,180 16 2,612 20
Bl 1244 2 660 9 1,904 s
B2 2013 33| 1,500 21 3,513 27
- Bwr " {805) - (600) - Co- -
Total 5800 100 7,240 100 13,040 100
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(b) Additional Study Required for F/S

The following additional study for the Thai side study is made by JICA Tean but
will be required in F/S stage to confim the technical viability and cstimate the accurate

construction cost.

- Design of the open canal taking into account the balance of excavation and fill
volume in order {0 minimize the spéil bank volume.

- - Concrete linihg inthe open canal is designed with thickness of 10 cm which wilt be
thin for the cahal with large discharge of 125 cum fsec.  The lining thickness of 15
to 20 cm will be applicd for canal lmmg

- H)draullc gmdient of open canal is designed with steep slope of 1 to 2400
accordingly the large excavation is required at the end of canal because the water

head of about 4 m is lost_ at the canal of 9 km as a result the canal with docp
excavation of more than 4 m is required at the end of canat section.
It is desirable to apply the gentle hydmaulic gradient of more than 1 to 5,000 for the
open canal running the flat topographical area. |

- Tunmel type shall be studied carefully m accordancc with the geologlcal
investigation result. _ ,
Tunnel passing through A route consists of shaliow and weathered overburden
above tunnel, so that the particular attention shall be paid for water Ieakage by rain
and ground water through overburden into the tunnel.

- The canal inthe A route canfff access the Nong Luang Wet Land which is lymg on
the cast high land of Chiang Rai city and has been used for fishery pond.  However

~ the wet land has been dried .u'p ai\vaj"s in dry scason duc to less inflow from the

surounding drainage area. Chiang Rai provincial office requssis slrongly the

WAlLT resources devclopment of the wet land by supplymg the diverted water from
the Kok river. _

Itis nocessary accordm gly to stud) ihe v«.ater su pply mahod to the Nong Luang wet
tand from the other water resources in the A route plan. ' _
The water resou rees dcvc!opment plm to pump up the water which i is duerted from
the Lao river and ﬂowmg down in the Nam Mae Sokocn ‘may be studscd m thc A

route plan.
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A-R Route Canal

{a)

(b}

- Qutline

The open canal passes through the same paddy ficld as the proposed onc i the A
route canal but approches to the tunnel inlet proposed by B-J route plan in onder to
avoide the AT1 tunndl route consisting of the poor geotogical condition and the long
distance of 5.8 km. Accordingly the open canal length of 33 km will increase as
compared with the canal length in A route plan.

As No.¥ tunndl is plaaned at the same route proposed by B-J route pla, the turmel
Jength of 2.2 km will reduce compared with the length in A route plan.

Additional Study Required for F/S

Addi.tional stﬁdy as mentioned in A route plan and B-J route plar will be required

for A-R route plan.

B Route Canal

(a)

0ut|inc_

The open canal started at the intake of diversion danmsite with the water level of 389
m runs toward the Nong Lnang wet land in the high tand with clevation of 390 to
400 m.

This open canal also is dcstgncd with the stecp h)dmuhc gradient of 1 to 2,400 in

.Thal side study The hydraulichead of 55 m is lost at theend of canal, as a result

the deep e\ccavatlon with dopth of more than 10 nm is rcqum:d at the end of canal

_ lecated near the uet land and its excavation volume reaches 3.3 million cum., which

: wnll give lalge social cnwronmenia! |mpacl in the arca.

The canal is dcs:gncd with the culvert structure after passing the wet fand. In

~ accordance with Thai side study, the culveit IS designed mth the length of 13 km
‘and thedoep depthof 250 30m, because the culvert route is placed at the high land

with the elevation of 395 to 400 n bet\\een the Nong Luang and inld of Kok -Ing

: _t.um)cl.‘ Ac;ordnnglyf, !h_e_culvelt g:on_slmctnon fo_rgghelcngth of 13 km s consisting

| of the cross .section with the top Svidth of 100 m and bottom width of 30m, depth of
25t 30m and the huge e\ccavauon volume of 18 mlllion cum. which will cause the

) large sccnal envnonmcnta! problem such as the compcnsauon for the arca dividad by

the culvert construction with 100 m width, preparation of spoil bank to treat the
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huge excavation volume, provision of drainage system to drain the rain and scepage
water duning culvert constmcﬁon works, elc.

- Although the Kok-Ing tunnel is planncd with the length of 4.0 km by Thai Side
Study, the length of 5.5 ki will be required by the carcful study by JICA Team.
Tunnel passes through the mountain with a little favourable geological condition for
construcktion such as the overburden of more than 200 m above tunnel, six small
fault zones, etc. except the inlet site with the length of 1.5 kin which is orginally

designed with the culvert and consists of poor geological condition.

Tunnel type and its distance to be applied for the B route is estimated as follows.

* Tumnel Type Tunnel Length (m) . Rate(%)
cl | 480 - 0
C2 790 _ 14
DI 620 S §
D2 _ 660 - 12
El 750 14
E2 o 2,210 : 50 -
Ewr (880) -

Total 5,510 100

(d) Addiional Study Required for FiS

" The follo.wing‘ altemative and additional study will be "r'céﬁii.r_cd for the B canal

route in F/S.

- The 6pcn'céml wilt be designed with the gentls hydraulic giadiczlt‘ofmorclhm tto
5,000 to rednos the excavation volume in the }ugh land and with lhc: concrete lining
ﬂuckness of 15 to 20 cm, ’ ' ‘ B ‘

- lis noccssal)’ to study the posszblhty to use lhe emstmg Nam Mae Sokoen river
W thh starts at the weir at the Lao river and re'x:hes to the Nong Luang wet Iand for '
the \\alcr dl\ ersmn canal by upgradmg the above rwcr

- Itis noccssary for the Nong Lu:mg “ct land to study the poss:bﬂzt) to construct ihe

- polder dlkb store the wet season water by pumping up lhc diverted w ater from lhc
Kok river and use it for xmgahon in lhe beneficial area of 1,500 ha along the Mae
Tak and the Nam Ilmg Luk rivers and at lhe arca sunroundm g the Nong Luang wet

. land.
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The reservoir will be planncd with the area of 10 sq.km, cffective storage depth of 3
m at the proposcd water level of 395 m and the aclive storage capacity of 20 to 25
million cum..

Fish culture at the Nong Luang will be accelerated.

The culvert design will be reviewed in order to minimize the deep excavation and
mitigate the social environmenta impact, taking inta account the leveling up of the
hydraulic gradient, adoplion of horse shoe type culvert instead of the box culven, etc.
The geological investigation works along the culvert route are requird in onder to
confirm the earth or rock foundation. It is necessary also fo camy out the
environmental impact assessment for the arca along the culvert route.

The spoil bank to treat the huge excavation material is to be selected and studied.
The goological investigation works are required for the tunnd route to design the

tunhel type to be applied by the geological condition,

-~ ¢5) B-J Route Canal

Quitling

* B-J route is proposed by JICA to avoid the culvest route with deep excavation.

The open canal route starts the same Kok intake proposed in the B route and passcs
through the paddy ficld with elevation of 38510 390 m which docs not requir the
culveit and reaches No.l tunnd inlet.  The gml!e hydraulic gradient of more than 1
to 5000 will be appl!cd for the camal design to minimize the cxcavation volume
along the canal. |

No.l and No.2 tunncls with the length of 3,110 m and 7 730 m respectively are
provided to cross the mountain with poor geological conditions between the Kok
and Ing basin. R '

- Tunnel t)pe and its length to be appl:cd for B- J route is estimated as follows ;

Tunncl Type No.1 Tunnel No.2 Tunnel - Total

| Length(m) | Ratc (%) | Length¢m) | Rate (%) [ Length(m) | Rate (%)

cl 130 4 760 | 16 890 8
o o0 b 1,89 24 2230 20
D 320 10 1,400 13 1,720 16
D2 a0 ]| e |oas f neie [ s

El 800 26 660 9 1,460 13
E2 1,100 35 1,880 23 2,980 28
Ewr (440) o (750) T 8
Tolal 3,110 100 7,780 100 10,890 100

5-23



©

() Additional Study Requircd in F/S

Additional study as mentioned in the A and B routes will be required for the B-J
route. The particular attention for No.1 tunne study is paid, because the No.1 tunnd
route will be set vp at the area with very complicated topographical and geological

conditions.

B-P Route
(a) Outline

The B-P canal route is almost same as the' B canal route but its water level and
canal bottom are placed at the higher clevation than that of the B route by pumping of the
diverted water of 125 cum.fsec in order to avoide the culvert construction section with the

huge excation volume. The outline of pumping station to be required for the B-P route

is as follows ;

- Pumping capacity 125 cum /sce, 12 m head

- Noof pumps : 11 uhits with one stand-by

- PumpBore - - - 2,300 mm

- Pump Capacityfunit - : 12.5 cum fsec (750 cum./min)
-~ Motor Output : _ : 2,000 kW/unit

- Pumping Watet/year - 2,200 MCM

- Operation Hours 3,490 hrls'earfunil

- - Electrical charge for operation ;' - - 138 million Baht/year

In accordance with pumping pian in the B-P route, the huge excavation volume in
the B route could be reduced and the consiruction cost for the B route is docreased as

compared with the other plan.  However, the high pumping operation cost is required.
() Additional _Study Required for F/S

s nccessary to canry out the careful study for construcuon ancl opcralon cost of

pumpmg station and mmlmlzed cons!ructmn cost for cml \\orks
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" Diversion Canal from Kok-Ing Tunnel Outlet to Ing Diversion Damsite,

{a) Outline

The water released from the Kok-Ing tunnel is guidod by the culvert and open canal
connecting with the tunnel outlet and then reaches to the regulation pond.  The pond is
plwncd at the tunne! outlet to regulate the water relcased from the tunnel. - The outling of

regulation pond is as follows

- Reservoir Arca ' 1.5 Sq.km.

- Effective Reservoir Depth 30 m

~ Rescrvoir Capacity : 4 million cum.
- Full Water Level 374 +

- Low Water Level ' 371 *

- Polder Dike Length . .20 km

. The diversion c'mal started from the above pond is designed by the open canal with
the length of 21.8 km which passcs thmugh the paddy field and reaches to the Ing

diversion damsite.

The canal route selected by Thai Side Study is .acccptabtee.\'cept the route passing
through the hilly arca at Ban Huai Kang Rat near thc_pmposed reservoir. The above

-~ route will require the large excavation and give the large social environmental impact to

village.

The open canal runs through in the Ing basin crossing may tributaries flowing

- down from the western mouniains. Accordmgl), may c¢rossing strudurcs such as plpc

and box culvert arc required along the diversion canal.
{b) Additiona! Study Required for F/S

- Land acqunsmon for regulatmg pond isto bc survc)ed

- Outlet facnht) ofrugulalmg pond for the water dwers:on canal to Ing diversion dam
and lmgatlon canal to the dou nstream beneficial area is to be studied.

- The design ﬂood capacﬂ) in the ftributaries flowing down from the western
mountam and emptics mto lhe lng fiver is to be analized in order to design the

 allowable flood dlschargc of the crossing slructun,s for the dn ersion canal.

- lnventory sutvey is required for the existing rivers and canals which cross the

proposed diversion canal route. Inventry survey for rivers and canals include the
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drinage area, past flood éondi(im such as water level and discharge, profilc of 500
m and cross scction with interval of 50 m, the existing structures such as weir, intake, '
bridge, pond, ctc., the fow condition in wet and dry season.

- The regulator and tum out points for the irdgation canal started from the diversion
canal to the beneficial area in the Ing basin are to be selected at the route of the
diversion canal. '

- Canal will be designed mlh the fill type and require the hugc fill materials, so tha
the borrow arca shall be surveyed at the Ing basin.

(8) Topographical and Geological Condition

(a) Kok-Ing Tunnel Aligniment A

A-1Tunnel

* The tunnel passes through !0\\ hills where ground heaght is maximum 510 m and
gencrally about 420 m to 440m, so thal tunndt overburden is very shallow {about 35 m
to 60m).. Espocially these hill areas arc crodod by many small and shallow valleys of
ground height 405 m to 410 m formed with the weak gootogy along fault zone.
Under this valeys, tunncl overburden is only 20mto30m (the goological pmﬁlc is

shown in the Database map).

¥ From inlct to 6.0 ki

The tunnel passes lhroﬁgh the t-p formation of Permian-Triassic i\'hid] consists of
Shale, Sandstonc and Tuff. After that, from 2.0 km to 2.6 kot and from 32 kmto 54 km
passes through the Lms-2 formation of Upper Triassic which consists of Rhyolite and
Rhyolitic Tuff. After that, from 52 km to 60 km p:c;scs lhrough p3 formation which
‘consists of Shale, Sandstenc and Tuff, a

* 6.0 km to outlet | _ _
After 6.0 Km point, the tunnel passcs th_fobg_h Limcstone mountain Pha Kiu Klai

{EL 520 m) consisting of p2 f_omla_tion of Permian whcre limesion_e cave can be found.

* Génera!iy 611 such lowér hilh t-p, p3 -md L s-2 formations are dmply and hlghly
“cathered SO grade of rock mass is cla551ﬁed El to E2 t}pc

3 About Il faults are assumed to exist by !opographlc anal) s:s and lhcre is a trcnd of
' e\ctendmg NE to SW. ' S :
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+ tis assumcd that during tunnd excavation ground water discharge will be increased

when crossing these faults situated under small river courses and Limestone caves.
*+ Therefore, this alignment is not recommendable from geological condition vicw point.

Alignment A-2
The tunnel route mainly passes through under mountain of ground height 456 m to
500 m, crossing three rows of mountains and two small valleys. Maximum height of these

mountains is about 600 m  (the geological profile is shown in the Databasc map).

¥ From inlet to 2km
Near inlet, passes through the L-tp formation which consist of Rhyolite and
Rh)ohhc tff. After that pass through steep and lng,h mountain of groind height

. maximum 620 m underlain by Granite.

* 20t07.1 km

Passcs through p3 formation whidh consists of Shate, Sandstone and Tulf. After
that the goology change to t-p formation which is almost similar to p3 formation.
Between 24 km to 26 kin, passes through under river va]!ey of ground hc-sght 430 m

formed along fault.

£ 7.1 ki to outlet .
Last 900 m passes thmugh under very gmt!c slope of gmlmd height 380 mto 400

m undestain by Talus and hlgh]y “ealhercd rocks.

* Nine (9) faults are suppbséd to exist by topographic feature atong the small valleys
which have a trend extending NE to SW. Along these fault, rocks are decply and
highly weathered, so rock mass is classificd Eto D type. '

£ Htis supposed lhdt dunng tunnel excavation ground water dlschargc will be increased

when crossing these faults situated under small river courses.

* Rock mass is chssrﬁcd under Granite moun!am D1 to Ci type and pl and t-p

fonnatmn is classifi ed undcr hlgher mountam D1 to C1 type, and under lower
'mounlam D2 to D1 type without fault zone. Under shallow overburden section

| Juncl_erlam by Tulas and hlg}_ﬂy weathered rock near inlet and outlet is classificd E2

type.
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- {b)  Kok-Ing Tunnel Alignment BJ

Aligoment Bl-1

The tunnel route passes through under Dot Ung mountains of maximum ground
height of maximum 580 m, after that from 2.1 km passes through lower hill of ground
height less than 450 m (the geological profile is shown in the Database map).

* From inlet to 2.1 km _
From inlet 1020 km is underlain by Lms-2 formation which consists of Rhyolite
and tuff. Near 1.3 km, crosses under small stream valley ofgmund hc;ght 440 m formed

along fault.

* 21kmto cuﬂct
Passes through under small and low hill of gmund height 395 m to 450 m. Last

- 0.5 km near outlet  is underlain by t-p formation.
* Six (6) fault arc supposcd to exist along small river valley.

Alignment BJ-2 : 7
This alignment is planncd to pass through about 2.5 km south of atignmeat A. So
topographical and geological condition arc similar to that of alignment A-2.

From inlet lower hill which is underfain by Shale and Sandstonc of t-p formation,
and then continue Lhyolitic tuff of L-tp formation. From 1.5 km to 34 km passcs
through Granite which make Doi Om mountain with maximum height on the tunnd
route of $60 m. After tha, passes through small valley of Moﬁi Hagc river (ground height
is 420 m) and passcs through mountains which underlain by Shale, Sandstone and Tuff of
p3 and t-p formatton ' ' g '

(c) Kok-Ing Tunncl AlignﬁlentB, '

The (unnel route is plamcd to pass thmugh under the mountams with the gmund

hqght of maximum 640m and gencral!y 430mto 540m.  The tunnel route is dfmgned

along the mountain ridge which extends north—uest to south-east (lhc goologlcal pmﬁle is

~ shown in the Database map).
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* From inletto 1 km
The tunnel passes through under very gentle stope of ground haght 400m to 420
m underiain by highly weathered Rhyolite and Rhyolitic tuff of L-tp formation and Talus.

¥ lkmto47km

Passcs through under narrow ridge of gmound height 460 m to 640 m which is

underlain by Basatt and t-p formation consisting of Shale and Tuff, and L-tp formation.

* The Basdt is located on mountain ridge at 1.1 km to 39 km. The Basalt fava is
exposed at inldt side at the elevation higher than 460m and outlet side higher than
560m. So; it is supposod that the basement of Basalt will be higher than tunnel crown,
and goology of ncar tunnel clevation may be alternation of Shale and Tuff of t-p

formation.

@ About five (5) faults are supposed to exist crossing the tunnel route.
@

: .Rock mass is classified E2 type on shallow overburden section of near inlet and
outlet which is underfain by Talus and highly weathered rock and major section which is
covered by enough overburden  classified C1 and C2 type. Fault zone is classified D and

E type.

* Groundwater from cracky Basalt lava is supposad to supply through cracky rock of

fault zone. but the volume is not so much becausc the mountain ridge is narrow and is

separated to another ridge by deep valley.
{d) Additional geological investigation required for F/S

* To make clear geological condition of every alternatives for alignment A-1, A-2, B
and BJ-1, such as depth of weathered zone, rock fages of cach geelogical umt,
goologidal invéstigation is sequired induding scisnﬁc prospecting, core dnlling
accompanied B)' on sile test such as permeability test and geological logging and rock

test.

¢ Especially, investigation is r'cquiréd to make clear rock condition of fault zone and

shallow overburden section  as found in alignment A-1.

* | To make éléar goology ‘ofinl'ct‘and outlet such as depth of Talus and highly weathered

rock.
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* To make clear bottom the Basalt lava on alignment B, TDEM {Tim¢ Domain Electro-
* Magnetic method ) is required. '
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55 Ing Diversion Bam

The Ing diversion dam will regulate water level of the Ing river for the water diversion to the

Nan river basin at the design discharge of 173 m/s.

M

Proposed Damsite

The Thai side study set up the following two damsites in accordance with the altemative

diversion toute aligniment.

{a) Lawer Site

The lower site plan was prepared for the alternative Ing-Yot diversion alignment A

AF and ABE. The lower site of Ing diversion weir is located on the Ing river at the footof

Mon Kong Khao hillabout 2.8 km upstream of the Thoeng bridge. This site is selected to
avoid the rise of flood water level at Thoeng District duc to the weir constructien,

The design of dncrsxon dam with radial gates is not applicable since the pin
bearmg clevation 364.00 m MSL will be lower than 3676 m MSL which is the maximum
water level in 100 year probable flood. A rubber weir on a reinforced concrete floor was

recommended by the Thai side study.

(b) Upper Site

The upper site plan was prepared for the alternative Ing-Yot diversion alignmaont b
CE. The upper weir sile is located on the Ing river about 3.5 km southwest of Ban Huai
Luang Bank clevation at the weir site is at 366.00 m MSL while low water contrel level
upstream of the weir is at 365 50 m MSL. This weir will also be of rubber type. Since
hydmlogical dda at the weit site is still _uzmmilable at present, the weir size will be the
same as the lower site.

The alternative Ing-Yot dnersmn alignment ACT was not recommended by the

both Thal side and JICA Study Team, since the lng-Yot tunnel work along this route

~ mightbe more dangerous and costly duc to the poor goologu:al condition. The lower site

is reoolmncndcd as the Ing dwersxon dams:tc fmm the tcchmcal environmental and

= "cconomlcal pomt of view.
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(2) Regulating Capacily and Desfgn Water Level

The lower site is located on the flood plain and its catchment area is 2,210 km’. The
upstream of the lower site spreads as swamp and paddy ficld, The diversion water of 125 m/s
from the Kok river will flow into the Ing river and increase water level at the damsite above 364
m MSL. '

Itis predicted that cultivation lands on this elevation wilt be immdated continuously in
wet season espedcially from August to October due to the diversion water of 125 m’/s from the
Kok river. In addition, it is required to stop and store the diversion water volume from the Kok-
Ing diversion canal {about 3 MCMj} in accordance with flood condition in the Nan basin.

The maximum discharge of 784 m s (q 0226 m’fs/km’ ). which was equwalem to 100
year pmbable flood, was recorded at the Thoeng brdge in September 1980 for the recent 20
years. The recent flood in 1995 marked at 36745 m MSL, 700 m !s, which was cquwafent to 50
year probable flood. Probable flood at the Thoeng bridge on the Ing river was estimated as

follows:

Probable Flood and Water Level
at Thoeng Bridge

Retum Peniods Flow WL

{yrs) (m’s)  (mMSL)
2 29365  365.60

5 41307 36660

10 50950  367.10

20 57973 367.25

50 70047 36750
100 77989 . 367.60
500 963.13  367.30

1,600 1,046 .46 368.00

10000 131169 36820
Source ; . Thai side study _

The extraordinary floods exceeding 50 year and H)O year probable ﬂood .oo'cﬁrred_for 20
years. The preliminary hydmological analysis by Thai side is questionablc Since the results 61‘ '

hydmlogical analysis are used as basic daa for the design of dwcrsnon facnhuec it is
recommended to study the hydrological analysis more carefully. '

The JICA Study Team recommend a flood rclmho:ﬂrcgulatmg pond with the lng
diversion dan, takmg info consideration that the sntc area is frcquenﬂy ﬂoodcd and that the
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diversion watce of 125 m’/s will incrcase water leve! of the Ing river in wet scason. The flood
retention/regulating pond has the following functions.
- tostore the diversion water volume from the Kok river,
- to regulate the water level fluctuation for the stable water diversion to the Nan river
basin and - '
- to protect paddy ficld from the ordinary floods.

The regulating pond will be provided by the embankment of polder dike along the

. boundary of swamp. High water level of the regulaliﬁg pond will be set at 365 m MSL and Jow

water level at 363.5 m MSL. The storage volume is cstimated at 6 MCM at HWL 365 m.

Itis also reoommended to construct a flood diversion canal from the Lao siver into the
flood fe_tentioh/regulaling pond for the following purposes.
- o protect downstream of the Lao river from floods and

- to utilize flood excess water for the water diversion te the Nan river basin.
(3) Layout of Biversion Dam Structure

The Ing diversion dam is recommended as combined type dam which is compo'scd of
reinforced concrete dam with regulating gaes and rubber dam. The reguldting galcs are
recommended for the regulation of water level, The intake high water level will be set at 365 m
MSL and low watcr level at 3635 m MSL. Principal featurcs of the conceptual plan of the weir

is shown in Table §.3.
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Table 53 Principal Features of Ing Diversion Dam

- Principal Features - -

Thai Side Study -

JICA Sindy Team.

Recommended by

Regulating Pond

- High water level

- Low watcrievel

- Reservoir surface arca
- Grross storage

Dam facilities

- Typc of dam

- Type of gate

- Height of gaté (weir}

- Width of gate (cicst length)
- Numbers of gate

- River bed clevation at upstream
and downstrcam

- Weir sill eIevatiqn

- Weir crcsi elevation

- Control water level

- Maximum water leve! before the

rubber weir deflated
Intake/Dike

- Peak discharge in 100 year retum
period

- Maximum water level in 100 year
return period

- Crest level
- Oniginal bank ¢levation
- Length

m MSL
m MSL
km?

MCM

m
m

nos.

m MSL
m MSL
m MSL
m MSL

m MSL

m™fs
m MSL

m MSL
m MSL

km

nong

. Rubbc_r dam

none

approximately 353
359.00
36350
363.50

364.40

- 780
367.6

369.13
364

365
3635

Reihfo_rced concrete
dam and rubber dam

Radial gate
7
10
1 .
approximately 359

359.0

363.5 (concrete
dam)
365.0 (rubber dam)

HWL 365.0
LWL 3635

780
367.6

368.6
364
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Additional Study Items to be required for FiS

iii)

v)

vi)

vii)

Hydrological analysis on the Ing and Lao basins such as low flow analysis, flood

analysis and sedimentation.

Water diversion from the Ing-Lao river shall be studicd considenng water
availability, potential amount of diversion, available space of the Sirikit rescrvoir,

water demand as \'vcll as economic point of view,

Follomng stud) shall bc made for design.

1) Review of design data, design cntcna and design standards

2) Prt_zllmmary design of the divarsion dan, intake, polder dike, Ing-Lao fload
diversion canal al_ld‘ drainage system for the inland water. It shg\ll be designed
taking into consideration the regulation .of waler level and the safety of the
ldwér lng-Léo, Yao. and Nan basins against floods. |

3) D_e'tenni'nation of design loads and safety factors

4)  Stability analysis of dam and dike

5) Foundation treatment in accordance with geological condition
6) Operating rule in collaboration with basin and river management system,
monitoring sj'stcm, efc. |

7y Quantity survey and cost cstimate
Design of mechanical and electrical equipment and operating rule for gates.

Back waters influence from the Meckeng river and from the regulating pond shall be
checked. '

Survey on land acquisition and compensation for the construction of facilitics.

Following topographic maps are required for the facillity design of F/S.

1 1/1,000 \wilh I m{to 5 m) contour for the arca of diversion dan and flood
pmted:on dike {boundary of swamp arca) and 200 m wndlh ofbolh side from
the dam and dike aaus '

2) Dam axis, Ing and Lao river pmﬁlcs with horizontal scale of 1/1,000 and

' vertical scale oflll(){) ‘ ‘ '
3). _Dam axis cross scr'hon with horizontal scale of 51200 vertical scale of 1/160

and 200 m intery al

e 4) lng and Lao river cross scctlon w lth honzomal scale of 1/200, vcrhcal scale of

| IIlOO and 200 m mterval up 1o the river bed El 367 m
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5.6 Lao Diversion Canal to Ing-Yot Tunnel
(1) Outline of Lao Diversion Canal
(a) Proposcd Route

Lao diversion canal starts off at the Ing diversion damsite and reaches to the inlat
of the Ing-Yot tunncl. In accordance with the Thai Side Study, the diversion canal route
is sclected along the Lao river which emptics into the Ing river at the Ing diverston
damsite and coasists of the open canal, hmnc_l, syphon and culvert. The canal route
prposed by Thai Side Study is m'odiﬁéd slightly by JICA study taking into account the
difficulty for culvedt construction of 1.0 km proposed with the decp excavation of more

than 40 m depth and sociat environmentd impact for the rou\te':runnjng through the arcas

near villages.  The outline of the diversion canal is summarized as follows ;

lems Thai Side Study JICA Revised
Open Canal Lcngth (m) 2430 1,130
Cuhelt A (Dcepth 40 ) ‘II,OO(} -
Culvert B (Depth 20 m) 9670 10,310
Tunnel (m) _ - | l,OﬂO
River Improvement (i) ' .- 1,300

Remarks : Tolal length of Lao canal between Thai Side Study and JICA Revised is
different due to the route differcnce.

- Open canal is placed at the right bmk of Ing diversion damsite to convey the

diversion watcr of 175 cum./sce to the tunnel inket.

- The route of 1.0 km from the end of open canal to the Lao river is ongmally planned
with the culvert with decp excavation of the depth of more than 40 m which is
difficult for construction and changed to tunnel by JICA study.

- The route from the tunnel outlet to the inlet of Ing-Yot tunnet crosses the Lao ri\'cf
and passes through the high land with the elevation of 380 m, therefore the route is
designed with the culvert with deep excavation of about 20m.

It is rather dlfﬁcult to set up the propcr ducrsm-n canal route betv.een thc lng .
diversion dam and thc inlet ofthe Ing-Yot tunnel, bocausc thc profile and cross scction
survey along the Lao river is 1ot done yot, lhough the same will be caricd out by RID in

the dry season in 1997.
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Additional Study Required for F/S

- Profile with the length of 15 km along the Lao river and its cross scction survey with
interval of 100 m are required.

- The definitive route is to be studied bascd on the above topographical map and
taking into consideration the flood water level at the Lao river.

- The Lao runoff in wet season induding the flood is to be introduced to the Ing
divcrsiori damsite, so that the river training of the Lao is to be studied in parallel

with the diversion canal route.

- Since the proposed culvest route sunning through the high land lying on the right

- bank ofthe Lao is covered with rock formation, the geological investigation works
shall be carnied out along the culvert route.
- Asthe culvert works require a huge excavation, the spoif bank area is to be surveyed.
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Ing River Training

L))

Present River Cendition
(a)  River course and river bank

Inthe Upper Ing River, a number of small tributarics in the mountainous area flow
into the Ing River that dmins into the Phayao Lake. The outflows from the lake are

regulated by a weir that is serving for flood protection downstream.

In the Nam Phung River, a number of watenvays are scattered in the alluvial plain.
The main stream, Nam Phung River collects water from the watenvays and drains into the
Middle Ing River near Ban San Makha just upstream the location of a rubber weir for

irngation in dry season.

In the Middle Ing Rivcr, three maor tributanes, such as Huai Rong Khui, Rong
Chang and Nam Chun flow into the Ing River. There cxist some watenvays near Ban
Mac Ing that are serving for flood protediion and irfgation. After passing an iriigation

rubber weir, it becomes a meandered stream with wide flood plain arca.

In the Lao River, a number of small tributaries in the steep mountainous area flow
into the Lao River tha flows in the alluvial plan with some watenvays that are serving

for fleod protection and inigalion near Amphoe' Chiang Kham.

In the Lower Ing River, after the confluence of the Ing and Lao River, the Ing River
becomes heavily meandered with wider flood plans, finally dmining into the Mckong
River. A numbcr of fieshwater ponds are constructed for fishery in the flood plains

along the meandering Ing River.

The river bank with riprap for flood protection and erosion pmtcc_tibn was
constructed only at the left bank just downstream of a bridge in Amphoe Thoeng in the

whole Ing River basin.

- The man-made watenway {channel width = about 20 m) was constructed at the '
lower part of the Nam Rong Chag that is one of the tributarics of the Ing River, joining at
Ban Rong Chac to drain the inundated internal flood water from the low-lying arca into

the lng River.
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(M  Meckong backwater
The water level fluctuation of the Mc.kong River at the river mouth of the Ing River
is cstimated to be from a maximum of 350 m MSL. to a minimum of340 m MSL. The

river is at its decpest in August and reaches its lowest depth in Apnl.

The Ing River is affected by the backwater from the Mckong River at Ban Sop Ing

up to about 50 km from the river mouth, without reaching to Amphoe Thoeng.

(¢) Inundation area in wef scason -

In the Ing River, main flood plains that are inundated by floods of a short return

period in wet scason are as follows:

Kwai Phayao Flood Plain is located in the area of Amphoc Muang Phayao,

: covcn'ng 250 kmz, having the mean elevation of about 390 m MSL.

The causes of the inundation in the arca around the Phayao Lake are considered as

follows_:

- Shortage of flood control space for .the Phayao Lake

- Shortage of flood outflow volume from the Phayao Weir _

- Shortage of bankfull flow capacity of the main stream of downsiream area after the
Phayao Lake

- Disturbance of flood flow in the main sieeam by a number of small irrigation weirs

located downstream of the Phayao Lake

 Ing Flood Plain is situated in the arca of Amphoe Thoeng, covenng 400 km
having the mean ¢levation of about 360 m MSL. ‘

" The causes of the inundation in the area are considered as follows:

- Shortage of bankfull flow capacity of the main stream and {ributarics

- Low-lying arca near the confluence of the Ing and Lao Rivers

' Lower ihg Flood Plain is located in the arca of Amphoc Chiang'Khong'nmr the

 iver nouth, covering 100 km?2, having the mean elevation of about 340 m MSL.

53



)

The causes of the inundation in the arca are considered as follows:

- Shortage of bankfull flow capacity of the main stream
- Disturbance of flood flow by backwater cffects from the Mekong River

(d} Number of existing weirs at the upstream

In the Middle Ing River basin after passing the Phayao Lake, a number (about 17)
of smatl scaled irngation weirs was installed in the man stream and minor streams
flowing in the alluvial plain near Ban Mae Ing and other vitlages.

(e) Assumed flood capacity

The bankfull flow capacity of the Ing River varies between strcams from a few

. times cach ycar 1o once every few years in terms of its frequcncy of oacurrence reﬂcctmg

on a situation where no man-made dikes were constructed along the strcams. Most of

the river bank in the Ing River is a sand and/or shingle ones in naturat condition.
Lafont plan of river training
The river training plan in the Ing River is categorized into the following :

- River training ;ilan directly related to the Kok-Ing-Nan Water Diversion Project

- Associated river training plan for the entire Ing River basia
(a) Widcning of river width

River lrammg plan dircetly rclalcd to the Kok- lng -Nan Water Diversion PmJect

includes the following:

- River training for the upstreani and downstream of the Ing Diversion Weir
- River training of the hmwly meandering Lao chr near the confluence to the Ing

- River

A river training plan for both the lng and Lao Rwer near the conﬂucnce is fully
relded to a layout plan of the Ing Diversion Weir and Retammg Pond. Tcntatwely, the
design flood for the river training is reoommcnded to be 20 year f]ood bmcd on the
demgn standard of RID,
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To investigate the bankfull capacity of both the Ing and Lao River ncar the

confluence, river profile and river cross section susvey arc required for plan and

feasibility grade -jcéign of river training.

(b)  Flood protection bank

Flood protection both for right and left banks of the Ing and Lao River, {1) ncar the
conflucnce, (2) upstccam and downstream of the l'ng Diversion Weir, and (3) upstream of
the Lao River is required to improve the river condition for flood events. The eaith

embankment can be adopted in principle for the conslruction of the eath dikes.

The dimension, such as, length and width of the river bank and dike shall be
determined by the Feasibility Study with additional river profile and cross section daa
and detailed flood hydrological study. '

The layout of the river bmk and dike for each river section is recommended as

follows:

- Downstream of the Ing Diversian Weir shall be protecied only by the higher river
bank suitable for the 20 year flood without changing the present meandering stream

channel.

- Upstream of the Ing Diversion Weir (The length of the river training shall be

determined by the design high water tevel of the Ing Diversion Weir.) shall be

protected by now earth dikes consiructed along the flood plain outside the

lnatldcring stream channel suitable for the 20 year flood with maintaining the
 present stream channel.  Tentatively, HWL is set to be 365 m MSL.

- At the lowest point of the Lao Rivé;, flood flows from the Lao Rives are planned to

~ be diverted directly into the Ing Divérsioh Weir by a side overflow structure, and

'downstream part of the Lao River is tobe naturally remained with no improvement.

For fur_thet study, it is reeon_rﬁi_icnded that additional pofile and cross section

" suivey :bebéﬁiéd out for iipstreaﬁl ofthe Ing and Lao River from the confluence by 200

m interval.
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{c) Intcgration of cxisting weirs

A number {about 17) of existing small scaled irrigation weirs in the main strcam
and minor streams flowing in the alluvial plain ncar Ban Mac Ing and other villages in the
Middle Ing River after passing the Phayao Lake is reoommended to be integrated since
thosc small weirs exacerbate the inundation of flood flows in the man and ‘minor
watcrways frcquently in wet scason.  The location and dimension of the integrated weir
and improved main and minor watenways shall be dtennined by a careful iragation and
drainage plan and community dcfclopmcnt plan in the alluvial plan dwing the
Feasibility Study.

{d) Erosion protection at rives bénk (riprap)

The ri.vcr bank and new dikes refated to the Ing Diversion Weir and Regulation
Pond shall be fully covered by riprap to protect the bank and dike from the crosion in
flood events,

{c) Flood mitigation swamp

Next to the ma-made waterway (channel width = about 20 m) at the lower part of
- the Nam Rong Chae that is one of the tributaries of the ihg River, joining at Ban Rong

Chae to drain the inundated intematl flood water from the low-lying area into the Ing
.Rivcr, the comb-shaped watenway was constructed along the Nam Rong Chae River

~ matnly for fishery and also for flood mitigation pond providing a flood buffering effect.

The _co_ncépt'of the flood mitigation swamp with a function of the fishery pond is
fully adopted presently in the !0\\';Iying flood plains in the Middle and Lower Ing River
basins. During the Feasibility Study., the integration of small p'on.ds, which are usually
inundated only in wet season, shall be pl&mcd for the purpose of the highé: efficicncy of
flood mitigation and fishery.

~ Mostof the nearby villages in the Lower Ing River are located in flood fringe area,

outside flood plain q'r flood stlora_ge' ar_éa, which is befond the regulatory flood limits.
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53 .Tun nel |

The major project facility involved in the Kok—!ﬁg—Nan water diversion plan consists mainly of

the following large scale tunnel works ;

Kok-l;!g tu.m_td with the length of more than 5 km and the hydraulic scction area of 60 sq.m.
to divert the discharge of 125 cu.m/sec '

. Ing-Yot tunndl with the leuglh of 51 ke with hydraulic scction arca of 79 sg.m. to divert
the dnschalge of 175 cu.m/fsec and with Inclined shaft of 17.4 km at 7 sites.

The above Ing-Yot"tuiinei will be the lérgcst scale watcr diversion turindl in the world. The

- tunnd constmchon cost in the pmjed shares about 60 percent of total construction cost. it is

nocessaly lhcreforc to venfy catcfully tcchmcal vr*hxhty for lmpTcmemmg such huge tunnel works in

Thanland smoothl) and safcly, othcnuse this pro;ect could not be reatized.

Although the tunnel works are fauiy studu:d in the conceptuai plan by Thai side, JICA Team has

carricd out further defailed study to vcnf) further the techmcal and financial wd)lllty of tunnct works,

The study result by JICA Team is described as below ;

D

' Alternative Tunael Route _
(&) Kok-lng:Tuhnel
As mentioned in the aBofe paragraph 54 Kok-Ing Diversion Canal, five alternative

canal routcs including three tunnel routes of A, B and B-] are proposcd and studicd by
JICA Tean. It is rather difficult, however, to decide the best canal route at the

o concepmal plm stage bcxausc each canal has the different advantagc and disadvantage

for constmcuon and watcr management and rcqum,s further detailed survey and study

" based on inc topographlcal suvey and goologwal investigation works. Especially the

gcologlcal investigation works for the tunnel route of A, B and B-J shall be required.

) ":'ﬁg-vét'Tu'nﬁei

In a-.,cordance with Thai srde study for the Ing—Yot tunnel t“o altematwc routes

- _are pmposcd, one is the northern route (A and B route) and the other is the soulhcm route

.(C roule). Thc southem tunnel route however, have no viability to lmplement the turinl
works with lhe foliomng reasons, as lhe result funhcr study in the Fcasnbllil} Study

- stage is not requued .
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- The tunncl route 0f 28.5 km from the tunnel inlet in the southem tunnel is coinposéd @
of such very poor geological condition as shallow overburden depth of less than 60
m above tunnel, weathered rock formation consisting of crushed shale, tuff and
sandstone with compression strength of only 100 to 150 kg/cm highly permeable
overburden to bring about water leakage into funnel during construction, ¢tc., as a
result the tunnc strudure is mostly designed with typé Dand E requi'ring the strong
steel support and the lining with reinforced doncmte. Tunnel construction cost for
the southem roﬁte, Ihcrcfofe, will be estimated at the hllgc amount of 29,300 million
Baht which is abouf 1 4 times of the northern tunnel cost of 20,600 million Baht.

Accordingly the southem tunnel route is not recommendable in the project.

- Inonder to aceess the southem tunncl_'inlet, the .kaJng'divcrsion open canal in the
 Ing basin requircs the canal length 0£36.5 km which is longer tha: 23.5km inthc A

and B route'plm because the inlet of the southem tunnel is located at about 8 km
upstrcam of the canal route in A and B.
In accordance with the longer tunndl length in thc &)uthcm route (C routc) Lhe

construction cost is naturally increased.

- Inoader to access to th_e inlet of the C route, the open canal shall cross the upstream
basin in the Ing river where the large paddy field is existed and many crecks for
irngation and drainage are developed.  Accordingly, the open canal construction
cost will be higher than that inthe A and B rbutc because the 0p§n canal shall cross

anwnber of creeks and tributanes and require many brdges, crossing structures, etc.

- ltis also difﬁcul( from the engincering asped to prmide the Ing diversion dam at
the upslrcam basm becauss the Ing mcr becomes small scction and can¥f pass

1hmugh the design duuston capacny of 175 cu.mfsec \\lthout cxpansion of the river
' h}dmul:c sectron This river |_mprovcmcnt also requirs ad_dntronal construction

- cost.

The pmposcd northern tunnel route (the A and B route) b) Thai Side Sludy is mosll)
suilable in accordance with the gcologlcal and cngincering aspect reviewed by JICA Team.
Only the location of tunnct outlet has bccn shghlly changed takmg into account the social
' cnvnronmental |mpact for Yot Village localed nmr 1hc ongmal tunne! route and for pmvmcral

road to be rep!accd

The northern route tunndl is planne_d mbslly fo péss through the consolidated and finn
rock formation with the high overburden of 200 to 1,000 m above tunnd except lhciunn_el inlet
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section and faull zone scction.  ‘The definitive northern tunnel route is as shown in the Database

Map.

(2)

Topographical and Geological Condition
(a) Proposed alignment (North route alignments)

The goological map, the profile of proposcd Ing-Yot tunnel route, and the
geological logging of core dritting which was carried eut by Thai said, is shown in the

Database map.

¢ Tnlet-32 km |

From inlct to 1 kny, tunndl is planned to pass through under fower hills of ground
height 390m-420m undertain by Mae Phong formation ( TRmp ) which consists of
shale ,tuff and lapil!y tuff. Shaleis not so hard and casily be separated along the lamira,
and because of weathering becames cracky and changed to some kinds of clay mincral.

- Rock mass is classificd E type.

* 32km-238.7km

After 32 km, the tunnel passes through uader lower mountains (EL 500-550m)
which are u'nglcrl_ain by Huai Sa'rian_fonnalion (Trhs}. After that, along the tunndl route
Phu Rang Ka formation ( CPpr } continuing for about 25 km . CPpr consists of

mq_ambrphosed phillitic slate and sandstone, and sometime assoctated with quartzite

* band being hard and compact in intact condition, on theother hand Phyllitic sate contain

graphite and has a charactenstic to be casily separated with hammer blow along the
lamina. Some faults are found along bedding plain and usually quartzite is dragged along

- the fault. Tunnel crosses under river course where supposed to be formed by erosion

atong fault shcan:d zone. Rock mass is classified B to CI type undet thick overburden
section while D to E type on the fault zone.

* 287-298km _ .

- Tunnel ahgnmmt changes the course from 24.4 km point to south cast and passes
through Limestone of Pha Chick formation ( TRpe ) from 28.7 km to 29.8 kin \\hld‘l
make high and_umqm form mountains called Doi pha Dam { 1000-1300m height ).

Limestone cave are found ncar Ban Phang Tham village on both sides of river Yuan, and

. wateris ﬂd\\ing out from the cave of right bank. Itis Supposocl that Limestone fonmation

is undetlam by CPpr fonnahon however the base of the Limestene has not been

conﬁnued decper than tunncl bmement not yct l! is supposod that the anstonc coatact

with CPpr and TRhs formation with fault and contmuc to south crossing the river Yuan
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forming stcep mountains. Rock mass is classificd B and E type considening groundwater

discharge when crossing Limestone caves.

¥ 298 km-45km

Then, tunnd passes through under high mountains which is underlain by Huai
Sarian formation { TRhs fm.) which consists of finc and rhythinical alternation of Shale
and Sand stone and  this rock is hard and compact in intact condition. The overbunden of
the tannd become thick and reach to maximum 1360 m. This formation is exposed along
the river Yuan but any outcrop of maor fault has not boen confimed. Gencral strike and
dip of the formation ar¢ NS-N 15 W and 10-30 degree toE. Rock mass is classified B
and C1 under high mountain ngs and D to E type on fault zone.

~* 45km - Outlet
Ncalby the Yot village, from 45 km to 45.5 km, the tunnel passes through small
Limestone mountain which is called Pbt formation. ']he limestone is inclined about 30
degree to 45 degroe toward west, and it is supposcd tha on the west boundar}, the

Limestone contact TRhs with fauit.

The tunnel passes under mountain of bellow 700m which is underlain by Tuff of
" TRhs formation. From 49.9 ki to 50.4 km passes through Limestone mountain again
necar Ban Pha Lak village. Afier that then to outlet, passes thmugh tower hill on which
gmlmd haght is bdlow 3%0 m and undexlam by dceply and hlghly weathered mff, and.
Rock mass is classificd D and E type under Limestone ;another Tuff and Sandstone is
classified C2 to D type and near outlet llighl)' weatherid scetion is classified E2 type.

Problems for groundwater with tunncl excavation are pointed out as follows.

* Groundwater discharge fiom limestone eave of TRpe on the Doi Pha Deang
mountain, - _ | D : _

*  Groundwater discharge from limestone cave of Pb! on the Yot valley.

¥ Influence for hot spring of Phu Sang water fall.
(b}  Tunnel alignment C (South route)
The pro_ﬁle of the tunnel alignment is shown in Database Map o

¥ lnIel 189km Sy R o : .

~ From iniet to 189 km lhc tumld p%scs lhmugh uuder low hl"S terrace and _
alluwal plain with the gmlmd hczght of 400 m to 450 m, so overburden of tunnd are
. mostly less than 60 m . The geology near tunnel elevatlon is shale and sandstone of
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Triassic and Jurassic formation called TRmp , Na Ngan (Jnn ), Phu Kham ( Jpk ) and
Mae Tam ( Jmt ) formation. These rock are genemally reddish brown color and not so
strong. Especially Shale easily deferiorate as caused by water and become clayey. Rock

strength of Sandstone is 100 kg/cmz according to the result of uniaxial compression test.

Groundwater discharge during tunncl excavation is expected to be mainly cavsad
by overlan loose and permeable formation of Quatermary sediment and highly

weathered rock.
So rock mass classification is estimated very low type of Efor E2 mostly.

* 189k to 264 km
The tunnel route is planned under narrow width ridge extending from north-west to
south-cast as underlain by Andesite and Rhyolite of TRy or Lms-2 formation and ground

"~ heightis 600 m to 700 m with having faults parallcl to ridge. The rock of TRy formation

of hard in intact but will become cracky along these fault. Rock mass is classified D and

E type.

* 264kmto 34 km S . S
A fault zone is supposed to exist at 26.4 km which make boundary between

Jumssic formations  and CPpr formation which is mgor fault on the tunnel route. So it
is supposed tha Phyllite of CPpr formation become cracky and clayey nearby the fault
zone, and rock mass is classificd D and E type mainly. After that, overbunden of the

~ tunnel become thik ( ground height 600 m to 800 m ) , so rock of Cppr formation

become hard, compact and massive. Rock mass is classificd C1 and C2 type.

% 34 km to Qutlet .

. The tunnel passes through high mountain of ground height 800 m to 1600 m which
is underlain by fin aliernation of shalc and sand stone of TRhs formation being very hard, -

compact and massive in infact.

. There  supposed to bethe limestone of Pbt or p2-1 formation between 42 km to

- 44 km. The northem boundary has not been confimed yct, so the tunnel route is setected

" to avoid this limestone.

-+ After that, the tunnel route is conniected to the proposed tunnel alignment B,
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(c)

Additional geological investigation required for F/S

To make clear goological condition such as depth of weathered rock of shallow
overburden section near inlet and outlet, Seismic prospecting and Core dilling
accompanicd with on site test such as Permeability test, Electrical and Density logging

are required.

To confim rock facies of fault zone supposad to be on river valley, Scismic
prospecting and TDEM, and Core dnlling are required, espedally for deeper dnlling
high corc recovery is required. On site test accompanied with diilling following test is
required; Permeability, Water pressure, Electrical and Density Logging, and foiléwing
laboratory test for drilling core sample is required; Uniaxial compression test, X ray

analysis for clay mineral and observation by Optical microscope.

To confimn basement of Limcstonc of mount Doi Pha Deang, TDEM which is suitable

to sound deeper part is required.

To investigate rock condition under thick overburden on high mountain arca, TDEM

for deeper péut is also required on upper basin of Yuan river.

To evalvate influence with tunnet excavation for spring of Phu Smlg water fall making
clear mochanism of h)dro-geofoglca¥ feature, Seismic pmspcctmg, Core dnlling and
TDEM is required near No., 2 adits.

To make clear geological condition of adits cspecially for dqﬂh of Talus and

weathered rock facies Seismic prospecting and Core dnilling is required.

Tunnel Hydrautic Section

(a}

Altemative Tunnel Scction

Altermative tunndd SbC(lOﬂS of cirde, standard horsesha, and mdmcd horseshoc

type are studicd and the widened horseshoe section is apphed for the projed with the

following rcason ;

Tuniel designed with cirde section is generally applied for the pressure tunnel to
ensure the inner water presswre. The standard or widened horscshoe section is
gencrally applied for the gravity flow tunnel. If the cirdle scction is applied for the

- grvily flow tunncl the circle portion at the tunnd invert shall be filled up with
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concrete in onder to provide the flat arca in the invert to haul the tunnel excavation
material and concrete material during construction and to drive the inspection car
during O&M period: Accordingly, tannel requires the larger hydraulic scetion area
for the circle section than that for widened horseshoe scction.  Widened horseshoe
scclion have the wider width at the invert which can be uscd for transportation in the

tunnel easily and smoothly.

@) Hydraulic Gradient of Tunnel

~ In Thai side study, tunnel was designed with the ordinary hydraulic gradient of 1 to
2,500 for the Kok-Ing raute with the discharge capacity of 125 cum/sec. but with the
gentle gradient of 1 to 4,000 for the Ing-Yot route.

JICA Team studicd the hydraulic condition such as discharge velocity and tunnel
section arca as follows based on the different hydmulic gradient of 1 to 2,500 and 1§ to
4,000

ftems _ Discharge Capacity cu.m/sec
100 125 150 175 200
I Gradicnt of  to 4,000 |
Radius of Upper Harf (m) 485 525 5.60 595 6.25
“Fotal Height of Tancr Scction (m) | 728 | 788 | 840 | 893 | 933
Velocity (m/sec) | 1ot | 205 } 214 | 223 | 230
Inner Section Arca (sqm) 5720 | 68.10 | 771.50 8760 | 9660
2 Gradient of 1 10 2,500 : :
Radius of upper Half (m) | 440 | 480} sas5 | sas | 575
Total Height of Inner Section () 6.60 120 7.73 8.18 863
Velocity (m/scc) : | 2.31 248 256 2.66 2.75

Tnner Section Area (sq m) 4780 | 5690 | 6550 | 7340 | 81380

As is clearin the above tablc the tunnel mner scelion area b) the gradient of 1 to
2500 is about 20 percent smaller than that of] to 4,000 , as a result the tunnd
construction cost is naiura]ly reduced. MICA Team, 'accordmg,ly designcd the Ing-Yot

~ tunnel with the grdient of 1 to 2 S00 changmg the locauon of tunncl outlet to the site

with the low elevation. -
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Tunnel Stracturat Section
(@) - Tuanel Type

Tunnel structural section is designed in accordance with tunnd type classifying
into B, Cl1, C2,D1, D2, El, and E2 which is decided by goological condition along the

tunnel route.

Twne! type and its length for A, B and B-J route in the Kok-Ing Diversion canal is
as shown in 54 , while the type for Ing-Yot tunnet in the northera route and the southem

routc is classified as follows bascd on the geological analysis along the tunnel routc.

Tunnel Type . Northem Route -~ Southem Route

' Tunne} Length Rate (%) Tunnet Length Rate (%)
(m) : (m) :

B 2,680 5 770 1

Cl 8,910 18 3850 7

2 14,790 29 7,09 14

DI 12000 | 24 5,540 11

D2 7810 15 5740 n

" El 2870 6 6330 12

E2 1,730 3 23,130 44

(Ewr) (690) - - -

Total 50880 | 100 52450 100

As is indicated in the above table, tunnel length ofabout 80% out of the total length
of the Southcm Route is occupicd by type of D and E, which requires the high tunnd
constniction cost. ' ' o

| The distribution of tunncl type is shown in the Database Map.
(b} Standard Support Pattern for Tunnel Type
The standard support pattern for tunnel type such as rock bolting, steel supporting,

shotcreting, concrete lining, ctc. is as shown in Table 54 and Database Map. The

outline of excavation and concrete lining for each tunnel type is desceibed as follows
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Band Cl type is excavated by the full-face-attack method with amiiiary bench and
reinforced with only rock bolt but without steel support. Concrete lining thickness
is 30 cm for arch and side wall and 40 ¢m for invent.

C2 type is c\cavatod by the full-face-attack method mth auxiliary beach and

reinforced with rock bolt and steel support of H-125. Concrete lining thickness is

30 cm in arch and side wall, 46 cm in invert.

D and E type is excavated by the upper-half-attack method due to poor geological
formation which could not allow the full-facc-attack nmethod and treinforced with

rock bolt and strong steel support of H-150 and H-200. Reinforced concrete tining

is requ:rcd and its thickness is 50 cm in arch and side wall a.nd 60 ¢m in invert.
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(5) Tunnel Construction Plan
(a) Construction Division

The Kok-Ing and Ing-Yot tunnels are constructed dividing into the following

divisions.
. - - Kok-Ing Tunnel Ing-Yot
Items A Route A-R Routc |B Route| B-JRoute [Nosthem
No.l | No2{ No.l | No2 | No2 | No.l | No.2 | Route
- | Tunne! Length ' 3
Construction Divisions 5300 | 7,240 | 3,114 | 7,775 5,510 {3,110 [ 7,780 | 50,880
_ 2l - 2 | 2 2 i 2 9

The Kok-lng tunnel could be diiven with two construcliﬁn divisions from the inldt
* and outlet duc to the tunnel length of less than 8 km.

The lng-Yot tunnel, howcfmr, requires construction divisions by the tunnel inlet
" and outlet and 7 indined shafts. Inthe Ing-Yot tunncl, the tunnel length of about 6 km
including the shaft fength is planned to be carried out at onc construction division. The

tunne! construction period is planned with 6 and harf years at cach construction division.

(b)  Quantity for Tunnel Construction

 Quantity for excavation, shoterete, rock bolt, stecd support, concrete lining, ctc per

meter for Kok-lng and Ing-Yot tunnel is estimated as follows |
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Quantity per meter for Kok-Ing Tunnel

ftem Cl cl DI DU El Ell
I Tunncl Excavation m’/m)| 74.00 | 7360 | 76.70 | 77.80 | 81.00 | 8210
2 Shotcrete (m*/m)] 19.60 | 1960 | 2000 {2000 | 2030 | 2030
3 Rock Bolt (Nos./eycle)| 14 14 17 17 17 | 818

Forepiting

4 Steet Arch Supporting {ton/cycle) - 0.38 048 | 063 1.01 1.02
5 Tunne? Lining (m*/m)| 14.00 | 1320 | 1530 | 1530 | 1840 | 1840
6 Reinforcement  (loam)| - - 092 ] 092 ] 110 | 1Llo

Quaality per meter for Ing-Yot Tunnel

: ltemm B Cl cH DI DI El EI
I Tunnel Excavation (m3lm) 9220 | 9270 | 9220 9570 | 96.90 | 10050 [ 101.70
2.Sh0tcrete (mz/m) 2210 | 2210 22.lﬁ 2240 1 2240 | 2270 22’10
3Rock Boit  (Nos./eycle)] 12 16 16 19 19 19 8/22
B . ' . . Forepiting
4 Steet Arch Supporting - - 043} 053| o7v| 113]| 114
{tonfcycle) :
5 Tunnet Lining (m3fm) 1670 | 1580 | 1490 | 1720 | 1720 | 2070 | 2070
6 Reinforcement  (ton.m) - - - 1.03 1.03 124 1.24

{e) Inclined Adit in Ing-Yot Tunnel

In the Ing-Yot tunnd with tota lcngth of 50.9 km, scven inclined adit shall be

constructed to access the 'conslmctior_l of man tunnel. The planned adit location is as

shown in Database Map and the outline of the adit is as foltows ;

Noof | Distance | Inv.El. of| Elon |Difference | Length of
Inclined | Remark | Crossing | Portal of | Height | Inclincd | Gradient
Adit Point Inclined Adit '
m i Adit Eim m m %
(Inlet) 00 (352) . -
1 7271 3%0 457.5 107 1,980 54
2 10,919 347 460.0 112 1,790 63
3 18,442 44| - 5060 61| 2190 - 73
4 25510 34 510.0 167 | . 3,170 53
5 31,958 339 5080 168 2,470 6.8
6 38,156 337 570.0 2321 3340 70
7 44,870 34| 4300 - 95| 2430 39
(Outlet) 50,875 (331) - |
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(d) Tunncl Consiﬁlclion Method

* Tunnel Construction is planncd to be exceuted with NATM as proposcd by Thai
Side Study. ' '

The major construction cquipnient by NATM for Ing-Yot tunnel of 51 km is listed

up as shown in Table 5.5.

{¢) - Construction Progress

The construction progress of tunnel wiil be about 100 m/month for good geological
condition and abowt 60 to 70 m/month for poor geological condition which are proposed
by Thai Side Study and judged by JICA Team to be suitable.

(6)  Additional Survey and Study Required in F/S

Additional survey and study required for tunnel in F/S is as follows ;
{(a) Geologicél investigation works by seismic prospecting and core diilling with deep

depth of 100 to 200 m will be required. The investigation quantity is already
proposed by Thai Side and will be considered to be sufficient.

(b) 'Comparison study for tunnds of A, Band B-J routes in Kok-Ing Diversion Canal
shalt be made and the best roule shall be propdsed. |

ﬂgr ' {c) Tunmel length in a_ccordahcé with tunnel type of B, C, D and E is to be studied

based on the geological investigation result.

_ (d) Route of access road and inclined adit is to be studied by the detailed topographica

" map and taking into account the environmental impact along the route.

(c) : Ttinncl constru@:tion play by NATM and by possibility to use TB.M is to be
studied. |
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Table 5.5 Major Construction Machines for Ing-Yot Tunnel of 51 ki

Hydraulic jambo  {Wheel Type/Oil-Pressure set 1| use with drilling of rockbolt
{3-Boom) |Dorifuta: 150 kg class countermeasure for fumes
Hydraulic breaker  |Oil-Pressure: 6080-800kg class| st 1| base machine:back hoe
Excavation (kosoku) Oil-Pressure:0.4m3 class
' Side dump shovel  [Wheel Type/Side Dump set 1| muck loading
(Dritling 23 m3 class counternxasure for fumes
Back Hoe Crawler Type/Oil-Pressure set 1| assist for muck loading
and 0.4 m3 class ' ' countermeasure for fumes
. Dump Truck Diese] 11 ton sel 16} carring oul of muck
Blasting) _ '
Pick-hammer CA-7 set 2
and . o
Leg-hammer 40 kg class set
Mucking Dump Truck Dicsel 4 ton set
Tracter Shovel Crawler Type 1.4 m3 class set
Shoterete-robot Shotcrete-range: 8 m class set 1
Sholcrete machine [ 10- 1Sm3 /hr set 1
Mortar pump mixer | 3.5 kw set 1
Supporting, ' : '
Mixed concrete car | 4.4 - 4.5 m3 class sel 2
Back Hoe Crawler Type/Oil-Pressure set 1] base machine for shotcrete
Shoterete 0.4 m3 class -robol
Track Diesel 4 ton/ crane 2.9 ton set I
Grouting mixer Vertical type : single, 5.5 kw set 1
and ' :
Grouting pump Horizonntal type : single sel - 3
15-30 m3/min class
_ Dusting machine Vacuum : 300 m3/Mhr,30 kw sed 1
Rock belt S o :
Air compressor fixed typefscrew : 12 m3/min, sel 2] per1.2km
Tkg/em?2 , 75 kw ' S
Shoterete plant fixed type/mixer : 25 m3/hr sct 1| cement silo: 30/day _
: ‘ o .| apgregate hoppa:15m3+3
Lift car set 1| .
Concrete pump car | pressed pipe , 55 m3/hr sct |
Shecting Concrete vibrator | electrical stick type dia.60mm|  set 2
aud ' '
Conrerele Working frame frame-range:4-6m, L=4.5m set 1
Lining for sheeting o
Sliding form 1 barrel=10.5m sct 1
for lining '
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(g)

Location and arca of the spoil bank for tunnd muck and its utilization are to be

studied.

Operation and maintenance mathod induding inspection mothod for tunnd is to be

studied.
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Flood Control Dam
(1)  Necessity of Flood Control Dam

The diversion water at 175 m3/s from the Kok and Ing rivers will flow into the Nan river
through its sub-basins; Yot river and Yao river. In spite that the present monthly mean discharge
is estimated less than 20 m3/s at the damsite, the Yot and Yao rivers shall canmy the diversion
water and local flow about 195 m3/s in wet season. Thercfore the diversion water will change

the flow condition of Yot and Yao rivers completely.

The flow capacity of the Yot river at the Ing-Yot tunne outlet is estimated about 150 m™/s
and the flow capacity of the Yao river is in the range between 160 and 300 m’/s. In onder to
avoid the lmpacl by the diversion water during flood and to protedt the villages downsteam of

the dam from ﬂoodmg, it is necessary to construct a flood control dam.
(2) Proposed Damsite

The flood control damsite is recommended on the Yao river, about 3 km downstream
from the confluence with the Yot river or about 2 ko upstream from King Amphoe Song Khwae,
Changwat Nan based on the map study on scale of 1:16000 and 1:50000 and site

reconnaissance. The catchment area is 372 km”. The damsite foundation consists of shale,

sandstone, taff and lapilly tuff.

The Thai side study recommended the flood contrel dam as zone type dam. The storage
capacity was determined in relation with the improved flow capacity of the Yot and Yao rivers,
They recommended the storage capacity of 14.4 MCM at the flood control level 3063 m MSL

in casc of thc_ﬂow capacity of the downstream at 200 m’fs. The regulated flow of 200 m3;_’s will -

be discharged through the river outlet under the dam. It was assumed thd the diversion water
would stop at a flood time and the remaining water in the Ing-Yot tunnel, about 3.8 MCM,

would be stored in the reservoir. However it might not be piactical operation since it is difffcult

to judge the timing when the flood begins and the diversion water shall stop.

The JICA Stud) Team recommend the flood control dam as concretc grawty dam since

the reservoir water level will fluctuate frequently about 10 m in maximum. The dz’m found'mon
may be applicable for a concrete gravity dam based on our fielcl reconnaissance, although it is

repomd that there are faults along the Yao nver.
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Flood Control Plan
()  Dosign Flood to be Controlled

Design flood of 20 year retum period for 3 day duration is applied for the purpose
of flood control. The peak flood is estimated about 250 m’fs tentatively based on the
flood records of the ganging station N.51 at the Yao river, though the estimate by the
‘Ihai side study is 520 m”s.

(b)  Daily Control Plan

"~ The floo_d control dam will release the diversion water and locat flow at 200 m’/s

continuously in rainy scason through the diversion owtlet of 2.8 m in diameter. The
" normal water level of the reservoir to discharge 200 m™/s is set at 302.1 m MSL and the

tail race water level is estimated about 278.5 m MSL. The local flow which exceeds 25
m ls will be stored in the FSCIVOIr, :

Flood volume is estimated at 27 MCM as shoun below and will be stored in the
reservorr of the flood control dam. The reseivoir water level will rexch at 312 m MSL in
cas¢ of 20 year probable flood to storc the flood volume of 27 MCM.

In case that there is flood in the Nan lower basin or the rescrvoir storage of the
Sirikit dam is full, the intake gate of the Kok and Ing diversion dams will be closed to
stop water diversion. Extraordinary floods from the Yot and Yao river basin will be

.discharged over the spillway.

Dam Conceptual Layout

Prihcipal feature of the Yao flood control dfuﬁ. is shbwn in Table 5.6.
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Table 5.6 Principal Features of Yao Flood Control Dam . . %

. - Recommended by
_ Principal Features HICA Study Team .
Reservoir

- Peak discharge in 20 year retum m s 520 250

period ' _

-Floodwaterlevel m MSL 306.30 312.0

- Reservoir surface arca at FWL km? 226 32

- Gross storage ' MCM 14.42 . 35

- Floed control volume MCM 710 27

- Nonnal (retention) water level m MSL 30200 : 3021

- Low water level - | m MSL $ 29900 2850

Dam facilities | ' '

- Type of dani © Zone fill Concrete gravity

- Dam crest elevation m MSL 310.00 ' 3130

- River bed elevation A mMsL | 2579 2760

- Dam height from river bed m 34.2 ‘ 37

- Crest length o m 140 120

- Crest width | ) m - 10 - 6

.(.5) Additional Study ltems io.be required for F!S
i) Hydrological analys.is such as low flow analysis, flood analysis and sedimentation.

i) Following study shall be made for design.

1) Revicw of design data, design critenia and design standards for dam, outlet and
spillway o L | .

2)  Dectermination of design loads and safety factors

3) Stability analysis

4) Foundation treatment in accordancc with géologic condilion

5) Study on possible damage from flooding to .!ifc and property upstteam and
downstream of dam _ | _

6) Study on safety mceasures, adequate spillway 6pqraiion schemé and flood |
routing | : _ _ _ |

7) Resavoir operaion study to confim amilability of flood control volume as
irrigation and water supply in dry season B

- 8)  Quantity survey and cost estimate

i) - Design of mechanical and electrical cquipmeﬁt.

5.0



v)

vi)

Geological investigation and malenial survey to select type of dam.

Environmenta! analysis of rescrvoir and proteciion measures on dissemination of

watcrbome discascs, degradation of water quality, endangered specics, ¢tc.

Following topographic maps are required for the facility design of F/S.

1)

2}

. .

4)

3)

11,000 for the damsite arca with 1 m (to 5 m) contour and 200 m width of
both side from the dam axis

1/10,000 for the rescrvoir area of alternative damsites _

Dam axis profile with horizontal scale of 1/1,000 and vertical sca]é of 1/100
Dam axis cross section with horizontal scale of 1/200, vertical scale of 1/100
and 200 m interval

Yao river cross seclion with hortzontal scale of 1/200, vedtical scale of 1/100

and 500 m interval up to the nver bed El 400m
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5.10 Yao River Trai'ning

M

Present river condilimi‘_
(a) Division of sub-basins =~

The Yao River basin is manly divided into the following sub-basins up to a

confluence to the Nan River by the location of the Yao Flood Control Dam.

= Yot River basin
- Upper Yao River basin (upstream of the Yao flood control dam)

- Lower Yao River basin {downstrcam of the Yao ﬂood control dam)

In the lower Yao River bmin; four inajor side flows, such as, the M'ong, Rak, Ki
and Haen Luang River join from the right bank of the Yao River upto the conﬂ'ucnc_e of
the Nan River. No major side flows exist from the left bank. Side flows from four
tributaries shall be modeled in the flood hydrbfogical analysis in the Feasibility Study.

(b)  River profile and cross section

Available profite and cross section data in the Yao River are as follows:

- River profilc and ctoss scction data of the Yot River from upstream of the Ing-
Yot Diversion Tunnel to the conflucnce of the Yao River by 500 m interval,
(totally 14 km)

- River profile and cross section data of the Yao River from upstream of the
conflucnce of the Yot River to the confluence of the Nan Rlvcr by 500 m

- interval (totally 54 km)

JMICA Study Team considered that for ﬁuﬂ*m study, additional profile and cross

section survey are needed by 200 m interval at village arcas.

{¢c) Present flood condition (water level and discharge; gtc)
Actvat flood conditions regardmg flood water level and its discharge in the pastarc

not known because no water level gmgmg stations are not ;mlalted in the Yao ijer

basin except for one strecam gauge (N 5]) localcd near the conﬂuence of lhc Nan River.
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The Yot River has a steep slope of about 1:200. The river chanicl bankfull
capacily from the tannet outlet to the confluence of the Yao River varics from about 40 to
3 _
100 m™/s.

The river slope of the Yao River varies from 1:300 to 1:1,000.  The river channel
capacity from the confluence of the Yot River to the conflucnce of the Nan River varies
about 150 to 300 m’/s.

(@) Village, public facility and fann land aloag the river

There exist thiteen (13) villages to be affected and therefore protected from flood

cvents in the Yao River downstrecam of the Yao Flood Control Dam as follows :

As one of the important public facilitics, the existing bridges are heavily affected
by flood events in the Yao River.  There exist six {6) bridges along the Yao River from

downstream of the Yao Flood Control Dam to the confluence of the Nan River.

Farm land along the upper and middle Yao River is limited to the small flood
plains accessible from nearby villages. In the lower Yao River near the conflucnce,
paddy ficlds are developed widely. The ddaited present land usein the Yao River basin

is shown in the cnvironmental study report. .

River training plan

" A river training plan in the Yao River basin is fully related to the Kok-Ing-Nan Water

Diversion Project.

The total river length of about 50 km up to the conflucnce of the Nan River is to be

studied for the river training and improvement plan.

" The optimum river training plan is to be studied with a suitable combination of the flood

conlr_dl dan plan in the upstream of the Yao River. For instance, a river traiming plan for the

| Yot.Rivcr downstream of the Ing-Yot Water Diversion Tunncl, shall be carcfully examined on

the b?SlS ofthe dcslgn high water level of the Yao Flood Contrel Dam, and a river training plan -

| for the Yao Rlver downstream of the Yao Flood Conlrol Dam shall be studicd on the basis of
the regulatton of flood peak by the Yao Reservoir.

The basic concept for the river training of the Yao River is summarnized as follows:
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- To thoroughly control the artificial flood within the river channel
- To maintain the river channe! and river course as much as possible
- To sustain the visual amenity and safety |

- To facilitate the river suitable for community development

(3)  Analysis of design flood at control point along the river

The prliminary analysis of the design flood at the following control points along
the Yao River was made by Thai side study: |

The flood peaks at the control points were simply estimated by general regional

flood peak and catchment relationship for the upper Nan river basin as follows:
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Control Point  2-Year Retum Period  5-Year Retum Period  20-Year Retum
(m3/s) (msls) Pcr;ocl
_ _ (m/s)

Diversion Qutlet 42 82 133
(Yot River)

Yot & Yao - 98 183 290
Confluence

(before conflucnce)
Yot & Yao 149 273 427
Confluence '

(after confluence) . _
Yao & Nan 289 507 - 780
Conflucnce |

{before confluence) :
Yao & Nan 475 811 _ 1,231
Confluence '

{after confluence)

To check the probable floods in the Yao River, an attempt was made by the JICA
Study Team to estimate the probable floods using site specific flood data in the Yao River.

Prebable flood peaks

at NS1 strecam gauging station located just before the

chﬂ.ucnce of the Nan River (catchment arca = 774 km’} were estimated using 13-)ear

records (7E979 -91). Results of the calculation are summanzed below:

" Location ~ - 2-Year Retumn Period  5-Year Rclum Period  20-Year Return
(n's) (m’fsy P"‘;“’d _
: : : . (m'/s)

 N51{Ca =74 km)

(b-éfom confluence)

20 280 360

As a reference value, p

robabc flood peaks at the Yao Ftood Control Dam (Ca =

372 km®) were estimated using the empirical equation as follows:

Qat YaoDam = QatNSI X (372/774)05
Location ~ .- :* 2-Year Retum Period  5-Year Retum Period -~ 20-Year Retum
W) %) Period
A (m’/s)
YaoDam . . 150 19 250

(Ca =372km?)
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The cstimated flood peak values by Thai side study using regionat flood curve are
much higher than those by JICA Study Team using site specific flood records (1.7 t0 2.2

times in 20-year retum period).

Itis rewnﬁncndcd by JICA Study Team that design flood at e'_ach coniro! point
shall be newly estimated during the Feastibility Study by suitable rainfall nnoff modd
and flood routing model, such as, HEC-1 or Storage Function Model, taken into
consideration several side flows in the Yao River basin and the regulation by the Yao
Flood Contrel Dam. B

(b)  Study on river reaches to be improved

The preliminary study on river reaches to be improved was made b)"Thai side

‘study based on the above flood hydmlogical sfudy and water surface profie calculation

by HEC-2.

The river channel capacitics at control points in the Yot and Yao River were

analyzed in the following conditions:

a) Present condition without project and river training
b) Future condition with project and without niver training

¢) Future condition with project and river training

In water surface profile calculation by HEC-2, design floods at considercd points
(located at river front villages) wcre'linmr!y alfocated by design flood valucs at the

contro! points without considering flood flows from the side streams.

Therefore, it is also rccommended that HEC-2 calculation shall be made 'du:ing the
Feasibility Study by revised ‘control pbints at side flows with design flood values

_estimated by HEC-I or Storage Function Model.

Countermeasures of river improvement

_ 'Hw several counlenncasurcs of the river rmprovemcut for the Yao ancr are conadered

to minimize the ¢ffects of the artificial flood fiom the lng-Yo! Water chrsmn Tunncl mto the

Yao chr

'The following countermeasures were cont:épluﬁllf studied by J'I_CA Study B
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% - - Optimum river ctoss scctions of the Yao River to be improved
- Weirs and drops to dissipate flood flow encrgy
- Protection of river bank and river bed

- Replacement of existing roads and bridges
(a)}  River cross sections
Three altemative niver training types were proposed by Thai side study as follows:

~a) Construction of dike without expanding the river channel {Method 1)
b) Construction of ¢nlarged river channel (Mcthod 2)
¢) Construction of dike and enlarged river channel (Mcthod 3)

3‘ - ~ Three methods were compared b.y preliminary cost analysis as follows:
Maximum Released Construclion
Water Cost (Mil.
from Yao Dam . Baht)
) Method 1 Method 2 Mecthod 3
160 772.1 155.0 149.8
210 84.8 135.6 1714
260 39.7 2139 1823

Mcthod l was reoonmwn:led by Thai Slde stud) for thc river training plan in the

Yao Rwer as a least cost altcmatlvc

Bascd on the review of the siudy by Thai side study and site investigation in the
Yao River, JICA Study Team recommends the following:

- From the viewpoint of the visual amenity and safety of the river, Method 3 (with
dike and cmérged channel) is recommendable since the Yao River is composed of
. the different topography such as valley area in the mountain and flat area used for
pqddy ficlds and villages.
- The msta!lment of the weirs or falling works to dlSSI[)atc the flow encrgy is needed
~ to protect nver banks and nver beds from erosion. '
- The total length {about 42 km) of the Yao Riverhasto be pfotedod by riprap and/or
_ g:fb:p_n in s;;ad of partial river training recommended by TEAM (nver training
Ie.nglh is about 13 km). | | 7 o
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- The optimum river cross sections shall be selected both by technical ,cconomicad
and environmenta feasibility by setting the allowable flow vdocity for water

diversion

Ifthe total fength of the Yao Riveris trained by Mcthod 3, construction cost will be
around 510 Million Baht in case that the maximum releascd water from the Yao Flood
Control Dam is set to be 200 m’/s.

{b) Weir and drops to dissipate flow encrgy

To dissipate flood flow encrgy and resultantly to proted river bank and river bed
from erosion by continuous artificial flood caused by water diversion, a number of weirs
arc to be installed along the river course.  Weirs are considercd to be more efficient
than drops (falling works) in terms of accessibility to the river and safl‘ety.' Small poﬁd or
poolstrudure can be conceived for a rest area of fish habitat at downstream of the weiror

falling works.

‘The location, size and number of the weirs are to be determined by the Feasibility
Study.

(c) Protection of niver bank and bed

Protection of river bank along the river is assumed to be made only by riprap since

river flow is expected to be fully dissipated by the consteuction of weirs.

River bod along the m-er can also be mamlamcd and protected by a number of

ground sill mstalled at the weirs.
(d)  Replacement of existing road and bridge

The existing bndgcs and roads to be affected by the river tra:mng works shall be
replaced suitable for the design flood in the Yao Rwer

The existing road along the river course will nol be affected by the_ river training,
therefore, roads to be replaced will be only ones which access to bridges across the river.

For wllages dcvelopcd in both sides of the rwer a sunable commumty bndge shall
be planned taken into consndcrauon needs of the commumt)
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(4) Problems

The associated social and environmental problems relating to the river training of the Yao

River are considered as follows:

(a) Land acqu'isilion and compensation

Land acquisition and compensation for residential arca and tillable paddy ficlds
relaed to the river training in the Yao Riverhave to be carefully male since a tand for
resettlement is limited specially in the middle and upper river basins. The nocessary

river width for river training is fully influcnced by the  flow velocity for water diversion.

The resetticment of houses and paddy ficlds can be realizd by new land

development near the problem arcas probably in the mountain side.
(b) Water supply facility for village

- Based onssite investigation by the JICA, a water supply facility for each village is
already installed, diverting from nearby branch stream.  Therefore, water supply
facilities are not to be considered for river training plan in the Yao River,

{c) Visual amenity of the river

Visual amenity of the niver and sumounding natural and sociat environment shall be

utmostly maintained and restored and enhanced by the river training works.

Therefore, a planing of the river traiming in the Fcasibility Study shall be made with
full supports by several environmentalists, such as, sociologist, botanical specialist,

fishery/aquaculture speciatist, landscape planner, etc.

'(d) Safety of niver channel

Safety measures for poople living near the river and fully depending on water fron '
of the river shall be p]amcd. JICA Study Tean recommends, as one of the counter
measmd, to consiruct a suitable sized pond situated near villages as a fadilily for
commuhity.usé.wilh an inlct and an outlet to thc_ river bank. And, to better design the

_ suitable river related structu res, the relationship between people along the Yao River and
river bod; in wet and dry seasons should be carefully s.tudi.ed by cbhlmuni ty development
specialist. | | |
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Also, a flood waming system with a siren or other means shall be properly plained
and installed for each village in case for the emergency of extreme flood from the Flood

Control Dam.,

5
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