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7.64 RESETTLEMENT ACTION PLAN (RAP)
(D Resettlement Objectives and Principles

The resettlement objectives of the NNHP RAP, as it is developed, will be in accordance with the

Draft National Resettlement Policy for Major Projects in the Lao PDR, as developed through

preparation of the Nam Theun 2 (NT2) resettlement policy. This policy has been rev1ewed by the
World Bank and found in accordance with international best practice

"Accordmgly, the main objectives of the NNHP RAP will ensure that (a) the popuhtlon to be
resefiled materially improves its standard of living after resettlement and lh'lll {b) those
compensated under thc policy are compensalcd adequately

2 Idcmlﬁcatlon of Potentlal Resettlement Sntes

The Study Team and the counterparts carned out a prchmmary mVentory of 16 potenllal
~ resettlement sites from mid July to mid October 1999 as shown in Figure 7.6.6. Most of the sites
©were recommended through interviews with officials of Xieng Khouang ‘and Bohkhamsay
‘ Prownces, of Borikhan District within Bolikhamsay Provmce and of the Xaysomboon Special
“Zone. An assessment of the sites was also made through use of aerial photos (1:30,000 taken in -

1998) for identifying land use at ‘each site. . The photo interpretation was backed up with

topographic maps at a 1:100,000, 11:50,000 and 1:25,000 scale dependmg on avallablllty, to L
- sludy the topographlc condmons '

A pnontmng of resettlement arcas was camed out bascd on the cultural preference of rural
- Laotians for rice cultlvatlon Resetiled households are assumed to need 1.0ha of paddy field and

- - 0.5ha for housing, gardens and other facilities. This is about 15% higher for land holding than . e

“ that currently prevailing in the Reservoir Area, at 0.83ha/hh for imigated and rainfed paddy
- (0.18ha’bh for wel season irrigated paddy alone). The Study Team generally assumed that about

50% of relatively flat land classified as ‘unstocked’ forest would be suitable for paddy

~ development. On October 2, 1999, a heticopter reconnalssance was also carrled out for the_ :

. proposed resaltlement sites to the South of the proposed reservoir. ‘

. The prellmlnary mvcntory of potential Rescttlement Sltes for the NNHP has mdlcated that out of o |

16 sites proposed by Local Government officials, resettlement might be possible in 14 sites. -~
" Three (3) of the sites were judged to be most attractive: Sites Dt and D2 in the Bollkhan District, - .
' Bolikhamsay Province and XK3 in Kham District, Xieng Khouang Province as shown in Figure - -
" 7.6.6. Because they: have greater potentlal for paddy development are located close to the

* administration center and near populated areas that could provide other caming opportunities; "

" are within the FARD of either the concerned District or Province; and have been suggested by -

local authorities. Although all of the sites w;ll be sludled these 3 31tes alone tt 1s thought could e
_ accommodate 3, 250 households : : : ‘ -

The Reseltlement Stte Inventory is a dcsk study, and lts conclusmns are prehmlnary and |

- indicative. ~ The scope of study for future investigations will include, infer alia, technical - - R
- mvesugatlon of soil suitability and water avallablhty for agncultural development particutarly . -
" of irrigation development; the prevailing sociocconomie, tenure and cultural conditions of the

' proposed sues and other feas1b:hty of addmonal hvellhood packages at the sntes b E
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(3) Income Restoration

Reassembling lost production systems is a eomplex and difficult task that requires specialists
from a diverse set of backgrounds and, in order to work, will require the full participation of the
resettlers themselves, not only in implementing the schemes but in planning them as well.

* The NNPP will explore a range of livelihood options, each described in more detail in the main -
~text of the PRP. The option of irrigated rice paddy appears to be one that most resettlers from
the Reservoir Area arc familiar with, given the amount, thanks to Government development
programs, of irrigated land that ahcady exists in the affected communities. Forestry
‘management seems o be a concept that is also familiar, at least to those conmmunities in the
‘Lower Reservoir, though more needs to be known about this. Other livelihood oplions are
floating net aquacuiture dairy and/or livestock caltle using grass on some 45km? of the reservoir
draw-down area, fiuit orchards, eco-tourism, and technical skills training. The pro;ect will
explore using the services of NGOs speelahzlng in rural developinent to assist in preparing these

“ livelihood packages, through an cxtensive public eonsultatlon program to on the onc hand

understand villagers® desires and reqmrements and on the other to inform them about the
proposed livelihood packages. T his is so that the resettler s desn‘cs wﬂl be fully mcorporated ,
- into the RAP at all 1evels L : S :

B (4) Rehablhtanon of Indtgenous and Vulnerable People B

T he Prolect w1|l follow WB and ADB pohcles on mdlgenous peoples which requlre in the cases
- of impacted vulnerable minorities, preparation of an Indigenous Peoples Development Plan

(IPDP).> During the Reservoir Area census carried out as part of the final RAP preparation,
~ identification of other vulnerablc groups (e]derly, poor, handleapped efc.) will be made and
-, plans put together accorchngly to aSSist them in makmg a successful transntlon to the new
- Resettlement Sltes T SR : :

R (Sj' . Instltutlonal Organlzatlon

In response to the NTZ the largest and most complex development prolect mvolvmg sngmﬁcant
reseltlement with which GOL has had to deal, GOL has established a comprehensive
B resettlement org’nnzatloml structure that may be expected to funct]on as well for the NNHP

' Tlns compnses a Resettlement Commlttee (R(.) a Resettlement Management Umt (RMU)
_ District Resettlement Workmg Groups (DRWG) and Vlllage Rescttlement Committees (VRC).

o Co}lectlvely, thesc organizations will be given the responsnblhty for implementing the NNHP*s

RAP. " Other Implementing Organizations will include the Provincial Authorilies, the Lao -

- . Women’s Union (LwU), Vl!lage Orgamzattons the Ownershlp Company, and Consultants o
- ?(‘ontractorsandNGOs ' S T e

Durmg the resettlement 1mplementauon the RMU and dlsmet workmg groups Wlll play o
" important roles. In order to strengthen their mstntutlonai capacity, a training program will be o
_ néeded for their resettlement staff to have a clear understandmg of resettlement policy objectlves '

~ the detailed resettlement program, and resettlement entitlements. In addition, workshops andon-" -
the—job trammg will 1ntroduce a w1de range of new skllls for nnplementmg llvehhood and P

3 Asnan Deve]opment Bank 1995 Pohey on ]nvo]untary Resett!ement ” F:rst Annual choxt to the Board of Darettors Mamla :

+ Philippincs. November. World Bank. 1991. OD 4.20: Indigenous Peoples. Washington, DC, September 17. In the case of - o

- the N] 2,a cutturalty seusntne RAP was Judged acccptab]e mthout the neceSSnty fo prepare a separate IPDP
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community development programs.
6) Participation and Consultation

- To obtain WB or other international donor funding requires that high social, environmental and
economic standards be met in Project design and implementation. One such requirement is that
the Project development process should involve the stakcholders — those people and institutions
who have an interest in the Project, who will be directly or indirectly affected by it - and that
their involvement should be integrated into the decision-making for the Pro;ect

At the RAP preparation phase, the Study Team has carricd out environmental and social studies
prior to a decision on the project design, so that these factors are incorporated at the carliest -
- possible stage into the project design itself. As part of the feasibility process for the Project,

_ pubhc consultations in the Project Area will be conducted separately during the Scoping,
carrying out of EIA and SIA Studies, and Finalization of the EIA and SIA Reports. The Study
Team will engage an NGO or subcontract to a local consultant to desrgn and facnhtate the
1mplementat|on of the Publlc Consultatlon Process : : :

To ensure the bastc rlghts and 1nterests of resettlers are protected concems are adequatcly
" addressed and entitlements delivered, a Grlevance and Appeals Procedure will be designed for
_the Project during preparation of the RAP. = At present, an established procedure has been
- developed by the NT2 and will be the startmg pornt for thc NNPP as descnbed in detall in thc
- mam text of the PRP

Vlomtonng wrll be camed out to ensure that the rcsettlement mtplementatron is successful and
that the villagers materially i 1mprove their livelihood afer resettlement. Monitoring will be both
“internal and external. Internal monitoring will focus on the physical progress of resettlement
" implementation against the schedule in the approved RAP. Independent external monltonng will
be on the change of hvellhood and standard of llvmg among the relocated people

-(7)7-, i Budget and Inundauon Costs

: Actual costs will be detemnned in the RAP preparatlon phase bascd on a more comprchcnswe

~ inventory of inundated assets. The cument estimate is for FSL.320m dam RAP to cost just over
- US$5 million and FSL. 360m dam RAP to cost in the vicinity of US$ 18 million including 15%

of contmgency This compares well with international standards for resettlement budgeting, at
. about $3,600 per person,® or about ten times the per capila GDP of about US$350.° Including
- 30% added for population growth over ten years, these estimated total RAP ﬁgures wrll be
- around US$7 and US$23 mllhon respectlvely as shown in Table 76. 4 QT L

B Franlclm Barbara AK. 1997, A Review of Local' Pubhc Consuitanons for lhc r\ am Theun 2 H) droc!ectrrc Pro;ed Vlentlane
Lao PDR. September 30. pp. 2-3. .. ' :
.3 Tl’lIS is comparable with the approxirately $3 352 per cap:ta quoted for NTQ The NT2 RAP has not added 30% to the RAP
: budgct to account for natural population growth and in-migration, and the NT2 resenorr area is not a FARD and has not
. received the in-migration that the NNHP Reservoir Area has already received. :

L8 The World Bank's 1994 review of resetilement worldwide noted that there is a close'correlatron bet\\ een inv estmcnl fevels and

. project capabilities for dealing successfully with resetilément. None of the projects with a ratio of per capita resettfement

1. costs Lo per capila national GDP of 3.5 or hrgher has reported major resétifement difficulties. In contrast, virtually all of the

projects with a ralio lower than 2.0 are experiencing serious implementation difficulties. “Throwing money at reseitlement

" will not solve all resetilement problems, but starving resettfement of resources is clearly the first step fowards fesellement

S failure.” World Bank 1994, Resettlement and Development: The Banlmrde Review of Projecls Imal'wng lmo!untary :
Reselt!ement ]986 1993 Washmglon, bC. Apnl8 P 5]l9 5!20 Lo . ) . _
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Table 7.6.4 Preliminary Summary of Resettlement Cosls

FSL.320m

. Unit FSL.360m '
No. lems Unit | costs Q'ty | Amount Q'ty | Amount Source
A | RESETTLEMENT . .
1. | Houses Houset $2,120 | 853 $1,808,360 | 260 -$551,200 | HDP
2. | Infrastructure HH $1,300 | 853 | $i,108,900 | 260 $£338,000 | PSPS
3. | Resettlement Costs (moving) HH $200 | 8353 $170,600 | 260 $52,000 { NT2 ALT
4. | Miscellaneous HH |  $130| 853 - $110,890 | 260 $33,800 | -

Sub-Total : $3,198,750 | - $975,000

B | LIVELIHOOD COMPONENT :
i (L]"(‘]‘}:z;‘l‘:[_';)“'ddy Irrigation Development | 1, | 5000 | 853 | $4,265,000 | 260 | $1,300,000 | Pan Piao
2. | Upland Rice Field (0.5ha/HH) ha | $1,000 ] 427 | - $427,000 [ 130 | " $130,000 | -

3. | Garden (0.15hafilHl) - ha | $1,000] 128 | - $128,000 | 40 L 8400004 - o
| 4. | Forestry Managenient Program HH $625 | 853 | - $533,125 | 260 | ~ $162,500 | NT2 RAP
5. | Livestock Improvement Program HI $625 | 853 $533,125 | 260 | - $16,2500 | NT2 RAP
6. | Reservoir Develop.(Transport/Fishing) HH $625 | 853 0 8533,125 | 260 | - §162,500 | NT2 RAP
7. | Agro Industry and Handrcraﬂs Center ' HH | ~$625| 853 [ - $533,125 | 260 { ~ $162,500 | NT2 RAP
8. | Miscellaneous HH $150 | 853 $127,950 ] 260 | - $39,000)- - -

" | Sub-Total : - $7,080450 ] - . $2,159000 ) -
C | COMMUNITY DEVELOP&MANAGE. Co s R R A
). | Skills Training - HH - §200 | 853 $170,600 | 260 | - $52,000 | NT2 RAP
2. | Technical Support HH $2007 853 | - 5170600 | 260 © $52,000 | NT2 RAP
3. | Community Development HH | - $225| 853 | - 8191925 260 - $58,500 | NT2 RAP
4. | Income Support Program - - HH $720 | 853 - $614,160 | 260 | - $187,200 | NT2 RAP
| 5. | Resettlement Manage. Unit for 8 Years HH | $4,065 | 853 $3,467.445 | 260 | $1,056,900 | NT2 RAP
6. | Health Program | HH 5477 ) 853 | - $406,881 | 260 | * $124020 | NT2 RAP
7. | Miscellancous HH | . 3360 853 | - $307,080 | 260 | 893600 |- . -
' Sub-Total - : . 85,328,691 - $1,624,220
1 | Total (A+B+C) : $15,607,891 -~ 54,758,220
11 | Contingencies (15% ef) ~ < $2,341,184 S 8713,713%
11 | TOTAL (1+11) S 817,949,075 2 85,471,953
1V | Possible Population Growth (30% of lll) < $5,384,722 . 81,641,586
v TOTAL(I]IHY) - $23,333,797 7 $7,113,539
anrronmental Impacts and Restoratlon o

N ®

. In addrtron to a Populatron (,arrymg Capacrt)' Survey of the 1dentrﬁed Resettlement Srtes the' )
*- Projeet will carry out EIA studies of the sites. The EIA will identify the beneficial and adverse
- impacts arising from the Project’s resettlement activities, in terms of both the natural and human -

- environment, and will propose miligative measures to minimize ‘adverse impacts while . :
maxrmrzrngthe beneficial impacts. An important aspect of the EIA in northern Laos will also be S

- areconnaissance survey of UXxo and dcfolrants contamlnatron at the Resettlement Srles

765 '_'NAM NGUM WATERSHED MANAGEMENT PLANNING -~~~

General

0N

. ;"An ADB ﬁnanced Watershed Management Planmng Study has recently been completed for the )

* neighboring Nam Ngum Watershed. It has developed a strategy that would improve the lives of

the populauon from the exrstmg Nam Ngurn 1 HEPP and srmultaneously protect the watcrshed -

. JICANAMNGIER- HEPP S 7-68 il
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. forit the other hydropower projects being planned for the watershed, primarily the Nam Ngum 3
& 4 HEPP. While so far only the relatively small Nam Pot HEPP is planned for the Nam Ngiep
watershed, ver_\, little work has been done to develop it.

- Nevertheless, the Waterslled Management Plan for the Nam Ngum is a model that may be
applied to the Nam Ngtep IIEPP as well.

In summary, the Nam Ngum Watershed Management Strategy is to promote the following

issues:

0

iy

N
T village levels to enhance GOL service delwery and dnven watershed management
o systems. - : :

Multlpurpose development to explort Lao PDR's comparatlve advantages in natural

o resources wrth emphasrs on mcreasmg resource mean and margmal values

R

Protectron and conservatlon of natural resources and bio- dwersrty through improved

 spatial Zoning, remedial measures (afforestatlon and erosron control) and strengthening

commumty mamgement systems,

Rural Poverty Allevrauon to enhance llfe quallty mdrcators and create a favorable
socioeconomic environment conducive to sustarmble natural resource management

. _beneﬁtmg all major NNWS stakeholders, and

Slrengthenmg and establlshmg kcy mstltutlons at partlcularly the provmeral drstnct 'md

Nam Ngum Watershcd M'magement Strategy |

: The Strateglc targets are to carry out the followmg 1ssues

W

: Upgrade rural lmng slandards by developmg dlversrﬁed sedentary agricultural systems
“in upland and flat land areas that increase overall agrlcultural productlon creatmg arange

of income generating opportumtres that srgnlﬁcantly 1mprove sociocconomic condmons
of fannlles and vrllages ’

e Integrate the populated areas of watershed by rehabrlrtatmg feeder roads and trails to

 link presently isolated wllages to intra and inter- regional and input factor and product

o markets Lmk vrllages wrth v:llages and v1llages with local markets

‘ol_Set up agnculture, agro forestry f'lshenes/hvcstock demonstratron centers and vrllage

col _srtes

e Improve agricultural water use efﬁcrency for subs1stenee and dnversnﬁed cash croppmg

B 5 by expandmg the watershed 1mgated agncultural base

. Progressrvely rntroduce promlsmg, permanent sustamable and dwersnfled producuon ,'

0. systems that gradually replace shifting systems of upland rice cultivation and low

o productivity - flat - land  agricultural -systems through - widespread trials and
. . "demonstrations. Thrs is to offer farmers a field tested menu of technology choices in
o livestock, aquaculture, highland crops ‘and other products of marketable value; the
. 'range will include’ sources of incomes for familics derived from agricultural, industrial

o and horticultural crops, forestry and l:vestock/f' shenes actrvrtles, dependmg on loeal

agro ecologleal landscal?re Cﬂﬂd“‘o"s 'f: s

T NICANAMINGIEPAMERP il ol e T e 89 T s T Febiuary 2000
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(i)

¢ Providing agricultural investment cash credit facilitics through the provincial
~ agricultural promotion banks for intermediate to long term investments and through in
" kind credit facilities to support rice and cattle banks at the village level, and

* Accclerated and replicate the i isswance of land alloeation documents to enhancc tenure
security and create incentives for technology investment.

Prescrve and acccleratc the forest rcgcneratton and bio- dwcrsrty conservatron and

_improve land use reglmes

* Spatial zoning to conserve exrstmg large forest fragments in the unpopuhted areas of
: the watershed : , . .

K Watcrshcd classrﬁcatlon zomng in populated areas of the watershed for 1mproved land

management accordmg to erodability: zones for forest protection and conservation

o under local village management; a zone for upland agrrculture and sloping agrrcultural

land technology (SALT) mterventlons, and other zones for 1mgated crop .
_ drversrﬁcatlon, . :

. 'Afforestatron of htgh erosron areas

. SOll conservatron measures such as contour bundlng, contour plantmg, drop structures
. and other treatments , : : _

. Establtsh tree nursenes Surverllance and momtormg of forest protectlon and
. conservatron arcas, ' R '

. lmprovemcnt of socral and economic mfrastructure and servrces, :
. Fxtend schools and drspensartes to all vrllages in the watershed

. bstabhsh matemal chrld health dehvery systems

® _'_Implement birth spacmg programs

e Non fonnal educatron

iy

technology trlals and demonstratlons, K

e Install potable water systems in all vrllages and

' _0_ Set up and support feeder road mamtenance

Instrtutronal strengthenmg and devclopmcnt of kcy watcrshed management local agenctes. :

- Upgrade and strengthen the Deputy Govemors ofﬁces as the focal pomt of provmcral o
- level watershed management actrv:tres : : : s S

e Tram equip, provrde logrstrcal support and offer mcentrves to PAFS and DAFO T he

- former is to become Subject Matter Spectallsts, the latter will be l*armmg Systems B
" Extension Workers. Their role is to provrde problem solvmg cxtensron and conduct :

" & Train, equip, provrde logrstrcal support and offer mcentrves to provmcral Land Use -
- Planning and Allocation Committees (LUPACs). . LUPACs will be trained and
" cquipped to conduct participatory land use planning and allocation in all watershed =
- villages.  Land allocation will be recorded by GPS readers, and GIS systems will -~
.+ capture land holdings and land- use ‘and village desires for future land use and

~ allocation, - Land allocations will be mcorporated into a basm wrde regrstry system and

L : land use rrght documcnts wrll be rssucd to holdcrs,
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o Train, equip, provide logistical support and offer incentives to Provincial Planning
Commiitees (PPCs). PPC to be (rained in watershed management and bio-physical
regional planning systems; (a) establish, train and cquip a new Nam Ngiep Watershed
Management Authority (WMA). WMA will manage and coordinate all program
planning, implementation, monitoring and evaluation and coordinate hydraulic
management at the watershed level; (b) train Provincial Agricultural Promotion Bank
and Village Administrative Committees in cattle and rice bank and general rural credlt
administration. :

(iv)  Provide financial assistance to the poorest segment of the watershed population (those
households practicing exclusive shifting cultivation) by hiring houschold members to -
perform essentral conservalron and envrronmental management services at the village

Nlevel; :

_ . Hrrmg vrllagers as ﬁre wardens to momtor and control dry season bummgs

e Hmng v_t]lagers for UXO trammg and supervised clearance of contaminated areas,
" common in Lao PDR. At UXO Lao's new training center Naysaythong District,
Vientiane Municipality, a 9-week coursc conducted by US and Lao instructors.
Trainees return to provinces having completed courses for de- mlmng technicians, -
medrcs eommumty awareness specralrsts UXO team leaders, and instructors, and ‘

. Hmng villagers for tree planting for badly eroded areas. The proposed watershed
management strategy also includes resettlement of vrllagers from the proposed
~* hydropower projects. By international guidelines, this should be fully internalized in
project costs and would not be consrdered as part of an extemally funded watershed
management program for the Nam Ngrep ' : : : SR

® Loeal Development Fund and Regronal Development Actton Plan L

Fundmg for the 40- year Nam Ngum Watershed Management Pr0ject would come from ] 2% of .
hydropower royalties. The legal basis would be Article 24 of the Waler and Water Resources

- Law, which stipulates that benefits of resource use flow back to residents of thc areas from

_which resources have been tapped. Development bank loan financing and donor agency grants

. would cover the high priority front end program needs untrl lhe Nam Ngum Waterslred
- Management Fund was aetrvated : ‘ .

g From Chmese eXperrenCe with local devclopment funds l 2% of hydropower royaltles may not
~ be necessary to generate considerable finances to benefit the local region. However, this will -
" need to be a matier of review for the second phase feasibility study and for the detailed desrgn of

| the project. ltis certam that multifateral or bilateral funding will be required to assist in setting

up such a management plan and watershed or Iocal development fund for the NNHP as it would j'
for most hydropower pro_]ects : : : . . :

1.6. 6 CONCLUSIONS

- The followmg conclusrons may be drawn from the prehmmary resettlement plan

©UICANAMNGIEPAHEPP o 0 LTl e e T T Febmay 2000 L
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(i) = Possible lnvoluntary Resettlement

Accordmg to the socioeconomic surveys of the Project area conducted December 1998 through
March 1999, overall, including both Upstream and Downstrcam areas of the proposed dam site,
nearly 2,000 houscholds and 12,000 persons may be affected to one degree or another by the
- Project. About 660 households and 5,000 persons in 14 villages are in the Upper Reservoir and
another 200 households and 1,200 persons in 4 villages the Lower Reservoir could potentially be
affected by involuntary resettlement. For Downstream area about 1,300 households and 6,800 -
people in 15 villages would be affected through changes in the Nam Ngiep River flow and water.

'(ii)' .II*‘SL 360m Alternative

Whrle not all vrllages wrthm the proposed reservoir area wouId be submerged even by FSL. 360m
their rice lands are all situated along the Nam Ngiep River and its territories at low levels. So it
- can be assumed that virtually all the villages would require resettlement, if FSL.360m is chosen
for implementation. Generally speaking, mitigation includes minimizing resettlement to the
extent possible, carrying out an international standard of resettlement planning and
lmplementatron if unavordablc and fair compensatron for the drsplaced populatton 7

(m) FSL 320m Altemalwc

The recommcnded desrgn mrtrgatron at this time is to consrder the medrum—scale dam alternative.
" The initial thinking was that lowering the FSL to EL 320m \\ould reduce the number of affected
- villages down to 5 villages. There is not enough information at this time, however, to determme
~* what the amount of backwater effect would be, i.e., how much higher the water at the back of the
reservoir will be than at the front end. Two (2) meters would be assumed, mcludrng a safety

'margm Therefore, consideration of the backwater effect indicates that EL.318m might be =

© necessary to protect the majority of 1rr1gated paddy land belonging to the Upper Reservorr
-~ villages, nearly 300ha of the total reservoir paddy land. This FSL.318m dam would more surely ;
-+ reduce the affected populatlon down to 260 households and about 1 600 people :

(rv) Preparatron of l"ull Resettlement Action Plan '

: The Prelrmmary Resettlement Plan (PRP) is prepared wrthout the fmal desrgn of the Prolect." 3

having been decided. Once the alternative is selected, a full Environmental Impact Assessment

(EIA) and Social lmpact Assessment (SIA) will be required by internationally accepted

guidelines, as well as preparation of a full Resettlement Action Plan (RAP) and a Social Action’

- Plan (SAP) for mitigating othcr socral 1mpacts Durmg preparatron of a draft RAP the followmg '
_ sludres wrll take place T _ P _ Co

. Socro Cultural Assessment of Resettlement and Host Commumtres (Part of SIA)
e Preparatron of a Pubhc Consultatron f‘ramework ' R IR
. Capacrty Assessment of Resettlement Sltes, _ '
_ o Backwater and Sedrmentatton Modelmg, |

. V'Archeologrcal Review and Freld Survey, and

& Technical Resources explored and detarled TOR for development of Lrvelrhood Packages 3

o prepared

SICANAM NGIEP-} HEPP o -T2 e e T T e Rebrwy2000



FINAL REPORT (MAIN REPORT) ' Chapter 7 : Summary of EIA Reponl

(v) . TFurther Final RAP

Upon completion of the draft RAP, the F/S should also come to an end, and the Project
preparation including a detailed design and a final RAP, should coincide with the process of
securing finance and international guarantees for the Project.

T MCANAMNGIERIMEPP LT M FL 3 T Febrary 2000
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8. PRELIMINARY DESIGN

3.1 GENERAL

“As the results of the altematlve studlcs two (2) dam scales of FSL.320m and F Sl 360m were
selected respectively as the medium-scheme and the large-scheme alternative.  Hercinafter the
concept of the preliminary design of these two (2) development scales for the Nam Ngiep-1
Hydroelectric Power Project is explained. The major f f'mal sallem features of pronnsmg schcme
at this stage are shown in Table 8 LI

S R Tablc8|l FmalSallentI‘ealuresofPromlsmgScheme T
" Place - ¢ < Partieular 0 ] Unit ] - FSL.320m - FSL360m - -

Catchment area at dam site km® - 13,700 - i 3,700
Annual basin rainfall - mm . {2470 e | 2,470
Annual mean runoflf - mfs 1623 162.3
Annual mean runoff’ | mill.m® | 5118 .- : 5118
Average run-off coefficient | =~ - - 1 0.56 . 0.56
Resewoir _ Probable max. flood, PMF | - m's ~ [ 15900 - 15,900
ST Mean annual sediment low | vkm¥yr | 4134 - 14134
' Reservoirarecaal FSL - |  km® = [739 - = ' |148.2
Gross reservoir capacily 10°m* - [2279 ~ 16,782
Min. operation Ievel (MOL) EL.m ~ |280 © .-+~ - - {335
Draw-down - ; ‘m (40 - - 25
Effective storage \'olume 10°m’ 1,779 .0 e 13,092
Dam type - o - - FCFRD - .. | CFRD
. T Dam height .- - m 187 o -1 197
Main Dam C Dam crest length ' - m 524 662
e Dam volume - =~ - 10°m* |69 - -1 127
Damcrestlevel - - | "ELm | 325 o o365
S-pillway o Spillway crestlevel - EL.m 306.5 - -] 346.5
S Design flood capacity . m*/s 8,730 (Q 10 OOOyr) 8,730 (Q—IOOODyr)
S Intakesililevel " | "EL.m |247 = 312 ¢ -
\Vate'rsvs; - Design discharge  * ° mYs 221 - - 1224
i Headrace tunnel diameter | --- m -~ 190 @ - - - 9.0 - .
' Headrace tunnel length - ~m_ 420 o 1490
Powerhouse type - .= < | Surfacetype ‘¢ - | Surface type -
Size of powerhouse - | < m - | SE(LY3II(W)58(H) | 81(L)2%(W) 52(H) :
7 Design flood d;scharge R Y 4 5]9(Q 100yr) 4,519 (Q= IOOyr)
Po'\s'er:ii‘lal.xt PR Ratedhead - . . _m 131.8 oo 11768 - _,
o e Type ofturbme ol - Verlical Francls Vertical Francis -~
' ' Number of unit Mo - 120 o 14
Plant capacity &~ 7" MW " |240 - - ..7]360
Annual enérgy - Gwh [1349 - . 1,905
W bwhe | Max, pond fevel - T ELm | 173 SR 173 o
Re-regulation Facility | Required storage capacity | mill. m* | 4.7 147 ) '
S s .| Design flood discharge - m'/s - 4519(Q IOOyr) 45]9(0 lOOyr)

CNCANAMNGIERHEPP s ST Bl e e Pebiory 2000
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8.2 OVERALL PROJECT LAYOUT

8.2.1 GENERAL LAYOUT

- The main dam and its appurtenant structures, such as river diversion facilities (including bottom
outlet facilities), spillway, power waterway, power station and re-regulation facilities were
preliminary located on the topographic map of 1:2,000, which was enlarged from the ongmal
map of 1:25,000. '

s ground plan is as shown in Flgure 8.2.1 and Flgure 8 2 2 for the wo (2) sclcctcd scales:
' FSL 320m 'md FSL.. 360m alternatlves : : : o

822 TFMPORARY FACILITIES

Major temporaly facrhtles for construction wrll be located dow:rstream of the main dam site.
There are several concervab]e sites between the main dam site and re-regulation weir site where
~ rather flatter river shores are developed along the left bank, 1 o2 km downstream and 4 km
: downstream of the dam sitc as shown in Yrgure 8 2. 3 :

| At these srtes contractor ] ofﬁces and resrdcntlal quarters and othcr tcmporary bmldmgs
. (warehouse, motor pool repalr shop, elc. } are to be located -

~ Two (2) concrete batchmg plants w;ll be located at the powerhouse site “and splllway forc bay
. arca. Two prospectwe quarries: Quarry (i) and Quarry (11) and sprllway srte Quarry (m) will be
; dcvcloped as main rock quarry. : : . :

' Becausc of the sleep dam abutments avan!able areas for stockprle and sporl bank are very scarce
. at the upstream area of the dam site. Therefore, some of the spoil bank may have to be located at
the downstream area witha proper foundauon dramage systcm and slopc protectton

A prehmrmry layout of the temporary facrhttcs at thc d'\m srtc is shown in F 1gurc 82, 3.

o The main pmJect oﬂrcc may bc located at Pakxan to medlate the admrmstratlve commumcauon _
' between the dam srte and Vrentlane probably with a computcr on- hne system. : - '

8 2. 3 CONSTRUCTION ACCESS ROAD

: The dam srte is located in Bohkhamxay Provmce but far from Pakxan the capml of the- A
: ’Provmce about SOkm via. Nauonal Route-4 and passes through a non paved provmcla] road e

e F mstmg road condltlons between Pakxan and dam site are as shown below

O ONCANAMNGIEPAMEPP - o T 8e2 o e T et Febuary 2000
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Table 8.2.1  Existing Road Conditions bet\ﬁ'ee'n Pakxan and Dam Site

Road Condition
6.0m wide asphalt paved road
6.0m wide laterite paved road
3.5m wide non-paved road
l 5-2.0m wide non- paved road

No. - Existing Road

Beginuing 3km section from Pakxan (Route No.4)
Remaining 20km to Borikhan (Route No.1)

20km between Borikhan and B, Thahua (Prov. Road)
lOkm bemeen B. Thahua and B. ilalkham (Prov. Road)

Ea [ [N -

Minor improvement of the road surface between Pakxan and BonLhan and wrdemng and pavmg
between Borikhan and B. Hatkh’rm wrll be requnred :

A new road is rcqulred for a 10km long stretch from B. Hatkham to the dam site, which Tas to be
constructed along the left bank of the Nam Ngiep River. Half of the route from B.Hatkham will
pass through hilly land and the other half has to pass the steep slopes of a mountainous area {o
' cltmb up to the crest of the mam dam : -

' On the exrstmg road between B. F hahua and B. Hatkham two (2) brldges wrll be required to to
constructed, one for crossmg the Nan Xao River and another one for small gully near B.
- Hatkham. S _

: Thc route of the access road to lhe dam site is as shown in Frgure 8.2. 4 from Pakxan to the d'1m

“site, and detail of the access road near the dam site is shown in Frgure 8.23 1n whrch
'constmctron roads around the dam snte are also shown

83 ..PREUMINARY .DESIGN OF MAJOR STRUCTURES
‘8 3 1 DESIGN FLOOD DISCHARGES

- ln the Pre-FIS Study, ﬂood drscharge charactenshcs were analyzed for the localrons Muangmal
' B Hatkham and the dam srte of whlch ﬂood drscharg,es are shown in the table below '

: Table 8 3. l Flood Drscharge at Dam Srte e

| 000

10,000

Flood | 10Year | 20Year | 25Year | 50 Year | 100 Year e PMF
R : oy -5 S ~ Year - Year
ms 2704 | 3230 . | 03385 | 3936 | 4519 | 6,530 8730 | 15900

' o "[ he probable ﬂood mﬁows _]USl’. the same as the above wrll be adopted in thls prclrmmary desrgn

- l’MP wrll be used for the determlnatlon of the dam crest level a 10, 000 ycar ﬂood dlscharge for

T NCANAMNGIERLHERP

R sprllway sizing and a 25 year ﬂood dlscharge (3 385111’/3) for the desrgn of river dwerston'
"facrhues T P , :

B 8 32 RESERVOIR OPERATION LEVELS

The optlmum MOL of the rcservorr is selected to be the level that the prospectwe total energy

8’7 . Februa_ry?OOO
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becomes the maximum for the period of the analyzed 30 years.

routing, MOI was prelnmnary selected as follow

The result of the reservoir

Table 8.3.2 Rescrvoir Waler Levels for each Alternatwe -

No. Items Medium-Scale - - Large-Scale -
1. FSL - EL.320m EL.360m
2. - | MOL EL.280m EL.335m

3. Draw-Down - 40m i 25m

Note:  Although the present MOLs were tentatwely deterinined to maximize GWh, it -
should be reviewed in the next stage F/S to give an cssentral MOL, which |
. mammrzes benefit of the Pro_]ect

8.3.3 MAIN DAM

(l)_ _ Dam DcslgnA

G 'Type of-D'anr |

As dcscnbed in an author;tatrvc report on rockﬁll dams with concrete facmg the concrete faced |
1ockﬁll dam (CFRD) is now generally accepted and it is being consldcrcd as an alternative at
most sites with rock foundation. It gcncrally competes with the earth core rockfill dam (LCRD)
the common alternative type considered, in cost and schedule, as well as with the concrete arch

dam. Since the CFRD relies mainly on gravity for stabrhty and as rcccntly burlt CF RDs prove -
it does not requ1re hrgh strength rock abutments

On the other hand accordmg to the seismic refractron survey camed out for the dam site at Pre-
F/S stage, it was revealed that the site is covered by about 10m thick highly decomposcd
overburden of the seismic velocities some 500m/s-700m/s. T he substratum (intermediate zone)
is slightly weathered with seismic velocities ranging 1,500m/s-2, 400m/s, which is developed in
the thrckncss from 10m at the river course to 15m-25m and exccpttonally 40m on the rrver banks. '

A rockﬁll dam could be founded on the above mtermechate zone, whlle any large concrete' _
structure must, therefore, be founded bcyond the intermediate zone, thus a concrete dam wrll be
accompamed wrth constderable excavatlon and concrete works . : '

. Among ﬁll type dams an earth fill dam ora center-core type rockﬁll dam whlch requrre a lot of e
“soil for embankment, rs not economlcal because sufﬁcrent sorl materral seems not avalla'ole S
ncarby dam srte S X S :

| 'Bascd on the above crrcumstance the type of dam for the Nam Ngrep l HEPP was determmed to R
. be the concrete faced rockﬁll dam (CFRD) : . o

7 Both thc typlca] d'tm scctlon ancl the prof le along the dam axls for the medrum scale dam :
~ scheme are shown in Flgure 8 3 1. : : B 5

1 Rockfill Dams With Concrete Facing, State oflhc_Arts.'l published unde_r the Corrtmittee on_Materials for Fill Dams G

. NCANAMNGIGPANEPP .~ | . C T 8-8 L T s T February 2000
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:(ii')' Dam Axis |
To place a 190m- lngh class CFRD on the narrow dam site, an adequate dam axis was carefully

studied and determined, taking into consideration site topographic condition and geological
condition.

(m) Dam Slooes

It is known that the cmbankment of CFRD has a factor of safety against sliding of approximately
7 under reservoir load under the drained conclltlon Therefore, no stability analysis is requlrcd
unlcss unfavorably orlented clay _]Oll‘ltS are present in the foundatlons '

The face slopes of the worldwide CF RDs recently constructed range between 1.3 to 1.4 for the
upstream slope and l 3 to 1.5 for the downstream slope as shown below: "

: Table 83.3 Pamal LlSl of Cl" RD ll>lOOM Undcr-ConslructlonfCompleted After 1930

No. Name : .. | Couniry Height Year | U/S Slope | DJS Slope Fill -Rock Type
., Areia - - [ Brazil -] : 160 1980 1.4 1.4 CR-Basalt .. .

2. N-Turimiquire | Venezuela | - 115 1981 1.4 - 1.5 - { CR-Limestone

3. Yacambu - - | Venezuela 150 - | 1982 | . 1.5 L5 CG-Gravels -

4, Khao Leam - | Thailand 130 1834 4 - 1.4 CR-Limestone

. 5. Shiroro .~ | Nigeria F 130 1984 1.3 . 1.3 CR-(D) :
-~ 6. | Salvajina - - | Colombia 148 1985 1.5 = 1.3-1.4 | CG-Dredger Tallmgs .
7. {Reece .- - | Australia | = 122 1986 1.3 1.3-1.5 [ CR-Diorite ~

8. | Cirata = Indonrsia 125 1987 1.3 1.4 ¢ | CR-Breceia-Andesite
-9, Alder - USA - - 100 1990 R 14-1.6 | CR-Granite-Volcanics -
10. | Segredo ' | Brazil - -] - 145 - 1991 13 - 12&14 CR-Basalt -+ 7
11. | Xingo - .- | Brazil 140 1992 | w4 - 1.3 . | CR-Granile-Gneiss

12. | Machadinho - | Brazil -~ |~ 124 . 1993 - 1.3 1.3 7} CR-Basalt

13. |ha - - -° | Brazil = - ~ 123 uU/C 1.3 1.3 - | CR-Basalt

14. LaMiel - - | Colombia - 1830 u/iC - LS5 1.5 :-: | CR-Diorite - -

.15. | Tianshenggiao | China - | - 180 u/iC 14 1.4 CR-Limestone -

- Note; U/C: Under construction, CR: Compacted rockill, CG: Compacled gravel filt -
Source lntemauonal Water Po“er & Dam Construcuon 1997 Year Book :

“The Nam Nglep dam Wlll be provrslonally determmed to be l l 4 for the upstream slope and

o l 1. 3 for the downstream slope

. (w) Toe Slab (leth)

Constructton of th(, plmth wrll create a watertlght seal between the face slab and the rlgld _
e foundatlon rock. For this purpose, the plmth serves asa grout eup and asa startmg base for the
B equlpment of face slab sllp—forms ‘ R —

o The plmth is normally butlt on hard and non- erodible fresh rock that is groutable because hlgh
_hydraultc gradlent develops along the short seepage path under the plinth. However, with proper
- engineering, weathered and jointed rock, fault zones, soil-filled Jomts and materlals susceptlble

' to possrble erosron and prplng are also aceeptable '

: 4 Gurdelmes Oo Concrete Faced Rockfi I Dams I99l Australlan Nahonal Commrltee On Largc Dams L
3 COOKE, J.B,, “Progress in Rockfill Dams” The Eighteenth Terzaghi Lecture presented at ASC[:, 1982 Annual Con\cntlon '
Joumal ol'Geotechmeal l‘ngmeenng ASCE, Vol lIO l\'o I(} October, 1984, . - ‘ .
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A hard rock with a velocity of more than 4,000m/s is deep at the dam site especially at both
abutments. Therefore, the plinth will be put on the weathered rock foundation consisting of an
alteration of sandstone and mudstone, which is laid below the suiface talus deposits with a thin
(4m-Om deep) laycr, where seismic velocities range between 1,350m/s-2, 400m/s. -

Plinth is designed with a 4.0m wide base, taking into consideration the minimum space for
foundation drilling and grouting and practical thickness of apron slab (500mm) for high dams.

{v) Face Slab

There are sevcral factors aﬁectmg the determmatron of the thlckness of face slab such as thc
herght of the dam spaces for waterstops at _|omts constructlon casiness, and 50 on

The desrgn tluckncss of the face slab has been establrshed for many years as 300mm at the top
and increasing below at some rate in proportion to the head of water, though some exrslmg dams
have been covcred by the sl’rb wrth constant thchness of 250mm- 300 mm.

- For the Nam Nglep dam the face slab is desrgned by applymg the most popular equatlon (0. 3+
8 0 003 X H) in mctcr .

' (vr) Seahng ?one on Upstream Face of Dam '

Many suecessful hrgh dams provrde an extra preeautron agamst emcrgency cases of perrmeter-
- joint feakage through the face slab. At the river section between the upstream cofferdam and the

- plinth, where the case is strongest and the provision is convenient and economical, a ‘well-graded

" material from gravel to silt sizes is placed over the joint to flow into and limit leal\age though :
' _any water—stop rupture Available random fill will cover the seahng materral -

' (vu) F ransrtlon Lones
- Transrtton zonc wrll be dlvrded mto two Zones m the up- and downstream drrectron a

: The upstream transrtron zone is desrgned to support the face slab Wrth pror:essed (cntshed) small

rock in the width of generally 3m-Sm, which is convenient for placing and compaction of the
* material by vrbralory rollers L'tyer thrckness is 40cm SOcm wtth the matenals at the maxtmum
of?Smm in size. 3 : - - : :

For large dams and on partlcularly steep abutments the transition zone may be wrder at the
 foundation-contact to provide additional leakage control behind the perimeter-joint. However,
_ thrckness of the zone was assumed to be constant 4m for thc Nam Nglep dam

Immedlately behind the upstream transrtton Zone, the downstream transrtron zone of a layer wrth '
* selected rockﬁll of 3m-5m wide will be placed to fulﬁll the role ofa ﬁller between the upstream N
. transrtlon zone and the mam rockﬁll zone.. o - : SR : ‘

) Thts zone wrll be constructed W1th selected rock whlch is 1ntenned1ate srzes between rts e
: upstream and downstream zones and to be p]aced in the same wrdth and the same layer thlckness
- as the upstream transrtron zone. SRR N s

L HCANAMNGIERAMERP T LU B I s T February 2000
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(viii) Main Roekﬁll Zone

The main rockfill zone is of a rockﬁll with basrcally pervious and capable of carrymg the
imposed reservoir load. L _

~ This zone wil_l be divided into the upstream shell and the downstream shell. The upstream two-
thirds of the zone will be designed as the upstream shell and the remainder will be designed as
the downstream shell to transfer water load to the foundation level moderately.

Conglomerate (medium strength) and sandstone (low to medium strength) may be used as
embankment material for the Nam Ngiep dam. Better conglomerate may be utilized for the
upstream zone to minimize sctilement and hence displacement and crackmg of the concrete
surface slab and sandstone will be used for the less critical downstream zone in which layer
‘ thlcl.ness m'}y be mcreased and compachon requrrements reduced. :

(2 Dam I‘oundatron Trcalment

To i mlprove thc fractured rock and to seal lhe open jomt under the loe slab to an acceptably low
permeability level, low prcssurc consolldatlon grouting is carried out throughout the entire slab
_foundation. The groutmg will be provrded in a single stage of 5 and 10m dependmg on rock
_quallty R . :

Depth of the deep eurtam groulmg is defincd on a geologrcal basis, bul a conservat;ve 2/3}1 wnll
- be taken into account for the N'im Ngrep d'lm The sprit-spacing method will be used to Iocale .
'addltlonalholes S T e SRR

: 'All exposed rock slopes resultmg from excavation for the plmlh and upsiream of it, wrll be
s covered with a layer of steel- mesh remforced shotcrete fto exlend somewhat the seepage path in
the upstream dlrechon : o :

: (3) Dam Instrumentatlon :

Instmmentanon w1|l be provrded in the Nam Ngrep dam for better understandmg of 1ts behawor
~_and data acquisition for further CFRD dam design. It is also desirable to establish proper
- momtormg durmg operatlon and to decrde upon remedral measures m case problems develop

For these purposes, the mam dam wrll be provrdcd wnth the followmg mstrumentatlon

Table 8 3 4 lnstrumenlanon for Mam Dam

No. Name ol‘ Instrumentauon St o Purpose of Instrumentation - <

1. | Joint meters -+ : -7 .- i | to measure movemenis of the ¢oncrete face relative to lhe toe slab :
2. | Strain meters -+ w50 | o measure strains in the concrete face

to know the mﬂuence of fitl seﬂlements on the concrete face behawor
{hydrauli¢ type) - S
to measure stress in lhe ﬁll and to correlate stram wrlh siress at eaeh pomt
and various directions R :

5. | Pore pressure meters - | to measure pore pressure in the embankmenl and the rock foundanon
6. Others S T such as surl‘ace seitlement monuments and Ieakage weirs

3. Vemcal settlement devrces

" 4. Earlh pressure meters .

CcavamRameer o 8-12 T rayane
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(4)  River Diversion Facilities

A tunnel type diversion system will be adopted for the Project. Separate main cofferdams will
be provided at the upsiream and downstream sides of the main dam. :

As the design discharge for the river diversion is large for the Project, the Nam Ngiep River will
be diverted by two (2) lanes of concrete-lined tunnel. The design drschargc was eqml to the 25-
year recurrence flood of 3,385m’/s for each scheme. : e :

T tnmel diameter and the required crest level of the upstream main coﬂ'erdam were tcntalwely
determined on an assumpttou that around 20% of the flood peak will probably be regulatcd due
to a reservoir storage function at the upstream of the cofferdam. The results are as follows and
" the profile of diversion tunne! is shown in Flgure 8.3.2. ' SR

Table 8. 3 5 MEIJOI’ Dlmensron of Rwer Dwersron Tunnel

No. - ltems Medium-Scale - . Large-Scale
) : : - (FSL.EL.320m) . (FSL.EL.360m)
I. Dia. of Tunnel 10.4m - 10.4m
2. Elevation of u/slab ~ EL.208m EL.208m
1,100m

3. | Tunnel Length L000m |

3.3. 4 SPILLWAY

) Splllways are provrded for storage and detentlon dams to release safely surplus of ﬂoodwater
whlch cannot be contamed in the altotted slorage space : :

T he sptl]way for the Prolect wrll be demgned as a gated overﬂow lype havmg three 19m wrde . |
and 15m high gates, which may be located on the right abutment. The excavated matcrlal from
the sptllway constructron will be uscd for the main dam embankmcnt '

' Approach bay may be locatcd at EL.300m and EL 340m respeclrvely for FSL 320m and |
FSL.360m.

Floodwater ‘will be conveycd to the downstream of thc dam by an opcn square concrete '
- chuteway and dissipated by the flat-apron type sullmg basm to be located sufﬁetently away from _
the dam and ils appurtenant structures : - S

Hydrauhc dtmensrons of the sttllmg basm wrll be based on the 100 }rear flood of 4, 519m’/s and '
stabtlrty of thc structure w:ll be conﬁmted for al 000 year ﬂood of 6 S30m’/s T

- Final dtmensrons of the sprllway should be dctermmed by hydraullc model testmg

A typtcal proﬁ!e of the prehmmary sprllway desrgn is as shown m Frgure 8 3 3
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8.3.5 OUTLET WORKS

Outlet facilities are usually prov1ded for retardation of reservoir-rise during lmpoun(hnent
releasing nparlan flow to the downstream reach, emergency draw-down and so on.

The Nam Nglcp dam has a huge storage vol_ume of 7 bllhon m’. Thelefore, it secms not realistic
to provide a full-scale function for emergency draw-down, which will require extremely large
facilities and huge costs for such a large reservoir. On the other hand, it is preferable for fill type
~ dams to release incoming flows at a retarded rate while the reservoir is impounded. Such water
rise restriction is spccnﬁea]ly 1mportant to mamtam the stablhty of upstream face slab of CFRD

Therefore, outlet facilities for lhe Pro;ect w1|l be des;gned at a practlcal and realistic size to
function as retardation of water-rise in reservoir impoundment as the main role. Its discharge

capacity was provisionally determined to be 400mYs, which is equal to about twice the b'tsm
verage run-off and is sufﬁcnent to control reservoir water level.

For the large-seale scheme a speedy draw down inan emergency case cannot be ehpected by the _
above size of ouilet, but in the case of a medium scale, draw-down from FSL320m to MOL280m
will be enabled by 50 days and the draw—down from MOL to 1/3 depth (W[ 220m approx.) will
need about 20 days only :

An outlet will be prov1ded in the dwersmn tunnel No.2, whlch w1|l be closed after the
" completion of the main dam. Valve chamber will be provided in the main plug portion of the

- tunnel, which will be constructed at the middle of the tunnel stretch.  The downstream of the -

- valve chamber \Vlli be repaired and reinforced for an energy dlSSlpatCl‘ Approach to the valve
' 'ehamber wxll be made from the dwersnon tunnel No 1. :

- The drawmg of outlet works is shown in prewous ﬁgures for thc river dwersmn tunnel Flgure
: 8 3 2 : : . : _ _

- 8. 3 6 INTAKE STRUCTURE AND POWBR WATERWAY

"'Power mtake wnll be located on the leﬂ abutment Intake s1ll has to be Ioeated abovc the ﬁnal .

i sediment level, which was assumed for the Nam Nglep | HEPP to be EL 2{)0m for the prOJect
hfetnme of 100 years. o S _ R S

~In addition o the 'lbOVe, the mtake s1|l level w:ll be located 2 5 X D (D: dlameter of headrace
. tunnel) below the mmlmum operatlon level (MOL) of the reservo:r to avoid cntrapplng air in the
' tunnel system e : , : .

Moreover, the headrace tunnel w1|l be deSIgned w1th a smgte lane its tunnel dlameter Wl“ be

" around 9.0m to satisfy the given conditions that the average flow velocity in the tunnel is limited

“to 3.5m/s and number of the tunncl is mcreased if dlameter of the tunnel becomes blgger than_ -
lOm for the desugn dlscharge R : : . .

On the other hand the snze of the mtake opcnmg wnll be determmed based on thc followmg .
_'.._lreqmrements lnlet ﬂow velocmes are to be wnthm lOmIs at the max:mum dlscharge to -
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minimize destructive vibration, which may be induced on the metal works (gates trash mck
ctc.) of the intake structure.

Based on the above requirements, an intake opening of 15m(B) x lSm(H) divided by a 2m thick
center pier will be required for both schemes.

Penstock line will be designed as an inclined cut-and-cover conduit type, which will be

bifurcated at the downstream end of the headrace tunnel in the concrete anchor block and buried
inthe deep trench excavated behind powerhouse. Penstock lines will be of steel plpe encased for
its entire stretch with the reinforced concrete structure. : :

Major dlmensrons to sausfy the above condrttons are shown as follows and the proﬂle of mtake
stracture and headrace tunne! are shown in Frgure 8.34. -

Table 83.6 Major Drmensrons of lntake and lleadrace Tunnel

No. - : Items : Co Medium-Scale {FSL320m) Large -Scale (FSL360m)
1. |MOL o s EL.280m ' - EL.335m

2. | Intake sill elevation : - ' EL247m - - | " "EL312m -

3. " | Maximum discharge of power waterway | - - 221mYs - ©22dm’ls

4. | Total length of headrace tunnel - 420m - T 490m

8.3.7 POWER STATION
Bccausc of the gentle downstream river proﬁle, a surface type powerhouse wrll be proposed andr '

located 1mmed|atel) downslrcam of thc mam dam to pass the mtake water as s1mple and short

) Thc surface plants in closc assocratlon wrth fill type dams are frequently located at the.'

“downstream end of tunnels through one of the abutments. At the Nam Ngiep dam site, however L

. the dam site abutments are very steep such that the excavation for powerhouse will expose -
_extremely high cut slopes, which might have to be protected and maintained agalnst the

prospectwe slope failure. Therefore, the powerhouse may be located in the river course almmg S

- at economic desrgn

_ lo meet the 16-hr powcr generation, whlch is a given condrtron prowded by EGAT the |
- powerhouse will be equipped with two generating units of 120MW for the scheme of FSL.320m

= and four units of 9OMW for the scheme of FSL.360m. The penstock lines for the scheme of - _-—' ;
~ FSL.360m will be further blfurcatcd near the powcrhouse to be connected wrth 4 unlts of .

generatlng units.

The partrculars whlch wrll be gwen as the result of the prelrmmar)' power plant desrgn are as T .

- follows:
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Table 8.3.7 Major Dimensions of Power Station

No. Dimensions Upit | Medium-Scale large-Scale
l. FSL ' EL.m 320 360
2. | MOL EL.m 230 335
3. Draw-down m 40 25
4. | Plant Discharge m’fs 221 224
5. '] Rated Head m 131.8 - 176.8
6. - { Number of Unit : nos. 2 .4
7. - | Unit Capacity - MW 120 90
8. Plant Capacily MWV 240 - 360

' In light of the above heads and outputs the water turbme will be of a vertical-shaft I‘rancrs lype
for both schemes. The number of units was so ‘determined that the rated output of a turbine i is
limited to lSOMW at the maxrmum and the unit number is restncted to be an even- number

. Umt d}stance wrll rcqurre 18m for FSL 320m scheme and lSm for FSL.360m scheme between
center to center while the turbine sclting level was determined at EL.171.1m and EL.171.7m
each to secure the requrred draﬂ head under the assumcd rated TWLA75m. :

' Ground elevalron for the powerhouse yard will bc located at EL.195m, wlnch is 2m above the
hmaxrmum lWL 193m of thc 100 year recurrence flood: 4, 519m3ls '

) ) On the above eondrtlons the requrred size of the powcrhousc wrll be as follows
@ FSL 320m altematwc 58m (L) X 3lm (W)x 58 m (H), and
o (n) FSL 360m '1ltemauve 8]m (L) x 291n (W) X 52m (H)

':Mam transformers will be located on the back ﬁlled open space sccurcd behmd the powerhouse:

o _almmg at cconomic dcsrgn

. .The outdoor swrtchyard will be. also located behmd the powerhouse for housmg mdcor type gas
msulated metal enclosed swrtch -gears. - :

- Detalled ﬁgurcs prchmmary assumed for powerhouse srzmg are as given in Table 8 3.8. Typical
. scct1on and transverse and longitudinal sections of the powerhouse are shown in Figure 83.4.
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Table 8.3.8 Prc.l.il_ninéry Si_zing for Nam Ngiep-1 Powerhouse

No|  Dimensions Unit h;;%l:lm 5‘23@;‘;’ Noi - Dimensions Unit N;Zd(;::“ ]34233’:1

1. |Specific speed (Ku) |m-kW 0.8 (.8] 31. {Waler temperature (T) °C 15 15

2. 1Specific speed (Ns)  [m-kW| . - 160 130]32. | Turbine center - EL.m 7 1713
| 3. {Rated speed (N) rpm 200 290133. [Draft T pit bottom EL.m 156.7 159.6

4. |Netrated head (Hd) | m 131.8] 176.8]34.|Rated (TWL) | EL.m 175 175

5. [Runner inlet dia.D1 m 3.7 29]|35.|Flood TWL (Qye) EL.m 193 193

| 6. | Runner outlet dia D2] m - 41] . 3.2]36.{Powerhouse (GL) EL.m 195 195

7. No.ofunit =~~~ | no. - 2 "~ 4137.|Substructure height - - m 39 36
_ | 8. |Turbine rated output | MW 120 90] 38. |Superstructure height m 19 16
1 9. |Casingsize(a) = - ] m 1.3 59 PR SIS Lo

10.]Casing size (b} - - m | 64 53

11, [Casing size (¢) - m .21 59

12, [Casing size (d) mn 54 . 44

13.{Unit interval il m © 17.6] - 15.2

14. [Unitbay length - | m .. 38| . 63 Lo

15. JAssembly bay length | m - 200 18 a

16.| Turbine unit weight t | - 89 « 55 ‘

17.|Powerhouse leagth m 58 3]

18.1Powerhouse width m 31 29 :

19. [Powerhouse height m . ;i o

20.[Generator output "~ | MVA| - 146] - 101 b

21 _|Generator unit weight t 167 490 S

22. |Generator shafl height m = 8.2 1.1

23.|Cranespan ¥ m - 16 13] . , L :

24.1Roof H above ¢/rail { m 92l o4l el ] e

25.|H of crang rail/GL. ~ | m 92 - 8a) ' e R

26. {Cavitation factor (o p) | =7 | 0.1041] 0.0741

27.|Draft head {(Hs) - | mAgq | ~-3.8 -~ -3.1

28.|Drafthead {(Ha) - | mAq| 7 10.1 10.1 T L

29. 1Drafthead (NV) - - | mAq 0.17[ - 0.17] - - . Dimension of Casing

30.|Riverbed : El.m 173 173
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