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Hydropower
Project Development
Stages in

Lao PDR



Pre-construction Stage

Project Developing Activities

Consulting Services

1. Project Identification and Planning
2. MoU for Project Development
3. Joint Venture Establishment

1. Desk/Reconnaissance Study

Preliminary Study

3. Feasibility Study, EIA, SIA, HIA,

EMP, RAP
4. Fund Raising/Project Financing 4. Fund Raising Arrangement Services
S. Project Development Agreement (Syndicated Loan Arrangement,
(PDA) Securities Issuance & Offering &
Strategic Partner Search)
S. Partnership Formulation and
Negotiation
6. Concession Agreement (CA) 6. Technical Clarifications on Selected
Power Purchase Agreement (PPA) Issues
Credit Facility Agreement (CFA)
7. Tendering and Contracting 7. Bid Evaluation
Construction Stage
Project Developing Activities Consulting Services
8. Construction 8. Detailed Design Engineers
9. Ouwner’s Engineers
10. Independent Engineer
11. Lender’s Engineer
9. Environmental Mitigation Works 12. Mitigation and Resettlement

Management

Operation Stage

Project Developing Activities

Consulting Services

10. Operation and Maintenance

11. Environmental Actions

13.

14.
15.

Operation and Maintenance
Management

Technical Services
Environmental Management
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Water Power and Hydroelectricity
MR Vibudnhtanaya Devakula

Water power is power that is derived from the mass of moving water, which can be
harnessed for the useful purposes.

Early uses of waterpower date back for centuries as a direct mechanical power trans-
mission for irrigation, and operation of various machines, such as water mills and waterwheels.
Limitation is that these machineries have to be close to the sources of water.

When the people know and can generate the electric power, the hydropower is used
to produce the electric power in the remote area and then transmitted to the community and
transformed into the required power such as heat, light, mechanical power, etc.

Hydroelectricity projects have undergone great development after the World War II.
Most hydroelectricity projects have been developed as the multi-purpose project. In Thailand,
the Bhumibol Dam and Hydropower plant is the genesis of the large-scale multi-purpose hy-
dropower development in Thailand. Since 1964, this first and only concrete arch gravity dam
in the country has for over four decades been creating electric power, domestic and industrial
water uses and irrigation profits, flood control, fresh water fishery, tourism as well as many
other benefits.

Although hydropower is an environmentally-friendly renewable energy with high avail-
ability, efficiency and fuel-less, each and every development project poses environmental impacts
and requires comprehensive studies and environmental mitigation measures in advance.

Modern society uses large amounts of electrical power. It is the significant factor in
industry and living. Hydropower project development planning has tremendously contributed to
the country’s continual development and need to be conducted carefully to obtain the highest-
possible efficiency.
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Sources from Neighboring Countries

Chawalit Chantararat

Electricity is undeniably a necessity of Thai people’s daily life. Thailand’s domestic
energy demand has been on the increase every year in tandem with the GDP growth. Conse-
quently, Thailand needs to build an additional large power plant with generating capacity of
700 MW every year to meet the ever-rising power and energy demands for each and every type
of electricity consumption. Consideration must be given to production costs, type and price of
fuels, and construction period (5 years at a minimum). The critical problem is the insufficiency
of domestic fuel supplies for the growing demands.

The existing types of power plants in Thailand consist of thermal power plants, steam
power plants and hydroelectric power plants. Various fuel types are presently used in power
production, e.g. crude oil, natural gas, coal — accounting for 89% of the total. Electricity
imported from neighboring countries makes up the remaining 5%. The reserved capacity of the
entire system is about 10-15%. According to the national power development plan, Thailand’s
dependence on imported energy supplies is expected to be 26% in 2015 and 28% in 2021 before
reaching 30% in 2027. This indicates that the energy demand will be greater than the reserved
generating capacity of the projected years.

The study of dependence on imported energy supplies, particularly hydropower, from
neighboring countries is therefore crucial and necessary so as to find feasible alternative plans for
the country’s power development. Emphasis is placed on measures and strategies for balanced
energy sources, and reduction of risks and impacts to an acceptable level in order to manage
dependence on electricity energy sources from neighboring countries and to find solutions to
the country’s energy security problems in the long run.

The said study provides recommendations for further consideration by the concerned
agencies. For example, dependence on energy sources from each neighboring country should be
set not to exceed 15% of Thailand’s total energy demands. Construction costs of power plants
should be adjusted so that the budget will be sufficient for the work completion, thus prevent-
ing suspension, delay or termination of potential projects. Tariff rates are also recommended
to be adjusted to an appropriate level so that private investors can successfully implement their
projects. Moreover, risk reduction should be addressed, encompassing risks from economic
volatility, terrorism, sabotage, national political changes, politics, and international relations.
Additionally, the study suggests the revision of the power development plan for 2017-2021,and
the utilization of natural gas from the offshore M9 Block in the Andaman Sea, Myanmar, for
industry and transport sectors. This can create value addition and reduce risks that may arise
from dependence on natural gas imports from neighboring countries for power generation.
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Rule Curves Optimization

Pinchai Vibulsirikul

Nam Bak is the main tributary of Nam Ngum and joins Nam Ngum at about 1.5 km downstream
of Nam Ngum 2 dam. The hydropower potential in Nam Bak basin has been identified since 1970.

Nam Ngum, a main tributary of the Mekong River with catchment area about 16,640 km?, joins
the Mekong River on the left bank at about 60 km downstream of Nong Khai province, Thailand.

The development of hydropower in Nam Ngum started in 1968 by the construction of Nam
Ngum 1 dam with the total installed capacity of 150 MW. The development is the beginning of coop-
eration between Lao PDR and Thailand on power trade since most of the energy from this project has
been sold to Thailand.

SouthEast Asia Energy Limited (SEAN) is presently developing Nam Ngum 2 Hydropower
Project as an Independent Power Producer (IPP) for selling energy to Thailand. The project is of reservoir
type located at the upstream tip of Nam Ngum 1 reservoir, which was developed as the intermediate peak-
ing plant with 615 MW installed capacity. The commercial operation date specified in the Power Purchase
Agreement (PPA) with the Electricity Generating Authority of Thailand (EGAT) is 1 January 2013.

SEAN has planned to develop Nam Bak 1 Hydropower Project. The MOU for Nam Bak
development between the Lao’s government and SEAN was signed on 11 April 2007. The energy from
Nam Bak 1| HPP and from Nam Ngum 2 HPP will be transmitted to Thailand with the same 230 kV
transmission line.

The dam of Nam Bak 1, with a catchment area of about 597 km?, is to be located at about 15
km upstream from the confluence of Nam Bak and Nam Ngum. From the dam height optimization, the
optimum Full Supply Level (FSL) of +635 m and Minimum Operating Level (MOL) of +585 m will
contain an active storage volume of about 372 MCM and a gross storage volume of about 450 MCM.

The power waterway system consists of a power intake on the right bank, about 14.3 km long
low pressure tunnel, a surge shaft and about 1.4 km long underground inclined penstock. The powerhouse
is to be located at Nam Ngum left bank about 1.2 km downstream of Nam Ngum 2 powerhouse where
the tail water level is +208 m. The optimum installed capacity of Nam Bak 1 is 160 MW.

According to the Power Purchase Agreement (PPA) of EGAT, the energy purchased from
hydropower project is classified as Primary Energy (PE), Secondary Energy (SE), and Excess Energy
(EE). The tariff for PE is the highest while the tariff for SE and EE is about 65% and 55% of PE tariff
respectively.

As a guideline for reservoir operation, a set of rule curves were established and optimized by
considering the following conditions:

1) Maximizing the amount of total energy and PE generation.

2) Minimizing the amount of water spill.

3) Must be able to generate PE at least 8 hours a day on monthly average.

4) Must be able to generate PE at least 10 hours a day on yearly average.
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1 and 2 Cascade Schemes in Lao PDR

Pinchai Vibulsirikul

Nam Bak is one of the main tributaries of the Nam Ngum River joining the main
river about 1.5 km downstream of the Nam Ngum 2 Dam. There are two potential sites in the
Nam Bak basin, Nam Bak 2 (NB2) at the upstream project and Nam Bak 1(NB1) at the
downstream one.

SEAN is the developer of the Nam Ngum 2 Hydropower Project (NN2 HPP) as an
Independent Power Producer (IPP) producing and selling energy to Thailand. NN2 HPP is of
reservoir type located upstream end of the Nam Ngum 1 reservoir; it has been developed as an
intermediate peaking plant with 615 MW installed capacities.

The scheme was proposed to meet the development goal of both Lao PDR and Thailand
in the following aspects.

(1) It is one of the hydropower schemes that will fulfill the Thai-Lao agreement to
supply 5,000 MW in the year 2015 to Thailand.

(2) Some part of energy from the project will be supplied to strengthen the Lao Grid
for domestic use.

(3) The optimum scheme is proposed by taking engineering, environmental and eco-
nomical views into consideration. The reservoir full supply level was set at optimum level to
minimize the social impact with enough capacity to regulate the flow.

From the topographic viewpoint, it is possible to develop NB2 and NB1 in cascade
with the existing NN2 HPP. From the optimization study, NB2 could be installed with 60 MW
capacity and generate about 375 GWh annual energy for local supply and station service, while
NBI1 could be installed with 80 MW capacity and generate about 402 GWh annual energy for
selling to Thailand together with energy from NN2.

With the cascade scheme, the following optimum benefits will be gained.

(1) With the regulation of NB2 dam, NB1 active storage can be reduced by 50 percent
from 340 MCM in case the NB1 is developed alone to about 170 MCM for cascade scheme.
This storage reduction will reduce NB1 dam height by about 20 m thus minimizing the envi-
ronmental impact.

(2) The highest energy generation will be obtained from the cascade scheme since the
same amount of water will be regenerated at three powerhouses of NB2, NB1 and NN2.

(3) The diversion of the generation flow from the NB1 powerhouse into the NN2 res-
ervoir will increase the regulated flow and head at the NN2 powerhouse. With approximately
700 MCM of the diverted flow from NB1, the incremental energy at the NN2 powerhouse about

230 GWh will be gained without any capacity enhancement at NN2. 19
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Design of 182-meter High
NINZ2 Concrete Face Rockfill Dam

Dr. Aphichat Sramoon
o . Bt

The Nam Ngum 2 Hydroelectric Power Project (NN2 HPP) is located approximately 90
km north of Vientiane in central Laos. The Dam is of the Concrete Face Rockfill Dam (CFRD)
with the dam height of 182 m. The dam plinth is the most important component of a CFRD and
much attention is needed to ensure its satisfactory performance after reservoir impounding. The
total width of the plinth depends on the foundation conditions and the hydraulic gradient relative
to the reservoir head, as a result the total width of the plinth varies from 6.0 m to 23.0 m. The
reinforced concrete face slab will be laid against the upstream face of the dam, connecting to
the dam plinth by the perimeter joint. The face slab will have a minimum thickness of 0.30 m
near the dam crest and will increase linearly to a maximum thickness of 0.85 m at the toe of
the dam. The performances of rockfill and face slab are of importance for CFRD, which can

improve by strictly control the rockfill compaction density.
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Design of Reinforced Concrete Linings
of NIN2 Headrace Tunnel

Dr. Aphichat Sramoon

The design of the pressure tunnel is illustrated by the example of the headrace tun-
nel of Nam Ngum 2 Hydroelectric Power Project (NN2 HPP) in Lao PDR. The diameter of
headrace tunnel is 10.70 m with the total length of 460 m. The required length of steel liner
is determined based on Austrian’s confinement requirement criteria. The analysis and design
of reinforced concrete lining is performed according to the geological conditions and specific
loading conditions. The prediction of the water losses due to crack of the lining is performed
to verify the acceptation of concrete lining. The slope stability analysis is carried out to ensure
the stability of the rock cover and overburden above the headrace tunnel due to water leakage
from the concrete lining. The analysis and design results show that the headrace tunnel is safe

and meets the requirement for pressure tunnel.
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NINZ2 and the Enviromnmental and Social

NManagement Plan
Assoc. Prof. Dr. Jeerakiat Apibunyopas

Hydroelectric facilities, like most multi-purpose dams, are assigned to reserve water
during the rainy season to mitigate drought effects in the dry season, for irrigated agriculture,
domestic consumption, flood control, but for electricity generation purpose in particular.

The Nam Ngum 2 hydroelectric power project of the government of Lao People’s
Democratic Republic (Lao PDR) is aiming to generate power for domestic use and partly for
export to Thailand. During the construction phase, due to the project’s concession agreement
with the Government of Lao PDR, the Environmental and Social Management Plan (ESMP) was
conducted in order to alleviate impacts on inhabitants and the environment around the project
area. The project covered 1,059 households in 16 villages that need to be resettled.

The ESMP assigned by the SouthEast Asia Energy Limited (SEAN) as a key shareholder
in Nam Ngum 2 Power Company Limited (NN2PC) consists of the Environmental Manage-
ment Plan (EMP), the Resettlement Action Plan (RAP), the Social Development Plan and the
Ethnic Minorities Development Plan.

Resettlement consists of two measures: compensation for those affected by the con-
struction or those to be resettled, and the provision of new settlement sites. These two measures
need constant communication and public relations tasks with those concerned, also known as
‘Public Consultation’. Thus a meeting for affected stakeholders was arranged, providing them
with information on project progress, and collecting ideas and suggestions from villagers, which
is one of the keys to project success.

Besides the resettlement arrangement, routine water quality monitoring and manage-
ment plan of headwaters are also vital to environmental management programs during and
after the construction phase.

The Nam Ngum 2 hydroelectric power plant will be the proud achievement of Thai
construction contractors, hydroelectric power project developers, and Thai engineering con-
sultants, through working with the government of Lao PDR and its citizens. Hence this project
will be an example of borderless cooperation towards development in economic, social, and
environmental aspects.

Nam Ngum 2 Hydroelectric Power Plant is approximately 90 kilometers north of
Vientiane. It is the concrete-faced rockfill dam (CRFD) with the crest length of 485 meters
and dam height of 181 meters, a reservoir with storage capacity of 6,774 MCM. This 615 MW
hydroelectric power plant can generate the annual energy of 2,218 GWh.
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Khundan Prakarnchon, 1% of Sustainability

Sommart Yuenying

Thailand requires over 20,000 MW of electrical power for economic and household
consumption. Major fuels for energy generation include natural gas, lignite and imported coal
at the ration of 65.9%, 12.4% and 8.9 % respectively. The survey on the global natural fuel
reserves utilized in electricity generation found that there is enough coal to last about 220 years
at current rate of consumption. In comparison, current reserves of oil are projected to run out
in just over 40 years and natural gas reserves are projected to last a further 62 years. The other
way out to solve electric power shortage is the construction of hydropower plants.

Water power is a clean power that can be controlled and used to generate electricity.
Unlike solar and wind powers, it can continuously produce energy 24 hours/day, relying on
mainstream watercourse and controlled water quantity and pressure.

The royally-initiated Khundan Prakarnchon Dam, Nakhon Nayok Province offers flood
prevention, irrigation, and acid soil alleviation benefits through the large scale water resource
development that stores and supplies sufficient water for all activities in the Nakhon Nayok
River basin and its surroundings. It is the world’s longest roller compacted concrete dam. Its
crest is 2,593 meters long and 93 meters high and a reservoir with the retention capacity of
224 MCM of water. Eighty per cent of water can be directed tangentially through the turbine
runner to produce 10 MW hydropower plant.

Comparing with the national power demand of 20,000 MW, electricity generating
capacity of Khundan Prakarnchon Dam accounts for 1% of the existing total capacity of hy-
dropower plants. The other way around, this capacity serves the need in Nakhon Nayok town
which has a daily power demand of only 7 MW. It also helps secure electrical power stability
in Nakhon Nayok and its vicinities. This guarantees adequate reserve capacity for uninterrupted
and high-stability electricity supply and decreases the volume of inter-provincial transmission
which causes a major loss in electricity system. It also effectively ensures overall reliable
electricity supply for the entire nation. This “green energy” causes minimal adverse effect on
ecology and reduces GHGs to the atmosphere. Even though, investment cost in environmental
technology project is substantially high, considering the social and ecological benefits, it is a
sustainable investment.
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Overview of DAM DOWNSTREAM
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Site Office

[l v U QI ‘g
aslafiaalul 2553 anudasmilginihgegailaifinmiu 23,250
Qs 1 nl g v X > o
wnzdad nandaindusesa 4.2 wananitanmsmamatluszazanidariilas
FUNIUULELNBUAZUHUWEIIW NTENTIINEIw T 2553 wudn anudeans
o ™ a n:l ‘3 Qs Qs g =3
mMasmdnziniuan 23,250 wniad ludiuauliiu 37,856 wnziadlul
Jox . o ¥ .

2564 lagiintwadoaz 1,300 wnziad uaziinaawdu 52,890 wnziad Tul

1 AI ‘3 { Qs ) Qs 1
2573 naAaLRNTRaauTaz 1,600 LUNZAAE B39 10 1 GIna?

UssiduaragyfevszinalnednisleiWihgindsainmnautin iou
711,877 717018190 TANNWTT UASFANIWW (uagrwn laadnsdunas
wasnoend1 lieaduiidu dudn Mosssved wisududwaiuw Selnaw
o = d’ £ d’ Qs d a d’ v 3
suiuiitszineangazdasioniardaunasnaswandssinmiauting lagazday

e ee 4 . PP A 4
VUNBAMBINIAIHNAN UNUNITInTa (WA Az TalTaiwavantszinainauiing

1 -4 2= E" s d’ ] a
agvsanuazay lilinnuiesluszaud lsmiuly
= a P 9 a X a .

annmsdnsudisufisudununisndalWiianigamnmidisg wodn
Ll finedssidununinialniianfige (2.08 vindeniie) daldidulss
g udn Tsslwiniosssumd wazlselndhdane (2.63 vndaniiig) au
o Q 1 U =3 qs g: 1 ‘g 1 Qs a = qs ] ]
sy SrulnihwdsndudisenuisedivanngfidssinauazSanmuni fewn
38



1ulasenisluat/il.an ﬁunummﬁmzﬁmlwﬁaa 2.0 114 2.60 LINGaRUIEL (KWh)
Tasludsenanawinulaun siil.a12 swmmﬁmﬁ'uwﬂm LRZRRAIWNAN £9%
dnunnnazaIlssnitnasuinlaan ldkasndn 11,000 waz 12,000 WNIAH @
[ Qs g: =3 I U tdl Y =3 (23 Aa & z a
8161 wana Azt Iulss WA AT 1w A ke AT I TN T AL WL Ta LN G

WHUWAAN WA S INRA W H289U5snalne (PDP adudiulys avan 1
ANTIAY 2551 uazaliunumAus 2553) 1sunuiiazkia ihmeludsimalasls
Ay TuTd anwdn wazlWdiwdivn  lasdiiraneazaan1sMmasIsNTI6
Iuﬂaﬁ;ﬁ'ﬁaﬂa: 66 nAaLNpITasay 36 il 2564 lauazudnANesITuTIAaIN
UszineiaminuinandanszualWinfsTosa: 12.5 uaztNunITE INHINSI1197N
Sauaz 6 1uauas 29 lagNawim i nUssinaiNaninuiTauas 28 WR6 b
Uszinaludl 2564 1NpsTasa: 1 wazlanunuazldlssniiedsslaslwiSuasiny
WA ldaaunetl 2563 1udnll lasazairlssindfefasuuialssas 2x1,000
WnIad 311w 2 139 s9anelwilqlalul 2563 31w 1,000 wneiad wazlull
2564 8n 1,000 LunzTAG

a & A @ o o A oA

ANNIITILATIERANNLRUIVAIUNWNITWAUINIRING A IWHY WU D

AULRYIAIUNITEIRANNNTAND WL T 1D 8190 NI NN T AND WU DI WU
=3 Q 1 v tﬁl = o Y 1 v AI g 1 1 v =

WAAN Uz IEqnasing Faduanlwdrnazalagsniindnanainagelul 2550
8 v = =2 a 3 a 5
fi9¥p8az 30 D4 40 snm:uwamlﬁ’lmammNamammumiamuammmmn LRTA
é'faﬂ%ﬁuamu’[umsﬁaa%’nmﬂﬁu anvazinanlilasiniivzan w2in wiaeaay
= 5 a v £ 1 a' 1
fanuanaulassnisalrswn i dnsin e I

HANINURATINAMULIFLINNNITAANITIIIRIaAaIUIANTIN TIA laLag
a n‘:f ::!' o nll o Yo 1 &V a 1
WamgmIntiwdaiuin 2 wmnsu 2551 mlwnamummsﬁﬁsmwmnuawmqu
WWeniy aadltiialunstanusy 10 Tu LLa:@TawﬁLﬁumﬂumaz«:}maumw
Usznmaiiaaugulidliifanansenudarlslnih

FI%% 39A1ILN BN U LTINS TaalitadinutasInanaaztinann

' a

WMAE99 uazuNunIzNeTiiavenFondinld  undendenuild uazunas
X

oindsfiazrinanlgom L‘ﬁ'aa@wamwuﬁLﬁ@mnm@;mszﬁ@m6] 1ﬁﬁmuﬁﬂﬁaﬂﬁq®
if’]ﬁ@]sl,ﬁl,ﬁﬂNaﬂiz“n‘]ﬂ,u’mLLﬂUl%ﬁ%ﬁﬁLgﬂﬁQQ Tagl#iAanansznuluszozina s
ﬁq@éfw I@ﬂL@%ﬂuwﬁ*auﬁazﬂﬁﬁamummnﬁ@m6] Tugnunsolanidu lay
L3 HNANRIRNTBI AN 9N ag’luamwﬁwﬁ”awl%mu wazdimsiindenagsaaiana
@28

39



IINMIANBINaTAV LN BLE LR aNTW WudIasmnnatiwaslvinig
4 . o o a I .
Aan WA ez AT sITNTI AN NI INRaT A N ne N ant kA nudaz Tz g
’L%aglmmumummummu LRAITUSULU RenupuWaIwY LeuanNIz IS IWANALT
lildanasiuld (deldszyfoluunu) nanfediudl 2560 s 2564 Fawuin
RIUITDITNITANYANLRLIVAINIININ WA TN TITNTI AN LTI R TWTHA
NnudazUszindle lifinsouss 15 aruihwnny dunsisnldiianysana
Lﬁauﬂﬁmmnﬂﬂi:mﬂhjLﬁ%%ﬂﬂaz 30 Ui TABINDFINI
T39I duAn Masssusdnsa dedoslulszinealng
2 X o v L
LANTWENTIN 3,200 tunzdad WSuasane Wil lalug
2563 uay 2564
> ] dl d. v %3 v
sgimwmmm‘nmmmaomsa:ﬂsuﬂ‘gﬂ%ms
NMILNWRAWITIRINRA TN T VeIl NA NG WazNITOLTh
R R el X oo X
NI DL 9 mﬂmmaﬂmmmaugimmmummﬂﬂu
:2' Y =1 4:9' &V na; U
1. NIRINT WA 590 TINIININI T TISNT G b
lumInaalwithanilszinaladszinanits arvnnualiien
TatAusauas 15 vaInNGaININaI WA TINTaIl e INa
o e . -l u o 4
(FUANRI81589) 1R 1NeaanuLFEIINNITAINA

Inhanudazlszne waziiaTiumsianndssnaiansn
w9 3 Uszinaudr easPusumliiAnsosas 30 vas
ANNABINMITAINAAIUTFIna

2. iitpsnnuszindlnefifonwaslunmsnaa Wi lifisewe uazanmsiis
TuvITAINT% FT5TINIG uaziuin vasaanalan Lﬁaamﬂﬂ%mmﬁﬁaga:
anlldwualyladfing 2500 s lEganusuduetemaniasslalldiesdasais
TsslWiwdsfiaadssau eliaansainglwiale 1,000 wnsTad luil 2563 uas
2564 uazdalulunng 3 U 8ndan ﬁaﬁlﬁaLﬂumimuqulﬁmiﬁ'ownLma'awé'amu
mnﬂi:mmﬁauﬁmlﬁa%ilué'mi’lvl,&il,ﬁu%aﬂaz 30 284ANNABINTANAINAA LW
Tuildonann anwunnitaue3luda 1 Trodu

3. MIMABAUNBRMUINGIAK (Human Resources Development) 1A%

a

AeansazuulWinasiiaeies dnimnsfiuedod ussduguinimiolasin
wnidhe Aanthgedjodnuidesrinmmiu 3 ne wszfujodnululselui
fedpsldlannanion fana Jdszaunisalfladndunisdfodauaislu

4o



Tsslwihinedesisnussudrnidanutmausddismwisaneadszanm
200 au dio 1 Isolwihfiaeaed e lWimmuunumsaaanude 2 dhadn

4. ﬂ%’uﬁhriaai”’lﬂsdvl,wﬁmﬂLLﬁa‘ﬁummwmmﬁaa%oﬁa:ﬁauﬁo@hﬁaﬁ’m
IR ANTUasNNTITN T AN IEEPEIMBERAR oM Isaa3asuseun ol
fiwwizewe LinalwiRedyminswyenein szae nieaudnlasins

5. numudsuiiudn Wi diasdaanmaenou (Tariff Rate) I¥nunzauny
@hriaa%ﬂﬂmamsﬁﬁwga%u ANITILATIEALATINNT
FadnanuinasUiunandennsWinen sl sanduin
7.5 [ Sudalnsnisdaniag (US Cents/kWh) tfialsianam
Hasnumansnauiiulasimsidagnadudrnmsaimudaly

6. a@mwm%"mmnmiﬁumumaLﬂsmgﬁa 13
densfe msneduianssy matasuudainianisiiies
muludszna malasuazanuuiusszninalszna lag
msseanuFuTusaud anuluiastulszmeioui
WAENUNFUEA fitAgadas muﬁoﬂ@:wﬂuﬁag’luﬁuﬁum
mm&ﬂﬂﬂwngmammﬁamﬁ"ﬂmﬁsm’la WONINIUAIT
fmuaasmslunsnszansanudeslunsesa il

gjwnmmﬂﬂi:mmmwmmmjuﬂu TN TNINIWE 99T
AIMNNRY LIRS mnmwﬂi:mmﬁamoqa A URTSa R PIRTEY
2119 IWNIfaIaIdnale
7. USunnwWann1snaa lW il lus291) 2560 09 2564 lasaiitaninng
n3522718MININT WA TN R s ssTus aNazlFlunsnaa Wl nudazUszing
4 o 4 . o da 4w - o d 9
LwamuqmmumiwawﬂﬁagluimummmLamvl,umnmuvl,ﬂ (@annan luda 1)
8. Lﬁaamﬂluﬂﬁ]qﬁuﬂs:mﬂ%mﬁﬂl:*iﬂﬁ"ﬁsnﬁﬁwmamm,mmm‘mm LRZLE
anwludIuim 1,050 ﬁﬁugnmﬂﬁﬂ(ﬂ@ia*"s'um’lﬁummﬁmvm%ﬂs:mm 6,600
s 6 ‘:9' & a d' U U 6V a 1
wnzdad saduwlinnanginnnum luawaansliiasssum@annta M9 lunzia
v 'Y 1 ‘ﬂl a a v [ ] o a; x>
AUWANNUVDIRRATNNEY  DINUSN10w 240 mugnmﬂnvﬁmmum:mmml"mu
Tsglild 1,600 tunneTad wu Liaasldlumndalui assihanltluaaamnysu
Ulasiall LazaamwnIINBU Y IaaisysAnAnIInfasITIm&EdIna uazldlu
mﬂmwudmﬁaﬂ@Lmumﬂﬁhﬁuﬁﬁﬁmgdﬂdﬁ NIRLNBRAANNLFINLAADIN
nslEmassTNTandssneinantnwlunisnaanszug iWilnaslaaneae
el






Nam Bak 1 Hydropower
Project in Lao PDR

Rule Curves Optimization

Pinchai Vibulsirikul

1. Project Background

Nam Bak is the main tributary of Nam Ngum. It joins Nam Ngum at about
1.5 km downstream of Nam Ngum 2 (NN2) dam. The hydropower potential in Nam
Bak basin has been identified since 1970.

Nam Ngum, a main tributary of the Mekong River with catchment area about
16,640 km?, joins the Mekong River on the left bank at about 60 km downstream of
Nong Khai province, Thailand.

The development of hydropower in Nam Ngum started in 1968 by the con-
struction of Nam Ngum 1 dam with the total installed capacity of 150 MW. The de-
velopment is the beginning of cooperation between Lao PDR and Thailand on power
trade since most of the energy from this project has been sold to Thailand.

SouthEast Asia Energy Limited (SEAN) is presently developing Nam Ngum
2 Hydropower Project (HPP) as an Independent Power Producer (IPP) for selling
energy to Thailand. The project is of reservoir type located at the upstream tip of
Nam Ngum 1 reservoir, which was developed as the intermediate peaking plant with
615 MW installed capacity. The commercial operation date specified in the Power
Purchase Agreement (PPA) with the Electricity Generating Authority of Thailand
(EGAT) is 1 January 2013.

Published in The International Journal on Hydropower & Dams, September 2010. Session 16 - Asset

Management and Optimizing Operation.
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Figure 1 : Location of Nam Bak 1
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SEAN has now planned to develop Nam Bak 1 (NB1) Hydropower Project.
The MOU for Nam Bak development between the Lao’s government and SEAN was
signed on 11 April 2007. The energy from Nam Bak 1 HPP and from Nam Ngum 2
HPP will be transmitted to Thailand with the same 230 kV transmission line.

The dam of Nam Bak 1, catchment area of about 597 km?, is to be located at
about 15 km upstream from the confluence of Nam Bak and Nam Ngum as shown in
Figure 1. From the dam height optimization, the optimum Full Supply Level (FSL)
of +635 m and Minimum Operating Level (MOL) of +585 m will contain an active
storage volume of 372 MCM and a gross storage volume of 450 MCM.

The power waterway system consists of a power intake on the right bank,
14.3 km long low pressure tunnel, a surge shaft and 1.4 km long underground in-
clined penstock. The powerhouse is to be located at Nam Ngum left bank 1.2 km
downstream of Nam Ngum 2 powerhouse where the tail water level is +208 m. The
optimum installed capacity of Nam Bak 1 is 160 MW.

According to the PPA of EGAT, the energy purchased from a HPP is classi-
fied as Primary Energy (PE), Secondary Energy (SE) and Excess Energy (EE). The
definition of these types of energy is as follows:

* Primary Energy is the energy generated within 16 hours of a day, 6 days

per week from Monday to Saturday.

* Secondary Energy is the energy generated in the additional 2 hours per

day, 6 days per week from Monday to Saturday, plus 8 hours on Sunday.

» Excess Energy is the additional energy generated in the remaining hours.

The tariff for PE is the highest while the tariff for SE and EE is about 65%
and 55% of PE tariff respectively.

As a guideline for reservoir operation, a set of rule curves is established and
optimized by considering the following conditions:

1) Maximizing the amount of total energy and PE generation.

2) Minimizing the amount of water spill.

3) The plant must be able to generate PE at least 8 hours a day on monthly

average.

4) The plant must be able to generate PE at least 10 hours a day on yearly

average. us
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Figure 2 presents a schematic layout of NB1 and NN2 project.
2. Rule Curves Establishment

2.1 Objective

A criterion for power generation is to generate the Primary Energy as much
as possible and the Secondary Energy when the spill occurs during the wet period
(August, September and October). In general, the energy generation planning is
based on the known reservoir water level and the operation rule curves.

The reservoir operation is managed by keeping the reservoir water level at
any time following a set of rule curves established for the reservoir. The rule curves
are established by maximizing energy generation or minimizing the spill while main-
taining minimum energy requirement or reducing the risk of energy shortage. The
objectives of rule curves are:

* To provide a basis for energy production planning,

* To form guideline for reservoir operation that will meet the requirement of

EGAT,
* To provide a basis for declaring the available production capacity and

energy to EGAT according to the PPA.
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2.2 Assumption

Since the flow varies from year to year, two sets of rule curves need to be es-
tablished, i.e. upper rule curve (URC) and lower rule curve (LRC). URC represents
the strategy for reservoir operation in the wet year and LRC the dry year. From the
long-term monthly inflow data, the wet season period covers 5 months from June
to October and the remaining 7 months from November to May are the dry season
period.

From the flow pattern, the reservoir level should be kept at a high level in
October to store as much water as possible for energy generation in the following
dry season, and at a low level in May to provide reservoir volume for storing surplus
water during the following rainy season.

The assumptions for establishing the rule curves are as follows:

* The inflow to NB1 follows the available record of 37 years data. The

analysis of the long-term data gives the yearly inflow of 750 MCM, 1,000
MCM, and 500 MCM for normal year, wet year, and dry year,
respectively.

* In establishing URC, the flow of seven months of the dry season is based
on the monthly flow pattern of the normal year while the flow of the five
months of the rainy season is based on the monthly flow pattern of the wet
year. A yearly inflow of 965 MCM represents the amount of flow for URC
establishment.

* The yearly inflow of 500 MCM which is a representative flow of dry year
is the basis for LRC establishment.

At the end of the rainy season, i.e. end of October, the reservoir water level
is to be kept at the full supply level of +635 m MSL for a wet year and
+620 m MSL for a dry year. While at the end of dry season, i.e. end of
May, the reservoir water level is to be kept at +597.5 m MSL for a wet year
and +590 m MSL for a dry year.

* The outflow is manageable especially during the dry season.

» The Reservoir volume curve is based on a detailed topographic map of

scale 1:10,000 with 5 m contour interval.
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* The water use rate for energy generation is based on the typical value of

machine efficiency

* The reservoir operation will follow the conditions in the EGAT’s PPA.

2.3 Computation for Upper Rule Curve (URC)

(1) I* Stage

* The total amount of outflow to turbine during the incoming seven months
of the dry season is the difference of reservoir storage between level +635
m MSL to +597.5 m MSL plus the sum of monthly inflow of normal year
within this period minus the amount of reservoir evaporation. This total
amount of outflow is to be released equally on the daily basis except
Sunday.

* From the known amount of inflow and outflow for each month and the
known reservoir level at the beginning of month starting from November,
the successive end of month reservoir level can be computed from reservoir
water balance.

* With the known averaged reservoir level of the month, the generating
capacity can be declared.

* From the known generation capacity, the water use rate for energy
production can be calculated.

* From the amount of outflow and water use rate, the amount of energy
generated in the month can be computed.

* The number of hours for energy production in the month then can be
computed from the amount of energy production and the generating
capacity.

In summary, the URC for the 1st stage or seven months of dry season (No-

vember to May) can be fixed by managing outflow to the turbine.
(2) 2" Stage

* The total amount of outflow to turbine during the incoming five months of
the rainy season are the sum of monthly inflow of a wet year during this
five months period minus the difference of reservoir storage between

+635 m MSL to +597.5 m MSL and the amount of reservoir evaporation.
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The monthly outflow to the turbine during this five months period is be
released unequally.

* The number of hours for energy production in June and July is limited to
not more than 16 hours a day and then the amount of outflow for each
month is calculated.

* The reservoir level at the end of month in June and July is computed from
the balance of inflow and outflow.

* The outflow in August, September and October can be released more than
16 hours a day to avoid spilling.

* The reservoir level at end of month in August, September and October can
be computed from reservoir water balance.

* From the known water level in the month, the production capacity, energy
and number of hours can be computed.

2.4 Optimization for Lower Rule Curve (LRC)

(1) I* Stage

* The total amount of outflow to turbine during the incoming seven months
of the dry season is the difference of reservoir storage between level
+620 m MSL to +590 m MSL plus the sum of monthly inflow within this
period minus the amount of reservoir evaporation. This total amount of
outflow will be managed to be released equally on the daily basis except
Sunday.

e From the known outflow, the reservoir level at the end of month,
production capacity, energy and number of hours for energy production for
each month can be computed in the same way as in the computation for
URC.

(2) 2" Stage

* The total amount of outflow to turbine during the incoming five months
of the rainy season is the sum of inflow during this period minus the
difference of reservoir storage between +620 m MSL to +590 m MSL and
the amount of reservoir evaporation. This total amount of outflow will be

managed to be released equally on the daily basis except Sunday.
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e From the known outflow, the reservoir level at the end of month,
production capacity, energy and number of hours for energy production for
each month can be computed.

From the steps above, the URC and LRC are computed for each month and
later adjusted by reservoir simulation with long term stream flow data. The adjust-
ment is based on the conditions mentioned at the end of section 1. The computed
URC and LRC for NB1 are presented in Figure 3.
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Figure 3 : Optimization Rule Curve of NB1

3. Reservoir Operation Study

3.1 Reservoir Operation Criteria

1) When reservoir level is higher than URC, reservoir operation will follow

the general criteria below:

* During the dry season and the beginning period of the wet season, i.e.
November to July, operate the reservoir for not more than 16 hours a day
and allow the reservoir level go beyond URC.

* In the late period of the wet season, i.e. August, September and October,
operate the reservoir for more hours than PE requirement up to 24 hours a

day including Sunday to avoid the spill.
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2) When reservoir level is lower than LRC, operate the reservoir for fewer
hours, i.e. 8 hours a day, to only fulfil the minimum requirement of PE generation to
raise the reservoir level up to LRC.

3) When reservoir level lies between URC and LRC, operate the reservoir by
keeping the level following the URC and limit the number of hours for PE generation
between 8 to 16 hours a day.

3.2 Reservoir Operation Simulation

With the established rule curves and the operation criteria mentioned above,
the reservoir operation simulation was performed for NB1 using 37 year data. The
results are as shown in Figure 4 and in a summary table, Table 1. These are sum-
marized below.

* The graph of the reservoir level reveals that the level for most of the years
follows the rule curves except for a few years of extremely wet and dry
years.

* During the beginning of the wet season, from May to July, the reservoir
level stays above URC according to the operation criteria that limit the
number of hours for only PE generation.

* Some of the wet years that the reservoir level is higher than URC, the
reservoir operation will allow the production of SE and EE in August,
September and October to avoid the spill. From the 37 years period of
simulation, the production for SE and EE occurs in 18 years and 14 year

respectively.

It is important to note that the operation by keeping the reservoir level at the
high level of URC at the end of the rainy season, i.e. end of October, will result in
the highest total energy and PE.

The behavior of reservoir operation for energy production can be considered
to fall into 3 groups; dry year, wet year and normal year according to the stream flow

characteristic as described below.
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Table 1 : The Result of Reservoir Operation Study Average 37 Years.



3.2.1 Dry Year

From the 37 years data, the driest year is 1998 with a yearly flow of 495
MCM. While 1988 is the least energy production year from the flow of 508 MCM.
Some important results from the reservoir operation study of some representative dry

years which cover the period of consecutive dry years are summarized in Table 2.

Year | Inflow | Outflow | Reservoir | Reservoir | Primary No-of Hours for PE
(MCM) | (MCM) | Levelat | Volume at Energy Generation
i | B | G Sy iy
Year (m (MCM) Min. Max. Yearly
MSL)
1987 565 559 6149 258 542 8.0 139 11.2
1988 508 502 614.9 258 486 8.0 13.8 10.1
1989 644 640 6149 258 620 10.0 16.0 12.8
1991 599 601 6159 266 581 9.6 160 12.0
1992 510 526 6149 258 508 8.0 15.8 10.5
1998 495 614 623.4 334 595 8.0 16.0 12.3

Considering the number of hour for PE generation, the requirement of 8 hours
a day on monthly basis is fulfilled in every year even in the most driest year, and the

requirement of 10 hours a day on yearly average is also fulfilled in every year.

3.2.2 Wet Year

From the 37 years data, the wettest year is 1981 with a yearly flow of 1,150
MCM. The energy production is also the highest in 1981 at 960 GWh. Some impor-
tant results from the reservoir operation study for the representative wet years are
summarized in Table 3.

Due to the high volume of inflow in July, August and September in the wet
year, the reservoir operation allows the energy production for SE and EE. In 1981
when the flow is extremely high, spill occurs even though the reservoir is operated

24 hours a day.
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Table 3: Results of Reservoir Operation Study of Representative Wet Years

Year | Inflow Out- Yearly Energy (GWh) No-of Hours for PE Generation Water
MCM) flow Spill
(MCM) (MCM)
PE SE EE Annual | Monthly | Monthly Yearly
Min. Max.
1973 975 897 798 42 55 895 16.0 16.0 16.0 78.3
1974 641 742 729 0 0 729 8.0 16.0 149 0
1975 1030 816 695 42 72 809 9.8 16.0 14.0 89.5
1980 836 738 726 0 0 726 11.6 16.0 14.7 0
1981 1150 952 804 43 113 960 16.0 16.0 16.0 162.0
1982 919 902 803 42 61 906 16.0 16.0 16.0 0
2004 980 831 738 28 57 822 11.8 16.0 14.9 426
2005 1124 932 802 42 92 936 16.0 16.0 16.0 154.1

3.2.3 Normal Year

Some important results from the reservoir operation study for the normal year
inflow are presented in Table 4. The reservoir operation according to the established
rule curves can fulfil the important requirement in the PPA. The requirement for PE
generation of 8 hours a day on monthly basis and 10 hours a day on yearly average
is met. The annual PE generation varies between 659 and 801 and the average is 746
GWh. The operation has a slight amount of SE and EE for some years depending
on the reservoir condition at the beginning of the year and inflow distribution within
the year. The reservoir operation for normal year has no spill. It confirms that the

established rule curves perform very well.
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Table 4: Results of Reservoir Operation Study of Representative Normal Years

Year | Inflow Out- Yearly Energy Generation (GWh) Number of Hours for PE Water
(MCM) flow Spill
(MCM) MCM)
PE SE EE Annual | Monthly | Monthly Yearly
Min. Max.

1983 767 803 801 2 - 803 16.0 16.0 16.0 -
1984 818 814 791 14 - 805 16.0 16.0 16.0 -
1985 693 749 730 - - 730 10.6 16.0 15.0 -
1993 728 689 659 14 3 676 8.0 16.0 134 -
1996 741 796 782 - - 782 15.0 16.0 159 -
1997 786 725 713 - - 713 112 16.0 145 -

4. Conclusion

It can be concluded that the established rule curves and the criteria for res-
ervoir operation performed very well when verified with 37 years stream flow data
since all important requirements in the EGAT’s PPA could be fulfilled, namely:

e Minimum 8 hours for PE generation on monthly average is

guaranteed,

e Minimum 10 hours for PE generation on yearly average is also

guaranteed.

* The amount of spill on average is only 2.3 % of mean annual inflow

which is a small amount.
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Optimized Operation
of the Nam Bak 1 and 2

Cascade Schemes in Lao PDR
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" TEAM Consulting Engineering and Management Co., Ltd.
2 SouthEast Asia Energy Limited

Introduction

Nam Bak is one of the main tributaries of the Nam Ngum River joining the
main river about 1.5 km downstream of the Nam Ngum 2 Dam. Potential of the
hydropower in Nam Bak basin has been identified since 1970.

Nam Ngum is a big tributary with catchment areas about 16,640 km? located
on the left bank of the Mekong River and joins the Mekong River about 60 km
downstream of Nong Khai Province, Thailand.

Hydropower development in Nam Ngum River started in 1968, by the con-
struction of Nam Ngum 1 dam with total installed capacities of 150 MW. Such de-
velopment has become the beginning of the cooperation between Lao PDR and Thai-
land on power trade since then, for most of the energy produced from this project has

been sold to Thailand up to now.

1. Background

SEAN is the developer of the Nam Ngum 2 Hydropower Project (NN2 HPP)
as an Independent Power Producer (IPP) producing and selling energy to Thailand.
NN2 HPP is of reservoir type located upstream end of the Nam Ngum 1 reservoir;
it has been developed as an intermediate peaking plant with 615 MW installed
capacities. The commercial operation date of the power plant as specified in the
Power Purchase Agreement (PPA) with EGAT is on the 1* of January, 2013.
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Subsequently, from the topographic viewpoint, SEAN has planned to develop

another hydropower project to connect with the NN2 HPP with an aim to optimize
utilization of the resources in the Nam Ngum basin. An MOU between SEAN and
the Lao Government for development of the aforesaid project, i.e. Nam Bak Hydro
Power Project, has therefore been signed on 11April 2007.

The catchment areas of Nam Bak are generally mountainous covering ap-
proximately 732 km? drainage areas. The uppermost point of the main stream is at
elevation 2,100 m MSL, while the elevation at the outlet is approximately at 200
m MSL corresponding a drop of about 1,900 m. within a stream length of about 75
km. The elevation at the site of Nam Bak 2 (NB2) as an upstream is approximately
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at 1,000 m MSL. and Nam Bak 1 (NB1) about at 600 m MSL, while Nam Ngum 2
(NN2)is at 375 m MSL. Therefore, there comes a potential to develop the high-head
cascade scheme with the final diversion to Nam Ngum 2.

With the cascade scheme, regulated flow from NB2 will make it possible to
reduce the required active storage of NB1. This will also lead to cost reduction and
environmental impact lessening. In addition, the diverted flow from NB1 to NN2
will increase the regulated flow and head at NN2 powerhouse, which will increase
the energy production as well. As a result, the proposed cascade scheme will get the
highest benefit with the lowest investment cost.

The scheme was proposed to meet the development goal of both Lao PDR
and Thailand in the following aspects.

(1) It is one of the hydropower schemes that will fulfill the Thai-Lao agree-
ment to supply 5,000 MW to Thailand.

(2) Some part of energy from the project will be supplied to strengthen the
Lao Grid for domestic use.

(3) The optimum scheme is proposed by taking engineering, environmental
and economic views into consideration. The reservoir full supply level was set at
optimum level to minimize the social impact with enough capacity to regulate the

flow.

2. Proposed Development Scheme

2.1 Project Development Concepts

The project is aimed to develop the abundant water resources in Nam Bak
basin for high efficiency use. In this respect, the investigation of all available po-
tentials in the basin is necessary. The energy from the project will be transmitted to
strengthen Thailand’s and Lao PDR’s grids. The following concepts are guidelines
for this study.

(1) SEAN is the developer of both NN2 and Nam Bak projects. Therefore,
the development of Nam Bak in connection with NN2 for high benefits is consid-

ered.
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(2) The electricity generated from the project will mainly be sold to Thailand.
Most is the primary energy which is generated within 16 hours a day. Therefore, the
development of a storage dam with enough capacity to regulate the mean annual
inflow at the dam site is necessary.

(3) Environmental impact from the project development should be mini-
mized while the optimum use of available resources should be maintained.

(4) The project layout should be configured by considering economic point
of view during the construction phase, and the effectiveness should be maintained
during the operation and maintenance phase.

(5) Both vertical and horizontal datum used in NN2 project will be referred to.

2.2 Project Information

From topographic maps, two projects were identified in Nam Bak Basin, i.e.
Nam Bakl at downstream and Nam Bak 2 at upstream. Important information on
both projects is described as below.

2.2.1 Nam Bak 1 (NB1)

The suitable location for the NB1 dam site is located at 20 km upstream of
the confluence with the Nam Ngum River. Three alternative sites were identified for
comparison. From geological aspect, NB1 site with 597 km? catchment area was
selected for further investigation.

Data of the stream flow at the dam site was collected from the records of
the stations in the vicinity. Daily and monthly rainfall data from 19 stations within
the Nam Ngum basin and neighborhood stations were collected. While available 6
stream flow gauging stations in the nearby basin were also collected for regional
correlation analysis. The stream flow at the dam site was obtained from two meth-
ods, i.e. catchment area and annual inflow correlation method and adjustment factor
method. Based on the analysis, the mean annual inflow at NB1 dam was estimated
to be 750 million cubic meter (MCM).

The geological condition at the dam site was interpreted from aerial pho-
tograph and confirmed by site reconnaissance. The rock type at the proposed site

comprised sandstone and inter-bed layer.
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2.2.2 Nam Bak 2 (NB2)
The suitable location for NB2 dam site is located at 20 km further upstream

from the NB1 site. Two alternative sites were identified for comparison. From eco-
nomical point of view, NB2 at the upstream site covering about 320 km? catchment
areas was selected for further investigation.

Data of the stream flow at the dam site was collected from the records of the
stations in the vicinity. According to the two methods of stream flow analysis, the
mean annual inflow at NB2 dam was estimated to be 400 MCM.

Geological formation of the NB2 dam consists of Triassic Granite covered
by unconsolidated sediments. Surface deposits appearing at the dam axis consists of
3-4 meters depth of residual soil and colluviums. This deposit consists mainly of
fine grained sand and some gravel. Bedrock formation is igneous rock consisting of
porphyritic granite, light gray to brownish gray, porphyritic texture, fine to medium
grained quartz, feldspar, hornblendes and micas mineral composition, moderately to

slightly weathered, hard to very hard with strength about 100-250 MPa.
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2.3 Proposed Development Scheme

The cascade scheme which includes NB1 and NB2 will make a full use of
water resources in the basin.

According to the optimization study, NB2 dam with reservoir full supply
level (FSL) at 1,050 m MSL and minimum operating level (MOL) at 1,010 m MSL is
optimum and able to regulate the whole inflow to the reservoir. The 40 m drawdown
will create an active storage of 173 MCM and a gross storage of 238 MCM.

With the existence of NB2, the required active storage for NB1 reservoir will
be reduced only to be enough for regulating the flow from the catchment between
NB2 and NB1 dam sites. In this case, NB1 dam with reservoir FSL at 615 m MSL
and MOL at 585 m MSL is appropriate. The 30 m drawdown will create an active
storage of 169 MCM and a gross storage of 250 MCM.

The layout of NB1 + NB2 development scheme is shown in Figure 1.

2.3.1 Energy Generation Study

Assumptions

(1) In this development scheme, the energy from NB2 will be sold for domes-
tic use by connecting with the EdL’s Grid. Some part of energy, about 10 GWh per
year, will be supplied for station use at NB2, NB1 and NN2 dams and powerhouse
via the new constructed 22 kV lines. The energy from NB1 will be sold to Thailand
by connecting the 230 kV line at NN2 switchyard and transmitted together with the
energy generated from NN2 to Na Bong substation.

(2) According to the Power Purchase Agreement (PPA) with EGAT, the en-
ergy generated from the plant is classified as primary, secondary and excess energy.
The criteria for energy classification are as follows:

- Primary energy, the energy generated within 16 hours per day, 6 days per
week from Monday to Saturday

- Secondary energy, the energy generated for the additional 2 hours per days,
6 days per week from Monday to Saturday, plus 8 hours in Sunday

- Excess energy, the additional energy generated for the remaining hours
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Since the tariff rate for the primary energy is the highest among the three
types, the generation unit for Thailand’s Grid will be designed based on 57% plant
factor.

(3) Major load of the EdL’s Grid around this area comes from Phu Bia Min-
ing which consumes about 30 MW, 24 hours a day, but the demand may not reach
peak for the whole day. In this study, the generation unit fully dispatched for the
EdL’s Grid will be designed based on 72% plant factor. The energy for station use for

NN2, NB1 and NB2 will also be supplied by this set of generation unit.

Simulation Study
NB2 dam with reservoir FSL at 1,050 m MSL and MOL at 1,010 m MSL is
optimum and able to regulate the whole inflow to the reservoir. The 40 m drawdown

will create an active storage of 173 MCM and a gross storage of 238 MCM.



The power waterway to the reservoir tip of NB1 consists of a headrace tun-
nel 12.5 km long and a penstock about 820 m long. With the mean operating level at
1,036.7 m MSL and tail water level at 610 m MSL, an average gross head of 426.7 m
will be developed at the powerhouse. The designed discharge about 16.1 m®/s flows
through 3.5 m dia. tunnel will formulate an averaged velocity of 1.67 m/s resulting
in 7.05 m head loss in the tunnel. This same discharge when flowing through 2.5 m
dia. penstock will develop an averaged velocity of 3.28 m/s resulting in 2.0 m head
loss. When including minor losses, the total losses through power waterway will be
9.1 m. After deducting the head loss through the power waterway, an average net
head of 417.6 m is available for power generation. The powerhouse of NB2 will be
installed with the 60 MW generating unit.

The reservoir of NB1 with FSL at 615 m MSL and MOL at 585 m MSL, or
30 m drawdown will create an active storage of 169 MCM and a gross storage of
250 MCM. With this active storage, NB1 reservoir will be able to regulate the side
flow of NB1 dam.

The power waterway from NBI reservoir to the powerhouse upstream of
NN2 reservoir consists of a headrace tunnel 10.5 km long and a penstock 400 m
long. With the mean operating level at 605 m MSL and tail water level at 370 m
MSL, an averaged gross head of 235 m will be developed at the powerhouse. The
designed discharge about 39.16 m?/s flows through 5.0 m dia. tunnel will develop an
averaged velocity of 1.99 m/s resulting in 5.24 m head loss in the tunnel. This same
discharge when flow through a 3.5 m dia. penstock will develop an averaged veloc-
ity of 4.07 m/s resulting in 0.96 m head loss. When including minor losses, the total
losses through power waterway will be 6.35 m. Deducting the head loss through the
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power waterway, an average net head of 228.7 m is available for power generation.
The powerhouse of NB1 will be installed with the 80 MW generating unit, operating
under 57% plant factor.

According to the 32-year simulator, the mean annual energy generated from
NB2 is about 375 GWh. The annual energy of 402 GWh from NB1 is divided into
367 GWh for primary energy, 14 GWh for secondary energy, and 21 GWh for excess
energy. The incremental generation at NN2 resulting from diverted flow to NN2 res-
ervoir is about 230 GWh annually and divided into 203 GWh for primary energy, 7
GWh for secondary energy and 20 GWh for excess energy.

The energy calculations from NB1 and NB2 development schemes are pre-

sented in Table 1.

Table 1
Energy Calculation from NB1 and NB2 Development Scheme

Item For Thailand (GWh) For Lao PDR
NB1 | Incremental Total (GWh)
Energy at NB2
NN2
-Primary Energy 367 203 570 -
-Secondary Energy 14 7 21 -
-Excess Energy 21 20 41 -
Total 402 230 632 -
-Fully Dispatched by EdL - - - 365
-Station Service at NN2 NB1 and NB2 - - - 10
Total - - - 375

2.3.2 Proposed Project Features
Based on the development plan in the layout of Figurel, some key project

features of NB1 and NB2 can be summarized in Table 2 below.
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Table 2
Project Features of NB1 + NB2 Development Scheme

Project Description Unit NB1 NB2
1. Hydrology
¢ Catchment Area km? 597 320
* Mean Annual Flow MCM 750 400
2. Geology Sandstone/ Granite
Siltstone
3. Dam
* Type RCC RCC
* Max Height m 83 85
4. Reservoir
*FSL m MSL 615 1,050
* MOL m MSL 585 1,010
* Gross Storage MCM 250 238
e Active Storage MCM 169 173

5. Power Waterway

¢ Tunnel Dia. m 5.0 35

* Tunnel Length m 10,500 12,500

¢ Penstock Dia. m 35 2.5

 Penstock Length m 400 820
6. Powerhouse

* Turbine Type Francis Francis

* Installed Capacity MW 80 60

¢ Net Hend m 228.7 417.6
7. Transmission System

* Switchyard kV 230 115

¢ Transmission Line km 11 -
8. Access Road

¢ To Powerhouse km 9.6 1.5

¢ To Damsite km 16.8 30

¢ To Shaft/Adit km 1.5 8.5
9. Environmental Import

¢ Road Relocate km 6 -

¢ 115 kV Transmission Line km 12 -

Relocate
¢ Resettlement Household 110 -
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3. Conclusion

With the cascade scheme, the following optimum benefits will be gained.

(1) With the regulation of NB2 dam, NB1 active storage can be reduced by
50 percents from 340 MCM for the case of development NB1 only to about 170
MCM for cascade scheme. This storage reduction will reduce NB1 dam height about
20 m thus minimizing the environmental impact.

(2) The highest energy generation will be obtained from the cascade scheme
since the same amount of water will be regenerated at three powerhouses of NB2,
NB1 and NN2.

(3) The diversion of the generation flow from the NB1 powerhouse into the
NN2 reservoir will increase the regulated flow and head at the NN2 powerhouse.
With approximately 700 MCM of the diverted flow from NB1, the incremental en-
ergy at the NN2 powerhouse about 230 GWh will be gained without any capacity
enlargement at NN2.
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Abstract

The Nam Ngum 2 Hydroelectric Power Project (NN2 HPP) is located ap-
proximately 90 km north of Vientiane in central Laos. The Dam is of the Concrete
Face Rockfill Dam (CFRD) with the crest elevation at 381.0 masl, which corre-
sponds to the dam height of 182.0 m. The dam plinth is the most important compo-
nent of a CFRD and much attention is needed to ensure its satisfactory performance
after reservoir impounding. The total width of the plinth depends on the foundation
conditions and the hydraulic gradient relative to the reservoir head, which results the
total width of the plinth vary from 6.0 m to 23.0 m. The reinforced concrete face slab
will be laid against the upstream face of the dam, connecting to the dam plinth by the
perimeter joint. The face slab will have a minimum thickness of 0.30 m near the dam
crest and will increase linearly to a maximum thickness of 0.85 m at the toe of the
dam. The performances of rockfill and face slab are of importance for CFRD, which

can improve by strictly control the rockfill compaction density.

Published in CEAT Journal, Vol.3, March 2009 Pages 19-27.
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1. INTRODUCTION

The Nam Ngum 2 Hydroelectric Power Project (NN2 HPP) is located ap-
proximately 90 km north of Vientiane in central Laos and approximately 35 km up-
stream of Nam Ngum 1 reservoir. The study of the project was initially commenced
in 1986 sponsored by UNDP/IBRD. Many consequential studies were undertaken by
other agencies since then.

The Nam Ngum River is one of the major tributaries of the Mekong River
which forms the border between Laos and Thailand in this area. The Nam Ngum
River originates on the Tran Ninh Plateau, north of Xeong Khuang, and after flowing
past both dam sites, joins the Nam Lik River and flows into the Mekong River about
100 km downstream of Vientiane. The NN2 dam site is located in a narrow valley
with steep slopes covered by dense vegetation.

Nam Ngum 2 Power Company Limited (NN2PC), the client, agreed to make
a contract with Ch. Karnchang (Lao) Company Limited as the EPC contractor to
design, engineer, manufacture, supply, install, procure, construct, test and commis-
siona 615 MW (3 Nos. of 205 MW turbines) hydroelectric power plant. The general
layout of the project is as shown in Figure 1. The project was started in 2006 and will
be fully operated in 2013.
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2. DESIGN PHILOSOPHY OF NN2 CFRD

The NN2 CFRD has the lowest foundation level at 199.0 masl and the crest
elevation at 381.0 masl, which corresponds to the dam height of 182.0 m. The NN2
CFRD will be the second highest of CFRD in SouthEast Asia.

Figure 1. General layout of NN2 HPP

The design of the CFRD has evolved empirically over 40 years. As success-
ful and unsuccessful experiences of previous CFRD projects, understood and thor-
oughly discussed with the experts, so that the design of NN2 CFRD can be assured.

The configuration of NN2 CFRD is illustrated in Figure 2. The NN2 CFRD
is consisting of compacted rockfill found on a rock foundation, plinth, face slab and
wave wall. Outer slopes for upstream and downstream are defined as 1.4H:1V to suit
with available rockfill material. The rockfill materials are generally classified into
three designated zones as follows

(1) Zone 1 (1A and 1B) is concrete face slab protection zone in the upstream
of face slab,

(2) Zone 2 (2A and 2B) is concrete face slab supporting zone in the down-
stream of face slab, and

(3) Zone 3 (3A, 3B, 3C, 3D and 3E) is the rockfill zone, which is the major
part of the rockfill material.
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The plinth is usually made of reinforced concrete, which connects the foun-
dation with face slab. The face slab is the primary water barrier of the CFRD, which
is poured on underlying supporting zone of the rockfill body of the dam.

The joints of face slabs are of importance for CFRD. The perimeter joint is
the most importance, since it connects between plinth and face slab. The vertical
and horizontal joints of the face slabs have to provide with sufficient deformation in

order not to cause disruption of the face slab.

3. DESIGN OF DAM PLINTH

The dam plinth is the most important component of a CFRD and much atten-
tion is needed to ensure its satisfactory performance after reservoir impounding.

The most common and practical design is to have the plinth laid out with
horizontal contours normal to the plinth alignment. For horizontal plinths aligned
parallel to the dam axis, such as those located at the maximum section on the val-
ley floor, the basic geometry is clearly defined by the vertical cross section normal
to the plinth alignment. The geometric layout of the plinth is determined based on
Marulanda and Pinto (2000) and has been verified by 3D graphical model. Plinth
alignment has been selected based on topographic conditions and foundation rock
conditions. Assessment of the foundation rock condition, which is concerned for
plinth stability and minimizing the excavation works. The treatment downstream of

the plinth is also necessary to consider during plinth alignment selection.
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Figure 2. Configuration of NN2 Concrete Face Rockfill Dam
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The stability of plinth excavation has been analyzed for the stage of plinth
construction and completion to prevent the stability problem at upstream and down-
stream of the plinth. The stability of the plinth has been checked against sliding and
overturning. The stability of the block located below the plinth has been analyzed
assuming the uplift pressure under the block is zero at the downstream toe and varies
linearly to the full reservoir head at the upstream toe. No support was assumed from
the face slab on the understanding that the perimeter joint may have opened, and,
although conservative, no resistance from the dowelled anchors is normally assumed
in the analysis. The loading conditions for plinth stability analysis are shown in Fig-
ure 3. An example for the sliding stability analysis of plinth along discontinuities is

shown in Figure 4.
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Figure 3. Loading conditions for plinth stability Figure 4. Example of plinth stability analysis

The external and internal plinth concept is adopted to reduce rock excavation
for plinths along steep abutments in NN2 CFRD. The concept can also be applied
to advantage in flatter topographic conditions. The external plinth width is defined
by the conditions for a practical grouting platform, while the internal plinth width
supplements the requirements for the allowable hydraulic gradient through the foun-
dation. Specifications for groutable rock quality remain the same under the entire
width of the plinth, both external and internal. The result is greater flexibility for
excavation geometry and the potential reduction in the volume of excavation in steep
valleys. The plinth can be extended downstream beneath the body of the dam for a
distance considered adequate to treat any special foundation condition. The internal
plinth extension is reinforced and connected to the external plinth. Placing a filter
cover of material similar in gradation to the Zone 2A adjacent to the perimeter joint
will preclude migration of silt-sized particles into the body of the dam, even if the

downstream plinth are to crack. 23



A method suggested by Materon (2002), for evaluating plinth width selec-
tion has been adopted for NN2 CFRD. The method adopts the concept of external
and internal plinths and applies the Rock Mass Rating (RMR) developed by Bien-
iawski (1979) in selecting the combined width of the external and internal plinths.
The Plinth Design Index and RMR vary within a wide range, therefore, the conser-
vative correlation between Plinth Design Index and RMR proposed for NN2 CFRD
is shown in Figure 5. It notes that the Plinth Design Index is equal to the hydraulic
gradient, H/L, where H is the reservoir head in meter, and L is the dimension in meter
from the upstream edge of the external plinth to the downstream edge of the internal
plinth at the contact of the plinth with the foundation.
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Figure 5. Correlation between RMR and Plinth Design Index
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The width of the plinth depends on the foundation conditions and the hydrau-
lic gradient relative to the reservoir head, which results the width of the plinth vary
from 6.0 to 23.0 m. The plinth is also considered as a surface in the plane of the face
from which slipforming of the face slab can start.

At the lowest location, the external plinth will have a width of 10m, which is
sufficient to accommodate a three-row of grout curtain and two-row of consolidation
grouting. The external plinth will decrease further up the abutments to 8 m above el-
evation 230.0 masl, and to 6 m from level 290.0 masl to the dam crest. These widths

are sufficient to allow a two-row and one-row grout curtain respectively.
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4. DAM ZONING

The designation of the rockfill zones of NN2 CFRD, as shown in Figure 2,
are adopted as suggested by ICOLD (2004). The NN2 CFRD dam zoning is further
validated by 2D and 3D FEM. A brief description for each zone is as follows:

Zone 1A is selected fine grain material, which normally is cohesionless ma-
terial. The zone serves as a source of material that, if required, can migrate through
cracks in the face slab.

Zone 1B is random rockfill to provide support or protect to Zone 1A.

Zone 2A is sand and gravel filter located within perimeter joint. In the event
of disruption of the waterstops at the perimeter joints, the filter zone 2A will prevent
the movement of the silt size particles through the zone and, thus, serve as secondary
defense against leakage.

Zone 2B is the dam face bedding, which provides support to face slab and
consists of sand and gravel-sized particle.

Zone 3A is the transition zone between Zone 2B and rockfill Zone 3B.

Zone 3B is quarry-run rockfill material mainly consists of fresh and slightly
to moderately weathered sandstone with certain percentage of fine material. This
zone is designed to transfer water load to the foundation level.

Zone 3C is quarry-run rockfill material mainly consists of fresh and slightly
to moderately weathered sandstone with certain percentage of fine material. The
quality requirements for Zone 3C might be lower than Zone 3B rockfill, since it re-
ceives a little water loading and settlement is essentially during construction.

Zone 3D is designed to meet the requirement as drainage to a certain ex-
tended Zone 3B material. It can be attained a similar level of permeability. However,
it will not endanger to the downstream stability.

Zone 3E is the oversize rockfill, which is designed to place at the down-
stream slope for protecting erosion that might be occurred at the downstream.

2D and 3D FEM are carried out to assess the rockfill material properties in
order to make use of available rockfill material at potential quarry (IWHR, 2008).
The non-linear properties employed in the 2D and 3D FEM is determined based
on large triaxial test (IWHR, 2007). The analyses results revealed that the material
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properties for Zone 3C is of importance to deformation of upper part of the face slab.
Therefore, material property for this zone has to be improved.

From 3D FEM analysis results, it is recommended to construct the rockfill
layer from upstream to downstream horizontally. The purpose is to eliminate the
possible impacts of differential deformation of rockfill on the concrete face slab. For
retaining the first year’s flood, the priority section is necessary. However, the height
difference from the top of the priority section to the downstream rockfill should be
limited. Normally, this height difference should be 20-30m. The stage of dam em-

bankment is finalized based on experiences and 3D FEM as shown in Figure 6.

Figure 6. Dam embankment construction sequences

5. DESIGN OF FACE SLAB

Design of NN2 CFRD face slabs begins with the selection of face slab thick-
ness, width and location of vertical and horizontal joints. Selection of face slab thick-
ness is based on past experiences. Face slab widths are controlled with respect to
dam abutments as well as valley shape. The location and use of vertical compression
joints and vertical expansion joint depends on whether adjacent slabs are expected
to move towards or away from each other under reservoir operation. The location of
horizontal joint is primarily selected based on impounding level in conjunction with

construction schedule as well as the geometry of face slabs.
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According to recent experiences of many CFRDs and 3D FEM analysis re-

sults, the face slab layout of NN2 CFRD can be defined as shown in Figure 7.

5.1 Slab Thickness
The face slab is supported by a well compacted, and well graded layer of

crushed rock that provides continuous support under reservoir loadings. Current
guidelines used for determining the thickness of face slabs for NN2 CFRD is reser-
voir head dependent.

The minimum design thickness of the face slab is usually on the order of 0.3

with thickness varying with reservoir head, H, in accordance with the following:

Face Slab Thickness, T (m) = 0.3 + 0.003H

From the practices of recent high CFRDs in the world, it is noticed that the
face slabs in the riverbed section may be subjected to high compressive stress if the
deformation of rockfill dam is not strictly controlled. To avoid the rupture of con-
crete face slabs in the riverbed section, it is proposed to increase thickness of the face

slabs in the riverbed section. Considering the fact that the ruptures of face slabs are
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happened in upper part of face slab, the increase of the slab thickness could only be
applied for the second stage face slabs. The thickness of the first stage face slab is
remain unchanged. The suggested starting thickness at the top of face slab could be
40cm. Thus, thickness of the face slab for second stage face slab at riverbed section

can be determined from

Face Slab Thickness, T (m) = 0.4 + 0.00178H

5.2 Panel Width

From the results of 3D FEM analysis, the general tendency of horizontal dis-
placement of face slab along the direction of dam axis is that the face slabs will move
from both abutments towards the central part of the riverbed. So the face slabs in the
riverbed sections are subjected to compressive stresses, while the face slabs in the
abutment areas are subjected to tensile stresses. To adapt the differential deformation
of face slabs between the abutment areas and riverbed areas, narrow slabs, which is
half width of the face slabs in riverbed area, are recommended. The range of half
width face slab and full width face slab is adjusted by considering the stress distribu-
tion of face slab along the direction of dam axis after reservoir impoundment.

Panel widths for NN2 CFRD face slabs are typically classified into two
categories. Narrower panel widths (7.5 m wide) are used where vertical joints are
desired as tension joints, which are located on the abutments. Wider panel widths
(15.0 m wide) are used where vertical joints are treated as compression joints, which
are mostly located in the riverbed area. The layout of face slab is determined based
on 3D-FEM analysis result as described above.

5.3 Reinforcement

For improving the performance of concrete face slab, double layers of rein-
forcement is recommended with 0.4% of the gross area of the concrete face slab for
each way. The reinforcement is increased up to 0.5% of the gross area of the concrete

face slab in the area close to the dam plinth.
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6. DESIGN OF JOINTS
The perimeter joint, vertical joints and horizontal joint are used to separate
adjacent face slab panels in NN2 CFRD. The perimeter joint separates the plinth
from the face slab. Vertical joints separate adjacent panels perpendicular to the dam
axis. Horizontal joint separate the first and second stages of the same slab. The loca-
tion and design of each of these joints are different according to their purpose and
importance in the performance of the face slab as the water barrier.
6.1 Perimeter Joint
The perimeter joint separates the face slab from the plinth. Due to its loca-
tion and the movements that will occur at this joint two-barrier waterstop system are
employed in NN2 CFRD as shown in Figure 8. The material used in perimeter joint
include the following
(1) Copper waterstop with a thickness of 1.2 mm is considered as lower
water-barrier. To improve watertightness and increase of seepage length,
the base of copper waterstop in contact with plinth or face slab concrete

is treated with GB sealant material.
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Figure 8. Configuration of perimeter joint
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(2) For upper water barrier, it is consisting of GB filler and GB corrugated
rubber waterstop, which cover by GB-NR-EDPM cover. GB filler have
been developed to maintain a watertight seal and capable of large
extension without breaking. GB corrugated rubber waterstop is
intended to perform the same function as the middle PVC waterstop used
in other high CFRDs.
6.2 Vertical Tension Joint
Vertical tension joints are designed to allow movement between adjacent
slabs while maintaining a watertight barrier to the reservoir. They are located near
the dam abutments or where two adjacent slabs have the potential to separate from
each other under self-weight or reservoir loading. The design of vertical tension joint
is similar to the design of the perimeter joint. To allow for the anticipated movement
at the tension joint, slab reinforcement is terminated at the joint. To maintain water-
tightness, two-barrier waterstop and joint sealing material are provided as shown in
Figure 9(a), which is similar to perimeter joint. The spacing of vertical tension joint
is considered as half spacing of vertical compression joint, which is 7.5 m.

6.3 Vertical Compression Joint

Vertical compression joints are located between adjacent face slabs that are
not anticipated to separate away from each other. These joints are located towards
the middle of the dam away from abutments where adjacent slabs will tend to move
towards each other. The spacing of vertical compression joint is considered as 15.0
m. Slab reinforcement is not continued through the vertical compression joint. Oth-
er important design considerations for the vertical compression joints in the NN2
CFRD include following

(1) The copper waterstops and mortar pad is outside the theoretical thickness
of face slab and within extruded curb,

(2) The theoretical slab thickness is always preserved,

(3) The height of the central loop of the waterstop is reduced to keep the
theoretical slab thickness,

(4) Compressible material is placed at the joint to mitigate compressive

stresses,
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(5) The conventional V-notch at the top of the face slab is eliminated, and
(6) Anti-spalling reinforcement is employed.
The detail of vertical compression joint is shown in Figure 9(b).
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Figure 9. Configuration of vertical joint

6.4 Horizontal Joint

Horizontal joints are used when only a portion of face slab panel cannot be
continuously poured due to construction schedule and impounding schedule. Hori-
zontal joints are incorporated with two-barrier waterstop and joint sealing material
similar to vertical tension joint and perimeter joint as shown in Figure 10. The com-
pressible material is placed at the joint to mitigate compressive stresses similar as
applied in vertical compression joint. Slab reinforcement is not continued through

the horizontal joint.

HORTZONTAL JOINT BETWEEN
FIRST AND SECOND STAGE CONCRETE FACE SLABS
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Figure 10. Configuration of horizontal jeint
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5. CONCLUSIONS

Recent CFRDs are designed based on empirical experiences rather than theo-
retical considerations. The design of NN2 CFRD is also taken into consideration of
recent experiences of high CFRDs with comparative considerations of the numeri-
cal analysis results. Some CFRD phenomenon can be explained by the numerical
analysis results.

The design of plinth, dam zoning, face slab and joints are initially based on
experiences from recent high CFRDs. The 2D and 3D FEM are employed to assess
the NN2 CFRD behavior with some modifications of initial design. Finally, the actual
behavior of NN2 CFRD will be observed by extensive instrumentations. The modifi-
cations of the design might be required according to the observed performance.

Picture 1 shows the construction activities at NN2 CFRD dam site.

Picture 1 shows the construction activities at NN2 CFRD dam site.
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Abstract

The design of the pressure tunnel is illustrated by the example of the headrace
tunnel of Nam Ngum 2 Hydroelectric Power Project (NN2 HPP) in Lao PDR. The
required length of steel liner is determined based on Austrian’s confinement require-
ment criteria. The analysis and design of reinforced concrete lining is performed ac-
cording to the geological conditions and specific loading conditions. The prediction
of the water losses due to crack of the lining is performed to verify the acceptation
of concrete lining. The slope stability analysis is carried out to ensure the stability of
the rock cover and overburden above the headrace tunnel due to water leakage from
the concrete lining. The analysis and design results show that the headrace tunnel is

safe and meet the requirement for pressure tunnel.
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1. INTRODUCTION

The Nam Ngum 2 Hydroelectric Power Project (NN2 HPP) is located ap-
proximately 90 km north of Vientiane in central Laos and approximately 35 km
upstream of Nam Ngum 1 reservoir. A reservoir is impounded by a 182 m high Con-
crete Face Rockfill Dam (CFRD). The head of NN2 HPP is 165 m, and its installed
capacity is 615 MW, with three Francis units. The connection between NN2 reser-
voir and the powerhouse consists of a intake structure, a 460 m long headrace tunnel,

a manifold and three inclined penstocks as shown in Figure 1.

Gate Shaft
I{ ) Headrace Tunnel

Intake Structure

Manifold

Penstocks

T

Power House

Figure 1. Schematic of power waterway system

The headrace tunnel with diameter of 10.7 m is located on the left bank of
Nam Ngum River. The maximum water level in the reservoir will be EL. +375.00
masl and the minimum operation water level will be EL. +345.00 masl. The headrace
tunnel will slope from an invert elevation of EL. +320.00 masl with 4.025% towards
the steel lined manifold. According to the confinement requirement, it is agreed that
the reinforced concrete lining will be employed between the gate shaft and the loca-
tion that meet the confinement requirement, which is 60 m prior to reach the mani-
fold. This paper describes some aspects of the design of headrace tunnel, which is
lined with reinforced concrete over a distance of 400 m. The design of reinforced
concrete lining shall fulfill the following functions;

(1) Carry the external pressure exerted by the ground water and the rock,
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(2) Limit seepage flows (reach and quantity),

(3) Reduce head losses,

(4) Prevent rock deterioration or erosion and washing out of joint fillings,
and

(5) Ensure long-term stability under varying water pressures.

2. GEOLOGICAL CONDITIONS

The geological conditions for the headrace tunnel are defined as shown in
Figure 2. The general geology and structural geology can be described as follows;

2.1 General Geology

The headrace tunnel is located in quartz—rich sandstone and siltstone of
Khorat Group, Jurassic to Cretaceous ages. The quartz-rich sandstone forms a
prominently and nearly vertical cliff. It is typically light grey in fresh and light to
yellowish-brown when it is weathered. There is a medium bedded to massive, very
fine to medium grain and hard to very hard. In addition, there is a few laminated grey
siltstone located at intermediate. The siltstone (interbedded layer) is typically purple,
thin bedded to massive, weak in general, locally medium hard when graded to sandy

siltstone. It is highly weathered to decompose where exposed.

o - [we] v o | v opal] wamd ve | va e o
Figure 2. Geological conditions along headrace tunnel
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2.2 Structural Geology

The headrace tunnel is driven through S-form synclinal and anticlinal folds
whose axis is approximately N80°E of trend and nearly perpendicular to the Nam
Ngum river channel. The beginning of the headrace tunnel is driven in shear zone.
Its plane is approximately N30°W of trend and approximately 35° of plunge to the
northeast. The quartz-rich sandstone and siltstone located along the tunnel are in-
tensely gentle to steeply joints and their trends are varies. The following length of the
tunnel (120-130 m approximately) is driven through the low angle anticline, where
the dips of bedding planes are between 0° to 30° to the north-northeast and 0° to
25° to south-southwest. The sandstone located in this location is closely to medium
gentle to steep joints. At the middle length of the tunnel (70-80 m approximately)
driven though the north limb of the S-form anticline, the dips of bedding plane are
from 70° to 85° to the north-northeast. At the end of the headrace tunnel, it is driven
in the syncline. The dips are between 0° to 30° to the south-southeast and 0° to 30°
to the north-northeast. The strike of bedding plane ranges from east-west to N45°
W. Their surfaces are typically cleaned. However, there are some iron-oxide stained,
tight, slightly rough to rough, slight undulating and some slickenside surfaces. In ad-
dition, there is quartz-rich sandstone and prominent slickenside surface for siltstone.
There are two joint sets that appear along the headrace tunnel. The first one is nearly
vertical and another is gentle ranging from N45°E to N45°W of trend. The surfaces
are typically cleaned or iron-oxide stained, slightly rough to smooth, slightly undu-

lating. Furthermore, some joint surfaces are slickenside.

3. CONFINEMENT REQUIREMENTS

It is recognized that the rock cover would have to be of sufficient equivalent
weight to sustain the internal pressure of an unlined tunnel. It is also recognized
that soil, talus and colluvium deposits should be disregarded in terms of providing a
contribution to the confinement, that is, a rock mass to sustain the internal pressure
without hydraulic jacking. Hydraulic jacking does take place when the water pres-
sure or thin grout pressure acting on a plane exceeds the normal stress across the

plane, which can be a prevailing joint, bedding parting or impervious barrier.
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An Austrian criterion is adopted as the confinement criteria for headrace tun-

nel. The minimal radius of rock zone for the static head can be defined as

s _Er.h (M

rmin — ko yr

where F ¢ is the safety factor for static head; vy, is the unit weight of water; y, is the
unit weight of rock mass; h_is the static head; and k_ is the minimum stress ratio.

According to hydrofracturing/hydraulic injection test results, it is found that
the minimum horizontal principal stress is the minimum principal stress. The mini-
mum stress ratio (horizontal stress/vertical stress) of 0.5 has been observed ( k=0.5).
Since the static head at the connection between concrete lined and steel lined is 64
m, the required minimum radius of rock cover is 64 m approximately with the safety
factor of 1.25.

4. TUNNEL ANALYSIS AND DESIGN

The headrace tunnel is mainly considered as the pressure tunnel. Therefore,
the reinforced concrete lining are used to resist external and internal loads or to pro-
tect erodible and to limit the circumferential strains and cracks which develop under
operating conditions. In order to design tunnel element economically, the tunnel ele-
ment shall design with optimum reinforcement using proper analysis model.

4.1 Beam Spring Model

The beam spring model is a simple method that gives satisfactory results for
this kind of analysis and design (Duddeck & Erdman, 1982; ITA, 1988; USACE,
1997). The tunnel is modeled with elastic bedded beam element. Whereas, the bed-
ding to the rock is considered as non-tension spring, which can only have compres-
sion and tension is excluded. The beam spring model used in the analysis is shown

in Figure 3.
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Radial Ground Spring

Tangential Ground Spring

Tunnel Lining
(Beam Element)

Figure 3. Beam spring model for tunnel analysis

Since the tunnel location is in sandstone and siltstone, the rock mass param-
eters used in the analyses are based on laboratory test results. The rock mass prop-
erties used in the analyses are generally determined based on Geological Strength
Index, GSI (Marinos and Hoek 2000) as shown in Table 1. The spring constants for

rock masses are determined based on the following equations;
K, =5 @)
For radial spring constant
k, =k, tan( 29| (€)

Table 1. Rock mass properties

Rock Type UCS (MPa) | y(kN/m’) | E (GPa) | c(MPa) | @(°)
Sandstone 130 26 19.02 1.863 | 59.44
Siltstone 25 26 1.05 0215 | 26.49
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4.2 Loads on Tunnel

Loads acting on headrace tunnel are consisted of self-weight of lining, exter-
nal water pressure, loosening rock load, internal water pressure, grouting pressure,
etc. The headrace tunnel is designed for all appropriated load combination, using the
proper factor of safety. The load acting on the tunnel is combination between external
and internal water pressures, loosening rock load and grouting pressure, while the
self-weight of tunnel lining is considered for all cases of analyses. Important loading

combinations are specified for construction, operation and maintenance periods.

4.3 Tunnel Analysis

The commercial software DIANA (Displacement Method Analyzer) is em-
ployed for conducting analysis of headrace tunnel lining. The analysis is carried
out using a beam spring model, which is simple model and the results can easily be
interpreted.

The 72.5 cm thick of tunnel lining is considered all around tunnel lining. The
general geometry of tunnel is shown in Figure 4. It notes that the temporary support

is not considered in the analysis.

12.15

5.35

10.70

12.15

5.35

725

7.00

Figure 4. General geometry of headrace tunnel
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The analysis results of distortion (J), axial force (), bending moment (M)
and shear force (Q) for each load case and rock mass type are obtained. For an ex-
ample, Figure 5 shows the analysis results of the loosening rock load consideration
during construction period.

4.4 Tunnel Lining Design

Once the axial force and bending moment are obtained, the tunnel lining
must be designed to achieve acceptable performance. Since the tunnel lining is sub-
jected to combination of axial force and bending moment, the design is conveniently
carried out using the capacity interaction curve, also called the thrust-moment (N-M)
diagram. The ACI code (ACI 318) or European code (EN 1992) can be applied to

design the tunnel lining.

T

Figure 5. An cnmpie ef nmlym msu]t. le dulonmn (top left), axial force (top right), bending

The required reinforcement is mainly dependent on the geological conditions

and internal pressure as shown in Figure 6.
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Figure 6. Detailed reinforcement for headrace tunnel

4.5 Seepage and Stability Analyses

Seepage analysis is conducted in order to predict the water losses through
the lining taking account of the cracked concrete lining, grouted zone and surround-
ing rock mass. The seepage analysis is carried out at the critical section, connection
between steel liner and reinforced concrete lining. The seepage analysis is conducted
for both permeability of cracked concrete, i.e., k, = 107 m/sec and k_= 10 m/sec,
in order to investigate the influence of lining permeability on water pressure in sur-
rounding rock mass.

It is considered that after a certain transient state, which may be of long dura-
tion, a steady flow will take place, as shown in Figure 7. Even this steady flow is the
result of a quite complex combination of hydraulics and rock mechanics phenomena.
As shown in Figure 7, starting from the internal pressure in the tunnel, there is a
pressure drop due to the more or less pervious lining. The eventually grouted zone
around the tunnel is beneficial in reducing the permeability of the rock and produc-
ing an additional pressure drop. From this point on, the permeability of the rock
mass defines the further drop in pressure. It is immediately cleared that the ratio of
the permeability of the lining to that of the rock mass plays a determinant role in the

distribution of the water pressures around tunnel.
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The slope stability analysis is carried out to ensure the stability of the rock
cover and overburden above the headrace tunnel due to water leakage from the con-

crete lining resulting from above seepage analysis.
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Figure 7. Distribution of water pressure head around tunnel

5. CONCLUSION

As the analysis and design results, the thickness of reinforced concrete lin-
ing is determined by practical constructability considerations rather than structural
requirement, the thickness of tunnel lining is resulted as 72.5 cm. The reinforced
concrete lining are designed to resist external and internal loads, limit the seepage
losses from the tunnel and protect the rock from deterioration or erosion. The rein-
forcements are generally required dependent on the geological conditions and inter-
nal pressure. Picture 1 shows a shutter assembly for supporting a concrete lining to
be poured inside of the tunnel.

The radial consolidation grouting is required to induce favorable change of
the stress distribution around the tunnel and to reduce the permeability of rock mass
around the tunnel. The leakage is controlled within allowable limit by limiting the
cracked width of concrete lining and consolidation grouting around the tunnel. The
slope stability of the rock cover and overburden above the headrace tunnel is ensured

by slope stability analysis.
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Picture 1. Shutter assembly for supporting a concrete lining 10 be poured inside of the wnnel
REFERENCES

Duddeck, H. and Erdmann, J. (1982) “Structural Design Models for Tunnels”,
Tunnelling Institution of Mining and Metallurgy, pp. 83-91.

ITA Working Group on General Approaches to the Design of Tunnels (1988)
“Guidelines for the Design of Tunnels”, Tunnelling and Underground Space
Technology, Vol. 3, No. 3, pp. 237-249.

Marinos, P. and Hoek, E, (2000) “GSI: A Geologically Friendly Tool for Rock Mass
Strength Estimation”, Proc. Int. Conf. Geotechnical & Geological Engng.,
Technomic Pub., pp. 1422-1440.

USACE (1997) “Engineering and Design: Tunnels and Shafts in Rock”, U.S. Army
Corps of Engineers.

95



= 230 kY 2 Circuil I bundles
Conductor 1272 MCM
= 500 kV 2 Circuit 4 bundies




InsLASIWWIWaLUN UNDY 2
AUNTISDOANSALANIA:ELIDOaDN
SA.A3.9TNYTA aﬁymfyma

= ar nl' 1 cl' 9
.mnmsfansymwlumaiauw lasinsiaua Yszmaui @ Sunanseny
a:w’adgn[yniw InssnrsIWiawasun 1dauuriv 2 F9lasmaseuununissanis
FIANUAFININAON [@gﬁ'ﬂafwgmnﬂm/ Lﬁﬂ?‘ﬂ?fﬂl%ﬂuﬂyﬂﬁgﬂ glfgnfﬂny”'lmz'lw‘”
o a o A A A 1 a d‘ & 6 d’ d' o o &
NaUNITR AN ANASaANTNAN Tuiluavasznauninoswinruansaluns
Auduwaulazons ...

™ "'J'uﬁﬁﬂqsﬁa]LLazﬁTﬂ%wms"Lwﬂ"L@TﬁwnTwmauﬂszmﬂ"l,ﬂvhmuﬁmms
fiawnlifudssimeaiouulugrusfFududmunisudanszualuin Tasens
T wasn iHonina 2 Irnusaunsvasassmiglszm il lasdszmouaa
(®d. a17) samﬁaﬁaﬁﬁwﬁummLLa:u‘%ﬂ'ﬂﬁﬂ’%ﬁﬂmmﬁmmmﬁ"l,ﬂiamﬁmu
dougalny lanlu3sn SouthEast Asia Energy Limited (SEAN) tilugaiiiuns
amﬂuu’%ﬁﬂ Nam Ngum 2 Power Company Limited (NN2PC) %Guaﬂﬁ)’mﬁ]mam
nszugliieldluan srunitslasinoandsanalneadie

Tasam3Wimdarn daurindn 2 ﬁﬁfﬂqﬂsmaﬁl,ﬂiaﬁmﬁuﬁﬂquc\luml”ﬁ
lunquds Welwiinlgldaaaaried mamaquﬁamsﬁ’mﬁuifnLﬁaiﬂumsmﬁm
nmvilna gdlne wazmsilesiwiniaw Taglumsediunswamwnesslasins
163 wennsTansdsanLazRILInIDN Muagludaanaszasnsbidulniuen
F3uia sdy.a17 iaaanansznudadszmrusazaninuiadanluiuilasnis
TasuruasnsUsznandis 1.unuwmIsansauiouasan (I 2548) 2.uHul)ua
mytasfigusulndldfiuganlonde @ 2548) 3unuiammadudsay (I 2549)
ez 4. unuwiamTwnguias (U 2549)

Vléﬁ'umi(‘?\ﬂuwﬂuwﬁfﬁaﬁuﬁﬂi:mmﬁqiﬁa JuIunsn 26-TUWDT1 28 WEEK W.a. 2553 Tl 33 adiuf
4204 \Fndu Tlagens panaLiafiny wih 34 ﬂaé'uﬁl,ﬂmgwaa

97




Health Center

MIRMUEUNIITANING 4 6 aininTen SEAN lugusdasnuldisu
aaudlugaell 2548 v 2549 uazlamuaglutimaimaiamnesiislasimedae
Tae SEAN lawaununols USEn Ay Aoudacd Laudihysd Laue LULLNWY 91790
FauduniEniconifdinmves sEAN ugdaivqumisaniiulasinis Galudul
2553 38333UTBY

nnmsansanlunsiauwilassnisiidiwe woindalasinis

1 v ¥ Y L) a ¥ 3: n:; ] (¥ a ::' [<f
naaselaianldanfunisuavu szrrguitasagardaluusinminde
1 [3 95 [l H { v
araiiuiuazlseliuazdmilsznaudu g flasunansznuszaasgnlandie
Tassnsladfdnasnw tiaunSa 2 Fsladaiassaunnnisdanisfsanuaz
N [<f ] H [ ]
fowrnnan lagms@nsiuazsunwiiuadrefnezasslddaasrogazsulns

Yo v Y & o & P 1o a [y & w [y
Tinudgnlandrzwmaini duin Wazazwlnsisnitnmsuanass ganlandne
@ ' [ ~ o A A A 1 A ¢ ¢ & A
aananazlandunIRanIneasAansannIAN dotilwasailsznaunitenas
o 0o ® o a a ’5 [
wanadgusalunsaufiueulasenis ds denssanslandregdgnivialy
ﬁ’awgmu‘lmiﬁa%"mﬁu (Resettlement)

98



Vilage location at Muang Fuang Resettioment Ares i,

Administration Office

|
I
T T - e
g oM

Primary School

o

mﬂﬂﬂﬁmﬁuqmu’[miﬂ?uﬁ 2 dunang fe nsdwdurasldiugon
lundheneldsunanszny uazmidesiguoulnadldiuganlonde Tapiaiing 2
aaﬁﬂszﬂau"l,ﬁﬁmiﬁ'amnm:ﬂixmﬁwﬁuﬁ(ﬁuaniyﬂéTmilm:mﬁL’%yﬂiw Public
Consultation &slulassmsidnanua 16 wijtiu 1,059 a¥Tau wazlusnuwaniid 41
ﬂ%’qL%au"l,ﬁuammwuﬂi:mﬁﬁaﬂﬁﬁwm"l,ﬂa%iﬁqmu’l,mj LAGBINITIENTIVGEINT
wepamsinannez ez doin ?ﬁaﬁaaﬁmﬁ@ﬂs:qué’lﬁ%’uwanszwuﬁamm
w‘ﬁ‘aLL'«j”a%7@1qﬂs:aaﬁiﬁﬂi:mwuvlﬁ%”ummmwuﬁnﬁﬁﬂumin’aai’wiﬂﬁms
mamuma%’ummmwﬁ@LﬁuLﬁ'mﬁ'ﬁJgﬂLLumadqmu suuuuvesiw uazgluuy
S1AIUNITALTE

uaﬂmﬂL‘%'aamsﬁ@ﬂwgmulﬂﬂﬁﬁ'uan“[mﬂiﬁmLﬁa BnuNWIHAT AN
sdgiulasims lasaweiliiofudwianssuniannesirs udsfisadas
funssansauiiuaadenifalasinisaitiiunms waznasarnnisneainele
udnasaasdornaslsdeluing Seexdian 2 LLNumuﬁﬁaadwLﬁumsmuﬂvlﬂﬁumi

daaselasinisfie nsavrameuganWILIuIzoE 9 UATUNUMITANIAUW

99



— |

1 [
' °

Flumiaﬂmummaauqmmwmh Lﬁaamﬂlﬂuﬁﬁmamqmmwma:ﬁ

v
o

Taymiduiitosunandintafizisasandegludrafivwndudaynirmiduugs

2
% '
a

Usznanils ilrymﬁ'maan%wuua:qm%gﬁlwﬁuﬁdmtﬁuﬁnLﬂuanﬂsxmwﬁa I6E
vl AemsUwilanannunasinaauuuasnnanlsznInis

Foin Iﬂmnwlumsammuua:maaaauqmmwﬁﬁaLﬂuﬁaﬂﬁwﬁoﬁa:
fasefinmslulassmsil Tasfiihwnaie 1) AAANULATATIIFAY wiaurauiin
mnﬂé‘lyuuﬂmluqmmwfﬁﬁ FouaRuAduinasunaniatansiiuas Auisnsifiumi
uaz 2) YszlIuNanIznuuazean finanasmslunsiezaanansenufiifiodn

mysansaawedenlulasenisrinie 2 i ’a’iaﬁmumqﬂﬁmmumnaau
Qmmwfh 7 30 FIuadunaINN i IRuAs AU uazdn 2 ﬁ;@slwﬁ’mﬂmﬂﬁ?’]
USmlsslnin ﬁaﬁa:ﬁmsﬁ@mumnaamﬂ;aLﬂ%ﬂm,ﬁﬂuwamaoqmmwifn 7
faauarasautiuszes g Yeall au Standard Methods for Examination of Water

100



and Wastewater I@ﬂﬁ'@qmﬁgﬁLLa:ﬂ%mmaan%LauLLa:ﬁmLﬁmﬂuﬁagamaaLL@ia:ﬁ;@
a - « o 5, .
PIDFONHATIVROUMNIZAUANVANGAILG 0.5, 1, 2, 5 WAz 10 LUATVDIW FIWIZAU
NUAUIZATIIRAUNNIZAV 10 LUAT
Iumﬁ@mwmmaauqmmwmﬁwﬁ%:ﬁaaﬁamaﬁaﬂ 3 WUBUNLNEI TS
IsuRavauluLaaza I nAa u’%ﬁ'wg?%’ummfiaa%wa:Lﬂu;‘?%fuﬁmaﬂumiaﬁumgu
v a wa A 6 [ v
meswauazmMInaseuluiaslfidns GOL wisasansvasiauna suilann azdn
VTIHEWIBANUFEAINUAZQUAAINNLNEAAE IaINTVRI NN2PC 2xTuAaTal
Iuﬂﬂi@LLﬂﬂﬁiLﬁuﬁ’JaEi’]dluﬂ’]ﬂﬁu’]&l ANTIAIER LAz UITAUNANIENUNTa U
v v dl U v I
ﬁmmslmdmmmaﬂ@mmmﬂusw:
- 4 ¥ x LA -
LNUMIAAANITRIUMNINTEITAURUNTAIUALABUNO BAAY 2553 D19
A a :2' ' ' % (3 3 o a 1 =3
WWaunnaImeu 2553 Simainlasinisieaiauaada uazazeniiunisde lauds
sugaanyFNnuAall 2580 nraandszann 27 Yihawin
= a A! dl o s =} % £ qs ;:QI & dl v o dl
anflanysunifigagfe nisdanisduun Tadumnazdasniianinu
d a . % o % x4 .
Fatiuuaalasani T WA NEIUN winzidwizesvadiiuazgmnInsa iz
gja’wuﬁuﬁﬁ RIS Imomw%a‘[ﬂmﬂmmif?]'@miﬁmﬁﬁagnﬁmu@ﬁumLﬁaﬁuﬁu
= <A . = % v o ¢ a % =
ﬂdﬂ’)’]&lU\‘IEIWIJEGa’h‘]Lﬂ‘.lJu’]IuIﬂNﬂ’]iLLﬁZEﬂﬁ]zl“ﬁﬂizi&l“ﬁ%iﬂﬂIﬂiOﬂ’ﬁLTauuﬁd&l 2
[ o a c’!‘d o ®) P £ o
HWBDWNIIAUTRNI5 Ilasin1sR AN nNaza oIkl sza 12w Lk
dg; pai U a1 1 A A [y 7~ 1 YA Yo [ %
wniilassmaignandainsin iednduliiningnlasunansznunnanezla
U
fidwianlunn 9 amvasnmsasmwlulasenisi
LTAEIARALITAINIAAANATIIFBLAANIWUT RINBIURAN ) 3 NN Al
ATUANMRAT WU UFNML uaswihisnuuesizuns sul.ann el
ahumTﬂmaﬁumgmm:%fuﬁmauﬁumsdﬂLﬁumﬂml,wumﬁ@mi%aanﬁau o
c e . 4 e a o A - .
1A3INIINIAINaRI LazNATLALETY aaanawtia llatiwn1InaanIzua Wil
ma@mqﬁuﬂmuﬁa:m@luﬂ 2580
'y [ v 95 A 95 = @ a d’ al A a o
#1771 Tasen1sINHInasnn Wanwisa 2 Lﬂ%anwmmwgﬂwmfw
v 1
ﬁqiﬁaé‘summnaa%’w USENHWIlA3IN13 INAINAIUY wazuSENIAInIN
Usnwlnelafilanaldvirewsiaiuiguia ddi.ana viaserwsiznisves
§ [ [~ LY 1 Y 3:
8172 wazilizrrna1iand deaa lilazinlasin13ciad19a09n1SNABININIG

AuLETHNY F9AN uarRiwinaansIniwatelaiinsuuandnaiagtnonits

101






TWhwavuudn
yuoudsimssa ntuidasiBucindbau

ANNIAT H iy

. wagm Wi lsmansansadesfanssurianuayediasaniauasuIen
dasasusuy Wi luuasuignuazsiniatrafosiinudunay i lglelals
IWihidamniwd aanugafelussuulnin dsnalinislsininlagsivyes
Uszinafs=ansnmdsiu .

Uszinelnpindudasndandsnuwlwiidnanndadssszuuassgionaf
FHavosenlnadramsniaunnitgesmimanziad anadalagsmilnidenda
wiistszinalne "I,@TLLamﬂTagaL%mwﬁmﬁﬂﬁiﬂumiwﬁmvmﬂw 9 MosITNT@
tuRuanlug wazduusindnludasiusosaz 68.1 auaz 10.7 uassouaz 8.1 Ay
sy SudaiuninfswilineaBomailElumsuaa Wi duiosssumnd uasd
TSI a T wAndndsiuziuiosa: 86.9 Mndeaziduifondsan
WU W T LAEWEIITHAN

Hufinuiudinanuwnsalsanedondimesdalssnnfasssuma
dufin uazuniw ﬁm'mﬁumuua:ﬂﬁﬁaﬁmwmga%uashw'm WINADI
Wisuifsunainduegneing o vaeininansududoudaass: 20 v Teuds
fATar 40 U nefimafeszanmd) 2549 swmL%aLW‘&@Waa%mﬁaunﬂﬂszmwﬁ
s01lids 20 vindedas wdsvldinaidsudsanamslugiesafiies 5 Tan

1%
=

% smu%mwﬁaﬂ%uga%umﬂﬂ'jw 100 Wasidudaefiden wsfoRarsandsznau
Furnlusdusnafii Siunanesnwisnwdawiesdaniidanalivinaniniu
doTw WsTayaLlsznauetniniNg whf':ﬁwaﬁ]:ﬁﬂﬁmﬁaamq@ﬂﬁ@]LLaszmaaﬂ
PaIMIRAIN A UNEIWasUssinaliTianuiTuasiuded
InMIUTTINmMsEsInEIuEsesswdu e wasmanilelunnsnaa
nazudlWizeslanludaytn wudmninensdszinnduiugdlilildan 220 1
fasysumadavaaiies 62 9 uazdnlufs 40 9 irduarlifiinaelildsnuds usez

103




nugwlsiliannudasmslanasnulnivednafisnniniSes g uazivailasnuns

WEATINYDITZUUNITNIWRIN B SedoatRumasnsnaandswlniganilon
asiwavlaiﬁqﬂga TiRgsmsiannisnuwlniinaadssina lagmsteidaiwdsriames
F3TNTALaauAN han1sndanszualiin wian1sgeudinszualnitiann
Uszineniontnm nesandnnitsrasnsuidngamsmiaunsundsnuliia da ms
aalss I wasowinind

wé’amumm:hLﬂuwé’qmua:mﬂﬁmmmmuquLLazLﬂﬁsuLﬂuleﬁwvlﬁ
Tidsssuaniizviliiiafoteunszanyinas&suasey meda D uunsIng %
mgwdon innzifimemgwdsunianlniauggmanniauipinsuesinlulan
wazfsfunaswinldmdeundinuuaienfiaduaznisusuasiiaansonaa
wisnwldagsdaiiion 24 $2lus Tapandumslwavesinussussdusasin doiuwms
aﬁ"ﬁﬂﬁvlw%wﬁammyiﬁaﬁﬁLﬂuﬁaamuﬂ"lﬂﬁumiﬁwLﬁau Waldidanlunsifiv
ﬁ'ﬂLLa:muqm:ﬁu‘luﬁgwuﬁﬂ%mmfﬁwLLasLLsaﬁuLﬁmwaﬁa:mﬁwmmum‘%aaﬁaﬁu
ﬁWLLazLﬂéaaﬁﬂLﬁﬂW%G’f}aa%i1uiiavlwﬁwﬁwﬂﬁwﬁﬁszﬁuﬁwﬂiﬂﬁ AaInAnfAnGILaS
wisnwlnifndaldanlsslwiaied sxRvdwdndadiwlasassiuusisuuas
104



SN AU MARENWLATAINIR UL G9%t B9RUSI MU IAaNIN LasHTEaULIIOWUN
¥ - - « %Yye X %

gomnmmwmlm AraNIDNEA INHIWAIUT LU NAWLTIN TR
#ilulasIn3aultaININNIZIN TS Lﬁauqumuﬂﬂmsm AURRUAS

BLNBLEDY JIRTAUATWION LﬁamﬂmmwnnﬁﬂmﬁLﬁ@ﬁ'uﬂi:"m"ﬁuma

s s v a 4{ ,&' dlg [ ' [l % nﬂl & ' i %
WAIWIEN LLGZ%G%?@IT’]NLQUG Luaaﬁl’mwu‘ﬂuagluqmmmumu’]Uneml,ﬂuqmmm

o [
A

1 A e o A ° v o = =3 °
muﬂmlmy mamquwuﬂmmmamaa 2LNBUWUY aLNBUINNWA "l,ﬂﬁ]ummma

dldnz a

o & & A . ' L e % 9 oA a o A A oA
AN Lﬂuﬂi’]uﬂuEﬂua’]ﬂﬂa%%uquuu LL(ﬂi:(ﬂUu’llm(ﬂuuﬂ’]iﬂ(ﬂi:@m%iawuﬂ

aamdautranniliulratnuuss luggrufadgwsiirie dulungudanay
WNadyrIuaLaani

¥

Quﬁwummm"[ﬁ%’uﬁw%wamnaumqumﬁ'u@mﬁmlﬁi:ijLﬁau

P EGHBME LIRS fﬁwNuﬁmnmm%ﬂmLﬁﬁﬁwﬁ’mﬁam’mgs s uas
Aufinsinuas éﬁaLﬁuﬁﬁﬁﬁagﬁ"wmmmLﬁuﬁnfhmul,ﬁuﬁ"mﬁ FatutaeUaned
lwdeungainmoufadennneaaududutiinauss ainAensTIALAa U
DEITULT moﬁuﬁﬁmﬁaﬁa”ﬁam@m wndunatinasanviiutwden 19w uas
ﬁuﬁmsmmmmaoﬁmgiﬁﬂﬁl,ﬁ@msgryL‘éﬂaﬂ"mmn ﬁuﬁmod’mwagluﬁ’uﬂu
AW Ll,@i‘waﬁdf]@LLﬁd&’mﬁULLﬁdN’m wonaniusualuasT U aannztiri
105




Lmj'a;lil,ﬂunmmuﬁmmﬂazawaamﬂau‘éuﬂ%ﬁaﬁuﬁumwLLﬁofﬁ’ﬁfmnvfﬂﬁau

nanpann WunseaRi3oninin awdisn luudsslandissisnnuaiionna
VA8 B EIRIN AN UNANR AN I SN EAT IWIIRTARATIIEN

FIVRANAGINGTY WITVIMFNLAINITT 18877 F9dwznaaliiing
ﬂ'aaﬁ”m‘lLﬁiauqu@huﬂﬁmim%ﬂ@Uﬁwszswﬂszaa@Tﬁa:m%@i’]zymifﬂmu WU
wazdwsen @T’sﬂmsﬁ‘wmmeﬁwuwﬂmgﬁmmmLﬁuﬁﬂfiwuaz%‘@aﬁﬁwama
1wz lﬁ‘waLﬁmﬁummﬁaamwaaﬁﬁmssunﬂﬂs:mwmUluﬁjufﬂmmmUﬂLLaz
Anfilndidns

"L;iLﬁmL°‘i|‘amgu@huﬂﬁmwm}zLﬂmﬁauﬂauﬂ%@mﬂé“mﬁﬁmwmaﬁq@
Tulanfflanugnsn 2,593 was AMNEY 93 AT uazilanag 224 §ugnunen
LAY L‘v‘\iamﬂ%ﬁﬂﬁﬁ@ﬂiﬂwﬁgoq@whizm indinAuluideandszanmiesss 80
windasgaananiadewdaiiuioiulnindadunszugluin azsunsonda
nazuaiWiudngszoule 10 wnedad
106



j = LR T RS PR I A SO
‘ P-- - . H&:ﬁﬁfﬂ‘ K. ﬁ

FhAN

wnd3sufisuenudesnslindsnulnimuavedssndlng fiflaana
fasmslfunnfesasniinninanzadlundaziu seninsdnsnnwlunisndanszus
T H20sTas9n5 T39I AN W 9911987 L%‘auqumuﬂﬁmsm Wouldioomis
WesiFuduasnsuaalnindsinnae wanasluyundy wasowlwiilean
Wanilfisnunsanaaiassfanssurinuavasienefissuaswsnfifianudasnis
Tgwdsnulni 7 wnzSad snistroasusuriludmIauasusnuasiimia
FradseliszuTanusiua ﬁﬁ‘lﬁ;ﬁﬂﬁﬂﬂ%ﬁﬁqmmwﬁ uazdTisaalTunm
N8 IR BT UL AN 8§92 1979n 0 s’ﬁaauﬂumsmﬂa@mwgmL%ﬁiuizuu
it suazdanalimsleininlasnuesssmadlsdnsawdsduldsndas

Lifpsudniuw niafidudfiiatuasszoulsslnfiindsomuin e
PUAUL3INITH ﬁuﬁamﬂuwﬁomuazm@ﬁhjdawaﬂsz'm.l@ia%nqmian%auimm:ﬁ
wazsiuin i nas i dadudnnile “wismdider fanunefindsuazaia
uwaztdunwasnuwnyuIan Fadunsinuilfudlinuely Snansznudefouiadey

107






oy wazligamaTannszantNuau I uTuUITENNG LAZARaALIATNILIN MENEIIT
"LW‘WW:Lﬁu"lﬁiwLﬁaaa"qufl,uqﬂﬂsrﬁﬁfm%'uwﬁdmumﬁhﬁlﬁn 131 Ll FadL RS T e
X oA @ 2 e a4 A o A X
dawdaay innaluiifldunngg insrrumé sﬁwwmtzm;unmm@mu’Lmag
a a wa o v v LAYy A v X a a
Nl T,@wqmawmmwmnuwaoamﬂlml,m%m"lﬂ AANRINWINNLTBLNRINOFT R
NI wtlasifey f1win MosITNTIa T9n2land1asmsaiNanaulasiniy
NRIINWFD WA INAUNWAT FENRIIN WD LN INARTAI 1 LLaJ”ﬂﬂiamuluImoﬂﬁ
inaluladiefowadanazfiyadlasimifiginin udninfRsananuailasuus:
UszlamidadInunaz FIuIaansl wuindunsamuididuiae,
MTITWAIINWLTOLNRINIUINY MTDITNTIA UazaIuiin dannalriians
1 QI v 1 =3 tﬁl dldd. =} val U Qs 1
naznudafiwiasaylinislannienits WININanga Ae IR EWaIINa L1
UsznianazdUszandniw nwananni a:ﬁaaﬁmmmiﬁﬂﬁug}LLams@fﬂLﬁumi 1w
Wuldawanesgruniseuiiniasas LLazmi’L"ﬁmﬂIuIaﬁlunﬁmuqma'ﬁmm
tqﬂ/ a v U 3 ‘ﬂl Y a A A [ a Qs =1 Qs =1
\Wolwdsidusaundn ieliifanalunisd jiiaed1995999 luvmei@aanuna:
U dl dl v =} v tdl 1 Qs tﬂl ]
ABIRINIATATNLANIETY Lwaamwam:‘nﬂ%maauawqmta:aglmmumﬂmﬂu
é’umﬁU@iagmmmmmwumﬁau annan1snasmLaanlmTaiwssvalseing
azdasaiiiiidadoaan g fa N1INITILVBIUNAILTALWEY iwmuazﬁunﬂumi
HAa anuduaslunisdant wansznuilazldefiniadon uazdszBniningiga
lunsldniwensnfietadneinna
WINNITUIGIUIAANAILTNL I lunswawddlanay daunaliinana
- o Ya ., da a o 4 . . .
nIznUnIamMIasnulas mlumuwmm:vlmmugﬂuvl,ﬂ BILADIUNNIFDIFIW
~ ~ ' % o @ ' aa | = A ' a vl
YNUTHUABUIN WIRENRIBLANINATIIAR AINFIRATNINNINNAITNIEFIRIN A
NMIRAWILANTY LAZWNENEINAINIATAITIRNITRARIWA LI AHY W NanIzNnUtat
a ' o & 1 A o ' as a ' a LA o % o
nga Tunvnaa e s WA AL wEEIY HaNiNIaInaLazfIwING uetlagIriniin
v =3 1 > g; I 6 a Qs =3 tﬂl
usAnilavsnsvawiinazdulsslorideiarugiauasfiaulassaufinisia:
gaasulddnsanduwnisdall lupmel@u uiasdadrmanaInNIINANIzay 1Naaa
Nam:ﬂulﬁmﬁaﬁaﬂﬁqmﬁuﬁu
1 [V ~ P ¢ ® 6 o % A ¥ =
na12taa1 asnaslasisuauasIndrnasuwilaarnlassnisidan
[ ®) & v [
2wa1nlI1n1374a aratilutiasnislndaaaain1swna i lassn1INadIT
~ 1 o [ .;' ®) a 1 v A
fde memamsmnm'mazLﬂm;mmmummmiwmmfmams*nmm'm

o 3 1 o & o o [ 1 <
m‘lﬁ’m&uﬂmmina %i')Nﬂ‘lJT’ﬂﬂﬁ?ﬂﬂ'ﬁﬁ\?ﬂ'\ﬂﬂﬁﬂﬂ%&ﬂ%ﬂ%a 981981

109









Hydropower: wabuhAunswacawabuiuiwin
unanalaggifoimny nguudeniiy

UNNaN 2553

NANUIENNN
151 ?J']ﬂ'ﬁﬂll ﬂ%%%')ﬂ%%ﬂ‘g LL“U'NﬂE\m\‘m;ﬁJ L‘Il@]‘ﬁ\‘ifjll nny. 10230
Tnsémyi 0 2509 9000 3813 0 2509 9090

www.teamgroup.co.th

%’ﬂﬁ']Lﬁamuazmnqmmwﬁmfmﬂ
WD FINN
USHN N AOUTAAI LaudiesI Laua wULUINUY 3NN

2ANRULUAZIANNNIAL
U3 anny aenyfiiagud 91ia (wislunduuiemiia
In3&wyi 0 2509 9091-2 InTans 0 2944 6260






M ZRAD

GROUP D

NRI5INIWN o 2
q W, .

Tn3dmyl 02 509 9000 ¢ia 2103 BLuS : vinita_d@team.co.th s e . NERe

ﬂ@&ﬂ%ﬁwﬁu
151 DuuwIRTUNS urnaedria iadagy namng 10230 Insdwil 02 509 9000 www.teamgroup.co.th




