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Lao PDR has very high potential to become the battery of Southeast Asia and
the hub of power trade to neighbouring countries such as Thailand, Vietnam, and
south China. Dam construction normally requires not only large amount of budget and
also can cause environmental problems and social conflicts. It becomes big challenge
for decision makers to analyse which alternative can comparatively provide more
benefit and impact. From this point of view, the objective of this study is to rank the
relative importance of 5 proposed dam and reservoir sites along the Mekong River in
northwestern region of Laos in terms of accurately quantitative values based on their
costs and benefits using MADM-FAHP. Thirteen experts evaluate preferences on
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The aggregated fuzzy scores are later summation as fuzzy weighted summation of
individual alternatives. The results are defuzzified to indicate relative importance of
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Xanakham dam, respectively. The sensitivity analysis is additionally applied to
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CHAPTER |

INTRODUCTION

1.1 Problem background and the significance of the study

The Mekong River is a large and long river starting from China, flowing to the
sea through six countries including China, Myanmar, Lao People’s Democratic
Republic (Lao PDR), Thailand, Cambodia, and Vietnam. The main stream in People’s
Republic of China was dammed by the first four projects in a planned cascade of up to
eight hydropower projects. Since 2006, the interest in hydropower has escalated in the
Lower Mekong Basin (LMB) accompanied by increasing private sector investment in
power infrastructure. The investors and developers mostly from China, Malaysia,
Thailand, and Vietnam have submitted proposals for 12 hydropower projects along
LMB mainstream drawing on concepts from past decades (Mekong Secretariat,
1994). These proposals are among the largest and most significant developments ever
considered by LMB countries for the basin.

According to Strategic Environmental Assessment (SEA) baseline and impact
assessment 96% of power demand to 2025 stems from Thailand and Vietnam and
these two countries are targeted to purchase close to 90% of the power generated by
the mainstream projects (ICEM, 2010).

With the increasing in demand of energy utility from Thailand and Vietnam, as
well as the upsurge of investment from Thailand, China, Russia, Vietnam and

Malaysia, hydropower industry is extremely booming, especially in Lao PDR. With



the significant natural resource in hand like Mekong River, Lao has the high
expectation of leading this small country toward the big change in term of economic
development, by tending to be “the battery of Southeast Asia”. As a matter of fact,
Lao PDR has the largest hydropower potential of the four LMB countries, because of
Lao’s geographic location and mountainous nature yielding hydropower potential,
Lao PDR also views itself as a hub of power trade with markets linkage between
Thailand and Vietnam (King, Bird, and Haas, 2007). As all factors mentioned above,
department of energy promotion and development’s “Electric Power Plants in Laos"
as of March 2013 was introduced 98 existing and planned Lao hydropower projects
(greater than 10 MW) with includes 12 development hydropower projects before year
2000, 16 operations, 14 under construction, 24 in planning stage, and 32 in the
feasibility stage. In addition, 12 large hydropower projects have been proposed and
approved along the main stream of Mekong River (Table 1.1), 8 in Lao PDR, 2 of
which are on the Lao-Thailand reaches of the mainstream and 2 in Cambodia (ICEM,
2010) as shown in (Figure 1.1).

Table 1.1  Proposed mainstream hydroelectric run-off river projects in the Lower

Mekong Basin (ICEM, 2009).

No Project Country Installed Capacity (MW)
1 Pakbeng Laos 1,230
2  Luangprabang Laos 1,410
3 Xayabury Laos 1,260
4 Paklay Laos 1,320
5 Xanakham Laos 700
6 Pak Chom Laos - Thailand 1,079
7 Ban Koum Laos - Thailand 1,872
8 LatSua Laos 686
9 Don Sahong Laos 240
10 Thakho Diversion Laos 50
11 Stung Treng Cambodia 980
12 Sambor Cambodia 2,600




The Mekong River starting in China appears to have very high hydropower
potential. Specifically, its lower part in the northwestern Laos flows through Bokeo,
Oudomxai, Luangprabang, Xayabury, and Vientiane provinces to the Lao-Thai border
with total length about 700 kilometers (Figure 1.1). This area is mountainous, valley,
and jungles with mean elevation 900 m above mean sea level (amsl). The area shows
high potential for hydropower development with minimum environmental, social, and
economic impacts. Due to the characteristics of the area, the Mekong River
Commission (MRC) conducted the feasibility study and resulted in the purpose of 5
potential dam sites at Pakbeng, Luangprabang, Xayabury, Paklay, and Xanakham

(Table 1.2).
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Figure 1.1 Proposed Mekong mainstream hydropower projects in the LMB and
Yunnan Province, China (ICEM, 2010).

Generally, each dam has its own characteristics, which results in the difference
of benefits and impacts. The benefits include hydropower and water resource
productivity, flood and drought control system, etc., while the impacts can be
environmental, social, and economic. Ranking of dams and reservoirs based on their

benefits and impacts should be carried out before the priority of dam construction is



determined. Good priority may provide time to observe the unexpected consequences
both in benefits and impacts and the next measure of the program can be reviewed
and revised properly. Not only required for the priority of dam construction but the
accurate ranking is also very important for the consequent activities after the
construction. The method required for ranking is considered very crucial because the
fruitful result can be expected if it covers all essential criteria and stakeholders
including experts in the analytical process. To achieve this purpose the Geographic
Information System (GIS) and Multi-criteria decision analysis (MCDA) are
considered to be efficient tools for spatial data analysis and decision making.

Table 1.2  Location, developers, and power productivity of dam sites in the study

area (ICEM, 2009).

Project Developer Coordination Power
Latitude Longitude (MW)
Pakbeng Datang from China 19°50'37.64" 101°17.22" 1230
Luangpabang Petrovietnam Power 20°03'58.8" 102°11'30.7" 1410
Corporation
Xaignabouri  SEAN and Ch. 20°03'58.8"  102°11'30.7" 1260
Karnchang of Thailand
Paklay CIEC and Sinohydro of 18°24'5.34" 101°35'1.01" 1320
China
Xanakham Datang from China 17°50'00" 101°33'00" 700

Decision analysis is a set of systematic procedure for analyzing complex
decision problems. The alternatives are usually evaluated by a number of people
(managers, decision maker, and stakeholders, interest group), who are often
characterized by unique preferences with respect to the relative importance of criteria
and based on which the alternative are evaluated. Accordingly, Multi-attribute

Decision Making (MADM) as a class of Multi-Criteria Decision Making (MCDM) or



MCDA s the approach dealing with the ranking and selection of one or more sites
from the alternatives. Some important characteristics of MADM are having restricted
set of alternatives and explicitly defined set of alternatives, requiring a priori
information on the decision maker’s preferences and being outcome
oriented (Chakhar and Martel, 2003). In solving a MADM, one needs to know the
importance or weights of the not equally important attributes and also the evaluations
of the alternatives with respect to the attributes. There have been different methods on
MADM and the most known are simple additive weight (SAW), ideal point method,
and Analytical Hierarchy Process (AHP).

In addition, AHP method is a procedure to ordering alternatives (Saaty, 1980),
AHP method is the concept of preference thinking hierarchy but in fact there are some
uncertain variables to confuse decision maker judgment. The traditional AHP requires
crisps judgments. However, due to the complexity and uncertainty involved in real
world decision problem, a decision maker may sometime feel more confident to
provide fuzzy judgment than crisp comparison. Fuzzy decision making is powerful
paradigm for dealing with human expert knowledge (Sousa and Kaymak, 2002) and
has been used to solve or support spatial reasoning problems in a number of different
contexts, such as locating convenience stores and other site selection (Kuo, Chi, and
Kao, 1999; Chi and Kuo, 2001; Kuo, Chi, and Kao, 2002; Witlox, 2003; Partovi,
2006) screening potential landfill sites (Charnpratheep, Zhou, and Garner, 1997),
supplier selection (Kahraman, Cebeci, and Ulukan, 2003; Oniit, Kara, and Isik, 2009;
Ho, Xu, and Dey, 2010) and local park planning (Zucca, Sharifi, and Fabbri, 2008).

Instead of using AHP, the study aims at employing Multi-Attribute Decision

Making-Fuzzy Analytical Hierarchy Process (MADA-FAHP) to rank the relative



importance of the hydropower dams along the Mekong River in northwestern Laos
based on their benefits and impacts. Ranking can be carried out by using AHP or
Fuzzy Analytical Hierarchy Process (FAHP). Obviously, the FAHP can provide the

result responding weights of ranking from experts more accurately.
1.2 Research objective

To rank the relative importance of dam and reservoir sites along the Mekong
River in northwestern Laos in terms of accurately quantitative values based on their

costs and benefits using MADM-FAHP.
1.3 Basic assumptions

(1)  The decision making analysis will not involve any governmental policies
and legal issues.

(2)  Locations of 5 proposed dam sites are based on ICEM (2009) MRC SEA
for hydropower on the Mekong mainstream inception report Vol. 2, main stream
project profile summaries.

(3)  The shape of reservoir area of each dam is very long and narrow because
both sides of the Mekong River are very steep and the highest level of water storage
of each reservoir is not much higher from the river water level. Therefore, impact
from LULC and landslide in the watersheds of proposed dams is not seriously
considered. Data of LULC is relied on the previous study while simplified method is
applied to potential landslide study.

(4)  Seismic effect is relied on the study result of Pailoplee, Sugiyama, and
Charusiri (2009). The effect at a dam site is strongly related to the effect of the

surrounding original points reported from the study.



(5)  The distance of transmission lines is considered from dam sites to
stations/substations of the proposed grid system.
(6)  Potential borrow area for construction is basically relied on limited field

investigation and very limited geologic information of dam sites.
1.4 Scope and limitations of the study

(1)  The decision making process of the study is basically relied on experts
opinions, not including the opinion of local people.

(2)  Due to the limitation of data availability, GIS data with different scales
are brought to analyze together. Positional data are mainly based on the scale of
1:200,000.

(3)  The sediment load per year of each reservoir is not considered due to

lacking of data from previous study and basic data for estimation.
1.5 Benefits of the study

(1)  The preferences of dam and reservoir sites and criteria from FAHP based
on expert opinions are clarified.

(2)  The ranking of dam and reservoir sites from different defuzzification
methods of FAHP, i.e., a cut, center of area, and fuzzy extent analysis are achieved.

(3)  The achievement of ranking dam and reservoir sites resulted from the
total consideration of defuzzification methods and comparison of each method are

obtained.



CHAPTER Il

LITERATURE REVIEW

The relevant literature and research review in this chapter include definitions of
dam and reservoir, multi-criteria decision analysis (MCDA) composed of the
application of Analytical Hierarchy Process (AHP), Fuzzy Analytical Hierarchy
Process (FAHP), previous studies of FAHP, and finally synthesis of the research

approach.
2.1 Dam and reservoir

A dam is a hydraulic structure barrier constructed to hold back or control water
flows and raise its level, forming a reservoir on its upstream side for impounding
water used for irrigation, hydroelectric, flood control, navigation, water supply, and
recreation (CIGB-ICOLD, 2007).

The reservoir is an area developed to be water body due to construction of a
dam downstream. The reservoir site is evaluated in terms of topology, geology, rim
stability against slides, water tightness and water holding capability, seismicity, bank
storage, evaporation, sedimentation, land use and mineral resources, property
ownership, relocation of the people who live in the area, utilities, and transportation
facilities, historical-cultural and religious monuments etc (Igtidar H. Siddiqui, 2009).

In simple terms, reservoir means a construction that holds a volume of water,
and dam is the structure, which holds back the water (Brassington, 1995). This

definition indicates the need to examine both the reservoir and dam site. Dam and



reservoir are investigated mainly in the fields of engineering survey, geological and
hydrological investigations. Engineering surveys are conducted for dam, reservoir and
other associated works in form of topographical survey to obtain the contour plan.
The horizontal control is usually provided by triangulation survey and the vertical
control by precise leveling. Geological investigations of dam and reservoir site are the
consideration of foundation suitability for a dam, water tightness of reservoir basin,
and location of the quarry sites for the construction materials. Hydrological
investigations are conducted for the purposes to study the runoff pattern and storage
capacity, and to determine the maximum discharge at the site.

Novak, Moffat, Nalluri, and Narayaman (2007) extensively determined factors,
such as catchment hydrology, available head and storage volume, functional and
technical, geological and geotechnical investigations, foundation investigations,
material for dam construction to confirm the site that can be developed on the desired
scale and at acceptable cost. The World Commission on Dams (WCD) developed
seven strategic priorities, designed to inform all decisions related to future dam
developments. These priorities follow principles of public participation, social equity,
environmental sustainability, economic efficiency and accountability (Scodanibbio
and Manez, 2005).

Ledec and Quintero (2003) considered the environmental and social criteria for
site selection of hydroelectric projects. Furthermore, the failure of a number of dams
and the increase in environmental awareness require the inclusion of environmental
and social factors in the processes besides economy (Baban and Wan-Yusof, 2003).

In short, the approval for a large dam project proposal these days predominantly
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involves satisfying broad criteria of economic development, social equity, and

environmental sustainability (Wasimi, 2010).
2.2 Principles of AHP and FAHP

Inability of AHP to deal with the imprecision and subjectiveness in the pairwise
comparison process has been improved in fuzzy AHP. Instead of a crisp value, fuzzy
AHP uses a range of wvalue to incorporate the decision maker’s
uncertainty (Kuswandari, 2004). The Fuzzy AHP can be presented in term of Van
Laarhoven and Pedrycz’s approach, Buckley’s fuzzy AHP, Chang’s extent analysis
method (Chang, 1996; Vahidnia, Alesheikh, Alimohammadi, and Bassiri, 2008), and
fuzzy AHP with entropy value. Both basic principle of AHP and FAHP are reviewed
herein.

2.2.1 Analytical hierarchy process (AHP)

AHP is a multi-criteria decision method that uses hierarchical structures to
represent a problem and then develops priorities for alternatives based on the
judgment of the user (Saaty, 1980). AHP has been widely used as useful MCDM
estimated in many areas such as selection, evaluation, planning and developing,
decision making, forecasting and so on. The AHP procedure involves six essential
steps (1) define the unstructured problem, (2) develop the AHP hierarchy, (3) operate
pairwise comparison, (4) estimate the relative weights, (5) check the consistency, and
(6) obtain the overall rating (Cheng, 1999; Chi and Kuo, 2001; Murtaza, 2003; Lee,
Chen, and Chang, 2008).

2.2.1.1 Define the unstructured problem
In this step, the unstructured problem and their characters should be

recognized and the objectives and outcomes stated clearly.
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2.2.1.2 Develop the AHP hierarchy

The first step in the AHP procedure is to decompose the decision

problem into a hierarchy that consists of the most important elements of the decision

problem (Boroushaki and Malczewski, 2008). In this step the complex problem is

decomposed into a hierarchical structure with decision elements (objective, attributes,

I.e., criterion map layer and alternatives) as shown in Figure 2.1.

[/

|

objective

ST T

/ Attributes
(criterion map layers)

%7 i : : / : : Alternatives (sites)

Figure 2.1 AHP hierarchy (Vahidnia et al., 2008).

2.2.1.3 Operate pairwise comparisons

Pairwise comparisons matrices have been operated to compare each

element of the hierarchy structure as shown in Equation (2.1).

SR
W2
w1
A=|w
Wy Y
lw, W2
where A = comparison pairwise matrix,

w1 = weight of element 1,

w> = weight of element 2, and

wn = weight of element n.

W17
Wn
W2

Wn

, (2.1)
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In order to determine the relative preferences for two elements of the
hierarchy in matrix A, an underlying semantically scale is employed with values from
1 to 9 to rate Scales for pairwise comparison (Saaty, 1980), shown in Table 2.1.

Table 2.1  Scale for pairwise comparison (Saaty, 1980).

Preferences expressed Preferences expressed in linguistic variables
in numeric variable
1 Equal importance
3 Moderate importance
5 Strong importance
7 Very strong importance
9 Extreme importance
2,4,6,8 Intermediate values between adjacent scale values

2.2.1.4 Estimate the relative weights

Some methods like eigenvalue method are used to calculate the relative
weights of elements in each pairwise comparison matrix. The relative weights (W) of
matrix A is obtained from-Equation (2.2).

(A-Aax ) W=0; (2.2)

where Amax = the biggest eigenvalue of matrix A, | = unit matrix.

2.2.1.5 Check the consistency

In this step, the consistency ratio (CR) of matrices is estimated to ensure
that the judgments of decision makers are consistent. For this end some pre parameter
is needed. Consistency Index (CI) is calculated as shown in Equation (2.3).

}\'max' n

Cl= (2.3)

n-1
The consistency index of a randomly generated reciprocal matrix shall
be called to the random index (RI), with reciprocals forced. An average RI for the
matrices of order 1-15 is generated by using a sample size of 100 (Nobre, Trotta, and

Gomes, 1999). The table of random indices of the matrices of order 1-15 can be seen



13

in (Saaty, 1980) as a part of them are listed in Table 2.2. The last ratio that has to be
calculated is CR (Consistency Ratio). Generally, if CR is less than 0.1, the judgments
are consistent, so the derived weights are reasonable and can be used. The formulation
of CR is shown in Equation (2.4).

CI
R=—. 2.4
C = (2.4)

Table 2.2 Random inconsistency indices Rl (Saaty, 1980).

n 1 2 3 4 5 6 7 8 9
RI 0 0 0.58 0.90 1.12 124 132 1.41 1.45

2.2.1.6 Obtain the overall rating
In last step, the relative weights of decision elements are aggregated to

obtain an overall rating for the alternatives as displayed in Equation (2.5).
j=m
szz WIW? | i=1.2,..n; 2.5)
j=n

where W;: = total weight of S,

Wi; = weight of alternative (Si) associated to attribute (map layer) j,

Wi = weight of attribute j, m = number of attribute, and

n = number of S.

2.2.2 Fuzzy analytical hierarchy process (FAHP)

In spite of popularity of AHP, this method often is criticized for its
inability to adequately handle the inherent uncertainty and imprecision associated
with the decision maker’s perception to exact numbers (Deng, 1999). Since fuzziness
and vagueness are the common characteristics in many decision-making problems, a

fuzzy AHP (FAHP) method should be able to tolerate vagueness or
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ambiguity (Mikhailov and Tsvetinov, 2004). In other word, the AHP approach may
not fully reflect a style of human thinking. The decision makers usually feel more
confident to give interval judgments rather than expressing their judgments in the
form of single numeric values and so FAHP is capable of capturing a human’s
appraisal of ambiguity when complex multi-attribute decision making problems are
considered (Erensal, Oncan, and Demircan, 2006). This ability comes to exist when
the crisp judgments transformed into fuzzy judgments. Zadeh (1965) published his
work Fuzzy Sets, which described the mathematics of fuzzy set theory.

A fuzzy number has represented an expert’s uncertain judgments in from
of triangle of which membership function is defined by three real numbers lower,
middle, upper (I, m, u). This membership function is illustrated in Figure 2.2 and

described mathematically (Cox, 1995) as shown in Equation (2.6)

( x-1
—, I<x<m,
m-1
MA(X):! E’ mSXSIl, (26)
u-m

0, otherwise.

 J

Figure 2.2 Fuzzy triangular number A= (I, m, u) (Vahidnia et al., 2008).
The process of FAHP starts with defining the unstructured problem and

developing hierarchy as same as the AHP does.
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2.2.2.1 Fuzzy pairwise comparison
When the expert judgments are expressed as triangular fuzzy numbers,

the triangular fuzzy comparison matrix is obtained as shown in Equation (2.7).

(1,1,1) (Lizmpp,upn) - (Iyp,myp,uyy)
;&:(5) — (1219m215u21) (1:191) (12n7m2n7u2n) . (2 7)
U/ hXn e - ? !
(lnlamnlaunl) (1n2:mn2aun2) (19131)
- o (1 11 .. .
where aijZ(lij, my, uij) and ;= ) fori,j,=1,2...n and i#j.
U my L

In order to perform a pairwise comparison among fuzzy parameters,
linguistic variables have been defined for several levels of preference, shown in Table 2.3
Table 2.3  Triangular fuzzy number of linguistic variables (Vahidnia, Alesheikh,

and Alimohammadi, 2009).

Preferences expressed in Triangular fuzzy Reciprocal triangular fuzzy
linguistic variables numbers numbers

Equal importance 1,1, (2/1,1/1,1/1)

Moderate importance (2,3,4) (1/4,1/3,1/2)

Strong importance (4,5,6) (1/6,1/5,1/4)

Very strong importance (6,7,8) (1/8,1/7,1/6)

Extreme importance (9,9,9 (1/9,1/91/9)

(7,8,9),(5,6,7), (1/9,1/8,1/7),(1/7,116,1/5),

Intermediate values (3.4,5), (1,2.3) (1/5.1/4.1/3), (1/3,1/2,1/1)

The fuzzy triangular numbers used to represent these preferences are

depicted in Figure 2.3.
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Figure 2.3 Triangular fuzzy numbers corresponding to linguistic variables

representing levels of preference (Vahidnia et al., 2008).

2.2.2.2 Aggregation of expert preferences

There is a number of procedures which is specifically designed to tackle
estimating weights based on a group of experts, including multiple comparison
technique (Dunn-Rankin and King, 1969), geometric means (Davies, 1994). The
geometric mean operations are commonly used within the application of fuzzy AHP

and can be expressed as Equation (2.8).

I/n

n I/n n 1/n N
v ([Tw) (L) (Tl 00
k=1 -

k=1

where (l;;, mjj, uj;) is the fuzzy evaluation of experts k (k=1, 2, 3...n).
2.2.2.3 Fuzzy weighted summation
Fuzzy weighted summation is obtained from computing the
normalized value of row sums (i.e. fuzzy synthetic extent) by fuzzy arithmetic
operations as shown in Equations (2.9) and (2.10).

1
gizz a; Z Z ag| (2.9)
T

= k=1 j=1



17

3= ( i1 Lij 2t mj; it v
Dk-1 Z?:l Ui P 2}1:1 My X Jn:l L

),fori=1,2...n; (2.10)
where @ denotes the extended multiplication of two fuzzy numbers.

These fuzzy triangular numbers are known as the relative weights for
each alternative under a given criterion, and are also used to represent the weight of
each criterion with respect to the total objective. A weighted summation is then used
to obtain the overall performance of each alternative.

2.2.2.4 Fuzzy rank method (Defuzzification)

Defuzzification is a kind of the transformation from triangular fuzzy
member values to a crisp value. Practically, many defuzzification methods are
available for transforming fuzzy member. In this study, three defuzzification methods
are used i.e. 1) fuzzy extent analysis, 2) a cut, and 3) center-of-area. The ranking of
relative importance of alternatives are then represented as crisp values.

(1) Fuzzy extent analysis

Fuzzy extent analysis, a kind of defuzzification proposed by
Chang (1996), can be summarized as follows:

Frist, the degree of possibility for §g§j is computed from fuzzy
weighted summation using Equation (2.11) and it can be displayed in Figure 2.4.

V(gizgj)zsup [min(gj (X),gi(Y))]yZX- (2.11)

This formula can be equivalently expressed as Equation (2.12)

1 m; = my;
- o~ u;-l;
V(5>S.)= ‘ lL<u; ij=l...n;j#, 2.12
( J) U. m)+( lj) 3 Uj ] J;é ( )
0 otherwise.

where S;=(1;,m;,u;) and S;=(1;,m;,u;).
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Figure 2.4 The degree of possibility of V(S§;>S;) (Vahidnia et al., 2008).
Second is to calculate the degree of possibility of S; and it should be
greater than all the other (n-1) convex fuzzy numbers §]- by Equation (2.13)
V(§i=§;]i=1, 2,..n, jA ) = minge, .. V(S=8)); =1, 2,..n. (2.13)
Finally, estimate the priority vector w = (wa,...wn)" of the fuzzy
comparison matrix as Equation (2.14)

_ V(Si=§fi=1,.nj#i )
Yo V(S=5)|i=1,..nj#k )’

(2.14)

i

(2) a-cut method

In this method, fuzzy extent analysis is applied to calculate the fuzzy
weights and performance matrix for criteria, as well as alternatives under each
criterion. A fuzzy weighted sum performance matrix (P) can be derived for the
alternatives by multiplying the fuzzy weight vector related to criteria with the decision
matrix for alternatives under each criterion, and summing the obtained vectors, as

shown in Equation (2.15).

(om0 )
po| (omyw) | (2.15)
(I,m,,u, /

where n is number of alternative.
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According to Wang (1997), in order to check and compare two fuzzy
number A and B as shown in Figure 2.5. The a-cut-based method stated that, if let A
and B be fuzzy numbers with a-cuts, Aq = [as-, 8s+] and Bq = [Da-, Do+]. Fuzzy number
of A is smaller than B denoted by A < B, if a, - < by - and au+ < bg+ for all a in the
range of [0, 1]. Hence, cannot be compared A and B, if b,_ < a,_ for small a but
b,_ = a,_ for large a. In practice, A<B if a,, < b, forall a € [c, 1], where c is a
constant that is usually larger than 0.5. This method clearly emphasizes the numbers

with large membership values.

A

——

Figure 2.5 a-cut-based method (Wang, 1997).

In next step, a-cut analysis as shown in Figure 2.6 is applied to transform
the total weighted performance matrices into interval performance matrices, which is
showed with alLeft and aRight for each alternative as shown in Equations (2.16),
(2.17), and (2.18).

(aLeft ,aRight )

p— (aLeftZ,foightz) _

; (2.16)
(aLeft ,aRight ) /
aLeft = [a*(m-1)]+], (2.17)

aRight = u-[a*(u-m)]. (2.18)
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Figure 2.6 «a-cut level (Abebe, Guinot, and Solomatine, 2000).

Last step is to convert interval matrices into crisp values. It is done by
applying the Lambda function which represents the attitude of the decision maker that
is maybe optimistic, moderate or pessimistic. Decision maker with optimistic attitude
will take the maximum A, the moderate person will take the medium A and the
pessimistic person will take the minimum A in the range of [0,1]. The a-cut is to
account for the uncertainty in the fuzzy range chosen in. In this case, the decision
maker expressed personal confidence about this range. The confidence value is ranges
between 0 and 1, from the least confidence to the most confidence as shown in

Equations (2.19) and (2.20)

Cui
c=[ 2 ); (2.19)
C)m
C, =\ x oRight+( 1-A) x aleft, (2.20)

where Ca.is crisp value, and
A is a decision maker attitude.
These values should be normalized because of different scales.
(3) Centre of area defuzzification
Centre of area defuzzification method (Ross, 1995) is a method for

transforming fuzzy triangular numbers into real numbers (Figure 2.7).
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Figure 2.7 Center-of-area method for defuzzifying a triangular fuzzy
number (Vahidnia et al., 2009).
This method can determine actual site priorities and overall scores. For a
convex fuzzy number ~C, a real number x* corresponding to its. This procedure is the
most prevalent and physically appealing of all defuzzification method (Sugeno, 1985;

Lee, 1990). Center of area of ~ C is defined by Equation (2.21).

S (0dx
o ) HR)dx

o/ (2.21)

2.3 Sensitivity analysis

The aim of sensitivity analysis is to determine how the recommended
alternative (the output) is affected by changes in the input which are geographical data
and the decision maker’s preference. There are few methods for sensitivity analysis.
One is making change in the single-criterion vales, the weights assigned to the
evaluation criteria, and the probabilities (if any) to discover which of these quantities
are important in determining the final recommendation (Malczewski, 1999). Other
can be observation the change of output according to the influence of every index.
This can be conducted by observing the change of recommendation when remove a

criterion, one at the time, from the decision process (Zhang and Wang, 2009).
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2.4 Previous studies

Multi-criteria decision making research has developed rapidly and effectively
for analyzing complex decision problem like making decision for dam site
construction with big amount of budgets. The problem is involved a set of alternatives
that can be evaluated and compared in terms of the conflict, cost, and benefit, with
some incommensurate criteria. MCDM represents decision outcome for a set of
alternatives and a set of evaluation criteria.

Mekong Secretariat (1994) conducted an inventory of suitable project which
will avoid, to the maximum impact, relocation of communities and disturbance of
valuable agriculture and other resources. Twelve hydro projects along the Mekong
River of LMB between Chiang Khong to Phnom Penh were selected as candidate
alternatives. Consideration on the basis of impact and benefit analysis including
design and cost analyses of each alternative site was operated. The method was
evaluated based on the numbers of impact and benefit contained numbers of
population affected, land affected, and economic indicator (internal power
generation). The alternative had been evaluated as individual isolate project for
comparison their merits in selecting promising option. It was found that 9 project sites
appear to offer attractive economic opportunities for electric power generation.
Among those candidates, priority was suggested based on the apparent and probable
social and environmental effect. However, ICEM (2009) continually evolved the
design and characteristic of the 12 mainstream hydropower projects based on update
and new information.

Additionally, Saaty (1980) proposed the systematic analytical hierarchy process

(AHP) to solve the MADM problem, as AHP is a flexible and yet structured
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methodology for analyzing and solving complex decision problems by structuring
them into a hierarchy. At that time, AHP has been widely used as useful multi-criteria
decision making (MCDM) estimated in many areas of research such as site
selection (Guiqin, Li, Guoxue, and Lijun, 2009; Sehnaz, Erhan, Bilgehan, and Remzi,
2010; Vidal, Sahin, Martelli, Berhoune, and Bonan, 2010), land suitability
evaluation (Bunruamkaew and Murayam, 2011; Javadian, Shamskooshki, and
Momeni, 2011; Ouyang, Lu, Wu, Zhu, and Wang, 2011; Anane, Bouziri, Limam, and
Jellali, 2012) and development and planning (Lai, Han-lun, Qi, Jing-yi, and Yi-jiao,
2011).

Hence, Chang (1996) first introduced fuzzy AHP approach with function of
triangular fuzzy number for pairwise comparison, while fuzzy extent analysis method
was used to synthesis extent value of the pairwise comparison. However, the
traditional model of Chang (1996) may contained outputs such information as “zero is
used as divisor”, or “data is out of range”, then Zhu, Jing, and Chang (1999) improved
the basic theory of the triangular fuzzy number and the formulation of comparing the
triangular fuzzy number’s size. Chan and Kumar (2007) applied the fuzzy extent
analysis hierarchy process for global supplier development considering both
qualitative and quantitative factors of risk factor, to identify and discuss some of the
important and critical decision criteria including risk factors for the development of an
efficient system for global supplier selection. Fuzzy extended analytic hierarchy
process based methodology was discussed to tackle the different decision criteria like
cost, quality, service performance and supplier’s profile including the risk factors
involved in the selection of global supplier in the current business scenario. Fuzzy

extended analytic hierarchy process was an efficient tool to handle the fuzziness of
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the data involved in deciding the preferences of different decision variables. The
proposed model can provide not only a framework for the organization to select the
global supplier but also has the capability to deploy the organization’s strategy to its
supplier.

Buyukozkan (2009) determined the mobile commerce (m-commerce) user
requirements using an analytic approach. The approach consisted of three main steps
of identifying m-commerce user requirement, structuring m-commerce user
requirement, and identifying the importance of weights for m-commerce user
requirements. For the comprehensively identifying m-commerce user requirement, a
two-step approach was followed. First, a list of preliminary success factors was
identified based on an extensive review of m-commerce, mobile business and mobile
applications literature. Second, the identified requirements were subject to the
examination and modification of information technology experts. By this two-step
approach, 13 factors were finally retained and grouped into three categories.
However, for structuring m-commerce user requirement, three categories with 13
factors were formed in hierarchy model. The hierarchy model consisted of three levels
of objective (level 1), main requirement (level 2), and sub-requirement (level 3).
Level 2 contained functionality, profitability and credibility. Further, the level 3 on
basis of functionality consisted of (simplicity, usability, flexibility, interface, speed,
and accessibility), profitability (added wvalue, options of payment, price, and
individualization), and credibility (reliability, safety, and correction of the system).
The FAHP methodology was applied to criteria weight determination. It was also well
recognized that human assessment on the relative importance of individual customer

requirements was always subjective and imprecise. Hence, fuzzy extent analysis
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method was used to calculation composite priority weights of m-commerce user
requirements. Additionally, the fuzzy extent method applied in this paper was proved
to be simple, less time taking and having less computational expense as compared to
other existing decision-making systems. The results showed that for Turkish m-
commerce users, the most important requirements were price, added value, reliability,
safety and simplicity.

Wang, Luo, and Hua (2008) examined and discussed in example number of
applications of the extent analysis method on fuzzy AHP proposed by Chang (1996).
The priority vectors determined by the extent analysis method do not represent the
relative importance of decision criteria or alternatives and that the misapplication of
the extent analysis method to fuzzy AHP problems may lead to a wrong decision
when some useful decision information such as decision criteria and fuzzy
comparison matrices was not considered. The result indicated that the extent analysis
method may assign a zero weight to a decision criterion or alternative, leading to the
criterion or alternative not to be considered in decision analysis; the weights
determined by the extent analysis method do not represent the relative importance of
decision criteria or alternatives and cannot be used as their priorities; the extent
analysis method may make a wrong decision and select the worst decision alternative
as the best one when it was misused for solving a fuzzy AHP problem. The extent
analysis method cannot make full use of all the fuzzy comparison matrices
information and may cause some useful fuzzy comparison matrices information to be
wasted when it assigns an irrational zero weight to some useful decision criteria or
sub-criteria. Therefore, the extent analysis method is not a method for deriving

priorities from a fuzzy comparison matrix. It was just a method of showing how the
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degree of priority of one decision criterion or alternative is bigger than those in fuzzy
comparison matrix.

Vahidnia et al. (2008) treated the steps AHP and its manner in term of its
weaknesses and strengths. Then, the fuzzy modified analytical hierarchy process
(FAHP) was proposed in order that the concepts like of fuzziness, uncertainty and
vagueness were able to broadly posed in expert’s decision making. The fuzzy extent
analysis method and a-cut based method on fuzzy AHP were described to obtain a
crisp priority vector from a triangular fuzzy comparison matrix. The advantage of a-
cut-based method was that the conclusion was less controversial and also the
uncertainty and the different attitude of decision maker can be taken into account in
this method but the fuzzy extent analysis was more easy in computation.

Vahidnia et al. (2009) developed a multi-criteria decision analysis process that
combines Geographical Information System (GIS) analysis with the Fuzzy Analytical
Hierarchy Process (FAHP) to determine the optimum site for a new hospital in the
Tehran urban area. The GIS was used to calculate and classify governing criteria,
while FAHP evaluated the decision factors and their impacts on alternative sites.
Three methods were used to estimate the total weights and priorities of the candidate
sites: fuzzy extent analysis, center-of-area defuzzification, and the a-cut method. The
three methods yield identical priorities for the five alternatives considered. Fuzzy
extent analysis provided less discriminating power, but was simpler to implement and
compute than the other two methods. The a-cut method was more complicated, but it
could integrate the uncertainty and overall attitude of the decision-maker. Center of

area was scientific determination for actual site priorities and overall scores.
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2.5 Synthesis of the research approach

From literatures mentioned above, their advantage and disadvantage are
synthesized as follows, which could lead to contribute to this study.

(1)  From the previous works, the criteria consideration to rank the relative
importance of an alternative was based on only individual proposed site. No pairwise
comparison among alternatives, based on each criterion, was operated. Thus, this
study is planned to cover such a comparison.

(2)  Normally, to rank the relative importance of the proposed dam sites and
reservoirs, the single theme of environmental effect or affected communities or
affected ecology, etc was considered. This study tries to cover more themes as many
as possible.

(3)  Factors to be considered are normally in form of quantitative number
such as a number of people affected from the project and benefit as expressed in mega
Watt like electricity generation. This study plans to include quantification of some
descriptive factors such as foundation geology, availability of construction materials,
etc.

(4)  AHP has been widely used as a useful tool in MCDM and has been
applied to many fields of study. Nevertheless, it has never been found to be employed
for ranking the importance of proposed dam sites and reservoirs which are one of the
complicated decision problems. However, the comparison in AHP has limitation of 9
point scale. This makes it more difficult when AHP deals with the imprecision and
subjectivity in the pairwise comparison process.

(5)  FAPH has been improved to fulfill the decision maker imprecise and

subjectivity in pairwise comparison by transforming crisp judgments into fuzzy
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judgments. In other word, FAHP is suitable to be applied in a case of having
uncertainty and less data and information to provide for the decision making.
Therefore, this study which shares the same point of judgment decides to employ
FAHP for ranking the importance of the proposed dam sites and reservoirs. The
application of these most detailed representative weights of ranks obtained from the
FAHP to a certain purpose is expected to return the more accurate result, for example,
when requires to allocate very big amount of budget to support every dam activities
based on their benefits and costs. These activities might include hydropower supply,
enhancing implementation of tourist network development, environmentally
monitoring study, foundation maintenance, etc.

(6) There are many methods for defuzzification or transforming fuzzy
judgment to be crisp ranking e.g. fuzzy extent analysis, center-of-area, o cut,
geometric mean approximation, etc. Each technique has its own advantage. Therefore,
this study includes each technique in order that the results can be compared and
discussed. This can be used as useful and explainable basic information for decision
makers.

(7)  The output can be affected differently by the influence of individual
criterion. To provide more information to decision makers, sensitivity analysis,

operating on dropping one criterion at the time, is added in the study.



CHAPTER Il
CHARACTERISTICS OF THE STUDY AREA AND

PROPOSED DAM PROJECTS

3.1 Regional information

Lao PDR or herein called Laos is considered as landlocked country, which an
area extent is about 236,800 sg.km, and located in the center of the Southeast Asia

peninsula. It lies mostly between latitudes 13°54" and 22°30" N, and longitudes 100°05'

and 106°38' E. Laos shares boundary with 5 countries, namely the People’s Republic
of China in the North, the Kingdom of Cambodia in the South, the Socialist Republic
of Vietnam in the East, the Kingdom of Thailand in the West, and the Union of
Myanmar in the North West.

Physiography of Laos has been divided into three regions (Duckworth, Salter,
and Khounboline, 1999) i.e. Northern Highlands, Annamite Range or Saiphou Louang
range, and Mekong Plain, as illustrated in Figure 3.1. The Northern Highlands is
characterized by complex mountains of which altitudes vary between 500-2,500 m.
The Saiphou Louang Range is between 500-2,000 m, with less rugged terrain than the
Northern Highlands and soil type is generally similar to those in the North. The
Mekong Plain lies in the south of the Northern Highlands and West of the Annamite
Range. It is an area of primarily flat to gently undulating topography, mostly below

200 m.
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Figure 3.1 Physiographic units of Lao PDR (Duckworth et al., 1999).

The study area is located at the southwestern part of the Northern Highlands
where Mekong River flows through Laos at Houyxay district, Bokeo province before
acts as the Laos-Thailand border in the south of the area. The area consists of the
various intermontane basins. More or less, each basin has become the location of a
famous town due to its physical characteristic, socio-economic condition, and tourist
attraction e.g. Oudomxaiy, Luangprabang, Xienghone, Ngeun, Hongsa, Nan,
Xaiyabury, Phiang, Kasy, Mad, Vungvieng, Fuang, Xanakham, Parklai, Boten,

Kenthao intermontane as shown in Figure 3.2.
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Figure 3.2 Intermontane basins in the North of Laos.

3.1.1 Climate

Laos is located within a tropical area where the weather is generally hot
and humid. The general climate of Laos is characterized by two distinct seasons, dry
season from November to March and the rainy season from April to October.

Most climates of Lao are strongly influenced by the annual monsoon
cycle (Figure 3.3), with the west-southwest (WSW) monsoon from May to October
and NE Monsoon from November to February. The WSW monsoon originates from

the Indian Ocean lasts from mid-May until the end of October brings around 90
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percent of annual rainfall and the depression and typhoon occur during June, July,
August, and September, due to these months are usually the month of intense rainfall.
As the season progress, the cyclonic storms originate from the west Pacific Ocean and
the South China Sea. The storm moves from their origins towards the west and
northwest direction. After crossing the peninsula coast into Vietnam, Lao, and
Thailand, their intensities usually decrease and maintain in the types of depression

storms.
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Figure 3.3 Monsoon and depression condition in Laos (Ch.karnchang Public

Company Limited, 2010).
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The mean annual rainfall ranges between 1,400 and 2,500 mm over most
of the country, although the Bolaven Plateau receives on average over 3,500 mm, and
areas around Savannakhet and parts of the north generally receive less than 1,500
mm. The mean annual temperature is between 25-26°C, the coolest month in
December to January (20-21°C), and the hottest in April to May (28-30°C). In some

areas, temperatures are possibly 40 to 42°C.
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Figure 3.4 Location of river gauging stations and meteorological stations in the

study area.
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The climate of the study area is almost the same as the whole Laos

country. Table 3.1 shows the mean monthly rainfall from 8 available meteorological

stations located at Huayxay, Luangnamtha, Muangxay, Luangprabang, Phonsavan,

Xyabury, Phonhong, and Vientiane (Figure 3.4).

Table 3.1  Mean monthly rainfall (mm).

S B
2 82 2 %3 8 & & %3
>S 28 ¥ £]8 £8 =28 @28 &8
£ £d 23 24 o4 & 34 84 £4
S T s S s5 98 €5 S5 g5
= Td Jd =2Zd O0d aod XZd ad >-d
Jan 13.4 16.1 11.6 13.9 8.4 9.1 7.1 5.7
Feb 28.2 29.4 21.7 23.4 15.8 14.1 194 20.2
Mar 46.7 58.2 49.3 43.5 58.9 43.5 444 40.9
Apr 123.8 1138 989 1053 146.5 116.1 104.1 90.8
May 242.1 2176 177.4 159.3 189.8 1694 3440 238.2
Jun 229.8 2012 201.3 1783 1889 1584 3476 281.3
Jul 373.6 3005 279.4 2609 276.1 2028 449.4 288.6
Aug 404.0 297.8 318.2 2788 3023 2389 4595 316.2
Sep 248.6 1694 170.7 161.9 1553 227.0 3470 2744
Cot 1149 1104 65.6 111.0 69.6 97.2 1143 925
Nov 42.7 46.5 30.2 33.9 22.3 26.3 19.0 12.8
Dec 12.7 28.8 20.6 15.6 7.9 9.1 3.5 3.8
Mean annual 1,880.5 1,586.8 1,444.9 1,382.1 1,441.8 1,297.3 2,259.2 1,665.4

3.1.2 Hydrology

The hydrology of the study area consists mainly of the Mekong River

and tributaries. Seven main tributaries include Nam Tha, Nam Ngeun, Nam Beng,

Nam Ou, Nam Khan, Nam Met and Nam Houng, and Nam Khiam. They additionally

provide runoff to the Mekong River and could affect to a dam design and evaluation.

Four gauges stations at Chiang Saen, Luangprabang, Chaingkhan, and Vientiane are

selected for observation mean monthly runoff. This information is tabulated in Table
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3.2 and can be plotted as Figure 3.5 to illustrate the relationship between runoffs in
each month.

Table 3.2  Mekong River means monthly runoff (m3/s) at selected stations.

Month Chiang Saen 1962- Luangprabang Chiang Khan 1967 - Vientiane 1960 -

2005 1960 - 2005 2005 2005
Jan 1,145 1,670 1764 1784
Feb 928 1,262 1302 1394
Mar 824 1,050 1074 1201
Apr 901 1,085 1084 1225
May 1,332 1,585 1704 1777
Jun 2,471 3,106 3411 3472
Jul 4,787 6,487 7072 7110
Aug 6,366 9,912 10579 11184
Sep 5,421 8,861 9854 10937
Cot 3,788 5,670 6323 6801
Nov 2,483 3,771 3951 4216
Dec 1,666 2,368 2505 2554

Source: MRC (2005)
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Figure 3.5 Mean monthly runoff in m%/sec at selected stations along Mekong River.
Figure 3.5 illustrates the mean monthly discharge (m%/sec) of four

selected gauges on the Mekong River. The discharge for the whole year presents the
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normal downstream increase at stations respectively. During rainy season, the runoff
rapidly increased at all stations from June to the peak in August before dropping to
the base level in January. This indicates that between Chiang Saen and Vientiane
there are several large tributaries provide discharge to the Mekong River and cause its
increasing downstream.

3.1.3 Topography and landform

The terrain condition and surface configuration of any area results from
the operation of particular geomorphic process on particular types of bedrock,
surficial materials and geologic structure (Wright, 1984). Slope and landform together
with lithology can play an important role in controlling the energy of sediment
transportation, which in turn, has a direct effect on a grain size of materials in various
deposition environments. Source rocks often control the mineralogical composition of
surficial materials and these characteristic often affect their engineering behavior.

The study area consists of NE to N orientated high and complex
mountain ranges with alternating some narrow intermontane basins. The elevation
varies between 170 to 2,400 m as shown in Figure 3.6. Associated to the Mekong
River and tributaries, the valleys and intermontane basins were formed.

Most of the landform of this area consists of complex mountains, ridges
and hills, piedmont fringes and valley flats. The large mountain is typically
characterized by high relief and steep slope, lying along both sides of the Mekong
River and its tributaries, with altitude ranges from 500-2,400 m. Valley flats appear

more and bigger at the south with elevation ranges between 170-600 m.
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Figure 3.6 Topography of the study area and locations of proposed dam projects.
3.1.4 Geology
Basic geology of the study area is available in a map scale at 1:1,000,000
(JICA and DGM, 2008a). More detailed map was partly mapped at two different
scales, 1:200,000 at the northern part (DGMV and DGM, 2007) and 1:100,000 at the

southern part (JICA and DGM, 2008b) as shown in Figure 3.7.
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Geology at these scales along both sides of the Mekhong River from
Xayabury to Luangprabang is missing. Therefore, visual interpretation is used to
extract geologic information at the scale of 1:200,000 based on previous maps,
Landsat TM satellite imagery, hillshade image. The hillshade image can be obtained
from grid DEM of the Shuttle Radar Topography Mission (SRTM) with resolution of
90x90 m. Stratigraphic units of the original geologic maps at all scales mentioned
above are used for geologic interpretation and not completely compiled. However,

general rock types of the units can be extracted to use for Land Instability Index
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determination. The geologically interpreted result is shown in Figure 3.8. (See

description of map unit in Appendix A).
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Figure 3.8 Interpreted and modified geology of the area related to proposed dam

projects in the study area.
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Geology of the area is characterized by the presence of rocks and
sediments in Paleozoic to Cenozoic eras and from Devonion to Quaternary periods.

As described by JICA and DGM (2008a), Paleozoic and Mesozoic rocks
consist of continental fluvial and shallow to deep marine sediments dominate
throughout the area. These rocks have been intruded by numerous granitoid plutons
comprising granodiorites, monzonites and quartz porphyries during the Devonian to
Triassic. The detail of symbols of rock units is described in appendix A.

The Cenozoic sediments contains Quaternary and Neogene repetitive
group of surface deposits. Alluvium sand and gravels along the Mekong River and
tributaries including higher land always appear in intermontane basins while finer

grains like sand, silt and clay are present in the narrow valley flats.
3.2 Proposed dam projects information

Five hydropower projects along the Mekong River within Northwestern Laos
are proposed. According to ICEM (2010), general specifications of these proposed
dams and reservoirs can be described as follows:

3.2.1 Pakbeng dam

Pakbeng Dam is the northernmost of the LMB located upstream of the
town of Pakbeng between boundaries of Pakbeng district, Oudomxai province, and
Ngeun district, Xayabury province. It has an installed capacity of 1,230 MW from a
proposed dam with 943 m long, 76 m high and rated head of 30 m. It has a reservoir
area of 86.51 km? and live storage of 442 million cubic meters (million.cu.m). As
originally designed with a Full Supply Level (FSL) at 345 m amsl, it would have
inundated land back into Thailand, but under the Lao Government Optimizations

Study for the cascade of the proposed project, the FSL was lowered to 340 m amsl to
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avoid this impact. Eighty percentage of the reservoir area will be confined to the main

channel. The latest estimate of people to be resettled is approximately 6,700 persons.

More detail is described in Table 3.3 below.

Table 3.3  Overview of Pakbeng dam and reservoir (ICEM, 2009).

Overview of project

Description

Name of dam
Proposed location

Height

Length

Type of Dam construction

Rated head

Plant discharge

Number of units

Install capacity

Firm and secondary energy generated
annually

Mean annual discharge

Min observed flow

Max observed flow

Gated spillway

Spillway dimensions

Max spillway design discharge and
return period used

Proposed

Proposed market for electricity, nation
Proposed market for electricity, export
to Thailand

Multipurpose uses considered (if any)
Reservoir

Full Supply level of reservoir

Low Supply level of reservoir

Area inundated at FSL

Active volume of the reservoir

Dead storage volume of reservoir
Length of reservoir

Construction

Material source variable

Accessibility requirement

Pakbeng HPP

2,188 upstream delta
Latitude 19°50'37.64"
Longitude 101°1'7.22"
76 m

943 m

Concrete gravity

30m

7,250 cu.m/sec
10x123 MW

1,230 MW

Mean 5,517 GWh/yr, firm 4,074

3,160 cu.m /sec (312.05 m amsl)
635 cu.m/sec (306.20 m amsl)
23,500 cu.m/sec (333.7 m amsl)
15 gates elevation 322

15m wide x 23 m height

27,300 (P=0.2%)

10%
90%

Navigation

340 m amsl

339 m amsl
86.51 sg. km
442 million.cu.m
NA

130-144.5 km

2 quarries at left and right banks

1.74 km to connect the road from Ban
Pakbeng

Internal access roads: 7.4 km concrete
roads and 6.5 km of gravel roads.
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Table 3.3  (Continued).

Construction Description

Transmission line to Thailand about 80 km

Dimensions of navigation locks 1 lock capacity 500 tonnes
73 mlong x 12 m wide X 3.2 m deep
Lift 37.48 m

Type and dimensions of fish passes included but no details

Impacts

Number of communities to be resettled 28 villages

Number of households to be resettled 774 households

People 6,700 persons

Total reservoir 86.51 sq.km

Total area of agricultural land inundated 13.25 sq.km

Mixed bamboo and secondary forest 4 sq.km

Tourism and cultural sites lying in the None
inundation zone

3.2.2 Luangprabang dam

Luangprabang are the second dam in the cascade, located above
Luangprabang town, about 3 km above the confluence with the Nam Ou, and the Pak
Ou caves. The power will be destined for Vietnam. It has an installed capacity of
1500 MW, length 318 m and 57.5 m high with a rated head of 33.6 m which designed
as concrete gravity dam installed of 10 Kaplan unit. The main proposed market for
electricity, 90% will be exported to Vietnam and used as multipurpose to be
navigated. It has a reservoir area of 72.39 km?, with 320 m amsl FSL and 318 m amsl|
Low supply level (LSL). Reservoir length is about 170 km at FSL, 40% of the length
is contained within the channel and live storage of 136.1 Mm?. The latest estimate of
people to be resettled was approximately 12,966 persons, impact to 36 communities,

and 2,516 households. The more detail is described in Table 3.4.
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Table 3.4  Overview of Luangprabang dam and reservoir (ICEM, 2009).
Overview of project Description
Name of dam Luangprabang

Proposed location

Height

Length

Type of Dam construction

Rated head

Plant discharge

Number of units

Install capacity

Firm and secondary energy generated
annually

Mean annual discharge

Min observed flow

Max observed flow

Gated spillway

Spillway dimensions

Max spillway design discharge and
return period used

Proposed

Proposed market for electricity, nation
Proposed market for electricity, export
to Vietnam

Multipurpose uses considered (if any)
Reservoir

Full Supply level of reservoir

Low Supply level of reservoir

Area inundated at FSL

Active volume of the reservoir

Dead storage volume of reservoir
Length of reservoir

Construction

Material source variable

Accessibility requirement

Transmission line
Dimensions of navigation locks

Type and dimensions of fish passes

2,188 upstream delta
Latitude 20°03'58.8"
Longitude 102°11'30.7"
57.5m

318 m

Concrete gravity

32m

5,091 cu.m/sec

10 Kaplan

1,500 MW

Isolated 7,102.7 GWh/yr, cascade 8,258
GWh/yr

3,061 cu.m/sec

NA

45,900 cu.m/sec

10 gates

18 m wide x 22 m height
44,838 - 1:10,000 yrs

10%
90%

Navigation

320 m amsl

318 m amsl

72.39 sg. km

136.1 million.cu.m

1,453.7 million.cu.m

170 km at FSL, 140 km at amsl

2 quarries at left and right banks

1 bridge across Nam Ou, temporary
bridge across mainstream, 4 km access
road along left bank, 11 km from Pak
Ou to route 13

to Vietnam about 400 km
Multiple step, 1,210,000
shipping /yr

2 locks at 12 x 120 x 3 m depth
Provided on the right bank but no details

tons of
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Table 3.4 (Continued).

Impacts Description

Number of communities to be resettled 26 villages

Number of households to be resettled 2,516 households

People 12,966 persons

Total reservoir 72.39 sgq.km

Existing water surface 28.64 sg.km

Total area of agricultural land inundated  1.94 sq.km

Mixed bamboo and secondary forest 41.81 sq.km

Tourism and cultural sites lying in the Pak Ou caves are 3 km downstream of
inundation zone the dam site

3.2.3 Xayabury dam

Xayabury, the third dam in the cascade which is located about 150 km
downstream of Luangprabang town. The power will be destined for Thailand. It has
an installed capacity of 1,260 MW with a dam 810 m long and 32 m high and a rated
head of 24 m. It is proposed to operate continuously. It has a reservoir area of 49 km?
(96% confined within the main channel) and live storage of 225 Mm?2. The proposals
and studies for Xayabury are the most advanced, and become the first in line for
consideration under the MRC’s Procedures for Notification, Prior Consultation and
Agreement (PNPCA). The latest estimate of people to be resettled is approximately
2,130 persons. More detail of the dam is in Table 3.5.

Table 3.5 Overview of Xayabury dam and reservoir (ICEM, 2009).

Overview of project Description
Name of dam Xayabury hydroelectric power project
Proposed location 2,188 upstream delta

Latitude 20°03'58.8"
Longitude 102°11'30.7"

Height 32m
Length 810 m
Type of Dam construction Composite of powerhouse, spillway,

fish passing facilities and navigation
locks with no dam body

Rated head 29.5m

Plant discharge 5,000 cu.m/sec
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Table 3.5 (Continued).

Overview of project Description

Number of units 8 Kaplan

Install capacity 1,280 MW

Firm and secondary energy generated Primary energy 4,180.9 GWh/yr
annually Secondary energy 871 GWh/yr

Excess energy 2,264.7 GWh/yr
Total energy 7,316.6 GWh/yr

Mean annual discharge 2,000 cu.m/sec

Min observed flow NA

Max observed flow NA

Gated spillway 12 gates

Spillway dimensions 18 m wide x 20 m height

Max spillway design discharge and 47,500 cu.m/sec - 1:10,000 yrs
return period used

Proposed

Proposed market for electricity, nation 10%

Proposed market for electricity, export 90%

to Thailand

Multipurpose uses considered (if any) Navigation

Reservoir

Full Supply level of reservoir 275 m amsl

Low Supply level of reservoir 268 m amsl

Area inundated at FSL 49 sq. km

Active volume of the reservoir 211.97 million.cu.m

Dead storage volume of reservoir 514.05 million.cu.m

Length of reservoir 90 km

Construction

Material source variable NA

Accessibility requirement 25 km

Transmission line 220 km

Dimensions of navigation locks Two steps of navigation locks 12 m x
195 m x 5Sm.

Type and dimensions of fish passes 2 sets of fish ladder with opening of
3x10 m?, between the spillway and
power house and left abutment near
power house

Impacts

Number of communities to be resettled 10 villages

Number of households to be resettled 391 households

People 2,130 persons

Total reservoir 72.39 sq.km

Existing water surface 28.64 sq.km

Total area of agricultural land inundated 0.18 sg.km

Mixed bamboo and secondary forest 1.62 sg.km

Tourism and cultural sites lying in the None
inundation zone
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3.2.4 Paklay dam

Paklay, the fourth dam in the cascade is located just above the district
town of Paklay in Lao PDR. Two options for its location are proposed and the upper
option has been recommended during the Laos Government Optimization Study
because it would significantly reduce the number of people to be relocated from about
18,000 to 6,129. The power will be destined for Thailand. It has an installed capacity
of 1,320 MW. The dam is 630 m long and 35 m high with a rated head of 26 m. It has
a reservoir area of 70 sg. km (33% confined within the main channel) and live storage
of 144 million.cu.m. More detail of the dam is in Table 3.6.

Table 3.6  Overview of Paklay dam and reservoir (ICEM, 2009).

Overview of project Description

Name of dam Paklay

Location of preferred Latitude 18°24'5.34"
Longitude 101°35'1.01"

Height 35m

Length 630 m

Type of Dam construction Set of 5 earth fill rock closure dykes
across two channels

Rated head 38.5m at211.5 m amsl

Plant discharge 4,500 cu.m/sec

Number of units 10 Kaplan

Install capacity 1,320 MW

Firm and secondary energy generated Mean 6,460 GWh/yr

annually Firm 4,636 GWh/yr

Mean annual discharge 3,850 cu.m/sec

Min observed flow NA

Max observed flow NA

Gated spillway 12 radial gates

Spillway dimensions NA

Max spillway design discharge and 38,400 cu.m/sec - 1:10,000 yrs
return period used

Proposed

Proposed market for electricity, nation 0%

Proposed market for electricity, export 100%

to Thailand

Multipurpose uses considered (if any) Hydropower only
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Table 3.6  (Continued).

Reservoir Description

Full Supply level of reservoir 240 m amsl

Low Supply level of reservoir 237 m amsl

Area inundated at FSL 70 sq.km

Active volume of the reservoir 144 million.cu.m

Dead storage volume of reservoir NA

Length of reservoir 110 km

Construction

Material source variable NA

Accessibility requirement 62 km

Transmission line 66 km

Dimensions of navigation locks 1000 tones, One single line double-lift
lock chamber

Type and dimensions of fish passes Planned but no dimensions yet

Impacts

Number of communities to be resettled 16 villages

Number of households to be resettled 643 households

People 6,129 persons

Total reservoir 70 sg.km

Existing water surface 39.99 sg.km

Total area of agricultural land inundated  8.21 sq.km

Forest 21.80 sg.km

Tourism and cultural sites lying in the None
inundation zone

3.2.5 Xanakham dam
Xanakham, the final dam of the cascade, is situated just upstream of the
Thai-Lao border, between Loei and Vientiane provinces. The developer is Datang
International Power Generation from China and the power is destined for Thailand. It
has an installed capacity of 700 MW. The dam is 1,144 m long and 38 m high with a
rated head of 25 m. It has a reservoir area of 81 km? (83% confined within the main
channel) and live storage of 106 Mm?. The latest estimate of people to be resettled is

approximately 4,000 persons. More detail of the dam is in Table 3.7.
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Table 3.7  Overview of Xanakham dam and reservoir (ICEM, 2009).
Overview of project Description
Name of dam Xanakham

Location of preferred

Height

Length

Type of Dam construction

Rated head

Plant discharge

Number of units

Install capacity

Firm and secondary energy generated
annually

Mean annual discharge

Min observed flow

Max observed flow

Gated spillway

Spillway dimensions

Max spillway design discharge and
return period used

Proposed

Proposed market for electricity, nation
Proposed market for electricity, export
to Thailand

Multipurpose uses considered (if any)
Reservoir

Full Supply level of reservoir

Low Supply level of reservoir

Area inundated at FSL

Active volume of the reservoir

Dead storage volume of reservoir
Length of reservoir

Construction

Material source variable

Accessibility requirement
Transmission line

Dimensions of navigation locks

Type and dimensions of fish passes
Impacts

Number of communities to be resettled
Number of households to be resettled
People

Total reservoir

1,737 km upstream of delta
Latitude 17°50'00"
Longitude 101°33'00"
38m

1,143.6 m

Concrete gravity
25m

5,918 cu.m/sec

10 Kaplan x 70 MW
700 MW

Mean 3,210 GWh/yr
Firm 4,438 GWh/yr
4,160 cu.m/sec

NA

33,900

NA

NA

NA

10%
90%

Navigation

220 m amsl

215 m amsl

94 sq.km

186.7 million.cu.m
NA

80 km

NA

44 km

To Thailand — route not determined yet
2 step ship lock capacity1,000 tones
Included but no details

10 villages

800 households
4,000 persons
94 sq.km
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Impacts Description
Existing water surface 20 sq.km
Total area of agricultural land inundated 60 sg.km
Forest 14 sg.km
Tourism and cultural sites lying in the Non

inundation zone




CHAPTER IV

RESEARCH PROCEDURE

This chapter explains about the research procedure of the study, which mainly
covers processes of criteria selection and collection, FAHP analysis, and fuzzy rank
methods. The conceptual framework of this research is displayed in Figure 4.1,
including (1) criteria selection and data collection (2) decision matrix design (3)
questionnaire design and survey, (4) expert preference analysis (5) consistency
checking, (6) aggregation of expert preferences, (7) fuzzy weighted sum estimation,
(8) defuzzification, (9) ranking of relative importance of dam and reservoir, and (10)
sensitivity analysis.

4.1 Criteria selection and data collection

Five alternatives of the dam and reservoir sites including Pakbeng,
Luangprabang, Xayabury, Paklay, and Xanakham, have been proposed for ranking the
importance of their priority of development. Criteria selection is therefore based on
their characteristics related to environmental impact conditions, cost of construction
and maintenance, and benefit provided from dams. These projects are not really multi-
purposes. They are mostly concentrated on hydropower generation. There is no
potential and intensive agricultural activity located in the surroundings of alternative
locations. These reservoirs are also characterized by long and narrow shape
containing limited amount of water. Therefore, irrigation is not one of the purposes of

the development projects. However, the criteria selection is finally, more or less,
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controlled by data availability of this specific area. The criteria selected including

physical, cultural, and social properties spatially related to dams and reservoirs

together with their benefits are listed in Table 4.1. The attributes or criteria of each

dam from the table are described in the followings.

Criteria selection and data collection

!

Decision matrix design

FAHP

v

Questionnaire design and survey
v

Preference analysis

Pairwise comparison

No
@ Exclude

Yes
Aggregation of fuzzy expert preferences
v
Fuzzy weighted sum estimation
v
Defuzzification
Center-of-area o cut Fuzzy extent
defuzzification method analysis
v
Ranking dam and reservoir sites
v

Sensitivity analysis

Figure 4.1 Conceptual framework of the research methodology.

4.1.1 Seismic effect

The seismic effect mainly influencing to the dam safety is considered in

term of Probable Horizontal Peak Ground Acceleration (PGA). 10% PGA with two
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different periods of 50 and 100 years in Thailand and adjacent areas was estimated
using probabilistic seismic hazard analysis carried out by Pailoplee et al., (2010). This
resulted in PGA representing seismic effect in 2521 grid points with spacing
0.25°x0.25° mesh in a rectangle form (Figure 4.2).

Table 4.1  The criteria selected for ranking dams and reservoirs.

Objectives Sub objective  Attribute Basic data/sources

Cost Dam-related Seismic effect Probabilistic seismic
hazard analyses
(Pailoplee et al., (2010)).
Foundation geology Geologic map (DGMV
and DGM, 2007;JICA
and DGM,2008b).

Construction material Geologic map (DGMV
availability and DGM, 2007;JICA
and DGM,2008b).
Accessibility Road network and their
requirement proposed road.
Transmission line Proposed line on dam.
Reservoir Settlement impact MRC SEA for
related hydropower on the

Mekong mainstream
inception report Vol. 2.

Landslide instability Slope and geologic maps.
index (LI)

Inundated land use/ land MRC SEA for

cover (LULC) hydropower on the

Mekong mainstream
inception report Vol. 2.

Inundated mineral Potential mineral map
potentiality (JICA and DGM,2008b).
Inundated historic and Archeology data from
archeological sites Ministry of information
and culture.
Benefit Power generation MRC SEA for

hydropower on the
Mekong mainstream,
inception report Vol. 2.
Tourism attraction Tourist information (Laos
National Tourism
Administration (2012)).
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These PGA points within 30 km buffered zone around each dam site

(Figure 4.3) are adopted for an interpolation to obtain the PGA at a dam site. The

simplest method of inverse distance weighting (IDW) is applied on interpolation to

represent effectively local PGA directly influent to a site.
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The IDW interpolation can be expressed in Equation (4.1) as shown in
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Figure 4.3 Map of northern Laos showing probable peak ground acceleration

Equation (4.1).
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PGA=——— (4.1)

where, PGA, is the Probable Horizontal Peak Ground Acceleration (PGA) at a dam
site j", PGA: is the Probable Horizontal Peak Ground Acceleration (PGA) at grid
point i", and Djj is the distance from piont i to point j™.
4.1.2 Foundation geology
Foundation of a dam site mainly influences the cost of construction. The
foundation, which is not sound, can require very large budget for ground preparation
before dam construction. Foundation of the dam site is evaluated based on geologic
conditions which include rock types and structure. This information can be extracted
from available geologic maps and additional field investigation.
4.1.3 Construction material availability
Quarries and borrow pits are used to provide construction material for
dam construction, including rock, sand and gravel, and soils for aggregates and lining.
To save costs, the construction materials should be available nearby the dam site. This
information can be obtained from field survey around the site.
4.1.4 Accessibility requirement
Connection from main road to dam site construction is the most
significant for materials and equipment transportation. Available accessibility to dam
sites was described by (ICEM 2009, 2010). Closest distances from the road network
to the sites are determined based on existing road network (NGD, 2003) and position
of the sites. The information helps planning and budgeting for constructing new road

to sites.
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4.1.5 Transmission lines

Electric power transmission is the bulk transfer of electrical energy from
generating power plants to high voltage substations. Transmission lines, when
interconnected, become the transmission networks, typically referred to as the power
grid. The length of transmission lines from dam sites producing electricity to the
border of Laos and target countries of customers are explicitly related to cost of
construction. Additionally, high-voltage transmission line can affect to environment,
social, agriculture, and forest and require cost for remediation. This information is
obtained from ICEM (2009).

4.1.6 Settlement impact

Settlement impact is assessed using a number of potentially inundated
existing villages, households, schools, and monastery including cemeteries. The
information on possible numbers of villages, households, and people to be inundated
and impacted when dams are constructed are reported by ICEM (2009).

4.1.7 Land instability index (LI1)

LIl directly affects a reservoir in terms of potential landslide and erosion
in an area surrounding the reservoir. The products of landslide and erosion might
cause a dam break and increasing sediment load to shorten dam life. In this study the
potential of landslide and erosion in regional scale is determined in the form of LIl of
each reservoir. This can result from the compilation of slope and rock types. To
achieve LII, the procedure can be performed in 3 steps.

First, the affected areas surrounding reservoirs border is extracted by the
drainage divide which is visually and manually interpreted from combination of

shaded relief image and DEM data as displayed in the Figure 4.4.



57

Second, slope percentage and geologic units within affected areas are analyzed.
Slope percentage is extracted from DEM data using spatial analysis tools in ArcGIS
software while rock types of geologic units are extracted from the available geologic
maps. Rock types are then transformed to the numeric values on the basis of

erodibility of rock types modified after Wooldridge (1986).
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Figure 4.4 Combination of DEM data and Hillshade image.
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Finally, the transformed geology scores (GeoSc) and slope percentage (SI)
inform of raster format are multiplied and divided by affected area of each reservoir
Equation (4.2). The performance of the function is local operation. The result of each
LIl is then normalized.

?:1 (Sli.GeoSci)

LIl = -~ (4.2)
where: n : a number of cell in the affected area,
LIl : land instability index of an affected area,
Sl; : slope percentage of each cell i in an affected area,

GeoSci : geology score of each cell i in an affected area,
A is a total affected area of a reservoir.
4.1.8 Inundated land use and land cover (LULC)

Inundated LULC is assessed using the areas of inundated agricultural
land and forest. The more inundated properties indicate the more adverse impact. The
inundated forest, agriculture, and irrigation area are reported in the inception report
Vol Il of MRC SEA for hydropower on the Mekong main stream (ICEM, 2009). All
types of LULC for this study level are considered the same. Therefore, there is no
weight applied for different types of LULC.

4.1.9 Inundated mineral potentiality

Mineral potential is economic growth related criterion and can be lost in
the inundated reservoir area. Related to the impact of mineral potential, the expected
inundated types and areas are considered. This information is obtained from overlay
analysis between reservoir area and mineral potential mineral map which is only
available at the scale of 1:1,000,000. This information is provided by the Department

of Geology and Mines (JICA and DGM, 2008a).
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4.1.10 Inundated historic and archaeological sites
Historic and archaeological sites expected to be inundated are a criterion
influence on social impact. Their inundation in the reservoir can affect directly to
traditional culture. This information is obtained from the Ministry of Information and
Culture and report of MRC SEA for hydropower on the Mekong mainstream
inception report Vol 2: main stream project profile summaries (ICEM, 2009). The
more inundated historic and archeological sites indicated more adverse impact.
4.1.11 Power generation
The electricity generated from hydropower is considered very important
in aspect of the benefit of a proposed dam. Most of dams in the study area are
constructed for power generation proposed. 90% of the power will be exported to
Thailand. Only the one generated by the Luangprabang dam will be exported to
Vietnam. These information are obtained by propose of dam from the report of ICEM
(2009). Power productivity of dams can be obviously different and strongly affected
to the importance ranking.
4.1.12 Tourism attraction
In this study tourist attraction is one of the decision criteria for dam site
evaluation. Once constructed, a dam is a by-product tourist attraction. To be more
attractive, an alternative dam site should be near to the other tourist attraction sites. A
bigger number of tourist attractions within 30 km surrounding a dam, which is a
distance that can be travelled back and forth within a day, are considered to be more
attractive. These considered tourist sites are achieved from Ministry of Information,

Culture, and Tourism.
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4.2 FAHP Analysis

FAHP is one of the decision rules of MADA. It requires many steps i.e.
decision matrix design, questionnaire design and survey to obtain experts’ preference,
and fuzzy preference analysis. The preference analysis includes fuzzy pairwise
comparison, consistency examination, aggregation of expert preferences, and fuzzy
weighted sum estimation. Each process is described as follows:

4.2.1 Decision matrix design

Decision matrix is designed for decision making process to achieve the
goal. It can be constructed in term of hierarchy structure of the goal, objective, sub-
objective, attribute, and dam site alternative levels. Nevertheless, to achieve the goal,
each level is considered in different factors or criteria. For objective level, cost and
benefit criteria is considered. In the sub-objective level, dam-related criteria and
reservoir-related criteria are considered on the basis of cost. In attribute level, the
comparison of physical, environmental impact, and benefit criteria are considered
while dam site alternative level consists of five proposed dams.

4.2.2 Questionnaire design and survey

Questionnaires are written instruments that present responds with a
series of question or statement to which they are to react either by writing out their
answers or selecting from existing answers (Brown, 2001). Hence, questionnaires are
best used for collecting factual data and appropriate questionnaire design is essential
to ensure that we obtain valid responses to our questions. In addition, Dornyei (2003)
divided main parts of a questionnaire into five components including the title,
instruction, questionnaire items, additional information, and final “thank you”.

However, this questionnaire is designed to obtain the preference from experts’
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opinion based on the provided information and integration of their experience.
Modified after Dornyei (2003), four parts are designed. Part 1 is for briefly
information of an expert. The instruction of the questionnaire is conducted in the part
2. This part contains the research title, objective of the study, hierarchy structure of
decision making, information providing for weight comparison including the scale of
weight. Examples of criteria comparison with respect to alternatives are given as well.
Part 3 provides all levels of criteria information of alternatives and forms for
comparison responds. The respond forms of comparison between criteria of each level
based on experts’ experience are also provided in this part. Part 4 allows experts to
express their additional comments/opinion. These questionnaires are distributed to
target experts which include geologists and civil engineers. The questionnaire survey
results are further used for preference analysis of dam site alternatives based on
criteria.
4.2.3 Preference analysis

The preference analysis is performed based on dam site alternatives and
associated criteria. Criteria are organized in forms of hierarchical levels and are
considered one at a time to rank the relative importance of dam site alternatives. Other
word, the alternative sites are compared to each other as pairs based on criteria
information in the same group of each criterion level. The importance of criteria
within the same level and the same group are compared to each other as a pair as well.

The preferences are obtained from a group of experts who are volunteer
geologists and engineers through distributed questionnaire. Experts express their
opinions through pairwise comparison of alternatives on basis of criteria levels. The

evaluation at the alternative level is based on criteria information provided. The
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expert’s experiences are also expressed in the evaluation at objective, sub-objective,
and attribute levels. The consistency is then estimated from each expert’s preferences
to ensure a certain quality of a decision maker’s judgment. The simplified calculation
of the consistency ratio (CR) used for evaluation follows Equation (2.4). The pairwise
comparisons of any expert with the CR exceeding the tolerance of 0.1 are excluded
for further processes. The preferences of the consistent ones are then organized in
form of fuzzy triangular member (I, m, u).

All expert opinions are then aggregated before the operation of a fuzzy
weighted summation. Their preferences obtained from questionnaire are aggregated
by means of geometric mean estimation (Davies, 1994) as introduced Equation (2.8).
The aggregated results are further used to calculate the fuzzy synthetic extent or fuzzy
weights of each level and alternatives site by the use of Equations (2.9) and (2.10). To
obtain the total fuzzy weighted summation of each site, fuzzy weight summation of all
levels in hierarchy structure of decision making are then estimated. The fuzzy
synthetic extents of objective level are multiplied to each criterion of the lower levels,
operating level by level from sub-objective to alternative levels respectively. The
multiplication result of each alternative obtianed from each attribute is then summed
to be the total fuzzy weights of each alternative.

4.3 Defuzzification

The total fuzzy weights summations of alternatives in form of fuzzy triangular
member are used for defuzzification to achieve the relative importance crisp values of
alternative sites. The resulted are attained from three different methods of fuzzy

extent analysis, a cut method, and center-of-area.
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4.3.1 Fuzzy extent analysis
First, the degree of possibility for S;>S; is computed from fuzzy
weighted summation by the use of Equations (2.11) and (2.12).
Second, the degree of possibility of S; is calculated by the use of
Equation (2.13) and it should be greater than all the other (n-1) convex fuzzy
numbers'S;.
Finally, estimation of the priority vector w = (w1,...wn)" of the fuzzy
comparison matrix as expressed in Equation (2.14) is performed.
4.3.2 a-cut method
The fuzzy weighted summation is transformed into the fuzzy weight
matrix (p) as Equation (2.15). The fuzzy weight matrix is transformed into interval
performance matrices by a-cut values as Equations (2.16), (2.17), and (2.18). The a-
cut values can be varied from O to 1. In this study, a-cut value is considered the risk
confidence to transforms matrix (p) into set of uncertainty interval matrices P,. The A
function is applied to transform set of P, into crisp values as Equations (2.19) and
(2.20). Decision maker with optimistic attitude will take the maximum A from the
ranges [0-1]. For this study, A=0.8 is applied due to the optimistic attitude. In
condition, the a-cut value of 0.8 is used duo to confidents in experts’ preference
opinion.
4.3.3 Center-of-area defuzzification
Center-of-area method seems to be more scientific in transforming fuzzy
relative importance to crisp value. This method uses the area of fuzzy triangular and
separates it into two equal areas using Equation (2.21). The value that cuts area of

fuzzy triangular to be two equal parts is the crisp value.
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4.4 Sensitivity analysis

As the results of three methods defuzzification on the basis of the total weight
summation, the sensitivity analysis is applied to observe the relative importance of
which criteria is most related to the rank of alternatives. Three assumption of
sensitivity analysis are carried out to reveal the influence of different criteria on dam
site alternatives. First, cost criterion in objective level is considered. Second, benefit
criteria in objective level is considered. Finally, a criterion is ignore one at the time in
the attribute level, the results of analysis cloud show the best solution of the criterion

affect to the rank of relative importance of the sites.



CHAPTER V

RESULTS AND DISCUSSION

Main results according to components of research methodology are reported to
fulfill main objective. The components include criteria selection and evaluation,
decision matrix designs, questionnaire design and survey, preference analysis,
defuzzification, and alternative ranking. Sensitivity analysis is also applied to observe
the changes of relative importance of dam site alternatives when a criterion is ignored

one at a time.
5.1 Criteria selection and data collection

Results of criteria selection and data collection provide information to support
decision making in pairwise comparison process in order rank the relative importance
of dam and reservoir sites. This information is described as following:

5.1.1 Peak ground acceleration at dam site alternatives

This information is the result of seismic effect study of Pailoplee et al.
(2010). Figure 5.1 depicts the level of PGA that exceeds 10% probabilities of 50-year
return period in form of spatial distribution. The points with PGA attribute, displayed
seismic effect of two return periods of 50 years and 100 years, are interpolated. By
this method, the PGA at dam site alternatives according to 50-year and 100-year

return periods are obtained and listed in Table 5.1.
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Figure 5.1 Probabilistic seismic hazard map of Thailand and adjacent area, showing
the distribution of Peak Ground Acceleration (PGA) that exceeds 10%
probabilities for a 50-year time period (Pailoplee et al., 2010).

Table 5.1  PGA with return period of 50 and 100 years at each dam site.

Sl S2 S3 S4 S5
PGA10y100 0.512091 0.506115 0.505641 0.50675 0.503249
PGA10y50 0.4083 0.4035 0.40256 0.4035 0.3995

As a result, the values of PGA seem to be too high for dam construction
at each site. This might be because the study emphasized more in regional information
than local. Therefore, the result is considered to imply the relative effect more than

the absolute one.
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5.1.2 Foundation geology

Foundation geology is extracted from available geologic maps and
additional field investigation. The information at each dam site is described in
following:

Pakbeng (S1) dam: the channel bed geology is characterized by folded
interlaminated argillaceous limestone, with intercalated very thin- to medium-bedded
limestone to dolomitic limestone, moderate dipping, partly covered by gravel deposits
in depression area. Clastic rocks, interbedding of sandstone, siltstone, and shale
mapped as T2-3, appear at the left and right abutment (Figure 5.2).

Luangprabang (S2) dam: Channel bed geology is characterized by jointed
volcanic rocks, andesitic agglomerate and tuff, flow structure with dip direction/angle:

50°/45°. Left and right abutments are thick-bedded to massive limestone of C-P1 unit as

mapped by JICA and DGM (2008b) and shown in Figure 5.3.

Xayabury (S3) dam is the first site of 5 proposed dams which is now
under construction. The geology at the base of dam site is characterized by phyllite,
quartzite interbedded with thin-bedded limestone, wavy folded and faulted. Both
abutments are limestone of unit Pnl (Figure 5.4).

Paklay (S4) dam is located in Phalat Formation (P2pl) which is
composed of sandstone, siltstone, and slaty to phyllitic shale, brown to brownish-gray,
micaceous, with plant fossils. Both abutments fall into P2pl formation. Right
abutment could be interbedded clastic rocks while left abutment is more likely to be
sandstone (Figure 5.5).

Xanakham (S5) dam is located in Phalat Formation at the upstream of

Laos-Thailand border (Figure 5.6). Interpreted from the DEM data, the left abutment
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could be interbedded clastic rocks while the right abutment is more likely to be

sandstone.

100°58°0"

102100

Figure 5.3 Geologic map (DGMV and DGM, 2007) and field photo at

Luangprabang dam site.
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Figure 5.4 Geologic map (JICA and DGM, 2008b) and field photo at Xayabury

dam site.
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Figure 5.5 Geologic map (JICA and DGM, 2008b) and field photo at Pak lay dam.
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Figure 5.6 Geologic map (JICA and DGM, 2008b) at Xanakham dam site.
5.1.3 Construction material availability
According to geologic map and field survey, the potential of construction
material availability of each dam is described below:
S1 (Pakbeng): limestone cliffs on top of hills next to dam site in the west
and northwest direction could be potential quarries for construction material as shown

in Figure 5.7.
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Pakbeng (S1)

Figure 5.7 Photo of cliff limestone on top of hills in the west of dam site (left) as
appear in the Google imagery (right).
S2 (Luangprabang): there is limestone hill being potential quarry site

next to the north of dam site as shown in Figure 5.8.

T
' Luangprabang (S2)

Figure 5.8 Photo of limestone hill next to the north of dam site.
S3 (Xayabury): the current limestone quarries are located about 1 km

and 1.5 km to the southwest and the north of dam site as shown in Figure 5.9.

Xayabury (S3)

Figure 5.9 Auvailable limestone quarries and the crushing mill located next to the

southwest of dam site.
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S4 (Paklay): limestone hill that can be potential quarry of construction

material appear about 2 km away in the east of the dam site as shown in Figure 5.10.

Figure 5.10 Limestone hill in the east of dam site (photo taken from Mekong River in

direction about 60°).

S5 (Xanakham): from geologic map it seems to have no limestone
available in the vicinity. However, to the south of dam site resistant sandstone could

be available (Figure 5.11).

(b) Xanakham (S5)

Figure 5.11 Photos showing location of Xanakham dam site ((a) look upstream, (b)

look WSW along Mekong River).
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5.1.4 Accessibility requirement
The lengths of accessible roads proposed to be constructed from existing
main road network to dam sites are listed in Table 5.2.

Table 5.2 The accessible road from existing main road network to dam site.

S1 S2 S3 S4 S5
Accessible roads (km) 16 15 and 1 bridge 25 62 44

5.1.5 Transmission lines
The transmission lines proposed to construct from proposed dam sites to

the country border are displayed as Figure 5.12. and listed as Table 5.3

100°0"0" 101°0%0" 102°0°0" 103%0'0" 10420°0" 105%0'0"

200000

20°0°0"

19%00"
19°00"

® Dim

e Transmission lines

18200

— River
High : 2446

18°0'0"

Thailand

Low : 168

0 15 30

||||T’Ill'll" 'I(II“III'U" 'I(IZ“I(I'II" I(IJ”I(I‘{I" Illd"lll'll" lil,‘“‘il'(l“

Figure 5.12 Proposed transmission lines from dam sites to destinations.

Table 5.3  Lengths of transmission lines to serviced countries.

S1 S2 S3 S4 S5
Transmission lines (km) 80 400 220 66 2

5.1.6 Settlement impact
The settlement impact study of ICEM (2010) includes number of
villages and households to be inundated after construction and number of people

affected. They are tabulated in Table 5.4.
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The more inundated properties indicate the more adverse impact.
Table 5.4 Number of inundated villages and households and impacted people after

dam construction.

S1 S2 S3 S4 S5
Villages 28 36 10 16 10
Households 774 2,516 391 643 800
People 6,700 12,966 2,130 6,129 4,000

Source: ICEM 2010.
5.1.7 Land instability index (LI11)

The extents of affected areas surrounding reservoirs in term of land
instability which includes erosion and landslide are visually and manually interpreted
and shown in Figure 5.13.

The slope percentage extraction of each affected area is illustrated in
Figure 5.14. The geology score derived from erodibility of rock types (modified after
Wooldridge, 1986) is shown in Table 5.5. The derived geology scores specifically
assigned for certain rock types are transferred to geologic units in affected areas as
shown in Figure 5.15.

Table 5.5 Geology score derived from erodibility of rock types (modified after

Wooldridge, 1986) available in affected areas.

Rock type Geology score Normalize geology score
Sand and gravel 1.74 1.00
Granite 1.11 0.64
Sandstone 1.6 0.92
Siltstone 1.6 0.92
Claystone 1.6 0.92
Conglomerate 0.69 0.40
Mafic volcanics 1.53 0.88
Hornfels 1.04 0.60
Shale 1.6 0.92
Limestone 0.5 0.29
Andesite and andesitic tuff 1.6 0.92

Mudstone 1.6 0.92
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Figure 5.14 Slope percentage affected areas of each reservoir.
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The result of normalized LIl (as discussed in 4.2.7) is shown in Table
5.6. The area with LII nearly to 0 is more stability and vice versa it is more instability
when close to 1.

Table 5.6 Normalized LIl of each reservoir.

S1 S2 S3 S4 S5
LIl 0.57 0.85 0.56 0.42 1.00

5.1.8 Inundated land use and land cover (LULC)
The expectedly inundated areas of forest and agricultural land were
reported by ICEM (2009) as shown in Table 5.7.

Table 5.7 Inundated LULC after dam construction.

S1 S2 S3 S4 S5
Reservoir (sq. km) 86.51 72.39 49 