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ABSTRACT

Juam lake is a major water resource for the industrial and agricultural activities as
well as the resident life of Kwangju and Chonnam regions. However, the water
quality of the lake is getting worse due to a large quantity of pollutant inflowing to
the lake. Thus, the strategy for achieving the water quality goal of the lake should be
developed as soon as possible. When there are various alternatives that can be used
as the strategy, several criteria based on the achievement degree of water quality
goal, the applicability of technique and social environment, and the reasonableness of
the cost required are made to evaluate and rank the alternatives. However, it is
difficult to make a decision when there are multiple criteria and conflicting objectives
and specifically the estimated values of criteria contain elements of uncertainty. The
uncertainty stems from the lack of available information, the randomness of future
situation, and the incomplete knowledge of expert. As the degree of uncertainty is
higher, the decision becomes more difficult. In this study, a fuzzy decision-making
method is presented to assist decision makers in evaluating various alternatives
under uncertainty. The method allows decision makers to characterize the associated
uncertainty by applying fuzzy theory and incorporate the uncertainty directly into the
decision making process for selecting the "best” alternative so decisions can be made
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that are more appropriate and realistic than those made without taking uncertainty
in account.
Key Words : Water Quality Management Alternatives, Evaluation Criteria, Decision
Making, Trade-off Analysis, Uncertainty, Fuzzy Number
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Fig. 1. Example of compaosite structure.
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Table 1. Alternatives for water guality improvement of Juam lake

e . Installing Constructing
Cl fi
atsiilnlca C?;jg;a;?g wastewater facilities for Removal amount
p treatment treating non- of each pollutant
wastewater s X
) facilities per point source (kg/d)
treatment plants . . .
small-size village pollution
Accepting Adding
current facilities Villages | Villages Making
plans of of P over under wet land BOD T-N TP
Al . Chonnam removal s0m%/d | 50m*/d with reeds
ernative province per plant
1 @) X X X X 1050 51 11
2 O X o x x 1924 | 157 | 26
3 O 0] O O X 2377 222 43
4 O O O @] @] 2531 253 44

Note: 1. Q=Application, % =Non-application. 2. Total pollution loading amount discharged to watershed of Juam
lake {1997) : BOD=4409.3kg/day. T-N=1207.9kg/day. T-P=102.2kg/day.
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Table 2. Basic criterion values estimated for each alternative

Criterion | BOD T-N T-P Chl-a ST M AR C.C. M.C.
Classification (mg/L) | (mg/L) | (mg/L) | (me/L) o o o (won) (won)
low (214%? 0.667 10.0212 2.57 0.80 0.80 0.80 0.0 0.0
LLL 1 50
Alt. 1 high (2 59) 0.749 |0.0226 2.88 1.00 1.00 1.00 0.0 0.0
1.44
M.L.V. | mean (2.49) 0.708 {0.0219 2.80 1.00 1.00 1.00 0.0 0.0
1.36 . .
low (2.34) 0.664 |0.0210 2.71 0.60 0.60 0.60 | 563.04 35.51
L.L.I. 1 13
Alt. 2 high 2 47) 0.729 10.0219 2.86 0.90 0.90 0.90 | 1048.80 45.82
M.L.V. | mean (214%? 0.698 [0.0214 2.82 0.75 0.75 0.75 | 761.76 40.30
1.33
low (2.29) 0.652 {0.0197 2.78 0.60 0.40 0.60 | 892.44 | 141.94
L.L.I. l 59
Alt. 3 high 0 40) 0.716 10.0203 2.67 0.90 0.70 0.90 1 1583.40 | 204.28
M.L.V. | mean (21:';;? 0.682 10.0200 2.71 0.75 0.55 0.7511166.76 | 182.10
low (2125;? 0.658 10.0197 2.60 0.20 0.20 0.20 | 2540.44 | 1645.30
L.L.L 1 39
Alt. 4 high © :'39) 0.714 0.0203 2.76 0.50 0.50 0.50 | 3689.40 | 2128.34
M.LV. | mean (91’;35 0.681 {0.0200 2.69 0.35 0.35 0.3512997.76 | 1853.94

Note: 1. Alt. =Alternative, 2. Numbers in parentheses =COD concentration, 3. L.L.I=1Largest likely interval. 4. M L.V
=Most likely value, 5. S.T.=Suitabxl1ty of technology, 6. S M.= Slmpllclty of maintenance, 7. A R.=Acceptability of
residents, 8. C.C.=Capital cost{x107), 9. M.C.=Maintenance cost(x 10°)

Aggzel da) 22k (der 1)& oln] A= o o] B2 v, &3 2 A 24 ojgule
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Fig. 4. Example of membership function
p(L(s)) for each alternative.

Table 3. Ranking of alternatives

Case | Classification fanting

1 2 3 4
alternative 1 2 3 4

! ordering value| 0.765 [0.747{0.709| 0.301
alternative 3 2 1 4

1 ordering value| 0.719(0.595;0.561]0.324
alternative 3 1 2 4

. ordering value| 0.666 |0.486]0.455]0.340
alternative 3 4 1 2

N ordering value| 0.658 [0.441}0.333]0.332
alternative 3 4 2 1

v ordering value} 0.675]0.48110.313]0.207
alternative 3 4 2 1

" ordering value| 0.810}0.798]0.763|0.266
alternative 1 3 2 4

" ordering value| 0.880 {0.815]0.796(0.244
alternative 1 2 3 4

" ordering value| 0.82510.66310.625]0.264

A& 4 ldn AEEE Case?S neldtgon,
2 A2 A 8749 Case’t A= AT AHY - V)=
HgAe Faxg 3A £ 2L hd(Case VDY
Ad], 2 olfE oA} e AT AAA
vlg) FQ 7} B-& ok ol AT A8
€ 7185 4] A7 gle dvlge] oivn o
Bl oz gol ALLER e VERA HE o



710 o8& - gl - o]t oWy - HH &

Table 4. Weighting schemes on weight(w) and balancing factor(p)

weighting scheme of each case
Criterion I I o \% \Y Vi VI Vi

w p w p w p w P w p w p w p w P

T-N concentration 0.33 0.20 0.20 0.20 0.20 0.20 0.20 0.20
T-P concentration 0.33] 1 ]0.40| 1 [0.50] 2 {0.50| 2 [0.50| 2 j0.50{ 1 {0.50( 1 10.50( 1

Chl-a concentration 0.33 0.40 0.30 0.30 0.30 0.30 0.30 0.30

Suitability of technology 0.50 (.40 0.40 0.40 0.40 0.40 0.40 0.40
Simplicity of maintenance 0.50 : 0.60 ' 0.60 : 0.60 : 0.60 : 0.60 ' 0.60 : 0.60 ?

Capital cost 0.50 0.40 0.40 0.40 0.40 0.30 0.30 0.40
Maintenance cost 0.50 ! .60 ' 0.60 ! 0.60 : 0.60 : 0.70 : 0.70 ? 0.60 l

BOD concentration 0.50 0.40 0.30 0.20 0.20 0.30 0.30 0.30
1 1 2 2 2 1 1 l

Nutrient level of lake 0.50 0.60 0.70 0.80 0.80 0.70 0.70 0.70

Applicability of technology 0.50 0.60 0.60 0.60 0.60 0.60 0.60 0.60
Acceptability of residents 0.50 ! (.40 : 0.40 ! 0.40 : 0.40 : 0.40 ! 0.40 : 0.40 l

Safety of water quality 0.33 0.50 0.60 0.80 0.90 0.30 0.30 0.30
Applicability of socio-technology [0.33] 1 10.25{ 1 10.20{ 2 [0.10f 3 [0.00] 3 {0.20[ 1 |0.10f 2 ]0.50f 2

Cost 0.33 0.25 0.20 0.10 0.10 0.50 0.60 0.20

Note: Refer to Fig. 1 to identify the level of each criterion and the group to which each criterion belongs.
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