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Application of AHP-PROMETHEE to determine areal and linear
priorities for sewer rehabilitation projects
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ABSTRACT

Since sewer rehabilitation program requires long construction period and enormous capital investment, determination
of rehabilitation priorities is important with systematic planning considering appropriate evaluation parameters. In this
research, we applied PROMETHEE(Preference Ranking Organization METHod for Evaluations) known as very objective
and scientific multi-criteria decision-making analysis, using the weights determined by AHP(Analytic Hierarchy Process)
for the selected sewer evaluation items to calculate the rehabilitation priorities for each sewer sub-catchment in basin
Gusan 1 of Seoul. Preference functions and preference thresholds were estimated for each criterion of ratio of lack
of hydraulic capacity of sewers, defect ratio, ratio of sewers with velocity less than its minimum criteria, and density
of sewers in the sub-catchment. As a result, it was found that region d had the first priority among four sub-catchments.
For each and every sewer located in region d, we could also rank sewers to be rehabilitated urgently.
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Table 1. Priority preference system

Classification Discription Preference relation combination
aP'b and aP b
uPb Preference Pb and al b
(Alternative a is preferred to alternative b.) a and a
al'b and aPb
Indifference
alb al*b and al b

(Alternatives a and b are indifferent.)

Incomparability

alth (Alternatives a and b are incomparable.)

Neither aPb nor alb

al "b= TSk a9t Yot bo] AT GeleFo] AT
otm, al b= et afF TR 6O AT FdTFo]
AeS wetrh A (02 A (D] Az #AE 7+
2 et a2} bo] AT A|AE Table 13} o]
e 4= Qleh

PROMETHEE 1 (partial ranking)-& A& -9-Zofa}
IRHUFS o] &sto] AsAE =z, FA}
Hel A, BTttt BAR FEske] tiekE
QXM= 9E AFYSEAUE, PROMETHEE 1I (complete
ranking):= PROMETHEE 19] v]w 871531 2S5 A
QQAIZ7] I8l EEEE Eolo] M dicke] 94
=95 APgsHA FHoh olg|gk BluETEet AT
AR I of| A EASR= o] thaal o] Al
M= A 4 Slok AR, JarAAEAlol ot
Aro] HE ul 5ol o g glsto] grpxte] et
ol ax|7] uiZzolth &4, A7t Adsgtyrt &
AHFA] ¢h= A7 WS 4= ol7] otk AlA
OAFA Aol o] gt Q1A
R so® vt =7Fse 4= Slok (Roy,
1991a). PROMETHEE= AHP:H-4R}H 3} c}2 7] tfok
o F7FE ALY AR} E e et e AR aE Abs Ao
2 s e 7HAAL ek (Min and Song,
2003).
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Fig. 2. Areal map of this study area.

3. Al'E:"ﬁ:I'L Table 2. Surface area and sewer lengths of four divided regions
in study area
3.1 SR AX|S Classified region Area (ha) Sewer length (km)
B Region a 32.8 5.10

Ao A MESEA 298 H4ks, 28 2 :

Fo| A SR AHOR ATUAL 1890 ha Reston b 7 7.28
. - - A ) Region ¢ 35.2 7.36

2 A, AR R A A e o] By Region d s tos

A ol makste] AR wHo] 46%7t Qlobz S o 2o a6
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Table 3. Selection of evaluation criteria on sewers to be rehabilitated
Hydraulic aspect Structural aspect ‘ Operational aspect | Environmental aspect

Insufficient hydraulic capacity, Low flow velocity

Defect rate (Structual & Operational)

Sewer pipe density

Table 4. Relative importance of sewer evaluation items by AHP analysis

Ratio of sewers with | Ratio of sewers Sewer pipe Relative
. .. . . Defect rate . .
Items insufficient hydraulic | with Low flow (%) density importance
capacity (%) velocity (%) R (km/ha) (weighting factor)
Ratio of sewers with
insufficient hydraulic 1.000 1.756 1.368 6.173 0.396
capacity (%)
Ratio of sewers with
. 0.569 1.000 0.896 5.255 0.258
Low flow velocity (%)
Defect rate (%) 0.731 1.116 1.000 5.168 0.289
Sewer pipe density
0.162 0.190 0.193 1.000 0.056
(km/ha)
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Table 5. Preference function, preference direction, preference of each evaluation item of each region in sub-catchment area
Gusan 1 to determine areal priority

Preference Type of Critical
Evaluation items direction preference | Max | Min | preference Preference function
(+,7) function value
Ratio of sewers with T o6
insufficient hydraulic + Type V. | 16.60 | 6.93 9.67 H(z) —{ 967 T
capacity (%) 1 tx > 9.67
T ir<i17.24
Defect rate (%) + Type V 38.24 | 21.00 17.24 Hy(z)=11724 * ="
1 x> 17.24
Ratio of ith L . :
e Sev‘l’ers,tm(y oW + Type V. | 3629 | 13.27 | 23.02 | Hy(x) :{ 2302 = 2302
ow velocity (%) 1 tx > 23.02
e <019
Sewer pipe density (km/ha) + Type V 0.34 | 0.16 0.19 H(z)=41019 *="
1 iz >019
Table 6. Preference index of each region in sub-catchment Gusan 1
Region a Region b Region ¢ Region d ot
Region a - 0.255 0.121 0.289 0.222
Region b 0.089 - 0.022 0.189 0.100
Region c 0.118 0.185 - 0.220 0.174
Region d 0.555 0.621 0.489 - 0.555
o 0.254 0.354 0.211 0.233
Table 7. Results of preferenc output, input, flowrate, and priority of each region
Region a Region b Region ¢ Region d
Prefernce outflow (Q5+] 0.222 0.100 0.174 0.555
Preference inflow (&) 0.254 0.354 0.211 0.233
Net ﬂOW[¢+-¢7) -0.032 -0.254 -0.036 0.323
Priority of rehabilitation 2 4 3 1
Shiz el MBI pd) 9 BAGEE 71EA ol AEgE AERAY wsEwe] hE 94
(0) B T BEolo] Ayl MEASES Agsl =915 Table 7o) Lehh e
otk FAH wjBTe] ATte]s HEA4s Table 6 PROMETHEE I 7]%1& #hgsto] 47]e] 2ol
3} e, SOMERAE BW 94 AsgEeo] drelol
Ohok aoh b7} vl B WG] BAE 495 05550% JPE An, atel, el be] o 4
WABET B AT o R, AT R OFE 2% % 5 Alrh E HERUFE bTeo]
P apelel] da siemgn] SHEE P 03940 b An, 0ol a7l o] o Ao}
ootk ATozeN@n)e] AAL 4rfe] sgele] A= A% & 5 otk ABGEG AT 1
it Asz|220] §9] 8 WFoR ok gk Wi, oA T tijbE(a, ¢, dETE brijte] 7P AEsiet
A5 0Qle@ ) Ao A5o] olo] ate Wapow 7 = 2 B 4 vk oS Sof ook ag) dik ¢F ulL
s, s 2ere N5 oZeknl A500eko] jo]w M AT EZ=eF a=02222 AT 8= ¢=0.174H 0}
517 €tk PROMETHEE 7192 o] 83t 4709) 4t A Aofsf a=0254= Aofds 02111
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Table 8. Preference function and preference direction of each evaluation item of each region in sub-catchment area Gusan
1 to determine linear priority of sewer rehabilitation

.. Preference direction | Preference function .
Evaluation items Preference function
(+,) type
0,2<0
Sewer pipe density + Type V F(z)=yr.0<z<1
1,1<zx
. . . . . 0 <0
Ratio of '1n31-1fflclent hydraulic + Type V Fy(x) =12/80 .0 <o < 80
capacity in wet weather 1 80 < &
0 ,06 <x
Velocity in dry weather - Step type Fy(z)=9—(2—0.6)/04,02<x <06
1 ,r < 0.2
0 <0
Defect rate + Type V F(z)=42/30,0 <z < 30
1 ,30<x
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Table 9. Linear priority of sewer rehabilitation by PROMETHEE

Sewer No. SeYver pipe Rate of ir%sufﬁcient hydraulic | Velocity in dry | Defect rate Priorit;II of Net

density (km/ha) | capacity in wet weather (%) | weather (m/s) (%) repair flow
7010-205 1.83 64.94 0.692 29 1 1.606
3003-100 1.1 65.95 0.001 10.9 2 1.473
7011-501 1.33 4.79 0.255 26.7 3 1.116
8004-200 1.65 31.16 0.377 17 4 1.097
3004-102 1.45 14.47 0 10.7 5 1.088
4021-300 1.09 67.28 0.045 0.2 6 1.076
3004-101 1.6 2.21 0 10.8 7 1.007
7030-200 0.22 71.3 0.563 73.2 8 0.985
4020-200 1.6 1.5 0 10 9 0.972
7027-101 0.39 61.04 0.282 24.8 10 0.82
3001-501 1.13 3.9 0 13 11 0.787
8003-201 0.95 4.6 0 16.7 12 0.744
8004-100 1.49 22.03 0.405 12.1 13 0.719
4021-704 0.57 1.06 0 28.6 14 0.71
4021-401 1.77 1.87 0 0 15 0.705
7011-800 0.25 74.75 0.522 28.9 16 0.675
7010-208 0.5 92.97 0.707 21.3 17 0.651
3001-203 0.99 221 0 4 18 0.586
4021-500 0.64 62.23 0.04819 0 19 0.554
7023-404 0.23 54.24 0.263 22.7 20 0.545
8004-300 0.82 39.97 0.332 10.9 21 0.43
7010-206 0.35 71.51 0.652 24.4 22 0.424
7014-304 0.37 43.44 0.327 22 23 0.411
5005-100 0.92 7.73 0 6.5 24 0.411
7019-400 0.47 50.68 0.456 20.7 25 0.378
3001-502 0.82 3.54 0 9.9 26 0.367
7027-400 0.91 0.68 0 8 27 0.363
7029-502 0.86 14.01 0.369 18.7 28 0.345
7019-300 1.36 39.72 0.508 0 29 0.339
7023-200 1.06 54.83 0.626 4.4 30 0.272
7013-200 0.25 81.38 0.673 19.4 31 0.267
3003-300 0.49 16.23 0.002 11.4 32 0.256
7023-405 0.12 7.46 0.39 50 33 0.255
7019-201 0.72 4.27 0.326 21.4 34 0.245
7014-305 0.67 24.88 0.529 23 35 0.233 pa
3001-400 0.39 30.26 0.00199 6.8 36 0.187 £
7023-300 1.08 53.02 0.639 2.2 37 0.185 g
5005-200 0.74 2.18 0 5.4 38 0.128 %
4024-300 0.54 70.16 0.555 6.6 39 0.108
4021-600 0.82 75.4 0.712 1 40 0.095
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Table 9. Continuation

Sewer No. SeYver pipe Rate o.f iI%sufficient hydraulic | Velocity in dry | Defect rate Priority of Net
density (km/ha) | capacity in wet weather (%) | weather (m/s) (%) repair flow
7023-406 0.4 34.65 0.393 17.5 41 0.088
7013-201 1.01 58.06 0.851 4.8 42 0.049
7013-150 0.41 61.9 0.763 17.6 43 0.029
7011-101 0.37 19.55 0.344 20.1 44 0.026
3003-200 0.31 22.54 0.001 7 45 0.025
7021-201 0.81 12.96 0.126 0 46 0.012
7033-100 0.65 1.82 0 4.6 47 0.008
4024-100 0.3 52.65 0.433 12.7 48 0.006
7012-100 0.47 20.25 0.583 254 49 -0.009
7019-100 0.28 9.56 0.358 26 50 -0.011
7023-408 0.52 5.53 0.356 20.6 51 -0.011
7032-102 0.65 3.94 0 3.1 52 -0.015
4021-200 1.06 56.69 0.822 0.7 53 -0.022
7033-200 0.49 2.06 0 8.3 54 -0.023
7019-200 0.16 32.11 0.439 23.2 55 -0.037
8003-200 0.71 12.31 0.468 15.1 56 -0.074
7011-700 0.17 24.79 0.738 36 57 -0.074
7021-202 0.39 5.79 0.306 19 58 -0.108
4021-800 0.47 89.92 0.748 1.1 59 -0.108
7010-204 0.28 66.24 0.679 11.4 60 -0.16
7029-501 0.65 18.07 0.21 0 61 -0.184
3001-100 0.41 4.32 0 4 62 -0.206
4022-300 0.25 55.66 0.668 14.5 63 -0.208
8004-502 0.26 21.38 0.117 5.7 64 -0.213
4021-700 0.88 50.85 0.909 5.7 65 -0.222
7014-303 0.35 26.77 0.59 19.9 66 -0.23
7014-301 0.44 0.69 0 3.3 67 -0.249
4022-400 0.23 66.12 0.838 15.1 68 -0.254
7013-102 0.4 9.15 0.338 14.5 69 -0.254
4022-200 0.48 45.18 0.496 4.2 70 -0.272
7013-103 0.73 6.71 0.621 16.1 71 -0.28
7013-104 0.18 17.74 0.486 22.4 72 -0.288
7030-201 0.43 11.43 0.413 14.5 73 -0.3
7011-301 0.37 13.55 0.63 23.2 74 -0.315
7013-100 0.55 49.77 0.84 10.2 75 -0.325
3004-200 0.25 15.32 0 0 76 -0.354
4021-100 0.75 55.09 0.851 1.2 77 -0.371
4023-100 0.34 7.51 0.331 11.6 78 -0.41
7026-601 1.05 2.46 1.189 21.6 79 -0.416
7023-403 0.39 19.47 0.301 3.1 80 -0.452
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Table 9. Continuation
Sewer No. SeYver pipe Rate qf in.sufficient hydraulic | Velocity in dry | Defect rate Priori’q./ of Net
density (km/ha) | capacity in wet weather (%) | weather (m/s) (%) repair flow
7010-203 0.28 58.4 0.643 2.9 81 -0.513
4024-200 0.32 44.79 0.66 7 82 -0.526
7030-202 0.2 7.16 0.357 12.1 83 -0.567
4020-201 0.35 13.48 0.492 10.9 84 -0.574
7010-207 0.38 9.87 0.584 11.4 85 -0.691
7011-401 0.26 18.03 0.311 0 86 -0.707
8004-201 0.25 28.87 0.411 0 87 -0.721
7011-302 0.21 15.56 0.604 8.1 88 -0.906
7012-200 0.28 40.61 0.998 7.8 89 -0.966
4023-200 0.5 26.48 1.096 6.4 90 -1.085
of yhe Fol RAESL ANA A 3, S
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Fig. 4. Priority of sewer rehabilitation when the same weights
are applied.
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