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Figure 1 Adjacency and reachability matrices reflecting

the relationships between factors
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Figure 2 Influence relationships and hierarchical

structure of various factors
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Figure 3 Direct influence matrix between factors
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Table 1 Results of each influencing factor weight of

reservoir dam’s operation costs and benefits

(S A (S D A N
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S, 0. 068 S, 0. 069 S 0. 042
S, 0. 056 S, 0. 065 S, 0. 042
S, 0. 036 S, 0. 086
s, 0. 055 S, 0. 045
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Table 2 Corrected weights of indicators for reservoir

dam'’s operation costs and benefits

o R
T ST VN ST v STF PR

Sl 0.171 0.192
S, 0.134 0.165
S, 0. 156

S, 0.242 0.274
S, 0.183 0.224
S 0.114 0. 145

o

*3 HEESTEERFITHEER
Table 3 Calculation results of daily operation

and management costs
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Figure 4 Distribution of land inundated by dam breach floods
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Table 4 Area inundated for each land type at
different water depths
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Table 5 Calculation results of inundation losses
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Figure 5 Distribution of land inundated by dam breach floods
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Table 6 Calculation results of potential dam breach losses
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Table 7 The calculation results of average muti-year

flood control benefits
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Table 8 Comprehensive cost and benefit of reservoir

dam operation and their ratios

R % IE LRAEMA LA W £ B
T A2 BB K /Tt /17t AL
P 743. 62 10 911.83 14. 67

& 831. 06 12 507. 65 15.05

_ (S;+S)
BiE P K/ JI o6 P =P, 5 P
1 0 0 0
0.02 72 736.51 0.98 36 368.26
0.01 126 144.50 0.01 99 440. 51
0. 0002 210 106. 95 0.009 8 168 125.73
0. 0001 277 570.57 0. 000 01 243 838.76

(5) PO WA o %K P - 24 g AR AT i T 90 39 T
$241E 2 000 J7 m? AR IS UK, Hie BREAAL 2545 K M AT
THERAS K B K W45 o 8 800 17T,

(6) EBHIFW AR, KRB LS Kk RY
725 T3 m* S5 G A GBI TE i XA S A A B
SRR BT IRA (B, T A %K PR 22 AR P 2 AR AR BRI
Wesioh 319 10T,

MR 8 ] LU 75 75 18 A Bt 30U 2k 1 1
LR KR RIVE Y 217256 W45 0 10 911.83 J7
JCAE BB AT A AR N 743,62 J7 J0, AR XTI %5 Sk
VLB . Wik iAS Hb EBCR =14. 67> 1, 1 W /K J5E K
WA RE S RAF, 0% LR AT, P A as 3 .

FEN 75 TS AR B U G S DL T, K R R 3LAR
BIia 47 s M b T AR Y AT 5 A U W T
W £ AR Lo AR BT B R U BV T T8 L 2 X K
RGBT A 5 U 45 A A — E R EE RS2, (EAH L
T AR AR 09 TR, RIS A 15 R T
BN 22— BIPIDECE ) % TR AR SR & 1T RE
(254 AR B 48 AR BE ) /5% MR O AN o 2, i 02
PRl AE A SO I A 15t 3040 2k 2 4 IR it 3 A o
G N 155 3005 R 3fe B T 2 A7 T F B8 A (ot s 5t 30
FFE R KA ) M S TRk, 7 B Ak
TER R AT RE 2 BRI AR N T S SR f
LW R B NGB . SR B — Bk A
IH BSF ) R ATV A i 30U 2k el 45 F it 10 JE SR FLOE
SR R T A A i bR AV £ 8 b5 B9 TH R, [
B, 78 X6 52w DR 25 AH B A FH D6 2R RV R 2R A7 4%
B, VTR T 3048 2 T o 19 b AR X A R X B e T
NATTXF TR 4 4 ) ) O T N EE A, R I, /K P
KRIGEFT % vk 2 pr b p 3L al, 78 B % B 17
R R R NI G B R SR K 2R R I H
A B KOE R B [ KT B AR BB A %
I AE R X o7 b DX o] 7 IO 2 A B T R AR K 2 R
Tt ILAG S R 920 KPR DR I A 1t 30U 2 8 v K R
RINGEFT % S PE 2 31k



FOHL AR BV LA AR R I B AT AR RN £ e A T

X R IGE AT A RN 45 3647 27 4 1] 1Y) 3t Ak 43
BT 2 A B 52 K 2 K LA B i ) 5 L R, T
IKPERINTB L 3E AW A B B KU FLs AT AR AN
T 6 00 614 [ BB AR S 5 R 8 T 2 B R K B K
LD 45 P A 4 HR — b 2 T A 5t LA R 1 K
JIE R IGE AT A 55 0 2 f AR B X K PR R 35 AT
b AR ) BUAS FT RS AT T AT AL B A B
ISM B8 X 7K J2E K IVUE AT A Tl 25 5% i P 28 22 1)
5 SC R PEAT T 43T, 0 38 T K RIS 17 %
ARG ERALIEAR . T DEMATEL ¥ 408 7 /K &
RIBAT BUA RN 25 52 ) PR 2R 22 ) B 52 e A% 2, 3
FABAERINE, 5 RETF#HIE, i E
K PE R IIE 47 BUAS M 25 B AL 36 AR 1E, 27 & 15K
PERIGEITER G A LR B U 47 o IR A8 A8 1
T B K %GB AT 25 A AR 5 25 A IR 55 iR AT
T ot AR B AE SRR RN H R s AT A
FRARAE ISR T, 48 S K R KB AT 1Y & A 1 R 42
Tk

SR

[1] GEW,JIAOYT, WUM M, et al. Estimating loss of
life caused by dam breaches based on the simulation of
floods routing and evacuation potential of population at
risk[ J]. Journal of Hydrology, 2022, 612; 128059.

[2] =8, Rk, Wi, %. 3T AHP-BN %M 5

AR B PR [T]. KRN R =W (% M),
2021, 42(3): 8-12.
GE W, JIAO Y T, HONG X Q, et al. Risk assessment
of life loss caused by dam breach based on AHP-BN
method[ J]. Journal of Zhengzhou University ( Engineer-
ing Science) , 2021, 42(3): 8-12.

[3] MRz, #iEfe. /NEUK R % & 5 3 0E AR 30245 o

MR [T]. ANR KT, 2016, 47 (24):
101-105.
CHENG R L, YANG Z H. Study on cost-benefit evalua-
tion model for downgrading and decommissioning of
small reservoirs [ J]. Yangtze River, 2016, 47 (24);
101-105.

[ 4] BRF, XUBL, I, . B E5RETE Km0 IUs 1 &
WA R BT[], K J) kA= Rk, 2020, 39
(11): 31-39.

CHEN L, LIU L, XU S, et al. Risk-benefit analysis of
late stage diversion for high dams impounding water in
advance [ J]. Journal of Hydroeleciric Engineering,

2020, 39(11): 31-39.

[5] KLEINSJ W, FOX E L B. A review of small hydro-
power performance and cost[ J]. Renewable and Sus-
tainable Energy Reviews, 2022, 169. 112898.

[6] HWah, 2RE, BEp 3 E KRBT IURCH A: 47 i
KRGt [J]. KA KE T REMR, 2023(1):
1-15.

SHENG J B, LI H E, SHENG T Z. Statistical analysis
of dam failure and its loss of life in China[J]. Hydro-
Science and Engineering, 2023(1): 1-15.
[ 7] ZEdp, Kyoo, B4, 5. ETEMESSN LA
WU 2SR R A3 T[], FBIN K F 2= (T2 AR,
2020, 41(5) . 55-59.
LIZ K, SONG Z Y, GE W, et al. Risk analysis of
cracking failure of earth-rock dam based on fuzzy set
theory[ J]. Journal of Zhengzhou University ( Engineer-
ing Science) , 2020, 41(5): 55-59.
[ 8] M, MoNE, i, 5. 36T 28 AUE MK L ok
REFRUEALHE AR JT ek ()], KA 24, 2022, 53
(6): 697-711.
CHENG X, LIN X B, ZHONG H, et al. Standardiza-
tion index evaluation method based on the complexity
theory of hydropower station group[ J]. Journal of Hy-
draulic Engineering, 2022, 53(6): 697-711.
[ 97 ZREM, WERE AR BRRK N £ 25 AR E R T
[J]. MJeyL K FMIRHE, 2022, 50(1): 170-171.
ZHU J S, CHI C J. Analysis of main technical measures
for reservoir reinforcement[ J]. Heilongjiang Hydraulic
Science and Technology, 2022, 50(1): 170-171.
[10] ¥, Wierh, H&, 5. JCIUBRES i &R IFAN 1
IF2CPE 46 b it AR A B [ D], R K LR 5 K AR
2018, 16(3) . 155-161.
PAN X, SHEN Z Z, GAN L, et al. Quantitative model of
time-efficient indexes for evaluation of reinforcement effect
of dam [ J].
Science & Technology, 2018, 16(3): 155-161.

[11] ERHA, F5E, BHEH, % BIM EKF TR R
MM m ERTI]. KRAETF, 2021, 39(6) : 10-
15, 77-78.
DONG L L, FENG J C, YANG Z X, et al. Influencing

South-to-North Water Transfers and Water

factors for application of BIM in hydraulic engineering
[J]. Journal of Economics of Water Resources, 2021, 39
(6): 10-15, 77-78.

[12] ML, EW, HMEL, %. 5T BP-DEMATEL # %
PR I AR PN SO S A [T KR AR, 2022, 53
(9): 1083-1091.
SUNY F, WANG T, LU J Z, et al. Sensitivily analysis
of BP-DEMATEL model to control parameters of ice
processes[ J ]. Journal of Hydraulic Engineering, 2022,
53(9): 1083-1091.



MK 2l (0 2 R

[13] iFEE, PPl 3C, K JF. 2T DEMATEL-ISM ¥ (19 /K treme floods[ J]. Advances in Water Science, 2020, 31
JERS LB B RIS ()], R B R KA K (6): 885-896.
2023(11) ; 190-195. [16] WU Z N, ZHANG X W, GUO X, et al. Emergy evalua-
TAN Y Y, YAO K W, ZHANG D. Research on the in- tion of ecological and economic value of water and soil re-
vestment control of reservoir migration project based on sources in residential and industrial land based on energy
DEMATEL-ISM method[ J]. China Rural Water and Hy- analysis[ J]. Ecological Indicators, 2022, 145: 109692.
dropower, 2023(11) : 190-195. [17] 2. W35 KA B BUK sk s b S M EIrAE L) ].
(147 o R B R K R HB. K R B 300 H 28 55 37 # ML KR AR W, 2023, 31(8): 47-49, 54.
. SL 72—2013 [ S]. db . B K Fl K R JIANG F. The method and application of quantification
., 2013. and value evaluation of ecological water supply benefits of
Ministry of Water Resources of the People’s Republic of Guanyinge Reservoir[ J]. Technical Supervision in Water
China. Regulation for economic evaluation of water con- Resources, 2023, 31(8): 47-49, 54.
servancy construction projects: SL 72—2013[ S]. Bei- [18] ZEMZE, WREE E. IRT KU IF & F 9 68 U 7 #E 2
jing: China Water & Power Press, 2013. HaP2on0r. RINIT EI[)]. XL, 2023,
[15] At T&, SIEH, . KWW N X 4 KK 39(12): 95-101.
Bt TRERL AU 1], KFL2E R, 2020, 31(6): LILJ, QIU G Y. Analysis on energy consumption and
885-896. economics of urban water resource development and utili-
WANG Y Y, WANG J, HU C W, et al. Benefit simula- zation: a case study in Shenzhen[]J]. Ecological Econo-
tion of flood control project in Taihu Lake Basin under ex- my, 2023, 39(12) . 95-101.

Quantification Method of Operation Cost and Benefit of

Reservoir Dam Considering Potential Dam Breach

GE Wei"*’, SUN Hegqiang" >, LI Yongchuang" >*, JING Laihong’, LI Zongkun"?, WANG Jianyou' ’

(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China; 2. Yellow River Laboratory,
Zhengzhou University, Zhengzhou 450001, China; 3. Yellow River Engineering Consulting Co. , Ltd. , Zhengzhou 450003, China;
4. Zhengzhou Airport Economy Zone Science and Technology Innovation Investment Group Co. , Ltd. , Zhengzhou 451162, China)

Abstract: For the problems of gradual aging of reservoir dams and increasing own risks and operation costs, a mod-
el to quantify the comprehensive costs and comprehensive benefits of reservoir dam operation under the influence of
considering potential dam breach losses was constructed. Firstly, the impact of potential dam breach was considered
comprehensively, the interaction relationship between the cost and benefit influencing factors of reservoir dam oper-
ation according to the ISM theory was clarified, and the quantitative indicators of the comprehensive cost and com-
prehensive benefit of reservoir dam operation were determined. Secondly, the degree of interaction between the fac-
tors was analyzed based on the DEMATEL method, which clarified the relative importance between each cost and
benefit indicator. Finally, the comprehensive cost and comprehensive benefit of reservoir dam operation under the
influence of potential dam breach losses were calculated in combination with the techno-economic theory. The mod-
el was applied to a reservoir in China. The comprehensive cost and comprehensive benefit of the reservoir operation
were calculated, and its economics were analyzed. The results showed that the comprehensive cost of operating this
reservoir was 7 436 200 Yuan under the consideration of potential dam breach losses, the comprehensive benefit
was 109 118 300 Yuan, and the benefit-cost ratio was 14. 67. The comprehensive benefit of operation was much
larger than the comprehensive cost of operation, the revenue-generating capacity was good, and the economic bene-
fits were significant.

Keywords: reservoir dam; cost benefit; quantitative method; own risk; dam breach
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