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Abstract [ Objective] The water supply networks is a key infrastructure in cities, and its operation status is closely related to
urban functional requirements and safety guarantees. The urban water supply pipeline networks have the characteristics of high
aggregation, large pipe age span, and complex maintenance environment. More and more water supply pipelines continue to operate
beyond their design life or with varying degrees of damage, becoming an important risk factor affecting urban public safety. It is urgent
to improve the operational safety level of urban water supply networks through systematic processes and scientific method.
[ Methods] As a proactive risk management tool, the water supply networks safety risk assessment method identified, quantified,
and analyzed weak links and high-risk areas in the pipeline system, achieving a transition from passive response to pipeline accidents to
active risk prediction and prevention. With the gradual improvement of basic data and information systems for urban water supply
networks, the application of water supply network safety risk assessment was becoming increasingly mature. Among them, the empirical

model for risk assessment of water supply networks had good applicability and potential for promotion due to its low requirements for
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data completeness and strong data fault tolerance, making it a commonly used model in the field of water supply networks risk
assessment. Based on the Shanghai local standard—Technical Specification of Safety Risk Assessment for Urban Water Supply Pipelines
Network (DB31/T 1332—2021) ( hereinafter referred to as the Specification) , combined with the actual situation and objective laws of
the pipeline networks in Shanghai, this paper proposed a universal pipeline networks risk scoring standard to quantitatively evaluate the
safety risks of the pipeline networks. [ Results] A case study was conducted to evaluate the safety risks of water supply networks
operation in a certain area of Shanghai. The result showed that 2. 11% of the pipeline assessment results were classified as level V risk
(safety), 63.19% of the pipeline assessment results were classified as level IV risk (low risk), 32.80% of the pipeline assessment
results were classified as level Il risk (medium risk), and 1.90% of the pipeline assessment results were classified as level Il risk
(high risk). The classification of the pipeline networks was good, which had guiding significance for the operation and management of
the pipeline networks of water supply enterprises. [ Conclusion] Based on the risk assessment criteria proposed in the Specification , it
can be promoted and applied to water supply areas with different pipeline conditions, which helps water supply enterprises accurately

grasp the distribution status of water supply networks risks and implement graded management of water supply networks based on risk

levels, and provide targeted preventive measures.

Keywords water supply network empirical model risk assessment criteria model optimization case analysis
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Tab. 1 Comparison of Safety Risk Assessment Models for Water Supply Networks

LIRS Pesi BT NLJH A AF

ZIBIL 5 THARE KRR R A —E ML Ll A A e

BoRpiny A RS RN B E e RO R R g Sk R R B AR A A R AR B 2 e B
SR JUE AR T i i i

PR BTG R R BUNRREE ORI S XHE M SEO RN IR SR PP R B SR

k53 Hr R

CHLIE ) B 10 LA XUBS: DAl TR0 XU 1A 5 &
AR AL 3 DRV IR R o xR R B2 s o
TP RGEA A R PR, Sl =2
[ F) AL FEIER 2855 A LS4 BT S AR ) XU A
HESR S e SR KURSE I 32 2T LAt K dle
JIrits AR AR r ti e /D | B AR R I XU RS A AR 254
PP, BEPEAIE & B4R R ST A B T
PRI AR A ll B 4 A8 I 2 4 XU, 9 R AR S 3, O
NG AR TAER e S

CHLIE ) WL RE B HE Al JXUBS: Ak, FE XU, % A= ml
RETEPEAN LT 8 TgE b s MBS JA SR IEAN 33 3 T4
bR, BARIEAR ISR 2 B o SR FH ISR AN X 2 2
JIr 81 28 TR B ) PR 2R B0 A B A7 353 AT
3 G Y IRURS: 2 A= AT R A RUR: i SR 1 3 A 3
fHo 2, MR P I3 fEL A 21 45 OC 3%, o AUR P
FEESRAN o8 T W9 M NHEMV 4, 3t s
MEER

F2 WHHAENZEEM R ITEIERE R

Tab.2 Basic Risk Assessment Index System for Urban
Water Supply Networks Safety

it bR T2 TRIRAN 4325
JRURS: 2 A T g (ESTELy/BL iR EH
H
S P 8 M KSR
B LIREE(SD)
[X ok P15
i s =
PSR S SN (NU) —
B X 48 —
IO S —

1.2 #kEMREXEITHSERBML
CHLTE) PR p ) 28 TR AR IR R, 58

BT 2 1 4 DAL T D 3 DX AR 9 S B 2 ) e 28
T PR EA — 5 1 X0 R R o, (O
TEYFEGE T I T A0 3 XA K A T i I &
B, DN600 ~ DN80O /4% I 45 T8 = M & A6 A i v
T XSG a5 5, HvF4r R 500 R Hks: DN60O ~
DN8OO 48 42 1y KUR: P41 38 R 9 43, Ik 3 Fi
T AE b Vi HA X 331 52 80 DN300 ~ DN400 45 4% A 4
ERA ERFHNS R 2, BT A KA 7 UK
], AN[R] A2z FH A3 4 LA URAN ] X 35k Ay 3 2 i
TAEXT AR AR I A 5], (SR 8 DX 5k P 48 4 15
et E RIS A — &N X R R, CEE
(R JLmt 25445 WA ARRRAE | 55 10 8 B R R X
PEAS &5 S RE ], 2 — o B LA 3 A ) A o i
BHPPARFE AR IR R

RI (HEYVEERERIME—ER
Tab.3 Physical Attribute Index Score Values of

the Specification Pipe Diameters

1/ mm AW
500 <& #£<600 5
600 < 7% <800 9
800< <1 200 4
FHe=1 200 7

SCEEXT ALY H XUBS: & 2 T REME A 25 2R I
AR 5 SRV 45 SR 0 2F 2 BT BRSR FH CRLE ) iy
TR AR e, BT A F8 b5 BUE X5 7% 21 /(8
e/ BRI B A G O, ik 4~ 7 s, A
W6 % A AT RETEAS > 1. 212 5~8. 417 5, KU & 4B
RAG53 0 2.50~7.35, WL B CRLIE) iR A AR
Wi, A R FHVE A3 ) L BBCRE T3, DUIAE DA R B v A 4%
FRIXEAL 48% (A R EHIX [ H T 907 Ltk
2.1%, W& 5 M 18.75% , M4 5 H ok 58.3% , IV
G5 HEN 18.75% , VIS HE N 2. 1%) ;45 R TS
] IBCRE J7 i, WU DAk R I v A 3 A R X DAY
48% (ZHEHIXA T Hb om0, Mg Atk 6. 3%,



NN,

[~V
Sk KA W AT KU, A A B A B 1

Vol. 45, No. 2,2026

M2 itk 49.9% , V95 Lol 31.3%, V 445 L
H12.5%) o AT ULPEAL AR B BE 0% A SRR ) 45 9 IX.
(AN 2220, HA RS 90 X [B) 45 S5 200 b 2R A
FI 4R P T ) 2 1 A SRl XU A 3, %o
T EZRIX AT o, A R A e 4%, i T4
HREOS S R LG Z 15 TR X, Tl AL (R
1) TSR TS LT RZECRIR ] 1 4381 10 41,
FEAF X AR 78— BB L EAl 45
o SCEAECHTE ) JLml 1367485 5, $2 1 —Fh
BA PR A A TS PR IR AR AR

x4 RERETREMERFS LR
Tab.4 Upper Limits of Scores for Risk Occurrence Probability

®1 REREERESTR

Tab.7 Lower Limits of Scores for Risk Occurrence Consequence

it e W{IFT W& 144y
NU <500 ; 1 0.2 0.2
RS DX — B X 3 4 0.35 1.4
BN FRRZ AR 2 0.45 0.9

i H B BERITS AR (G
(=27) AR 8 0.16 1.28
Bz DN600 ~ DN80O 9 0. 06 0.54
i 10~20 4£/50~70 4F 8 0.18 1.44
TR TR 8 0.1 0.8
sD <0.6 m 8 0.0875 0.7
X IR 5 Uik IS} 7 0.0625 0.4375
(EACh e =12% 8 0.14 1.12
s s AEH3 KL 10 0.21 2.1

Fe 3k TR O T R — 07 T B NVE AR S A
AR BECE T h BE 10855 , S 5 S Rk 5 — 7
T RE B R R LA SR LA, A [R) SN
AT 28 (AN P T S8 Ao 28 ) s 1 i 2y (i ) A
AR RERE ST AR 22, NI N T R 28
B, ZE AT S B A AR A8 I8 R R R Y
e B R AR P AME AR 8 TR,

x8 YEEEERISE—ER
Tab.8 Physical Attribute Index Score Values

=i

Pipe Diameters

x5 RERETEMEFSS TR

Tab.5 Lower Limits of Scores for Risk Occurrence Probability

b A WP B 4y
EH Bk 1 0.16 0.16
(g DN400~ DN1200 4 0. 06 0.24
R 30~ 50 4F 2 0.18 0.36
TR b 1 0.1 0.1
SD =2.5m 1 0.0875 0.0875
X ER A5 ALy 2 0.0625  0.125
AN <5% 1 0.14 0.14
T3 S pn 0 0.21 0

x6 REEREFRES LR

Tab. 6  Upper Limits of Scores for Risk Occurrence Consequence

S B fe fRbRT BE &y
NU >2 000 J* 7 0.2 1.4
AL X ) i Xk 8 0.35 2.8
BWATEEME  RIB IR 7 0.45 3.15

12,1 WU & A AT REVERE AR IR R 1L
(1) & E Y P bR
ETEAE AR /N R RE BT G SR SRR AT R

E12/mm <<ﬂ7ﬁ ) E1/mm iﬁ?ﬂ‘}ﬁiﬁ]%
HWE WAMHE
[500,600) 5 [300,400) 10
[600,800) 9 [400,600) 7
[800,1 200) 4 [ 600,800) 5
[1200,+) 7 [800,1 000) 3
[1000,+e ) 1

T R B A A A AL U)K E R < v
£k oo, BB 18 st R 2R Ak 4R 3 AN B B w0 2
W RoE AR P A R TE M A S
ol A T T R A T R & A T AR A A
A B Ak, H R B ) XSRS PR K A — 30 i T
A E B MO — 85, ME LS 2 — S 2 UL
He, BFgEt AR A O R AR K AR 4
A B R AR T 5, o 2 AT 350 4 I 2 1
HE, DRI SO B A IR T (B 5 S A I 1S K T
TR W A Sl A 2 Al L, 25 A L R
(2022122 53T RA S T8 45 Ab T T ek s S
22(2022—2025 4F) ) (LA AR SE0E 7 %8 ) ) i
P HE, T e K A T AL 45 328 17 AF BR 1 30
A AR L A R R 0 A A T AR 5 N2, AR R 1
AR 3 RN 30 4F DL B A A I E AT 40 4%, 3k
9 7N,

WRAGC I T ZE Y , K VA | A1 AR K U 4 38 L
T TE Pk 95 8 1t e 4 1 e B 1 ) g Ak
O T BT B s Y T SOR G TR AR A AN T



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 2,2026
February 25th, 2026

®9 YEEBRHERTSE—ER

K2 AT R BLRE 1D T Btk A8 2 o AL

Tab.9 Physical Attribute Index Score Values Pipe Ages SR R AT S R A B
Tt gﬁ; it/ Mfiigg %10 FR.
T ; — 1 i&z?%wmwﬁfa@ - \
EEE SD SR FE AN B % LT R 1Y O
10,30 ’ 310 ? %, SD HL T A AC T Ak S T
130.50) ? H10.19) ’ SN RHUBRAR B BT W % T S SO A
150.70) ’ [19.20) ’ 1 THi B4 SD S4B E 11 B,
[70,%e) 6 [20,30) 8 T SRS | R O J | T R
[30,+=) 10 FEMRTS 4 R GO AME N 12 PR
x10 YIEEMEIERITHE &+
Tab. 10  Physical Attribute Index Score Values Pipe Materials
Wi H BREB G g ROIwE HAlb b5 8 FRR KR KOS
CHLTE Y U 1 2 4 6 8
VA 5 VR P4 1 2 4 10 10
F 11 EMAEABIFEERITESE—SD
Tab. 11 Scoring Values of Environmental Index around the Pipelines Network SD
i H SD=2.5m 1.5 m<SD<2.5m 1.0 m<sSD<1.5m 0.6 m<sSD<1.0m SD<0.6 m
(BT R IUE 1 2 3 6 8
VA5 VR 4P E 1 2 4 6 10

®12 EMEDFEREREME—ERER
Tab. 12 Scoring Values of Environmental Index around

Road Grade

the Pipelines Network

*® 14 ENMEERTERTSE—PL
Tab. 14 Scoring Values of Pipelines Operation and

i H X W BT Pk
(R ) AL 1 3 6 8
JARIF IS VAR 401 1 4 7 10

I8 A (S S A LRSS A e
A0 BRI LK 8 i Pe s A5 3™ 5, 78
(MR ) HEAl_E- 39S i R AR, 32 ) DX PRI
SMEIE 13 s,

xR 13 EMEDMMERERTES E—RERE

Tab. 13 Scoring Values of Environmental Index around

the Pipelines Network Regional Environment

Maintenance Status Index PL
Il PR 3
T
PL<5% 1 PL<6% 1
5% <P1.<8% 3 6% <P1.<9% 3
8% <PL<12% 6 9% <PL<12% 6
PL=12% 8 12% <PL<15% 8
PL=15% 10

——
S g A o PLE Sl

M FHE N
R S WUE 2 4 5 7 —
VRIS IR R PR 1 3 5 7 10

(3) B Wiz 4ER S 155

S5 5 R BUR SO P X KA ) P 4515 (PL)
fCh T AR G BEORIT SR PL PR E AN K 14
Bi7s

OB DX ER T A T A R A A
FHHRE 2% S MBI R T &, AEN A, &
TR0 DX AS A DR AR 3R AT, 25 25 BB T T 5 DXk
A DN300 DA L RAF Iy sl A 250 2E R ) &5
Bilt 1 A ARAR T st SRy Bk | 4 VA dn e
15 iz,

1.2.2 B &A G RIEbrR & L

NU P — 7 1 25 T8 I M R 4 5 B 28
SR B R, 5% e B FH P I K L o — T,
2 R 5 0 (R4 E 0 I T OGS T R
SERFZNR X P 3 A A R s sl T K AR I L L A N



NN,

[~V
Sk KA W AT KU, A A B A B 1

Vol. 45, No. 2,2026

x15 EMEHERSERIME—IEEH
Tab. 15 Scoring Values of Pipelines Operation and

Maintenance Status Index Historical Events

B %ﬁg i et % ’ﬂﬁf’;gﬁ
Jo 0 g 0
FEHWHEUNT 1R 5 0<3 FRKEL<I1 6
AEFIREL 1~3 K 7 1<3 A Rs<2 7
AEHE 3 R 10 2<3 4EME<3 8
3<3 KB <4 9
3 AR BIKE>-4 10

®16 KEFRERTESE

FAMET H R B A NU ok 55 5, 7 R ) 6l
30 NU>4 000 74 1E4y IX 8] 5 $2 PR AN 3 16
FIi7R o

WO X ST CRLYE ) FE A 15 | A X 3 A
X (SR EAR 1000 m 78 B HE KA 2R 19
A, DA X Hetb A 7 50 R S A R 43 5 48 R PR A A
217 PR,

B AT EEPEFR bR TR B R TE RS W HL Ry X
K RS R 0 RS JE SR, B
SyXIR] B I TPAME IR 18 F

NU

Tab. 16 Risk Consequence Index Score Values NU
mH NU=<500 J* 500 F'<NU<1 000 F* 1 000 7 <NU<2 000 f* 2 000 F1<NU<4 000 F* NU>4 000 f7
(A BEL(E 1 3 5 7 —
VAW IS VR4 1 3 5 7 10

®17 REERERTESE—BRXE
Tab. 17 Risk Consequence Index Score Values

Trench Area

Pipelines

WA X

i — R X 1 & [X 4

o T
R WUE 4 — 6 8
VB VR R DA 1 5 7 10

x18 REEREFRTSIE—ENTENE
Tab. 18  Score Values of Risk Consequence Index

Pipelines Reliability
JERERR BRI RIBI R RERRE

iH EMEA EMAAE R DN X
ZEAOK  HRERHK  EW KETE
(L) R UE 2 5 7 _
VAR5 VR VR4 E 1 5 8 10

2 HAKEMZRERKIFEER R FH RG]
SCEE DAL T RS IR AE A2 S DN300 S D B it
KA A SR RUBS TG E AR 52 | SR k) i X
ALK AL R S ST 1163 396 m,
H AR W 94 424341 76 DN300 ~ DN 1600 ; FI #6545 #1
RPEHIE 2070, S BR B N R
B KDY oAb 2= T KA Ak e i
it 6 25, M ARAEAEIR N 0~46 4E, ILAN, BF 54
T T % X 3, 2019 4E—2023 4F {45 38 Iy o 55 10 5k
5, DN300 M LA 4 i g4 512 2 kit 502 A2 48
P B B 1 AL B o A R T A B PR S
RGL(GIS) , HIFRFEIRZE R T 30 m B AXT N A

ARBRANG BRI A T SRR A RS B IE ) 404
o HRPEH B R PE R R B () Th Ak
PHEAT RS PEAL 25 SR 2 B, PAG b XURS: & 2B T e
SN 2~8 43, et 7 R, ank 19 R KU kAR
JEREERA 1~10 43, I3t 10 £, W5k 20 s, K
JRUBS: A T REPESS J -5 KU b 5 SR SR TR &
SRR, 2. 11% 2R V RN (4 42) ,63.19%
BRI ST VR (KU ) | 32. 80% 45 £ 3T
Al 25 5 Ry TGRS (R XUBSE ), 1. 90% 5 26 T AL
Ber (g KWL ), A A O 1 BT, RO S5 4 2
O30 4 ACEG S WA DL R AF TR K Ak
M B R R L,
®19 RBEETREMLER
Tab. 19  Results of Risk Probability

IS A2 W] e A HAE/km ditt
24 0.33 0. 03%
35 95. 69 8.22%
44y 643.21 55.29%
54 299. 07 25.71%
6 4r 89.28 7. 67%
745 35.59 3. 06%
8 /¢ 0.22 0. 02%

R R ) BERE BT A 45 2R 1] S8 PR S AR
o D s s S AR A T g, T4 8 T 2 s XL
EE R LA R F AR SRR 509% R LB AT A E
PPAG A5 R B g TR R, AR WP A P, TR K



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 2,2026
February 25th, 2026

F20 REELERRER
Tab. 20 Results of Risk Consequences

IR A2 s AR K /km hilt
143 17.25 1.48%
243 31.27 2. 69%
347 201. 37 17.31%
445y 242. 42 20. 84%
543 422.12 36.28%
6 53 180. 63 15.53%
745 42.27 3.63%
8 24. 84 2.14%
9 53 1.21 0. 10%
10 4 0.01 0

1 bEEmEREHKENIZTREERE
(DN=300 mm)
Fig. 1 Risk Level Map of Water Supply Networks Operation
in a Certain Area of Shanghai( DN =300 mm)
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