HoKBA 2026,45(9) :73-81 Water Purification Technology

WEF, ABAIT, WIEZ, 5F. BT =W BaEh S i ok e W DMA lhtiRs) ik [J]. WokEoR, 2026, 45(9) : 73-81.
Guo Q, Ren Z Y, Tang Z J, et al. Leakage identification method in DMA for water supply pipeline networks based on three-stage dynamic analysis[ J].
Water Purification Technology, 2026, 45(9) ; 73-81.

— — : [ Y 3 :
ETF=mEzahESTHMLEKE RN DMA iRiiR 5 7Gx

OB ATAT, AIEES R E R D e

(1 V5T R FIBE B, L 10008452, NS BH REAREIR SIS, N5k 01401033, flpg HAEMELIE B A H
FRZS &, W RE AR 450000)

# E [BH] MaritEsr X (DMA) B R KA W45 4 0 B BB vk 2 —  HA O T s HI W 1 & 28 X3, 4R
T, A 19 DMA It R0 75 12385 30 A7 ARG B AR SRR S A ) 81, e LA B R 2 sh B E A K, [ AiE] WX —
[, A SCER I T 1 FhEE T =B Besh A3 100 DMA IRH0R 3 78, A& THR B A HERG PEFI AT 521 . 35— B Bek M shtd 0
B A A S AR AR AT, B R ) B0 7S T R R 0 UM, I BT IR BEATLME S T 5 5 B B T I s R 1Y
Tt TOUASE Y T b S R 5 P00 O e ) A8 22 A M B U A R S AL ARRAE 5 28 = B Btk — 2P 4 B ke 22 R A8 Ak Y B
(BP9 B3 R P B BB R A iR 22 T4, HGCR B e IR 5 5. PRI g v S 1R 2 AR R ALY DMA /)
XEATIMEAEAE, [4R]  ZIOrRMUEIRRZN 81, 84% ,iRMRLA N 3. 87% , WUHERM TAE 5 ik, HAE v RARTR 2 i
BRI BB R T AR SR B, [ 48] X7 AR T AT Mo 32 ey 74 0 itk U S 350 10 0k o R U0 ), 7 S B A )
PR B BT B R AR . AR SCABRK AP BEBE T 1 AT AL SE A A DMA T B U ek 75 48, BRAR = T R0 RO Mk A n]
P, HES) T T4 AL G 20 304 B ) 4 AR b RS AL 1Y LA S B B R FH A

XKHER B Bor X IR S O Ry

FESES . TU9I XEAARERD: A XEHS: 1009-0177(2026)09-0073-09

DOI; 10. 15890/j. cnki. jsjs. 2026. 09. 008

Leakage Identification Method in DMA for Water Supply Pipeline Networks Based on Three-
Stage Dynamic Analysis

Guo Qi', Ren Zhiyuan’, Tang Zhengju’, Miao Dayong’, Chen Bo’, Guo Guancheng' *

(1. School of Environment, Tsinghua University, Beijing 100084, China;

2. School of Energy and Environment, Inner Mongolia University of Science and Technology, Baotouw 014010, China;

3. Henan Leak Pipeline Detection Technology Co., Lid., Zhengzhou 450000, China)

Abstract [ Objective |  District metered area ( DMA) management is one of the key methods for controlling leakage in supply
pipelines, with its core focusing on accurate identification leakage areas. However, existing DMA leakage detection method generally
suffer from low accuracy and high false alarm rates, making it difficult to meet the needs of managing complex and dynamic pipeline
networks. [ Methods] To address this issue, this paper proposes a DMA leakage identification method based on a three-stage dynamic
analysis to improve the accuracy and reliability of identification. The first stage used a sliding window technique to capture short-term
flow variation characteristics, enhancing sensitivity to dynamic flow data and effectively filtering out random noise interference. The
second stage constructed a flow prediction model based on historical data, comparing the residuals between the actual flow and
predicted flow to accurately capture abnormal flow variation characteristics. The third stage further analyzed the time characteristics of
the residual anomalies, eliminating errors caused by normal fluctuations from users, and focused on identifying abnormal leakage

signals. In the leakage tests, two DMA areas of different scales in Zhengzhou were selected for testing and verification.
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[Results] The proposed method achieved a true positive rate of approximately 81. 84% and a false positive rate of about 3. 87%. Its
performance outperformed traditional method, with particularly notable improvements in detection accuracy during low-flow periods at
night compared to high-flow periods during the day. [ Conclusion ] This method is able to better capture abnormal flow fluctuations
caused by pipeline leaks, demonstrating promising application prospects in real-world water supply networks. This paper provides water
supply companies with an efficient and practical DMA leakage detection solution, which not only improves the accuracy and reliability
of detection but also promotes the transformation of leakage control from traditional experience-based management to intelligent and
precise management. It holds significant theoretical and practical value.
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Fig. 1 Framework of DMA Leakage Identification Method
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Fig.2 Structure of Flow Prediction Model

EHP (F5) B 7 IE Y 051, T 328 25 5 HP O 118 25 DU
ICRE B, MU S

AR SCHRB ¢ A 220 B HERT 1 B Ast [ o 17 sk 20 )
TR 2 BURRAE 1) it SR 5K o B 20 1 O AR 25 K
YR 2R AIE [ i mp LAt s 220 0 90 1 5% 22, DT 45 2]
1 AT o B 2 i ik 22 AR W RRIE I 91 K27
FIIE 7 2% e RAE A/ IMEVE R K-Means #5271
B ARAE . USRS 1 B E] Py A 3 B 5 22 Tk
T A S8 A, DU B DMA A T i
1.5 EMistR

AR B0 H 43 L1 22 (MAPE ) 724 #il
BT A TE 5 B , MAPE IG5 75 204 SR i 4™ |
m=(7) , EERWEHCR(TPR) FHRE (FPR) fE R
TE BB (A PPN FE AR, TPR 8, FPR AR, 455
RIZRER LT, TPR BEAS S WAL 70 0] i e A A 19 330
BB, FPR BB 8 Ji B 455 780 56 1 8 A AR 119 1 51 5%
= (8) ~X(9),

%w=i" 9A”’—__—y")fxloof%y (7)
i=1 Yi
TP
Toy = T, + F, (8)
FP
Fpg =m (9)
Horpry, —HS4 K, m*/h;
y, —— B AH , m*/h;
n—HEA AL

T, —— R T A O I A8

F — RV RPN A T IR A AR 5
F—— R TE A PR3 ) I R REAK
T\ — RV RPN A 1E H RE AR KL
2 EHISH
2.1 ttimiteE
BEBCGRMI T 2 NSRBI DMA /N X I R it
TRk /N P R 2N R R, 5/ X — 1 H
FURAR 2 120 7, &4F H /K200 750 m’ 5 5
ANIX R P RAR 484 7 4R H B RK R R
150 m*, It FFOCIH KRR B S bRttt i 7 5%, 7EAS
(7] B ) B3 RS )3 s 9 £ JF e a3 | G A% o i
S SR I AR v A U K D S A O, O SRR
[B]F% R 5 min, 403 1 s,

®1 itHRKE TR
Tab.1 Working Conditions of Leakage Experiment
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Tab.3 Testing Results of Leakage Identification Model
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