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Abstract: To overcome the current technical bottleneck in diagnosing and assessing extraneous
water intrusion in sewer networks, this paper proposed a P-value method that could characterize the
probability of extraneous water intrusion risk. This method simultaneously considered the influences of
both extraneous water quantity and water quality, and achieved dynamic assessment of intrusion risk at
different locations along the pipeline by discretizing the P-value. The accuracy and feasibility of the
P-value were verified through a full-scale physical model experimental platform. A total of 15
experimental conditions were designed, involving five levels of exiraneous water volume proportion and
three concentration ratios, with temperature and electrical conductivity used as variable parameters. The

results showed that between monitoring points 4 and 7, the risk values calculated by electrical
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conductivity ranged from 0.00% to 3.15%, while those calculated by temperature ranged from 0.00% to
7.47%, indicating that extraneous water and native sewage had been uniformly mixed at a location 3 m
downstream of the intrusion point. By comparing the risk level assessment results and the identification
accuracy of intrusion points for both indicators under each condition, it was found that electrical
conductivity exhibited higher sensitivity and accuracy than temperature at the same monitoring point, and

thus should be prioritized as the water quality indicator for assessing extraneous water intrusion risk

levels.
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Tab.1 Test conditions

IS Gt R, Qey/(m*/h) i - Yﬁfg
Co/(pSlem) | €, /(pS/em) R, Cy/C C,/°C R,
al 5.81 1367.72 199.20 0.15 27.47 36.35 1.32
a2 0.15 4.88 891.40 223.50 0.25 28.10 41.29 1.47
a3 5.20 704.14 208.00 0.30 28.33 39.37 1.39
bl 5.68 983.93 247.75 0.25 29.77 39.27 1.32
b2 0.25 2.86 646.36 222.69 0.34 32.09 40.63 1.27
b3 2.90 854.68 249.76 0.29 32.58 39.88 1.22
cl 2.12 532.30 188.75 0.35 27.93 36.63 1.31
2 0.35 2.12 940.76 218.44 0.23 28.45 40.08 1.41
3 2.12 1782.74 199.00 0.11 28.67 39.39 1.37
d1 3.85 1264.71 267.80 0.21 31.15 41.69 1.34
d2 0.45 1.90 993.53 240.61 0.24 33.31 40.56 1.22
d3 2.82 320.00 245.00 0.77 30.55 35.64 1.17
el 1.80 1251.86 217.25 0.17 34.84 38.63 1.11
€2 0.55 1.70 1 005.47 238.33 0.24 33.75 41.38 1.23
e3 1.63 665.58 226.86 0.34 33.27 41.39 1.24
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Tab.2 Extraneous water intrusion risk values derived from conductivity and temperature indicators %
A 5 2 W A5 3 i A5 4 I A5 5 S 6 I 5 7

SR | BE | SR | RE | BSE| RE | BeX| BE | BeX | BE | BeE| RE

al 28.14 441 28.31 10.13 0.05 5.08 0.50 0.07 0.14 0.07 0.05 0.14
a2 32.95 17.47 41.94 8.57 1.35 0.79 0.06 0.03 1.33 0.43 1.14 0.30
a3 23.39 5.81 21.66 10.13 0.01 5.08 0.19 0.07 0.35 0.07 0.08 0.14
bl 25.16 4.48 6.89 1.29 3.15 0.73 0.16 0.01 0.24 0.13 0.16 0.17
b2 30.60 12.48 27.23 5.04 0.16 0.17 0.08 0.14 0.47 0.12 0.47 0.14
b3 18.41 5.55 6.62 6.02 0.34 0.37 0.09 0.00 0.05 0.09 0.10 0.06
cl 11.85 5.36 0.81 1.05 0.31 0.20 0.59 0.23 0.47 0.30 0.18 0.10
c2 9.62 8.77 2.74 0.90 0.18 0.16 0.48 0.13 0.44 0.16 0.01 0.06
c3 2791 5.76 4.21 1.85 0.55 0.13 0.42 0.06 1.14 0.41 0.72 0.25
d1 51.63 21.27 62.98 7.65 0.35 0.31 0.03 0.11 0.00 0.06 0.19 0.08
d2 46.40 11.25 47.42 3.57 0.75 0.22 0.15 0.11 0.31 0.00 0.28 0.11
d3 5.35 3.25 0.27 0.79 0.74 1.05 0.69 0.89 0.23 0.35 0.68 0.24
el 49.13 2.80 44.00 4.40 0.53 0.95 2.73 0.03 0.57 0.16 1.65 0.11
e2 50.20 5.42 46.87 2.90 0.26 7.47 0.95 0.63 0.41 0.10 0.46 0.09
e3 45.43 16.90 41.43 7.62 1.23 0.16 0.04 0.11 0.10 0.19 0.20 0.08
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Tab.3 Extraneous water intrusion risk level

assessment results

i R
RIS | PERK | ARKE | PR | ARKE
1E/% FEH 1E/% £
al 28.31 = 10.13 ik
a2 41.94 =] 17.47 h
a3 23.39 H 10.13 ik
bl 25.16 = 4.48 i
b2 30.60 = 12.48 ik
b3 18.41 Ex 6.02 ik
cl 11.85 1% 5.36 ik
2 9.62 1% 8.77 ik
3 27.91 = 5.76 ik
di 62.98 = 21.27 rh
d2 47.42 = 11.25 ik
d3 5.35 1% 3.25 o
el 49.13 = 4.40 G
€2 50.20 =] 5.42 ik
€3 45.43 s 16.90 h
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