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Abstract
Nowadays, the using modern trenchless methods for repairing sewer networks have been

developed in most countries. Generally, for repairing the sewage lines using trenchless
methods, bypassing the repair. zone is necessary. For this purpose, the damaged tube is
blocked upstream of the damaged pipe using plugs and packers, and to prevent rejection, the
sewage is pumped to the downstream pipes. However, the pumping of sewage is a very costly
task. In this study, an effective method named “minimum pumping” (MP) is suggested using
the capacity of the upstream pipes and manholes. In the proposed method, the timing needed
to repair the damaged tube can be managed in a way that the cost of pumping is reduced.
Here, as a case study, sewage pipes in Nazar Boulevard and Mirzakochek Khan Boulevard in
Isfahan City in Iran have been repaired using the proposed method and the results are
presented and analyzed. The results indicated that the proposed method is an effective method
for reducing the cost of repairing in sewage networks. Using the proposed method, the
pumping rate and, consequently its costs, were reduced from 35% to 50% for Nazar
Boulevard sewer network and from 70% to 85% for Mirzakochek Khan Boulevard.
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Fig. 1. The sewage pumping cost to repair the pipe using
a 2-inch pump for different diameters and three
discharge cases of one-fourth, one-third and three-
quarters full (repair using trenchless method)
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Table 1. Details of the Isfahan’s Nazar intersection sewer network
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Pipe Pipe length Pipe Slope Upstream Downstream Pipe diameter
number (m) elevation (m) elevation (m) (mm)

1 13 0.004 94.1 94.05 400
2 37 0.004 94.05 93.9 400
3 9 0.004 93.9 93.86 400
4 20 0.001 93.32 933 1200
5 6 0.002 92.88 92.87 1200
6 23 0.001 92.87 92.85 1200
7 18 0.001 92.85 92.83 1200
8 30 0.001 92.83 92.8 1200
9 6 0.002 92.8 92.79 1200
10 20 0.002 95.74 95.69 400
11 10 0.001 93.28 93.27 350
12 10 0.002 93.27 93.25 600
13 32 0.002 94.2 94.12 400
14 13 0.002 94.12 94.09 400
15 10 0.004 92.79 92.75 1200
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Fig. 4. The sewer network layout in Isfahan’s
Mirzakoochak Khan boulevard
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Cost Pipe 3 6 9 15
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(Million Rials)
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using the proposed
method  (Million
Rials)
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Fig. 5. The Condition of the pipe No. 3 and the upstream pipes and manholes in
a) normal conditions and b) repair time
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Table 4. Minimum required diameter to prevent sewer backpressure in
Isfahan’s Mirzakoochak Khan boulevard sewer network

Pipe number

Discharge(m3/s) 7 14 21 28 35
Minimum required diameter (mm)

0.105 250 250 250 250 300

0.21 300 300 300 350 350

0.315 350 400 350 400 400

el 51 K 3815 mm 5l OB K s sleil o3 3 Cens VU Syt S 5 S o 281am —0

Table 5. Maximum upstream sewer head and hydraulic capacity at the time of blocking in
Isfahan’s Mirzakoochak Khan boulevard sewer network

Pipe number

Discharge (m3/s) 7 14 21 28 35
Sewer head (m)
0.105 32 2.4 22 2.8 1.3
0.21 2.5 2.5 32 2.2 2.1
0.315 2.4 2.7 3.2 2.2 2.3
Upstream hydraulic capacity (m?) 288.9 583.9 881.4 1184.8 1601.5
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Fig. 6. The Condition of the pipe No. 7 and the upstream pipes and manholes in

a) normal conditions and b) repair time (three quarters full discharge)
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Table 6. Pumping costs values of Mirzakoochak Khan boulevard sewer network using with
and without proposed method for trenchless method

Method Discharge Pipe number
(m3/s) 7 14 21 28 35

Without using the proposed method 0.105 21073 210.73  210.73  210.73  210.73

With using the proposed method 0.105 37.74 37.74 37.74 37.74 60.21
Without using the proposed method 0.21 421.47 42147 42147 42147 42147

With using the proposed method 0.21 60.21 60.21 60.21 92.322 92322
Without using the proposed method 0.315 632.2 632.2 632.2 632.2 632.2

With using the proposed method 0.315 92322  132.17 92322  132.17 132.17
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Table 7. Pipe diameters required to prevent sewer backpressure for different pipe repairing time
Repair time q Pipe number
(hour) le;?;;ge 7 14 21 28 35
Diameter (mm)
0.105 200 20 20 20 30
1 0.21 300 200 100 100 100
0315 350 300 300 300 350
0.105 200 150 100 100 150
2 0.21 300 250 250 300 300
0315 350 350 350 400 400
0.105 200 250 200 250 250
5 0.21 300 300 300 350 350
0315 350 350 350 400 400
s Ciliss éuo\»j 3 olesl OL’.&?,JS‘J.J:A J\}lg oM sy slast gles s QM..:YLJ ML us J;“S\.x; -A d).&q-
Table 8. Maximum upstream sewage head at the time of blocking in Isfahan’s Mirza koochak khan boulevard sewer
network for different pipe repairing time
o . q Pipe number
Re'(’li‘;{lgm" D(‘;ﬁls‘;'ge 7 14 21 28 35
Maximum sewage head (m)
105.0 52 33 8.2 5.1 1.1
1 21.0 52 7.2 2.3 3 1.2
315.0 4.2 54 4 53 72
105.0 2.4 43 4 3 7.2
2 21.0 5.2 8.2 2.3 2.3 3
315.0 4.2 7.2 2.3 32 32
1050 5.4 83 24 32 6.2
5 21.0 5.2 82 2.3 22 22
315.0 4.2 72 2.3 42 32
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Fig. 7. The Condition of the pipe No. 14 and the upstream pipes and manhole at repair times
a) 1, b) 2 and ¢) 5 hours (Three quarters full discharge)
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Table 9. Pumping costs for Mirzakoochak Khan boulevard sewer network with and without the
proposed method in half full discharge condition (0.21 m?/s ) and for various repair times

Method Repair time Pipe number
(hour) 14 21 28 35
1 23415 23415 23415 23415 23415
Without using the 2 46.83 46.83 46.83 46.83 46.83
proposed method
5 117.075 117.075 117.075 117.075 117.075
1 3456 1.226 0.223 0.223 0.223
With using the proposed 2 6913 4237 4237 6913 6913
method
5 17.282 17.282 17.282 26.202 26.202
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