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Abstract In order to find out the condition of flow in sewer pipes, this study investigated the characteristics
of tractive force of sewage flow estimated using actual measured values of water level, velocity, and flowrate
in sewers located at uppermost portion in a treatment area during dry weather periods. When the scene of
sewage flow was taken by CCTV after cohesive and non-cohesive solids (tofu and sand) were put on the sewer
invert, it was found that the solids could be flushed without significant interruption. In sewer with slope of
0.00319, the frequency exceeding the minimum tractive force of sewage during a weekday was zero, while it
was 10 per day with slope of 0.00603. During the week of the field observation, the event to exceed the
minimum tractive force occurred once, suggesting that sewer odor would potentially increase. Maximum tractive
force in sewer with steep slope was 2.9-3.1 N/nt, but with gentle slope it decreased to 1.6-1.7N/nf. It was also
observed that the interval of time maintained below the criterion of minimum tractive force increased, during
weekends compared to weekdays and for the sewage including non-cohesive particles which could enter
combined sewers during a storm period. This study found that the sewer sediments formed by direct feces input
into sewers, through sewer pipes which were designed meeting the standard sewer design criteria, could be
flushed without staying as deposited solids state for a long time.
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Fig. 1. Conceptual sketch and information of sewers
and manholes used in this study

Table 1. Minimum tractive force criteria in designing
sewers proposed in literatures[6]

Minimum "
Source Country | Sewer type she(a’\r‘/?ntl;ess E(;ﬁ?jitfilgr\g
Lysne USA 2.0~4.0
(1969 (71 oo
ASCE and
WPCF USA 1.3~126
(1970)(8]
Storm 3.0~4.0
Yao USA
(19749} Sanitary 1.0~2.0
Maguire
rule %CIRIA UK 6.2 Full/half full
1986)[10]
Lindholm Nomway Combined 3.0~4.0
(1984)(11] Separate 2.0
Scandia . .
consult Sweden All 1.0~15 15 I:essgr:? s
(1974)12] P
Sanitary 0.1 to ful
Vack S Depends on typbicald
acke torm transport combine:
(1982)[13] Germany capacity and | sewers under
. concentration long term
Combined conditions
1.6 to
Brombach
et al. Germany Combined 916%3&02“
(1992)(14] sediments

Table 2. Information of sewers and manholes in this study

, 4142-1 | 4142-2
Line number 4142-0 0 00
4142-0 | 4142-1 | 4142-2
From Manhole -1 00-1 00-1
4142-1 | 4142-2 | 4142-3
To Manhole 00-1 | 00-1 | 00-1
Upperend |, e5e | 3001 | 3302
Invert (m)
elevation
L°W:;)e"d 3001 | 3302 | 3411
Ground Upp(en:)e"d 1505 | 1512 172
surface
elevation '-°"":T:)e"d 1512 1.72 1.65
Length of (m) 4690 | 3570 | 3420
sewer
Difference of (m) 0283 | 0211 | 0.109
levation
Slope (%) 6.03 5.91 3.19
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Fig. 2. Temporal change of water level and flowrate
measured in sewer pipeline 4142-200 on
Friday, March, 10.
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Fig. 3. Temporal variation of tractive force in sewer
pipeline 4142-0 with slope of 0.00603 on
Friday, March, 10.
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Fig. 4. Temporal variation of tractive force in sewer
pipeline 4142-0 with slope of 0.00603 on
Saturday, March, 11.
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5. Temporal variation of tractive force in sewer
pipeline 4142-0 with slope of 0.00603 on
Wednesday, March, 15.
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Fig. 7. Temporal variation of tractive force in sewer
pipeline 4142-200 with slope of 0.00319
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Table 3. Variation of tractive force measured twice in pipeline
41420 with slope of 0.00603 and pipeline

4142-200 with slope of 0.00319

Max Min Mean ggl

0310 | Fri | 296 0 0.63 | 053

o 0311 | Sat | 29 0 0.46 | 043
Pipeline [ 0312 | Sun | 302 | 0 | 050 | 050
0-1 0313 [ Mon | 29 0 0.68 | 0.48
0314 | Tue | 29 0 0.62 | 0.49

0315 | Wed | 3.08 0 0.67 | 053

RUN1 0310 | Fri 15 0 047 | 032
0311 | Sat | 135 0 045 | 0.32

Pipeline | 0312 | Sun | 1.38 0 0.43 0.33
4142- | 0313 | Mon | 1.31 0 0.45 | 0.35
200-1 [ 0314 | Tue | 166 0 0.31 | 0.34
0315 | Wed | 1.28 0 0.28 | 0.34

0316 | Thu | 1.25 0 0.20 | 0.30

0428 | Fri | 284 | 03 | 090 | 040

0429 | Sat | 2.72 024 | 091 0.40

Pipeline | 0430 | Sun 2.9 035 | 0.93 | 041
1

42- | 0501 | Mon | 2.84 | 0.35 0.97 0.42

0-1 0502 | Tue | 2.9 | 035 | 0.93 | 040

0503 | Wed | 2.9 0.41 096 | 0.40

0504 | Thu | 2.84 | 047 0.80 | 048

RUN2 0428 | Fri | 16 0 | 025 | 033
0429 | Sat | 1.1 0 | 021 | 030

0430 Sun | 125 | 0 | 025 | 032
Pipeline | 0501 | Mon | 147 [ 0 [ 024 | 035
50021 | 0502 Tue | 15 0 | 025 | 034
0503 | Wed | 147 | 0 | 020 | 031

0504 | Thu | 119 | 0 | 025 | 034

0505 | Fri | 084 | 0 | 004 | 017
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