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Abstract

In along and deep inverted siphon at large difference of ground level, it is anticipated that complex
and non-steady hydraulic phenomena, which cause overflow from manholes and blow manhole
covers away, take place. This study examined storm water flow and air supply and exhaust in a long
inverted siphon using hydraulic model experiments. This study also examined that a long inverted
siphon and countermeasure structure against large drop affected hydraulic level. Finally, this study
examined countermeasures that have minimum structural improvement to sewer system.
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1. Introduction

In Akabane-West trunk sewer basin located mainly
in Kita Word, Tokyo, most of storm water flows down
in Akabane-West trunk sewer to Shingashi River. Due
to lack of flow capacity of the trunk sewer, flooding has
frequently occurred. Four branch sewers including the
Akabane-West major branch sewer were planned to
construct as relief sewers to prevent flooding.

These relief sewers must be installed in very deep
underground due to various existing underground
objects. Thus, deep should be
constructed. Also, the relief sewers must be long

inlet manhole

inverted siphon. From these conditions, it was
anticipated that the relief sewers would have unsteady
and complex hydraulic phenomena from inlet
manholes to outlet into the river. These hydraulic
phenomena may cause overflow from manholes or
may lead to accident that manhole covers may be

Rolias

L=297,,
RSNo.4
<

RSNo.1

RSNo.2

ggeﬁef
(2]

Se
% 35, C RSNod

¢ 2400 Relief
L=177m sewer D b“m

EICA: 24(2 - 3) 110-115

blown away at large difference of ground level.

This research was carried out to verify that the
relief sewers would have enough capacity to inflow
storm water in the basin, and to verify the relief
sewers have sufficient ability to remove excess air in
the storm water flow, using hydraulic model
experiments. The hydraulic model experiments were
carried out to propose efficient and effective strategic
plans to safely realize storm water drainage system.

2. Research target facilities

The research targets were the four relief sewers
which consisted of four branch sewers including the
Akabane-West major branch sewer. The relief sewers
had 4 km of total length, 1.2 km of long inverted siphon
and deep inlets as shown in Fig. 1. Relief sewer A had
2,400 mm of diameter and 1.3 km of length. Relief
sewer B had 2,800 mm of diameter and 0.6 km of

RSNo.10 Shingashi River
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Fig.1 Diagram of the research target facilities (four relief sewers)
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length. Relief sewer C had 2,400 mm to 3,250 mm of
diameter and 0.5 km of length. Relief sewer D had
4750 mm of diameter and 1.2 km of length. The
majority of the sewers were inverted siphon.

3. Hydraulic model experiments

Large-scale complex sewer system like this system
tends to have following phenomena :
- Occurrence of wave and excess exhaust air

In inverted siphon, when the flow reaches a
downstream manhole, the flow 1is temporarily
stagnated and flows upstream as wave. Air trapped in
the flow goes upstream and blows out from an
upstream manhole
- Gushing residual air

When the flow is pressurized inside the sewer and
trapped air remains in the flow, pressurized residual
air gushes out through a manhole. Factors to trap air
in the flow are 1) that air above the water surface in
sewer Is trapped trapping air after wave goes passed
upstream and sewer is full, and 2) that during inflow
falls down from inlet high above the sewer, air is
trapped to inflow and goes to the sewer.
- Increase of hydraulic level

The following conditions may result In an
unacceptable head loss, which increases hydraulic
level to the ground level, such as sewer becomes full,
inflow comes from multiple directions, interior
structure of manhole has multiple stages and sewer
has a succession of bending.

These phenomena may cause substantial overflow
through manholes or accidents resulting from

splashing manhole covers. The occurrence of these

phenomena depends on structure of the facilities and
flow conditions. Therefore, hydraulic model experi-
ments should be conducted in advanceV.

4. Research process and the range of
reproduction of hydraulic models

In this research, hydraulic model experiments were
conducted using the following process; 1) compile
hydraulic problems on the initially designed facilities,
2) examine sewer system to ensure enough flow capa-
city and 3) verify the effect of countermeasures and
decide the optimal facility design as shown in Fig. 2.

The range of reproduction of hydraulic model
included relief sewers, inflow manholes that connected
to the relief sewers and inflow sewers to the manholes.
The reproduced length of inflow sewers was ten times

of their diameter. Fig.3 shows photographs, model

-

(Dcompile hydraulic problems in the initially designed facilities B
@Examine sewer system to ensure enough flow capacity

achieve

Fig.2 Research process

BMMaterial 1 Acrylics
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‘erification of downflow
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B Model length: approximately 160m
(actual length is approximately 3,800 m)

Fig.3 Hydraulic model experiment facilities
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scale of the hydraulic model experiment facility. Size of
model experiment facility was set based on Fluid
similarity rule.

5. Compilation of hydraulic problems on
the initially designed facilities

5.1 Flow conditions on hydraulic model experi-
ments

Flow conditions on hydraulic model experiments for
original design facilities are shown in Table 1.

Peak value of 50 mm/h precipitation was the same
as planned flow.

Because flow capacity could not meet planned flow
rate when discharge rate regulation existed, Case 3 in
which flow rate was reduced was set. Reduced flow
rate was that marginal flow capacity of existing
facilities was sutracted from planned flow rate.

Table 1 Flow conditions

Case Name Flow Amount Condition

Typical rainfall condition in Tokyo.
Rainfall intensity is 50 mm/hr and
precipitation was concentrated in
the middle of the rainfall event.
Flow rate changed due to the rainfall
pattern.

Case 1:50 mm/h
precipitation concentrated
in the middle of the rainfall
event

This condition ensured safety when
the situation is worse than case 1.
The same amount of rainfall as the
peak flow in case 1 continuously
flowed into inflow sewers.

Case 2: 50 mm/h
constant peak

This condition was a reduced flow

rate from case 2.

% Reduced flow rate was set in
original design.

By implementing flow reduction

measures before storm water flows

into inflow sewers flow rate was

reduced.

This was the condition for the final

goal (step 2) in the hydraulic model

experiments.

Case 3:50 mm/h
reduced flow

5.2 Dynamic water level for flow amount
conditions

The hydraulic model experiments of the initially
designed facilities were conducted based on the flow
conditions as shown in Table 1. Table 2 shows the
difference between hydraulic level and ground level as
the results of the experiments.

The hydraulic problems on the initially designed
facilities were summarized below.

In the initially designed facilities, the hydraulic level
went upward due to the complex structure and impact
of pressure pipe conditions. As a result, flooding was
observed at some measurement points (manhole
locations).

Assuming that the target hydraulic level was lower
than —1.0 m from the ground level, the following
results were obtained :

- In case 1, the target hydraulic level was not
achieved at two manholes (RS No. 5 and RS No. 10).

- In case 2, the target hydraulic level was not
achieved at most of the measurement points
(manholes). Also, the level lower than GL was not
achieved.

- Even after implementing the flow rate reduction
measures in case 3, RS No. 1, RS No. 5, RS No. 9, and
RS No. 10 did not achieve the target hydraulic level.

- The ground level of RS No. 10 was low because it
was located near the river. Therefore, achieving the
target hydraulic level was quite difficult at this
location.

- Since initially designed facilities already implement-
ed countermeasures for air flow into sewers based
on previous knowledge?, countermeasures contri-
buted to reduce gushing residual air.

Table 2 Difference between hydraulic level and ground level (m) (Initially designed facilities)

- Measurement Ground Planned Reduced Casel Case2 Case3
Pipeline Point Level Flow Rate | Flow Rate (m) (m) (m)
(m) (m®/s) (m?/s)

L . RS No. 1 10.520
Akabane-Nishi major branch sewer [A] RSN 5 17 000
Akabane-Nishi major branch sewer [B] RS No. 5 6.050

RSNo.1 (M3) | 8390

Akabanedai-San major branch sewer [C] | RSNo.6 | 8.140
RS No.9 6.430

it | _RSNod | 20800
gbanedarlchl/ Iwabuchi-Machi RS No. 7-1 3550

major branch sewer [D] LUl oL EEE
RS No. 10 4.680

[ 1: Lower than GL-1.0m [ : Between GL-1.0 and GL. [ : Higher than GL
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6. Examination to ensure enough flow
capacity

Considering the hydraulic phenomena observed in
the experiments of initially designed facilities,
countermeasures for three facilities where hydraulic
level exceeded the ground level in case 3, were devised
based on the place where dynamic water level rose
and value of dynamic water level from following points

of view.

[Points of view for countermeasures)

(1) Manhole RS No.1 was highly influenced by the
increased hydraulic level at RS No. 2.

(2) Manhole RS No. 9 had a narrow opening area due
to several floor boards set as a countermeasure
for air inflow.

(3) Manhole RS No. 10 had a high bending loss in
connection pipe to the existing outlet.

[Countermeasures]

Considering each point of view ((1) to (3)),
countermeasures were devised.
(1) Remodeling RS No. 2 manhole

RS No.2 had a high head loss (34 m) which
influenced RS No. 1 located upstream. The lowest level
of RS No.2 had a smaller diameter than the upper
levels, and the opening area was narrowed by shelf.
Therefore, the countermeasure was to remove the
shelf from the lowest level to widen the opening area
(Fig. 4).

[Before countermeasure]———{ross-sectional view of A-A
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The strategy nvolves removing the E!_r;ttom |
sheif(shndogg area) and increasing the opening | | |
area. The experiment recreates the height
difference in the changed part of the inner
diameter of the manhole and verifies the head
loss and flow condition.

Fig.4 Countermeasure (RS No.2)

(2) Remodeling RS No. 9 manhole

In the initially designed facilities, the opening of the
RS No. 9 was small and large head loss was observed.
To sustain appropriate energy dissipation function and
to maximize opening area, opening area was expanded
to same area of shelf. Also, when the RS No.9
manhole’s water level increased, the flow was
mitigated to maintenance area (Fig.5).

(3) Remodeling the RS No. 10 manhole

The entire RS No. 10 manhole was not fully used as
flow area due to the installation of drainage pumps in
it. Therefore, the design was changed to increase the
bending angle of the connection pipe outflow from the
RS No. 10. Also, to reduce head loss, flow deflectors
were Installed at the bottom and the top of the edge
-shaped bending section in the manhole (Fig.6). A
flow deflector was a structure to adjust flow.

When the backwaler [rom (he
downstream comes, flow should be
overflowed to the maintenance area
and direeted to staircase.

Expand opening
area that equals
the shelf arca.
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Fig.5 Countermeasure (RS No.9)
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Fig.6 Countermeasure (RS No.10)
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7. Verification of the effect of the
countermeasures and decision on
the optimal facilities

7.1 Verification of the countermeasures’ effect
using “hydraulic model experiments on the
facilities with the countermeasures (Step 1)”

Table 3 shows the results of the experiments after
implementing the countermeasures (difference be-
tween hydraulic level and ground level).

After remodeling the manholes, the target hydraulic
level was achieved in case 3 except for the RS No.5
and No.10. At RS No.5 and No. 10, even after
improving structural issues, hydraulic level did not
achieve GL —1.0 m in case 2. The suspected cause was
lack of flow capacity of the sewer down—flow from the
relief sewers. When the current discharge regulation
to the river is lifted in the future, discharge pipe which
satisfy discharge flow rate will be constructed.

7.2 Decision on the optimal facilities “hydraulic
model experiments on the optimal facilities
(Step 2)”

To achieve target hydraulic level that was 1.0-m
lower than ground level, flow rate was further reduced
to evaluate the optimal facilities. Table 4 shows the
results of the hydraulic model experiments (difference
between hydraulic level and ground level).

RS No. 10 did not achieve the target hydraulic level
because the ground level was too low; however,
hydraulic level at RS No. 10 was lower than ground
level. From these results, RS No. 10 was decided to be
satisfactory.

Reducing the flow rate by 0.9 m®/s additionally at
RS No.5 lowered the hydraulic level lower than
GL-1.0-m. Thus, additional flow rate reduction by 0.9
m?® /s needed to be assured to have the optimal
facilities.

Table 3 Difference between hydraulic level and ground level (m) (facilities with countermeasures implemented)

Ground Planned Reduced
Pipeline Mea;ﬁﬁ?ent Level Flow Rate | Flow Rate C&SSI C&SSZ C&SSB
(m) (m*/s) (m*/s)

. RS No. 1 10.520 7.059 7.059 —3.647 0.082 | —1517
Akabane-Nishi major branch sewer [A] RS No.2 17,000 . o o7 W e
Akabane-Nishi major branch sewer [B] RS No.5 6.050 4.902 1.698 —1.052 1.083 [ —0.959

RSNo.1 (M3) | 8390 | o887 | .. 5231 | —2747] —0836) —3141
Akabanedai-San major branch sewer [C] | RSNo.6 | 8140 | 0925 | 0088 | —2097| —1377| 3132
RS No. 9 6.430 — — —1.355 0230 | —1.361

) ) ) ) RS No.4 20.800 3.718 3.751 —16.334 | —14.197 | —15.542
Akabanedsi-Tehi/Twabuchi-Machi [N 71 g | ey | odzr | Tz | Cirds | —aes
major branch sewer [D] bl Tl e

RS No. 10 4.680 — — —0.530 1.033 | —0.074

[ 1: Lower than GL-1.0m [] : Between GL-1.0 and GL [] : Higher than GL

Table 4 Difference between hydraulic level and ground level (optimal facilities)

50 mm/h constant precipitation
M Ground (flow rate reduction+ additional flow rate reduction
Pipeline ea;gﬁflent Level at RS No.5 (0.97/s))
(m) 3 Difference between hydraulic
Flow Rate (m?®/s)
level and ground level (m)
L . RS No. 1 10.520 7.059 —3.264
Akabane-Nishi major branch sewer [A] RS No. 17000 - 04l
Akabane-Nishi major branch sewer [B] RS No.5 6.050 0.798 —1.189
RSNo.1 (M3) | 8390 | 923l 348
Akabanedai-San major branch sewer [C] | RSNo.6 | 8140 | 0088 | - —3460
RS No.9 6.430 — —2.468
Ak R . . _RSNo4 | : 20800 | s’ —16026
gbanedalflchl/ Iwabuchi-Machi RS No. 7-1 3550 0122 3011
major branch sewer [D] ol L O
RS No. 10 4.680 — —0.156

[ J: Lower than GL-1.0m [ : Between GL-1.0 and GL [ : Higher than GL
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3.

1)

2)

3)

Conclusion

This study confirmed following results,

Hydraulic characteristics of the facilities which
was long and complex inverted siphon was
clarified.

Effective countermeasures for residual air gushing
and to restrict rising of dynamic water level were
presented.

The fact that countermeasure facilities for air
gushing affected dynamic water level in which low
ground level existed in a part of the pipe route was
clarified.

4) Countermeasures to reduce head loss in a manhole

could be applied to other practices.

These results will be useful for future facility design.
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