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INTRODUCTION

The fast rate of urbanization in Japan’s major
cities has led to an increasing runoff coefficient
during rainstorms and escalating flood damage.
In order to achieve a more flood-resistant city,
the Metropolitan authorities have been
improving a sewer pipe system with an
increased discharge capacity. Because of the
problems of acquiring the necessary land in the
densely populated areas along the rivers as the
terminal of the sewer drainage system, the
river improvement works for widening river
cross section have been delayed. Alternative
runoff control measures have been tried by
using flood control reservoirs and in-line
storage of sewers as well as infiltration
facilities designed to percolate the rainwater
into the soil. These systems, however, cannot be
constructed widely throughout Tokyo.

This paper proposes the “Flow Regulating
System” as a new runoff control system. Its
merits are that it is free from the problems of
land acquisition and that little construction
costs are required.

The “Flow Regulating System” uses an orifice
at the bottom of a weir within a manhole that is
continuous with a pipe of more than 1,500mm
in diameter. This runoff control system delays
concentration time and reduces the peak
discharge in the down stream area.

The system has been applied in the central area
of Tokyo. The rainwater ultimately drains into
the Kanda River, an area constantly assailed by
floods because of the difficulty of improving

discharge capacity as river improvement (Fig.
1). The catchment area of the system is about
14ha. The pipes which is a combined sewer has
the following parameters: diameter 2,000mm, I
=1.5% and L=660m.

It has the discharge capacity to cope with a rain
fall Intensity of 75mm/hr with runoff coefficient
80%.

METHODS
Concept of the Flow Regulating System

The concept of the “Flow Regulating System” is
that the weir dams up the flow from upstream
with a little storm water flowing downstream.
The weir has an orifice at the bottom within a
manhole continuous with the drain pipe system
of more than 1,500mm in diameter (Fig. 2).

The concentration time of the storm water is
thus delayed and the peak discharge is reduced
(Fig. 3). In this manner, it is possible to control
the concentration time in each pipe. It is thus
possible to prevent inundation caused by the
simultaneous influx of storm water at the trunk
sewer downstream which is the confluence of
branch sewers.
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Fig. 1  Geographic area using the Flow Regulating System

Fig. 2  Flow Regulating System

Themes concerning the Flow Regulating
System

Flow Regulating System serves three purposes.

(1) Designing the weir
In rainstorm conditions, the water level is
different between the upstream and
downstream of the weir and the outflow from
the orifice of the weir is at a high velocity. The
flow velocity in the downstream pipe may be
over 3m/s which is the maximum allowable
value for the pipe system. It is therefore
essential to design a suitable weir in the
manhole so that the flow velocity of the
downstream pipe will be under 3m/sec.

Fig. 3  Timeing In arrival of rainwater

(2) Determining the size of the orifice in the
weir
The purpose of the weir in the manhole is to
control the runoff flow of storm water. If the
weir orifice is too small an excess amount of
storm water will be stored in the upstream pipe
of the weir. The hydraulic grade line will be
above the ground line, causing overflow at the
manhole. Conversely, when the orifice is too
large the storm water will flow to the
downstream side too quickly so that the desired
effect of the weir will be lost. It is therefore very
important to decide the optimum size of the
orifice. In this study, the size of the orifice has
been determined so that the concentration time
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may be delayed to the maximum extent under a
rain fall intensity of 50mm/hr with a runoff
coefficient of 80%.

(3) Ensuring safety in the upstream areas even
under the next flood control service level
The weir height and orifice size is designed for
a rain fall intensity of less than 50mm/hr with a
runoff coefficient of 80% so that under this
condition the storm water from upstream of the
weir will not overflow the weir. It is necessary,
however, that the hydraulic grade line must not
be above the ground line under the next flood
control service level which is a rain fall
intensity of 75mm/hr with a runoff coefficient of
80%.

Hydraulic model tests are required to resolve
the above problems (1) - (3) because the
coefficient of discharge in the orifice and the
velocity of the downstream pipe are governed
by the behavior of the water in the manhole
whereas the flow is a complex three-
dimensional phenomena.

Determining the test conditions

The pipe length reproduced in the hydraulic
model covers an extension of 40m each on both
the upstream and downstream sides of the
manhole (Fig. 4).

For easier observation of the manhole and pipe
flow, the experimental system was constructed
from acrylic resin. As the hydraulic phenomena
are governed by gravity, the Froude Law
applies.

Model scale 1/s scale is 1/8 to achieve
conformity in Mannig’s roughness between
hydraulic model test and prototype. As the
other experimental condition, there is a steady
flow with downstream boundary conditions
being free fall. The reason why the flow in pipe
is under free fall at the 40m downstream point
from the manhole is this. The hydraulic
quantities were measured using a point-gauge
and manometer for the water level
measurement and a propeller type flow-meter
for the velocity.

Estimating the concentration time

(1) Fundamental equations
For estimating the storage state and water
level in pipe, basic equations are the one-
dimensional momentum equation (1) and
equation of continuity (2).

                                                                             
(1)

                                                                             
(2)

where t is the time, and x the distance with the
downstream direction taken as positive; H is the
water level, ν is the mean velocity in the cross-
section of the pipe, n is the Manning’s roughness
coefficient, R the hydraulic radius, A the flow
area of the pipe, Q the discharge, q the inlet
discharge per unit distance, η andα energy
correction factors (normally both are 1.0), g the
gravitational acceleration, and f the coefficient
of loss.
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(2) Calculation method
Equations (3) and (4) are obtained by
differentiating the fundamental equations. The
pipe and manhole are then divided into a
number of blocks and the discharges from the
branch lines are introduced to calculate the
transportation of the water between blocks for
each step (approximately 1 second) by the Leap
Frog method.

                                                                        
(3)

(4)

Fig. 5  Concept Schematic of Calculation Blocks

RESULTS AND DISCUSSION

(1) Designing the weir
The weir installation position is as shown in
proposals A, B, and C of Fig. 6(the upper tier).
The manhole has a diameter of 3600mm.
Its inverted width is equal to the water width

in the dry weather flow 1q. The weir height is
fixed at below 500mm from the existing
facilities in the manhole by making allowances
for the maintenance of the facilities.

Fig. 7 shows the velocity in the downstream
pipe in the case of a weir-mounted and a weir-
less system for discharge in 50mm/hr which is
the design storm water condition.

In the downstream pipe connected to the
manhole, the maximum velocity is 2.1m/s at
present. In the case of type A, it is 5.5m/s, in
that of type B 5.3m/s and that of type C 4.1m/s.
The longitudinal distance for which the velocity
is over 3m/s in the downstream

( )
1 1

2 2
01

2
1

2
1 1 1

2

4 3
1g

v v

t g
v v

x x

H H

x

n v v

R
j t jt i t j t

i j

i t j t

j

j t j t

j t

, , , , , , , ,

/
,/

−
+

−
+

+
−

+ =− − − − −

−∆ ∆ ∆ ∆

A A

t

Q Q

x
qi t i t i t i t

i
i

, , , ,−
+

−
= −− − −1 1 1

∆ ∆

Section A-A in Type C

Fig.6 Plan View of Weir and Cross-Section

ＱoutＱ12Ｑ11Ｑ10Ｑ9Ｑ8Ｑ7Ｑ6Ｑ5Ｑ4Ｑ3Ｑ2Ｑ1

Ｑin2

Ｑ13Ｑ14

Ｑin1

Type Ａ TypeＢ Type Ｃ

 shows the Flow Regulating System



FLOW REGULATING SYSTEM USING WEIR AND ORIFICE IN A MANHOLE

5

Fig.6  Plan View of Weir and Cross-Section
pipe is 40m or more in the case of type A and B,
9m in the case of type C. Thus, the velocity in
type C comes closest to the present condition
without a weir. The flow conditions in the
downstream pipe of type C are also the most
stable whereas types A and B are subject to
sharp fluctuations in water level, having a
longitudinal distance amounting to a hydraulic
jump. Type C is therefore the most favorable
one.

Fig. 7  Flow Velocity in Longitudinal Section

(2) Coefficient of discharge in orifice
The coefficients of discharge are compared in
the condition before over flow (Fig. 8). The
mean coefficients of discharge is 0.544 for type
A, 0.503 for type B and 0.485 for type C. From
the viewpoint of storm water runoff control, it is
best to use a type with a small coefficient of
discharge in orifice such as types B and C as this
enhances the storage effect of the pipe in the
early rainy fall.

Fig. 8  Discharge Coefficient in orifice Prior to Weir
Overflow

(3) Effect of hydraulic grade line upstream of
the manhole
The hydraulic grade lines have been compared
for the next flood control service level which is a
rain fall intensity of 75mm/hr with a runoff
coefficient of 80% (Fig. 9). In the present
condition, there is an open channel flow.
However, in case A, the hydraulic grade line
becomes 16.17 - 18.88m, in case B 16.20 -
17.59m and in case C 16.31 - 17.83m. In any
one of these three cases, the flow therefore
becomes a pressure pipe. The hydraulic grade
line on the upstream side should preferably not
rise to an excessive extent so that types B or C
are suitable.

In view of (1), (2) and (3), we have selected type
C for the weir placement and use this
coefficient of discharge to estimate the storage
effect using numerical calculation.

Fig. 9  Comparison of Hydraulic Grade Line For

Each Type, Q75-80

 (4) Effect of Flow Regulating System
As the conditions for the numerical calculations,
the coefficients of discharge is a constant of
C=0.49 which is averaging coefficient of
discharge in the experiments, Manning’s
roughness n=0.013, a design rainfall of 50mm/hr,
75mm/hr and the recorded storm water rainfall
(Typhoon No.11 of 1993). The calculation
results show that as can be seen in Fig.10 for a
design rainfall of 50mm/hr, the peak discharge is
reduced to approximately 70%, with a time lag
of about nine minutes. Similarly, at a design
rainfall of 75mm/hr and at the recorded rainfall
it has been verified that the hydraulic grade line
upstream side does not reach the ground line.
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Fig. 10  Effect of Flow Regulating System

CONCLUSIONS

The “Flow Regulating System”, using a bottom
orifice of a weir within a manhole connected to
a pipe of more than 1,500mm in diameter, is
provided delaying concentration time about
nine minutes and the peak discharge in the
downstream area reduced to about 70%, in the
form of type C as shown in Fig. 6. The provision
of systems with a plural number of manholes
promises to be even more effective. In this
sense, the “Flow Regulating System” is the
fourth effective means of controlling storm
water runoff, next to the infiltration pavement,
the off-line reservoir and in-line storage sewer.
The size of the orifice can be determined on the
basis of the coefficient of discharge in Fig. 8 and
numerical calculations using equation (3) and
(4).

For applying the “Flow Regulating System” to
other areas, experiments are needed to
determine the coefficient of discharge at the
orifice by varying the shape and size of the
manhole, and the connection angles of the
upper and lower pipes. This is the necessary
basic data for numerical calculation.
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