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ABSTRACT 
 
In Japan’s large cities, many large buildings are constructed on building sites of limited size. Without 
appropriate mitigation, sewage flow from these buildings would exceed the existing public sewer 
capacity. In response, Tokyo Metropolitan Government has advised that large buildings must have a 
chamber installed for the temporary storage of sewage during peak production times.  These 
excess-flow regulating chambers store excess flow during the day and drain it to the public sewer at 
night when there is capacity in the sewerage system.  However, storage of sewage for long periods 
of time generates hydrogen sulfide, resulting in the emission of offensive odors. We conducted a 
survey of buildings producing large sewage volumes and confirmed that the sewage flow rate 
displays large fluctuations over short periods of time.  We therefore developed a sewage 
equalization system that stores sewage temporarily when the flow rate exceeds the prescribed flow 
rate and discharges it as soon as the flow subsides, thereby shortening the storage time and reducing 
the build-up of offensive odor.  Verification tests carried out on an existing building confirmed that 
the sewage equalization system is capable of lowering the peak discharge rate from large buildings 
and preventing hydrogen sulfide production.  It was confirmed that the system can be smaller and 
the initial and running costs lower than for a conventional excess-flow regulating chamber. 
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BACKGROUND 
 
Regulation System for Dischargers of Large Quantities of Sewage 
 
The Tokyo sewerage system is mainly a combined sewer system. If the sewage flow rate exceeds the 
capacity of sewer pipes, untreated sewage can discharge into rivers or the sea, causing pollution and 
other problems.  Therefore, a system has been established for regulating users who discharge large 
amounts of sewage.  When the discharge from a large building greatly exceeds the design discharge, 
the excess is stored in an excess-flow regulating chamber to control the flow rate. 
In Tokyo, when the discharge of waste water and sewage is expected to exceed a set criterion, there 
are consultations with the building owner in advance, and the building owner is required to store the 
excess amount in a regulating chamber and release it during the night time when the flow of sewage 
is low (midnight to 5:00 am).  Installation of around 1,400 regulating chambers was required by 
Tokyo Metropolitan Government between 1974 and 2002. 
The following is a summary of the system for regulating dischargers of large amounts of sewage. 

 
 
 
 



Offensive Odor Problems 
 
Discharge of sewage from excess-flow regulating chambers only occurs at night.  The sewage is 
therefore stored for a long time, and without proper measures this can lead to offensive odors from 
the generation of hydrogen sulfide. 
In 2003, Tokyo Metropolitan Government Bureau of Sewage received complaints regarding 
offensive odors concerning 58% (or 920) out of 1,600 subject buildings; the offensive odor problem 
is thus an important issue to be addressed by the Tokyo Metropolitan Government Bureau of Sewage.  
Because of the role of excess-flow regulating chambers in creating these odors, the problem was 
addressed by through the improvement of these chambers. 
 

 
 

Summary of the Regulatory System for Dischargers of Large Quantities of Sewage 

When a building is to be built or renovated, an “Advance Agreement on Sewage” should be 
proposed and consultations held with the building owner concerning sewage amounts. 

An advance agreement is applicable for buildings that meet any of the following criteria. 

 

Table 1  Criteria for buildings requiring regulation 
Daily discharge ≥50 m3 

 Lot area ≥1,000 m2 
 Floor area ≥3,000 m2 

 

This agreement requires that the amount of sewage discharged from the building satisfies 
the following conditions: 

1. The daily discharge of sewage shall be less than 1.2 times the planned amount. 

2. The daily discharge of sewage shall be less than 50 m3. 

3. The discharge of sewage shall be less than that discharged in the past. 

Mechanism of Odor Generation 

Smells from excess-flow regulating chambers are thought to be generated as follows. 

1) Sewage that is stored for a long time in the storage tank putrefies. 

2)  As the sewage putrefies, the amount of offensive smelling substances, mainly 

hydrogen sulfide, increases. 

SO4
2-＋2C＋2H2O→2HCO3＋H2S (in solution) 

3)  When the sewage is discharged to the public sewers by pump, mechanically agitated 

by the pumping action releases the hydrogen sulfide from solution, whereupon it fills 

the sewer pipes and is then dispersed causing a nuisance.  

2H+＋S2-→H+＋HS-→H2S↑ 



DETAILS OF THE DEVELOPMENT 
 
Objectives of the Development 
 
The objectives were to develop a method of limiting the discharge of sewage in excess of a 
prescribed amount (sewage equalization system) and to reduce the storage time of sewage to 
minimize the generation of hydrogen sulfide. 
 
Development Process 
 
To achieve the stated objectives, we developed the sewage equalization system through the following 
steps: 

(a)  Survey of sewage flow rates 
Sewage flow rates from large buildings were measured to quantify the time fluctuations in 

sewage generation and to develop a basic concept for the sewage equalization system. 
(b)  Hydraulic tests 

From the results of the sewage flow rate measurements, a system with the capability to 
equalize sewage discharge from a large building was designed, built and hydraulically tested. 

(c)  On site verification 
The trial system was installed in the sewage system of a large building. The performance of 

the system in equalizing discharge and reducing offensive odors was then confirmed. 
 
 

SURVEY OF SEWAGE FLOW RATES AND CONCEPT OF THE SYSTEM 
 
Survey of sewage flow rates from large buildings 
 
To quantify the generation of sewage in a large building, the flow rates were measured at 1 minute 
intervals.  Figure 1 shows the results of the sewage flow rate survey for the condominium in Tokyo 
in which the sewage equalization system was installed (floor area: 11,774 m2, number of apartments: 
144, predicted sewage discharge: 111 m3).  The thick broken line in the diagram shows the 
prescribed sewage discharge.  Analysis of the results confirmed the following: 
・ The maximum peak flow rate in a day is equivalent to 2.5 times the prescribed maximum 

hourly discharge. 
・ The sewage flow rate from the building fluctuates over 3–4 minute periods. 
・ Even during periods of large flow rate, fluctuations over short intervals see the actual flow 

rate fall intermittently below the prescribed flow rate.  
As a result of carrying out similar surveys at four locations, including another condominium block, a 
hotel, and an office building, it was confirmed that rapid fluctuations cause the flow rate to 
intermittently fall below the prescribed flow rate even during periods of large flow rate. 
 

 
Figure 1  Results of survey of sewage discharge from large building 
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Basic Concept of Sewage Equalization 
 
The basic concept for sewage equalization was formulated from the results of the survey on sewage 
flow rates.  The concept was to temporarily store sewage only during high flow rates to reduce the 
outflow from the building; as soon as the flow rate falls, the stored sewage would be discharged, 
thereby shortening the storage time.  Figure 2 shows the basic concept of equalization. 
 

 
Figure 2  Concept of sewage equalization 

 
 

IMAGE OF THE SEWAGE EQUALIZATION SYSTEM 
 
To implement the basic concept of equalization, a sewage equalization system was devised 
comprising a diversion tank and a temporary storage tank.  The diversion tank comprises an orifice 
and diversion weir.  The orifice discharge capacity is equivalent to the prescribed flow rate; flow 
rates exceeding the prescribed rate are then diverted to the temporary storage tank by the diversion 
weir.  The temporary storage tank stores the sewage temporarily, and when the flow rate falls the 
stored sewage is returned to the diversion tank by a pump increasing the rate of discharge to the 
public sewer pipes. 
The following is an image of the configuration and function of the sewage equalization system. 
 

 
 

Figure 3  Configuration of sewage equalization system 
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1) When the sewage flow rate from the building is large, flow in excess of the specified flow 
rate is diverted to the temporary storage tank limiting the sewage discharged to the public 
sewer pipes. 

 

 
 

Figure 4  Operation of the sewage equalization system during excess flow 
 

2) When the flow rate of sewage from the building is low, the sewage stored in the temporary 
storage tank is returned to the diversion tank by pump, to increase the flow rate to the public 
sewer pipes. 

 

 
 

Figure 5  Operation of the sewage equalization system during low flow 
 
 

VERIFICATION OF PERFORMANCE WITH HYDRAULIC TESTS 
 
A prototype of the diversion tank was made to confirm its performance in reducing flow rate and 
storage time.  Hydraulic tests were carried out on the prototype as follows. 
 
Performance Verification with Mains Water 
 
Laboratory tests with clean water confirmed that the system was capable of achieving flow rate 
equalization. 

1) Flow rate equalization was achieved with the diversion weir and orifice within the diversion 
tank. 

2) The water level within the diversion tank was maintained at or below the prescribed level by 
the diversion weir , and the flow rate downstream of the orifice was kept constant.  The 
excess flow above the prescribed rate was diverted by the diversion weir to the temporary 
storage tank. 

The laboratory tests with the prototype diversion tank shown in Figure 6 confirmed that the system 
performed as envisioned.  Table 2 shows the operation of the diversion tank according to inflow 
rate. 
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Figure 6  Structure of the diversion tank 
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Table 2  Operation of the diversion tank 
 Plan and section of the diversion 

tank 
Operation 

Normal times 
Inflow = low 

 Inflow from upstream is 
discharged downstream 
through the orifice 

During peak 
inflow 
Inflow = high 

 The excess flow is diverted by 
the diversion weir and the 
water level in the tank is 
maintained at or below the 
prescribed level.  A 
controlled flow rate is 
discharged from the orifice. 

When returning 
using the pump 
 

 Sewage is returned from the 
temporary storage tank by 
pump. A controlled flow is 
discharged from the orifice. 

During a 
malfunction 
 

 When there is a problem, such 
as a blocked orifice, the 
sewage flows over the orifice 
plate and is discharged 
downstream. 
 



Verification of Performance with Simulated Sewage 
 
After item hydraulic testing with clean water, the system was tested in the laboratory using simulated 
sewage.  The simulated sewage was created by adding lumps of clay with a specific gravity of 
around 1 mg/m3, 6-mm diameter plastic balls, sand, and similar matter to mains water. 
In the tests, a problem occurred at low flows; solids were deposited within the diversion tank and did 
not flow downstream (see Figure 7). The deposition was thought to be caused by the loss of flow 
velocity of the sewage when it flowed from the inflow pipe into the diversion tank.  To minimize 
the effect on the hydraulic characteristics of the diversion weir and orifice, the internal width of the 
diversion tank had been widened to still the flow.  The flow velocity within the diversion tank was 
lower than the velocity in the inflow pipes, so its transporting power was also less.  Therefore, solid 
matter brought to the diversion tank settled in the diversion tank. 
Therefore, in order to maintain the necessary velocity within the diversion tank at low flow rates, an 
“invert” and “water course division plates” were installed. A cleaning function was also added to 
remove any remaining deposited material.  Utilizing the momentum of the returned water from the 
temporary storage tank, the cleaning function is controlled with a “sewage return plate” (to reduce 
the flow velocity) and “straightening vanes” (to obtain a uniform flow direction). 
These measures reduced the deposition problem and the system performed as envisioned with the 
simulated sewage.  Figure 8 shows the structure of the diversion tank, and Figure 9 shows the 
function of the “sewage return plate” and the “straightening vanes”. 

 
 
 

 
 

Figure 7  Image of deposited solids  
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Figure 8  Structure within the diversion tank 
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1）During low flows 
During low flows, sewage flows into the central invert, preventing deposition of solid matter by 
maintaining the necessary flow velocity. 
 

 
 

 
2) When the pump is operating 
When the pump starts to operate, the jet from the pump passes through the hole in the sewage 
reversal plate and cleans the area around the orifice. 
After a few seconds of operation, the flow from the straightening vanes increases, cleaning the 
diversion tank as a whole.  At the same time, the water level in the tank rises, and the vigor of 
the jet that cleaned the area around the orifice subsides. 
 
 

      
 

Pump starts operating       A few seconds after start of operation 
 

Figure 9  Arrangement during cleaning 
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ON-SITE VERIFICATION AT AN EXISTING CONDOMINIUM BLOCK 
 
Based on the results of the survey of sewage flow rates and the hydraulic tests, the size of the facility 
was determined by simulations of the required storage volume.  The sewage equalization system 
was installed in the waste water system of a condominium block to verify its performance. 

 
Time and place 
 

1) Verification time: February 2004-March 2005 
2) Installation location: Condominium block within Tokyo 

14 above-ground floors; site area 0.393 ha; floor area 11,774 m3 
Design sewage flow: 66 m3/day;  Estimated actual flow: 111 m3/day 

 
Structure of the system 
 
The system was installed on the site after checking with hydraulic tests (see Figures 10 and 11).  
Because of this, the use of the excess-flow regulating chamber was suspended. 
Also, a 50 mm diameter, 0.25 kW output pump was used as the delivery pump in the temporary 
storage tank.  The pump was set to operate when the water level in the temporary storage tank did 
not change in 5 minutes. 
 
 

 
 
                 Plan                                   Section  

 
 

Figure 10  Installed diversion tank 



 
Figure 11  Schematic diagram of the installed equalization system 

 
 

RESULTS OF ON SITE VERIFICATION 
 
Verification of Odor Suppression 
 
(a)  Reduction in storage time 

 
Before the system was installed, sewage in excess of the designated flow rate was stored for 19 
hours per day in the excess-flow regulating chamber (storage time 5:00–0:00 = 19 hours, 
discharge time 0:00–5:00 = 5 hours). 
After installation of the sewage equalization system, the storage time was reduced to 2.3 hours per 
day, a reduction in storage time of 1 in 8.  The total time during which flow was suppressed was 
4.8 hours; at other times inflowing sewage was discharged directly downstream (see Figure 12). 

 

 
 Figure 12  Reduction of discharge restriction time 
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(b)  Turnover of stored liquid 
 
In addition to the function originally imagined, the sewage equalization system was also found to 
replace older sewage with new. When the pump in the temporary storage tank operates, the old 
sewage is discharged through the orifice.  If there is any inflow from the building occurring at 
this time, the newer sewage is blocked by the returning sewage and flows into the temporary 
storage tank.  It was confirmed that this process causes a high rate of turnover of sewage in the 
storage tank and aerates it due to agitation (see Figure 12). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13  Replacement of stored water function 
 

(c)  Results of odor measurements 
 
Continuous measurements of the concentration of hydrogen sulfide were made to check the actual 
generation of odor.  Figure 14 shows the temperature and concentration of hydrogen sulfide 
within the diversion tank on the 6th July 2004.  Despite high summer temperatures, conditions in 
which hydrogen sulfide forms easily, the measured concentration of hydrogen sulfide was less 
than 0.5 ppm, an extremely low value. 
The threshold concentration at which people are able to smell hydrogen sulfide is 2–3 ppm, so it 
was confirmed that the generation of hydrogen sulfide gas from the system was within the 
anticipated range.  As a result, complaints from residents, which prior to installation of the 
sewage equalization system were received several times per year, ceased. 

 
Figure 14  Concentration of hydrogen sulfide  

within the sewage equalization system (6th July 2004) 
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Verification of Flow Rate Control 
 

To verify the efficacy of flow rate control, the inflow to and discharge from the system were 
measured continuously and simultaneously at 1 minute intervals.  The relationship between inflow 
and discharge measured in this way over the course of one day is shown in Figure 15.  Instances 
where the system is suppressing discharge rate and instances of discharge being increased due to the 
pump return can be clearly seen.  These data confirm the efficacy of the sewage equalization 
system. 
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Figure 15  Relationship between inflow to and  

discharge from the system (measured values for 11th February 2005) 
 

The flow rate into the system, the discharge rate from the system, and the liquid level in the system 
are plotted in Figure 16.  Despite a peak inflow rate of about 0.004 m3/s, the outflow was held to 
approximately equal to the designated flow rate of 0.0018 m3. 
The design performance assumed that an inflow rate of 0.003 m3/s should result in a discharge rate of 
0.00171 m3/s.  The laboratory hydraulic tests confirmed that for the orifice and diversion weir 
design selected, an inflow rate of 0.004 m3/s produced a discharge rate of 0.00198m3/s, which is in 
close agreement with the measured and theoretical values.  It was therefore considered that the 
efficacy was in accordance with initial expectations.  The approximately 10% error is considered to 
be due to flow rate measurement errors and the effect of construction tolerances on the hydraulic 
characteristics, etc. 
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Figure 16  Inflow rate, discharge rate,  

and water level in the system (11th February 2005) 
 

Another particular concern for checking through on-site verification was blockage of the orifice.  
During the period of verification (for 14 months), no blockage of the orifice occurred.  But because 
feces, food and other solids were frequently contained in the sewage, it is likely that there would be 
blockages if the orifice diameter was smaller than the current 75 mm. 

 

 
Photo 1  The downstream side of the orifice viewed from above 

 
 
COST ANALYSIS 
 
If the sewage equalization system is to replace excess-flow regulating chambers, it must be cost 
competitive.  A cost comparison was therefore carried out based on the system configuration and 
condominium block used for on-site verification. 
 
Initial Cost 
 
When changing from the excess-flow regulating chamber to the sewage equalization system, the 
capacity of the storage tank was greatly reduced: from 40 m3 for the excess-flow regulating chamber 
to 2.6 m3 for the sewage equalization system.  Because of this, the initial cost of civil engineering 
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and construction for the sewage equalization system were reduced to about 20% of that of the 
excess-flow regulating chamber. Table 3 shows a comparison of initial costs for the existing 
excess-flow regulating chamber and the sewage equalizing system for the building in which the 
verification test system was installed. 

 
Table 3  Comparison of initial costs 

 Excess-flow regulating 
chamber 

Sewage equalizing system 

Storage tank W4.0×L10.0×H2.0m W1.2×L1.8×H2.0m 
Effective 
capacity 40 m3 2.6 m3 

Discharge 
pump 

D65mm,200V, 
 0.75kW×2 units 

D50mm,100V, 
0.25kW×2 units 

Specification Agitation pump 200V, 3.7kW×1 unit - 

Construction cost 
(including overheads)

Civil engineering, structure 
$259,000 

 Mechanical and electrical 
equipment $19,000 

Total about $278,000 

Civil engineering, structure 
$42,000 

Mechanical and electrical 
equipment $14,000 
Total about $56,000 

1. exchange rate 1USD = 108 yen 
 
Running Costs 
 
Running costs were compared in the same way.  As with the initial costs, the smaller scale of the 
flow equalization facilities and equipment meant that inspection costs, cleaning costs, and electrical 
costs could be reduced. The running costs for the flow equalization system were calculated at about 
30% of those for the excess-flow regulating chamber.  Table 4 shows a comparison of running costs 
for the existing excess-flow regulating chamber and the sewage equalizing system for the building in 
which the verification test system was installed. 

 
Table 4  Comparison of running costs 

 Excess-flow regulating chamber Sewage equalizing system 
Inspection $167×12 times/year 

= $2,004 /year
$83×12 times/year 

= $996 /year
Cleaning $1,852×2 times/year 

= $3,704 /year
$463×2 times/year 

= $926 /year
Electricity cost1 Contract voltage 200V 

Agitation pump 6 hours/day 
Discharge pump 4.5 hours/day 

= $593 /year

Contract voltage 100V 
Discharge pump 2.6 hours/day 

$88 /year

Total $6,301 /year $2,010 /year 
1. Including the basic contract cost 
2. exchange rate 1USD = 108 yen 

 
As shown above, it is clear that both the initial cost and running costs are considerably lower, so the 
sewage equalization system is superior to the conventional excess-flow regulating chamber from a 
cost viewpoint as well as physical benefits. 
 
 
CONCLUSIONS 
 
Sewerage is a necessary and important lifeline for the safe and comfortable life of citizens.  
However, providing these facilities requires a large public investment, so Tokyo Metropolitan 
Government is undertaking projects in a planned manner in accordance with a basic management 
stance of adopting “the consumer’s viewpoint”, “an environmental viewpoint”, and “a management 



viewpoint”.  Moreover, sewerage coverage has reached 100% in all 23 wards of Metropolitan 
Tokyo, so problems are quickly discovered using a plan-do-check-action (PDCA) system, and 
improvement projects are initiated quickly.  The development of the sewage equalization system 
described in this paper was a project aimed at solving the problem of offensive odor in response to 
“the voice of the consumer”, in accordance with these management principles.  Also, the survey and 
research proceeded utilizing the knowledge of the engineers working on site to the maximum extent. 
In the surveys and research to date, it has been confirmed that the sewage equalization system 
reduces peak discharge from large scale buildings and prevents the generation of hydrogen sulfide.  
Also, it has been shown that compared with the excess-flow regulating chambers, both the initial cost 
and running cost are greatly reduced due to the smaller scale of facility.  In order to put the system 
into practical use, studies are proceeding to solve the  remaining tasks, namely “establishment of an 
efficient pump discharge method”, “simplification of the system”,  and “measures to promote the 
use of the system”, as quickly as possible.  Ultimately, we are striving to satisfy our customers by 
creating an odor-free environment. 
 
 
 
 


