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FOREWORD

The maintenance of clean water supplies and the
management of municipal and industrial wastes are vital
elements in the protection of the environment.

The participants in the United States-Japan cooperative
project on sewage treatment technology have completed their
eighth conference. These conferences, held at 18-month
intervals, give the scientists and engineers of the cooper-
ating agencies an opportunity to study and compare the
latest practices and developments in the United States and
Japan. These Proceedings of the Eighth Conference comprise
a useful body of knowledge on sewage treatment, which will
be available not only to Japan and the United States but
also to all nations of the world who desire it.

And..c

Anne M. Gorsuch
Administrator

Washington, D.C.
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JOINT COMMUNIQUE

EIGHTH UNITED STATES/JAPAN CONFERENCE
ON SEWAGE TREATMENT TECHNOLOGY

CINCINNATI, OHIO OCTOBER 12-14, 1981
WASHINGTON, D.C. OCTOBER 19-20, 1981

The Eighth United States/Japan Conference on Sewage Treat-
ment Technology was held in Cincinnati, Ohio from October
12-14, 1981 and in Washington, D.C. from October 19-20, 1981.

The Japanese Delegation headed by Dr. Takeshi Kubo, Pres-
ident of the Japan Sewage Works Agency was composed of two
representatives from the Ministry of Construction, two
representatives of the Japan Sewage Works Agency and one
each from the Cities of Tokyo, Kyoto and Yokohama,

The nited States Delegation in Cincinnati consisted of

Mr. John J. Convery, Director, Wastewater Research Division,
Municipal Environmental Research Laboratory, U.S. Environ-
mental Protection Agency as General Conference Chairman,
eleven federal government representatives, one representa-
tive from industry and one representative from local gov-
ernment (Indianapolis). The Washington, D.C. Delegation
consisted of Mr. William J. Lacy, Director, Water and Waste
Management, Monitoring and Research Division, Office of
Monitoring and Quality Assurance, U.S. Environmental Pro-
tection Agency as Washington Conference Chairman as well as
eleven federal government representatives, one representative
of the Water Pollution Control Federation, one representative
from industry and one representative from academia.

The Chairmanship of the Conference was shared by Dr. Takeshi
Kubo and Mr. John J. Convery in Cincinnati and Dr. Takashi
Kubo and Mr. William J. Lacy in Washington, N.C.

During the Conference, papers relating to joint research
projects on sludge treatment/disposal including utilization

of sludge as a resource, coincineration of refuse and sludge,
and composting were presented by both sides. MNata and find-
ings on the joint research projects were useful to the develop-



10.

11.

12.

ment of improved control technology practices for
each country. A decision was made to expand the
scope of the joint research projects conducted by
the two countries to include wastewater reuse.

Principal topics of the Conference were innovations
in wastewater treatment as well as sludge management
disposal and toxics removal, pretreatment, combined
industrial-municipal treatment and nutrient control.
The discussions which followed the presentations were
also useful to both countries.

Field visits in Cincinnati, Ohio; Tampa, Florida;
Washington, D.C.; Denver, Colorado and Los Angeles,
California are planned to inspect wastewater treat-
ment facilities in these areas.

Recent engineers exchanges between the two countries
included a three-week visit in 1981 to Japan by Dr.

Jrwin J. Kugelman of the Wastewater Research Division,
Municipal Environmental Research Laboratory, U.S. Environ-
mental Protection Agency. Mr. M. Hirabayashi of the Japan
Sewage Works Agency is now studying at the County Sanitation
Districts of Los Angeles County. Both parties agreed to
continue the engineers exchange program.

Dr. Taskeshi Kubo announced that after ten years he would
transfer the future responsibilities of Japanese Chairman

of the Project Agreement to Mr. T. Tamaki, Director, Depart-
ment of Sewerage and Sewage Purification, Ministry of Construc-
tion. Dr. Kubo's leadership and significant contributions

to the cooperative agreement was acknowledged in the form

of an EPA commemorative plaque presented by the EPA Neputy
Administration, Dr. John W. Hernandez, Jr.

Both sides agreed that the time interval between conferences
should be extended from once every eighteen months to once
every two years.

It was proposed by the Japanese side that the Ninth Confer-
ence shall be held in Tokyo, Japan about October 1983.

A Proceedings of the Conference will be printed in English
and in Japanese.
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INTRODUCTION

Dewatering devices used in sewage treatment plants in Japan have
largely depended on vacuum filters or filter presses using slaked lime
and ferric chloride.

It has been found on the application of these dewatering devices
that the dewatered cake dosed of large amounts of slaked lime produces
hexavalent chromium when incinerated in a furnace, and is too bulky
to handle.

In recent years, the use of polymers (cationic and anionic
polyelectrolytes) as dewatering coagulants has solved these problems.
In order to dewater polymer-coagulated sludges, centrifuges
were put to practical use, but were found defective in that moisture

content of the cake remains 80% or more.

Very recently, belt filter presses have come into use as they
save electrical energy, and reduce the moisture content of the cake,
more than do centrifuges.

In many sewage treatment plants belt filter presses are con-
sidered for a new or additional installation of dewatering devices
because of their excellent performance.

In addition to belt presses, screw presses discussed here are
another alternatives for sewage treatment plants since they are claimed
to be able to reduce the cake moisture content to 60% or lower.

‘ The screw press uses polymers as dewatering coagulants as does
the belt filter press, and also employs steam heating in compression
processes.

Originally, the screw press was developed for dewatering sludge
generated from wastewater treatment facilities of fish meal processing.
Its modification for application to dewatering sewage sludge has been
studied for years.

The screw press as a dewatering device is a tapered Archimedes’
screw consisting of a screw shaft and a perforated metal cylinder
(cylindrical screen). The space between the screw shaft and the
perforated metal cylinder is made smaller the nearer it goes toward
the outlet.

As the screw blades turn, the sludge moves toward the outlet

while being compressed gradually for filtration and dewatering.



As a result, the dewatering efficiency increases with the progress
of the sludge along the screw press dewatering device.

The screw press has been claimed to achieve very low moisture
content of sludge cake, to run without noise and vibration in
operation, to be easy to maintain, and to further improve the
dewatering efficiency by making use of steam.

A total of six screw presses has now been operated at three
sewage treatment plants in Japan.

The results of a survey on the dewatering performance of the
screw presses at these three sewage treatment plants are reported

here.

2. DESCRIPTION OF SCREW PRESS

A cross section of the screw press is shown in Fig. 1.

A detailed view of the screen is shown in Fig. 2.

(o))
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C) Outlet squeezing ring C) Cake outlet C) Filtrate outlet

Fig. 1 Cross- sectional view of screw press dewatering device

Reinforced rib
Cylindrical screen

Punching plate

Fig. 2 Detailed view of the screen



Polymer-conditioned sludge is charged into the hopper of the
screw press. Free porewater contained in the sludge floc is
gravitationally discharged from the coarse-mesh punching plate set
near the hopper. This zone including a coarse-mesh punching plate
is called the draining zone.

The polymer-conditioned sludge is then gradually transfered by re-
volving screw-blades. As the space between the cylindrical punch-
ing plate and the main body of the screw gets smaller the farther

it goes away from the inlet, the remaining porewater and adhering
water contained in the sludge are gradually removed. This zone is
called the pressing zone. Finally, the sludge is compressed at

high pressure by a tapered cone. WNamely, the sludge is worked under
a shearing force for further compression and filtration. This zone
is called the squeezing zone.

In a screw press dewatering device, the draining, pressing and
squeezing processes are integrated for continuous production of
dewatered cake.

The cylindrical screen is an assembly of stainless steel
punching plates having a number of small holes (2 to 3 mm ¢g).

The filtrate is discharged from these small holes. The sludge
flocs form bridges at the inside of small holes of the punching
plates, and function to trap sludge flocs smaller than the punch-
ing plate holes. The filtrate which includes much suspended solids
is guided into a solid-liquid separation tank where suspended
solids are settled for separation from liquid. The supernatant of
the solid-liquid separation tank is then returned to the wastewater
treatment system, while the settled suspended solids are returned
to the sludge storage tank where they are mixed with thickened
sludge and charged again into the hopper of the screw press.

The screw press is equipped with a hollow screw shaft into
which steam (1 kg/cm?-G) is fed for heating of sludge through
thermal conduction.

The dewatering efficiency can be increased by steam heating.
It is inferred that the steam heating will reduce the viscosity of
the sludge and hence reduce the drag resistance to increase the

dewatering efficiency.



The cylindrical screen is covered with a shell to prevent foul
odors generated from the heated sludge and also to stop the filtrate
from spattering

The specifications of the screw presses surveyed are listed

in Table 1.

Table 1 Specifications of screw presses

Model
Cten 4100 | 4200 | #500 | #800 | #900 |$1000 |Remarks
Diameter of
cylindrical screen 100 200 500 800 900 1000
D (mm)
Screen length, 1000 | 2000 | 6000 | 8000 | 8000 |10000
L (mm)
Screw pitch, 100 200 450 700 800 800
P (mm)

Overall length

(mm) 1800 3000 7500 10200 (10200 [12500

Width

900 1000 1400 2300 2500 2700
(ram)

Overall height

1100 | 1200 | 1700 2000 | 2200 | 2300
(mm)

Weight
(ton)

?i;?r requirement 0.4 | 1.5 | 2.2 5.5 | 5.5 | 5.5

Revolution speed 0.1v| 0.08Vv [ 0.08Vv | 0.026V | 0.02V|0.046
{rpm) 0.53 | 1.28 | 0.32 0.316 | 0.24 | 0.18

Steam Supp Y r 20 30 : 90 - 20 l](g CI“’

Surveyed model at
lishinomiya

Surveved Model at
Kurume

Surveyed Model at
Sakai




The models of the screw presses are expressed in terms of diameter
of cylindrical screen (mm). Namely, the cylindrical screen diameter

of the 900 model is 900 mm.

SLUDGE CHARACTERISTICS AND SELECTION OF COAGULANTS

3.1 Sludge Characteristics

Of the sludge treatment facilities of the three sewage treat-
ment plants surveyed, two adopt anaerobic digestion and mechanical
dewatering, and the other dewaters raw mixed sludge mechanically.
The sewage treatment plants are outlined in Table 2.

The characteristics of the sludge to be dewatered at each treat-
ment plant are shown in Table 3.
In the sludge characteristics analyzed, the ignition loss of

coarse suspended solids is measured as follows.

Ignition loss of coarse suspended solids

Take a 100 ml sample of sludge, pour it over a 100-mesh sieve,
and wash with tap water.
Heat the residue at 105°C, and weigh the evaporation residue.
Then, heat the evaporation residue at 600°C, and weigh the
ignition residue.
Calculate the ignition loss of coarse suspended solids according

to the following formula.

Ignition loss of coarse suspended solids (%)
= [1l00-mesh evaporation residue (g/l1l) - 100~-mesh ignition

residue (g/l1l)] / [SS of sludge sample (g/1l)] x 100

10
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Table 2 Outline of surveyed sewage treatment plants

Name of Sewer system | Maximum daily sewage Sewage treatment system Sludge treatment system
municipality flow (m®/day)
Nishinomiya }Combined 126,000 Conventional activated sludge | Gravitational thicknening -
system process Anaerobic digestion - Elutria-
tion - Mechanical dewatering -
Incineration (by multiple
hearth furnace)
Kurume Separate 21,300 Conventional activated sludge | Gravitational thicknening -
system process Anaerobic digestion - Elutria-
tion - Mechanical dewatering
Sakai Separate 3,500 High rate trickling filter Mechanical dewatering
system and conventional activated

sludge process
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Table 3 Characteristics of tested sludges

Name of Type of sludge Season TS (%) | SS (%) | DS (%) | VIS/TS | PH (-~) | M-alkalinity | Ignition loss of
municipality (%) (mg/1) coarse suspended
solids (%)
Nishinomiya | Anaerobically
digested and Summer | 3.92 | 3.54 | 0.38 | 54.3 | 7.6 3,150 4.1
elutriated
sludge
Winter 3.36 3.00 0.37 53.9 7.6 2,890 4.8
Kurume Anaercbically
digested and Summer | 2.02 | 1.96 | 0.06 | 65.2 | 2.0 1,110 5.2
elutriated
sludge
Winter 2.26 2.17 0.09 66.1 7.6 2,310 6.1
Sakai Raw mixed Summer | 1.78 | 1.68 | 0.10 | 58.4 | 6.9 1,210 8.2
sludge
Winter 1.14 0.91 0.23 72.0 6.8 815 21.7




3.2 SELECTION OF COAGULANTS

It was found that the use of cationic polyelectrolyte in com-
bination with anionic polyelectrolyte is very effective for sludge
dewatering.

It was also found that the strength of floc coagulated by the
polyelectrolytes alone is weak, and therefore, that the use of
quick lime or slaked lime as a coagulation aid improves this
strength.

Tests were conducted at the sewage treatment plants to select
the appropriate coagulants. The selected polymers and coagulation

aids are as shown in Table 4.

4. DEWATERING PERFORMANCE

4.1 Test Results

The factors affecting dewatering performance of the screw
press are sludge characteristics, chemical dosing conditions
(particularly lime dosing), steam supply rate, screw shaft re-
volution speed, and blade height at the cake outlet, punching
plate hole size, steam pressure and temperature, etc. The
dewatering tests were conducted with the screw shaft revolution
speed, slaked lime dosing rate, and steam supply rate as
operational parameters. The results summarized in Figs. 3 through

5 are discussed below.

13
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Table 4 Kinds of coagulants and aids, and their dosing rates

Chemicals
Name of Type of sludge | Season . . . . .
municipality Anionic polymer Cationic polymerxr Inorganic aids
Brand Dosing rate Brand Dosing rate Aids Dosing rate
(%/DS) (%/DS) (%/DS)
Nishinomiya | Anaerobically | __ Diafloc 0.3 Diafloc 0.2 Slaked 10
digested AP-520 KP~201G lime
sludge
Kurume Anaerobically — Kurifloc 0.4 Kurifix 0.8 Quick 30
digested PA-331 CP~604 lime
sludge
Sakai Raw mixed Summer Kurifloc 0.2 Kurifix 0.6 Slaked 20
sludge PA-331 CP~634 lime
Winter 0.8 30
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Effect of Screw Shaft Revolution Speed

In a Sewage Treatment Plant at Kurume City, tests were conducted
on a Model g1000 type screw press to determine the dewatering per-
formance with the revolution speeds of 0.046, 0.069, 0.092 and 0.123
rpm.

The dewatering performance is shown in Fig. 6

With increase in the revolution speed, the solids processing rate
was increased, but the moisture content in the cake also increased.
With increase in the speed of the dewatering device, the screw feed
rate increases, increasing the solids processing rate.

Therefore, the compressing and dewatering time in the dewat-ring
device becomes shorter, which increases the moisture content in the
sludge cake.

In the other two sewage treatment plants, in Nishinomiya and Sakai,

the same tendency as in Kurume was noticed.

Effect of Lime Dosing Rate

In a Sewage Treatment Plant, in Nishinomiya, Hyogo,
anaerobically digested and elutriated sludge was tested with the
lime dosing rate changed to 5%, 10%, and 20%.

In this test, the cake moisture content changed as shown in Fig. 7.
It was found that lime dosing is highly effective in reducing the
moisture content in the cake. 1In Kurume, the same survey was
conducted, changing the lime dosing rate to 20%, 30% and 40%. Up to
30% dosing of lime, the same éendency as in Nishinomiya was noticed.
However, more than 40% dosing of lime, the moisture content in the

cake was not significantly improved.
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4.4

Effect of Steam Supply

In Nishinomiya, anaerobically digested and elutriated sludge
was tested with the steam supply rate changed by using the model
#900 screw press. The steam supply rate vs. cake moisture content
relationship is shown in Fig. 8. It can be seen from Fig. 8 that
the steam supply contributes toward improving the cake moisture
content.

The temperature distribution within the steam-heated screw
press is shown in Fig. 9.

To asses the effect of steam heating on viscosity and filtration
rate of sludge, laboratory experiments were conducted using Nishinomiya

sludge. The results are shown in Fig. 10 and Fig. 11.

It is found that the viscosity of polymer-coagulated sludge decreases
with increase in the steam supply rate; the viscosity is minimized at
a sludge temperature of 80°C to 90°C, and the filtration time of
sludge is minimized at a temperature of about 60°C. The reduction

in the liquid-phase drag resistance due to change in the liquid-
phase viscosity of polymer-coagulated sludge is considered beneficial
to the improvement of the sludge dewatering efficiency.

The characteristics of the filtrate and its supernatant obtained
in Nishinomiya are as shown in Table 5.

According to Table 5, CODMn and BOD5 of the filtrate and its
supernatant are higher when heated with steam than when not supplied
with steam. Whether this phenomenon is ascribable to temperature
rise due to steam supply or other factors is as yet unknown. Anyway,
the increase in the organic 1oadiﬂgs to be sent back to the waste-

water treatment system is negligibly small.
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Fig. 8 Cake moisture content vs. steam supply rate
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Table 5 Characteristics of filtrate and its supernatant obtained by sedimentation tank

(Screw press Model ¢g900, Nishinomiya)

Steam

TS

SS

DS

PH

D-COD

D-BOD

Remarks
(mg/L) (mg/%) (mg/L) - (mg/%) (mg/R)
Supplied at| 5,400 1,740 3,660 12.0 174 273 Steam
Filtrate a rate of 1 kg/cm“G
200 kg/hr | (6840V4410) | (3370v660) | (3850v3470) [(12.1011.9) [ (195V146) | (444V172)
Not 5,570 1,785 3,790 12.4 147 173
supplied
(7970v4250) | (4530v540) | (4190v3450) | (12.5V12.2) [ (173v134) | (371080)
Supernatant | Supplied at| 4,030 370 3,660 11.8 213 299 itiam )
obtained by | a rate of g/cm”G
sedimentat-| 200 kg/hr | (4360v3770) | (890v156) | (3850v3470) [(11.9V11.6) |(2370v190) | (4281185)
ion tank
4,010 220 3,790 12.3 158 180
Not (434003750) | (514v39) (41900v3450) | (12.5012.2) | (195V106) | (304v64)

supplied




4.5 Effect of Diameter of Cylindrical Screen

In Nishinomiya comparisions of the dewatering efficiencies
and scale effects were studied using models ¢g100, g200, ¢g500, and
@900 type screw presses.

The solids processing rate increased with increase in screw
shaft revolution speed and also with increase in diameter of the
cylindrical screen (Fig. 3 and Fig. 6).

The solids processing rate was 0.3 to 2.5 kg-DS/hr. for the Model
$100, 3 to 15 kg-DS/hr. for the Model ¢200, 30 to 80 kg-DS/hr. for
the Model ¢500 and 170 to 370 kg-DS/hr. for the Model ¢900.

Generally, the solids processing rate of the screw press is

given by the following formula.

0= (M/4) x (D12 - D2?) x P x Rx (1 - M/100) x 60 x r x n ... (1)
Where, Q : Solids processing rate (kg-DS/hr.)

D; : Diameter of cylindrical screen (m)

D> : Final outside diameter of screen shaft (m)

P : Screw pitch (m)

R : Screw shaft revolution speed (rpm)

M : Cake moisture content (%)

r : Cake density (kg/ma)

n : Cake transfer efficiency (-)

The final outside diameter of screw shaft (D,) of the test
screw presses is portional to the diameter of cylindrical screen
(D), and the screw pitch (p) is also nearly proportional to the
same. If the cake transfer efficiency and cake density are constant,
and the variations in cake moisture content are neglected, Eq. (1)

can be rewritten as follows.



The theoretical sludge retention time in the screw press is given by

the formula below.

T=1/S = L/{(P X R) ..ieeiieenanan Ceteeceat e (3)
Where, T : Theoretical sludge retention time in device (min)
L : Length of cylindrical screen (m)
S : Cake transfer rate (m/min.)
P : Screw pitch (m)

R : Screw revolution speed (rpm)

The sludge dewatering time can be considered to be nearly
equal to the theoretical retention time.

As explained in the foregoing, the surveyed screw presses
have screw pitches (p) nearly proportional to the diameter of
cylindrical screen (D;). The length of cylindrical screen (L) is
also designed to be nearly proportional to Dj.

Thus, Eg. (3) is rewritten as follows.

By combining Egs. (2) and (4), the following formula is obtained.

Q « D13/T ............... cececentaann T, (5)

Of the test data obtained in Nishinomiya, those obtained for
a case where slaked lime was dosed 10%, anionic polymer 0.3% and
cationic polymer 0.2% with steam supplied to the screw press were
selected to determine an empirical formula for the solids processing

rate as follows.
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logQ = 2.9 1og D1 - 0.72 1og T - 4.7 .. .iiiaiinnnnnnes (6)

Where, Q : Solids processing rate (kg-DS/hr.)
D1: Diameter of cylindrical screen (mm)
T : Theoretical retention time (min.)
Eq. (6) is graphically represented in Fig. 12.
This difference between Eq. (5) and Eg. (6) is probably due to the
assumption of a fixed cake moisture content in Eg. (5).

An empirical formula of cake moisture content was also derived

by using the same test data as follows.
logM = 0.15 log D) - 0.10 log T + 1.61 ....c.cvcueenen (7)

Where, M : Cake moisture content (%)

T : Theoretical retention time (min.)
D): Diameter of cylindrical screen (mm)

Eq. (7) is graphically represented in Fig. 13, in which the data
obtained in Sakai and Kurume are alsoc plotted.

When the sewage sludge was dewatered by the screw press with slaked
lime dosing rate of 10% and steam supply, the cake moisture content

varied depending upon D; as follows.
o Model #100: 53 to 58%
o Model ¢g200: 55 to 68%
o Model g500: 57 to 70%

o Model g900: 65 to 75%
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When steam was not supplied to the screw press, the cake water

content of the same sludge was as follows.
o Model g100: 75 to 77%
o0 Model g200: 72 to 76%
o Model g500: 67 to 70%

o Model ¢900: 71 to 76%

As demonstrated above, in case of steam supply dewatering the cake
moisture content increased with increase in the diameter of cylindrical
screen. On the other hand, when steam was not supplied, the effect
of the diameter on the cake moisture content was not observed. As
compared with the case without steam supply, the steam supply improved
the cake moisture content by about 20% for Model #1000, about 15% for
Model @200, about 10% for Model g500, and about 5% for Model ¢g900.
It 1s therefore deduced that under the constant steam pressure,
the effect of steam supply on the dewatering efficiency becomes
greater the smaller the diameter of cylindrical screen. This is
probably due to the fact that the steam supply per unit weight of
solids increases with decrease in the diameter of cylindrical screen.
Fig. 14 shows the relationship between the diameter of the
cylindrical screen and the steam supply rate per unit weight of
s0lids based upon the data in Nishinomiya. From Fig. 14, the

following can be deduced.

(1) The steam supply rate is proportional to the diameter of the

cylindrical screen (D;).

(2) The solids processing rate is proportional to D; to the power

of 2.3 to 2.9.
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(3) Namely, the steam supply rate per unit weight of solids is in

inverse proportion to D; to the power of 1.3 to 1.9.

Accordingly, when steam is supplied, the cake moisture content
rises with increase in the diameter of the cylindrical screen.

On the other hand, in case of no steam supply, the cake moisture
content is unrelated to the diameter of the cylindrical screen.

The steam supply rate is limited by the steam heat to be
transferred to sludge. The currently available screw presses are
designed to transfer steam heat to the sludge through their screw
shafts.

The surface area of the screw shaft is proportional to the square

of the diameter of the cylindrical screen.

When the steam temperature is increased by increasing the steam
pressure, sludge sticks on the heating surface of the screw shaft,
degrading the heating efficiency. Therefore there is a upper limit
to which the steam pressure can be increased. The theoretical steam
supply rate at the optimum steam pressure is governed by the square
of the diameter of the cylindrical screen.

In the actual screw press, however, filling up efficiency of
the sludge is reduced with increase in the diameter of the cylindrical
screen, and the ratio of the heating surface available to the total
screw shaft surface area is accordingly reduced. For this reason,
the actual steam supply rate is proportional to the diameter of the
cylindrical screen (D;) as shown in Fig. 14.

Thus, for large diameters of cylindrical screen, the following

measures will be necessary:
(1) The screw shaft should be designed so that steam can be supplied

not only to the shaft, but also to the screw blade, in order to

increase the heat transfer area.

(2) The sludge should be filled up well in.

W
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(3) Solids processing rate should be limited to meet the steam

supply rate.

ECONOMICS OF SCREW PRESS AS COMPARED WITH OTHER DEWATERING DEVICES

The Edagawa Sewage Treatment Plant, in Nishinomiya, has, in
addition to screw presses, three belt type rotary vacuum filters
and three stand type filter presses to dewater anaerobically digested
and elutriated sewage sludge.

Accordingly, data regarding the operation of these three types
of dewatering devices on the same sludge was collected in Table 6.
Based on this data, an economic evaluation of the three types of
dewatering devices was made. The dewatered sludge cake is incinerated
in multiple hearth furnaces, and ash is disposed of for landfill
outside the plant.

The utility costs of 15.8 tons-DS/day dewatering and incineration
facilities were estimated. The transportation costs required for ash
disposal were also considered.

The results of cost estimation are given in Table 7.
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Table 6 Operational conditions of dewatering devices

Type of
dew?terlng Screw press Vacuum filter | Filter press
device
Item 24t
Raw sludge con- % Anaerobically | Anaerobically | Anaerobically
centration (SS) digested and | digested and | digested and
elutriated elutriated, elutriated
sludge, 3.5 sludge, 3.5 sludge, 3.5
Sludge process- m3/hr/unit 7.5 7.0 5.5
ing rate
Ferric chloride %/DS - 3 15
dosing rate
Slaked lime dos-
ing rate %/DS 10 25 35
Anionic polymer
dosing rate /DS 0.3 = =
Cat%onlc polymer %/DS 0.2 _ _
dosing rate
Steam supply kg/hr 200 _ _
rate
Cake moisture % 70 79 58
content
Solids process
ing rate Kg/m?/hr *8.4 11 3.9
Sclid removal % 73 95 98
rate (SS)
Running time 6 hrs./day 6 hrs./day 6 hrs./day

(300 days/yr.)

{300 days/yr.)

(300 days/yr.)

* Per unit screen area
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Table 7 Comparison of utility cost for dewatering and incineration

(based on 1979 price)

Screw press Vacuum filter Filter press
Specific unit |]Cost Specific unit | Cost Specific unit | Cost
(¥/t-DS) (¥/t-~DS) (¥/t-DS)
Slaked lime 137 kg/t-DS 2,700 263 kg/t-DS 5,300 357 kg/t-DS 7,100
¥ Anionic polymer 4.11 kg/t~-Ds 4,100 - - - -
8 Cationic polymer 2.74 kg/t-Ds 4,100 - - - -
g’ Ferric chloride - - 83.7 kg/t-DS 2,100 403 kg/t-DS | 10,000
% | %] Total of chemicals 10,900 7,400 17,100
ol a
i g water 12 m®/t-DS 400 28 m®/t-Ds 800 6 m/t-DS 200
7]
ﬁ A Electricity 80 KwH/t-DS | 1,500 145 KwH/t-DS | 2,600 140 KwH/t-DS| 2,500
g Steam 1050 kg/t-Ds | 5,300 _ - - -
Sub-total 18,100 10,800 19,800
Incineration cost 21,000 37,900 19,000
Sub~total 39,100 48,700 38,800
Ash disposal cost 3,200 4,300 5,500
Grand Total 42,300 53,000 44,300




In terms of the total amount of costs for utilities and ash disposal,
the screw press system costs about 5% less than the filter press
system and about 25% less than the vacuum filter system.

In terms of utility costs of dewatering, the screw press system
costs about 60% more than the vacuum filter system, but about 5% less
than the filter press system. The reason why the vacuum filter system
is most inexpensive is that its chemical consumption is the lowest.
The utility costs for the filter press system are high because it
uses large amounts of chemicals and electricity.

In the screw press system, the utility costs are not so low because
steam generation is costly though little electric power is consumed.

In terms of the total amount of utility costs including
incineration costs, the screw press system is almost the same as
the filter press system, and costs about 25% less than the vacuum
filter system.

The difference in utility costs between the vacuum filter system

and the screw press system is due mainly to the incineration costs;
the sludge cake from the vacuum filter system contains much moisture
and requires much auxiliary fuel, while thg sludge cake from the
screw press system can burn itself with little auxiliary fuel.

The filter press system and screw press system are nearly on a par
with each other in terms of both total utility cost and incineration

cost.
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SUMMARY

The performance of the screw press was investigated using

anaerobically digested and elutriated sludge, and raw mixed sludge

obtained from the three sewage treatment plants. The results are

summarized below.

(1)

(2)

(3)

(4)

The factors affecting the dewatering performance of the
screw press include sludge characteristics, chemical dosing
conditions (particularly slaked lime dosing rate), steam
supply rate, screw shaft revolution speed, height of screw
blade at the cake outlet, and punching metal pore diameter.
Of these factors, the screw shaft revolution speed, slaked
lime dosing rate, and steam supply rate were variated to

investigate the dewatering performance.

It was found that increase in the slaked lime dosing rate
leads to reduction of cake moisture content, that increase
in the screw shaft revolution speed increases the cake
moisture content and solids processing rate, and that in-
crease in the steam supply rate reduces the cake moisture

content.

The theoretical solid processing rate is proportional to the
cube of the diameter of the cylindrical screen, and in inverse

proportion to the sludge retention time.

The moisture content in cake increases with increase in the
diameter of the cylindrical screen when the sludge is steam-
heated, but remains almost unchanged if steam is not supplied.
The steam supply rate is proportional to the diameter of the
cylindrical screen. On the other hand, the solids processing
rate proportional to the cube of the diameter of the cylindrical
screen. BAccordingly, the steam supply rate per unit weight of
solids is in inverse proportion to the square of the diameter of

the cylindrical screen.
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Accordingly, the moisture content in the cake increases with

increase in the diameter of the cylindrical screen.

(5) From the test data available in Nishinomiya, empirical formulas
for solids processing rate and cake moisture content were
obtained for screw press with steam supply and 10% dosing of

slaked lime.

[

log Q 2.9 log Dt - 0.72 log T - 4.7

log M

]

0.15 log Dy - 0.10 log T + 1.61

Where, Q : Solids processing rate (kg-DS/hr.)

M : Moisture content in cake (%)
Di1: Diameter of cylindrical screen (mm)
T : Theoretical retention time (min.)

(6) Operational costs were compared for the screw press, vacuunm
filter, and filter press.
In terms of total utility costs including incineration and
ash disposal cost, the screw press system costs about 5% less
than the filter press system, and about 25% less than the
vacuum filter system.
In terms of the total utility costs inclusive of incineration
costs, the screw press system is nearly on a par with the
filter press system, and costs about 25% less than the vacuum
filter system.
In terms of utility costs for dewa.ering alone, the screw press
costs about 60% more than the vacuum filter, but about 5% less

than the filter press.
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INTRODUCTION

Recently, turning sewage sludge into fuel or other useful resources
has been seriously talked about.

In the past, however, sewage sludge was dumped as it was regarded
as useless.

Historically speaking, there was once a time when sewage sludge was
used as fertilizer to a very limited extent. Until recently, most sewage
sludge has been disposed of chiefly in the form of landfill.

Although landfill 1is productive in the sense that it f£ills hollows,
lowlands and shores, etc. to turn them into useful lands, the sewage
sludge, which is not a good filling material, has so far been dispos=ed
of as useless rather than as useful.

If we continue to dispose of sewage sludge as useless, the dump
sites, that is, the landfill sites, will soon be filled up.

It is therefore mandatqory to establish some improved form of disposal
by recycling sludge into marketable products.

If the sewage sludge produced in a city is harnessed for urban
development, it will go a long way toward improving the distribution
economy as there will be no need to haul wastes out of the city and at
the same time bring superfluous materials into the city.

In order to establish an improved form of sludge disposal, it will
be necessary to promote research and development for sludge recycling
technology, application technology and distribution system for recovered
products.

The feasibility of sewage sludge harnessing is dependent on the
wise use of organic substances and trace inorganic salts in the sludge.
The requirements for harnessing the sludge may be summarized as follows.
1) Agricultural use

a. To be effective as fertilizer or for soil conditioning.
b. Not to contaminate the surface and ground waters through accumula-
tion, leaching, and inflitration of pollutants.
c. Not to be detrimental to plants.
d. Not to communicate contaminants through the food chain.
2) Use for grassy land

Almost the same as agricultural use.
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3) Civil engineering use
a., To meet engineering requirementé such as strength.
b. Not to leach out contaminants.

Namely, the ideas of harnessing sewage sludge must be implemented
while fulfilling these requirements. For example, when it is planned
to make products out of sludge cake or its ashes, it is necessary to
carefully study the sludge as a material physically and chemically,
particularly from the viewpoint of safety relating to the heavy metals
contained, how to use and apply the products, and how to make the pro-
ducts on an industrial scale for the purpose of establishing a stabilized
sludge recycling system.

DEVELOPING COMPOST FROM SEWAGE SLUDGE

Since 1976, the Tokyo Metropolitan Government has promoted experiments
on composing of sewage sludge, along with tests on the agricultural
use of compost, phytotoxicity surveys, and marketing system, etc.

According to the interim results of these surveys, the Tokyo
Metropolitan Government installed a 10 m3/day composting plant at the
Minami-Tama Wastewater Treatment Plant in March 1980. At present, this
coppesting plant is performing well, producing 2 to 3 tons of compost
a day.

This paper deals with the harnessing of sewage sludge with emphasis
on the Minami-Tama composting plant and the results of tests on the
agricultural use of sludge compost. \

.1 COMPOSTING PLANT OUTLINE
2,1.1 Minami-Tama Wastewater Treatment Plant
The Minami-Tama Wastewater Treatment Plant is a separate
sewer type plant treating the domestic wastewater of Tama New
Town, and is located in the west of Tokyo.
The sludge produced there contains low concentrations of
heavy metals, and is suitable for agricultural use. At the Minami-
Tama Wastewater Treatment Plant, raw sludge is added with slaked
lime and ferric chloride and then is dewatered through a filter
press. ‘
The following are the 1980 daily average statistics recorded
by the Minami-Tama Wastewater Treatment Plant.
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. Domestic wastewater treated

Sludge produced
Sludge cake produced

. Sludge cake incinerated

2.1.2 Composting Plant

a.

Principal features of the plant
Area of premises

. Building floor space
-~ Plant
- Warehouse

. Processing capacity

. Output

Construction cost

b. Flow sheet and operating method

Carried-in
Dewatered Sludge

17,970 m3
209 m3
15 tons

12 tomns

3,164.9 m2

1,243.8 m2
360.0 m2
10 m3/day (approx. 7 tons/day)
in terms of sludge cake
2 to 3 vons/day
¥400, 000, 000

Figure 1 shows a flow sheet of the plant. (Refer to Fig. 1)

Exhaust Gas

Hauling Compost

@

@

Drain  Wash Water
{Filtrate Second Effiuent)

Composted Products

®

Fig. 1 Flow diagram of full-scale composting plant
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Fig. 1 {continued)

INo Description ! NSn::f 'r Particulars 1
s
\ Dewatered sludge hopper 1 Capacity . 10m :
2 Bettscale of sludge cake y ! Load cell, 2 Tons/H 0.75 kW |
! 3 Crushing, mixing, granulating unit ' } 3.8 Tons/H, 30 kW ;
4  Composting tank 4 I Capacity 525m* ’
A Transfer) Mechanical turner 1 : Self-travel bucket, 45 m* /H
6  Hauling hopper B | ’ Capacity : 10m?
! Damper "o l
8  vibrating screen 1 '. Circular vibrating screen, 0.4 kW
Belt scale of products ! " Loadcell : 1.5tons/H 0.75 kW
10 Products’ hopper 1 Capacity : 21 m?
11 , Measuring hopper 1 i Capacity : 0.5m?
:12 | Bagging machine 1 Belt conveyor type, 2 Tons/H
13 | Return compost hoppet 1 : Capacity : 28 m?
14 i Belt-scale of return compost o1 Load cell, 3 tons/H, 0 75 kW
15 | Composted products
116 | Forklift . 1Ton
.7, Truck for hauling
; 18 ' Blower for composting tank , 3 Turbofan, 35 m? /min, 7.5 kW
19 . Exhaust gas fan 1 Turbofan, 250 m? /min, 16 kW
20 . Scrubber b Vertical 2-stage wash, 250 m> /min.
21 | Circulation pump : 2 JI Centrifugal pump, 0.5 m?® /min, 5.5 kW
i .

There are four compositing tanks, each measuring 18.8 m in length,
2.1 m in width and 2.8 m in depth. A single mechanical turmner
is installed to handle these four tanks.
The plant is fully automated, and is operated as follows.
Sludge cake with a moisture content of about 70% 1s mixed
with return compost of about 110% in weight ratio to produce
a mixture with a moisture content of about 55%. The mixture
is then charged into the composting tanks.
The mixture is turned over once every other day, reaches the
outlet of the composting tank after being subiected to the fifth
turnover, and is finally discharged from the composting tank.
The sludge cake is retained in the composting tank for nearly
10 days. The fermented sludge discharged from the composting

tank is classified through 3-mesh vibrating screen, and the
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smaller is delivered as product compost, while the larger is
used as return compost.

The plant is oeprated to adjust the moisture content of product
compost to 30 to 35%. Namely, 1t is required to properly adjust
the rario of return compost to meet the changes in sludge cake

maisture content and fermentation conditions.

The aeration of the composting tanks is carried out by air
injected through five blow pipes provided longitudinally in
the bottom of the composting tank. The standard aeration
rate is set at 200 lit/m3-sludge/min. The aeration rate is
adjusted while monitoring the temperature rise in the composting
tank.

The product compost is packaged and delivered in 20-kg
bags.

c. Plant performance
The composting plant was put into commission in May 1980.

The achievements from that time till March 1981 were as follows.

Sludge cake processed : 1,271.4 tons
Compost production : 391.6 tons
Compost shipments : 367.7 tons
. Running cost (excl. : ¥20,672/ton-sludge cake

depreciation cost) ¥67,116/ton-compost

The marketing route of product compost is as shown below.
A ton of product compost fetches Sewage Works Bureau ¥5,000.
Tokyo Metropolitan Government's Sewage Works Bureau -~
Tokyo Metropolitan Economic Agricultural Cooperatives -+ Local
agricultural cooperatives in Tokyo - Farmers
2.2 SURVEYS ON THE AGRICULTURAL USE OF COMPOST
2.2.1 Topics Discussed for Agricultural Use of Compost
The Tokyo Metropolitan Government organized a compost
research and development project team in 1976. Since then, the
team has undertaken a variety of researches and studies.
As regards the matters concerning the agricultural effects of
compost, safety, demand and physical distribution, the surveys
have been promoted under the leadership of the Bureau of Labor and

Economic Affairs in order to study the following subjects.
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1) Soil-conditioning effects and fertilizing effect of compost.
2) Compost application technology, and limitations on applications.
3) Analysis of effective and toxic substances in compost.
4) Formulation of compost merchandizing requirements and their
indices.
5) Compost demand, and marketing problems.
6) Compost pricing.
7) Other related matters.
Each of these surveys is briefly described below.
2.2.2 Chemical Analysis for Preservation of Compost Quality and
Assurance of Health Safety
In Japan, sewage sludge compost for agricultural use is
classified as a special fertilizer, and 1s subject to control
according to the Fertilizer Control Law with respect to its heavy
metal concentrations, etc.
The limitations stipulated in the Fertilizer Control Law are
50 mg/kg for arsenic (As), 5 mg/kg for cadmium (Cd) and 2 mg/kg for
mercury (Hg). In addition, the sludge compost is required to meet

the standards as specified in Table 1. (Refer to Table 1)

Table 1 Limitations on hazardous industrial wastes

Item Criteria
Mercury alkylides Not detectable
! Mercury or its campounds Less than 0.005 mg per liter of sample liquid
Cadium or its compounds Less than 0.3 mg-Cd per li_ter of sample liquid
Lead or its compounds Less than 3 mg-Pb per liter of sample liquid

Less than 1 mg-phosphorous compound per

4 Organic phosphorous compounds liter of sample liquid

Less than 1.5 mg-sexivalent chromium

5 Sexivalent chromium compounds compounds per liter of sample liquid
Arsenic and its compounds Less than 1.5 mg-As per liter of sample liquid
Cyanides Less than 1 mg-cyanides per liter of sample liquid
8 pCB m c:han 0.003 mg-PCB per liter of sample

The compost manufactured by the composting plant was examined
according to these requirements. In addition, an analysis to
determine whether the denaturalization of compost is sustained during
the distribution process was conducted.

a. Analysis of fertilizer components
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The sludge cake, primary compost (bot from the composting
plant), heaped compost (primary compost cured for 45 days in
the open air) were subjected to an analysis of fertilizer
components, heavy metals, etc.

The results are as shown in Table 2. (Refer to Table 2)

Table 2 General characteristics and heavy metal content of compost

Product | Dewatered| Primary | Heaped Product | Dewatered| Primary | Heaped
Characteristic sludge cake| compost | compost | Characteristic sludge cake] compost | compost
Moisture contenti%)| 70.7 214 234 | T-K,0 (%) | 004 0.04 0.04

H {H,0) 12.2 7.8 7.7 T-CaO (%) 28.1 24 61
EC (m$2/cm) 6.62 4.80 5.63 T-MgO (%) 0.75 0.63 0.61
CcoD {ppm) 2,290 2,340 1,000 (%) | 29.15 2549 25.08
TOC (%) 226 14.9 13.0 T-As (ppmi} 2.3 3.9 4.5
T-N (%) 3.14 2.28 2.24 T-Cd {ppm) 1.3 1.5 21
C/N 7.2 8.5 5.8 T-Hg {ppm) 1.0 1.2 16
Ignition loss (%) 424 36.5 336 T-Cu {ppm} 117 124 153
NH,-N {mg/100g) 29 458 498 T-Zn {(ppm]j 610 730 984
NO,-N (mg/100g} 3 14 1 T-Ni (ppm) 34 40 44
T-P, O (%) 243 3.18 3.54 T-Pb {ppm) 34 44 59

Notes: 1. pH, EC and COD when one part of dry product is mixed with 10 parts of water.
2. TOC and the characteristics listed below it refer to dry products.

It is found that there 1s no significant difference In quality
between the primary compost and heaped compost, and that the
product compost necessitates no further working prior to
application. The concentrations of As, Cd, and Hg are found
to-be helow the limitations specified in the Fertilizer Control
Law.
b. Storage test

Three 20-kg vinyl bags of product compost were put in a
thick-walled cardboard case, covered with a heat-insulating
material, and loaded with a weight, were left to stand for about
eight and a half months from July 1980 ti1l March 1981 in order
to investigate qualitative change.

During the storage period, analysis was performed three

times. The results are as shown in Table 3. (Refer to Table 3)
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Table 3 Resutlts of storage test

Characteristic | Moisture ignition TN T-C *pH **oH *EC *COD **NH,-N | **NO,-N
Date content (%)] loss (¥X) (%) (%) {H;0) | (KCP) |(mQ/em) | (ppm) |(mg/100g) | (mg/100g)
Jul. 21, 1980 34.35 37.56 +2.25 19.39 7.7 7.93 4.89 2,120 497 6
Nov. 10, 1980 34.22 36.90 2.10 18.86 7.93 8.00 5.34 1,940 648 N.D
Mar. 31, 1981 34.08 35.16 2.10 18.70 7.82 7.99 5.38 1,910 645 Jtrace

Notes: 1. Ignition loss, T-N, and T-C refer to dry compost.

2. The characteristics marked with an asterisk refer to mixture of 1 part of dry compost and 10 parts of water,
Those marked with two asterisks refer to a mixture of t part of compost and 10 parts of KC2 (10% solution).

During the eight and a half month storage period, little change
occurred in moisture content and pH value. The ignition loss,
T-N, T-C, and COD decreased a little, while the electric

conductivity (EC) and NH,~N increased slightly. While fermenta-

4

tion was still in progress, this was not so violent as to cause

denaturalization.

. Mineralization test

A sample of compost was sieved through a 1-mm screen, and
a 10 pg N equivalent was mixed with 50 g of dry soil. The
mixture was then cultured for 100 days at a temperature of 29
to 30°C with its moisture content controlled at 50 to 60% of
the maximum water holding capacity, for the purpose of examin-
ing the changes:iin inorganic nitrogen content.

It was found that the primary compost originally contains
inorganic nitrogen accounting for 20% of its total nitrogen,
is easy to nitrify and decompose, and has an immediate effect

as a fertilizer.

2,2.3 Tests on Application Effects and Safety

a. Application to vegetables

Since 1978, the growing of Japanese radish for spring
cropping and cabbage for autumn cropping has been tested at
the Kuroboku (humous soil containing volcanic ash) soil farms
of the Agricultural Experiment Station.

For two years after the start of the tests, efforts were
made to study the fertilizer effects of compost. Now a study
of the effects of continued application of compost on the crops,
particularly regarding accumulation of lime in the soil, has

heen under way.
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With respect to the fifth spring crop of Japanese radishes

and the sixth autumn crop of cabbages, an outline of test

farms, yield from each farm, and an analysis of edible parts

of the crops for heavy metals, etc. are shown in Tables 4, 5

and 6.

The transition of yields from the first and subsequent

crops is shown in Table 7. (Refer to Table 4, Table 5, Table 6

and Table 7)

Table 4 Test sections

{kg/10a)
Crop and ferti- Japanese radish for spring crop {5th crop) Cabbage for automn crop (6th crop)
lizer application f : ¢
Chemical fertilizer fCh.t:'rmcai Calcium c Chemical fertilizer ffh.‘:.““‘"' Calcium c
- as starter ertilizer as carbonate ompost as starter rtifizer as carbonate ompost
top dressing top dressing
Section N |P;Os | K,0 N K,0 N |P,0Os | K,O N K,0
Control section
{chemica) ferti- 15 25 15 10 10 283 - 15 30 10 10 10 386 -
lizer section) ]
1-ton compost
plus chemical 15 25 15 10 10 - 1,000 15 30 10 10 10 - 1,000
fertilizer section l '
1-ton compost [ [
without chemical ~ 25 15 — 10 - 1,000 - 30 10 - 10 - 1,000
fertilizer section
1-ton heaped
compost section 15 25 15 10 10 - 1,000 15 30 10 10 10 - -
Note: 1 ton of dry compost contains 23 kg of N and 32 kg of P, O, and 1 ton of dry heaped compost contains 22 kg of
N and 35 kg of P, O;.
Table 6 Yields from the test sections (1980)
Tl . Japanese radish spring crop (5th crop) Cabbage for autumn crop (6th crop)
~~._Crop and survey item
T~ Total Per plant Root Per plant Total Per plant Head Per plant
T~ weight | total weight | weight |root weight | weight |total weight | weight !|head weight
Section - per plant index per plant index per plant index per plant index
Chemical fertilizer section 9109 100 3439 100 261k9] 100 151k 100
1-ton compost plus chemical
fertilizer section 845 93 332 97 2,59 99 1.47 97
1-ton compost without nitrogen
chemical fertilizer section 788 89 372 108 2.13 82 1.17 77
1-ton heaped compost section 942 104 365 106 253 97 1.38 91
Table 6 Content of heavy metals, etc. in edible parts of crops (ppm)
(1980)
T - Chemical iti
—hermical composition 1 no, As Pb cd Zn Cu cr Hg
Crop
[ hemical 1 less than | less than | less than K 37 less than | |less than
Sapanese f emica s chormica 890 | e 0.1 0.1 163 1 0 o | 500
. -ton compost plus chemica ‘" o " o "
radish | fertilizer sction 1570 173 0z
or
f 1-ton compost without nitro o ' “ P "
spring croj
(gth ‘g:rop)p gen chemical fertilizer section 1,890 1.30 033
1-ton heaped compost section 2,080 " " " 1.77 0.37 o "
[ Chemical fertilizer section less than | less than | less than less than | |less than
N 1,440 1.77 0.57
4 . 1 1 0.1 0.01
Cabbage {control section) 0.1 0 0
for 1-ton compost plus chemical " o “ v v
autumn fertilizer section 1,480 1.67 053
crop 1-ton compost without nitro- . " . “ o
(6th crop) gen chemical fertilizer section 830 1.57 040
1-ton heaped compost section 1,260 ” ” " 1,80 0.27 “ '

50




Table 7 Transition of yisld index during farm tests

.. Crop and year 1978 1979 1980
T _of survey | jananese radish Cabbage Japanese radish Cabbage Japanese radish Cabbage

Section \\ spring crop autumn crop spring crop autumn crop spring crop autumn crop
| Chemical fertilizer section 100 10 | 100 100 100 100

1-ton compost plus chemi- 109 102 90 104 97 97

cal fertitizer section o o

1-ton compost without

nitrogen chemical fertilizer 103 107 86 108 108 77

section o o

1-ton heaped compost 96 96 9 93 106 91

section

The results of the first two years of operation show that
all the crops but the third spring crop of Japanese radishes
yielded more than those grown on chemical fertilizer alone,
and that the use of compost to supplant nitrogen fertilizer
also produced a high yield.

The test results for the year 1980 show that the compost
farms were a little inferior in yield to standard chemical
fertilizer farms.

It is inferred that this decline in yield may have been
inyited by the lime contained in compost, and that the yield
will be increased if the application of compost is reduced.

When the heaped compest was used, all the crops but the spring
crop of Japanese radishes in 1980 were lower than the chemical
fertilizer—grown counterparts, and a further study will be needed
in this respect.

The intake of heavy metals by the plants was studied.

In the first year of compost application, the concentrations

of copper and zinc in the crops rose a little.

In the second year, hawever, there was no noticeable rise in
heavy metals such as those shown in Table 6. The concentration
of nitrate rose a little, but fell off when nitrogen fertilizer
was eliminated. (Refer to Table 6)

An analysis of soil from fallow land showed no accumulation
of copper, zinc and nickel. As regards the nutrient balance
of soil, the application of compost gradually increased ex-
changeable calcium and potassium, but decreased magnesium;
namely, the magnesium/potassium ratio and the magnesium/calcium

ratio became low, making the sqil susceptible to magnesium
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deficiency. In future, measures will have to be provided to
supplement magnesium.

According to experiments an spinach, it was found that
N and P in compost showed an effectiveness of 50 to 60% and
about 30% respectively as compared with the corresponding
chemical fertilizers.

Namely, a ton of dry compost per 10 a is expected have
an effect equivalent to about 10 kg of nitrogen fertilizer
and about 10 kg of phosphate fertilizer. As the compost is
destitute of potassium, potassium must be made up in the form
of chemical fertilizer.

. Application of compost to orchards

A compost application test was conducted on Japaneze
pears, Japanese apricots, and Japanese chestnuts in the
Agricultural Experiment Station and also on Japanese pears grown
by commissioned farmers.

In the Agricultural Experiment Station, three farms were
prepared: a control farm using chemical fertilizer only; a
pH-conditioned farm using chemical fertilizer and calcium
carbonate; and a compost farm using 2 tons of compost per 10 a
and chemical fertilizer to supplement nitrogen and potassium.

The commissioned farmers used a control farm using chemical
fertilizer, and a compost farm using 2 tons of compost per 10 a.
The fertilizing effect of compost on each tree species was
correlated with the yield index as shown in Figure 2.

(Refer to Fig. 2)
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Control section
Compost section
Control section
Compost section
Control section
Compost section
Control section
Compost section
Control section

Compost section
pH-conditioned section

pH-conditioned section
pH-conditioned section

Fig. 2 Fertilizing effect of compost

The crop of Japanese chestnuts increased by about 30%,
followed by Japanese pears and Japanese apricots with an
increase of about 10% each. The application of compost brought
about no change in the nitrogen concentration in the leaves of
Japanese chestnuts, but a slight increase in nitrogen concent-
ration was noticed in the leaves of Japanese pears and Japanese
apricots, suggesting that tog much nitrogen was supplied.

If the compost application is moderated, the yield will
be increased more.

As regards the quality of fruits, the application of
compost "slightly increased N, P, Ca, and Zn in Japanese
apricots, but the concentration levels of other inorganic
substances, heavy metals, nitrate, etc. remained the same as
they were befgre application of compost. The total amount of
sugar, glucose, sorbitqel, and sucrose, etc. tended to rise,
improving the quality of the fruits.

The same tendency was seen in the Japanese chestnuts;

the total amount of sugar, fructose, and glucose increased
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while sucrose and starch declined, improving the commercial
value of chestnuts as a whole. As regards Japanese pears,
however, no substantial improvement in quality was noticed.
The quality of Japanese pears will be improved by reducing

the supply of nitrogen, however. An analysis of toxic sub-
stances, such as heavy metals, contained in the pears is shown

in Table 8. (Refer to Table 8)

Table 8 Chemical analysis of Japanese pear

{in %} {in ppm)
Section N P K Ca Mg | Pb Cu Zn Cr Cd Hg As Nitrate
Compost section |0.397 0.042 0.900 0.034 0042 | 0.1 04 0.7 lessthan less than less than less than )
pH-conditioned' |5 305 037 0766 0.033 0.034 | - - - oj O-J 0;1 0;1 -
section ) ) - * iy

less than less than less than less than
0.1 0.1 0.1 0.1

Control section 0.439 0.039 0.888 0.031 0.041 | 0.1 0.3 0.5 8

2,2.4 Use of Compost by Farmers
The farmers in Tokyo were entrusted with the task of growing
vegetables such as cabbage, spinach, and cauliflower on compost.
In the main, the compost worked well, and the opinions of the
compissioned farmers were favorable.
The results of the growth of cabbage and spinach on compost
are gilven below.
a. Cabbage
Compost was applied to a farm overworked by twice annual
cropping for more than 20 years, and its effects on cabbage
growth were studied.
The farm was divided into three sections: A control section
using chemical fertilizer alone; a l-ton compost section using
a ton of compost per 10 a, toagether with chemical fertilizer;
and a 2-ton compost section using 2 tons of compost. The
yields and the incidence of plant diseases are shown in Table 9.

(Refer to Table 9)
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Table 9 Survey of yields and incidence of diseasas

(a) Yield {b) Incidence of black rot
\\\ {tem S e
Total weight Extremely . : Damage
Section \\\ avwz;';z: per 10 a Index high High Medium Low None index
L ¥
Controt section 1.33 kg 5,990k9 | 100 16 24 8 2 0 77
1-ton compost section 1.44 6,460 108 0 3 10 36 1 33
2-ton compost section 1.35 6,050 101 1 >4 8 35 2 34

Notes: (1) In the yield survey, 20 heads were sampled from the middle row of each section and weighed.
(2} The morbidity was investigated by sampling 50 heads from the middle row of each section according to the following criteria.
Extremety high: :

High
Medium
Low
None

Head affected

. Leaves affected

: Al the external leaves affected
: Part of external leaves affected
: No part affected

As 1s clear from Table 9, the l-ton compost section showed

the highest yield, and the compost sections were generally

lower in the incidence of black rot than the control section,

warranting the application of compost.

Spinac

h

A farm debilitated by overcropping and oversupply of

chemical fertilizer was selected in order to examine the

effects of compost on spinach.

was divided into:

A control section; a l-ton compost section using a ton of

compost per 10 a, together with chemical fertilizer; and a

2-ton compost section using 2 tons of compost per 10 a.

The growth conditions and yields were investigated.

are shown in Table 10. (Refer to Table 10)

Table 10 An example of investigation of agricultural use for spinach

Just as with cabbage, the farm

The results

Investigation of growth and harvest (1st harvest)

Study of grwoth Study of harvest _
Length of blade | Width of blade | Number of blade Total weight Adjusted weight ratio
Control farm conditioned 21.5 {om} 4.9 lem) 6.3 (blades) 0.85 (kg 0.74 ‘ka) 100
with chemical fertilizer . . -
Farm using compost 1 1 174
(1 ton per 1000 m? ) 24.0 5.3 7.3. 45 29 N
Farm using compost
(2 tons per 1000 m? ) 223 54 78 1.35 1.22 165
Investigation of growth and harvest {2nd harvest)
Study of growth Study of harvest
Length of blade | Width of blade | Number of biade Total weight Adjusted weight Ratio
Controt farm conditioned {cm) {cm) (blades) (kg) (kg)
with chemical fertilizer 221 7.2 104 0.80 o7 100
Farm using compost
(1 ton per 1000 m?) 24.2 7.5 10.2 1.00 0.91 128
Farm using compost
{2 tons per 1000 m? ) 23.2 7.3 99 0.95 0.85 120
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As demonstrated in Table 10, the compost sections out-

performed the control section in both growth and yield.

In the 1-ton compost section, the first crop showed a

yield increase of 74% in terms of adjusted weight, and the

second crop 28%.

compost sections was also better.

The quality of the crops raised in the

An analysis of fallow soil indicated that the soil which

was pH 5.12 before application of compost was improved to pH

5.61 in the 1l-ton compost section and to pH 6.28 in the 2-ton

compost section, proving that compost is highly effective in

improving acid soils.

It is therefore concluded that this degree of compost

The rise in electric conductivity was also low.

application will not aggravate the concentration hazards.

2.2.5 Quality and Application Standards for Compost

According to the results of the compost application tests

detailed in the foregoing, a quality standard and an application

standard were formulated.

with these standards as follows.

a. Quality and safety

and other heavy metals,

20 kg bags of compost are labeled

The compost is quite safe from arsenic, cadmium, mercury

Table 11 Compost quality labeling

(The quality of the compost is as shown
in Table 11) (Refer to Table 11)

Nitrogen

Phosphate

Lime

pH

Organic matter

Moisture content

1~2%

2~ 3%

16~ 18%

7~8

20~ 30%

30~35%

b. Features and usage

This fertilizer is made of dewatered domestic wastewater

sludge of the Tama New Town, fermented for about 10 days.

It contains lime and nitrogen, and 1is effective as a fertilizer

and a pH ilmprover.
i.

ii.

Highly effective in curing acidosis, a ton of this

fertilizer is equivalent to 300 kg of calcium carbonate.

The nitrogen component contained in a ton of this fertilizer

is equivalent to about 50 kg of ammonium sulfate.
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fertilizer retains fertilizing effectiveness for an ex-
tended period.

iii. This fertilizer contains no potassium.
Supplement potassium as required.

iv. This fertilizer contains organic substances by 20 to 30%,
and should preferably be used in combination with manure or
other organic fertilizer for enhanced fertilizing effeciency.

v. Apply this fertilizer at a rate of within 1 ton per 10 a.
Mix well with soil, and wait several days before planting.

vi. If you have any questions, do not hesitate to contact your

local Agricultural Improvement and Diffusion Center.
PRODUCTION OF ARTIFICIAL LIGHTWEIGHT AGGREGATE, USING SEWAGE SLUDGE ASH

So far, the Tokyo Metropolitan Government has disposed of sewage
sludge by dumping. But available dump sites have been decreasing
rapidly. 1In addition, the dump sites are problematic from the viewpoint
of environmental safety. Concerned over these problems, the Tokyo
Metrapglitan Government has promoted a project for disposal of sewage
sludge in the form of ash.

In the future, the installed capacity of incinerators will be
increased, and the volume of ash to be generated will accordingly rise.
A survey was thus conducted to determine ways in which the ash could
be utilized.

After evaluating the various conceivable products from various
angles, including the energy necessary for production, added values of
products, potential demand and environmental safety, the production of
artificial lightweight aggregate was considered one of the quickest
and simplest approaches to recycling of sewage sludge ash. Outlined
below are the perspective of the industrial manufacturing through the
development of this manufacturing technique.

3.1 ARTIFICIAL LIGHTWEIGHT AGGREGATE
The artificial lightweight aggregate currently available on the
market is made of sedimentary rock or shale either crushed to appropriate
sizes or pulverized and pelletized, and then sintered at 1,000°C to
about 1,200°C.
Shale is also called mudstone, and is an incomplete agglomeration

of clay. It is mainly composed of silicon and aluminum, and contains
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3.2

volatile matter that is dissipated at high temperatures.
It is light and fragile.

When shale is sintered under proper conditions, silicon and
other elements become semi-fused and softened, and at the same time,
volatile matter is gasified to make the stone intumescence.

When cooled, the pleces of shale become a hard and tough
aggregate, with a finely-textured glazed shell on the outside and a

finely pored nest inside. (Refer to Photograph)

Photo. Artificial lightweight aggregate made of sludge ash
{independent pores are seen inside.)

The specific gravity of this artificial lightweight aggregate is
about 1.4, or about half that of natural aggregate.
USE OF SEWAGE SLUDGE ASH AS ARTIFICIAL LIGHTWEIGHT AGGREGATE

Compared with shale, the chemical composition of the sludge ash
varies widely depending on the types and quantity of coagulants inject-
ed for the purpose of dewatering the sludge.

This is particularly so in the case of the ash of sludge cake
dewatered with inorganic coagulants, which shows a high variation
in the lime content. Compared with shale, the ash of sludge cake
dewatered with polymer or by heat treatment or by freezing and
defrosting, contains more lime and ferric oxide, but less siliconm.
The amount of volatile matter that serves as a foaming agent 1is

less in the ash than in shale. (Refer to Table 12)
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Table 12 Chemical composition of samples (%)

Chemical Ash A ) Ash B Expansive shale | Expansive shale
composition (Coa.gulant: Lime (Coagulant: {ore available {ore available Bentonite
R |and iron chioride) Polymer) from company A) | from company B)
S0, | 29.86 55.6 64.30 62.14 71.07
P, 0O 5.41 2.51 - - -
Al; O, 11.18 18.48 16.34 15.42 14.21
Fe, O, 11.09 10.48 1.36 3.07 1.60
FeO 1.22 1.84 3.23 2.30 0.04
Ca0 25.19 4.28 1.20 246 1.562
MgO 1.86 2.67 1.23 2.04 2.30
K,0 0.89 1.64 2.55 1.74 0.44
Na, O 0.81 1.54 1.94 1.59 2.16
SO, 292 0.69 0.65 0.10 0.01
Cl 0.59 - - - -
Cc 1.08 0.77 0.66 0.27 -
CO, 3.51 0.13 1.756 0.61 -~
Ign-loss 5.60 1.67 7.34 8.74 594
Note: ‘* — " denotes less than 0.00.

3.3

In general, it was surmised that it would be feasible to convert
sludge ash. abtained without lime injection into artificial lightweight
aggregate.

SINTERING OF SLUDGE ASH INTQ ARTIFICIAL LIGHTWEIGHT AGGREGATE

Sludge ash containing large amounts of lime shows a high melting
point, and its fusion shows a low viscosity, whereas sludge ash
with less lime has almost the same melting temperature and viscosity
as shale.

So far as the practical sintering temperature (approx. 1,150°C)
is caonceyned, the lower the lime content in the sludge ash, the
better. What makes the sludge ash quite different from shale is
the fact that the visgcosity of a dough made up of sludge ash powder
and water is far below that of shale, and the strength of dry pellets
is far below that of shale.

Namely, the pellets are turned into powder as they cannot hold their
shapes when sintered in:the kiln. It is therefore necessary to use a
praper binder for the purpase of increasing the strength of pellets.
The sludge ash is deficient in volatile matter either in the form of
organic or inorganic substance as it has been sintered at a tempera-

ture of 800°C to 900°C, and is not able to intumesce enough at heat.
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To counteract these problems, it is necessary to select an additive
which serves not only as a binder but also as a foaming agent.

Shale and hentgnite combine the binding power with the foaming power,
and can solve these problems.

When bentonite or shale is used as a foaming binder, the relation-

ship between the process flow (Figure 3) and production requirements

is as follows. (Refer to Fig. 3)

[t oo oo

Drying

y y Y

Pulverization

Pulverization

Mixing and
H moisture control d

v

Pelletization

T

Drying

v

Sintering

Slurrey

[ Produr ]

Fig. 3 Process flow of artificial lightweight aggregate

a. When bentonite 1s used:

When added with water, bentonite becomes highly adhesive,
making the pelletizing of sludge ash easy.
pellets puff up.

When sintered, the
Both intumescibility and distensibility increase

with increase in the addition of bentonite as shown in Figure 4.
(Refer to Fig. 4)
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Fig. 4 Relationship between bentonite addition
and absolute dry specific gravity

The best results are obtained under the following conditions.

. Sintering temperature : 1,140°C to 1,150°C
. Sintering time : 15 to 20 min.
. Addition of bentonite : 4 to 6%

b. When shale is used:

Bentonite is costly, and can be substituted satisfactorily
by shale (expansible shale) which has long been the material for
artificial lightweight aggregate. When the addition of shale 1is
increased, the specific gravity of sintered pellets becomes small

as shown in Figure 5. (Refer to Fig. 5)
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Absolute dry specific gravity
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Fig. 5 Relationship between addition of expansive
shale and absolute dry specific gravity

With the addition of shale fixed at 15% and 20% and the sinter~-
ing temperature fixed at 1,150°C, the specific gravity decreasing

with sintering time as shown in Figure 6. (Refer to Fig. 6)
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Fig. 6 Relationship between sintering time and

absolute dry specific gravity of expansive
shale-added pellets

A similar trend is also seen in bentonite as shown in Fig. 7.

(Refer to Fig. 7)
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The quality of sinter and the physical test results of con-
crete are as shown in Table 13, 14, and 15.

(Refer to Table 13, Table 14 and Table 15)

Table 13 Physical properties of artificial lightweight aggregate

Type Fine aggregate Coarse aggregate

Col rci mmerci erci
Characteristics ) ;?/:i'fal;:”y Ash ?Eg:r:gate ava?gblr:pz::lt'i\z/ed g\gfirl';?)lecrlﬂrl'l‘-l

fine aggregate aggregate (Lg) |pelletized aggregate
Nominal dry specific gravity 1.85 1.26 1.33 1.47
Absolute dry specific gravity 1.69 1.24 1.23 1.36
Hygroscopicity (%) 9.9 1.3 8.1 8.4
Unit weight (kg/m?) 1,079 789 806 881
Solid volume percentage (%) - 63.6 65.5 64.8
oo o torg g |
10% crushing value*tons) - 9.1 13.1 16.2
Aggregate shock value (%) - 35.4 338 25.4
Wear loss (%) - 28.4 255 18.2

*: Load required to crush 10% of aggregate.
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Teble 14 Concrets mix proportions

. Water to Unit water | Unit cement Sand Fine aggre- { Coarse aggre. " .
Maximum size Slump Air volume . - Admixture | Unit weight
Type cement ratio weight waight percentage gate weight gate 3
{mm) em) = w/C%) ikg) fka) ) hg) | Gl (ka) (ka/m”)
18 75 a5 © 148 EYE) 460 585 262 0.633 1632
La 15 65 72 50 149 208 470 618 468 0.745 1578
15 55 83 60 150 260 505 678 a5 0625 1552
15 140 6.2 40 150 375 40 558 549 0538 1647
le 15 65 71 50 150 300 485 en 543 0.750 1819
15 75 10.1 ) 150 260 485 652 535 0625 1581
Toble 15 Strength, eiastic modulus and strength ratio
arm wiC | Sump mﬁ','" La 80gregete concrets we | sume | o::rrm La sagregeta concrete Strength ratio, La /Lg
% cm - 7days | 28days [O1deys | % em % 7days | 28days | 91days | 7days | 2Bdays |91 days
40 75 65 | 278 | 376 | 424 40 140 | 62 | 274 | 395 | 448 | 100 | 095 | 095
Comx ',"“"‘/m.' swongth | g0 | B5 | 72 | 150 | 240 | 204 | 80 65 | 70 | 2158 | 318 | 400 | 070 | 076 | 07
60 55 83 88 | 168 | 23 60 76 1100 | 110 | 169 | 210 | 088 | 100 | 111
. SN
) 75 8.5 - %2 | 527 | 40 140 | 62 - 473 | 526 P 098 | 1.00
R P 50 | 55 | 72 - | 424 | 817 | 50 65 | 721 | — | 432 | ae0 | - | os8 | 108
| 60 55 | 83 - 06 | 391 60 75 | 104 ~ 204 | 348 - 104 | 192
Termie srereth ) 75 65 - 07 | 311 40 140 6.2 =z 286 | 318 - 107 | 098
it 50 55 72 - 245 | 207 | s0 65 74 - 272 | 288 - 097 | 103
60 55 83 ~ 184 | 236 | 60 75 | 104 - 212 | 27 - 085 | 109
Static modules of 20 75 65 = 153 - 40 140 | 62 - 136 =z - 113 -
elasticity . 2 - 1 - A - - - - 1 -
e wotiom’ 50 55 | 7 3s 50 65 | 74 134 10
80 55 83 - 125 - 60 75 | 104 - 119 - - 106 | -
Dynamic modulus w0 | 75 65 - 178 = ® | 4o | 82 = 170 - - 106 =
of elasticity 50 56 7.2 - 15.8 - 50 65 74 ~ 144 - - 110 -
x10* kgt/cm? 60 55 83 - 124 - 80 75 | 104 - 132 - - 1.02 -
c. Others

-more lime and ferric oxide than shale.
the viscosity of the vitreous phase, narrowing the sintering
temperature range.
to finer than 200 meshes, the mix proportion of shale can be

reduced to as small as 30% without sacrificing the sintering

As previously mentioned, the ash of sewage sludge contains

temperature stability.

These compounds reduce

But when shale and sludge ash are pulverized

In addition, the variation in specific

gravity and strength of the sinter decreases.

If unpulverized sludge ash is used, 1t is difficult to

industrially produce merchandizable sinter unless the mix pro-

portion of shale is increased to as much as about 70%.

using a pilot kiln and a production kiln.
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3.4 PROPOSED RESEARCH

Thanks to the current state of the art in sintering, the
industrial production of artificial lightweight aggregate from sludge
ash has now become possible. Many technical improvements for the
purpose of ‘saving energy are still required, however,

The waste heat developed in the system must be recovered to a maximum
extent; it will be used effectively to dry pellets containing a great
amount of water. 1In addition, the sintering method must be improved
and the amount of additives must be reduced.

Although the efforts have so far been expended to study the
conyersion of sludge ash into artificial lightweight aggregate, the
high calorific valve of sludge cake may make it possible to develop
a system in which the incineration of sludge and the production of
artificial lightweight aggregate can be carried out concurrently.

In view of this, we are planning to study processes that will
directly turn sludge cake to good account.

The recycling of sewage sludge within a city will eliminate the
probleém of transporting sludge out of the city and at the same time
will reduce the amount of resources to be brought into the city from
outside. Sewage sludge may become a valuable resource 1if developed.
It may be used as a material for slag cement and slag brick, etc.

We would like to gradually implement sludge recovery measures which

will be feasible and viable not only at present but in the future.
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1. PREFACE
1.1 CURRENT STATUS IN KYOTO CITY

Kyoto City is located on the middle of the Yodo River and is an inland city
surrounded by hills on three sides with a population of 1,460,000. The Yodo River
is water resources for about 1] million people downstream in the Osaka-Kobe dis-
trict. Consequently, the construction of sewer system in this city is important for
the preservation of water quality in the Yodo River. The sewer network of Kyoto
City covers 60.2% of its total residents as ot April 1981. Influent to the wastewater
treatment plants is discharged into the Yodo River through the secondary treatment.
All of sludge produced is thickened, partly digested, and dewatered. For the volume
reduction and stabilization, dewatered cake is all incinerated and landfilled onr the
municipal disposal site.

The current ash disposal site has a limited area of about 4 ha for landfill. It is
difficult to secure the new site. With the progress of the sewerage construction the
quantity of sludge produced is expected to increase more and more in the future.
So the treatment and disposal of sludge have become an important problem.

1.2 IDEA OF COMBINATION OF WASTEWATER TREATMENT PLANT

WITH MUNICIPAL REFUSE INCINERATION PLANT

Wastewater and refuse are representatives of municipal wastes, whose treatment
and disposal consumes various types of energy enormously. The energy flow in the
treatment system for wastewater and municipal refuse is shown in Fig. 1.
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Fig. 1 Energy Flow in Treatment of Municipal Wastewater and Refuse
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Note the wastewater treatment plant and the municipal refuse incineration
plant in the dot line in Fig. 1. The former plant consumes electric power for blower,
pump and other machines in the wastewater treatment process and for various
machines in the sludge thickening, dewatering and incineration processes. Heavy oil
is also utilized mainly as auxiliary fuel for incinerator. In case that digestion process
is well operated, it is possible to recover energy as digestion gas, which is used both
for heating the digestion tank and for Juxiliary fuel of incinerator.

The t(otal energy consumption ul the wastewater treatment plants in Kyoto
City (converted into electric power) was about 0.66 kWh/m? influent in fiscal 1980.
Digestion gas covered about 18% of the entire energy consumption. As mentioned
above, a huge quantity of energy is required for pumping, wastewater treatment
and sludge treatment at the plant. It may be called an energy-consuming plant.

On the other hand, the low heat value of municipal refuse is about 1,500
Kcal/kg at the municipal refuse incineration plant. About 180 kWh/ton refuse is
generated in general with thermal energy produced by incineration although the
efficiency depends on the generation system. As electric power required at the
incineration plant is about 60 kWh/ton refuse, about 120 kWh/ton refuse is surplus
electric power. That is, the municipal refuse incineration plant may be called an
energy producing plant.

On the assumption that the wastewater treatment plant and the municipal
refuse incinerator are combined in one systein as shown in Fig. 1, the latter is
capable of supplying surplus energy to the former as electric power or steam. The
idea of combination is illustrated in Fig. 2 with the mutual utilization of treatment
facilities as well as energy.

tlectiic or Thermal Energy

=il v

Refuse Wastewater
Incineration Treatment
Plant Plant

[ [ Wastewatcr f

Sludge, Screenings

Fig. 2 Combination of Wastewater Treatment
Plant and Waste Incineration Plant

About 60~70% of dry solids of sewage sludge is combustibles (organic matter).
By reducing fully the water of sludge and lowering the latent heat of moisture
evaporation, its low heat value will become similar to that of municipal refuse, and
it will be combustible without auxiliary fuel or be incinerated with municipal refuse.
On the other hand, wastewater produced in the municipal refuse incineration plant
will be treated at the wastewater plant when the toxic substances like heavy metals
to the biological treatment is removed in the pretreatment.
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The combination of the two plants will save the construction cost and the
maintnenace and operation cost including energy consumption. The feasibility
study of the abovementioned combination has been conducted, as a construction
plan of the Ishida plant, the fourth in Kyoto and that of a municipal refuse incine-
rator adjacent to the former were ongoing simultaneously.

This report presents the results of investigation conducted in 1977—-1979 to
evaluate the feasibility of sewage sludge incineration by the municipal refuse incine-
rator, especially with attention to the pretreatment of sewage sludge and its charac-
teristics.

2. CONSTRUCTION PLAN OF WASTEWATER TREATMENT PLANT AND

MUNICIPAL REFUSE INCINERATION PLANT

A plan of the Ishida plant of the Sewage Works Bureau and the Higashi Refuse
Incineration Plant of the Cleaning Bureau is shown in Table 1. Fig. 3 shows the lay-
out of two plants. As the vicinity of the plants is an exclusively residential district,
several pollution preventives are taken into consideration. As there has been no plant
operated for coincineration of sewage sludge and municipal refuse in Japan, the
feasibility study was conducted.

{shida Wastewater Treatment Ptant —a— | — = H,gashi Refuse Incinerstion Plant

e awer - -
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— \{a‘“ashm e [
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— . ——
e M
B s //——”’—_,
// — -
— . "
|
\ ] Proposed Site for
Chlorination | Sludge Treatment Facilities
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Fig. 3 Ishida Wastewater Treatment Plant and Higashi Refuse Incineration Plant
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Table 1 Plans for Ishida Sewage Treatment Plant and Higashi Refuse Incineration Plant

Plant Site Area

Design Sewer Service
Area

Design Population
Served

Design Flow of
Influent (Day Max.)

Collection System

Wastewater Treat-
ment Process

Sludge Produced

Sludge Treatment
Process

e

|

Ishida Sewage Treatment Plant

87 600 m*
1,984 ha
230,900
163,000 m?/day ;

Separate

Conventional Acti-
vated Sludge Process

28t DS/da
(VS: 70%

Incineration with
Municipal Refuse

Higashi Refuse Incineration Plant

Plant Site Area

Type of Incinerator
Capacity

Burning Temperature

Low Heat Value of
Refuse

Unburned Content in
Ash

Waste Heat Boiler

Independent
Generator

43,000 m?

Rotary Stoker
(7 stages)

600 t/day
(200 t/day X 3 units)

800~900°C
(Outlet Gas)

1,100~2,500 kcal/kg

Below 3%
(800°C, 3 hours)

3 Units

4,000 kW X 2 units

3.

BASIC RESEARCH AND EXPERIMENT ON COINCINERATION

3.1 CONDITIONS OF COINCINERATION EXPERIMENT

The type of a refuse incinerator was already decided as shown in Table 1 and
Fig. 4 before the start of this research. Then, the following experimental conditions
were given.

Exhauat Gag

1

2 Pu Treatmont Facllites
tZZ> Flow of Refuse 3 Cone (Cooling Tower)

4 Hopper 12 Exhsst Gm

5 Incimeraton Treatment Facllitiea
:> Flow of Ashe. 6  Conveyar (';:nr for Absorption

7 e and Condepsation)
:> Flow of Gas 8 Crane 13 Suck

9 Botler 14 Control Room

10 Electnc Dust Coliector

Fig. 4 Schematic of Incineration Plant

71



a. The incinerator burns exclusively municipal refuse. No consideration is taken
for the incineration of sewage sludge.

b. With the incineration of sludge, no adverse effects are given to the incinc-
rator. (On combustibility, composition of exhaust gas, amount of unburned sub-
stances and like that.)

¢. To reduce the quantity of ash and bad effects on the exhaust gas treatment
facilities, lime and ferric salt are not used as sludge conditioner.

d. The digestion process is not adopted because it reduces the heat value of
sludge.

e. Sludge is completely burned within one hour in the incinerator, particularly
with care to prevent sludge from falling through the slit between rotary stokers
(about 8 mm wide).

f. For overhaul of the incinerator, the operation is shut down for a week once
a year.

g. Sludge is dried to the extent of similar low heat value to refuse (1,100~
2,500 Kcal/kg sludge).

If the heat value of organic matter is assumed to be 5,000 Kcal/kg, the low heat
value of sludge is expressed in the following equation:

a w

w
—]OO(I-IOO)XS,OOO—— X 600

He 100

where, He : Low heat value of sludge (Kcal/kg)
a : Organic content in sludge (%)
w : Moisture content in sludge (%)

The relation between the low heat value computed by the above equation and
the moisture content is shown in Fig. 5. The Figure shows clearly that the low heat
value of sludge is in inverse proportion to its moisture content, and that the mois-
ture content should be reduced by 60~25% to make sludge’s low heat value similar
to municipal refuse in case that organic content of studge is 70%.

x10°

a4}
= Content of
X 3 Organic Substances
g s
S
s 2 Yy
8 L2
I
t

o}

1 —_ i L
0 20 40 60 80 100

Moisture Content (%)

Fig. b Relation Between Low Heat Value
and Moisture Content of Sludge
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The low hcat value of about 1,200 Kcal/kg is necessary for the stable incinera-
tion of municipal refuse. So the moisture content of sludge is set below 50% in this
research.

3.2 ALTERNATIVES OF SLUDGE TREATMENT

Considering the conditions mentioned in Section 3.1, two processes (A) and
(B) have been thought out as shown in Figs. 6 and 7 respectively, where the combi-
nation of unit processes possible tor practical use at present is designed.

Odor )
r————= T—— === ~» Deodorization
i ( Steam ) }
i
. Polymer ! o )
Thickened : : . Pelleti-
A - - P i} . R
Siudge — " gggcllnng Dewatering Drying zation Transport
Filtraie
Wastewater
Treatmont  <et———
Faolites
Fig. 6 Polymer Conditioning Process (A}
Steam ‘Odor )
- [ r ~~~~~~~~~~~~ - Deodornization
|
I
I H :
g‘l}:llglé:ned ETE—— ¥::ca;zment - ThickcniEHDcwdtermgl : ::!lztn" bt TramSPOIt
Wastewater
Treatment - -
I acilities Filtrate

Fig. 7 Heat Treatment Process {B)

Under the condition that inorganic coagulants such as lime and ferric salts are
not used, two dewatering processes seem practical: one is the dewatering of poly-
mer-conditioned sludge and the other is that of heat-treated sludge without dosage.
In the former process, the centrifuge. belt press filter or screw press are available.
As the centrifuge is said to produce sludge cake of higher moisture content than two
other machines, more amount of thermal energy is required in the subsequent drying
process to gain the designed moisture content. That’s why it has been excluded from
this plan.

In the latter process, the moisture content of well heat-treated sludge cake will
be less than 50% by the filter press without dosage of conditioner. Accordingly, the
drying process by steam seems unnecessary.

There are three types of the drying system, indirect steam heating with paddle,
steam pipe heating and direct air current heating. In this plan, the paddle type
heating is adopted because the heat source is steam and the second type has a
problem that sewage sludge containing much organic substance adheres to heat
transmitting surface.
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Although their effectiveness to sewage sludge is not confirmed, there are two
types of pelletizing machines. One is by briquetting, the other is by pushing out
with screw or piston. Pelletized cake is required strength not to break due to vibra-
tion and moisture not to adhere to each other on the way to the incinerator.

3.3 EVALUATION OF EACH UNIT PROCESS BY EXPERIMENT
3.3.1 DEWATERING

Belt press filter and screw press have been evaluated for the sludge conditioned
with polymer and filter press for the heat-treated sludge.

a. Belt Press Filter

The structure of the belt press filter used in the test is shown in Fig. 8 and its
belt is S0 cm wide. The typical result is indicated in Table 2. As belt press filter has
been put into practical use, the result of this test is estimated to be reliable. Con-
sequently, dewatered cake of moisture content of 70 to 75% will be produced at
filter yield of 100 to 200 kg DS/m-hr with polymer dosage of 0.7 to 1.0% for tl.e
sludge of solids content 3.5% although the result deplends on the kinds of sludge.

(. © (3) 5
N 0@
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\ ] o
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CE&—_\ Y 10O u@.@ @J@ - L ©
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1 Upper Frame 7  Upper Belt

2  Lower Frame 8 Lower Belt

3  Upper Washwater Unit 9  Filtrate Drain

4  Lower Washwater Unit 10  Belt Drive Unit

5  Scraper 11 Belt Tensioning Roller
6  Belt Driving Motor and Speed Reducer 12 Beit Driving Roller

Fig. 8 Belt Press Filter



Table 2 Dewatering Charactaristics of Belt Press Filter

Experiment| Polymer Solids Sludge Belt Moisture Filter Solids
Number Dosage |Contentin{ Feed Tension (Content in Yield Recovery
Sludge Rate Dewatered

Cake
(%{DS) (%) | (m?/hr) | (kg/cm?) %) (kgDS/m-hr) | (%)
1 04 | 33 | 20 }TH 68.1 137 98.6
‘ 07 | 33 | 28 ] 30 711 192 99.3
3 10 33 28 | 30 707 192 99.1

(Note) Sludge used was mixed sludge of the Toba plant.
Polymer used was KAYAFLOC (C-599-1H.

b. Screw Press

There have been still few cases of full-scale press used for dewatering sewage
studge. Polymer-conditioned sludge is put into the cylindrical screen made of the
punched steel, slowly pressurized and dewatered by screw. The screw press used in
the test is shown in Fig. 9. This is a pilot machine with the inside diameter of 200
mm and the length of 2,000 mm. It is able to feed steam into screw shaft and
heat sludge at 40~70°C for the improvement of dewatering efficiency.

Sludge

\l"‘[ |n _ l r\@) [ ; | Steam

Filtrate
1 Hopper 5 Tapered Cone
2 Screen 6 Dewatered Cake Discharge
3 Screw Shaft 7 Filtrate Qutlet
4 Screw Blade

Fig. 9 Screw Press
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The typical test result is indicated in Table 3. The result shows that the proper-
ties of dewatered cake was stable on any condition of heating or not and change
of rotating speed. But with heating. the moisture content of dewatered cake was
reduced by 6~10% and the sludge feed rate increased by 10~20% as compared
with the operation without heating. When the screw press is scaled up, the moisture
content of dewatered cake tends to increase. So the reasearch is required in the
practical scale.

Table 3 Dewatering Characteristics of Screw Press

Experiment | Polymer| Solids Sludge | Rotation Steam SS of Solids |Moisture
Number Dosage | Content Feed Speed | Heating | Pressure | Filtrate {Recovery [Content
in Studge Rate in Cak
(%{DS) %) (kgDS/hn} | (r.p.m.) (kg/em?G)| (ppm) (%) (%0)
1 0.3 3.9 2.8 0.08 Yes 1 1,400 95.5 56.3
2 0.3 3.9 5.7 0.16 Yes 1 590 98.3 58.1
3 0.3 3.9 10.3 0.32 Yes 1 810 97.6 65.5 T
— 0.3 3.9 12.3 0.48 Yes 1 1,400 | 955 | 694
5 0.3 3.9 2.1 0.08 No 0 815 96.7 65.4
6 0.3 3.9 5.1 0.16 No 0 1,010 98.1 68.1
7 0.3 3.9 9.2 .32 No 0 1,500 95.5 72.3
8 0.3 3.9 11.0 0.48 No 0 1,400 95.2 78.0

(Note) Sludge used was mixed sludge of the Toba Plant.
Polymer used was DIAFLOC KP-201A.

¢.  Filter Press

In the heat treatment process studied in this test, the low temperature system
(145°C~175°C) is adopted. As compared with the high temperature system (200°C),
it is effective for the characteristics of filtrate and deordorization. The pilot machine
with the filteration area of 0.07 m? was used to evaluate its performance of de-
watering heat-treated sludge and to get the condition required for the effective cake
moisture content. To evaluate the subsequent process, the dewatered cake was
produced by the test machine with the filtration area of 4.0 m?. The result of the
dewatering test for the two machines is shown in Table 4. There are many full-
scale filter presses operated for heat-treated sludge, so it may be possible to get de-
watered cake of moisture content 35~50% at filter yield of 5~10 kg/m?-hr.

Table 4 Dewatering Characteristics of Filter Press

Item| Solids Operational Conditions Results
iContent Injecting Squeezing Moisture Con- Filter
Filt- in Time Pressure | Time {Pressure Cake tent in De- Yield
ration Sludge Removal watered Cake
Area (%) (min) | (kgfewm?)| (min) |(kg/em?) (kgD$/m?hr)
Al B|C A B C A/B|CJ|A[B]C

6.3 Good|Good | Good [ 38.6{30.1[40.316.43(5.4715.03
0.07 m? 81 |5/110}) 15 4 10 13 Good | Good | Good | 38.7|143.8[45.0|5.98(5.24(5.89
9.6 Good|Good | Good {40.4|142.6/48.3|7.10(6.42|5.86

40m? 9.4 5 5 13 13 Good 48.7 5.82

(Note) The sludge used was mixed studge of the Toba Plant.
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3.3.2 DYRING
The moisture content of polymer-conditioned sludge cake is about 65~75%.

Such a cake has not enough to low heat value and has adverse effects on combusti-
bility because it is soft enough to aggregate in the transport and refuse pit. To
settle the problem, a test was conducted with the paddle-type indirect steam drier
for drying the dewatered cake with steam produced from the waste heat boiler
of the refuse incinerator. The test was conducted using sludge cake produced from
the screw press at the Toba plant. The paddle-type indirect steam drier is shown
in Fig. 10. The characteristics of dewatered cake used for the test are shown in
Table 5 and the test result is shown in Table 6.

It has been confirmed that the continuous drying of polymer conditioned
sludge was conducted well by the paddle-type indirect steam drier without the
sludge adhering to the heat-transmitting surface. The particle size distribution of
dried cake is changed with the change of the moisture content of dried cake as
shown in Fig. 11. The appropriate pelletization is required because the result indi-
cates that the dried cake produced by the test drier is expected to fall from between
grates of incinerator.

Table 5 Characteristics of Dewatered Cake Table 6 Drying Test of Dewatered Cake
Moisture | Ignition| Heat C H N Steam Pressure (kg/cm?) 25
Content [ Loss Value Steam Temperature (C) 138
(%) (%) | tkcal/kgDS) | (%) | (%) | (%) - -
Moisture Contnet in Dewatered

636 | 62.9 3,660 (379 5.7 |37 Cake (kg/hr) 63.6
Dewatered Cake Feed Rate (kgfhr) 140
Moisture Content in Dried Cake (%) 33.2
Dried Cake Discharge Rate (kg/hr) 76.3
Cake Temperature in Drier (°C) 95

Dewatered Cake

Paddle

xhaust Gas
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Fig. 10 Paddle-Type Indirect Steam Drier
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Fig. 11 Particle Size Distribution of Dried Cake

3.3.3 PELLETIZATION

The moisture content of dewatered cake by the belt press filter or screw press
with polymer conditioning is higher and should be reduced to proper moisture
content by drying. Although it depends on the moisture content, dried cake is
not uniform in the particle size and may cause the pulverulent condition.
Dewatered cake by filter press after the heat treatment has the moisture content
required without the drying process. But, as dewatered cake is in the shape of
large plate, it should be pulverized mechanically. The particle size of the pulver-
ized cake is not uniform and too large that the bad effects are given to the combusti-
bility and too smalil that the fall from between grates of incinerator is caused.

In this plan, the test was conducted for the screw-type pelletization machine
under the condition that dewatered cake should be pelletized to the proper size
even if any type of the dewatering machine is used. The pelletized cake should be
so strong in resisting the shock and consolidation in process and be well combusti-
ble. Accordingly, the test was also conducted for the strength of pelletized cake.

a. Test of Polymer-Conditioned Sludge Cake

Dewatered cake by screw press was dried to the moisture content of 23.6%,
33.3%, 41.5% respectively for the pelletization test using the screw-type pelletiz-
ing machine as shown in Fig. 12. The excellent cylindrical pelletized cake of ¢10,
12, 14 mm is obtained as shown in Fig. 13.

b. Test of Heat-Treated Sludge Cake

It is unable to pelletize the heat-treated sludge cake if the moisture content
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Fig. 12 Screw-Type Pushing Pelletizer
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Fig. 13 Pelietized Cake

becomes less than 30%, and the pelletized cakes are adhered each other to produce
a large cake if the moisture content becomes more than 50%. At the moisture
content of 30~50%, the excellent pelletized cake with the diameter of 12 mm
and the length of 30~50 mm is obtained.

To test the strength of pelletized cake, 500 grams of cake in the above (a) and
(b) cases are put in an 18 liter can and then dropped 3 meters down on the concrete
floor 12 times. As a result of the test, the strength has been adjusted as good because
the rate of passing through 10 mm sieve was less than 5% for both cases.
3.34 COMBUSTIBILITY

To investigate the combustibility of pelletized cake, the incineration test
was conducted in the electric furnace (200V, 7.5kW, W200XH150XL300). The
typical test result for polymer-conditioned siudge cake and heat-treated sludge
cake is shown in Fig. 14.
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Table 7 Incineration of Dried Cake

Ienition Laoss Size of Pelieti ! Moisture Ignition Loss of Ash after
Belote Incineration zation ' Content Incineration at 800°C
- ) (rnm) i (7% 10 min. Burning |60 min. Burning
@12 Cylindrical | 23.6 6.3 0.05
Polymer R R
Conditioned 67.3 @12 Cylindrical | 332 8.3 0.09
Sludge Cake 12 Cyvlindrncal 115 13.2 0.11
U S __,'_* -
Heat-Treated .
§2.7 o122 Cyhindical 527 9.9 0.37
Sludge Cake i
|
[ ; Burning Temperature 800°C
1 Polymer-Conditioned Sludge Cake
|
| Pelletized Cake
1 { O Moisture Content 33.2%
i Cake Before Pelietization
\ | = X" Mosture Content 33.2%
|
i Heat-7icutd Stucye Cake
§ \ ! Pelletized Cake
g ! ——F " Moisture Content 52.7%
:—é 10
3
2
£
<]
[}
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c
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Time of Incineration (Minute)

Fig. 14 Decreasing Curve of Combustibles Content

In the incineration test with the electric furnace, considerable non-combusti-
bles remained in ash at the temperature of 800°C and the incineration period of
10 minutes. In case of the one-hour incineration period, it was almost completely
reduced to ash and the non-combustible rate was less than 1%. Fig. 14 shows that
the incineration speed of pelletized cake is slower than that of cake before pelleti-
zation, but it was almost the same speed 40 minutes later. Although the incinera-
tion with the electric furnace differs from the incineration with the full-scale incine-
rator, it is expected to be possible to incinerate pelletized cake with refuse unless
the ratio of pelletized cake to refuse is so high.
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3.35 CONCLUSION ON LABORATORY TEST

The laboratory test was conducted for unit process of two treatment processes
—-(A) polymer conditioning and (B) heat trcatment-—under the condition to
incinerate sewage sludge and municipal refuse at the full-scale plant. The result
was obtained that both processes could produce the pelletized cake for coincinera-
tion. It also showed that there is no particular problem on its combustibility.

4. COINCINERTION TEST BY FULL-SCALE PLANT
4.1 OBJECT

This test was conducted to investigate the incineration of the pelletized cake
by full-scale refuse incinerator based on the result obtained by the laboratory
test described in the previous section. I'li¢ investigation was carried out for the
following problems that may be caused by the difterence of physical and chemical
characteristics between sewage sludge and municipal refuse.

a. Effect on NOx concentration m exhaust gas and effect of dust load on
electric dust collector.

b. Effect on the mcmeration state w1 an incmerator and the ignition loss of

ash.
4.2 METHOD

The incinerator used tor the test s a rotary stoker-type refuse incinerator
(the same type as that at the Higashi Reluse Incineration Plant) in M city. The
capacity is 150 ton/day and 1t passed four years after the operation of incinerator.
As the exhaust gas treatment tacilitics, the electric dust collector (dry type) and the
alkali washing facilitics are mstalled. Fig 15 shows the schematic of the incinerator
and the monitoring points and the sampling points for investigation.

At the incineration plant, the collected refuse is stored in the refuse pit and
then weighed by the refuse supply crane. After the refuse is fed into the incinerator
from the feed hopper, it is dried and incinerated in moving from the upper side
to the lower side on the rotary grates. Both the incinerated ash and the riddlings
from the rotary grates are put in the ash cooling tank and then are transported
by truck from the ash bunker. The exhaust gas passes through the duct and is
washed by water jet at the gas cooling chamber. After smoke dust is collected
by the electric dust collector, toxic gases such as {{Cl are removed with the alkali
purification and then the gas is discharged from stack.

The monitoring and sampling were conducted at each point shown in Fig. 15
in order to confirm on whether any effect is caused on by-products (exhaust gas,
ash, riddlings, wastewater, etc.) of the coincineration with sludge in the incineration
process abovementioned.

Two kinds of sludge were uscd for the test—(A) pelletized cake of polymer-
conditioned sludge and (B) pelletized cake of heat-treated sludge. Pelletized cake
was fed into the hopper with maun power from a 20 kg bag so that the ratio of the
weight of fed pelletized cake to that of the refuse fed by crane might be fixed.
The coincineration test was carricd out for three days October 2426, 1978. The
ratio of fed siudge quantity to refuse and the feeding pattern in the test are shown
in Table 8.
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Fig. 16 Schematic of Incineration Plant and Sampling Points

Test was conducted at the average sludge mixing rate of 10% (which is esti-

mated from the construction plan of incinerator shown in Table 1) and 20%. On
the fourth day of the test (October 27), the sludge was not fed, and the test was
conducted for the incineration of only refuse.

Table 8 Ratio of Sludge Cake to Refuse

Ratio of
Item Date Sludge Cake
- %)
Polymer 10:00~12:001 9.8( 8.9)
Conditioned Oct. 24| —
Sludge Cake 13:00~15:00 | 19.1 (16.0)
10.00~12:00| 9.9( 9.0)
Heat-Treated | . ., F——
Siudge Cake Ot 25 13:00~15:00 | 18.8 (15.8)
10.00~12:00 | 19.1 (16.1)
Oct. 26
13:00~15:00 | 17.7 (15.1)

(Note) Figures in parentheses show the ratio of
sludge cake to total.

4.3 ANALYSIS OF REFUSE AND SLUDGE

The composition of refuse of M city in the test is shown in Table 9. The
analysis was conducted for about 3~4 kg of refuse taken out by crane from the
refuse pit once a day. The composition of refuse of Kyoto City is also shown for
comparison. The composition of rcfuse in M city is featured by the high rate of
paper and the small rate of kitchen wastes. During the test period, the low heat
value of refuse was 2,160~2,530 Kcal/kg.
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Table 10 shows the characteristics of sludge used for the test. Although there
was no large difference of the characteristics between two kinds of sludge prepared
for the test, the ignition loss was much lower than that of normal sludge, and the
low heat value is estimated at about 1,000 Kcal/kg. The fact that the moisture
contnet of pelletized cake was lower than the objective value is ascribed to the
natural drying because the pelletized cake in paper bag was stored inside the build-
ing for 7 to 10 days until the incineration test was conducted.

Table 9 Composition of Refuse (On Dry Basis) (%)

e Other Non-; Moisture
Paper| Plastics|{Garbag Combustibles Metal Combustibles Total Content (%)
M City 56.00 13.0 | 125 10.2 4.6 3.7 100 |4-Day Average 39.0
Kyoto City | 32.6| 10.0 | 347 12.6 3.6 6.5 100 | Datain 1975 45.5

Table 10 Characteristics of Dried Cake

Polymer Conditioned Studge Cake Heat-Treated Sludge Cake
Polymer Conditioning —~ Heat Treatment ~ Dewatering
Sludge Treatment Process Dewatering - Drying — Pelletization
Pelletization
Cylindrical Cylindrical
Shape Diameter 12 mm Diameter 12 mm
Length 20 mm Length 20 mm
Moisture Content 14.6% 30.5%
Apparent Specific Gravity 0.69 0.63
Ignition Loss 36.6% 39.4%
H 2.6% 3.0%
Elemental Compodition C 14.8% 20.3%
N ' 3.2% 2.6%

44 RESULT
4.4.1 MEASUREMENT OF EXHAUST GAS

Concentrations of nitrogen oxide (NOx), oxygen (O, ), carbon dioxide (CO,)
and carbon monoxide (CO) of exhaust gas are shown in Table 11.

The Table shows that there were no big differences in concentrations of four
substances of exhaust gas at the incineration and non-incineration of sludge and no
effect was found by the incineration of sludge. There was also almost no effect
of the sludge incineration on quantity of dust, composition of elements (C, H, N)
in unburned materials, exhaust gas flow rate and characteristics of wastewater from
exhaust gas washing.

44.2 ANALYSIS OF ASH AND RIDDLINGS

As described in Section 4.2, the fallen ash and riddlings from grates are mixed
in the cooling water basin to produce ash. The ash was then sampled on the ash
conveyor and was analyzed. The riddlings was sampled just before reaching the
ash cooling basin from the conveyor for riddlings.



Tabte 11 Analysis of Exhaust Gas
from Incinerator

ftem} NOx | O, |CO, | CO
Date T— ___|epm)| (%) | (%) |(ppm)
oct.24 | 107 [ 149 [ 5.9 | 193
Incineration 25 | 104 | 146 | 6.3 | 215
with
Sludge Cake 26 104 |14.3 | 6.0 | 215
Average | 105 114.6 | 6.1 | 208
Oct. 24 | 104 [153 | 6.1 | 174
Incineration 25 | 92 |14.9 |56 | 250
Without 26 | 106 |14.4 | 57 | 221
Sludge Cake! ™57 1105 (144 | 6.6 | 171

Average 102 |14.7 [ 6.1 | 201

Ash is classified in substances of incinerate residual ash content, metals, glass
ware, non-combustibles and sludge (all those adjusted as sludge). The rate of sludge
in the ash increases with time after it passes about one hour from the start of sludge
feeding. And the quantity of riddlings also increases, and the rate of sludge in
riddlings became more than 50% in some cases.

As shown in Table 12, the ignition loss of incinerate residual ash is found to
be slightly higher in the incineration with sludge than that in the incineration of
only refuse.

In the incineration with sludge, the non-combustibles of incinerate residual ash
content in ash increases. It indicates that the incineration state in the incinerator is
expected to have been worsened to some extent due to the feed of sludge. But it
seems to have been caused by the fact that non-combustible sludge in riddlings was
considerably remained in ash. For both the temperature and incinerating state in
the incinerator, there was no large difference between the incineration and non-
incineration of sludge.

There was much sludge in riddlings. It was caused by the factors—it passed
four years after the operation of incinerator used for the test; the gap of grates
became larger than that assumed at the outset due to wear and damage; and the
difference of the physical characteristics between pelletized cake and municipal
refuse. As the particle size of pelletized cake is small and its apparent specific
gravity is large, sludge is stirred and concentrated on the lower part of refuse layer
(on grates) while it moves on grates. A huge quantity of the cake is believed to
fall from the slit of grates. There is another factor that the refuse layer thickness
is about 0.3 m, very thinner than the normal layer thickness of about 1.0 m at the
entrance of incinerator.

Judging from these factors, it is necessary to set the sludge mixing rate properly
and to feed the sludge uniformly to the incinerator for the coincineration of refuse
and sludge. The completely-incinerated sludge in ash remains unchanged in shape
of the pelletized cake and this shows that the pelletized cake will not be destroyed
in the incinerator.
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Table 12 Ignition Losses of Residual Ash

and Sludge in Ash
™. Item Ignition Loss Ignition Loss
\\ of Residual Ash of Sludge
Date o~ (%) %)
9:30 1.5 -
10:30 71 -
Oct. 24(11:30 5.6 . 10.9
1430 9.1 12.3
15:30 7.6 1.6
9:30 5.3 -
10:30 10.2 -
Oct. 25]11:30 79 12.5
14:30 10.1 184
15:30 114 222
B 9:30 7.2 -
10:30 59 -
Oct. 26/11:30 6.7 18.5
14:30 9.7 17.3
15:30 12.3 295 -
9:30 8.7 -
10:30 Not Measured -
Oct. 27|11:30 9.4 -
14:30 9.8 -
15:30 8.6 -
Average in
Studge Cake
Average in
:‘r/lictll:leratlon 8.9
Sludge Cake
Average 8.4 16.6

4.5 CONCLUSION OF FULL-SCALE PLANT TEST
The following items have been made clear for the coincineration of sewage
sludge and municipal refuse in the test.

a. It may be possible to incinerate sewage sludge with municipal refuse in the
rotary stoker type incinerator if pretreatment of sludge is conducted properly.

b. No effect of coincineration was found on exhaust gas.

c. No big change was also found on smoke dust, exhaust gas flow, character-
istics of exhaust gas and wastewater.

d. To prevent the fall of sludge from grates, it is necessary to pelletize the
dewatered cake as big as possible under the condition that the combustibility may
not be worsened.

e. In the case that sludge and refuse are stored and mixed in a pit in the incine-
rator, it is necessary to mix them as uniformly as possible for feeding into hopper.
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4.6 ADDITIONAL TEST (ENLARGEMENT OF PELLETIZED CAKE)

As described in the previous section, the pelletized cake is expected to fall
from grates it the size of pelletized cake is around 12 mm on incineration by full-
scale incinerator. Then, it was attemted to produce the pelletized cake of larger
particle size. The characteristics was examined in the laboratory test as in the
similar test conducted in Section 3. The result is briefly described.

Sludge to be pelletized is ttie combined sludge from domestic wastewater,
and its organic content is about 80%. The pelletized cake was produced by both (A)
and (B) processes described in Section 3.2.2. Its moisture content is 33~40% and its
shape is about ¢20 mm X 30 mm long, $30mm X 30 mm long. It was possible to
produce the excellent cake. Results of the test for the strength and incineration
by the electric furnace was also satisfactory.

In the coincineration test by the electric furnace, various shape of pelletized

cake was produced and tested to investigate the effects of the shape and size of
pelletized cake on combustibility. It was found that the pelletized cake of larger
surface area and smaller initial weight is more combustible if it is the same volume.
It means that the cake of thin tlat board shape and light weight is more combustible.
The ¢20~30 mm cylindrical cake produced for the test won’t cause any adverse
effect on the combustibility especially in the incinerator. Rather, it is better to
reduce the quantity of riddlings by making larger pelletized cake than ¢12 mm
cylindrical cake produced for the full-scale plant test.

5. PROBLEMS IN FUTURE

The test for coincineration of sewuage sludge in the municpal refuse incinerator
was carried out to investigate mainly the cffective utilization of energy and the pre-
treatment technology of sludge for coincincration. As a result of investigation, it
was found that tlie incineration of sludge withh municipal refuse is possible for cake
produced in the treatment processes—{(A) polymer conditioning process and (B)
heat treatment process.

But for the enforcement of this plan, there still remains the problems to be
studied. These problems are described below:

a. For both the (A) and (B) processes, the huge quantity of thermal energy
is required to produce the objective pelletized cake. It is covered by the surplus
heat produced in the refuse incinerator but the quantity is limitted. Consequently,
the maximum efficiency and the smaller amount of heat consumption are regarded
better for the heat to be used in the sludge treatment. For this purpose, the solids
content of thickened sludge should be increased in both processes. And, for (A)
process, it is necessary to reduce the load for the drier by producing lower moisture
content of sludge cake with increasing dewatering efficiency. For (B) process, it is
necessary to make the volume of heat treatment reactor smaller and to reduce the
heat consumption for heat treatment.

b. It is necessary to do comparative evaluation of the construction cost and the
operation and maintenance costs of the total system after learning about the neces-
sary energy and other factors for both processes.

¢. The evaiuation on sludge treatment process by tests was carried out for
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each unit process. At the full-scale plant, these processes are organically combined
for operation. Accordingly, it is nccessary to study the operational efficiency of
the whole sludge treatment process which was not confirmed in the laboratory test,
and the countermeasures during the period of shut-down caused by the overhaul
of incinerator.

6. CONCLUSION

The role of the wastewater treatment plant and the refuse incineration plant
as the municipal environment facilities will become more important in the future.
The construction of effective and economic facilities, and the maintenance and
operation are necessitated in consideration of the effective use of surplus energy
because the huge quantity of energy is consumed at these facilities. In this situa-
tion, the coincineration of sewage sludge and municipal refuse is regarded as a
subject to be studied for the construction of these facilities. The construction of
full-scale plant is expected to be started as early as possible after the further investi-
gation is made for the enforceinent of the plan.
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Foreward

With the spreading of sewerage system, the amount of sludge produced in sewage
treatment plants has increased and serious problems have been brought about regard-
ing its treatment and disposal.

In Yokohama city, part of the sludge has been returned to green zones and farm
lands as ‘“‘dried sludge fertilizer” since 1977 and the bulk has been disposed of in
garbage dumping plots.

However, with the advance of urbanization everywhere in the city, which has
been taking place with the high economic growth since the beginning of the 196Qs, it
has become more and more difficult for the city authority to secure a new plot for
sludge disposal.

Although it has been the basic policy for siudge to be disposed of by being
returned to the recycling system of natural materials so that the ecological
environment can be improved rather than harmed, it was decided as a tentative
measure to incinerate all the sludge in order to extend the useful life of existing dis-
posal grounds which are precious in the circumstances described above and to
improve the quality of sludge.

Eleven treatment plants in all are involved in the sewerage works plan of the city
(eight plants are in operation as of the end of fiscal 1980). The sludge from these
treatment plant is to be processed by two base treating plants, viz. Kanazawa sewage
treatment plant and the Hokubu second sewage treatment plant located in coastal
areas. Sewage treatment plants are planned to be connected to the base plants with
pipe lines which transport sludge under pressure. Until the pipe line is made complete,
sludge cake must be carried by trucks for incineration at the base plants.

On the basis of the plan described above, a maltiple-hearth furnace incinerator
was constructed at Kanazawa sewage treatment plant and put into operation in 1978.

Aiming at energy conservation, a fluidiged bed fumace, which utilizes pulverized
coal as the supplementary fuel instead of oil, was completed in Hokubu second
sewage treatment plant in March 1981.

In order to further conserve energy, experiments have been carried out on a
pilot plant with the object of establishing a combination system of ‘‘drying’’ and
“incineration’.

Detailed descriptions of the treatment facilities are given in the following para-
graphs.

1. Sludge Incineration by Maltiple-hearth Furnace Located Apart from Sewage
Treatment Plant Site
1.1 Outline of facility
Since it was the first experience for the city to construct a sludge incinerator,
the sewarage works bureau formed a committee consisting of the bureaus officials
which made preliminary investigations for two years starting with a survey of incine-
ration performance in other cities. On the basis of the general plan and of the estimat-
ed amount of sludge cake that would be produced in a year when it is put into
operation, the capacity of the facility was set at 100 ton per day. Whereas there was
only one fluidized bed furnace in operation with a capacity of less than 40 ton a day
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at that time, several multi-
ple-hearth furnace with a
capacity of 150 ton per day
were already in practical use
and it was decided to adopt a
multiple-hearth furnace.

Design specifications of

the sludge incinerator were
set forth as follows:

a.
b.

- -

- 00 ONIINDWN =

Multiple-hearth furnace
Incinerating capacity:
100 ton per day, capa-
ble of operating for 30
minutes at the maxi-
mum capacity (120 per-
cent of the rated capa-
city)

Properties of the sludge
to be incinerated:

Kind:
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Storm water storage tank

Preaaration tanks

Administration building

Primary sedimentation tanks

Aeration tank

Final setthing 1anks

Sludge thickemng tanks

Sand filtratton

Chlorination tanks

Tertiary treatment water convayance
Sludge storage tanks

Sludge thickening tanks

Administration building

Wet air oxidstion facilities

Siudge digesting tanks

Sludge elutriation tanks

Scrubber wastewater treatment plant
Sludge incrneartor {Maltiple-hearth furnace}
Sludge incinerator (Fluidized bed furnace}
Sludge dewatering facitities

General plan of Kanazawa sewage treatment piant

Dewatered cakes of raw sludge and anaerobic digested

Vacuum or pressure filtration using inorganic coagu-

lant, and centrifuge using organic coagulant

Water content:

65 to 80 percent

Calorific value: 1400 to 3000 kcal/kg-DS
Ash content: About 40 percent
Combustibles: About 60 percent

,q..}__

Cooling tower

1 2 Thnckener

Scrubber wastewater receiving tank 13 Sludge supply tank

Reaction tank

pH controlling tank
Polymar mixing tank
Settling tank
Chelating tank
Distribution tank
Sand filter
Neutrelizing tank
Sludge oxidizing tank

14 Pressure filter
15 Storage hopper for sludge cake

23
24
25
26

Truck weigh-bridge
Sludge storage pit
Bucket crane

Constant rate feeder
Conveyor weighing unit
100t/day muitiple-hearth furnace
Ash hopper

Scrubber

Electrostatic precipitator
After burner

Stack

Fig. 1-2 Layout of sludge incineration facility
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Fig. 1-3  Flow diagram of sludge
incineration facility 1 Truck weigh-bridge 7 Ash hopper
2 Sjudge storage 8 Scrubber
3 Bucket crane 9 Electro-static precipitator
4 Constant rate feeder 10 After burner
5 Conveyor weighing unit 11 Stack
6 Muitipie-hearth furnace
Table 1-1  Summary of sludge incineration facility
Name Description
Building Total floor space 1437m?2 Steel-frame with ALC plates
partially rainforced concrete structure
Truck weighbridge Weighing method Static weighing 1 set
Weighing capacity 30 ton (load cell type) minimum 20 kg
Crane Overhead travelling with grab bucket 2 sets
Rated load 1 ton (by grab bucket)
Span 8.4m
Range of lift 20.2m
Length of travel 25m
Bucket Double wired clamshell type
Constant rate Steel, square, screw feeder, downward conveying ty pe 1 set
feeder Capacity 25m3
Rate of conveyance 0.55 — 6.6 ton/hr
Screw Twin type ribbon screw x 3
inerat Maltiple-hearth furnace Tset
Incinerator Capacity 100 ton/day
Number of hearths 8
Diameter 5710 mm
Heating method Indirect heating
Auxiliary Hot air generation by gas burning type 2 sets
burner Hot air temperature 900-1100°C
Combustion capacity LNG 1,500,000 kcal/hr x 2
Ash hopper Steel, truncated cone shape 2 sets
Capacity 35m?
Ash humidifier Batch type (paddle mixer)
Kneading capacity Max. 1m?
Scrubber 3-stage spray tower 1 set
Dimensions 2000 mm (D) x 13m (H)
Sulfur oxide Less than 30 ppm (scrubbing with caustic soda)
Percentage of removal Higher than 90%
(dust concentration at the exit 0.2g/Nm3)
Electrostatic Vertical wet-type 1 set
precipitator Dimensions 3016 mm(sq) x 10900 mm (L)
Volume of gas treated 20,000 m3/hr (at 40°C)
Percentage of removal Higher than 90 % for the containing
0.2g/Nm*-DG at the entry
Afterbumer Direct heating type 1 set
Volume of gas treated 17,000 Nm? /hx
Temperature of treatment For deodorizing 750°C
Maximum 800°C
Combustion capacity Large burner 3,000,000
kcal/hr
Small burner 300,000
kcal/hr
Stack Height 45m 1 set
Material SUS304
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Figure 1-1 shows the general plan of Kanazawa sewage treatment plant; Figure

1-2 the layout of the sludge incinerating facility; Figure 1-3 their flow chart, and

Table 1-1 their summary.

1.2 Characteristics of facility \
d.

Receiving storage and supply facili- 1 )
Hokubu 15t S.T.P

ty of sludge cake

e '\f’

i . ) [ i

Since sludge cakes (SC) from 6 MidoriSTP® | oysTP' L

T ’ 1’ { { o )
several sewage treatment plants are ‘, | v . Hokubu 2nd S.TP_
to be transported to and treated by | : 1 Kanagawa STP Rl
the incinerator, it was decided to { A 7 . ¢
install a facility for temporarily | ‘:.\‘ ¢ AN ,
storing different kinds of cakes 'f R S A
from different treatment process & '\ ,

|

and dehydrators and to supply , ,
; LY

them at a constant input rate. A K WA

. . \ Totsuka 2nd S.T.P {
tentative route of transportation of N .

/ )

SC is shown in Figure 14. . C_ ™. Kanaz TP
Cis shown 1gu I té)/ f ~  Totsuka 15t S.T.P {ana:awas
Scrubber wastewater treatment Seibu S.TF ¢ .
plant R o5
The operation of wastewater treat- ‘\
ment at Kanazawa sewage treat- R

ment plant was scheduled to be Fig. 1-4 Transportation route of sludge cakes

started after 3 years, and it was decided to install a treatment plant for the
exhaust gas scrubber effluent water.

Automatic control system

It was expected that the sludge incineration facility under consideration would
require a far larger number of control works (such as checking the amount of
SC received and stored, controlling the combustion conditions in accordance
with the change in properties of SC, and controlling the operating conditions in
the scrubber wastewater treatment plant) than with ordinary type sludge incine-
rators. Hence, it was decided to introduce micro- and sequence-controllers and
to adopt supervisory and control to enable each piece of equipment to fully
perform its function and to reduce the amount of operating and control works
to the minimum through the insorporation of automation and labor saving
devices.

Energy saving

It was planned that at the initial stage of operation the facility would entirely
relay on city gas (LNG) and to convert to digested gas when the sludge anaerobic
digesters at Kanazawa sewage treatment plant are completed.

Since the facility was required to burn and deodorize its exhaust gas for main-
taining environmental conditions in its peripheral areas, it was decided to install
a heat-exchanger, which preheats the exhaust gas to be treated by use of the
deodrized gas, to economize in the fuel used for the afterburner. Also, it was

93



planned to secure stable combustion conditions and to save the supplementary
fuel by automatically controlling the volume of secondary air on the basis of
the temperature at the exit of the scrubber.

1.3 Outline of each facility

1.31
a.

Facility for receiving, storage and supply of sludge cake
Receiving equipment
A truck weigh-bridge was installed to accurately account for the weight of
sludge cake received from each sewage treatment plant, ash produced at the
sludge incinerator and sludge produced at the scrubber wastewater treatment
plant.
Figure 1-5 shows the flow of operation at the weigh-bridge. At the weigh-
bridge, the car number of each incoming truck is read by a card reader, and
receiving and shipping slips are printed out. A micro-controller reads the truck
number, the kind, weight and source of sludge cake and transmits the data to
the central control room, where data is sorted, totaled and printed by a logging
typewriter.

!Ipr%%?:‘rgwes o Truck stops on the weigh-bridge

Inserting of o Truck driver inserts a plastic card with
Truck No. card prepunched truck number into card reader.

o A button 1s provided for each kind of material,
dewatered cake, ash, scrubber wastewater
sludge and tar. Truck driver depresses appropriate button

Depress “kind of
material’’ button
ON
Depress weighing /
instruction button
ON o Truck number, weight and kind of material are transmitted
to the micro-controlier. Data from the micro-controller is

P”gltisu NO printed by dot printer
YES

8iparture ] o Departure signal ““ON" is hit.

o Card is pulled out.

Fig. 1-6  Flow diagram of truck weigh-bridge operation

There are two modes to control the weigh-bridge:

(@» The weight of transported sludge cake is calculated from the difference
between the weight of the loaded truck and that of the empty truck which is
registered beforehand. This made requires the truck to be weighed only once
and is more convenient.

(® The weight of transported sludge cake is calculated from the difference
between the weights of the truck before and after unloading. This made
requires each incoming truck to be weighed twice.

Under normal conditions the single weighing mode is used.

b. Storage equipment

(@® Receiving at the pit
Sludge cake dehydrators at sewage treatment plants are operated only during
daytime and are stopped throughout the silent hours, Sundays and holidays,
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while the multiple-hearth furnace should be operated continuously (24 hours
a day) even on Sundays and holidays. It was decided to install a storage pit
capable of storing dewatered cake for 2 days operation, i.e., 250 m® (effec-

tive).

Five gates to the pit are provided for access by incoming trucks. To receive
weighed sludge cake in the pit, the destination is selected from S gates and is
indicated by a flashing signal at the gate and the gate is made ‘“OPEN™.
The destination is automatically determined on the basis of the amount of

( Start )

Cyclic

3

Is weighing
going on at the
truck weigh-bridge

Signal,
shutter control on

Decision of
sequence
what mode?

In sequence of
desending oder of
cakes accumulation

In sequence of a secending oder
of cakes accumutation {

Set cycle
sequence

Prepare sequence
tabte in ascending
order

Prepare sequence
table in descending

L

order

Number of
trucks
entered

Is number of trucks
entered previous
""Green” signal gate
equal to that
prescribed

AN

Changing
sequence timing
what mode?

Upper limit
level of pit

Is pit level of
previous " Green'’
gate equal to

upper limit level?

&
«

Open gate in
next sequence

End

NO

Open previous
""Green"’ gate

Control timing of ON for signal, shutter

Initiation of control program for signal
and shutter

Decision of mode for sequence
(pre-dstermined)

Prepare sequence table

Deciston of mode of timing for
changing sequence {pre-determined)

Dectsion for control by signal ‘‘Green’”
shutter “OPEN"

Signal “’Green’’ or shutter “OPEN" control

Fig. 1-6  Flow diagram of signal light and shutter control
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2

sludge cake accumulated in each section of the pit, number of the trucks
waiting for unloading and the operating conditions of the crane.

The control flow diagram at the pit station is shown in Figure 1-6, and the
plan of receiving and storing equipment in Figure 1-7.

Transfer to the cons-

=== ] Transportation 1oute
tant rate feeder am—c _E;fg:ewe‘gd C
The sludge cake stor- dtnrii”;:ggk RS it '
ed in the pit is trans- ey StOrage pit addross
ported to the cons- ‘:ﬁr\ P gg
tant rate feeder —
operated automatical- Constant 4 é@/

ly based on the
amount of cake stor-
ed at the feeder, and
that stocked in the
pit, and on the pre-
sence of incoming
trucks.

Four control modes

rate feeder
{origin)
it

Fig. 1-7

1

operating

§ L]

Plan of receiving and storage facility

are provided to disperse and stratify the control functions as follows.

1) Manual mode

In this mode the equipment is manually operated by an operator in the
crane operation room.

2) Automatic control mode at the site

In this mode, the operation of the crane is automatically controlled by the
sequence control and the setting of the pinboard in the crane operation
room.

The pit is divided into 18 addressed sections determined from the size of
the grab of the crane. The crane moves to the addresses in the sequence
determined by the pinboard setting, skipping the address in which cake is
being unloaded from a truck.

3) Set point control mode [I}

Address setting of the automatic control is performed by a high order
micro-controller instead of the pinboard at the site. In this mode, the
sequence of crane destination is automatically controlled on the basis of
the data of signal control (indication of truck destination) and on the
stocked amount of sludge cake at each address so that contlict between
the destinations of the crane and trucks may be avoided.

4) Set point control mode [II]

In this mode, corrections to the braking instruction to the crane are
added to the set point control [I] and this is the highest level of control.
Without frequent manual adjustment it is difficult for the brake of the
crane to stop accurately at the designated position. Thus the corrections
to the braking position are made automatically in units of 5 cm. Normal-
ly, operation is conducted by this mode.
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Fig. 1-8 Flow diagram of bucket crane control
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Table 1-2  Control functions

~—__Mode of control Manual :(::ggllz;xtc Set point Set point
local station control [1] control [11]
, i Wired relay sequence e} e} O e}
g;&; Sequence-controller - @) @) o)
& & Micro-controller - - e} O
State of constant X o o o
rate feeder
’;: State of storage pit X X (®) [¢)
a é State of signal X X (e} 0
% & | Presence of incoming P o
E&jtruck X ©
£5 Compute b
2 ° Fixed Fixed m(i)épgléoentr}:)ller
Stop position X ]Sl\];'l‘;::h ?\L]nith Provide correc-
tion to brake

Control flow of the bucket crane and control functions are shown in
Table 1-8 and Table 1-2 respectively.
c. Supplying equipment
Sludge cake is supplied at a fixed rate from a constant rate feeder to the incine-
rator by a conveyor.
A conveyor weighing unit is installed on the feed conveyor to keep the amount

of sludge cake at a fixed rate by controlling the speed of the constant rate
feeder.

1.3.2 Sludge incinerator

Sludge cake is fed through the opening at the top of the incinerator, dried and
preheated as it passes from hearths 1 to 4, incinerates at hearths 5 and 6, cooled as
hearths 7 and 8, and taken out as ash from the bottom.

The temperatures inside the incinerator are maintained constant by a micro-
controller, which automatically sets the maximum temperatures in hearths 4 through
6.

In addition, the following modes of control can be used for controlling the
temperatures inside the incinerator. ’

a. Control for raising temperatures
This mode is used when the temperatures is raised to the incinerating tempera-
ture, 800°C, after starting from the relighting stage of an idle incinerator.

b. Control for preserving temperatures
This mode is used when incinerating operation is switched to that of preserving
the temperature at 500°C.

¢. Control for lowering temperature
This mode is used when the incinerator is shut down.

d. Control for maintaining temperature at a fixed point

This mode is used for controlling the temperature of hot air generated by auxi-

liary burners at 1000°C.

Control valves are installed on the gas line to the burners and on the air line.
The control valve on the gas line is controlled by the temperature inside the incinera-
tor and the air control valve is controlled to keep the temperatures of hot air from the
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auxiliary burners constant. As a result the incinerator body is protected, and clinker
is prevented. At the initial stage of operation, the amount of secondary air was
manually controlled to suit the combustion conditions. This method of control,
however, tended to increase the proportion of air. At present it is automatically
controlled.

1.3.3 Exhaust gas treatment plant

d.

Scrubber

This is a three-stage spray tower for cooling, dehumidifying, removing dust from,
and desulfurizing the exhaust gas discharged from the incinerator.

The amount of caustic soda supplied to the recycling tank is controlled by the
pH of the overflowing water.

The concentration of sulfur oxides should be less than 30 ppm at the exit of the
tower when the concentration at the entry is 300 ppm. The removal rate should
be higher than 90 percent. The amount of water supplied to the scrubber is
controlled so that the temperature of exhaust gas at the exit of the tower may
be maintained at 40°C.

Electrostatic precipitator

A wet vertical type electrostatic precipitator is adopted, since it requires less
floor space to install and less volume than a dry type. The concentration of dust
at the exit of the collector should be less than 0.02 mg/Nm?3.

Afterburner

This is required to deodorize the exhaust gas and to prevent white smoke. The
reaction temperature should be 800°C at the maximum and the set temperature
can be readily maintained by controlling the combustion of burners. A heat
exchanger is installed to preheat the gas to be deodorized with heat from the
exhaust gas.

13.4 Scrubber wastewater treatment plant

a.

Pilot plant experiments
The scrubber wastewater contains dust from the incinerator dissolved substances
from dust, salts of sulfur oxides in addition to various metals in a low concentra-
tion. The following experiments were conducted to select the best process for
treating the scrubber wastewater from the two prospective processes, i.e., ferrit-
izing and chemical sedimentation.
@ Quality of water to be treated
The sample used in the experiment was the wastewater obtained by scrub-
bing the gas from the pilot plant incinerator. The cakes incinerated were
produced by vacuum filtration and centrifugation at Nanbu sewage treat-
ment plant and by pressure filtration at Totsuka second plant. Since the
concentrations of metals in some samples were very low, the experiments
were conducted on the assumption that the wastewater contains metals in
the concentrations shown in Table 1-3.
The values in the table were determined by referring to the examples of
measurement, published in Japan.
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Table 1-3  Metals contained in scrubber wastewater

ltem ss |cop| cd|{TCr| cu| Ni| b | Zn| Mn| Fe |T-Hg

Conc. in
wastewater mg/2 414 40 {0.271 2.26 | 3.29 0.56 { 1.00 |16.55} 5.44 |197.6|0.07

Target  mg/e [70¢%5) 25 {01 |20 |1.0 | 1.0 [ 1.0 | 1.0{10 | 3.0/0.005

@

Note 1. Target values of treatment are based on the standards of wastewater specified in the
pollution control ordinance of Kanagawa Prefecture.

Experiments on treating by ferritization

After basic data was obtained by bench scale tests, experiment were con-
ducted in accordance with the flow diagram shown in Figure 1-9. Ferritiz-
ing was found to be ineffective with copper, although it could remove metals
other than copper.

Formation of ferrites depended on the ratio of the amount of iron added to
that of suspended solid (SS) present in wastewater. A good yield of ferrite
could be obtained only under conditions satisfying the following ratio;
SS/FEL 1/4

The amount of iron added increases with an increase of the concentration of
SS. As an example, where the concentration of SS was 350 mg/? and the
ratio of iron to SS is 4 to 1, the amount of ferrous sulfate required was
about 7000 mg/¢. The amount of caustic soda required in the example was
about 1200 m/2 and that of ferrite sludge produced was about 3000 mg/%.

Studge cake
l 50 kg/hr
Kerosene . '
17.6%/hr Incinerator
Metals
Wet type o Reaction tank
dust collector le— Ferrous sulfare
pHa 5 {FeSO4 7H,0) 2000 mg/L
Water 1
3 2
0.9m?/he Scrubber Neutralizing )e_Caustm soda
Caustic soda tank {NaOH)600 — 1200 mg/%
{NaOH) pHI.5-12
300g/hr ,
Treated .
exhaust gas Oxidizing tank &= Air 0 — 3 Nm?3/hr

y

Returned sludge 5000 mg/f

Clarifier

| I ¢ Sultfuric acid

oH 7 (H2S04) 3200/hr

Sand filter

v
Treated water

Fig. 1-9  Flow diagram of ferritizing pilot plant
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3: Experiments on treatment by chemical sedimentation

After basic data on the kind of coagulant, the amount of addition, and so on
were obtained by jar tests, experiment were made according to the flow dia-
gram shown in Figure 1-10. Using ferrous sulfate as the coagulant at a con-
centration of 300 to 500 mg/? at a pH value of 9.5 to 11, the concentration
of metals other than copper was reduced to less than the desired values. The
addition of 300 to 500 mg/? of ferrous sulfate to the wastewater contain-
ing 350 mg/? of SS, gave about 500 mg/¢ of sludge.

Sludge cake
150 kag/hr
Kerosene Inci 1
17.62/hr neinerator
Wet type X fte————Metals
dust collector Reactiontank | Ferrous Sulfate
(FeSO, -7 H;0)
pHS-7 300 — 500 mg/%
g/aéter o n 1 3 (Caustic soda
m?/hr — i NaOH) 260
‘ Scrubber Neutralizing o mg/f
Caustic soda = tank . .
(NaOH) Calsium hydroxide
300 g/t pH9.5-11 {Ca (OH);) 250 mg/f
p¢—————polymer
Treated exhaust 1 —-2mg/
gas Claritier
G-T— Suifuric acid
P {H250,)
Sand filter 320 Ynr

. Treated water
Fig. 1-10  Fiow diagram of chemical sedimentation pilot plant

(4) Experiments using % 20] Chelating agent {CH3), N(li-SNa
chelating agents E o S
Jar test experiments for & §Iiiﬁ:2§ sooed: gg o
removing copper the un- 5 iﬁ‘l’
wanted substances by i . o gn
use of a chelating agent § 1.0 ‘\ ©
were conducted under 2 o
the following conditions: % 0.5
E ™4 — et o
[=]
Conc, of ferrous sulfate solution E 0 } SR L:‘“*U — :\ ‘.
Conc, of causti: good:fcl);llution § . k . 2 3 4 5
250 mg/s2 3 Ratio to theT theoretical a:lount of adcﬂion of chelfating agent
pH value at the time of precipi- 10 20 30 40
tation 7.1 . .
Formula of chelating agent Amount of addition of 40% chelating agent (mg/%)

(CH3); NC—SNa(M.W.143) Fig. 1-11  Removal of metals by chelating agent
I

S
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Most of the copper could be removed by using 30—40mg/¢ of chelating
agent (about 4 times the theoretical value). It was decided, however, duct
filtration should be provided by a sand layer at the final stage before dis-
charging the treated water, since the floc produced was very fine. The results
of the experiments are shown in Figure 1-11.
Determination of treating process
The ferritizing process was not considered suitable for use against the waste-
water used in the experiment, because it could not remove copper and it
produced about 9 times as much solid sludge as the chemical sedimentation.
It was decided to adopt chemical sedimentation as the principal process,
taking into consideration such factors as the effect of treatment, economy,
and the stability of operation, and also to install a “chelating and sand filtra-
tion process’ for the sake of safety.
Further, it was decided to process the sludge by pressure filtration without
the addition of any chemicals, since the sludge consisted almost entirely of
inorganic precipitates.
b. Actual plant

The design specifications of the scrubber wastewater treatment plant are as

@

follows:
@ Process Chemical sedimentation and sand filtration
2 Capacity sulfate 120 m® /hr
(8 Chemicals requirement
Ferrous suflate (15% conc.) 400 ppm
Caustic soda (48% conc.) 250 ppm
Polymeric coagulant (1% conc.) 1 ppm
Sulfuric acid (75% conc.) 60 ppm

Sodium hypochlorite (12% conc.) 80 ppm
@ Dehydrator

Capacity 3.5 cake-ton/day (water content 70%)
The flow chart of the scrubber wastewater treatment plant and the summary of
equipment are shown in Figure 1-12 and Table 14 respectively.
Since the scrubber wastewater is discharged from the scrubber at a temperature
of between 50° to 60°C, it must be cooled by the cooling tower before it is fed
into the receiving tank. Then, it is pumped into the reaction tank, where ferrous
sulfate solution is added in proportion to the rate of flow, and the mixture is
agitated. Then it is fed into a conditioning tank to adjust pH to 9.5 by adding
caustic soda. The resultant floc is further flocculated by adding polymeric

Scrubber Caustic soda Distributing tank
wastewater .z Ferrous ; Sodwm hypochiorite & Sufuric
o Sulfate Polymer acd
" 11 I I T’—-chharge
g @ o e i = -
1 Cooling tower 9 Sand filter ® h

2 Receiving tank of scrubber 10 Neutralizing tank v
wastewater 11 Sludge oxidizing tank A

3 Reaction tank 12 Thickener L < ‘ fgl

4 pH controlling tank 13 Sludge feed tank ® , 8 8 g

5 Polymar mixing tank 14 Pressure fiiter N

8 Settling tank 15 Cake storage hopper

7 Chelating tank

8 Distnbuting tank

Fig. 1-12  Flow diagram of scrubber wastewater treatment plant
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Table 1-4  Outline of scrubber wastewater treatment plant

Name Description
Reaction tank and Holding time: 2.5 min, 2 groups x 2 tanks
pH controlling tank | Effective capacity: 2.5m (sq) x 2.5m (H)=6.25m3/tank
Polymer mixing Mixing time: 1 min, 1 tank
tank Effective capacity: 2.5m?
Settling tank Settling time: 3 hours, 1 tank
Overflow rate: 1.5m’ /hr
Capacity: 530m®
Circular center-driven type
Chelating reaction Holding time: 2.5 min. 1 tank
tank Effective capacity: 6.25m?
Sand filter Filtering speed: 7m® /m2 hr.

Effective filter surface: 21.4m?
Gravity type with automatic reverse washing.

Neutralizing tank Holding time: 2.5 min.

Capacity: 7.2m>® x 2 tanks
Cooling tower Capacity: T50m> Jhr
Liquid temp.: Entrance 60°C, exit 40°C
Atmospherx air temp.: Wet bulb temperature 27°C
Blower capacity: 2900m3/min x 7 mmAq
Studge oxidation Holding time: 15 hours
tank Capacity: 14m® x 2 tanks
Sludge thickening Detention time: 7 days
tank Capacity: 210m® x 1 tank
Splid loading: 50 kgDS/m?* day
o Picket fence type L ]
Dehydrator Filter area 148m?
Filtering pressure: 9.9 kg/cm?
Number of filter
chambers: 60 chambers

Pressure filter

coagulant into the mixing tank.

The effluent from the mixing tank is fed into a settling tank and the SS is
removed by precipitation. The resultant solution is fed into a chelating reaction
tank. No chelating agent, however, is added in normal operation. If the con-
centration of copper is high, a chelating agent will be added and the resultant SS
will be removed by a sand filter down to a concentration of about 10 ppm.

After the measurement is taken on the volume, the filtrate is fed into a neutraliz-
ing tank to be neutralized to pH7 by adding sulfuric acid, and then it is discharg-
ed,

The sludge separated by precipitation in the settling tank to the concentration of
about 5% is fed to a sludge oxidation tank, where ferrous oxide contained in the
sludge is oxidized to ferric oxide by blowing compressed air into it.

The sludge is further fed into a sludge dehydrator after it is concentrated to a
concentration of 7% in a sludge thickening tank.

1.3.56 Automatic control system

One micro-controller set and two sets of sequence-controllers are used to ensure
intensive and flexible automatic control. To support control equipment, wired-relay
circuits for direct control by operators and lower-level automatic control using
regulators for S.C.C. (supervisory computer control) are provided. The configuration
- of the automatic control equipment is shown in Figure 1-13. In addition to the fully
automatic control mode, modes of interlocking operation by blocks are provided for
the period of running-in operation and anticipated partial breakdown of the facility.
These conceptions of automatic control are shown in Figure 1-14. The instrumenta-
tion and items of control throughout the whole system are listed in Table 1-5.
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Table 1-5

Overall instrumentation and control items

System

Control item

OQutline of contents of control

1. Receiving, storage,
supply of sludge
cake

2. Inuvinerator

3. Exhaust gas
treatment

4. Scrubber waste-
water treatment

(1) Control of operation of
truck weigh-bnidge.

(2) Shutter signal control

(3) Control of crane

(4) Control of feeding of
cake,

(1) Pressure control
(2) Temperature control

(3) Combustion air control
(1) Control of scrubber

(2) Control of electro-
static precipitator
(3) Control of after-burner

(1) Control of scrubber
wastewater treatment
plant

eY]
V3]

(3)

ey

v

n

2

3

[~}

[=] []Ne]

©

[~

c o

(=3}

[~}

Computation, sorted and printing or receiving
data, classified by trcatment plant.

Issuring of receiving and shipping slips.

Truck No. day and time. total weight, tare, net
weight.

Detection of incoming trucks

Instruction for shutter signal control.

Decision on the corresponding pit level ifrom
among gates 1 thru §.

Decision on priority sequence.

Instruction for opening of corresponding gate

to incoming truck.

Instruction for “green” signal to mncomung truck.
Detection of admission of truck

Instruction to bucket crane on susppression of
descent to the pit corresponding to the gate.

Decision on the weight of constant feeder
hopper.

Instruction to the crane on starting operation
Decision of destination address

Memorize level of each address of pit.

Decision of admission of a truck to gate.
Instruction to the crane on traversing. traveling
and grabbing.

Constant feeding of cake
Consideration to 1dle time.

Constant control of pressure inside incinerator.
Control of raising and lowering of temperature.
Control of hot air temperature.

Control of constant temperature inside incinerator.
Control of secondary air volume

Contro) of constant pH
Control of exhaust gas temperature at the exit.
Control of voltage and current

Control of constant deodorizing temperature.
Control of temperature for white smoke pre~
vention.

Decision of temperature to prevent white smoke
referring to humidity chart.

Control of flow of untreated water,

Control of rate of addition of ferrous sulfate.
Control of constant pH in pH control tank
Control of rate of addition of polymer solution.
Control of rate of addition of chelating agent.
Control of constant pH at neutralizing tank.
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Fig. 1-13  Configuration of automatic controf equipment

Fully automatic $}_Fully automatic ON switch
operational ?
condition
_ ] Same —|Sameas -
i' asleft | | { left I r
AN ES | AND ] D] l
Biocked linkage ON switch ' | l
— 35 Fully  —3' —_3' |
Biocked l 6automatlc l ' © l L I
link age cos | cos | cos |
Minimum I Same as | Same as |
operational | teft I left
condition | | I
| l !
| : g
I l |
| |
| I
A B | c I
Block | Block | Block ‘
| — | — |
L—._——_J L l__.__._l

Block diagram of incinerating facility — water supply pump, cake feeding, operation of incinerator, auxiliary
burners, scrubber, electrostatic precipitator, induced draft fan, afterburner, ash storage.

Block diagram of scrubber wastewater treatment plant — raw wastewater pump, ferrous suifate

polymer, chelating agent, reaction tank agitator, settling tank scraper, sludge thicker, dehydrator sulfric acid,
cooling tower.

Fig. 1-14  Conceptional diagram of “Fully automatic” and “‘Block linkage"
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1.4 Present state of treatment

Table 1-6  Performance of sludge incineration

operations Fiscal 1980
Although several new concep- | Amountincinerated t 32,171
tions, which have few records of | A Amount t 3,386
f ) h inteerated Rate of production % 10.5
periormance, suc as, Integraie Water content of ash shipped % 249
treatment of sludge cakes from [Fuel | Tncinerator] Amountused  m® 701,688
various sources and independent Per ton of cake  m’/t 21.8
After Amount used m? 714,451
t t of er wastewater :
trea _men o SCl'Iilbb ’ burner Per ton of cake m3/t 22.2
are incorporated in the system, no Total Amosntosed m? TA16.1%
serious difficulties have been encoun- Per ton of cake  m>/t 43.0
tered so far. Water Amount nsed m? 438,154
Per ton of cake m?3/t 13.6
L. . Caustic soda Amount used 1 185
141 sludge incineration Per ton of cake kg/t 5.8
The results of sludge incinera- | Electric power Amount used kWH 1,613,425
. . . . Per ton of cake  kWH, 50.2
tion in fiscal 1980 are shown in [_ | ertonoleake f
Time of operation of feeding conveyor hr 7,192
Table 1-6.
Percentage | P tage of
Type of Amount produced and incinerated of 8 anf(r)‘,:,ennt 'u%cinerat-
Dehydrator production | ed to amount produced
Total 32,000t 79,6001t 100% 40.2%
incineration - l /[ j e e
24,740t 51,600t
CF Incineration . _] f[ ] 64.9% 47.9%
| 5,120t
BF }_lnc. 6,520t 8.2% 78.5%
2,140t 21,3801
PF Inc] j 26.9% 10.0%

a.

. Fig. 1-15  Amount of dewatered cake produced
Properties of sludge cakes and incinerated in fiscal 1980

The amount of sludge cake produced and incinerated in fiscal 1980, classified by
the process of dewatering are shown in Figure 1-15.

Three kinds of dehydrator, vacuum filter (BF), pressure filter (PF), and centri-
fuge (CF) are used in this city’s sewage treatment plants.

Of about 79,600 ton of sludge cake produced in 1980, 32,000 ton were inci'c-
rated and the rest were disposed of by reclamation. Incinerated cakes were the
sludge cakes from CF which were of the kind illsuited for handling, because
they contained a high percentage of water and had a strong odor. The yearly
average water content and calorific value of the mixed sludge cakes were about
76% and 2500 kcal/KG-DS, respectively.

Properties of ash

Since ash is comprised of fine particles and does not contain water, it tends to
scatter into the air when it is discharged from the incinerator. It is humidified
(to a water content of about 25%) before transportation. The ratio of the weight
of humidified ash to that of sludge cake is about 1 to 7.
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Table 1-7  Results of analysis of exhaust gas f
trem Analysed value | ROBfated Table 1-8  The quality of raw
wastewater
Volume ot dry gas  Nm’/hr 8750 — 16650 None
0, o 10.6 - 14.3 None -
Dust gNm® | 0.0014 - 0.0185 0.30 Item Tests Quality
SOx (at 0,=12%) ppm Less than 0.5 — 73 300 pH - 55-175
NOy (at 0,=13%) ppm ;39 - 12525 ;‘::e BOD  mg/e| — 74-49
Ammonu ppm .9 — 2.
Trimethylamine  ppm 5.001 = 0,023 71 COD  mg/e| 40 15 - 404
" Hydrogen sulfide  ppm 0.0016 — 0710 785 SS mg/e | 414 44 - 110
Methyl mercaptan  ppm Less than 0.0005-] 4 502 T-CN  mg/e| -~ 0.85 - 5.32
~0.270 Cd me/2|0.27 | 0.02-0.12
Methyl sulfide ppm 0.0017 - 0.202 *0.01 %
Dimethyl sulfide ppm 0.0004 — 0,040 218 mg/211.00 | 0.22 - 0.95
Acetaldchyde PPm Less than 0.0005— 12.0 Cu mg/2]3.29 } 0.05 - 0.09
-°-°t1: e Zn mg/? ] 16.55] 0.43 — 1.36
Stylene pem Less than 0. i T-Hg _ mg/2]0.07 [0.0015 - 0.006
Note 1. Analysed values were obtained from gas sampled at the F mg/el - 0.15 - 0.93
stack exit. Phenols mg/R] - 0.12 - 0.20

Note 2.  Regulated values with a * mark indicate values at the land
surface at the boundary of the plant area.

¢. Exhaust gas
The results of analysis of exhaust gas are shown in Table 1-7. The percentages of
removed harmful substances were much higher than the values specified by the
regulation: 98 to 99.9% for dust and 92 to 95% for sulfur oxides.

1.4.2 Scrubber wastewater treatment

The quality of the scrubber wastewater, the results of treatment and the amount
of chemicals used in fiscal 1980 are shown in Tables 1-8, 1-9, and 1-10 respectively.
Because the concentration of copper in the scrubber wastewater has been as low as
0.05 mg/Q since the beginning of operation, the addition of chelating agent has never
been required. Variations in the concentrations of heavy metals through the year
showed that the addition of ferrous  Table 1-9 Results of treatment of scrubber wastewater

sulfate has not been required either.
ry . Fiscal 1980 Regulated
The commencement of operation as value
K S Treat t Plant Volume of treated water m® 699,365 -
Ranazawa sewage ireatment tian Volume of theckened siudge  m? 303 -
in December, 1980 allows for the Shudge | Weight produced  t a6 ~
pumping of scrubber wastewater to Cake | Water content % 67 - .
. pH 83 |58 8.
the plant anfi a ban on the addition 505 —7° RIS
of polymeric coagulant. Because coD mg/e 130 25
the concentration of cyanide was 58 mg/e 1.0 | (50) 70
. . . T-CN me/e 0.08 10
recognized as being as high as 0.85 & Tt 5 T
) mg/% N.D 1.0
Table 1-10  Actual rates of use of chemicals Cu mg/e 0.02 1.0
- n Zn mg/e 0.046 1.0
Name of Chemicals Rate of use T- Hg me/e 0.0011 0.005
Ferrous sulfate (15% conc.) ppm 317 Fe mg/e 0.29 3
Caustic soda (45% conc.) ppm 104 Phenols mg/e 0.18 0.5
Polymer coagulant (0.1% conc.) ppm 0.86 Note 1.  Analysed values are the average of 2 to 3 values in the year.
Sulfuric acid (75% conc.) ppm 128 Note 2. Regulated values are cited from the environmental poliution
dium b hl ite (12% 58 contro} ordinance of Kannsa‘\ya Prefecture.
 Sodium hypochlorite ( eonc.) ppm Note 3. Values in brackets are the average values.
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to 5.32 ppm, it was decided to add sodium hypochlorite in the reaction tank.

Accordingly, the scrubber wastewater is at present pumped back to the sewage
treatment plant after being conditioned to pH 9.4, having the cyanide removed and
being neutralized.

1.5 Resuits of operation
1.5.1 Operating process

Receiving gate indication for trucks and automatic control of bucket crane
operation have been going on quite satisfactorily.

Although suspension of operation of the constant rate feeder due to over-oad
caused by blocking of the spiral-blades of the conveyor by foreign matter mixed in
sludge cake have occurred a few times each year, improvements, which will be
described later, enabled expedite elimination of obstacles and maintaining of smooth
operation.

Sludge incinerator was operated under constant temperature control (800°C) by
use of auxiliary burners. However, the spontaneous conbustion phenomenon took
place 5 to 6 times a month, 20 to 30 hours in total." This phenomenon is commonly
seen in plants which treat mixed cakes from various sources. It was possibie to
maintain the temperature inside the incinerator constant (set at 830°C) even when
temperature tended to rise by spontaneous combustion, by automatically controlling
the cooling damper device. Figure 1-16 shows the temperature at various parts in the

100 - T T
Degree of openess ; T N I i i 3
of cooling damper (%) { !
0 | ! I
. 200 i
Volume of gass {m?/hr)
for auxiliary burner 0
~ 100
Degree of openess 50
secondary air damper
(%)
= 0
r1000
Temp. at
6th hearth 800
°c)
- 600
r1000
Temp. at
Gth hearth 800
°c
- 600 |
~450
Temp. at
1st hearth 400
{°c)
- 350 -
‘( 8 9 10 it 12 13 14 15 16 17 18 19 20 21
1 1 L 1 1 1 1 1 1 i 1 4 4 ]

Fig. 1-16  Time-chart for controlling incinerator
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Fig. 1-17  Time-chart for treatment of exhaust gas

incinerator under normal conditions, flow of auxiliary burner gas, and a time chart
indicating the operation of dampers.

In the exhaust gas treatment plant, stable operation could be maintained by the
automatic control equipment for maintaining constant pressure inside the incinerator
(-6 mmAq) by the furnace pressure control damper, constant pH at the absorption
cooling tower (pH 6.4), constant voltage at the electrostatic precipitator (50 kV),
and constant temperature inside the deodorizing furnace (800°C). Figure 1-17 shows
the time chart of exhaust gas treatment operation.

Operation of the ash conveyor and the whole incinerator had to be suspended
several times because foreign matters mixed in the cake blocked the conveyor.
Increasing the water content of ash to 25 percent facilitated the transportation of ash.

Functions of various kinds of control equipment incorporated in the scrubber
wastewater treatment plant were quite satisfactory.

1.5.2 Rate of operation and load factor

The state of operation of the facility is shown in Figure 1-18. The rate of opera-
tion of the facility throughout fiscal 1980 was 90.6 percent and the rate of suspen-
sion due to power and water failures was Q.1 percent, and that due to breakdown of
equipment and excessive rise in temperature was 0.3 percent. The load factor
throughout fiscal 1980 was 108.7 percent. The fact that the facility could operate

Fog:



above the rated load factor is credited to
the stable operation brought about by

Suspension due to break -

down, excessive rise in  Suspension due to power and
temperature and s0 ON.  water falures and so on

(0.3%) (0.1%)

automatic control notwithstanding incine-
ration of various kinds of sludge cakes and
to the control of the secondary air which
yielded surplus capacity of the exhaust gas
treatment facilities including the induced

Suspension due
to regular
mspection.

draft fan.

15.3

Operation

{90.6%)

Improvements
After commencement of operation of

the facility, the following improvements Fig. 1-18 State of operation {Fiscal 1980)
were incorporated to solve the difficulties brought about by the mixing of foreign
matter in the sludge cake, to economize in energy usage, and to maintain stable
operations of the whole facility.

d.

Improvement of the constant rate feeder for saving difficulties caused by the
mixing of foreign matter

Figure 1-19 shows the improvement in the constant rate feeder. In the running
in operation prior to fullscale operation, foreign matter, such as, concrete
lumps, pieces of steel pipe, and empty cans, caused the overload protection
device to actuate several times and also resulted in deformed screw shaft and
broken bearing cases and finally the suspension of operation of the whole incine-
rator.

Equipment was improved to make the conveyor less liable to damage and more
readily repairable so that operation could be resumed without serious difficul-
ties. In order to prevent foreign matter form blocking the screw conveyor, the
intervals between the spiral blades were made longer and the clearance between
the blades and the bottom plate was increased to about 200 mm to allow foreign
matter to fall to the bottom.

To eliminate difficulties before they result in suspension of operation the driv-
ing mechanism of the conveyor was divided into 3 sections so that each section
may be broken down and checked separately. By virtue of the improvement, no
suspension of the feeding operation to the incinerator occurred, although the
over-oad protection device was actuated three times.

Also, improved equipment allowed faster repairing work. At the annual cleaning
of the constant rate feeder, foreign matter with a total volume of 0.1 m® was
taken out of the bottom of the conveyor.

Improvements in energy saving and securing of stable operation

Improvement in the control of secondary air is shown in Figure 1-20. Originally,
secondary air was controlled manually by an operator who monitored the tem-
perature inside the incinerator and adjusted the volume of secondary air as a
matter of experience. Although stable control of temperature could be attained
by this method, manual operation tended to make a large allowance for the
volume of air, because the facility treated various kinds of cakes which were
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Before the improvement
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Fig. 1-19 Improvements to constant rate feeder

produced at different dewatering processes, consequently their quality varied
greatly. Improvement was made to limit the volume of secondary air to the
minimum to save both fuel and scrubbing water and to stabilize the operation.
In order to maintain the concentration of O, in the exhaust gas at the prescrib-
ed value a cascad type control system was adopted. The high order control
system1 was made to transmit the set value of the temperature of exhaust gas at
the exit of the scrubber to the low order control system so that the temperature
at the 2nd hearth of the incinerator may be kept constant, and the low order
control system, which controls the secondary air damper, was employed so that
the exhaust gas temperature at the exit of the secrubber may be maintained at
the set value. As a result, stable operation, which required the resetting of the
2nd hearth temperature only once or twice at the most, could be attained.

As for the saving in operation cost, the improvement brought about the saving or
fuel by 34 percent (¥95 million a year) and of scrubbing water by 25 percent

Table 1-11  Comparison of results of operation before and after the inprovements in secondary air control

Volume of Gas Volume of .
Air . Weight of
Items 0, . ) scrubbing Pyt
ratio Auxiliary After cake incinerated
burners burners Total watex

Before improvements About 12% | 2.6 29.8m?*/t | 50.2m?®/t|80.0 m*/t 28.9 m*/t 96.3 t/day
After inprovement About 9% 1.7 17.6 m3/t | 35.2m?/t| 528 m3/t 216 mft 107.5 t/day
Rate of increase or _ _ . _ _25.0% %
decrease - 41.0% 30.0% 34.0% 25.0% +10.4%
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Fig. 1-20 Improvements in control of secondary air
(¥51 million a year). Further, in order to save the cost of handling and disposal
of ash (consignment fee for disposal), an improvement was made on the spray
nozzle to the ash humidifier resulting in an increase in spraying effect and reduc-
tion of usage by about 29 percent (more than ¥4 million a year).

1.6 Costs
1.6.1 Construction cost

Construction work on these facilities was started in July 1975 and it took about
3 years before the facilities started operation. Construction cost of the facilities
including the sludge incineration and the scrubber wastewater treatment plant was
about ¥2,240 million,

Details of the expenses Table 1-12  Construction cost

are listed in Table 1-12. Unit 1,000 yen
. : Scrubber waste-
Sl“dsenl;‘];il:‘ye“uon water , Total

- treatment plant

162 Maintenance and oper Mechanical equipment 773,000 304,900 1,077,900

ations costs Electrical equipment 320,500 213,300 533,800

The COSt of incinerating 1 Construction works 482,200 149,754 631,954

Total 1,575,700 667,954 2,243,654

ton of sludge cake in fiscal
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1980 was ¥13,492 (utility cost ¥8.193),0f  Taple 113 Operation cost

which about 50 percent was fuel cost and Unit yen

16 percent was labour cost. 1 fem oty g el
~ . Fuel 214,386,000

If kerosene had been used as the fuel, Dot g i TEXTSXT T
the cost of incineration would have been | recin power allon
¥8.911 per ton (utility cost ¥3,611 per |cwemeu 2o,
ton). The cost of treating the scrubber | Touconat wutes e Lo,
wastewater was ¥1,513 per ton of sludge [Reu ~ ‘;-";""’“
,148,000

cake, of which about 45 percent was the |.“oeorndtle ) s

. . Ash disposal 30,150,000
cost of chemical and 42 percent was the — (131,000)
i L. | Labour costs . 71,015,000 —_

cost set ag.amst deprec.latlon, N EE
Details of operating costs are shown in " 431,772,000
(48,445,000)
Table l 'l 3. Cost tur treatment of dewatered 13,492
vake (yen per ton) (1,513

Note}  luel City gas Y154 per Nm? (11,000 kc-!lle;x'l

Note 2 tlectric charges. ¥15 per kWh
Note 3 Basis of depreciation  Restdual price 107,
Penod of depreciation 20 years
Note 4 Treated water 15 used tor scrubbing
Note 5 1igures 1n brackets indicate the cost i scrubber
wastewater trestment process

2. Incineration of Sludge Mixed with Pulverized-coal in a Fluidized Bed System

The construction of incineration facilities for pulverized-coal mixed with sludge
was started in December 1978 in the Hokubu second sewage treatment plant. 1t was
designed on the basis of results obtained from experiments conducted at the pilot
plant from January to October in 1977 (presented at the 6th U.S/Japan Conference
on Sewage Treatment Technology). The plant was completed in March 1981 and
went on stream after adjustment during a trial operation period.

2.1 Outline of incineration processes
2.1.1  Circumstances

Conventional sludge incineration systems require a large quantity of oil energy as
the supplementary fuel. The prevention of secondary pollution from these systems
should also be considered concerning the exhaust gases and burned ashes generated in
the incineration process. The recent worsening of the oil situation makes it essential
to save energy by heat recovery etc., and to conserve oil by using alternative forms
of energy, and also to take effective countermeasures for preventing secondary pollu-
tion.

To eliminate various problems associated with the incineration of sludge, pilot
plant experiments with a fluidized bed furnace were carried out by using pulverized
coal as a supplementary fuel and cement clinker as a fluidizing medium. Results were
obtained on the spontaneous-burning of sludge cakes, furnace bed load, SOx control,
0, and NOXx concentrations, CO concentration and inhibition of oxidation to hexava-
lent chromium, etc. These observations confirmed that the incineration system with
pulverized-coal was effective and the process was adopted for practice.
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2.1.2 Treatment process
The treatment process
of this incineration system
is composed of feeding,
incineration, exhaust gas
treatment and ash disposal.
The overall plan of the
plant is given in Fig. 2-1,
the flow sheet in Fig, 2-2,
the layout in Fig. 2-3, and
the main equipment speci-
fications in Table 2-1.
a. Feeding and incinera-
tion
Sludge cakes and pul-
verized—-coal are simul-
taneously metered into
the kneader, continu-
ously mixed, and fed
into the fluidized bed
incinerator. The
kneaded cakes are fed
into the furnace and

Table 2-1  Specifications of main equipment

ec::nei:'m%fm Specification Q'ty| Remarks
Kneader Double-axle continuous type Drive Dnven = 2 |1 for spare

2 1 rotation ratio 6t/h » 15 kw ]

Pulvenzed-coal
silo

Etfective volume 100m® 330--3060 kg/h v 55 | 2 {10 days' stock
kw Discharger with pipe

Pulverved-coal

Effective volume 1.5m* 250-1000kg/h » 1.5 2 |1 forspue

teed hopper kw with constant rate discharger

incinerator Fuidized bed furnace Sludge cake 1
100t/day ¢3400mm » H 8000 mm

Medwum silo Effective volume 20m? 3t/h » 1.5 kw with 1 [10 dayy stock
dascharger

Medium feed Effective volume 0 2in* 300 kg/h x | 5 kw 1

hopper with feeder

Double cyclone Heat-resistant type 16,290 Nm?® /h » 900°C 1

Atr preheater Vertical cylinder type heat exuhangu 14,500 1 finlet 8. 0°C
Nm?/h Heating surface 146m? Quulet 750 €

Wastc-heat Twin bodied natural crculation boiler 14,500 T oinet 730 C

boiler Nm?*/h Heating surface ares 420m* Qutlet 300 ¢

Mulucyclone Multrcyclone type14,S00Nm?® /h x 300°C b |6 cydones

L
Fectrostatic

precipitator

Dry horizontal flow type 14,500Nm>/h \ 300°C
Outlet dust content 0. &g/Nm’ max

Stack

Stainless steel stack supported by 1ron tower 1
¢1,500 mm x H 30,000 m

forced draft
blower

Turbo-blower 180m? /min (al 20°C) x 2,000mm Driven by steam
Aq x 3,000 rpm x 100 kw turhine & motu

[ Positive draft fan

Turbo-fan 150m?/min {at 20°C) x 300mmAq \
1,500 rpm x 15 kw

—

Induced dratt tan

Turbo-fan 750m*/min (at 300°C) » 450minAq Drven by steam
x 1500 rpm x 100 kw turbine & motot

Gas recirculation
blower

Turbo-blower 70m? /min (at 300°C) « 1,800mm
Ag \ 3,000 tpm « 75 kw

Burner ar Recipro-automatic unloader type 5 Om? /min 2
compressor x 7 kg/em?G \ 37 kw
Incombustibles Amgmude typc 200 — 30Dkg/h (st 800 — 1
separator 200°C)x15
Ash cooler Screw type conveyor with water-cooled jacket 1
200 — 1060 kg/h (at 600°C) x 1.5 hw
Ash bunker I ffective volume 45m* with ash humidifier 2 idays’ stock
=

Final settling tank
Aeration tank L
Primary settling tank

Secondary treatment

electrical machinery
room

-Incineration facilities

e --  Extra high voitage electricity substation

--  Central control room

Fig. 21 Comprehensive layout of the Hokubu Second sewage treatment plant

114



1111

Ié___——jx

Pulverized |
icoal iMedium
‘conveyor  :canveyor

880°C

Fiom .

26 2
i ¥ Condense o
Medium ine . :
Conveyor T, 6 i
vey .
5 @ - ®
LeeTo — v
Incineration s Waste water
- | facilities & e
Steam | central contrah Addition of
bypass! room ' chemicals
line '
Addition of 1 ——=T0 26/Feed water
chemcals thine
51 s
| Mains
—L—“—"‘ water
Steam line i supply

Mains water
supply

%)
Exhaust gas

—

F .
i B ® LJ
[ To@ — L—@ !
‘ From
v l Ash conveyor
f Bailer
3 Z [ water @
[T @ blowdown
. ® ® E
Circulating coolingjlaair:s @ g ® ©
rcy To ] o
water from all water & From ©
equipment supply ! G |
Kerosene line @& @ ,@’-
P Cooling of all equipment !
@ @ and ash humidification
No 1tem of equipment Q' 1y No. ftem of equipment Ty No itemn of equipment Q' tyjiNo item of equipment " tyjiNo. item of equipment Q']
1| Truck weigh-bride 1 §10{Kneader 2 1 19!Medium feed hopper 1 28| Forced draft blower (FDB} 1 {137 | Incombustibie separator 1
2| Siudge cake storage pit 1 I11]Fluidized bed furnace 1 |l 20| Doutte cycione 1 {{29] Stearr turbine for FDB 1 38 Cycione ash cooier 1
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Fig. 2-2

Flow sheet of incineration facilities
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incinerated in a fluid medium at about 800°C.
b. Exhaust gas treatment
Most of the high temperature ash is removed from the exhaust gas by means of
double cyclones and heat is recovered from the gas with a reduced dust concent-
ration in the air preheater and waste-heat boiler, Fine dust is removed in the
multicyclone and dry-type electrostatic precipitator, and the residual gas is
discharged from the stack into the air.
Ash treatment
Ash discharged from each piece of equipment in the exhaust gas treatment
process is transferred to an ash bunker by the conveyor, moistened, and disposed
of.

[¢]

2.1.3 Design elements
Design elements of the incineration system are illustrated in Table 2-2.

Table 2-2  Design elements

Item Specification
Incineration capacity Studge cake 100 ton/day (max. 120%j/30 min)
Kind of sludge cake |} Pressure dewatered cake with | Sludge cake centrifuged
S o inorganic coagulant with high polymer
2% (Studge VTS 40 — 80%) (Studge VTS 40 — 80%)
g o | Water content 55 - 15% 70 — 80%
52| Gross calorific value | 1,300 — 2,500 keal/kgDS 2,500 ~ 4,500 kcal/kgDS
&% [ Salid composition 135- |29~ t18- 206~ | 33~ 2.7~
CTH N 226% |4.6% [2.9% 41.3% | 6.6% |5.3%
Pulverized—coal consumption | About 570 — 690 kg/h About 490 — 530 kg/h
gr"';z’;;ggﬁ“ About 100 kg/h
., | Dust quantity 0.02 g/Nm? max.
3 €| Sulfur oxides 50 ppm max.
' § | Nitrogen oxides 80 ppm max. (O, 5%) [45 ppm (O, 12%)
cHES ey 03 mg/1 max.
((’;lz::l ;:.mpenture at furnace 800°C min. 900°C max.
Heat loss of incinerated ash 3% max.

2.1.4 Construction cost Table 2-3  Items of construction

The incineration facilities were built during cost
Fiscal 1978 to 1980 and the total sum of the Ttem | Construction cost ]|  Ratio
construction costs amounted to ¥2 626 million. | Civil 185 Mil Yen 71%
The cost in detail is shown in Table 2-3. Building | 455 Mil Yen 17.3%
Machinery| 1,292 Mil Yen: 49.2%
fectic | 694 Mil Yen | 26.4%

Total 2,626 Mil Yen 100%

Note: 1. Year of construction Fiscal 1978 to 1980.

2. Building includes the electricity costs for such as
iltumination, ventilation and sanitary equipment.
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2.2 Characteristics of incineration facilities

Characteristics of the incineration facilities include the application of pulverized-
coal as a supplementary fuel, the use of cement clinker as a fluid medium, adoption
of the dry-type exhaust gas treatment, heat recovery by the waste-heat boiler etc.

2.2.1 Facilities for pulverized-coal

The facilities for pulverized-coal are composed of the equipment concerning
storage and feeding. The flow sheet of pulverized-coal is given in Fig. 24, the
constant rate feeder of pulverized-coal in Fig. 2-5, and the structure of the kneader in
Fig. 2-6.

The ease with which pulverized-coal can be applied to constant rate feeding and
kneading is a factor directly affecting the stability and uniformity of fluidized bed
temperature.

The constant rate feeder of pulverized-coal provides a model which is less affect-
ed by the variation of bed thickness in the hopper.

The kneader is required to perform continuously, uniform mixing and discharge,
and hence it provides reverse blades in the outlet side and variable speed biaxial
paddles with a rotation ratio of 2:1.

Besides which, the facilities for pulverized-coal incorporate safety measures for
inhibiting temperature rise due to solar heating effect which includes heat shielding
plates on the upper part of silos for pulverized~coal, cooling water spray nozzles
around the perimeter, heat shielding plates which cover pulverized coal conveyors,
and heat insulation layers on the outside surface of pulverized-coal feeding hoppers.
In addition, all equipment has static electricity grounding as well as being equipped
with carbon dioxide fire extinguishers for fire prevention.

2.2.2 Sludge incineration furnace
The structure of the sludge incineration furnace is given in Fig. 2-7 and its speci-
fications in Table 24.
a. Inhibition of hazardous components
Hazardous components are SOx, HCR and NOx in the exhaust gas, hexavalent
chromium in the incinerated ashes, etc. SOx and HC® are fixed by being absorb-
ed into the cement clinker (Principal component is CaO. Activity exceeds 50%)
applied as the fluidizing medium according to the following equations.
Ca0 + 80, +%0, - CaSO,
CaO + 2HCZ - CaCg, +H,0
The generaztion of NOx and the oxidation of trivalent chromium in the incine-
rated ashes to hexavalent chromium are inhibited by a reducing environment
produced in the furnace by recycling waste gas or decreasing the air content.
Malodorous materials are completely decomposed by oxidation at exhaust gas
temperatures of 800 — 900°C.
b. Feed and discharge equipment for fluidizing medium
The furnace provides feed, overflow and underflow equipment for automatically
controlling the correct bed height and properties of cement clinker which con-

118



611

Discharger with pipe

Cooling water

——

._._Z?S__i
——

nljis

No. 1 T@%-Noz

Pulverized-coal Putverized-coa!

(i:é) silo silo —
Jip

CO, gas cylinder
45kg content x 7

Fig. 24 Flow sheet for pulverized-coal system

A= )

No.3 Pulverized-coal corveyor

D  Pulvermed-coal. N

I ~

@LJL?:B"‘JF;Z:S;‘”' 1 J@

O]

constant

No. 1 Kneakder rate feeder

No.2 Kneader

Incineration furnace




Fig. 2.6 Structure of pulverized-coal constant rate feeder
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Fig. 26  Structure of kneader (Section)

Table 2-4  Specifications of incineration furnace

Items Specification
Model Fluidized bed furnace
Incineration quantity 4,720 kg/h (including pulverized coal 553 kg/h)
Furnace bed load 520 kg/m?*-h
‘g’ Inner diameter of layer ¢3,400 mm
g g;:x‘: diameter of empty 4,000 mm
& | Incinerator height H 5,400 mm
« | Fire brick Thickness 230 mm at empty drum, clay brick SK34
E_ Insulating fire brick Thickness 230 mm at empty drum, siliceous brick Bl
5 Fire castable Crown, bed, layer side, burner chamber, wind box 1,350-1,550°C
E Insulating castable Crown, bed, layer side, burner chamber, wind box 1,000°C
[~] .
g | Cosive Soper ety drum crown, SSAL. thicknees D - "
£ | Perforated plate SB42
i Perforated nozzle SCH2 x 414
Starting burner 300 0h x2
2 Auxiliary burner 30 2/h (502/h max.)x10
§ [ Overflow damper 0.75kwx 1
§ Underflow damper 0.2kwx1
Other items . Pressure, tomperature, & O, measuring sensors etc.
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Fig. 2.7 Structure of incinerator

stitutes the fluidized bed (Refer to Fig. 2-7).

¢. Fuel
Pulverized-coal is used during normal operation as the suplementary fuel, where-
as kerosene fuel is applied during start up and if there is a rapid drop of bed
temperature in normal operation.
An example of combustion flow chart is shown in Fig. 2-8.

2.2.3 Equipment for heat recovery
The high temperature exhaust gas discharged from the fluidized bed furnace is
subject to heat recovery in the air preheater and the waste-heat boiler. The heat
recovery flow is given in Fig. 2-9.
a. Air preheater
The function of the air preheater is to heat fluidizing air up to about 400°C
by means of a vertical tubular heat exchanger which is low in dust adhesion and
easy to inspect. To prevent blockage the tube is relatively large in diameter and
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Fig. 248  Heat recovery flow diagram

is equipped with a guide sleeve at its upper end. The structure of the air pre-
heater is shown in Fig. 2-10,

b. Waste-heat boiler
The.waste-heat boiler is a twin bodied ;natural circulation boiler. The structure
of the waste-heat baoiler is-given in Fig, 2-11. Generated steam is supplied to the
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back pressure turbine which drives the induced draft fan and forced draft blower
in the system and reduces by about 32% the electric power consumption in the
system. Basides which, the waste steam from the back pressure turbine provides
a heat source for the plant management buildings for heating, air conditioning
and hot water supply. The condense is used for replenishing boiler water.

In addition, the induced draft fan and forced draft blower are driven by two
means, steam and motor, because of the requirement for stability at the start
and during normal running,

2.2.4 Exhaust gas treatment
As the incineration system inhibits SOx and NOx in the incineration process it

requires no incidental equipment for alkaliwashing, waste liquid treatment, white
smoke prevention, etc. Therefore, dust removal is the sole requirement for waste gas

treatment and hence the dry method of treatment is applied. The dust in the exhaust
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gas is removed by about as much as 65% in the double cyclones, then further reduced
in the air preheater and waste-heat boiler. About 70% of the residual dust is removed
in the multi<cyclones, followed by a further elimination of about 99.75% or more of
the residue in the dry type electrostatic precipitator, and the resultant gas is discharg-
ed from the stack into the air with a dust concentration of 0.02g/Nm? or less.

The double cyclones, in addition, are arranged just after the furnace outlet to
reduce the dust load on the air preheater. The dust extracted by the double cyclones
is at high temperature and great in quantity, and hence a cyclone ash cooler is provid-
ed as illustrated in Fig, 2-12.

Ash intet .
i Cooling water
Cooling water f ‘4 outlet

T‘T outlet f

1
-
4
¥
|

!

Cooling water
inlet

|
Ash outlet

Cooiing water
inlet

Fig. 2-12  Structure of cyclone ash cooler

225 Automatic control

The monitoring and control equipment to operate the incineration system is
mainly composed of automatic control by micro-controllers etc. in consideration of
safety and laborsaving for managing the operation,

Automatic and manual control of the process and monitoring of faults during
operation can be carried out in the control room. The examination of each unit can
be performed at the position of that instrument (at site). Also, a major difference
between this control system and a conventional one lies in the reduction in quantity
of control cables and supplementary relays by the use of signal transmitters.

Henceforth the incineration facilities will become more widely established.
The monitoring and operation of the facilities are intended to be carried out centrally
in the existing incineration-control room.

The outline of management by microcontrollers is given in Table 2-5, the consti-
tution of the control system in Fig. 2-13, and managing procedure for start and stop
in Figs. 2-14 and -15. As examples of instrumental control, acceptance managing flow
for sludge cakes etc. is shown in Fig. 2-16 and the control flow of air quantity related
matter is illustrated in Fig. 2-17.
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Table 2-5

Qutline of micro-controller operation

Qutline of control

Main equipment to be

System| name of control controlled
No. 11 Micro-controller
Truck weighing Weight calculation of cake acceptance etc. and issue of | Truck weigh-bridge
control data prints. by cooperation with truck weighing equip- | controller
§ ment.
% ICrane controt Control of crane address indication etc. Crane No. 11, No. 12
v
8 |Pit gate signal Pit gate guidance for cake carrier, opening and shutting | Pit gate, signal lamp
S |lamp control of pit gate, on-off control of signal lamp.
§ Boiler water level | Retention control of boiler drum water level within a Water supply flow
9 |& pressure definite range. control valve
< {control Retention control of constant steam pressure in drum. { Drum steam pressure
control valve
Boiler pressure Oil control for pressure increase, by comparing with Starting burner control
rise-up control temperature gradient on starting fluidized bed valve
E Lower steam pres- | Retention control of constant steam pressure at lower Lower steam pressure
‘i sure control pressure condenser inlet control valve
». |Boiler chemcals Chemicals control proportional to boiler water supply Metering pump
2 linjection control
<)
@ |Condense temper- | Control to maintain constant condense temperature. Lower pressure
ature contro! condenser
= é Cyclone ash tem- | Retetion of constant ash temperature from cyclone. Cooling water control
< & |perature control valve.

No. 12 Micro-controller

Cake feed control

Pulverized-coal

Feed
system

Control to maintain constant cake feed

Ratio control against cake quantity to keep constant
furnace temperature

Sludge cake constant
rate feeder

Pulvarized coal constant
rate feeder

Furnace temper-

Control to maintain fluidized bed temperature constant

Auxiliary burmer control

control

3
9‘“‘5" ggg ature-rise after reaching a temperature of 650°C or above valve
E 5 2 |control
L7
Exhaust gas O, Ratio control of positive draft blower inlet valve and Forced draft blower
£ [control recycle outlet valve, to obtain target airflow (a inlet valve recycle
2 constant fluidized gas quantity) calculated from O, outlet valve
= control
% Fluidized gas Control to keep required air quantity for combustion | Forced draft blower
& |quantity without exhaust gas O, control intet valve
& |[control
Medium feed SOy inhibition control by medium feeder and Medium feeder
control retention control of constant draft under perforated
£ plate
[
‘i Furnace outlet Retention control of constant gas-draft at furnace Induced draft fan
& Jgas-draft control | outlet inlet dumper
,E Furnace crown Spray water control to inhibit abnormal temperature Spray water control
© |spray water rise of furnace exhaust gas valve

3. Experiments on Separately Dried Sludge Incineration
3.1 The purpose of experiments

Since sludge cakes are generally high in water content and of low calorific value,
4 large amount of supplementary fuel is required for their incineration. When de-
odorizing is needed, the quantity of fuel consumed will be increased. The relation-
ship between fuel and exhaust gas quantity in each incineration method is given in
Table 3-1.

According to Table 3-1, the multiple hearth furnace has an excess-air ratio of 2
and the exhaust gas quantity at the outlet of the furnace is the largest compared with
other methods. The law outlet temperature of 300°C, in this method however, makes
the incinerator efficient and requires less fuel consumption compared with the fluidiz-
ed bed furnace. When deodorization is performed, the required gas quantity is so large
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Table 3-1 Comparison of fuel consumption and exhaust gas quantity in each incineration process

o
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that an almost equal quantity of fuel to that used for incineration is needed, even
though heat is recovered by the heat exchangers. The gas quantity to be deodorized,
although sealing air of the electrostatic precipitator is added on the way, decreases by
defumidifying to about 3/4 of the exhaust gas quantity at the outlet of the furnace.

Fludized bed furnace has a high outlet temperature of 800°C, hence fuel con-
sumption becomes greater. The exhaust gas quantity, although a large amount of fuel
is used, is somewhat less than that of the multiple hearth furnace due to a lower ex-
cess-air ratio of 1.3. The fuel consumption, however, is less than that of the multiple
hearth furnace with deodorization. Heat recovery is performed by heating the fluid
air in the heat exchanger.

There are two types of incineration methods with separate drying processes,
which are classified into directly and indirectly heated dryers. Both types perform
additional fuel combustion effectively in the process of drying sludge cakes to their
spontaneous-burning points. Therefore, the exhaust gas quantity at the furnace outlet
reduces to about one half that of the conventional multiple hearth furnace or fluidiz-
ed bed incinerator. This is attributed to low water content of the sludge and the
elimination of exhaust gas resulting from fuel combustion. If water were removed
from the sludge by evaporation in the fluidized bed furnace, water must have been
emitted as stearn having a temperature of 800°C and this would require a heat quanti-
ty of over 950 kcal per kg of water. Therefore, water removal prior to incineration
has a calorific advantage, along with reduction of exhaust gas quantity.

The combination of directly heated dryer and fluidized bed furnace is divided
into necessary and unnecessary cases of exhaust gas deodorization. Even if deodoriz-
ing is needed, the required gas quantity is less than 1/4 that of the multiple hearth
furnace. There are two deodorizing methods and these are performed either in the
fludized bed furnace or in another deodorizing furnace.

The combustion furnace deodorizing method causes exhaust gas increase by a
corresponding quantity, thus results in calorific disadvantage and larger sized furnace.

When an indirectly heated dryer is combined with a fluidized bed furnace. the
smallest quantity both of exhaust gas and fuel consumption is obtained compared to
other methods. The heat recovery of exhaust gas is carried out in the waste-heat
boiler and generated steam passes to the dryer. This process is more favorable than
that of the heat exchanger because of lower exhaust gas temperature after heat
recovery. The exhaust gas from the dryer is defumidified and utilized as combustion
air for the incinerator together with deodorization. When dry steam from the waste-
heat boiler is insufficient, additional heating is provided by another boiler. The ex-
haust gas from the boiler is used for white smoke prevention regulations.

In this experiment, after selecting the model of sludge dryer to reduce the water
content of sludge cakes to about their spontaneous-burning point, we intend to con-
firm the characteristics in energy saving and operation control of the separate drying
incineration systems composed of sludge dryer and incinerator.

3.2 Experiment plan
Experimental fa-ility has a treatment capacity of 10 .tons/day. Concerning the
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sort of sludge, five kinds of sludge cakes from four sewage treatment plants were
used.

Also, the dryers are selected by preliminary experiments. The full procedure for
the experiments is given in Table 3-2.

Table 3-2  Schedule for experiments

Year 1980 1981 1982
4 6 8 10 12 2 4 6 8 10 12 2 4 6
MOnth 1 i 1 i 1 - 1 1 1 1 1
Designf, T
Preliminary | Smanuiac ;
experiment ;u:f ;l_ Experiment
lation
. Design, ma-
Main ex- nufacture, Experiment
periment installation

3.3 Preliminary experiments
3.3.1 Outline

The sludge cakes have a large variation in their properties such as water content,
calorific value, composition etc., and hence the dryer which can perform stable
operation for any sludge should be selected.

There are two drying processes, direct and indirect heating methods, as shown in
Fig. 3-1. As the indirect heating method is advantageous, comparative experiments
were carried out on the three indirectly heated models.

The types and characteristics of the dryers are given in Table 3-3 and experimen-
tal methods are shown in Fig. 3-2.

3.3.2 Results of preliminary experiments
a. Properties of sludge cakes
Analytical results of sludge cakes used in the experiments are given in Table 34.
Net calorific value and water content at spontaneous-burning point are briefly
divided into two groups on the basis of Table 34.
(a) Inorganic coagulant added sludge
Net calorific value 1650 kcal/kg-DS
Water content at spontaneous-burning point 41 — 45%
(b) Organic coagulant added sludge
Net calorific value 2800 — 3400 kcal/kg-DS
Water content at spontaneous-burning point 62 — 65%
b. Outline of experimental results
Experimental data obtained from the three equipment models and six methods
are given in Table 3-5 to 3-7, and the summary is illustrated in Table 3-8.
c. Discussion of results
If an indirect heating method is used to sewage sludge which properties vary
widely, a low speed disk mixing dryer seems to be suitable. The dryer couid not
control effectively the water content of dried cakes, and yet the content was
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Table 3-3  Types of indirect dryer

Structure and characteristics

Structural figure

Steam tube heating type

The steam tubes are concentrically arranged along the whole inside length
of a rotating cylindrical container installed at a slightly inclined angle and
fabricated so as to rotate with the body.

Steam is passed through the tubes and sludge cakes are fed in and dryed by
means of the combing and stirring action of the tubes.

Viscous sludge tends to stick, whereas this type requires less power.

The speed of rotation is 2 — 10 rpm.

Sludge cake inlet

High speed paddie mixing type

A shaft fixed with many stirring paddles rotates at high speed in the center
of a cylindrical container which is equipped with a steam heating jacket.
Steam is passed into the jacket of the container.

The studge cakes charged are dispersed by the centrifugal force of the
stirring paddles and dryed by repeated contact with the heating surface.
High efficiency is obtained but unfortunately this type has the drawback
of requiring power. The speed of rotation is 100 — 400 rpm.

Sludge cake inlet

Steam inlet

Dried cake outlet

Low speed disk mixing type

Disc shafts having many notched disc conduction blades are biaxially
arranged in a slightly inclined casing jacket. The two shafts rotate and
stir at low speed in the direction that gives mutual engagement.

Steam is passed both into the jacket and the disc shafts.

The sludge cakes charged are dried by contact with the jucket and disc
shafts. The speed of rotation is 10 — 40 rpm.

Sludge cake inlet
Steam inlet !

]

L o)
A

< e '
. ‘?X, -~ ! ‘&. e !4;
Steam iniet oy )

P S d

Drain

Drain Dried cake outlet




Rotary dryer

Direct heating

Flash dryer

(Mechamuﬂ diving )—-

Steam tube besting dryer

ndirect hoating High speed padlle mixiisg dryer

Low speey sk micing dryer

Fig. 3-1 Drying process

Steam tube D fead |
heating type irect Dryer

Mixer + Dryer

Feed back

Grinder 4 Mixer + Dryer

High spead paddle

mixing type Direct feed Paddle angle 0°
Paddle angle 30° feed piich
Low speed disk
mixing type Bryere

0 04

Fig. 3-2  Preliminary experimental process

affected by the variation of operating conditions such as steam pressure, rotat-
ing speed etc., though correlation could not be measured.

Therefore, concerning the selection of models, we adopted the low speed disk
mixing dryer which is able to operate steadily and evaporate quickly from any
sludge as shown in Table 3-8.

3.4 Outline of main experiments

The flow sheet and equipment specifications of experimental facilities are given
in Fig. 3-3, and their layout is illustrated in Fig. 34.

The experiments are being performed on the site of Kanazawa Sewage Treat-
ment Plant.

Sludge cakes in use for the experiments are the same as those used in preliminary
experiments.

Currently the experiments are in continuation.
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Table 34  Analytical value of sludge cakes

Sewage
m“m;';:m Chubu S.T.P. Nanbu S.T.P. Totsuks I S.1.P. Kanagawa S.T.P.
Items )
Treatment Anaerobic digestionj Anaerobic digestion| Direct dewatering | Direct dewatering | Direct dewatering
Pewatering machine Belt filter Centrifuge Pressure filter Centrifuge Centrifuge
Sort Ca(OH), Fc,Cly | Polymer Ca(OH), Fe,Cly | Polymer Polymer
Coagulant Addition
! DS 55.2 69 1.2 328 63 0.8 0.9
Water 7 WB 73.6- 763 71.7 - 82.0 58.2 - 66.5 79.1 - 81.1 77.0 - 78.2
Combustible
matler DS-B *1 359 514 311 64 4 48.5
« |Raw
5,5,. protein 14.3 19.3 114 26 1 203
2% Raw fat 2.0 6.8 1.4 78 8.4
E 33
S ¥f Raw
% S| fiber 6.9 1.5 16.2 133 4.7
2 | Calorific | Gross
g‘, value "9 1805 3183 1805 3695 3045
;:' Kcal/kgD§ Net *3 | 1647 2904 1647 3371 2778
Water content at
spontaneous-burning 40.7 62.1 45.2 65.2 615
point “:WB *4
Soft clayey Viscous material Light yellow plates) Viscous material | Non-viscous material
material with a with a high fibrous | with a thickness of] with a high fibrous| containing fibrous
low matter content. 5—7mm and a matter content. matter,
fibrous matter high fibrous matte:
content content.

Note: *1 Analytical value at 600°C, 2hrs
*2 Analytical value by HS M.8814

*3 Calculated vatue

*4 Calculated value (fluidized bed furnace with an air excess ratio of 1.3 and a furnace outlet gas temperature of 800°C)

Table 3.5 Experimental data on steam-tube dryer (Heating surface area as 4.8m?)

Conditions Wate:zalll’tem
5 Evapor- | Power of s
. Steam | Dryer's ) ol i Drying & sticking
Sludge :;7: pressure | rotating Inlet | Outlet ':“’e“ d?‘: g Feeding process situations
kg/cn?G | speed rpm
@ Cakes are cloggin up the inside
Direct feed of from the inlet to the mid-section.
Vacuum 0 & 8 1541 56.3 5.5 Unknown sludge cake and tubes are buried after pro-
futered longed operation.
sludge cake Feed back process | Dried material is in grains of
{Dipested studge) 5 8 8 415] 64 54 | 046 with grinderand | 1 — 10 mm diameter. No
mxer sticking 1s found.
Dried matenlgl is a mixture of
. cotton dust fibrous matter and
60 8 8 59.3] 381 43 | o4 Dircct foed of | fiat material having trages o the
Pressure sludg original form.
filtered No sticking is found
(‘I;L‘ﬂsu‘f:ﬁe) Dried material 1s a mixtn;_r; of
¢ Feed back process | grains with a diameter of 2 —
70 8 8 Mel 2l 44 | Unknown | ik grinder and | 10 mm and fibrous matter.
mixer No sticking is found.
N Repeated dryingI graduall);_
Feed back process | increases grain diameter o.
120 10 8 .51 50 8.0 | Unknown | Gih mixer dried material.
No sticking is found.
D(;ied material is in grains of
Direct feed of 10 — 40 mm diameter and it
Ceatrituged 60 8 8 734 536 54 04l sludge cake clogs between tubes and between
sludge cake tubes and shell
(Raw sludge) Feed back process | Dried material ts in grains of
70 8 8 4] 1.5 4.5 0.44 with grinder and 1 — 5 mm diameter.
mixer No sticking is found.
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Table 3-6

Experimental data on high speed paddle mixing dryer (heating surface area 4.0 m?)

. Water content
Conditions %WB Evaporation Power of
Feed Steam Dryer’s rate dryer Drying and sticking situation
Sludge kg/h pressure | rotating | Inlet | Outlet | kg-H, O/m*h kW
kg/cm*G | speed pm
Vacuum filtered Relatively uniform grains of 5 — 10 mm
sludge cake 150 8 150 75.0 | 589 14.7 2.22 Considerabile sticking is tound onto the
(Digested studge) rotation shaft.
2.76- Relatively umform grains of S — 10 mm.
Ditto 150 8 300 750|349 16.7 3.24 No sticking 1s found.
X 4.20- The same as above.
Ditto 150 8 400 75.0 | 536 17.3 4.80 But re-start-up was impossible after
. samphing

Table 3-7 Experimental data on low speed disk mixing dryer (heating surface area 4.8 m?)

Water content
Condstions .
FWB Eva;:t);auon Power of | Weir
Feed Steam Dryer’s dryer |height| Drying and sticking situations
Sludge ke/h pressure | rotating | Inlet | Outlet | kg-H,O/m*h| kW mm
kg/cm®G | speed rpm
Vacuum filtered | 180 7 31 754 | 513 18.6 1.21 140 }Drned material is in gramns ot 1 — 5 mm
sludge cake 132-
(Digested studge)| 180 7 31 761 | 44.8 213 1'38 290 {No sticking 1s found
Pressure filtered | 240 7 20 | 665|450 19.5 1337 | 140 | Dried matenial isin powder form of
sludge cake - 1 mm.
(Raw sudge)  [,,0 7 39 | 665|529 144 |15F {140 [No sucking s found
Centnfuged 240 7 39 796 | 532 282 1.22 140 ;);edsn(;atenul 15 1n grains on blocks of
sludge cake — >U mm.
(Digested siudge) | 240 7 31 745} 511 23.9 1.37 140 | No sticking 1s found
Table 3-8 Summary of preliminary experiments
Operation E
condition . . vaporation
A " . Controllability of dried
Feed Sticking Stability Operation rate
D‘tyy?e process cake water content kgH, 0/m*-h
Unable to —_
Durect feed operate —_— — —
Although controlluble by
Steam Poor Poor
tube Mixer No Dried cake grains Many accessories are Cha"g‘“? the fi“Ed ma'[ena.l —_—
f Feed adually expand vired feed back ratio, 1t ts hard
}t\ye:;mg b:cek & y expand. red . to operate practically
process Poor Although control‘ljable by
Grinder s changing the dned material _
Muxer No Good Many agoessor les are feed back ratio, it is hard 4-6
require: to operate practically.
Poor Poor
:Sdgle Yes Cake sticking at inlet |Vanation of motor _
High speed 0°gC causes over-drying at  [load sometimes causes
paddie Direct outlet (25% or less) overload,
mixing Feed g;r billzed
type Tation is stabi
P Paddle with a narrow range at Poor when feed rate —— 14 -17
3’6%‘5 No 300 rpm rotating speed|® v2ned-
and 150 kg/h feed rate,|
Correlation cannot be
Lowspeed | pirect feed No Good Good ;’:’t:“!"edsg‘eg‘;:%‘f‘;' 20 - 30
Mixing type kg/cm?G steam pressure)
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61

Steam{Max. 10 kg/ecm2G)

Sludge cake

—~

Final effluent from S.T.P,

Kerosene

Service water

dl

Lt

4

@l

NaOH

Drain
Equipment No, 1 2 ! 3 4 T 5 6 T 7 8 9 10
Equipment name Cake hopper Dryer } Condenser Incinerator E‘luﬁdizing air blower| Cyclone lr Wast-heat boiler Induced draft fan | Scrubber Boiler
Cubical type Low speed disk . 3 stage spraying Fluidized bed Muitiple stage ’ Refractory | Water tube type Plate type Upper part. Single pass
Model mng type ! direct cooling type ; furnace turbo-blower castable | ; Spray type type
| | | hning i | Lower part.
{ t Packed tower
2353W/3000W | 670W x 28501 H %1100/%1600 P) P Heating surface | 6 ¢ | Heating surface
Matn dimensions oisok #162x6000 92000 125 1 980x 4300H | arca 26m 300 750x 150000 | area s 37m?
Volume 12m? 500 kgfh 12m3 /mun at Sludge cake 10m? fmun x 40m? [min at 380 kg/h x 10 kg/ | 30m? /min x 450 350 kg/h x 10 kg/
100°C 10t/day | 3500 mmAq 00°C cm’G mmAq cm’G
Number 1 1 1 1 ] 1 i 1 1 1 1

Fig. 3-3  Flow sheet and equipment specifications on separately dried sludge incineration experiments
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Closing Remarks

As mentioned above, a couple of new aspects on the incineration of sludge cakes
were introduced.

The need or situation demanding the incineration in the sludge treatment pro-
cess depends upon the method for final disposal.

Accordingly, there is no need for incineration when the sludge cakes may be
subsequently utilised as a fertilizer etc.. Whereas it will be a valuable technology when
land disposal can be continued for a long period in the area limited.

Yokohama City is obliged to take the latter case.

Henceforth we want to make every effort also for the development of stable
and economical incineration technology.

Finally, the author would like to acknowledge the considerable assistance given
in the preparation of this report by M. Noguchi, equipment manager, S. Yamaguchi,
facilities subsenior chief, and other member of facilities and maintenance sections.
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INTRODUCTION

The necessity for automatic measurement of water quality 1n sewerage
system has been strongly recognized, particularly treatment process
control and monitoring of hazardous substances in sewage. Both the users
and manufactures are engaged actively in technological development in
this field. This paper summarizes the recent progress in automatic water
quality measurement in sewage treatment systems. As to instruments for
monitoring hazardous substances in sewage, an automatic lead monitor and
an automatic total-cynide monitor have been newly developed. Also
developed is automatic samplers to take sewage samples in case abnormal
pH-changes are detected. A project is in progress to evaluate the
the reliability and performance of automatic water guality measuring
instruments when they are operated under actual conditions. As a first
step, an investigation to evaluate the performance of pH sensors under
field conditions has started, including establishment of methodology to
evaluate these instruments.

Along with the progress in construction of sewerage systems, the
percentage of the loading discharged into public water bodies through
sewage treatment plants is gradually increasing.

For this reason, the control of load discharged from sewage treat-
ment plants in order to preserve the water quality of public water bodies
is gaining greater and greater importance. In certain regions, today,
automatic measurement and recording of the organic loading discharged
from sewage treatment plants is being made compulsory, as it is for
other sources of pollution and pollutors.

To implement similar restrictions on phosphorus also in the future,

a total phosphorus automatic analyzer is now being developed.
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AUTOMATIC MONITORING INSTRUMENTS FOR HAZARDOUS SUBSTANCES IN SEWAGE

Control of hazardous substances, especially heavy metals, contained
in sewage is one the most important task in the operation and maintenance
of sewage treatment plants. Sewerage authorities have assigned a large
number of personnel to monitor water quality of industrial waltewater
dischanged into the sewerage system to enforce pre-treatment standards.
At present, water quality monitoring of this kind is being done manually,
but when automatic monitoring equipment becomes available in the future,
still better monitoring will be accomplished. The Ministry of Con-
struction, in the past several years, has been funding a contract re-
search program to develop automatic water quality monitoring equipments.

In this project, automatic monitoring equipment for total cynide,
chromium, cadmium, and copper have been developed. Summaries of
work were presented at previous meetings.

In this section, recent activities for developing a lead monitor,
improving the total cynide monitor and developemnt of automatic samplers

operated by signals from a pH sensor are outlined.

2.1 Development of Lead Automatic Monitor

The lead automatic monitor being developed utilizes an ion-
selective electrode. Major problems encountered in its developemnt
are: (1) ordinary sewage contains copper, iron and organic substances
in concentrations which interfere with the measurement of lead by an
ion-selective electrode, (2) lead contained in sewage is mostly in the
particulate form, and it has to be dissolved before measurement.
Therefore, various experiments were conducted to determine the pre-
treatment method, and finally a measuring instrument was devised based
on the following principle.

Fig. 1 is block diagram of the automatic lead monitor.
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Fig. 1 Block diagram of the automatic Pb monitor
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A 10 mf mixed solution of 2N hydrochloric acid, 10% ammonium
chloride and 0.1 M ammonium acetate was added to a 200 ml sample, which
was then heated to dissolve and convert lead into chloro-lead complex
ions. The ammonium acetate is added to dissolve lead sulfate.

The sample is then filtered to eliminate suspended solids and then
introduced into a column with anion exchange resin. The column is of

6 mm ID, 65 cm long and made of PVC, while Dowex 1-X8 (type CL) of 20
to 50 mexh is used as the anion exchange resin. By this operation, the
lead is adsorbed as chloro-lead complex ions onto the exchange resin.
The anion exchange resin is then cleansed with elute to separate, as
much as possible, the interfering substances that have been adsorbed
onto the anion exchange resin. The elute is a 10 time diluted solution
of 1M ethylenediamine, 10% ammonium chloride, and 2N hydrochloric acid
mixed solution. The ethylenediamine is added to form chealate complex
with copper and desorb them into the elute.

After this cleaning operation, distilled water is run into the
column for 40 minutes at a flow rate (empty bed) of about 3.5 cm/min
to desorb lead from the exchange resin. The desorption solution, after
addition of a buffer solution, is transferred to a cell for measuring
lead with an ion selective electrode. The buffer solution is a mixed
solution of 1M ammonium acetate, 10% ammonium chloride, 0.2M sodium
citrate, 1M sodium thiosulfate, and 1M potassium nitrate, whose pH value
is adjusted to pH6 using acetic acid. It is added to the sample at
the ratio of 1 : 10.

The purpose of adding this solution is to adjust pH value, to
adjust ionic strength, and eliminate part of the interferences. After
taking measurements, the anion exchange resin column is cleansed with
distilled water for about 80 minutes. The measurement cycle is once
every 2 hours.

To examine the mechanical reliability and precision of measurement
under the actual operating condition, the device was transported to a
sewage treatment plant and was continuously operated for a period of
about 1 month. The test showed that, even with the complicated pre-
treatment mentioned above, intérference probably due to certain types

of organic substances still remaind.
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Although certain correction can be made by data processing, improvement
of electrodes, etc. are necessary. Fig. 2 shows an example of the

measurement by the instrument. Here, sample A, B, and C are those

prepared by adding lead to a raw sewage sample at concentrations of

1.0, 1.5, and 2.0 mg/% , respectively.

. -
P - - i :
. w—t . — February 26 L
(=} o '
1
) g Sample C Sample B __j|Sample A
i; L v
{
4 7/
2 % y
— / i / {
. [z '
‘ '
i —y | "--ﬁ-riq‘iy-#igztillu-um' iiﬁpfﬂla
1 214 142 - 098
L | {

Sample A (Sewage with 1.0 mg Pb/1 addition)
Sample B (Sample A + 0.5 mg Pb/1)
Sample C (Sample A + 1.0 mg Pb/1)

Fig. 2 Example of recording of the automatic Pb monitor

- the known increment method -
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As seen in the figure, the base line fluctuates considerably and tailing
of the record after reaching its peak is significant. This tailing is
considered to be due to interferences.

By integrating the hatched areas in the diagram, the lead con-
centrations in samples A, B, and C are found to be 0.98, 1.42, and
2.14 mg/% , respectively, that is fairly close to the added concentra-
tions.

In this way, by means of data processing, the effect of inter~
ferences can be substantially corrected. However, improvement of elect-
rode and/or smaple pre-treatment is considered essential. Work on
developemnt of a reference electrode, which may compensate the effect
of organic interferences, is being advanced.

Continuous operation revealed almost no mechanical troubles, but
confirmed that atmospheric temperature variations have significant
effect on the measurements, that is, temperature control or temperature

compensation is necessary.

Improvement of Automatic Total Cynide Monitor

As presented at the 5th and 6th conferences, automatic total cynide
monitors, in which the measurements are taken with an ion selective
electrode after distillation, were developed and have already been put
into service in a few plants.

Since the distillation step makes the monitor mechanically com-
plicated, however, other methods especially that using ultraviolet rays
(UV) for decomposing complex cynide is being studied. In this method,
UV light is irradiated on the sample under acidic condition, in order
to analyze the complex cynide. Free cynide is transferred into an
alkaline solution through a gas permeable membrane, and finally
measured by a cynide electrode.

Fig. 3 is a block diagram of a prototype model of the monitor.
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Fig.3 Block diagram of the automatic T-CN monitor
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This monitor is of the continuous operating type, in which 5M
acetic acid (1 mf/min) and 0.05M/EDTA solution (1 m /sec) is added to
the sewage sample (10 m /min), then UV light from a 50W low voltage
mercury lamp is irradiated onto it to convert complex cynides into
free cynide.

EDTA solution is added to prevent free cynides from reacting again
with metals. Acetic acid is used instead of mineral acid because
mineral acids may cause precipitation of EDTA.

Next, the sample is transferred to a dual tube as shown in Fig. 4.

Cyanide electrode —e— ======ﬂ
g
8

Sample drain

=

Gas permeable membrane‘////i

Low voltage mercury lamp

VJ 1 |- =~ Sample
)

\
¢
)

Sodium hydroxide soltuion —=

Fig. Complex cyanide decomposition and
free cyanide separation portion of
the T-CN monitor
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The inner tube of the dual tube is made of a material which 1is
permeable to gas (like, teflon). Free cynide is transferred into the
0.2N sodium hydroxide solution which is flowing through the inner tube.
When the sample contains sulfides, hydrogen sulfide is formed and also
transferred into the sodium hydroxide solution. To eliminate this, the
sample is passed through a column filled with particulate lead peroxide
before being transferred to the ion electrode for cynide measurement.

By controlling the flow rates of sample and sodium hydroxide, it is
possible to concentrate cynides to a certain degree.

In June 1981, a prototype monitor was installed and placed in
operation at a pumping station. Many plating industries are located in
the drainage area of the pumping station.

One of the problems revealed by the field test is the interferences
probably caused by organic substances. When UV light is irradiated on
the sample under acidic condition, the organic substances with high
molecular weight are decomposed into those with low molecular weight,
some of which pass through the membrane and interfere with the cynide
measurement. The degree of interference when teflon is used as the
membrane, is about 0.05 to 0.1 mg/% as cyanide. This interference can
be reduced to about 1/3 by passing the sample through an activated carbon
column before taking the measurement with a cynide electrode. However,
since it is desirable to set the detection limit at about 0.01 mg/%,
the material of gas permeable membrane, capacity of mercury lamp, and
other factors are being re-investigated.

This type of total cynide monitor requires much less maintenance
than the previous ones, and is considered to be put into practical use

more widely.
Development of Automatic Sampler Actuated by pH-meter

An automatic sampler, possessing the function to detect abnormal
variations in water quality and begin sampling, will be a very effective
tool in improving the industrial wastewater monitoring system. At
present, the most suitable detector for this purpose would be a pH
sensor, considering that it can be used inside the sewer. Therefore,
automatic samplers operated and controlled by the signals from pH

sensors have been developed and undergone field tests.
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Three prototype models of the samples were manufactured: 2

portable and 1 statiomnary type.

a. Portable type automatic samplers

in manholes.

(1)

(2)

(3)

(4)

(5)

(6)

(7

The portable type automatic samplers are designed to be placed

Shape

Power source :

Sample volume

Mode of smapling:

Suction head

pH sensor :

pH recording :

Their major specifications are as follows.

Shaped to be fitted in standard manholes

Battery (operates for a week without re-

charging)

500 mf, 12 times

Sampling with signal from pH sensor or

periodic sampling, selectable

5 m or more

Accuracy of less than *0.1 pH with clean
water, and equipped with electrode cleaning

attachment

Analog or digital.

If digital, the recording shall be done

once every hour during normal condition, and
once every 10 minutes if the pH deviates
outside the set range. Sampled time also

shall be recorded.

The success of this type of automatic sampler depends largely

on the availability of reliable pH sensors. The pH sensors used

for these models are shown in Fig. 5 and Fig. 6, respectively.
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— 15 - Guard pipe for power supply

/——Reference electrode and thermister

| Junction made of Tefron
| ———— Guard pipe

N\
\

| —————— Glass electrode

| ——————— Brush

\ /—~—7- Motor for driving brush .

Fig. 5 pH sensor (Type I) for the automatic sampler
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Fig. 6 pH sensor (Type II) for the automatic sampler
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The Type I sensor shown in Fig. 5 has a built-in pre-amplifier
and power source, which reduce noise caused by outside disturbances.
The glass electrode is mechanically cleaned by a brush which is
actuated by a timer. The Type II sensor shown in Fig. 6 has an all
solid-state glass electrode whose surface is cleaned by a rotor
driven by magnetic stirrer. One model uses a vacuum pump to take
samples and has an analog recorder for pH; while the other takes
samples using a tube pump and records pH on a digital printer.

The samplers were trial-run in the field for 1 year to check
their reliability and to make necessary inprovements. The precision
of the pH sensors of both types were found quite satisfactory.

After continuous maintenance free operation for one week, the
maximum difference in the measurement with pH standard scolution was
found to be 0.3 pH.

However, dpending on the installation site, large sized
floating substances sometimes became entangled on the electrode.

The shape of the electrode as well as its holder had to be made as
smooth as possible.

Concerning the dimension of the sampler, its maximum O.D. was
530 mm so that it could be fitted in standard manholes of 600 mm I.D.
However, in many cases, steps in the manholes reduced the available
space. Therefore, the 0.D. of the commercial model sampler is
recommended to be 450 mm maximum. Also, since the battery and the
sampled water made the monitor heavy, it became necessary to make
it a lighter one. The target weight was set to be 30 kg. After
making these improvements, commercial products have been marketed

from this year.
b. Stationary type automatic sampler

This type of automatic sampler operated and controlled by
a signal from a pH sensor was designed to be permanently
installed at the inlet sewer or grit chamber of a sewage treat-

ment plant as well as at the grit chamber of a pumping station.
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Since commercial power supply is available at these instal-
lation sites, a refrigerator to preserve the samples was
desigred to be built into the sampler, and also where necessary,
output for telemetering signals to indicate pH measurements and
sampling was provided. 24 sampling bottles of 500 ml were pro-
vided and the sample size was made selectable, between 1 bottle
and 4 bottles. The pH sensor used is almost the same as Type I
shown in Fig. 5, the difference being that the glass electrode
1s cleaned with ultrasonic waves.

Field tests were conducted for more than 6 months by instal-
ling the automatic samplers at the grit chamber of a municipal
sewage treatment plant as well as at a grit chamber of a sewer
system into which large guantities of tannery wastewater flow.

At the former site, the flow velocity was about 2 to 3 m
per second and large size floating substances became entangled
severely. The error of measurements when the electrode was
covered by these substances reached as much as 1 pH. However,
the measurements could be easily restored to normal through
removal of the large size trash that entangled the electrode.
The growth of slime on the electrode was very slight due to
the rapid flow. As in the portable type sampler, it is
important to shape the electorode in such a way that large size
float.ng substances do not become entangled on it. The effect
of cleaning the electrode with ultrasonic waves was not clear
because only a little slime adhered during the period without
cleaning.

The field test at the grit chamber into which tannery waste-
water flowed was conducted under a severe condition. Sometimes
a thick scum formed on the surface of the grit chamber because
the capacity of the chamber was too large for the actual flow.
This gave rise to several troubles, namely, the sampling tube
tended to get clogged, fats and oils adhered to the pH elect-
rode, and so on. Therefore, the field test is, still being

continued to make improvements in the sampler.
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EVALUATION OF THE PERFORMANCE OF pH SENSOR - EVALUATION OF DETECTORS FOR
AUTOMATIC PROCESS CONTROL

Avaiability of suitable automatic water quality analyzers with
enough reliability and precision is an essential factor in automatic
treatment process control. Whereas, adequate information regarding
reliability and performance under the field conditions are not always
necessarily available. The data provided by manufacturers usually refers
to results with clean water, and rarely refers to the actual field
conditions.

For this reason, the Ministry of Construction began investigating
the reliability and performance of these instruments when used under
practical field conditions.

Beginning this year, a pH meter was selected as the first object of
investigation. The investigation includes establishment of the methodo-
logy to evaluate these detectors.

Following is the current test protocol for the pH sensor evaluation.

(1) Participating manufacturers shall supply 2 units of their products,

respectively.

(2) All instruments shall be installed under identical conditions. And

the installation shall be done by the manufacturers, themselves.

(3) out of the 2 units, one shall be operated continuously without any
maintenance work until its measurement error exceeds a predetermined

level (Test I).

(4) The other unit shall be operated during the test period with
standard maintenance works, that is, cleaning, calibrating and so

forth at periodic intervals (Test II).

(5) Total period of the experiment shall be longer than 2 times the

period to run Test I, or 3 months.
(6) Manual analysis shall be done at least once everyday.

(7) At the end of Test I, pH standard solution shall be measured to

determine the measurement error.
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(8) Prior to each calibration operation in Test II, pH standard solution

shall be measured to determine the measurement error.

(9) The user or a third party shall perform the manual analysis and
regular maintenance work; and repairs, if any, shall be entrusted to

the manufacturer.

(10) The tests shall be conducted at least 2 places, one under favourable
conditions for the measurement and the other under adverse con-

ditions.

(11) Using data obtained from the experiment, such as zero drift, span
drift, difference of measurement from manual measurement, change in
response, executed maintenance work, and so forth, the relationship
between accuracy and maintenance, or frequency of maintenance to

obtain data with a certain level accuracy shall be examined.

Experiments to evaluate the performance of pH meters are scheduled
for September 1981 at a municipal sewage treatment plant with the
participation of 4 different manufacturers. The initial series of
experiments shall be conducted at a grit chamber for dry weather flow,
and the subsequent ones are scheduled in a primary settling tank or
aeration tank. In the service area of this treatment plant, numerous
chinese restaurants are located, disposing off fats and oils which render
difficult conditions for automatic measurement.

The cleansing methods employed in the 4 different versions of
instruments include one with air bubbles, one with water jet, and two

with ultrasonic waves.
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4. AUTOMATIC MONITOR FOR SEWAGE TREATMENT PLANT EFFLUENT

4.1 INSTALLED STATUS OF AUTOMATIC MONITORS FOR ORGANIC SUBSTANCE

In conspicuously developed regions, effluent standards which
regulate only concentrations are not always adequate to curb the in-
creasing water pollution; so in 1979, the Water Pollution Control Act
was amended to implement a total loading regulation system. The regions
where this Act is applied are currently the Tokyo Bay, Ise Bay, and
Seto Inland Sea basins; and the pollutant covered by the system is
limited to COD load (manganese method). By this act, the specified
sources of pollution which discharge more than 400 cubic meters of waste-
water were made obliged to install automatic monitors giving data that
are highly correlated with manually analyzed COD, and to make continuous
recording of the load. The designated instruments for this purpose are
the UV photometer, COD meter, TOC meter, and TOD meter.

The sewage treatment plants which were subject to the above
obligations numbered 67 around the Tokyo Bay region, 48 around the Ise
Bay region, and 124 around the Seto Inland Sea region, that is a total
of 239 sewage treatment plants. And the instruments installed are 229
UV photometers in 204 sewage treatment plants, 32 COD meters in 32
plants, and 5 TOC meters in 5 plants. Plants having multiple drainage
outlets are obliged to install such instrument at each outlet.

Of the total installed instruments, UV meters account for the
largest part. Since the UV photometer requires less maintenance and
is rather inexpensive as compared to other instruments, its usage is
recognized so far as its data have good correlation with the manually
analyzed COD.

Generally speaking organic substances do not have strong absorption
characteristics against the UV light of 253 mm wavelength, which is used
in the measurement, but sewage which has undergone biological treatment
contains substantial amounts of refractory organic substances which absorb
UV light with a wavelength of that vicinity. Therefore, a relatively
favourable relationship between UV absorption and COD seems likely to be

attained.

160



However, if the effluent is colored due to industrial wastewater
and so forth, the UV photometer may not give an appropriate index. In
this case, a COD meter or some other instrument is usea.

The total number of pollutors which are obliged to take automatic
measurements under the total loading regulation system is about 4000,
out of which about 80% employ UV photometers. The enforcement of this
type of obligatory automatic measurements is considered to be very

effective.
DEVELOPMENT OF AUTOMATIC TOTAL PHOSPHORUS MONITOR

The total loading regulation system, as mentioned earlier, is
enforced in limited areas with a limited parameter. However, there are
several stagnant water bodies, like, lakes, etc., whose water quality is
gradually deteriorating. So, in the future, not only implementation of
more stringent effluent, concentration standards, but expansion of the
total loading regulation system is expected. Especially concerning
nutrients, national environmental standards and effluent standards are
not yet established, but the control of eutrophication of stagnant water
bodies is coming up as one of the most important topics in water pollu-
tion control policy. 1In the near future national standards are likely
to be established.

Removal of nutrients, especially phosphorus removal in sewage
treatment is keenly awaited. Although technological and economic pro-
blems still remain unresolved, a couple of treatment plants, which dis-
charge their effluents into lakes, already have or have a plan to
construct phosphorus removal facilities. Under these circumstances,
it can be expected that in the future automatic measurement of total
rhosphorus in sewage will be on schedule. Therefore, technological
research to develop an instrument for this purpose has begun.

The most important part in analyzing the total phosphorus is the
decomposition of organic phosphorus into orthophosphate. Therefore,
automatic monitoring of phosphorus is being studied placing emphasis on
decomposition of crganic phosphorus. The following three decomposition

methods are being studied:

(1) Decomposition by adding potassium persulfate and sulfuric acid to

the sample, and heating the solution.
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(2) Decomposition by UV irradiation
(3) Decomposition by electrolysis in the presence of sodium chloride

Method 1 is used in manual analysis which will be the official
analytical method for the expected water quality standards, and a couple
of manufacturers have already manufactured prototype models of this
instrument based on this method. 1In Method 2, it is already known that
complete decomposition with UV irradiation only is impossible, so that
addition of oxidizing agents, heating, and other means are being
examined. And, as to Method 3, the decomposition of organic phosphorus
is considered to be done by chlorine and oxygen which is generated by
electrolysis. This method is reported to be effective in decomposing
the organic phosphorus contained in sea water.

The phosphorus in secondary effluents exists mostly as dissolved
ortho-phosphate. Taking this into account, investigation is being
continued to establish the most appropriate decomposition method for the
automatic analyzer, and production of orototvpe models, field tests and

assessment are scheduled for 1982.
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INTRODUCTION

Makurazaki city is situated in southern Kyushu and as a port has
performed important duty as a southern ocean fishery base, especially
for the landing of bonito and mackerel,

The city has a great number of medium and small size factories
manufacturing dried bonito, the flakes of which are a popular seasoning
in Japan. The factories are scattered over about 130 locations in the
downtown area. As the wastewater discharged from those factories in-
creased, the water pollution in small rivers, drains and the port sig-
nificantly worsened. Therefore Makurazaki city planned to receive these
fish processing wastes into its municipal wastewater treatment plant to
improve water pollution in public water bodies.

Fish processing wastewater is high in BOD and Nitrogen compared
with domestic wastewater, and fluctuates hourly both in quality and
quantity. Accordingly, pilot plant experiments were conducted to
determine the design and operational conditions of activated sludge

process to obtain the effluent BOD of 20 mg/% or less.
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2.

INVESTIGATION OF WASTEWATER

2.1 Fish Processing Waste

Investigation was made of the quantity and quality of the waste-
water from 4 factories selected according to the size of each factory.
The manufacturing process of dried bonito is shown in Fig. 1.

As shown in Fig. 1, the main processes, in which wastewater is dis-
charged from the bonito drying factories are; defrosting, cutting and
boiling. These factories run during the daytime only. As the con-
crete floors and instruments are cleaned at the end of operations in
each factory, the wastewater from the cleaning work is also discharged
from these factories. As for the wastewater from boiling process, only
the overflow is discharged during operation, and the concentrated solu-
tion remaining in caldrons is usually recovered and used as the material
for manufacturing seasonings. However, the comparatively dilute solu-
tion remaining in the caldrons is not recovered and is discharged on
weekend.

The characteristics of the three types of processing wastewaters

shown in Fig. 1 are as follows:

Wastewater from defrosting process: At the early stage of dis-

charge, the wastewater temperature was especially low at 3 -
4°C. The BOD gradually increased from 350 mg/% and finally
reached about 3000 mg/f during discharge. Its quantity was
about 53% of the total wastewater.

Wastewater from cutting process: The suspended solids in this

wastewater was around 1000 mg/f and a large amount of bloody
water was included. The BOD was 2000 -~ 5000 mg/R. 1Its
quantity was 43% of the total wastewater.

Wastewater from boilding process: The suspended solids in this

wastewater was around 2000 mg/f, the BOD was 1000 - 5000 mg/%,
and the normal hexane extract substance was 500 mg/%.

Compared with the wastewater from other processes, the con-
centration of this wastewater was highest, but its quantity

was only 4% of the total wastewater.
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Table 1 Average wastewater quality in each process

BOD (mg/f) (mzjﬁ) f§§§%)
FactoryProcess ?igrOSt_ Cutting | Boiling ?iiging Average | Average | Average
Factory A 806 3,360 7,110 - 1,970 714 1,440
Factory B 731 2,370 7,170 1,420 1,610 293 1,130
Factory C 578 1,770 6,380 | 4,350 { 1,570 776 1,300
Factory D 392 4,010 13,940 4,550 1,760 434 1,210
Average 623 - 2,270 8,190 - 1,720 542 1,260

Table 1 shows the average wastewater qualities investigated accord-
ing to the each process of 4 factories. The ratio of BOD/CODmMp/SS was
about 3/2/1.

In order to project the fluctuation in the influent quality coming
into a wastewater treatment plant, the quality and quantity of waste-
water were investigated in drains which accepted fish processing waste-

water (Fig. 2).
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Fig. 2 Pluctuation of BOD
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During the operation hours of the factories, from 8 a.m. to 4 p.m.,
the BOD was 730 - 1460 mg/% (averaging 960 mg/%), but at other times it
was 200 mg/%.

Estimation of Combined Wastewaters

The quantity and quality of the combined wastewaters were estimated

as shown Table 2.

Fish processing wastewater was estimated to account for 26% of
the total inflow at the start of joint wastewater treatment, and for its
influent quality, the BOD was 500 - 600 mg/f and the Kjeldahl nitrogen

was 100 - 150 mg/% in most cases.

Table 2 Estimation of combined wastes

1st stage Final stage
anntity (ma/day)
Domestic Wastes
Av, 3,618 15,200
Daily Max. 4,576 19,200
Hourly Max. 6,479 27,200
Industrial Wastes
Av. 777 1,270
Dailt Max. 1,224 2,000
Hourly Max. 3,672 6,000
Total
Av. 4,395 17,200
Daily Max. 5,800 21,200
Hourly Max. 10,151 33,200
Quality (mg/%)
Domestic Wastes
BOD 175 mg/% 175
SS 158 mg/% 158
Industrial Wastes
BOD 1,715 mg/L 1,715
Ss 556 mg/% 556
Total
BOD 500 330
SS 240 200
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3. EXPERIMENT AND ANALYSIS

3.1 Pilot Plant and Experimental Procedures

Experiments of combined treatment of fish processing waste and
domestic waste were conducted for about 1 year using an activated
sludge process pilot plant.

The flow diagram of the pilot plant is shown in Fig. 3. Speci-
fications of major facilities are shown in Table 3.

The pilot plant was operated in two modes of activated sludge
process and recycled nitification and denitrification process.

In the experiments, it was planned to completely nitrify the effluent
by the addition of alkali in order to assure the effluent BOD at less
than 20 mg/%, since the influent nitrogen concentration was relatively
high. Further, the recycled nitrification and denitrification process

was studied in summer season to minimized the alkali dose rate.
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Table 3 Specifications of major facilities

Name of facility Specifications

. . . 3
Reservoir of domestic Effective volume 2.5 m
wastewater
Reservoir of industrial Effective volume 700 £
wastewater
Reservoir of influent Effective volume 200 R
Mixing tank Effective volume 50 £

(preaeration tank)

Primary settling tank Diameter 0.6 m
Effective depth l.é m
Aeration tank Effective depth Width Length

1.08 m x 0.7 mx 2.0 m

(Divided equally into four compart-
ments by porous walls)

Final clarifier Diameter 0.5 m

Effective depth 1.5 m
Return sludge reaeration Effective volume 200 £
tank

Table 4 shows the operational conditions of the pilot plant

study.
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Table 4 Operational conditions of pilot plant

Mode of Temperature Aeration Return sludge BOD loading MLSS SVI SRT Effluent
No. operation . time razlo ( BOD-kg ) X ,
( C) (hr) (G) Mlss—kg-day (g/ ) —) (days) pH
1 Activated 8.9%20.7 15.3v25.5 50 0.17%0.71 1.3%2.0 | 360V710 7v17
sludge process (14.0) (21.2) (0.38) (1.7) (570) (11)
> Activated l1.6Vv18.1 19.5%v27.3 100 0.21"0, 42 1.9%2.7 | 250V400 5Vv17
sludge process (14.5) (23.8) (0.30) (2.2) (290) (12)
3 Activated 11.5%23.6 19.7v36.7 200 0.08%v0.75 1.1nv2.8 ) 130MW530 8Vv64 5.9v7.5
sludge process (16.3) (24.3) (0. 38) (1.8) (230) (16) (6.8)
4 Recycled 11.5v16.4 22.4V25.5 200 0.14"0. 40 1.4Vv4,.3 | 130640 5v179| 5.7Vv7.5
process (14.6) (23.9) (0.22) (2.7) (290) (33) (6.9)
5 Recycled 12,2716, 8 46.8Vv51.4 100 0.08Vv0.25 1.3v1.9 | 340730 | 29Vv32 6.3Vv7.0
process (13.2) (48.5) (0.12) (1.6) (520) (32) (6.6)
6 Recycled 11.5v15.5 23.8Vv50.0 100 0.04n0. 19 0.9V5.2 89320 | 16V51 7.0V7.4
process (13.2) (35.8) (0.11) (3.4) (190) (28) (7.2)
2 Recycled 18.5%23.5 21.8%v27.3 100 0.08V0. 30 2.5Vv4.5 | 210340 8v22 6.8V7.3
process (21.7) (23.8) (0.17) (3.6) (250) (13) (7.0)
8 Activated 8.2v15.7 22.9%25.9 100 0.11v1.24 2.4v4.9 627240 |10Vv16 5.8V7.5
sludge process (12.4) (23.0) (0.17) (3.7) (140) (12) (6.7)
9 Activated 11.5v15.9 24, 3Vv25.7 100,150 0.24Vv1,13 2.1v3.4 | 69v98 14721 6.3Vv7.8
sludge process (13.4) (25.2) (0.17) (2.8) (86) (18) (6.8)

Figures in parentheses show the average values.




(1)

(2)

(3)

(4)

(5)

(L)

The major experimental procedures were as follows:

The domestic sewage and the bonito processing wastewater, which
had been collected in their respective storage tanks, were homo-

genized in a mixing tank and fed to the primary settling tank.

For the fluctuation in the influent BOD loading, the influent BOD
in the daytime (9 a.m. - 5 p.m.) was set at about 1000 mg/%, and
the influent BOD in the nighttime (5 p.m. - 9 a.m.) was at about
400 mg/4.

To fix the wastewater temperature inside the aeration tank, the
cooling water was circulated inside the tank through the cooling

tubes.

Slaked lime milk was used to control pH in the aeration tank.
If this milk was allowed to be kept for a long period, it was
gradually converted to calcium carbonate. Therefore, it was
prepared immediately before the dosing and added directly into

the aeration tank.

At the early stage, the SVI became 500 or more, so that the raw
wastewater was directly sent into an aeration tank bypassing
the primary tank. After this, the SVI temporarily fell to 200
or less, but then rose again. To improve this condition, 30 mg
of kaoline per liter of influent was dosed as an inorganic

component.

The pilot plant experiment was started with the MLSS of 2500 mg/%
and the aeration time of 16 hrs, and these operational conditions weia

modified according as the operational performance of the pilot plant.

Operation for acclimation of biological sludge (12 January - 10
February)

The seed sludge from the existing wastewater treatment plant,
was introduced into the pilot plant for the start of sludge ac-
climating operation, The wastewater temperature was around 10°C,
and the MLSS was 2500 mg/f when the initial operation was started. The
influent BOD was 250 mg/% and the effluent BOD obtained was 20 mg/&
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(2)

(3)

(4)

or less. The BOD loadipg was 0.17 kg/kg-MLSS/day and the SVI was 200.
However, the SVI later rose to 400 - 600 and the MLSS fell to 1500 -
2000 mg/%. Therefore, the BOD loading in the tank became 0.24 kg/kg -
MLSS/day. At the same time, the carry-over of biological sludge was
observed and the effluent BOD exceeded 100 mg/%, but the dissolved

BOD was maintained at 5 mg/% or less.

Case 1 (10 February - 8 March)

The experiment was intended to maintain the MLSS of 3000 mg/%
at the aeration time of 16 hrs. The SVI was as high as 400 - 600
and it was impossible to maintain the MLSS of 300 mg/%.
Therefore the aeration time was altered to 24 hrs. Though ex-
treme carry-over of biological sludge was not found, the effluent
BOD remained at 30 - 60 mg/%. To investigate the cause of the
relatively high effluent BOD, a survey was made of BOD and
nitrogen compound distributions in the aeration tank. As a
result, it was found that nitrite was liable to accumulate in the

aeration tank due to the oxidation of ammonia and organic nitrogen.

Case 2 (10 March - 29 March)

The higher dissolved BOD concentration in the influent
brought about an MLVSS-MLSS ratio of about 0.9, so that the SVI
considerably increased. Therefore, in order to maintain lower
SVI, the influent was made to bypass the primary settling tank
and introduced directly into the aeration tank. As a result,
SVI fell to around 250 and the MLSS attained 1800 mg/%, although
the effluent BOD did not become 20 mg/% or less. Furthermore,
filamentous microorganisms in the aeration tank disappeared,
and instead, ciliatea became the predominant species. The ef-
fluent BOD from the final clarifier was found to be higher than
that of mixed liquor supernatant in the aeration tank because of

the incomplete nitrification.

Case 3 (30 March - 8 June)

For the purpose of lowering the apparent influent concentra-
tion in the aeration tank, the sludge return rate was in-
creased from 50% to 100 - 200% and, at the same time, the SRT was
controlled to depress the nitrification. When the sludge return rate

was adjusted to 100% and the SRT was set at 10 days, the BOD loading
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in the aeration tank increased with the decrease in MLSS. Accord-
ingly, the effluent BOD was not improved. Further, as the wastewater
temperature was 16 - 19°C, nitrification tended to still continue.
The sludge return rate was altered to 200% and the SRT was readjusted
to 12 days. As a result, the SVI fell to 150 and thc MLSS rose to 2500
mg/f. At this time, the effluent BOD was maintained at 20 mg/% or
less. Then, as the settleability of the sludge was improved, the
sludge return rate and the SRT were altered to 100% and 40 days re-
spectively. Consequently, the effluent BOD and ammonia becane 10
mg/% and 0.1 mg/f respectively, but the pH was lowered to 5.8.
Therefore, 200 mg/% of slaked lime was added to adjust the pH to

7.0.

(5) Case 4 (9 June - 6 July)

In order to reduce the amount of lime milk required for
nitrification, the recycled nitrification and denitrification
process was applied. 1In this case, the first compartment of the
aeration tank was arranged to be in an anoxic condition (DO: 0.2
mg/f or less). The wastewater temperature was set at 14°C and,
in order to maintain MLSS high, the SRT of 30 days was used for
this operation. The sludge return rate was set at 200% to in-
crease the alkaline production in the anoxic compartment as much
as possible. Filamentous microorganisms were gradually generated
in the tank, which resulted in the raise of SVI. Threfore, this

experiment was discontinued halfway.

(6) Case 5 (July - 27 July)

In application of the recycled nitrification and denitrifi-
cation process, it was considered that the BOD loading to the
aeration tank should be reduced for successful operation.
Accordingly, aeration time was set at 48 hrs. As, however, the SVI
failed to drop to the desired value and remained at around 500,

30 mg per litre of kaoline was dosed into the tank. Fifteen days
from the start of kaoline dosing, the SVI fell to 350 and the MLSS
became 1900 mg/fL. The effluent BOD was about 10 mg/fL. The
nitrification of the effluent reached nearly 100% by dosing the
mixed liquor with 100 -~ 150 mg/% of lime milk.
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(7) Case 6 (28 July - 5 October)
In the previous experiments of the recycled process, the
first cowmpartment of the aeration tank was arranged to be in an
anoxic state. In order to reduce the dosing rate of lime
milk, the second compartment was also made to be 1n an anoxic
condition. Further, as the MILSS began to rise, the aeration time was
gradually shortened to 48 hrs, 40 hrs and 32 hrs. As a result,
the amount of lime milk required for dosing was decreased to 50
mg/%, and the effluent BOD reached a stable state around 20 mg/f.

At this time, the wastewater temperature was 12 - 14°C.

(8) Case 7 (6 October - 31 October)

The wastewater temperature was raised to 20°C, and the aera-
tion time was shortened to 24 hrs, but the effluent BOD was kept
to 1.6 - 13.5 mg/% and nitrification proceeded almost completely
with addition of around 40 mg/f of slaked lime.

(9) Case 8 (1 November - 28 November)

In Case 8 and subsequent experiments, the operational mode
was changed to the activated sludge process with lime milk addi-
tion. 1In Case 8, investigation was made to stabilize the efflu-
ent quality of BOD 20 mg/f under 24 hour aeration and wastewater
temperature of 12 to 14°C. As a result, 300 mg/{ of dosing
slaked lime brought about an effluent BOD of 11.7 mg/% and a

nitrification rate of 95%.

(10) Ccase 9 (29 November - 17 December)
The effect of the influent quality fluctuation upon the

effluent BOD was investigated. For this purpose, the influent
BOD was set at 1000 mg/% for the daytime (9 a.m. - 5 p.m.), and
at 400 mg/f for the nighttime (5 p.m. - 9 a.m.}). The pilot plant
was operated at 25 hr aeration time and dosing rate of about 250
mg/% of slaked lime. As a result, the effluent BOD attained 3.1
- 11.6 mg/%.
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3.2 Results

3.2.1

Analytical Results
Table 5 shows the overall analytical results of the pilot
plant experiments.
Influent Quality
The influent BOD was 200 - 1000 mg/f, averaging 600 mg/%
approximately. The ratios of BOD to other wastewater quaility indices

become higher as BOD increases, but within the range of BOD frum

500 to 700 mg/%, the ratios are as follows:
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Table 5

Analytical results

T-BOD ss KJ-N NHZ—N NO,-N No;—N Alkalinity
(mg/L) (mg/L) (mg/L) (mg/L) (mg/%) (mg/L) (mg/L)
In. Eff. In. Eff. In. BEff In. Eff. Eff. Eff. In.
284v1150¢ 18v171 51148 664
(547) (56) (89) (25)
407v963 1095 922803 8v49 49.0Vv117 10.5v41.5| 6.7V17.5 onv1z2.5
(656) (46) (202) (28) (90.7) (27.0) (11.7) (4.2)

2361500 16Vv153 80266 | 10V73 18.4%210 0n39.4 3.3v31.4 0Vv10.5 150349
(615) (62) (153) (35) (69.7) (10.4) (14.2) (3.4) (260)
286725 769 26540 5v85 | 90, 7Vv152 | 0.7Vv23.7 | 27.8v81.0 0v15.3 0.03Vv17.0 1.2v56. 8 180v417
(544) (24) (221) (24) (118) (5.5) (48.5) (2.6) (3.9) (15. 3) (319)
179593 512 1657513 613 [ 92,0142 | 0.4Vv1.6 30.5%60.5 0.1nv2.1 0.3v4.6 0.6Vv8.3 2871386
(384) (7) (240) (12) (117) (0.9) (42.3) (0.6) (1.6) (4.8) (347)
188Vv1060 335 178Vv720 2v32 {84.0V171 ) 0.3Vv48.6 | 20.9v102 0.1v45.8( 0.01Vv1.58 2.1v15.9] 2427409
(538) (14) - (313) (7) (129) (16. 4) (60.6) (10.9) (0.69) (6.2) (324)
301968 214 163v735 33l 102v154 { 0.6%v24.2 | 46.0V116 0.1v22.7 1 0.04n2.0 6.5v15.5] 251v401
(593) (5) (310) (9) (126) (5.3) (84.4) (3.8) (0.62) (10.1) (328)
355885 223 193%v377 222 {1 50.1v193 ) 0.3v23.9 1 15.3Vv162 0v22.9 | 0.14V15.5 5.4v45.2f 147Vv343
(628) (12) (270) (9) (126) (6.0) (79.8) (1.9) (7.9) (26.7) (292)
311800 312 120308 279 69.7v142 | 0.1v6.1 43,9v78.7 on2.8 0.8v4.5 35.7v39.9] 160340
(494) (6) (204) (5) (104) (1.5) (59.6) (0.7) (2.3) (31.8) (274)

Figures in parentheses show the average values.




3.2.3

To CODyp 8

2,

To Suspended Solids 2.16
To Total Nitrogen 5
1.

To Total Alkalinity 8

The ratio of BOD:N:P was 40:8:1. Compared with ordinary
municipal wastewater, the nitrogen content was comparatively high.
Further, the values of wastewater quality indices other than BOD,

in most cases, were as follows:
CODpp :  About 200 mg/%
Suspended Solids : About 250 mg/%
Alkalinity : 250 - 350 mg/%

Nitrogen : Both nitrite and nitrate were scarcely
present in the wastewater. Kjeldahl
nitrogen was 100 - 150 mg/% and about a

half of it was accounted for by ammonia.

Phosphorus : The total phosphorus was 10 - 20 mg/f and
60 - 80% of the phosphorus was orthophos-
phate,

Normal Hexane : 20 mg/% on the average. When the overflow

Extract Substance from the caldrons came into the waste-

watex, 300 mg/l was reached due to the in-

creased oil and fat contents.

Operational Conditions of Aeration Tank

When a primary settling tank was installed and the effluent
from the tank was introduced into an aeration tank, the MLVSS/MLSS
ratio became 90% or more. Because of relatively low content of
inorganic matter, the settleability of activated sludge was poor.
Therefore, the influent was made to bypass the primary settling tank
and to flow directly into the aeration tank. As a result, the MLVSS/
MLSS ratio went down to 80%, and SVI was lowered from 500 to 200.
After this, the settleability of sludge became worse again, so that
30 mg of kaoline per liter was introduced into the mixed liquor. As a

result, SVI was improved. SVI was lowered when Sa-t [Sa: MLSS (g/%),
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t: acration time (hours)] became high. SVI was corrclated with Sa-t

and wastewater temperature as follow:

SVI = 922.1 - 17.5 (WT) ~ 7.3 (Sa-t) cevvenninninnnnn vee e (1)
wWhere,

WT = Wastewater temperature (°Q)

Operational condition under the stable state were as follwos:

The 90% reduction of dissolved BOD was completed in the first
compartment of the aeration tank, when the activated sludge process
was applied. The nitrification showed almost the same tendency as
the reduction of dissolved BOD.

When the recycled nitrification and denitrification process was
applied with two anoxic compartments, 60% of dissolved BOD was
reduced at the end of the first compartment and 90% of dissolved
BOD was reduced at the end of the second compartment. And nitrate
became about 0.1 mg/f at the end of the first compartment, about 5
mg/% at the end of the second compartment and about 12 mg/f at the
end of the third compartment and about 14 mg/% at the end of the
fourth compartment of the aeration tank.

In either the activated sludge process or the recycled
nitrification and denitrification process, the oxygen utilization
rate was estimated at 1.1-1.2 times the BOD removed. As for the
activated sludge microorganisms, when the effluent quality was fa-
vorable, ciliatea became the predominant species. Especially when
SVI and the MLVSS/MLSS ratio were comparatively low, aschelminthes
appeared. Further, rhizopodes, especially Arealla were found when

the nitrification was progressing favorably.

BOD loading vs. Efficiency

The relationships between BQD loading and BOD remaining rate
are shown in Fig. 4. 1In winter season, the BOD loading was required
to be 0.2 kg/kg.MLSS/day or less for the activated sludge process
and 0.1 kg/kg.MLSS/day for the recycled process in order to get the
BOD remaining rate of 3.3%, or the efflueht BOD of 20 mg/f.
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Fig. 4 BOD-SS loading vs, BOD remaining rate
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Alkali Balance for Nitrification

The alkalinity which is consumed when organic nitrogen and
ammonia are converted to nitrate are theoretically 3.57 mg/% and
7.14 mg/% respectively. The average content of Kjeldahl nitrogen
in the influent was 125 mg/Q, of which about 1/2 was ammonia. The
alkalinity of the influent was 323 mg/%. Accordingly, in the
activated sludge process, the shortage in alkalinity was calculated

as follows:
(125 x 0.5 x 3.57 + 125 x 0.5 x 7.14) - 323 = 346 {(mg/)

In addition, the residual alkalinity, which was required to
maintain the pH of effluent around 7, was about 50 mg/%{. Total
alkalinity of 400 mg as CaCO3 is equivalent to slaked lime of
300 mg approximately. Therefore the actual dosed amount of slaked
lime (= 300 mg/%) coincided with the calculated one. In the
recycled process which was applied at the influent temperature
of around 20°C, the slaked lime dosed was only 40 mg/%. The
relationship between the actual and the calculated amounts of

alkali consumption are shown in Fig. 5.
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Fig. 5 Comparison of alkali consumptions

3.3 Analysis

In analyzing the results of the pilot plant experiments, the fol-

lowing multiple regression model was used.

a a a
Y = ap X X3! X K52 X i X Xp eeeiinnnnns e (2)
Where, Y : dependent variable

X1 VvXph: independent variables

The data used in the multiple regression analysis were mostly the
operational results of the activated sludge process. Table 6 shows
the single correlation coefficients of the major operational parameters
of the activated sludge process. WT, MLSS, BOD-SS loading, F/M, and Sa-t
have large correlation coefficients to BOD remaining rate, and these
values are more than 0.74. On the contrary, since aeration time and
influent BOD were not altered much during the experiments, their correla-

tion coefficients to BOD remaining rate were rather small.
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Table 6 Single correlation coefficient
IN IN- BOD
. . ouT
R-T w-T ;gb BOD MLSS MLVSS | BOD-SS BOD SVI R SRT F/M BOD remain- Sa-t
COoD T/S ing rate
R-«T 1 0.46 0.43 0.10} -0.27 | -0.39 0.47 0.41} -0.20 0.00 0.10 0.58 0.09 0.17 | -0.22
W .T 0.46 1 -0.11 0.04; -0.87 0.10 0.85 0.73 0.26 0.00 | -0.106 0.83 0.23 0.75 | -0.86
IN BOD 0.43 -0.11 1 0.50 0.18 | -0.32 0.26 0.27 0.03| -0.23 1} -0.09 0.32 0.26 0.12 0.19
N 29D 0.10 0.04 | 0.50 1 -0.23 | -0.09 | 0.41 | 0.33|=-0.05| 0.51| 0.30 | 0.37 | 0.45{ 0.12] -0.24
COD
MLSS 0.27 -0.87 0.18 | -0.23 1 -0.34 | -0.87 | ~-0.82 | -0.45 | -0.17 0.03 {-0.79 {-0.49 0. 89 1
MLVSS -0.39 0.10 | -0.32 0.09 ]| -0.34 1 -0.09 0.23 0.65] -0.17 | -=0.10 | -0.16 | -0.05 0.33| -0.36
[
f§ BOD-SS 0.47 0.85 0.26 0.42 | -0.87 0.01 1 0.92 0.40 0.04 | -0.10 0.97 0.46 0.82 | -0.87
OouT BOD 0.41 0.73 0.27 0.33 | -0.82 0.23 0.92 1 0.60 0.13 0.08 0.85 0.47 0.91 | -0.81
SVl ~-0.20 0.26 0.03 0.05 | -0.45 0.65 0.40 0.60 1 -0.58 { -0.10 0.22 0.24 0.64 | -0.46
R -0.05 0.00 | -0.23 0.51{-0.17 | -0.17 { -0.04 |{~-0.13 | -0.58 1 0.43 0.01 0.31 0.06 | -0.18
SRT 0.07 0.16 | —0.09 0.30 | -0.03 0.10 { -0.09 0.08 | -0.10 0.44 1 -0.11 0.23{ -0.10 | -0.03
F/M 0.58 0.83 0.32 0.37 0.79 | -0.16 0.97 0.85 0.22 0.10 | -0.11 1 0.44 0.74 | -0.78
IN-BOD
7/5 0.09 0.23 0.26 0.45 | -0.49 0.05 0.46 0.47 0.24 0.31 0.23 0.44 1 0.42 | -0.49
BOD re-
maining | 0.17 | -0.75 |-0.12 | 0.12 |-0.89 | 0.33| 0.82 | 0.91| 0.64| 0.06 [ -0.10 | 0.74 | 0.42 1 0.89
rate
k! 0.16 0.84 | -0.30 0.19 | -0.89 0.15 0.78 0.57 0.19 0.30 | -0.17 0.74 0.31 0.70 | -0.89
Where, Aeration time R: Return sludge ratio k': -{10g(OUT-BOD/IN-BOD) }/RT * MLSS
Mixed liquor temperature T/S: Total/Soluble Sa-t: RT X MLSS

BOD-SS:

BOD-SS loading




3.3.1 BOD Remaining Rate

For BOD remaining rate, the following equation was obtained.

BODg R.

Fig. 6 shows

calculated values

-0. 0.
8.923 x (WT) 0.566 (Influent BOD) 467
x (sa-t) 2 Th L (3)
(multiple correlaticn coefficient: 0.941)

BOD remaining rate (%)

Wastewater temperature in aeration tank (°C)

MLSS (g/&), and

Aeration time

{(hours).

the relationship between the measured and the

of BOD remaining rate using the equation.
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Fig. 6 BOD remaining rate

Fig.

7 shows the relationship between BOD remaining rate and

Sa't in regard to the summer water temperature (20°C) and to the

winder one (14°C) when influent BOD is 600 mg/%.

185



%)
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Fig. 7 BUD remaining rate vs. Sa-t
Thy« figure shows ir osrder te¢ sbtain the BOD remainiry rate of
3%, name .y, effluent BOD :s 0 mg, ¥, Sa't should be kept more

rhan 2.9 5, 4-hr and more rnar 5.9 -hr to water temperatures of

i4°

and 20°C,

respectave 1y.

Basec upon this,

the relationshiy

between aeration time and BOD

remalning rate for winter season is shown in Fig. 8.
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Fig.

8 BOD remainingy rate vs.

aeration time

when water temperature is 14°C

It 1s known from this figure that 1in order to obtain the

effluent BOD of 20 mg/% in winter, it 1s required to keep MLSS at

some 2620 mg/? for the aeration time of 24 hrs.
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3.

3.

2

Nitrification Rate

For the nitrification rate, the following equation was obtained

to the variables of mixed liquor temperature, Sa-t and influent

total nitrogen.

-1. -2.834
1 - N.R. = 18.578 x (WT) 1 9le (sa-t) 3
. 2.263
x (Influent nitrogen)  ....... (4)
(y=0.899)
wWhere,
N.R. : Nitrification rate (%)

The relationship between the measured and the calculated values

of (1 - nitrification rate) is shown in Fig. 9.

50

10 - . P
8 1 7/

Calculated value (%)
?

0.5 1 2 3 5 8 10 Eb 36 50

Measured value (%)

Fig. 9 (1 - Nitrification rate)
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Fig. 10 shows the relationship between Sa“t and (1 - N.R.) at
temperatures of 14°C and 20°C, and influent total nitrogen concentration

of 130 mg/%.
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Fig. 10 (1-N.R.) vs. Sa-t

From this figure, it is found that Sa-t required to obtain the
nitrification rate of 90% is 52.5 g/%°hr in winter. Accordingly,
it is known from figures 7 and 10 that nitrification rate can reach
90% if only Sa-t exceeds the value that satisfies the BOD remaining

rate of 3.3%.
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. 3.

Oxygen Demand

The relationship between mixed liquor temperature and oxygen

utilization rate (Op UR) is shown in Fig. 11.
™
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Fig. 11 Mixed liquor temperature vs. 0Oy UR

From this figure, Oy UR is expressed in the

— o
02 UR = 20.1 x (1.0688) (1 20°C)

.................

Fig. 12 shows the relationship between O, UR and BOD removal

at the water temperature of 14°C.
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0.2 . {/ -
[ ]
0.1 //
O - k. 4 A 1
0 0.1 0.2 0.3 0.4
BOD removed/MISS (day~1l)
Fig. 12 O, UR vs. BOD removed
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3.3.4 Sludge Production

Since the excess sludge produced was not expressed well in
multiple regression equation, the data were processed through the

following equation.

AS = @*Lr — b 88" ittt cetnnnneansasoann N ()]
Where, AS : Sludge production (kg/day)
Lr : BOD removed (kg/day)

Sa': MLSS in the system (kg)

a : Proportion of Lr that is synthesized and
converted to new cell

b : Endogenous respiration rate per day.

Using this equation, Fig. 13 was obtained, which shows the

relationship between BOD removed and sludge production.

0.20
0.18 A
0.15 o/
—~ 0.12
7 - A
2 0.1
lis] L ] /
~ L ]
- 0.08 ®
1]
[92]
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[ ]
] ) y=0. 3992x-0. 0058
] / (r=0.924)

// 0.1 0.2 0.3 0.4 0.5 0.6

Lr/Sa' (day~l)

Fig. 13 Relationship between BOD removed
and sludge production
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Sludge Thickening Ratio in Final Clarifier

It was considered that the sludge thicknening characteristics
and the return sludge concentration could be judged by thickening
ratio (= Return Sludge concentration/MLSS). As MLSS rose, the
thicknening ratio tended to fall. When MLSS was around 3000 mg/%,
the thickening ratio became 1.8 - 2.2.

For solid loading, feollowing equation was obtained.

Solid loading (kg/m?/day) = -81.97- (thickening ratio)
+ 190.5 ..., (7)

Fig. 14 shows this relationship.

3
)
2 .
S T .
o 2 -
4 . —

1

0 10 20 30 40
Solid loading (kg/m?/day)
Fig. 14 Solid loading vs. thickening ratio
A relation between thickening ratio and SVI was not found
clearly.

Effluent Characteristics

An investigation was made on the relation between effluent

BOD and ammonia and nitrite. When the effluent nitrite and ammonia
were 1 mg/% or less, the BOD of the suspended solids portion of the
effluent (hereinafter refers to (T-S) BOD) was 10 mg/ or less. On
the other hand, when the effluent nitrogen was nitrite type contain-
ing the nitrite of 15 mg/% or more, (T-S) BOD to suspended solids

ratio was nearly 1.0. When the nitrogen in effluent was ammonia type
and the ammonia concentration was 10 mg/% or more, (T-S) BOD/SS

ratio = 2.0 - 2.5. 1In either case, (T-S) BOD mostly became 20 mg/%.
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effluent (T-S) BOD.

(T-S) BOD (mg/f)

Effluent

Effluent (T-S) BOD (mg/%)

Figures 15 and 16 show the relation between effluent SS and

100
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Fig. 15 Effluent SS vs. Effluent BOD in SS
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L]
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Fig. 16 Effluent SS vs. Effluent BOD in SS
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Nitrogen Removal in Recycled Process

The relation between nitrogen removal and BOD removal in Re-
cycled Nitrification and Denitrification Process was analyzed.

The denitrification reaction is expressed as follows:
- N - ‘
2NO, + HpO > N, + 20H + 5(U).eeeeennn.. e

Therefore, the theoretical amount of BOD required for 1 mg of

nitrate removed is:

5 x 16

m = 2.86

Fig. 17 shows the relation between the nitrogen removed and

BOD removed in the denitrification compartments of recycled process.

o : in the first compartment

e : in the second comaprtment

300 A
‘% *y=3.487x + 51.7
o (r=0. 764)
}\ 200 | .o -
~ o //’
el ///
o ~=~z—— Theoretical
g ° __- BOD/N ratio = 2.86
[ j -
g 100 _= k.27
2 -=7 0.88 F° (Figures are BOD/N ratios.)
m - - )
///
0 - R L L L N N
0 10 20 30 40 50 60
Nitrogen removed (g/day)
Fig. 17 Nitrogen removed vs. BOD removed
For influent BO.,'N ratio > 2, the following equation was
obtained.

BODr = 3.487 NI + 51.7 citiureneeeenneennnennens e . (9)
Where,
Nr : Nitrogen removed (g/day)

BODr: BOD removed (g/day)
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The slope 3.487 indicates the BOD consumed for denitrification,
which is about 20% higher than the theoretical value of 2.86.

The constant 51.7 indicates that there existed a portion of
BOD removed by other than denitrification.

This suggests that the initial adsorption of BOD by micro-
organisms might occur. Fig. 18 shows the relation between the

amount of nitrification and BOD removed.
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Fig. 18 Amount of nitrification vs. BOD removed

The ratio of the actual BOD removed to the theoretical value
approaches unity as the amount of nitrification increases. 1In
other words, it shows that BOD is removed in accordance with the
theory when nitrification progresses, and that BOD removal is
mostly due to the reaction other than denitrification when nitrifi-
cation does not much progress.

The nitrogen removal rate could be expressed in terms of

aeration time rather than Sa-t as shown in Fig. 19.
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Fig. 19 Nitrogen remaining rate vs.
Sa-t and aeration time

From Fig. 19, nitrogen remaining rate is obtained as follows:

loa (Nitrogen R.R.) = =0.072t + 2.003 ceveeeennnansasa(10)
(r = 0.78)
Where,
t : Aeration time (hours)

Nitrogen R.R.: Nitrogen Remaining Rate (%)
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CONCLUSION

In the pilot plant experiments, it was found that the complete
nitrification of the effluent was required by adding alkali to the
aeration tank in order to assure effluent BOD of 20 mg/f through the
biological treatment of the combined wastewater having a BOD of 600
mg/¢ and a nitrogen concentration of 100 - 150 mg/4.

Design temperature of the influent in winter season was set at
l4°c.

Under this condition, the following design and operational concepts

were recommended to obtain the stable effluent BOD of 20 mg/{.

(1) The flowchart of the combined wastewater treatment plant is pro-

posed as shown in Fig. 20.

(2) An aeration tank should be designed to have 4 divided compartments.
And the first one or two compartments should be able to be kept
under anoxic condition in case of the recycled nitrification-de-

nitrification process.

(3) 1In winter season when the wastewater temperature is 14°C or less,
the plant is to be operated in the activated sludge process mode
of 24 hr-aeration and the effluent pH should be controlled by

adding a maximum 300 mg/% of slaked lime.
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(4)

(5)

{6)

{7

It is possible to reduce the lime addition rate to 40 mg/% if the
plant is operated in the recycled nitrification denitrification

mode of 32 hr-aeration time, in winter season.

In summer season when the influent temperature of 20°C or more, the
plant is to be operated in the recycled nitrification-denitrifica-
tion mode of 16 hr-aeration time with the addition of 40 mg/% of

slaked lime.

An overflow rate of 15 ma/mz/day should be adopted for the final
clarifier because of high organic content of the activated sludge

and its resultant poor settling characteristic.

It is preferable to add kaoline to the aeration tank in order to

improve the settling characteristic of the activated sludge.
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TECHNOLOGY EVALUATION SYSTEM

The Ministry of Construction has a technology evaluation system for
promoting actual use of new and practical technologies for public works
developed by private companies. In this system, the Ministry of
Construction publicly announces a particular technology to be evaluated
and the goals to be achieved by that technology, and invites private
companies to submit their own development techniques for this evaluation.
After applications are received, the applicants are required to
conduct an experiment for about one year to provide data to determine

whether the goals are achieved by their techniques. Then, the Ministry

of Construction will evaluate the results of the experiment, and the
results of any additional experiment that the Ministry may specify.
This evaluation is conducted by a committee consisting of engineers
from the Ministry of Construction and local governments, and college
professors specializing in each particular technological field.

A public announcement was made in June 1979 regarding the project
evaluating "Deep Well Biological Process for Sewage Treatment". Two
companies, I and K, applied for this evaluation, and in fiscal year
1980 the Ministry of Construction evaluated the techniques of these two
companies. The evaluation was completed in July 1981, and the results
of the evaluation will be described in this paper.

The conclusions of the evaluation are summarized as follows:

Both of the techniques attained the publicly announced goals, and
judging from the treatment capacity and the actual operation, they
reached the stage of practical use as a municipal sewage treatment

technology.

(1) These were practical techniques with a treatment capacity of

1,000 m®/day or more.

{(2) These techniques were capable of meeting the legal requirements
for biochemical oxygen demand(BOD) and suspended solids(SS) in
effluents. The requirements are 20 mg/l for BOD and 70 mg/1 for
SS.
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(3)

(4)

(5)

()

In the operation of facilities under this process, there was no
marked difference between these techniques and the conventional
methods such as the conventional activated sludge process (herein-

after referred to as "conventional method").

As for the operation and maintenance cost, these techniques did not

differ greatly from the conventional method.

These techniques had simplicity in taking countermeasures to prevent

possible detrimental effect on the surrounding environment.

Much less land area was required for the aeration tank in this

process, compared with the conventional method.

201



OUTLINE OF TECHNOLOGY TO BE EVALUATED

The technology selected as the object of the evaluation is called
the "Deep Well Biological Process for Sewage Treatment".

The deep well biological process is a type of activated sludge
process with a deep well shaped aeration tank of about 50 - 150 m
depth which utilizes a high hydrostatic pressure for improvement in the
dissolution rate and utilization ratio of oxygen in the air and, at
the same time, reduces the land area required for the sewage treatment

facilities.

2.1 PRINCIPLES

As shown in Fig. 1, the aeration tank of this process is a deep

well type aeration tank having a depth to over a hundred meters.
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2.2.

This aeration tank is composed of an upflow tube, a downflow tube, and
head tank. The head tank is provided for releasing spent air from the
aeration tank, through which the mixed liquor is circulated.

Two companies, I and K, applied for technical evaluation of
the deep well biological process. The circulation systems of two
companies were different from each other.

Company I employed an "air-lift system" for circulation, in which
the mixed liquor is circulated by injecting air into the upper portion
of the upflow tube.

Company K employed a "pump system", in which a recirculation pump

1s installed between the relay tank and the downflow tube.
SYSTEM AND FUNCTIONS OF PLANT

1 System

Fig. 2 shows the total system of a sewage treatment plant
employing the deep well biological process in comparison with the
conventional method. (Fig. 2-a shows the plant of Company I, and
Fig. 2-b, that of Company K. In the figures and tables, the plants

of Companies I and K are referred to as "a" and "b", respectively.)
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2.2.2

Deep Well Aeration Tank

The aeration tank of this process consists of a deep well type
aeration tank and a head tank; the deep well aeration tank being
composed of a downflow tube and an upflow tube. (In the system of
Campany K, the tank corresponding to the head tank is called the
"relay tank".)

In the system of Company I, the mixed ligquor in the tank is
circulated at a velocity of 0.7 - 1.5 m/sec by the air lift produced
by injection of air into the upper portion of the upflow tube.

The influent flows into the head tank where it is mixed with return
sludge, and flows down the tube. Air is also injected into the
downflow tube. The velocity of the downward flow is higher than
that of rising bubbles. Bubbles are, therefore, carried downward
with the downward flow, and their diameter is consequently reduced.
When the bubbles reach the bottom of the tank, they move into the
upflow tube and rise up the tube to the head tank, and conversely
increase their diameter. As the injection of air into the downflow
tube is made at 40 m or more below the surface, the specific gravity
in the upper portion of the hpflow tube becomes smaller than that

in the upper portion of the downflow tube, generating the air-lift
effect. In this way, the liquor is repeatedly circulated for biolo-
gical treatment. The mixed liquor is then transferred to the solids
separation system.

In the system of Company K, the deep well aeration tank is
composed of a deep-well tank camprising a downflow tube and a upflow
tube, and of a relay tank. The mixed liquor in the aeration tank
is circulated by a recirculation pump. The influent which flows
into the relay tank is mixed with return sludge and flow downs the
tube at a velocity of 1 - 2 m/sec, and through the recirculating
pump. In this system, air is injected into the downflow tube, and
bubbles rise up to the relay tank through the upflow tube. The mixed
liquor that has been treated bilogically is transferred to the

solids separation system.
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Solids Separation System

The mixed liquor transferred from the deep well aeration tank
contains large quantities of supersaturated dissolved gas and fine
bubbles; therefore, a part of the sludge comes to the surface of the

liquor and a part of the sludge precipitates. The following

combinations of methods are considered as viable solids separation

systems.

a) Deep well aeration tank -- Vacuum degasser -- Final sedimenta-

tion tank

b) Deep well aeration tank -- Mechanical degasser -- Final sedi-

mentation tank

c) Deep well aeration tank -- Floatation tank -- Final sedimenta-

tion tank

d) Deep well aeration tank -- Floatation tank -- Degasser --

Final sedimentation tank
e} Deep well aeration tank -- Floatation tank

Company I employed combination(a). The solids separation

equipment of Company I is shown in Fig. 3-a.
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The vacuum degasser is composed of an upflow tube and a downflow
tube, and the prescribed deqgree of vacuum (0.3 atm abs.) is applied
by a vacuum pump. The fine bubbles in the mixed liquor are released
from the liquor through the vacuum degasser. The mixed ligquor is
transferred from the deep well aeration tank to the final sedimenta-
tion tank through the vacuum degasser by siphonage due to the dif-
ference in the liquid levels between the head tank and the final
sedimentation tank. The solid-1liguid separation is conducted in the
final sedimentation tank. A part of the separated sludge is return-
ed to the deep well aeration tank.

Company K, on the other hand, employed combination(d).

The solid-liquid separation system of K Company is shown in
Fig. 3-b. The mixed liquor is sent to the floatation tank shown in

Fig. 4 for solid~liquid separation.
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O NE—

Mixed liquor T
from aera- ——
tion tank Floatation tank

_____ ]

Scum pit

L.

Degasser

Final
sedimentation
tank

Sludge storage
tank

Fig. 3-b Solid separation facilities of Company K's process
(floatation tank -- degasser -- final sedimentation
tank)
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The floatation tank has sludge collectors which are operated continu-
ously and the collected sludge is returned to the aeration tank.
The solid concentration of the floated sludge is very high, which
makes it possible to maintain high MLSS in the aeration tank.

In the effluent from the floatation tank, suspended solids
having extremely fine bubbles on their surface still remain, and
therefore the liquor is aerated and mixed in the degasser to separate
the bubbles and make the sludge precipitates readily. In the degasser,

a diffuser as shown in Fig. 5 is provided for diffused aeration.

212



] i1 Blower

From floatation
tank

* sedimentation tank

!
|
|
|
|
I
|
'ﬁ. To final

Fig. 5 Degasser

—
J
/\\\\\\\\ }
\{\\\\\\\_\él
= . ' - L =1l=
)
|
|
‘ I
| L - - - — —— = T 1
From degasser__f_____. !
7 —r—T—T7 ' Scum
l_-—____—f rr—Tr—7 77 7 7 pit
YaNy4

!

To effluent
tank

Fig. 6 Final sedimentation tank of Company K's process

213



After passing through the degasser, the liquor is transferred
to the final sedimentation tank for the separation of the remaining
sludge from the liquor. The final sedimentation tank is of the same
type as that used in the conventional activated sludge process, but
a scum collector as shown in Fig. 6 is provided for the removal of

scum.
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3.

i.1

EVALUATION METHOD
PURPOSE OF DEVELOPMENT

The conventional activated sludge process has been commonly used
for municipal wastewater treatment in Japan. This is because the
conventional activated sludge process has a variety of advantages,
although there is still room for improvements such as in the structure
of the aeration tank, oxygen transfer rate, mixing method, and so
forth.

On the other hand, there are many cases where the conditions of
land utilization are too severe to obtain a large area for a sewage
treatment plant or special efforts must be made to controling detri-
mental effects on the surrounding environment.

It was considered that the deep well biological process was
capable of overcoming such disadvantages, particularly in the reduction
of the required site area, the ease of applying countermeasures to
odor and other environmental problems and probably in reduction of the
aeration cost.

On the other hand, difficulty in solid-liquid separation was ex-
pected, and in addition, it seemed necessary to further examine con-
struction methods, safety, and durability of the facilities.

Therefore, the characteristic of this process have been investi-

gated and further development of this technique is proposed.
GOALS TO BE ACHIEVED
The goals to be achieved by this process were set as follows:

Subject: The development of the deep well biological process

for sewage treatment.
Goals to be Achieved
(1) To have a treatment capability of 1000 m®/day or more.

(2) To be able to meet legal requirements for the biochemical oxygen

demand (BOD) and suspended solids(SS) of the secondary effluent.
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(3) To be simple in operation and maintenance.
(4) To be low in operation and maintenance costs.

(5) To have simplicity in taking countermeasures against detrimental

effects on the surrounding environment.
SCOPE OF EVALUATION

The prerequisites for the sewage and sewage treatment facilities

to be used for the evaluation of this technique are as follows:

(1) The sewage used in the experiment shall be ordinary sewage
composed of domestic wastewater and institutional wastewater
(from offices, hospitals, and other business facilities), and it
shall be municipal sewage that can be treated and biodegraded by

the conventional activated sludge process.

(2) The facilities in the treatment plant other than those within
the scope of this evaluation shall be designed according to
the "Sewerage Facilities Design Guide" and shall have the func-

tions required by the legal regulations.

{(3) The deep well biological process facilities shall be constructed

with sufficient safety and accuracy.

Under the above prerequisits, the evaluation was made within the
range of the sewage treatment process from the inlet to the deep well

aeration tank to the final sedimentation tank.
EXPERIMENTAL FACILITIES

The evaluation was made based on the data of the experiments

carried out by the applicants using experimental facilities installed

in municipal sewage treatment plants. When the data was not sufficient,

the evaluation committee required the applicants to conduct specific
additional experiments.

The dimensions of the main units of the experimental facilities

are shown below. The major mechanical equipments are shown in Table 1.
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Experimental facilities of Company I

Deep well aeration tank:

Vacuum degasser:

Final sedimentation tank:

Aeration tank with a diameter of 1 m,
a depth of 100 m, and an effective
capacity of 100 m’ (including a head

tank) .

Degassing tank with a diameter of 1 m,
a height of 13.6 m (from the ground),

and a capacity of 6 m?.

Circular sedimentation tank with a

diameter of 12 m, and a depth of 3 m.

Experimental facilities of Company K

Deep well aeration tank:

Floatation tank:

Degasser:

Final sedimentation tank:

Aeration tank with a diameter of
0.8 m, a depth of 100 m, and a
capacity of 57.5 n? (1ncluding a

head tank).

Floatation apparatus with a width of
4 m, a length of 7.5 m, a depth of
3.5 m, and an effective capacity of
84 m’.

Rectangular tank with a width of

1.5 m, a depth of 4 m, and an ef-

fective capacity of 4 m’.

Rectangular sedimentation tank with

a length of 10 m, a width of 4 m, a
depth of 3 m and an effective capacity
of 120 m®.
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Table l-a

Specifications for major equipments of Company

I's facilities (design treatment capacity:
2400 m®/day)

No. of
No. Equipments Specification equipments
installed
1 | Influent pump 2.5m°/min X 12m X 11kw 2
2 Compressor 250Nm? /hr x 7kg/cm2G X 35,9kwW 1
3 |Head tank 1.57 x 6.0% x 4" 1
m m m
4 Deep well aeration 1.0¢ % 1OOH 1
tank m
& H
5 | Vacuum degasser 1.0m x 13.6m 1
6 | Vacuum pump 0.49Nm®/min X 550mmHg X 2.2kW 2
7 |Return sludge pump | 2.5m%/min X 10m X 15kW 1
Sludge collector
8 of final sedimenta-| 0.4kW 1
tion tank
9 Final sedimentation 12¢ % 3H 1
tank m m
10 Scum tank 1.3¢ X l.OH 1
m m
11 Scum pump O.lma/min X 9m X 0.75kW 1
& H
12 Effluent tank 1.67m X 1.97m 1
13 Effluent pump 2.5m3/min X 15m X 11kW 1
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Table 1-b Specifications for major equipments of Company
K's process (design treatment capacity:
1000 m®/day)

No. of
No. Equipment Specification equipments
installed
1 Deep well aeration 0.8¢ % lOOH 1
tank m m
W L H
2 Relay tank 2 X 2.5 X3 1
id m m
3 Floatation tank 4w X 7.5L X 3.5H 1
m m m
L
4 Degasser 1.5W X 1 x 4H 1
m m m
5 Final sedimentation 4W % loL % 3H 1
tank m m m
6 Sludge storage tank lw X 4L X 2.4H 1
m m m
7 | Effluent tank 2% x o 1
m m
8 | Influent pump 1.5m%/min X 10m X 7.5kW 1
9 | Recirculation pump | 8m>/min X 5.5m X 15kW 1
10 | Sludge return pump | 1.5m°/min X 20m X 11kW 1
11 | Effluent pump 1.5m>/min X 5m X 3.7kW 1
12 Aeration blower 1Nm3/min X O.Skg/cmZ X 3.7kW 1
13 Degasser blower lm3/min X O.Skg/cm2 X 3.7kW 1
Sludge collector
14 in floatation tank 0.4kw .
Sludge collector
15 | in final 0. 4kw 1

sedimentation tank

219




3.5 EXPERIMENTAL METHOD
3.5.1 Characteristics of Influents

The experimental facilities were built into the existing
sewage treatment plants. The properties of the corresponding

drainage areas were as follows:
Drainage area of the STP where the experimental facilities of
Company I was installed.

Sewage drainage system: Separate system with partially

combined system
Population: About 280,000
Average flow: 166,900 ma/day
Drainage area of the STP where the experimental facilities of
Company K was installed.
Sewage drainage system: Separate system
Population: About 10,000

Average flow: 2,200 m /day

The properties of influents are shown in Table 2.

Table 2-a Characteristics of influent of facilities of
Company I

Influent to deep

Item Raw sewage well aeration tank*

Most of the sewage is made up of domestic wastewater,
Characteristics | but partially includes industrial wastewater,

of sewage Further, the supernatant from the nightsoil treatment
facilities is always discharged into the sewage.
pH 7.1V 7.4 7.7 (7.4 ~v 8.3)
ss (mg/%) 125 v 142 126 (67 v 292)
BOD (mg/%) 105 v 152 99 (51 ~v 189)
cop {(mg/R) 95 v 127 69 (40 ~v 113)

*Effluent from primary sedimentation tank.
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Table 2-b Characteristics of influent of facilities of

Company K
Iten Raw sewage | )T O o ek
Characteristics .
of sewage Domestic sewage
pH 7.6 (7.4 v 7.6) 7.4 (7.3 v 7.5)
SS (mg/%) 175 (163 v 218) 120 (106 v 146)
BOD (mg/R%) 159 (123 ~ 179) 92 (76 v 102)
COD (mg/R) 107 (100 v 114j 64 (56 v 81)

*Effluent from primary sedmentation tank

3.5.2 Experimental Conditions

The experimental conditions are shown in Table 3, and the
sampling stations for water quality analysis and parameters analyzed

are shown in Table 4.
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Table 3~a Experimental conditions for Company I's process
3
Air supply Nm® /hr Return
Exp. | Experimental Flow Flow fluctuation | Aeration MLSS sludge EOD_SS B?D volume
No. period ma/day m®/hr time, hr |upflow | downflow mg/ % ratio X :adlng oa?lng
tube tube % 9/kg SS day | kg/m” day
D-1 1979. 4/6 1320 55 constant 1.8 50 30 4380 55 0.27 1.19
“v4/11 (400046 30) | constant | (0.2110.33) (0.94"1.89)
D-2 1979. 4/15 2400 100 constant 1.0 50 30 3560 60 0.74 2.64
n4/22 (331013990) | constant | (0.6240.91) (2.2013.19)
D-3 1979. 4/23 1840 30 ~ 100 1.003.3 50 30 3230 78 0.94 2.95
n5/18 (224073940) | (601200) | (0.6911.28) (2.47~4.44)
D-4 1979. 8/13 1840 30 v 100 1.003.3 50 30 3570 78 0.54 2.04
n8/23 (288014260) | (60n200) | (0.3470.89) (1.37~2.81)
D-5 1979. 8/24 1520 30 n 80 1.313.3 50 30 3490 110 0.43 1.49
"8/30 (319003750) | (887%230) | (0.3070.48) (1.06%1.75)
D-6 1979. 8/31 1840 30 v 100 1.0v3.3 50 30 4020 91 0.44 1.77
"g/5 (3500v4400) | (70v230) | (0.29%0.55) (1.22n2.18)
E-1 1979. 10/11 2400 100 constant 1.0 50 30 1990 15 1.05 2.08
v10/21 (1670"v2250) | constant | (0.67V1.47) (1.34n2.74)
E-2 1979. 10/22 3000 125 constant 0.8 50 30 1790 12 1.49 2.60
n10/25 (148071970} | constant | (1.26%1.91) (2.43n2.82)
E-3 1979. 10/26 3600 150 constant 0.67 50 30 1760 10 1.78 3.14
“v1l/4 (15801980} | constant | (1.51%2.09) (2.38%3.85)
E~4 1979. 11/5 2400 50 ~ 150 0.670v2.0 50 30 1490 15 2.21 3.24
n11/20 (12301810} | (10n30) (1.64n3.13) (2.4813.85)
E-5 1979. 12/4 1840 30 v 100 1.0n3.3 50 30 2480 33 1.14 2.68
nv12/27 (1790n3430) | (25183) (0.44n1.89) (1.42~3.60)
F-1 1980. 1/18 1840 30 ~v 100 1.0Vv3.3 50 30 2830 39 1.12 3.02
N1/31 (2260v3170) | (30%100) | (0.83%1.42) (2.23%3.60)
F-2 1980. 2/1 947 30 v 145 0.6913,3 50 30 2910 78 1.39 3.96
n3/5 1940 (199003620) | (347v167) | (0.7112.06) (2.44~5.90)
S* 1980. 9/26 2240 50 v 130 0.77nv2.0 50 30 2260 21 0.98 2.19
"10/5 (2030M2550) | (157M40) (0.65%1.33) (1.4112.93)

*Performance confirmation exp.
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Table 3-b Experimental conditions for Company K's process

Aeration Return 5
Exp. }jExperimental Elow Flow time Alr supply MLSS sludge ?gzdiig ngazii;me
No. riod m’/a fluctuati h 3 i ;
pe /day | fluctuation | (hr) Nm”/hr (mg/) ra:l° kg/kg SS day | kg/m® day
Run 1980 41.7 m3/hr 2820 65 0.41 1.2
N 1000 1. 30 . :
1-1*1} 3713721 constant 38 144013890 6195 0.290.87 | 0.76n1.6
3
2 5/10n" /30 goo |25 m/hr 2.3 18 3060 44 0.24 0.70
constant 181013770 34762 0.11%0.54 | 0.34%1.3
41.7 m*/hx 3020 50 0.56 1.7
3 6/46/14 1000 . .
constant 1.38 18 2120M4040 3465 0.31n1.1 1.0nv2.4
-4
12.481,3 1.38
4 3/2203/23 1000 m} /hr 0.71nd. 64 30 3600 757242 0.42 1.5
13.588.1 1.38 3760 42 0.53 2.0
> 6/1576/25 | 1000 | .3, 0.65v4.26 18 310003950 | 34759 0.24%0.71 | 0.9v2.4
24.0M58 1.30 3940 44 0.43 1.7
6 | 12/1v12/20 | 1060 | s, 0.9912.40 12 360004100 | 38148 0.37%0.50 | 1.4%1.9
Run 22.3159.5 1.38 3240 50 0.45 1.45
4V .
v 2| 10711010723 | 1000 mi/hr 0.9712,58 12 17103970 4754 0.3500.83 | 1.3V1.6
*1: Applicant's experiment
*2. DPerformance confirmation experiment




Table 4-a

Parameters analyzed in the experiment of Company I's

224

process
Effluent
Head from Return| Excess
fluent|{ Eff u
Intlue tuent tank | vacuum |sludge|sludge Frequency
degasser
Parameters T| S T| S
pH 0 0 Once/day
SS 0 0 Once/day
BOD 0 0 Once/day
CODMn oflo o|lo Once/day
CODcr olo ofo 2-3
times/week
TOC 0] 0] Once/day
., Kj-N 0 0 Once/week
har +
= NH4—N 0 0] Once/week
3
O.‘ -
e N02—N 0 0 Once/week
8
m
3 —
NO3—N 0 0 Once/week
T-P 0 0 Once/week
3
PO4 0 0 *Once/day
M~alkalinity 0 0 *Once/day
Transparency 0 0 Once/day
Temperature 0 0 Twice/day
DO 0 0 0 Twice/day
ss ! 0 Once/day
o LVSS 0 Once/day
o
g | sV Once/day
—
w | sVI 0 Once/day
SSv Once/day
T: Total
S: Soluble ‘
*: Additional parameters on performance confirmation experiment
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Table 4-b Parameters analyzed

in the experiment of Company K's process

Influent Mixed Settled Sludge
(effluent liquor i a e Floated {withdrawn
from primary Effluent in Return| Excess| *3 % g€ sludge from Frequency
. , withdrawnj . . -
sedimenta~ aeration| sludge| sludge £ in final times/day
tion tank) tank rom floation |sedimenta-
floation tank tion
Parameters Total Soluble| Total Soluble| Total tank
pH 0 0 3
58S 0 0 o 1
BOD 0 0 o 1
CODMn 0O 0 0O 1
TCOC 0 1
Kj-N o} 0 1
+
| NH -N 0 0 1
-~ 4
4
S -
ot N02—N 0O (0] 1
M
3 -
o -N
3 N03 o (0] 1
T=-P (0] o 1
P03—P (0] 0O 1
4
M-alkalinity 0 0] 1
Transparency 0 1
Temperature 0 0 3
.. | DO 0 3
o
g SS o 0 0 o 1
4
wu | vs 0 1




For the sampling of the influent, effluent, and return sludge,
automatic samplers were used, and respective 24-hour samples were
analyzed as the flow proportional composite samples. The analyti-
cal methods used were the glass-fiber filtration method specified
in JIS K 0102 for SS, and other methods described in "Analytical
Methods for Sewage Water Quality" compiled by the Japan Sewage Work
Association.

The sewage flow, return sludge, and excess sludge withdrawal
were measured by electromagnetic flowmeters.

As to the feed flow rate to the experimental facilities, two
types of flow patterns were employed, that is, a fixed flow rate,
and a fluctuating flow rate that was proportional to the influent
rate of the corresponding treatment plant. This fluctuation pattern

in flow rate is shown in Fig. 7.
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Fig. 7-a Flow fluctuation pattern (To be adjusted manually)

for Company I's process
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Fig. 7-b Flow fluctuation pattern for Company K's process

As for the experiment No. E~4 of Company I, the flow rate
fluctuation pattern often found in a typical small scale treatment
plant was employed as shown in Fig. 7-a.

The return sludge rate was determined so that the MLSS concen-
tration in the head tank or relay tank reached the predetermined
value.

The vacuum degasser was controlled so that the vacuum at the
top of the tank was maintained at a level of 0.3 atm abs. For the
recirculation of the mixed liquor with a pump, the circulation was
conducted at a circulation rate of 3.7 m3/min and at a downflow

velocity of 0.9 m/sec.
Performance Confirmation Experiment

The performance confirmation experiment for confirming prac-

ticability was conducted using the same experimental facilities as
that in other experiments. The water quality of the influent during

the performance confirmation experiment is shown in Table 5, and
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the experimental conditions are shown in Table 6.

Further,

fluctuation pattern of the flow rate is shown in Fig. 8.

Table 5-a Water quality of the influent to the aeration
tank, Company I's process
Parameter Influent water quality
pH 7.63 (7.51V7.71)
SS (mg/%) 112 (80V162)
BOD (mg/%) 97.9 (63v131)
cob (mg/) 71.0 {(55%88)

Table 5-b Water quality of the influent to the aeration
tank, Company K's process

Parameter Influent water quality
pH 7.1 (6.8V7.8)

Ss  (mg/%) 77 (50v114)

BOD (mg/%) 80.8 (72.190.1})
CoD (mg/) 43.0 (36.5%48.5)

the

Table 6-a Experimental conditions for Company I's process

Air supply Na’/hr Sludge]
Exp. | Experimental !"lar Flow !ll’lctul- Maration time MLSS Teturm} o 58 lml:u
No. period 2’/day | tion a'/mr {hr) flow | downg. (mg/2)  [rate Q ading ; n
up el =3/ :’/hr kg/kg 35 day | kg/n' day
1980. 9/26 2260 20 0.9¢ 2
s 2240 . 2 . .19
~10/% 50130 0.772.0 so 3o (203002850)] 21.48) (0.6501.33) | (1.41n2.93)

Table 6-b Experimental conditions for Company K's process

Return
Exp. Experimental Elow Flow flgctua- Aeration time zzrply MLSS sludge gg:;i:q nga;?::me
No. riod m” /day | tion m /hr h 1
pe Y / (hr) Nm? /hr (mg/2) ;?;:x kg/kg SS day | kg/m® day
Per form~
ance 20.8
. 1980 1.3 3240 N 0.45 1.45
confir- 1000 22.3%59.5 : : .
mation 10/11%10/23 0.972.58 12 V171003970 | RN | 4 3540.83 1.3%1.6
ratio
experi- 50%
ment
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4.

4.1

EVALUATION OF FACILITIES

OPERATING SIMPLICITY

This process is a modification of the conventional activated
sludge process, and it is no more difficult to operate than the con-
ventional method. The operation procedure and inspection method in

this process is determined by each applicant.
DURABILITY

The material used for the deep well aeration tank is steel or
reinforced concrete. The steel will cause no serious problem as long
as the corrosion rate over its lifetime is taken into consideration in
the design, and anti-corrosion paint is applied to the draft portion of
the tank.

The reinforced concrete also couses no problem, as the conditions
for the concrete are not much different from those for other similar
structures.

Japan is subject to frequent earthquakes which often cause great
damage to structures. Therefore, earthquake proof design for the deep
well aeration tank was investigated using kinetic analysis. It was
found that there would be no difficulty in designing earthquake proof

structures for the deep well aeration tank.
SAFETY

The facilities except for the aeration tank and the vacuum
degasser are the same as those used in the conventional method. It is
possible to secure safety in operation of the aeration tank by taking
preventive measures, such as installing fences around the tank to
prevent people falling in. Safety of the degasser can be assured by
designing the structure according to the regulations described in the

"Labor Safety and Sanitation Law".
INFLUENCE ON SURROUNDING ENVIRONMENT

It is possible to control noise pollution due to the compressor,

pump, and other apparatus by taking ordinary preventive measures.
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Deodorization is not difficult as the area open to the air and
the air volume in this process are less than those in the conventional
method, and the odor concentration is of almost the same degree as
in the conventional method. Prevention of aerosol dispersion is easy as

the area open to the air is small.

CONSTRUCTION METHOD

Each applicant has established their own construction method.
Although, previously there were no municipal wastewater treatment plants
employing this process in Japan, several industrial wastewater treat-
ment plants using this process have been already constructed. Judging
from these experiences, there will be no problem in the construction of

actual municipal wastewater treatment plants.
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5. EVALUATION OF TREATMENT PERFORMANCE
5.1 DESIGN CAPACITY

The design flow of the experimental facilities of Company I is
2,400 ma/day. In the performance confirmation experiment conducted
under the condition that the daily average flow was 2,240 ms/day
(maximum hourly rate: 130 ma/hr, minimum hourly rate: 50 ma/hr), the
effluent water quality met the legal standards in which BOD was 20 mg/1
and SS was 70 mg/l or less. Accordingly, the goal of the effluent
water quality was achieved.

The design flow of the experimental facilities of Company K is
1,000 m3/day. The performance confirmation experiment conducted at a
flow rate of 1,000 ma/day (maximum hourly rate: 58 ma/day, minimum
hourly rate: 22.3 ma/day) showed that the effluent quality could meet
the standards. Therefore, it can be said that the goal for the ef-
fluent water quality was accomplished by plants with capacities

set as a goal.

5.2 AERATION PERFORMANCE

Fig. 9 shows the vertical distribution of dissolved oxygen (DO)

in the downflow tube of the aeration tank when clear water is used.
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Water depth in downflow tube (m)
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Fig. 9-a DO distribution in deep well aeration tank of Company I
(clean water experiment) .
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Water depth in downflow tube (m)
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Fig. 9-b DO distribution in deep well aeration tank of Company K
(clean water experiment)

According to the distribution of DO, the oxygen transfer efficiency
is 71% for Company I and 79% for Company K. As to the air volume for
aeration, in Company I's experimental plant, the air was injected into
the downflow tube at 30 Nm’/hr, and the ratio of removed BOD to oxygen
by this air was 1:0.8. Additional air was injected into the upflow
tube at 50 Nma/hr in order to maintain stable recirculation of the
liquor. Fig. 10-a shows the time variations of DO in the head tank,
and BOD and SS of the effluent during the performance confixmation
experiment. During 24 hours, DO in the head tank was 4 mg/l or more,

which means sufficient aeration was accomplished.

235



Flow (ma/hr)

DO (mg/l)

BOD (mg/l)

sS (mg/l)

140 4

120 A

100 4 s

80

40

10 +

180 -
160 4
140 4

120 |
100 - o Influent

80 . o Effluent

€0 4 Standard for effluent BCD

40

20 R e ——
W

140 ~

120 -+ Standard for
effluent SS
100 A e Influent
80 // i} o Effluent

60

40

20 4 W: > "

55.9.30 " 55.10.1
8 10 12 14 16 18 20 22 24 2 4 6

. ) « Tame (hr) , ,
Fig. 10-a Variation of water quality (Performance confirmation

experiment of Company I's process)
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Fig. 10-b> Variation of water quality (Performance confirmation

experiment of Company K's process)
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In the performance confirmation experiment of Company K, the air supply
was kept at 12 Nma/hr based on the results of the experiments conducted
by the applicant. The time variations of similar parameters are shown
in Fig. 10-b. During 24 hours, DO in the relay tank was 2 mg/l or more,
and the aeration was sufficient for the operation.

The vertical profile of DO in the downflow tube is shown in Fig. 11.
From this DO distribution, it can be seen that sufficient DO concentra-
tion was maintained and an aerobic condition was provided throughout the

tank.
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Water depth in downflow tube (m)
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Fig. 1l-a DO distribution in deep well aeration tank of
Company I (regular operation)
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Water depth in Downflow tube (m)
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Fig., 11-b DO distribution in deep well aeration tank of
Company K (reqular operation)
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As for the microorganisms in the activated sludge of the deep well
biological process, Ciliata such as Vorticella, Opercularia and Aspidisca
were predominant, and higher organisms such as Rotaria and Phabdolaimus
were also present. The biota in the deep well biological process does

not differ greatly from that in the conventional method.
5.3 WATER-QUALITY IMPROVEMENT PERFORMANCE
5.3.1 BOD and SS
(1) Effect of BOD Loading

The relationship between BOD volume loading and effluent
BOD is shown in Fig. 12, and the relationship between BOD volume

loading and BOD removal is shown in Fig. 13.
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Effluent BOD (mg/1)
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Fig. 12-a BOD volume loading and effluent BOD in Company I's
process
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Fig. 13-a BOD volume loading and BOD removal in Company I's

process
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Fig. 13-b BOD volume loading and BOD removal in Company K's process

In this experiment, BOD volume loading was set at 1.3 -
1.6 kg/m3 day and 1.2 - 4.0 kg/m3 day for the facilities of
Companies K and I, respectively. BOD-SS loading was set at
0.4 - 0.8 kg/kg SS day for K plant and at 0.3 - 2.2 kg/kg SS
day for I plant. In these ranges of loading, both facilities
could meet the goal of the development on effluent quality.
Therefore, in the deep well biological process, as compared
with the conventional method (BOD volume loading: 0.3 - 0.8
kg/m3 day), high BOD volume loading and almost the same or
more BOD-SS loading than that in the conventional method (BOD-
SS loading: 0.2 - 0.4 kg/kg SS day) can be applied to the plant.
The relationship between BOD-SS loading and effluent BOD is

shown in Fig. 14.
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Fig. 1l4-a BOD-SS loading and effluent BOD in Company I's

process
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Fig. 14-b BOD-SS loading and effluent BOD in Company K's

process

(2) Removal of SS

fluent SS in this experiment.

Table 7 shows the overflow rate, weir loading, and ef-

within the standard, and there was no problem in applying

overflow rate and weir loading equivalent to those for a

ordinary secondary sedimentation tank.
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Table 7-a Overflow rate and weir loading VS effluent SS, Company
I's process

Overflow rate Weir loading Effluent SS
Exp. (m3/m2 day) (ma/m day) (mg/1)
No.
Average Range Average Maximum | Average | Range
D-1 13.2 Constant 37.5 - 24.3 | 20028
. (Constant)
68.2
- n
2 24.0 Constant (Constant) 28.0 | 1936
3 18.4 7.2v24.0 52.3 68.2 23.7 37
4 18.4 7.2v24.0 52.3 68.2 15.9 | 1023
5 15.2 7.20v19.2 43.2 54.5 12.1 | 10016
6 18.4 7.2Vv19.2 52.3 68.2 16.0 | 1418
E-1 24.0 Constant 68.2 - 9.0 6v19
(Constant)
85.2
2 30.0 Constant (Constant) - 12.0 | 10v17
102
. - . 12

3 36.0 Constant (Constant) 17.0 |1 4
4 24.0 12.0%v36.0 68.2 102 16.9 923
5 18.4 7.2%24.0 52.3 68.2 20.0 | 1328
F-1 18.4 7.2nv24.0 52.3 68,2 15.4 | 10125
2 16.0 7.2v34.8 45.5 98.9 16.4 | 1023
S 22.4 12.0031.2 63.6 88.6 15.2 | 1121
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Table 7-b Overflow rate VS effluent SS, Company K's process

Run No. Performance
Run II-1{Run II-2{Run II-3|Run II-5 Run II-6|confirmation
experiment

Overflow Average 25 15 25 25 26.5 25
rate
(m®/m? day)|Peak 27 18 30 53 35 35
Weilr Average 250 150 250 250 106 100
loading
(ma/m day) |Peak 270 180 300 530 139 140
Effluent SS 34 25 30 33 18 18
(mg/1) (24n45) | (16n34) | (200v40) | (23v43) [(127v26) (1125)

(3)

Stability in Treatment

The daily variations in BOD and SS are shown in Fig. 15.

The flow rate, BOD and SS of the feed fluctuated considerably,

but the effluent quality remained fairly stable.
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Fig. 15-a Daily variation in BOD and SS (performance confirmation

experiment of Company I's process)
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Fig. 16 shows the water quality data in winter when the
performance of the activated sludge process is liable to be
lowerd. Although the loading varied considerably, the effluent

quality also remained relatively stable.
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Fig. 16-a Winter experimental data of Company 1's process
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Fig. 16-b Winter experimental data of Company K's process
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5.3.2 Transparency of Effluent

The transparency of the effluent during the experiment is
shown in Table 8. It was rather lower than the transparency of the

effluent in the conventional activated sludge process.

Table 8-a Transparency of effluent, Company I's process

Exp. No. |Effluent transparency (cm)

D~ 24.5 (21.67"27.0)
18.9 (15.0%26.0)
21.4 (14.5V39.0)
28.4 (19.5%40.5)
34.1 (26.0v44.0)

25.1 (20.0Vv27.0)

[o) NNV, EERRN - S V R S

38.9 (26.0"50.0)
35.3 (28.0%41.5)
25.8 (16.0Vv41.0)
23.3 (17.0Vv35.0)

g b W N

23.3 (16.0v33.0)

F-1 23.5 (19.54%32,0)
2 23,4 (17.5%29.3)

S 25.4 (22.8%28.2)

Tabie 8-b Transparency of effluent, Company K's process

Performance
Run No. I1-1 I1-2 II-3 I1-5 I1-6 confirmation
exp.
Transparency 20 22 21 20 23 24
(cm) (1921) (20724) (1922) (18~21) (20726) (2326)
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5.3.3 Others

The results of the analysis for nitrogen, phosphate, and COD
(Mn method) in the influent and effluent during the experiment are

shown in Table 9.
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Unit: °C for water
temperature
and mg/1 for
other pa-
rameters

The range of varia-
tion in Series D, E
and F is the mean

value of variations
in each experiment.

Table 9-a Water quality of influent and effluent, Company I's
process
Influent Effluent
Water 22.2 (19.7027.7) | 22.5 (17.4027.8)
temperature
CODMn 69.3 (57.30.83.3) | 24.2 (19.81.29.4)
@ | Kj-N 43.7 (34.4156.8) | 33.2 (25.3046.3)
-~
4 NHZ-N 29.2 (22.6Vv41.8) | 27.4 (17.1042.2)
w0
A |NO_-N 0.49 (0.21n1.06) | 5.03 (0.70010.9)
No;—N 0.31 (0.1400.50) | 1.37 (0.4673.39)
T-P 6.93 (6.0018.10) | 3.63 (3.0014.57)
Water 21.1 (17.9122.8) | 21.5 (18.9122.8)
temperature
CODMn 64.7 (59.2079.0) | 27.0 (22.1~31.8)
o |Ki-N 47.6 (40.7059.6) | 42.3 (38.6150.9)
@ +
| NH-N 38.1 (35.2045.2) | 36.6 (30.0n45.2)
(]
n _
@ |NO,-N 0.2 (0.15%0.25) | 0.99 (0.53%1.73)
No;—N 0.26 (0.19%0.30) | 1.51 (0.75v2.03)
T-P 7.67 (7.2708.36) | 5.53 (5.096.46)
W
atexr 14.0 (13.9014.0) | 14.0 (13.8Vv14.2)
temperature
CODMn 78.2 (76.8Vv79.5) | 29.2 (28.5129.8)
o | Kj-N 58.5 (55.9761.1) | 46.7 (43.050.4)
@ +
g NH,-N 43.8 (40.6n47.0) | 41.5 (37.0v46.0)
[0}
2] -
@ |NO,-N 0.26 (0.0900.42) | 0.44 (0.3510.52)
No;—N 0.27 (0.2110.32) | 1.33 (0.8701.38)
T-P 8.77 (7.889.65) | 5.31 (4.80n5.81)
Water 23.1 (21.524.0) | 23.7 (22.0024.5)
temperature
& CODMn 71.0 (55.0188.0) | 24.6 (20.07"28.0)
E Kj-N 42.7 (29.1750.6) | 34.4 (25.4V41.3)
-
+
g b |NH -N 31.2 (20.6%37.5) | 29.6 (18.97v34.1)
©
0 g _
8'5 NO_-N 0.10 (0.04%0.26) | 0.19 (0.0370.34)
q’ —-—
g & NO,-N 0.27 (0.12n0.39) | 0.87 (0.13%1.22)
[V}
§ g T- 8.42 (7.1979.81) | 4.99 (4.00%.10)
. 3-
g3 PO, 18.1 (13.8Vv23.5) | 13.3 (9.40M18.5)
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Table 9-b Water quality of influent and effluent, Company K's process

Water . + - - 3-
Parameters temperature ?2D¥?) T; 51) KH,-N NO,-N NO;-N (T_;I) PO, -N
(°c) 9 9 (mg/1) (mg/1) (mg/1) mJ (mg/1)
. 55.7 35.1 18.7 0.02 0.66 7.44 5.42
Applicant's Influent | 23.2 : . :
experiment (50061.4) |(32.1038.1)](17.2720.2) ] (0.000.05) | (0.2901.03)](6.7%8.2) |(4.4%6.1)
1 (Run II-2
21.0 17.9 7.31 1.01 5.81 4.53 3.90
Constant flow)|Eff1 23.
onstant flow)|Effluent 3 (18.1123.9) | (14.0021.9) | (3.68110.9) | (0.3501.67) | (1.59%10.0) | (3.975.16) | (3.3w4.4)
i 58.7 34.4 27.8 tr tr 7.4 5.3
Applicant's Influent | 24.3
experiment (55.5061.9) | (32.9438.9) | (23.7731.9) (6.9%7.9)  1(4.476.2)
(Run II-5
20.5 24.1 22.0 0.30 1.5 5.3 4.3
Variable flow)|Effluent | 24.4 (19.0022.0) | (23.1125.1) | (20.9129.1) | (0.2200.38) [ (1.2n1.8) | (4.975.7) | (3.9w.9)
43.0 29.3 20.0 tr tr 5.3 3.9
Performance  |Influent| 22.5 (39.4%46.6) | (28.230.4) | (19.2720.8) (4.56.1) |(3.4™.4)
confirmation
Tz?er;$f"t cefluent | 22.3 14.1 19.3 17.9 0.24 1.7 3.73 3.2
un uen . (12.2V16.0) | (18.6%20.0) | (17.3%18.5) | (0.1670.32) | (1.272.2) |(3.274.19) | (2.7%3.7)




SOLID-LIQUID SEPARATABILITY

The mixed liquor from the deep well aeration tank, as compared
with that in the conventional activated sludge process, contains a great
quantity of supersaturated dissolved gas and fine bubbles. Accordingly,
the solid-liquid system of Company I has a vacuum degasser between the
aeration tank and the final sedimentation tanks. The installation of a
vacuum degasser, makes it possible to employ a final sedimentation tank
of ordinary design to separate solids from the mixed liquor. The re-
sults of the measurement for SVI and sludge setting velocity of the

degassed sludge are shown in Table 10-a.

Table 10-a Sludge settlability, Company I's process

MLSS sliZEEIZOnc. SVI SSV §Z§§i123
Run No.
(g/1) (g/1) (ml/q) (m/hr)
D-1 4.4 12.9 128 - -
2 3.6 9.6 109 84 1.9
3 3.2 8.6 177 93 1.7
4 3.6 8.9 134 73 2.2
5 3.5 8.2 80 54 2.9
6 4.0 9.2 73 54 2.5
E-1 2.0 15.8 122 92 2.5
2 1.8 15.2 93 70 3.5
3 1.8 16.6 81 57 3.6
4 1.5 14.2 95 64 3.6
5 2.5 11.6 126 78 2.3
F-1 2.8 11.4 121 82 2,2
2 2.9 9.7 115 87 1.9
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The solid separation system of Company K consists of a floatation

tank, degasser and final sedimentation tank.

(1)

Floatation tank

Table 10~b shows the results of the operation of the floata-
tion tank. Fig. 17 shows the relationship between effluent SS and
the overflow rate in the floatation tank, and Fig. 18 shows the
relationship between effluent SS and the solid loading.

The floated sludge had a high solid concentration at 13,300 mg/1

on the average, and the SS removal was about 98%.

Table 10-b Sludge settlability (performance confirmation
experiment), Company K's process

Parameter Paily average |Hourly maximum | Hourly minimum
o *Flow (ma/day) 1558v1740 1900Vv1958 10441238
o
ﬁ MLSS (mg/1) 33303970 - -
k|
§ | Overtloy rate 56v62. 1 67.969.9 37.3v44.2
4] (m”/m® day)
g
7 | Settling time 1.16%1.3 1.0201.06 1.63%1.93
© (hr)
¥
2,
o Solid loading 1850231 _ _

(kg ss/m? day)

SS in floatation tank
effluent (mg/l1)

5698 (Average 78)

Floated sludge concen=-

tration

(mg/1) 1065015600 (Average 13300)

SS in final sedimentation
tank effluent (mg/1) 629 (Average 18)

*

Flow (ma/day) includes return sludge.

259



SS in floatation tank effluent (mg/l)
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SS in floatation tank effluent (mg/1)
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Fig. 18 Solid loading and SS in floatation tank effluent
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The characteristics of the sludge in the deep well aeration
tank is shown in Table 11, and the floatation curve of the sludge
in the floatation tank is shown in Fig. 19. The sludge floating
velocity was found to be 7.8 - 16 m/hr. Therefore, considering
the high floating veiocity together with the results of the
solid-liquid separatability shown in Table 10-b, it is concluded
that a high concentrated sludge can be obtained in a short period

of time with this floatation system.

Table 11 Sludge characteristics in aeration tank of
Company K's process

Performance Applicant's
Parameter confirmation exp. | experiment
(Run IV) (Run II-5)
MLSS (mg/1) 33303970 3760
SVI 67 66
Settling velocity 7.8v16 4.4712
(m/hr)
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Fig. 19 Floatation curve of mixed liquor

Final sedimentation tank

The relationship between the overflow rate or the flow rate

and SS in the final sedimentation tank effluent is shown in
Fig. 20, and the relationship between the weir loading and ef-

fluent BOD and SS is shown in Fig. 21.
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Settled sludge SV (%)

In the experiment with the weir loading of 100 - 110 m®/m.
day, effluent BOD, SS and transparency were 11.3 mg/l, 18 mg/1
and 24 cm on the average, respectively. The settling curve of
the sludge in the final sedimentation tank is shown in Fig. 22.
Although almost all of SS in the effluent from the floatation tank
settled, a part of SS floated. Therefore, it is necessary to
install a scum skimmer or some other device to remove the floated

SS.

Date of measurement: 10/20, SS in influent to

final sedimentation tank: 98 mg/l

1001 e ” —0 -0

200¢ X 1000H
Cylinder used

& Floated sludge E

60 - O Settled sludge ~40
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o
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40 60 -
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Fig. 22 Sludge settlability in secondary sedimentation
tank (performance confirmation experiment of
Company K's process)
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5.5 TREATABILITY OF SLUDGE
5.5.1 Excess Sludge Yield

The yield of the excess sludge is shown in Table 12. It was
not so different from the yield of the excess sludge in the conven-

tional method.
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Table 12-a Excess sludge yield, Company I's process
* k&
Exp. Flow Influent | Influent | Effluent | Eff luent MLSS ko BOD-SS Inflow | Outflow| Excess | Excess
No. BOD S8 BOD Ss SRT loading SS load| SS load| sludge | sludge
ratio
m’/day mg/1 mg/1 mg/1 mg/1 g/l { Day |kg/kg SS day| kg/day | kg/day | kg/day -
D-1 1320 92.2 132 8.7 24.3 4.38 ] 14.1 0.27 168 31.7 31.0 0.227
2 2400 110 125 15.5 28.0 3.56 1} 2.93 0.74 301 66.8 162 0.692
1 3 1840 124 179 15.0 23.7 3.231 2.59 0.94 329 43.1 192 0.672
4 1840 85.1 121 7.9 15.9 3.57}5.07 0.59 223 30.1 69.0 0.358 -
5 1520 78.1 104 6.9 12.1 3.49 | 16.3 0.43 159 18.9 34.2 0.244
6 1840 74.3 102 7.9 16.0 4.02 | 14.3 0.44 180 28.5 34.3 0.226
E-1 2400 87.2 109 12.0 9.0 1.99 ] 3.60 1.05 261 21.3 233 0,972
2 3000 87.4 99.3 15.2 12.0 1.791 2.24 1.49 297 37.0 305 1.17
3 3600 87.2 102 18.7 17.0 1.76 | 2.02 1.78 369 60.0 175 0.566
4 2400 90.1 114 16.0 16.9 1.49]1.59 2,21 273 40.7 206 0.887
5 1840 112 170 15.0 20.0 2,481 2.52 .1.14 309 37.4 233 0.858
F-1 1840 126 150 14.4 15.4 2.8314.42 1.12 277 27.9 212 0.851
2 19471940 129 132 15.9 16.4 2.911} 4.69 1.39 209 25.9 158 0.863
S 2240 97.9 , 112 15.6 15,2 2.26}1.59 0.98 251 34.0 205 0.945

* The analysis of effluent BOD is conducted by low-temperature

sterilization method.

MISS X aeration tank volume
excess gsludge + outflow SS load

** SRT =

excess sludge
inflow SS load - outflow SS load

*** pxcess sludge ratio =



Table 12-b Excess sludge yield, Company K's process

Parameter

Performance confir-

Applicant's experi-

mation (Run 1IV) ment (Run II-5)
Flow (m® /day) 1000 "~ 1100 1015 " 1160
Influent BOD
80.8 102
(mg/1)
Influent SS
77 146
(mg/1)
Effluent BOD
11.3 13.6
(mg/1)
Effluent SS
18 33.1
(mg/1)
MLSS (mg/1) 3240 3760
BOD loading
0. 0.49
(kg/kg SS day) 45
Inflow SS load
80.1 153
(kg/day)
Outflow SS load
18.7 34.6
(kg/day)
Excess sludge
. 8
(kg SS/day) 55.8 11
, *1
Excess sludge ratio 0.91 1.00
*2
SRT (day) 6.0 3.4

*1 Excess sludge ratio =

excess sludge

total sludge in the system

inflow SS load - outflow SS load

*2 SRT =

excess sludge + outflow SS load
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5.5.2 Thickening Characteristics

Fig. 23 shows the excess sludge thickening curve. There was

no particular problem in the thickning of the excess sludge.

Date of

SS
measurement:

e 13 Nov. 80 15980 mg/1
X 14 Nov. 80 12020 mg/1

—~F
o0 O

80 A

60 7
SV

40

201

T T ' L

10 15 20 25

N
J
i

Settling time (hr)

Fig. 23-a Excess sludge thickening curve, Company I's process
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SV (%)
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-
-~
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Fig. 23-b Excess sludge thickening curve, Company K's process

5.5.3 Dewaterability

The following experiments were conducted to examine the

dewaterability of the excess sludge.

(1) vacuum filtration (leaf test)
(2) Press filtration (leaf test)
(3) Belt press filtration (small-sized experimental apparatus)
(4) Centrifuge dewatering (small-sized experimental apparatus)
The results of the experiments are shown in Tables 13, 14, and

15. The dewaterability of the excess sludge in the deep well

biological process was not so different from that in the conventional

activated sludge process.
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Table 13

Results of vacuum filtration and press filtration

tests with excess sludge, Company I's process

Filtration method Vacuum filtration Press filtration
Excess Centrifuged Excess Centrifuged
sludge sludge sludge sludge

Concentration (wt %) 1.04 5.4 1.04 5.4
Agents dosed FoCls + Cal(OH)
Dose ratio (wt %) 10+30 10+30 10+50 10+30
Filter cloth Pyrene (A) | Pyrene (A) Pyrene (A)| Pyrene (A)
Applied vacuum (Torr) 260 260
Applied Filtration - - 3 3
pressure
(kg/cm2 G) | Pressing - - 10 10
Cake thickness (mm) 2.6 19.0 2.0 11.0
13
Sludge volumeatrgated 0.69 0.47 0.175 0.19
(m”/m“ hr)
Dry cake yield
. . . 0.
(kg/m2 hr) 4.9 22.6 1.84 10.8
Water conte?z)l“ cake 81.0 84.0 64.0 70.0
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Table 14 Results of dewatering experiment for excess sludge
by use of belt press, Company I's process

Filtration method

Without thickening

With thickening

-]
Aeration system Conventional Eizﬁowiiil Conventional giiﬁowiiil
y method g method 9
process process
B *
Dry cake Yield 25041 20051 370131 370111
(kg/m hr)
Water conte“t(;‘ cake 84.4v86.2 |83.2084.4 | 77.6V83.6 | 79.4n81.1
Coagulation agent High cationic > > >
Dose ratio (wt %) 1.35Vv1.61 0.98 1.10v1.47 1.0
SS recovery (wt %) 86.4 88.791.4 87.6193.8 94.3.95.9

* Width of belt used 900 mm

Table 15-a Results of dewatering of excess sludge with
centrifuge, Company I's process
Without thickening| with thickening

Concentration (wt %) 0.86 3.4
Coagulant dose ratio (wt %) 1.16 1.0
Centrifugal force (G) 3140 3140
Sludge volume treated (m®/hr) 3.0 1.0
Dry cake yield (wt %) 26.0 34.0
Water content in cake (%) 8183 8082
SS recovery (wt %) 9799 9899

Centrifuge used:

Cylindrical conical type,

Ball diameter 250 mm¢
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Table 15-b Results of dewatering of excess sludge with
centrifuge, Company K's process

Parameter Deep well biological
process

Sludge volume treated (ma/hr) 3.5

Concentration (W/v %) 0.85
Coagulant dose ratio (wt %) 1.05
Centrifugal force (G) 3000
Dry cake yield (kg/hr) 29.5
Water content in cake (%) 83.2
SS recovery (wt %) 99

Coagulation agent used for test: Cationic polymer
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6. ECONOMIC EVALUATION

cost

(1)
(2)
(3)
(4)

(5)

(6)

For the evaluation of economical efficiency of this process, an

estimation was conducted under the following conditions.

Influent BOD: 120 mg/1

Effluent BOD: 20 mg/l or less

Design flow: 5,000 m’/day, 50,000 m’/day and 300,000 m’/day
Two systems or more to be set up.

Scope in the estimation
Deep well aeration tank (Companies I and K)
Vacuum degasser (Company I)

Floatation tank ana degasser (Company K)

Geology: Geological features along the shore of Tokyo Bay
shall be assumed, that is, a silt layor to the
depth of 40 m and gravel layor beneath to the depth
of 100 m.

6.1 CONSTRUCTION COSTS

The construction costs based on the estimation for the aeration

facilities in the deep well biological process are shown in Table 16.

Table 16-a Example of estimation of construction cost of
Company I's process

Design flow 5,000 m®/day|50,000 m®/day 300,000 m®/day
Dimension of aeration tank|1.1% x 1008 | 3.6% x 1007 |3.0% x 100" [6.0% x 100"
m m m m m m m m
Number of systems 2 2 16 4
Material (inside/outside) Steel p%pe/ RC/RC Steel pipe/ RC/RC
steel pipe steel pipe
Construc-{Deep well 261 .
tion aeration tank 873 4525 3427
cost, v
(Unit: acuum degasser 21 20 256 191
1000,000 |Compressor 13 63 460 460
Yen) =
Total 295 956 5241 4078

275



9.¢

Table 16-b Example of estimation of construction costs of Company K's process

Design flow

5,000 ms/day

50,000 m®/day

Dimension of aeration tank

1.3 mg X 100 mH

2.85 mg X 100 mH

Material for Inside
aeration tube/outside
tank ’ tube

Steel pipe/
Ductile cast-iron pipe

Steel pipe/
Ductile segment

Number of systems

2-tanks 2-systems

4-tanks 8-systems

Construc~
tion cost
(1,000 Yen)

Machinery | Engineering works | Machinery | Engineering works
Deep well aeration | )¢ 59 115,000 620,000 270,000
tank
\Floatation tank 27,000 10,000 160,000 120,000
Degasser 15,000 5,000 24,000 6,000
Subtotal 168,000 130,000 804,000 396,000
Total 298,000 1200,000




6.2 REQUIRED LAND AREA

Table 17 shows the estimated land area required for each facility

Table 17-a Required land area, Company I's process

Design flow 5000 m®/day | 50,000 m¥/day 300,000 m®/day
Dimension of aeration 1.l¢ < lOOH 3.6¢ % 100H 3.0¢ < 100H 6.0¢ % 100H
tank m m m m m m m m
Number of systems 2 16 4

Deep well 40 260 1904 1336
aeration tank
Vacuum degasser 3.7 26.8 175 126
Area
(m”) Compressor air
p 5.3 38.1 71.9 71.9
tank
Vacuum pump 3.2 9.1 21.4 21.4
Total 52.2 334 2172 1555

Table 17-b

Required land area, Company K's process

Design flow

5,000 m®/day

50,000 ms/day

Dimension of aeration
tank

H
1.3 mg X 100 m

2.85 mg X 100 mH

Number of systems

2-tanks 2-systems

4-tanks 8-systems

Deep well aeration

tank 36 182
Area
re?i;fed Floatation tank 126 1260
Degasser 36 280
Total 198 1722
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6.

3 MAINTENANCE AND OPERATION COST AND REQUIRED ELECTRIC POWER

Table 18 shows the estimated power required for the aeration

facilities in the deep well biological process.

Table 18~a Electric power required, Company I's process

Design flow 5,000 ma/day 50,000 ma/day 329}223
Rated | Actual | Rated | Actual | Rated | Actual
Compressor Kw 30 22 180 158 840 780
Vacuum pump Kw 4.4 2.0 15 10 88 60
Return sludge pump Kw 7.4 4.6 44 35 240 210
Total Kw 41.8 28.6 239 203 1168 1050
Power consumed per day KwH/day 686 4872 25200
szrvei ]fonilémed Xul 1.37 0.974 0.84
iemovengOD Removed BOD kg : . )
Power consumed per KwH/m? 0.137 0.097 0.084
1 m” of sewage .

278




6.¢

Table 18-b Electric power required, Company K's process

Design flow 5,000 m3/day 50,000 m3/day
Power Power
Rated KW | Actual KW| consumed | Rated KW| Actual KW | consumed
KWH/day KWH/day
Recirculation pump 7.5%2 5.6%2 269 30%4 27.6%4 \ 2650
Aeration blower 3.0%1 2.0%1 48 14.3%2 9.9x%x2 476
Sludge collector 1.5%2 1.1x2 53 1.5%4 1.1%4 106
Degasser blower 1.65%1 0.7x1 16.8 5.0%2 3.4%2 163
Return sludge pump 5.5x1 4.0x1 96 22x%2 19.0x%2 912
Total 28.15 20.1 482.8 208.6 179.4 4307

Power consumed per day

483 KwH/day

4307 KwH/day

Power consumed per
1 kg of removed BOD

0.774 KWH/removed BOD kg

0.679 KwH/removed BOD kg

Power consumed per
1md of sewage

0.097 KwH/m®3

0.086 KWH/m?>




From the above results of the estimation, it can be seen that the
land area required for the aeration tank is much less than that for the
conventional method, and the power required is almost the same as in

the conventional method.
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RESULTS OF EVALUATION

From the view points of treatment performance and the actual

construction experiences, the deep well biological process developed by

Companies I and K met the goals of development and has been recognized

as a municipal sewage treatment technology that has already reached the

stage of practical use as described below.

(L)

(2)

(3)

(4)

(5)

(6)

These were practical techniques with a treatment capacity of

1,000 m3/day or more.

These techniques were capable of meeting the legal require-
ments for the biochemical oxygen demand (BCD) and suspended

501ids (SS) in effluents.

In the operation of facilities under this process, there was
no marked difference between this process and the conventional

methods such as the standard activated sludge process,

As for the operation and maintenance cost, these techniques did

not differ greatly from the conventional method.

These techniques had simplicity in taking countermeasures to

prevent detrimental effect on surrounding environment.

Much less land area was required for the aeration tank in this

process, compared with the conventional methods.
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8.

ADDITIONAL REMARKS

(1)

(2)

(3)

(4)

The following remarks were added to the final evaluation report.

Biochemical oxygen demand(BOD) of the effluents from the applicants'
plants during the experiments for this evaluation was 20 mg/l or
less.

It is necessary to consider a safety factor to meet the
effluent standard in the design and operation of the deep well
biological process, as it is customary done in the design and opera-

tion of the actual plants.

By the employment of the deep well bioclogical process, the land
area for the aeration can be greatly reduced. However, additional
facilities for solid-liquid separation are required instead.

Further, the aeration tank is constructed with a technique
different from that in the conventional method.

Accordingly, on the adoption of this process, the complete
economical analysis must be carried out, with particular consider-
ation given to the reduced land cost, the construction costs of the
deep well aeration tank and solid-liquid separation facilities, and

other costs.

For the design and construction of the deep well aeration tank, it
is necessary to investigate thoroughly in advance: Earthquake
resistance, construction method and safety depending on the
geological structure, the materials to be used, and some other

factors.

In this process, the removal of sand, sludge and other matter which
may settle and accumulate on the bottom of the aeration tank is
considered to be more difficult than in the conventional method.

This must be considered in the design and operation of this plant.
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DEPHOSPHORIZATION OF SEWAGE BY CONTACT CRYSTALLIZATION OF CALCIUM APATITE

1. INTRODUCTION

As a countermeasure to the pollution of land-locked waters, such
as lakes, swamps and inland bays, due to eutrophication, a variety of
processes for removal of phosphorus, one of the major pollutants, have
been developed.

A phosphate crystallization process which theoretically does not
liberate sludge has attracted the Tokyo Metropolitan Government whose
chronic headache is the lack of sites for dumping sewage sludge.

In August 1978, the Tokyo Metropolitan Government installed a pilot plant
and related experimental facilities at its Morigasaki Wastewater Treatment
Plant to study the phosphate crystallization process, Although phosphate
crystallization had already been demonstrated by a private company to be
effective in treating the secondary effluent of night soil various engi-
neering requirements and particulars had yet to be clarified in its ap-
plication to the dephosphorization of sewage.

2. PRINCIPLES AND FEATURES OF DEPHOSPHORIZATION
2.1 PRINCIPLES

Phosphorus in the secondary effluent of sewage exists, for the
most part, in the form of P043_. When charged with slaked lime
(calcium hydroxide), this secondary effluent produces calcium hydroxy-
apatite (Ca5(OH)(P04)3), which, though extremely low in solubility,
remains dissolved and supersaturated in the secondary effluent because
its precipitation velocity is quite low at a pH value of 8 to 9.

In the contact crystallization process discussed here, hydroxya-
patite is crystallized and separated selectively and at a practically
high speed by bringing it into contact with a liquid dephosphorization
media with a low degree of supersaturation and a pH value of 8 to 9
(crystallines mainly consisting of calcium phosphate) as seeds forming
crystalline nuclei.

The secondary effluent of sewage contains, in addition to
phosphoric acid, 100 mg of carbonates per liter which react with
calcium ions.

When slaked lime is injected into the secondary effluent, these
carbonates are transformed into CaCO3 or Ca(HCO3)2, which coexists
with apatite in a supersaturated state to prevent the separation of
the latter. Worse, CaCO3 or Ca(HC03)2 is liberated upon the dephosphori-

284



zation media to degrade the latter's dephosphorization activity.

The contact crystallization system introduced here is provided
with a decarbonation process in which raw water is added to sulfuric
acid in excess of its M-alkalinity (total alkalinity) equivalent
(acid equivalent of CaCO3 necessary to reduce the pH value to 5) in
order to convert the carbonates into free ones, which are then
aerated for expellation into the open air.

Then, slaked lime is dosed to make up Ca ions and hydroxyl ions
(to a Ca2+ concentration of about 70 mg/lit., pH 8.5 to 8.8), and the
decarbonated liquid is brought in contact with the nuclei media
(dephosphorization media serving as a filter) consisting mainly of
calcium phosphate for the purpose of dephosphorization.

The reaction process is as follows.

SCa2+ + OH + 3P0 -, CaS(OH)(PO4)3

4
In this case, the pH value may go up more than necessary if slaked
lime alone is used to increase the Ca2+ concentration. For this
reason, part of the slaked lime does may be replaced with CaSO4 or
others.
2.2 FEATURES
The contact crystallization system has the following features.

(1) Theoretically sludge-free, except for the sludge stemming from
suspended solids in the secondary effluent.

(2) Shorter retention period in each process, and a smaller installation
space compared with the coagulation sedimentation process (phosphate
precipitation process).

(3) Use of inexpensive chemicals (sulfuric acid and slaked lime) which
are readily available domestically.

(4) Recovery of phosphorus from sewage as deposited on the dephosphori-
zation media.

(5) No need to reactivate the dephosphorization media, and no need to
treat wastewater resulting from reactivation, unlike the ordinary

ion exchange media.
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3. PILOT PLANT OUTLINE
The conditions upon which the pilot plant has been designed are
listed in Table 1, and the physical properties and chemical composition
of the dephosphorization media* in Table 2.
Figure 1 shows the process flow sheet of the pilot plant.

(Refer to Table 1, Table 2 and Fig. 1)

Table 1. Pilot plant design conditions and specifications

Secondary effluent of sewage treatment
plant subjected to preliminary removal
of SS by rapid sand filtration

Effluent to be treated

Planned processing rate 100 m? /day
. Dimensions 0.5mx 1mx2m (H)
gcre‘c:rbonatlon Retention time 8.6 to 12.9 min.
Aeration rate 0to 21 m?/hr.
pH conditioning Dimensions 0.8m¢ x 1Tm (H)
tank Retention time 5.0 min.

Dimensions 1m¢ x 1m (H), downward flow pressure
Filtration tank type

Rate of filtration 5m/hr.

Dimensions 1Tm¢ x 4.5m (H)
3:2'12’53(“0”23' Linear velocity (LV) 5m/hr.

Space velocity (SV) 2.5 times/hr.

Charge, 1.6 m?; stuffing height, 2m

Dephosphorization media l

Table 2 Dephosphrization media — physical properties and chemical composition

Physical properties Chemical composition, %
Grainsize |044mm | P,O5 | 348 | H,0 | 16 | S0, | 05 [ K,0 0.1
Uniformi "
co’:ff‘j;'lfe‘::’ 1.59 Ca0 526 | SO, 14 MgO 06 |Ingitionloss| 1.9
T -
gr’a“veitsy"ec' '} 2.629/cm®| CO, 45 | Na,O 11 | A%,0, | 03 Others 4.1

* In order to obtain high-efficiency dephosphorization media of uniform

quality, phosphate rock was treated as follows. First, phosphate rock
was pulverized and classified by size. Phosphate powder of a uniform
slze was then treated in an aqueous solution of potassium hydrophosphate
and an alkaline solution of calcium chloride to form fine apatite

crystallines over phosphate particles,
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Sulfuric acid dilution tank

Lime storage
tank

Effluent
receiver

Lime dissolving
tank

——— e s ——— —

Effluent

An inflitrate through a high-speed sand filter of the secondary

effluent available from the Morigasaki Wastewater Treatment Plant was

supplied around the clock to the pilot plant for study.
1st stage (September 1978 to July 1979):
(Refer to Fig. 2)

is illustrated in Figure 2.

Influent

(secondary effluent e

of sewage plant)

Sulfuric acid CO,

t

Lime

&

The process flow used

Decarbonation procesy
{bicarbonate refeasel

—

, Lime mixing and pH
conditioning process

-

Dephosphorization
process

t Retentson time, 13 min

Air

Retention ume, 5 min

Retention time, 24 min

Fig. 2 Process flow for 1st stage of study
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2nd stage (August 1979 to May 1980) and 3rd stage (June 1980 to
March 1981): According to the results of the first stage study, an
intermediate filter process was installed. Prior to each of these

stages, the dephosphorization media was renewed. (Refer to Fig. 3)

Sulfuric acid CO Lime
2
Influent Dacarb - L nd pH - Sand il Dephosph t Effl
lacarbonation process ime mixing al P ant Wtration osphorization uent
{secondary effluent of ({bicarbonate release} conditioning process process process
sewage treatment plant)
t Retention time, 13 min Retention time, 5 min Rate of filtration, 120m/day SV = 2 5 times/hr , LV = 120 m/day
Reteation tune, 74 m. 4
Air

Fig. 3 Process fiow for 2nd stage of study

4.1 RESULTS AND DISCUSSIONS
4.1.1 Raw Water Quality

The monthly averages af the water characteristics concerning

the crystallization reaction are shown in Table 4.

Table 3 Measuring 1tems and methods of analysis

Measuring Item Unit Method of analysis

Glass electrode method (specified in the
pH - Standard Methods for the Examination of
Sewage)

Transmittance measuring method {speci-
Turbidity deg. fied in the Standard Methods for the
Examination of Drinking Water)

Titration with N/560 HCI {specified in the

Total alkalinity (as CaCO, )} mg/lit. Standard Methaods for the Examination of
Sewage)
Calcium ion ma/lit. EDTA titrimetric method (specified in the

Japanese Industrial Standards)

EPA methods for chemical analysis of
Total phosphate mg/lit. water and wastes {Ammonium persulfate
digestion and colorimetry)

EPA methods for chemical analysis of

Orthophosphate mg/lit. water and wastes {direct colorimetry)
Dissolved orthophosphate mg/lit. Ditto

Total carbon dioxide mg CO, /lit.” Diaphragm type CO, electrode method
Free CO, mg CO, /iit. ditto
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Table 4(a) Quality of influent (1st stage of study)

= Date | Oct. Nov, Dec. Jan. Feb. Mar. Apr. May Jun. Jul,
Characteristic —~ 1978 1978 1978 1979 1979 1979 1979 1979 1979 1979
Watertempera®® | 213 | 180 | 164 | 147 | 148 | 147 | 173 | 197 | 231 | 243
" 6.65~ [6.60~ |695~ |6.75~ |6.82~ |6.72~ |6.45~ |6.63~ |6.70~ |6.72~
Pr 1714 | 744 | 715 | 710 | 7.09 | 7.05 | 7.00 | 685 | 7.10 | 7.10
Total Alkalinity, | g3 86 | 116 , 93 | 103 | 97 66 54 | 81 72
L _mgflit. | 7 -
Ca*2 mg/lit. | 29 28 30 28 27 28 27 27 26 28
Total P mg/lit. | 262 | 2.68 | 3.13 | 2.01 | 167 | 1.76 | 1.88 | 159 | 1.79 | 1.81
[PO.P ~ moiit. | 241 | 243 | 293 [ 193 | 159 | 169 | 1.79 | 152 | 1.67 | 1.75
Dissolved PO, ;:g e |,238 | 241 | 293 | 185 | 153 | 165 | 1.74 | 149 | 165 | 172
| Turbidity deg. | 052 | 0.83 | 1.47 | 095 | 145 | 134 | 1.24 | 1.02 | 137 | 075
Total CO, mg/lit. | 88 88 | 114 | 94 | 107 | 101 | 68 58 83 | 78 |
FreeCO, mg/iit. | 83 | 96 | 126 | 123 | 1.8 | 126 | 11.4 | 123 | 138 | 138
Table 4(b) Quality of influent (2nd stage of study)
\‘gte Aug. | Sep. Oct. | Nov. Dec. { Jan. Feb. | Mar. | Apr. | May
Characteristic 1979 | 1979 | 1979 | 1979 | 1979 | 1980 | 1980 | 1980 | 1980 | 1980
LW"“" ‘e"‘pe"’.,‘g'e 261 | 245 | 216 | 187 | 165 | 144 | 144 | 158 | 178 | 191
" - 1676~ |6.75~ [6.70~ |6.75~ [6.70~ [6.75~ [6.88~ {7.00~ [6.80~ |6.83 ~
- 1713 | 700 | 699 | 694 | 694 | 705 | 717 | 7.12 | 715 | 7.15
Total alkalinity | 65 | g6 | 60 | 55 | 61 73 | 90 | 100 | 80 | 80
o mg/lit.
Ca'?  mgllit. | 29 28 29 29 28 28 27 28 26 26
Total P mg/tit. | 1.79 | 1.79 | 126 | 142 | 151 | 155 | 1.86 | 1.80 | 1.64 | 1.89
PO, —P mg/iit. | 173 | 1.75 | 1.20 | 137 | 145 | 145 | 1.75 | 166 | — —
Dissolved PO =P | 171 | 174 | 118 | 134 | 142 | 143 | 172 | 164 | - -
| mg/lit.
Turbidity deg. | 060 | 0.82 | 1.24 | 117 | 145 | 169 | 207 | 206 | 191 | 177
Total CO, mg/lit. | 68 63 63 60 66 82 | 112 | 119 | 85 80
FreeCO, mg/it. | 124 | 106 | 11.6 | 130 | 141 | 138 | 185 | 152 | - -
Table 4(c) Quality of influent (3rd stage of study)
Date | Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan, Feb. Mar.
Characteristic 1980 | 1980 | 1980 | 1980 | 1980 | 1980 | 1980 | 1981 | 1981 | 1981
Woter temperature | 238 | 233 | 235 | 227 | 206 | 188 | 167 | 141 | 139 | 163
" 690~ |6.69~ [6.77~ [6.71~ |664~ |6.80~ |6.84~ |6.86~ |6.89~ |6.62~
P 701 | 704 | 704 | 692 | 699 | 707 | 719 | 714 | 7.02 | 7862
Total atkalinity
Y it | 83 66 58 60 72 80 83 93 94 82
Ca*? mg/lit. | 28 29 30 30 30 30 30 29 28 27
Total-P mg/iit. | 180 | 137 | 128 [ 143 [ 149 [ 157 | 166 | 187 | 172 | 164
Turbidity  deg. 126 | 135 | 084 [ 084 | 109 | 093 | 102 | 158 | 204 | 2.30
Total carbonate
mariit. | &7 70 60 81 74 85 76 | 102 | 108 | 84
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4.1.2

The M~alkalinity governing the sulfuric acid requirement for
the decarbonation process varied in the range of 54 to 115 mg/lit.
with 75 mg/lit. as an average; 1t decreased in summer, but in-
creased in winter. It was also low when the nitrification was
active or when it was rainy.

The total phosphorus in the raw water was in the range of
1.5 to 2.0 mg/lit. for most months and showed an annual average
of 1.62 mg/lit. in 1980, suggesting that the raw water used was
representative of secondary effluents so far as the phosphorus
concentration 1s concerned.

In passing, the annual average of the total-phosphorus
concentrations of the secondary effluents from the eight waste
water treatment plants within the wards of Tokyo is in the range of
1.13 to 3.14 mg/lit. or 1.92 mg/lit. on the average, and phosphorus
is present, primarily in the form of dissolved orthophosphate.

Calclum ions which are effective in the crystallization
reaction remained almost constant at about 30 mg/lit. throughout
the test stages.

The carbonates which affect the crystallization reaction were
present at a level of 60 to 120 mg/lit. in terms of total carbonate,
and changed almost in proportion to the change in M-alkalinity.
Decarbonation

In the decarbonation process, raw water was acidified with
sulfuric acid, and was aerated to liberate carbonates, which
were then subjected to air stripping. The injection rate of
sulfuric acid was held at 150 mg/lit. up until March 1979, but
from April 1979 was controlled to attain a pH value of 3.

In oxder to improve the decarbonation efficiency, the
aeration rate was changed l1little by little during the study period,
and the tanks were modified as well. Figure 4 shows the changes
in the monthly averages of total-carbonate concentrations in the
influent and decarbonated water. Table 5 shows the relationship
between the running conditions and decarbomation efficiency.

As is clear from Table 5, the total-carbon concentration of the
secondary effluent could be held low at about 10 mg/lit. by in-
jecting alr at a gas-to-liquid ratio of 3 in the plug flow system.
(Refer to Fig. 4, Table 5)
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Oct. Nov Dec. Jan Feb Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb, Mar. Apr. May
1978 1979 1980
Fig. 4 Monthly averages of tote! carbonate in the influent and decarbonated water
Table 5 Operating conditions of decarbonation tank, and decarbonation efficiency
. Oct.to | Dec. 1978 Feb. to Jun. to Aug. 1979 to
Period Nov., 1978|to Jan. 1979] ™ 1979 | ;n 1979 |  Aug., 1979 Mar, 1981
3-horizontal 3-vertical
Iype of decarbona- Single-stage complete mixing staggered baffle | staggered baffle
ion tank
) e 4-turn flow 4-turn flow

Gas-liquid ratio (G/L) 1 2 3 5 3 3 |

Total carbonate in

influent ma/lit. 90 107 108 105 73 81.2

Total carbonate in

decarbonated water 399 360 338 229 16.6 13.9

mg/lit.
Carbonate removal 12t | 56.8 66.4 68.7 81.1 77.2 82.9




4.1.3 Dephosphorization and Reaction Products

Total phosphate, mg/lit.

In the first stage of the study, the changes in phosphate

concentration of influent and effluent were as shown in Figure

5 and Table 6. (Refer to Fig. 5, Table 6)

40 —

3.5 S

3.0 -

2.0 —

1.6

1.0 —

0.5

Influent

Effluent

L) I I 1 1 T 1 { L

1
Oct. Nov. Dec. Jan. Feb., Mar. Apr. May Jun. Jul
1978 1979

Fig. 5 Monthly changes of phosphate concentration in the first stage of study
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Table 6 Phosphate concentration in the first stage of study

Sample

Influent

Effluent

== Date | Oct. | Nov. | Dec. | Jan. Feb. | Mar. | Apr. | May | Jun Jul

Chafacter;st\ié‘\ 1978 {1978 | 1978 | 1979 | 1979 | 1979 | 1979 | 1979 197’.5) 1979

T°‘a'°h°s°“ar‘:gmt 252 | 268 | 313|201 | 167 | 177 | 188 | 150 | 1.79 | 182

Dissolved orthophos- | 5 44 | 543 | 293 | 193 | 159 | 169 | 1.79 | 1.52 | 167 | 1.75
phate mg/lit.

Total °“°5°“ar‘: Jiie, | 012 | 0.35 | 059 | 048 | 0.47 | 044 | 0.53 | 053 | 0.49 | 0.40

Dissolved orthophos-
phate mg/lit. 007 | 0.28 | 051 | 045 | 042 | 040 | 0.51 | 0.50 { 045 | 0.48

For about one and a half months after the start of the
operation, the phosphate concentration in the effluent was kept
as low as 0.1 to 0.2 mg/lit. This was due to crystallization
synergy, and adsorption to the surfaces of dephosphorization
media, etc., in the early stages of water supply.

In December, three months later, the phosphate concentration
reached 0.77 mg/lit. It was inferred that an increased amount of
residual carbonates in the influent of dephosphorizing tank owing
to poor decarbonation might have reacted with calcium ions to
encrust calcium carbonate over the dephosphorization media thus
halting the dephosphorization activity.

Later the operating conditions of the decarbonating tank
were improved. As a result, the concentration had been stabilized
at about 0.5 mg/lit. from January 1979 till the end of the lst
stage of the study in July 1979. To check the surface changes
of the dephosphorization media, the chemical composition of flak-
ings from the dephosphorization media were analyzed.

The results were as shown in Table 7. It is evident that
the surfaces of the dephosphorization media were covered mainly

by calcium carbonate. (Refer to Table 7)

Table 7 Chemical composition of reaction products

Chemical composition*
| Sample
Apatite . Calcium carbonate
Fresh dephosphorization
media 100 % 0
Dephosphorization media
after three months of use 220% 593 %

*Note: Calculated from the analyses of P and Ca
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P {mg/?)

20

1.5

1.0

0.5

0

In the first stage study it was found that calcium carbonate
produced in slaked lime and water served as a barrier to crystalli-
zation. 1In the second stage study, a sand filter was applied
before the dephosphorization process to remove calcium carbonate,
and the dephosphorization media was renewed.

Figure 6 and Table 8 show the phosphate concentrations in
the influent and effluent in the second and third stages of the
study. (Refer to Fig. 6, Table 8)

[ ]
ol o d
[ ]
e ) .
® ® ¢
o ® o o
o °
[ ]
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Legend
® nfluent
o © O  Effluent
(o] (o]
(e] (o) o O (o]
o o o ° o o ° ¢
c 1 1 1 A L 1 i ne | 1 |l 1 1 i 1 A 1 1
Aug. Sep. Qct. Nov. Dec. Jan. Feb, Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb, Mar.
1919 1980 l 1981 \
| Pilot plant ! Monitor plant !

(continued use of dephosphori-
zation media used in the pilot plant)

Fig. 6 Phosphate concentrations in influent and
effluent (Aug. 1979 to Mar. 1981)
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Phosphate concentrations in the influent and effluent
{Jun. 1980 to Mar. 1981)

2.0 R
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Dephosphorization media replaced prior to start of study

Fig. 6 (continued)

Table 8 Phosphate concentrations in influent and effluent (Aug. 1979 to Mar. 1981)

Aug.
1979

Sep.
1979

Oct.
1979

Nov.
1979

Dec.
1979

Jan,
1980

Feb.
1980

Mar.
1980

Apr.
1980

May
1980

Influent

Total phosphate (mg/2)
Total
orthophosphate (mg/2)

Dissolved
orthophosphate (mg/%)

1.79
1.73

1.7

1.79
1.75

1.74

1.26
1.20

1.18

1.42
1.37

134

1.51
1.45

1.42

1.55
1.45

143

1.85
1.74

1.7

1.80
1.66

1.64

1.64
1.54

1.54

1.91
1.83

1.81

Effluent

Total phosphate {mg/R)
Total
orthophosphate (mg/g)

Dissolved
orthophosphate (mg/¢)

0.04
0.02

0.01

0.07
0.05

0.04

0.n
0.08

0.08

0.23
0.21

0.20

0.34
0.30

0.29

0.65
0.59

0.57

0.67
0.64

0.61

0.29
0.26

0.25

0.26
0.25

0.23

0.29
0.27

0.25

Jun.
1980

Jul.
1980

Aug.
1980

Sep.
1980

Oct.
1980

Nov.
1980

Dec.
1980

Jan.
1980

Feb.
1980

Mar.
1980

Influent

Total phosphate {mg/g)

Total
orthophosphate {mg/<)

Dissolved
orthophosphate {mg/Q)

1.90
1.81

1.79

137
1.34

1.31

1.28
1.23

1.22

1.54
1.50

1.49

1.55
149

1.47

162
167

1.65

1.75
1.66

1.65

2.00
187

1.87

1.83
1.72

1.7

1.64
152

1.50

Effluent

Total phosphate (mg/R)
Total
orthophosphate {mg/%)

Dissolved
orthophosphate (mg/2)

0.07
0.05

0.04,

0.16
0.14

0.12

0.15
0.13

0.12

0.19
0.16

0.14

0.22
0.19

0.18

0.26
0.23

0.22

0.29
0.27

0.25

0.30
0.26

025

0.28
0.25

0.24

0.29
0.26

0.24
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The concentration of total phosphate in the effluent was
kept at less than 0.1 mg/lit. for about three months after the
start of the second stage study and for about one and a half
months after the start of the third stage of study. .Just as in
the first stage, this was caused by crystallization synergy and
adsorption to the surface of the dephosphorization medium.
Compared with the first stage, the phosphate concentration in
the effluent was low. This was because the inflow of calcium
carbonate and other contaminants.into the dephosphorization tank
was reduced sharply to maintain the performance integrity of
the dephosphorization media for an extended period.

After four months, the total phosphate concentration had

increased to 0.2 mg/lit., and five months later, it had increased

to 0.3 mg/lit. Subsequently, however, the total phosphate
concentration remained unchanged. This concentration level was
lower than 0.5 mg/lit., showing the effectiveness ‘of the improve-
ment of the decarbonation process and the installation of the
sand filtration process.

With the supply of influent, the leakge of phosphate increases
gradually and finally reaches an equilibrium state. During the
March-May period of 1979, when the process was deemed to be
stabilized, the total phosphate concentration was 0.18 to 0.34
mg/lit. or 0.28 mg/lit. on the average, which seems to represent
the performance of the contact crystallization process.

In January, the effluent showed a high phosphate concentration.
This was because the decarbonation tank was run at a pH value of
3.5, which reduced the injectlon of slaked lime necessary for
-neutralization to cause insufficiengy in the calcium ions required
for dephosphorization. When the pH value was reset to 3, the
phosphate concentration level was reestablished.

To investigate the propertles of the reaction products
deposited on the dephosphorizatioﬁ media, elementary analysis of
surface layers of the dephosphorization media was conducted using
an X-ray microanalyzer. It was found that the Ca/P ratio became

larger after use than it was before. 1t was thus inferred that

296



the increase in Ca might have been caused by the formation of
calcium carbonate.

Also, a chemical analysis of solids in the backwashings of
the dephosphorization tank was conducted in order to evaluate the
properties of reaction products. Calcium carbonate was found to
be 35%, or half as much as that recorded in the first stage of
the study, thus proving the effectiveness of sand filtration tank
installation.

4.1,4 Sludge and its Disposal

Phosphate removed in the contact crystallization system makes
the dephosphorization media grow, but causes no sludge. But the
contact crystallization system produces sludge in the form of
solids in the sand filtration tank and backwashings in the
dephosphorization tank.

In the first stage of the study, sludge was developed from
the dephosphorization tank alone. It was generated at a rate
of 4.2 g/m3 of effluent. In the second stage of the study, the
sludge was generated from the sand filtration tank at a rate of
4.9 g/m3 and from the dephosphorization tank at a rate of 0.45
g/m3, or about 5 g/m3 in toto, which is far smaller than in any
other method.

These wastes should preferably be handled from the viewpoint
of the entire sewage treatment facilities, including the primary
and secondary treatment, and may well be turned back to the
primary settling tank. The increase in the loadings due to return

sludge is calculated as shown in Table 9. (Refer to Table 9)

Table 9 Effects of backwashings

Backwashing wastes per m? . -
of effluent Increase in loading® (%)
Water (m3®)| SS (g) | Phosphate {g)|Water (m®)| SS (g) | Phosphate (g)

Backwashings from rapid

sand filter 0.05 4.9 0.05 5 3.3 1.25
Backwashings from dephosphoriza ’

dephosphorization tank 0.01 0.45 0.05 1 0.3 1.25

Total 0.06 5.35 0.1 6 36 25

Note*: Calculated on presupposition that the influent into the primary sedimentation tank contains
150 mg-SS/iit. and 4 mg-phosphate/lit.

297



4.1.5 Phosphorus Balance
According to the measurements taken during the March to May
period of 1979 when the dephosphorization became stabilized, the
phosphorus balance was determined as shown in Figure 7. Tt was
found that 77% of influent phosphorus was fixed in the dephosphori-
zation tank, 167 carried away with the effluent, and about 7%

removed in the form of backwashings. (Refer to Fig. 7)

Fixed, 136 g/day

Fixed, 4g/day +
Dephosphorization tank
Influent ) ) influent Effluent
- w4 Sand filtration tank w1 Dephosphorization
178 g/day tank 169 g/day tank 28 g/day
} Backwashings, 5 g/day
Backwashings, bg/day

Fig. 7 Phosphate balance (Mar. to May, 1980)

Phosphorus fixed and removed in the dephosphorization tank
is regarded to be in the form of calclum hydroxyapatite (CaS(OH)(PO4)3).
Namely, the solids to be accumulated upon the dephosphorization
media will be 5.4 times as heavy as the phosphorus to be removed.
The gravimetric growth of the dephosphorization media for a year
of plant operation is calculated as follows.
136 g/day x 5.4 x 365 days = 268 kg/year
This increase is 13.4% to 2,000 kg of dephosphorization media.
No visible volumetric increase was noticed for about 10 months
of operation, however. The theoretical volumetric increase is
calculated to be about 4% in terms of grain size 1f the dephopheoriza-

tion media particles are assumed to be spherical.

4.1.6 Chemical Injection Requirements
The chemlcals used in the contact crystallization system are
sulfuric acid for the decarbonation process and slaked lime for
the pH conditioning process.
Slaked 1ime injection is required for the purpose of generating
the calcium ions necessary for maintalning a proper crystallization
velocity and also for obtaining a pH value suitable for crystalli-

zation.
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It was found in basic studies that decarbonation is carried
out smoothly when the pH value is maintained at 4.5.

The pH value, however, was set at 3 because the process was
designed to use slaked lime alone for generating calcium ions,
and the injection rate of sulfuric acid became 140 mg/lit. on the
average, or an overdose of 50 to 60 mg/lit.

According to the surveys of the factors affecting dephosphori-
zation (which will be discussed later), it was found that slaked
lime was not the only usable calcium ion source.

According to practicality and economics, chemical injectiou may
be modified as follows.

a. Injection of sulfuric acld for adjustment of pH to 4

and for decarbonation

Alkalinity equivalent + 10 to 15 mg/lit.

The pH value is adjusted with slaked lime to 8.5.

A shortage of calcium ions is made up by inexpensive
calcium sulfate.

b. Injection of slaked lime

15 to 25 mg/lit. (depending on alkalinity)
c. Injection of calcium sulfate (total calcium ion make-up:
40 mg/lit.)

~ 100 to 120 mg/iit.

By applying these to the representative quality of the
secondary effluent from the Morigasaki Wastewater Treatment Plant,

the injection rates are calculated as follows.

Sulfuric acid : 80 mg/lit.
Slaked lime : 15 mg/lit.
Gypsum : 120 mg/lit.

4.1.7 Treatment System and its Control
The pilot plant findings suggest that the practical plant
have the following treatment system and control.

Figure 8 shows a flow.sheet for the suggested plant.

(Refer to Fig. 8)
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Fig. 8 New process flow

Control of sulfuric acid injection

Control of sulfuric acid injection rate according to the
pH value of the decarbonation tank.
Control of aeration

Proportional flow control of air into the decarbonation
tank according to a preset gas/liquid ratio.
Control of calcium injection

The calcium generation rate is dependent on the influent
flow rate and phosphate concentration. Each individual Waste-
water treatment plant has a phosphate concentration of its own,
which does not change greatly. Thus, it is possible to preset
the make-up requirement according to a preliminary survey.
Namely, a gypsum solution is subjected to proportional flow
caontrol, and slaked lime is injected so as to control the pH

conditioning tank at a preset pH value.

. Water flow rate control

The flow rate of water through the sand filtration tank
and dephosphorization tank should preferably be fixed.
Backwashing of sand filtration tank and dephosphorization tank

Backwashing is automatically carried out by making use

of an interval timer or by detecting a head loss.

5. FACTORS INFLUENCING DEPHOSPHORIZATION

In the contact crystallization system, the factors that are

considered influential to the dephosphorization reaction include pH,

calcium ion concentration, carbonate ion, other coexistent ions, water

temperature, and contact time.
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Batch tests were conducted to evaluating these factors,

followed

by continuous process tests using a small-scale monitor plant annexed

to the pilot plant,.
5.1 MONITOR PLANT EQUIPMENT

The monitor plant has the same configuration and functions as

the pilot plant,

except that its 10 cm-diameter acrylic resin

dephosphorization reactor is filled with dephosphorization media to

a height of 1 m and that its size is reduced cne-hundredth that of

the pilot plant.

Three series of monitor plants were installed in parallel with

the pilot plant.

Each series was designed to be operable independent

of the others to enable three different tests to be conducted

simultaneously.

The process flow of the monitor plant is as illustrated in

Figure 9.
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5.2 EFFECTS OF CARBONATES
Upon empirical corrvoboration that the presence of carbonate
ions has a significant bearing upon the velocity of the reaction
between phosphate ions and calcium ions to produce sediment, Zoltek
(JWPCF, Nov. 1974) and Ferguson (JWPCF, Apr. 1973) proposed the

following empirical formula.

k
Ko = =5—a
(CO3T)
Where, CO3T: Total-carbonate concentration (mols/m3)

k: Proportional constant

n: Exponent (1.00 to 1.28)

Ky: Dephosphorization velocity coefficient
(m3n_2/moln_l.h)

According to this formula, it 1is found that the rate at which
calcium phosphate is produced is in inverse proportion to the carbonate
ion concentration; namely, that the presence of carbonate ions
seriously affects dephosphorization.

On the other hand, if calcium ions are injected into a liquid
in which phosphate and carbonate coexist in order to crystallize
apatite, apatite and calcium carbonate will crystallize concurrently
to cover up the surfaces of, and hence degrade the activity of, the
dephosphorization media. This fact was confirmed during the first
stage of study on the pilot plant.

For these reasons, the following tests were conducted to further

clarify the effect of carbonate concentration upon dephosphorization.

5.2.1 Relationships between Carbonate and Effluent Phosphate
Concentrations
By making use of the monitor plant, the carbonate concentra-
tion in the influent was changed in six steps over a range of 10
to 50 mg—COzllit., and the influent was run at a space velocity
(SV) of 5/hr. to compare the respective phosphate concentrations

in the effluent. (Refer to Fig. 10) As shown in Figure 10, there
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Test conditions

Passing time

(H)
Concentration of carbonate
Test 1 in the influent 700
50mg/2, 30mg/2, 20mg/¢
Test 2 40mg/?, 20mg/t, 10mg/e 700

0.7

0.6 |-

o
o
1

o
FS
|

Test 1

o
w
I

Test 2

Concentration of total ortho-phosphate

in the effluent (avg.) [mg/? as P]

| | ] | i

Monitor column test

|

o

10 20 30 40 50

60

Concentration of carbonate in the influent (avg.) [mg/2 as CO; ]

Fig. 10 Relationship betwean carbonate concentration in the influent

and phosphate concentration in the effluent

was a proportional relationship between the phosphate concentration
in the dephosphorization tank influent and that in the effluent;

it was confirmed that the phosphate concentration in the effluent
could be reduced linearly with increase in the degree of decarbona-
tion. It was also found from Figure 10 that it is necessary to
decarbonate the influent to about 10 mg—COz/lit. in terms of CO

if the phosphate concentration in the effluent is to be reduced

to about 0.3 mg-P/1it.
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5.2.2 Effects of Non-decarbonated Carbonates

While it was found, as discussed in 5.2.1, that the omission
of the decarbonation process detrimentally effects the effluent,
a dephosphorization process without the decarbonation step (here-
inafter referred to as the direct process) was examined using the
monitor plant to investigate the effects of pH and calcium ion
concentration in the influent of the dephosphorization tank upon
dephosphorization,

In the direct process, the effects of carbonates in the
influent are inevitably present, and the experimental conditions
were formulated accordingly.

In the direct process (1), the influent was run into the
dephosphorization tank after its pH value was adjusted to 9.5
with slaked lime. This high pH value was intended to increase
the crystallization velocity of apatite to counteract the decline
in crystallization velocity due to carbonates, and at the same
time to minimize the supply of Ca2+ because a high ratio of 0032_

present at this level of pH value made the development of calcium
carbonate easier,
In the direct process (2), the pH value was set at 9.0 to

defy the formation of calcium carbonate.

The decline in the crystallization velocity of apatite was improved
by injecting calecium chloride to set Ca2+ concentration at 60 mg/lit.

The dephosphorization media charged into the monitor plant
column was fetched from the dephosphorization media being used in
the pilet plant.

In the direct process, the influent was the same as the
filtrate used in the pilot plant that was obtained by filtering
the secondary effluent of the Morigasaki Wastewater Treatment
Plant trhough a sand filter.

In a standard process taken as a control, the influent for
the pilot plant dephosphorization tank was employed.

The test period and test conditions are listed in Table 10.
(Refer to Table 10)
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Table 10 Test conditions

process (1), direct process (2) and the standard process.

(Refer to Fig. 11, Table 11)

O Concentration of total phosphate in influent
D Total phosphate in the eftluent not subjected to decarbonation
A Total phosphate in the effiuent in the standard process
0s pH=9.0
"1 Direct process {1} pH=9.5 | Direct process (2) +C_a,CQ’
= I I
S
£ O
[ ()
c OO
iy O
g O
Q
©
o
S 15
e
o
s @
=
©
s
& 1.0
Q
c
O
(&)
0.5 |4
1980 i
2/5

2+ 5 :
. Flow velocity Design Ca®™ injec- | o micals
Test No. Name Test period SV, 1/br. [LV. mibr. pH tuﬁ:‘\gr/zt)e used
r— — - SRS R
c ' Standard process Feb 6—Mar.31 2.5 2.5 8.5 50 H,S0.
ontral | pephosphorization tank Aot 1~Mar.16 25 25 85 60 Ca(OH),
. Dephosphoriza-
1 p?gs:sts tontank | Feb.6— | 25 25 9.5 30 Ca(OH),
(1) Sand filter Mar. 31 5.0 5.0 - —
I -
. Dephosphoriza- CaCl,
5 Direct tion tank Apr. 1 — 25 25 9.0 60 Ca(OH),
process Mav 16
(2)  |sand filter ay 5.0 5.0 - -
Figure 11 and Table 11 show the test results of direct

Fig. 11 Comparison of phosphate concentration in the effluent for standard process

and direct process
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Table 11 Phosphate concentrations in the sand-filtered influent and effluent in both processes

Standard process Direct process
. Filtrate of influ- Fiitrate of influ-
Test No. |Test period Influent ent through effluent ent through effluent
I sand filter sand filter
1 Feb. 6 — 1.19 ~ 2,24 1.13 ~ 2.16 0.28 ~ 0.37 0.27 ~ 1.36 0.38 ~ 1.10
Mar. 31 *(1.70) (1.65) (0.32) (0.96} (0.77)
2 Apr.1— | 082~ 218 0.66 ~ 2.02 0.21 ~ 0.35 0.60 ~ 1.85 0.35 ~ 1.15
May 16 (1.64) (1.53) (0.29) (1.19) (0.75)
Remarks Filtrate of sec- | Decarbonated with pH value of Direct injection of chemicals into
ondary effluent | influent adjusted at about 3.0, the influent
through a quick | and then adjusted with Ca(OH), | (1) Ca(OH),
sand filter to a pH value of about 8.5. pH= 95
(2} CaCe,
Ca(OH),
pH= 9.0

Note: The values in parentheses denote the average values within the test period.

In direct process (1) where the pH value was set at 9.5, the
phosphate concentration was higher and more changeable compared
with the standard process, making dephosphorization astable.

This was because despite a high pH value set for an increased

susceptibility to crystallization of apatite, coexistent carbonates
reduced dephosphorization rate to increase the phosphate concentra-
tion in the effluent. The formation of calcium carbonate increased

the volume of SS. (Refer to Table 12)

Table 12 SS* discharged from both processes

Standard process Direct process (1) Direct process (2)
item Sand filter W“{’:,ff‘“"“" Sand filter Ddephas:::r:kmmon Sand filter Ddcphosr:l:knutlon
SS discharged from
each process [g/m® | 5.0 0.29 134 1.05 8.61 0.40
SS discharged from
the entire process 5.29 145 9.01
[g/m> ]

* 8S per m? of effluent

In direct process (2) in which the pH value was set at 9.0

2+
with Ca” set at 60 mg/lit., the SS volume was reduced, but the
phosphate concentration in the effluent remained almost the same

as direct process (1), making dephosphorization astable as with

direct process (1).
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5.2.3

Unless decarbonation is performed, carbonates degrade
dephosphorization efficiency regardless of the pH value and Ca2+
conditjons.

Effects of carbonate ions in the liquid upon dephosphorization
reaction

Batch tests were conducted to examine the effects of carbonate
ions in the liquid upon dephosphorization reaction. Monopotassium
phosphate was added to deionized water to make an aqueous solution

of 10 mg/1it. in terms of phosphate. Then, carbonate lons were
added in steps over a range of 10 to 1,000 mg/lit. This was

followed by an addition of dephosphorization media in a powder form
at a rate of 1,000 mg/lit.
The mixture was stirred for 2 to 20 hrs., and the phosphate ion
concentration of the filtrate was measured.

The relationship between the carbonate ion injection and
dephosphorization efficiency was as shown in Figure 12.
(Refer to Fig. 12)

~
(=]

Ortho-phosphate removal rate (%)
3

O after 20 trs.
50 }
@ after 2hrs
40}
=
’ - ' L 1 i "y v A L
10 20 40 60 80100 200 400 600 800 1000

Carbonate ion injection rate (mg/2)

Fig. 12 Effect of carbonate ions {(CO, 2"} on the removal of ortho-phosphate
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As carbonate ions coexist, it is evident that they block
the dephosphorization reaction.

These experiments demonstrated that carbonates have a severe
negative effect upon dephosphorization, dictating decarbonation
as a process essential to dephosphorization.

5.3 EFFECTS OF CALCIUM IONS

With increase in the addition of Ca2+, the degree of supersaturation
is increased thus increasing the crystallization reaction velocity.
The effects of Ca2+ addition upon dephosphorization were investigated
by making use of the monitor plant.

The secondary effluent of the Morigasaki Wastewater Treatment
Plant used as an influent for the monitor plant originally contained
about 30 mg/lit. of Ca2+, and was added with Ca2+ at a rate of 0, 20,
and 50 mg/lit. in the form of calcium chloride. The pH value was
adjusted to 8.5 with caustic soda, and the influent was run for about

700 hrs. The results were as shown in Figure 13. (Refer to Fig. 13)

Column IC¥injection| Ci'con- | Y
No.  _ratio jcentration | P | fh'] |
a |Culumn3, 100 , 80 |85 | 5 |
o [Culumn2; 623 | 50 8.5 5
100 |- o lculmni] 375 | 30 B3 5“4
Q
£ o0 A A
8 O
® 80F (]
N
g
2 70}
[=]
L
[«X
[}
0 60t
L
‘[ 1 - 4 i 3 ‘
0 120 240 360 480 600 | 720

i Backwashing, 15 min.
Lapse of time after start (hrs.) oo vae ing, 15 min

Fig. 13 Effect of calcium ions on the dephosphorization
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5.4

In every case, the dephosphorization efficiency decreased over
time, and leveled off to an equilibrium point.

Without the injection of Ca2+, the reduction in dephosphorization
efficiency was noticeable; within 400 hrs., the efficiency was reduced
to 60%. When Ca2+ was injected at a rate of 20 and 50 mg/lit., the
larger the injection rate, the higher the ultimate equilibrium point
of dephosphorization. 1In the tests, even when the Ca2+ injection rate
was 20 mg/lit., the dephosphorization efficiency could be maintained
at as high a level as 807%.

EFFECTS OF pH

A 1iquid containing phosphate was adjusted to various pH values,
added with dephosphorization media in a powder form, and stirred
for the purpose of conducting batch tests to investigate the effects
of pH value on dephosphorization. The results were as shown in
Figure 14. The dephosphorization efficiency increased with increase
in the pH value; in the tests, the maximum dephosphorization efficiency

was achieved at a pH value of around 9.0. (Refer to Fig. 14)

8
T

£

. N

e

= 60

2 HCO,~ PO, 3~ Ca2*

£ i [mg/e] [mg/2] [mg/2]

g L 40 9.0 80

L

.g.' 40 - O 1080 9.0 80

-g_ Dephosphorization agent injection rate

8 - 1,000 mg/lit.)

+ (Agitated 1 hr. by a magnetic stirrer; pH-stat

O 20t used; vacuum filtered through (GF/F))
4 1 ] ]

8.0 9.0 10.0

pH

Fig. 14 Etfect of pH value on ortho-phosphate removal rate
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5.

5.

When a large amount of carbonates was contained in the liquid,
the dephosphorization efficiency reduced in a high pH range, demonstrat-
ing that the carbonates have an overpowering effect upon the

dephosphorization efficiency.

5 EFFECTS OF OTHER IONS

- - 2- .
The effects of F , C1 and 304 were investigated according to
batch tests. The relationships between the anion injection rates and

dephosphorization efficiency were as shown in Figure 15.
(Refer to Fig. 15)

80

*O—v *O\O
I ﬁ.-\‘
Sulfate ion injection
Chloride ion injection

70

> @O

Ortho-phosphate removal rate {%]

60 Fluoride ion injection
{ A —\
T e YR S U W W I | { I S
0 20 50 100 200 500

Chemical injection rate [ma/2]

Fig. 15 Effect of sulfate ions, chloride ions and fluoride ions on the removal of ortho-phosphate

6

It was found that these anions have little effect upon the dephosphori-
zation reaction in the contact crystallization process.
EFFECTS OF WATER LOADING (SV)

The effects of the change in the flow rate of influent upon the
dephosphorization efficiency of the contact crystallization process
treating the secondary effluent of the waste water treatment plant
were investigated., In the pilot plant, the space velocity was set at a
constant value of about 2.5 times/hr. 1In the practical plants, however,
the space velocity is changeable. Thus, the tests were conducted with
respect to space velocities of 2.5, 5.0 and 10.0 times/hr. for a runn-

ing time of 700 hrs., to investigate the effects of water loadings
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upon the dephosphorization efficiency. The results were as shown in

Table 13. (Refer to Table 13)

Table 13 Influence of water loadings

i
25 . (o.u? 13%,45) 85.9
o ° o L (0.190 :?:).57) 84.7
10 (020 0.0 705

* The values in parentheses show the range from the minimum to the maximum value.

When the space velocity was set at a design value of 2.5, the
phosphate concentration in the effluent was held low, and dephosphoriza-
tion could be carried out stably for an extended period. But when the
space velocity was set at 5.0, the phosphate concentration in the
effluent changed over a wide range detrimental to dephosphorization,
though 1ts average was almost the same as when the space velocity was
2.5.

When the space velocity was set at 10.0, the phosphate concentration
in the effluent increased unfawvorably. It was thus concluded that
the space velocity can be increased to twice the design value.
6. SUMMARY
The results of the two and a half year study are summarized below.
(1) The contact crystallization process has a dephosphorization efficiency
comparable to the aluminum sulfate coagulation sedimentation process.
(2) The contact crystallization process is practically stable and easy
to operate.
(3) The amount of sludge generated is practically negligible.
(4) The contact crystallization process necessitates the decarbonation
process.
(5) The contact crystallization process is superior to the coagulation
process from the aconomic viewpoint if the disposal of sludge 1s to

be considered.
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OUTLINE OF LAKE BIWA

Lake Biwa, located in the Kinki area, one of the industrial and
cultural centers in Japan, is the largest lake in Japan. 1Its surfacc
area is 674 Km?, or about one-sixth of the total area of Shiga Prefecture
in which the lake exists, and is about 1/120 as large as Lake Superior
bordering on both the United States and Canada.

Lake Biwa has a storage capacity of about 27,500 million m3, or
about 80 years' worth of drinking water for 3 million people in Osaka
City.

It 1s not clear when the lake was born, but it is said that the
lake may have been created by a major crustal movement about 4 million
years ago.

Lake Biwa consists of North Lake and South Lake, and is said to
have been named after the "Biwa", a traditional Japanese stringed
instrument, which it resembles.

Lake Biwa receives no less than 437 major rivers, but empties
1nto the Seta River alone. Really, Lake Biwa is a natural dam.

The water running into the lake is conveyed by complex currents,
mixed with lake water, and empties into the Seta River on the south of
the lake after 10 to 15 years of detention.

Table 1-1 shows the principal particulars of Lake Biwa.

314



Table 1-1 Outline of Lake Biwa

Area 673.9 km?
Circumference 235 km
Water depth Max. 103.58 m
Avg. North lake 43.0 m
Avg. South lake 4.0m
Storage capacity ‘ 27,500 mil. m?
Water temperature Max. 27°C
Min. 6°C
Catchment area 3,848 km?
Annual rainfalls Max. 2,656 mm
(in 1896)
Min. 1,352 mm
(in 1939)
Avg. 1,920 mm
{in 189411967)
Annual discharge Max. 9,100 mil. m®
(in 1896)
Min. 3,000 mil. m?
(in 1939)
Avg. 5,300 mil. m?
(in 18967 1939)

The functions of Lake Biwa as a water resource are manifold as

summarized below.

(1) Water source
With its ample yet stable supply of water unaffected seasonally,
Lake Biwa is vital to the 13 million citizens living in the Kinki

area. Fig. l1l-1 shows the water uses of Lake Biwa.
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Fig. 1-1 Water use of Lake Biwa
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(2) Fishing grounds

About 40 species of freshwater shellfish and about 60 species
of freshwater fish inhabit Lake Biwa. In fact, Lake Biwa is a
natural freshwater aguarium.

Commercial catches of freshwater products amount to several
thousand million yen a year. 95% of freshwater pearls are exported
to the Middle and the Near East and other countries. In addition,
Lake Biwa accounts for about 70% of young sweet fishes distributed

throughout the country.

(3) Energy source for hydropower station
There are five hydropower stations using the water from

Lake Biwa.

(4) Tourist resources
There are many prehistoric remains around Lake Biwa, which
together with beautiful scenes of the lake attract visitors

throughout the year.

(5) Subject of academic study
Lake Biwa is said to be the third or fourth oldest lake in
the world. It has a complex geological structure, and sinks about
2 mm every year. ‘
Lake Biwa is a treasure-house of animals and plants, and
its floor contains relics of the prehistoric ages. Accordingly,

Lake Biwa is treasured as a subject of academic studies.

As Lake Biwa is playing an important role as a water resource,
the central Government instituted the Lake Biwa Comprehensive Development
Project in 1972 for the purposes of water quality conservation, pro-
tection of the natural environment, flood control, effective use of water

resources, etc.

EUTROPHICATION IN LAKE BIWA

From around 1965, the water quality of Lake Biwa started to deterio-
rate. In 1972 to 1973, Lake Biwa's water quality was critical. Since
then, the lake has been reeling between short recovery and relapse.

Table 2~1 shows the morbid changes of Lake Biwa due to eutrophication.
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Table 2-1

Transition of Lake Biwa

Year | i
Stade s coms Morbidity and . . Estimated water quality
g North | South ympto troubles emarxs P
lake | lake T-N T-
mg/% mg/L
1955 to 1963 | Clean and clear nil 0.15 0.004
Latter
1 half of | 1955 1955
| N N Q.
f 1950°'s to to 0.20 ©.007
1963 1960
First 1959 to 1966 | Pollution set in.| Failure of filter 0.17 0.005
II half of { 1960 1959
1960's to to N 0.23 v 0.010
1966 1963
. 1962 to 1968 | Pollution Frequent filter P loading reached |0.18 0.006
First progressed trouble Decline a critical level
1 C, : . )
it ?32§,Zf 1324 222 Bottom quality of Corbiculdae. Closterium v 0.24 v 0.010
1968 1968 also got fouled. proliferated.
Latter 1967 to 1971 | Pollution Trouble of city Pollution apparent {0.20 0.009
aggravated water filter to the majority of
iv half of | 1967 1967 : . .
1960's to to violently. system; smelly Shiga citizens. v 0.26 vo0.013
Decline of tourist | Staurastrum
1970 1971 . )
population. proliferated.
First 1970 to 1975 | pronounced pollu- Spread of odors. Wide-spread 0.20 0.009
A% half of | 1970 1971 tion; worst water| Further decline concern over 0.25 vo0.012
1970's to to guality recorded.| of shellfish. environmental South(0.23 ) South(0.0lO )
1974 1975 problems. lake '"0.32 lake "0.016
Latter Remarkable South lake bathing | Most of Shiga in 1975 in 1975
VI ’ halfe £l 1972 to pollution beach closed. Red | citizens had grave {0.28 0.010
1970,: © tides developed. concern about the South lake South lake
lake pollution. (0.33) (0.015)




In Stage I, the water was still comparatively clear, and the
phytoplanktons were changing from Diatomeae to Closterium. No
particular evil symptoms were found, and the north lake showed
T-N of 0.15 to 0.20 mg/f and T-P of 0.004 to 0.007 mg/l.

In Stage II, the pollution set in. Closterium bloomed on and off,
clogging up the filter system for the city water.

The north lake showed T-N of 0.17 to 0.23 mg/%, reaching nearly
the critical level of eutrophication. T-P was 0.005 to 0.010 mg/%.

In Stage III. the pollution worsened, and Closterium and
Staurastrum became rampant. As a result, filter troubles were frequent.
In addition, the bottom quality was aggravated, reducing DO to affect
fishery. The Corbiculidae began to decrease. In the north lake, T-N
rose a little to 0.18 to 0.24 mg/% from the level in stage II, but
often exceeded 0.20 mg/f. T-P was in the range of 0.006 to 0.011 mag/&.

In Stage IV, the water pollution was exacerbated further, and became
apparent to more than half of the people living in Shiga Prefecture.
Closterium was overwhelmed by Staurastrum, and NO3 ~-N increased in
bath the surface and bottom of the lake. .

The city water filter system failed frequently, and the lake water
became smelly, detracting from the tourist value of the lake; the
number of the tourists visiting the lake began to fall, accordingly.

In the north lake, T-N became 0.20 to 0.26 mg/., and T-P 0.009 to
0.013 mg/%2. On the other hand, the south lake registered T-N of 0.21 to
0.29 mg/% and T-P 0.009 to 0.011 mg/%.

In Stage V, the water pollution became pronounced, and was accompanied
by a high incidence of filter troubles and complaints lodged against foul
tap water. Anomalous growth of Diatomeae and Chlorophyceae was seen on
and off.

In the north lake, T-N was in the range of 0.2 to 0.25 mg/%.
while T-P was in the range of 0.009 to 0.012 mg/&. On the other
hand, the south lake showed T-N of 0.23 to 0.32 mg/% and T-P of
0.010 to 0.016 mg/%.

In Stage VI, the water pollution was visibly quite clear. Pre-
dominant among the phytoplanktons was Pediastrum. Red tides cccurred,
and part of the bathing area in the south lake had to be closed.

Fig. 2-1 shows the zones affected by red tides in May to June, 1977
to 1978.
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Fig. 2-1 (a) Major red tide affected zones during

the period from May to June, 1977
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Fig. 2-1 (b) Major red tide affected zones during
the period from May to June, 1978
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In 1977, the red tides were scen at twenty-one places, and in
1278 they spread to thirty-nine places.
Table 2-2 shows estimated N-and P-loadings in the catchment area

of Lake Biwa.

Table 2-2 N- and P-loadings generated in the
catchment area of Lake Biwa

(Kg/day)
N P
1960 1965 1970 1975 1980 1985 1960{ 1965| 1970| 1975| 1380{ 1985
North
lake 12,627113,370|15,342]16,875}19,397{21,429 778(1,187]1,804(1,716}2,096|2,481
South
lake 2,336 2,493| 3,673 4,579 5,797f 7,227 229 352 696 613 822141,058
;i:: 14,963115,863[19,015]21,454]25,194}28,656|1,007{1,539}2,500{2,329(2,918]3,539

(Source: Shiga P.G. Estimation)
In 1980, the sources of pollution loadings were as shown in Table

2-3; domestic waste and industrial wastes accounted for 58% of total
N-loadings and 81.6% of P-loadings, demonstrating how significant human

activities were to the pollution of the lake.

Table 2-3 Sources of loadings in 1980

N P
source Loadings Ratio Loadings Radio
kg/day % kg/day %
Domestic wastes 8,893.5 35.3 1,362.7 46.7
Industrial wastes 5,719.0 22.7 1,018.4 34.9
Agrlgultural and livestock 4,736.5 18.8 329.7 11.3
farming wastes
Nonpoint source 5,845.0 23.2 207.2 7.1
Total 25,194.0 |100.0 2,918.0 {100.0

(Source: Shiga P.G. Estimation)



Domestic wastes was responsible for 35.3% of total N-loadings and
46.7% of total P-loadings.

Of the P~loadings due to domestic wastes, 39% was accounted for by
night soil, 38% by phosphorus syndets, and the remainder by miscellaneous
wastes in 1975.

Of the total generated loadings, about two thirds are expected to
enter Lake Biwa. The relationship between these influent loadings and

plankton is as shown in Fig. 2-2.
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Fig. 2-2 (a) Influent loadings vs. plankton
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According to a forecast of the lake water guality based on the
estimated N-and P-loadings shown in Table 2-2, it is estimated that
in 1985, the eutrophication of Lake Biwa will be even more aggravated,
and that the north lake will show T-N of 0.31 mg/f and T-P of 0.017
mg/{ while the south lake will have T-N of 0.40 mg/{ and T-P of
0.023 mg/%.
The Shiga Prefectural Government, concerned about the situation,
promulgated in 1979 the Regulations Concerning Eutrophication Control
in Lake Biwa with a view to recovering the lake water quality to the
1965 to 1970 level, and initiated various measures against eutrophication.
These measures were aimed to achieve the target values shown
in Table 2-4 by reducing the estimated N-and P-loadings in 1985 by about
25% and 50%, respectively.

Table 2-4 Target water quality for Lake Biwa

(mg/4%)

T-N T-p
North lake 0.25 0.010
South lake 0.30 0.015

(Source: Shiga P.G.)

The implementation programs of the regulations are wide-varied.
Among them are effluent controls for the municipal wastewater treatment
plants, works and other establishments, and the first-ever prochibition
in Japan of the use of phosphorus syndets, obtaining the attention of
the public.

According to the effluent standards set for the municipal
wastewater treatment plants, T-N is temporarily set at 20 mg/%,
and T-P is 0.5 mg/% for new sources and 1 mg/f for existing
sources.

As regards the phosphorus syndets, their sale and use in Shiga
Prefecture is totally banned. In addition, the citizens in Shiga
Prefecture are also forbidden from accepting syndets as offerrings
from outside the prefecture. The announcement of this tight control

became a controversial issue at the time.
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LAKE BIWA REGIONAL SEWERAGE PROGRAM

The Shiga Prefectural Government works out a comprehensive Lake
Biwa regional sewerage program in 1971, and undertook a sewerage con-
struction project according to the program.

The promulgation of the Regulations Concerning Eutrophication
Control in Lake Biwa gave an impetus to the construction of sewage
works indispensable for the reduction of N- and P-loadings for which
domestic wastes and industrial effluents are most responsible.

According to the comprehensive Lake Biwa sewerage program, Shiga
Prefecture is divided into five blocks - four regional sewerage systems
and the Ohtsu municipal sewerage system. As regards Oki Island within
Lake Biwa, a specific environmental protection municipal sewerage system
has already been adopted. An outline of the comprehensive sewerage program

is given in Fig. 3-1 and Table 3-1.
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Hikone and

Nagahama

* Oki Island Public
Sewerage System

@ The black dots show the location
of wastewater treatment plants.

Fig. 3-1 Comprehensive sewerage system in Shiga
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Table 3-1 An

overview of sewerage program in Shiga Prefecture

concerned

Lake Biwa Regional Sewerage System .. Oki Island
Ohtsu Municipal .
Item Hikone and Municipal Sewerage
Konan Chubu Kosei Takashima | Sewerage System System
Nagahama
~p1anned Service approx. approx. approx. Pending approx. approx.
.Area 25,500 ha 12,700 ha 2,600 ha 1,338 ha 8.7 ha
Planned served approx. approx. approx. Pending approx. approx.
population 790,000 525,000 250,000 128,000 1,000
p1anﬁed treatment approx. approx. approx. Pending approx. approx.
capacity 1,020,000 m3/day| 505,000 m3®/day| 120,000 m®/day 95,000 m®/day 420 m®/day
Partly combined
Sewer system Separate system system Separate system
Aggregate length | approx. approx. approx. Pending approx. approx.
of sewers 148 km 102 km 9 km 283 km 3.5 km
1 Number of relay .
2
pump stations 6 4 2 Pending 3
Areca of treatment| approx. approx. approx. Pending approx. approx.
plant site 63.7 ha 64.1 ha 11.8 ha 2.9 ha 0.2 ha
Num?ef Of. . 5 cities and 2 cities and 1 city and 5 towns 1 city 1 city
municipalities
14 towns 17 towns 1 town




The Ohtsu municipal wastewater treatment plant has been in service
since 1969, and is now removing phosphorus by the conventional activated
sludge process combined with secondary alum precipitation.

Four regional sewerage systems are planned, each with a wastewater
treatment plant. The wastewater treatment plant for the Konan Chubu
sewerage system (hereinafter referred to as the Konan Chubu Purification
Center) will be installed on an about 73 ha of reclaimed land on the
shore of Lake Biwa, and will process about a million m® of wastewater
a day. 1In 1977, the reclamation work was started, and the construction
of the treatment facilities was started in 1978.

Originally, the treatment facilities were planned with the
conventional activated sludge process. As the Regulations Concerning
Eutrophication Control in Lake Biwa were established, the design of the
facilities was modified for nutrients removal. It is expected that the
Konan Chubu Purification Center will start its service in 1982,

For the wastewater treatment plant of the Kosei sewerage system
(hereinafter referred to as the Kosei Purification Center), design of
the wastewater treatment facilities including the nutrients removal
processes was completed in 1980, and construction is now under way.

Land acquisition for the wastewater treatment plant for the Hikone
Nagahama sewerage system 1is in progress.

A master plan for the Takashima sewerage system is being studied.

At Oki Island within the lake, an oxidation ditch having a capacity

of 420 ma/day is now under construction,

RESERACH AND DEVELOPMENT OF ADVANCED WASTEWATER TREATMENT TECHNOLOGY

In Japan, research and development of advanced wastewater treatment
technology started toward the end of the 1960s.

In 1971, the Public Works Reserach Institute of the Ministry of
Construction installed a 250 m?/day pilot plant within the premises of
the Shitamachi Sewage Treatment Plant, Yokosuka, about 50 miles southwest
of Tokyo, in order to initiate a study on a lime precipitation process
for phosphorus removal of secondary effluent. Since then, the Public
Works Research Institute has been playing a key role for the basic
studies of physico-chemical processes, biological denitrification

processes, etc.
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In 1972, the Japan Sewage Works Agency was established. 1Its
Research and Technology Development Division has been promoting surveys
for the implementation of advanced wastewater treatment technology.

In 1974, the Japan Sewage Works Agency, together with the Sewerage
and Sewage Purification Department of the Ministry of Construction, and
the Shiga Prefectural Government, constructed the Lake Biwa Advanced
Wastewater Treatment Pilot Plant with a capacity of 500 m3/day for the
purpose of studying the implementation of advanced wastewater treatment
processes applicable to the Lake Biwa regional sewerage systems.

This pilot plant was located within the Ohtsu Municipal Wastewater
Treatment Plant near the south lake of Lake Biwa. It was composed of:
(1) alum precipitation process for phosphorus removal; (2) biclogical
nitrogen removal process; (3) suspended solid removal process using an
up/down flow filtration system; and (4) dissolved organic matter removal
process using an up/down flow activated carbon adsorption column.

Given in Fig. 4-1 and Table 4-1 are the principal particulars of the

major facilities.
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Table 4-1 Pilot Plant Biological Nitrogen Removal Process
Process Reaction Capacity (ma/day) Influent
Separate stage nitrification
in modified aeration tank e .
with fine sand addition Nitrification 450 Secondary effluent
process (SSNP)
Fluidized bed denitrifi- Denitrification 450 Nitrified liquor (nitrified
cation process (FBDP) © ca secondary effluent)
Combined carbon
oxidation-nitrification Nitrification 30 Primary effluent
process (CCONP)
Packed bed denitrification Denitrificatio 20 Nitrified liquor (nitrified
process (PBDP) € n secondary effluent)
R trifi S
ec¥CI?d.nltFl ication Nitrification and .
denitrification process s s . 7 Primary effluent
(RNDP) denitrification




The main purpose of the pilot research was to identify the phos-
phorus removal and denitrification processes feasible for eutrophication

control in Lake Biwa and to clarify the design criteria for thesc

processes.

4.1 Survey of Chemical Precipitation for Phosphorus Removal

Chemical precipitation processes are largely classified into:
(1) metal precipitation and (2) lime precipitation. Of the two, the
metal precipitation process was investigated because of its simple
process formation and low capital and operating costs.

According to laboratory tests, alum was selected as a coagulant,
and a pilot plant was installed to test alum precipitation treatment

of secondary effluent. Thus, the design criteria for the process were

established.

(1) As shown in Fig. 4-2, it is found that rapid mixing can be carried
out thoroughly on condition that the G-value is about 100 sec-l
with the detention time in the rapid mixing tank at 5 min. It
1s also found that flocculation is best achieved when the G-value

is less than 50 sec.-1 and the GT-value is about 90,000.
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Fig. 4-2 G-value, and phosphorus and turbidity
removal efficiency {(rapid mixing)

(2) The relationship between alum addition ratio and residual phosphorus

is shown in Fig. 4-3.
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(3)

In Fig. 4-3, the results of pilot plant tests conducted in Osaka
City and Kobe City are also plotted. From the fiqure, it is found
that it is generally possible to reduce the concentration of POy~P
in the effluent below 0.5 mg/% if the AL/PO,-P mol ratio is

3 or larger. It ia also found that the addition of anionic polymer
as a coagulation aid at a rate of 0.2 to 0.3 mg/% improves the
flocculation rate and results in the improvement of the phosphorus

and turbidity removal efficiencies by about 23% and 90%, respectively.

It is found that the phosphorus removal efficiency can be increased
by returning the sludge from the sedimentation tank to the floccu-

lation tank as illustrated in Fig. 4-4.
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(4)

Effluent POy-P (mg/4)

The optimum condition of sludge return is that the return sludge
ratio is 5%, and the concentration of return sludge is 2,000 to

3,000 mg/l.

It is found that the phosphorus concentration in the effluent can
be further reduced when the alum-precipitated sludge is returned
to the flocculation tank after its pH value is conditioned with
sulfuric acid to about 3.5. The effect of returning the acid-

treated sludge is as shown in Fig. 4-5.

. e ———
\

0.10 4+
0.05 S :

. —@ ~— No return sludge

. —=(@®~= Return sludge

R —@— 1ncid treated return sludge
0.10 -+

1.0 2.0 3.0 4.0 ' 5.0 6.0

AfL/P mol ratio

Fig. 4-5 Effect of acid treatment of
alum-precipitated sludge
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In addition to the surveys referred to above, at the pilot plant

precipitated sludge was investigated as to its generated volume,

characteristics, settling, thickening and dewatering abilities, etc.

A study was also carried out for the potentiality of sludge as a

construction material, and the sludge subjected to freezing, melting

and

then dewatering by filter press proved that it is applicable as a

roadbed material in terms of soil mechanics.

.2 Survey of Biological Nitrogen Removal

all

(1)

(2)

(3)

The biological nitrogen removal process can potentially remove

forms of nitrogen, but has the following problems.

The biological process is lower in reaction rate as compared
with the physico-chemical process, and is liable to be influenced

by water temperature.

The alkalinity of sewage in Japan is, in general, lower than
that of the sewage in the United States and Europe. Thus, it
is often necessary to inject an alkaline agent for the purpose

of conditioning the pH value in the nitrification process.

For the denitrification process, it is necessary to inject

methanol as a hydrogen donor.

Taking account of these problems, the five biological nitrogen

removal processes listed in Table 4-1 were selected and subjected to

pilot plant studies.

4.2.1

Separate Stage Nitrification in Modified Aeration with Sand Addition

Process (SSNP)

In this process, fine sand (g 0.15 to 0.3 mm) is suspended in

a nitrification tank in order to grow nitrifying bacteria on the
surfaces of sand particles for the purpose of nitrification.

Since SSNP can keep MLVSS high and the active surface of the biomas
is large, the nitrification rate per unit voluem of nitrification

tank is high.

At the Ohtsu Municipal Wastewater Treatment Plant, secondary

effluent was experimented with by running a turbine blade type mixing
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nitrification tank (hereinafter referred to of nitrification
tank with mechanical mixer) and a nitrification tank with air
lift in parallel for the purpose of investigating the
nitrification rate and process stability, etc.

Fig. 4-6 shows flow diagrams of the two pilot plants.

The nitrification tank with mechanical mixer and the nitrification
tank with air lift were operated under the same loading conditions for

the purpose of comparison. The results are as shown in Fig. 4-7.
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It was found that the volume of biomass to be kept in the nitrifi-
cation tank varied depending on the type of mixing. 1In about two
months and a half after the start of operation, the MLVSS in the
nitrification tank with air lift became as large again as that in
the nitrification tank with mechanical mixer. As a result, the
volumetric nitrification rate became about 30 g/ma/h in the nitri-
fication tank with air 1ift, or about twice as high as about 15
g/ma/h in the nitrification tank with mechanical mixer.

On February 1, a test was started to investigate the effect
of the concentration of organic matter on a nitrification rate.
For this purpose, a solution of meat extract was injected into the
influent to have a BOD concentration of 20 mg/f. (The influent
BOD before conditioning was about 11 mg/%2). By the addition of
organic matter, the MLVSS in both tanks tended to rise, and the
nitrification rate rose as well. On March 2, the MLVSS in the
nitrification tank with air lift was about 4,300 mg/% or about
2.6 times as much as that in the nitrification tank with mechanical
mixer, and the nitrification rate in the nitrification tank with
air lift was about 70 g/ma/h, or about 4.6 times as much as that
in the nitrification tank with mechanical mixer.

In the nitrification tank with mechanical mixer, the growth
of nitrifying bacteria on the sand particles was largely governed
by the turbine blade speed, and the count of nitrifying bacteria to
be kept and the nitrification rate were found smaller as compared
with the nitrification tank with air lift. At a water temperature
of 20°C, the nitrification rate in the nitrification tank with air
1lift was about 60 g/ma/h, which was higher than in any other
nitrification processes in Table 4-1. But, the nitrification tank
with air lift was found destitute of stable performance on a long-
term continuous running basis.

The future study includes the controlling procedures of the
nitrification capacity, and measures for protecting the nitrification
tank from sand abrasion, optimum aeration system, and mixing

intensity.
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4.2.2 Fluidized Bed Denitrification Process (FBDP)

When sand (g 0.47 to 0.59 mm) is fludized in a reactor by the
upward flow of nitrified liquor while injecting methanol, denitri-
fying bacteria grow on the surfaces of sand particles to form
pellets.

In the FBDP, the reactor is free from clogging since the
pellets are fluidized, and a high denitrification rate can be
achieved. Fig. 4-8 shows a flow diagram of the pilot plant.

Table 4-2 shows an example of the performance of the FBDS in

stable operation.
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Table 4-2 BAn example of FBDP operation

1/ D 1fi- .
Water Flow Sand | Methanol 2::§:nf1 Dﬁ:éﬁg:r‘ Influent Effluent
Date temperature, | rate size ratio N-loadings | efficiency rate Biomass | {NO ~+NO ~)| {NO ~+NO ~)
°C (m*/day) | (mm) | (-) (kg/m?/day) (%) (g/m3/h) (vss-kg)| (mg/%) (mg/2)

Feb. 2,
1978, 13.0 432 0.47 5.5 24.0 99.5 99.5 20.3 11.24 0.06
Morning
Feb. 2,
1978 13.5 432 0.47 4.3 6.34 93.8 248 20.3 29.83 1.86
Afternoon

Note:

1/ Methanol ratio =

Injected methanol/influent (NOj3 +NQ,”)-N



Nitrogen concentration {(mg/%)

30

25

20

Fig. 4-9 shows the changes in NO2 N and NO3 -N in the fluidized

bed referred to in Table 4-2.

e AM Morning
o PM Afternoon

NO3-N + NOz -N

QuT

Time (min)

Fig. 4-9 Changes of (NOz_ + N03—)—N in the fluidized bed

The morning data showed a small nitrogen loading of 2.4 kg/ma/day,
and the denitrification was completed in about 3 min. at a denitrifi-
cation efficiency of 99.5%.

In the afternoon, the nitrogen loading was about 2.6 times the
morning value to 6.34 kg/ma/day. In this case, the denitrification
efficiency was 93.8% with the detention time of about 7 min., and
the denitrification rate was as large as 248 g/m3/h.- In order to
maintain such a high denitrification rate, it is necessary to draw
grown pellets out of the column top, remove the biological
encrustations from sand particles and return the naked sands to the

fluidized bed. The pellet withdrawal rate was set at about 20 to 25%
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of the influent flow rate. It was found that the pelletizing in the
bottom of the fluidized bed could be promoted when sands were
returned with incomplete removal of the encrustations.

In a steady state, the biomass to be held in the fluidized
bed was about 20 kg-VSS, or a 1l.2% concentration. In this case,
the sand was about 200 kg (12.6%).

It was demonstrated by the pilot plant tests that the FBDP is
10 to 100 times faster in denitrification rate than the packed bed
denitrification process (PBDP) and recycled nitrification-
denitrification process (RNDP).

However, such important operation factors as the expansion ratio
of sand and pellets, the degree of the biomass removal from sand,
and biomass removal method, stability against loading changes, etc.
could not be investigated thoroughly, and it was judged that the
FBDP should be further upgraded.

Combined Carbon Oxidation-Nitrification Process (CCONP)

The CCONP is a process in which the oxidation of organic matter
and nitrification of NH“+-N are carried out in one aeration tank.
The CCONP was tested using a pilot plant fed with primary effluent
of the Arakawa Wastewater Treatment Plant adjoining the Research
and Training Center of the Japan Sewage Works Agency. The pilot
plant was run continuously in order to investigate the relationship
between SRT and nitrification efficiency, process stability, etc.

Table 4-3 shows a summary of the operation results of the CCONP.
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Table 4-3

Running results of CCONP

1979

. C o . . Nitrifi-
. Flow Detention Water . BOP Nltflfl_ Nltflfl- SRT | cation
N Test ) MLSS |N-loadings loadings cation ratelcation rate ..
°1  period rate time temperature (kg/kg (mg/g efficiency
m’/da hrs. oC L 3 - N 3
(m”/day) (hrs.) (°C) (mg/L) | (kg/m”/day) MLSS/day) | MLSS/h) (g/m”/h)  Hayas) (%)
pec. 7, 1977
1 | to Jan. 23 20.0 12.1 10.9 3370 0.050 0.058 0.63 2.09 29.7 99.9
1978
Jan. 26 to
2 | oob 3 30.0 8.1 9.4 3270 0.077 0.097 0.96 3.13 10.5 98.1
Feb. 9 to
3 pen 16 36.7 6.6 10.2 3590 0.087 0.120 1.00 3.58 14.4 99.0
Mar. 13 to
4 Aii 7 36.7 6.6 12.5 3250 0.074 0.089 0.97 3.04 6.3 98.3
Jun. 15 t
5 un © 58.8 3.0 25.0 3330 0.184 0.200 2.04 7.63 5.5 99,7
Jun. 26
Jul. 3 t
6 v © 60.5 2.9 26.6 2800 0.184 0.257 3.22 7.58 3.5 98.9
Jul. 21
.10 t
7 2:3 23 °© 60.0 3.0 28.4 2430 0.192 0.284 3.65 7.95 4.6 99.3
. 20
g 325 . to 43.0 4.1 23.6 2750 0.149° 0.176 2.82 6.13 8.2| 98.9
oct. 6 t
9 |.0ct © 43.0 4.1 20.3 4910 0.123 0.075 1.03 4.96 5.8 96.6
Ooct. 30 N
.6t
1o | Nov © 41.5 4.2 17.6 3830'|* 0.138 0.105 1.38 5.70 6.0 98.8
Nov. 22
. 30t
11 | Nov °© 41.5 4.2 14.8 4340 0.160 0.119 1.46 6.33 16.4] 95.1
Dec. 19 :
Feb. 6 to
12 | Feb. 16, 42.7 4.1 12.2 4750 0.135 0.105 1.17 5.54 17.8 98.2




The tests were started in winter with the detention time set at
12 hrs. With the rise of water temperature, the detention time was
reduced; in summer, the pilot plant was run with the detention time
set at 3 hrs. Later, in the period from autumn to winter, the
detention time was set at 4 hrs, Throughout the test period, the
nitrification was carried out stably with a nitrification efficiency
of 98% to 100%. Although it is claimed that, in winter when water
temperature is low, stabilized nitrification is difficult unless
the detention time is extended to a certain degree, it is found from
Table 4-3 that a practically high nitrification efficiency can be
achieved with a detention time of about 4 hrs. even in winter if
the operational conditions {SRT, MLSS, etc.) are set properly.

Fig. 4-10 shows the relationship between SRT and water temper-~
ature for the data representing a nitrification efficiency of 95%

or more.
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The solid line in the figure shows the reciprocal of the maximum
growth rate, p, of nitrosomonas determined by Downing, et al.(l)
The greater part of the SRTs measured is above the reciprocal of U
calculated from the formula established by Downing, et al., suggesting
that the SRT necessary for keeping nitrosomonas in the aeration tank
can be determined by that formula.

The nitrification rate was about 2.5 g/m®/h at a water temper-
ature of 10°C and about 5.4 g/m3/h at a water temperature of 20°C.
Where the nitrification efficiency was 95% or more, the BOD loading
was 0.05 to 0.1 kg/kg-MLSS/day at a water temperature of 10°C and
0.15 to 0.25 kg/kg-MLSS/day at a water temperature of 25°C, and was
smaller as compared with the conventional activated sludge process.
The test Nos. 1 through 4 refer to the case where the settling time
in the final sedimentation tank was 1.2 to 2.3 hours. The effluent
showed 5 to 10 mg/% in BOD, 9 to 12 mg/% in COD and 13 to
15 mg/% in SS, attaining a practical high efficiency of organic
matter removal. The tests Nos. 5 through 12 refer to the case where
the settling time was as short as 0.8 fo 1.1 hour; because of SS
carryover, the effluent quality was degraded a little. The alkalinity
of the influent was about 130 mg/f, and caustic soda of the amount
equivalent to an alkalinity of 50 to 90 mg/% was injected into
the aeration tank for the purpose of conditioning the effluent pH
value to about 6.5 to 7.3.

Finally, it was found that the CCONP could be run stably at a
nitrification efficiency of more than 95% when the SRT, MLSS

concentration and pH value were set appropriately.
Packed Bed Denitrification Process (PBDP)

When nitrified secondary effluent is .run downward with the
addition of methanol through a filtration column stuffed with sand
of 3 to 5 mm in diameter, it is denitrified by the denitrifying
bacteria grown over the surfaces of the sand particles in the
filtration column. The PBDP dispenses with sedimentation tank
and sludge return operation, and can remove SS by filtration.

A 20 ma/day pilot plant was employed for tests. Its flow

diagram is as shown in Fig. 4-11.
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Fig. 4 11 Flow diagram of CCONP and PBDP



The packed bed (700 x 700 by 5,500 H) was stuffed 1.8 m deep with
of 2 to 4 mm size over a gravel layer (6 to 20 mm g x 400 thick).
The influent used was the nitrified effluent from the CCONP.
Namely, the CCONP and PBDP were combinedly operated continuously
for the purpose of studying the denitrification rate, SS removal
efficiency, and overall nitrogen removal efficiency, etc.

Table 4-4 shows a summary of the operation results of the

PBDP.

355

sand



96¢

Table 4-4

Running results of PBDP

to 16

.iDenitrifi-|Denitrifi~-
o Test Flow Detention Water N- Volumetric | Methanol| cation cation Effluent |Effluent
period gate time temperature| loadings loadings ratio rate efficiency BOD cob
(m®/day)| (min.) (°c) (kg/m?/day) | (m®/m?/aay) (-) |(g/m*/n) (%) (mg/2) | (mg/%)

Jan. 20

1 to 31, 18.0 70.4 7.8 0.502 36.7 3.8 19.8 94.7 4.1 10.9
1978
Feb. 1

2 tz 17 18.0 70.4 8.2 0.471 36.7 4.0 16.8 87.9 6.6 12.8
Mar. 1

3 to 31 18.0 70.4 10.5 0.404 36.7 5.0 15.5 91.9 14.9 14.8
Apr. 1

4 to 28 18.0 70.4 14.7 0.369 36.7 5.6 14.8 94.5 14.8 15.3

5 Jul. 24 29.0 43.7 28.2 0.582 59.2 4.5 24.9 98.3 - 16.2
to 28

6 | Pu3- 121 55 4 43.1 29.1 0.760 60.0 3.3 31.0 97.4 - 10.1
to 28

7 22t;16 29.4 43.1 19.1 0.690 60.0 3.9 28.5 99.0 6.6 8.8

g | YoV 1} 294 43.1 17.0 0.810 60.0 3.4 31.3 93.4 3.6 8.8
to 26
Dec. 1

9 29.4 43.1 -» 13.2 0.870 60.0 2.6 32.4 88.5 11.4 13.1
to 20
Jan. 29 -

10 to 31, 18.7 67.8 9.9 0.490 . 38.2 3.4 19.3 92.6 13.9 11.8
1979

11 Feb. 1 18.7 67.8 12.0 0.502 38.2 3.5 20.5 96.6 4.5 9.2




The volumetric loading was set in two stages: In winter, the
volumetric loading was set at 37 to 38 m3/m2/day'and the detention
time at 68 to 70 min; and in summar, the volumetric loading was at
59 to 60 ma/mz/day and the detention time at 43 to 44 min.

The tests Nos. 1, 2, 3 and 10 refer to data obtained when the
water temperature was as low as 7.8 to 10.5°C and the influent NO3 -N
concentration was between 20 and 25 mg/%, but the NO3 -N and NO; -N
concentration in the effluent were 0.1 mg/% to 1.2 mg/% and 0.7 to
1.6 mg/% respectively, achieving as high a denitrification efficiency
as 88 to 95%.

When the water temperature rose above 10°C, the denitrification
efficiency improved further; with the exception of test No. 9, the
denitrification efficiency was 93 to 98%. Test No. 9 showed a
denitrification efficiency of 88.5%, a little lower than other tests,
and this may have been attributable to the fact that the methanol
ratio was as low as 2.6.

The denitrification rate was 6.67 g/ma/h at 10°C and 29.2 g/ma/h
at 20°C. The packed bed as a filter showed an SS removal efficiency
of 85 to 97% at a volumetric loading of 37 to 97 ma/mz/day, and
the effluent SS was 2 mg/%.

The nitrogen gas generated by denitrification was removed by
backwashing the filter at a water flow rate of 0.32 m3/m2/min.
once every 2 to 4 hrs.

And the filter was backwashed in a mode of (air agitation,

2 min. + air and water backwashing, 10 min. + water backwashing,
3 min.) every 3 to 3.5 days in case of low volumetric loading and every
2.5 days in case of high loading.

The overall T-N removal efficiency of the combination
of CCONP and PBDP remained 85% when the water temperature was as
low as 8°C and when the methanol ratio was as low as 2.6.

In other cases, the T-N removal efficiency was 90 to 95%; T-N in
the effluent was 2 to 3 mg/% as against about 30 mg/f in the
influent. ‘

PBDP requires the addition of methanol as a hydrogen donor, but
exhibits a stable, high denitrification efficiency. 1In addition,
it dispenses with the independent filtration process. All these

features have been demonstrated by the pilot plant tests.
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Recycled Nitrification-Denitrification Process (RNDP)

In this process, a denitrification tank and a nitrification
tank are combined, and the effluent from the nitrification tank is
returned to the denitrification tank. Namely, the organic matter
in the influent is used as a hydrogen donor for denitrification
and the resultant alkalis can be used in the nitrification process.
Therefore, methanol and alkali agent can be saved. The tests were
conducted using a 7 ma/day pilot plant fed with the primary effluent
from the Arakawa Wastewater Treatment Plant in order to investigate
the recycle ratio, SRT, excess sludge volume and other operating
factors.

Table 4-5 shows a summary of the operation results of the pilot

plant.
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Table 4-5 Operation results of RNDP

Tank SRT in :?:rigr
Flow capacity Detention|Recycle Water MLSS N- BOD total cation
No Test rate (m®) time ratio [temperature loadings loadings | system tanko
*! period e e s
p (ma/day) Denitri[Nitrifi-| (hrs.) (-) (°C) (mg/L) (kg/ma/day) (kg/kg- (days) { (days)
ficationi{cation MLSS/day)
Mar. 10 3.0 -
1 tto Apr.4,) 9.8 : : 15.2 1.972.0 9.5 4960 0.025 - -
2.0 4.2
1978
Apr. 5
2 to 28 9.8 2.0 4.2 15.2 1.7v1.9 14.9 4820 0.044 0.023 144.2 97.7
Jun. 15
3 ton28 10.1 2.0 4.2 14.7 1.4 26.0 3600 0.059 0.046 185.3 125.6
Jul. 1
4 to 14 10.1 2.0 4.2 14.7 3.0 27.4 3100 0.055 0.045 266.6 180.6
.1
5 i:lZB > 10.1 2.0 4.2 14.7 4.6 28.4 2490 0.056 0.047 121.5 82.3
Aug. 10
6 | to 9.3 2.0 4.2 16.0 1.6 26.1 2780 0.049 0.041 139.5 94.5
Sep. 30
Oct. 1
71 to 9.3 1.0 2.1 8.0 l.6nv1.7 17.1 3680 0.096 0.061 48.3 32.5
Dec. 19
Jan. 17
8 | to Feb. 14.9 3.0 3.2 10.0 1.5 11.0 6630 0.074 0.035 46.3 23.9
16, 1979
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Table 4-5 (Continued)
Nitrifi- | Nitrifi- Nitrifi- Denitrifi~)Denitrifi- |Denitrifi- T-N BOD
cation cation cation cation cation cation removal Influent | Influent | BOD/T-N removal
No. rate rata-_e efficiency rate rate efficiency |efficiency BOD T-N ratio efficiency
(mg/g- (g/m” /hr.) (%) {mg/g- (g/m/hr.) (%) (%) {mg/L) (mg/L) (-) (%)
MLSS/hr.) MLSS/hr.)
1 - - - - - - - 79.8 - - 82.8
2 0.50 2.37 91.7 0.53 2.52 43 52 69.8 28.1 2.5 82.0
3 1.0 3.58 99.7 1.2 4.43 57 59 101.5 36.5 2.8 93.9
4 1.1 3.35 99.5 1.2 36.9 52 53 84.9 ' 34.0 2.5 96.0
5 1.4 3.37 99.6 1.0 2.38 a2 kY| 72.1 34.5 2.1 94.0
6 1.1 2.90 99.5 0.9 2.45 38 41 69.9 32.5 2.2 94.5
7 1.6 5.60 95.5 1.0 3.79 30. 35 72.4 32.1 2.3 90.7
8 0.7 4.85 86.5 0.4 27.1 41 54 95.7 30.9 3.1 92.4




When the water temperature was as low as 11°C, the nitrification
efficiency remained at 86.5%. In other cases, however, the nitrifi-
cation efficiency was more than 90%. As the influent BOD/N ratio
was as low as 2.1 to 3.1, the denitrification efficiency remained
at 30 to 57%, and the overall T-N removal efficiency was in the range
of 35 to 59%. The SRT was 24 days in winter when the pilot plant
was run with the detention time at 10 hrs. and 82 to 180 days in
summer when the detention time was set at 15 hrs. The SRT in summer
was extremely long because little excess sludge was formed as
auto oxidation of sludge progressed. 1In winter, the BOD removal
was degraded a little, but in almost all cases, the BOD removal
efficiency was more than 90%; the BOD in the ecffluent was 5 to 7
mg/% as against 70 to 100 mg/f, in the influent.

The nitrogen removal efficiency of the RNDP is governed by
factors such as influent BOD/N ratio, recycle ratio, detention
time, volumetric ratio of denitrification tank to nitrification
tank, MLSS concentration, and water temperature, etc. A mathe-
matical model of the RDNP was developed based on the pilot plant
test results to identify the interrelations between these factors
and the design and operational requirements of the RNDP. An analysis
of the mathematical model has already been submitted in the form of

(2)

a progress report.

SURVEY OF RNDP IN FULL-SCALE FACILITIES

The operating characteristics of the RDNP were clarified according
to the 7 ma/day pilot plant tests. A full-scale demonstration plant of
RNDP was designed based on the test findings and began operation in
March 1981, and the process stability, and the factors governing the
operation and maintenance, etc. were studied.

The demonstration plant used was one train of the conventional
activated sludge plant in the Arakawa Wastewater Treatment Center.

The principal particulars of this train are listed in Table 5-1. Its
processing capacity as a conventional activated sludge process is
17,600 m3/day. In order to convert the conventional activated sludge

process into the RNDP, modifications were made as follows.
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Table 5-1

Principal particulars of experimental train

. Effective Number of
W
idth Length depth compartments Capacity
(m) (m) () (m?)
Primary sedimentation tank 4.3 50.0 4.0 2 1720
Fore 9.0 21.25 5.0 1 956.25
Denitrification tank
Aft 9.0 21.25 5.0 1 956.25
Fore 9.0 21.25 5.0 1 956.25
Nitrification tank
Aft 3.0 21.25 5.0 1 956.25
Final sedimentaion tank 4.3 56.0 4.45 2 2143




(1)

(2)

(3)

(4)

(5)

The aeration tank was halved into fore and aft parts, and the
diffuser was removed from the fore part, and four units of submerged
mixers (15 kW x 2 units and 11 kW x 2 units) were installed instead

in order to form a denitrification tank.

The aft half of the aeration tank was used intact as a nitrification

tank.

A submerged pump (5,400 ma/day) was installed in the nitrification
tank for recycling nitrified liquor to the denitrification tank.
When increase of the recycling rate was required, a standby sludge
return pump was operated to feed nitrified liquor, together with
return sludge, from the final sedimentation tank back to the

denitrification tank.

A system for adding methanol and alkaline agent was installed to

provide against the shortages of BOD and alkalinity in the influent.

A monitoring system was installed for continuous recording of DO
in both the denitrification tank and nitrification tank and pH

in the nitrification tank.

A flow diagram of the modified facilities is shown in Fig. 5-1.

The modified facilities (demonstration plant) were put into operation in

March 1981, and will be run continuously for one year. In this report,

therefore, the operating results obtained for the three months from

March till June are discussed.

Table 5-2 is a summary of the running conditions during the said

three-month period.
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Table 5-2

Demonstration plant running conditions

Run 1 Run 2 Run 3 Rund
Period Mar. 30 to Apr. 22 to May 14 to Jun. 9 to 29
Apr. 21, 1981 May 13 Jun. 8
Influent flow rate (Q)

(m3/day) 5,000 6,000 6,000 6,000
Denitrification 9.1 7.6 7.6 7.6
tank

Detention time . . .
£ .
(hrs.) Nitrification 9.1 7.6 7.6 7.6
tank
Total 18.2 15.2 15.2 15.2
R:\“r" sludge 100 100 100 100
Recycle ratio pump
(%) Recycle pump 0 0] 20 20
Total 100 100 190 190
Aeration rate (XQ} 4.8 4.8 4.8V 8.0 6.4V 7.2
Sludge withdrawal rate (m3/day) 20V 40 20 20 20 v 30
. 2450 1980 2540 1920
MLSS (mg/) (1546 v 3820) (1710 ~v 2220) (2150 v 2830) (1510 v 2640)
SVI 114 110 127 120
(106 v 134) (97 Vv 122) (112 v 152) (103 ™ 138)
SRT (4 26 33 37 20
(days) (18 N 42) (27 ~ 39) (19 Vv 48) (11 © 30)




Table 5-3 is an analysis of the influent (effluent of the primary

sedimentation tank) and the effluent quality. Of the total nitrogen (T-N)

. + . .
in the influent, 60 to 70% was accounted for by NHu -N, and the majority
of the remainder by Org-N. NO2 -N and NO3 -N were almost naught.

The BOD/N ratio of the influent was about 4, and the addition of methanol

was not carried out.
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Table 5-3

Quality of influent and effluent

Primary sedimentation tank effluent quality (1)

(mg/%)
Water M-alkalinit + - - -N Dissolved T-N
temperature alkalinity NH, -N Noz -N Noj -N T issolve
Run-1
Mar “';0 to 15.5 133.0 15.8 N.D 0.08 22.7 18.3
Apr. 21 (14.4717.0) | (76.1" 146.3) | ( 8.07 20.8) : (0.0270.20) | (15.1n29.6) | (10.87% 21.3)
Run-2
Apr ‘"2‘2 to 16.4 134.0 14.4 N.D 0.07 22.3 18.1
ng'u (15.5v17.2) | (127.07 146.8)) (12.5% 16.4) : (0.03%0.12) (19.8 24.8) | (14.7%19.6)
Ma Ri’ﬂ"zo l6.6 129.7 13.1 N.D 0.06 21.9 16.3
Juﬁ 8 (13.0718.0) | (103.3~ 144.8)] (11.3~4 16.2) : (0.0270.15) (19.91.25.4) | (13.0019.3)
Run-4 18.4 130.1 13.7 N.D 0.13 21.0 17.0
Jun. 9 to 29| (17.6%v19.2) | ( 95.97140.4)) ( 7.8v16.1) : (0.02% 0.47) (13.2725.6) | (10.2~ 21.2)
Primary sedimentation tank effluent ality (2)
Y & Y (mg/%)
Dissolved Dissolved Dissolved
Oorg-N org-N cob oD BOD BOD Ss
R -
Mar “Qolm 6.6 3.0 39.3 20.7 80.7 37.7 48
Ap,' 21 (6.0~ 9.2) | (1.904.8) (32.5745.2) | (12.00v25.1) | (56.41 96.9) (22.0046.9) | (28~ 71)
A r“‘";fto 7.8 3.6 39.9 20.7 83.6 40.2 53
ng.n (6.0 9.8)1 (1.97v6.4) (33.5745.2) | (18.5423.0) | (77.6%87.8) | (32.1146.4) | (31~ 66)
Ma Rlll:_zo 8.6 3.0 43.6 18.5 92.3 25.9 84
Jury’n 8 (6.8 .10.2) (1.5%6.1) (39.3446.2) | (16.1720.7) | (72.0%108.5)| (14.4n 45.6) (77~ 96)
R";"’ 7.1 3.1 38.7 21.8 70.6 23.5 49
Jun. to (4.2n9.4) (1.0 5.0) (28.6047.4) | (12.77v43.7) | (50.6" 86.2) (16.3" 30.0) (29~ 98)

29




89¢

Table 5-3

{(Continued)

Final sedimentation tank effluent quality (1)

(mg/L)
pH M-alkalinity NH~+~N Noz-—N Noa_-N T-N Dissolved T-N
Run-1
Mar ‘"3‘0 o 7.1 69.0 2.9 1.0 6.7 12.2 9.7
Apr' 21 (6.6 7.6) (34.14,123.6)| (0.4~ 9.8) (0.2 A, 2.4) (2.5, 8.7 (8.17%19.5) | (7.94,11.3)
Run-2 )
. “22 o 7.2 62.1 1.2 0.17 7.7 10.1 9.9
ng.lli (6.6 v7.6) (48.4774.1) | (0.144.1) (0.06+,0.3) (5.0v9.7) (6.2012.5) | (6.0~,12.1)
va R‘;:”zo 7.4 71.3 0.2 0.08 5.2 6.4 6.3
Ju:’\ 8 (7.007.7) (60.3193.9) | (0 ~ 1.8) (0.011,0.15) | (3.14.6.2) (5.4n 7.3) | (5.2~ 7.0)
mn““g—io 7.2 59.4 0.1 0.04 6.2 7.2 7.1
% (6.87%7.4) (50.9168.7) | (0 ~ 0.7) (0.014,0.14) | (4.2 7.4) (4.98.6) (4.7 8.5)
Final sedimentation tank effluent quality (2)
(mg/L)
Dissolved
ora-N Dissolved CoD Dissolved BOD 1s:gDve SS
g org-N cob
Run-1
Mar. 30 to 1.6 0.9 10.3 8.6 4.6 1.2 4.0
Apr. 21 (0.346.5) (0.6 1.1) (3.7 11.7) (8.0710.0) | (3.0v 8.4) (0.7%1.9) (2.47v5.7)
Run-2 .o
Apr. 22 to 1.0 0.8 8.6 7.3 3.5 1.1 3.4
May 13 (0.7 1.2) (0.61.0) (7.8 9.8) (6.6 8.3) (2.0v5.7) (0.711.7) (2.27.4.0)
Run-3
May 14 to 0.9 0.7 7.5 6.7 2.2 1.1 2.8
Jun. 8 (0.6~1.4) (0.541.1) (6.0n 8.9) (5.6 8.2) | (1.672.8) '| (0.7~+2.1) (1.445.0)
Run—-4
Jon. 9 to 0.8 0.8 6.8 6.3 2.1 1.3 2.1
29 (0.6 0.9) (0.670.9) (6.1% 8.2) (5.4% 7.2) | (0.844.7) (0.4 2.0) (1.15.5)




The alkalinity of the influent was about 130 mg/%, far higher
than originally expected, and the pH conditioning with alkali
agent was not carried out accordingly. The T-N value of the effluent
was as high as 12.2 mg/{ on the average in RUN 1, and the average
T-N removal efficiency remained at 46.3% during the period. This may
have been caused by insufficient nitrification because the acclimation
period of the activated sludge was as short as about a week.

From RUN 2 on, the nitrification efficiency improved. 1In RUN 4,
the effluent showed little or no NHq+~N (0 to 0.7 mg/L) remaining.

In RUN 2, the effluent T-N was 10.1 mg/% on the average. 1In
RUNs 3 and 4, it was below 8.6 mg/f, attaining a T-N removal
efficiency of 66 to 71%. Both BOD and SS in the effluent were stabilized
below 10 mg/%. Especially from RUN 2 on, they were almost less than
5 mg/%. It is inferred that this may have been due to the fact that
the sludge settled fairly well with SVI of 100 to 130 and that the
surface loading of the final sedimentation tank was as low as 10 to
12 m®/m?/day.

Fig. 5-2 shows an example of the composifion of dissolved nitrogen

in each tank.
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Fig.

The mass balance of (N02-+N03-)—N in the RNDP is determined in

Run 2

Fig. 5-3 Mass balance of (N02—+N03~)—N
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The values shown are determined by multiplying the (N02—+N03—)—N
concentration of composite sample by the flow rate, and are given in
terms of kg/day. The plus sign before the figures shows an increase,
and the minus sign a decrease of (N02—+N03—)—N. The increase corres-
ponds to that part of NHq+-N oxidized by nitrification, whereas the
decrease corresponds to the amount of nitrogen taken intc the sludge
and denitrified into N; gas.

From Fig. 5-3, it is found that the final sedimentation tank has
a large nitrogen removal capacity; namely, in RUN 2, the final sedimea-
tation tank shouldered 63% of the total nitrogen removal efficiency,
and in RUN 3, 36%. It is inferred that the denitrification in the
final sedimentation tank is mainly undertaken by endogeneous respiration.

In RUN 2, the recirculation of the nitrified liquor was carried
out from the final sedimentation tank alone, and the recycle ratio was
about 1. 1In this run, little or no denitrification took place in the
second denitrification compartment. RUN 3 was operated by driving the
recycling pump to increase the recycle ratio to about 2 and hence to
increase the concentration of (NOZ_ + NOg—)'N at the inlet of the first
denitrification compartment. In this case, the amount of nitrogen
removed in the first denitrification compartment increased, and the
amount of nitrogen removed in the final sedimentation tank decreased
equally. Even in RUN 3, however, the denitrification in the first
denitrification compartment was predominant, and the second denitrifi-
cation compartment contributed little to the removal of nitrogen.

By comparing RUN 2 and RUN 3, it is found that nitrified liquor
should preferably be recycled from the tail end of the nitrification

tank. The reason is as follows.

(a) The amount of (NO; + NO3 )-N running into the final sedimentation
tank becomes small, reducing the amount of nitrogen to be removed
in the final sedimentation tank. As a result, the volume of scum

generated becomes small.

(b) It is possible to reduce the surface loading of the final

sedimentation tank to a minimum.

(c) As the amount of (Noz_ + NOg—)—N running into the denitrification
tank increases, the denitrification capacity of the denitrification

tank can be used effectively.
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Fig. 5-4 shows the relationship between the T-N removal efficiency

(n) and the recycle ratio (R = R, + RR).
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The so0lid line in Fig. 5-4 represcnts the theoretical maximum T-N

removal efficiency (n = ). The measured values are 5 to 6% higher

R
1+R
than the theoretical ones. The difference may be ascribable to the
nitrogen component taken into the sludge.

As already stated, the demonstration plant is planned to be run
for about one year. 1In the future, the influent flow rate will be
increased as much as possible, and at the same time the detention time

will be reduced. The problems concerning the operation and maintenance

of the full-scale plant will be further investigated.

FEASIBILITY STUDY OF NUTRIENT REMOVAL PROGRAM

Originally, the Lake Biwa Regional Wastewater Treatment Plants
were designed with the conventional activated sludge process, and the
construction of the Konan Chubu Purification Center was started in
October 1978 by the Japan Sewage Works Agency. In October 1979, the
Regulations Concerning Eutrophication Control in Lake Biwa were
promulgated. It was thus necessary to add nutrients removal
processes to the conventional activated sludge process. On the basis of
the effluent limitations on nitrogan and phosphorus stipulated in
the regulations, the target effluent quality was set as shown in

Table 6-1.
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Table 6-1

Target effluent gquality

Design influent quality Design effluent quality Removal efficiency
(mg/Q) (mg/%) (%)
BOD 180 5 97
CcoD 70 20 71
SS 240 5 98
T-N 30 10 67
T-P 3.3 0.3 91




Alternative Combined Processes

According to the Japan Sewage Works Agency's Lake Biwa advanced
wastewater treatment pilot plant survey results and also to the results
of surveys conducted by the Public Works Research Institute of the
Ministry of Construction, four alternative plans for the removal of
nutrient salts at the Lake Biwa Regional Wastewater Treatment Plants
were formulated.

Table 6-2 lists the removal efficiencies of the four alternative

combined processes and their constituent unit processes.
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Table 6-2 Alternative processes for nutrients removal

Removal efficiency

(%)

Combined Fl Y Character- Unit or
process ow diagram istics nit process
b c e f d g |Overall
Aeration tank Final
50 0 35 197.7
{carbon oxidation +|__| sedimen- gz Alum' i- C) BOD 20 30
Nitrification + tation Erfigﬁ
Denitrification) tank at coD 75| 40 {20 60 | 95.2
——
I (e) (e) ss 75| 45 |75 - los.6
MaActivatred q
Rapid sand @ |Activated | @ T-N 60| 10 |10 - 167.6
. — | carbon | —
filter .
| adsorptioni
b T-P 30 (87.5] 40 - | 94.8
(£) (g)
Aeration tank Final £:L Alum C) BOD 90 50 30 {35} 97.7
(Carbon oxidation +{—=| sedimen- precipi-
Nitrification) tation tatian coD 75 40 20 160 | 95.2
tank
N’
11 (b) (e) SS 75 45 85 - 97.9
Packed bed C) rActivated—} ()
o . ' ! T-N 20 10 95 | - | 96.4
denitrification |—= | carbon :———-
Lédsorption|
""""" - T-P 30 87.5 50| - | 95.6
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Table

6-2 {(Continued)

Removal efficiency (%)

! ! Activated carbon adsorption process is planned in future

e

Combined Flow di Character- Unit
process agram istics process
h a b c e f g loverall
- Final | Rapid BOD 90 30 35 95.4
Aeration tank sedimen- sand
t additi - ; -
(coagulant addition) tation filter cob 75 20 60 | 92.0
tank
———
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T p
l .
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I adsorption ’
L
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Iv (h) (e}
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L Rapid sand @ {Activated carbon =@
; - : ]
filter | adsorption J T-N 20 10 |10 - | 35.2
(f) (g)
T-P 30 87.5(40 - 94.8
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Process (I) removes nitrogenm through RNDP into which a conventional
activated sludge process is modified, removes phosphorus through the alum
precipitation process, and then polishes the effluent through a rapid
sand filter.

Process (II) uses an aeration tank for BOD removal and nitrification
(CCONP), a alum precipitation process for phosphorus removal, and PBDP
to denitrify and polish the effluent.

Process (III) removes BOD and phosphorus simultaneously by injecting
alum into the aeration tank, and polishes the effluent through a rapid
sand filter. 1It is not proQided with a denitrification process.

Process (IV) uses a conventional activated sludge process to
remove BOD, a alum precipitation process to remove phosphorus, and a rapid
sand filter to polish the effluent. It is not provided with a

denitrification process.

Comparison of Construction and Operation Costs

For the four alternative combined processes, rough design calcu-
lations were made with respect to plant capacities of 50,000 ma/day,
100,000 ma/day and 500,000 ma/day for the purpose of comparing the
costs for construction, operation, and maintenance.

The conditions upon which the cost accounting was made are as

follows.

(1) The wastewater treatment facility, sludge treatment facility,
administration office and electric facility were the subjects

of construction cost calculation.

(2) The sludge treatment facility was composed of thickening,
dewatering and cake delivery, and was common to all the

alternative processes.

(3) The electric charges and chemical costs constituted the operation

costs. The personnel costs were excluded.
(4) The prices as of 1979 were used for calculation.

Table 6-3 shows the construction costs of the processes, and their

cost functions.
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Table 6~3 Construction costs and their functions

Unit: ¥10°

Wastewater flow rate (Q) (103 ma/day)

Cost function

50 100 500
Process I 6,786 11,316 42,950 284Q0-806
Process II 6,523 10,836 39,149 302Q0'782
process III 4,703 7,829 26,665 2440°7°°
Process IV 5,695 9,278 33,492 270Q0.774




Table 6-4 shows the operation costs of the processes, and their

cost functions.
Table 6-4 Operation costs and their functions
Unit: ¥/m3
Wastewater flow rate (Q) (103 ma/day)
Cost function
50 100 500
Process I 22.86 21.93 20.16 28,2Q-0.054
Process II 25.67 24.39 22.87 30_8Q-0.048
Process III 13.72 12.50 11.33 18.4Q_0'079
Process IV 16.22 14.84 13.53 21.4970-073
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Processes (I) and (II) are designed to remove not only BOD and
SS, but also nitrogen and phosphorus. Compared with Process (II),
Process (I) costs 4 to 10% more in terms of construction cost. As
regards the operation cost per unit volume of wastewater, Process
(II} costs 11 to 13% more than Process (I).

Processes (III) and (IV) are designed mainly for removal of
BOD, SS, and phosphorus. It is found that Process (I11) in which
coagulant is injected into the aeration tank is 14% to 20% less in
terms of construction cost than Process (IV) which has an indepen-
dent precipitation process. As regards the operation cost, Process

(ITTI) costs 15% to 17% less than Process (IV).
Evaluation of Alternative Processes

For the purpose of determining a buildup plan for the Lake Biwa
Regional Wastewater Treatment Plants, the four alternative processes

were evaluated according to the following requirements.
(1) To meet the target effluent quality specified in Table 6-1.

(2) To minimize the plant modification as the construction or design
of the plants is under way for a conventional activated sludge

process.

(3) To make the best use of the already installed facilities and

to minimize the modification costs.

(4) To minimize the increase in the operation and maintenance cost
due to the addition of nitrogen and phosphorus removal processes

to the secondary treatment facilities.

(5) To make the entire system flexible for future enlargement of the

plants.

According to these reguirements, the process evaluations were made

and Process (I} was finally chosen. Table 6-5 shows the estimated
quality of influent of the Konan Chubu Purification Center and its

design effluent quality based upon Process (I).
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Table 6-5 Estimated Influent and Effluent Quality

Influent Removal Efficiency (%) Effluent
(mg/%) z:;?::Ztation RNDP Qizzipitation ???i:rsand (mg/4)
BOD 180 30 (126) 90 (12.6) 50 ( 6.3) 30 (4.4) 4.4
cop 720 25 ( 52.5) 75 (13.1) 40 ( 7.9) 20 (6.3} 6.3
ss 240 g0 (149 75 (36:0) 45 (19-8) 75 (3-0) 5.0
x 10 13 ( 26.1) 6o (104 | ( 9.4) - o 4
T-P 3.3 13 ¢ 2.9 30 (2.0 85 ( 0.3) 40 (0.2) 0.2

Remark: Figures in parenthesis show effluent guality of each unit process.




Two wastewater treatment plants of Lake Biwa Regional Sewcrage
System are now under construction adopting Process (I}. In 1982, the
Konan Chubu Purification Center will start service. This marks the
first practical step in the implementation of the nutrients removal
process in Japan. And every effort will be made to ensure the success

of the eutrophication control project in Lake Biwa.

REFERENCES

(1)

(2)

Downing, A.L., et al., "Determination of Kinetic Constants for
Nitrifying Bacteria in Mixed Culture with the Aid of an Electronic

Computer,”" J. Gen. Microbiology, 38 (1965)

Kazuhiro Tanaka, “"Kinetic Studies on Recycled System for Biological

Nitrification and Denitrification," Progress Report, US/Japan Joint

Research Project (Japanese Side), March 198l.

384



Eighth US/JAPAN Conference
on
Sewage Treatment Technology

EFFECT OF DETERGENTS AND SOAP
ON
MUNICIPAL WASTEWATER TREATMENT

October 13-14, 1981

Cincinnati, Ohio USA

The work described in this paper was not funded by the
U.S. Environmental Protection Agency. The contents do
not necessarily reflect the views of the Agency and no
official endorsement should be inferred.

K. Kobori, H. Watanabe and K. Murakami
Water Quality Control Division,
Public Works Research Institute,

Ministry of Construction

385



INTRODUCTION

In the field of sewage treatment, it was in the 1960's that in-
creasing concern was first paid to synthetic detergents. This was
because ABS, that was considered to be biologically hard, brought about
a foaming reaction in aeration tanks or some other apparatus. In Japan,
softening of synthetic detergents was started in 1965 and completed in
1973. Afterwards, there is almost no problem of the surfactants contained
in synthetic detergents in sewage treatment.

Lately, however, a number of people have again been concerned with
synthetic detergents. The two events described below have led to this

concern.

1) For the purpose of water pollution control in Lake Biwa, Shiga
prefectural authorities established a regulation against the sale
and use of synthetic detergents containing phosphate. It is called
the "Regulation on the Prevention of Eutrophication in Lake Biwa" and

was put into force in July, 1980.

2) Mishima city authorities distributed synthetic detergent and washing
powder to each home in a certain housing area in order to compare
their influence upon the sewage treatment process. As a result, it
was found that organic loads and PO4 load of influent were reduced
and the water quality of effluent was markedly improved by replacing
synthetic detergent with powdered soap.

With the above two events as a turning-point, a considerable
number of local public authorities have investigated the influence of
phosphate-containing synthetic detergents, phosphate-free synthetic
detergents and powered soap upon the environment and the sewage
treatment.

Fig. 1 shows the products of synthetic detergents and soaps in
Japan. The amount of soaps usped over the period from 1976 to 1980
was 1.36 v 1.73 kg/head/year (average 1.48 kg/head/year), and the
amount of synthetic detergents used was 5.88 Vv 9.14 kg/head/year
(average 7.75 kg/head/year). The total amount of detérgents used
was 8.24 v 10.70 kg/head/year (average 9.23 kg/head/year). The term
"detergents"” used here is intended to include synthetic detergents

and soaps.
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Almost all the surfactants as detergent materials are made from
petrochemicals except for the fatty acid salts and certain types of
higher alcohol. Major surfactants used in Japan include linear alkyl
benzene sulfonate (LAS), alkyl sulfate (AS), polyoxyethylene alkyl
ether sulfate (AES), alpha-olefin sulfonate (AOS), fatty acid salt
(FA) , and polyoxyethylene alkyl ether (AE). AE is a nonionic
surfactant and the others are all anionic surfactants.

The present report evaluates the influence of detergents on the
sewerage system, based on the indoor experiments and on the firld
investigation conducted at sewage treatment plants. The purpose of

this investigation was to clarify the following:

1) Discharge of surfactants from houses to a sewage treatment plant
2) Concentration of surfactants in sewage
3) Behavior of surfactants in sewage treatment process

4) 1Influence of detergents on activated sludge process
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2.

2.1

2.2

2.3

ANALYSIS OF SURFACTANTS
ANIONIC SURFACTANTS (EXCLUDING FATTY ACID SALTS)

The concentration of anionic surfactants in the water sample was
determined by the colorimetric method of methylene blue active sub-
stances (MBAS).

The concentration of anionic surfactants in sludge was determined
by measuring MBAS in the extract which had been obtained through the
reflux of sludge with ethyl alcohol.

NONIONIC SURFACTANTS

The concentration of nonionic surfactants in the water sample was
determined by the colorimetric method of cobalt thiocyanate active
substances (CTAS).

The concentration of nonionic surfactants in
sludge was determined by measuring CTAS in the extract which had been
obtained through the reflux of sludge with ethyl alcohol. However,
CTAS was only derived from the surfactant, but also detected from
activated sludge. The concentration of CTAS from activated sludge was

about 20 mg.CTAS.2000 mg.MLSS.
FATTY ACID SALTS

The fatty acid salts in the water sample were extracted with
chloroform and acethylated with the addition of N,N-dimethylformamide
dimethylacetal, and determined by gas chromatgraphy (FID).

Fig. 2 shows one example of the gas chromatograms prepared for the
measurement of the fatty acid salts.

The fatty acid salts in sludge were extracted with chloroform by
use of soxhlet extraction and the extract was operated in the same .
manner as the water sample.

The fatty acid salts measured were palmitate, oleate and stearate.
However, oleate was calculated in terms of stearate and the sum of

palmitate and stearate was regarded as the value of fatty acid salt.
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3. LOSS OF SURFACTANTS IN SEWER SYSTEM

3.1 EXPERIMENT ON SOLIDIFICATION OF DETERGENTS

3.1.1 Method

This experiment was conducted as follows. Sample solutions of

sewage were filtered with filter paper No. 5C and detergents were

added. Then, the solutions were stirred for 1 hr with stirrers and SS,

TS, VTS, COD, and TP in the suspensions were

suspensions were filtered with GF/B, and COD

were measured. The types of detergents used

shown in Table 1. The amounts of detergents

2000 and 3000 mg/l respectively.

measured. Further, the
and TP in the filtrates
in this experiment are

added were 500, 1000,

Table 1 Detergents and their major components
Detergents Major components
I Powdered washing soap | Surfactant (70%)

II Synthetic detergent

Surfactants (24%), Phosphate (10%)
Sulfate (10%<), Silicate (10%<)

Phosphate free

Surfactants (20%), Sulfate (10%<),

Il synthetic detergent | Silicate (10%<), Almino Silicate (<10%)
Surfactants (24%), Carbonate (10%<),
v zhgigzzzj g:::r one | Sulfate (108<), Silicate (10%<),
Y g Almino Silicate (<10%)
The standard amount of detergents used for washing at home is
40 g/30 %.
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Results and discussion

The solidification rate of detergents was calculated in terms of
(85/TS) x 100. As a result, the rates of detergents I, II, III and
IV were 15.8 v 51.2% (average 30.4%), 4.6 Vv 8.1% (average 6.2%),

10.5 v 13.1% (average 12.0%) and 8.3 v 9.8% (average 8.9%) respect-
ively. For detergent I, there was a tendency for the solidification
rate to decrease as its concentration was increased. For the other
detergents, the solidification rate was almost constant regardless of
their concentration.

Assuming that the solidification rate of organic components in
detergents can be expressed as the solidification rate of CODy,, that
of organic components was calculated in terms of (1 - D*COD/COD) x100.
As a result, the rates of detergents I, II, III and IV were 36.2 v
73.3% (average 56.6%), 2.2 v 12.6% (average 7.3%), 0 Vv 12.6% (average
3.2%) and O v 5% (average 1.8%) respectively. The organic matter
contents of the above detergents were calculated in terms of (VS/TS)
x 100, and they were 62.4%, 30.9%, 19.2% and 20.7% respectively.

The product of the organic matter content in a detergent with its
solidification rate of organic components represents the solidifica-
tion rate of organic components for the detergent. The values in
detergents I, II, III and IV were 35.3%, 2.3%, 0.6% and 0.3% respect-
ively. Comparing these values with the solidification rate of

detergents, the following can be considered.

1) PFor washing powder, 30 Vv 35% of the powder added to water is
solidified, solidification rate of soap is higher than that of
synthetic detergents. The solid matter is almost completely
composed of organic substances. Therefore, it seems that the
high solidification rate of powdered soap is due to the formation
of metallic soap as a result of the reaction with Mg*t and cat+

ions in the sewage.
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2) The solidification rate of phosphate-containing synthetic
detergents is about 6%, rather low in comparison with that of
powdered soap and phosphate-free synthetic detergents. Aabout 1/3
of the solid matter is composed of organic matter and the remain-
der is inorganic. It is confirmed that phosphate, one of the
major inorganic components, completely dissolves in water.
Further, it is hardly considered that sulfate becomes solidified.
Accordingly, most of the solidified inorganic matter is presumed

to be silicate.

3) The solidification rate of phosphate-free synthetic detergents
is 9 v 12%, rather higher than that of phosphate-containing
synthetic detergents. Inorganic matter occupies 95 v 97% of
the solid matter. The solidified inorganic matter is presumed

to be composed mainly of silicate and almino slicicate.

3.2 SEDIMENTATION OF SURFACTANTS IN HOUSE INLET AND THEIR ADHESION TO
SEWERS

3.2.1 Method of investigation

It has been said that when synthetic detergents for washing are
replaced by powder soap, the load of organic pollutants, especially
BOD load, reaching the sewage treatment plant will increase.

In order to estimate such increase of pollutants, it must be taken
into consideration that powdered soap precipitates in house inlets or
adheres to the sewers. As a result, the rate of the pollutants
reaching the treatment plant becomes constant, which means that
equilibrium is established in the sedimentation, adhesion, desquama-
tion, and biodegradation of powdered soap.

This investigation was conducted at the F sewage treatment
plant in F City in March 1981. The F sewage treatment plant and its

covering area are summarized below:

Inhabitants 5700

Inflow 1200 m3/day
Aeration time 13.7 hrs
Return sludge rate 100%

393



Surface loading of primary
sedimentation tank 6 m3/m2/day

Surface loading of final
sedimentation tank 5.3 m3/m2/day

The F sewage treatment plant is located in a sloping area
of the city, so that time sewage takes to reach the plant is about
20 min.

Fig. 3 is a flow diagram of the F sewage treatment plant.

In order to investigate the influence upon the sewage treatment
when syenthetic detergents for washing has been replaced by powdered
soap, the F City authorities distributed washing powder free of
charge to each household in this area over a four-month period from
September to December 1980.

The results of the investigation during this period have not yet
been compiled. In the households of this area, 78.6% of the total
had been using synthetic detergents until September 1980, but during
the period from September to December 1980, 98.9% of the total house-
holds used washing powder instead of synthetic detergents. In January
1981, a questionnaire survey was conducted concerning the use of
powdered soap in each home of this area. According to the results
of the survey, 70% of the total households answered that they would
continue to use powdered soap. Accordingly, it is presumed that a
considerable number of the households were using powdered soap during
the period of this investigation, which was conducted in March 1981.

The investigation on the sedimentation of socap in house inlets
was conducted at the house inlet for five households in a 5-story
public apartment house in this area. First, all the sediment
deposited in the house inlet was collected, and CODMn, TS, TP, KN,
MBAS, CTAS, and fatty acid salts in the sediment were measured.

Two days later, the sediment was again collected from the same house
inlet, and the same items were measured. The investigation on the
adhesion of soap to the sewer was conducted at two manholes in this
area, collecting the adhesive from the bottom or thereabout of the
Hume concrete pipe. Then, CODMn' TS, TP, KN, MBAS, CTAS, and fatty
acid salts in the adhesive were measured. Two days later, the
adhesive was again collected from the same pipes, and measurements

were made for the same items.
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The term "adhesive" used herein indicates the solid matter adhering
to the metal brush with which a fixed area of the Hume pipe was

brushed.
Results and discussion

Table 2 shows the results of measurement for the sediments in a
house inlet and the adhesive to Hume concrete pipes.

The drainage, not containing feces, from 5 households ran into
the house inlet, of which the size was 45 zm x 45 cm x 60 cm deep.
Assuming that the average number of families for each household is
3.5, the total number of persons for the house inlet is 17.5.
Assuming that all the house inlets in this area have the function
equal to the investigated inlet, the sediment per day in this area

is estimated as follows:
Example: Fatty acid salts

Sediment for two days 22.4 g/5 families/2 days
Sediment per head per day (22.4 + 17.5) + 2 =
0.64 g/head/day
.6 70
Total sediment in this area 9~—%—%6%——9 = 3.65 kg/day
The value of 3.65 kg/day is considered to be maximum value per
day in this area (maximum sediment). The results of calculation on
the maximum sediment in the house inlet are shown in Table 2.
The estimation of the adhesive in the Hume concrete pipes is
also shown in Table 2. The estimation of maximum adhesive was

conducted as follows:
Example: Fatty acid salts

Adhesive for two days 0.1 g/m2/2 days
Total length of sewer pipe 14,140 m
Pipe diameter @250 Vv 400 mm, assuming

that the average is

#300 mm.
Total area of pipe wall 13,300 m®
o . 0.1 x 13300 _
Total adhesion in this area —3 % 1000 - 0.66 kg/day
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The value of 0.66 kg/day is considered to be maximum value per
day in this area (Maximum adhesive).

The actual adhesive on the Hume pipes is presumed to be a far
smaller value than the maximum adhesive (Table 2). Because the
adhesive on the Hume pipe does not adhere to the whole wall inside
the pipe in a uniform manner and much more adhesive is considered to
be on the portion closer to the bottom of the Hume pipe, while the
adhesive in the pipe was estimated by the values of the portion
close to the bottom. Further, the maximum adhesive obtained is the
value for a new wall of the Hume pipe.

Table 3 shows the maximum sedimentation in the house inlet, the
maximum adhesive in the Hume pipe and the discharge from house to
sewage treatment plant. Taking into consideration that the maximum
adhesive on Hume pipe has been overestimated, the discharge of TP,
KN, MBAS and CTAS is presumed to be more than 95%. However, even
considering that the maximum adhesive on Hume pipes has been over-
estimated, the discharge of fatty acid salts is considered to be

about 70%.

Table 2 Measurement of sediments in house inlet

and adhesive in Hume concrete pipe

Fatty
CODMn TS VTS TP KN MBAS CTAS acid
salts
Equilibrium
sediments 41.5 | 1250 | 467 5.43 | 33.4 1.44. | 2.19 72.5
(g/5 families)
House
inlet| Sediments for
two days - 280 | 187 1.32 5.98} 0.73 2.06 22.4
(g/5 families/
two days)
Equilibrium
adhesive 12.8 | 55.3 1} 30.3] 1.09 3.6 0.85 0.16 0.35
Hume (g/m?)
pipe Adhesive for
two days 3.06 | 11.9 6.41 0.33 0.55| 0.058| 0.026 | 0.10
(g/mz/two days)
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Table 3 LOSS of TP, KN and surfactants in seweresystem

(%)
(III/(T+II+III)
X 100)

Fatty
TP KN MBAS CTAS acid
salts
Maximum sediment
I | in house inlet 0.2 1.0 0.12 0.34 3.65
(kg/day)
Maximum adhesive
I in Hume concrete 2.2 3.6 0.38 0.18 0.66
pipe
(kg/day)
Infl t loadi *
rr| rouen I 911 |e7.8| s5.51] 7.24| 9.26
(kg/day)
Discharge from
house to sewage
treatment plant g, 5 193.6{91.7 | 93.3 | 68.2

* Refer to Table 5,
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4. BEHAVIOR OF SURFACTANTS IN SEWAGE TREATMENT PLANT
4.1 SURFACTANT CONCENTRATION IN SEWAGE AND SLUDGE

There are several reports on MBAS concentration in the influent.

Sudoz) conducted investigation at a municipal sewage treatment
plant in 1979, and reported that MBAS in influent was 5.9 Vv 7.9 mg/
and the removal by the secondary treatment was 93 Vv 96%. Yamane et
al.3) report that MBAS in influent was 11.7 mg/% (weekly mean) at a
housing area sewage treatment facilities for the inhabitants of 1000
v 1400.

In this investigation, in order to clarify the surfactants in
sewage and sludge, MBAS, DTAS and fatty acid salts were fractionally

determined.
4.1.1 Method of investigation

Investigation was conducted 7 times at 5 plants. For influent,
primary effluent and secondary effluent, sampling was conducted at
1 or 2 hour intervals and a 24 hr composite sample was prepared
by mixing in proportion to the flow for each day. The primary sludge
and waste activated sludge were sampled once a day.

MBAS, CTAS and fatty acid salts in each sample were analyzed.
4.1.2 Results and discussion

The results of analysis for each type of surfactant is shown in
Fig. 4. MBAS in the influent was 2.5 Vv 6.4 mg/% (average 4.7 mg/%),
CTAS 1.9 v 4.8 mg/f (average 3.1 mg/%), and fatty acid salts 2.4
6.7 mg/% (average 4.1 mg/%). MBAS in the primary effluent was 2.5 "
15.0 mg/%2 (average 5.9 mg/%), CTAS was 1.8 Vv 23.0 mg/% (average 7.9)
and fatty acid salts was 0.6 v 2.3 mg/% (average 1.6 mg/%).
MBAS and CTAS in the primary effluent were high in comparison with
those in the influent. It was because the values at one plant were
abnormally high. If these abnormal values are excluded, MBAS and
CTAS were 3.6 mg/% and 4.1 mé/l, respectively, on the average.
MBAS in the secondary effluent was 0.3 ~ 0.7 mg/% (average 0.5 mg/%),
CTAS was 0.1 v 1.1 mg/f (average 0.6 mg/f) and fatty acid salts were
0.4 Vv 4.3 mg/f (average 1.6 mg/4).
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As a result, MBAS removal was 23% in primary sedimentation.
CTAS concentration was 32% higher in the primary effluent than in the
influent. The cause is not apparent, but the influence of back
water from the sludge treatment system can be considered. Because
CTAS not derived from detergents was detected in activated sludge.
The removal of fatty acid salts was 61% in primary sedimentation.

The removal by secondary treatment were 86% for MBAS, 85% for
CTAS and 0% for fatty acid salts.

Therefore, it was found that MBAS and CTAS were removed mainly
in the activated sludge treatment process and fatty acid salt was

removed mainly in the primary sedimentation tank.
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The results of analysis for several types of surfactants con-

tained in primary sludge and return sludge is shown in Fig. 5.

In primary sludge, MBAS was average 3.8 mg/g, CTAS was average

3.0 mg/g and fatty acid salts were 96.9 mg/g. The concentration of
fatty acid salts in primary sludge was high, which coincides with
the tendency of fatty acid salts to be removed in primary sedimen-—
tation.

In return sludge, MBAS was 3.4 mg/g, CTAS was 19.7 mg/g and
fatty acid salts were 47.2 mg/g.

As a result of analyzing the activated sludge that was cultivated
with detergent-free synthetic sewage, MBAS was 1 Vv 2 mg/g, CTAS was
10 v 11 mg/g and fatty acid salts were about 5 mg/g. These results
suggest that the high CTAS value found in return sludge was not due
to the detergent itself and certain components in activated sludge
were detected as CTAS.

As for fatty acid salts found in return sludge, the influence
of food o0il and others can be considered as one of the causes for

its high concentration.
4.2 BEHAVIOR OF SURFACTANTS IN SEWAGE TREATMENT PROCESS
4.2.1 Method of investigation

Investigation was conducted at F sewage treatment plant in F
City. Treatment facilities and operational conditions have already
been outlined in 3.2.1.

As shown in Fig. 3, the influent to F treatment plant was
composed of "influent from KODAN" coming from the major part of a
housing area and "influent from TEIDAN" consisting of 50 m3/day of
domestic sewage and 420 m3/day of back water. For the influent from
TEIDAN, as the fluctuation of pollutants load was considered to be
low in the course of a day, sampling was conducted 4 times a day, but
for the influent from KODAN, as a rule, sampling was conducted

every hour.
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For the influent to the aeration tank and secondary effluent,
samples were collected every hour, and 2-hour composite samples were
prepared.

The measured items are as shown in Table 4.

Table 4 Measured items

Influent Flow (overall width weir method)

Effluent Flow (flowmeter)

cop D-TOC MBAS pH
Water temperature D*-COD K-N D*~MBAS BOD
Fatty acid salts Ss D-K-N CTAS SS
D*-Fatty acid salts TS T~P D*-CTAS

VTS D*-T-P

Note: * indicates the filtrate filtered with GF/B.

Results and discussion

The results of investigation are summarized in Table 5. For the
average concentration of influent, BOD was 201 mg/R&, COD 91.4 mg/%,
SS 219 mg/%, KN 44 mg/% and TP 7.2 mg/%. These are average values
for small-scale treatment plants for housing areas in Japan. 1In the
plant, as the regulating reservoir was installed, the water qguality
was uniformalized to a certain degree so that the minimum concentra-
tion of influent to the aeration tank was higher than that of the
influent to the plant.

Concerning these general water quality items, their removal by
treatment was favorably conducted and the operation of the plant was
excellent during the investigation.

MBAS in influent was 3.6 mg/%, CTAS 4.7 mg/Z; and fatty acid
salts 6.0 mg/%. MBAS concentration was low in comparison with

11.7 mg/23).
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The proportions of suspended type of these components in influent was
almost 0% for MBAS, 20% for CTAS and 56% for fatty acid salts.
MBAS is almost soluble, but its removal before the aeration process
was nearly 30%. 1In this plant, the retention time in the primary
sedimentation tank was 9.3 hrs and, if the retention time in the
regulating reservoir is added to the above time, the average retention
time becomes 13.7 hrs. A considerable biodegration must be conducted
through these processes. The removal of fatty acid salts was 77%
before the aeration process. Therefore, it can be considered that
biodegration took part in the removal of the above fatty acid salts.
In the aeration tank and final sedimentation tank, MBAS removal
was 86% and CTAS was 91%. The concentration of fatty acid salts in
influent of the aeration tank was comparatively low. Its removal
was only 67% by activated studge process, but the total removal
through the whole process reached 92%.
The total removal of MBAS and CTAS were 90% and 92% respectively,

and the removal rates were also considerably high.
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Table 5 Measurement of water guality

Tempe- Dis- Dis- Dis- Fatty
Type Classifi- F%ow rargre " BOD cob solved ss K-N solved| T-P solved] MBAS CTAS acid
cation (m”/hr) (°C) P (mg/e)| (mg/0)| cop  |(mg/2) | (mg/e)| K-N (mg/2)| T-P | (mg/R)} (mg/2)| salt
(mg/ %) (mg/L) (mg/2) (mg/2)
Average 64 - - 201 91.4 35.8 219 44 31 7.2 4.5 3.6 4.7 6.0
Influent | Maximum 197 16.9 8.96 387 262 101 468 124 107 13.7 10.0 10.9 12.41} 44.8
Minimum 27 13.1 7.22 46.6 37.3 16.6 49 19 10 2.9 2.1 1.2 1.6 0.7
Average - - - 116 67.6 33.8 86 30 25 4.9 4.1 2,5 4.3 1.4
Maximum - 14.6 7.58 133 77.9 39.4 104 35 27 5.2 4.7 2.7 4.5 l.6
i:‘)ﬂ“e"t Minimum - 13.8 | 7.12 94.5} s55.3 | 28.0 | 77 26 22 4.4 3.6) 2.4) 4.2) 1.0
aeration Removal
tank
by
primary - - - 42.3 26.0 26.2 61.5 32.2 17.8 32.3 11.5 29.6 8.51 77.3
sedimen-
tation
Average - - - 5.2 11.4 10.1 2.1 25 - 3.0 - 0.4 0.4 0.5
Maximum - 13.9 7.44 6.2 12.0 10.5 3.8 26 - 3.0 - 0.4 0.5 0.1
Secondaryl y; i mum - 12.9 | 7.07 3.8| 10.8 9.6 0.4 24 - 3.0 - 0.4 0.3 o.7
effluent . ]
Removal
by - - - 95.5 83.0 70.1 97.6 16.8 - 38.9 - 85.7 90.71 66.7
aeration
Total removal f= - - 97.4 86.9 77.9 97.0 42.1 - 58.7 - 89.9 91.5( 92.4




Table 6 shows "per capita loading daily" calculated from total
influent loadings (g/day) and inhabitants. In the table, the
number indicated in parentheses is the reference value for the basic
unit based on the "Sewerage Facilities Design Manual and its
Commentary" published by the Japan Sewage Works Agency.

The organic pollutants as BOD and COD in the table are not
as high as the values in the "Design Manual". Even in the area where
powdered soap as used at a high rate, a marked increase in "per
capita loading daily" is not found. On the contrary, even if
synthetic detergents were not used so much, there was no tendency

for the TP value to decrease.

Table 6 Per capita loading daily
(Unit: g/capita/day)

Fatty
BODs CODpmp Ss T-P K-N MBAS | CTAS | acid
salts

54.3 24.5 59.2 1.95 11.9

(44784) | (22a42) | (40070) | (1.4~2.2) | (1213) 0.97 f1.27 | 1.6
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S. INFLUENCE OF DETERGENTS ON ACTIVATED SLUDGE PROCESS

5.1 EFFECT OF DO IN AERATION TANK

DO level in the aeration tank is the important factor affecting

the activated sludge treatment. The purpose of this experiment was to

investigate the influence of surfactants upon the activated sludge

treatment when the DO concentration in the aeration tank was lowered.

5.1.1

5.1.2

Method of investigation

In this experiment, activated sludge was placed in a container
and stirred to prevent the sludge from precipitating. The control
of DO was conducted by the adjustment of aeration. The cultivation
was conducted by the till and draw method once a day. The DO level
was controlled through conversion of the air rate through two-step
adjustment.

The air rate for high DO level was set at about 600 mi/min
so that, after the addition of substrate, the DO saturation could
be reached in 1 v 3 hours. The air rate for low DO level was set
at about 300 mf/min so that the DO saturation rate could reach 10 "
30% in 24 hours. 1In case of low DO, its control was difficult in
this experiment. Dodecylbenzenesulfonic acid sodium salt (DBS) was
added, at concentrations of 5 mg/%, 10 mg/% and 20 mg/%, to the
synthetic wastewater having BOD of about 150 mg/%2. If the concent-
rations of DBS are converted to MBAS concentrations, they are

7.2 mg/%, 14.5 mg/% and 29.0 mg/f respectively.
Results and discussion

The water quality of effluents is shown in Table 7, and DBS
decay in the aeration tank is shown in Fig. 6. Table 7 shows the
values obtained after 24 hours of reaction time had elapsed.
Under the conditions of low DO, whén the concentration of DBS was

higher, DBS in the effluent tended to increase. In case 29 mg/%

£
as MBAS was added, DBS remained by 27% in the effluent.
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When the low DO conditions were compared with the high DO
conditions, the addition of 7.2 mg/% as MBAS did not bring about the
influence of DO, but on adding 14.5 mg/% as MBAS, a change in
effluent quality concerning TOC and BOD was found. There was almost
no change in COD and MBAS.

In the change with time during 24 hours, as .shown in Fig. 6,
the removal of TOC under the addition of 14.5 mg/% as MBAS was pro-
gressing favorably in low DO condition for 5 hours, but the high DO
condition was preferable for 24 hours. In case 29 mg/% as MBAS
was added, the similar change of TOC with time appeared for 5 hours,
but the values obtained after 24 hours were better in high DO.

condition.
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Table 7 Water quality of effluents

Analysis BOD (mg/%) COD (mg/f%) TOC (mg/%) MBAS (mg/%) Dissolved | Dissolved
COD TOC
Sample Measured| Average| Measured| Average| Measured | Average} Measured| Average (mg/2) (mg/2)
DBS 5.1 6.6 8.6
0.34
7.2 4.0 4, 5.5 6.8 9.6 7.6 0.32
0.29
(mg/%) 4.6 8.4 4.7 6.1 1.7
Low DBS 9.5 9.7 11.3
o 0.43
14.5 14.4 11. 8.1 11.1 22.1 17.7 0.39
concent+ 0.34
ration (mg/2) 11.1 15.5 19.3 ) 6.7 10.5
DBS 6.4 11.9 18.0
6.23
29.0 31.0 16.7 18.5 19.3 43.3 32.6 7.75
9.2 -
(mg/2)| 12.3 27.4 36.1 7 16.6 23.9
DBS 5.7 13.1 4.5
0.30
7.2 5.6 6.1 8.1 9.8 3.1 8.9 0.34
0.41
(mg/2) 7.1 8.2 11.4 5.5 6.7
High DBS 8.4 13.5 4.6
DO 0.79
14.5 1.9 5.7 10.0 11.6 9.6 8.3 0.64
concent- 0.49
ration | (mg/%) 4.7 11.4 10.3 6.7 4.1
DBS 4.9 11.3 9.7
1.55
29.0 4.0 4.6 7.5 9.9 14.3 11.2 1 23 1.39
(mg/ L) 5.0 11.0 9.5 ) 7.3 3.2




Summary

When DBS concentration was 14.5 mg/f or less as MBAS, there was
no influence on the water quality of the effluent. But when 29 mg/%
of MBAS was added, MBAS was liable to remain in effluent under the
conditions of low DO. The operational condition was stable when the
DO concentration was high. In MBAS concentration flow into the plant,

at present, no influence of DO level was found.
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5.2 EXPERIMENT FOR TREATMENT OF DETERGENTS ADDED TO SYNTHETIC SEWAGE

In order to clarify the influence of detergents on activated sludge
treatment, this experiment was conducted under the conditions of the
conventional activated sludge method. The influence of detergents was
investigated by examining the water quality of the effluent, and the

properties of sludge, biota and some other factors.

5.2.1 Method

The detergents used were powdered soap, nonionic synthetic
detergents, anionic synthetic detergents, and Zeolite containing
detergents. These detergents (Table 8) are all commercially
available.

The main components of synthetic sewage are meat extract, yeast
extract, peptone and some minerals. Seed sludge is the sludge in a
sewage treatment plant which is operated under a comparatively low
organic loadings.

The experimental apparatus is composed of a 100-% aeration tank
and a 50-% sedimentation tank. The aeration tank is divided into
ten sections with partitions.

The experiment was conducted in a constant-temperature room at
20°C with an aeration time of about 7 hrs for about 70 consecutive
days.

The amount of detergents added is shown in Table 8. This
concentration is somewhat higher than that of detergents detected in
the influent of the sewage treatment plant..

However, the amount of Zeolite-containing detergents was reduced,

because its foaming reaction was remarkable in the aeration tank.
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Table 8 Detergents added to synthetic sewage

Unit Detergents Dose (mg/%)
A Control
B Powderd washing soap 80 (48)*
C Nanionic synthetic detergent 60(14.4)
D | Anionic synthetic detergent 60(14.4)
E Zeolite containing detergent 40 (8B)

Note: * The number of ( ) means the concentration of surfactants

Results and discussion

The results of the experiment are shown in the table in terms
of the average values during the period that was considered to be
a steady state. These values were obtained about 1.5 months after
the experiment had been started.

The water quality of the influent and the properties of sludge
are shown in Table 9, and the water quality of the effluent and
removal are shown in Table 10. When detergents were added to the
synthetic sewage, powdered soap and Zeolite-containing detergents
produced turbidity, and the formation of SS was observed.

Although the DO concentration in the aeration tank was compara-
tively high during the experimental period, it can be thought that
the operation was completed under the conditions of the conventional
activated sludge method.

In the case of powdered soap, SVI was high, and the most sludge
was produced. The conversion rate of BOD to sludge was about 0.6 for
powdered soap, and 0.3 v 0.4 for other detergents.

As shown in Table 10, the water quality of effluent processed
by each apparatus showed a favorable value; the removal of organic
matter was high; and no adverse influence due to the detergents was

found. Further, nitrification took place.
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The removal of Nitrogen and Phosphorus was rather low, compared with
that of the sewage treatment plant (Nitrogen removal: 32%, Phosphorus
removal: 49.9%). However, their values were reasonable, judging from
the quantity of removal.

when no detergents were added, various types of surfactants were
detected in the effluent and activated sludge. Especially, in the
activated sludge, CTAS and fatty acid salts were detected at a high
concentration.

Fig. 7 shows the change with time in TOC and surfactants present
in the aeration tank.

In the aeration tank, both are similar to the removal pattern of
substrates that are liable to be comparatively utilized as activated
sludge.

For the biota in the activated sludge of this experiment, micro-
scopic examination could be conducted for 12 genera - mainly
Epislylis, Vorticella, Litonotus, Aonoeba and Rotifera.

The fauna in the steady state of each experimental apparatus is
as shown in Table 12. Rhizopoda comparatively often appeared in any
condition. Aspidisca appeared when no detergents were added or
powdered soap and nonionic synthetic detergents were added. But they
were not seen when anionic synthetic detergents and Zeolite deter-
gents were added. This tendency was seen for Opecularia. Epistylis,
Vorgicella appear in any condition. Although the reason might be
SRT of 10 days or more, Rolifera and Nematoda appeared comparatively
often.

The population was 1,700 v 3,600 N/m when no detergents were
added, and was almost the same degree except for the case of powdered
soap. On adding powdered socap, the population was 3,700 v 4,300 N/m
and very large with other cases.

As for filamentous bacteria, its population was smallest
of these five conditions when anionic synthetic detergents were
added. 1In the other cases, they appeared to such a degree that they

occupied 30 v 60% in floc of activated sludge.

414



Table 9 Operation conditions of experimental units

Unit A B c D E
Powdered |Nonionic Anionic Zeolite
Detergents Control | washing synthetic | synthetic | containing
soap detergent | detergent | detergent
BOD 108.6 156.9 141.2 136.2 124.1
CoD 53.3 65.7 68.6 62.0 60.4
Influent
58.5 75.9 70.3 63.6 59.5
(mg/L) ToC
K-N 19.24 19.22 19.48 20.1 19.69
T-p 5.20 5.43 5.08 6.56 4.99
pH* 6.7v7.4| 6.77.4 6.30v7.2 | 6.6V7.4 6.7v7.4
DO* 7.7 7.1 7.6 7.4 7.4
(mg/%)
SUT** 73 134 73 106 110
MLSS ) e45 2,120 1,960 1,841 1,885
(mg/%)
MLVSS 0.87 0.88 0.86 0.85 0.85
MLSS
Aeration
tank | As*x 14.4 28.4 19.2 13.5 15.7
(g/day)
SRT 11.4 7.46 10.2 13.6 12.0
(day)
BOD-SS
loadings 0.22 0.25 0.24 0.25 0.22
(g/g.day)
COD-SS
loadings| 0.11 0.10 0.12 0.11 0.11
(g/g.day)

Note: * Measured in the middle of aeration tank

** Measured at the end of aerafion tank

*** Generated activated sludge
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Table 10 Water quality of effluents

Unit A B C D E
Powdered | Nonionic Anionic Zeolite
Detergents Control | washing | synthetic | synthetic | containing
soap detergent | detergent | detergent
Turb. (cm) 45 74 40 35 50
SS (mg/%) 7.9 5.8 7.7 10.3 6.8
ol 2.3 3.5 3.2 3.7 4.0
BOD
(mg/R) | <42 2.3 1.3 0.3 1.4 1.0
T 9.6 8.9 10.3 14.0 9.6
CoD
(mg/2) o 7.9 7.3 7.2 10.0 6.9
T 5.0 5.8 5.0 5.9 4.4
TOC
(mg/2) | 4.5 5.2 4.7 5.5 4.0
Water K-N
; 1.24 1.15 0.69 1.10 0.60
quality (mg/L) T 1
of T-P
T 4 .37 3.92 4,30 5.40 4,21
effluents| (mg/L)
NHZ-N(mg/Q) 0.68 0.31 0.41 0.76 0.51
_N*3
NOr-N* 13.88 12.45 14.66 13.51 15.55
(mg/%)
0-P
4.18 3.51 4.03 4.96 3.90
(mg/L)
BOD T 97.8 97.8 97.7 97.2 96.3
COD T 82.1 86.3 84.9 77.4 34.1
Re?fyal TOC T 91.4 92.4 92.9 90.7 92.6
T-N T 21.4 29.2 21.2 27.3 13.0
T-P T 16.0 28,5 15.4 17.7 15.6
NOTE: *1 Total
*2 Soluble (GFB)
*3 Nop~N: (NO2+NO3) -N
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Table 11 Surfactant concentration in water samples and mixed liquor
Unit A B C D E
Powdered | Nonionic Anionic Zeolite
Detersents Control | washing synthetic | synthetic | containing
soap detergent | detergent | detergent
MBAS 0.03 10.3 6.0
Influent CTAS 0.03 13.5
mg/2) | patey
acid 0.10 60.6
salts
MBAS 0.27 0.35 0.79
CTAS 0.17 0.47
Effluent
(mg/2) Fatty
acid 0.54 3.25
salts
MBAS 1.96 6.67 6.42
Mixed CTAS 23.9 29.2
liquer
(ng/L) Fatty
acid 24.1 59.5
salts

417




Fatty acid salts (mg/2L)

TOC (mg/R)

TOC (mg/2)

TOC (mg/L)

TOC {mg/R)

TOC (mg/4)

Unit A: Control
40,
° o TOC
° o)
o]
201 o
o
° o o o °
0 T T T T L T T N M M
0 20 40 60 80 100 120 140 160 180 200
Time (minutes)
604 Unite B: Powdered washing soap
o TOC
404 e Fatty acid salts
o
o
o
.
204 o o]
) ) o ° °
0 y 2 u P - - T v -~ M
0 20 40 60 80 100 120 140 160 180 200
Time (minutes)
. 10
40 1 Unite C: Nonionic synsetic detergent 3 3
~
° o ToC g
L 57
20-1 e CTAS 2
° Q ™ o o o] 5
* . ™ 9 9 Q » 9 O
o ! r r r r— N v r T T
o} 20 40 60 80 100 120 140 leo 180 .200
Time (minutes)
Unit D: Anionic synthetic detergent - 10
40 7 i
° o ToC .E
¢ MBAS < 5
20 W. ° é
o o o o o o
* . ™ . . e . 9 L] [ 0
0 * Y T Y v -y kil v v . i
0 20 40 60 80 100 120 140 160 180 200
Time (minutes)
40 | Unit E: Zeolite containing detergent £ 10 _
o
N
° o TOC g
20 - e MBAS ’-Stg
b @
o =
o . T e P % & s ¢ & o,
0 20 40 60 80 100 120 140 160 180 200

Time (minutes)

Retention time in aeration tank
Fig. 7 The decay of dissolved components in aeration tank

418



These results revealed that, in the biota of activated sludge,

there was almost no difference between the cases when detergents were

added and not added, and the population was almost the same except

for powdered soap.

Filamentous bacteria had a poor appearance

rate when anioinic synthetic detergents were used, but in other cases

they appeared to a considerable extent.

the population was larger than that of other conditions.

Table 12 Microorganisms in activated sludge

In case of powdered socap,

Fauna Unit A B C D =
Amoeba 50v 300 100n2,225 50v 750 125v1,125 125v1,425
Arcella 25v 425 25v 325 75v 225 425v 650 300n.2,575
Euglypha 250 175 25V 75 25v 350 25V 100 25u 275
Chilodonella,. 50 25

Litonotus 200 25v 400 25v 175 125v 650 50v 325
Aspidisca 25v 375 50v 400 225

Euplotes 25n 50 25 25
Epistylis 50v2,300 25v 975 25v1,150 25v 325 25v 600
Vorticella 75v 725 150nv1,925 275.3,850 175~ 800 70 650
Opercularia 25v 50 325v 625 100v 175 50
Carchesium 25
Zoothamnium 150 775

Vaginicola 25 25
Acinata 50 25\ 50 25V 50
Tokophrya 25 25
Lecane 145V 500 50v 400 125v 450 325v1,150 100v 650
Rotaria 25V 50 25

Lepadella 25v 100 25v 100 300

Trichocerca 75 25
Diplogaster 125v 425 25V 150 25v 200 25v 250 25V 625
Nais 75 25
Unknown 25v 250 25v 125 50v 250 75 50v 75
P°€:;;E)i°“ 1,700V3,600 | 3,700v4,300 | 1,80003,200| 1,900v3,900 | 1,400V3,200
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Summary

Under the operational conditions of the conventional activated

sludge process, the experiment was conducted by adding 48 mg/{ of

powdered soap, 14 mg/f of nonionic synthetic detergent, 14 mg/{ of

anionicanionic synthetic detergent and 8 mg/{ of Zeolite-containing

detergent to synthetic sewage, and the following results were

obtained:

1)

2)

3)

4)

From the viewpoint of the operation of the experimental apparatus,
it was noted that powdered soap and Zeolite-containing detergent
markedly solidified in the sewage. Accordingly, it was suggested
that in actual facilities those detergents were liable to pre-
cipitate into the sewer system or run into the plant as S5, so

that their removal in a primary sedimentation tank would be high.

Zeolite-containing detergent tested brought about a remarkable
forming reaction in the aeration tank. We had some difficulties
in the maintenance and control of the apparatus. Such problems were

caused by the kinds of surfactants containing in detergents.

Judging from the properties of activated sludge and the water
quality of effluents, no adverse influence of detergents upon
the activated sludge treatment was found. Further, there was
no tendency for surfactants to accumulate in the activated
sludge. The concentration of surfactants in effluents was low,
so that the surfactants were apparently biodegraded by the

activated sludge.

The fauna in the activated sludge was similar on these five
conditions. In the case of powdered soap, the population became
larger than in other cases. Felamentous bacteria had poor ap-

pearance when anionic synthetic detergents were used.
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5.3 EXPERIMENT FOR TREATMENT OF DETERGENTS ADDED TO MUNICIPAL SEWAGE

This experiment was conducted to investigate the influence of
detergents upon the activated sludge treatment. The detergents added to
municipal sewage were phosphate-containing anionic synthetic detergents,
phosphate-free anionic synthetic detergents (containing Zeolite),

phosphate-free nonionic synthetic detergents and powdered soap.
5.3.1 Method
(1) Apparatus and operation

In this experiment, as shown in Fig. 8, 5 units for activated
sludge treatment were used. Samples were a municipal sewage (control)
and municipal sewages in which detergents were added. As municipal
sewage, the primary effluent was used in the treatment plant of the
river basin sewerage system, and the return sludge in the same treat-
ment platn was used as seed sludge.

The sewage storage tank was supplied with sewage every two
days (about 11 p.m.) and at the same time detergents were added.

The supply of sewage from the sewage storage tank to the

aeration and sedimentation tank was conducted four times a day,

and the amount of sewage supplied was 10 % per one time. The super-
natant ligour in the aeration and sedimentation tank was auto-
matically drained into the effluent storage tank after the
completion of sedimentation. Aeration and sedimentation were
conducted four times a day, one aeration period being four hours

and one sedimentation period two hours.

The BOD-SS loadings in the aeration and sedimentation tank
was set at 0.2 Vv 0,4 kg/MLSS.kg.day.

The analysis of water quality was conducted for the sewage
in each sewage storage tank, the effluent in each effluent

storage tank and MLSS in each aeration and sedimentation tank.
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(2)

(3)

152
52
P
Aeration and Effluent
iig?gee sedimentation tank storage
tank 9 tank
(100 %) (100 %)

Fig. 8 Activated sludge unit

Detergents used in this experiment
The detergents used in this experiment are as follows:

Detergent A : Phosphate-containing anionic synthetic
detergent, MBAS content is 38% per solid

matter

Detergent B : Phosphate-free anionic synthetic detergent
containing synthetic Zeolite, MBAS content is

32% per solid matter

Detergent C : Phosphate-free nonionic synthetic detergent,

CTAS contents is 24%, MBAS is 2.2%

Powdered soap D: Phosphate-free fatty acid type surfactant,
fatty acid salts is 70%

Dose of detergents

It is said that the average concentration of MBAS (per
day) flowing into a Municipal treatmetn plant is 5 v 10 mg/%,
and the average concentration of MBAS in influent in a treatment

plant for a housing area is 10 v 20 mg/%.
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(4)

(3)

Therefore, the MBAS concentration in sewage for the experiment
was set at 10 mg/f and 20 mg/%, so as to correspond to the
actual values. The value in a high concentration of MBAS was
set at 50 mg/%.

Municipal sewage originally contains 4 v 6 mg/% of MBAS, so
appropriate amounts of detergents containing 5 mg/%, 15 mg/% and
45 mg/% of MBAS respectively were added to make their respective
concentrations to 10 mg/%, 20 mg/% and 50 mg/%. The amount of
nonionic surfactants added was set at almost the same level as
that of MBAS. 1In the case of powdered soap, amounts of soap
corresponding to 15 mg/%, 45 mg/%, 105 mg/% of fatty acid salts

respectively were added.
Samples
Samples prepared are as follows

Sewage No.l: Primary sedimentation effluent (control)
Sewage No.2: Sewage No.l + Detergent A

Sewage No.3: Sewage No.l + Detergent B

Sewage No.4: Sewage No.l + Detergent C

Sewage No.5: Sewage No.l + Powdered sogp D

Effluent Nos.l1"Vv5 correspond to Sewage Nos.l"Vv5 respectively
Experimental period

The experimental period was determined to be about 5 months.
According to the concentration of surfactant, this period was
divided as follows: Table 13 shows the results of analysis for

test detergents.
i) Run I (October 2 " November 25)

As the surfactant in detergents, 0.5 mg/% of synthetic
detergent and 0.8 mg/% of powdered soap were added, and
the amounts added were gradully increased to 5 mg/%

and 15 mg/{ respectively.
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ii)

iij)

During the period from 5 November to 25 November activated

sludge acclimated the detergents to 5 mg/{ and 15 mg/%.
Run II (November 26 v January 10)

As the surfactant in the detergents, 7 mg/% of
synthetic detergents and 2 mg/{ of powdered soap were added.
Then, the amount added was gradually increased to 15 mg/%
and 45 mg/% respectively. It was for the period from
November 26 to January 10 that activated sludge acclimated

the detergents to 15 mg/% and 45 mg/{ respectively.
Run III (January 12 Vv March 19) -

As the surfactants in the detergents, 20 mg/% of
synthetic detergents and 55 mg/% of powdered soap were
added. Then, the amount added was gradually increased.

As the surfactant in the synthetic detergents, 45 mg/f of
synthetic detergent was added. Then, due to foaming, it
became impossible to increase the concentration any more,
so the amount added was limited to 45 mg/%. 1In the case of
powdered soap, the limit was set at 105 mg/f. During the
period from February 23 to March 19 activated sludge
acclimated the detergents to 45 mg/% and 105 mg/% .
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Table 13 BAnalysis of detergents

Item Solid BODS* CODMn* TP TOD MBAS
Detergents \| (w/w %) | (mg/%) | (mg/Q) (%) (%) (%)
A 88.6 147 80 7.36 |69.8 38
B 94.6 176 79 0.02 |58.4 32
c - 186 78 0 67.9 22
D 93.9 1300 240 0 115 0

Note: * Measured 0.1% water solution of detergents

5.3.2 Results and discussion

The results for the perriod when activated sludge acclimated
the detergents under the conditions of Run I, II and III have been

collated.
(1) BOD

With the increase in the amount of detergents added, BOD
of sewage increased and average BOD of sewage No.5 to which
powdered soap had been added, was higher than that of other
sewage. Especially, average BOD of sewage No.5 in Run III,
I1I, as the powdered soap corresponding to 105 mg/f as surfact
ant was added, was 313 mg/f and a little over 2.7 times the
114 mg/% of average BOD of sewage No.l to which no detergents
had been added.

Table 14 shows BOD of sewage and effluents. The average
of activated sludge effluent in Run III was 5.4 mg/% for No.2,
No.2, 6.0 mg/f for No.3, 7.1 mg/f for No.4 and 9.1 mg/{ for No.5.
If they are compared with 5.5 mg/% of average BOD of Effluent
No.l, there is no marked difference.

Accordingly, by adding detergents to sewage, the BOD in
sewage was increased, but there was no tendency for effluent

BOD to rise.
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Table 14 BOD measurement of influents and effluents

(Unit: mg/L)

Run I Run IT Run III
Sample | Influ-| Efflu- Re- Influ- | Efflu-~ Re- Influ- | Efflu- Re-
ent ent moval ent ent moval ent ent moval
No.l 81 3.3 96 96 4.2 96 114 5.6 95
No.2 91 3.5 96 101 4.9 95 154 5.4 96
No. 3 81 4.4 95 103 7.2 93 153 6.0 96
No.4 82 4.0 95 101 5.8 94 162 7.1 96
No.5 104 3.8 96 169 5.4 97 313 9.1 97
(2) cop

When the amount of detergents added is small, there is
no marked difference between the COD of sewage No.l and the
COD of Nos. 2 Vv 4, However, when the amount became large as
Run III, the COD of sewage Nos. 2 Vv 5 was a little higher

than that of sewage No.l. (See Table 15.)
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Table 15 COD measurement of influents and effluents

(Unit: mg/R)

Run I Run II Run III

Sample | Influ- | Efflu- Re- Influ- | Efflu- Re- Influ- | Efflu- Re-
ent ent moval ent ent moval ent ent moval

No.1l 41 9.5 77 46 11.2 76 66 11.4 83

No.2 42 11.7 72 48 12.4 74 76 18.8 75

No. 3 41 10.4 75 48 12.1 75 76 17.9 76

No. 4 41 11.8 71 54 12.3 77 100 18.8 81

No.5 42 10.6 75 55 12.0 78 93 16.1 83

The average COD in effluent Nos. 2 Vv 5 is not remarkably
different from that of Effluent No.l in Run I and II.
The average COD of effluent in Run III sre 18.8 mg/% for No.2
17.9 mg/% for No.3, 18.8 for No.4 and 16.1 mg/% for No.5, and
they were a little higher than 11.4 mg/f of average BOD of
effluent No.l.

Accordingly, when the amount of detergent added was
increased, the COD of sewage increased and the COD of effluent
became somewhat higher than that of effluent to which deter-

gents had not been added.
(3) TOC

As the amount of detergents increased, the TOC in sewage
Nos. 2 &~ 5 increased. (Run III)

The average values of TOC in effluent Nos 2 v 5 were not
much different from the value of effluent No.l in Run I and
II in which a small amount of detergents were added. The averege
values of TOC of each effluent in Run III were 15.2 mg/% for
No.2, 15.7 mg/2 for No.3, 15.9 mg/f for No.4 and 13.9 mg/R for
No.5. They were'a little higher than 7.8 mg/% of the average

TOC of effluent No.l.
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Accordingly, when the amount of detergents added was
increased, TOC 1n sewage increased, and TOC of effluents became
a little higher, compared with that of effluent to which detergents
had not been added. (Run ITII)

Table 16 TOC measurement of influents and effluents

(Unit: mg/2)

Run I Run IT Run III

Sample | Influ- | Efflu- Re- Influ- | Efflu- Re- Influ- | Efflu-~ Re-

ent ent moval ent ent moval ent ent moval
No.l 42.5 5.7 87 53.4 11.7 78 66.1 7.8 88
No.2 44 .2 6.8 85 62.4 13.9 78 84.7 15.2 82
No.3 44 .5 7.2 84 66.2 14.4 78 86.6 15.7 82
No.4 45.0 7.6 83 70.1 15.1 78 104.0 15.9 85
No.5 49 .2 7.3 85 77.9 14.5 81 126.2 13.9 89

(4) Suspended solids

The sewages in which the SS concentration increased due to
the addition of detergents were sewage No.3 (Run III) and No.5.
The cause for No.3 is considered to be due to the synthetic
Zeolite contained in detergents. The cause for No.5 is con-
sidered to be due to the fatty acid salts contained in powdered
soap D and to the so-called soap scum affected by the sewage.
(See Table 17.)

The average concentration of effluents Nos. 2 ~ 5 was not
much different from that of effluent No.l. The average con-
centrations of SS of effluents in Run III were 19 mg/{ for No.l,
3.9 mg/? for No.2, 6.4 mg/f for No.3, 5.0 mg/% for No.4 and
5.4 mg/% for No.5.
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Therefore, when synthetic Zeolite-containing detergents and

powdered soap were added to the sewage, the SS concentration

increased, but the addition of other detegents did not bring

about the increase of suspended solids.

The SS concentration of

effluents, composed of the above sewage processed through

activated sludge treatment, did not increase.

Table 17 SS measurement of influents nad effluents

(Unit: mg/%)
Run I Run II Run III

Sample | Influ-} Efflu- Re- Influ- | Efflu- Re- Influ-| Efflu- Re-

ent ent moval ent ent moval ent ent moval

No.1l 53 2.6 95 53 3.7 93 82 1.9 98

No.2 48 6.2 87 47 3.7 92 80 3.8 95

No.3 49 4.1 92 48 3.9 93 117 6.4 95

No.4 47 5.3 89 52 4.9 91 80 5.0 94

No.5 56 3.7 93 73 3.3 95 157 5.4 97
(5) MBAS

The sewages in which MBAS was increased by the addition of

detergents were sewage No.2 v No.4 (Run. III).

Especially,

MBAS of sewage Nos. 2 and 3 was 50.1 mg , which was about ten

times that of sewage No.l (5.1 mg/%).

The reason why MBAS was

so high was that the detergents containing anionic surfactants

were added.

much different from that of effluent No.l.

The average value of MBAS in effluent Nos.

(See Table 18.)

2 v 5 was not

values of effluents Run IIJ were 0.09 mg/f for No.l

The average MBAS

0.54 mg/% for No.2, 0.42 mg/L for No.3, 0.05 mg/% for No.4 and
0.10 mg/% for No.5.
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Table 18 MBAS measurement of influents and effluents

(Unit: mg/)

Run T Run IT Run III
Sample | Influ~ | Efflu- Re- Influ- | Efflu- Re- Influ~} Efflu- Re-
ent ent moval ent ent moval ent ent moval
No.1l 5.5 0.08 99 6.2 0.10 98 5.1 0.09 98
No.2 10.5 0.12 99 21.2 0.21 99 50.1 0.54 99
No.3 }10.5 +0.13 29 21.2 0.28 99 50.1 0.42 99
No.4 6.0 0.07 99 7.5 0.29 96 9.3 0.05 99
No.5 5.5 0.09 98 6.2 0.14 98 5.1 0.10 98
(6) Total phosphorus

The sewage of which the total phosphorus was increasad by
the addition of detergents was sewage No.2. Especially in
Run III, its concentration was 12.8 mg , which was about
3.2 times that of sewage No.l. The phosphorus
concentration of other sewages to which phosphate-free deter-
gents were added, was almost the same with that of sewage No.l.
(See Table 19.)

The average concentration of the total phosphorus in
effluents was not much different from that of effluent No.l,
except for No.2. The average concentrations of the total
phosphorus of effluents in Run III were 1.40 mg/% for
No.l, 9.02 mg/% for No.2, 0.83 mg/{ for No.3, 0.64 mg/{ for
No.4, 0.48 mg/% for No.5.
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Table 19 TP measurement of influents and effluents

(Unit: mg*P/4%)

Run I Run II Run III

Sample | Influ-| Efflu- Re- Influ-~{ Efflu-~ Re- Influ-| Efflu- Re-

ent ent moval ent ent moval ent ent moval
No.l 3.37 1.54 54 3.17 1.37 57 4.03 1.40 65
No.2 4.24 2.36 44 5.81 3.63 38 12.8 9.02 30
No.3 3.23 1.48 54 3.15 1.34 57 3.98 0.83 79
No.4 3.26 1.63 50 3.13 0.70 78 3.97 0.64 84
No.5 3.25 1.40 57 3.15 0.45 86 3.80 0.48 87

(7

Total nitrogen

The addition of detergents did not bring about an increase
in the total nitrogen in the sewages. Their concentration was
almost the same as that of sewage No.l. (See Table 20.)

The average concentration of the total nitrogen in
effluents, except for effluent No.5 in Run III, was not much
different from effluent No.l.No.l.

In order to keep activated sludge in a favorable condition,
it is said that a nutrient ratio such as BOD : N : P =
100 : 5 : 1 is required. When the removal rate of BOD is
increased, the removal rates of nitrogen and phosphorus increase
according to this proportion. The BOD removal of No.5 in
Run III was 304 mg/%, which was higher than that of
other sewages (No.l: 108 mg/% , No.4: 155 mg/%, etc.)

For this reason, the nitrogen in Run III is considered to

have decreased.
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Accordingly, the addition of detergents to the sewage did
not bring about a change in the total nitrogen in the sewage.
The nitrogen contents of effluents were almost the same when

the BOD removal was not high.

Table 20 TN measurement of influents and effluents

(Unit: mg/f)

Run T Run II Run IIT
Sample | Influ- | Efflu- Re- Influ~ | Efflu- Re- Influ-| Efflu- Re-
ence ence moval ence ence moval ence ence moval
No.1l 21.4 17.6 18 23.3 16.4 30 30.6 22.2 27
N9.2 21.3 18.0 15 23.7 16.9 29 31.0 22.9 26
No.3 23.7 18.5 22 22.5 16.9 25 31.9 23.5 26
No. 4 22.3 18.2 18 22.6 15.6 31 31.6 20.8 34
No.5 22.4 16.2 28 21.6 13.7 37 30.4 13.7 35
(8) Properties of activated sludge

i)

Population of Protozoa

The number of microorganisms in activated sludge repeatedly
increased and decreased during the experiment, but the addition
of detergents did not cause the microorganisms to became extinct
or unbalanced in distribution. Among the microorganisms, the
dominant species are Peritricha such as Vorticella
Epistylis. The population in Run III is shown in Tables
21 and 22.

Accordingly, when detergents are used within the normal
range it is considered that they do not have an adverse influ-

ence on the microorganisms conducting biological treatment.
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Table 21 Population of microorganisms

(Unit: N/m&)
Date March 10

Samples No.l | No.2| No.3 | No.4 | No.5
Peritricha 6440 | 2000 | 2160 | 2380 | 19700
Aspidisca 2510 40 20 200 360
Litonotus 420 530 690 | 420 980
Suctoria 40 - - - -
Rotifera 130 20 - 40 160
Nematoda 70 20 - 20 130
Ciliata
(swimming type) 20 - - 200 -

in activated sludge

sludge

Table 22 Population of microorganisms in activated
(Unit: N/mR)
Date March 16

Sample No.l | No.2 | No.3| No.4 | No.5
Peritricha 5250 | 10100] 3950 | 7600 | 26700
Aspidisca 5950 150 - - 2180
Litonotus 500 1750 200 | 4160 | 18000
Suctoria - - - - -
Rotifera 250 150 - 40 250
Nematoda 50 150 50 160 470
Ciliate _ _ _ 960 180

(swimming type)
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ii)

i1i)

MLVSS/MLSS

The average values of MLVSS/MLSS and SVI of activated
sludge, measured during the experiment, are shown in Table
23. MLVSS/MLSS of Sample No.l, to which detergents had not
been added, was 66 ~ 74%. MLVSS/MLSS of sample No.3, to
which detergent B containing Zeolite was added, in Run
ITI fell to 60%. In Sample No.5, to which powdered
soap had been added, MLVSS/MLSS rose to 80% in Run
IT. MLVSS/MLSS of No.2 and No.4 were 70 © 80% and 74 v 77%,
respectively. They were not much different from Sample 1.

Accordingly, when synthetic detergents are used within
the normal range, the proportion of MLVSS/MLSS in the
activated sludge cannot be considered to alter remarkably.
However, if synthetic detergents for washing are converted
to powdered soap, the proportion of MLVSS/MLSS will increase
to a certain degree, even when the soap is used within the

normal range.

Svi

Due to the characteristics of sewage used in this
experiment, SVI of Sample No.l, to which detergents had not
been added, was lower than SVI of the activated sludge
in an ordinary treatment plant. SVI of the activated sludge
in this experiment was also low. (See Table 23.)

SVI of sewage No.l was somewhat low compared with that
of Sample 1 when the amount added was increased. In case of
nonionic synthetic detergents and powdered soap, when the
amount added was increased, there was a tendency for SVI to

increase.
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Table 22 MLVSS/MLSS and SVI measurement of activated sludge

Run
Samplef . _~ I I1| III
MLVSS/MLSS | 66%] 74%| 73%
No.l
SVI 65 51 67
MLVSS/MLSS | 71%| 80%| 70%
No.2
SVl 57 56 48
MLVSS/MLSS | 68%| 69%| 60%
No.3
SVI 69 58 47
MLVSS/MLSS | 75%| 74%| 77%
No.4
SVI 57 56 [101
MLVSS/MLSS | 68%] 81l%| 87%
No.5
SVI 71 (101 86

5.3.3 Summary

The experiment for the activated sludge process was conducted

by adding detergents to municipal sewage.

(1)

(2)

The results were as follows:

When the detergent corresponding to 15 mg/f£ of surfactant

(45 mg of powderd soap) was added to sewage (containing 4 "

7 mg/& of MBAS), the concentrations of BOD, TOC, suspended
solids (powdered socap added), MBAS (anionic synthetic detergent
added), and the total phosphorus (phosphate-containing synthetic
detergent added) of the sewage somewhat increased, compared
with those of non-~added sewage. However, no influence was

found upon the water quality of effluents.

When the detergent corresponding to 45 mg/% of surfactant
(105 mg of powdered soap) was added to sewage, the concentrations
of BOD, COD, TOC, suspended solids, and MBAS of the sewage

increased.
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{3)

COD, TOC, and total phosphorus (phosphate-containing synthetic
detergent added) of the effluent tended to somewhat increase in

comparison with those of the effluent from sewage No.l.

Microorganisms in activated sludge, even though detergents were
added to the sewage, did not become extinct or unbalanced in
distribution. MLVSS/MLSS of the sludge to which a detergent
containing Zeolite had been added somewhat fell to 60%. MLVSS/
MLSS of the sludge to which powdered soap had been added rose to
80% as the amount added was increased. The MLVSS/MLSS of the
activated sludge to which other detergents had been added was
70 v 80%. The values were not much different from that of the
sludge to which detergents were not added.

SVI of activated sludge tended to be lowered when the
amount of anionic synthetic detergents added was increased.

SIV of the samples to which nonionic synthetic detergents or
powdered soap had been added, tended to rise.

From the above results, it can be said that there is no
serious influence of detergents upon the activated sludge and
the water quality of effluents when they are used within the
normal range, but there is a possibility that the water quality

will deteriorate when a large guantity of detergent is used.
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6. CONCLUSIONS

To clarify the influence of detergents upon the sewerage system, a

field investigation at sewage treatment plants and laboratory experi-

ments have been conducted. The results are as follows:

(1)

(2)

(3)

For the concentration of surfactants in influent, MBAS was 2.5 "
6.4 mg/% (average 4.7 mg/%), CTAS 1.9 ~ 4.7 mg/8% (average 3.1 mg/R),
and fatty acid salts 2.4 v 6.7 mg/% (average 4.1 mg/Q). This MBAS
concentration is almost an average value in municipal sewage.

For the concentration of surfactants in primary sludge, MBAS
was 3.8 mg/g on an average, CTAS 3.0 mg/f on an average and fatty
acid salts 96.9 mg/g on an average.

For the concentration of surfactants in waste activated sludge,
MBAS was 3.4 mg/g on an average, CTAS 19.7 mg/g and fatty acid salts
47.2 mg/g. It was considered that the high concentration of CTAS
and fatty acid salts in activated sludge was due to the influence

of factors other than detergents.

The biodegration of DBS as a type of LAS is affected by DO level in

aeration tanks in case of high concentration of DBS. When DBS of

14.5 mg/2 or less as MBAS is added, no adverse effect on the water
the water quality of effluent is found in either high DO condition
or low DO condition. However, when the DBS of 29 mg/{ in terms of

MBAS is added, MBAS remains in the effluent under low DO condition.

Using the samples prepared by adding detergents to synthetic sewage
or municipal sewage, an activated sludge treatment experiment was

conducted, and the following results were obtained:

o Even if the concentrations of MBAS, CTAS, and fatty acid salts in
test sewage were set to 20 mg/%, 20 mg/{ and 50 mg/{ respec-
tively, water quality was almost the same as in the control
system. However, when the concentrations of MBAS, CTAS, and
fatty acid salts were set to 50 mg/%, 50 mg/%, and 110 mg/{
respectively, the water quality of effluents was somewhat

deteriorated.
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o The fauna in activated sludge to which detergents had been

added was the same as that of the control system.

However,

the population of microorganisms was larger in the powder

soap-added system than in other systems.

o MLVSS/MLSS was around 65 v 77%.

As the concentration of

Zeolite-containing detergent increased, MLVSS/MLSS fell to

60% or less.

Further, when the concentration of powdered soap

increased, MLVSS/MLSS rose to 80%.

(4) 1t was concluded that MBAS, CTAS, and fatty acid salts behave

as follows:

96 v 98% 92 v 944
100% :
MBA T . Primary
S, CTAS =1 House inlet Sewer sedimentation
comsumption tank
75 v 80% 57 10%
. Fine
J—— Aeration tank Sediméﬁ@étion s
trank
,\J o
. 100% 70 75% 65 v 70%
Fatty acid salts _ Primary .
comsumption House inlet Sewer - sedlﬂggﬁatlon
30 v 40% 3 v 5%
. Final
D Aeration tank sedimentﬁtion [
tran
MBAS and CTAS are removed mainly by aeration tank. On the

contrary, fatty acid salts are considerably removed by house

inlets and primary sedimentation tanks, so that its loadings to

the activated sludge process is 30 Vv 40% of the consumption.
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(5) Even if consumers convert from synthetic detergents to powdered
soap, almost no influence on sewage treatment is anticipated,
as long as the amount of detergents currently used is maintained.
Further, it is concluded that detergents have no adverse effect
on sewage treatment, if the detergent borne surfactant con-

centration in sewage remains as low as it now is.
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1. PREFACE

With the enactment of the Sewerage Act in 1900 as impetus, the
construction of modern sewerage systems began in Japan. Under the
Sewerage Act, the responsibility for construction and control of sewerage
systems rests with municipalities. It is stipulated in the act that
when a municipality is to construct a sewerage system, approval from the
competent minister (central government) is necessary. Though the
Sewerage Act had been enacted, sewerage systems had been developed only
in a small number of cities hefore 1945 when World War II came to an end.
At that time, only Tokyo, Osaka, Kyoto, Nagoya and two other cities had
sewage treatment plants.

After 1945 and in the.l9505, there was little progress in the
implementation of sewerage projects in Japan. The level at which sewer-
age systems were diffused was very low. The reason may be ascribed to

the following factors.

(1) Each household was equipped with a privy. Night soil was
carried off to farmland as manure.

(2) The necessity of sewerage systems was not well recognized.

(3) For any municipality, which was the mainstay entity for sewer-
age projects, it was difficult to secure a financial source
for the construction of sewerage systems.

(4) National policy was intended primarily to strengthen the
basis of industry with measures for infrastructure such as

sewerage to be made afterward.

From the latter half of the 1950s to the 1960s when the Japanese
economy began to develop, however, the environment was progressively
aggravated, and the deterioration of river water quality on the outskirts
of urban areas was conspicuous.

In contrast to advanced Western nations, Japan featured a strikingly
fast speed at which population became concentrated in urban areas (this
concentration is still in progress), rapid economic growth -- particularly,
a high growth rate for industry -- and a resultant conspicuous concentra-
tion of production and consumption in specific regions. The consequence

was that water pollution markedly accelerated in the 1960s.
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With an area of about 370,000 km®, Japan is nearly as big as the
State of California. The greater part of the national land is mountain-
ous. Less than 25% of the total area is inhabitable but 113 million
people, equivalent to half of the total population of the United States,
live there. For the reasons that have been introduced earlier, the
fact that practically no accumulation was made in terms of facilities
brought about a number of difficulties in the development of sewerage
systems. As examples, it may be said that trunk, lateral, branch
sewers had to be buried in completely built-up areas with high popula-
tion densities in almost all the cities; that for environmental con-
siderations on the periphery, the costly shield construction method,
instead of the less costly open cut construction method had to be fre-
quently used in the construction of trunk sewers; that it was difficult
to acquire tracts of land for treatment plants; and that since the
water quality deteriorated at a faster pace than the development of
sewerage systems, it was necessary to have secondary treatment while the
construction of sewers was in progress. The cost-effectiveness and per-
formance of sewerage systems were consequently affected to a considerable
degree by these facts.

The sophisticated development of sewerage systems began in the latter
half of the 1960s when pollution of urban rivers was taken up as a social
issue. That period coincided with the time when the confusion which had
marked the immediate postwar years more or less dissipated, driving the
people to take an interest in accumulating social overhead capital. 1In
Japan, it was decided to carry out the development of sewerage systems
under a five-year program, as is the case with other public works projects.
Before the present or fifth five-year program started in fiscal 1981,
there have been four five-year programs. Under the past four pro-
grams, ¥15,120 billion ($68.7 billion, with one dollar = 220 Yen) has
been invested in terms of prices prevailing in 1980. When the first
five-year program started, the population covered by sewerage systems
was 7,090 thousand (with the coverage rate at about 7%), but by the end
of fiscal 1980, sewerage systems had been developed for 34,500 thousand
(with the coverage rate at 30%). As to whether this figure is worth that

amount of investment, there might arise varied arguments according to the
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American standard of judgment. If you feel the value is high, it should
be pointed out that the reason is attributable to specified circumstances
in which Japan is placed. Be the matter what it may, it is a fact that
there have been sharp rises in the population for which sewerage systems
have been developed and in the amount of investment. 1In 1971, or 10
years ago, when the U.S.-Japan Conference on Sewage Treatment Technology
met for the first time, the population for which sewerage systems had
been developed stood at 17.5 million with ¥37.3 billion ($170 million)
invested per year, whereas the population for which sewerage systems had
been developed has increased to 34.5 million and the annual amount of
investment to ¥1,800 billion ($8.18 billion) by 1981.

In Japan, there are needs for the nationwide development of sewerage
systems both in urban and rural areas as facilities indispensable for the
assurance of the national minimum for the people. The Fifth Five-Year
Sewerage System Development Program started in fiscal 1981 with a total
investment of ¥11,800 billion ($53.6 billion), targeting to develop sew-
erage systems for 54 million (with a coverage rate of 44%). As Japan
is likely to sustain a setback as in the case of other economies of the
world, optimism cannot necessarily be warranted as to whether thig
total amount of investment may be sustained as scheduled. But the fact
is that investment in sewerage systems is strongly supported by the
people and high hopes are pinned on a systematic development of sewerage

systems.

2. THE PRESENT SITUATION OF SEWERAGE SYSTEMS

Sewerage projects are carried out by local autonomous bodies as the
project entities in Japan. Basically, there are two methods in which
sewerage projects are executed. One is the method in which public
sewerage systems are developed by a municipality for itself. In the
other method, treatment plants and trunk sewers are constructed and
maintenanced by a prefectural government to collect the sewerage from a
number of municipalities. The latter is known as a regional sewerage
system. It is adopted in areas where the built-up areas of cities
are linked together and for which the development of sewerage

systems will be of considerable effect in terms of cost-effectiveness
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and conservation of the water quality of rivers, etc. 1In either case,

a project is carried out with a construction grant from the national
government. One feature is that construction grants from the national
government for regional sewerage systems are higher than those for public
sewerage systems. In addition, the improvement of urban drainways is
carried out as part of a sewerage system for preventing the flood of
urban areas, as these drainways are known as urban sewer conduits.

In fiscal 1980, sewerage systems were constructed, with a total
outlay of about ¥1,800 billion ($8.18 billion). In regional sewerage
systems, about ¥310 billion ($1.4 billion) was invested.

Public sewerage projects were carried out in 695 municipalities in
fiscal 1980. The relations between the population scale of municipalities
and the municipalities where a public sewerage project was performed are
shown in Fig. 1. Public sewerage projects are being conducted in about
one-fifth of all municipalities in the nation. Municipalities where a
public sewerage project has yet to be carried out have a population of
less than 50,000. This suggests that the development of sewerage sys-
tems must be stepped up positively for smaller municipalities.

In areas where the development of sewerage systems is not under way,
wastewater and night soil are treated by either on-site septictanks or
night soil purification plants. Regional sewerage projects were per-
formed at 69 places throughout the nation in fiscal 1980. These pro-
jects are performed in 38 prefectures, encompassing as many as 600
municipalities. Regional sewerage systems are developed in major cities
and their peripheries. Plans call for the coverage by regional sewer-
age systems of one-third of the total planned population. The regional
sewerage system is identical in some respects with the system used by
the County Sanitation District of Los Angeles in California but differs
from the Los Angeles system in the sense that construction and operation
are directly conducted by prefectural governments, not by a board of

municipality.
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The population covered by sewerage systems in Japan at present was

about 34.5 million as of the end of fiscal 1980 (March 198l1), and the

coverage rate to the total population was about 30%. Half of those

covered, or about 17 million people, are provided with sewerage systems

in Tokyo, Osaka, Nagoya and eight other major cities. In other words,

72% of the approximately 27 million people living in the 11 major cities

of Japan are using public sewerage systems. The coverage rate for other

areas with a total population of about 90 million is low, and only about

one~-fifth (19.2%) are using public sewerage systems (Fig. 2). As has

been mentioned earlier, this suggests that it is an urgent task to

develop sewerage systems for smaller cities in future.
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Up to now, a total of about 81,000 km of sewers have been con-
structed, including about 43,000 km (54%) of combined sewers, about
11,000 km (13%) of sanitary sewers and about 27,000 km (33%) of storm
sewers. Combined sewers are adopted by major cities and cities which
started construction earlier while the cities which started in the
last 10 years have almost unexceptionally adopted separate sewer systems.
The values above include those for sewers to be connected with plants
under construction. It is estimated that about 80% of the 81,000 km
is actually in use.

As of the end of fiscal 1980, 429 sewage treatment plants were
in operation and an additional 400 plants were under construction. The
total capacity of the sewage treatment plants in operation is about
25 million m? per day (6,250 mgd), and the daily maximum dry weather
flow is about 23 million m® per day (5,750 mgd). The rate of industrial
wastewater to the total flow is estimated at about 20%. Almost all the
plants in operation are equipped with facilities for secondary treatment
by biological processes. About 90% of them use the activated sludge
process (Table 1). There have recently appeared increasing signs of the
use of the fixed growth type process such as with rotating biological
filters. The effluent standard of the secondary sewage treatment process
is less than 20 mg/l1 in terms of BOD, but the quality of effluent is
better than this at most plants.

447



474 4

Table 1 Wastewater Treatment Plants by Process

1 i~ .
Class Pri Middle Class High Class
mary
High-
| rate
. High- . Conven-~ Con-
Pl d D . - Area- . - .
agne aily Sedi- rate M?dl 'ea tional Step Extend tact Pure Oxida-
Maximum Dry ) fied tion : ed . . 1980
menta-| Trick- Acti- Aera- Stabi- Oxy- tion RBC
Weather Flow . . Aera- and . Aera- . . Total
3 : tion ling . . vated tion . liza- gen Ditch
(thousand m°/4d) . tion Sedi- tion \
Filter Sludge tion
menta-
tion
Less than 5 4 7 1 5 43 5 17 3 2 4 1 92
5-10 3 4 40 8 1 56
10-50 8 11 105 29 1 1 155
50-100 1 1 2 44 1% 67
100-500 2 26 24 53
More than 500 1 1 5 6
Total 3] 19 1 24 259 90 18 3 3 4 2 429

NOTE: The breakdown of 429 wastewater treatment plans is as follows:

public sewerage, 402 plants; regional sewerage, 25 plants; public sewerage for industrial

wastewater 2 plants.



It is a thorn in the side of Japan, the national land of which is
limited, to dispose of sludge —-- and particularly, to acquire places
for sludge disposal. The total quantity of sludge generated is estimated
at about 2.4 million m® per year. Of this amount, 45.0% is land filled,
34.0% is used for coastal reclamation, 7.0% for dumping in the sea and
14.0% for use on farmlands. Liquid sludge disposal, as is done in the
United States, is not adopted in Japan at all. All sludge is mechani-
cally dewatered and carried off to places of disposal in the form of
sludge cake or ash. Incineration is performed in many places,
particularly major cities, to reduce volume. About 40% of the sludge
generated throughout the nation is incinerated. From the standpoint
of energy-savings, incineration presents a problem, and it is to be hoped
that some substitute methods will appear. In light of the insular nature
of Japan, it is argued in some quarters that ocean dumping should be
put into greater consideration while also ascertaining its safety. Fig.3
illustrates the present situtation of sludge disposal. When the coverage
rate reaches about 44%, sludge production is estimated to exceed about

4.2 million m® per year.

Ocean dumping, etc. (7%)

Effective use

(147%)

Land reclamation

(45%)

Coastal
reclamation

(34%)

of Construction)

Fig. 3 Breakdown of Final Disposal of Generated Sludge (1980)
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3. FIVE-YEAR SEWERAGE SYSTEM DEVELOPMENT PROGRAMS IN THE PAST

The systematic development of sewerage systems from the 1960s have
evolved under five-year programs, the first one of which started in 1963.
As has been introduced earlier, the year 1981 was the first year for the
Fifth Five-~Year Sewerage Program. In Japan, most public works are
carried out under a five-year program. Five-year programs are formulated
with the concurrence of Government ministries and agencies in line with
the national economic program. It is a practice to work out a national
economic program every five years, and in most cases to set up targets
for the development of the national economy in a given period of five
years. The magnitude of investment in public works is determined by the
project, and investment is made in a well coordinated manner under this
program. It is believed that Japan's economic development is an out-
come of the successful implementation of such five-year economic programs.

The five five-year sewerage system development programs, of which
the first started in 1963, have been implemented on the basis of such
an economic program. In the meantime, the emphasis in Japan's public
investment has shifted from infrastructure for industry to that for liv-
ing. In this connection, investment in sewerage systems has increased
at a remarkably fast pace. Fig 4 indicates changes in the rate of
investment in sewerage projects, the rate of investment to Gross National
Production (GNP) and the rate of investment to the formation by the
Government of fixed capital since 1958. As is discernible from these
figures, there has been a sharp rise in the outlay for sewerage since
the latter half of the 1960s. Particularly in the last 10 years, the
outlay has increased about tenfold. When it is taken into account that
GNP has increased about 3.9 times and the formation by the Government
of fixed capital 4.7 times, it is evident that the rate of investment
in sewerage systems is extremely high. The year 1974 witnessed an
economic setback due to the o0il crisis, but there was no significant

drop in the rate of investment in sewerage systems.
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Fig. 5 indicates the relations between the national economic pro-
gram and investment in sewerage systems. Six national economic programs
have been formulated since 1964. The share of sewerage systems in
investment increased each time a new economic program was worked out.

Of the total amount of ¥17,800 billion ($80.9 billion), invested under
the interim economic program for 1964-68, sewerage projects shared 3.3%
or ¥579 billion ($2.6 billion). Under the existing seven-year New Eco-
nomic and Social Program (FY1979-85), which was formulated in 1979, a total
amount of ¥240,000 billion ($1,090 billion) is scheduled to be invested.
Of this amount, sewerage systems share 7.6% or ¥18,200 billion ($82.7
billion), indicating that the share has increased upwards of 2.3 times.
In Fig. 5, the rate of investment in sewerage systems is present in
relation to investment in other projects under the new economic program,
including roads, flood control, dwellings and parks. Aside from the amount
of investment in the construction of roads, which has a share of more
than 20%, the figures show that the amount of investment in sewerage
systems is higher than that of investment in other public works.
Investment in sewerage systems has increased, because there is a rising
awareness among the people that sewerage is a basic facility indispens-
able for the development of the living environment and the prevention

of water pollution and because such investment is strongly supported by
the people,.

For the development of sewerage systems, there have already been
four five-year programs -- the first (FY1963-66), second (FY1967-70),
third (FY1971-75) and fourth (FY1976-80).
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Fig. 6 indicates the investment amounts (planned and actual) under
the four five~-year programs. As has been stated earlier, the five-year
programs are formulated in accordance with the national economic program.
The investment amount was roughly tripled each time a five-year program
was replaced by a new one. Fig. 7 illustrates the annual changes in the
population for whom sewerage systems are made available and in the
coverage rate. As of the end of 1980, the population for whom sewerage
systems were made available stood at 34.5 million and the coverage rate
reached about 30%. In spite of such systematic investment in sewerage
systems, the targets have not been attained as scheduled because of the
reasons which have been introduced earlier. Under the fourth €five-year
program, for example, the coverage rate was scheduled to reach 40% and
the population with sewerage systems was expected to be about 45 million

by the end of fiscal 1980.
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1st Program (FY1963-66)

The first program, which started in 1963, was formulated in accord-
ance with an interim economic program which was worked out to correct
the strains which had emerged from the policy to develop the Japanese
economy at a fast pace. The high economic growth which had remained at
upwards of 10% a year boosted private investment and served to develop
the production sector at a strikingly fast pace, thereby casting light
on the marked delay in public investment -~ particularly, in dwellings
and other livelihood facilities. Here, sewerage systems were assigned
to serve as the core in the development of the livelihood infrastructure.
On the other hand, river pollution began at a rapid pace in this period.
But emphasis was put on raising the coverage rate (about 7% in those
years), which had remained far lower than that of advanced foreign
countries. One reason is that there was not a full awareness of the
role of sewerage systems in the prevention of water pollution, and
another reason is that the administration for sewerage was dualistic.

In other words, the construction and management of sewage treatment
plants were placed under the responsibility of the Ministry of Health
and Welfare, whereas the Ministry of Construction took charge of sewers,
‘In those years, sewade treatment plants were primarily positioned as
facilities only for the improvement of the livelihood infrastructure from
the standpoint of public health and hygiene. For this reason, invest-
ment was made by each municipality, and the mutual relations among
municipalities from the point of water pollution control were not taken

into serious account.

Second Program (1967-70)

The scale of investment was enlarged for the second program, and
greater emphasis was put on the role of sewerage systems in the pre-
vention of water pollution than in the first program. For this purpose,
the second program was defined as "working for an improvement of the
urban environment and contributing to the healthy development of cities
and public hygiene and the conservation of the water quality of water

bodies.” Under this program, a regional sewerage system, effective
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for comprehensive water pollution control, was adopted for the first
time.

In those years, measures against water pollution were formulated
mostly with an across-the-board control over individual sources of
pollutants or by the use of an effluent limitation standard. But there
emerged a so-called stream limitation standard, according to which sewer-
age systems would be formulated with consideration given to the allow-
able load of pollutants on the basis of the capacity of the water bodies.
Sewerage systems under the second program, however, represented none
other than the first step for the prevention of pollution. The Sewerage
Act in those years was outdated in nature, as it emphasized the develop-
ment of the living environment. The Act was not positioned for the
prevention of pollution in sewerage. Under the second program, the total
investment amount was conspicuously insufficient, as some sewage plants
could not be put into operation on schedule. One thing worthy of
special mention for Japan's sewerage administration was the fact that a
revision of the laws made it possible for the Ministry of Construction
to take charge of the construction, maintenance and control of total

sewerage systems.

Third Program (FY1971-75)

In 1970 or the year hefore the start of the third program, the
Sewerage Act was revised, and this revision was epoch-making for the
history of sewerage systems in Japan. At the Diet session when the
law was revised, known as the "Diet session against pollution," the
deliberation on a number of bills concerning anti-pollution measures
was conducted, and the bill for a revision of the Sewerage Act was
submitted as one of the important bills to implement measures against
water pollution. In the revision of the Sewerage Act, the conservation
of public water quality was incorporated as one of its purposes.
Against the pollution of public waters, the Government formulated
environmental standards for the water quality and environment in respect
to the major public water bodies, and it was decided to attain these

targets within about five years.
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A note-worthy concept was introduced in those years. By this concept,
sewerage systems were considered as part of a comprehensive water quality
conservation project, a compatible program was formulated for each one of
the waters bodies for which environmental standards had been worked out,
and investment would be made in a systematic manner according to the pro-
gram. This concept was known as a stream limitation standard, according
to which it was decided to develop sewerage systems in Japan. Partly due
to the establishment of one strict standard after another, it was in
those years that many sewage treatment plants began to go as far as to
incorporate in their future programs treatment at levels more advanced
than secondary treatment.

The third program called for an outlay of ¥2,600 billion ($11.8
billion), as against an initially scheduled investment of ¥2,500 billion
($11.4 billion). However, only about 50% of the projects incorporated
in the program were accomplished, due to the outbreak of the o0il crisis
in 1973-74. There was rising dissatisfaction among the people at the
delay in construction of sewerage systems. The fact that the accomplish-

ment rate was so low was attributable to the following factors:
1) Rises in the unit cost of construction as brought about by inflation;

2) Rises in the cost necessary for safety measures for the con-

struction of sewers;

3) Rises in the cost for an upgrading of plants so that their

effluent may be made to meet standards;

4) Rises in the costs of additional facilities, such as for covers
and anti-air pollution equipment, which were required as environ-

mental or aethetic measures for sewage treatment plants.

Fourth Program (FY1976-80)

The fourth program was formulated in the midst of circumstances
where the role of sewerage systems was of increasingly greater impor-
tance. In the meantime, environmental water quality standards were worked
out for all major water bodies in Japan. Under the Pollution Prevention
Program which was formulated for areas urgently in need of the accomplish-
ment of environmental standards, the areas encompassed in this program

increased in number.
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On the other hand, the people's calls for the construction of sewer-
age systems came out in the form of "national minimums"” for their living
environment. Not only in the built-up areas where the development of
sewerage systems had been carried out, but also in mainstay rural com-
munities, there were strong calls for the development of sewerage sys-
tems .

In other words, sewerage projects were made broader in coverage
from major cities so that they also include local cities. The fourth
program envisioned a raising of the rate of diffusion in the population
from 22.8% at the end of fiscal 1975 to 40% by the end of 1980 with a
total investment amount of ¥7,100 billion ($32.3 billion).

As in the case of the third program, many of the targets could not
be attained, though funds had been made available for practically every
project. For one thing, this was because of a delay in the implementa-
tion of the third program. Another reason is that as an attempt had
been made to develop sewers and plants at the same time, the rate at
which they were developed was thrown out of balance.

As a result of systematic investment, however, it should be noted
that sewerage systems have accumulated and the pace of development will
become faster from now on.

Progress of the development from 1963 may be summarized as follows:

1) Phase in which priority was given to the development of the
national economy and the development of sewerage systems

was not conducted to a full extent;

2) Phase in which the national economy developed at a constant
pace and the development of sewerage systems was done from

the standpoint of public health and hygiene;

3) Phase in which water pollution was in progress and the develop-~
ment of sewerage systems was taken into account for water

pollution control;

4) Phase in which the development of sewerage systems was cohducted
with due consideration given to the prevention of pollution of

major and other cities and their peripheries;
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5) Phase in which the development of sewerage systems progressed

so far as to encompass local cities and rural communities.

4., FIFTH FIVE-YEAR SEWERAGE SYSTEM DEVELOPMENT PROGRAM
4.1 Background for the Program

As has been mentioned earlier, the construction of sewerage systems
has been carried out at a level lower than what the people have hoped
for even with the four five-year programs in the past. As there are
strong calls for sewerage systems, their development is an urgent task.
On the other hand, measures for water pollution control have been
strengthened year by year. The mass control of water quality was put
into effect in 1979, and effluent regulation in the three major metro-
politan areas of Tokyo, Osaka and Nagoya was strengthened to a great
extent. As there was a delay in the construction of public sewerage
systems, criticisms were made that only private enterprises were assigned
with measures to prevent water pollution. As there was progress in the
eutrophication of stagnant waters, such as lakes and bays, calls emerged
for the implementation of measures against sewage treatment plants which
discharged wastewater into these waters. To social calls for the saving
of energy and resources, the field of sewerage could not remain
indifferent, and there have been increasingly strong calls for the
construction of sewerage systems for which the cost and the consumption
of energy are low. Now that there do not necessarily seem to be bright
prospects for the future of the Japanese economy, arguments have evolved
as to whether enormous amounts of money could be invested continuously

in sewerage systems as scheduled.
4.2 New Seven~Year Economic Program

As has been explained earlier, investment has been systematically
made in sewerage systems in accordance with the national economic pro-
gram. The fifth five-year program is based on the new economic program
formulated in 1979 for the period of fiscal 1979-85.

The basic factors for the background of this program consist of the ,
necessity of harmonizing structural changes in the global economy and

the increasingly unstable supply and demand of resources, energy and
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food with an international economic community which will deal with these
elements; the necessity of a reasonable economic growth adaptable to
changes in the structure of the Japanese economy, such as the transforma-
tion of economic growth; and the necessity of building a new welfare
society which will respond to a rapid increase in the number of elderly
in the population, dispersion of the population and industry and the
increased awareness of the people on the need to shift from a quantita-
tive expansion of their lives toward gualitative improvement.

For the management of the Japanese economy in future, basic policy
under this program include (:) correcting disparties in each economic
sector, C) working for a conversion of the industrial structure and
overcome limits on the availability of energy, and () striving to realize
a new welfare society unique to Japan. For the economic management of
Japan, the targets are to (:) accomplish full employment and stabilize
prices, C) stalilize and replenish the national life, () collaborate
in and contribute to the development of the international economic
community, () assure economic security and foster the infrastructure
for economic development, C) reconstruct finance and come up with new
financial responses. For the accomplishment of these targets, it has
been decided to carry out a variety of measures in a harmonious way.

For the stabilization and replenishment of national life, measures
will be implemented for the development of social security, replenish-
ment of education, promotion of sciences and culture, replenishment of
consumers' lives, redevelopment of dwellings, conservation and develop-
ment of the environment, assurance of safety and replenishment of social
capital in order to assure a stable and serene national life, an affluent
and worthy-to-live national life and a comfortable and tasteful national
life. Particularly in respect to the replenishment of social capital,

the basic policy is outlined as follows:

(1) The level at which social capital is developed has been gradu-~
ally improved in recent years but is considerably lower than that
of advanced nations. Social capital service ;s relatively
retarded, compared to the desire for the replenishment of
social consumption, which is growing in conjunction with

improvements in the economic activity of the private sector
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(2)

and in the private consumption level. It is necessary to

further replenish social capital service.

Piblic investment plays an important function as part of a
policy for the control over total demand. The development of
social capital with public investment is something which
ought to be stepped up in a systematic and planned manner
from a long-range standpoint. Though the financial situa-
tion is rigid, roughly ¥240,000 billion ($109 billion) of
public investment (in terms of prices prevailing in fiscal
1978 and including compensations for land acquisition) will
be made during the program period in an attempt to improve
the relative balance for the economic activity of the private
sector and replenish social capital service which will be
required for the national life. The stock of social capital
(fixed public net assets) is expected to increase almost twice

by fiscal 1985.

In stepping up the development of social capital, there is a
need to select and give priority to sectors of investment in
order to contribute to a balanced development of the national
land, while responding to the sophistication and diversifica-

tion of the people's needs.

During the term of this program, priority will be given to
investment in sectors which are directly tied in with the
national life in line with the concept of residence, etc.
and the development of social capital will be stepped up in
the following manner. In this case, however, keeping the
balance between types of social capital and between social

capital and economic activity will be taken into account.

First, in order to improve the environment for everyday life
and to contribute to a qualitative improvement of the national
life, an attempt will be made to work for a replenishment of
the facilities associated with the living environment. The
quality of dwellings will be improved and the development of

facilities for which development has been delayed, such as
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sewerage systems, solid waste treatment facilities, urban
parks, welfare facilities and cultural and educational facili-
ties, will be stepped up. In other sectors, moreover, priority
will be given to the development of facilities closely tied

in with national life, such as roads, urban rapid transit
systems, remote places, sea ports and airports of offshore
islets, traffic safety facilities, urban rivers and rural

environment facilities.

Moreover, in order to check the concentration of population

and industry in major cities and work toward balancing the

use of the national land and promoting the countryside, the
basic transport and communication facilities, national land
conservation facilities and other facilities which will become
the infrastructure for the above purposes will be streamlined.
In order to reinforce the production infrastructure in rural
communities, facilities for agriculture, forestry and fisheries

will be streamlined.

The program contains concrete targets for the promotion of social
capital development in this direction. It is scheduled to invest ¥18,200
billion ($82.7 billion) in seven years from fiscal 1979 to fiscal 1985
with a view to bringing to about 55% the rate of coverage for sewerage
systems to the total population

Even in the national economic program, therefore, the development
of sewerage systems is considered insufficient and it has been agreed
to put greater emphasis on investment in sewerage systems. The share of
sewerage projects in the total outlay has been increased by 0.5% from the
7.1% appropriated under the previous program (Table 2). This is proof
that the importance of sewerage facilities and the urgency of their
development are recognized and high expectations are pinned on their

development in future.
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Table 2

New Seven-Year Economic Program

{in hundred million yen)

. . New Seven-Year
Economic Economic Program .
rogram for 1976-80 Economic Program
p (1979-85)
Public -
works Investment |Share(%) Investment Share (%)
Roads 195,000 19.5 460,000 19.2
Dwellings 65,000 6.5 135,000 5.6
Sewerage systems 71,000 7.1 182,000 7.6
Urban parks 15,400 1.5 45,000 1.9
River conservation 55,000 5.5 142,000 5.9
Total 401,400 40.1 964,000 40.2
Grand amount 1,000,000 100 (%) 2,400,000 100(%)

4.3 Substance of the Program

The fifth program which encompasses the five-year period of April

1981 to March 1985 contains the following targets.

C) The development of sewerage systems in local cities will be

encouraged to promote the concept of residence;

C) The development of sewerage systems will be encouraged to

prevent the flood of built-up areas and enhance the safety

of the urban life;

To prevent the eutrophication of stagnant waters such as
lakes, the installation of advanced wastewater treatment

facilities will be promoted;

The development of sewerage systems for rural communities will

be encouraged:

Regional sludge disposal projects will be encouraged as well

as projects of effluent reuse and resource recovery from sludge.
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a) Scale of Investment and Targets of Development

In the economic program above, the scale of investment was set at
¥18,200 billion ($82.7 billion). With the less bright prospects for
the future economic situation taken into account, it was decided to
extend this economic program for an additional 1.5 years or so and to
set the investment scale under the five-year program at ¥11,200 billion
($50.9 billion). The major targets include the construction of about
12,000 km of sewers and that of sewage treatment plants and pumping
stations enough for another 11 million people. In the sector of
regional sewerage systems, the major targets include, among others, the
development of 1,200 km of trunk sewers and that of sewage treatment
plants enough for about another 8 million people. If the program is
accomplished as scheduled, about 54 million people out of a total
population of 123 million will be able to use public sewerage systems
and the coverage rate will be raised to 44% by the end of fiscal 1985.

The investment plans are shown in Table 3.
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Table 3 Project Cost for Fifth Five-Year Sewerage
Development Program
(million yen)

Classification New program
(FY 1981-85)
Public sewerage systems 8,391,000
Subsidized projects 5,161,500
Local independent projects 3,229,500
Regional sewerage systems 2,230,000
Subsidized projects 2,073,900
Local independent projects 156,100
Urban sewerage systems 460,000
Specified public sewerage 27,000
systems for industries
Subsidized projects 18,100
Local independent projects 8,900
Specified public sewerage systems 102,000
for conservation of the environment
Subsidized projects 76,500
Local independent projects 25,500
Coordination outlay 59G,000

Reserve fund -

Total 11,800,000
Total for subsidized projects 7,790,000
Total for local independent projects 3,420,000

Incidentally, the unit costs for the construction of sewerage
under this program are ¥550 thousand ($2,500) per person on the
national average. Broken down, the cost includes #¥157 thousand ($713)
per person for the construction of treatment plants, ¥393 thousand
($1790) per person for sewers, and ¥27 million ($122 thousand) per

hectare for branch sewers.
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b) Priority Matters

Priority matters under the five-year program are as follows:

a. To promote the concept of residence incorporated in the Third
Comprehensive National Development Program, the development
of sewerage systems in local cities will be positively stepped

up;

b. To prevent the flood of built-up areas, etc., and work for an
improvement of the living environment, the development of
sewerage systems will be promoted;

c. As part of housing and housing site policy,