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RIVER WATER TREATMENT SYSTE.M USING A CONTACT AERATION PROCESS WITH STONE BEDS

by H. Sano, M. Koyama, Nippon Jogesuido Sekkei Co., Ltd.

In developing countries, drinking water intoke points
tn urban areas are sometimes heavily polbded by domestic

wastewater. In such cases, the system described in this article

helps reduce pollutants using a relatively simple method.  The
system comisists of aeration tanks and stome beds which look
like horizontal roughing fillers with large size stomes instead of
gravel. In the Furo River, Saitama Frefecture, this system is in
use for treating polluded river waler. Aﬂhougfl this system is
in its experimental stage, it cam possibly be used in
developing countries - because of ifs easy operalion and
maintenance.

Tokyo 162 Japan.

1. Description of the Demonstration Plant and
Operatmg Conditions

The demonstration plant was constructed
Saitama . Prefecture, which borders on northern 'I‘okyo
Polluted water is
Furo River, whose water quality is the worst in Japan.
An outline of the plant is shown in Figure 1. The key
point of this facility is that aeration is done before raw river
water flows into the stone beds,
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Fig.1 Flow Diagram of Demonstration
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2. Performance of the System
2.1 Characteristics of BOD Removal

As a significant part of the river flow rate éonsists_
of domestic sewage, the BOD inflow pattern is almost the

same as the human activity pattern through the day (Fig. 2). o
The BOD removal rate in this plant is considered to be’

stable because inflowing BOD and outgoing BOD are both

fluctuating in a similar pattern during the day. The daily o
average BOD . was 60 mg/l én_d 24 mg/ for influent and -
effluent, rwpectively, which gives an average BOD removal- - .~

rate of 60% The average SS removal rate was about 80%

For further details, contact INTEF or Nippon .
Jogesuids Sekkei Co. Lid, 6-8 Tomihisa, Shm]uku-—ku,
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Fig. 2 Hourly Fluctuation of BOD in
. intiuent and Effluent

Figure 3 shows the relattonsh]p between efﬂuent ]

- BOD concentration and BOD vo!umetnc loadmg 40 mg/'l of -

BOD in the effluent could be achieved with BOD volumetric
loading of approximately 1.0 kgm?® per: day. The
corzelation: between the BOD volumetric loading (x) and of
BOD in the efﬂuent Gy} i 1s glven as; y'= 48x - 36 (t_' =

" Rocommendod  BOD volumotrie loading under
normal’ operation is 0.6 kg/m* at 2 hours of detention

' time w'tth stone diameters of 20~ 200 m.m and vmd volume '

ratio of stone beds of 50%.
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2.2 Changes in DO and BOD Removal in the Contact
Aeration Stone Beds

Figure 4 shows.that DO increased to almost the
saturation level in the “aeration’ tanks ahd then gradually
decreased to almost zero after the water fowed down about
30 m along the contact zeration. stohe beds.” Detention
time of each aeration tank is 15 minutes and the ratm of
supplied air to the inflow rate was 0.7.

o
L)

>

Dissol vad- Onygea (mg/1)
-~ o
T T
Ve
-

=%

-0 _Stage | {39m) |  Stage 2 {3m) L Stage 3 (40m} g4
- agrat'jon . f‘ ~aeraton .

aetation

Fig. 4 Change ot Dissoived Oxygen
in the Facility

Figure 5 shows that BOD removal efficiency in the
contact aeration stone beds was 10%, 30% and 20% in the

.1_33, 2nd and 3rd bed, rapecﬁvely.' Highest BOD removal -

cccurred in the 2nd bed. | The low BOD removal in the 1st
bed was considered to be caused by the short—circuiting
- flow caused by clogging with sludge and subsequent DO
shortage due lo high BOD loading. '

23 Frequenéy of Sludge Removal

Figure 6 shows that the BOD removal rates rapidly

decreased when the facility was operated for about 50 days
or more. This is caused by clogging in the contact aeration
stone beds. . -
kg per 1 m?® of void 'v_olu_me':fin', the stone beds. _
Assuming a BOD volumetric loading of 0.5 kg/m  per.day
and a BOD removal efﬁc:ency of 80% in the contact aerahon
stone beds, BOD 1s removed at a rate of 0.3 kg/m

Total BOD removal during this penodwas 13 - .

PEI.‘I .

day, and the total number of days required to reach the total
load above can be calculated as about 40 days. For this
reason, it can be considered that, if safety is taken into
consideration, the frequency of sludge removal from the
contact aeration stone beds should be once a month.
However, adjustment should be made if a much higher
mfluent SS concentration is expected.
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PREFABRICATED
OXIDATION DITCHES

by Hidetoshi Kitawaki.

LIntroduction

From the standpoint of water gquality management,
construction of small scale wastewater treatment plants in
peri-urban or suburban areas is no less important than for
large scale plants in-urban areas. Cumrenily engineers are
therefore facing constraints such as lack  of time or
resources for designing individual plants, Efforis have been
made by the Japan Sewage Works Agency et al. to alleviate
such constraints and enable an immediate construction of
small planis in the priority areas. One of the solutions is the

standardization of treaiment plants that can easily be built

using prefabricated pancls, krown as “Prefabricated
oxidation ditches". As most of the parts used in the plants
are standardized and prefabricated, the design and
construction is much easier. The Japan Sewage Works
Agency recommends use of prefabricated oxidation ditches
where daily maximum flow rates are under 1200 m3/day.

The fiest prefabricated waslewater treaitment plani
began its operation in May 1988 at Nakanojo Town, Gunma

Waslewater Pit -
Screen Unil -
‘Aeration Tank
Aerator .-
Sedimentation Tank .
Chlorination Chamber
" -Pump-Pit L -
" Sludge Storage Tank/Thickener
Dewatering Vehicle - ‘
Contro! Building
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Prefecture; By the end of FY 1993 (March 31 1994), 20
prefabricated oxidation . diiches are expected to be in
operation. The use of this system .is rapidly spreading
among small municipalities in Japan. Cumently, 35 new
plants are under construction -or in the planning stage.
Before the end of FY 1997, more than 44 planis are
expecied to be operating in Japan.

2. Treatment System .

" Wastewater trealment is carried out in-a round
oxidation ditch: Major treaimeni units in the prefabricated
wastewater treatment plant are a wastewater pit with pumps,
a mechanieal screen, an acration tank (oxidation ditch), &
sedimentation tank and a chlorination chamber. Sludge from
the sedimentation tank is temporarily stored in asludge pit
and pumped 1o a sludge Storage tank/thickener. Thickened
sludge is removed by trucks equipped with a tank or a
compact de~walering machine, - " '

3.Design Factors _

" The wastewaler is supposed 1o be collected
exclusively from  households. Design ~wastéwaler
characteristics for the prefabricated oxidation ditches are
BOD- 200 mg/! and SS 200 ing/l. Treated wastewater
characteristics are BOD. 20 mg/ and SS 30 mg/l. Hydraulic
retention time in the aeration .tank is designed o be 24
hours, whereas sludge retention time is 15 - 27 days.

,!;_‘__‘
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Figure 1 - A Bird's-eye View of a Prefabricated Oxidation Ditch
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Table 1 Design Paramelers of Prc[abricated Oxidation Ditches _ .
Capacity (m3/d) 300 400 500 6086 700 800 900 1000 1100 1200

Daily maximum (m3/d) 300 400 500 OB 70O 800 S04 1000 1100 1200
flourly maximum (m3/d) 690 300 1000 1200 1400 1600 1800 2000 2200 2400
Daiiy_average (n3/d) 225 - 300 © 37% 450 525 600 675 150 82% 900
; S8 inflow (kg/d} 60 B0 100 - 120 140 160 180 200 220 240

D (mm) : See Fig. 2 13200 15300 16800 18500 19800 21400 22800 23700 24800 * 25800
d Com) : See Fig. 2 5700 6600 7300 R000 8700 - 9300 9900 10400 10800 " 11300
R (am) : See Fig. 2 3000 3000 3000 3000 - 3000 3000 3000 3000 3000 3000
Aeration tank vol. (ﬁ3 304 404 501 01 ° 701 8403 901 1005 1108 Q204
Sedimentation- tank(m2)]. 38.5 503 - 63.6 75.4" 88.2- 100.3 -113.1 126.7 0389 1517
Sludge gcn'ernti(_)n(kg/d - 45 60 75 - 90 105 120 . 135 150 6% 180
Thickened s'_l_udge(miifd) 3 4 5 . 6 T 8 9 10 1l 12
¥.9. Pump diameter (mp) 80 80 80 80 80 100 100 D0 100 100

The prefabricated treatment plants are designed
. for capacities ranging from 300 vd to 1200 t/d (Table 1 and
Fig. 2). Detailed designs for each size have been made.
Oxidation ditches for each size are designed in a round
shape with a sedimentation tank inside 2s a concentric
citcle. The concrele wall separaling these two tanks is
rather thin because -both sides.of the wall are filled with"
water.

4.Construction methods

The construction process for the plants -is
prefabncanon of concrele panels, foundation work at the
construction site, assembling of panels on the foundation to
make cut-off walls, stressing panels to generale presiress M
and equipping with machlms This construction proccss -
requlres less time than convenuonal p!anls '

5. Apphcabmty to Developmg Countnes '

" In developing counfries, priotity = areas {or Photo 1 Aeration/Sedimentation Tank Under Construction
off-site treaiment are usually limited to the center of large ' '

cities. However, for the protection of particular water If such. facilities were to be constructed -in
resources, small treatment planls are somelimes very suburban areas of developing cousiries, there are several
effective. ' L - : ' points ‘which need 10 be considered. For example, precast

concrete  plates are. rather heavy, which -might cause
inconvenience in transportation if rigid roads or large
vehicles are not -available. One of the’ solutions to this
question -is on-sile casting of concrete plates or use of
locally -available consiruction materials such as bricks etc.
‘Sludge trcatment  facilities could be replaced wilh
sludge—drying beds. :
Efforts for standardization and prcfabncauon
" if possible, should be encouraged in both water supply and
sanitation projects. If standard designs are worked oul for
. small scale lrealmenl plants  using - locally avallablt.

N M . i, ,. M\ | materials, i will contribute greally to raising service level.
B C s . lor furrher de{mls, please contact INTEP or
; : ' S ' " the Japun Sewage Works Agency, Ne. 18 Mori Building,
. Figure 2_' Cmss bu.hon of ALT-’IIIOI‘U’SLGII’I’!LNH[H)I! Toranomon 2-3-13, Minaio-ku, Tokya 105 Japan.

Tank
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