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Integrated model of a regional ecologic-economic (or people-environment) system.
(From Schaller and Spandau [1987] , modified from Messerli [1978] .)
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RESTORATION AND MANAGEMENT OF ARTIFICIAL SHALLOW LAKE WITH
ADVANCED TERTIARY TREATMENT AS SHIMANTO METHOD IN JAPAN

Masahiro Murakami*,Kazuya Arimoto* and Nozomi Nishimori*
Department of Infrastructure Systems Engineering

Abstract

The Shimanto method, which is an advanced tertiary
waste water treatment system using bio—-regulation, is
introduced not only to facilitate the water recycling
with dual pipe system but also to restore the clean
water environment of shallow artificial lake in the
campus at Kochi University of Technology. The
bio—regulation in line with bio—hydraulic recycling
method is being examined to keep the clean water
environment of the artificial shallow lake.  The
intentional management would be able to reduce the
potential of eutrophication in April to July to maintain
the secchi depth of 1.5m. Combination of the Shimanto
method and  bio—hydraulic  recycling  system
demonstrates the high efficiency at least cost,
restoring and managing the artificial shallow lake in

Shikoku Japan.

Introduction

Besides being indispensable for human life and
eco-system, water is a fundamental substance not only
for our social and economic activities but also for
sustaining the bio-diversity. Security and scarcity of
water resources has become a serious problem in many
of water shortage countries in both quantity and
quality(Murakami, 1995).  Shortage of water and
deterioration of the quality of water resources may
become formidable impediments to the future supply of
water. The problem is particularly acute in the
developing countries in arid to semi-arid regions
indicating that the water recycling is indispensable not
only to manage the water resources but also to restore
the clean water environment for the next generation in
the 21% century (Adams 1998, Bouwer 1993).

The Kochi University of Technology (KUT) was
launched in April 1997 with strong support with the

Kochi University of Technology

Kochi prefectural government and local industries to
beyond the
demonstrating the

scope of existing universities,

advanced environment
infrastructure system which comprises the water
recycle system with aim at zero emission (see Fig. 1).
The advanced waste water treatment system as
Shimanto method, which was developed in the local
industry in Kochi prefecture, is put in a core
technology of water recycling with aim at 1)
conservation of water resources, 2) preventive
measure of environment protection <{zero emission>,
3) conservation of energy and material resources, and
4) educational initiatives to demonstrate the efficient
water use and environment management. The
treated waste water with 1 mg/l of BOD is being used

for toilet flushing, garden irrigation and supplementary

g
b)) Tokyo
174 ﬂ ; Kochi Uni .
D ochi University of Technology
Shimanto River
&
<<Fig. 1 Location Map of Study Area>>
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source of the artificial lake in the campus, which
results in preserving the clean water environment of
the Monobe river where people enjoy fishing the
Japanese river tout (Ayu as sweetfish : Plecoglossus
alteivells altivelrs).

The architect designer decided to place the artificial
lake in the center heart of the university campus,
aiming to demonstrate an impressive landscape such as
images of “clean and environment sound” campus. It
was, however, expected to produce nuisance blooms of
algae at the time of spring, even if the artificial
lake is filled with portable drinking water. Bio-
hydraulic water circulating (BHWC) system was
annexed to avoid the eutrophication keeping the clean
water environment with high transparency.

The temporal result of water quality monitoring in
1997-1999 is shown to
environment management of the shallow artificial lake

initiate the ecological
in Shikoku Japan. The details of the case study on
the bio—manipulation or bio-regulation in the artificial
shallow lake in Japan will be reported elsewhere.

Background of water industry and advanced waste
water treatment

The Japanese water industry has long been engaged
in developing advanced water treatment technologies
including desalination and re-use of treated waste
water since the Water Re-Use Promotion Center was
established in 1973.

focus to develop membrane separation technology with

The research program had a

application of advanced water treatment system
including the reverse osmosis (RO), ultra filter (UF)
(MF),  which
government initiative research project of “Aqua
Renaissance ‘90” in the late 1980s.

progress was focused in the development of RO

and micro filter committed the

A significant

membrane desalination in the 1980s to export the huge
seawater desalination plants in the Gulf countries
(Murakami 1995).

The most reliable and conceivable method is to use
the reverse osmosis membrane not only for desalting
the saline water but also treating the municipal waste
water for reuse. Reclaimed waste water after the
membrane separation including reverse osmosis (RO)
and ultra—filter (UF) is being supplied in some of the
public parks to restore the clean water environment
and amenity of small rivers and lakes in Japan. It is,
however, too expensive to use the permeate from the
reverse osmosis in recreational water use, taking into
account the unit cost of 1 US$/m?® of the permeate

with WHO drinking water standard (Murakami 1996,
Wangnick 1998).

A system, which applies new bio—technology and
membrane technology for the treatment of organic
materials, has been developed since the end of 1980s.
The application of new bio—technology of treating the
organic materials has three facets of 1) low energy, 2)
low cost and 3) low maintenance, with aim of producing
clean water for reuse at a feasible cost. The Shimanto
method has been developed since the end of 1980s to
remove the organic materials as well as nitrogen and

phosphate without using any chemicals at least cost.

The Shimanto river to protect the clean water
environment

The Kochi prefecture receives 2,6000mm of rainfall
per annum, of which the 2" highest rainfall in Japan
resulted in sustaining the clean water environment of
the river systems including Shimanto, Niyodo and
Monobe where people enjoy to fish the “Ayu”
(Japanese river trout : Plecoglossus alteivelis altivelis).

The Shimanto river is located in the western part of
Kochi prefecture in Japan, with a length of 196km and
catchment area of 2,270km*(see Fig. 1). The river
system has not been intensively developed to sustain
the clean water environment of less than lmg/l of
BOD at the river mouth,
reputation in a sense of heritage river such as “the last

introducing cultural

clean and beautiful river in Japan”.

The people living in the watershed have keen
interest and willingness to protect the clean water
environment by developing a series of small scale
waste water treatment system such as Shimanto
method since the end of 1980s. The
feature of the Shimanto method includes the 1) low

distinctive

capital cost, 2) simple/low technology and energy, 3)
simple operation and less maintenance, and 4) local
material use and procurement, which made possible to
construct a series of small scale treatment plants by
steps in short period even in weak finance capacity
villages and towns in the watershed.

The preventive measure of constructing a series of
small scale waste water treatment plant namely
Shimanto method in the watershed could lead to
promote the comprehensive water management, which
includes the recycling treated waste water in the
upstream area not only for protecting the clean water
environment of the downstream but also reducing the
amount of water use or conserving the water
resources.
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Water Environment Infrastructure System

The Shimanto method, which is an advanced tertiary
waste water treatment system using bio-regulation,
was introduced in the KUT campus in 1997 not only to

facilitate the water recycling with dual pipe system but
also to restore the clean water environment of shallow

artificial lake in the center heart of the campus (see
Fig.2).

Sports

Central
Building

Ground
A
Garden
CTower @ Irrigation
Y

Water Treatment Plant

J !—-—-—[S{udeni Holl
Public
Holl

Legend - P :Dual Pipe System(Recycling Treatment Waste Water)

<<Fig. 2. Water Environment Infrastructure System in the KUT Campus>>

The water environment infrastructure in the KUT
campus intends to demonstrate the efficient water use
conserving water resources as well as environment by
recycling treated waste water with aim at zero
emission. The waste water in the campus is treated by
two steps; 1) secondary treatment as “Intermittent
Aeration and Circulation Method (IACM)” and 2)

tertiary treatment by “Shimanto Method”.  The

Closed Recycling System

.I Water Supply I.

BOD:200ppm

design capacity is 460 m®/day of the secondary
treatment and 525 m3/day of the tertiary treatment.
The difference of 65m®/day is the supplementary
treated waste water from small local treatment plant at
secondary level in the adjacent public park. The
system diagram of the water recycling system is shown
in Fig.3.

Primary Treatment
(Physical Treatment)

v

Secondary Treatment
(Intermittent Aeration and Circulation Method)

Garden Irrigation

Treated Waste Water el ‘
(toilet flushing) Tertiary Treatment
L (Shimanto Method)
BODT-5, 7 b
i { ’ Evaporation Rain
Artificial Lake

<Percolation>

(Fire Extinguish and
Supplementary Source)

<Over flow>

Ground Water I

River

<<Fig. 3. Flow Diagram of Water Recycling System in the KUT Campus>>
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Secondary Treatment System as “Intermittent
Aeration and Circulation Method”

The secondary treatment system as “Intermittent
Aeration and Circulation Method” aims as moving 95%
of BOD, 86% of COD, 92% of SS, 70% of T—-N, and 50%
of T-P as shown in Table 1. The intermittent aeration
is being carried out to keep the alternative aerobic
non-—aerobic

environment (30 minutes) and

environment (90 minutes) not only to move the organic

materials in the aerobic phase but also to reduce the
concentration of nitrogen (T-N) and Phosphate (T-P)
in the non-aerobic (zero dissolved oxygen) phase.
The monitoring of the operation of waste water
treatment have been carried out since April 1997.
The temporary result of water quality measurement
demonstrates high efficiency to exceed the design
criteria as seen in tables 1 & 2 and figures 4 &5.

Table 1 Design of Quality Control of the Secondary Treatment Process

Item BOD COD SS T-N T-P
(mg/1) (mg/D) | (mg/) (mg/1) (mg/1)

Influent 200 110 250 50 4

Effluent 10 15 15 15 2

Rejection rate (%) 95 86 92 70 50

Table 2 Water Quality of Effluent in the Secondary Treatment Unit

Item BOD COD SS T-N T-P
(mg/1) (mg/1) (mg/1) (mg/1) (mg/1)

15-Jul-97 2.7 6.8 7.0 5.5 1.5

31-Oct-97 1.7 5.8 5.0 11.0 1.7

3-Apr-98 2.9 5.2 15.0 3.0 1.6

Remark : by Intermittent Aeration and Circulation Method (IACM)
250 15.0 B

200

150
(mg/1)
100

50f

0 P S
BOD COD SS

T-N TP

<<Fig.4. Design of Quality Control of the Secondary

Treatment Process>>

The Tertiary Treatment System as “Shimanto
Method”

The Shimanto method was developed by the small
municipalities and local industry in the end of 1980s,
by taking into account the technical and financial
viability even in weak finance capacity villages and
towns in Kochi prefecture. The tertiary treatment
system as Shimanto method, which receives the

10.0

M 15-Jul-97
[031-0ct-97
[13-Apr-98

(mg/1)

N T-P

<{<Fig.5 Water Quality of Effluent in the
Secondary Treatment Unit>>

effluent from the secondary treatment plant, is
composed of “over and under” baffled channel system.
the schematic diagram of the baffled
with
alternating. All the materials are not high-tech and

Fig. 6 shows

channel comprising seven treatment unit

obtained from disposals and local market at less

expensive cost, to recycle the non-flammable

disposals.
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Baffed Channel Outflow
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P: Plastic or polyethylene (fragments/disposal); treatment of organic materials

and ammonium and nitric acid

Co: Organic carbon (withered Shiitake mushroom nursery tree); treatment of nitrogen
Cb: Activated carbon (chitosan coating); treatment of organic material

7Z: Zeolite; treatment of ammonium

Ca: Calcium ball; treatment of phosphate

C: Activated carbon; bleaching and deodorizing
L: Limestone (fragments); absorption of phosphoric acid

<<Fig.6 Schematic Diagram of SHIMANTO Treatment System>>

Each unit of the box chamber <P, Co, Z, Cb, Ca, C,
1> is filled with materials to treat the organic materials,
nitrogen, ammonium, phosphate as shown below:

1) Plastic or polyethylene (fragments/disposal);
treatment of organic materials

and ammonium and nitric acid <P>
(withered Shiitake

nursery tree); treatment of nitrogen <Co»

2) Organic carbon mushroom

3) Activated carbon (chitosan coating); treatment of
organic material <Cb>

4) Zeolite; treatment of ammonium <Z>

5) Calcium ball; treatment of phosphate <Ca>

6) Activated carbon; bleaching and deodorizing <C>

7) Limestone (fragments); absorption of phosphoric

acid <L>

The Shimanto Method is designed not only to move
50% of BOD, 65% of COD
and 90% of SS, but also to reduce the concentration of
nitrogen, phosphorus, and LAS for 60% of T-N, 60% of
T-P, and 80 of LAS as shown in table 3 and figure 7.

The treatment also aims to control the organic

the organic materials for

materials as well as nitrogen and phosphorus taking
into account the eutrophication problems in the warm
temperate climate in Kochi. The temporary result of
water quality measurement demonstrates high
efficiency to exceed the design criteria except for
removing the nitrogen (T-N) as seen in table 4 and

figure 8.

Table 3 Design of Quality Control of the Tertiary Treatment Process

Item BOD COD SS T-N T-P LAS
(mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)

Influent 10 15 15 15 2

Effluent 5 5 1< 6 0.8

Rejection rate (%) 50 65 90 60 60
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Table 4 Water Quality of Effluent in the Tertiary Treatment Unit

Item BOD COD SS T-N T-P LAS
(mg/1) (mg/1) (mg/D) (mg/D) (mg/1) (mg/1)
15-Jul-97 0.8 4.0 1< 3.9 1.5 0.005¢<
31-Oct-97 0.4 8.4 1< 6.4 1.4 0.005<
3-Apr-98 2.4 3.0 1< 2.4 1.3 0.005<
Remark : by Shimanto Method
—
15 10.0
8.0
19 6.0 W15-Jul-97
(me/1) L M It e o 031-0ct-97
5 I [ Effluent 20 33-Apr-98
. 1% BN o™ BN o5 0.0
%800 cop ss TN TP

<<Fig.7 Design of Quality Control
of the Tertiary Treatment Process>>

The advanced waste water treatment system as
Shimanto method is used in a core technology of water
recycling with aims of;

1) Conservation of water resources

2) Preventive measure of environment protection
{zero emission>

3) Conservation of energy and material resources

4) Educational initiatives of environment manage—

<<Fig.8 Water Quality of Effluent
in the Tertiary Treatment Unit>>

The reclaimed water with 1.2 mg/1 of BOD, 5.1 mg/!
of COD, less than 1mg/! of suspended solids (SS), 4.2
mg/1 of T-N, 1.4 mg/1 of T-P and less than 0.005 mg/1
of LAS (see table 5 and figure 9) is being used in toilet
flushing with dual-pipe system, garden irrigation and
supplementary source of the artificial lake in the KUT
campus, which results in preserving the clean water
environment of the Monobe river and water resources

ment in the region.
Table 5 Water Quality of Influent/Effluent of the Tertiary Treatment Unit
Item BOD COD SS T-N T-P LAS
(mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
Influent 2.4 5.9 9 6.5 1.8
Effluent 1.2 5.1 1< 4.2 1.4 0.005¢<
Rejection rate (%) 50 14 <90> 35 22 <80>

| | BInfluent
0 Efluent

<<Fig.9 Water Quality of Influent/Effluent of the
Tertiary Treatment Unit>>

Bio—hydraulic water circulating (BHWC) system
Architect designer decided to place the artificial lake
in the center heart of the university campus, with aim
of 1) giving a good landscape image of “transparent.
clean and environment sound”, and 2) storing water for
The lake has a
volume of 1,600m®, surface area of 2,600m? and depth

the emergency fire extinguish works.

in the range of 0.25-1.5m with an average of 0.75m.
The lake bottom is covered with concrete surface to
protect the seepage.

It was recognized to produce nuisance blooms of
algae at the time of middle spring (end of April) to

beginning summer (middle of July), when after
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impounding the lake even with portable drinking water
in May 1997. Bio—hydraulic water circulating
(BHWC) system was introduced to avoid the
eutrophication of shallow artificial lake keeping the
clean water environment with high transparency such
as 1.5 m of secchi depth. The system is designed to
circulate the lake water body three times a day passing

through the fourth treatment unit which comprises;

1) mesh screen unit (physical process)

2) gravel filter unit percolating at 3 cm/sec
(biological process)

3)activated carbon unit

(biological/chemical,/physical process)

4) zeolite unit (biological/chemical process)

5) disinfection - ultraviolet lump unit (physical
process)

The pump system circulates the lake water 24 hours
a day, not only to extinguish the stagnant zone but
also maintaining the micro-biological lake eco—system
in the lake as well as fourth treatment unit. From the
beginning of May to the middle of July 1998, nuisance
blooms of algae (Spirogva sp.) occupied the shallow
artificial lake by decreasing the decchi-depth to less
than 0.5m.
imbalance of bio—mass and food web chain including

The eutrophication was resulted in the

Chlorella, Spirulina, Rotifera and Copepoda which are
common and simple plankton in the shallow lake eco—
system (Hapsper 1993, 1997).
owing to the lack of concept and knowledge on the

The failure was mainly

micro-biology, eco—systems and limnology in the stage
of design of campus infrastructure system. The bio—
manipulation or bio—regulation is being introduced to
manage the clean water environment by taking into
account the balance of bio-mass and food web chain in
the lake
zooplankton, .planktivorous fish, benthivorous fish and

eco—system including phytoplankton,

water plant and microphites.

Conclusion
The waste water treatment to combine the secondary
treatment as “Intermittent Aeration and Circulation

Method (IACM)”, and the tertiary treatment as
“Shimanto Method” demonstrates high efficiency to
reduce not only the organic materials but also nitrogen
and phosphate to the level of 1.2 mg/l of BOD, 5.1
mg/1 of COD, less than 1mg/] of suspended solids (SS),
4.2 mg/1 of T-N, 1.4 mg/l of T-P and less than 0.005
mg/1 of LAS, which is being used for 100% of recycling
waste water for toilet flushing, garden irrigation and
supplementary source of the artificial lake.

The tertiary treatment is not the final solution to
manage the water quality of the shallow lake. It is
rather desirable to introduce the bio—manipulation or
gio—regulation, by taking into account the advantage
of bio—diversity and cost in the management of shallow
artificial lakes in the typical temperate zone in Japan.
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