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Usefulness of Shimantogawa System for Wastewater Treatment on the Water Environment Problems
in the People’s Republic of China and Taiwan

Shuji SANNOMIYA*, Kenshin OOSUGI*, Ying JIANG* Keiichi TAKAO*
Shiquan NIU**, Yuichi ISHIKAWA**_ and Satoshi MATSUMOTO**

*Toyo Denka Kogyo CO., LTD. 2-2-25 Hagi-machi Kochi-City 780-8525 Japan
** Akita Prefectural University 241-438 Shimoshinjo Nakano Kaidobata-Nishi, Akita-City 010-0195 Japan

Abstract

Shimantogawa Systemn (alias Natural Circulation System), which was developed for wastewater treatment by consortia of Kochi
Prefecture, Cities and Towns in the watershed, private companies in Kochi Prefecture, and the University of Tokyo, has unique
characteristics. Natural materials such as woody charcoal, unused timber, and rocks are used as infilling matenals in the system, and the
system is easy to be maintained and controlled. Four case studies were shown which were carried out for the river water treatment in
Shenzhen, for the tertiary treatment of domestic wastewater in Wuhan, for the tertiary treatment of industrial wastewater in Jinan in
China, and for domestic wastewater treatment in Chungli, Taiwan in order to examine usefulness of the systems on the water
environment problems outside Japan. The results were as follows; 1) Suspended solid (SS), biological oxygen demand (BOD), and
ammonium nitrogen (NH.-N) concentration were attained to Chinese environmental quality standard in case of nver water treatment
and the tertiary treatment of domestic wastewater. 2) Water quality items, i.e. SS and BOD except NH¢-N in the Taiwan trial were
attained the environmental standard. The reason why NH.-N was worse than the standard is that low pH caused from a high load of
NH.-N suppresses nitrifying reaction. It is suggested that infilling amount of limestone should be increased as one of improvements
instead the tank’s volume is increased. 3) A certain effect on the tertiary treatment of industrial water was confirmed, however the
combination with another treatment system should be considered because the present system alone is not fully capable to treat such
kind of wastewater. 4) The infilling material was available in the local area except a kind of material, therefore it must be easy to
transfer Shimantogawa System to other areas in China and Taiwan and the system there is expected to show same performance as in

Japan.

Key words : Shimantogawa Systemn, Wastewater Treatment, Natural Circulation System, China, Taiwan
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Table 1 Environmental quality standard for surface water in
China (summary)®’
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BOD 3 3 4 6 10
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NH,-N 0.15 0.5 1.0 1.5 2.0

Fig. 8 Downstream aspect of Shimantogawa system installed in
Shenzhen. China
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Table 2 Water properties of original wastewater, influent and
effluent to/from Shimantogawa system in Wuhan.
Values were shown as averaged in three measurements.
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Table 3 Environmental quality standard for landscape and
recreation water in China (Summary)®’
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Fig. 10 Outer aspect of Shimantogawa system installed in Jinan,
China
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Fig. 13 CODecr (o), BOD (A ), and SS (m) concentration changes
of effluent from Shimantogawa system in Jinan, China
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Fig. 14 Outer aspect of Shimantogawa system installed in
Chungli, Taiwan

FOTHE, b OMERRES L L TERE IKOLE
KEFEEAKE LTERATADOHEZToTEY,
ARERIZ. FOFEO—RE L TH ARV EZLDTH D,

MEBREEHEKIZ., TEATREET HEFBHKOFKT
HY, EEORBECHAILBIMALES L%, MER
BEICRAZSE, FIhbARy 7T 7T D ERMIC
FEBREBICHA S, HELERIT 10m’/day, FE
REFEREEREMIEN 9 BH., FFERAKEIR
BOD50mg/l, SS260mg/l, NH,-N10mg/l TéH ¥, Mgk ok
AR Fig. 2 OME T, RBRETEHOMEELEE L&k
BT EXTH S (Fig 14),

6.3 HEEER LM

FELSU»LH0N1 s BOH, FeROKERELXEE
L7, RERER% Fig. 15725 Fig. 18 12777, WAEHM
hOMEBEIT FEAETH S 10m’/day THEAK S 7258,
BERBEBPLUMFEOHELSETH Y . KH O
ILIBAIELE LR AB & 72 o TU =, KIBIX 20~29°C %3
BLTEY, EHNBIZL - TRIFRKETHDILER
Do

NH-N IZ DWW TIFAKD NH-N EHEE 18.6mg/l
2% L CTALEIKD NH,-N EH#EIX 2.0mg/l THYEE
LEER TR T3, BEKRAEFERAHTRBEDT
— I RLNBKBENEELEDTEY ., EIH oG
TOVEVEHBETEELT S, ok, BEkMERBAH
7B BLABOMEKD NH,-N EERE X 0.9mg/l THY .
EWEKENDEZBFE LTS Z Libhns, BOD, SSiZ2
WL, NHe-NBENEE LIEDZ I L 2EREL T,
BERMME L7z, fiAKD BOD FEH#E 32.0mg/l (x5 L
THLEK o BOD EFEEIT 2.2mg/, RAKD SS FEiHk
BE 27.Tmg/l iZ#f L THAEEIK D SS TEIMEIT 2.1mg/l T
HY ., NH,-N ERHRICEE LGB AThbh T3,

BEDOBREEYES Tabled 1T T . 4 EORBRFERIT,
EFHAKDBRKELBHALLTDIZHMEbLLT,
BOD.SSIZ2oWTCILEBORBEEMTH L REDEREIC
BEBE LTV, —HNH-NiX, FHBET20mg/l TH
D, FEIZESL TWeY, Zhit, thoiEdm, ®iE
MOMER & T2 &, MAKDONH-NBENEH I L
ICEALTWS,

TEATKRD NHe-N QBENEVEHE . NHe-N A NO-N
IEDLLHILRSOBERT pH ETARON, ZhAie
ERIGEZMHITaZ EBMbNATWDE, o, @©
AHNEX TR pHET MG T 28N HDFAL v

50 l ~—@—influent —i—efﬂueLl
& .ti\
St
E ] |
7T 2
e i |
E s —t
12 I

days from start inflow (days)

Fig.15 NHs-N concentration changes of influent (e) and effluent
( A) to/from Shimantogawa system in Chungli, Taiwan
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Table 4 Environmental quality standard for surface water in
Taiwan (summary)”
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Spawning grounds of ayu, Plecoglossus altivelis altivelis, and a topographical feature of them
in the Kagami River, Kochi Prefecture

Syubun FUKUDOME¥, Shinji FUJITA*, Yuji YOSHINOUCHI* and Takayuki YANO*

* Nishinihon Institute of Technology, 9-30 Wakamatsu-cho, Kochi 780-0812. Japan

Abstract

The a.mphidromous form of ayu, Plecoglossus altivelis altivelis, spawns in the lower reaches of rivers in autumn.
The spa\mm grounds of ayu were surveyed in the Kagami River, Kochi Prefecture, in November 2005.  Total areas of
2470 m?® of the spawning grounds of ayu were found in between 4.2 km and 6.5 km from river mouth of the Kagami
River. Almost all spawning grounds were formed around the sandbars, especially along the eroded edges of them.  As
compared with the similar study in 1975, a total area of spawning grounds of ayu was reduced, and the lower end of

spawning area was shifted to the upstream.

Key words: Plecoglossus altivelis altivelis, spawning grounds, Kagami River. sandbar, eroded landform
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A map showing the stations where surveying on spawning of ayu were carried out in the Kagami R.
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Fig. 2 Distribution of ayu eggs in each surveying stations in the
Kagami R. in November 2003

Table1 Area (m”) of spawning grounds of avu at each stations in
the Kagami R. in November 2005

Abundance of spawn eggs

kocaliy Manv Common A few Zotal
St.l 50 340 390
St.2 80 160 380 620
St.3 340 340
St4 430 430
St.5 90 600 690
Total 80 300 2090 2470
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: : St.2
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Average of velocity (mv/s) 0.81 0.71 0.80
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o
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Tig. 3 Photographs of spawning grounds of ayu around
sandbars at St.2 in the Kagami R. in November 2005.
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Fig. 4 Conceptional figure of relationship between
configuration of sandbar and spawning ground of
ayu. The spawning grounds of ayu were often
formed along the eroded area (B). In this area,
the incline was steep and grain size was small as
compared with the eroded area (A).
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Comparative study on groundwater use and preservation policy of flood alluvial plains in Monsoon Asia
- (Part 4) Alluvial plains facing water quality deterioration due to sea water intrusion & connate TDS -

Kazuki TSUJI#
*  Fuji Grouting Engineering Co.Ltd., 2-8-17, Tohko, Hakataku, Fukuoka, $12-0008, Japan

Abstract

This paper comprises the fourth comparative study of groundwater use and its preservation policy of the flood
alluvial plains in monsoon Asia. The Part 4 deals with the Nam Bo plain in south Vietnam. The plain is divided into
the Mekong Delta to the west and the Ho Chi Minh plain to the extreme east. The paper is followed by the basic
tframework study on the Kanto plain central Japan described in the Part 1, the serial studies of the Chao Phraya plain
in the Part 2 and the Hanoi and the Ganges plains in the Part 3. The Mekong Delta is short of safe drinking water,
which indicates the worst ratio in the countrv. The Ho Chi Minh plain has recently undergone groundwater
contamination originated from salinity, since water level declined greatly owing to excessive dependency on
groundwater out of water resources. The groundwater in the two plains is deteriorated not only by sea water but also
by high TDS(total dissolved solid) supposedly traced from connate water in marine deposits. The integrated output of
the paper aims to elaborate a sustainable strategy of groundwater resources in associated with water supply/demand

issues of the two plains in the near future.

Key words : flood alluvial plain, groundwater quality deterioration, sea water intrusion, connate water, preservation policy
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Table2 Hydorogeological stratigraphy in Ho Chi Minh plain
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water in Vietnam

EhAZ LRREARRME LTS 13, ZLT, #HiFKkOE
FRY2EIR BAEIE, BBEELATARZVA50 Fm /AL L
TV A, Zhid, ZARICKIEE H T kA 6 KIS
DHEHEEZLNDA, RO 80 F m'/BALEIET LD
HES TRV,

ZOHEHIIB - T, MM B IZEFIRHE 2B L. 1TE
RO/ f5 8 & 047 (Table 6) 13, HEEOBEEEILZNEILE
TRV, HFORENRERH & TR EOZE AL EIFEO B
ENXIICBEbh3, THPERIIAFH THI 0, ERY
SRRV EA S, LaL, BERFAMOFxF 7T ¥ E
FRIC, T KB &2 BIHS. ATFITBRTE VAT LD
WELBEOREEDOREICH D, N/ ATOES, TEAK
[EBI ., FFF, MEOBRBEEA T, HFSEELTWS
LWVWH T ETHAHN, UM TIIFICH AEBBE LA TR,
TERKZEEL METZEBNBRA0ERETHA I,

Z D7 OISR FTEA > H ok i gk OB HREIe A —F —
S EANBANER - BERETTIIR+STH A, LEE
DERK - ERACEADEAZFE L., TEBEL2ET HHH
BAEELHAANE WHhIFAF LT AOHROREENLE
ThH5, Thit, LEFICHRE A M EH BKORFTM
FETZ T EFEHESTHNLBEEREBFE~DOEMIEHR
RRODBEATVBEHLERS,

F—F I T EEEXE# (IP) i BB ERE (EPZ)
RENATIVERBRRAFENRREON TV DA, &, #Hak,
ERIS R PO¥MHSEM TIZRZV L EDhE. TR0
MIZRVWKEOKEARICHEL L EREFRZEETHFES
T 50%ICiT- 72V, PEER 30 ALLT O/ hETIEH%IC
FTERG, REKREARBICEHES N, £FEOERITE D K



Table 6 Regulation & guideline for groundwater management in Ho Chi Minh city

Guideline on strengthening of management of groundwater
exploitation and trade of drilling

Under consideration of HCMC People’s Committee

Regulations on water resources management in HCMC

Issued

Regulations on limitation or prohibition of groundwater
exploitation in HCMC

Being compiled by Department of Natural Resources &

Environment

Draft guideline on collection of resources tax in HCMC based on
the Ordinance of Resource Taxes of Ministry of Finance

Under consideration of HCMC People’s Committee

Draft regulation on collection of groundwater exploitation fee in
HCMC

Under compilation by Department of Natural Resources &
Environment
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Evaluation on Workability of Japanese Basin Management Systems

From the Viewpoint of Appropriate Water-related Infrastructure Building under Rapid Urbanization

Jun MATSUSHITA*

*Shibaura Institute of Technology, 307 Fukasaku, Minuma-ku, Saitama-shi, Japan

Abstract

This paper intends to examine Japan’s basin management systems urgently needed for water-related infrastructure
building under very rapid urbanization for (1) flood-mitigation, (2) pollution-control and (3) water-demand control.
During Japan’s previous infrastructure building in post war years, the most crucial is the very rapid
industrialization & urbanization stage in high economic growth period in 1960s, where the basin management
systems became inevitable nation-wide based on private initiatives or legalized ‘cause-pay-principle’ to off-set
weak govemnance. Regulations were introduced to demand polluters and/or developers to install on-site tvpe
facilities at their cost. These systems have been workable so far in supplementing public works and stimulating
so-called eco-industries, and further enhancing energy-saving models plus recycle-oriented societv models. Thus,
Japanese basin management systems could be applicable to Asian countries which face rapid urbanization and
recent tighter resources market as well.

Key words: Basin Management, Rapid Urbanization, Off-setting of Weak Governance,
On-site Type Facilities, Private Initiatives

2E
TORIIE, BAOBRBEOEEREREMCEER, EEE, KEEFHOMR S0 BEMNCY
BLRoTKRA V7 THMTOEREHHL., FREBOLENL ZORENOVTHLAIT ST
LEEBEMETH, BMEREREMD 1960 £{X%i%, KkFA V7 7 HREMFNEO £ 2R TEESSH
THEARE LD, REFABORAICES FEROMEAFEIY Ah, AFBEEOTRHEHE D
VEMRSETE L LI R H D, T, Fioha NEBERORE (RERSHE) #ERE
RMBHFITEEMTT ARSI L e, FOROEBELXORA, S6ICRE TR F 0B
BRTSOH#EEIIMT TERREBIZ R4 Lilhod, Uk Z Eb, BANREA LZfiEER
RTF AT, AERLBTEEERTHOBIHE V) ZOOBBICERETMICEE LTV A3 ENT Y

THEE~OERESEOVO TRV EEEL I 5.

1. INTRODUCTION

1t is needless to say that infrastructure building is essential both
to accelerate high economic growth and to enhance well-being
of the people. However, the building has been much delayed in
comparison with supra-structure construction under very rapid
urbanization and industrialization as far as Japan’s experience
goes. In the field of water-related infrastructures,
supplementary measures, hereafter defined as basin
management systems, have been needed based on private
initiative due to weak governance during an early stage of our
high economic growth in 1960s.

Based on the notion mentioned-above, Table 1 shows the
step-by-step water-related infrastructures building process and

relevant policy managements in Japan during post-war period
from 1940s to 2000s:

Phase-1: Economic Rebuilding (1940s-50s)

Investment had to be made for industnal development by

main-stay-type infrastructure building such as nation-wide
construction of dams, power lines and transportation systems:
Phase-2: High Economic Growth (1960s)

Counter-measures against industrial pollution and discordant
urbanization were urgently needed. Herein, basin management
systems were introduced based on the private initiatives to
supplement public works effectively through boosting
on-site-type systems installation for flood-control, pollution-
control and water-demand management in total:

* BHTHEKF T337-8570 2w =EH REBEEE 307



Table 1 Step-by-Step Water-related Infrastructure Building Process in Japan (1940s-2000s)

Phase Socio-economic Conditions Water-related Infrastructure Building
Phase 1 Economic Rebuilding Main-Stay-Tvpe Infrastructure Making
©1940s-50s e[ndustrial development promotion policy eDams & national-basis river works
Phase 2 High Economic Growth Introduction of Basin Management Syste
©1560s e Urbanization-assimilation policy eSupplementing of weak governance

eRegulating of discordant developments eOn-site type facilities by private initiatives
Phase 3 Aftercare for Oil Crisis Establishment of Basin Management Systems
01970s-1980s ePromoting -saving-resources policy ePromotion of water-resources saving schemes
Phase 4 Creation of Sustainable Society Models Introduction of Eco-Friendly Urban Systems
©1990s-2000s | eKyoto mechanism for GHG reduction eRehabilitation of natural water cycle

®3-Rs policy: reduce, reuse, recycle eStimulating of public participation

Common Background shared among Asian Countries

@ Very Rapid Industrialization and Urbanization
@ Discordant Development on environmentallv-rich Alluvial Plains

T S TR T ke L = o i i et S |
@® Strong Initiation for | _'E ‘Grow Now, Clean Later’ | @ Weak Governance
Developments { ___@Strategically Appropriate Approach? ___! & Institutions
Basin Management Systems
[Flood-Mitigation, Pollution-Control, Water-Demand Control ]
@ Structural Measures (Water-related Infrastructure Building)
@ Non-Structural Measures (On-Site Type Facilities by Private Initiatives)
A
I Flood-Mitigation | L Pollution-Control l LWate r-Demand Control I
[River Works] [Sewerage Works] [Water Works]

‘g £ @ Multi-Purpose Dams @Public Sewerage Works @ Multi-Purpose Dams
Z E @ River Improvements @Basin-Wide Sewerage @ Water —~Mains for General Water
= E.:' @ Diversion Cannels and Work Supply and
v =

Reservoirs

Industrial Water Supply

@ On-Site Strom Water
Retention/Infiltration Systems
@ Green Earth Preservation
@ Flood-Prone Area Map
[Developer-Pay-Principle]

SOMSBA
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[:Polluter—Pa}*-Principle]

@ In-house Wastewater
Treatment Units
@ Septic Tanks
@ Collection/Disposal of
Night Soil
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@ In-house Treated
Wastewater Recycling
@ Raising of Water Charge
@ Regulation for Over
Extraction of Groundwater
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Creation of Sustainable Society Models

]
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Fig. 1 Total framework for basin management systems

Phase-3: Aftercare for Oil-Crisis (1970s-80s)

~sNon-structural measures

Reduction of ever-increasing consumption of energy/resources
needed to make Japan susceptible
resources-rich leading

was less against
stimulate
energv-saving technologies and to enhance
eco-industries/clean production technologies in our country;
Phase-4: Creation of Sustainable Society Model (1900s-2000s)
We have to deal with international commitment for Green
House Gas (GHG) reduction, thus trying hard to create
eco-friendly urban system models based on public participation
schemes.

Herein, the details on the basin management systems are

foreign countries to

successfully

described in following chapters on the three water-related-
namely (a) flood-mitigation, (b)
pollution-control and (¢) water-demand control.

infrastructure objectives:

ﬂ

(Introduction of on-site type svstems)

7_.:-Stmct}_g‘s_11 measu.res N
(Convcnhona[ mirabtmcture bmldmb)

[2A9]

aln- sta mﬁastructure bulldmc

_.]m:opnN |e——12a07 udiommpy

€ —Phase-2 P14 Phase-3 '+* Phase-4 ¥

Fig. 2 Function of basin management systems



2. HYPOTHESIS OF THE STUDY

This paper is building up the hypothesis that the basin
management systems should be needed firstly to supplement
the insufficiency of infrastructure building under weak
governance under rapid urbanization and secondly to boost
reducing/recycling of water resources toward sustainable
society models creation.

Fig. 1 shows the total framework of the basin management
systems fabricated for the water- infrastructure related three
fields: (a) flood-mitigation, (b) pollution-control and (c)
water-demand control.

Fig. 2 shows the functions of the basin management systems
phase-by-phase: herein, the vertical axis shows the function
level with regard to relevant components and the horizontal
axis shows the chronological stage from Phase-2 to -4 as shown
in afore-cited Table 1.

In any phases, there may be the stable role played by
national-level infrastructure building which should support
socio-economic sustainability of the country on the long run.
On the contrary, in the municipal-level infrastructure building,
the role of (1) structural measures and (2) non-structural
measures differs, as the phase differs.

In Phase-2 as of high economic growth stage, the role of the
non-structural measures is absolutely significant to support
people’s welfare, since the governance level is so weak. In
Phase-3 as of aftercare stage for oil crisis, the role of the
structural measures become more influential,
non-structural measures maintain the definite role to support

while the

reducing/recycling of resources.

In Phase-4 as of stage toward sustainable society models
creation, there shall be the ever-lasting role played by the
non-structural measures to further enhance energy-saving
models and recycle-oriented society models toward the future.

3. FIELD OF FLOOD-MITIGATION

3-1 Phase-1: Economic Rebuilding (1940s-50s)
When the world war had ended,
everything except for human resources and natural water

Japan had lost almost

resources. Herewith, the national government decided to give
highest priority to main-stay-type infrastructure building such
as national-basis trunk river improvements, and construction of
dams and power lines in order to make the most of scant
financial resources for prompt industrial development. And
based on such particular economy-immediately-back-to-track
policy, Japan could build launching pads within a relatively
short period for high economic growth expected in the
following decades.

Flood-protection on the national level was the historical
long-standing concern of our nation, since metropolitan regions
had been located on the alluvial flood plain of major trunk
rivers: namely River Tone, Arakawa and River Tama in case of
Tokyo Metropolis as shown in Fig. 3.

To mitigate monsoonal flood-impact, the national government
had implemented river works in this region. Among them, the
most important was construction of the diversion channel of

River Arakawa i 1920s-30s, which intended to divert
flood-water off downtown of Tokyo to its eastemn suburbs.
Further during this period, additional flood-risk abatement
measures were needed to protect the region with higher level.
For this purpose, dam construction projects were implemented
in the upper stream of the two major trunk rivers. Most of these
dams were of multi-purpose type in line with cost-cutting
objectives: controlling flood in rainy seasons and generating
hydro-power in dry seasons.

3-2 Phase-2: Pre-High Economic Growth (1960s)

During this stage, Japan experienced nation-wide
industrialization and due rapid urbanization accompanying with
rampant discordant developments.

Fig. 4 shows the expansion of the densely inhabited district
(DID) in Tokyo Metropolis from 1960-1995, where total
population increased from 13 million to 29 million. The annual
population growth reached at some 500 thousand in 1960s in
Tokyo. As a result, the proposed plan for green-belt had no
deterrent effects to rapid urbanization as previously verified in
the Greater London Plan in 1940s.

Due to the delay of local-basis river works, we have had serious
flooding in the low-lving downtown of Tokyo as shown in Fig.
5. The main cause of the flooding was preceding discordant
developments on the hilly areas. They increased the run-off
ratio in the river basins very steeply. However, municipal
governments could not manage the total urbanization properly
because of their weak governance against strong development
initiation by private sectors.
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Fig. 4 DID expansion in Tokyo Metropolis
(1960-1995)
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Fig. 5 Typical urbanization-induced flooding
observed in downtown of Tokyo

Taking such wurgent socio-economic conditions into
consideration, specified flood-protection measures had to be
figured-out together with financing scheme based on private
initiatives. The scheme was legalized in the New City Plan Act
in 1963 to stipulate that developers should undertake
development-related river works at their cost based on
‘developer-pay- principle .

In line with such schematic measures, on-site type storm water
run-off retention svstems were installed in the general
development projects as shown in Fig. 6 (left).

However, such measures were only agreeable for developers
under condition that capital gains should be expected through
developments, since some 3% of the project area had to be
generally ear-marked for the storm water retention purpose.
Accordingly, developers managed to introduce less-costly storm
water infiltration systems as shown in Fig. 6 (right) in later
years.

3-3 Phase-3: Aftercare for Oil Crisis (1970s-80s)

In 1974, oil price went up 5 times higher in the world market
sharply. The new socio-economic state recognized us that our
country is too dependent on oil-producing countries. Hereafter,

the national government figured-out energy-saving measures to
enhance susceptibility in terms of energy resources.

Meanwhile, the framework of the basin management systems
was fabricated and established based on ‘public-private-
parmership’ through planning to incorporate the on-site type
storm water retention systems by private initiatives into the
public river works particularly in the highly urbanized river

basins.

Fig. 7 shows the configurations of such on-site type storm
water retention systems introduced in the Tsurumi River basin,
one of the highly urbanized river basins in Tokyo Metropolitan
Region. Total capacity of these on-site-type retention systems
are standing at approximate 2.8 million m3 against the basin
area of 235 km2, which is equivalent to the rainfall amount of
11 mm. Most of such retention systems are utilized for
bio-topes or greening open spaces and maintained by local
voluntary citizen groups.

As a result, the basin management systems were to be
composed of the following two elements as shown in
afore-cited Fig. 1: (1) structural measures such as public river
works and (2) non-structural measures such as on-site type
storm water retention systems supported by private initiatives,
green earth preservation in the river basins, disclosure of
flooding-prone area map for risk-abatement and so forth.

3-4 Phase-4: Creation of Sustainable Society Models
(1990s-2000s)

In 1992, the Agenda 21 for a sustainable development was
proposed by UN Earth Summit in Rio de Janeiro. World leaders
recognized the necessity of GHG reduction scheme, which was
materialized as the so-called Kyoto Mechanism five year later
in 1997 in accordance with Kyoto Protocol.

In 2005, Framework Convention on Climate Change has been
effectuated, where major developed countries should be
requested to reduce CO2-gas emission to 1990 level in 2000s.
Among this framework, the most critical is Clean Development
Mechanism (CDM) to be jointly executed between developed
countries and developing countries. In line with such up-to-date
conditions, Japan decides to be involved in the intemational
commitment to the above-mentioned framework.

In the field of water-related infrastructures, the most urgently
needed is the rehabilitation of natural water cycle and
eco-system, where mitigation measures shall be indispensable.
Further, taking sustainable maintenance of the eco-system into
consideration, public participation is also desired and needed.
Fig. 8 shows model projects which were created in new town
areas in Japan. The basic measures are mitigations of the
impact to natural water cycle brought by the development
activities. It 1s recognizable that both preservation of green
earth and introduction of on-site type storm water retention

Left: rainwater retention facilities, Right: rainwater infiltration facilities
Fig. 6 On-site type runoff reduction system models based on ‘developer-pay-principle’



F]g 7 Conlmuranons of on- sne storm water retention
systems in the Tsurumi River Basin

Fig.8 Natural water-cycle rehabilitation models
mtroduced in new town areas

systems are necessary for implementation of the mitigation
s_vstems.

These models may be the launching pad for boosting the
rehabilitation of natural water cycle in the near futre. In
several highly urbanized river basins, master plan arrangement
has been commenced based on initiatives by the national
government. On the other hand, many municipal governments
are preparing design-manuals and subsidy schemes to promote
the on-site type storm water retention systems which could be
the basis for further promotion of such rehabilitation projects.

4. FIELD OF POLLUTION-CONTROL

4-1 Phase-1: Economic Rebuilding (1940s-50s)

The 'Grow-now, Clean-up-later’ strategy had been applied to
attain economic rebuilding promptly within a very short period.
However, the strategy had luckily imposed very limited
environmental impacts to our country, since GDP level had
been low.

4-2 Phase-2: Pre-High Economic Growth (1960s)

In USA, Dr. Rachel Carson publicly announced the toxicity of
pesticide called DDT in her publication entitled ‘Silent Spring’
in 1962. As far as her publication goes, remaining pesticide i

the soil was transferred to earth worms and finally transferred
to robins through the food-chain mechanism as shown in Fig. 9.
She found out density of the chemical became thickened
enough to kill the birds through this food-chain process. It
finally made normally ‘noisy spring’ in US with their usual
twittering ‘silent’. As a result, her courageous deed helped USA
to establish environmental legislation within a short period.
During the same period, Japan had to leam much bitter lesson
due to heavy industrial pollution on the way to high economic
growth. It resulted in strict health damages over many local
people.

In case of the most notorious Minamata-disease, approximate
100,000 persons reportedly suffered from health problems
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Fig. 9 USA's bitter lesson learned from “Silent
Spring’'in 1962 by Dr. Rachel Carson
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Fig. 10 Japan’s bitter lesson learned from
Minamata-disease in 1960s




because of long-term intake of mercury-polluted fishes. The
mercury was discharged from the chemical company into
waters off the southern Japan. Once thickened in mother’s body,
the mercury was transferred to her baby to damage the neural
systems as shown in Fig. 10.
It took more than 10 years for the national government to
identify the real cause of the Minamata-disease. However, the
legislation had been old-fashioned and insufficient to prevent
turther industrial pollution.

4-3 Phase-3: Aftercare for Oil Crsis (1970s-80s)
In the wake of public awareness toward environment - risk
abatement, Water Pollution Control Law was enacted to
legalize ‘Polluter-Pay-Principle’ at the Pollution Session of the
Diet in 1970. In addition, Environmental Agency was organized
in 1971.
Herein,
introduced to attain the water quality standard in the designated
waters. These schemes gave industrial sectors very strong
incentives to install in-factory waste water treatment systems as
preventive measures.

basin-based sewerage master plan schemes were

It is recognized that the annualized cost of later remediation
and paying for compensation to victims may be anvwhere from
2 BE 2
10 Eeo- mdusm' Producnon (Bllhon  Yen)

2000 e il I
Eco-industry Production GDP
1000 ¢ RN
e 2=t
= -*%’. f"';“:“m'l:]‘ mEE]

= MLQ‘D j ‘wq
“q,,h-h!!ll E!ﬁ Elg
19700 1972
1969 1T}

(DT
1967

146K

IL."" 1973 1977 1970 J9K8] |98 |9KS

1974 1976 1975 1980 1982 1984 1986 1988 1990 1992 1994

5 to 126 times higher than the cost of implementing preventive
measures. Our experience confirms prevention is indeed better
than the cure in many cases. In other words, the policy placing
growth before environment would be incorrect in economic
financial terms (Wilfrido Cruz et al. 1998).

Although many economists had worried about the negative
impacts due to the cost for the preventive measures, final retum
was more fruitful than expected in boosting GNP to higher
level. Meanwhile, so-called clean production technologies
became popular with eco-friendly products welcome by
ordinary users. In addition, the size of eco-industry market
relevant to such preventive measures has been growing steadily
from ¥300 billion in 1970 to ¥1,500 billion in 2000 in line with
stable GDP growth as shown in Fig. 11 (JICA, 2004).

Fig. 12 shows the on-site type waste water treatment unit or
*Johka-so” installed household-basis. These systems have been
workable for immediate pollution control in rapidly urbanized
areas together with night soil-collection-and-treatment systems,
until public sewerage services could be fully reached.
Preventive measures based on our bitter lesson in Phase-2 have
been workable so far in water quality control in the rivers in
line with progress of public sewerage works. However, they
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Fig. 11 Change of eco-industry production and GDP in Japan (1966-2001)

may not be an ultimate solution for the water quality control in
closed-type public waters because of various unknown factors
such as pollutant accumulation and internal production.

Upon the mentioned-above cognition, the pollutant-load control
measures were introduced for three designated closed-tvpe
waters including Tokyo Bay in 1979. Further, Lake Water
Quality Control Act was enacted in 1984 for water quality
improvement in the designated lakes, where the pollutant-load
reduction guidance for industrial sectors were to be announced.
4-4 Phase4: Creation of Sustainable Society Models
(1990s-2000s)

OECD review on Japanese environmental policy conducted in
1977 stated “Japan has won many battles against pollution, bur
the war with improving the quality of the environment remains
o be fought and won.” Sixteen vears later in 1993, another
OECD report commended Japan for having succeeded in
decoupling pollution from economic growth.

The water quality up-grading process of Sumida River in

i
‘

In-house wastewater treatment system (Joka-so)



Tokyo indicates that recent progress of public sewerage works
is helpful to the water quality improvement as suggested from
Fig. 13.

Due to the recent improvement of water quality, developments
have been commenced in the waterfront areas once used for
industries as shown in Fig. 14 (Hideo Nakamura, 2000).

On the other hand, leading prefectures are preparing more
comprehensive basin management systems to meet the
above-mentioned need to improve the water quality particularly
in the closed-type waters. The most advanced is the master plan
named “Mother Lake 21" proposed in 2000 for Lake Biwa by
Shiga Prefecture, where 1-rst World Lake Conference was held
in 1990.

As far as this master plan goes, continuous and steady
operation of the total systems is needed.

The lake water quality preservation schemes are herein
composed of two elements as shown in afore-cited Fig. 1: (1)
structural measures such as basin- wide sewerage systems and
(2) non-structural measures such as in-factory waste water
treatment facilities introduced by private initiatives and
promotion schemes for grass-root lake-cleansing activities.

The desirable is strong consensus among local sectors that local
aquatic environment should be preserved as their ‘invaluable
common ' from the long-term perspective.

There would be a bright hope, because we have had steadily
surging voluntary activities seeking for preservation of aquatic
environment as shown in Fig. 15. In addition, we could expect
supporting to make such voluntary activities more sustainable
from various corporations which are seeking for social
corporate responsibility (Jun Matsushita, 2006).

Service Rate (%) BOD (mg/1)
100 = 1 40
Standard BOD level "
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(Source: Hideo Nakamura, 2000)
Fig. 13 Change of water quality & sewerage
service rate in River Sumida, Tokvo

Fig. 14 Recent developments in waterfront areas along
the Tokyo's once polluted Sumida River

Circa 1§

(Source: Shiga Prefecture Government)
Fig. 15 Grass-root activities rooted back to anti-detergent
movement for Lake Biwa in 1960s

5. FIELD OF WATER DEMAND CONTROL

5-1 Phase-1: Economic Rebuilding (1940s-50s)

The national government had introduced Multi-purpose Dam
Construction Act in 1957 to meet increasing demand of water

supply during the economic rebuilding period. As described in
Chapter 2, the dams constructed herein were almost
multi-purpose types in accordance with cost-cutting purposes.
5-2 Phase-2: High Economic Growth (1960s)

To meet rapidly increasing demand of water supply, Water
Resources Development Promotion Act was enacted in 1961.
The national government made basin-wide comprehensive
water resources development plan, where many multi-purpose
dam projects were proposed and implemented in the major river
basins in metropolitan regions.

On the contrary, groundwater use mainly by industrial sectors
had been continued since pre-war years because of its easiness
and lower costliness. And over-extraction was accelerated
during the high economic growth period in 1960s-70s. In
addition, water-shortages in some newly urbanized suburban
areas promoted groundwater use further.

Based on such socio-economic conditions, the over-extraction
of groundwater had caused strict land subsidence in
metropolitan regions: total land subsidence reached at most to
4.5 meters in downtown of Tokyo. As shown in Fig. 16, there is
a wide area with ground level of 2 meters or more below M.S.L
(Hideo Nakamura, 2000).

To prevent further land subsidence, Industrial Water Act was
enacted in 1936 to control extraction of groundwater. Further,
Building Water Control Act was legislated against so-called
free-riding-stavle groundwater use in buildings and factories
located in metropolitan regions. However, they were not so
effective against complete stop of the land subsidence until the
oil crsis in 1973 which urged industrial sectors to cut
production cost mainly through introducing in-house
wastewater recycling systems (Kazuki Tsuji et al, 2006).
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Fig. 16 Ground level of downtown of Tokyo

; i : ;
Water main === Tosewer ~ T F s

~——  Amenity use

In-house wastewater Treatment Plant l

BAHAL A7 LB20

Above: Treated wastewater recycling svstems
Below: Rainwater recycling systems
Fig. 17 In-house water recycling systems

3-3 Phase-3: Aftercare for Oil Crisis (1970s-80s)

The oil crisis gave us the turning point on our previous easy
tree-riding-stvle way for water consumptions. In accordance
with a need for reducing demand for water resources,

mntroduction of basin management systems was also needed.

Raising the water charge became popular for most water
suppliers. Herein, gradually-increasing-type charging schemes
were introduced to make bigger consumption more charged in
order to lead to less consuming society. As a result, workability
of such schemes was recognized for every sector.

In addition, some of the municipal governments introduced
ordinances in order to regulate installation of in-house treated
wastewater and/or rainwater recycling systems for large-scale
urban renewal projects as shown in Fig. 17.

In case of Tokyo Metropolitan Government, the guideline was
to be adopted to the urban renewal projects with tloor area of
30,000 m2 or more (recently up-graded to 10,000 m2 or more).
And the national government introduced subsidiary systems to
enhance recycling of treated wastewater in the particular
water-shortage area.

In summary, the above-mentioned basin management systems
were composed of two elements as shown in afore-cited Fig. 1:
(1) structural measures such as promotion of water-main
construction particularly for industrial sectors to reduce
disorderly groundwater use and (2) non-structural measures

such as gradually- increasing charging schemes and treated
wastewater recycling systems by private initiatives.
5-4 Phase-4: Creation of Sustainable Society Models

(1990s-2000s)

Herein, the analysis is made on the previous trend of water
consumption 1950s-1990s to evaluate the sustainability of
Japan.

Fig. 18 shows the chronological change of annual civic water
amount supplied to the nation alongside water amount
estimated per capita basis. It is recognized that the annual water
amount supplied to the nation has been increasing sharply
1950s-2000s. However, the water amount estimated per capita
basis has become stabilized at around 400l/person/day since
1970s. It is apparent that the non-structural measures
introduced in the wake of the oil crisis has been workable to
reduce water consumption definitely.

On the other hand, Fig. 19 shows the chronological change of
annual water consumed by industrial sectors and its breakdown
alongside water amount excluding in-house recycled water
amount (per GDP basis). It is recognized that the annual water
consumed by industrial sectors has been increasing sharply
1960s-1970s and relatively stabilized 1980s-2000s in line with
the progress of in-house recycled water use. And the water
amount excluding in-house recycled water amount (per GDP)
basis has been continuously decreasing since 1960s.

It is apparent that the regulation on free-riding-style
underground water use introduced in 1960s has been workable
so far both to stimulate cost-cutting incentives for industrial
sectors effectively and to promote in-house treated wastewater
recycling systems.

As a whole, it seems likely that Japan has been successful in
water-demand control based on the basin management systems.
In addition, it may be suggested that such system be adoptable
to other Asian nations which are facing very rapid
industrialization and urbanization today.
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Fig.19 Change of industrial water consumption in Japan (1960s-2000s)

6. CONCLUSIONS

This paper examined the building process of basin management
systems in line with relevant policy management under Japan’s
industrialization and due rapid urbanization during the high
economic growth to off-set weak governance and verified the
in the three water-related

tflood-migration,

workability of the systems
infrastructure  building  fields:
pollution-control and water-demand control,
As a result, the followings were clarified:

namely

(1) The svstem was fabricated in the following three
water-related fields:
pollution-control, and water-demand control during the high
economic growth period in accordance with the weak

infrastructure tflood-mitigation,

governance.
structural
measures and non-structural measures, which were mainly

(2) The system was composed of two elements:

based on the on-site-type facilities supported by private
initiatives or ‘cause-pay-principle which have been legalized

in the City Plan Act.

(4) The system has been workable in supplementing public
works at the imitial high economic growth stage as well as in
reducing water consumption during aftercare period for the oil
crisis as of 1970s.

(3) In addition, the system is expected to be workable in
creation of the sustainable society models in terms of water
resources.

(6) As a whole, it is recognizable that the functions of the basin
management systems might be widely available for solution of
various water-related problems in the countries under rapid
urbanization and industrialization.

Herein, taking the
socio-economic conditions encircling most countries in Asia,

into  consideration recent tighter
applicability of the basin management systems could be much
higher, if they might be well-prepared.

In addition, the systems are desired in these countries, which

are facing simultaneously two types of basic socio-economic



demands: (a) promoting of water-related infrastructure building
under rapid urbanization and (b) reducing of ever increasing
water consumption and/or introducing of recycle-oriented
society models in line with volatile recent world resources
market.
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Appendix 1: Basin Management Systems Development in Japan (1940s-2000s)

Stage

Basin Management Systems

Flood-Mitigation and Water-Demand Control

Pollution-Control

Phase-1(1940s-50s)

(*47) Nation-wide Typhoon Disaster

(*56) Outbreak of ‘Minamata-disease’

(‘67) River Act [River Management Systems]
(*68) City Planning Act
[Regulating of Discordant Developments)

Economic Rebuilding | (“56) Industrial Water Act (*58) Water Quality Preservation Act
(°57) Multi-purpose Dam Construction Act (°58) Sewerage Act

Phase-2(1960s) (*61) Water Resources Development Act

Pre-High Economic (*62) Building Water Control Act ('62) Publication of ‘Silent Spring 'in USA

Growth (*65) Urbanization-Induced Flooding in Metropolis

(*68) Oflicial Identification of the Cause of
Minamata-disease bv MOW

Phase-3(1970s-80s)

Aftercare for O1l
Crisis

('73) Oil Crisis
[Introduction of Resources-Saving Policy]
(*74) In-House Wastewater Treatment Systems
[Ordinance by TMG]
(*77) Systematization of Basin Management for
Flood-mitigation [Highly Urbanized Basins]
(*79) Treated Wastewater Recycling Systems
[Subsidiary Systems by MOC]

(770) Pollution Session ol the Diet:

(*70) Water Pollution Control Law
[Polluter-Pay-Principle]

(°70) Schemes for Basin-based Sewerage Svstems

(*71) Setting-up of Environment Agency

(‘72) UN Conference in Stockholm

(*79) Pollutant-Control Systems for Closed Waters

(°84) Lake Water Qualitv Control Act:

('84) I1-rst World Lake Conference in Shiga-ken (Lake Biwa)
('87) ‘Sustainable Development'in ‘Our Common Future announced by UN-CED

Phase-4(1990s-2000s)
Creation of

Sustainable  Society
Models

(*90) Guideline for Ecosystem-Preserving-Type River Improvement by MOC

(*91) Conceptual Plan toward Creation of Zero-Emission Society by United Nations University (UNU)
(‘92) UN Conference in Rio de Janeiro on Environment and Development & Sustainable Development]
(°93) Eco-Friendly Housing Creation Schemes by MOC

('97) Kvoro Protocol toward Framework for Climate Change Prevention [Kyoto Mechanism]

(*00) Recycle-Oriented Society Creation Act

(*00) ‘Mother Lake 21 Plan’ toward Sustainable Basin Management of Lake Biwa by SPG
(04) Natural Environment Rehabilitation Act , ('05) Landscape Rehabilitation Act
('03) Effectuation of Framework for Climate Change Prevention [Kvoto Mechanism]

Note; (1) MOC: Ministry of Construction, (2) MOW: Ministry of Public Welfare,
(4) TMG: Tokyo Metropolitan Government, (5) SPG: Shiga Prefecture Government
(6) Iralicized letter is for the international affairs relevant to the subject.




Appendix 2: Outline of Total Basin Management System in Tokyo Metropolis (1940s-2000s)

eBasin Management Svstems for (Left) Water-Pollution Control & (Right) Water-Demand Control

From left: (a) Heavy water quality pollution during
pre-economic high growth & (b) Structural measures
(wastewater treatment plant)
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recycling systems & (b) In-house
treated wastewater reycling systems
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L Introduction

For Kumamoto City, the 3rd large city in Kyushu island, Japan,
its groundwater is an indispensable asset. The city is the
prefecture capital and accommodates as many as 670,000
residents, and still every single water tap gives mineral water
from underround. Natural water springing up from the ground
fills Lake Ezu, Suizen;ji Park, and many other locations within the
city. There are few other cities like this size in Japan (Fig. 1).

So far, Kumamoto City has thrived thanks to the blessings of its
precious and abundant groundwater, and their task for the future
is to let the future generations enjoy the same blessings of rich

and clean groundwater. At the very least, they, Kumamoto
citizens, have to accomplish this task.

The plain fact today is, however, that some say we are running
out of the groundwater reservoirs, while others saying that the
reservoir is already on the verge of drying up. Indeed, the

£

Fig. 1 Location of the study area

groundwater level has been declining over time ”, and so has the
discharge volume springing from Lake Ezu Visibly, their
groundwater reservoir is diminishing.

Before it is too late, Kumamoto citizens and corporations
involved in or using the groundwater have to learn what is
happening to their groundwater and how indispensable it is, and
take measures to preserve their groundwater reservoir.

II. Basic aquifer structure of the western Aso mountain foot
groundwater basin
Fig. 2 shows the surface geology of the area. Most of the study
area 1s covered by the volcanic pyroclastic deposit which has
created by the four major eruptions of Mt. Aso caldera during
0.26 Ma and 0.09 Ma. There are two aquifer system; No.1 aquifer
of unconfined system and No.2 aquifer of confined system. The
No.2 aquifer is the major groundwater resources of the area which
develops over the Kumamoto region in the Fig.1. Because of the
relatively high local precipitation amount (2200mmv/yr) and the
permeable geological characteristics of the pyroclastic deposit,
the huge groundwater aquifer basin has been created in this
region.
Fig. 3 shows the groundwater potential distribution of No.2
aquifer in October, which is the high water season in the vear. In
the red dashed circle area, the annual groundwater level fluctuate
more than 10 m which means the huge amount of recharge has
been created during rainy June to tvphoon summer in this area.
Because of the lack of the lacustrine deposit which separates the
unconfined and confined aquifers in this area, there exists no
No.1 unconfined aquifer system thus rainwater and irrigation
water can infiltrate directly into the No.2 aquifer system. This
geologically unique area has been called the groundwater pool of
this aquifer and has been thought as the important area for the
eroundwater recharge to the No.2 aquifer.
The groundwater recharged around this area has been flowing
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1: Alluvium, 2:Cliff deposit, 3: Aso crater hill, 4: Kufuno deposit,
5: Terrace, 6: Takayubaru lava, 7: Pyroclastic flow deposit, 8:
Ichinodake lava, 9: Yoshino deposit, 10: Pre-Aso volcanic rocks
(Kinpo voleanic rocks) 11: Pre-Aso volcanic rocks (others), 12:
Cretaceous sedimentary rocks, 13: Metamorphic rocks.
(Kumamoto prefecture and Kumamoto city, 1995)

Fig. 2 Surface geological map of the study area
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source:Kumamoto prefecture and Kumamoto city, 1995 *
Fig. 3 Groundwater potential distribution of No.2 aquifer of
Kumamoto area (Oct., 1993)

toward south west along the blue arrows in the Fig. 3 and
springing up from the ground fills Lake Ezu, Suizenji Park, and
many other locations within the city. The traveling time of this
flow takes 10 to 20 years.

III. Importance of the mid stream area of the Shira river for
the groundwater recharge
In the previous section, it has shown that the geologically unique
groundwater pool in the No.2 aquifer exists around the mid
stream area of the Shira river. The evidence of the recharge
system could be traced by using environmental stable isotopes of
water. Fig 4 shows the stable oxygen isotope content (5'°0 %o ) in
the No.2 aquifer groundwater and Shira river water. Oxygen

=
Q

content in the major part of the No.2 aquifer is around -6.8 to -7.0
(%o), while there develops relatively high tongue shape pattemn of
the isotopic content originated from the mid stream area of the
Shira river. The stable isotope content in the water has been
affected by the temperature and this has confirmed as the altitude
effect of the precipitation. This means that high altitude area has
high isotopic content. The oxygen isotope content (8'%0 %o) in the
Shira river water is shown as -8.1 (%o) in the Fig. 4, which
represents the relatively high altitude of the Shira niver
catchments area. The tongue shape pattern of the high isotopic
content in Fig.4 clearly showed the evidence of the infiltration of
the Shira river water to the No.2 aquifer through the mid stream

area of the river 2.

IV. The volume of the groundwater in the area

Ever since Kumamoto City set up observation wells to measure
the groundwater level in 1986, the level at Suizenji, one of the
discharge area observation wells, has been diminishing over time.
(Fig. 5) A decline in the water level is also observed at the
recharge area observation well, Ozu, in the middle-stream area of
Shira River as well. (Fig. 6) The discharge rate of spring water
at Lake Ezu, Suizenji, has diminished by some 20% during the
last decade, from approximately 500,000 m® a day to 400,000 m’
a day (Fig. 7). This was about 1,000,000 m’ a day around 1950°s.
When we calculate the “balance™ of groundwater, i.e., deduct the
outlet flow® from the recharge of groundwater’, the balance has
been in the red. (Fig. 8) Though the “balance” of the groundwater
is affected by the rainfall, the balance is still in the red with the
average annual rainfall. Thus, the “deficit” accumulates year by
year. To tum the “balance” into the black, we have to cut down
the volume of water pumped out and increase the recharge of
groundwater. On one hand, the total withdrawal of groundwater in
Kumamoto City has been on the decline, mainly due to the
considerable decrease in the volume of groundwater taken in for

@ Groundwater
A River water (R.Shirz )

ig. 4 Stable oxygen isotope content (50 %o) in the No.2
aquifer groundwater and Shira river water (Kosaka, H. er
al. 2002)
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Fig. 6 Year-to-year changes in the groundwater level at Ozu in the mid-stream area of Shira River
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1990

705.5 recharge — 718.1 outflow

= -12.6 million m’

1998

666.1 recharge — 686.5 outflow

= .20.4 million m’

Fig. 8 “Balance” of groundwater of the Kumamoto region
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Fig. 9 Year-to-year changes of the groundwater withdrawal in the Kumamoto City

industrial and agricultural use. (Fig. 9) While, the water for
everyday use has been occupying a larger share in the whole
water consumption and now accounts for more than 70% of the
whole consumption. Also. though the volume of everyday water
consumed by a citizen each day has been either leveling off or
slightly diminishing recently, it is still very large, at 254 liters in
2002 for instance. Compared to that of a Fukuoka City citizen
(203 liters in the same year), an average Kumamoto citizen
consumes more water. To reduce their water withdrawal, they
need to reduce the water to use for everyday life.

The major reason to make the water balance being in the red is
not the groundwater withdrawal but the decrease of groundwater
recharge. Table 1 show the comparison of the groundwater
recharge rate depends on the type of land use. Paddy field works
as the signiticant groundwater recharge source, while the urban
land use such as homestead, building, and paved road works as
very little recharge contribution compare to the farmland.

Fig. 10 shows the change of the urban land use area in the
Kumamoto area during last 30 years. City population growth

caused to expand the urban land use area so large and this has
increased  less infiltration area with urban land use replaced by
the previous farm land. This recent land use change should be the
major reason to decrease the groundwater recharge rate of the
study area. The expansion of this urban land use was not only in
the city of Kumamoto area, but also invaded into the marginal
area of the Kumamoto city which worked as the recharge area of
the No.2 aquifer. An especially notable case is the decline in the
area covered by paddy rice field in the mid-stream area of the
Shira River. Fig. 11 shows the change of the non agricultural use
area in the mid stream of Shira River from 1930 to present. Red
collared non agricultural use land has been gradually expanding
during last 70 years. In 2002, the green collared area is the paddy
rice field and orange collared area is the vegetable field. Even in
the farm land, the land use pattern has been changed from rice
paddy field to dry vegetable field by the national policy to control
rice production which does not need irrigation water for the
growing season. As mentioned in the previous section I, the mid
stream area of the Shira river is quite effective recharge area for



Table. 1 Volume of water recharged to the groundwater for different land uses type

Water r:charged to the reservoir :  Area Water recharged pe'r.lklhzr
; 322,503 million m’ 84.820 km® 3.802.000 m’/km*
287.736 million m’ 376.060 km® 765.000 m*/km?
(excludmg mountams).
Mountams 91.134 million m’ 392.680 km’ 232,000 m’/kin’
" Total - 701.373 million m’ 853.560 km?® —

(Source) Comprehenswe survey of oroundwater in the Kumamoto region conducted by the Prefecture and Kumamoto City in 1994

f‘- 3 Urban land use

Fig. 10 Change of the urban iand use area from 1963 to 1997
n the Kumamoto area.

' 1930—1938
2500ha farm land

1997 S
2100ha farm land 2 -
Non agnaultural use &

Paddy field
Vegrtable field

Fig. 11 The change of the non agricultural use area in the mid
stream of Shira river from 1930 to present (Ichikawa,
2004)

the No.2 aquifer of this region. When the local farmer use this

land as a paddy field, it was notorious to consume a lot of

irrigation water because of leakage from the bottom of the paddy
field. The average daily irrigation water leakage from the rice
field is nearly 100 — 200 mm which is nearly 10 times bigger than
that of the normal Japanese paddy rice field. This is caused by the
coarse gravel layer deposited in this area. Although the high
leakage is not good for the local farmer to produce rice, but it is
good for the groundwater recharge of the region. About a half of

the previous rice paddy field has been turned into residential land
or the dry vegetable farming lands, which has reduced the volume
of water recharged to the No.2 groundwater aquifer of this area.
We believe this reduction has seriously affected the regional
groundwater resources.

V. Integrated groundwater resources management

To preserve Kumamoto's abundant groundwater resources for
their future generations, it is necessary to increase the recharging
of water to the groundwater reservoir and reduce groundwater
withdrawal, in order to preserve the groundwater reservoir in a
reasonable condition considering the existing
Kumamoto prefecture
government has to take specific measures to achieve these

groundwater
volume and the basic recognitions.

objectives. They have, therefore, defined the three directions
listed Fig. 12, so they can take comprehensive and systematized
measures. In addition, they have set a major target for each of the
basic directions, considering their recognitions about the
groundwater volume, to maximize the effect of the measures they

take ¥

(1) Basic direction 1: Save water

To preserve this precious groundwater for future generations, the
administration has to play a comprehensive and leading role. Still,
since groundwater preservation involves many parties in many
ways, the administration cannot play all the roles necessary. There
is a limit to the role the administration alone can accomplish.
Thus, the administration, citizens, and businesses should join
hands and play their respective roles, with their respective
initiatives, to carry out the plan to preserve and develop their
groundwater.

To preserve the limited resource of water, we need to make “no
wasting of water” regulations which every citizen has to observe.
The portion of contribution made by a single citizen to water
saving is small and hard to notice. To make water saving an
established awareness of the citizens, the administration should
not work alone. Rather, it should work with citizens, corporations,
etc. and continuously try to increase and establish the save-water
awareness. Therefore, it should be planned and proposed a system
where citizens can recognize the importance of water, consider
how to save water, and act accordingly, so that the efforts to save
water can increase all over the city. At the same time, it is better
to collaborate with schools and local organizations to let the local



Basic direction 1: Save water. (Culling down wale
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Fig. 12 Three major directions for the groundwater resources
management.

They have set the following numerical goals of our efforts to be
achieved by Year 2008.

Target figures

Target figures [Tabe achieved by Current figure/Year
k:\:'us:inmmﬂmilmg:lcmal 2000 /2008 )
groundwater reservorr (in 10,000m’)
Reduction in annual groundwater f
& H ki o ol
T o 400 (1,13) /2008 (11712002
Consumption of water for everyday use 23072008 2547002

by acitizen per day (in liter)

*The target figures in the increase in annual recharge to the
reservoir are tentative figures, based on the supposition that an
increase of 30 million m” is necessary for the whole Kumamoto
region to restore the groundwater level stability of around 1985.
Now, since Kumamoto City accounts for approximately 60% of
the total water withdrawal of the region, the city should be
responsible to boost up its annual recharge by 3,000 m®.

communities start their efforts to raise citizens’ awareness to save
water and of their responsibility. Therefore, it is planned to install
an organization, tentatively called the “Save-water Partnership
Conterence” in collaboration with “Eco Partner Kumamoto™ and
others organizing a citizens’ movement to save water.

At the same time, they are in urgent need to begin reducing water
wasting. Thus, they take specific and effective measures to reduce
water wasting while at the same time raising the citizens’
awareness to save water. Concurrently, they increase those tools
and instruments that help citizens save water without conscious
effort to do so, and consider institutional systems to facilitate
water saving measures in buildings, etc. In addition, they will
specity those devices and equipment that save water, and take
other measures to spread such devices and equipment among
houses and buildings newly built and remodeled.

(2) Basic direction 2: Creating more groundywater
Most of the water added to the reservoir comes as a byproduct

from farming and forestry in the middle and upper stream areas of
Rivers Shira and Midon. To increase this addition, it is crucial to
preserve agriculture and forestry in those areas. At the same time,
in those areas where there are both recharge to the groundwater
and progress of urbanization, they need to take some effective
measures to supplement for the loss in water recharge caused by
urbanization, and strike a good balance between development and
water reservoir preservation. They will set up some areas to
recharge the water reserve within the urbanized districts,
especially in the northeastern highlands. It is considered some
institutional system to recharge more water to the groundwater
reservoir, for instance making it mandatorv to install a rainwater
infiltration tank in buildings and rainwater infiltration equipment
in PVC greenhouses (Fig. 13).

The top-priority measure in increasing the groundwater reservoir,
therefore, is to work in collaboration with the local farming. To
recharge water to their groundwater reservoir, they take measures
to increase water recharge through rice paddies in the middle
stream area of the Shira River, where the largest volume of water
is recharged into the reservoir. More specifically, the “Conterence
to Utilize Rice Paddies for Groundwater Recharge along Middle
Stream Shira River,” a conference formed by the relevant local
communities in land improving districts, Japan Agricultural
Cooperatives (JA), and the governments of Ozu-machi,
Kikuyo-machi, Kumamoto City, and Kumamoto Prefecture, will
be held each year to between development and water reserve
preservation. They will collaborate with the relevant local
organizations to discuss plans to fill rice paddies with river water.
Then they will provide financial assistance to those local farmers
voluntarily filling their paddies with water (Fig. 14). Also they
will consider how to promote voluntary measures to “create
water” taken by corporations and citizen groups.

(3) Basic direction 3: Preserving the groundwater resources
To preserve their water resource for many years to come, they
need to preserve and protect the upper stream areas, which is the
groundwater recharging area. The city administration, as well as
citizens and corporations, need to communicate and collaborate
with those in the upper stream areas. All of them should have the
sense of gratitude to the blessings of water, and understand well
about farming and forest industries in the upper stream areas. This
is because the big groundwater consumer lives in the city of
Kumamoto and the groundwater recharge area in the middle and
upper stream area belong to the different local government as
shown in Fig. 1.

They, therefore, will provide assistance to the groundwater
resource preservation etforts in the whole of the groundwater
recharge area, through a foundation called the Kumamoto
Groundwater Fund. In addition, they will provide assistance to
those corporations, citizens, and other organizations
communicating with the upper stream areas, for instance through
voluntary activities, fellowship events of “trial farming”, toods
and agriculture, etc., so they can understand each other better and
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work well together.

Especially with the rice paddies in the middle stream areas of the
Shira River, they will build an organized collaboration system to
conduct operations to recharge the reservoir, while promoting
manv kinds of fellowship activities such as “trnial farming” among
citizens, corporations, and other orgamzations (Fig. 15). They
will enhance communication and collaborative activities with the
upper stream areas, the groundwater recharge area, so that the
citizens can learm more about farming and forest industries in
those areas. They will promote communication among many
different parties, needless to say including the adjacent
administrative bodies, in order to take collaborative measures to
preserve the groundwater reservoir for many years to come. The
top priority is given to communication and collaboration with the
middle stream areas of the Shira River *.

VL Concluding remarks

Kumamoto City is unique in that it depends on groundwater for
the entire water supply tor everydayv use to its 670,000 citizens.
No other city in Japan can say the same. Kumamoto's
groundwater is also fed mto many different industries as
industrial water, and springs out of the ground surface to create
Lake Ezu, a pond in the Suizenji Park, and other lovely water
environment, where citizens can rest and relax. It is also notable
that Kumamoto has never experienced a water stoppage or water
supply restriction. The city has thrived with no need to build a
water dam or an advanced water treatment plant, which requires a



huge amount of money. They owe all these to the blessings of the
groundwater, which exists in excellent quality and abundance. All
the people living in the city have the responsibility to let their
future generations enjoy this blessing of groundwater without
losing its abundance and purity. In order to preserve the abundant
groundwater resources for their future generations, the
preservation plan described herein sets up some goals to achieve
in terms of numbers and summarizes specific actions to take in
the coming five years.

In case of “preservation” of groundwater, there are two sides to
such “preservation™ the quantity and the quality. The major
objective of present plan is to preserve the quantity of the
groundwater reservoir, since the groundwater level has
diminished more than they had excepted. Recently, however, we
hear reports from many places of Japan about the contamination
of water with nitrate nitrogen from fertilizers and excrement of
farm animals. In Kumamoto as well, a detailed survey on nitrate
nitrogen that began in 1998 discovered some contamination of
water from chemical fertilizers, and since then they have been
applying fertilizers of the right quantity at the right timing. In
addition, in October 2004, a law is to be enforced fully regarding
correct control of farm animals” excrement and promotion of its
utilization. It is expected this law will result in an improvement of
the situation.

In order to maintain groundwater quality, it is planed to launch
the activities listed below, in addition to all those measures they
are already taking and will continue to take.

(1) Enhanced effort to reduce nitrate nitrogen

(2) Controlling newly-found contaminants

(3) Creating new institutions and providing more information

([EFaZ (T 2007404 B 09 H)
(RFAZE 2007 805 8 30 B)
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A Simple Application of a Velocity Sensor based on the Doppler Effect of Ultraso*ic Sound
Waves for Measurementii; Discharge from Small-scale River
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Abstract <
A hydrometry of small-scale river using a velocity sensor based on the Doppler effect of ultrasonic sound waves was
discussed. Cross-sectionally averaged stream velocity was estimated from velocity measured by the sensor. Then,
discharge data including storm runoff were obtained safely and accurately, by the way of multiplying the cross-sectionally
averaged stream velocity by cross-sectional area of flow estimated from water level. In addition, the hydrometry using the
sensor was revealed to have advantages as follows: 1) settlement of the sensor in a river is authorized easily,
2) cost spent on eqmpment and the settlement is low, 3) frequent and automatic measurement is available. From above
results, the hydrometry using the sensor is concluded to be worth utilizing for a long-term monitoring system to evaluate

discharge and pollutio i river located on agricultural watershed in hilly and mountainous region.
FALXE—IF 9pt it H
Key words : ultrasonic sound wave, the Doppler effect, agricultural watershed, stream velocity, storm runoff
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a function of the sensor velocity (—)
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