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Role of tadpoles for water purification in pond with aquatic plants

Norio Hayashi*, Ryuhei Inamori**, Yoshitaka Ebie***, Yuhei Inamori**

* Natural History Museum and Institute, Chiba, 955-2 Aoba-cho, Chuo-ku, Chiba-shi, Chiba-ken 260-8682, Japan

** Faculty of Symbiotic System Sciences, Fukusima University, 1 kanayagawa, Fukushima 960-1296, Japan

*** Rescarch Center for Material Cycles and Waste Management, National Institute for Environmental Studics, 16-2 Onogawa,
Tsukuba-shi, Ibaraki-ken 305-8506, Japan

Abstract

The biota and characteristics of nitrogen / phosphorus removal had been investigated 5 years at water
purification facilities using aquatic plants. Aquatic plants supplied niches to many kinds of aquatic animals
such as aquatic insects, amphibian, reptiles and birds. These aquatic animals play important roles for nutrients
removal through their life histories. Generally the contribution of these aquatic animals appearing at water
purification facilities using aquatic plants was considered with under estimation. We try to estimate the roles
and contribution of tadpoles for nutrients removal at water purification facilities using aquatic plants.

The total yearly removal amounts of nitrogen and phosphorus from water purification facilities located at
Kochi were analyzed as 22,800 g and 1,800 g, respectively. The ratios of physical precipitation were estimated
as 23.8 % for nitrogen and 40.2% for phosphorus. Stay in plant bodies as absorbed nutrients at facilities was
estimated as 8.2 % for nitrogen and 16.1 % for phosphorus. Harvested nutrients with algae as maintenance
was also estimated as 17.9 % for nitrogen and 31.1 % for phosphorus. The contribution of tadpoles such as
Rana rugosa , Rana nigromaculata, Rana ornativentris and Hyla japonica through their life history such as
emerge or preyed from natural enemy was evaluated as 4.7 % for nitrogen and 4.9 % for phosphorus.

Key words : tadpole, frog, aquatic plant, purification, nitrogen, phosphorus, removal
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a (Potamogeton natans), + & ¥ 3 7 T (Vallisneria
gigantea) ; HHI3F (Potamogeton dentatus), V)L 33
(Phragmites japonica) 7x EHIH ORI L=, Al
OB () ZHR L, KfizHN > — F TR
PSR CUF B E B, T Tic EREESHI N a3
5 DR Z BRI AR BRI TER R Y TRV
THASE, KERMZRE L e i BERICHE T %
MEieZ it Uiz ks, Wty iokEwim, £
TREMLDKED S OB TS b, lENHOREL
MERR & A5 il S OB R IThI WV & S EUR ' L
feo

22 EMBESE

Sttt oM A KICIEH L. Adgkiict B4 a4
ARV Y U OB S URERZHERSUTIHEL
feo AT T DBUANUTDWTIE, RS - 1
R IR DM OEEFHET 72, Thbb.
FEHRMAICEIEAICRM L 4 HoBH S v Aoty
fENizA 2= I v I o 2@kicOWT, BO—Sic
ABNRIICE 2 BERHFTEBRHF L, 12 B9
AROFETHARERD, BHlIhEta<TIv s
EEEFIC &9 2 B RAE AR ORI &h b ¥
RHEEZ 2 NOF 2~y ¥ VBERZPHEE L 7t
B, BLRIREIGRIZTTES, I DZ NZ oL T
U, #Bc33 TREABEHERERIEL, AL/ T- ¥
TTARGE " C T T N ERE RS L T L
i

e, 27w JUNRRICERTIRE - ) UG
@ RIELZEA AT+ Vo REgR%k, LA POVE
L. SURTIREMZ THE Y F 4 ¥ —ic TR0
U THA - USRNSSR I L. iR LT
RS SBE L,
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Kt R OKEALAEIC OV TS, ARBRitr S
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BOD (EPMEFMIBRERED : 91> 2 S5—7 I+
MUY L2, COD ({b PR 4R @ 100Cc U
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#) M ARIVLHS LRI - FIFLIFLYDT
2 RYENEEE, NHy N (7P e 7P HEE) A2 F Tz
J—IVECEE, NO, - N (Hmgig®) : + 7+
WIF LY D7 I VIR, NOs-N (il zes)
#H-ARIYLASLER-FITFAIFLYSTIY
WL, TP (BUX) 1 RV TFo#H (FAINLE



VRBETT) WIORIEE, POP (U VEEEY V) £y

TFLNT (FRAVE S HEITE) MILE, ki, &
. Mk, Tz, HMOLRRCE LikSE 0=
# U VREEIAMICER L, ERRitNIcmikE LT
FREFENTVBEE - U v BEBI UMD ERD I VR
HEREhAEHE - Y v REERL L,

3. BRELUER

3.1 KBS

AR TA Y2 v 7 DI 217> 7 EEith1c
BOTHMRMESC L D EEL 2 EMARZIE, £
IRRTEBN D 2ha, Tabb, HAKILLS
(3.8 ~22.4) m’ - day’, AR 11.4 (1.8~ 25.7)
m’ - day', EEHbANHEER47 (20~12.0) O,
MAEKEE 144 (108~234) mg-1I", LAY >~
¥ 1.52 (1.13 ~ 2.26) mg-1", i A BOD #Ef 13 (3.7
~14.4) mg-1'thot, MAKDEEBREIL, 1~
TRAEEU 1 AFAURIR7 ve=7HEEEBERT
HY. 8~ 10 A I diyRsE - R SR BHTH -
o

Ptk o BB K E 1L, 22K 7.2mg -1, £
Y v 094mg -1, BOD4.9mg - 1" ¢ & - 7, k-
IKE SO F— 2 UERICKHE - > SDEE - BiE
L7t A& f & iZ 1.058gN - m” - day’, 0.112gP -
m" - day’, HHES0611gN-m’ - day', 0.077gP -
m' - day' LFHEE Nz, COERDSBERRETH
THE, JIRITIEHA 22.800g. V2 1,800g A 1 4F
Mt hizieit LT h 5, —4, fHEROM
MEKIcBWTE 45 6.300g. V¥ 800g BEEEENT
WVa,

3.2 K&EHath

FERMICHE L7oKEY O/ L oak$R, 285 -
D YEAE, BLUERMADAFBIFED 5 FHE L /-
FHREANICHERFF SN T OIS H %% - U it
R2DLBHETELDHOND. WiWKODEAL -V 70
BRI LY B, wFhbiinkERD D
EBH#E216~6.77%, U 017~221%THol, #
BHNICER LTk e L CoORFRIZ, €#
1,860g. V> 290g L REEhiz, Hio, HERFEHO
feH I BEEGE LIRSS UE ABRE L
A, CORRERIGEHRTER T 60kg THo%. THiFE

Table 1 Characleristics of water qualities

Influent Effluent

T-N (mg-1") 14.4 7.2
NII,-N (ng-1") 5.34 1.98
NO,-N (mg-1") 7.12 3.59
T-P (mg-1") 1.52 0.94
PO,P (g -1 1.16 0.75
BOD (ng- 1" 13.0 4.9
COD,y, (mg -1 13.8 11.4
SS (mg -1 6.6 4.0
pH 6.7 7.4

EC (mS-m") 23 18
NO (mg-1") 4.6 6.3

Influent water
Ellluent water

HRT

11.5 (3.8 ~22.4) m*- day
11.4 (1.8~ 25.7) m’ - day”
4.7 (2.0 ~12.0) day

# 4,080g. V> 560gicHY L., fieiicn LT
F179%. VU 311%ICHYT BT MM EIT T,

33 ARUHE

Afidzic BT, 5 H 138 22 fiokd: B B AE 2
ENTVE Y, FCAERKIC BV TIE A A0
MEeEULTLRAYAEDT XA LAY J1 (Chironomus
kiiensis), A2 A1) 77 (Chironemus plumosus), 35T
THLYAAYABOT }1 Ly LAY F1 (Propsilocerus
akamusi) O 3EOEREHEAEG W £ T ENHERE
N, Cho 3O AY AFICHE L TIHRICER S
LEH -V VOELHLARICOVWTREN TN
W, ZTORKE. TAMMIRAY A BFEWOg-FL U
»9g T TAHLYAARY N SEH 168g - ET, Y
Y 17g - AXIRY K BFE10Tg- 1 YUY
16g - 4 "' ZENF IR S FIVERT B LT
MLTWALHAEINTED., ThH3F/OLRAY A
MEE LT, BH#365g- 1. Ur42g- -1 &
AEEN, ThikmbRIc L TRET 16%,. U
T23% ICHNYTARTHE LAHEEhTNS ',

34 #2ITv 0

ARERC BV THBLANEE & Nl B R TV D)
ETHBAZTI v 7 id, Y FH L)V (Rana rugosa),
k /%< ATV (Rana nigromaculata), Y7 ATl
(Rana ornativentris), =27 < /L)l (Hyla japonica)
D4HTHB. TNHAMDFZTI Vv I ELTO

Table 2 Calculated nutrients stay in or harvested aquatic plants

Wialer coutent N content D content Biomass  nel N nel [Tarvest  Tlarvest N Harvest D
(o) (% dry) (% dry) (g dry) (g ® (kg dry) (@ (&)
Phragmites japonica 72.7 2.16 0.17 12.5 270 21 0 0 0
Vallisneria gigantea 78.2 5.02 2.21 3.2 161 71 0 0 0
Potamogeton natans 48.4 3.31 0.67 2.0 66 13 0 0 0
Filamentous algae 86.9 6.77 0.93 20.1 1,361 187 60.3 4,082 561
Total 37.8 1,860 290 60 4,080 560
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Fig. 1 Emergence period of tadpoles appearing in experimental site
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LENTW3, MBENLTF LTIy I AKICONT
. BT OIS — B E iz &4 X T ERERIC
KO TR E NI LT AULRIROBLE L HBH, &
BINKHERATHAHT &, WEATNETFHITERRV
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AN LZ LV OMNBIKTH S, T Tid, tuDEHR
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BEEINC X 2D ETICHE AL 2 I LIETTh o3
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SHIC S AE-THD. HBRICBVWTEOREZH
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35 AREE

EBHICORR LK E R FE U v rigRoic
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Table 3 Characteristics of tadpoles appearing at experimental site

Length Weight Weight ratio N content P content Biomass GrossN  Gross P

() (») (Lry/Wet) (g/N) (g/N) (N/pund) (g) (g
Hyla japonica 48 3.2 0.11 0.033 0.0027 68,000 2,200 180
Rana ornativentris 55 3.7 0.11 0.039 0.0032 490,00 1,800 150
Kana rugosa 74 19 0.11 0.051 0.0042 110,000 5,600 460
Rana nigromaculata 63 4.3 0.11 0.045 0.0037 27,000 1,200 90
Total 10,800 880
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Fig.2 Ratio of nutrients removals at aquatic plants purification system
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Applicability of Japanese-style Basin Management Systems to Bangkok, Thailand
Water-related Infrastructure Building Model Creation for Asian Cities under Rapid Urbanization

Jun MATSUSHITA*

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

Abstract
This paper intends to verify applicability of basin management systems (BMS) to Bangkok, where the need for
new infrastructure had out-striped society’s ability to put it in place in 1980s. To supplement urgently needed
water-related infrastructure building under rapid urbanization, JICA experts proposed introduction of BMS for (1)
flood-control and (2) water-pollution control. These systems had been developed during Japan's economic growth
period in 1960s, when private initiatives based on “cause-pay-principle” were needed to off-set weak govemance
for prompt infrastructure building and  discordant development prevention. The author analvzes the way Bangkok
Metropolitan Government (BMA), urban management body for the city, dealt with infrastructure building in
1980s-2000s by assimilating Japanese-style BMS under rapid urbanization. As a result, it is suggested that
Bangkok makes contribution in creating models for sustaining urban management in rapidly urbanized Asian cities
based on Thai-style BMS.
Key words: Japanese-style Basin Management System, Rapid Urbanization, Cause-to-Pay Principle,
Thai-style BMS Assimilation. Models for Rapidly Urbanized Asian Cities
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AL, 1980 SER DA T {bDO L & T, 7 FHMHBFS & i ofesira g T ok TR & KE
FEENS JICA HMESRERL-MMEE X7 AOEHMEI YW TEHET S L0 THhH, O
BE AT AL, 1960 FEROEERFEREY OB ATITRICE 54 > 7 TR O RN 26V, RHEEA
HFRANC L > TERRB 2T 5 L W) BRIL B~ L, 22T, v 27 oRiiiFoitt£8 5
s 2 A, B ASK ORI S AT A& B O Sl G SRS 1980 4 ~2000 4L
T TRBREHIEO b & TODIZA 7 7 ED T, ZOHEZOWTH£21T5, Z0OfK
B, RArazid, FA4AROFRERS AT AT H I LI L - T, o7 T EEERIC T - Rg
REHEHETAOAMEICHERLIZEWVWI ZENTESIEAD,

EIEONICOOR a water city located on alluwial plain under monsoonal

It is needless to say that infrastructure building 1s essential both QuieL.

to accelerate high ecconomic growth and to enhance
sustainability of the society. However, the new infrastructure
had outstripped the Japan’s ability to put it in place during
so-called high economic growth period as of 1960s with rapid
urbanization. The same was likely true in Bangkok where
full-scale urbanization was started in 1980s causing various
problems such as flooding, water pollution, etc.

Whereas, Japan had overcome these urbanization-induced
problems through basin management systems (hereinafter
called BMS) to off-set weak governance applying private
initiative or cause-to-pay principle (Jun Matsushita, 2007).
In contrast, such systems were proposed by JICA experts in
1980s for Bangkok Metropolitan Administration (BMA).
municipal govemment, for two objectives: (1) flood-control
and (2) water-pollution control. Herein, this paper analyzes
assimilation process of the Japancse-style BMS by BMA and
extension of the system to water-demand control in Bangkok.
Based on the mentioned-above notion, Table 1 shows the
comparison on water-related infrastructures building process
between Japan (Tokyo) and Thailand (Bangkok).

Phase-1: Foundation of Waterfront City (17¢c-18¢)

Both cities have similar historical roots in their foundation as

Phase-2; Civilization and Modernization (1860s-1900s)
The trails which both cities had traced so far are
completely different. In Tokyo, railway networks had
replaced previous canal networks, while canal networks
had been newly formed by cut-and-bank land reclamation
method to make Bangkok well-known as Eastern Venice
Phase-3: High Economic Growth in Japan and
Pre-cconomic Growth in Thailand (1960s)

Japan preceded Thailand in economic growth and duc
urbanization. At this stage. BMS was needed to promptly
mitigate urbanization-induced problems. while such needs
were relatively small in Bangkok due to the delay in its
urbanization,

Phase-4: Aftercare for oil crisis in Japan, and High
Economic Growth in Thailand (1970s-80s)

Japan had to reduce consumption of resources after the oil
crisis in 1970s, while introduction of BMS was proposed
by JICA experts for flood-mitigation and water pollution
control under rapid urbanization in Bangkok.

Phase 5: Sustainable Society creation in Japan, and
Assimilation of Japanese-type BMS in Thailand

Japan is trying hard to reduce Green House Gas, while
assimilation of Japanese-stvle BMS to local conditions is
made for solving above-mentioned problems in Bangkok.




Table 1 Comparison of Urbanization and Systematization of BMS in Japan (Tokyo) and Thailand (Bangkok)

1900s elntroduction of railway networks

Phase Japan (Tokyo) Thailand (Bangkok)
Phase | Foundation of Waterfront-tvpe City (Tokugawa Era) Foundation of Waterfront-tvpe City
17C-18C | eEdo (1600s) eBangkok (1780s)
Phase 2 Civilization and Modernization (Meiji Era) Civilization and Modernization (Chulalongkomg Era)
@ 1860s- e Abandoning of canal networks eForming of canal networks (Eastern Venice)

eIntroduction of cut-and-bank land reclamation system

2000s @3-Rs policy: reduce, reuse, recycle

Phase 3 High Economic Growth Pre-cconomic Growth
®1960s eNecessity of urbanization-assimilation policy eUrbanization-induced problems
sintroduction of basin management systems (BMS) (flooding, water pollution, traffic congestion, ¢tc.)
(Cause-to-pay to regulate discordant developments)

Phase 4 Aftercare of Oil Crisis High Economic Growth
®1970s- eEstablishing of basin management systems (BMS) eNecessity of urbanization-assimilation policy

1980s ePromoting of resources-saving policy eProposal on basin management systems (JICA experts)
Phase 5 Toward Sustainable Societv Creation Assimilation of Japanese-type BMS to Local Conditions
®1990s- eKvoto mechanism for GHG reduction & Asian Model Creation

eoComprehensive flood-control systems
eSemi-combined sewerage systems

2. HYPOTHESIS OF THE STUDY

Herein, Fig.1 shows the comparison on total framework of
Japancse-style BMS and Bangkok-style ones regarding
water-related infrastructure building under rapid urbanization
for three objectives including (1) flood-control, (2) water-
pollution control and (3) water-demand control.

In case of any objectives. Japanese-stvlc BMS basically
consists of two elements: (a) structural measures and
non-structural measures.

Herein, structural measures are materialized as public works.
And non-structural measures are induced mainly based on
private initiatives or ‘cause-to-pay principle’ for installation of
rainwater run-off reduction measures, in-house wastewater
treatment units and in-house water recycling systems for
flood-mitigation, water-pollution control and water-demand
control, respectively.

During Japan’s economic growth period, private initiatives
were needed strongly to prevent discordant developments and
to off-set weak governance over implementation of structural
measures.

It was relatively easier to make such private initiatives
agrecable among private sectors in Japan’s in-grope society on
the condition that economic benefits were expected for them on
the long-run. However, it became recognized soon that
introduction of non-structural measures would contribute to
enhancement of clean production schemes and corporate social
responsibility.

On the contrary, modification of BMS might be needed in
Bangkok so as to assimilate them to local socio-economic
conditions. BMA had to be much endurable in negotiating with
demanding private sectors, since they generally tended to put
first priority on short-term economic benefits.
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3. COMMON BACKROUND SHARED BY TWO CITIES

3-1 Hydrological Background

Both cities are located on alluvial plains or lower basins of
major trunk rivers as shown in Fig.2. Thus they tend to have
risks due to flooding all the way commonly based on historical
background as the water city.

The main source of water for Bangkok is Chao Phraya River
which delivers only some 50 m3 per sec in dry seasons,
although peak flow increases up to 4,000 m3 per scc. during
rainy seasons. At the end of every rainy season, high discharge
from the north coincides with the ebb-tide from the sea. The
flood level increases and inundates a vast deltaic area of the
basin including the city area.

This occurrence is well-known for centuries. Once every 100
years, the river rises to some 2.1 m above MSL. However, the
average level of Bangkok city area is approximate 1 meter
above MSL. When Thais and Burmese were at war around
three hundred years ago, Thais was used to defend themselves
by holding out the enemies within the city walls and to wait for
the flood coming to enforce the invaders to give-up their
attacks (Kasemsan Suwarnarat, 2005).

The first master plan for drainage/flood-protection systems for
Bangkok Metropolis (Camp. Dresser & McKee, 1968)
proposed polder systems. The plan divided the city area into
several polder units to protect the city unit-by-unit against
over-spills from the river. Rainwater run-off from the polder
units was to be discharged into canal networks by pumping in
the event of high exterior water levels.

Taking the rapid urbanization into consideration, the second
master plan for flood-control systems in Eastern Bangkok
Metropolis of 28%m2 (JICA, 1985) proposed rainwater
reservoirs to reduce the rainwater run-off rate under the
limiting hydraulic capacity of existing canal networks.

On the other hand, polder-like systems were adapted in the
Lower Tokyo Basin, where the flood way called Arakawa River
was constructed by national government in 1911-30. However,
the ground subsided up to at most 435 m because of
groundwater exploitation creating below-high-tide area of
around 124 km2 during economic rehabilitation in 1950s.

The rainwater run-off from the arca is discharged to the flood
levels particularly during typhoon season.

Lifestvle of Thai l’:n'#u ~—r L

Fig.2 Topographical Comparison between Tokyo and
Bangkok

3-2 Socio-economic Background

Both cities are under rapid urbanization with strong cconomic
growth in the latter 20-th century as shown in Fig.3.

In terms of Densely Inhabited District (DID) as of 40 persons
per ha or more due to Japan's statistics, DID of Tokvo
Metropolis expands 1,003 km2 (1960) to 3.242 km2 (1995) by
323% in 35 years, while the population grows 12.9 million
(1960) to 28.6 million (1995) by 222% during the same period.
In terms of Urbanized Area (UA) due to BMA'S statistics, UA
of Bangkok Metropolis expands 100 km2 (1980) to 750 km2
(2000) by 750% in 20 years, while the population grows 2
million (1980) to 8.9 million (2000) by 445% during the same
period.
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Fig.3 Comparison of Urbanization between Tokyo

and Bangkok

As a result, both citics faced various urbanization-inducing
problems under weak governance observed in particular at the
early stage of economic growth.

In Bangkok, ordinary settlements of the population had been
locking on to the water fronts. Floating houses on rafts were
anchored to the water-fronts of the river. Piling foundation and
stilts were the standardized housing styles. However, recent
sprawling urbanization in the city has extended into the
swampy wetland behind the levies of Chao Phraya River. The
elevation of ground level ranges usually from 0-2.5 m above
MSL, thus making the city vulnerable to flooding stepwise.

In addition, groundwater abstraction has resulted in high rates
of land subsidence. Thai’s national government directs
Metropolitan ~ Waterworks ~ Authority (MWA) to stop
groundwater pumping and exchange to surface water use since
1986. In addition, charging-on-usage scheme is introduced in
line with new well-drilling regulation against industrial sectors.
These combined measures help reduce the land subsidence rate
step-by-step.

Meanwhile, water pollution became apparent at many canals in
the city in 1980s. There are approximate half a million units of
pour-flush style latrines with septic tanks. BMA is offering
vacuum-car services to remove excess sludge from septic tanks
installed at almost every houschold. These systems are a little
effective for primary on-site pollutant reduction.

The master plan for sewerage systems in Bangkok (JICA,
1982) initially proposed separated systems. Operation of
wastewater trcatment was delayed until 1990s. Herein,
interceptors were added to transfer wastewater in the existing
drains onto newly constructed wastewater treatment plants.
BMA is now operating 10 scwage works with total capacity of
124,000 CM per day (Kasemsan Suwarnarat, 2005).



4. ASSIMILATION PROCESS OF BMS TO BANGKOK

4-1 Flood-mitigation

Necessity of Prompt Flood-mitigation

As shown in Fig.4, cut-and-bank methods had been commonly
utilized for land reclamation in Bangkok from 1900s-60s.
Consequently. little flood-damages were imposed, since the
canal networks, which had been created through such land
reclamation methods, had enough rainwater retarding capacity
in the urbanized zones. In addition, traditional boat-dependent
transportation modes were helpful to support traditional
flood-coping lifestvle of Thai people.

However, the previous situation was completely changed, while
mechanical large-scale carrv-in-and-bank methods were widely
adapted at the carly stage of rapid urbanization in the beginning
of 1970s. In line with introduction of such new land reclamation
methods, rainwater retarding capacity disappeared rapidly in the
alluvial flood plain. This resulted in expansion of flood-prone
lifestyle and heavier traffic congestion in line with rapid
progress of motorization.

Taking such emerging flood-damage into consideration, JICA
experts recommended introduction of BMS for prompt
flood-mitigation in 1980s. Mechanical drainage systems by
pumping methods secemed to be unfeasible under weak
govemance of BMA. In the master plan for eastern suburbs of
Bangkok, the most rapidly urbanized regions, rainwater
reservoir installation was proposed to contain in-land flooding
water. The model configuration of rainwater reservoir systems is
as shown in Fig.5. The total area of rainfall reservoirs including
existing wetlands was estimated at 58km’, some 17% of the
rapidly urbanized eastern suburban area of 289km” with 48 mm
rainfall-equivalent. In accordance, the planned pumping capacity
for this area was sct at 2.5 mm/hr or approximate 60% of the
existing pumping capacity for the inner city area where
rainwater reservation can not expected by any means (Jun
Matsushita, 1985).

In contrast, installation of approximate 11 mm rainfall-
cquivalent rainwater reservoirs is materialized based on
‘developer-pay principle'in Japan’s the most critically urbanized
Tsurumi-gawa River basin of 235 km”.

Assimilation to Bangkok’s Local Conditions

The assimilation of Japanese-type BMS to Bangkok’s local
conditions has been continued by BMA in 1990s-2000s as
follows (Teeradej Tangpraprutgul. 2007):
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Fig.4 Chronological Change of Land Reclamation Methods
in Bangkok

Land Reclamation Systems

{ e ,«

B e e =
| = e f 2 Sub-sudurban

B i ;Fxf | Area

{ (Greenhell Zone)

Fig.5 Model Configuration of Rainwater Reservoir
Systems for Flood-mitigation in Eastern Suburbs

In principle, BMA should take responsibilitics for structural
measures such as construction of dykes. water gates and
pumping stations. However, it has been recognized that
implementing of conventional structural measures costs some 30
million Baht (100 million yen) per 1 km® to implement
conventional flood-mitigation projects. In addition, land
acquisition for installing water gates and/or pumping stations
has become much difficult in densely populated city arcas.
Consequently, it has been recognizable that BMA would be
caught again in a vicious cycle without comprehensive measures
supported by BMS: regular occurrence of flooding because of
luck of drainage capacity due to shortages of financial resources.
Comprehensive Flood-mitigation Svstems

Based on above-mentioned assumption, BMA has introduced the
zoning scheme for boosting comprehensive flood-mitigation
systems as shown in Fig.6.

(1) Inner City Area:

Rainwater retarding capacity was well maintained because of the
previously applied cut-and-bank land reclamation methods.
BMA alrcady completed construction of water gates and
pumping stations to meet 5-year frequency rainfall intensity
(approximate 60mmvhr) along Chao Phraya River.

(2) Suburban Area:

The newly applied carry-in-and-bank land reclamation methods
have been reducing rainwater retarding capacity in this newly
urbanized area.

However, BMA has judged further extension of the structural
measures applied in the inner city area to this area should be
unfeasible because of the heavy construction cost estimation
mentioned-above. Therefore, unit-type rmainwater reservoir
systems have been introduced for the eastern suburbs in the
basis of the master plan (JICA, 1985). The model unit is
composed of a rainwater reservoir and floodway with
sub-pump/gate installed at a canal as shown in Fig.7.

This model has been spear-headed by BMA based on public
initiatives in accordance with King's instruction, so-called
‘Monkeys Cheek Project’, with which BMA has concluded
agreements with relevant public organizations in 2006 regarding
preservation of existing ponds in their lands as follows: 21 sites
and 1,270 ha in total (Hearing from City Planning Department,
BMA in 2007).

Total capacity of the above-mentioned reservoirs is estimated at
around 12.7 MCM as of approximate 6émm rainfall-equivalent
with Im storage depth or 10% of the total capacity proposed by
the master plan (JICA, 1985).

As a result, construction of floodways. underground tunnels in
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some units, becomes needed to make-up for the insufficiency of
retarding capacity in this area.

On the contrary, private initiatives have not been fully
materialized yet. However, BMA is eagerly requesting
developers for their cooperation on installing pumps at the
‘Blue-lagoon Mode Housing’ project sites to utilize
landscape-style ponds for rainwater reservoirs. Agreements are
concluded so far with 7 projects of 46ha in total (Hearing from
City Planning Department, BMA in 2007).
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Fig.7 Unit Model for Rainwater Reservoir Systems

Sub-suburban Area:

The master plan (JICA, 1985) designated this area as *Greenbelt
Zone' with complete ban on new building. However, taking
strong opposition from developers into consideration, BMA has
decided to introduce a kind of ‘carrot-and-stick policy’ in
1990s: namely small-scale development projects should be
allowed on condition of installing on-site type rainwater storage
ponds to reduce run-off coefficient to 60% based on the system
called Environmental Impact Assessment (EIA)

Applicability of BMS to Bangkok

It is clarified that BMA has established Thai-style BMS through
modifying Japanese-type systems so as to assimilate them to
local socio-economic conditions. Consequently, it is

recognizable that BMS is workable to mitigate urgent
urbanization-inducing flood in Bangkok. These systems could be
applicable further to other Asian cities under similar conditions.

4-2 Waterpollution Control
Necessity of Prompt Water-Pollution Control

In 1980s, water pollution in Bangkok became apparent due to
rapid urbanization as shown in Fig.8.

According to the survey conducted by BMA, BOD level was
50-100 mg/l in the inner city area. The floating market place,
one of the tourist attractions with Bangkok-like landscape, had
been deteriorated greatly. On the other hand. in the suburban
area, the level was 1040 mg/l strongly polluted enough to
cause cutrophication and clogging of canals by growing water
weeds.

BMA realized the necessity of water-pollution control.
However, they had to put their first priority on the above-
mentioned urgent flood-mitigation projects. as far as flooding
imposed direct damages to the daily life of ordinary people in
the city.

Fig. 8 Water Pollution in Bangkok (1980s)



Assimilation to Bangkok’s Local Conditions

In 1950s-60s, Japan had suffered from heavy industrial
pollution. In the wake of public awareness on environment-risk
abatement. Water Pollution Control Law was enacted to
legalize ‘polluter-pay-principle’ at the Pollution Session of the
Dict in 1970, while Environmental Agency was organized in
1971. (Jun Matsushita, 2007)

In addition, basin-based sewerage master plan scheme was
introduced to attain water quality standard in the designated
waters as stipulated by the above-mentioned law as shown in
Fig.9.

These schemes gave industrial sectors very strong incentives to
install in-factory wastewater treatment systems as preventive
measures against further pollution in Japan. Consequently, it
is verified that ‘Pollute Now, Clean-up Later Strategy’ should
be appropriate on the long run to enhance environment-
economy balance. (Jun Matsushita, 2007)

Fig.10 shows application process of BMS for solving
ceutrophication problems in one of Japan’s scenic lakes called
Suwa-ko in Nagano prefecture. The process is classified into
four phases as follows: (1) introduction of basin-based
sewerage systems based on BMS, (2) Ist expansion of the
sewerage systems, (3) introduction of advanced treatment
systems and (4) 2nd expansion of the sewerage systems.

Recent annual COD loading (generation basis) is estimated at
around 3,000 ton, and it is decreased by treatment process to
around 1,000 ton by approximate two-thirds. The heaviest
pollutant source is domestic un-sewered wastewater in the
phase (1). Such un-sewered wastewater is treated initially by
on-site wastewater treatment systems called Johka-sou in
Japanese and step-by-step shifted to basin-based sewerage
systems on the way to the phase (4) (Suhar Yanto, 2008).
Therefore. it is verified that BMS has been workable in
managing heavy water-pollution in this lake,
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(by sectors)
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Fig.9 Procedure of BMS for Water Pollution Control
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However, pollutant control on non-point source origin is
needed to attain the water quality standard in the near future,
since out of 1,000 COD-ton more than 500 COD-ton is
non-point source origin in the phase (4).

In Bangkok, taking such Japanese-style strategic approach into
consideration, JICA experts proposed semi-combined sewerage
systems in 1980s by utilizing of existing septic tanks installed
almost every housechold in the city and communal sewerage
systems operated by National Housing Authority (NHA).

Field survey clarified that these non-structural measures were
very workable in reducing BOD level in wastewater discharge
to canals in the following manner: from 50-180 mg/l to 26-56
mg/] with/ without septic tank systems, respectively. In addition,
the test-plant experiment revealed that BOD level in effluent
could be reduced to 10 mg/l or below by 2-hour modified
acration method, although removal of Nitrogen was difficult
likely due to high water temperature and lack of organic
matters in the wastewater generated from the city arca (Jun
Sumivama, 1986).

Semi-combined Sewerage Systems

In line with such results, BMA has been scrutinizing the
appropriate  wastewater treatment methods in  1990s.
Introduction of Thai-style semi-combined type sewerage
systems is decided at the end of 1990s.

As shown in Fig.11, these systems are to intake dry-day
wastewater overflowing from septic tanks to existing rainwater
drains by newly installed interceptors. Wastewater intercepted
before discharging to canals should be transferred into newly
constructed wastewater treatment plants.

Applicability of BMS to Bangkok

Based on the above-mentioned notion, BMA has commenced
implementation of the mentioned-above sewerage project
through dividing the whole city area into 20 sub-divisions in
total.

In 2006, BMA expands the operation to 7 sub-divisions out of
20 ones to serve 26 million people as of 2004 and to treat
wastewater inflow of 609 thousand m” per day. Average BOD
concentration is 37 mg/l for inflow and 5.9 mg/l for effluent,
respectively.

As shown in Fig.12, pollutant of 26.1 BOD-g/person and 8.2
BOD-g/person per day is generated from households and septic
tanks, respectively. And final emission of 1.4 BOD-g/ person
per day is discharging from the wastewater treatment plant to
the river on dry day,

As a result, BOD removal rate is estimated at approximate 95%.
Taking wet-day wastewater overflow from interceptors into
consideration, total BOD load from the system is estimated at
3.5 BOD-g/person per day with total removal rate of
approximate 82% almost as effective as the one in conventional
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combined sewerage svstems in Japan. (Kenichi Komada, 2008)
In addition, an anacrobic method is introduced to attain more
efficient N/P removal in some of the treatment plants.

As a result, it is concluded that BMA has succeeded in urgent
pollution-control with relatively low cost in the basis of
Thai-style BMS assimilation through incorporating existing
on-site septic tank systems into structural measures (newly
constructed interceptors and wastewater treatment plants).
However, introduction of charging system is desired to help
sustainable operation and maintenance on the long run.
Consequently, it is verified that BMS could be applicable to
other Asian cities where on-site septic tanks including
communal sewerage systems are -widely introduced and
therefore full integrating of them into semi-combined sewerage
system could be possible for urgent water-pollution control.
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4-3 Water-Demand Control

Necessity of Prompt Water Demand Control

It is recognizable that recent water supply/demand balance has
been tight due to rapid cconomic growth in the Lower Chao
Phraya River Basin including Bangkok Metropolis. Although
the previous predominant approach has been generally
supply-sided, development of new water resources is more
difficult because of higher costs and conflicts with
environmental viewpoints.

In Tokyo, such supply/demand balance has been supported well
in the by BMS with installation of multi-purpose dams and
introduction of on-site recycling systems as follows: water
demand of 5 MCM/day versus water production capacity of 7
MCM/day. (Tokyo Metropolitan Government, 2008)

In the Lower Chao Phraya River Basin, total water demand is
estimated at 11.1-10.0 MCM/day in 2006. And it will be
increased to 15.9-12.7 MCM/day by approximate 40-30% by
2020 due to ever stronger demand in industnal sectors
(Pongsak Suttinon, 2008).

In particular, groundwater comprises an important component
of water resources in both countries.

The Kanto Plain in Central Japan and the Chao Phraya Plain in
Thailand are underlain by thick sedimentary layers containing
aquifers which provide groundwater widely for long years.
Recent whole groundwater use in the Kanto Plain and the Chao
Phraya Plain is estimated at approximate 8 MCM/day (2.64
MCM/day for domestic use) and 3.4-4.0 MCM/day,
respectively.

In the Kanto Plain, development of groundwater use had been
developed since the beginning of 1900s in full-scale around
Tokyo Metropolitan Regions mainly for industrial use.
Regulations to control groundwater pumping were not enacted
for a long time, since groundwater us was legally admitted to
belong to right of a land owner.

As a result, disorderly exploitation continued for nearly a
century to trigger groundwater-related hazards such as land

subsidence and sea water intrusion. Such hazards were
extended to Japan’s economic growth period in 1960s. They
became serious social issues including extensive flooding and
un-equivalent sinking in residential arcas.

In accordance, Industrial Water Law was enacted in 1956 to
control extraction of groundwater in designated urban areas.
Meanwhile, supply of piped water was ensured by Industrial
Water Supply Law established in 1958. In addition, Building
Water Law was enacted in 1962 to restrict new abstractions
(Kazuki Tsuji, 2006).

In the basis of these combined measures, the land subsidence
and sea water intrusion has been mitigated step-by-step since
1960s until now. In addition, oil crisis in 1970s has urged
industrial sectors to save energy/water consumption and to
promote in-house water recycling in the following manner: the
recveled water ratio in industrial sectors has risen remarkably
to nearly 80% by 2000s (Jun Matsushita, 2007).

In the Chao Phraya Plain, approximate one half of total recent
groundwater use has been observed in the Lower Plain. This
has caused steep land subsidence in the city center of Bangkok
since 1980s as shown in Fig.13.

Further, the recent subsidence shifts extensively to industrial
district in the vicinity of Bangkok. In the most critical zone,
subsidence speed is standing at 3 cm per year or more as shown
in Fig.14. Total accumulated subsidence up to now is as deep
as 100cm at the maximum giving serious impacts to the region.

As a result, Thais have strong nceds for introducing water
conservation systems including regulations on free-style well-
drilling for groundwater use in Bangkok and its vicinity.

Note: Bottled water supply was needed due to
leakage in the loosened water pipes.

Fig.13 Un-equivalent Land Subsidence in City Center of
Bangkok (1980s)
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Fig.14 Land Subsided Zones in the Lower Chao Phraya
Basin (GDR, 2004 and AIT, 2005)



Assimilation of Japanese-stvle BMS to Local Conditions

Thai government has been employing regulations on over
exploiting of groundwater usage to mitigate above-mentioned
land subsidence problems since 1970s.

Groundwater Act is enacted i 1977, and revised in 1992 and
2003. The act prescribes permission Systems on new
well-drillings. reporting on pumpage. designation of critical
zone and setting-up of control committee, etc.

In Particular, groundwater use has been charged since 1984 in
the basis of water use and conservation tariff. The rate has been
increased step-by-step as follows: 1 Baht/m’ in 1984-93, 3
Baht/m’ in 1994-96. and 3-8 Baht/m’ dependent on the
consumption amount in 1997-present (Kazuki Tsuji, 2006).

It is apparent that such charging system effectively has been
restraining abstraction of groundwater in recent years and
results in mitigation of the land subsidence so far as shown in
Fig.15.

Comprehensive Water Demand Control Systems
Comprehensive water demand control for groundwater/surface
water use has not been materialized in Thailand.

Therefore, it is suggested that solving conflicts over appropriate
water distribution among relevant sectors should be rather
difficult under local socio-economic conditions. The most
critical seems to be conflict between agricultural sector which
is modemizing traditional flooding-irrigation and industrial
sector which is rapidly expanding their demand.

Further, it is realized during the joint seminar in Chulalongkom
University in 2007 that consensus making between both sectors
is just commenced recently in the vicinity of Bangkok.
Applicability of BMS to Bangkok

In the Lower Chao Phraya River Basin, it is clarified that BMS
is needed for the following dual purposes: (1) regulation for
groundwater over exploiting and (2) water conservation on the
condition of ever-tighter demand/supply balance with limited
supply-side capacity

The charging svstem, introduced in 1984, has been workable to
prevent groundwater over exploiting. On the contrary, it seems
to be rather difficult to promote appropriate water conservation
in the basis of public initiatives.

However, the water consumption per GRP basis has been
reduced strongly in Bangkok as shown in Fig.16 (Kenichi
Komada, 2008). It is suggested that BMS, partly matenialized
up to present, could be workable for solving the tight
demand/supply balance through introduction of in-house
water-saving and/or water- recycling systems in the near future.
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Fig.15 Chronological Change of Groundwater Use and
Land Subsidence in Lower Chao Phrava River Basin,
(1978-2006)
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5, CONCLUSIONS

This paper analyzes the water-related infrastructure building
process under rapid urbanization in Bangkok and verifies the
workability of BMS to urgently attain three water-related
objectives: namely flood-mitigation, water-pollution control
and water-demand control.

As a result, the followings are concluded:

Flood-mitigation became a very urgent task for BMA in 1980s
when rainwater retarding capacity of wetlands disappeared
promptly because of expansion of large-scale mechamical land
reclamation methods.

Taking wcak governance of BMA into consideration,
recommendation was made for establishing rainwater reservoir
and greenbelt systems by JICA experts in the newly-urbanized
castemn suburb and sub-suburban area, respectively.

Since 1990s, BMA has created Thai-style BMS so as to be well
assimilated to local conditions. The rainwater reservoir systems
have been promoted based on public initiatives in line with
King’s instructions so-called ‘Monkeyvs Cheek Project’.And
permission schemes have been introduced for small-scale
housings with installation of on-site rainwater run-off reduction
measures in the greenbelt zone.

As a result, it is clarified that BMA has succeeded in creating
appropriate management systems for flood-mitigation with low
cost in the basis of BMS.

Water Pollution Control

Water quality in the city’s canal rapidly deteriorated in 1980s
duc to insufficient sewerage systems.

Taking into consideration financial deadlock to promote
sewerage systems for BMA, incorporation of existing on-site
septic tank systems into Bangkok-style semi-combined
scwerage systems was proposed by JICA experts. Such
particular systems were proved to be effective in reducing
pollutant discharge by the test plant experiment. In 1990s,
BMA has commenced the above-mentioned sewerage project at
some of the 20 sub-divisions in total.

As a result, it is verfied that BMA succeeded in boosting
low-cost water pollution control within relatively short periods
based on BMS, although introduction of charging system is
desired for sustaining operation on the long run.

Water Demand Control

Water demand/supply balance becomes ever-tighter due to
limited supply-side capacity and recent increasing demand. In
particular, over-exploitation of underground water has caused
strict land subsidence in the vicinity of Bangkok.

Adoption of BMS is not made in full-scale. In-house water-
saving and/or water—recycling systems are not materialized yet,
while charging svstem for groundwater use. introduced in 1984,




has been contributing to mitigate land subsidence.

In addition, the notion of water conservation seems to be
infiltrating into Thai society steadily, since recent water
consumption per GRP basis is reducing in Bangkok and its
vicinity.

Future Tasks

As a whole, BMS are proved to be appropriate in solving
water-related urbanization-inducing problems in Bangkok.
They are possibly applicable to other Asian cities under similar
conditions. Therefore, further extension of BMS to these cities
would be very much desired.
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APPENDIX
Al: Regulations to Prevent Discordant Development in
Thailand
It is not feasible to prohibit urban development strictly in the
alluvial plain of Chao Phraya River, if such developments
might be sustaining due expansion of flood damages.
In Japan, the scale of urbanization had been so huge that strict
counter-measures against developments could not be feasible.
Hence, the permission system is introduced to prevent
discordant development projects in City Planmng Act in 1968,
Under this act, developers must install rainwater retardation
facilities such as retardation ponds and/or infiltration trenches
to reduce possible hydrological impacts to surrounding arcas.
In contrast, Land Subdivision Law in 2000 stipulates the
similar permission system to housing projects in Thailand. This
law is drawn-up based on the precious Land Subdivision
Control Law enacted in 1972, which stipulated the permission
system by Ministry of Interior to the large-scale development
with 9 housing lots or more.
Under this law, the development projects must clear the
following requirements such as minimum lot arca (200 m2),
minimum width of road (8m). minimum drain diameter (50 cm),
installation of communal wastewater treatment unit for 50 lots
or more, creation of open spaces etc. (Yuji Hino, 2006)
As suggested from the comparison to Japan's permussion
system, the above-mentioned requirements are well prepared
except for the one regarding installation of rainwater
retardation facilities. (Fig.A1 shows one of the typical housing
projects in Thailand.)
Assumedly, adding such up-graded regulations to the present
requirements is difficult from the socio-cconomic conditions in
Thailand.

PHASE 1

Fig.A1 Typical Housing Project Plan in Thailand
Source: Yuji Hino, 2006




As a result. BMA could introduce such regulations only for the
housing projects in the Greenbelt Area as mentioned-above.
This is why BMA officials are nowadays trying hard to make
agreement with developers to install rainwater retarding ponds
without legal background.

A2: Basin-wide Flood-mitigation in the Chao Phraya River
In case of flooding in Bangkok, the hvdrological conditions in
outer regions should be one of the key influential factors.

In the past. the flood water generated in Upper Chao Phraya
River Basin inundated the basin and helped farmers to cultivate
floating rice in rainy scason. However, such natural irrigation
mode has been disappearing rapidly. while high-yield
short-stalk type rice has become popular. As a result, the flood
water level in the Lower Chao Phraya River around Bangkok
has been rising to impose flood risk to the city.

To solve the deadlock, JICA cxperts proposed the
comprehensive plan for flood-mitigation in the Chao Phrava
River Basin to Roval [Irrigation Department (RID), the
responsible body for water management in 1999. (JICA, 1999)
The plan is composed of tow elements: structural measures and
non-structural measures as shown in Fig.A2.

Structural measures include mainly (1) river improvement
including partial flood-control, (2) construction of flood way
and (3) construction of dyke to protect Bangkok from the flood
water.

On the other hand. non-structural measures include (1)
conservation of rainwater retarding capacity in Middle Chao
Phrava River Basin and (2) regulation to development projects
in flood-prone areas in the basin.

Dyke construction project in Bangkok is commenced by BMA
to solve recent inundation damages in the riverfront area.
although local people oppose the project. Consensus making is
strongly expected based on appropnate role allotments among
relevant sectors in the near future. (Katsuhide Yoshikawa.
2003)

(EFfGSeAr 2007 42 12 H 26 H)
(BEESSFE 20084 1 A 25 H)

Fig.A2 Conceptual Plan for Comprehensive
Flood-mitigation in Chao Phraya River Basin

A3. Development of Thai-style Semi-combined Sewerage
Systems

Table Al shows list of wastewater treatment plants which

BMA started operations by 2004, And configuration of

wastewater treatment sub-divisions in Bangkok is shown

Fig.A3. (Hearing in 2004 and Site Survey in 2005-2006)
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Fig.A3 Configuration of Sub-divisions for Sewerage
Works in Bangkok (BMA, 2004)

Table Al List of Wastewater Treatment Plant in Bangkok (2004)

Plant Location Population Served | Design Inflow | Actual Inflow BOD TN
inflow (effluent) inflow (effluent)
persons m3/d m3/d mg/l mg/l
1. Siphrava 120,000 30,000 18,256 554 (5.0) 103 (4.1)
2. Rattnakosin 70,000 40,000 35918 785 (11.3) 6.2 (4.3)
3. Dindaeng 1.080.000 350,000 175,484 35:7 L (5.0) 183 (5.6)
4. Chongnonsi 580,000 200,000 129,033 32.1° (:55) 90 (5.2)
5. Nongkaem 157.000 157.000 103.657 35.95(5.5) 124 (7.4)
6. Thungkru 177.000 65,000 35.549 36.6 (35.0) 100 (6.7)
7. Jatujak 432,000 150.000 110,925 2 Bt (7 450) 15.0 (11.2)
Total 2.616.000 992.000 608.825 37.3 -(:519)%] 13.3. (5.9)%2
Area: 19.170ha (3791/p/d) (2331/p/d)

(*1): 8. 72-BOD/p/d for inflow, 1.4g-BOD/p/d for effluent, (*2) : 3.1g-TN/p/d for inflow, 1.4 g-TN/p/d for effluent
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A Simple Application of a Velocity Sensor based on the Doppler Effect of Ultraso&ic Sound
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A hydrometry of small-scale river using a vlocity

2) cost spent on equipment and the settlement is low,
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river |

discharge and pollutio
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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,

results, the hydrometry using the sensor is concluded to be worth uullzmg for a long-term monitoring system to evaluate
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