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Tracing a confined groundwater flow
system under the pressure of excessive
groundwater use in the Lower Central
Plain, Thailand

Tsutomu Yamanakat, Jun Shimada?, Maki Tsujimura3, Oranuj
Lorphensriand*, Makoto Mikita®, Atsushi Hagihara3 and Sinichi Onodera®
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Flux (m3/d)
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- : Groundwater flow system
Paleo information information
(time record) by environmental isotopes
from groundwater aqUIfer (residence time, recharge
(recharge temperature, etc) temperature/altitude, etc)
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(EOS.No.24,1998)
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CFC and 3Kr for modern groundwater age tracer
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Figure 15.1 Atmospheric mixing ratios of CFC-11, CFC-12, CFC-113, and SFg in North
American air.

Used as refrigeration and air conditioning
or spray-gas until 1990
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Figure 12.1 %kr activity of tropospheric air between 1950 and 1995 compared to those of ®Ar
and '*C, and to °H data representative for precipitation in central Switzerland. The vertical
scale factors are: 100 = 1 Bqm 3 of air for “5Kr 100 % modern for °Ar (equal to 1.67 x 10% Bq
m’3 of air), 100 pmC for '*C, and 1000 TU for °H.

Kr-85: half life 0.7yr
Kr-85 : origin Nuclear power plant,
reprocessing plant



Sampling and analysis
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Tritium concentration (T.U.)
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3. Preparation of counting sample of Kr-85
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Trend in groundwater levels in selected areas in Tokyo, Osaka, Taipeil,
Bangkok and Jakarta.

Fig. Change in (a) groundwater level and (b) amount of subsidence

b
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Comparison of target cities

BKK JAK ait KR R Jo)
Precipitation (mm/y) 1419 1909 2004 1400 1460 700
Actual E (mm/y) 1400 1500 1200 800 800 700
P-AE (mml/y) 19 409 804 600 660 845
Geology Alluvium Alluvium Alluvium Alluvium Alluvium Precam
Area(km2) 1010 662 272 500 900 606
groundwater age (14C) 12800 7000 10577
14 CEKHF# 31 30 6
population (million) 6.5 8.7(23.6) 2.8(6.8) 0.8(15.3) 12.6(34.9) 10
EXEKEGFRBN.B) 47 9.6(?) 120 33 150 12
1980 1994 1970 1963 1970 1996
AT KGET (—GLm) -50 -25 -40 -30 -60
1980 2008 1975 1962 1965
RAHEEIET (GL-m) =2, -2.0(?) 223 -3 -4.5




Water budget of Asia «
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Geological setting of Bangkok & Jakarta Plain

T.Hosono, 2009




Groundwater withdrawal at Osaka

IWSW: T 2K

Y.Kataoka and T.Kuyama, 2008




Groundwater abstraction at BKK
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Groundwater change in Kanto plain (Tokyo)
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v A:ln January 1981, southern part of Alluvial and, Koto Region, was designated by the

Industrial Water Law(I¥L) as a restricted ares) e no new wells were to be installed for
industrial usage.

:Januery and June 1966, pumping of groundwater for industrial usage in Koto Region was
restricted by IWL.

:In December 1871, puaping of groundwater for industrial usage in the northern part of Alluvial
Lowland called Johoku Region was restricted by I¥L.

tIn April 1374, pumping of groundwater for industrial usage was wore reinforced in Johoku
Region by INL.

In July 1985, pumping of groundwater for airconditioning in Alluvial Lowland of Wards District
was restricted by the Law Controlling Pumping of Groundwater for Use in Building(LCB).

:In July 1966, pumping of groundwater for airconditioning in Terrace of ¥ards District was
restricted by LCB.

:In November 1970, drilling of new wells for industrial and non-drinking usages was restricted
in Tama District under the Metropolitan Ordinance.

:December 1972, extraction of water-soluable natural gas was suspended in the estuary of the
Ara River by the means of purchase of the mining rights by Tokyo Metropolitan Government.
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Groundwater potential during last 30years
at Kanto Plain, Japan (aquifer VI)
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(Hayashi,et al., 2007)
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Fig. 14 Changes of tritium concentration in seepage water along tunnel,

after tunnel construction.
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(a) before construction

{b) after construction Na Al Si3 Os

Ca Al2 Si2 O8

- -:;", .
+ N J 4 \\ e
/ + \ \ xA'ZSIZ()s(OH) "‘4\;"_ o "f; :
+ Co:*/ + - \“_"\_ T '
HC 03~ ~ T~
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Conceptual groundwater flow on the cross-section around the tunnel before and
after the construction.
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Calculated spatial distribution of the groundwater recharge (color
gradation) and hydraulic head in layer VI (contour: m) in early period after

WWII and after the groundwater extraction was regulated in Tokyo.

Aichi & Tokunaga (2008)




Hydrogeological potential Recharge area of
Kanto Plain (Shindo 1978)



Vertical flow: BC-BK
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CFC-12 and recharge year of
D alla
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27 (1958) 44.3pmc, 0.8TU

65 (1965)71.1pmc,0.6TU
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126 (1970):
CFC-12 conc. in pptv

N
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' )l

0 (<1940) 4.3pmc, 0.9TU

O
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$C) 25 (1958)
67.5pmc,0.8TU

— 59

0 (<1940)7.3pmc,0.5TU

(Recharge year by piston flow model)
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Geological setting of Seoul Area

T.Hosono, et al., 2009
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Fig. (a) Volume of groundwater abstraction by sector in the 23 Ward Areas of Tokyo. (Before 2000 the volume of
groundwater fromsmallwells (diameter of less than 21 cm2)was estimated as 99,000m3/day, but after 2000when regulations
were changed and small industrieswere required to report their actual consumption, the reported volume of abstractionwas

found to be less than the previous estimates. This resulted in a sharp decrease in volume since 2000). (b) Volume of

groundwater abstraction by sector in Osaka city. (c) Volume of groundwater abstraction by sector in Taipei Basin. (d) Volume of
groundwater abstraction by sector in Seoul. (e) Volume of groundwater abstraction by sector in Bangkok. (f) Volume of
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groundwater abstraction by sector in Manila.
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Comparison of target cities

Table 1: Size of the cities and geology of the study areas.

Seoul Taipei (*) Bangkok Jakarta (*) Manila (*)
Population (million) 10 2.8 (6.8) 6.5 8.7 (23.6) 1.6 (9.9)
Area (km?) 606 272 1010 662 (1360) 39 (636)
* Alluvium = Alluvium "Holocene-Recent tidal plain -Holocene-Recent tidal plain -Holocene-Recent tidal plain
Geology *Jurassic granitoid *Pleistocene volcanic rocks  "Pleist-Holocene *Pleistocene volcanic rocks  ~Plio-Pleistocene

*Precambrian gneiss *Oligocene-Miocene

sedimentary rocks

sedimentary deposit " Tertiary sedimentary rocks sedimentary rocks

(*) The population and area including surrounding urbanized area.

Osaka
10
5007
Alluvium

Kanto
15
900
Alluvium




Growth of Asian Natoions

22500
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Fig. (a) GDP per capita from 1900-2000. (b) GDP per _
capita growth rate (%). K. Jago-on, et al., 2009
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CFC and 8Kr for modern groundwater age tracer instead of 3H
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Figure 15.1 Atmospheric mixing ratios of CFC-11, CFC-12, CFC-113, and SFs in North
s AMerican air.

Used as refrigeration and air conditioning
or spray-gas until 1990
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Flgure 12.1 %Kr activity of tropospheric air between 1950 and 1995 compared to those of ®ar
and "C, and to *H data representatxve for precipitation in central Switzerland. The vemcal
scale factors are: 100=1Bgqm 3 of air for ® Kr 100 % modem for *°Ar (equal to 1.67 x 102 Bq

m™ of air), 100 pmC for "C, and 1000 TU for °*H.

Kr-85: half life 10.7yr
Kr-85 : origin Nuclear power plant,
reprocessing plant
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