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Fig. 1 Sketch map of groundwater age in an ideal aquifer

1
a. ;b.
o XL ( )9
32
, x(
) ’ ’ X
Rx/He;
R/€NO7 R/€9 0
) (H),
( €, (x)
(R, 1b. ,
Re
:V_l' H€9 09
_ He H x'He
=g )t
. X s ;2
Cook ™
(T), la N
_ He  He(x+2)
=T 1b =T R
50 m, O. 39
200 mm/a, la
75 ds
75 a 1b
, 5 000 m,
5 km, 139
150 ds
150 a. , ,

’

Cook  [2]
Rl S L ES
10
ARy Rl
20
§ MK
30
40 |
50 1 1 1
0 25 50 75 100
T B e i)/
2
Fig. 2 Residence time curve of groundwater
3m, 20 m, 50 m,
0.1, 0.3, 500 mm, 100 mm
b b b
b
(2] .
’ 2.
b
b
b
b b



143
,20 -
2 o NI RHI
o HAbRIF
B0 e spp
x T Tk
S 40
: 3
( , © 0
) . -60
[3~51
, Mo 9 8 7 6 5 a
5 (*0)/10°
2.1 4 Aquitain S(D)—o6("* )
X 9]
D,BO. S(D) (80 Fig. 4 Relationship between (D) and §(** O) of ground-
water in Aquitain basin, southwestern France
: 1C,s(D) 68O 0.7X
( pmc, )
107%  5.6xX10 °%), Wang '~ : ) 1
1 C . 8(18 ()> *O 4>< Aquitain s .
1073, , .
D.*0 (o3, 8D 5O
D "0, , S(D) .6 O)
, ( 4), oD RO
s(tO) M C 20 000 a).
Ne, Ar, Kr, Xe
D 80O : (11~
) 13C) 5~7 C. .
, ( ) , Aquitain
, 5(D)
o) R Ahaggar
.3 ’ o
s(D).ot0) e D o) :
5 (“C)/%
0 10 20 30 40 50 60 70 80 90 100 (0.3 g/L ).0(D) 5B O)
-9 T T T ogb T T T T T =50 14~ 0 0
i 5g T 0 g° o C (11026 ~115%0)
o % P © 0° 9
b, LT 160 : §~16 TUY,
S e B e {-70 & .
;7 i 3% . .‘“ Ceodls ¢ 8 ot . .:u ;\
£ . N ey 150 2 (0.8 g/L ), 0(D),. 6O MC
© sk T - 5("0) N (7% ) :
. - 5(D) 1790 i .
7l 4-100 1g/L,6(D  6CF0O) ,
3 (D). o(FO)  o(MC) ; "G,

Fig. 3 Relationships between §(D), §(*O) and §(**C) s

of Upper Quaternary groundwater
pp yg OTU

,1TU=0. 11 Bg/L.



144 — 27
20t A BIGHO)) ; D *O
10k A RAPER

o PRI
or + IR K

PR Y 2 v

5 20t (

g 30t ) .

© 40t

,50 -
—60 ’
70 .
780 1 1 1 1 1 1 18
12 -0 -8 -6 -4 -2 0 o) &(D)
S ("0)/107 2.2
5 Ahaggar S(D)—o6(*O) ’
( Saighi  [10]) LT.MC 0 *CL 12. 43 a,
Fig. 5 Relationship between (D) and §(**O) of ground- (1953 ),MC
water in Ahaggar area, central Sahara 5730 a, (1~40) X10* a
3% (Cl 3. 01 X 10° a,
( ) 4 s
(1~10) X10° a
[11] : D, 18 O ’ ’
GHO)) ( )8 O)
—10X10? ,
—10X1073
Yarmouk
. uc 1C [12]
( ) ; : . 230~800 mm.
14C ].O%y 14C , 710061
e 10%. 1000a 10000 a.
oM (O e ,
s o(D) e , 6
S(O) — ,
[3].
SO (O , ,
’ ( 80~ .
100 TU) . .
S(D) 6" O) ,
(1] Albian
2000 a; JC e « D
10 000~20 000 a, .
S (O — ,
, 14 C

, o(D)

y 36 Cl



145

5(D)/TU (@) A (“C)la N
] e
N, - \:I . PHS

- AN g ounietra ) e N

—-—_.- ’ Y ‘-_,"\‘\) i

@ ooo\ 2

a8 .\-‘
S\7 ;
S |
Izraa \-\
Suwieda %
N ® /
\'\___‘ 1 \.\.
! i
NS 14\ i
\ Daraa \ !
. ,
S 680 16 20 i
0 20 km S i
| N - T e -
6 Yarmouk e

Fig. 6 Tritium and " C age of groundwater in Yarmouk basin, Syria

7 0O

[13]

Fig. 7 §(*C) distribution of groundwater in Paris basin

b

150 X 10" km?,
360

[14~16]

5 m/a,
% Cl/Cl

b

1 m/a.

(90~120) X 10" a,

10 al'ed,

1998

b

(100~220) X 4~11TU.

( N N
4 000~20 000 a
0711984

2



146

27

[18]

b
(secure drinking water) s .
10" a

b b

b b

[1] Appelo C A J, Postma D. Geochemistry, groundwater
and pollution [M]. Rotterdam; Balkema A A, 1996.

[2] Cook P G, John K B. Determining timescale for ground-
water flow and solute transport [A]. In: Cook P G,
Andrew L. H, eds. Environmental tracers in subsurface
hydrology [C]. Massachusetts;: Kluwer Academic Pub-
lishers, 2000. 529.

[3] IAEA. Proceedings of a regional executive management
seminar on isotope techniques in water resources devel-
opment and management and a regional workshop on i-

sotope hydrology for Asia and the Pacific organized by

the IAEA and held in Beijing [ R]. Beijjing, 15— 26
June, 1987,

[4] Oliver S. Groundwater; past achievements and future
challenges [ M]. Rotterdam: Balkema A A, 2000.

[5] Eberts S M, George L. L. Regional ground-water flow
and geochemistry in the Midwestern basins and arches
aquifer system in parts of Indiana, Ohio, Michigan, and
Tllinois [ A]. US Geological Survey Professional Paper
[CJ. http://water. usgs. gov/pubs/pp/, 2000. 103.

[6] Mazor E. Applied chemical and isotopic groundwater
hydrology [ M]. Milton Keynes:
Press, 1991. 274.

[7] Wang D' S, Wang K. Isotopes in precipitation in China
(1986—1999) [A]. In: Water Resources Assessment:
Isotope Techniques [ C]. Technologies Sciences (Series
E), 2001, 44 (Supplement) : 192,

[8] Klaus P S. Environmental isotopes in the hydrological

Open University

cycle: principles and applications. Volume V: man's im-
pact on groundwater systems [ M]. Vienna: IAEA,
2001.

[9] Blavoux B, Dray M, Fehri A, et al. Palacoclimatic and
hydrodynamic approach to the Aquitain basin deep aqui-
fer (France) by means of environmental isotopes and no-
ble gases [A]. In; TAEA, ed. Isotope techniques in the
study of past and current environmental changes in the
hydrosphere and the atmosphere [ C]. Vienna: IAEA,
1993. 293—305.

[10] Saighi O, Michelot J L, Filly A. Isotopic characteris-
tics of meteoric water and groundwater in Ahaggar
Massif (central Sahara) [A]. In: IAEA, ed. Isotope
techniques in water resources investigations in arid and
semi-arid regions, IAEA-TECDOC-1207 [ C]. Vienna:
TAEA, 2001. 7—26.

[11] Coplen T B, Herczeg A L, Barnes C. Isotope engi-
neering — using stable isotopes of the water molecule
to solve practical problems [A]. In: Cook P, Herczeg
A L, eds. Environmental tracers in subsurface hydrol-
ogy [ C]. Massachusetts: Kluwer Academic Publish-
ers, 2000.

[12] Katten Z. Chemical and environmental isotope study of
the fissured basaltic aquifer systems of the Yarmouk
basin (Syrian Arab Republic) [A]. In: IAEA, ed.
Isotope techniques in water resources development and
management [ C]. Vienna: IAEA, 1999. 674.

[13] Mazor E. Chemical and isotopic groundwater hydrology
[M]. New York: Marcel Dekker Inc, 1997. 413,

[14] Bentley H W, Phillips F M, Stanley N D, et al. Chlo-



2 : 147

rine-36 dating of very old groundwater, the Great Arte- [M]. Canberra: Bureau of Rural Sciences, 2000. 229.
sian basin, Australia [J]. Water Resources Research, [17] Wang K, Zhu J L. A conceptual model of the Tianjin
1986, 22(13): 1991—2001. geothermal system based on isotopic studies [ ] ]. Tech-
[15] Torgersen T, Habermehl M A, Phillips F M, et al. nologies Sciences (Series E), 2001, 44 (Supplement) ;
Chlorine-36 dating of very old groundwater 3. Further 160—164.
studies in the Great Artesian basin, Australia [J]. Wa- [18] Emanuel M. Interrelations between groundwater dat-
ter Resources Research, 1991, 27(12): 3201—3213. ing, palaeoclimate and palaeohydrology [ A]. In:
[16] Radke B M, Ferguson J, Cresswell R G, et al. Hydro- TIAEA, ed. Isotope techniques in the study of past and
chemistry and implied hydrodynamics of the Cadna-ow- current environmental changes in the hydrosphere and
ie-Hooray aquifer, Great Artesian basin, australia the atmosphere [C]. Vienna: IAEA, 1993. 621.

Groundwater Resources Attribute Based on Environmental Isotopes

WEN Dong-guang
(China Geological Survey, Beijing 100083, China)

Abstract: The paper put forward a concept of regional groundwater resources attribute from point of
sustainability based on isotope information. It analyzed the distribution of groundwater age in the aquifer
system, groundwater resources attribute in some regional aquifer systems using isotope data and the
effect of human activities (groundwater exploitation) on regional groundwater resources attribute. It
point out that the direct and cost-effective tool for assessment of regional groundwater resources
attribute is environmental isotopes, and correct recognition and estimation of regional groundwater
resources attribute will play a very important role on realizing groundwater resources sustainability.

Key words: regional groundwater resources attributes; environmental isotopes; age of groundwater;

regional aquifer system.



