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(National Ground Water Association, 2007)

4+—— Recharge

Lond surface

ML

=~ Confining - bed

Discharge (D) = Recharge (R)

Withdrawa! (Q) = Reduction in storage (AS)
2)

Withdrowal (Q) = Reducticn in storage [AS) * Reduction in discharge (AD)
(3)

Withdrowal {@) = Reduction in dischorge (AD) + Increase in recharge (AR)
4)

(USGS, 1983)
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‘ I Regional flow system

Area with low flow velocities + " :
Impermeable boundary of the flow ==l ) 2 : ) Discharge Regional Subregional Local
domain of the joint flow systems (Bemi-stagnant srea with stagnalion paints) 2 flow branch flow branch  flaw branch
=1 Boundaries between flow systems ,‘; Recharge

Figure 1  Example of Toth’s hierarchically nested groundwater flow systems (after Engelen and Kloosterman, 1996).
* MDarcy (1856) #AE L, Kz (k) ERFERIKFA;
* 3|Toth (1965) M TAKENEN FLRHRE, REHERL
RIZF ), ARRRGNIRITA,;
* ML, RGHFE ERXEHA?
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Deuterium and oxygen-18 variations in rivers, lakes, rain, and snow,
expressed as per millage enrichments relative to ''standard mean ocean
water' (SMOW). Points which fit the dashed line at upper end of the curve
are rivers and lakes from East Africa.

Ref. Craig H. Isotopic variations in meteoric waters[J]. Science, 1961, 133(3465): 1702-1703.
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Beijing Network of Isotopes in Waters (BNIW)
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Precipitation: event-based, in operation since 2014
Groundwater: sampling in the wet season (September) and in the dry
season (April)

(Li, Pang, et al., 2018 JGR)
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The amount of precipitation
(P,mm), temperature (T,°C),
relative humidity (RH, %o),
and so on are measured at
each observation station.

Automatic temperature
and humidity recorder

SR S

Microclimate instrument
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Terrestrial P: precipitation

E ti
m vaporation surface

/ Flow

§i Precipitation

d: d-excess

P.: precipitation from

local moisture
d.: d-excess of P,
P_: precipitation from

external moisture

Oceanic
surface

d,: d-excess of P,

P=P. +P,
d =df.+ d, (1-f,.) (Kong & Pang, 2012, JH)
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Map of dry and wet areas in China

How does
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groundwater

circulate?
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(Li, Pang, et al., 2018 JGR; Kong et al.,2019,JGR)
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Distribution of rainfall amount
in 24 hours (21 -22 July)

(Li, Pang, et al., 2015)
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Three rainfall processes are indicated :
> single-vapor source rainfall (stage 1)
> mixing of two vapor sources (stage 2)
> double-vapor source rainfall with strong rainout effects (stages 3 and 4)

(Li & Pang, etal., 2015)
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Eventful monitoring of isotopes in precipitation in
Tianshan Mountains
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Monitoring stations at various elevation in
the Tianshan Mt.
(Pang et al., 2011, Tellus-B)
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The region is sensitive to climate change, which has been recorded in

rivers in the north and south regions, respectively, and heavy floods take
place some times during the summer.

1957 1967 1977 1987 1997 2007
Year

Urumgqi River in Northern Xinjiang
increases by 10%

100
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N 3 S ‘ Glacier NO, 72 m

w Kunlun Mts. Mt SRR 0

. 1957 1967 1977 1987 1997 2007
MFE W'FE WE NE 2°F M'E WE KFE YWFE RFE Y'FE WF

Year

Urumqi and Kumalak Rivers in north

Kumalak River in Sourthern Xinjiang
and Sourth Xinjiang, respectively.

increases by 38.7%
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Water isotopes
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« Groundwater recharge
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Ongoing Projects with the IAEA:

1. A CRP (coordinated research program) project
on precipitation isotopes and climate change

2+ A CRP project on urban water supply as affected
by environmental changes

3. A TC (technical cooperation) project for Asia and
the Pacific region: Enhancing regional capacity iIn
groundwater management using isotope techniques
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2018 IAEA/RCA Technical Workshop on Ground Water
Recharge and Dynamics Using Isotopic Techniques

B s —womE
FEEH.

IAEA/RCA RAS7030 Assessing

#& Deep Groundwater Resources

September17-21, 2018 @ Beijing, China
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M (2013-2023)

ﬁfﬁé‘f” 114¢q/110¢q 53Cr/52¢r
: 85Cu/63Cu

885r/865r

662n/64zn

Change in Hydrolo
gnd Soc'lyety i

Source: Montanari et al., Panta Rhei—Everything Flows”:Change in hydrology and
society—The IAHS Scientific Decade 2013-2022, Hydrological Sciences Journal, 58:6,

Source: http://WWW.|Sonose.eU/h0me/ 1256-1275, DOI:10.1080/02626667.2013.809088



1. &RAETHE S

Temperature change
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