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Abstract

A comprehensive environmental isotope investigation of se-
veral complex groundwater systems and the mixing of groundwater
with surface water in the region of Taiyuan, Shanxi Province of
China, is presented. Environmental isotopes, including stable
isotopes, tritium and uranium series in water and its activity
ratio U/ U are applied to divide karstic groundwaters
into separate.rXishan and Dongshan systems. The xishan karstic
water system shows a great scattering of isotope data- This
results from the mixing of karstic groundwater and surface wa-
ter from the Fenhe River. The Dongshan system is homogeneous
and karstic water is tritium free and its age should be more
than 50 - 100 a. The increase in uranium activity ratio, which
is correlated with the length of the flow paths, shows the run-
off direction of the Dongshan karstic water system towards the
major natural outlet, the Lancun Spring. The altitudes of re-
charge of Xishan and Dongshan karstic waters are evaluated as
1400 m and 1300 m, respectively. The ages of fissure ground-
waters in metamorphic rocks are determined in terms of their
tritium content. Some practical considerations upon groundwater
management are also drawn from isotope results.

Shanxi Province, an important base for heavy chemical and
energy industries in China, has confronted a serious probles
of water resources in construction. Research programs against
such a problem have been fit within the key projects of Acade-
mia Sinica for the "Workshop for Proof of the Comprehensive
Science-Technology Projects for Constructions of Shanxi Energy
and Heavy Chemical Industry Base" of Academia Sinica (February
1983). According to the Contract, Taiyuan area was chos«. n for
the investigation. The major work in 1984 was concentrated in
the Xishan (Western Mountains) area, and switched to the Dong-
shan (Eastern Mountains) area in 1985 - 1986. The final report
was submitted by the end of 1986.

Taiyuan area is located in the middle of loess plateau of
Shanxi Province and, features a continental climate. In this
area rain falls are extremely rare, the annual precipitation
is 460 mm with the bulk concentrated in July through September
and the evaporation rate is far greater than the fall rate.
The annual mean temperature is between 8.1 - 8.7°C over many
years.

Geomorphologically, the area under study can be divided
into the Xishan area, the Taiyuan Basin and the Dongshan area
(Fig. .\) . The Xishan area, rises 800 - 2200 m above sea level,
descends from the northwest toward the southeast with gullies
densely distributed, and is characterized by low-medium moun-
tainous landformti, the most parts being outcropping bed rock
area. The North portion of the Taiyuan basin and the Dongshan
area are 1400 - 1900 m in altitude and have a iandform in-
clined from the north, northeast and east toward Taiyuan Basin.
The Taiyuan Basin, around 800 m in altitude, is a Cenozoic rift
basin where thick and loose rock beds are well developed.

The water bodies on the surface of the working area belong
to the Fenhe River water system of the Yellow River reach. The
Fenhe River runs eastward starting from the Fenhe reservoir,
until reaches Lancun, then runs southward down to the Taiyuan
Basin. Adjusted by the Fenhe reservoir, the flow rate of the
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Fenhe River is on average 20-30 rn3/s in drain period, while
the river channel is basically arid in non—drain period. Be-
fore entering the basin, the river runs through the sections
where limestones are well developed, and may-thus more or
less recharge the Xishan karstic groundwater.

The strata of the working area, except for some Cenozoic
thick loose rocks in the Taiyuan Basin, consist of Triassic
sandstones and shales of Mesozoic which are distributed in a
limited area, Permian sandstones and shales of Upper Paleozoic
which are widely distributed in the Xishan and Dongshan areas
with a thickness over 1000m, Carboniferous strata of 85 - 172m
thick which are superimposed by Mesozoic and Upper Paleozoic
strata, and extremly thick Cambrian and Ordovician carbonate
rocks which are extensively distributed in the working area
but lying in the deep part of Taiyuan basin. The basement rock
in the working area is Archean gneiss.

The extent to which the karstification is developed in the
carbonate rocks of the Taiyuan area is remarkably governed by
the chemical compositions of the rocks. The major aquiferous
layers in the carbonate rocks of the Taiyuan area include the
upper section of the Fenfeng Group of Mid-Ordovician (O 2f 3),
the upper section of the upper Majiagou Group (O2s3) and_the
upper-middle section of the lower Majiagou Group_ (̂ )2x2 + 3 ) • The
development of karstification, the recharge and run-off and
drainage conditions of karstic waters are also affected by geo-
logical structures.

Large karst springs are occured in the Taiyuan area. Among
them, the Lancun Spring and Jinci Spring are those of great out-
flows, distributed mainly at the conjection region between the
Xishan area and Taiyuan Basin, being the major water supplies
of Taiyuan City. In recent years, their natural outflows have
notably decreased. Before 1966 the annual mean flow rate of
the Jinci Spring was 1.8 m3/s and now it is less than 1 m3/s.
The natural flow rate of the Lancun Spring has also progressi-
vely decreased from the previous' 3 m3/s. The exploitation rate
of Lancun water source in 1979 was about 3.17 m3/s and dimini-
shed to 2.31 m3/s in February 1984, with the water level being
decreasing gradually. Meanwhile, the need for the water supply
has been increasing from year to year. The contradiction be-
tween the consumption and supply of water in the Taiyuan area
has become a crucial problem in the further development of the
area.

The groundwater of the Taiyuan area can be divided into
three basic types:

1) Pore groundwater. This type of groundwater is develop-
ed in beds of rivers (mainly of the Fenhe River) in Quaternary
strata.

2) Basement-rock fissure groundwater. This type consists
of fissure groundwater in Archean metamorphic rocks and Yensha-
nian magmatic rocks and that in clastic rocks and carbonate-
inter-calated clastic rocks, which correspond to Triassic (T),
Permian (P), Carboniferous (C) and Sinian (Z) systems. The
carboniferous and Permian strata show better water aboundance.

3) Fissure-karst groundwater. This type of groundwater is
mainly in the Middle Ordovician carbonate rocks and occasional-
ly distributed in lower Ordovician and Cambrian strata.

The major tasks of the present study involve:
1) Investigation of the isotope-compositional characteris-

tics of meteoric water, surface water and groundwater in the
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Taiyuari area.
2) Investigation of the interrelationships of surface water

with groundwater and between various types of groundwater.
3) Investigation of the conditions for the recharge of two

natural springs, the Jinci and Lancun Springs to probe into the
cause of the spring outflow reduction from year to year and to
assess the potential influence of groundwater exploitation in
the Gujiao area on the spring flows.

1. The tritium content and oxygen and hydrogen isotopic
compositions

1.1. Methodology for determination of 6D, 6 0 and H

1 8
The & D and { 0 contents in water samples were determined

by means of mass spectrometry. Hydrogen gas for mass spectro-
metric determinations of 6D content in 5 - 10 ^1 of samples was
prepared using metalic uranium reduction method [1]. For de-
termination of S O 2 ml of samples were used in CO^-H-O equi-
librium method at 25°C. The standard Mean Ocean Water, V-SMOW,
distributed by IAEA was utilized as a reference material of hy-
drogen and oxygen isotopes, in which D/H ratio is (155.76+0.05)

x 10~6 and 8160/«18O ratio is (2005.2+0.45) x 10~6 [23. Mass-
spectrometer of the model MAT-251 was~employed for determina-
tion of the isotope ratios of H~ and CO-. Analytical errors

were l%o for 5 D and 0.1%. for 6 8 0 .
The H content was determined using liquid scintilation

counting method in which 250 ml water samples were electroly-
tically concentrated first, to make up scintillation liquid
for use in the radioactivity measurement of tritium with liquid
scintillation spectrometer. Both domestic and Japan-made low-
level liquid scintillation spectrometers of the models FJ-353
and L.SC-LB-1 were used for the measurement with background le-
vels of 5 Cpm and 1.5 Cpm, respectively. The measuring error
for 3H content in water samples was less than 10% [3j.

1.2. The isotopic composition of meteoric water

Monthly averaged rainfall samples were collected according
to an agreement by three meteorological observatories belong-
ing to the Bureau of Meteorology of Shanxi Province. The three
observatories are Shouyang Observatory (N 38° 54', E 113° 10',
altitude 1160.4 m a.s.l.), Loufan Observatory (N 38° 04', E
111° 33', altitude 1170.5 m a.s.l.) and Taiyuan Observatory (N
37° 47', E 112" 33', altitude 777.9 m a.s.l.). For some reason
the Taiyuan Observatory supplied no water samples. The Shou-
yang and Loufan Observatories provided only samples collected
in the 2nd half year of 1984. Since rainfalls in the Taiyuan
area are concentrated in July-September, the results obtained
can still beRconsidered to be of representative (Table I).

In 6D-6 O plot (Pig. 2), the data dots of rainfall samples
collected by two observatories exhibit a linear distribution
with the linear equation taking the form: ,$0=7.61 & 0 + 9.25
(r=0.9763). Marked in the plot with black circles are the pre-
cipitation weighted mean isotopic compositions of these two
observatories. .„

Fig. 3 illustrates the correlations of 6 ' O content in me-
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teoric water with altitude. The circles shown in this figure
are analytical results of 6 spring water samples from local
recharge area collected by the Institute of Geological Mechanics
inftJune 1980 [4]. The data yield a linear equation of the form
6 O=-0.0035lH)-4.38 (straight line 1, r=0.9856). The altitude
effect of 6 O is -0.35%« per 100 meters. The mean values of
meteoric water of Loufan and Shouyang areas all lie off the line
I. Because line I obtained was based on samples collected in
summer while the springs flow amount in recharge region is
small, the seasonal effect can not be ruled out. The data dots
of winter samples could, most probably, fall on the left side
of line I, thus yielding a high recharge altitude. The line
II, which passes through dot L and features a slope of -0^0035,
could well be representative of the altitude effect of 6 0 in
meteoric water of the Xishan area. Since the sampling period
is not long enough, however, such a conclusion remains to be
confirmed in the further work.

According to the analytical results of meteoric water samples
from Loufan and Shouyang areas, the H content in meteoric water
collected in 1984 in the Taiyuan area is obtained to be 54.7 TU.

1.3. The isotopic composition of the Fenhe River water

The Fenhe River is the major river in the Taiyuan area. In
its upper reach there is the Fenhe Reservoir which stops flood,
preserves water and adjusts river water flow. In non-drainage
period the river bed is arid except where several springs occur
in local places. The data from the Taiyuan Bureau of Water Con-
servancy show that from the dam of the Fenhe Reservoir to Zhai-
shang and from Zhaishang to Yibuya, the groundwater source is
recharged considerably by river water. Therefore, the Fenhe
River water is a major source of the groundwater in the Xishan
area, and a survey of the isotopic composition of the Fenhe
River water will aid in establishing the hydrointerrelationship
between karstic and surface waters.

The river water samples were collected from the drain port
of the reservoir in May 1984. The other samples were collected
by the General Hydrological Station of Shanxi Province at both
an unnamed profile and the Lancun profile of the Fenhe River.
The analytical results are listed in Table II.

The H content in the Fenhe River water should have been
equal to that in meteoric water in this area. As a small,por-
tion of groundwater run-off is merged into the river, a H con-
tent slightly lower than that in meteoric water (55 TU) was ob-
tained, i.e., 47 TU for the period from March 1983 to May 1984.

Owing to the adjustment of the reservoir, the hydrogen-
oxygen isotopic compositions of the river water show little va-
riations with season changes, on average: 6 O =-8.3 7+0.46 and
<SD=-61.3+3.9.

1.4. The isotopic composition of the Jinci Spring water

The Jinci Spring is a natural outlet of the Xishan fissure-
karst groundwater. In order to confirm whether there are any
seasonal variation of the spring water in its isotopic composi-
tion, the Shanxi Bureau of Seismology was entrusted to collect
water samples systematically. The spring water was sampled
each midmonth from June 1983 to May 1984. The isotopic compo-
sitions of the samples are given in Table III.
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.As mentioned above,.the analytical errors for isotopes in
water are +0. !%<, for 6 0, +!%» for &D and +10% for H. The
data of 12~water samples given in Table III all fall within the
experimental error range. Thus,,it is affirmative that there
are no seasonal variations in 6 0, 6D and H content in the
Jinci Spring water, suggesting that the spring can be traced to
a distant source. Based on a continuous monitoring during a,g
period of one year, the following results were obtained: 6 0
=-9.91+0.09 and {D=-70.2+0.7. The H content in the Jinci Spring
water is 22.7 TU on averlge, as a result of the mixing among the
Xishan Ordovician karstic water, superficial water and the Fenhe
River seepage water. The comparatively consistent H content
and hydrogen-oxygen isotopic composition of the waters have ruled
out the possibility that the mixing process takes place in the
vicinity of the emergent spot of the spring waters.

The monitoring of the isotopic composition of the Jinci
Spring water allows to conclude that there are no seasonal var-
iations in the isotope compositions of,deep-source groundwater
in the Taiyuan area, especially, the H free groundwater into
which no surface water is incorporated. The analytical results
of the water samples collected in different period are compa-
tible.

1.5. The ages and isotopic compositions of fissure groundwaters
in Permian and Carboniferous strata

All the samples for the age and isotopic compositoins were
collected from the outlet of the various springs flowing over
from the-.Permian and Carboniferous strata.

The H content in the fissure waters in Permian and Carbo-
niferous strata collected in May 1984 was determined to be 93.8
and 99.2 TU, respectively, higher than that in meteoric water in
the same period. Obviously, it took a certain duration^from
recharge area to outflow surface and, in this period, H con-
tent in meteoric water decreased, thus leading to a higher H
content in spring waters.

In order to discuss the ages of fissure waters in Permian
and Carboniferous strata two simplest models were proposed ac-
count for the mixing mechanism of groundwaters.

1.5.1. Piston-flow model

Supposing groundwaters are mobilized within aquifers with-
out any mixing, there will be a "point-on the H content trend
line of meteoric water, at which the H content of meteoric
water should be equal to the H content in groundwater, and
the correspondence point should be taken as the time of ground-
water recharge. As mentioned above, the H content in meteoric
water in the Taiyuan area in 1984 was obtained to be 54.7 TU,
and at the same3period in Ottawa, Canada, was 36.4 TU. The
mean value of H content in meteoric water in the Beijing area
in 1980 was 77.1 TU [5], while in Ottawa it was 49.5 TU. Based
on these data, the ratio of H content in meteoric water of
North China to that of Ottawa is approximately 1.5:1. Thus the
H content trend line pertinent to the meteoric water in North

China was obtained from that in Ottawa (Pig. 4, Curve I). Based
on the radioactive decay formula. Curve I was calibrated to fit
the conditions in 1984, yielding Curve II. The data dots on
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Curve II corresponding to a H content of either 93.8 TU or
99.2 TU allow us to deduce the recharge time as: The Renyicun
Spring through fissured aquifer has an age of 11 a. recharged
by surface water in 1973 and also the Zhoujiazhuang Spring has
an age of 13 a. in 1971.

1.5.2. Exponential model

It is, in fact, impossible that no mixing process took
place in aquifers among groundwaters recharged at different
time. The exponential model goes another extreme with which
we can assume a homogeneous mixing of groundwater occured in
aquifer. The proportions occupyied by the groundwater recharg
ed at different time in aquifers can be expressed with an age-
distribution function f(t):

f(t) = l/^md-l/tm) 1 (1)

where Tm is the mean resident time of groundwater in aquifer,
i.e., the average age of groundwater which equals the ratio of
the total amount of groundwater in aquifer (the stationary
storage) tc its annual recharge amount (the dynamic storage).
By assigning a * m value,,one can obtain the f(t) value corres-
ponding to time t. The H content in groundwater of a mean
resident time *"m( Cr , is subject to the relation:

CT = If (t)-C, (2)
Tm t

where C denotes the H content in meteoric water at time t.
3

If Curve II in Fig. 4 is treated as the H content trend
line for meteoric water, we obtain, from the above formula, a
curve describing the relation between the mean resident time
(Tm) and the H content in groundwater (Fig. 5), which allows
to obtain the average age of groundwater in the Xishan area:
7 years for fissure water from the Renyicun Spring and 8 years
for fissure water from the Zhoujiazhuang Spring.

The real mixing model of groundwater systems could lie
between the piston-flow and the exponential models, while the
ages of groundwaters derived from the two extreme mixing models
show no significant difference: 7 - 1 1 years for the Renyicun
Spring of Permian strata and 8 - 1 3 years for the Zhoujia-
zhuang Spring of Carboniferous strata.

1.6. Isotopic compositions of karstic waters in Ordovician
strata

Ordovician karstic groundwaters were sampled from 43 spots
(Fig. 1). Among them the Jinci Spring water was sampled mon-
thly for a duration of one year.

Based on the isotopic compositions, the karstic groundwaters
in the Taiyuan area were distinguished into the Xishan and Dong-
shan karstic water systems. The former is distributed in the
west of the Xibianshan fault (between the Xishan and Taiyuan
Basin) and the latter includes the Taiyuan Basin and the moun-
tainous areas in its east, north-east and north.

On 6D-6 0 plot of Ordovician karstic groundwater (Fig. 6),
data dots of the Xishan karstic water are marked with small cir-
cles which exhibit a linear distribution with the equation tak-
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ing the form: 6D=6".63 618O-4.84 (r=0.9343). This indicates a
relatively close hydro-interrelationship among the Xishan
karstic water, the groundwater in the overlying aquifers and
the seepage water from the Fenhe River. In other words, the
Fenhe seepage water was incorporated int^ the karstic water•
The black dots in Fig. 6 denote the results on the Dongshan
karstic water. On the sampling distribution (Fig. 1) sample
locations are scattered about the Taiyuan Basin, the Dong-
shan area, the surrounding areas of Mt. Qizishan and Fanzhuang
of the Yangqu Basin. The isotopic composition of the Dong-
shan karstic water is comparatively consistent. On mean va-
lues of 18,sampling spots are 8 O=-10.06+0. 17%o, £D=-71.6+
1.2̂ o and H=3.6+3.2TU. The differences are nearly all within
the error range of analysis. The Dongshan karstic water is
essentially H free and no changes were observed for 8 0 and
6D contents in groundwaters from run-off area to the Lancun
Spring, a natural outlet, it suggests that the Dongshan karstic
water differs from the Xishan karstic water in the lack of the
recharge by surface seepage water and water from overlying
aquifers.

If there does't exist incorporation of shallow and surface
waters, the,Xishan karstic water should be accompanied by a
low-level H content. It can be seen from 5 0- H plot (Fig.
7), the amount of incorporated shallow and the Fenhe River see-
page water is proportional to the ,H content, .-giving a clear
linear distribution of the form: 5 O =0.024 JH-10.41 (r=0.9352)
The intercept of the line, -10.41, represents the 6 O value of
the Xishan karstic water. Substituting this value into the
linear equation in Fig. 6, 6D=6.636 0-4.84, we obtain 6D=-73.9
for the Xishan karstic water. Thus, the isotopic compositions
of the two karst water systems can be written as follows:

Xishan karstic water 5^O=-10.41 5D=-73.9
Dongshan karstic water 6 O=-10.06 £D=-71.6

18Supposing the altitude effect of 6 0 in meteoric wa*:er is
0.35%o per 100 meters in the Taiyuan area, the average altitude
of the recharge area for the Xishan karstic water should be
100 m higher than that of the Dongshan karstic water. From the
average isotopic compositions of rainfalls collected by the
Loufan and Shouyang Observatories, the average altitude of re-
charge for the Xishan karstic water is estimated to be 1400 m
or so, and that for the Dongshan karstic water to be 1300 m.

In Fig. 6 the data dots of the Xishan..karstic water fail
between those of the Fenhe River water (6 O=-8.3 7, 6D=-61.3)
andftthose theoretically determined,for the Xishan karstic water
(6 O=-10.41, 5D=-73.9). On 6 0- H plot (Fig. 7) the Fenhe
River water shows a bias far from the mixing line. This is
because the H content of the Fenhe River water given in the
Fig. 7 is the value of 1983 - 1984. Since the karstic water
recharged by the Fenhe River seepage, there must be, to a cer-
tain extent, some mixing between the waters recharged earlier
and later. Consequently, the data dots on the plot do not
pertain to the Fenhe River water in the groundwater system.
During the seepage process, the 6 o value of the Fenhe River
water is stable. Therefore, on the mixing line in Fig. 7 the
point bearing the 6 0 value characteristics of the Fenhe River
water (-8.37) should pertain to the Fenhe River water in the
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groundwater system, which features a H content of 83 TU. Two
mixing models yield its age value of 4 - 6 years.

According to the H content in the Lancun Spring water (
1-3 TU), the age of karstic water was estimated to be over 50
years. Taken the possible mixing process into account within
the karst system, the age should be greater than 50 - 100 years.

1.7. Recharging of the Xizhang water source (Quaternary pore
water) by the Dongshan karst system

The Xizhang water source is one of the major water supplies
in the Taiyuan area. Its current production rate is 2.7 m 3/s.
Samples were collected at both the upper and lower layers of
the Quaternary pore-type aquifer in the Fenhe River alluvium.
Their isotopic compositions were analyzed and the results were
listed in Table VII.

According to the hydrogeological data, the Quaternary pore
water under exploitation at the Xizhang water source is recharged
not only by the Fenhe River seepage water, but also partly by
the Lancun Spring karstic water. The same was found from the
isotope hydrological investigation.

The data of various types of-groundwater and the Fenhe River
water were projected onto the 8 O vs. H plot (Fig. 8). On the
plot, point F denotes the Fenhe' River water in the groundwater
system in 1984. Straight line I is the mixing line of the Xi-
shan karstic water, and straight line II is the mixing line be-
tween the Dongshan karstic water and the Fenhe River,seepage
water, which can be expressed in the form 6 0=0.020 H-10.05.
The Xizhang water samples just lie on this line, indicating that
part of the groundwater exploited from the Xizhang water source
is laterally recharged by the Dongshan karstic water. As in-
dicated in Table VII, the isotopic composition of two water sam-
ples collected in drilling hole show a substantial consistency,
reflecting that the recharge amount of superficial and deep
groundwaters is essentially the same, i.e., the mixing between
the upper and lower aquifers is rather uniform.

Based on the.i&otopic compositions of the Lancun Spring
water, the Xizhang pore water and the Fenhe River water, the
formula for the recharge amount of the Dongshan karstic water
is given by:

X = SFenhe - 6Xizhang x I 0 Q -8.37+9.17

6Fenhe - fiLancun -8.3 7+10.01

It means that the recharge amount of the Dongshan karstic water
accounts for 48% of the exploitation amount of the Xizhang water
source, i.e., 1.3 m3/s or so.

The hydrogen-oxygen isotopic compositions in the Jinci and
Laacun Spring waters are quite similar and the values are con-
sistent within the analytical error. It appears that they be-
long to the same karstic water system, as indicated in Fig. 6.
By plotting 6 0 against H, however, one can clearly perceive
that they have different recharge area and belong to two sepa-
rate karstic water systems.

,In general, the Lancun Spring water contains no H. The avera
ge H content in the Jinci Spring was 22.7 TU in the period of
1983 - 1384. Calculation of <J O indicates that the Fenhe River
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seepage water accounts for 24% of the recharge amount of the Jmci
Spring.

234 238
2. a study of U/ U ratio and uranium content

In order to further investigate the groundwaters in the Tai-
yuan area using environmental isotope techique we have also de-
termined the uranium content as well as its isotope ratio for
some water samples and studied the recharge and run-off condi-
tions of groundwater based on U-isotope tracing, while probing
into the regional hydrogeological conditions of the groundwaters
in the Taiyuan area from H, H and O date.

2.1. Uranium content and U-isotopic composition in groundwater

234
~,R The natural isotope of uranium, U, is the product of
23gU decay. The half-life of U is 0.250 Ma, while that of

U is 4500 Ma. Thus, in the minerals and rocks that are more
than 1 Ma old and present in a closed system an equilibrium in
radioactivity normally holds. In other words, the activity
ratio of U to U (A.R.) is equal to unity.

When uranium is brought into groundwater from surrounding
rocks, its dissolved portion is normally out of equilibrium,-,.
i.e., A.R.^1, because of the natural fractionation between U

and U. In the lattice of minerals U is generally located
in the sites where radiation damage occurs, and thus it?is apt
to be leached out into the liquid phase as.compared to U,
resulting in the relative enrichment of U in groundwater.
However, a more principal factor being responsible for the dis-
equilibrium,of dissolved uranium in grougdwater is the incorpo-
ration of Th, the direct product of U decay, into the
liquid phase due to a-recoil which makes A.R.>1.

The content of urnaium in groundwater is related to the na-
ture of aquifers, which is normally within the-range of,Q.I -
10.0ng/l (0.1 - 10.0 ppb). The mass ratio of U to U is
rather small (only 1/18000). So,the uranium content of ground-
water refers to the content of U. Uranium in groundwater
occurs in +4-valence state in a reducing environment but in +6
-valence state in an oxidizing environment. In the presence of
sufficient CO-, +6-valence uranium occurs in the form of uranyl
carbonate complexes which are water-soluble, whereas +4-valence
uranium is precipitated in the form of UO~ analogue which is
water-insoluble. Such a geochemical behavior of uranium,leads
to a large variation range of uranium content and U/ U
ratio in groundwater, as a result of the interaction between
waters in aquifer and the surrounding rocks, thereby providing
much information on hydrogeology. In the study of uranium iso-
topic ratios in groundwaters from confined aquifers in Florida,
J.K. Osmond et al [6] for the first time suggested that the
uranium concentration and isotope ratio can be used to quanti-
tatively assess the mixing ratios between groundwaters from _,.
different aquifers. P.I. Chalov of USSR also held that the U
/ U ratio could be used to trace the movement of groundwaters
if it stays constant in groundwaters over the entire aquifers,
as such is the case for groundwater from Quaternary loose beds
[7]. In many cases, however, A.R. is not a constant due to
water-rock interaction in aquifer. On the basis of U content
and A.R. variations, some authors have elucidated the run-off
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direction of groundwaters and the characteristics of aquifers
[2,8,9,]. The aim of the present study is to elucidate the
rules of U content and U isotopic ratio variations in ground-
waters in the Taiyuan area, so as to manifest some hydrogeolo-
gical problems encountered in this area as a supplement to
hydrogen and oxygen isotope studies.

2.2. Sampling and method of U isotope ratio measurement

A total of 29 water samples of various types were collect-
ed and determined from 1984 - 1985. The sample localities in-
clude Xishan and Dongshan areas and the Taiyuan Basin (Fig. 1).

Water samples were mostly collected during pumping except
Sa-37 and Sa-38 which were obtained from observatory holes by
barrelling. Each 10 1 of water samples was first acidified with
HNOj to pH=l, doped with an appropriate amount of 23*U trace,
about 200mg of FeCl3 and 20g of NH.Cl, the then heated to boil
for removing C02 dissolved in the water. The pH value of the sam-
ple was readjusted with NH-OH to 7 - 8 to make the trace U in
the sample coprecipitate with Fe(OH)3. The precipitates were
dissolved with 10 M (or more) HC1. The resultant solution was
brought to pass through a DOWEX-1 ion-exchange resin column to
adsorb U and Fe and separate Th. V and Fe were then rinsed
off with 0.1 M warm HC1 solution. The U- and Fe-containing
solution was heated to dryness and then prepared into an HAC-
NH.Ac medium with a pH value of 4.5 - 5.0. The resultant was1

brought to pass through the DOWEX-1 ion-exchange resin column
again to separate U from Fe. The adsorbed U was rinsed off
with 1 M HC1. The eluate was heated to dryness and then made
into a HNO3 medium with pH=3.5. U was extracted with 0.4 M
TTA-CgHg from the solution for 10 min. The organic phase was
dropped onto a stainless steel shim to form a thin and uniform
uranium source. Counting was then made on an o-spectrometer
which consists of a Au-Si barrier detector, a charge-sensitive
amplifier, a main amplifier and a 1024-channel pulse height
analyser. The uranium content in the water sample was then
calculated from the,aaiount?gf

 ti2u trace added and the radio-
activity ratio of ^ U to U.

? \A ? "\ 8
2.3. Uranium content and U/ U ratio in the Xishan karstic

water system

Given in Table VIII are the measured U contents and A.R.
values for the water samples from the Fenhe-Siver and,from va-
rious aquifers in the Xishan area. Excess U (Ex Ul .and
3H2contents are also listed in Table VIII. The excess U,
Ex U=C(A.R.-1), wherg C stands for the U content in the water
sample. The excess Hxks 9i v e n b v taking its equilibrium
amount with respect to U (ppb eU) as a unit £2],

The data of Table VIII show an overal trend as follows:
the deep aquifer features a lower U content and a higher A.R.
value, whereas the shallow groundwater has a higher U content
and a lower A.R. value. This rule is related to the geochemical
behavior of uranium. Uranium is introduced into groundwaters
mainly from shallow aquifers which are characterized by the
presence of CO2 and by a prevailing oxidation condition. U
contents are thus higher in phreatic waters in porous media
and in karstic waters with better recharge conditions. In deep
confined aquifers, if oxidation conditions were turned into
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reduction conditions, U would tend to be precipitated on the
surface of aquifer rocks, leading to a considerable decrease
in U content in groundwaters. Therefore, U contents in ground-
water can, to some extent, reflect the recharge and run-off
conditions of aquifers.

The Xisnan karstic water shows a relatively large range of
variation with respect to its U content and isotope ratio.
Around the Pingquan-Qincun area the 0 content is low but the
isotope ratio is high ̂  U in groundwater may probably have been
precipitated in the transition zone. This indicates that the
Ordovician aquifer in this area is characterized by reduction
conditions and present a relatively close environment. ln_the
rest of water samples U contents are 2 - 3ppb with U/ U
ratios ranging from.1.2.to 2.8. It can be seen from the plot
of U content vs. U/ U ratio (Fig. 9), that the Xishan
karstic water is mixed with the Fenhe River seepage water.
This is consistent with the result inferred from H/0 isotope
data. The high 3H content also indicates the incorporation of
surface water or shallow groundwater. As expected, if no mix-
ing had taken place, the data points of the Xishan karstic wa-
ter samples would have been located at the upper left in Fig.
10 with its U content around 1 ppb and A.R. around 3.

234 2382.4. Uranium content and U/ U ratio in the Dongshan
karstic water system

The water samples from saveral drilling holes in the Tai-
yuan Basin (Sa-18, -19, -33), and from Guadigou in the Dongshan
(Sa-34) and Lancun Spring (Sa-21) have similar U contents and
A.R. values. U iso-tope ratios in three sample localities around
Mt. Qizishan (Sa-36, -37, -38) are approximate to the results
obtained for the above water samples. On the other hand, the
H/O stable isotopic compositions and 3H contents,in these sam-
ples are also identical. On the U content vs. U/ U plot
(Fig. 10), the data points of these samples cluster within a
square at the upper left part, with A.R.=4.02+0.24 and C=1.52
+0.22ppb (see Table IX). Only two samples from Guichao (Sa-37)
and Gudan (Sa-38) have lower U contents, probably due to the U
precipitation in the drilling holes to which no pumping-wash
was taken prior to sampling. So the U contents measured de-
viate from the true values for groundwaters. Investigations
of U isootpe composition have further confirmed the presence
of the Dongshan karstic water system. Its recharge area should
cover Beishan (Northern Mountains), Dongshan and those locations
in the northeast where Ordovician carbonate rocks are exposed.
_,. Under the oxidation conditions, the increase of relative

U content in groundwaters is greater than that of U due
to selective dissolution of uranium and o-recoil. Therefore,
in the aquifers-under a relatively uniform geochemical environ-
ment the U/ U ratio in dissolved uranium will increase
progressively witlj the_run-of£ of groundwaters gradually. On
the isoline of U/ U ratios for the Dongshan karstic water
system (Fig. 10), the run-off direction of Ordovician karstic
water in the Taiyuan Basin points from northeast and east to
the major natural discharge spot, the Lancun Spring.

From U content and isotope ratio data it is inferred that
the Dongshan karstic groundwater system is characterized by a
dominant oxidation environment and a better run-off condition.
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The TDS of the Dongshan karstic water is less than 500 mg/1
and the related hydrochemical type is HCO3,• SO.*Ca"Mg, indi-
cating a fairly good recharge/discharge condition for aquifers.
Although the low 3H content has ruled out the contamination of
artificial 3H from thermonuclear weapon tests, the groundwater
could not be very old in age.

Concluding remarks

Investigation of the groundwaters in the Taiyuan area based
on H/O isotopic composition and U isotope tracing has led to
the following understandings:

1) Ordovician karstic water in the Taiyuan area may be di-
vided into two separate karstic water systems which are roughly
bounded by the Xibianshan fault. The two systems have the fol-
lowing features in respect to their water isotope compositions.

5D

518o
3H(TU)
2 3 8u( P Pb)
234 u / 238 a

Xishan
water

-60 -

-8.2 -

10 -

1.2 -

2 -

karstic
system

74

10.4

- 80

- 2.8

- 3

Dognshan karstic
water system

-71.6 +

-10.06 +

3.6 +

1.52 +

4.02 +

1.2

0.17

3.2

0.22

0.24

2) The analytical results of the isotopic compositions of
the Xishan karstic water samples show a great scattering. On
the 6 D- o 0 plot the data dots of these samples exhibit a,linear
distribution with the correlation equation being 5D=6.63 5 0-
4.84 (r=0.9343). This results from the mixing between karstic
groundwater and the Fenhe River seepage water. Monitoring of
the isotopic composition conducted in a period of 12 months at
the Jinci Spring shows no evidence to the conjecture that the
mixing process takes place at the outflow site of the spring
water. From the 6 O~3H correlation: 6 0=0.024{3H)-10.41 (r
=0.9004) the isotopic composition,of the Xishan karstic water
before mixing is obtained to be 6 O=-10.41 and 6 D = - 7 3 . 9 . The
average altitude of the recharge area of the Xishan karstic
water is about 1400 m above sea level.

3) The analytical results of the isotopic composition of
the Dongshan karstic water samples are consistent within the
error range. The Dongshan karstic water is basically 3H-free
or contains 3H less than 5 TU. The U content and U isotope
ratio vary in a small range. All these factors have ruled out
the possibility of the incorporation of surface water or shal-
low waters.

• The results of uranium isotope study have indicated that
the run-off direction of the Dongshan karstic water points from
northeast, east to the Lancun Spring, suggesting that the Lan-
cun Spring is the natural outflow spot of the Dongshan karstic
water system. Its recharge area may probably include Beishan,
part of Xizhoushan and the Ordovician carbonate rock area of
the Dongshan. The altitude of the recharge area may be on
average 100 m lower than that of the recharge area of Xishan
karstic water system.

4) At present the well studied profile of the Xishan
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karstic water system runs across Zhengchendi-Gujiao-Wangfeng-
Baijiazhuang Coal Mine-Kaihuagou-Jinci. However, little study
has been done in the area around Qincun-Pingquan, where the U
content in groundwaters is low and the aquifers are mainly in
a reducing geochemical environment. This area also differs
from the other parts of Xishan in their_hydrochemical composi-
tion. Sample SK-1 from Qincun has a 6 0 value of -10.93 and
a 6D value of -80.7, being most deficient in heavy isotopes
among the samples. For the time being no reasonable explana-
tion can be given to all the facts presented above. A preli-
minary understanding is perhaps that the karstic water around
the Qincun - Pingquan area has no direct connection with the
Jinci Spring and may have its own recharge area and run-off
paths.

5) The ages of the groundwaters evaluated from 3H con-
tent are given as follows:

Permian fissure water in Xishan area 7—11 years
Carboniferous fissure water in Xishan area 8—13 years
Dongshan karstic water >50—100 years .

The age of groundwaters normally refers to their recharge
time. The age of shallow groundwaters can also refer to their
average residence time in aquifers and numerically equals the
ratio of the total amount of groundwater in aquifers to the an-
nual recharge amount.

The Dongshan karstic water system with higher U content is
situated in a geochemical environment of a dominant oxidation
condition. Although the karstic water is 3H-free, its age could
not be very old.

6) The individual aquifers in the Taiyuan area have the
H/O stable isotopic compositions as shown below,

Fenhe River
Quaternary (Xizhang)
Permian (Renyicun Spring)
Carboniferous (Zhoujiazhuang Spring)
Ordovician (Dongshan)
Ordovician (Xishan)

The 6-values of groundwaters in the individual aquifers
should vary from upper to lower, toward negative direction as
the altitude of recharge area of deep groundwaters is general-
ly higher than that of shallow waters. The isotopic composi-
tion of pore water in the Xizhang water source in the Taiyuan
area has considerable difference from that of the Fenhe River
water and has 6-values more negative than those of fissure
waters. This is caused by the lateral recharge of karstic
water. ,„

7) Calculations based on 6 o values indicate that the
recharge amount by karstic water accounts for 48% of the ex-
ploitation amount of the Quaternary pore water in the Xizhang
water source, i.e., approximately 1.3 m3/s. The identity in
isotopic compositions of the upper and lower aquifers of the
Xizhang water source reflects a rather uniform mixing among
different water.

3) Gujiao and Jinci water sources belong to the same
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karstic water system. In Jinci Spring, the recharge amount
by the Fenhe River seepage water and by shallow waters ac-
counts for 24%. In tne karstic water of the Gujiao area, the
Fenhe River seepage water takes a much greater fraction. Both
H-0 isotope study and U isotope tracing indicate that there
exists a hydraulic relationship between Gujiao and Jinci. It
is thus likely that a large-scale exploitation of the karstic
water at Zhengchengdi and Gujiao, Which are located in the up-
per reach of the Jinci Spring recharge area will affect the
outflow rate of the Jinci Spring. The current exploitation of
the Kaihuakou water source for chemical industry and of the
Xishan coal mine exert an influence on the outflow rate of the
Jinci Spring. If the exploitation of karstic water is properly
controlled and reservoirs are built at the sections of the Fen-
he River where seepage takes place to increase the seepage re-
charge amount, the outflow rate of the Jinci Spring will be
considerably restored.

9) The joint efforts devoted by a number of units have
enriched the knowledge about the Dognshan karstic water system.
Thus, it is necessary to reassess the karstic water resources
in the Taiyuan area. A couple of years age more than 9 m3/s
were evaluated for the Xishan karstic water resource. Now,
that figure seems to be too high. At present the major con-
cern is how much the Dongshan karstic water is potentially
available and how large the recharge area can be circled out.
Obviously, to answer these questions one should first tackle
to investigate the recharge scope and expulsion ways of the
Dongshan karstic water. An inexpensive but effective approach
to solving this problem is the isotope hydrological study, by
which, in conjunction with hydrogeological investigations, one
will get twice the result with half the effort. The traditional
water balance calculation remains neccessary, but its weakness
is apparent. In order to determine the reserves of the Dongshan
karstic water source, it is suggested to make a medium-small
scaled trial exploitation of the water resource at an approp-
riate section of the Dongshan karstic water distribution area
with observations made at the same time including monitoring
the isotope compositions of ground waters.
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Table I. Isotopic composition of meteoric water in the Taiyuan area

Observatory Sampling
date

Jim. 1984.

Jul.1984.

Shouyang Aug.1954.

Sep.1984.

Oct.1984.

Weighted Beans

Jun.1984.

Jul.1984.

Aug.1984.

Loufan Sep.1984.

Oct.1984.

Nov.1984.

Dec.1984.

Weighted meats

6"0

-7.01

-13.23

-9.09

-8.75

-12.47

-9.66

-8.70

-10.18

-5.17

-14.35

-5.48

-10.88

-10.78

-9.31

..

-53.1

-94.1

-59.8

-56.5

-83.3

-€7.4

-59.6

-72.2

-30.9

-95.8

-21.8

-75.7

-69.7

-62.9

89.2

34.7

40.6

49.7

26.6

55.4

64.5

45.0

73.4

35.3

—

58.1

55.8

53.9

Aaount of pre-
cipitation O H )

86.9

73.1

40.4

61.1

16.3

total 277.8

47.0

110.4

56.5

35.3

8.2

4.1

9.3

total 270.8
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Table II. Isotopic composition of the Fenhe River water

Sampling date

Tbe first section

Mar.1983

Apr.1984

May.1984

Fenhe Reservoir

May.1984

of Fenhe River

-8.94

-8.78

-8.25

-8.49

Lancun Kyd-olosical station

Mar.1983

Hay. 1983

Jul.1983

Aug.1983

Har.1984

Apr.1984

Hay.1984

-8.85

-8.50

-7.80

-8.14

-8.80

-8.43

-7.33

6D

-66.4

-65.1

-60.4

-63.4

-63.5

-<52.2

-56.8

-59.8

-61.8

-63.4

-51.8

3 H CITO

62.1-

44.5

49.5

50.3

40.5

49.8

46.5

39.6

54.5

47.9

32.3

Means -8.37+0.46 -61.3+3.9 47.0+7.6

Table III. Isotopic composition of the Jinci Spring

Sapling date

Jun.1933

Jul.1883

Aug.1983

Sep.1983

Oct.1983

Nov.1983

Dec.1983

Jan. 1984

Feb.1984

Har.1984

APT.1934

May.1984

6 »«0

-9.90

-9.91

-9.75

-5.91

-9.91

-6.89

-fl.91

-9.83

-9.90

-9.94

-9.91

-10.17

6D

-71.0

-69.5

-68.9

-71.2

-69.7

-70.3

-70.3

-70.3

-70.8

-69.8

-69.6

-69.9

»H CIU)

24.6

21.0

23.0

20.5

22.1

21,6

23.3

25.0

18.B

25.6

21.1

26.1

-0.91+0.09 -70.2±0.7 2Z.7±2.2
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Table IV. Isotopic composition of Permian and Carboniferous
fissure waters of the Xishan karstic water system

Niwber Sawie locality Sailing date Aquifer 6 '«0 - 6D 31I (TU)

Sa-14 Renyicun Hay.1984. P -8.24 -60.6 93.8
Spring

Sa-3 Zhoujtazhuang Hay.l9S4. C -9.30 -63.3 99.2
Spring

Table V. I s o t o p i c composi t ion of t h e Xishan Ordovician k a r s t i c wa te r system

Hunter Sanple Sanple locality Sampling date 6 >"0 SD ^l! (TO)

1

2

4

5

ft

7
0

0

10

11

12

13

15

17

21

30

31

32

33

45

55

84

Sa-1

Ty-36

Sa-2

Sa-4

Sa-5

Sa-6

Sa-7

Sa-8

Sa-9

Sa-10

Sa-11

Sa-12

Sa-13-1

Sa-13-2

Sa-15

Sa-16

Sa-17

Sa-24

Sa-30

Sa-31

Sa-32

Sa-39

Sa-45

Ty-14

Ty-84

Kaihuagou

Kaihuagou

Zhouj iazhuang obs

Jinci Spring.

Niujiakou obs.

Zhenchengdi Z-2

Dongqu

Gugang 3J1

Gugang 2H

Gujiao Chemical
Fertilizer Plant

Nanyu obs.

Geta

Pi.Tgquan Spring

Pingquan Spring

Xiliangquan Spring

Xiliangquan Spring

Qincun Sk-1

Baijiazhuang Nine

Zhenchengdi Z-5

Zhenchengdi Z-6

Vangfeng Ts-4

Xiahuai Spring

Liulinhe

Shangbaiquan

Shincun

May 1984

Dec.1985

Hay 1984

Junl983-Hayl984

Hay 1984

Hay 1984

Hay 1984

Hay 1984

Hay 1984

Hay 1984

May 1934

Hay 1984

May 1984

May 1984

Hay 1984

May 1984

May 1984

May 1984

Oct.1984

Oct.1984

Oct.1984

Oct.1934

May 1985

Dec.1985

Apr.1986

-10.03

-10.40

-9.36

-9.92

-9.17

-8.72

-8.21

-8.63

-8.88

-9.36

-9.20

-10.29

-9.54

-9.64

-9 77

-9.83

-10.93

-9.91

-9.31

-10.41

-9.24

-9.50

-9.99

-19.93

-9.23

-71.5

-71.3

-64.0

-70.2

-63.7

-63.6

-59.9

-61.6

-63.6

-64.6

-67.5

-75.8

-68.2

-69.2

-69.5

-69.2

-80.7

-69.8

-67.2

-74.2

-68.7

-67.3

-

-73.4

-67.2

12.3

5.9

64.4

22.7

50.8

47.3

88.4

69.6

S1.0

51.0

47.8

4.9

36.5

-

22.0

24.7

4.9

20.1

40.2

14.5

76.0

14.9

18.5

38.5

1.2
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Table VI. Isotopic composition of the Dongshan Qrdovician
karstic water systern

Nurixr

18

19

21

23

25

33

34

35

36

37

38

40

41

42

43

59

56

85

54

68

06

Sa»>le

Sa-18

Sa-19

Sa-21

Ty-67

Sa-23

Ty-37

Sa-25

Sa-33

Ty-54

Ty-63

Sa-34

Ty-86

Sa-35

Sa-36

Sa-37

Sa-38

Sa-40

Sa-41

Sa-42

Ty-4

Sa-43

Ty-22

Ty-48

Ty-16

Ty-85

Ty-8

Ty-53

Ty-47

Saaple locality

Sangeicun Ts-1

Zhaojiazhuang Ts-2

Lancun Spring

Yangjiayu Mine

The First llydrol
Obs. Station

Naicheng Ts-24

Guadigou Ts-7

Guanaengqian Ts-9

Dongvu

Cuizhao

Cudan

Fanzhuang

Wohu Park Ts-27

Yangjiayu Ts-18

Yangjiayu Ts-18

Dongshan Hine

Guanrengqian Ts-12

Zhaodaocun

Zaogou

Dongjianhedong Ts-€

Yangxine

Gudan

Sanpling date

May.1984

Hay. 1984

Hay. 1984

ftpr.1986

Hay.1984

Dec.1985

Oct.1984

Oct.1984

Dec. 1985

Aw. 1986

Oct. 1984

Apr. 1986

Oct.1984

Oct.1984

Oct.1984

Oct.1984

Oct.1984

Hay.1985

Hay.1985

Dec. 1985

Hay.1985

Dec.1985

Dec.1985

Dec.1985

ftpr.1986

Dec.1985

Dec.1085

Dec.1985

Means

6'»0

-10.08

-10.02

-10.05

-9.96

-10.00

-10.04

-10.33

-10.33

-10.29

-10.21

-9.98

-10.02

-10.25

-9.97

-9.89

-9.90

-9.97

-9.92

-10.07

-9.99

-9.94

-10.08

-10.06

-10.55

-9.87

-10.82

-11.03

-9.64

-10.06
+ 0.17

6D

-71.2

-71.4

-71.2

-69.8

-71.7

-70.6

-71.2

-74.3

-71.5

-70.8

-71.2

-70.2

-74.5

-70.6

-72.0

-71.0

-70.3

-72.4

_.

-70.2

-71.3

-72.6

-75.3

-72.8

-70.6

-78.7

-78.5

-67.3

-71.6
±1 .2

'II (TU)

1.9

2.2

1.0

3.2

2.0

< 1

0.2

6.6

< 1

9.6

5.0

< 1

7.2

4.1

13.5

6.4

< 1

1.0

7.6

0.6

0.8

6.2

5.1

< 1

3.5

3.7

6.8

1.5

3.G
±3.2
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Table VII. Isotopic composition of Quaternary pore water

Nudber Saiple locality Sail ing Aquifer 6 I8Q 6D 5 I ! PIT))
date

28 Aiz*?anE:v May 1984 Q -9.19 -70.1 41.0
(shallow)

29 Xiz.._.
(deep)

May 1984 -9.15 -70.1 38.6

Table VIII. Uranium isotopic composition of Xishan groundwaters
and the Fenhe River water

Nurter

20

28

29

14

3

1

4

4

6

7

8

10

13

19

17

24

30

31

32

39

Sa*>le local ity

Fenhe Reservoir

Xizhang(shallow)

Xtthang (deep)

Renyicun Spring

Aquifer

surface
. . . . 1 , , ,water

Q

Q

P

Zhoujiadnang Spring C

Kaihoagou

Jinci Spring

Jinci Spring

Zhenchengdi Z~2

Dongqu

Gugang 3tt

Gujiao Cheaical
Fert i l izer Plant

Pingquan Spring

Xilsangqom Spring

QincunSk-1

Baijiazhuang Mine

Zbenchengdi Z-5

Zhcnchengdi Z-6

HangfensTs-4

Xiahuai Spring

Oas

0 2 s

Oas

Sailing
(fate

Hay. 1984

tor.1985

Oct.1984

Har.1985

Oct.1984

Oct.1984

May.1984

Oct.1934

0 z f*s Hay. 1334

Oas

0 2 s

02 S

Oef

Oaf

Hay.1984

May,1334

Kay.l3S4

Nay.1984

Oct.1984

02f«sOct.l984

Oas

Oas

Oaf*?

0 2 s

Oax

Oct.1984

Jun.1984

; Aug.1984

Oct.1984

Oct.1984

— •

2.05

3.15

3.06

2.34

2.62

2.91

2.68

2.01

1.82

2.16

2.25

3.13

4.86

3.69

2.87

4.23

3.35

2.87

2.97

a'
2.27

2.71

2.84

1.43

2.33

1.18

1.93

1.85

2.28

2.66

2.78

2.49

0.18

0.16

0.72

1.69

1.12

1.56

1.46

1.40

Ex * n
(ppb el!)

2.35

5.82

5.85

1.92

1.41

1.91

3.69

3.11

2.29

2.16

3.20

3.10

0.36

0.62

1.94

3.16

3.62

3.67

2.73

2.76

aw

47.0

41.0

38.6

93.8

99.2

12.3

22.7

—

47.3

88.4

69.6

51.0

36.5

22.0

4.9

20.1

40.2

14.5

76.0

14.9
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Table IX. The uranium isotopic composition of the Dongshan
karstic water system

umber

18

19

21

33

34

35

36

37

38

Sample l o c a l i t y

Sangeicun Ts-1

Zhaojiazhuang Ts-2

L^ncun Spring

Ruichen Ts-24

Cuadigou Ts-7

Guanmengqian Ts-9

Dongvu

Guichao

Gudan

Aquifer

Oas

02 S

02 X

0 2 s

02 S

C«02f

0 2 s

0 2 s

0 2 s

Sampling
date

Hay.1984

Kay. 1984

Hay.1984

Oct.1984

Oct.1984

Oct.1984

Oct.1984

Oct.1984

Oct.1984

3.77

4.42

4.29

3.85

3.95

2.32

3.S8

2.66

2.78

8U 2 3 8 o
(ppb>

1.63

1.38

1.71

1.81

1.18

4.05

1.42

0.06

0.06

EX 2 3 4U
(ppb elll

4.49

4.69

5.59

5.16

3.48

5.35

4.06

0.10

0.11

»H
(TU)

1.9

2.2

1.0

6.6

5.0

7.2

4.1

13.5

6.4

OnlnielM
•rinnau neks

Fig. 1 Map showing the sample distribution in the Taiyuan area

88



-30

- to

- 5 0

-60

-70

- 8 0

- 9 0

i? Soap l ine a m U i

i Loufai

s Sbomrang
* acan value

-1SJ0 -14.00 -1100 -1100 -11JX) -1O00 -9.00 -B.00 -7.00 -6^00 -5-00 -4.00

1 ft
Fig. 2 5D - 6 O relationship of meteoric water samples

from Shouyang and Loufan.

1600

HOC

S Shouyang

I Sao=-0.0035(H)-4.36

1200

1000

o Saapling points of June.1980

L Loufan
MM feint! of 1084

St8O=0.0035(H)-5.2

-11.00 -10.00 -9.00 -8.00 "7.00 -6.0 0
&W 0 %.

Fig. 3 Altitude effect of 5 o for meteoric water-

89



3H(TU)

3000

2 000

1000

500

200

II Tritiim concentration

ofter decay correction

IBM

i i i i [ i i i i i i i i i I i i i i i i i

1950 I960 1070 ]980 1990
Fig. 4 Tritium content in meteoric water in the northern part

of China

3H(TU)

4 0 -

20-

0 "tn 10 20 30 40 50
Fig. 5 Mean residence time of groundwaters

determined by jxponential model

60 a.

90



-11.5 -11.0 -10.5 -10.0 -2.; -9.0 -8.5 -8.c -7.5

I Q

Fig. 6 6D-6 O plot of Ordovician karstic groundwaters

3HCTU)

100

80

60

to

20

-

-

5 »

•5*

O=0.024(3H>-

4
<

4 5 ^ '

,,35/^

10 o o
-1 0.& 1 j/o

Ij /

J24
.37 °39

/ O 8

/ O 9

1 06

Sol

-

0 Xishan Karstic
a water system

• Dongshan karst ic
• water system

-1150 -11-00 -1050 -10.00 -9.50 -9.00 -8.50 -8-00 -7.50
518o ",oo

Fig. 7 6 0- H plot of Qrdovician karst groundwater

91



3 H(TU)

100

8.0

60

. 0

20

Xisban
water

karstic
systen

Jinci

/
/

Zhoajtazhuans Spring® £

>

Uncun Dongshan

EBtuicwi SfH-inc,

fFenhe

-

^ A ^ X i z l w n * wUr source ri""" nlcr

karstic water system

-

-11.00 -moo -9.0 0 -8.00
5180%o

18 3
Fig. 8 6 O - H scheme of groundwater systems

92



6.00

5.00

4.00

3.00

Z.OO

1.00

015

ol3

,3S
• 37

-

O17

.30 •

• 34 , 8

36_?_33

O3i

39 „,o **o o

o . 3 2 «

p

Q

fo28l
0 4 - 1 ^ - J

Fnnlm O10
20 0 °«

06
O7

i i

O XIshim knrnt nystca

• DunsMhnn hurst systoi

C MiouJlazhuang Spring

P Rcnylcun Spring

Q Xlzlwng voter source

O35

1.00 2.00 3.00
238

4.00 5.00

Chashanso

oXilingjinK.

Fig. 9 Uranium content vs. U/ U activity ratio

9̂ R
Fig. 10 U/ U activity ratio isolines for the

Dongshan karstic water system


