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Abstract. According to the IAEA Research Contract No. 9402, soil cores CHN/97 and CHN/98 were
taken from loess deposits of China in Inner-Mongolia and Shanxi Province, respectively. Isotope and
chemical constituents of the interstitial water from these cores, compared with data obtained from the
same places before, were used for estimating the infiltration rate. Tritium profiles from the loess
unsaturated zone show clearly defined peaks of 1963 fallout. It implies that piston-flow model is the
dominant process for soil water movement in the highly homogeneous loess deposits. It has been
shown from this study that vertical infiltration through the unsaturated zone accounts for 12% - 13%
of the annual precipitation and perhaps is not the main mechanism of groundwater recharge in semi-
arid loess areas.

1. Introduction

For assessment of the ground water resources on the basis of the water balance, the
most important parameters are the recharge and discharge rates, which are difficult or
impossible to determine by conventional methods. The isotopic composition and chemical
constituents of water infiltrating through the unsaturated zone into groundwater aquifer can be
employed to determine these parameters. Several studies have shown that stable isotope
profiles in soil water in arid and semi-arid areas can be interpreted in terms of evaporation
rate [1,2]. While in humid areas these profiles may be used for estimating the infiltration rate
[3]. The radioactive isotope tritium, which was released to the atmosphere and hydrosphere
by bomb tests during the late fifties and early sixties, is of particular use for recharge rate
determination [4]. The maximum of its concentration in soil water profiles may represent a
time marker, if the soil is homogeneous and the infiltration rate is low enough and the tritium
peak of 1963 is still in the unsaturated zone.

In 1988 through 1990, in corporation with the Paris-Sud University, France, we were
involved in study of recharge and discharge processes in semi-arid area of loess cover in
Inner-Mongolia by means of environmental isotopes. The core CHN/88 of about 20 meters in
depth was taken in loess deposits in 1988. A clear tritium peak of the soil water from this core
shows that loess is very special, and it is most suitable for this kind of research. According to
the work plan of the Agency Research Contract No. 9402, an additional core was taken in the
same place of coring in 1988 in Inner-Mongolia. Besides, another core was taken from the
loess deposits in Shanxi province. In this final report, all the results obtained will be
summarized.

2. The characteristics of loess

Loess is a very special, yellow in color, Quaternary deposit. It is porous, silty and
earthy, and is unstratified and calcareous, and is believed to have an aeolian origin.

Predominance of silt-sized particles and enrichment of carbonates commonly
characterize the composition of loess. Quartz grains compose over half of the silt-sized
particles. Loess in China, developed on various géomorphologie units, shows approximately
the same grain-size distribution. The major fraction of loess is 0.05-0.01 mm, which accounts
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for about 45-60%; the next is < 0.005 mm fraction, accounting for about 15-25%. The
variation in the content of these two fractions provides an informative clue to understanding
the sedimentary cycle and climatic fluctuation. There are almost no grains greater than 0.25
mm. This fact favors the origin of loess as an aeolin deposit.

Fig. 1. Sketch map showing the loess distribution in China (after Liu Tungsheng et al. [5]) and
sampling sites of the cores CHN/97 and CHN/98.

Loess has specific mechanical or construction property. Loess logged with water often
shows significant collapsing, rapid subsidence and lateral rhéologie behavior. Collapsing

loess usually has dry bulk density (Y d) less than 1.28 g/cm3. Loess withv d more than 1.40
g/cm shows no collapsing.

Loess covers about 10% of the land surface of the Earth and is concentrated in the
temperate zones and in semi-arid desert margins. In China, loess is widespread in its northern
and northwestern part and occupied about 440,000 km2. The best-developed loess lies

between 34°and 45°N, along the middle reaches of the Yellow River, in the so-called Loess
plateau (Fig. 1), where it attains its greatest thickness (100 - 200 m).

Loess covers the Tertiary, or other old strata, forming different kinds of loess
landforms, in which unconfined aquifers are developed. On the top of the basement quite
often there is a layer of impermeable clay. Loess is known as highly homogeneous and
porous, and may be regarded as permeable, but these unconfined aquifers can produce only
small quantities of water. These aquifers are recharged not only by infiltration of interstitial
water downwards from the land surface, but also by the surface flow through deep valleys, or
through vertical cleavages, which may not be found in other unconsolidated rocks, but are
generally developed in loess deposit.

3. Geography and climate conditions of the sampling sites

The core CHN/97 (118°56'E, 42°52'N) is located in Wudan county, Inner-Mongolia
Autonomous Region (Fig.l). Main reasons for this choice were: (I) homogeneity and wide
geographical extension of the deposit which allow the results to be extrapolated; (ii) semi-arid
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climatic conditions marked by a low rainfall of about 360 mm/year, where agricultural and
cattle development is entirely depending on ground water and soil water; and (iii) a core has
already been taken in 1988, it will be very interesting to compare the isotopic profiles from
the cores in the same place after a time interval of 9 years.

Fig. 2. Sketch map of the sampling site CHN/97.

Sampling site is at 12 km south to the Wudan City (Fig. 2). Distance between the core
CHN/97 and the core CHN/88 is about 40 meters. The site for coring is free of vegetation. It
is no surface run-off during the rainy season and never is irrigated. The sampling site is
relatively flat and far from the river valleys. Therefore, the vertical movement of the soil
water should be dominant.
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Fig.3. Annual precipitation in Wudan county. (Data from the Wudan Meteorological Station).
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Fig. 4 Distribution of rainfall in Wudan county. (Data from the Wudan Meteorological Station).

The climate in Wudan County is characterized by relatively low rainfall. Annual
precipitation is 360 mm/year (Fig.3), which is distributed mainly in May through September
(Fig.4). Water in rivers is only in the rainy season. This is typical for the northern and
northwestern parts of China. A thick loess cover is widely distributed in this region. Desert
with moving dunes is developed in limited area in the north and northeast to the Wudan
County (Fig. 2), showing the serious semi-arid conditions.

The core CHN/98 was taken in May, 1998, in Zhangzhuang village, Pingding county,
Shanxi province (113°41'E, 37°41'N) (Fig.l), where loess deposits have wide and
homogeneity geographical extension.

Fig. 5. Sketch map of the sampling site CHN/98.

Sampling site of core CHN/98 is 400 meters north to the Zhangzhuang village, located
on the watershed between two small rivers (Fig.5). In 1985, a test pit was made by Zhang
Zhigan et al. in this sampling site for estimating the tritium content in soil samples [6].
Distance between the test pit of 1985 and the core CHN/98 is about 50 meters. The site for
coring is relatively flat and it was never irrigated. There is no surface run-off during the rainy
season. Therefore, the vertical movement of the soil water should be dominant.

104



Shanxi province is in the northern limit of the monsoon climate. The climate conditions
are semi-arid with relatively low rainfall. Mean annual precipitation is about 550mm/year.
Variations in summer monsoon strength lead to greater changes in amount of precipitation.
For instance, annual rainfall in 1997 was 696 mm, but it was only 269 mm in 1996. There is
water in rivers only in rainy season, because rainfall is mainly concentrated in May through
September. This is typical for small rivers in loess plateau. Fig.6 illustrates the climatic
conditions in the area under investigation. The Yangquan City is located about 30 km to the
north of the sampling site.
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Fig.6. Monthly precipitation (a) and mean ground temperature (b) in Yangquan city. (Data from the
Yangquan Meteorological Station).

Loess cover divided by river systems is widely distributed in this region. Thickness of
the loess deposits is tens to hundreds meters. Underlying base rock is Carboniferous
containing coal seams, which are exploited by small open pit mines. On the top of the
basement there is a layer of impermeable clay. Therefore, loess deposits can be considered as
an unconfined aquifer, although our cores have not reached the water table.

4. Coring process

Soil samples were collected using a hand auger in intervals of 10 cm and 20 cm depth.
A wood tower was built specially to make the coring easier. When bringing the soil sample to
the ground surface, its temperature was measured and an aliquot sealed immediately in
aluminum can with tape.

In the case of core CHN/98, when it reached the depth of 13.15 m, the hand auger could
not move further because of a piece of gravel at the bottom of the core. A new core was about
4 m apart from the old one. Soil samples were taken after 13.15 m depth in intervals of 20 cm
or 30 cm.

The maximum depth of the core CHN/97 was 1515 cm. All together 92 soil samples
were taken from this core. A groundwater sample was collected from the well in the village
Shanzuizi, which is located 3 km to the west of the core CHN/97. A snow water sample was
collected on 7th of May, 1997, during a heavy fall of snow.

The maximum depth of the core CHN/98 was 1550 cm. All together 82 soil samples
were taken from CHN/98 core. A groundwater sample was collected from the well in the
village Zhangzhuang. A rain water sample was collected on 1st of May, 1998, during a rain
process.
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5. Extraction of the soil water and laboratory analyses

Soil water was extracted from an aliquot of the soil sample by vacuum distillation at
70°C and trapping the vapor in liquid nitrogen. Weigh soil sample of about 120 g , put it in a
special designed glass bottle, and connect the bottle to the vacuum line. Freeze the soil sample
with dry ice bath at first, then evacuate it. Heat the soil sample in a 70°C bath for 5 hours, at
the same time collect the water vapor in a glass tube with a nitrogen trap. Then take off the
nitrogen trap and wait for the ice in the tube turned into water. After that dry air was admitted
into the vacuum line for taking off the water tube. Check the completion of the extraction
procedure by comparing the weight of obtained water with the loss of weight of the soil
sample. The water content is calculated and the obtained soil water is ready for isotopic
measurements.

Lixiviate the dry soil ( after extraction ) with 200 ml distilled water for 4 hours. The
chloride content of the water after lixiviation is measured using ion chromatography and by
conventional titration.

Water samples of 6 ml were prepared for direct tritium counting using Aloka low-
background scintillation spectrometer.

92 ampoules of 3 ml soil water from the core CHN/97 were sent to IAEA laboratory for
both 62H and 818O measurements. 58 ampoules from the core CHN/98 were sent to State Key
Laboratory of Loess Deposits in Xi'an for Ô18O measurement.

6. Chemical profiles

Fig. 7 shows the distribution of the water content and the soil temperature along the
depth of the core CHN/97. Water content of the soil is in the range from 8% to 12%, mean
value is 10.4%. The high values of water content are at the depth of 3m, 9m and 13m below
the ground surface. The soil temperature at the depth of more than 9 m, was 11 °C, which
perhaps represents the annual mean ground temperature at the sampling site.
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Fig. 7. Water content and the soil temperature
along the core CHN/97.

Fig. 8. Chloride content of the pore water along
the core CHN/97.
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Fig. 8 shows the distribution of the chloride content of the pore water. The maximum
chloride content of 104 mg/L is at the depth of 10-20 cm. Several minor peaks are observed at
the depth of 4 m, 6 m and 13 m. The chloride contents may be related to the evaporation
peaks, and the 618O values of the soil water will show the same tendency. The mean value of
the chloride content along the core below 1.5 m is 9.3 mg/L. It is the same as for the ground
water sample from the well (9.05 mg/L).
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Fig. 9. Water content and the soil temperature
along the core CHN/98.

Fig. 10. Water content of the pore water along
the core CHN/97 and CHN/98.

Fig. 9 shows distribution of the water content and the soil temperature along the depth of
the core CHN/98. Water content of the soil is in the range from 8.7% to 19%, mean value is
15%. The high values of water content are at the depth of 3m ~ 6m, 9.5m and 15m below the
ground surface. The soil temperature at the depth of more than 7 m, was 15°C, which perhaps
represents the annual mean ground temperature at the sampling site.

According to the piston flow model, the soil water infiltrates downwards because of the
rain water recharge on the top of the unsaturated zone. Therefore, water content of the soil
should be related to the amount of recharge, or annual precipitation. This is why distribution
of the soil water alone the cores CHN/97 and CHN/98 has the same manner (Fig. 10). As
samples from the core CHN/98 were taken one year later than those from the core CHN/97,
the curve of which in Fig. 10 should be shifted about 30 cm downwards. It seems that two
cores approximately have similar water content distribution. Higher water content was
observed at the depth of 350 cm, 950 cm and 1480 cm. Low water content represents dry
years, and high water content infers rather wet period, Curve CHN/97 in Fig. 10 is in the left
from that of CHN/98 implies that annual precipitation in sampling site CHN/98 (550mm in
Yangquan city) is higher than that in CHN/97 (360 mm in Wudan county).

Fig. 11 shows the distribution of the chloride content of the pore water and relative
conductivity of the pore water along the core CHN/98. These two curves show similarity. The
maximum chloride content of 78.9mg/L is at the depth of 2.7 m and it should be related to
evaporation. There is another peak at the depth of 0.3 m, which represents a minor
evaporation front of seasonal scale.
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Fig. 11. Chloride content of the pore water along
the core CHN/98.

7. Tritium profile of the core CHN/97
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Fig. 12 Tritium profile of the soil water from the core CHN/88 (a), and
the distribution of the tritium content of rainwater in northern China [7] (b).

Fig. 12 is the tritium profile of the soil water for the core CHN/88 which was taken by a
joint team of three institutions (Institute of Geology and Guangzhou Institute of
Geochemistry, Chinese Academy of Sciences, Paris-Sud University, France). The depth of the
core was 20.75 meters. Tritium content of the soil water was measured in tritium laboratory of
the Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, in January and
February of 1990. Values marked in this figure in Tritium Units were corrected to the time of
sampling, August, 1988.
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It can be seen from the Fig. 12 a, that the tritium profile of the core CHN/88 shows a
peak at the depth of 6.35 meters and a clear-cut rise above 10 meters. Tritium concentrations
of the rainwater in northern China are given in Fig. 12 b, which was reconstructed from
calibration with the Ottawa long record [7]. The similarity is striking between the tritium
distribution in the soil profile and in rainwater. This implies that piston-flow model is the
dominant process for soil water movement in the highly homogeneous profile of loess
deposits.
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Fig. 13 Tritium profile of the soil
waterfront the core CHN/97.

Fig. 14 A comparison between the
Tritium profiles of CHN/88 and CHN/97.

Fig. 13 is the tritium profile of the soil water for the core CHN/97. A clear tritium peak
is at the depth of 10.35 meters. The highest tritium content at the peak of core CHN/88 was
558 TU, whereas that in CHN/97 was 230 TU, less than the value 558 TU after decay
correction (338 TU). These two tritium profiles are illustrated in the same scales (Fig. 14), and
the tritium values are presented for the year of 1997. As it can be seen from the Fig. 14, the
bottom of the tritium peak triangle was 7.0 meters in 1988, whereas it is 8.5 meters in 1997. It
implies, that the downward piston-flow is accompanied by dispersion.

The tritium peak moved downwards 25 cm per year according to the tritium profile
from core CHN/88, but that from core CHN/97 gives a value of 30 cm per year. This
difference implies, that the infiltration rate of the soil water downward is not a definite value,
it may be dependent on several parameters, such as annual precipitation and so on.

Taking into account the water content of the soil 10.4%, the mean infiltration rate is 30
cm per year, and assuming an average wet density of 1500 kg/m3, a mean recharge rate of 47
mm/a is calculated for the core CHN/97 during the past 34 years.

The water table of the shallow aquifer in the sampling site of core CHN/97 is at the
depth of about 30 m. From the tritium profiles in Fig.14, it can be seen that the soil water
recharging the shallow aquifer is tritium free or with very low tritium content at a certain
depth of the soil core. If the aquifer is recharged only by this soil water infiltration flow, the
groundwater should contain no tritium. However, the groundwater samples from the well in
the nearby village Shanzuizi contain rather high tritium. It was 62.3 TU in 1988, and 34.4 TU
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in 1997. This fact implies, that the vertical infiltration of the soil water through the
unsaturated zone at the sampling site of the core CHN/97 is not the main mechanism of the
groundwater recharge. Perhaps, the runoff fraction of the water balance reaches the valleys
and readily infiltrates. This means that despite the soil shows a water deficit, the aquifer is
fully recharged.

8. Tritium profile of the core CHN/98

Zhang Zhigan et al. presented a tritium profile from loess deposits in a test pit in Shanxi
province [6]. This test pit was in the same place as the core CHN/98. It had a section of lm x
lm and depth 20 meters. Soil samples were collected every 0.40 m. The weight of each
sample was about 5-6 kg. Water samples were obtained after distillation under 105°C. Direct
liquid scintillation counting gives tritium contents of each samples. The tritium profile is
shown in Fig. 15. The highest tritium content was at 5.6 meters in 1985, it infers a mean
infiltration of 0.25 meters per year. Considering the mean water content is 19.3% for the soil
column up to 6 meters, an annual recharge of 48 mm was obtained from this tritium profile.
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Fig. 15 Tritium profile of soil water samples in a test pit
in Shanxi province in 1985 (After Zhang Zhigan et al. 1990).

Fig. 16 shows the tritium profile of the soil water from the core CHN/98. The tritium
profile of the soil water for the core CHN/97 is also illustrated in the same scales for an easy
comparison.. A clear tritium peak in the profile of CHN/97 is at the depth of 10.35 meters.
The highest tritium content at the peak in 1997 is 230 TU. These two tritium profiles have the
same shape, and the tritium peaks are at the same depth of the core. It seems that CHN/98
experienced more dispersion and the curve has been smoothed. The highest tritium content at
the peak in 1998 is about 235 TU. As it has been noticed above, CHN/98 profile is consisted
of two cores about 4
m apart from each other, and the depth 13.15 m is their joint point. As it can be seen from Fig.
16, that below 13.15 the curve of the core CHN/98 is shifted toward higher tritium content. It
is difficult to be interpreted.
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Fig. 16 Tritium profiles of the soil water from
the core CHN/98 and CHN/97.

9. Stable isotopic profiles

Water samples were extracted from the soil by vacuum distillation and completion of
the extraction procedure was confirmed. Isotope analyses for the water samples from the core
CHN/97 was carried out in the IAEA lab. Isotope profiles of the soil waters for the core
CHN/97 and CHN/98 are shown in Fig. 17.
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Fig. 17 Stable isotope variations in interstitial water from the core CHN/97 (a),

Inner Mongolia, and core CHN/98 (b), Shanxi province.

The highest 5 18O value of the soil water was on the top of the cores, but it decreased

rapidly within the depth of 50 cm. This shallowest peak should be attributed to the

evaporation of the last rainy episode. Nevertheless, on the 5 l O-5 H plot for the core
CHN/97 (Fig. 18) the dot on the top of the core (depth 5 cm, dot in square mark) lies close to
the meteoric water line. It seems that this soil water sample had not been enriched in heavy
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isotopes. This is because the core was taken on the next day after a heavy snowfall (7th of
May, 1997). All other sample dots are on the line of evaporation with a slop of 4.35.

Fig. 18 6 J8O-6 "H plot for the soil waters from the core CHN-97.
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Fig. 19 Depth distribution of the 5 18O value and the Cl content of
interstitial waters for the core CHN/98 (a) and CHN/97(b).

Depth distribution of the5 18O value and the Cl content of interstitial water for the core
CHN/98 is shown in Fig. 19a., in which two curves are similar and have peaks at the depth of

1 ft

270 cm. It implies that changes in5 O value and Cl content are caused by evaporation. We
don't know if these two curves are similar also for the core CHN/97 (Fig. 19b), because the
Cl content of interstitial water for the core CHN/97 was low in comparison with that from the
core CHN/98, and it was difficult to be measured. Not only the Cl content of interstitial water,
but also that of the rainwater (see Table 1) and groundwater (9.1 mg/L) was low in the case of
the core CHN/97.
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Table 1. Chloride concentration of precipitation in the wet season of 1997 in Wudan

Month (1997)

Rainfall (mm)

Chloride concentration (mg/L)

May

106.9

1.93

Jun

41.2

2.28

Jul

120.2

2.10

Aug

78.5

2.63

Sept

83.6

2.28

Mean

2.2

10. Estimation of the recharge

10.1. Using tritium profiles

The tritium peak moved downwards 25 cm per year according to the tritium profile
from core CHN/88, but that from core CHN/97 gives a value of 30 cm per year. Taking into
account the water content of the soil is equal to 15.8 % and 15.6 % for cores CHN/88 and
CHN/97 respectively, an average infiltration rate of 40 mm is obtained for the core CHN/88
up to 1988, and 47 mm/a is calculated as mean annual recharge for the core CHN/97 during
the past 34 years.

The highest tritium content was at 5.6 meters in 1985 in the test pit. Thus a mean
infiltration of 0.25 m per year in loess deposits in Shanxi province was obtained from the
1985 tritium profile. Taking mean water content as 19.3%, a value of 48 mm was obtained.

In core CHN/98, tritium peak is at the depth of about 10.50 m, it infers a mean
infiltration of 0.30 m per year, a little bit higher than that obtained in 1985. Taking into
account the volumetric water content of 22.5%, an average recharge of about 68 mm is
calculated for the past 35 years.

10.2. Using chloride profiles

According to C.B. Gaye and W.M. Edmunds [3], the recharge flux R of chloride
concentration CR can be expressed by the equation:

R = PCP /CR (1)

Where

R is the infiltration recharge (mm),
P is the annual rainfall (mm),
Cp is the chloride concentration of the precipitation (mg/L),

and CR is the chloride concentration of the interstitial water (mg/L).

In equation (1), it is assumed that the surface runoff is negligible, and precipitation is
the only source of water input.

In the case of core CHN/97 of Inner Mongolia, annual precipitation of P = 360 mm,
which is obtained from data of the Wudan Meteorological Station (12 km to the north of the
sampling site). The mean chloride concentration CR of 9.3 mg/L is taken from the chloride
profile excluding the first 1.5 m. A weighted mean value of rainfall chloride, Cp, 2.2 mg/L is
taken from data of precipitation samples collected in Wudan Meteorological Station in 1997
(Table 1). Then a value of R = 85 mm can be calculated as mean value of recharge.

In the case of core CHN/98, P = 550 mm/year, CR = 19.5 mg/L was obtained as mean
value of the soil samples in the profile excluding the first 1.5 m. Cp = 10.2 mg/L was taken
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from data of precipitation samples, collected in 1984 in Loufan Meteorological Stations,
which is located about 90 km from the sampling site CHN/98 (Table 2). A value of recharge
R = 288 mm was estimated by the same calculation.

Table 2. Chloride concentration of precipitation of 1984 in Loufan

Month (1984)

Rainfall (mm)

Cl concentration (mg/L)

Jun

47.0

10.3

Jul

110

10.3

Aug

56.5

10.1

Sept

35.4

8.56

Oct

8.2

10.9

Nov

4.1

11.7

Dec

9.3

14.3

Mean

10.2

It should be noticed, that in the case of core CHN/97, the recharge value derived
from chloride profile is higher than that from tritium profile. As for the core CHN/98,
the recharge estimated by the chloride method is much higher than that by the tritium
profile. This is probably because the assumption for the equation (1) in loess areas is
not true and the surface runoff could not be neglected. The tritium content of the
ground water in both sampling sites is rather high and close to that of the rainfall.
Besides, the tritium content of the interstitial water at the depth more than 15 m is very
low. These facts infer a fast infiltration in loess areas in recharging groundwater
aquifers and the vertical infiltration through the unsaturated zone must not be the only
the mechanism of recharge.

10.3. Using stable isotopes

The stable isotope composition of soil water collected in arid zones has been used to
estimate the evaporation rate. While in humid areas it has been shown to be amenable to
interpretation in terms of infiltration rate.

Fig. 20a shows rainfall distribution in Wudan County in the period of 1951-1997 (data
from the Wudan Meteorological Station, located at 12 km to the north of the sampling site
CHN/97). Years with higher rainfall, 1954, 1969, 1985 and 1991 are marked with asterisks.
Fig.20b is depth distribution of water content for the core CHN/97. Years of recharge,
obtained from an infiltration rate of 30 cm / year, are marked along the abscissa instead of the

depth. Fig. 20c is 5 O profile of soil water for the core CHN/97. It seems that in the case of

core CHN/97 from Inner Mongolia, the 6 18O value of interstitial water is correlated to the

water content, implying that the 5 I8O profile of the interstitial water is controlled mainly by
the infiltration rather than evaporation. It should be noticed that the infiltration rate is
dependent not only on the amount of precipitation, but also on the distribution of the annual
rainfall.

Sometimes higher rainfall leads to a higher surface runoff rather than more infiltration
through the unsaturated zone. Nevertheless, it can be seen from Fig. 20a and 20b, that soil
samples with higher water content are in years of higher rainfall.
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(%) and 20c:5 18O value (%o)for the soil water along the core CHN/97.

Besides, interstitial water recharged during the wetter years are more enriched in heavy
isotopes than those recharged during the drier years (see Fig. 20b and 20c). According to C.B.
Gaye and W.M. Edmunds, years with higher rainfall will tend to be less enriched in heavy
isotopes than those with low rainfall. Obviously, in the case of northwestern Senegal, years
with higher rainfall are corresponding to lower evapotranspiration. While in the case of Inner
Mongolia, higher rainfall implies higher evaporation, and interstitial water tends to be more
enriched in heavy isotopes.

If the correspondence between abscissas of these three figures (Fig. 20a, 20b and 20c) is
acceptable, the rate of infiltration for the core CHN/97 would be 0.30 m/year, the same value
as that from the tritium profile.

In the case of Shanxi province (core CHN/98) the 5 18O value is correlated with the

chloride content of interstitial water (Fig. 19a). It infers the evaporation characteristics of the

5 18O profile. Fig. 21a and 21b are depth distribution of water content for cores CHN/97 and

CHN/98. These two sampling sites are all located in northern China and in similar semi-arid
climate conditions. Although they are about 800 km from each other, water content curves are
similar, as it can also be seen from Fig. 21 a,b.
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Fig. 21a Water content (%) along the core CHN/97.
21b Water content along the core CHN/98.

21c 5 O value (%o)for the interstitial water along the core CHN/98.

18,Fig. 21c is 5 O profile for the core CHN/98. Positive correlation between water content and

5 18O values for the core CHN/98 is observed only in the first 8 meters of the core (Fig. 21b
and 21c). In this depth interval two peaks can be recognized and they are at the same depths
as for the core CHN/97. So the infiltration rate estimated from the stable isotope will be also

about 0.30 m/year. After 8 metersô O values of interstitial water are not correlated to the
water content.

11. Main conclusions

Pore-water tritium profiles from the loess unsaturated zone in Inner-Mongolia and
Shanxi province of China show clearly defined peaks, which could only have originated from
the fallout in the period of frequent thermonuclear weapon testing around 1963. These
profiles indicate that loess deposits are highly homogeneous, in which piston-flow model is
the dominant process for soil water movement. Average infiltration rate obtained from these
profiles is 0.30 m /year for both sampling sits. This value is much less than that obtained from
the tritium profiles of Chalk unsaturated zone (1 m / year).

The annual recharge derived from tritium profile for the core CHN/97 is 47 mm per
year, while that from chloride profiles is 85 mm per year. It means that in loess deposits a
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fraction of rainfall does not infiltrate downward through the loess unsaturated zone, and the
values of annual recharge derived from the chloride profiles are higher than those from the
tritium profiles.

It is difficult to make a numerical calculation of recharge based on stable isotope data.
Nevertheless, the depth distribution of stable isotopic ratios is correlated well with the water
content profile. This qualitative signal helps to confirm the results obtained by tritium
method.

Values of infiltration recharge in semi-arid loess areas in northern China obtained using
different methods are summarized in Table 3.

Table 3. A comparison of values of recharge

Core

Depth of the core (m)

Depth of the 3H peak of 1963 (m)

Max 3H content (TU)

Infiltration rate (m/a)

Vol. water content (%)

Mean recharge by 3H and 5 1S 0
3H content (TU) of the rainfall

3H (TU) in ground water

Annual precipitation (mm)

Rainfall Cl" (mg/L)

Soil water Cl'(mg/L)

Ground water Cl" (mg/L)

Mean recharge by Cl (mm)

CHN/97

15.15

10.35

230

0.30

15.6

47

27.4 TU in 1997-05-07

34.4

360

2.2

9.3

9.1

85

CHN/98

15.50

10.50

235

0.30

22.5

68

54 TU in 1984

43.4

550

10.2

19.5

49.7

288

From above estimations, one can conclude that vertical infiltration through the
unsaturated zone accounts for 12% - 13% of the annual precipitation in both sampling sites.
However, the tritium content of the aquifer is high, despite the water table is at a depth of
more than 20-30 m, and the soil water is almost tritium free below the depth of 15 m.
Therefore, vertical infiltration on soil in semi-arid loess region, perhaps, is not the main
mechanism of recharge. It seems that some part of the runoff fraction of the water balance
reaches the valleys and readily infiltrates. This means that despite the soils show water deficit
because of high evaporation, the aquifer is recharged better than expected. These findings
may provide additional guidelines for regional water management.
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