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Abstract

-Hang Xu' - He Yang'

In order to understand the interaction between surface water and groundwater in Qingshuihe Basin of Chongli Area, the
environmental isotopic D, *0 and ?*?Rn in surface water and groundwater have been analysis, the study results show that:
the calculation results based on the D and 30, the surface water in middle stream of Donggou River has been recharged
by groundwater and river water upstream, the percentage of groundwater recharge is 56%; the calculation results based on
the 2*’Rn, the average seepage rate of surface water is 27.8 m*/d/m in the upstream section, and the average recharge rate of
groundwater is 17.6 m®d/m. It is concluded that, the groundwater and surface water interaction is the main characteristics
and processes of water cycle in Qingshuihe Basin, and groundwater recharge is the main sources of surface water in draught

seasons.
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Introduction

The transformation of surface water and groundwater is
the most important water cycle process in the evaluation
and management of regional water resources [1-5]. Deeply
understanding the transformation relationship between sur-
face water and groundwater is of great significance to the
establishment of regional water cycle model and the evalu-
ation and management of regional water resources. Water
shortage is the most important factor restricting the sustain-
able development of social economy and the construction
of ecological environment in North China [6-9], research
on the relationship between surface water and groundwater
transformation is of great significance to the accurate evalu-
ation of regional water resources and water quality [10-12].

Environmental isotope technology has gradually devel-
oped into an important means of water resources research,
especially the D, 80 and 2*’Rn [13], which are the com-
ponents of water, have carried out a lot of research and
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obtained abundant research results on surface water and
groundwater transformation, groundwater recharge sources,
water evaporation and mixing and so on [14-28], making
the hydrogen and oxygen isotope technology an important
and mature means in the research process of the relationship
between surface water and groundwater transformation.

Study area

The study area located in Chongli, the northwest of Hebei
Province. The traffic location is shown in Fig. 1. The land-
form of study area belongs to middle and high mountain
landforms; the general topographic trend is high in the
northeast and low in the southwest, with natural inclination.
Its altitude ranges from 820 to 2129 m, and the boundary is
surrounded by mountains with rolling hills. The east ditch,
middle ditch and west ditch run through the whole area from
northeast to southwest.

Chongli Area belongs to the mid-temperate semi-arid
continental monsoon climate and it’s always dry and rain-
less. The annual average temperature ranges from 3.2 to
3.7 °C. Influenced by mountainous terrain, the annual pre-
cipitation is mostly concentrated in June to September, and
sometimes there are hail and rainstorm disasters. According
to the data of precipitation and evaporation from 1971 to
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Fig.1 Study area
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2017, the average annual precipitation and evaporation are
472.83 mm and 1416.45 mm respectively.

The rivers in Chongli belong to two river systems. The
eastern part of Qingsanying Township belongs to Chaobai
River system, and its watershed area accounts for 4.3% of
the total area. The rest belongs to Yongding River system,
including Qingshuihe and XiaoQingshuihe (Panchang
River), whose basin area accounts for 95.7% of the total

area of the region.

Samples and methodology

Water sample collection

According to the hydrogeological conditions and field
investigation results of Chongli, in this study, isotope
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samples were collected from typical surface water and
groundwater monitoring sites in east ditch, middle ditch
and west ditch respectively. A total of 40 water samples
were collected, including 18 surface water samples, 19
groundwater samples and 3 atmospheric precipitation
samples. During the sampling process, the well depth,
longitude, latitude and surrounding environment of the
sampling points are recorded respectively. The spatial
distribution of the sampling points is shown in Fig. 2.
From the distribution map of sampling points, we can
see that: (1) 12 water samples were collected in east ditch,
including 6 surface water samples and 6 groundwater sam-
ples; (2) 8 water samples were collected in middle ditch,
including 4 surface water samples and 4 groundwater sam-
ples; (3) 8 water samples were collected in west ditch,
including 5 surface water samples and 3 groundwater
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Fig. 2 Distribution of sampling
points

samples; (4) 9 other monitoring points; (5) 3 Meteoro-
logical water samples.

Sampling method and testing indicators

Sampling methods of isotope samples refer to the applica-
tion guideline of isotope hydrology technology in the Min-
istry of Water Resources Standards of China. Extract at least
three times the volume of stable water in wellbore and track
and measure field data at any time, such as temperature, pH
and conductivity. When these data are stable, water sam-
ples are collected through non-polluting instruments and in
accordance with relevant sampling requirements.

In order to ensure the reliability of the test results, the fol-
lowing operations must be guaranteed: cleaning the sampler,
taking blank samples in the same process as sampling, and
collecting parallel samples to determine the errors caused
by sampling or experimental analysis.

Stable isotope “H and '30 samples need no special treat-
ment, they are sealed by screw cap and sampled in a 50 mL
linear polyethylene (PE) bottle. Radioisotope **’Rn sam-
ples need no special treatment, they are sealed directly with
screw caps, glass bottles with a volume of 500 mL can be
sampled, sampling time should be recorded accurately to
minutes.

Testing units and methods

In this field survey, the main indicators for routine field
measurement of hydrochemical components are pH and DO.
Among them, pH was measured by PHS-3E pH meter and
glass electrode method, DO was measured by JPB-607A

dissolved oxygen meter and electrochemical probe method.
Deuterium and oxygen isotopes were tested by Beijing
Original Ecology Testing Co., Ltd. in this study, the instru-
ment was L.2130-1 produced by Picarro Co., USA, using
WS-CRDS technology (wavelength scanning optical cavity
ring-down spectroscopy). The **Rn isotope content in water
was determined by RAD7 a energy spectrum radon detector
of Durridge Co., USA.

Calculation method of groundwater-surface water
conversion based on 8D and §'%0

The main sources of groundwater recharge in Chongli area
are meteoric water infiltration, river water infiltration and
lateral groundwater inflow. According to the law of mass
conservation of 8D and 8'%0 isotopes, a three-unit mixing
model of stable isotopes can be established [7, 24]. The cal-
culation formulas are as follows:

8Dy = 18D, +/,0D; + f30D5 ()
8% 0y = £,8"%0, + £,8'%0, + £;8'°0, 2
hi+h+h=1 (3)

In the formula, 6D, represents the deuterium isotope
values after mixing of different endmembers, 8D, 8D, and
dD; represent the deuterium isotope values of different mix-
ing endmembers, respectively, 6180M represents the oxy-
gen isotope values after mixing of different endmembers,
61801, 61802 and 61803 represent the oxygen isotope values
of different mixing endmembers respectively, f;, f, and f;
represent the mixing ratios of different mixing endmembers.
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Calculation method of surface water-groundwater
conversion based on 222Rn

In groundwater research, 222Rn as an environmental tracer can
determine the age of groundwater in a relatively short time
scale, estimate surface water infiltration rate, infer the flow
rate of fractured rock aquifer and the relationship between
surface water and groundwater, etc. Among them, 222Rn as
an environmental tracer is very effective in studying ground-
water recharge to rivers, which has incomparable advantages
compared with other environmental tracers [14, 17, 27]. This
is because the concentration of >*’Rn in groundwater is much
higher than that in surface water. When groundwater with high
concentration of 2%2Rn enters surface water, it will increase the
concentration of 222Rn in surface water at the discharge site,
and it has a very short half-life. That is to say, when groundwa-
ter leaves the aquifer, 2’Rn will decay rapidly and have weak
inheritance. Therefore, the location of groundwater discharge
and the rate of recharge can be determined by analyzing the
variation of 2?’Rn concentration in surface water along the
river [13].

According to the hydrogeological conditions and the
results of surface water flow measurement in the study area,
the typical sections for studying the transformation of sur-
face water and groundwater in the mainland can be deter-
mined. The transformation relationship between surface
water and groundwater is quantitatively calculated by using
222Rn tracer principle. According to the law of conservation
of mass, the difference between the total 22*Rn in a section
of upstream surface water and the total >>’Rn in a section
of downstream surface water comes from the recharge of
groundwater to surface water, the decay of 222Rn in surface
water and the diffusion loss of >*’Rn in surface water to
air. According to this principle, different mass conservation
equations can be constructed in different recharge relation-
ship between groundwater and surface water to calculate
the conversion of surface water and groundwater [18, 26].

For the section of groundwater recharge surface water
[23]:

L
q%=/q§gﬂm+qug @
0
_ Cde - Cue(_aL)Qu o
% = c T ecab ©)

g

For the section of surface water recharge groundwater:

L
Cde = Cue(_aL)Qu - / qrcue_a(L_X)dx (6)
0
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For the section of groundwater recharge to surface water
and surface water recharge to groundwater at the same time:

C,0, = C,e=DQ, + /oL g, Coe™dr— /oL 4 (Cu;’cd)e—(t(L—x)dx
04=0,+ qu —q,L
(3)
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®

(CutCa)Qa= Q)
L(2C, - C, - Cy)
(10)
The decay of >*?Rn in surface water along rivers can be
expressed as follows:

2a(C404 — 0,Cpe™)
T =26, - G, - Cy)

C, = C exp(al) (11)
Dl
a=Afv+ ——— (12)
92 - h2

where D is molecular diffusion coefficient of *Rn (m?%/s);
C, and C, are **’Rn concentration (Bq/L) at downstream and
upstream monitoring sites respectively; 4 and h represent
the average depth (m) of surface water at the section and the
average depth (m) of surface water at the calculated section,
respectively; v and v are the surface water velocity at the
cross section and the average surface water velocity (m/s) at
the calculated section, respectively; 4 is the radiation decay
coefficient of 22°Rn; « is the attenuation coefficient along the
way; L is the distance between two monitoring sections (m);
g, is the recharge of groundwater to surface water per unit
width (m?/s m); g, is the recharge amount of surface water
to groundwater per unit width (m*/s m).

Results and discussion
Isotope test results in water

In this study, water samples collected from Chongli were
tested for hydrochemistry and isotopes, the test results are
shown in Table 1. As can be seen from the table, the overall
distribution of deuterium and oxygen isotopes in Chongli
is relatively wide. The value of 8D varies in the range of
—89.16 to —62.93%0, with an average value of —76.11%o;
the value of 8'80 varies in the range of — 12.27 to — 8.10%o,
with an average of — 10.39%eo.
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Table 1 Deuterium and oxygen isotope test results in surface water
and groundwater

ID 880 (%) 8D (%0) ID 880 (%0) 8D (%0)
Jo1 —1227 -89.16  HO4 —11.13 —80.39
J03 —12.02 -8546  HO5  —11.88 —85.84
J05 -10.92 —-78.84  HO6  —10.65 —78.17
J06 —11.03 —-79.97 HO8  —10.79 —-79.75
107 —11.21 —-81.59 H10 —-9.61 —72.18
J08 —12.11 —-87.57 H12 —9.67 —72.65
J10 —10.93 —-79.53 H13 —-9.05 —67.06
112 —-10.79 —-79.28 H14 -9.29 —-70.21
113 —-10.29 —-76.01 H15 —8.44 —65.80
J14 —10.04 —7524  HI16 -9.03 —68.85
117 -9.30 -70.64  HI17 -8.12 —64.04
J19 -8.10 —62.93 H18 -9.92 —-73.76
120 —-10.21 -73.99  HI9 -10.07 —74.37
121 —-10.11 —71.03 H21  -10.13 -72.82
122 —-10.04 -71.62  H2  -11.22 —-81.25
124 —-10.54 -7462  H24  -11.17 —-79.52
125 -10.95 -78.10 H25 —10.71 -77.78
127 -9.29 —67.53 P1 —7.42 —-55.77
HO1  —11.92 -8572 P5 -9.86 -75.16
HO2  —11.21 —82.07 P6 —4.57 —46.05

Table 2 222Rn isotope test results in surface water and groundwater

Number Bg/L Number Bqg/L
Jo1 29.14 HO2 5.29
JO3 31.13 HO4 6.47
JOS 30.97 HO5 13.82
Jo6 21.53 HO6 15.55
107 31.83 HO8 12.49
Jo8 44.17 H10 7.06
J10 37.04 H12 6.53
J12 27.02 H13 4.57
J13 19.66 H14 12.94
J14 24.62 H15 3.60
117 15.31 H16 7.50
J19 10.76 H17 3.85
J20 11.97 H18 5.35
J21 16.63 H19 5.78
122 14.03 H21 9.91
124 17.40 H22 3.45
125 37.36 H24 6.85
127 40.22 H25 4.81
HO1 12.61

In this study, 2*?Rn isotope of water samples collected from
Chongli were tested, the results are shown in Table 2. It can be
seen from the table that the >*’Rn isotope in the water have a

relatively wide distribution range, the activity values vary from
3.45 to 44.17 Bg/L, with an average of 16.46 Bg/L. Among
them, the **Rn isotope activity in groundwater varies in the
range of 10.76 Bg/L to 44.17 Bq/L, with an average value of
25.60 Bg/L; the 22?Rn isotope activity in surface water var-
ies in the range of 3.45 Bg/L to 13.82 Bq/L, with an average
value of 7.81 Bg/L. Therefore, the activity of 2*’Rn isotope in
surface water is significantly higher than that in groundwater.

Analysis of the transformation relationship
between surface water and groundwater based on D
and '80 isotopes

Distribution characteristics of 8D and §'20 isotopes
in atmospheric precipitation

Influenced by water vapor source area, geographical factors and
meteorological factors, the isotope composition of precipita-
tion varies greatly. The isotope composition of precipitation
in the same area may vary greatly at different times. However,
due to the parallel fractionation of stable hydrogen and oxygen
isotopes during precipitation, there is often a linear variation
between the values of 3'%0 and 8D in precipitation. Craig [28]
found that the hydrogen and oxygen isotope compositions of
precipitation in North America changed linearly, and the values
of 8'®0 and 8D in precipitation fell on a straight line. Based on
these data, the equation of atmospheric precipitation line was
fitted, that is, Global Meteoric Water Line of Craig (GMWL):

8D = 85'0+ 10

The linear relationship between 8'0 and 8D in precipi-
tation provides a theoretical basis for comparing isotope
compositions of groundwater and surface water, deducing
groundwater recharge conditions, revealing evaporation
losses of various water and their mixing effects. Moreover,
the linear relationship between 830 and 8D in precipitation
is also important for studying the variation of stable isotopes
in the process of water cycle. Influenced by local climate,
water vapor sources and other factors, the equation of rain-
water line in each region is different, mainly reflected in the
difference of slope and intercept of rainwater line.

In order to obtain the characteristics of 8D and §'%0 iso-
topes, three samples of precipitation water were collected in
this study. The results show that the variation range of 8D in
precipitation ranges from —75.16 to —46.05%o, with a mean
value of —58.99%o, and that of 8'*0 from —9.86 to —4.56%,
with a mean value of —7.28%o.

According to the characteristics of 8D and 8'30 isotope
contents of atmospheric precipitation, the correlation dia-
gram of 8D and 8'80 contents in precipitation can be drawn
as shown in Fig. 3.

The atmospheric precipitation lines obtained by least square
method are as follows:
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It can be seen from Chongli’s precipitation line that the slope
and intercept are obviously smaller than those of global pre-
cipitation line (Y=8 X+ 10), China’s precipitation line (Y=7.9
X+8.2) and Beijing’s precipitation line (Y=6.467 X—7.553),
which shows that the main source of precipitation is water vapor
brought by the ocean monsoon, but the remarkable fractiona-
tion process of ocean water vapor occurred during its migration
to Chongli. The deuterium surplus from —9.52 to 3.70%o with
an average of —0.75%o, which indicates that Chongli is in the
transition zone between semi-arid and semi-humid areas.

Distribution characteristics of 8D and §'20 isotopes
in surface water

In this study, surface water isotope samples were collected in
the upper, middle and lower reaches of east ditch, middle ditch
and west ditch, respectively. The results show that the range of
variation of 8'%0 in surface water is — 11.92 to — 8.12%o, the
mean value is — 10.21%o, and the range of variation of 8D is
—85.84 to —64.04%o, the mean value is —75.38%o. According
to the results of 8D and 8'30 test in surface water, the correla-
tion diagram between them is drawn, and the linear regression
equation can also be obtained by the least square method:

Y =5.7944X — 16.204

From the regression formulas of 8D and 8'%0 in surface
water, it can be seen that the slope and intercept of surface
water line are larger than that of the atmospheric precipita-
tion line, indicating that surface water has been significantly
affected by evaporation.

Distribution characteristics of 8D and §'20 isotopes
in groundwater

In order to compare and analyze the transformation rela-
tionship between surface water and groundwater, in this
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study, groundwater isotope samples were collected in east
ditch, middle ditch and west ditch, respectively, correspond-
ing to surface water isotope samples. The results show that
the range of the value of §!%0 in groundwater is — 12.27 to
—8.09%0, with an average value of — 10.56%o, and the range
of the value of 8D is —89.16 to —62.93%0, with an aver-
age value of —76.84%o. According to the results of 8D and
880 test in groundwater, the correlation diagram between
them is drawn, and the linear regression equation can also
be obtained by the least square method:

Y =6.3329X —9.9384

From the regression formulas of 8D and §'%0 in ground-
water, it can be seen that the slope and intercept of ground-
water line are obviously larger than that of surface water
line, which indicates that the local groundwater is affected
observably by evaporation while receiving the recharge of
surface water infiltration.

Quantitative analysis of surface water and groundwater
transformation based on D and '20 isotopes

According to the results of 8D and 8'80 measurements of
precipitation, surface water and groundwater, the isotope
content characteristics of each typical water body can be
obtained. Based on isotope conservation, the transformation
relationship and mixing ratio of surface water and ground-
water in each typical section can be calculated.

According to the hydrogeological conditions and iso-
tope distribution characteristics, the groundwater is mainly
recharged by the infiltration of precipitation, surface water
and lateral inflow of groundwater, and surface water is
mainly recharged by upstream river water and groundwater
discharge. Considering that the isotope content in atmos-
pheric precipitation is affected by significant elevation effect,
it is necessary to select a typical control point which is close
to the sampling elevation in this study. Because evaporation
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affects river water infiltration to recharge groundwater, it is
necessary to select surface water and groundwater monitor-
ing points which are close to each other to minimize the
impact of evaporation. Based on the above principles and
the distribution of sampling points in this field work, the east
ditch was selected as the key area of this study.

According to the results of flow measurement in east
ditch, it can be seen that in the upper reaches of east ditch,
groundwater spillover is the main form of surface water
recharge. The characteristics of 8D and §'%0 isotopes in
groundwater are represented by JOS5, in surface water by
HO02, in precipitation by P1, and in lateral recharge sources
of groundwater are represented by the average values of JO1
and JO3. It can be calculated that the contribution ratio of
precipitation to groundwater supply is 26%, the contribution
ratio of lateral inflow of upstream groundwater to groundwa-
ter supply is 70%, and the contribution ratio of surface water
infiltration to groundwater supply is only 4% in the upper
reaches of east ditch. Thus, it can be seen that the ground-
water in the upper reaches of east ditch mainly receives the
lateral inflow recharge and the infiltration recharge of local
atmospheric precipitation, while the infiltration recharge of
surface water is almost non-existent.

The typical section in the middle reaches of east ditch
is groundwater spillover to recharge surface water. There-
fore, the 8D and 8'%0 contents in groundwater in the mid-
dle reaches of east ditch are represented by JO7, the 8D and
8'80 contents in local surface water are represented by HO4,
and the 8D and 8'80 contents in surface water in the upper
reaches are represented by HO4. The results show that the
contribution rate of groundwater discharge to sampling point
HO4 recharge at surface water is 56%, and that of upstream
river water to sampling point HO4 recharge at surface water
is 44%.

Analysis of transformation relationship
between surface water and groundwater based
on?2?Rn

According to the test results of *2?Rn isotope in surface
water and groundwater, the average activity of 2*Rn iso-
tope in groundwater is 25.60 Bq/L, and the average activity
of 222Rn isotope in surface water is 7.81 Bg/L. By compar-
ing and analyzing the variation trend of isotope in surface
water and groundwater monitoring points, the transforma-
tion relationship between surface water and groundwater can
be analyzed.

Distribution characteristics of 222Rn along the route
in surface water of east ditch

Based on the monitoring results of 2*2Rn isotope activity in
surface water of east ditch, the variation law along the course

is drawn as shown in Fig. 4. It can be seen from the figure
that the >*’Rn isotope activity in east ditch surface water
varied from 4.81 Bq/L at H25 to 12.61 Bq/L at HO1, with
an average of 7.20 Bg/L. Since HO1, the activity of ’Rn
isotope in surface water has been decreasing gradually due to
decay. The activity of 2*?Rn isotope in surface water of HO2
has been reduced to 5.29 Bq/L, which is much lower than
that of 22Rn isotope in surface water of JO5 (30.97 Bq/L), it
shows that surface water recharges groundwater in this area,
and the *’Rn isotope in surface water has natural attenua-
tion; but the **’Rn isotope activity increased slightly from
HO2 to H24, indicating that surface water began to receive
groundwater recharge after entering H02; the Qingshuihe is
influenced by the influx of the Taizicheng River in the East
and the natural decay of **’Rn isotope, and the activity of
222Rn isotope in surface water decreases again.

Distribution characteristics of 222Rn along the route
in surface water of middle ditch

According to the monitoring results of 2*?Rn isotope activ-
ity in surface water of east ditch, the variation law along
the course is drawn as shown in Fig. 5. It can be seen from
the figure that the *’Rn isotope activity in surface water of
Middle Ditch varies from 7.06 Bq/L at H10 to 15.55 Bq/L
at HO6, with an average of 12.23 Bg/L. From HOS5 to HO6,
the activity of **Rn isotope in surface water increased
from 13.82 to 15.55 Bq/L indicating that the river water in
this section received the recharge of groundwater and the
recharge intensity gradually decreased, and the increase of
222Rn isotope activity from groundwater recharge to surface
water was less than the decay rate of 2>’Rn isotope activity
in surface water.

Distribution characteristics of 222Rn along the route
in surface water of west ditch

According to the monitoring results of >>’Rn isotope activity
in surface water of west ditch, the variation law along the

14
= 12}
R
E 10
= 8t
31
< 6t
£ 1
q

2 L

0

HO1 HO02 H04 H24 H25

Sampling Point

Fig.4 Change regulation of ??’Rn activity in surface water of east
ditch
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18 Table 3 Calculating parameters for each sampling point

O 16t

% 14l Samples QO (m%s) V(@m/s) h(m) d(m) Concentra-

E; 2l tion of *’Rn

£l (Bq/L)

Q

< 8 HOI 28.78 2 2.1 55 1797

Sf i HO2 19.63 1.62 1.5 66 3.446

B 5L HO4 36.82 0.89 0.4 300 2.952
0

HO6 HO8 H10
Sampling Point

Fig.5 Change regulation of 2??Rn activity in surface water of middle
ditch

Table 4 Calculation results of groundwater and surface water conver-
sion in each section

Section ID Section 1 Section 2
Samples HO1-HO02 H02-HO04
a E | C, (Bq/L) 1.797 3.446
g ol 0, (m’/s) 228.78 159.63
= C4 (Bg/L) 3.45 2.95
£ ¥ 0, (m¥s) 159.63 107
<6 V (m/s) 1.8 1.26
g o4t L (m) 24,000 15,200
T oaf I L q, (m’/d/m) 63.2 97.6
0 g, (m*/d/m) 27.8 17.6

H12 H13 H14 H15 H17
Sampling Point

Fig.6 Change regulation of 2*’Rn activity in surface water of west
ditch

course is drawn as shown in Fig. 6. It can be seen from the
figure that the activity of >*’Rn isotope in west ditch varied
between 3.60 Bq/L at H15 and 12.94 Bq/L at H14, with
an average value of 6.29 Bg/L. The **’Rn isotope activity
in surface water increased significantly from H12 and H13
to H14, from 6.53 Bq/L in H25 and 4.57 Bq/L in H13 to
12.94 Bq/L in H14, indicating that the surface water in this
section received significant groundwater recharge. After
H14, the 22?Rn isotope activity of H15 and H17 decreased
significantly, indicating that the intensity of surface water
receiving groundwater recharge gradually decreased, and the
natural decay of *?’Rn isotope became the main controlling
role.

Quantitative analysis of surface water and groundwater
transformation based on ?2?Rn isotopes

Based on the above analysis, several sections with river flow
monitoring data were selected to quantitatively calculate the
transformation relationship between groundwater and surface
water by using 222Rn tracer principle. According to the law of
conservation of mass, the difference between the total 22*Rn
in a section of upstream surface water and the total >’Rn in a
section of downstream surface water comes from the recharge
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of groundwater to surface water, the decay of 2*?Rn in surface
water and the diffusion loss of >>’Rn in surface water to air.
According to this principle, different mass conservation equa-
tions can be constructed to calculate the conversion between
surface water and groundwater in the sections with different
recharge relations between groundwater and surface water.

According to the ?*’Rn isotope characteristics along the
river described above, combined with the river discharge
relationship at each sampling point, the transformation rela-
tionship between groundwater and surface water in each cal-
culation section was verified: surface water is transformed
into groundwater in HO1-HO2 section and groundwater into
surface water in H02-HO04 section. The relevant parameters
of each point (Table 3) are substituted into the correspond-
ing formula and the results are obtained (Table 4). In sec-
tion HO1-HO02, the average rate of surface water discharge
to groundwater is 27.8 m3/d/m, and in section HO2—-H04,
the average rate of groundwater recharge to surface water
is 17.6 m3/d/m, which is consistent with the relationship
between surface water and groundwater recharge and drain-
age as preliminarily determined in the previous paper.

Conclusions

Through collecting surface water and groundwater sam-
ples respectively, deuterium and oxygen isotopes and >*’Rn
distribution characteristics in water are comprehensively
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analyzed, and the relationship between surface water and
groundwater transformation in Qingshuihe Basin is deeply
understood, so as to provide scientific basis for water
resources evaluation and sustainable development and utili-
zation in Chongli area. The study results show that:

(1) The calculation results based on the D and '30, the sur-
face water in middle stream of Donggou River has been
recharged by groundwater and river water upstream, the
percentage of groundwater recharge is 56%;

(2) The calculation results based on the >*’Rn, the aver-
age seepage rate of surface water is 27.8 m>/d/m in
the upstream section, and the average recharge rate of
groundwater is 17.6 m*/d/m.
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