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Environmental Isotopes Features and Exchanges of Surfacewater- Groundwater System
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Abstract: In the arid inland river basin of western China, groundw ater and surface w ater exchange frequently, and the interaction
betw een the river and aquifer in the river basin is an important research aspect of water cycle. Environmental isotopes can effec
tively reveal the relationship betw een the river and aquifer as tracers in the water cycle. Based on the environment al isotope fea
tures of hydrogen, oxygen, and deuterium excess (d) in groundwater and Heihe River of the Zhangye Basin, the spatial charac
teristics of §D,6'%0, and d in different water bodies were analyzed, which may indicate the main sources of groundw ater and the
interaction betw een groundw ater and H eihe River. The results indicated that the groundw ater and river w ater are mainly derived
from the snow milting water and rainfall and the hydraulic connection of groundwater in different depths is very high. In the i~
rigation area of the Zhangye Basin, flood irrigation on vast farmlands has caused significant impacts on the interaction betw een
groundwater and river w ater, resulting in the increasing of groundw ater recharging river water. The exchange betw een groundw-
ater and river water was analyzed quantitatively using the mass conservation principle, which can provide scientific basis for ac
curate assessment and reasonable utilization of water resources.

Key words: environmental isotopes; groundw ater; SD; §® 0 ; Zhangye Basin; Heihe River W atershed; arid zone
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Fig. 1 Geographic map of the Zhangye Basin and

location of water sampling points

2

2.1 #HaRkE

M /KRR A7 20 B T2 S TR AR 2 Al ) SR,
I L 3 T ST (D S T, b KRS o D BT 1 A
AT U IE SCWSREL . SRAEI 124 2010 4F 10 H b A7, SR
SERES 49 AN, Jo il RKEE 37 A, R KEE 12 4, FE A
17 5K A B R R . MR OKEEZ B AALHE KD
TR, A 8~ 120m 2] .
2.2 3R K- BT KéEE LTk

2 P ST AR SR, R DU B b TR RCHE I 03T K
Py, FC S e T R

0:° Q= 0y° 0+ 04 (0= Qy) (1)
X0, ECRE fURK R 8130 fH; 0, EUFE st Rk
80 {H; 0, NITF_EWEK KA 8% 0 {l; Q NHUAE AT KR
i Qp AHURKHEME S e 2y 2(2) FTRAUF S H b T KHE
Tk KRR A H .
f= (Q.,/Q,)x 100%= (0,- 0,)/(0,~ 0,)* 100%  (2)
2.3 Ak

FES Y 6D A1 SO Fr v E AR [ 5 A S %58,
fEFALES S MAT251 F&5E R 2800 it A, W5 5 v 4
R COL P47 322 0 4 Jg i J50 9z, IR ORSE 4 0l 2 8D b
£0.01%, 60 £0. 002% o KFEMR LS R WL 1.

KRS TR « 93



F12% BETIH - AACKE 5 AR 2014 F 5% 2 8

1 6D60  d
Table 1 8D,8'30, and d value of water samples in the Zhangye Basin
TR KA 8D ( %o) 8180 ( %o) d/ %o Gy KRR 8D ( %o) 8180 ( %0) d/ %o
HR-1 K - 47.55 -8.13 17.47 HS 1 K - 50 - 8.09 14.72
HR-2 K - 47.98 - 8.06 16. 47 HS2 TRHLFK -53.9 - 8.28 12.34
HR-3 K - 52.41 - 8.44 15. 14 HS3 Tt K - 57.7 -9.99 22.22
HR-4 K - 50.94 - 8.14 14.19 HS 4 ALK - 55.5 - 9.24 18. 42
HR-5 K - 49.51 -7.92 13. 82 HS 5 RHLFK - 55 -9.29 19.32
HR-6 WK - 51.89 - 8.58 16.71 HS6 o K - 53.6 - 8.3 12. 80
HR-7 K - 49.67 - 8.39 17. 41 HS7 WK -57.3 - 8.66 11.98
HR-8 K - 43.57 - 6.21 6.13 HS8 K - 52.5 - 7.89 10. 62
HR-9 K — 46.00 - 6.36 4.92 HS9 SRIK -52.3 - 7.91 10. 98
HR-10 K - 41.06 - 7.34 17. 68 HS 10 RHLFK -55.2 -9.8 23.20
HG1 Gt K - 51.27 -9.01 20. 83 HS 11 s K - 53.3 - 8.08 11.34
HG2 b T K - 43.46 -17.35 15.36 HS 12 i RK - 54.3 - 8.03 9.94
HG3 PR R K - 62.45 -9.20 11.13 HS 13 WK - 51.1 - 7.67 10.26
HG4 WK - 51.19 - 8.09 13.52 HS 14 B Rk - 48.9 - 9.45 26.70
HGS WK - 48.18 - 17.40 11.02 HS 15 i K - 53 - 7.86 9.88
HG6 K - 49.81 - 8.94 21. 68 HS 16 RHLFK - 63 -9.37 11.96
HG7 Wk - 46.19 -17.26 11.90 HS 17 LK - 66.3 -9.53 9.94
HGS H R K - 47.13 - 7.32 11. 44 HS 18 73NN - 60.5 -9.31 13. 98
HGY WK - 48.01 - 6.69 5.51 HS 19 TRHLTIK -62.1 -9.42 13.26
HGI10 BLIE - 47.51 - 6.76 6. 60 HS 20 i K - 58.7 - 8.95 12.90
HG11 Wk - 46.39 - 6.33 4.29 HS 21 WK -59.9 - 9.26 14.18
HGI12 WK - 46. 81 - 6.66 6. 45 HS 22 WK - 56.3 - 8.63 12.74
HGI13 WK - 44.17 -5.75 1.83 HS 23 i K - 74.3 - 10.41 8.98
HG14 R K - 45.35 - 6.47 6.38 HS 24 SRIK - 54.1 - 7.87 8.86
HS 25 TRIFHL K - 69.8 - 9.61 7.08
2
3 Table 2 Statistic characteristics of 8D, 820,
3.1 ﬁ!i;‘g]‘ /E]‘7J<;<fhiﬁ%fﬁ EHJ-’%QEU?&‘ and d in water samples of the Zhangye Basin
b 7 REHLI TAEA R R4 40 WMO £ st H 8D ( %) G180 ( %) d( %)
S BRME KRR ZE I GNTP 445 o [ 27 AN 0 40 K SAE - -4L06 - 621 17. 68
SR SD T 650 YR JLR BRBOR RO T A Bh0 A1k T R
SD N BT H{H (1986 4FE— 2000 4F) 43 B2 - 6. 4% H BEFEH -17.35 - 9.89 31.55
— 42%0, P I M i K S K R FE( LM WL) WA (3) P WA -43.46 - 6.47 26.70
D= 0.810%0+ 3.4 O WTR wmit see _sm 1hoe
Dansgaard(1964) #& H T i = 1M &, I3 e Sk Q%ﬁ%iﬁl B 13:56 B 11'. 18 38:72
d= 8D~ 88”0 (4) BAfE - 4417 - 5.75 21. 68
1, B 7 v Ik 7K SC b &R OE SCIge K SC S, 2R ] 3] K R 2 /M - 59.90 -9.26 1.83
D80 Fl d HI%H4E WE 2. oK P4 i -50.38 - 17.57 10. 17
B2 2 WAL A 8D 7= 41, 06%0~ — 52. S%o BEFRH - 9.84 - 14.83 52.39
Z ), I A9 - 48. 59 %, & 22 REA - 7. 35%; 60 1k
—6.21%0~ — 8. 58%0 2 1A, T IMEH K~ 7. 80 %0, 7% REH
-9.89% . DL bESRERY, ARG R R/ RK- T
IKEE AL R G A B IR TR, 6'° 0 1 # 4k Be 18 8D 3
o K T d B AE 4. 92 %0~ 17. 68%0 2 I8, - 341 Ky
13. 77 %o, 22 REUN 31.55% , Ut W 7K A4 52 35 24 1) 726 R AE
2 §b- 8%0
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Fig.2 Relationship between 8D and 680 of

different water bodies in the study area
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Fig.3 Variation of D and §180 of stream water along flow direction

3.2 WTKRARM TR E 4FAE

F2ME 2 BIR, ARG KEH T K &4 B e R
AR, R K 5D 8180 4¥ (Al A8 L K.

WM R KR 8D ZE- 44. 17 %o~ — 59. 90 %o [A] ,
BIH H5- 50. 38 %o, B2 RECA- 9.84%; 680 E— 5.75%0~
— 9.26% 2 1), SFIIME Fg— 7. 57 %0, 28 2R BN - 14.83%; d
16 1. 83 %0~ 21. 68 %o 2 [H], V- BIMH 2 10. 17%, &% R EH
52 39% .

PR EH K R 8D AE - 43,46 %o~ — 74, 30%0 Z ],
S K - 56. 58%, A2 % R K K- 13. 56%; §°0 f&
— 6. 47%0~ — 10. 41 %02 I, T 31H Jj— 8. 83%0, & % REH
—11.18%;d 7F 6.38%0~ 26. 70 %o [a], “F- 4 Ky 14. 06 %o,
= RHN 38.72% -

Bl 2 TR, H R oK R SRR A /AT R 2 A T4
KSR (GMWL) T 77, 8D Fl 880 JFRETT KRR H:

§D= 5.33258%0- 9. 0007 (5)

RN T IR A K e (LW ML) , 2 B K Ab s
SR B 2 1) T A ) 25 A T T 5 i S TR R A 2 R AR, AT
SR 38 s 2 KB K IR T A 7

R R /K 1K) 8D A 88 0 fH, T LUEHIFFT X M R K 43
3 T SRR AT MK 2R 2 b T, X AT RESE AR
BRI A EL AR IR 45 5 o 11 SOKRE A T ROK kI 22 R
J7, FEBEE A Y R AT, MR KA R R, AR

S (R A R AL RS, MR K AT BER T T R IR I A R
VeI BAETE BRI K AE s B8 TIT 280 KPR AT T R 878
R R MR, A T Ay KRS, 2 I S bR R R O
[ (K X 35

FH T bR K 5T K IR S AR R TR 3% A 2% oK,
IR Y 2 P X 1) Al 3 7 ok i = SRR HEAT T A0 (LK
4) o IAIZKCRIHL R 7K 0 R 28 % 4h G 3R 3 LA 2 M AR 1E -

§D= 5. 03138%0- 11.551 (6)

MRS R= 0.804, F= 81. 062> Foos(1,49) = 4.
10, 7 a= 0.05 KF N HEMERRE &

4 §D8"%0
Fig. 4 Relationship between 6D and 680

of stream water and groundwater
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Table 3 Percentages of groundwater discharge over total surface water flux at each measurement site
TiH H2 H3 H4 HS5 H6 H7 H8 H9
O ( %o) - 8.06 - 8.44 -8.14 -17.92 - 8.58 -8.39 -6.21 - 6.36
O (Yoo) -7.35 -9.20 - 8.09 - 7.40 - 8.94 - 6.76 -5.75 - 6.47
O ( %o0) -8.13 - 8.06 - 8.44 -8.14 -7.92 - 8.58 -8.39 -6.21
f (%) 9.22 33.99 85.22 30. 47 64. 65 10. 49 82. 45 60. 31
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