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Abstract: The quantitative research on the interaction between surface water and groundwater in alpine and cold regions is of es-
sential significance for the evaluation and management of the water resources. However, there are relatively few quantitative re-
searches carried out on the interaction between surface water and groundwater in alpine and cold region. Taking Hulugou water-
shed in upper reach of the Heihe River with permafrost distributed as the study site, monitored temperature time series were
used to identify the interactions between river and groundwater, and the utility of heat tracers is also evaluated in this paper.
Temperatures of groundwater riverbed sediments at different depths, river stage and groundwater level were monitored at the
site. Then, the vertical flow velocities of river water infiltration to groundwater at 3 points along river channel were calculated
through the Hatch analytical solutions with the monitored data. The results indicate that river stage was higher than groundwa-
ter level, suggesting the recharge of the river water to the groundwater. Temperatures of riverbed sediments were higher in Ju-

ly in comparison with those in September. The river infiltration velocity was between 2>X 10 °*—5X10"° m/s in the monitoring
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period. The analyses show that exchange between river and groundwater can be estimated by heat tracers in alpine and cold re-

gions. However, the other recharge sources to groundwater should be investigated by other methods such as isotopic method

and numerical modeling. Exchange between river and groundwater is mainly controlled by the relationship between river stage

and groundwater level, hydraulic conductivity and heat capacity of riverbed sediments.
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Fig.1 Locations of study area and monitoring point, and photos of facilities setting
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Table 1 Settings of Parameters used to calculate vertical velocity of water flow
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Fig.4 Time series of air temperature, river water temperature, and riverbed temperature at the site Nos.1, 2 and 3
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Fig.5 Calculated results of vertical water flow’s velocity in riverbed based on Hatch amplitude and phase methods
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7K — R KK A7 22 BT R T 2016 4 9 4y, A
b 4k 2016 4 9 H 435 2016 4F 7 H K — b F
KK AV 2 3 AR R S8 9 A B B[] 7K A7 25 18 AH X K/
5590 T i ARG R A A X K — B, R BT K —
MR K KA 2 632 X BRI KA 8 3 38 1) 2 46 7T fig 2
A —E W EEHIE .

BT 15 s TS5 A N 58 %, X 15 R
TR 0.25 m TR BE AL (Y i 3 5 BF a WK — 3 F K
IKAE 22 AT T AR SR 73 B AR 3R 2, 78 A U I if
B, vH B R K — MR UK K A7 22 2 B Y
FHOGAE L 2 W7 1L A7 ik AR B 5 Adb L T 7K — 3l 7KK
F1 22 5K AS 3R TR R BT T A 0 e B
PR RT 7K — b 7KK A6 25 3228 32 R KK AL AE £k Y
SZ N e ARG B L TR A — R LAz MR
IK IR A A A 1 425 11

e JE L Db R AR AT 22 Forb 25 R IR, HOR A7 3R
SELSZ WK AN BN BRI . Ma et al.(2017) 83t
U AL 2R FK AL 7 Bt B9 AF 58 & B e ST RE b BT
Ak ) R R A THUER o b R K R ER 2ok A T 24 %R £ IX
i = ) 7 7 o = N N R U e 7 SRR
HRAT RN K B 22 4F R e X Rt A g ToU 0 A b 2% 7
T ARSI A 1 B4 A S WK B b 25 1T KA
—E M L s ZE B a B AL %) SRR B 2% L Hb R UK [
A Z TP 45 R IR AE I 0T 38 5 IR BE 7R B 5
3R] K A A R b 7K i 32 S kb 25 19— 47

TR A 1L D, 2 R KA BB A ORI L T K kb 4
HiL R 7K B 7K AL R R i 22 (Sophocleous, 2002), i
A 7K — 1R 7K KAV 22 P REAS J2 9] K A8 Tk 3 1Y 32
LR HIT 1 A B i A e e 2R A2
35 IR A B I DR O I ik R P K AL 22 XA K 5 R

BAR LXK A B R AT VA AR 5 S
K — R KK AT 28 97 A SRR R UL B THE T,
i 3 YR T R BT K A B AU M T UK T 2
SN B — R A3 T HOA — 2 5 ] KRN Hb R K KA
AH G, T MR 7K BT 32 A b 45 1 09 i o2 W] RE A
T R A6 28 TR A R TR B R 4L A At Ty vk AT AHL IR
JE R R TH R T K B R AT LA SR BT DR A
R 5 SR IE ARG, A R T B 5 XK AR T Y
G R 4 v
42 BSELURXMTKkKEMRAKZTHREAZMEER

R PR 1 b T 7K 5 b R K 1Y) 22 e 22 B K T3 A%
S 2B K 5 R KR R K AL T A5 B 5 L AT
IKAB W R Z K TS H B T XA A2
KA 7K U B A Y 52 Wi (Sophocleous, 2002) A 5
DX 3814 7K A7 A% Ak DA B ek 3 A8 Ak i R A K T R 2 X
7K 55 R 7K 0 38 48 7= A 5

5T DX N TRT K A 98 3 3R] 7K — 3R 7K K v 25
A REsR A S T K — R KK A 25 — e R LT
fift eI K 5 4T K S He i AR AR AE 1 S R 3
AL KA 22 78 P A Bt B R AR X R /N 85 SR 5
A R R IIA — B AE = FE WX, BRI K 5 R K
IKAE AR AR5 W Ak SRR B A BR AR AR K TR DA
o3 2 b [V RE 2R B eh T B 22 000 CIRT 4) L Bl o ik 3 AR
b AT RS0 B b ¥ 2 & KA T S 80 Bk R
AR AR 4K 407K T 4% 5 28 BN T BE A Ak s R
(Muskat and Meres, 1936). 3% 26 2 % 1 25 1kt 2
SO K 5 R K A 4 AR Ak ) LR R

TEJRBE KA AL B LR T E B B R & &
HE AR AR AL B R TAPWS-TF97 3% 45 5 (Wagner
et al., 2008) , 7K B %% B FIURG BE () L {8 W6 25 18 2 T
o T T R 7635 5 RN B IR B it 8] %2 AR AR AR Y 1
OUF K I3 A% 3 280 IR B A B E L AE L 8 “C I}
KL T R BN HER O T i TAPWS-TF97
WHE.LCHEEEREFERNESRBELEY
3VMAEAL 7 C I AL S S BUK 5 5 REGR
21 Yo AR Ak 8 i U T A 45 R OT IR R LA W]
b R AR Ak B AR B T K KA O S T K K A
T BE 1 B AR AR A AR 2 KA B AR 7R A AT AE — i R
BN R B S A A XA KA B B L A L K
A B AR L 32 B e 0 A8 A 5% ) 17 DX 38 X 4
W HT E N A7 1 B e R 728 A B e 1Y) DX AT R kY
IR A B 7 A 5 ] K B & AR 1 B F R
JEH20164E7TH 29H KA —w 24k . 15 i iE
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Table 2 Pearson correlation coefficient between river-groundwater water level difference and calculated velocity

S 1At 0 B 55 2 A I B

FEBE a WK — MU KK A 25 R0 15 55 300 A i 3 ek OB 0.000 0.000
FERE a K — b T KK 22 R 15 ST B R A9 Pearson A15¢ R 4L 0.653 0.766

A X IR AR L 3 °C L3 5 ML AR LY 2 C LR
JBE ARG S B0 PR K T 1 5 2 BB AR, A 95 — T T 3
BT A A8 )N H A — 285 3 A 5T AT 2R L
SR, W] TE R E 43 A 72 A R 51 R R K ) 1%
REH A AL (Genereux et al., 2008) il Hr i %%
(Hatch et al., 2010) , Hi PR 3% )22 % i B A8 AL B0
/8% (Bastola and Peterson, 2016).

Tk B2 78 A S B 5 KA BRI S HOm 8 4, T RE
S3NPYRL K A S TR B AR S e AR B R S
Brah 5, I RS 3 8 %0 FA AL T 22 B0 A B [ 4K 4 1
FEAAA M BURIE N 10° m/s A4 0 TG 3 R4
A A A AR LG A7 2 32 R R A AR Y R L BT LA
2016 4F 7 H Oy 950 BUIR S BORIHY 2016 48 9 A iy
AT K B A, X 9 43 19 A8 3R B Al 1 2
A i 22 ABAESC PR LT S AR > 2 % il B AR A 5 1R 1)
I B S BOE A AT I 8] 5 51 00 L B LATE AR IRBE 5
HBRAT 25 TEZ D 22 19 52 W)L % R R I 52 el T A R 2
WEFE o A5 .

(D ITFTHE AR E 3 A4S s IR H K 3 i 1) 4
SRR R YRT K R A W R BE YIS RN A LR K
Horb, 1 5 R 7K AR BRTE 2016 4F 7 H 2 X
10 °~6X10 ° m/s ZIA,7E 2016 4F 9 HFE 10 °~
8X10°° m/s JLH ;2 5 M AWK A B H AR AE
2016 4F 7 Al 1.5X10 °~6X10 ° m/s Z ], 1F
2016 4 9 JJ 43 Bk [ AT 90 Ak T W AR A4S 5 3 4
IR K A 3B R AE 2016 4FE 7 H o 3X10 °~8X
107" m/s Z Al 7€ 2016 4F 9 HA F1X10 " ~1X
107" m/s.

(2) B FE 1 X MR 7K 5 1 3 K 1 28 e i 52 51 3]
K5 H R KK AL K A T R BRI & K A BT S B
ZERY R T KA 35 HOR FN K — MR KK 244
i AR S L KAV 25 38 KB YAT 7K A 78 1R[] B A X
BRI B FEAR 3 BOUK I3 45 T RBOBUN s 24 & KA
TSR T IR R AR R A 0 28 A T B T 5 4
H A — T i 25

(3) 3 g 3 B 7 B T AR T R B K A B U
T X R K T 52 b 2 i i — g0, MR KT
52 FLAT RN 4 it A B[R] 6 3R TR A B R L R AR AL
S5 AL T ok AT AR
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