37 %552 W) 186 ~ 197 T W
MOUNTAIN RESEARCH

2019 4£ 6 A

Vol. 37,No. 2 pp 186 ~197
Apr. ,2019

NXEHS: 1008 -2786 — (2019)2 - 186 - 12
DOI;10. 16089/]. cnki. 1008 —2786. 000412

Fbe X S EUNREME T KU FHFES M RIE S

) 1,2 3 2 -1 1,2 oyl
MNEZ ", 2 B, 5%, U7, BXR
(1. W EBLEBE KRB RS L 5B 5T T, iAS 610041 ;
2. i EREBE R, LA 1000495 3. E KR K L RRABFSE BE TR VRIS T, Jb 2L 100049 )

OE: st b UK I 1 T 5 ] 2 KSR AT Z B Ak S aT RESL R . R KO B O A
Jiz BAK TR B A S BRI (EE A% XS R /K AN IR R A AR GBS AE R A o A B GRS R/ NI
1(480 hm® ) g R/ INIGIEA T4 /K SCULTI S5 IR | HEABe 1 /NSRS TR 23t T /K (2 1HAROK 14 1K) FEAR ) 7
WA T I ZAN R A RACFRAE (LG D" 0) BOK AR IR RR , JFdad 5 B V-l A — e il A Bz i He o
e DI kb 2 R KR . S5 RFE I : (1) BIFTE X IR JE 3 T KRB 2426 LD HCO; + SO, -Ca, 2RI N R N
AT PR AR 5 (2) P T 7K [l 37 2R (L) AR I T T2 DX ARG 2 T 7K X i 2 A e 45 i S 1] 249 2 S0 ~ 85 5
MIZEEZH KSR FE R0 25 (3) S 7Pk 32 A8 T I0EOR TR A R T e /)y, — ool Gk
A KPR, TSR ATRE M R ; (4) DL A B2 SRR W2 3 T K AR 152 B K /b 25 R AE 12% ~ 38% [H] 724k,
2 LU R K AN M T K LU BIAE 4. 3% ~ 58. 0% (]2 4k o AT S8 i 43 75 B X382 1 7K oK f 2 1 T 22 A R
H WD AN U2 T KN A IR EE A5, 7T Dy DX T AR IR AL AR 2 Sl

KER: BRI AKIERHE ; R bR AK#MA
FESES: P345 XHkFRER: A

bl IR AR L AR 2, 3T A R AR v T 5 A
Bk AR KR R R M X 4 K L T
LG (DY) EE AR T R KA R AR R I K
Heeh F A TEEEM. H R RVEN U 5+
o I DX E 2 A R R /K UL, i B 1E , M R
R LA K IR B Fpk 2l e i JE ),
BEH R KRR 1o i S LR 5 0 R

fEG T K KNG RE BV 222K K Y vk i
AT MR K A 6 RN AT L B RO
W R AT A %, 3 T R KRR a0

AR R AR ER AR N — P2z N R T T B,
WAEH T ARG VEN P AT T AR A BRI,
AR T BN TSRS R,

H iy AN MR 3R Kb g i R BF ST 25X
FEAEFRXEMX 7 A Scanlon ZEHF5T T
ERRE T T 52T B X T K kb 25 % TR
AIER M VERRUR A5 5E B8 [ 37 26 ANk Ah 2 R
HARBITE T 7 B ZEF S T KRN R

e Bl DX S B 9 10 2 Ui X, SRk
RN ABEL TR K2 A o

1575 B 88 ( Received date) :2018 =09 - 21 ; % [8] H # ( Accepted date) :2019 =1 =23

E €T B (Foundation item) ; [E Z Bl 4 8 K % 00 K (475 Je # 5 ¥4 #L” (20172X07101001 = 02 ) 5 7K - 4R 35 A= 252800 W 0 5 PEAN B AR B 5%
(201501045 ) ; Hp [E Bl Be L AR AA T H . [ National Major Science and Technology Program for Water Pollution Control and Treatment
(2017ZX07101001 —=02) ; Study on Monitoring and Evaluation Technology of Ecological Effects of Soil and Water Conservation (201501045) ;

Key Technology Talents Project of Chinese Academy of Sciences |

1EZ T (Biography) : XI5 (1994 — ), 2, PSSR W0 5E Az, AR5 07 100 SR oK 302 5 PR35 82 0 [ LIU Haowen (1994 - ), female,

born in Leshan, Sichuan province, M. Sc. candidate, research on watershed hydrology and environmental science ] E-mail ;904455534 @ qq.

com

* B IAEE ( Corresponding author) : JHEK R (1975 - ), 5, W BE B A, Fi-L:, BIFSE G, BIF 9 07 ) Dy - 3 4t B 5 Y Sk K SCRIFSE . [ TANG Jialiang
(1975 - ), male, Ph.D. , professor, specialized in Soil Geography and Watershed Hydrology ] E-mail: jltang@ imde. ac. cn



2

T DS MF /N T K A2 AL 5 R 5 K BT 187

KA Sy DX S 4 P K B R TR 7 30 T e ™
HAFT T RAEE (s 4 L X T
IKAMATE IR 3L L MO FE i . E 22 % "
FE TN kR X - K ok R E AL, s T L
SR PR (B Z XK T 1 m B3R )2
TR B AFHERR ST s TE W45 20 BF 8 T )1 e b
DR JZ R /K IR ER 475 e 1 D0, (B AR B Sz X
R K BIANATRIR AR . AW A H TR E R
Pe/NTIOR B 38 5 25 WL 23 M PP B XN
SRR K R ORI A S R TR S A AL
A SRR AL B U 1110 25 - B il 5 X s
H T KA RIS K 25 T R, 0 A48 78 X delt T K
TACRFAE , AT g DX 3t 7K B IR 2545 A B2 E )
e 2

1 WF5E XA 0

1.1 ARXEHEEIR

AR5 DAL T DU 53t A i B o B R
/N B (105° 277 K, 31° 16" N ), i 35Kk i BL 29 Oy
480 hm® (1) , H b R VE S MR TR, IR 5% Bk

TR S

[ ERmt [0 ki & ko
] 2t Bl kB & sk
it Hl ER o sk
0 680 1,360 m
N

Bl #RERRERSHE

Fig. 1 Sampling sites distribution in the study area
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Fig.2 Hydrogeological profile of eastern Sichuan
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Tab.1 Description of the sampling sites
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Fig.3 Spatial distribution of conductance and pH of the watershed water bodies during rainy and dry seasons
(J notes well waters, Q notes spring waters, B notes surface water)
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Fig.4 Characteristics of hydrogen and oxygen isotopes

in different waters during 2015 and 2016
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Tab.2 Major ions concentration in different waters
) Ca®* Mg+ K* Na* HCO; cl- S0%- NO;
R
(mg-L7Y)  /(mg-L7')  /(mg-L7Y)  /(mg-17Y) /(mg-L7')  /(mgeL7TH) /(mg-L7h /(mg-L7Y)

01 39.18 £16.79  22.30 £3.79 1.22 £0.71 14.45£2.96  96.17 +53.12  7.25 +8.27 25.5+9.57  14.06 +7.86
Q2 48.89%24.14  17.01 +3.85 1.34+1.3 18.95+8.79  152.06 +80.24  15.55 +4.89 44.94+19  32.89+12.18
J 59.13+20.41  12.06+3.89  1.28+1.43  20.56+9.25 131.51+58.91 17.14+9.99  58.96 +63.72 35.79£9.53
12 50.02+15.44  14.91+4.2 1.95+1.7 28.59+14  123.19+51.00  9.79 +8.9 87.60 +95 29.05 +12
3 44.22+0.51  18.22+0.21 2.36+1.9 15.57+0.3  124.83+70.11  6.85+0.67  37.19+1.04  7.22+0.23
4 52.70 £24.44  19.07+3.94  1.97+2.78  22.20+2.42 120.91+61.29  30.34+5.4  44.51£4.00 32.15+7.7
5 58.27£17.27  11.27 +6.94 2.23+2.3 20.30 6.3 122.17+69.57  23.23 +7.7 48.81 71 58.34 =18
J6 60.32£26.33  11.78 £2.05 2.62+6 20.74 £3.39  121.79+34.8  27.50+7.49  48.82+8.45 22.15+7.22
iy 49.65 +23 13.51£4.45  1.71+1.29  28.13+10.08 146.91 £62.97 37.93+14.97 26.95+53.86 39.51 £20.78
18 46.84 £23.41  21.64 +2.87 1.85+0.65  21.94=4.17 152.60+28.83 22.41 +6.44  34.36+6.3  38.7212.97
Bl 46.56 + 18 14.31£3.25  2.66 +0.81 18.13 4.5  76.16+50.45  24.22+0.37  28.29+3.77 5.18 £6
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Fig.7 Estimation of groundwater recharge rates from precipitation

for different groundwater sampling wells in the watershed
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Tab.3 Recharged rate by single rainfall event in different groundwater wells based on 8'¥0 tracing

[/ &R W& J 12 3 J4 J5 J6 17 I8 Q1 (0]
TRAHT -10.17 — -11.33  -11.74 -10.79 -10.49 -11.03 -11.84 -10.70  -8.29
2015 4f
S H7H REE -11.75 — -12.87 -12.34 -11.82 -11.45 -12.2  -12.69 -11.91 -10.88
7
PR b A % 24% — 29% 11.89% 17% 15% 20% 17% 20% 31%
RATT -10.12  -11.87 — -13.81 — -10.7 — -15.16 -11.00 -12.17
2016 4% }
REE -15.33 -12.23 — —16.04 — -12.23 — -17.07 -15.04 -16.85
7H18 H
G S 51% 4.30% — 35% — 16% — 38% 449 58%

4 ihg

41 MTKUZERTHIRIIERSH

H R KA AR o R T K AR sl R b 42l 18
F At 5 sk AT 1), 322252 B b R K T 42 X
SRS ER B SN Y L RIS X R MR K BB T
Ca® YR Fe i , NPT Ca’* 27 R K, BFFEIX
WA AT WRBEE SN A T a A B
Ko i BIr i E = A ig i e = o 2B i
BRI Gibbs AT L4 00l S e HH b R 7K 25 ke
W, AT EVE ML R KA 0 Ak g,
9 WIR A KA SEAER S AT AE GIBBS &AMk,
WIS X PIKEE TDS EZL53 A fE 178 ~494 mm - h ™' 2
@, Na*/Na* + Ca’™ 5 Cl-/HCO; + C1~ ¥ /N F
0.5, Ui FIRFSE X 3%k 2 b T 7K B BRI T4 A
RAEIK S

UL, 45 A0 FE KA, R 2R K Ca® &

10 =
o MR, KH
N

TDS/ (mg-L™")
TDS/ (mg-L™")

T T T T
00 02 04 06 08 1.0
CI/CI+HCO,

T T T T
00 02 04 06 08 1.0
Na'/Na'+Ca®

B9 MRERXERKULFMER CGIBBS
Fig.9 Hydrochemical GIBBS diagram for sampling

points in study area
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Chemical Characteristics and Recharging Rates in the Groundwater of
Typical Small Watersheds in the Hilly Central Sichuan Basin, China

LIU Haowen'?, QIN Wei’, GAO Meirong' , LU Wen', TANG Jialiang' )

(1. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. China Institute of Water Resources and Hydropower Research, Beijing 100049 , China)

Abstract: The frequent seasonal droughts impede the sustainable economic and social development in the hilly and
rural area of central Sichuan Basin. Groundwater in the region is vital for drinking water supply and farming
irrigation. However, there have been few relevant research on groundwater recycling process and recharge rates for
central Sichuan Basin. In this study, Daxing watershed with an area of 480 ha was selected as case study to
conduct integrated hydrological monitoring and sampling. The chemical properties and water-rock interaction
processes were studied for the shallow groundwater bodies (including 2 springs and 14 wells) under different land
covers during rainy and dry season, respectively. By comparing the chloride ion balance method with the two-
component mixing model method using' O tracers, the recharging characteristics of groundwater in the region was
interpreted. The results showed that chemical type of shallow groundwater was HCO, - SO,-Ca, which was mainly
controlled by weathering and hydrolysis of rocks. It was confirmed that in the isotopic peaking signal of groundwater
responding to rainfall water that recharging cycles of shallow groundwater in rainy season lasted about 50 ~ 85 days.
The interaction processes in rainy season were stronger than those in dry season. The chloride ion balance method
might relatively underestimated the values due to human interferences, whereas the mixing model method might
make overestimation because only two major sources were considered. It suggested by the optimized estimation that
the annual average recharging rates of shallow groundwater by precipitation ranged from 12% to 38% , and the
rainfall recharging rates for each single rainfall events ranged from 4.3% % to 58. 0% . By revealing the water
chemistry dynamic of shallow groundwater in hilly area, this study preliminarily identified the groundwater recharge
sources and estimated the recharging rates in a typical hilly area, and provid a scientific basis for further regional

assessment of groundwater resources.

Key words: hilly watershed; water chemistry; isotopes; groundwater recharge



