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Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] Shaanxi Province is an important province where the Yellow River flows. Revealing groundwater resource endowment,
exploring distribution characteristics, influencing factors and exploitation and utilization potential of groundwater resources can
provide important support for ecological protection and high- quality development of the Yellow River Basin. [Methods| Taking
Shaanxi Province of Yellow River Basin as the study area, the groundwater resources are evaluated by dividing evaluation units. The
Thiel index is introduced to assess differences in the distribution of groundwater resources by region in terms of both population and
area. Grey correlation analysis is used to explore the influencing factors and degree of groundwater resource distribution. The
exploitation and utilization degree and potential of groundwater resources in each administrative region are evaluated quantitatively
by means of water resource load index and exploitation potential index. [Results] The annual average groundwater resource in
Shaanxi Province of the Yellow River Basin is 77.59x 10* m’/a. The regional distribution of groundwater resources varies greatly.
The population and area distribution of groundwater resources in Guanzhong Basin area of each evaluation unit has the largest
difference, and the difference of groundwater resources distribution between Yan'an City and Xi'an City is the largest. Precipitation
is the most important factor affecting groundwater resources in the whole region, followed by human activities, especially
agricultural irrigation. Surface water factors have a great impact on Weinan and Yulin cities, and evapotranspiration has a certain
impact on groundwater resources in Yan'an, Yulin and Baoji. The groundwater exploitation potential index of the study area is
between 0.8 and 2.5, and the groundwater resource load index shows an upward trend, which is a high load area compared with the
whole country. The spatial difference of development and utilization potential of each administrative region is obvious. The region
with high development degree is concentrated in Guanzhong City Group. Xi'an City has the highest development degree, whereas
Tongchuan City has the lowest development and utilization degree. [Conclusions] The distribution of groundwater resources and
development potential in Shaanxi Province of the Yellow River Basin is very different, and the influencing factors are multiple.
Therefore, it is necessary to further strengthen the optimal allocation of water resources, zoning and classification regulation, and

build a more coordinated pattern of resource development.

Key words: groundwater resources; distribution difference; exploitation potential; hydrogeological survey engineering; the Yellow
River Basin; Shaanxi Province

Highlights: The evaluation zone of groundwater resources in Shaanxi Province of the Yellow River basin is reconstructed and the
latest evaluation results are put forward. Based on mathematical statistics and other methods, the distribution characteristics,
influencing factors and development potential of groundwater resources are systematically analyzed, which provides an important
reference for the research and rational utilization of regional groundwater resources.
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Fig.1 Hydrogeological map of Shaanxi Province of the Yellow River Basin
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Fig.3 Thiel index comparison by region

SR ACEIR X, TE AR S o JsU R 7K B U 7
TN S M2 S, R LA TR IX R Z2 08 LT N A
PRI S AT 5 22 e e D IR — 7 T T XN ek
225K, 53— 7 HAZ IR I LA HE S = HE B
b S B PR X P AR ML XK 225 K. ToE
TP IX 28 Sk F R T XN K 22 5%, LR
P A B X 28 74 0 2 37 30 PR K e i 2, B
IKIEILIX I T 7K fie AR AR R, DR LR K 2 57
HUE X B R K SR A R 2E 5

MAATE X LR K G IR B (3 4) m] A,
fRTMR T 2T 9 28 R 4 B e ok, R IHAE K B
A= NEE B TV /s = X 5 P " EANE 4 S T
TH R T 2R K R RO T, DT H R K BEIR A A 1
Sy BESS TP 2K BE IR C B P RIS 2 IX
SERC B LA, Y P I | TR R R e X HE R
SNV R e NI REA (i3 oo 4 NS AN T A5
255 HA BE BT , HE T R 22 T B iR 7K ¢ R
KM BT R 2R IR A R R R, S R T RR A 22
SR, GRS s 0] TR AR DT O, XN 7K B
T M TS A 28 SR A T B s () 3 e, S
AR RAE RO UE, RN IX R LIS T 2
IR, TP 2T 3 T 7K BRI Se R BRI S, 7Bk
PO 2% TH 94T BUIX R 5E 05U 4R X 3 (Zhang et al,
2020) . JEZETTREK AN 22 S A A e o, DT 2
W ¥ FELE T M ARRRRE . AR T R /K Sk ) T AR
A 26 5B R, R 12 DIl K 1 23 (B AR AR R

4.3 EEESH
4.3.1 38R I

B YA A S B VY A A AT B R O L R K R S
ANFE AR L, i — DR A 22 F R A X 4%
FT B M K B2 R G s PR R AT 0 AT . BT IX
R OK BRI B2 RS T R A DS 8h 4
R, R4 &R PR K SR 9T X B AR A
M VR 22—, KK B /NN 3R 7K 9 VR A ER R
(Hu et al., 2019) , 75 HUA S X N R 7K J S HRE 7
A, BAR L H IR b R AE B 7 55 (Song et al., 2021)
G2 R ILFEVEFES A, HEM 1 R oK e R A
B, T HE AR, XN S 2
BT 7K G PRI AT 25 5%, 7K SCR 3 i 9 1
W, 93— 7 TR IR 5 R K AL E &R, b
FIFHAS Ry X6t R 7K 2R 5 A A FEEE 52, A5 X
IKGEVE K KR AE AT LA AV 20T 58 X fi
B K SR AR 0 7 0 v R Al S FR B
ARG AR NS B T, MM TR K 8
BRI A A e B T 7K R R Al e 5 K i
TN ZS, [AIES A FAEHL X % B 19 A3 GDP 23 45
P, 3 A FH 5B T o

ZEA UL AT, PR 3 2 7 T A b E A Rk
TTREA AR BE 3BT, 7 WE AR o 0l R R 484 : oK
KRR PR bR AR TR A RO I T R
NG SR AR - bR K TP R MR 51K & A A
GDP £ 354815 -

432 %A B oM

VERCHL T K B IRAE A S5 78, K AE 7 A48
B A ELEC P 91) , i ] i Bl e P 4 DX H T 7K 9% U
SEM PR 2 A IR SCIAR Y . AT 8 R R (1 5)
R K XTI 9 DX 7K R 32 i e A, K D B
BESR 0.9, LU M R 7K IR A M WX b T 7K 5%
VAT BT, KA ST 43 0.85 F110.86 , %
A 1B A3 GDP #5454, FAthAg b i (2 G B 35 K
T 0.6, AT AE Ry T K9 IR Y B I PR 2R S A
FEGLUR - K > A R0 T AR > b R KR & >
RER > BIIR > G KR,

BATBY IXORT , VG2 T 7K G632 B K
Som g R, HOR R ZE U R AR, VE T N &
B T KNS PR AR 2, R A%
T T KA B, P 2T H T K TR e

http://geochina.cgs.gov.cn FPEHLT, 2023, 50(5)



1440 i 5| b Jt 2023 4F
ERHL K N
Difference partition
[ BEsRK T e
Weak difference area \ it %
\:I rhrds 3 B FERT ¥ B X
Medium difference area / \ )
E:jﬁﬁ%ﬁ& Kge m AR
Relatively strong difference area % B

- BEZE X

Strong difference area

5E )l kB

& ] 3k

ﬁ@f&g
F 9
8 % 0 el

R

jﬂ%'h'-.J‘P % 5 7

&I Ry b 7 L

O

K4 MR BEIR2E ST X

Fig.4 Different zoning of groundwater resources

X K L8] B 2000 4F 72.95% T F& 2= 2020 4F
37.94% , T 7K TSR X it T 7K 9 I o 14D 5 T A 555
TARGHE ; BRI AT R4 T 4T K
TS 5N fe K, R A8, DCIBEBE 301 oy 0.84 F110.80, 4 1|
T X 45/ | A TR T T 3tb ™R 7 9 TR AR 3 i e /D
JRAB IR E Ay 0.68 5 52X T b T 7K 5% 5 5 [ /K £ G
B e, IR A0 BRI 4 0.93 , FHyk Rz & fngll.
THEWE 5 )5 BH T 1 7K B VR B 32 B K S M KA
FEAROT 1T K B A i M R, Jl BH TR T
BT, MR R KA AR TR, AR TR
Hb R | 7K i b R ZE UK HE Ar 5 LR K BRI O
R YA R 5 b A0 O R R /KXo T e T T K

PRS2 MR R O, DX AT, 2 TR AT RG99, A2 3
TRAR B3 XT3 T 7K B IR Wi 1 R0 5 [k 28 IOk
1L 28 75 7K 2 5 W B 22 T M 7K A i T
PE , BRASHOR FRARAN , A AR T T K B i 5
K T SR AN 3t A2 32 A s AR S, 20 B K
Y B, 02 T MRV T 3t 36 2 HIUA B A S B T
A, LR v T T K BT IR 0, 2R AR B
Bl 1 DI S HAR R R A5 A 2 AL, — 2 1R
JE S T X K SR A
4.4 FRFRBBHDH

MR A TR R BOE AR TE X HL R 7K
APPSR A, T IR 168 B R vy

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(5)



5504 4 51

Lh YA BT R PG 4 3R K BRI AR RN B T R 1441

R4 BEAREBREEZTHRE M TKFESRIER

Table 4 Distribution of groundwater resources in administrative regions of Shaanxi Province of the Yellow River Basin

eS| BT IX Hb TR KRR BRI R 2R R AL Hb R K SR IR B 2R K F R Bk B 2R /K TR
bk 0.152 0.143 0.053
W2 0.004 0.007 0.156
A m@m -0.007 -0.005 -0.009
o VG2 11 -0.065 -0.065 -0.059
THF T -0.001 -0.009 -0.003
)T 0.001 0.002 0.003
FAGTIT 0.025 0.033 0.018
bk T 0.003 -0.001 -0.040
ST -0.043 -0.044 -0.003
R JEJULEFE 0.015 0.018 0.012
(K3 0.041 0.044 0.007
K THFTT 0.025 0.013 0.022
A )1 T -0.002 -0.001 0.000
FAGTT 0.027 0.035 0.020

A LR KIT R RO T 0.8~2.5 K4 > 2 AT &R, HEUOCH IR SRS TR R T, X 28 X
KW TIRIX L 1~2 R Al MG TR X 0.9~11 oRgh 3t N /K ITRATS AT — € 25 18], Al 3 1G5 TF2R ,
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Fig.5 Grey correlation degree between groundwater resources of each administrative region and related indexes

http://geochina.cgs.gov.cn H1[E BT, 2023, 50(5)



1442 th ] H 5 2023 4F
40 T - T T T ! %%i#ﬁ g‘ﬁﬁ?iﬁvﬁo
—o— JKBHE FUERIEHL vy Wy =90
35 L Water resource load index - 2000—2020 45'3 7J( ﬁ JE‘ Ej i‘@ _F 7J( ﬁ {}E‘ ﬁ ﬁ *E' ﬁ
—o— HR /K BRI AL

Groundwater resource load index / / \

= | \_ / Ao
ﬁw_ \/\/ N A/
LA

/N /N A
5 TRBER B
P TR TS BIBA
O Ty | 1 e
2000 2005 2010 2015 2020
A

Fl6 ZKBEIE5 N /K SEIR T AR e o $(2000—20204F )
Fig.6 Trends of load indices of water resources and
groundwater resources (2000—2020)

I FERIE 145

Exploitation potential index A
l:l YARTF KX Reduced mining area

I:I RAMFH5 X Balance area

l:l TIH5ETF KX Enhanceable mining area
E #/1KX Higher potential area

0 50 100km

R REI T IHERE R MR K B AR N E
(E6). £ X T KRG EII0 T 1T
X, A g T e B KT (i, 2007) BT A H
ZETE L T KT R FT SN . BFGE XM T 7Kg 6 £
AR BRI 22 oA, B A8 e DX AR T e S i
TORE, VU2 b T 7K 9 U6 17 206 B0k 138.3, P&t
LA 7.9% kb 7K B 5 i S FEBR T 45 32.8% 1 A
38.3%1) GDP #:% , FF & Fii s A7 B, Fok i ma i fn
JBHT , T A8 B R 57.8 F152.4 Gk 5 4L 47
T T I3 AH G, 1T ) P R R A e
fI%, 1 EE45%027.1,

2 KRG 48505 T ks B i A &
(P& 7) , P2 T ol PH T 25 67 28 00 oo DX Sl SR v
FIAEXFHAR, )1 T G A8 O i 1K, TR )

N
FBBEH S X [ J1o~30
Load index partition [ 3050
[ ] s0~80
I ngmy s
The load index - >100

K7 R KT R AT 175 X
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