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New Area and ensure the high-standard construction and long-term stable operation of the new area, this study
systematically identifies various potential geological safety risks caused by the rise of shallow groundwater level
based on geological survey data and long-term monitoring data of groundwater level. The Analytic Hierarchy
Process (AHP) and weighted average comprehensive index method are adopted, coupled with GIS spatial analysis
technology. A multi-level and multi-dimensional evaluation index system covering topography and geomorphology,
groundwater level, geotechnical properties, geological environment and human engineering activities is constructed,
and quantitative assessment and zoning of geological safety risks are carried out. The results show that: (1) The
potential geological safety risks induced by the rising shallow groundwater level in the study area mainly include
soil softening and reduction of foundation bearing capacity, sand liquefaction, structural uplift and seepage, gushing
in foundation pits, ground rebound and ground fissure reactivation; (2) The risks present a spatial distribution
characteristic of “high risk in Baiyangdian Lake area and its surrounding regions, relatively high to medium risk in
the ‘one main and five auxiliary’ construction areas, and low risk in peripheral farmland and ecological protection
areas”. The high-risk area accounts for 0.69% of the total area, the relatively high-risk area 5.21%, the medium-risk
area 19.76%, and the low-risk area 74.34%; (3) The dominant controlling factors vary significantly in regions with
different risk levels. The high-risk areas are mainly affected by groundwater depth, ground elevation and human
engineering activities; the relatively high to medium-risk areas are jointly controlled by groundwater depth, rising
rate of groundwater level, geotechnical properties and human engineering activities; while the low-risk areas are
weakly affected by groundwater level and human engineering activities. The research results provide important
technical support for the high-standard and high-quality construction, geological safety prevention and control, and
scientific development of underground space in the Xiong’an New Area.
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Fig.1 Shallow monitoring wells (a) and hydrogeological profile (b) of the study area
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Table 1 Identification methods of geological safety risks induced by shallow groundwater level rise in the study
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Table 2 Partition of soils compression modulus in Xiong’an New Area
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Fig.12 Assessment index system for geological safety risks induced by groundwater level rise in the study area
R3 AREUMTKEEFFLBIMR RS XEITEIEIR T RITE
Table 3 Classification criteria of assessment indexes for geological safety risks induced by groundwater level rise
in the study area
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Table 4 Identification and meaning of judging matrix
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Table 5 Stochastic consistency index of judgment matrix
ELCE 1 2 3 4 5 6 7 8 9

RI 0.00 000 058 08 112 125 136 141 145

MR LA BB R, G ST HE I Z R R, A AR D S N R b SR A B T R, R4 )
W R A A P TR AR BB, T 54 R AEAR . X B AR AR I 2% )= IR SR O
BEAT FIWTRE RS — EvER g, ARJZ BIHE 2 KR R P BCE L — BUER IR 45 R W 6,
FERER O T 3 /1 B2 B4 A1 BS AYHIWTHERE f2 H— B e 45 R WK 7. & 8 FIER 9.

3BT 4B 5 IR RS A ORI . AU R TSR, — Bk EE RN T 0.0,
HiEaL B g, RYIPIRAIBIE R R R TR (AHP) 2R, AT T4 24 X
IS VYA H AT AN L BE S A SR A
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Table 6 Judgment matrix of B and result of consistency test

A A Hi T b 55 H R KA R HiUR R B AR TREES) BWE
e (BD (BD) (B3) (B4 (BS) (w)
M (B1) 1 1/7 1/5 1/4 1/5 0.0415
HRKAL (B2) 7 1 3 4 3 0.4442
AR (B3 5 1/3 1 3 1 0.1997
HiFi AR sE (B4) 4 1/4 173 1 1/4 0.0982
ANETFES) (BS) 5 1/3 1 4 1 0.2164
Jmax=5.2486, CI=0.0621, CR=0.0555<0.1
7 B2 FIWTRERE R —EMRNER
Table 7 Judgment matrix of B2 and result of consistency test
R KAL (B2) R KA EFHESR (C2) MR AKALHEER (C3) TR EEE (CH BE (wp)
R KA EFRHEAR (C2) 1 1/2 3 0.3207
R KALERR (C3) 2 1 5 0.5701
T ZEE (CH 173 1/5 1 0.1092
Jonax=3.0037, CI=0.00185, CR=0.0032<C0.1
<8 B4 FIWTERER—EMRNER
Table 8 Judgment matrix of B4 and result of consistency test
T FREE R (B4) wLmtbiag (CD TR AR (C8) HEE AT HE (CO) RE (wp)
Ltk fas (CcD 1 3 5 0.6370
M PIREER (C8) 13 1 2 0.2583
HREE S EHE (CO) 1/5 12 1 0.1047
Jmax=3.0037, CI=0.00185, CR=0.0032<0.1
=9 BSFIETERER—EBMREER
Table 9 Judgment matrix of B5 and result of consistency test
ANETFEESD (BS) T TRE%RE (C10) HEGLTRIRE (C1D BRI AAFEE (C12) BE (wp)
R TR (C10) 1 173 5 0.2843
YU TRRE (C1D 3 1 7 0.6431
ERY AT (C12) 1/5 177 1 0.0726

Jmax=3.0142, CI=0.0071, CR=0.0122<0.1

®10 R TG EFF LR REXEIFEIERERE
Table 10 Weight values of evaluation indexes of geological safety risk induced by groundwater level rise in
Xiong'an New Area

ﬂﬁsﬁ(i;.%])ﬁ% 1.0000 0.0415
ﬂig ;k(%f)ﬂ 03207 0.1425
Hh thégE)iEVK 0.5701 0.2532
/#“7K2?JC‘EJ§—T£ 0.1093 0.0485
j{:ﬁiﬁ(?é?)ﬁ 0.5000 0.0999
i{$(ﬂé§?§1‘ﬁ% 0.5000 0.0999
@iﬁ%#ﬁﬁt 0.6370 0.0626
iﬁﬁg[ﬁﬁﬁ 0.2583 0.0254
imi;%é}g ) & 0.1047 0.0103
iﬁj?%lfoi;ﬁ i3 0.2843 0.0615
Jjﬁfgﬁ)ﬁfi 0.6431 0.1392
Egiﬂcﬁl}ﬁ% 0.0726 0.0157

H2 6 A3 10 vT %0, #ENEREHETF N H TR KAL (0.4442) > AR TFEES) (0.2164)
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FeAR B (R FEHEDE 0.5, 43X R KA 3R . HO R /KA BT, S TR
R 3 Wm A EFRAREAT B R, THE IR s 1 AN 256 KUK i 5L
AR S, 5] NBBUBEE R4S TR AL:

o Alsi/ T
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b AL NGEE RBETEHE IR, I NREAEIRS TG A M8 EG AX NN TEFR AR
s XUNFEAEIRAS T Ha bR U .

THEEE R WER 11, 3 TSR bR I BURZ SN B, 3R R R EUE 7 KUSE K 7 M) A2 5
I, R AR R RS BTt Horhdth R KA VR (UK S B, U Rk 0.422, Bl
RO IRREEFRAS 10%, 256 K HE B b TF 4.22%, 2 500 Hi 5 22 42 XU (10 55 — R 2%
HROH R KA BT R GRURE 2% 0.238) MIZEGT TRERE (UK £2%00.232) , =&
FUTTTHR T ARSI 89% LA F, SAE RS R —8, #—BWiE 7T K& tS A
I TR B2 RSl Hh R 22 4 R i D B R

1 X EEERRANE ISR

Table 11 Results of single-factor sensitivity analysis of key indicators

el

PSS iU HpEmE CPRED St T 23 FEE LA RIS
HR K LB R 10.0m IKALAGTE— B T 5 6.0m A KUK 0.601
MR KA b 1.0m/a WA KSR TR 1.75m/a CBGE R 0.560
FYUTRRASE 7.5m R PESE K — K T 20.0m CE e ARG 0.558

TE: SRR T HARIRARIIECR R M 0.5, HEHESRE KR EUS=0.500.

3.5 1HER
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Is=Xigwi Pi (5)

e I RGRETREL WSS IRAE, PRSI TRRIR A E, n iP5
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FIF GIS B AFR2S (B 43 M ThEE, KA 78X 1770km? [HIAR 3% B8 200m<200m [ 55617 X
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Fig.13 Partition map of geological safety risk in the study area
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WA VG & . %X R KA AR TARIE Zh 52 m e/, R /KA IR K
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FAEREE, ZHUT KA BT BN, TR 2 A KR AT .
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T2 DX B /KA, EFHR ARSI S 51 T /KB RIGHL R LR S R, (BB R
I e A A, X X A B RS R B AT M R T I TR . B AOR T, BFALIX
e RS 5 28 v AU [X B v 5 B T AR ) 5.90%, AR XU X s AR B 19.76%, AR X 5
TR 74.34%, FURIEE B X R T A U X SRR X, D3 TR s R X, 3%
B 58 X 1R 7K bR A R b o 22 4 AR B A T 42, DRI, 75 B e SR v XU X AR v X
W2 DX D IR 42, [ B S 3T XU DX 5 1 JRURG: DX ) SRR 77 9, S 4 3 R 22 4 A .

4.1 SEIRREHHIIEE

I AEE . RS T3 2 Prad th R KA [ 51 A i BT PRI 1] /L, 5 2 3 DX s mT
XT LA FE 3 5

A6t X A R K G T IE K S 3R KR, P JR DX /K A7 B 2015 AR RFEE R T, 48 2025
R EITHE 10m, 75 K %0 RS 9D LA D0 3R S5 A b i 2k 20 i [m] 5, 5
2 X ARV 2R T P AR, (2R A%, 20235 HIEPRHESE, 2023) o E RS HLHIAZTE 2 5«
JEFIKAL B DL SR 9% O IR S, B K-S AR H MK DTk & AN 2 30%: T e 28 X AR 2
AR KA B DTRRER IR 37%, TSI AN (S LS i, R JE KAL) () 5 ) o P B
R, EVE R X IR A T T R v T N B X3, XU o AT B AR R T IR . AERT
R b, JERTERCT KM RE - TIREPE A" PEBEERR, B X T KA
R HIAE 8m LA b, 1ZZRI0 AT [l B 228 XD X S A% O R B X HET ™, H 7R B 0] e 22 e i1 AR
AR LR RE S ORI AL, SR BB AL L T

U SRR A AR X, s b DR R K D E Sk T A Tt H I R KA B TS R
P AR R ) TR BRE RSN (5185, 2011) o S5HEZML, RiER LR MR
B RBETER, KA 51 R B AR RN B R 3 s Tk 223 XU 2 0 A0 2 Z R 4l
WAL SRR R . R R RN E L BRE S TR iR EE T T TR AR
F, T gt X 2 2H A A5 v R 4 b 3 AR X R R A R R R R S,

4.2 SEPFREERIZEFIXEL

A BRYE P 22 ANk 34 B b T KA TR A R 22 4 ] L, LB B AL S B i 4
3o AT e X AR AL E PR A 45 o WO SR AR KRR 22, 20 tHAD 90 AR LASKR A Tl i
FARFERAT 1L, W R EH R KA B TF B 20m, 51K 7 ORTHAR M N 4222 L% HgkbEE
FTRVEIRE S P S AR M R A S A5 ), RS 3R T 7K A [ 5 JRUG: 1) 28 L 22461 ( Gattinoni & Scesi,
2017) o SKEFIAE P L “Heaa B+ AW ShE, did e N SR HPK RS
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TR bR IS Z2 00, R AT HKISIR S N KR K AL A, 328
U I+ Eh K . MR S5 RS (AL-Sefry & Sen, 2006; Bob e al., 2016) , Sz
JR DX ARG R 22 S K, (HHE “PSkIsM- S &7 KA R B B S E M E. ¥
BT AN R 22 R v, DT T _E T I0HT S 80 R KALIATE, AZ O XK A T /K8 s 5 LAt
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KA R I AE TR Tl SR AR . e U DR 3t R KAz FHIRZ HIE 0.5m DAY, 42
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