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Abstract: This paper is the result of urban geological survey engineering.

[Objectives] This paper aimed at investigating solutions of eco—geological security issues caused by rising groundwater level due to
the utilization of underground space in valley cities in cold and arid regions, such as soil salinization in farmland ecological zone and
building damage in urban ecological zone. [Methods] On the basis of relevant data collection, geological drilling, geotechnical
engineering test, pumping test and eco—geological observation were carried out. The genetic mechanism of eco—geological security
risk was analyzed by using hydrogeological and other theoretical methods. [Results] The geological security risk assessment
approaches for 3 types of ecosystems, including human habitation, farmland, forest—grass, were proposed, and the evaluation index
system and standards were established. The eco—geological security risk in Ledu District of Haidong city were evaluated. The results
showed that, under the current situation of underground space utilization, the high—risk areas were mainly distributed in mouth areas
of Yinsheng Gully, Gangzi Gully, Fengdui Gully and other high-rise building urban areas influenced by groundwater; the
medium-—risk areas were mainly distributed in the low—lying areas of grade I and II terraces. Under the scenario of building an
underground railway along the bank of Huangshui River, the high—risk and medium—risk areas would be expanded compared with
the current situation of underground space. [Conclusions] The proposed three evaluation approaches for eco—geological security risk
were proven to be effective. Both scenarios would induce the geological security risk for all three ecosystems, with the latter scenario
posing higher risks and wider impacts. The key areas should be monitored periodically, and techniques such as groundwater drainage

be used to prevent risks.

Key words: valley—city; underground space utilization; groundwater depth; ecosystem function; eco-geological security risk
assessment; urban geological survey engineering

Highlights: (1) The eco—geological security risk assessment approaches of human habitation ecosystem, farmland ecosystem and
forest—grass ecosystem under the influence of underground space utilization were proposed. (2) The geological security risk
assessment index system was constructed. (3) The geological security risk assessment and zoning were conducted, and the risk
prevention and control measures were suggested.

About the first author: YUAN Youjing, male, born in 1988, senior engineer, mainly engaged in the investigation and research of
hydrogeology, environmental geology, and geothermal geology; E—mail: 841077603 @qq.com.

About the corresponding author: LIU Changli, male, born in 1963, researcher, mainly engaged in research on urban geology and
environmental geology; E—mail: 315850110@qq.com.

Fund support: Supported by the project of Urban Geological Survey and Evaluation on Qinghai Haidong City
(N0.2022012023sh003).

T 21 e REA =2 — N TAEAETRE T2
), M 23 (]I & R A S DR & S8 B A% 0 %
i H 2L 5B 43 (Wang et al., 2013; Vahaaho, 2014, 2015;

1 5 &
1991 4F7E H AN AR 5t 28 B 25 DU J [ Bl T 25

MRS ERNCREE T VAN, 21 a2 M T 25 (0]
T & A H W) 42 (25 1% £40 4%, 2005; Zhao et al.,
2015) o b T s [A] ) FH 2 [ B 2 DA B 3T 2 e ) AN
TRPRCEIFNT-AE, 2017; HOEAE, 2020) . AR

FABIAE, 2021) o H ST 2 [T A M
ST IR TR 1) o i PR . DA B ) B L
al AT MRS R RIS ) /NS T A T . 3L
AR, B R 52 )2 THI e R b 25 R A R,

http://geochina.cgs.gov.cn F1E ML, 2025, 52(3)


mailto:315850110@qq.com
mailto:841077603@qq.com
mailto:315850110@qq.com
http://geochina.cgs.gov.cn

1118 3l

Hb, Ji 2025 4F

LSRN EIK . TP T | AR A b 1 X s ]
BRI BT IR K T R TRk
(Qian, 2016; Jf5RA, 2024) .

AR T8 ARG T ek . Ll b AE R4 b
W kT, T E AR Iz, A g 129 K
(38.73%), 112 P~ H.4417(30.27%) (XIKALA, 2017),
Hi Y A b AR 4, (AR [ R4 T & e S5 AR AR S0
AR AT R4k, M A3 (AR FH 5 b
T KA AR A3 A A 7S b SR [ RS A A, A AR
Y R IERE . R Y. R B RSN TR SR
H R KA TS RS 077 7B A B IF 0 1 A S
PIRER AR AR . KB 8, & s . JLPHAEE
AR T AN EE UL (42045, 20115 251545, 2024)
M\ 2015 4EFF i, 511 7R T AR M 25 A A AR, S
SRR L L S L R E R R i AR
T ZKTAT P00 4t 7K AR I B A 52 L L RIS N L T 7K
(VA S R e P i BN SN2 W N L S
BT R [RI AR BE A R KA BT, B 37 PR R
JZ | BEk Az BIMEIR B b 2 VSR, il 80 PR IR
#iT, 47 hm® LI B SE L . S HRE 4
UBSFE T A S S A R PR SR Tl &1
ERRGIIREZ B E R ERAE. Trofimov(2004)
PEH TR WY A TR E
iS5 R B I B b BR W B A R B A X R AR RS
Z 90 Hh ot XURS: 2 BF 4 48 b5 5 A 1 ; Kuz’min and
Kuznetsova(2018)ffF 5% T RA VE I % b 2 552 00 4 B
N RYIHERC. W AT AR . R
b MoK 5 e A5 1 R 1 A 25 b SRR PEAN 7
%5 Lin et al.(2021) 1 Shi et al.(2023) 73 HIAF5E T 45
A o VR IR 3 T AR B VG b b T e R LA A A
SO0 AR A b o XU B P A T ik o {H R S (R R
FHB I A SR | AR i b B PR AL A5
TR AR 25 b T 22 4 1) A S — AR FAE A AF 5% 1B
T

P PR TR 7R Tl B BT A5 R SR L, X0 AR Al o
A, TER T e T S AR R R, AR T
NEEB RS REASREMME AT RG 54
A b T2 A KBS RIS, A3 BT 1 A 2 b o 22 4 XU At
P, 3 T 3 248 R G & 4 AU PR 4
PR R PP B 7 vk, SEAT T M 4 AU DX R,
P T RS B F i, Ry AT AR R T M A5 1) A

A RS A A KU DA S B PR R R — ST e
Jitko

2 WXL S BT E

2.1 HFRXHBER
2.1.1 BRI 5HL2Z5

RS X R IR AR T AR AR X, M AR TIT Ak % P I T
TR e 223, A6 T B A v ) K e i U B
SRR RO T, 22 P 205 X EE L S LR A
Pl S b, BRI R Sk ELAT TR AR 1 R SR A
ARWEFEL BT . 2021 4F GDP & 554.71 147C, %
N 135.85 T3 A5 o WU ECE N H 56.96 1
A, A¥] GDP 2 40850 i, 4EF-H< i 3.2~8.6°C,
SRR R FR B 319.2~531.9 mm, 25 K &K 1275.6~
1861 mm, A /K% 570 m¥/a( 2%k, 2012),
TG IR oK bR

AF 5 DX 3 B 15 S 8 DX IR 7K T 2 B L ] 2~
4 km i [, V5 2 KW, AR EM0VE AT, SR 205.1
km?, Ho 25 i X AR 68.33 km?, 9 A1) 2 5 X T AR
136.77 km*( 1€ 1), ik 1933~2500 m, J& 2 T 5K
Bt PE A, BRI 5P L T RHBIX . By LA
R, AR ARG Ak, HEZ
A5, AT Pl MR AR Z 0, i 2 56 R R R R 46 THE
BIEAY o ARSI XN AU A 33.4 T, e
Hi T AR 37.76 km?, H 4y 30.57 km?® b 4 Hb a <
FH 1.
2.1.2 ¥R 5

HIF9 XA LRI 25 M35, T 45 B A e B 81
M, EIK 1650~2835 m, =25 1185 m; A EEH Hr
M, Ml p L AR R AR K, VAR K T I R SR
EHPIRSMT, 43 A0 THIK ISP L ZLEE AL K
JEVR . ABZN . FILFIE MR i R . 32
T RN K AR B 2298 AT L B L, PR 4 A np b AL
AR BRPERIR AR, B OngE R (B 1) . VK HE
FETF I3, S8 EE 100~2000 m, A [ 3] K F1 T 3%
W G T o O | O || 3 N LA D3
0~5°, AFJERBRILTT A X A5, HAxZ LIk 1o
WEEMZ R ERHAE Fooh A ool it B AR
FEER IR &SR, Hrp Lot
F—HHE R EURNE, §IE RESA T AW
I Fe 5 LA, 5 g T A 80% LA b I E A

http://geochina.cgs.gov.cn FE M1 5T, 2025, 52(3)


http://geochina.cgs.gov.cn

5 52 4 55 3 )

ATV A FE T DI AR U T M T 23 (A1 R A9 2R 25 b B 4 XU 3T

1119

e

WEREPCR N

Hard massive intrusive rock group

IR - R OR A o A

Harder-hard massive metamorphic rock group
MRS RRL GRS a. Dicaad
Extremely soft to weak layered red mudstone,
sandstone, and gravel rock group

B — AR L

Single structure windblown loess
PUUFE SR i SN R e S

Double layered loess and gravel soil
ZIREMELRE, IR L i
Multi layered loess like soil and gravel like soil W

T 2t - T4 B H
Terraces | VVVVV Terraces [

1T 2 B 1 - IV 25 Ffy 1
Terraces [[ »“/ Terraces [V

A

L

JE B A

e Inferred terrace ~ ) 9

R 3% F 0 1 2km 4 /
Erosion structural hills ~—————— . /

ARIPERL S
Valley belt alluvial plain

2 | Tableland
P Reverse fault
| BRI R

o Potential fault

Devolution

W
Landslide
A
4’ Debris flow

e
e
.

/
—_—

-
S | R OK R I T~
Groundwater flow direction .

<
T KL =¥

River flow direction

2.8 mith T K LA A A 2
Contour line of 2.8 m underground
water level burial depth

5.0 mith | ACHL PR A5 A 2
Contour line of 5.0 m underground
water level burial depth

8.0 mbh KA SR 5 AH 2k
Contour line of 8.0 m underground
water level burial depth

| ARG
77777 Scope of the study area

B 1 R IX AR A

Fig.1 Engineering geological map of the study area

TR B, 54, B 5 m A 90% DL . X
WG S MR K E, B KA S B R, H
B W AE N B N 0.1~0.15 g, Hb 7% H A B Ry
VIR . W2 e L XA /N g 3 | W M 5 A 55
TR ICE B TS R K KA B2 R RD B
A, TR A2 R a5 sz b, T
MR E (2R 1~18 m), JEEH (£ H 1.5~8 m) .
AR TR DX, 0] 258 A e Bz 1y DX AR K
T, AN AT X T K OV T I AR A B s MR K
A A0 S 5 v b 2 & ok Y N, MR K
PR HEl b, KGR (] 2) .
22 IRFA*E

TEWAE O XSt it K SCHL T . T AR MBS
FREE b o A5 R b L, R THFSEIX 12 10000
3T b A A, AL R S S R A L K SCHB R S T
TR AR A, RA5 T HOE Mg | )2 5 Pk LA KoK

SCHEIR MR KNG AR HEI SR | A TR
Jo . Ml R 1 Bl b RS T A K SCHB T . T AR b
R GORHR , B2 X AR A S AR AS
G0 b 0T 2 4 RS P B it A B T TR 4
W%

(DA EFYIERE . R A,
N O T B2 B AR 45, R4 M T 23 AR
ARBUECE, LABF 9% o T /KB I . #b 2 —F8 i~
FEMHR,

(2) % b N KA S A AR HEA T HE— 25 W0, FR
DX Jaft B o Hb i R K 3 L T KA 3R A
G

(3) ATt T 7K AR, FRICH T /KB K
KO RS H .

(4) 3T “# KRG (Hy) KT L2 B41K
IS (H,) S SCARVEYR R (Hg) Z M,

http://geochina.cgs.gov.cn FE M1 5T, 2025, 52(3)



http://geochina.cgs.gov.cn

1120 h Hb 2025 4F
————— NG N N
%? 5 1
/} 7 o S \
Y 5L 3% Ff B%%ﬁ - i
ANATBNT™N &
A ,,. i
e —— -
A

s /%< (X§ 2N ><} :
A X)(\/\ X
__;\Z<_\;1_J{<[\_\/§2

A i

Fa e R IE K 5100~5000 m*/d
Single well water inflow in loose rock areas is 100~5000 m*/d

—

Terraces |

AHICE 2 PIFTK <100 of /d
Single well water inflow in loose rock areas is less than 100 m?/d

]

e B X LR K <100 m¥/d
Single well water inflow in hilly areas is less than 100 m?*/d

Diving flow direction

11 2 b 3,

Terraces II

et

Terraces [11

\v%

[ G~

1

i*’(,\\:\ P
= N 2»’ I 4%\\5 i f
SRS

By O]

5

OO\
AR
R

1
=~ Q

1

L

Q.

~

2.8 mith I A7 R AR A 2%

Contour line of 2.8 m underground water level burial depth

irection

5.0 mh T AR{ HEVR S A 26

K BB X 3B A Ak — |k
<< Permeable and non aquifer in hilly areas

KR HCE SRR G AKSE — |k
XX Loose rock impermeable aquifer River flow d

I BT T

-

Contour line of 5.0 m underground water level burial depth

8.0 mHl AL IR A 28

—

P 2 WFEIX K S BT
Fig.2 Hydrogeological map of the study area

HETB i
7 Inferred terrace

'] Scope of the study area Contour line of 8.0 m underground water level burial depth

R Hy=H, +Hg B, AP s R E AR IE H AE K, H
R KA K, KT H +Hg 82, A& H sk
A28 R G AR A KU R R B, R T AR IX
B RAEW SRR E 0 AR L2 EB4K
T AR A, 45 A SCRR TR, LATERIE AT X M
TR IRIR S A, MO M AR B OC R

(5)FFJ2 1 : 10000 32 JE s Jo 27, AR EUAF 5T X
I PRI A 2 AR G0 M A A A -

(6) A FHZK SCHb 5t . T AR b 5 A= 25 b o 4
PHOT %, LR A R 9T o TR SR IRCAY K4t 9 okk, 1
TEBL . A FERIPR o 25 A 25 28 G0 1 o 22 4 XU BT
T FRAR R R RRR I, TR AL S b T2 4 KU
i

3 T[4 AL T MR A TR R 51 A AR
RGN PP

3.1 EFEGH AL E KR E RS
A U KB N AR S R LG NSRS R

G5 MERBRGE . RMABRGES, T =S A H]
AJRETS K A A5 R GE M I 4 4 KBS 45 3B R TR A 3k
T TS AT AR, DAL 5T 4% 1 0 FH A 24 1 - 2
AR GIIRER I T REVE, QAT IA 1 MR AL |
TSI K A R T RENE .

SR T 3t 2 ()R P A 25 R G i o 22 4 K
Iz S R YT Ml T A R S TR A 24, 2
B ST TR SRR EE R . AR BT
MBS SR B R SCH SR, KRR Ak T iz
T Z RNk, BT A S Z I, LA It
T S [ FH X MR 2K S AR Y 5 e R A AL B
WL B A5 0T S A 2 2 0 Ml Jo 22 e RS P 7 K
PR

RSN R RO ] St A R U e AV E SN
SRR ) ZR AT, D T I | R
T A% 2817 IR 25 [ SRR A 9 25 () 4% S5y, i T 2385 AR
Mo S AL M TR R 3 AU T
B TR KA R K E K Z A B 22 b B

http://geochina.cgs.gov.cn FE M1 5T, 2025, 52(3)


http://geochina.cgs.gov.cn

52 % 3

AT SR FERE DI A BRI b 23 )R A 25 522 4 XU P o 1121

AL TR A 2 T a5 a2 b, T
MO (20 1~20 m), JREE/NZ N 1.5~10 m) .
KA IR TR X, 07 45 A e g 1 X0 A PR K
T, AR AT A DX T 7K SO T AT I8 2R g s R
TR SR Ay 7% 2 sl e T S HE (1] 2)

I T, TR B bbb g )23 sl e 2 e s a2
BN R )2, —E R A 1 R oK
A A5 HER AR s BHAR T b R K SR K S B A% 5
AT T . T0 9 B Hi 2 E R A b T 28 A4 iR
JE AR LA S /K2 SRR /K 2 I, BET T H T 7K 1)
T AR . SRR R AR A . MBI M S L /K SO
Jii . KGN AE S5 5 VR 45 2507 IR R AT 1 30 T 4 o
THES RN AE R R G, Wi T A R G
KGRI, Wi 74 AR L2
BRI T TR H N TRSE T K
SCIE R KL, A ELILRL | bR 2R AT (AR
DT 320 ) A5 TR T ol e 2l B b 7K A5 3 v
J& R 1l R VK A B, 28O AE 1~5
g/L, ZR KW R 465, R LR 4
LA 5 T ERTRAL; B KA B AR TR
PR IHEE, NJE/NXEES Y28 1 25 )i
W, MR TR SR /KRS A1 B 4l
EBRG MELEBRGEMATRES RGN R E
IR B R
3.2 £BRGHRLERNE TN IRE
32.1 HFE AL ARG %A RSN A7 A

R 25 R GG N el S L . iy 7o s e HLAth
MBI EE, I ER S ARAMAES RS, AT
T bl XA e A i M R 3R 22 K, ikl
25 ) A FH 22X R /K SGEFE A E R, AN g
T B an ey 5g 2 M R K S AR AR FHBILA, X 4%
A 35 7R 490 4 4 M R i) e s R AR v R I AR X L
PR SE B AR 253 K 78R b bR TRES R H
TARAE GRS NG| A A R RAL . VAL, £3ih
MM AR RGE IR T B, B E AR RS %
4, W KBNS HE M BAUK E TS S MR AR
KBS e . b KA b5 R 4 b R A Ak,
FH ARl - 2 B A K B T B (H,) RS HA AR
AL Z PR E (Hzg) g, IR A RS
R KRR IR FHE (H ) (D P

Hp=H,+Hzg (1)

RBP4 M KA R (H) /N 2 B 40K BT
1= B (H,) SR R R EE (Hzg) Z R, FEY) A g
IEF AR, MREERITIREA BEIE H & 15 & WA Y
ARBIEH K, ERTIREARRRIE R £, MU T /KAN7
HRVRE R, PRECA 28 R G R Bl A USSR

MR TR AT A £ 2L B A it AR B+ Oy
+) KRB Oy 1) | Pt B EbER ek + | R ab o
BRAT . HERRREA | VOKDTRRERER +, Z58 20 Fr Rl
it IXAF G SCHR (H 7 L, 2007; SER S04, 2011; J& 25
4, 2015; A5 56 4F, 2015; B RKEN FAg 4, 2019;
WA IBUELSE, 2019) FIEFAM LI 25 5, B 252 1= 10 1
TIKBAK BT 1,

3 0 K SR L b BT A 2 Rl X SCHR 43 B
(GFHILAE, 2019; X1 ] I 55, 2023) FEF A0 25 & BE,
A AR A AR | BEASEA Y T AR AR 7
IR BE A IS A s 75% 30 A T 0~80 em YA B,
17% 4345 F 80~170 cm ¥RJE, 8% 734 FRF 170 cm
REE . HIAEPIR R8s 54 1 BdRsi 6, A
O, Z5G00 e MO A 28 R G0 0 5728 42 XU
NP HIBRUE LR 2.

3.22 RE AKX R Z A R4k

A A R G D) e B BRI AU - I TIRE,
TR RAL R T B T RE TR . RS RS
I ER AL A R KA BT R — )R, # R KR
R E B AR E T ABME R RS — &
1 (0.3%) TsZ AR VEW IE & A, 8t e A 7= i
AR I TIRE . B TR 1R KA
A, HY TR0, Kk B e fEmeE 3 5%, i
KA BT R BRI R fE R P EAR K .
ERBRAL XU PE PS8 b R KR (H) | AR AR
VIR RIREE (Hng) . HIEEHK L THEE (H,)
E, B H S KA R X (2) P

Hp= H,+Hng (2)

B2 4 T KL R CH ) /N T 2 B 4K T
1o BE (H,,) SAAEIAR R IR (Hng) Z A, A
ABEIEH AR, AR WA ST REA RE IEH K 4%; I
PIAREIE A I, A ARSI REAN REIE # K 4%, M
TIRBLEERBOR, A T A= 25 R GEER AL KU O

TERT UG . MR A0 HEB ALl DX A AH 55T

http://geochina.cgs.gov.cn FE M1 5T, 2025, 52(3)


http://geochina.cgs.gov.cn

1122 i Hh Ji 2025 4F
*1 FLRLIEMTKEHKEATE
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Table 2 Assessment criteria on risk of eco-geological safety
of forest and grass ecosystems based on groundwater level
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Table 3 Assessment criteria on risk of eco—geological safety
of farmland ecosystems based on groundwater level rising
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Table 4 Risk assessment criteria for eco-geological safety of urban ecosystems
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Fig.4 Zoning map of eco—geological safety risk after subway construction along the Huangshui River bank
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