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

[Objective] Gansu Province is among the regions in China with a high incidence of geological hazards. The scientific establishment
of the "point—surface dual control" mode for geological hazard risks is crucial for hazard prevention and mitigation. [Method]
Taking Longlin Town as an example, this paper presents the technical process for managing and controlling geological hazard risks
in typical urban areas based ondetailed on—site refined survey and mapping, multi—phase remote sensing data modelling, laboratory
test, and numerical simulation analysis. The process includes six steps: geological hazard risk identification, disaster mode research,
risk analysis, vulnerability assessment, risk assessment, risk prevention and control countermeasures. Additionally, it introduces the
semi—quantitative risk assessment process of urban risk slope. A quantitative risk assessment method for single geological hazard
based on dynamic process, as well as the "point—surface dual control" mode for geological hazard risk have also been established.
[Results] (1) The primarygeological hazards identified in the study area are landslide and debris flows, with a total of 71 hidden
hazard points, 15 of which pose direct threats topublic safety and property. Three landslide hazard modes are summarized, and
geological early identification signs are established. (2) Risk zoning based ondifferent precipitation frequencies (5%, 2%, 1%)
reveals that 75.23% of the regions consistently maintain low risk levels, 24.38% exhibit increased risk levelsas precipitation
frequency decreases, and 0.39% remain in high risk levels. (3) Based on the risk assessment results, a comprehensive dual control
strategy for hazard risk reduction in towns and specific disaster hazardsis proposed. [Conclusions] This research provides technical

support for hazard prevention and mitigation, as well as for land use planning and management in complex mountain towns.

Key words: geological hazards; risk assessment; point—surface dual control; mountainous towns; geological hazard survey
engineering; Gansu Province

Highlights: (1) By analyzing critical geological conditions that contribute to slope hazards, a rapid evaluationmethod for slope
damage probability is proposed. (2) A technical method for evaluating geological hazards under different rainfall conditions, based
on disaster dynamic processes, is developed, along with a preliminary discussion onthe dual control modefor geological hazards
risks.
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Fig.1 Flow chart of geological hazard risk assessment and control in concentration area of typical mountain town
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Fig.3 Distribution map of geological hazards and hidden dangers in Longlin Town
1-Poor stability; 2—Low stability; 3—High stability; 4—Potential provenance area of landslide; 5S—Provenance area of landslide; 6—Accumulation area
of landslide; 7-Threat area of landslide; 8—Potential provenance area of collapse; 9—Provenance area of collapse; 10—Accumulation area of collapse;
11-Threat area of collapse; 12—Formation area of debris flow; 13—Provenance area of debris flow; 14—Accumulation area of debris flow
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Fig.6 Slope risk assessment map under different precipitation conditions
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Fig.7 Debris flow simulation results of Quanjiawan under different precipitation conditions
a—Longitudinal profile of main channel; b—Blockage condition of the main channel indownstream of the debris flow formation area; c—The situation
of main channel in downstream flowing area of debrisflow; d—Zoning of debris flow risk in the condition of once in 100 years rainfall; e-Zoning of
debris flow risk in the condition of once in 50 years rainfall; f~ Zoning of debris flow risk in the condition of once in 20 years rainfall
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Table 5 Hazard risk zoning statistics of typical geological hazard points
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Table 6 Model calculation parameters under different
precipitation conditions
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Fig.8 Landslide hazard simulation results of Panping village under different precipitation conditions
(Fig.a P=5%; Fig.b P=2%; Fig.c P=1%)
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Fig.9 Geological hazard risk zoning in Longlin Town under different precipitation conditions
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Fig.10 Vulnerability zoning of disaster—bearing body in Longlin Town under different precipitation conditions

http://geochina.cgs.gov.cn H1E LT, 2025, 52(3)


http://geochina.cgs.gov.cn

1142 i

b J5 2025 4

R=HxVXxP,, (12)
Kb RV BT KU PEFE AR E; H W PEAT
BRSPS BUE; VoRTER BT B PR FE A
{H; P AR AR AT W RS A A%, e
DA, 3 (12) R R B R 4 IH— b Ab 3, 5
— AL BE TN

H = (H_Hmin)/(Hmax _Hmin) ( 13 )

V= (V_ Vmin)/(Vmax - Vmin) ( 14 )

Kb B OGRS B B IA — A8 H NSRS+
BB s Hunax « Hoin 53590 2R B R A 7 BE B SR /N S 67
FEAE; VoA S WU B — e Vo 5 #E 48
BB Viax « Vinin 7390 R B K 5 458 (B F e /N 7 4
FE1H

Hodr P 3 SR FH LA B i 1 i o o 3
BT REAS S ], A8 52 15 DX I b 3 5 2 IR A X ] )
At I, SR Logistic [R5 88315 Y A 22 I8 MR H
Jo I IR it 23 HE SR P, (1002 — 388 AT 2544 F BUE
9072, 50a —BRER A FEUEN 0.23, 20a —if
R RN 24 T BUEL R 0.08) .

T ARG 73 G s, HR 4 b 50 9 3 IRURS: 4R A1F , 2 B
H RT3 AR s X P 25 SR A T 55 R0 4, 45
B WS 1) B, — e DRURS: 2 0] Ry A e RS
(0.697~1) . =5 KUK (0.538~0.697) . H XU (0.356~
0.538) FIIC XU (0~0.356) PUAN S5 K 4 XUIG: 25
RN 53 bR, I FHAS [R] o P 03 s 5 XU S 1 11
DX e, A I TR XURS: 25 591 0 A B A7 , 2 i AN [ o
IKGEAE T AR b 5T 8 XURS: 43 X PR (BT 11) o 4%

TR M I FE 100 4F—3H (1% HR) Bk 214
R RS X KU DX T AR 4 A 1.91 km?,
4.54 km?; 50 45— (2% S5 ) BEAK S0 T A =i AU
X, KU DX T R4 R 0.64 km? | 1.41 km?; 20 4F
— 1 (5% B %2 ) B 7K S A T R e JRURS: XL XL
X AL 0.15 km?, 0.64 km?, 3.32 km?, 34.29
km’. FEA[RI M REFR AT, 75.23% 1) XIS R 24
FRARAURS, 322 0y AGIE 55 28 9 5 b sl AR AR, b J5T
T A | BRI, HAGRS B 5 2 101 B P A1,
2R E T B ) KBS ARG . 24.38% 1) DX 3 XU
5 I A K T3 I B AV T 8 R, AR AT Ry 48], A
20— FERTE] 100 44— FERT, H IR XU 2
T 28w — A e RURGE, 7 T e 013 A, SR Ll
T B, LR N R A AETR 4. 0.39%
B DX 35 R L0 K AR Tz, IR, IR T,
N W=t p oA, fapate 5 5 g5 e, HE
PRIFAR = XU, ARk | At 4 5008 3 11 )
Jo B XA, 0 7 RIS 25 A e R TR, n e RS

B

6 MUK F KU B TR

b J T XL XU S T L B R L ()
Rk J5T 9 3 RS DX T ) A XU A 9 (ki i 4
2022), 38 155 b 5T ¢ AU, s A T A AL
g hr, DT e B b sl /D bl 3 ¢ 5 UG AR mT BE A3
Ko 198447 H 24 H, e WEERRWG| K T 4=
KBV RA VA TR FE, [FIT XA & A 2240 18 % i
WUCHE, W1 AR, HEL TR 7000 J1

P=5% RS X

P=5% Risk assessment zoning

P=2% RS X

P=2% Risk assessment zoning

P=1%R 3 X

P=1% Risk assessment zoning

a
o AR X
Moderate risk

[ R X

Lowrisk

e AU [X
High risk

s R X 0 1 2km

IS E— |
Very high risk

P11 R [RIFE AR 26T e MRt i o 3 XU 2 X ]

Fig.11 Geological hazard risk assessment zoning in Longlin Town under different precipitation conditions
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