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Abstract: This paper is the result of mineral exploration engineering. [Objective] Gansu Province is one of the areas with high
incidence of geological disasters in China. The scientific construction of a "point-surface dual control” model of geological disaster risks
is the key to disaster prevention and mitigation. [Method] Taking Longlin Town as an example, on the basis of on-site refined survey
and mapping, multi-phase remote sensing data modelling, indoor test and numerical simulation analysis, the paper expounds the typical
urban geological disaster risk management and control technical process with six steps, including geological disaster risk identification,
disaster mode research, risk analysis, vulnerability assessment, risk assessment and risk prevention and control countermeasures, and
introduces the semi-quantitative risk assessment process of urban risk slope, the quantitative risk assessment method of single geological
hazard based on dynamic process and the "point-surface dual control” mode of geological hazard risk have been formed. [Results] (1)
The main types of geological hazards in the study area are landslide and debris flow, with a total of 71 hidden danger points of
geological hazards developed, 15 of which directly threaten the safety of people's lives and property. The three types of landslide hazard
models are summarized and the geological early identification signs are established; (2) Based on the geological hazard risk zoning of
different precipitation frequencies (5%, 2%, 1%), 75.23% of the regions always maintain low risk under different precipitation
frequencies, 24.38% of the regional risk level increases with the reduction of precipitation frequency, and 0.39% of the regions always
maintain high risk; (3) Based on the results of risk assessment, a comprehensive risk dual control proposal for disaster reduction in
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towns and specific disaster sites is proposed. [Conclusions] Relevant research can provide technical support for disaster prevention and
mitigation, land space planning and control and use control of complex mountain towns.

Key words: Geological hazards; Risk assessment; Point-surface dual control; Mountainous towns; Geological survey engineering;
Gansu Province

Highlights: (1) By analyzing the key disaster-forming geological environment conditions of slopes, a method for quickly evaluating
slope damage probability is proposed; (2) A technical method for evaluating geological hazards under different rainfall conditions based
on disaster dynamic processes is formed, and a preliminary discussion of geological hazards risk Dual control mode.
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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. 2 Geological background map of landslide area
1—Study area; 2—Regional fault; 3—River system; 4—Ms=8.0; 5—7.0<Ms<8.0; 6—6.0<<Ms<<7.0; 7—Holocene; 8—Upper Pleistocene;
9—Neogene; 10—Paleogene; 11—Cretaceous; 12—Jurassic; 13—Triassic; 14—Permian; 15—Carboniferous; 16—Devonian; 17—Silurian;
18— Intrusive rock; 19—Ordovician; 20—Cambrian; 21—Intrusive rock
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Tab.1 Risk assessment methods and models of geo-hazard in town
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Fig.3 Distribution map of geological hazards of the urban area in Longlintown
1—poor stability; 2—low stability; 3—nhigh stability; 4—potential provenance area of landslide; 5—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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Tabh.3 Statistics table for identification mark of modes of landslide formation
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REMAIGR ARG BT 5 2 0 A

TR ENE D NA, SR E RS R REBIN, FEAFERER R T RBUER D XA (E5).,
R4 RN S %

+ A
élill:l;

Tab.4 Reference table of failure probability assessment of slope

R E VTR SRR WA S %

‘YR E RN SH

e fase it R %0 EEES
2 5 A T ASAE R A CERA R B
FF M TS KR P REIR WK B i
MR B I U e i 5 ] RERER WO RD, B
e . o R BN <0.9 0.9~1
G, VPR B iu AR K
L HRBIHELR, T E ), REHARL IR, kR
= o ArasE 0.9~1.00 0.7~0.9
L A B ATk iu AEEIR K
AT QIR IR, HHE 14 2 P, REERE  EHONEAETY, A
B BRI SR L IUR m%; 100~1.10 | MeIFeak  HOTTHEME: SAHKRE  03~0.7
AT, AEAS T e 1 H W, AT RS b
HFAUH RN S, B RHICETL GRS, TR
‘ & T T e Bt
% AREGS, s E A . 10120 | BEEITTREMEIR Ny BURTEAE <0.3

BUE S

T
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A s g Basical Iy

[ SRR esically

= AR ELS L5 iLands i de
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&
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EABERBEBasically

.. e

P=1%FHif R i 1
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- ﬁ;ﬁiiﬁyﬁ(zkﬁ&nmlly

= W O E AR5 MiLands 1 ide
sliding or partial collapse

4 NEEKEE TR R E N B (EE P=5%; & P=2%; 4K P=1%)

Fig.4 Slope stability evaluation map under different precipitation conditions

(Left-hand graph P=5%; Middle graph P=2%; right-graph P=1%)
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PINGHE R
P=1% Slope susceptibility

B R KLow susceptibility
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KI5 AR ZM T RBESERMEITAN B (218 P=5%; 1/ P=2%:; #i&l P=1%)
Fig.5 Slope risk assessment map under different precipitation conditions
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(Left-hand graph P=5%; Middle graph P=2%; right-graph P=1%)
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B o REISRA T A A 242.38 X 10°m°, K EAA UV HERL TVA38, iR AR B AR T R S IR 4%
P, RIS G5 VARV PRI RIE 71, AEVRIEIX bl A VA TE HE ZE AR R DU ROAFAE, B0 1 B B ZE Tk It
IR AR AT REME . IR E RN, AN AR AL V2 & 1 bk SR T S B — 1 2E A
Wk IS5 DR B TSR — W R VA S AR ok — B o 27 5 T P — o W ME AR B 26T, Ja S Y (st - R R &
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Fig.6 Debris flow simulation results of Quanjiawan in different rainfall 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
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area of debris flow; 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)
1—Low susceptibility; 2—Moderate susceptibility; 3—High susceptibility; 4—Very high susceptibility

EFREPRATNEN Ve AT, RIAT TREB AT, RIA SC 32 B2 R W 246 4F T 2T FLO-2D #%
BN A e A IRAE 100 FF—i8 (19%591%) | 50 FF—if (2%4#) 120 F—if (5%H%) FEKFKM Tk
FARIBENFAE AT . o RIS ANRHEE, LA SR e N e AT Ve OLIR FE I 18 55 0 P55 41 10) 72 [
SAE R ER IR (EmiEsE, 20200, ERprifd & XE AR LifaiE ™ EigsE, hik
R B FE R S T R A IR A 7 AR — R MBOR N, Wi N FLO-2D #E R e A it = o i h A
AT MARIZIK R BE B A RS AT R A FLO-2D f%! (X 5), fEBANIREAR
NRTH, HHEERBON R RS, RLER (F6) R, &FMIA 100 F—i (1%4i%), 50 F£—
B (2%H%), 20 F—if (5%HEe) [k &AM N KU AR FE 53 78 6.97m. 5.85m. 4.86m; fx Kifiif
43918 8.53m/s. 7.52 m/s. 4.35m/s; A#SE RN 86.74%. 75.53%. 81.38%. K 6 FKHALE 100 i fx
IK AV AT I Sl X HEFR S T AR 13.42 X 10°m?, /& 50 4 —i (1 1.52 {5, /& 20 4E—i@ ¥ 2.57 {5, LHE G
K6 X THIAR R 20 A —i 1) 3.24 1.

5 P AR AR & FLO-2D Bl 24
Tab.5 Basic characteristics and FLO-2D simulation parameters of Quanjiawan debris flow

EpTE
T H LSS Hifl
P=5% P=2% P=1%

FIRIE R km?) 1.26 T I/ (m) 55
YIRS (10°m®) 242.38 0.15/F R X
PR A E/(Um®) 1.77 1.89 1.97 0.05/A %
P A LA B/ (ms) 6.49 10.38 12.97 2R R AL 0.22/#
TWEIERE 0.89 1.17 1.44 0.2/ Hh
T it 7€ R4 3.5 0.8/ Hh
P T E(m ) 42.94 78.8 110.82 VIS (8 2280
PR 0.47 0.54 0.59 o 0.811
e ATIBOR F 5L 1.89 217 2.44 a, 0.00462
P AT TR B/ (mfs) 81.21 170.93 270.45 o 13.72
FELALLEF T8/ (h) 0.3 0.8 15 B 11.24
LUK (%) 81.38 75.53 86.74 Peb L E/( tm?) 2.65

6 AT R E R K Gk
Tab.6 Basic characteristics and FLO-2D simulation parameters of Quanjiawan debris flow

fER S X (<10*m?)

i H R R 25 — X
fRfER X HfE R IX = fE X W e i X
R 20 F—i (5%) 2.04 0.98 0.42 1.79
2RI k
P 50 F£—i (2%) 2.95 1.96 1.10 2.80
b
100 F£—i# (1%) 4.35 3.26 1.36 4.45
i i 20 43 (5%) 1.83 1.07 1.11 0.54
FEEERE .
50 FF—i8 (2%) 1.42 1.17 1.24 1.36
i3 \
100 F£—i# (1%) 1.02 1.79 1.62 1.94

(2) 1EHSER TV o IEPEAIE S AL T AR 2 358 P db Z92kmid, U4 7SOV S L 5, B AR
KZE: 105° 04’ 04.58" , Jb#4EN: 33° 56’ 40.52" . iZigH P FEARRER, EZBRUIRHIIZIHLE, A
2RISR, K 21250m, F5£7180m, IE K AETEHEH1320~1481mAb, FEX i ZE21161m, “FHJEEZ
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25m, PRAIZ112.5X10'm%, EHEFI154° , BERME 27 o WX IR AT R BN R TP S BUKRE
(D3xhs) WA THEA S, 7oIR266° ~£43° , EEBIIRBEHMERA, DMK, wathE. 3l
VAR, 2 I 0 R AR 30O 2 M i B S A ' FH /N B 0 P v AR

KUK River-Flow2D 18, 25538 7 IS HOEATI T H L, SREUE PR 1 S0 A 5] B /K S 1R R Ik
TR SRR S o TIPS S BB B, X TR S, TR AL B A N RIS Bl i R i KR
S M HAR TR ORI I B 42 R 3R 22—, WO OO 35 5 P A s S B T VP 1 2 LR AR R AT 4, 2017) 6
BISE R (B 7) F1 (% 6) R, WEEEAEIAE 100 48— 8RRk 2 W e I X HEA s T A A 6.37 X 10 m?,
23 50 AE—iE A 20 FE B MK R 1.220 1.4 1%, Hohim G X HERR I A 50 i 1.42 1%,
20 181 3.6 1.

ibility falé X Moder
iy b i X very

B 7 AR BEK AT BRI S a S MR A R & (2 P=5%; & P=2%; 4718 P=1%)
Fig.7 Landslide hazard simulation results of Panping village in different rainfall conditions
(Left-hand graph P=5%; Middle graph P=2%; right-graph P=1%)

BT AFFEAKFE TS

Tab.7 Statistical table of typical geological hazard zones

T H P=5% P=2% P=1%

WEEEF O, (D 14.4 12.96 11.6
HEREREpl (kgim®) 20.2 23.23 25.05
R EEC, 0.618 0.802 0.912

M JE RS ST, (MPa) 0.886 1.422 1.886
TERREER AT,/ (MPa) 0.141 0.212 0.270

AR IR 5 5 SR P PP ALAR BT XA PR ORI A OV TR TSR T R LR
B WA FI R S A T M5 ¢ T8 Bl BOHERARFAE, TN B . e m 4 IR AR WO, TR
FRRAEZEREM, A ERERTTIX A B AR fa R P X s Sk i R R B TT, T B R b 5 ok
Flakitr XK (& 8).
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Fig.8 Zoning map of geological hazards in Jizhen district of Longlin Town under different precipitation conditions (Left-hand graph
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1—Low susceptibility; 2—Moderate susceptibility; 3—High susceptibility; 4—Very high susceptibility
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Fig.9 Vulnerability zoning map of disaster bearing body in longlin Town under different precipitation conditions
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1—Low vulnerability; 2—Moderate vulnerability; 3—High vulnerability; 4—Very high vulnerability
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Fig.10 Regional map of geological hazard risk in Ji Town of Longlin Town under different precipitation conditions
(Left-hand graph P=5%; Middle figure P=2%; Figure P=1%)
1—Lowrisk; 2—Moderate risk; 3—High risk; 4—Very high risk
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Fig.11 Map for recommended on comprehensive control of geohazard risk in Longlin town (50A Condition of One Precipitation)
1—Engineering governance area; 2—Risk elimination area; 3—Monitoring and warning area; 4—\Warning sign area; 5—
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Tab.8 List of suggestions for specific comprehensive prevention and control engineering measures of geological disaster risk under different precipitation conditions
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