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Abstract: In western mountainous regions, factors involving active tectonics, steep terrain, frequent hazards, variable climate,
and fragile ecosystems render suitable spoil disposal sites scarce under multi-factor coupling, making site selection highly

challenging. To address the practical challenges of large-scale transportation projects in western mountainous areas characterized by
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substantial and spatially dispersed spoil volumes and difficult site selection, this study systematically identifies key siting challenges
and screens critical influencing factors, proposing a hierarchical multi-factor coupled siting framework comprising extent delineation,
site screening, and suitability zoning. A risk-based safety suitability model is developed to quantify the site safety of spoil disposal
areas and the potential losses from secondary hazards; an economic suitability model centered on transport costs integrates haul
distance and access conditions; and an ecological suitability model uses ecosystem vulnerability as a proxy, assesses three dimensions
of the pattern, quality, and service . Entropy weighting and the Analytic Hierarchy Process (AHP) are combined to derive composite
weights, yielding integrated suitability zoning and prioritized candidate site lists. This research provides an efficient, quantitative,

and generalizable methodological framework for spoil disposal siting in complex mountainous transportation projects, substantially

enhancing siting rigor while minimizing safety risks, disposal costs, and ecological restoration complexity at the source.

Key words: western mountainous area; spoil disposal; site selection; transport engineering; multi-factor coupling; ecosystems.
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Fig. 1 Flowchart of the current spoil disposal site selection process
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Fig.2 Screening of influencing factors for spoil disposal site

selection

5 % Ja L 4 52 05 S P L 3% b 2 B 5 R Ak B 45 T
F T R R 7 G M DT A (5K 2595 45, 2025) .
1 X 3598 3 22 60 98 4% Ho a3 T K i AR
IR, B T A R AR T AR AR
AT, %k B EE B 5 B K AR O UK, B kR B
T R 39 BT ol 5 9B R (X 1) 4R 4, 2023) . [
I, 0 25 A /RS LK R I S &
1, R 43 A 2K o A (2 R K AE 2017 ; Mere-
sa, 2019) 512 gl F B0E A 5 0 (A O T
) B, 7 R B A% L X, T I TR A
L SE 4 Rk, HC ) il 5 b o 4 FH 2 B ) 8 AR
SE M (X JE R £0 L 20105 Chang et al., 2020;
Xiao and Tian, 2024). & 5 AH 3¢ b 1 B B 225K 57 i
3 7 3kt T U SR A AN B M S SRR b B AN TR A



%9

BB L X KT S TR i 2 R R U I I i Ty v 2277

WMhkXEEFEY . WL, NS %IEmE
PR MZ AP MRS MR SR KR
JKSC DT R E KB N O, R EE 9K sh (i
I 4%, 2021 5 530 P& 45, 2021 ) B ML FE 9K 3h (F &
Bk 42023 ; B AL ZE 2025 ) B IF R b BT K E
Oy RAEVEAM B AL h K R E R H R
112 ERESHRETE wESGRRERG™
R B IO T Ui AR IR Y S M R A T o
FRUR 45 DX Sl A 1 R 2R Vi 8 4R IX, T 5 i S v] e T
Ho U GRORH OG b o B G R, A 7 o
Tl AL it N BB AR A= A W ™ 2 4 AT bR A R
2 (1 DX A 1 S i Y, L TRR R A8 Y A A R
(4255 ,2018) . R, R 7K 0 AR 5 41 4 (8 15 &
8, 2023)1F e dik 2 4 B8 M O FE b L 25 A K
FAR K T FEE S H 5 50k (14 25 18] 56 & 47 PEAl
1.2 IREATH

TR EESESFELENERETS
PR A0 2 AR T RYE R S IR A R A AT 4R
Foe KPR FE ARG b B AR X R RSl TR E A 5
WGt R 4R 28G5 ik a2 E] Y
PR B AN # T 15 km, H 80%~90% £ 71 7£ 10 km &
FEL PN, B W 38 i B X e ik R R 29 SRVE L b
B 43 i SR 08 i 2 R R R R AR 1Y
40%~50% , it & T35 TR $ 3% AE b iFiE 9% RS
B8 % U T Xk bk By BE BRI 0k R T
HTRMAER , EGER N Em &0 iy s
A BB B AR ME DL A, HORURE B 55 AT BIX
B | SN NS I D B2 NG [ Vi i U S T A
BT Rk S R R, DLAS AR R
PR JF 2 U 3 | M AN L 25 A % O 8 R
PE EE B A | B S A 2 AR R
1.3 &AFEEMH

A A IE MR B R AL S Bk BT A XA S R
45 % TR B (1 K A2 e 1 M s S R VT
EERGMEEENRENEAEMYE, LS %

i3 [ 40

D4 5 7/ IS N D VA £ A e I N I - A
(Beroya-Eitner, 2016) , f X WF M A R C MK 2
Wr X 3R RS W EZE T A (Gonzalez et al.,
2010) , 3¢ ¥ G AF Jy ok ZU 00 TRE AL 3 I, Hoxh AR &
RGeSy i S RE = A E A
R AR YR A R BN W
& JRy TR S5 LR AR R IR AR AN S TA) i k(3%
FALAE,2019) 5 7R R AEE, FOE TR S 2 S EUL
KRB AR G RTRE,mE LIRS
B AL (Huck ez al., 2011) 5 75 D) BE 4 B , ¥ Jay %
BTN #— P HsAERERSER
FEE L 5y 51 KoK Ak Hb BT g AR AR TR, S
HAEAR AR SRR S D6
FHRA L EI A XA S RGN R = 5 Y6
AN B S bk 0 AR 3 &R g e 55 Mk R AT A B VA
(257 55, 2024) , LA 20 1) 37 ik FG A8 T 7% 48 30 19 [
A BE T, I AR Sy 3 hk AR A R A% O R AE
AR RGN 59 AR, R %A RS B

2 Z N RKMAJE W X B3k 4k
i ik

2.1 iEAEHEZE

TE T84 IR 55 1 R AIE 5 45 48 A A B VR AL 2
LA L D A OGP s | 25 Sk K LT Ak A DG B
Tabn , e o 2k 5 29 000 B AT 43 )2 L 20T AR,
T 3 5 0 37 22 TR R R )23 U sk i DX Jal a2k ik AE 42 (&
3) AR E a2 G X = A BB

& hk HE 48 42 i Rl 400 5 — 3 ik 0 3 P Al 43 X7
=B Bk By HEHE AR LE B B L SRS IR s
PEES 5 s A, DL O O i E KRR S
AR i 28 20 A, T 45 4 43 K I8 AT 3 A T L 9
A0 R hE 0 . 7R Sk 0 R B B, e TR B 4
25 Ltk %) ) 0 b o 5 R IBCRRAE B A b # AR e K
WGBSR G AR A AE SRS TR
AIAT PR SR, T 1 2 R T 5 B R AT A A DX,

Gl e |

B3 it 2 N Z RS )2 U By X 3k i ik AfE 28

Fig.3 Hierarchical, multi-factor-coupled siting framework for spoil disposal sites
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Fig.4 Schematic cross-section between spoil disposal types and underlying site categories
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Table 4 Sensitivity levels of indicators affecting spoil dispos-

al stability by site type
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Fig.5 Conceptual diagram of risk-based safety suitability assessment for spoil disposal sites
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Fig.6  Distribution of slag discharge points and the siting

range based on horizontal constraints
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Table 8 Extraction and exclusion statistics for spoil-disposal site types in the study area
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Table 9 Comparative statistics of site safety suitability
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