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Abstract: In western mountainous regions, 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 mountains
characterized by 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
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conditions; and an ecological suitability model uses ecosystem vulnerability as a proxy, assessed across pattern,
quality, and service dimensions. 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.
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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
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Fig. 3 Hierarchical, multi-factor-coupled siting framework for spoil disposal sites
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Table 3 Scope and criteria for stepwise elimination of candidate sites
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Fig. 5 Conceptual diagram of risk-based safety suitability assessment for spoil disposal sites
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Table 6 Indicator system for ecological suitability assessment
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BOWERRE | b R T NDVI $iffon=sr ik

EERG ## (Gutman and Ignatov, 1998)
Jii L TR A (=6 BT R R AR £ MODIS i i ## (Running et
HHIH AT BT BT ) [ i )4 e al., 2004)
. N%K@%%\ﬁ@\%ﬂE N -
EBRR ZAHORIERE D) InVEST 7K. Jedbiiks. A5
s TR KR By b Ik S e b [E A7 e AR LR (Sharp et al., 2020)
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Table 7 Characteristics of spoil discharge points in the study area

G5 wE () R (m) 95 mE () MR (m)
1 30.13 2679 7 53 3150
2 30.12 2671 8 57.7 3206
3 30.11 2684 9 99.5 3243
4 30.10 2531 10 80.3 3812
5 30.05 2899 11 90.1 3780
6 30.03 3027 12 116.6 3691
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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
Ihik 28R Rzt 24374k 24k VAL
KA %37 KA %37 RE %37 Eic) B
JEHL VIS JEHL VIS FEHL VIS FEHL Ul
IR (km?) 1925 | 12.66 | 37331 | 259.28 | 9.87 6.52 3.83 2.54
ditt (%) 4.74 4.51 91.89 92.27 2.43 2.32 0.94 0.90
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Table 9 Comparative statistics of site safety suitability

ST 3 e 4k BT AR IRAR Gy 401 BT R
SR T L TR i L TR it
(km?) (%) (km?) (%) (km?) (%)
AT X 44.6 15.87 30.88 10.99 39.42 14.03
B EE X 65.43 23.29 82.08 29.21 73.42 26.13
Hg s E X 88.48 31.49 94.59 33.66 86.36 30.73
PR LG E X 60.03 21.36 51.65 18.38 58.58 20.85
R AiEE X 22.46 7.99 21.8 7.76 23.22 8.26
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Table 10 Sampling statistics of comprehensive site suitability in the study area

o AL JEIR G T
EREEE IrIX g3 REE{EA Iy X g5 )
1 0.39 AR M 0.38 RS E M
2 0.41 BURIE E 0.44 BREE
3 0.42 BURIE E 0.45 BRIE E P
4 0.54 HHE 0.56 HHE
5 0.51 HHIE 0.55 HHE
6 0.55 HHIE 0.58 B mE E
7 0.58 B miE 0.62 e mnd E
8 0.65 BEiEE 0.69 e I
9 0.6 BEiEE 0.66 LAY CNER S

4 e

BT P LD X OR A AZIE TR tHA R, A 70 FE I i 55 ), 7E R Gk
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