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Fig.2 Flow chart of evaluation method

35°0'0"N

111°0'0"E  114°0'0"E  117°0'0"E

AE“Z{A

36°0'0" N

33°0'0"N

114°0'0"E

115°0"0"E

0 15 30 60
n L) km

N
j

35°0'0"N

34°0'0"N

114°0'0"E

115°0'0"E

33°0'0"N

04590 180
LitesS km

111°0'0"E  114°0'0"E  117°0"0"E
B3 3XERSFIZE

Fig.3 Distribution of the Yellow River irrigation district

B4 RES;HATREH LR
Fig.4 Distribution of channels and scope of influence of empty areas
2.2 VLRIV ERAE
T I I H PR AH O B A A O L S0 5 e IR
T8 it L 1R RS 48 b B SRR AT R, 493 — 048
117



FEWEHEZK 23] http:/Avww.ggpsxb.com

PRI EAEHE T Y R XAV > R XX 13>
RIEALERES V> SMER RV, KBS AT EEBE L
* 2

i3 3 (4D R PR R A N B LA B AR R R,

WF 3. LA (5) HHFE R F o2 D,
W 4.

W (6) —30 (8) THEAF R KIBUE SAHN AL
H WK 5:

R 2 RRRRE —BIAT RIS BT 403t £ % bR A R

Table 2 Comparative matrix of relative importance of risk factors for the first-level indicators of adverse geological channels

Eiz1an Vi Vs Vs Yy
v, (0,0,0) (1,0.109,0.018) (1,0.109,0.018) (1,0.109,0.018)
v, (-1,0.109,0.018) (0,0,0) (-1,0.109,0.018) (-1,0.109,0.018)
v, (-1,0.109,0.018) (1,0.109,0.018) (0,0,0) (1,0.109,0.018)
v, (-1,0.109,0.018) (1,0.109,0.018) (-1,0.109,0.018) (0,0,0)
% 3 AR RE —BHARKE BT R BAEE
Table 3  Optimal transfer matrix of first-level index risk factors for poor geological channels
iz Vi Vo V3 Vy
Vi (0,0,0) (1.5,0.164,0.027) (0.5,0.164,0.027) (1,0.164,0.027)
V2 (-1.5,0.164,0.027) (0,0,0) (-1,0.164,0.027) (-0.5,0.164,0.027)
V3 (-0.5,0.164,0.027) (1,0.164,0.027) (0,0,0) (0.5,0.164,0.027)
va (-1,0.164,0.027) (0.5,0.164,0.027) (-0.5,0.164,0.027) (0,0,0)
&4 KRR RE BRI BT —HAEF
Table 4 Consistent matrix of risk factors for first-level indicators of poor geological channels
iz Vi V2 V3 Vy
Vi (11,2) (4.482,1.178,1.027) (1.649,1.178,1.027) (2.718,1.178,1.027)
V2 (0.223,1.178,1.027) (1,1,1) (0.368,1.178,1.027) (0.607,1.178,1.027)
V3 (0.607,1.178,1.027) (2.718,1.178,1.027) (1,1,2) (1.649,1.178,1.027)
va (0.368,1.178,1.027) (1.649,1.178,1.027) (0.607,1.178,1.027) (11,1)

5 A% R T4yt E

Table 5 Relative weights of risk factors

Dy, Dy
(2.117,2.273,2.242) (0.455,0.399,0.413)
(0.472,0.732,0.585) (0.101,0.129,0.108)
(1.284,1.588,1.545) (0.276,0.279,0.284)
(0.779,1.097,1.063) (0.167,0.193,0.196)

R AF B — AR PR R X KK Yy, SRR T,
KA XANR GG V3, ZEIE N AE RV, B [ &y
(0.455, 0.101, 0.276, 0.167).
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Table 6 Comparison matrix of relative importance of

secondary index risk factors under mined-out area risk

FEbn Vi Via Vis Vi
Vi 0 1 1 1
Vis -1 0 1 1
Vi3 -1 -1 0 -1
Vig -1 -1 1 0
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Table 7 Comparison matrix of relative importance of

secondary index risk factors under external factors

Bk Vi Vs
Vo 0 1
Vss -1 0

k8 R ERET ZZMHBAFRE BT £ &5 tbii 42 5
Table 8 Comparison matrix of relative importance of

secondary index risk factors under sand mining area risk

fihr £% Vi Vs
Vi 0 1 1
Via -1 0 1
Vis 1 1 0

A9 RN AERNSE T RGN E T EEE LS
Table 9 Comparison matrix of relative importance of

secondary index risk factors under channel internal risk

bz Vi Via Vi3 Via
Vir 0 1 0 1
Vaa -1 0 -1 -1
Vis 0 1 0 1
Via 1 1 1 0

K P AR IR (0 7 VR AR O A TR 8 b 1R AU 8] -
R AT THEL, 45 BRI R T R bn K X A%
KRV, REXEEEV,,« REXHRV, 5« RS
X MRV, AL EE [ 2 2 0.455. 0.276. 0.101. 0.167;
SMEBRIR T A5 NGBV, BV, , AR
E M 0.731, 0.269; SKHPX R T R iRbrRmb X
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Table 10 Construction risk factor weights of

poor geological channels
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Table 11 Dangerous grade division of risk-causing factors for construction of poor geological channels
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Table 12 Digital characteristics of cloud model of channel risk level
R EEr 4 R g,
PR — - -
TSl mEEkR (1D faf (1D ek (1D s (V) 24 (V)
Vi (0.500,0.425,0.080) (1.500,0.425,0.080) (2.500,0.425,0.080) (3.500,0.425,0.080) (7.000,1.000,0.080)
Vi, (230.000,59.453,0.080) (140.000,16.987,0.080) (100.000,16.987,0.080) (60.000,16.987,0.080) (20.000,6.667,0.080)
Vis (2500.000,424.665,0.080) (1 800.000,169.866,0.080) (1 400.000,169.866,0.080) (1 000.000,169.866,0.080) (400.000,133.333,0.080)
Via (50.000,42.466,0.080) (150.000,42.466,0.080) (300.000,84.933,0.080) (500.000,84.933,0.080)  (800.000,66.667,0.080)
Vo (2.500,2.123,0.080) (7.500,2.123,0.080) (12.500,2.123,0.080) (17.500,2.123,0.080) (22.500,0.833,0.080)
Vya (400.000,84.933,0.080) (225.000,63.700,0.080) (125.000,21.233,0.080) (75.000,21.233,0.080) (25.000,8.333,0.080)
Vi (1.500, 1.274,0.080) (4.000,0.849,0.080) (6.000, 0.849,0.080) (8.000, 0.849,0.080) (12.000,1.000,0.080)
Via (2.500,2.123,0.080) (7.500,2.123,0.080) (12.500,2.123,0.080) (17.500,2.123,0.080) (22.500,0.833,0.080)
Vis (9.000,0.849,0.080) (7.000,0.849,0.080) (5.000,0.849,0.080) (3.000,0.849,0.080) (1.000,0.333,0.080)
Vi (2.500,2.123,0.080) (7.500,2.123,0.080) (12.500,2.123,0.080) (17.500, 2.123,0.080) (22.500,0.833,0.080)
Vis (162.500,31.850,0.080) (112.500,10.617,0.080) (75.000,21.233,0.080) (37.500,10.617,0.080) (12.500,4.167,0.080)
Vis (10.000,8.493,0.080) (25.000,4.247,0.080) (35.000, 4.247,0.080) (45.000,4.247,0.080) (75.000,8.333,0.080)
Via (75.000,12.740,0.080) (52.500,6.370,0.080) (37.500,6.370,0.080) (22.500,6.370,0.080) (7.500,2.500,0.080)
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Table 13 Measured values of risk factors in
different sections of the channel
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XBL Vig Via Vis Via Vag Voo Vg Vaa Vas Vag Vao Vas Vig

P, 7 100 1300 150 18 80 13 17 3 18 75 25 218
P, 6 60 900 140 20 80 4 25 3 20 75 25 266
P; 8 110 1500 300 20 80 7 15 5 15 75 25 218
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Table 14 3 Risk assessment results of different
assessment methods in the segments
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An Improved Three-layer Analytic Hierarchy Process Model for Assessing
Construction of Farmland Irrigation Canals in Tailings of Sand Mining

CUI Hongyan', ZHANG Endian', WANG Zhipeng®", LI Qingfu?
(1. Phase 11 Project Construction Administration of Zhaokou Yellow River Diversion Irrigation District, Henan Province,

Kaifeng 475000, China; 2. School of Hydraulic Science and Engineering, Zhengzhou University, Zhengzhou 450000, China)

Abstract: [ Objective] Constructing hydraulic engineering projects in tailings of sand mining faces many
challenges that are absent in other areas. This paper presents a method to evaluate the risk and feasibility of building
farmland irrigation channels in such regions. [Method] We consider 13 indicators in the evaluation, including goaf
risk, external risk, sand mining area risk and channel internal risk. A three -layer analytic hierarchy process (AHP)
method based on cloud model is proposed to calculate the evaluation. The results are compared with those calculated
using traditional matter-element risk assessment method. [Result] Goaf and sand mining area risks should receive
more attention, particularly the time of mining termination and the distance between the mining area and the slope of
the channels to be constructed. One-way factor risk assessment shows that the impact of the buried depth of the goaf
and the cohesive force of the foundation soil are important factors to be considered. Assessing all risks and having
mitigation plans in place is essential before the construction. [ Conclusion] Compared with traditional methods, the
proposed method is more objective, accurate, and applicable. It will play an important role in helping design
farmland irrigation canals in or in proximity to tailings of mining.
Key words: “3-scale”; cloud-based AHP; cloud-based matter-elements; farmland irrigation canal; goaf area; sand
mining area; risk assessment

FAEGE: RFA

122



