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ABSTRACT Through questionnaire analysis, the cognitive situation and behavioral characteristics of different
people around the nuclear power plant for nuclear emergency evacuation were obtained, and the possible behaviors

of people during evacuation were predicted by Logistic model. Chi-square test and Logistic regression model were
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used to make correlation analysis and influence judgment on the evacuation psychology and evacuation behavior of

different people in the area, and the optimal allocation algorithm was used to judge the prediction correctness of the

model. The results showed that the factors such as whether to purchase nuclear safety-related insurance, the number

of nuclear emergency evacuation drills, the understanding of nuclear emergency evacuation, and the presence of non-

nuclear emergency protective measures at home had significant effects on the evacuation consciousness and

psychology of the population. Gender, knowledge of nuclear emergency evacuation, the number of nuclear

emergency evacuation drills participated, whether there are nuclear emergency protection measures at home and

whether nuclear safety insurance has been purchased, and other factors have significant influence on crowd

evacuation behavior. The simulation shows that people with certain nuclear evacuation experience can make

relatively correct evacuation behavior and reduce evacuation time.

KEYWORDS The human factor, Nuclear emergency evacuation, Logistic regression model, Optimal allocation
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Chi-square tests were used to determine variable correlations

N
NO

Whether the relevant?

Yes:

There was no significant effect
among the variables

Logistic regression model was
established

The optimal path algorithm is used to verify the model 4J

Did the results meet expectations?

@odel prediction is wrong

ot

Yes

The prediction results of the
model are correct

BT AR S A AR R 56 e AR
Fig.1 Verification flow chart of nuclear emergency evacuation prediction model
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Table 1 Chi-square test and Logistic regression model of independent variable assignment

A AR AR 155 150
Variable Name of  Case of assignment
variable

R Age X, 18~25=0; 26~35=1; 36~55=2; >55=3

4 5] Gender X, %=0;4=1 Male=0; Female=1

BRAV. Professional X, =0 HIR N =15 Rk N =2 4 7= s i N 51=3 ; HiAth=4
Students=0; Technical personnel=1; Service workers=2; Transpor-
tation personnel=3; Other=4

2277 Education X, LRl=0; A Rl=1 857 =2 HAh=3
Specialized subject=0; Undergraduate course=1; Graduate student
=2; Other=3

TR ST A 22 A AH R AR X, Fid=0; B FKid=1

Has purchased nuclear safety related insurance Bought=0; Didn't buy it=1

Z I AR R S AT xR X, 0=0; 1=1; 2=2; >3=3

Number of nuclear emergency evacuation drills

participated

PO AN I AR X, AT =046 —5C T fifi=1; 24 T f#=2;Out of touch=0; Have

Knowledge of nuclear emergency evacuation

FHE TR 2 M i 44t The home has non- X
nuclear emergency protection measures

RIVIGE S]] S 8 M T B X,

Know the number of radiation shelters around

some understanding=1; Basic understanding=2
WAH=0;H=1

No=0; Yes=1

0=0; 1=1; 2=2; >3=3
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K2 R Logistic [B |FAER H H A B A B
Table 2 Dependent variable assignment in Chi-square test and Logistic regression model
B3 Y, TR AR A 0
Variable Name of Case of assignment
variable
4y BUN S AZ B R L Y, ==0;H~x=1
Whether to provide the government with nuclear evacuation advice Yes=0; No=1
Wr 1A% SO O RS B Y, SRR =0 S 5 k=1

Reaction after hearing evacuation warning of nuclear accident

ANRSY e Gl da s E7 P 22

Crowded options occur in nuclear emergency evacuation
G ) 14 6 e S ¥ o 12 45

Preference for radiation shelter selection

A% S 0BT AR 26

Nuclear accident evacuation route selection

WAL BB HUTT 5 I A] / h
The time considered necessary for a nuclear emergency evacuation
Xof JE [l A% Bt e A R (EAT:

Have enough trust in the surrounding nuclear facilities

Get out at once=0; Waiting for rescue=1

Y, HEBA S A7=0; TR H A iE=1

Wait in line=0; Find another way=1

e R ERE FIT=0 ; o P EE A PT=1

Open shelter=0; Closed shelter=1

Y, FRIR T AU 2i=0 ; BEH LR HC% Z=1
Indicated evacuation route=0; Random evac-
uation route=1

<1=0; 1~5=1; 6~12=2; >24=3

Y, H=0;%H=1
Yes=0; No=1

2 ROHR
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FERZRE N 2274, MG REFLL18 % PL L AN
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Table 3 Pearson chi-square test significance P-value results (single factor)
B AR [A7F & Dependent variable
Independent variable Y, Y, Y, Y, Y, Y Y,
X, 0.450 0.965 0.450 0.119 0.850 0.333 <0.01
X, 0.927 0.841 0.902 <0.01 0.332 0.844 0.282
X, 0.787 0.086 0.963 0.098 0.594 0.286 0.566
X, 0.181 0.387 0.612 0.472 0.068 0.441 0.160
X <0.01 0.054 0.077 0.121 0.311 0.252 0.028
X, <0.01 0.200 0.110 0.020 0.265 0.650 0.127
X, <0.01 0.443 0.040 0.032 0.434 <0.01 0.087
X, <0.01 0.150 <0.01 0.121 0.756 0.669 0.067
X, <0.01 0.350 0.626 0.367 0.743 0.464 0.082
R4 It Logistic Bl SR A [ )5 R F 45 R
Table 4 Regression coefficient analysis results in binary Logistic regression model
HA & [X|4F & Dependent variable
Independent variable Y, Y, Y, Y, Y, Y,
X, - - - - - 1.395
X, - - - -1.110 - -
X, - - - - -
X, - - - - -
X 2.519 - - - 0.858
X, -0.855 - - -1.480 - -
X, -1.522 - -1.104 -0.787 - -
X, -2.191 - -0.831 - - -
X, -0.797 - - - - -
it Constant 3.233 - 1.969 0.979 - -2.701

e HA S RE R 7RI 2 M p<0.05 1 0 T REAT AR B 4 #7

Note: All of them were variable analysis when the significance of Chi-square test was p<0.05.
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BEMRNE LA B E, iR 22.8%

In =1.969 - 1.104X,, - 0.831X,
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2.3 %I Logistic BYIE R 347
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Table 5 Table of the significant influence of different variables on ¥

A N TR B A 1) Y, Xt B AL T AR ILX, BEMLP EVEES- ¥ OR
Personal estimate of evacuation time Knowledge of local evacuations Significance Coefficient of
regression

1~5 h 2 [ii] Between 1 and 5 hours X,=0 0.004 -1.962 0.141
X=1 0.032 -1.400 0.247
X=2

6~12 h 2 [A] Between 6 and 12 hours ~ X,=0 0.011 -2.185 0.113
X=1 0.011 -2.015 0.133
X.=2

1 d VL= More than one day X=0 0.220 -1.674 0.188
X,=1 0.059 -2.890 0.056
X,=2

b R S S P G P
Note: The blank of the table shows the control group.

MR STTLLE Y, ST BB T RS DA R 200
B R (8] ) FRA = AR B R 2 S, R s T
fETEBLO 1. 2K NI AR AT A—E 7T
fifes JEART R RAREFYCNEEET R 1 h LA
MWSHNREZ RS, AREUEARTHE (X,=2)
N, BEAE R AL RSB B T AR S L b
FHE T A T 1 h 2 PR, DAL B £
1 1~5 h Z [A ) NBEAE SRk D, AR 508 6~12 h Al
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BV 43t/ o A it 51 N R I NN = 7E 1T h
P 5E BB L o

2.4 HRBUEGESHR

ALAEd, WRIEREY, (XN 2E A KA
PRk £ FATERAR N R EC, 18I A [F A A
N B R HE A B AR B O AT LU, Bl it 7 A
E N8 LI WNAL N WIRC I 2 ST AN ORGSR
DA R V25 4% P i 40 %) S Ok AR b, AT % 8
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Fig.4 Partial evacuation roadmap
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HORAEGRE SR HEAT 0.1 LB HEAT /2, 19310
MRS, 25T B EMAZLER

RAIER, BN 8] SO
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NNw_ 16 NNE
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WNW ENE
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S VIC, i L R BRI 1] S0 5 P ———
I8 B0 faf A ZE R RS2 Ui 3R 7 pir s, X ELERCN Fig.5 Wind roses over Dapeng Peninsula
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Table 6 Evacuation route parameters for private and public vehicles
NAETEHRL FEAKE / km LS H
Bus route Length of route Parameter of route
IRIEAE I — R R A BN X 27.0 U=>50a,=1.4.a,=1.88.a, = 6.97
Binhai Garden — the neighborhood near the department store ~ 15.1 U=50.a,=14.a,=1.88.a,=697
16.0 U=50.a,=1.4.a,=1.88.a, =697
FAIR R 2L FEZAKCTE / km AR
Private car route Length of route Parameter of route
TG P — R R B BN X 15.4 U.=80.a, =0.95.a,= 1.88.a, = 6.97
Binhai Garden — the neighborhood near the department store ~ 15.4 U =80.a, =0.95.a,=1.88.a,=6.97
18.5 U =80.a, =0.95.a,= 1.88.a, = 6.97

E: aaya, AIVAREL USRS N BT 40k .

Note: a,~a,~a, are regression coefficients, and U, is the designed speed of highways of all levels.

K7 ARAS[EFMHTERBTRSHETHE

Table 7 Road traffic attenuation factor map under different meteorological conditions

RAFM BB RIRGIH T/ % IS T/ %
Weather conditions Traffic capacity attenuation factor Velocity weakening factor
IEH Normal 100 100

ASF]—K i Negative — Heavy rain 90 50

AF|—KZE L5 VK Negative — Heavy snow or ice 85 50

AF|—K% Negative — Fog 75 50

AR I B B 57 I TR D R AR B AR R /N X
Ab, BT BB AR RAT R R,
[ g 5 KR 95 B TR o g AN [ 2 40 14 58 38 B 2 ok
10556y, I FH 3% U1 [0l 3 S5 /) B 21 3 250 i b, 3R
Wi A AT R A2 S A i DL IR B B, L — R B
AR R AR N i 2B 2 30k (251, BN
A SRR 1.1 9SSl Y, BRIA 3 SRR OE

HA — 2% HH IS I 1 5% ol M B 2% 3 B 2 A 0 TS 1
Do AL BRAT A AZ I A DL 2 BL A DL AT PASRAS BE 5%
TE AN F AT BT R, R B E AR R
TR IS AN 7] 42 505 ) o BR-T- 25 A RO 1) L% 8
XFEE 3 AR AR W BC AT AR Y, BEER K G
RO, A ST 1 DUBOR B, (B A
Aol A2 A 9l 2 ) I AT I U A SR B A I
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GO R], 32 B A S R B AR A 2R
R FEWIR KT HAb AR B 45 R . Fil o R
2 1N 3230 & T HE Al R AN R B AA K
FRATHECT RE S BORRZCE M, RiTa K
KFERF AR, PO AL F BNz KT

A AE, I HLOXH I % A8 38 0 PR 505 B ALK
TR, W LA S A e Bl 7 4 A X 2 4
LAY T PR RE R A5 N AT AT 2 Al S 0 i A ) i
A B BRI B A — 8 B IR AN
%1k,

#8 ANRIZER BB RGBT ([ B R

Table 8 The fastest evacuation time route table of different vehicle types

RIS RS AE PIE A A ¢/ h
faf/(peurh™) WA/ (peu-h™)

Total traffic load Fastest evacuation

Time of evacuation

ALEERAH BN (AR AL I EEN (] 2/ h
fifui/(peu-h™) A /(peu-h™)

Total bus traffic Fastest evacuation

Time of evacuation

of private cars time road traffic load load time road traffic load

0.857 0.25 0.670 1.560 0.00
0.59 0.62 0.955
0.00 0.93

1.714 0.68 1.453 0.00
0.68 0.718 0.58 0.955
0.34 0.87

2.571 0.77 1.347 0.00
1.02 1.075 0.40 0.955
0.77 0.94

VE: 70BN 3 25 AN R B AR A7 3 B S0 B A (1 2 L B B S HUL R 6.

Note: Three different paths were selected for road traffic load distribution, and the road parameters were shown in Table 6.

A W BRI RS E, RARS
A 56 B E NN AL B AN BIAT WIS 56 &, AR
A EHR, @I Logistic [H1)A 5 VAR & 2 8] (1 73
TUAERL, AR AN R RN DR R 300 i AT 9 A
HY AN ) R F0I , O ELad aedx L o B A TR N I 4%
(g BT SR AR G B 05 3, R A8 2808
iy 308 3 3 U1 ] 3 73 31 2 T 80 AN [ T B b SRASEADL AN
A N HERT I8 B I HE, BT DO iz 05 JAE T AS
[F & % 17 OL I 20 BT, B Xk BT AT RE 5 S AB08R
IR TR) 550, OF HLAS ) s 0 R i i Al BT &%
UEW] T2 A R TN A IR R AN AT AT I . i 1%
EWEE: Eicy VA Fe PSRN PSR 73 VA ¥iiik ) SUR L L
A LS g St BN AS RN AR ) g AT e AL B, I
LR 5 0000 25 SR BEAT BT 0 VR B T II Zk, AEAN R
NHEPR R N SO . AR AT T k20 X B
HCOH T AR, 5 H 2B,

TR RO P E R T e RE A R R PR AL R
L P T RT o FBOR 0 ARSI T #

Ll A HF .

EERMEH R CARBXWRET, ©XF
WEBIT, BEIFR; RELATHENEL K
Rit; MARRETREESRE; BERATAELE
AR REMAAARXTEEE; TRV AT
BRI A= .
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