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Abstract - In case of plant accident, the most important measures that field operators, control-room oper-
ators and fire fighters must take are the escape from and going into the accident sites. These two different ac-
tions are reverse directional moving actions. By training operators and fire fighters with counter-accident path
taking measurements, we can prevent the small accidents from becoming large-scale accidents, and can take
efficient measurements in case of actual plant accidents. Out of necessities of path-taking training, in this re-
search, we developed the escape and rescue path-taking method for plant accident response training. We can
calculate the escape and rescue routes from a operator or fire fighter’s current location as of accident happening
and provide route data which in turn can be used as the safety training scenario. We expect this path-taking
method can enhance the effectiveness and reality of escape and rescue training scenarios.
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Table 1. Comparisons of shortest path algorithms

&g & =4 3 =4
Dijkstra single source ¥4 weight
Bellman-Ford single source T weight

A &=
A* single pair Fre A
heuristic A8
Floyd-Warshall all pairs
. Floyd-Warshal 2T}
Johnson all pairs W AN
additional
Viterbi stochastic path probabilistic
weight
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Fig. 1. Shortest path finding with Dijkstra algori-
thm.
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Fig. 2. Shortest path finding with A* algorithm.
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Fig. 4. Viterbi algorithm.
(a) Given hidden Markov model
(b) Viterbi algorithm result of the most
likely path
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Unit.

Fig. 6. Heat exchanger of Residue Desulfuriza-
tion (RDS) Unit.

Fig. 7. Topside of Reactor of Residue Desulfuri-
zation (RDS) Unit.
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Table 2. Leak and fire locations of equipments
in Residue Desulfurization (RDS) Unit

. number of
train| equipment i e location of
equipment leak, fire Jeak, fire
upper flange 1
reactor 5
lower flange 1
1
shell side 2
heat 5
exchanger
tube side 2
reactor 5 upper flange !
’ lower flange 1
heat 5 shell side 2
exchanger
tube side 2
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Fig. 8. Layout of Reactor of Residue Desulfuri-
zation (RDS) Unit train 1.
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Fig. 9. Graph configuration of Dijkstra algorithm.

heat exchanger x 2

tube side x 2

steam gun
(fire extinguisher)
shell side x 2

lower flange x 1|

upper flange x 1| {1

reactor x 5

Fig. 10. Simplified layout of Residue Desulfuri-
zation (RDS) Unit.
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Table 3. Weight/distance/cost of Residue De-
sulfurization (RDS) Unit path

location of leak, fire

operator

vertex

=

steam gun (fire extinguisher)

lower flange of reactor 1

<
B

upper flange of reactor 1

<
(%]

lower flange of reactor 2

3 [

v6 upper flange of reactor 2

<=
Lo |

lower flange of reactor 3

<=
ca

upper flange of reactor 3

=
[e]

lower flange of reactor 4
WUEN upper flange of reactor 4
vl

[

lower flange of reactor 5
2¥BN upper flange of reactor 5

ERN tube side 1 of heat exchanger 1

LR tube side 2 of heat exchanger 1
shell side 1 of heat exchanger 1
v shell side 2 of heat exchanger 1
vl

=
I
o | u

|

tube side 1 of heat exchanger 2
LR tube side 2 of heat exchanger 2
LR shell side 1 of heat exchanger 2

IR shell side 2 of heat exchanger 2
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Table 4. Weight/distance/cost of Residue De-
sulfurization (RDS) Unit vertex

[ [wlwelalvls e lv]elwlvolalvialvs i s el arvs[vs ] o]

wwwwwwwwwwwwwwwwww

&
s

2lE = B
=5k =
8

8 8 8 8 8 8 8 8

wwwwwwww

mmmmmmmmmmm

SlE
&[5

ElE(s
o5& |5

ZEN',H'/KSKV‘
s8> gng g ws
N',):("Naswsz
3'7\'88“‘338

S
3

vertex 3~12% 571 ¥E3-7] topsideol] F-2He /515
Z#:W A o), vertex 12~20-2 27 En13+7]9] shell
and tube side©]T}.

Fig. 8 9! Fig. 109] #o]o}2& 7]F 2= Table
49} o] forEt dFEY  weight/dis-
tance/costE A3 Table 42 YU edge
9] weightE 2F AASFAR T, A Aloll= 2t
AE7NEeE 95 Z2 5 T I
3tH "ok Hg A=Z A4ks f &
A dloly 4= Aol Table 49 E&
g Qg glo] 95 Ex HZY HolE
g dlolE B39 1/2% Y=€std A

& duolng B A}

oL o =
e 5 FER dgs

o
4z >
AL 2
=
rl

S oMy

N I X o ot

z o 2 o ox

I, o,

o ox r@ I wd IR

e
..rkﬂlo
(ﬂg'

d
=
o

I fo ol ¢
aQ | ﬂJIO
o e
o o 4K
o
05

2

oft

i,

&

!

aQ

M
£
XN
~
r‘i
Y
o ©
N
=)
fru
N
N
o
ﬁ_“
pats
=
|=]
=)
r_}l_r‘
N
N
X
i

< 5m, shell & tube side?t 7t
At EE, @AY &4 A
g o= ezt Aolz) AE = 9o, destE
gololx ZArRte] dagls AFolge AT
EXE fEAe = AR JHHEe] A
g e Aotk

+dgoly A HlEA] &R AH|E WA
SHgE T AL FAR o] FIEE AAISIAT
wgbA, vie HrEA] v22He) o]5d & QEE
9 A2E FASAT

ZWE dAA H-37] FUMA HTHH

e e
tlo El
N -
5 N
i)
N
N
ol A
N

|

KIGAS Vol. 21, No. 6, December, 2017

ol A& -

0%

Table 5. Input data of shortest path algo-

rithm
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minimum distance d, minimum vertex v: 35 3 p— —_ puy

decision: visited vertex, visit[3]: 1 % "'_} __I‘;':l i| __I‘ & :|

distance to to vertex[1] >= distance to from vertex[3] + weight[3][1]: 0 35 100000 5 H n oy |

distance to to vertex istance to from vertex[3] + weigt[B 2]: 10 35 100000 hEI—tE}( 4 dISta MEE 34

distance to to vertex istance to from vertex[3] + weight[3][3]: 35 35 O

distance to to vertex istance to from vertex[3] + weight[3][4]: 37 3! u

distance to to vertex[5] >= distance to from vertex[3] + weight[3][5]: 30 35 5 =7} C} ?_l _tl Ch M :l

distance to to vertex[6] >= distance to from vertex[3] + weight[3][6]: 32 35 100000 Ly e =

distance to to vertex[7] >= distance to from vertex[3] + weight[3][7]: 20 35 100000 il 3

distance to to vertex istance to from vertex[3] + weigt[B 8]: 22 35 100000 'l'EI-tEX 1"' d|5ta nce

distance to to vertex istance to from vertex[3] + weight[3][9]: 18 35 100000 u

distance to to vertex| distance to from vertex[3] + weight[3][10]: 20 35 100000

distance to to vertex| distance to from vertex[3] + weight[3][11]: 20 35 100000 =7 CH ;|_| | T |

distance to to vertex| distance to from vertex[3] + weight[3][12]: 22 35 100000 = =

distance to to vertex| distance to from vertex[3] + weight[3][13]: 35 35 100000 il

distance to to vertex| distance to from vertex[3] + weiﬁt 3][14]: 20 35 100000 'I'EI-tEX 4 dISta nl:E

distance to to vertex[15] >= distance to from vertex[3] + weight[3][15]: 18 35 100000 v

distance to to vertex[16] >= distance to from vertex[3] + weight[3][16]: 20 35 100000

distance to to vertex vertex[3] + weight[3][17]: 35 35 100000 =7 CH ;|_| | CF M |

distance to to vertex| vertex[3] + weight[3][18]: 25 35 100000 =1L = — =

distance to to vertex[19] >= distance to from vertex[3] + weight[3][19]: 23 35 100000 il ri i a5

distance to to vertex|[20] >= distance to from vertex[3] + weiéghht 3][20]: 25 35 100000 vertex 17, distance 35

minimum distance d, minimum vertex v: 37 4

minimum distance d, minimum vertex v: 35 13 u

decision: visited vertex, visit[13]: 1 =7 C I‘ ?_l g_l CF M :l

distance to to vertex[1] >= distance to from vertex[13] + weight[13][1]: 0 35 100000 == e =

distance to to vertex[2] >= distance to from vertex[13] + weight[13][2]: 10 35 100000

distance to to vertex|3] to from vertex[13] + weiit 13][3]: 35 35 100000 'I'EI-tEX 4 dISta nl:E

distance to to vertex[4] to from vertex[13] + weight[13][4]: 37 35 100000

distance to to vertex|5] to from vertex[13] + weight[13][5]: 30 35 100000

distance to to vertex|6] to from vertex[13] + weight[13][6]: 32 35 100000

distance to to vertex|7] to from vertex[13] + weight[13][7]: 20 35 100000

distance to to verte; to from vertex[13] + weight 13][8]: 22 35 100000 e —_ =

distance to to verte; to from vertex[13] + weight[13][9]: 18 35 100000 o= -I‘ Fal=

distance to to vertex] distance to from vertex[13] + weight[13][10]: 20 35 100000 I_|, J +

distance to to vertex distance to from vertex[13] + weight{13][11]: 20 35 100000 vertex 2 istance 25

distance to to vertex] distance to from vertex[13] + weight[13][12]: 22 35 100000

distance to to vertex distance to from vertex[13] + weight[13][13]: 35 35 0

distance to to vertex distance to from vertex[13] + weight[13][14]: 20 35 2 . . . .

distance to to vertex[15] >= distance to from vertex|13] + weigl?t[BJ[lSJ: 18 35 100000 Fig. 12. Middle and final path calculation results.

distance to to vertex[16] >= distance to from vertex[13] + weight[13][16]: 20 35 100000

distance to to vertex[17] >= distance to from vertex[13] + weight[13][17]: 35 35 5

distance to to vertex] distance to from vertex[13] + weight[13][18]: 25 35 100000 = 5] =) I

distance to to vertex] distance to from vertex[13] + wel?]:t[l%][w] 23 35 100000 set” ]’ 7:" /1\} Q O‘] /1‘_} %% E}‘ 5] 0]"\;_]-‘9] Final result

distance to to vertex[20] >= distance to from vertex[13] + weight[13][20]: 25 35 100000

minimum distance d, minimum vertex v: 37 4

minimum distance d, minimum vertex v: 35 17

decision: visited vertex, visit[17]: 1
>=

Final result: 25

distance to to vertex|[1 istance to from vertex[17] + weight[17][1]: 0 35 100000
distance to to vertex|2)] istance to from vertex[17] + weight[17][2]: 10 35 100000
distance to to vertex|3] istance to from vertex[17] + weight[17][3]: 35 35 100000
distance to to vertex[4] istance to from vertex[17] + weight[17][4]: 37 35 100000
distance to to vertex|5] istance to from vertex[17] + weight[17][5]: 30 35 100000
distance to to vertex[6] istance to from vertex[17] + weight[17][6]: 32 35 100000
distance to to vertex[7] >= distance to from vertex[17] + weight[17][7]: 20 35 100000
distance to to verte; >= distance to from vertex[17] + weight[17][8]: 22 35 100000
distance to to verte; istance to from vertex[17] + weight[17][9]: 18 35 100000
distance to to vertex|[10] distance to from vertex[17] + weight[17][10]: 20 35 100000
distance to to vertex[11] >= distance to from vertex[17] + weight[17][11]: 20 35 100000
distance to to vertex[12] >= distance to from vertex[17] + weight[17][12]: 22 35 100000
distance to to vertex[13] >= distance to from vertex[17] + weight[17][13]: 35 35 100000
distance to to vertex|[14] distance to from vertex[17] + weight[17][14]: 20 35 100000
distance to to vertex[15] distance to from vertex[17] + weight[17][15]: 18 35 100000
distance to to vertex[16] >= distance to from vertex[17] + weight[17][16]: 20 35 100000
distance to to vertex[17] >= distance to from vertex[17] + weight[17][17]: 35 35 0
distance to to vertex[18] >= distance to from vertex[17] + weight[17][18]: 25 35 2
distance to to vertex|[19] distance to from vertex[17] + weight[17][19]: 23 35 100000
distance to to vertex|20] >= distance to from vertex[17] + weight[17][20]: 25 35 100000
minimum distance d, minimum vertex v: 37 4

decision: visited vertex, visit[4]: 1

distance to to vertex[1] >= distance to from vertex[4] + weight[4][1]: 0 37 100000
distance to to vertex|2] : 10 37 100000
distance to to vertex|3] : 35 37 100000
distance to to vertex[4] >= distance to from vertex[4] + weight[4][4]: 37 37 O

distance to to vertex[5] >= distance to from vertex[4] + weight[4][5]: 30 37 100000
distance to to vertex istance to from vertex[4] + weight[4][6]: 32 37 5

distance to to vertex istance to from vertex[4] + weight[4][7]: 20 37 100000
distance to to vertex istance to from vertex[4] + weight[4][8]: 22 37 100000
distance to to vertex[9] >= distance to from vertex[4] + weight[4][9]: 18 37 100000
distance to to vertex[10] >= distance to from vertex[4] + weight[4][10]: 20 37 100000
distance to to vertex| vertex[4] + weight[4][11]: 20 37 100000
distance to to vertex| vertex[4] + weight[4][12]: 22 37 100000
distance to to vertex[13] >= distance to from vertex[4] + weight[4][13]: 35 37 100000
distance to to vertex[14] >= distance to from vertex[4] + weight[4][14]: 20 37 100000
distance to to vertex[15] >= distance to from vertex[4] + weight[4][15]: 18 37 100000
distance to to vertex| distance to from vertex[4] + weight[4][16]: 20 37 100000
distance to to vertex| distance to from vertex[4] + weight[4][17]: 35 37 100000
distance to to vertex| distance to from vertex[4] + weight[4][18]: 25 37 100000
distance to to vertex| distance to from vertex[4] + weight[4][19]: 23 37 100000
distance to to vertex[20] >= distance to from vertex[4] + weight[4][20]: 25 37 100000

Fig. 11. Shortest path calculation results.
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Fig. 13. Structure of interactive training platform.
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