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Abstract Despite the government's continued efforts to reduce industrial accidents, numbers have not
decreased, and the death toll has stagnated at 0.4 to 0.5%w. In particular, an analysis of suffocation
disasters related to confined spaces showed that 165 workers died of suffocation in confined spaces over
the 10 years from 2012 to 2021. In addition, the death rate of suffocation accidents was 47.4%, which
was 44 times higher than the general accident death rate (1.1%), and ranks as one of the highest for
industrial accidents. Enclosed space work requires establishing procedures and safety measures because
non-compliance results in accidents caused by, for example, oxygen deficiency and gas poisoning. In
addition, suffocation accidents inside manholes account for a high proportion of suffocation accidents
in enclosed spaces. The purpose of this study was to prevent suffocation accidents in enclosed spaces
by proposing a manhole management system, including a work approval process with the contractor
before work commencement. In this study, the authors propose a manhole management system derived
by benchmarking the Korea Gas Safety Corporation's excavation work information management system
and Korea Electric Power Corporation's power entrance management system for manholes commonly

encountered.
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Table 1. Status of manholes in Seoul as of 2017[11]

Classifications Quantity Management entity
Waterworks 179.638 Waterworks
Headquarters
Water Circulation
Sewerage 211,834 Planning Hal
Communication 82,699 KT, SKT
facility
Electricity 18,526 KEPCO
. Seoulgas,
City gas 24,321 YESCO
SH,
District heating 2,066 Korea district
heating corp.
Fireplug,
ETC 31,361 Urban railway
Total 550,445
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Table 2. Human Effects by Oxygen Concentration

Oxygen Tte effects on the human body
16 % Breathing, Increased pulse, Headache, Nausea
12 % Dizziness, Vomiting, Muscle weakness
10 % Face bleaching, Vomiting, unconsciousness
8 % Fainting, Dying within 7 to 8 minutes
6 % Stopped breathing, Convulsed, Dead in more than six
: minutes
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Table 3. Effect on human body by concentration of
hydrogen sulfide

(;)213[) Tte effects on the human body
10 8-hour occupational exposure limit
50~100 Mild irritation
200~300 Considerable stimulation
500~700 Unconsciousness, Death
»1,000 Unconsciousness, Death
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Table 4. Effects of Carbon Monoxide on the Human

Body
(Ii’?/[) Tte effects on the human body
30 8-hour occupational exposure limit
200 Mild headache, Displeasure
600 Headache, Displeasure
1,000~2,000 Mental confusion, Headache, Disgust
2,000~2,500 Unconsciousness

Table 4°] ©E¥ G450 8AIZF AYPeE 7]
Z %27} 30 ppmOlH, 200 ppmolAE 7L 5
I EF7o] YehtY, 600 ppmolAE 553 &3
°], 1,000~2,000 ppmel4l= BAlesdyd, WAz, F
o] g5, 2,000~2,500 ppmolAE SJ4lEHo]
Ay It

T1 o= Aol AHERE FA(N2), oFEX(Ar)
7429 AA(Cl), MIRHCHY)7HA 5o] WE ol Hol
ET A 1 T 371 F Ao Eof Aka A

ot A dor)r|= 3t

4. MEHT AAH 2RY
4.1 |AF ALY 2F i
A 2F A ALE F A A A w2 7
9] &9l HAE AXE= AL" F 480 29 59
T 7S A EE F=TEAPASARIA 29 FU

ZZAF AEAYP AA"E oBz2 EOCS (Excavation
One Call System)®} =8 FAol A 29 S AE
T WE &Y AAglo] Sl

84

SHZAAQPAZANA 2F5= EOCSE 7FAARL
offtat QP FAF B 152 s FAPIAl A 2
SAPIEADAE o Alxto] Z[5tof| mf A ZhAulke]
52 AL gRlst] ALE sk Alolth

AAEY =9 viAS ATEE, AEE 29 A=
REAY X7 B33ste] vid A gl 711 k=
73271 Wisls] Aok, vidE FF B LIFA &
7+ gt FEAL A7F 9 A4 meto] dEo] E< 9
Fo] o|gL 7|1 sHA =t ol#gt EAE I8}
A3l A7 FA9 B AajolA] At E= AEA A
5 B8 2RI FHY AAR sty =4e A
o] EOCS Alzelct. EOCS9] AFA g HA+= Fig. 59
2.

Checking and positioning
of gas pipes

Constructor -> EOCS ‘

‘ EQCS -> Constructor

Fig. 5. Reporting method and procedure[14]

Fig. 50 @2 22+ A7} 22 AlgS Ashy,
SRR LAIZEA ARIAZE viEe] R gl v &
A Al SR IR HAIE oFaL 2 FAF Al @ AF]
£ oto] FAFARE HsHA XsHA == Zolt &
HE TR FETAL EAY AA” ] 415t
el 9 321 RS AX 22FAE JFsHA =He A
olt}.

AN 29 59U AP WE ST AH
I EOCSe vEIAIE &Y A AP 591 Aol 4l
I o Ao BE MY e &Y Aol AAske
Zolw, 1 A% ¢4 Fig. 63 Zrh.

Fig. 6 YA Aol A7 AH, YA A=
9 A1 JEg sl AAsH =it o] 4%
JHollE EUstaA oh= AT B 29 G4l &Y
54, &Y A9 2 et &7 AR ZAdstolof &
o} AE w2 Aol dig AGERA
Foto] HES AX SokHA "ok A=o] i A+
A Aol AP A1 AX ==Y HE 9 511
drojof gttt Thih £42l Alxo] E#o] H&JAlaL
A= WRAE BE59 E&o] Itk ot}

~

=

x

l



AN e A BE BAAE Dayo] U A7

HePHEEID

SAH| G| | POFCHR
MERL PR

2|AIAH

SNS

a4
FER
HejpE -
EELETER
ol 54

@ MesiyR v

U ER

EX -
HHPY(2=Y) "

UM ey v |~ ) mey

R Yo

AR 9K~ PR

Fig. 6. An entry application form[15]

4.2 UHBZ MY HAL

Wl g7 2 Al AIeHAEAs Iz Bt 7
AGIOKEABIAD 22192 8- AR 7
A5 Gl AR TRIAL FYSHL, FIA

ArARATTE] QHZRIS7 XA [16] (KOSHA GUIDE,
P-94-2021)°] 9lsto] &7t AxE Alsfsta Ut}
o572 d 87 DA Fig. 73 2

E Create awork plau :

Worker . B
i Request for review |
............... -
Permission < Determination >E)
department of Closed Space
}_YES
T Gt safety
i 1
RO ' = V] = S—
Worker
Request permission
L fowork '
b
| Check safety ——__
Permission NO measures
department . YES
E Permission to work I'
B
-

E Start of work

Fig. 7. Entrance procedures for enclosed spaces[17]

85

Fig. 7& tJRE9] AN Al = dHF
7+ ZGsi7pdatoltt. W A AdAY 4 5
g Agetel 9RAel AE 4 $908 ¥ 2

S 37 "ot A AR 9 59 FAE SG AR g
A oIH, AR S/l weh bR A ARt E
© A - BT SRl = dh R 2] 5l
A A AR SR, A} e S90S T F
o, @i © ] A=Al QJste] #jio] o
oAA =t

)

s, 7120] A °“ob_
A7k ARS BEBY A2
W ] dolok PAFL AAh}
AN Z2t0] B B 7o) B
A Fig. 83} 2t}

=

=2

Create a work plan Constructor

V

Constructor ->
Management system

Application for
manhole work

Manhole Management
Agency
(Site meeting)

Determining
Closed Space

Check management
agency

Site Safety Measures

| Management system

‘ Approving the job | -> Constructor

Start of work

On-site admission to the
management agency

Fig. 8. Manhole management system

Fig. 89 W& #ALgle AAE HY, A0S &+

BT AAFOIA AdAE S st e TRALE

of 29 A sHe Aolth ABS W T B 7]
B 4% A4, 2 AT BE W} IeEe] gt
LA ol St Willgzio] SgEA ko w

2 U5t 2T 4= A sk, Belszto] g,



SHARSH7| &38| B 2] #2438 A6, 2023

oo
>
e

Lo

dob B~ S O ox of ek
Lo

4 o]t
FFAAMMA R AZTH2022)2] Lulg7t A AA s
& Pz Ztol=[18]ell YHlE7t AAAs A 116
e BAs 2H PAFLEE Table 59 £t

Table 5. Location of confined space suffocation

accident
NO Place Nsmlbzr NO Place Wyl
of cases of cases
1 Manhole 14 7 Basement 5
2 Wastewatel.‘ i 11 8 | Livestock farm 10
treatment facility
3 Sewage 't'reiatment 7 9 Barge 5
facilities
4 |Construction site 12 10 Food dump 3
5 Storage tank 21 11 Etc 13
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