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Confined Space?| 57|X| HHF

. AlAl - Asphyxiation

‘ =2 =EMEBZA QY% Elevated concentration of toxic contaminants

‘ A EE= =2 2| SO Increased risk of fire or explosion

‘ st MAMIHEEE=) & Z Entrapment and/or engulfment

Z|EF 7| AE |kt S
Other mechanical hazards such as crushing or electrocution

DiNardi, Salvatore R. The occupational environment: its evaluation, control, and
management. AIHA Press (American Industrial Hygiene Association), 2003,

Confined Space 49|

HHNOE E= RENoR 3 Y

An Enclosed or partially enclosed workplace

S EL Jlold 2 ¥BHo| 5
57| 4 =9 $Tho| TBHe

[y

Subject to the accumulation of toxic Limited means of entry and exit
and flammable contaminants

7|1Et &7 & =5l

AL 4ot E QK| G2

I-oal-xlEEEE —|l=||'l'o_|_|' ||L
Not intended for continuous employee

May develop an oxygen deficiency or SEETE

other atmospheric hazard




Confined space

+ 29 CFR 1910.146 — Permit Required

Confined Spaces

29 CFR 1910.147 — Control of

Hazardous Energy

29 CFR 1910.146 — Permit Required

Confined Spaces

29 CFR 1910.147 — Control of

Hazardous Energy

CFR 1910.119 — Process Safety

Management of Highly Hazardous

Chemicals

+ 29 CFR 1910.134 — Respiratory
Protection

+ 29 CFR 1910.253 — Welding, Cutting and
Brazing

.

29 CFR 1910.94(d) — Open Surface Tanks
29 CFR 1910.268 — Telecommunications
29 CFR 1910.269 — Electric Power,
Generation, Transmission and
Distribution

29 CFR 1910.272 — Grain Handling
Facilities

9 CFR 1915 Subpart B — Shipyard
Employment

29 CFR 1926.21(6) — Safety Education
and Training

29 CFR 1926.352(g) — Fire Prevention

* Permit-Required Confined Space

* Non-permit Confined Space

H|10%
UK Bt Sto= oIst HZES
o| ot

e Are HE %
3. Bt Zf =9 ol StLtof s FStE AtR(Mle= = M7\ M1d, M16=, M17=, M24=, |25
S0 s EdtE AHE2 M T Z, M6z (2A0f 2hsh Aretlh st
7k TEMENH, M8 MUY T F=2 MIM=-AECH, M27=E, M29=H8Y, M31=(EA
EE AN So SEo= ot oD, M=3d2 Meletoh)  |of Zteh Attt sfEToh), ®32=5H
Lb. TR, M8 ME(ETY T A UWEHE O|(M34=7X|, M34Z=2282H H34ZxE2l4
10 7| & ditshs ArgE L= shgstoh TER, M35z, M35Z=CI2FE H|35E2
Ch TE3H, HE AMAES7|, 2FH 2 2ESHYA of[d7tx], M36=x, M36zxE2|2, H36ZE23,
HYAM, 4 AU 2E5LE MHAYE 5 23 2HE AIY2|HM37E, H38F, M38E2|22H H|38F
X 2l et OI57tX|, M40z, M4lz, NSE, H6d,
ef. TMEfREEE, 8 AME(E S EE AXxY2 MeotohAedal2, Xey A MoE
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® AtA-Z Xl (Oxygen deficiency) : health effect

Atmospheric Oxygen
(dry air, sea level)

Effect Concentration Pressure
% mm Hg

no symptoms 16 to 20.9 122 to 159

increased heart and breathing rate, some loss of coordination, 16 122

increased breathing volume, impaired attention and thinking

abnormal fatigue upon exertion, emotional upset, faulty coordination, 14 106
impaired judgment

very poor judgment and coordination, impaired respiration that may 12 91
cause permanent heart damage, nausea and vomiting

nausea, vomiting, lethargic movements, perhaps unconsciousness, <10 <76
inability to perform vigorous movement or loss
of all movement, unconsciousness followed by death

convulsions, shortness of breath,lcardiac standstill, spasmatic <6 < 46
breathing, death in minutes

unconsciousness after one or two breaths <4 <30

NIOSH 1976a, Miller and Mazur 1984, after ANSI 1992, after CSA 1993

® JMAZHE (Oxygen deficiency) : Fatality Factor vs % 02
110"
1x10® 3
1x10°! ]

sl

F - 100 76(88 - %0,)

=
‘:!
-
ST

131072 ]
-4 3
1=10 =
=5 3
110 1
lxm'&.‘
7 3
1=10r E
23
1x10r -
J,xlll'g_i

1x107103
0

Fatality Factor

oo

T T T L) T T
0 12 14 6 18 20
% Oxygen

rad
po-
(=

Figure Fatality factor Fi versus the lowest attainable oxygen concentration that can result from a
given event




® AtA A (Oxygen deficiency) : 20.9% vs 19.5% vs 18 %
c AMEC F2 280 7 T MAEY HOs SUHLO| A F R0
et 8rEsho)| F=olsfiof & A& 1=, COLL Methylene Chloride &
sfets MARe| =X o, MUY=
« MasEo AN EE2 7taH 20.9% 7t &£[= AO| HiE AT, o] s=7t
OtL|2t= A2 AT ‘=2l BoF 8 2e|7) Algot o #Hol7F Tl
5D ASS Y| HEY
o B AMAHOF (Altitudes Encountered During Travel; Hultgren 1992).
Altitude Atmospheric Equiva-
Pressure lent
Oxygen
Total Oxygen Level Comments
ft m mm Hg mm Hg %
0 0 760 159 20.9 sea level, dry reference atmosphere
5000 to 1525 to 636 to 133 to 17.5to moderate altitude
8000 2440 570 120 15.8
8000 to 2440 to 570 to 120 to 95 15.8 to high altitude
14,000 4270 456 12.5
14,000 to 4270 to 456 to 95 to 82 12.5to 10 | very high altitude
18,000 5490 390
18,000 to 5490 to 390 to 82 to 52 10.8 to extreme altitude
29,028 8850 249 6.8

Neil McManus, C. I. H., and CSP ROH

=2

[=]

. "Oxygen: Health Effects and Regulatory Limits." (2009). X} @I




Confined Space?| & AlGHI 96| 21X}

® AA 'i'_ (Oxygen enrlchment)

Apollo 1 Fire, 1967, NASA

Confined Space?| & AlGHI 96| 21X}

® LA =0 (Oxygen enrichment) : health effect

Atmospheric Pressure

Total Oxygen Comments
mm Hg mm Hg
760 159 sea level
400 respiratory irritation
760 throat irritation; no systemic effects provided that exposure is brief
1520 tracheal irritation, slight burning on inhalation; tolerance increased when

periods of oxygen interspersed with air; reduced vital capacity develops

>1520 signs and symptoms of oxygen poisoning: tingling of fingers and toes, visual
disturbances, acoustic hallucinations, confusion, muscle twitch, nausea,
vertigo, possible convulsions

>2280 nervous signs and symptoms twitching, vertigo, anxiety, paresthesia in toes
and fingers, nausea, convulsive seizures

Yarborough 1947, Donald 1947 ,after Dukes-Dobos and Badger 1977, after Behnke 1978.
Neil McManus, C. I. H., and CSP ROH. "Oxygen: Health Effects and Regulatory Limits." (2009). Xl 21-&




Confined Space?| & AlGHI 96| 21X}

e EEI|H 2] AR (Use of inert gas)

o SMIIA, 57|, O|AE, H7|, 2%l 5 (Presence of toxic
gases, vapors, mists, smoke, fibers or dusts)

« 232 (Hydrogen sulfide), A|9tzt=4 (Hydrogen cyanide) etc

Sulfide Toxicity

@Copyright 1997 Andrice Arp

http://www.accessexcellence.org/

« &3} (Hydrogen sulfide)2| AL2Ho CHBE 24 @&

Hydrogen sulphide levels (p.p.m.) Effects
0.003-0.02 Odour threshold
50 Eye and respiratory irritation
150 Olfactory nerve paralysis
250 Exposure may cause pulmonary oedema
500 Anxiety, headache, ataxia, dizziness, stimulation of respiration, amnesia, unconsciousness
750 Quickly unconscious; death without rescue
1000 Rapid collapse; respiratory paralysis leading to death
5000 Immediate death

Fuller, Douglas C., and Anthony J. Suruda. "Occupationally related hydrogen sulfide deaths in the
United States from 1984 to 1994." Journal of occupational and environmental medicine 42.9
(2000): 939-942.

Nogué, S., et al. "Fatal hydrogen sulphide poisoning in unconfined spaces." Occupational
medicine 61.3 (2011): 212-214. X 21 &
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! =
N ous Evacuation window 1
oCasuall [
—— » ] a,
Sludge Bucket o sl Impulse pumps
. 4
di
—'_’_,—l. y Floats to start and stop the pumps
Pump - p

FRONT VIEW

CASE REPORT

Fatal hydrogrérﬁmswullphide p'oisor»li»ng inmlrmconfined
spaces

Nogué, S., et al. "Fatal hydrogen sulphide poisoning in unconfined spaces." Occupational
medicine 61.3 (2011): 212-214.

18" Backboard Equals approx.
| 8inches of space

for packaged

patient’s clearance.
18" Portal
gelg-gel gaxel Z0|7t 1821X|0|0, Z7|=E7|& HEOHL 52
SHAHE E2C2 §Z B 0|20 82X HE O EZ0| H0{0F THCL (2621X])
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DiNardi, Salvatore R. The occupational environment: its evaluation, control, and
management. AIHA Press (American Industrial Hygiene Association), 2003,

Neil McManus, C. I. H., and CSP ROH. "Oxygen: Health Effects and Regulatory Limits”

Nogué, S., et al. "Fatal hydrogen sulphide poisoning in unconfined spaces." Occupational
medicine 61.3 (2011): 212-214.
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O T®|2 123(2,2-dichloro-11Hrifluoroethane, C,HCIL,F,)

- PAMO S SIEPC EATE LI =50 Y EE
- 25Ol T 683mmHg, F7IHIF 5.4
- EMAIQY S A| S5, O1F, SIFNIE =200

5,000ppm(O.5%) O|7golA] =303 O AT
32,000ppm(3.3%)°ll ‘=& EL 4A[2 oJLholl F|

50%1t AIOT= ROE BN U,

1

- MIZSANSE)S] FL = T2 2500ppm(0.25%) °©13°]
oL 1239 =& Al 2'S CHTES AT,
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O B N [ R e

o2

HHAIRHIAIZIE 2B
= (241xHIS xRS E 2| MESxKXx10%) / (EXNSFxFH=E2 -
F)AAGE HRED|E 2| mhr

FolS A2 AIAGAIEE &2l : elhr
K=ot & H =Z A
K=1; 37|28 28, K=2; 3J|Es& £5, K=3; 3|

=)|

!

)

2. Y& EHe TN LAY
- SCHEEL] A8 IR 123 01 30kg
- SOER°] =& = : 1000 ppm
=™ : YOl MITAH(FE)2] SELIMEHMAIZ B3 Al 1M T2t
1000ppm ©ISI= & R|O[o10} PHEp= & 1=y
% NS EX: FZA “Recommendations for storage, Handling and Use of SUVA (HCFC-123)

- M| gy BTy

ABIHI&EL] B8 MNETIR2 IMNIT 14,0002 YT 22

A2 TAI2HE 22 B2 m /hr)
= (24. 1 xH|ExKHESZE 2 AIES&xKx108) / (EXExSSE S ==D|
= (24.1x30%x3%x106) / (153%1000)
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)

[

3. I HiTIE v BE
HET Y FE(MAIY FEH MOITAZ UL 2 BE 0.32m/s°110
F= WFER(287 )0 1.3nf(1,000mn X 650mn, 27H)=,

A BT MIo1TS x FEREN X 3600 °|1=2=2

= 0.32(m/sec) X 1.3(nf)x 3,600(sec/hr) = 1497.6*/hr
1500’ /hr(25 e’ /min)2 = 2 271%5(14,000 ' /hr)2l 2§ 1/10 &=,
¥ PHE (ATRATYOIA MIESEE RIZC 20E T 12,0001t /hr(200w’/min), AL 5=

22KWe! RO F LIE[L! Hf, &N HHTIElE BT U7 AfF2] 12.5% "J'—F—é_l_.b'_f’zi.
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2015 EARsH olye et 71s 2 g™ Mol

1 M=% HH F2 Fl= X 24 1A

1. HIX - A2 JIA
- N2(Nitrogen)
- Ar(Argon)

2. 2 EIHA
- BFG(Blast Furnace Gas)
- COG(Coke Oven Gas)
- LDG(Lintz Donawiz Gas)

KOREA OCCUPATIONAL
SAFETY & HEALTH AGENCY

2

Chemical Name : Nitrogen

CAS # : 7727-37-9

Molecular Weight : 28.01

Physical State : Odourless, Tasteless,

Colourless Gas
Relative Vapour Density : 0.97(air=1.0)

KOREA OCCUPATIONAL
SAFETY & HEALTH AGENCY
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r

Chemical Name : Argon

Atomic Number: 18

Atomic Weight : 39.948
Classification : Noble Gas

Relative Vapour Density : 1.66air=1.0)

BFG

 y e (Blast Furnace Gas) —

- ~22*’d -
= 3~4/ —
- ‘) - .o-.‘;-
¥y O -Nz¢54~5“~ »e

o

Qz za:zz o,
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L

COG
(Coke Oven Gas) s —
_ @ - 7~8%H-
CO2 .ﬁ~3%---
R o CHa . 25~26% ‘“
O2 0.2~0.5%
LDG
CO 55~60%
s, G5
= %
COz q6ds%
v ~~
Oz 0.1%

- * 56~5
Na #ﬂ’
- C2Ha  2.2~5.2%
(Lintz Donawiz Gas)
Nz  20~22%
40
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2. MO BRI

2013. 5.10(&) 01:40&4

O O ME(F)0lM

A 22X 5HO|

HZESE HMZE Lo LY E S5 Sof

Lol 7&lE ot==(Ar) 7120 2l8t MAHES2

HAL - AMY

= 71 g

712 &g o

=2 S 01E
~CO 30% OJ4 (M)
-0, 1% O3t (#2)
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Mot

RN A

5.10(i) 1:00~1:20
(SLERRUCH )

W HTE WEE

SEZCE
(37 #he)

LSt §F

=0| 7| &(m) Oz (%) CO (ppm)
SHMLZE AR | M2l 1xt 2K} 3%t 1A} 2Kt 3%t
1.0 2.0 20.9 20.9 20.9 0 0 0
2.0 1.0 20.9 20.9 20.9 0 0 0
30(M=Z) 0.0 20.9 20.9 20.9 0 0 0
4.0 1.0 20.9 20.9 20.9 0 0 0
5.0 2.0 20.9 209 209 0 0 0
6.0 3.0 20.5 20.7 20.7 0 0 0
7.0 4.0 12.1 13.6 16.3 7 7 3
(&%1;'_'2'%_?_) 42 10.1 - - 10 - -
2k 8.0 5.0 0.9 29 5.6 5 12 12
ok 9.0* 6.0 0.2 0.9 1.6 7 10 11
M SHAZHOIAMIIA U 2EleA 0|HE)
— 1X} : 09:30 ~ 10:30, 2&t : 15:10 ~ 15:40, 34t : 18:03 ~ 18:30
% 1XF £ & ZalpollM =gl Jt522 23k Al7|2] EHYLf =07 TmE

z
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A 'A'?E A Iég !M(Log Data, Event Data)

(2013-05-09 15:20:19) 0.12 m3/h Value axis cursor [1]: 0,08 [2]: 0,17  [Diffl: 0.03
(2013-05-10 02:07:49). 0.00 m3/h Py -0.12 m3/h (0 days. 10:47:30)
1.00
0.00 [
1.00
0.00

1.00|

00| ‘ £\ {
1.00 U v —
= AAAA D -
0.00]
Il
13:00:00 17:48:00 22:36:00 03:74:00 08:12:00 13:00:00
2013-05-09 2013-05-09 2013-05-09 2013-05-10 2013-05-10 2013-05-10
HAISVA3:C22_200R 1060S_FIC326-002_ PV [Cyclic - 00 00:01:39,517]
Tag Name Description Number  Server Color  Units Mini... Maxi.. IO Address Source Tag  Source Ser...
Ll C22_200R... CB NO.1LINE FLO.. 1 HAISVR3 m3/h 0.00 1.00  WWHAISVR3Wopc!
i C22.200R... CB NO.2 LINE FLO. 2 HAISVR3 m3/h 0.00 1.00 #WWHAISVR3Wopc
Lkl C22_200R... CB NO.3 LINE FLO. 3 HAISVR3 m3/h 0,00 100 WWHAISVR3Wopcl
Lkl C22_200R... CB NO.4 LINE FLO. a HAISVR3 m3/h 0,00 1.00 WWHAISVR3Wopcl
Ll C22_200R... CB NO.5 LINE FLO. 5 HAISVR3 m3/h 0,00 1,00 WWHAISVR3Wopc!
ikl C22_200R... CB NO.6LINE FLO... 6 HATSVR3 ma/h 0,00 1,00 WWHAISVR3WopC...

oI HAS

HE 7kA 33 i 2t |

ZtA X EEES

N: Ar
= 24X

@ vergss)
L
Cldse

. s @ xsusov)

oy 4

® @ sumoigs
9 1.95 MPa. (CV)
oMPa Open !%
Header
E Open HEPTIEES)
QpenfAlH Al Close)

Close

© SOV : Shul O AHEEe
© OV RG] XpEE=

MBI =& EolEl Bl 48T
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10.0 Nm3/hr

5.6~
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O ZAF FAAP BE o2 skx # AF : oF 879 m(H)
10 Nm’/hr x 10hr x 0.85 = 85 Nm’/hr
 Nmi(=2 2H)) @ Z7] 20C, 1 71e, =22 50% 7|E2 m®
% ot=Z(Anoll tff s+ Conversion factor : 0.85 (XF2& X : GLOOR)

et E 2 39 A dure =& 30Ce 39,

vy RV, _ PVITy  1atm < 85m®x (273+30) 3
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ANSYS 14.0(CFX)

12000

10000
8000
6000 -

4000

Q(m*3h)

2000 +

T T T T T T
0 5 10 15 20 2%
Valve Lift(mm)
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tATE EARHGH At

s Lifting©ll 1= S0 Mo
2 - y=—0.4292+ 4.66962° +615.962 + 6 °
=
ga Lt %g? (C;)rtv_er‘;ion =] It
(mm) (el ity Factor = 0.85)
0.030 18.48 15.71
0.031 19.10 16.23
0.032 19.72 16.76
0.033 20.33 17.28
0.034 20.95 17.81
0.035 21.56 18.33 AR
0.036 22.18 18.85
0.037 22.80 19.38
0.038 23.41 19.90
0.039 24.03 20.43

s Liffing®ll TIE &% M
r ™ v 0429 Ltascm, 615w "
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[zIE@iel]
1. Ol 7k~ 28 45 HelWEe| 7|Y Y 2
2. UHIBZH BRI =2 48 - Al 0JAUA|

[ZHEael]
1. LASHSE DAISLI0] BT QHAAEE 01FE
2. URTZ U DLZLA0| CHE AHHFRISI 2 OIS
3. M2 FuIEe] Mutol CHE ZeIAHSe| OISHE OIS
4. Mzl FHIFt0 CHE ZaE2| X
5. HIALEXIAIEI(HIAA] CH] 2 CHS) 01

KOREA OCCUPATIONAL
SAFETY & HEALTH AGENCY

4. NGRS B2 S OfEyEhAY

Control Tower 51j!

KOREA OCCUPATIONAL
SAFETY & HEALTH AGENCY
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Air Products Ko rea

XA

1. Z2LjAH| (Hazardous Enclosures)

2. Lo Z 7t (Confined Space)
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2015 EARsH olye et 71s 2 g™ Mol

Hazardous Enclosure A #|/2t2| 7}

Relief
device
outside Minimum distance
Regulator No mechanical joints,  between top of vent Gas detector
\k‘%;uts!\de minimum diamefer tube .and ceiling ;
b"ié} N\ \ .

Nonflammable vent ————

___Fan, blowing in air (for lighter than
— air ?ases, vent

FI bl t— - outlet is at top
ammable ven ex I’;‘ginosnps:glc;]fq for y, of wall)
- lammable gas
~ Streamers — installation
PR S [
- Cighting J /J
- P
—~ Heating |
- " Gas < |
Gas detector - Red light - for mentery)
~_ gas detector alarm
button
\‘B / ~— Gas monitor
Lz \ T Key override
(?ylin;ieés —
ocate:
outside Window-., 1
required)
s Warning
(For lighter g notices
than air gases, <G " Streamers
--------------------------------- vent outlet ¥
.............. is at top of wall) . Wini dii
~~~~~~ Inimum distance
""""" between floor and vent PRODUé’giA'
e
27|, A4, Z+X|
— r O r 3
Asphyxiant Oxidizer Flammable
room size ft3 < 10000 >10000 [ <10000 [ >10000 | <10000 | > 10000
room size m3 < 283 > 283 < 283 > 283 < 283 > 283
Ventilation Rate (air changes/hr) 6 4 9 6 10* 6
* In order to comply with the UK IP15 2nd edition area classification code requirements for buildings where
flammable atmospheres may occur inside, to meet the well ventilated ' definition in the code, the ventilation
rate shall be 12 air changes per hour minimum.
Ventilation Failure Warning Lights and Notice Required (see 3ES80101 Section 8 for
requirements)
Warning Notice Wording in both
English and the language(s) of the DANGER GREEN LIGHT OUT INDICATES POSSIBLE
country in which the plant is VENTILATION FAILURE
located
Atmospheric Gas Monitor, Audible Alarms, and Warning Lights and Notice Required (see
3ES80101 Section 9 for requirements)
Warning Notice Wording in both DANGER AUDIBLE
English and the language(s) of the DANGER AUDIBLE ALARM AND RED ALARM AND RED
country in which the plant is FLASHING LIGHT INDICATE POSSIBLE FLASHING LIGHT
located [ASPHYXIATING] [OXYGEN/OXIDIZER-RICH]** |INDICATE
HAZARD [FLAMMABLE]
[TOXIC]** HAZARD
**[ ] Delete as applicable
Maximum:
Alarm Setpoints Minimum: 23.5% 02, Maximum:
P 19.5% 02 For other oxidizers, 25% LFL
.................... e see Table C-1
................ AR A
PRODUCTSL"

74




1l
1>
=
=°.'='
2
OII

b AR

212 (Danger)

JtA X, ZA| CHml
(Gas Detected,

Evacuate to Muster Point)

ZA 1 (Warning)

VAR, SA| CH

(Gas Detected,
Evacuate to Muster Point)
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