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ABSTRACT

Most plants producing semiconductors use a lot of chemicals, hazardous materials, and
explosive gases. Though those materials are hazardous too much, some works still have to be
done manually by human workers. However, according to a historical survey, more than half
industrial accidents of those plants resulted from human errors or malfunctions.

Thus, this research aimed 1) to diagnose shifting hazardous materials of semiconductor plants,
2)to estimate failure probability of human workers through human reliability analysis, and 3) to
find out the tasks on which educational emphasis should be put.

Through personal interview and visiting working spots, shifting tasks were analyzed, and
modelled into a 24-step work, and after that, THERP and ETA was applied.

During the shifting work, estimated human failure probability under the assumption of
independency, 2.3004E-05, underestimated that probability 8.1008E-05 which could be calculated
under the assumption of dependency. And this analysis showed that gas leakage from an old
cylinder occupies 78.27% in the case of independent failures whereas gas leakage from a new
cylinder occupies 75.06% in the case of dependent failures. So it was concluded that dependency
assumption may gloss real situations.

In addition, confirming gauge of regulators and closing valves turned out to be the most
important tasks than purge tasks.
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Table 2 Major sequence of shifting gas cylinders (part)
1. Close the Main Valve.

2. Turn on the Gas Supplier on the CRT.

3. Check the Gauges of Regulator & CRT Display.
4, Open V1.
5.

. Commit N2 Cycle Purge more than 20 times.
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Tumn off the Gas Supplier on the CRT.

28

AT 7 Ae 45 Fefrt i FAF
gle] F%A)(dependence) = 23] £oo g ¥4

163



Yem

%é?-(complete ependence)olgtal 71AsE A
S Hzeo| FARqle] BMo wolsm o]F 9 o}
oz ZAREL F&HA0 & ZUY BEol &
T 10l Hug ARHez shyel AFea 3
FI= Aol Ut

AEstd JFES de2 Swaind Gutt-
41 2 38(Dependence Model)oll
Ztele] EF ZEAERY AHEIG S F3Y9
Zr A8 g7t AE ABBAE HetEs
o} d™o FAHAE dF E2AEL 4 59
o} YL A FEAERA FW F4
TH AAAA e 2E2AEIAT
Housing 712¢te] X o|£¢] Hehd w
z AAY FEL£EE 2AZ, Swain® Guttmann
9] At wel ALEHAGY. A& E°] Low
Dependence?] Task 4, Open V12 Z$o:=
AD. Swain’¢] Table 20-12(4)Z %€ BHEP

Nl

=.0005, EF(Error Factor)€ 10022
Pr(C| O)= ——-———1“923 0005 — o505
Pr(S|§) = 1IN — g99)

olm, wWekq o] AR 18 £94% A% O, C,
& vew 2,

So} 4z g2 &
BHEP,
Pr(|) - | BHEP, ]
BHSP
.0505 .0005 .0004 .0005
[ 0005 .0505 0005] t 0005
9490 .9490 .9991 9990
.0004
[ 0005 ]
9991
Fa:A o ZAREE F42 Table 3
3} Zoj THERP«] o]£4].g o] g3t
AFAd Ao 8 Are dE3der A7
B AR (task)9 7HE AR AR g 9&

|

3t e}, NUREG/CR-1278¢] =l A=A

29 $EAES Yoz e Aolojr B 4
TF9] olxg} Zfolrt Qdem 2 Irwin et al(1964)
7} Williams(1939)9] A5 REHOZ 83
itk

Tabie 3 Conditional probability of dependence model

Pr(success | success) | dependence | Pr(failure | failure)
BHSP D BHFP
(1+19%x BHSP)/20 MD (1+19x BHFP)/20
(1+6 X BHSP)Y/1 HD (1+6xBHFP)/7
(1+BHSP)/20 cD (1+BHFP)/20
1 1
a8z AYe AF3HeR FYPY Fgge

Table 39] A& ol&3ld g A3 Zo] XF
+ Aok &, WA ATo|Me Ao}
sgﬁrgg 22t Fio & Fic , i=12,-,24 g2
grpm

Ry ()= [1=(F ot F 0]
14+19{1 = (Fy, 0+ F3.0)}

[ 20
19(Fp 0t F2.0 o

+ ) (1-F3)]
1+19{1—(F4,0+F4,C)}

[ 20 ]

R, (D= 1—(Fs o+ Fs.0”

I gl &3
oj3, ¥ Ao 54 Iy shad yEdl
ATFFEHE 2Fn Jdemz, 3HEHd FH4

WA %}ilf:-se- JARA AgEE FA
teRE wAsYsl ohiw A dunzre
SASE AolBR 48E F AAE TR

Jourmal of KIS Vol. 12, No. 3, December '97



SRS HEE DANYA N Y FEY 24y

3 8. Teble 20 - 11823

€001
Recowary
Factor N i .49n
5 Juole 20 - 13 (17 2 4. S.Tatse 20 -17 {4}
Clase the § .. .o Tun on .. o0 Tpen 4 0005
Main the Gas vi
® vaive 00t y <001 Valve © . .0005 P-D
5 999 81,958 Lo 3 .999
%085 OO L0008
.00t 05085 003
(34805 94E05 9981
N: Cycie Purge
-1, X Yabl 2D~ 32 {4} 3-2. 5 Tnble 20 12 (&) 5-3. 5. Yable 20 ~12 {4} 5 4. 5. Teble 20 1204}
Close: o o0 Clase o .goos Close 2 :.0008 Open o : 0008
v3 Vi v3 ¥1
D cnooasy c..ooosy c:msy C:noos—-D
51,999 5 : . 999 S 1,998 S 998
Fig. 1 DeBDA on shifling gas cylinders {part)
f T T T T 1 Fddn wEHNBER
3 1. 2 4, 3.
ol Main Gas /W Valve 1 N; Purge
Valve
HA
Qe FEUE
A @
ke - N2 %%
g Aeia g
e 2 gas vE T
Off gz w3
BEH gas & D
gastA
gt Aok (N2 F9)
gas ¥& Z
drh
A 2 AbslE ub
e gas ¥& @

Off gz 43

Fig. 2 ETA on leakage from an old cylinder

B AA O ESIR] K12 M4 97 12% 165



Hr Mo

2 M

g e, Fig.2e FAUUZREHY 7kx
< A% 2golrk
£ o] 1989 AMFE(event tree)dll A
A 7 FEe A WA A HeE D)
3 regulator gauge® 9I8HX] Fi, 2) F
% 1 main valve® A3¥o2 Fa3, 3) AL
2 gas supplierg Aoz A 4)3AF 4
valve V12 22 Az wBAste ddg A
o2 FAH.

melx o] A APFEC] dHHoR ¢
olgd 52 Pr {ase 1) =Ri()=8S:FF7}
\2h=13

o|7]ol= THERP ¢ 7|82 o|&d mg} z}z}
9o AT AHag FE(E4E, unreliability)
o] i HAFEEE WEotn 714sle ol&9]
AN 2REH 7tAFyEY &S AMsATh

Z, Ity o2 Swain¥ Guttmann® TH-
ERP HuAod &H A=A AEFE F
%3(median)® Ermror Factor(EF)E Z&Ho
e, o] Aol FYze 0MWE-5(50 per-
centile) Xgoll #Isloz, g z2Fo Hus
o F~A(y, 0)8 B2 3%
X50= e”

5P | 5 —| St -
2he BA Ao dEdch

TR AR ], 2, 30 BF AHstes A9 F
FHA AR AWM E F2 Fr=F F-F;
olx, AT 1o HujstArt 20] AAFALL, =
2 ZF 3o} Ailst= Aol Fr=F+F+
F:2 BAED Zzbe) B2 Varr= o m+ o
+o’nd BAZE AN AFAFEE Fr~4
(pr, onE HEGE 4AL o] &34

ooz gher 9] AREo 23 T2 o
7 E¥¥olatd, 7123 #HL#E(Basic Hu-
man Error Probability, BHEP)Z 3-8} u}37}%]
ol 94

Pr{case 1}= .998x.998 x .001 x .001

o

=]
ki
o
T

0o e

= 9.97E-07
Pr{case 2} = .998%.998% .001
= 9.96E£—04

166

Pr{case 3} = .002x.0019%.001
= 3.0E—09

de + UL, FHEE QWE-047 W),
ey 7 AREe] Eo] ohd Hgel
_]

e

1} o] #3ch &,
Pr{case 1} = .998x .9981 % .001 X .0009

= 8,96E—07
Pr{case 2} = .998x .0019x .001
= 9.96E—04
Pricase 3} = .002x.0019x.001
= 3.0E—09

ol Hi, o] A$ AHAFEe g
A gas &} =0.960E-04F 4A H

olg} e W] oz FIY HEH gas
FE HATES A 2Ao] =YY
7% 2z} 99600E-07, 1.996E-06, 4.0E-090]2
Z e 29%E-06011, &4 Byg 713
e Afdde 7 Adddy daEge 7t
5.8801E-05, 1.8962E-06, 1.039E-07¢l1 &&=
32 6.0801E-057} €t} vkt = e 4
ol tial] WASTEL AAtsle] el Aol
Fig. 3°]t}.

o] &4 Aol wIH, Apddsle) ghio]
E9A H¢ A R JAF agivks
7} 52 ZEL 7827% BA, olu| A}L-st:
S Ao vs] A s ddyzREy
& fgAo] gxHolate AE ¥+ Atk

gy EAR RHEE M Aol ol
o] Ab&3tar " sha spe]l=eEllolA @FL
271 7&9 BEL B06%EA, AF spaa
droe olu] AMEsla vl AU ZEE S
& fgAde] dxHojgts AE o = Uk

weba ARAd el dAo) Zt7 KA ojet
o 7HAEE AU A desty ZAgEAe @
AHA FARNGE BTER dET AE
7] dthe ol Fofsjot @t

3 W ONEs FAN FHFHE F
2 Aol wARR]LE PR 109 %
Zaol7] fEo] AAPERI] o3 Fel
o] glervz dEAUL FYI= Ag FAF
A& 17 ThsAde] vl ol AEIPe] &

o ¢
=

o,

f
(HURASS

Joumal of KIS Vol. 12, No. 3, December ‘97



oo diste] Aesl FHefsiohw ddE

1=
B AT uiatakele) A% AT 29) 18]
A ARHY
72 a;f 0. 05w
22 rE
13.02%
DUTAYE
78.2%%
(a) Independent casc
Hawg IR
2.34h o g 0 0%
BY & YTtArE
75.06% 22.57%

(b) Dependent casce

Fig. 3 Distribution of accident causes

o] NsjT FHEL 2E-03 jo)A|wt AT 3
o] vt Az FPHAvtH AT 29 AANE
FE8E £ 7] ", dAz Z‘—? 20] )
g EHFES 1000 9 190 2E-062 #AsT =
& AR 189 ZASolx 13 iAo s} g
& 1E-03 lﬂsﬂolzlﬂ Z‘—“% 194 ﬁodt& Az

-
F Fg5] R AARA B
esolehs Aol oleid a2
go) B AxAel sUom, = A A3y

o

PR AP oM EE X M 12 H4E ‘97 12%

!

T o] A ﬂi% A8 ARG EEA d3
NE B 5 3lRel, 2] Aol aA

g ape
72tz AR Ne cycle purgeZt obzk F+ 4
o) ik 24 F A% 1 ‘main valve ¥

ZoH'gk AR 3 ‘regulator?] gauged U
olAY, A Aol WF =A F AF 13 M
AddE dgdctst A7 199 ‘regulator 23t
gauge? & FUIde AFEc)}E A&
g% 4 dol, AAFE F regulator FU
F7b debd Fo¥7tE A7E 5 vk wE
A ZAgzte]l AAFEL olE AFE FAHLE
ol foj Aol 2 T UAE gl

6. d E

Az AF7 FHEsn e A 2
A9 st d4% AE28(data bank)
9] HFojg) B AT ASdE <97t ofY
olA], Ale AR ZARE 2= o BE A7
& 3njatx] &8 £ T, F5o] 48 AR

o o] &3tsith.

B2 olgd Wi B FAldel U
F o1}t FRHEHA QA (Performance Shap-
ing Factors)E9] 4%& nste 2$¢ 4=
g} 32 go] ZAE 209 W7A FrlEl7iE ¥

= AE mEsohd, 2 JdTs 2L AR
o2% AP HUAHE AFHoz FZA

7171 FRaicha gddd
A7 oye ALY suza uhmw)

FAA el Ag3tn e E2AU(PHy)OlY
AB(SiH) T 2ol, 7t ERA S AUn
o] wtek FE2EHE e A DA EHY
MR 2R F Ae HE gas ’é%‘ﬂa—
Aste 259 FE2ARY 2HE wFo F
E]%ic}.

A7 A3, JtaFEARY QAT
zZb AAARAEY =ML AT A
2.3004E-05 ZéCO]Z]U]‘ F&A0] g
A& ZAteohd oF 81008E-0501vt Hel, =
dolgke 714 04—1—7} gas FEolate A
Agde #F4F7stn e Ader g

nqm

o)
-
=
fu



e
e
El

=3

T3 Hue FEAENEE AMPTYE]
=golgtn 71RE AF A HAEEEHe

LYyZo] TBA%E WPEL HAs}E Ao
2 °ﬂ"‘5]9i°‘4 F&4 0] “*%”54“ BAgolle
7171 & pipelol dotdd 7127k FEHE 7
$7F 5.06%2 HEH g F4E gA dde
AL & F A1, o] WZE MK F

= A5 178 AT 189 valveE g B¢ 3F
e AE AT B AFAAE o]
o] s} ¥ E4%(Low Dependence)
7H3sr ey wef &40 UYS Fopdd
o] Wil= oS Asid ez wudn)
a3izz 19 Zdo] dal 203] o)A purge
ol &2 ‘108 o]4 purge ITHES w[dA
Hl AP/ AL AAEEL ol EFINEER F
HAol oflzl, & vl dAHolm ARHo=Z 2

& FYIEFE staL FAl 7k FEY vHE
AL wiAs7] Y= Regulator®] gauge &
Aze] wKFAL FHAM] Hojof &
& 4 Ak =3 oA Azt &
FaHT A0l gl 13 AlgAlY =7
Asjetgdl uis] 30089 1 WA 100089 12
Aty geE o)

o] ojgjo] ZtxyEd AA FEFE
delle AF 13 A ddde AEgH A
‘main valve® 8% 2% A#de
T AN

B AFdAME THERPY 2ol me} 2
£ 2 (deterministic)?] ¢}l A &S 7«1]—‘—0}
doul, FH=HAJAMPSF)EC izt dviE
A 7pEAAd 4 Qi ML ¢l gog
= ZEETLA A B 89 opJE} Fuzzy

Ze AZE WA AlEE ALE

rEomu Xoan oo

-
rlr

—{u
—
i o >

-

=

g
Folot.

2 d7s E2istn =i Xga22iA
(AHHS . gF-5)2| xjglez U= Hezg,
oloff ZtALE@{LC}

168

S LR i

) HAEE, BT Mol s ANERS

?&@fﬁﬁff-lllﬁﬂ)%ﬁ%t%é%‘% (1), ®&T
& Vol. 21, No. 2, pp.92~100, 1982.

2) 7 /Kﬁfi BT 7 Mgt s AMERE
MOSHFIRNAE L L2HEK 2), “&2 LT
E: Vol. 21, No. 3, pp. 164~171, 1982.

3) Swain, A.D, and Guttmann, HE. Hand-
book of Human Reliability Analysis with
Emphasis on Nuclear Power Plant Appli-

NUREG/CR-1278, US. Nuclear
Regulatory Commission, 1983.

4) Gelder, K.V., “Human Error with a Blend-
ing-Process Simulator,” IEEE Trans. on
Reliability, Vol. R-29, No. 3, 1980.

5) Rasmussen, J., “A Taxonomy for Describ-
ing Human Malfunction in Industrial In-
stallations,” J. of Occupational Accidents,
Vol. 4, pp. 311 ~333, 1932.

6) WEH, AMEEE TE, i, 1984,

7 fTrsEd, AREFE, CAR-EHER o B
EHMEYT D720 - -Fiid - Detailed  Block
Diagram Analysis® @77,  ARILE,
Vol. 19, No. 4, pp. 197~204, 1983.

8) R, ARMSHEN: TELARY, HRHEE 1996.

TR, MREFIRE, " AR-8HROE RN

GV AT —H”, ARLEL Vol. 18, No.

2, pp. 83~95, 1982.

10) Nagamachi, M., Human Factors of In-
dustrial Robots and Robot Safety Mana-
gement in Japan, Applied Ergonomics,
Vol. 17, No. 1, pp. 9~18, 1986.

cations,

©

Joumal of KIS Vol. 12, No. 3, December ‘97



