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A STf'OV <W THM APPf.H ATION* <}*•' QUALITY ASS' KANE V.r 

HI'MAN I-ACTORS AM) KKMABIMTV PRINT 1PI.KS TO I UK 
PRKVKNTION" OK MAJOR KMVIHONMKNT, SAFKTY AM) HKAKTH l \ T | l ) i ; \ f s 

Introduction 

Saudis Laboratories, under contract in the Division of Operational Mid Knvirono.ental ^••l-f. 
of the Uepartment of Knfergy (fX)KI, is investigating how the principles and ter hmrjnes of OuaMv 
Assurance (CJA), Human Factors (III'J and Reliability (Ri might be adapted ur modifier! m s^pp'"'' 
Knvironnienf, Safetj* and Health ffvS&ftl programs. This report (fast•ritit-s -me fa< <-t <*f tins *!V*-st 
gntion: A study to determine whether accidents and incident?; which h;-d oi-urred migh: hnve !>'•':. 
prevented, or rendered less likely, if ti'e principles or techniques of QA, '*' and'or K had oeer. 
applied. Most, but not oil, of the inciderts .studied involved Sand in I.ah'iramrirs personnel find 
occurred at Sandia over the past 'en vea.-._- i.r so. 

We would jtke to s t ress that no criticism of the- KS*.H nrogr*::. <\ '-audia, T * 1 ••;t".vl!(-r", -
in1--:i:J--r). That the KKMf record a! S.india is evrellen' ,s demonstrate.] |.j I i t ' . r ^ I :,vl A ••:U.--
* nrriparc Kandis hmh within a se].-< t'-d gnwo of J)OK mfirrin d r s un<l ws*te<i> -<•!«. l-'S '<*! ]<-<:,;,| 
industrial categories. 

There is one well-known generic way '" which (jA, HI", and l( urini iples :tnd te. hni'i c•«* 
might be used in support the arhieveme it or KSMi objectives. Over abo-jt the pas' thr"" d<-< ad-s, 
the field of systems safety lias focused on insuring that the failure rate of hardware svstems i s 
adequately low when such failures have potenttaHv undesirable safety f nnsefjMences. Kvsten.s 
sai'elv activities emphasize (.JA, III' and R of hardware; systems (figure '.i>. l-'or a i omplev hard
ware or facility system design, Ihe first step is to analyze the ways in which it nviv fail and < j*nse 
death or injury. Thl.s" step is typically, but not exclusively, an H study. Also, ways in which the 
system design may promote or encourage human e r ro r - which may lead lo undesirable KSn.ll 
inn.si-quences - are determined through HI" studies. Requirements to decrease the likelihood of 
:hes" failure and er ror modes are incorporated into the system design, Ucahrv Assurance actions 
are then taken lo verify, independently, that, among other things 

• the design is, indeed, adequate to achieve desired levels of 
KS*H protection, 

• the design is tr:ily implemented, as production is undertaken, ant! 
• the final hardware or facility does truly perform as intended. 

http://KSn.ll
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-Tlint tbt; des ign is in.jmMv.iMtci, 
du r ing nvjiiuiaciu.-t:, ns.-;cr:.lil-. , 
instalU.Unn (and y.n ion}:); 

-Th.i t the 'lL-^if.'n i s p-.jiint;ii:n- I. 

:yi:i-f 'A. Sn:'.:i] ified \'n--x ' i fSvs i 'T . i s >afr-iv r i i - u - jn : 
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Thus, In achieve safety objectives. H and tlF activities are used in defining both the needed 
design objectives and the actions needed to achieve them while QA provides independent verifi
cation th:il the design-related actions are ''adequate" and are actually "used. " -Some of the 
traditional functions often found in systems safety activities include 

• early involvement of QA, !!K :wl R, at the design stage. 
• use nf modes and effects analyses, fault t rees , and so forth, 
• identification of failure modes that lead to unsafe conditions, 
• identification nT critical items on which these failure mmies depend, 
• implementation nf appropriate actions to eliminate these failure 

modes or to decn-ase signifir.anlly tin- likelihood oT their oecurn-ncc 
through the proper design m control of critical items, 

• delermi;i,'t,tion and documentat ion of the r i s k associated with the 

f inal des ign. 

• review of the adequacy, manufiietu nihility, assurahility and 
maintainabUtty <">f the design, 

• assurance that the design is implemented or that the consequences 
of changes ;ir<' understood, and acceptable, 

• performance of system ;ind subsystem tests, 

• assurance that the necessary controls are evercised when the 

svstem in opiTa'.iocui. 

Ileri'c. iri tin- traditional setting of hardware and design. QA, HF and H can, indeed, support 
KSMI objectives - and do so in ways that are now well-understood. This study is not aimed al 
t'urieo- ivistifyirifi such activities, hut is for determining if these disciplines have techniques or 
pri'ir;:ih'S which may he "borrowed" or adapted to address KSfc II problems in ope rat ion al 
activities -- and to judge, with qualifications (discussed later), the worth of developing the 
needed techniques for such adaptation. 

There arc nunv definitions nf "systems safety, " but the current tendency is to regard system 
safety activities or' prart ires as integral parts of any total effort to achieve "systems performance. 
In this ci.nte.vt. "KSMI requirements" are an integral part oT "performance requirements, " and 
;icts:ai efforts to meet then! nre not visibly separated into "safety'' and "other. " The derivation 
of T-I "j.:i rci^enty still in'-olvs those functions from the above list that are appropriate to a 
tart icnlar system. Bevond the definition of requirements, emphasis is placed on total design ~-
which -.ill include ewside ration of design allocation, evaluation, and engineering trade-offs. 
W«* nan* choser to emphasize the KSA.-I! component because uf the nature of the current study. 



Two In-l-epth Pressure Safety Incidents Illustrating 
Ineffective Application of Principles QA. HF and R 

Example 1 

Inadequacies nf L large "gun" facility in the UOK complex, designed to investigalc pheimim-n 
associated with high-velocity impact (Figure 4) 

Chamber 
Door 

Chamber 

Figure 4. A High-Velocity Propellant Gun System. In the accident discussed, 
energetic gases escaped from the impact chamber at the right. 

The impart rharr.lier is partially evacuated during ar. experiment and may contain quite 
sensitive instrumentation to record characteristics of the impact upon a target material from 
a projectile fired from the gun tube. Explosive charges of up to about if. I kg of a n .bture of 
naval propellents are used to accelerate the projectile into the target. When the projectile leaves 
the gun tube, the expansion of the products of "combustion" of the explosive (hot gases) expand 
into the impart chamber and cause a force to be exerted on the rear door nf the chamber. New 
personr.e: prohablv would not adequately appreciate that the impact chamber, for a short t;m? 
after firing, 'necorr.es a pressure vessel. Figure 5 illustrates this condition and also shows the 
force exerted by the impact of the target (fragments) on the catcher mounted fin the rear door. 
Tie catcher is a shock-absorbing tic-vice composed of layers of aluminum honeycomb ar.d steel 
plates. The rear door is hinged and designed to be closed against the chamber body with 4U one-
inch-diameter bolts. 

http://'necorr.es


Time (msec) 

Figure 5. Force Kxerted on Chamber I)oi>r After Firing When the 
Catcher is Mounted on the Door 

The design configuration, of the impact chamber is shown in simplified form in ! igure v., 
fKer about 15 years , experimenters gradually reduced the number of bolts used from 48 to 7. 
Huring the same period, instrumentation grew more sophisticated and hand torquing rather than 
pneumatic torquing of the holts was instituted to avoid disturbing the alignm f.,it of the instrumen
tation. Safe operating procedures made no mention of the ;i.se of fewer than the 48 bolt.v that tite 
design intended, and the relationship between over-pressure ant! charge was r <ver examined. 

4!5 Holt 
provided 
on Door 

Figure (i. Schematic of Gun Assembly In Original Design Configurator 



In 1977 a design change moved the catcher forward from Lts location against the rear door 
to a position just behind the target (Figure 7). Thia change was made to help coniine the products 
of impact to the target area for a longer time. When the gun was fired with a nearlv maximum 
charge, the catcher, upon impact of tn« target, was torn loose and impacted in >he rear door. 
Ttie force pulse from this impact occurred later in the time sequence than it ordinarily had dm,.-
when the lighter target was propelled into the catcher fastened to the door (Figure 51. Figure a 
is a schematic of the resulting force-curve for the rear door compared to th- Theoretical ability 
of the door to withstand that force when ncIU -.* HI, 7 hulls. 

Target-

Catcher > 1 Catcher Catcher 

V, 

7 Holts L'scl 
on Chamber Oonr 

Figure- 7. Impact ."lumlitr Condition at Shot Time Sho.vn Prhcmutic^IIy 

The result was that the nearly 2400-kg rear door of the chamber was blon-n open with sufficient 
force to rupture the approximately 15-cm-thick steel hinge brackets. The angular momentum 
of the door caused severe misalignment of the whole, massive system, and the overpressure 
released into the building housing the gun caust-d wall and roof sections to he blown out damaging 
the equipment in the area. Total damage was estimated ai ?1-'J3,0C0. No personnel w r e iniurc: 
because, as required by Safe operating procedures, they were in a blockhouse located extern:*!K 
to the gun facility at the time of firing. 
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Force }Amlt^/ 
••m^^ with 7 Bolts 

Gas 
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Catcher 
Impact ' ^ 
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Figure H. Force on Chamber Door in Design Change Configuration 

Looking at this incident from the point of view of a systems safety analogue, which ,lso 
addresses operational questions, we structured our study of it to determine whether the incident 
could be attributed to "inadequacies" in any of the following: 

• design. 
• "use" (implementation or maintenance) of design, 
• safe operating procedures or practices, and/or 
• the "use" of safe operating procedures or practices. 

We also tried to determine whether there was sufficient assurance that no inadequacies in these 
areas existed. Here, "procedures and practices" were used as operational analogues of designs 
since they were the primary documented materials relating to how operations were to be conducted 
to promote safety. "Pract ices" is used to denote institutional-wide requirements of a general, 
or programmatic, character, whereas "procedures" denotes project-specific requirements 
generated by the organization responsible for the facility, as required by institutional policy. 



In this framework, we drew the following conclusions: 

I. There were "inadequacies" in the design. 

• The original design was adequate from a reliability point-of-vie*, 
but was considered deficient from the point of view of human 
engineering. It ts unreasonable to believe that persons will 
routinely fasten, by hand, 48 one-inch bolts - - particularly 
if it seem3 unnecessary. An "autoclave-type" hutch would 
have been preferable, and with such a. hatch, the incident would 
not have occurred. 

• The design configuration actually used {as a result of the 
decreased number of bolts and the change in location of thr
eatens -> was clearly inadequate. The probability of failure 
was equal to "one" (Figure 8). 

2. There were "inadequacies'" in the "use" of the original design. The ui Lrvna' design 
called for the use of 48 bolts and a lesser number was used. In addition, the original 
design called for the catcher to be against the rear door of the chamber, which also 
was changed. Without these changes \..e incident would not have occurred. This was 
a reliability inadequacy. 

3. There were "inadequacies" in safe operating procedures. Written procedures designed 
to define actions necessary for safely operating the facility did not define precisely the 
number of bolts to be used or give the qualification for using fewer than the specified 
48. As a result, reviewers of the procedures assumed that all bolts were being used, 
but did not audit "use" of the procedures. The procedures failed to state any correlation 
between the explosive charge and nuralier of liolts used. A simple failure modes and 
effects study for the design changes could have revealed these deficiencies. The pro
cedures made no reference to the type or amount of training needed by operational 
personneL and made no provision for obtaining it. 

hi part, this is a h:iman factors deficiency because it is unrealistic to expect new pr-rsnnnr-l 
to rfiognize problem.? without training, in part, :his problem is due to administrative 
Factors since institutional requirements for nressurr? safety and rxplnsives safety training 
existed. Had personnel been trained in pressure safetv and explosives safety, thev should 
have been more questioning about the adequacy of design changes and their lark nf inclusion 
in safe operating procedures. 

4. There were "inadequacies" in the use" of safe operating procedures. The "use* of 
safe procedures was inadequate because the facility was not treated :is a pressure 
facility as it should have been, and was therefore not subject to mandatory laboratory-
wide pressuie safety practices by which significant design changes are reviewed. 
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I.vf-n thoif'.'i 'M- design had fif«-n niter*?'!, *h' safe Tp*»r;it;n(f uf'>"i -"- **'•'» "• -''I'-'J -•''" 

\ ' i -ii.'ilLMiio'.iKlv" I'jx-i-ilini; r.vdrog'':i -li'irnir.c fnriUir-o svs'em whirri inr hides a hvur'<t.''"" 
i;>-.•;(.'rali T , rnrr.pi i-.^sors, snrjie t nk, furnace ;u-.d various valves 'KiL'ure ;0l. The ori£i:siti 
system is shown hi solid lines, ail' :i Inter system addition in dashed lines. 

In tin' original system, the furnace was operated continuously until the compressor railed, 
:i mil ter of r:i>nths. because of continuous operation. The second parallel enmprussor y:is added 
tn minimize down-time. Periodically, or if the original compressor failed, it was removed and 
serviced a"d tl)e second compressor was used. 



Inadetpiar i 

I .egend (see lex'): 
"K" - consideration of failure modes am! consequences, 
"fil'" - consideration ui' situations which involve predictable human 

belwrior lhat c u l d lead lo undesirable I - S Ar 11 consequences. 
"()*" - provision of .-.idriinislrativc .support fir: truining, for example, 

ny control actions nr policy) or the operational situation itself 

In addition, where inadequacies of T?-, UK- or Ot-type existed, there 
.-its ;. de facto lack of assurance that the corresponding areas (design ' etc ) 
ere handled adequately (sec text). 

Figure -i. Summary of Inadequacies in Kxamnle 1. 
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-Helief Valves. 

Original 

L^mvl: 

1 I S' :""'"1 I 1 

^ — -
Relief V:.]vc 

ii*j[;iti;i! system, 

Parallel compressor added to facilitate rej>l;i< er:.cnt. '1!.i^ 
included isolation valves, fts shown < H ), 

h'UC.ire 10. Simplified Schematic (if ;i Hydrogen I'c rt,m •• 1-ariUly 

When tf.c compressor f;uis*fi on*- .-net:! the first person to arrive at .^,ik t>-< oilnizvl the 
proi.k-m. t-uilnwing safe operating procedure*. In.- first shut off tee .,vsU-r,, then r|(,HL-I [sr.Uti..-; 
valves at each ci;ii of the failed ('(.mpn-ssor (Fiiiuru I HI. ([>- the a t r i e : ... ..p.-;. ^..- is'-iati'-:s '- il-'-h 
lU'.'t'- valves with Unmade*J stems) *.:» either sit'*.- f.f the parallel compressor. Wf,e:i he c?;i:ite, | 
turn Uiesi- latter isolation valves reunite r-clockwisc, ?hc employee assumed ('Kit Kiev w r e "p.-:. 
and energised the cnn-.pn'SSdr. Hnth valves, hn:vcvct. were stuck sh'.:l. Itet'.jri.i.'.K I;itt;r. (:<• 
fmmd the hydrogen furnace again co|d and once more tried to turn the isolation v ' " es o,, ,-iu.er 
side of the second compressr>r-~wl]ich lie left running. Tnfortunatelv, he managed l o I n-"- the 
stuck valve on the intake side oft •• running compressor first. Tin :.«cond stage nf the compressor 
rnpjdly built up tntenu-i pressure. The pressure relief valve on the first stage nf the compressor 
failed to function, and the pressure relief valve on the output side nf the compressor was still 
isolated from the compressor hy the stuck isolation valve. A section oi" the romp-essor head 
blew off, scattering shrapnel around the area. The compressor noise prior to this "explosion" 
alerted the individual, causing him to start running from the room just as the compressor "blew. ' 

Hecause the potentially corrosive environment to which the relief valves were subjected v/as 
recognized, they had been scheduled, through the laboratory pressure safety program, for routine 
change-out with independently calibrated relief valves. New valves were roulinely ordered, 
checked, and shipped to the organization responsible for the hydrogen furnace by the Institution's 
pressure safety laboratory. In addition, the system was routinely scruntinized by three separate 
safety committees and a trained "pressure safety advisor, " 



t'.i- . T . - t iti--! :.i • i "!a 'ur: i t i( .- i m - li.i r . i d - r ist ifKl w.- j r i n .po - l ; i i , l in t h i s ir.ci'!i-i;t. I n-i.-r the 

e n " .i:- :st.i.--i-. •• , l.ii.i-H.'tj" i.f t 1 .- pipi<- -.si.iiltl h.,,vc ln-cn 'l<-sir at>li- alfm, a s .1 p;n t • .f tin- rk-sif.':) 

i n a d e q u a c i e s ' 1:1 t h e ' u s i / ' t>[ tne o r i g i n a l d e s i g n . I ' s e of tht_- a d e q u a t e 

1*11 -•' ' i ' - s i | j ' .-. tr- :n.T m a i n t a i n e d due to the c h a n g e . C h a n c e r e q u i r e s a d e q u a t e c h a n g e c o n t r o l - -

•.'.'liio in t l i i« • •:<•-<•, was not de f ined . [11 add i t i on , the Fai lure to m a i n t a i n p r o p e r l y ripe r a t inq 

i i - l i ' f v.-il*. i-.̂  is- n ' •ii-Hi(;n r:-.aintena.",c-' d e f i c i e n t v whose o r i g i n is o p e r a t i o n a l ( s e e b e l o w ) , with 

h. . - l-.-T: f .-!:• i - . i f i t t a t iw , :.r | hiim.-ri frK'ti.T'S 

;. 'i - .en- r e r e i n a d e q u a c i e s ' i;: safe o p e r a t i n g p r o c e d u r e s . T h e s e did not a d d r e s s e m e r 

ge; : ' • ;•;••: •-'.'.! t "S r>r prori- ' l i ; r e * t i . !.'• u sed when d e v i a t i o n s fron; " n o r m a l " o c c u r r e d . Ir. p a r t i -

fiil.ii , u.i- prof , - fa res a s s u m e d tha t the p a r a l l e l s y s t e m would work p r o p e r l y , and m a d e i n a d e q u a t e 

pi ' .vi«if t : fm shu t t i ng ticivn the s v s t e m when the o r i g i n a l s y s t e m fa i l ed . S ince p r o c e d u r e s did 

r e q u i r e .H I nit down b e f o r e c h a n g e - o v e r , the s y s t e m shou ld have been shu t down u n d e r t h e s e a b n o r m a l 

1 i; cu.-;ifi;a:icefi ' l u r i ng c h a n g e - o v e r . H;id the p r o c e d u r e s b e e n b a s e d on only a s i m p l e f a i l u r e m o d e s 

a:..i!«. s i s , irif'Ki.- p r o b l e m s v.-imid, ir. al l l i ke l ihood , have been a d d r e s s e d . Safe p r a c t i c e s w e r e 

a d e - j v . i t e . 

4. There were "inadequacies" in the "use" of both safe operating procedures and practices. 
Roth safe practices in the institution and the safe operating procedures called for a routine change-
out of the pressure relief valves on the compressors. A system was set up to provide tested 
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v.ilvi-s ••!> an u(J':'Jn;.Ti- s c h e d u l e , r,ut l h | - s - v . i l . . -s A e r e ni". r inHt.il k-J . T !I":> A' r e found o.-, j 

i i r r i tbv shelf . T h i s artmu.i?4t*.,ii-,.- | ( t ' . i . | . rrs A ah p r o b a b l y t-xijf.Tb.iI.-a r.y tr.t- plmr.r«-i '-'• *'*?*•*-

.•....!••' <jii:»!itv r.r M»- ;if •-:, - - - . hkh m a d e val ' .e rUHnC'-"'"l diffi ' «;lt and . the M-f'.ru, i<:S* Uk'-K to 

. . f . n i fio-t . tin- ntirnan !.*•(.;.-. i'.r p<.-i;.l • of --- i" '•'• 

. ' i. Whi le it is H e a r , A i l l o.n Ifn/ao h inds ight , that the inimii '/r t,f revie .vs and audi t* made 

A . - t i - a d e q u a t e . 1h "Y -vi-1 i- p o o r I'- I r . n d i . M e d . , ; i f i i n r . , |T,p]e te . ' I h i ; [••'. p ' v f i •/•• M- No t o f t h e ' J ' ' - IU.'^ , 

OMK of lh'- svf i lcni . Had aud i t* !(,- 'j.'.*''l ON th<- a«i<"|uar v of dors imenP-d p l a n s ' ~- in t h i s * as*:, 

' l e s i o n s and pi.ir-.-dui.-.s - - .,i,.J th.-ir ; i s . - , ' ;.n'l involvt.-d Q A , '* a '" ' HI i n p u t s , thi: iru idr.-r.t voui'l 

J (.-t have . . . - . i i r r . - ' J . 

J l - ' t f i s |tiht one e x a m p l e of tl,,- lack nf t onipl'-ten'..-,:; of the audit*; for " u s e " ; t h e r e was m. 

, . -inii-r-rn'tit t o MM,I| | | |r| p r e s s u r e f l i ' - r V;I ] ' . I :S h the i i . s t i tu l ion 's ;-r<-h.-,iiM' .Safety labo r a l o i v. 

: • . : a w:it;tifi'- t ick) , i s - . s t e - , !'• .-'-fir*, t h e i r M-f" tp t . :*ufch a sirr,-. • >v>4errt .-..tifd Kav. ; d r a t : . 

-.itt'Tititin to tl:,- s i l u a U ' f. :i.'i'! p reven te r ] t ^e ar eider,! . All of tru- i r : u d e e i l u f p^. s i l l u s t r a t e d »>v th i s 

<-y.uiv.pU- a v .mi^.rti.tM/'-'i :•. l-"(«uft- H . 

end jaw t ex t ) : 

- consideration of failure modes and eonsecpienrcs, 

- crinsiduraliim r>l silunlion.s which involve predictable human 
behavior !bat rou|,J lead So -.indesirshlc KHMI (on.se-quem t-s. 

- provision of administrative supjioi't (in Irnininjj, fnr example. 
or i-onirnl actions or pnlicyl nr the operational situation itself. 

In addition, where inadequacies nf R~, UK- or Ol-tvpe existed, inert 
was a dc factn lac-k of assurance that the corresjx nriinjj areas 'design, f;lc, ) 
were handled adequately (see text). 

Figure 11. Surrrr.ary of I«aripqiiacies in Kxainple 2, 

http://inHt.il
http://t-xijf.Tb.iI.-a
http://-y.uiv.pU-
http://on.se-


|ii«.-i-i:.-sn.-: -~ T ' K tw». |>t • • s s u r e Safetv e x a m p l e s r t - . i e .u 'd h e r e in scrr .e d e p t h o e r . i r i e d 

! , . . , ' , I I ISV nf in.i<t.-queries if. ll.i_- d e s i g n , and U S i m p l e m P r l a i i o n ul rr.aii>te:iucc; ami i-, *.ifr JM .it >U'• 

t t opei-ulirsi! p r o c e d u r e s , o r m . - i r u s e . F u n d a m e n t a l , t h e r e w a s no s \ s t e i n to a>stit>- ' T,deqt:a< 

ic. i-.irh of tin si- a reaf i . -\ c o m p a r i s o n nf t i n s s i t ua t i on '.villi 11 -v t r a d i t i o n a l a s s u r a n c e , ,.\r <U-*< [ L 
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Hrief Incident Descriptions and l-'jndjngn 

li.cidi.-nt I -- A line surge i-'i a high-pressure iise oerurred during a '.'rilling operation, 
'['hi' line was inadequate h fastened down (contrary lo procedures t, indicating a lack of under
standing df failure modes and potential effects. Trc pressurized line came iooae, knocking 
si-veral pt:r.scniH forcibly to the ground. Medical attention was required. That some or the 
persons injured were not required for the operations Li the area illustrates both an III" pronle.T. 
f|n.(ipiu will hu curious) and lack of administrative control. From an assurance point of view, 
;in audit rif procedures use might have pin-pointed inadequacies. Administrative policies and 
practices ' l l l ' l should have been reviewed for their adequacy in controlling unnecessary personnel 
in lhe area and their adequacy in assuring that procedures were being followed. 

incident 2 -- An [-beam, supporting a hoist bcinp jsed to lift a 2500 lb capacitor bank, 
suffered i> rotational force and "rolled" off th<- end of beams upon whirl, it was resting. 'I ne I-
lii'.-im fei- into the lap of an employee. The I-beam was not adequately secured to its supporting 
ln-am lierausi' rotational forces had been overlooked; clearly a design inadequacy related to 
failure-mode identification, [i; addition, the responsible organization did not fallow safe operating 
practices in implementing the de-sign fan administrative issue). With respect to assurance, the 
likelihood that such a design fault could gn unnoticed decreases significantly when "other 
specialties:" (i .e. , | !F . QA, RA, Safety) review conditions. 

Incident 'i -- A painter was wording on scaffolding inside a 100, 000-gal water lank, the top 
of which was 150 ft above the ground. In the last move of planks on the scaffolding before 
finishing the job, tin- paint:.-r disconnected his lifeUm- and plank-securing clamps at the same 
time. In combination, these actions violated safe practices, as did the fact that the painter was 
alone in 'he tank, unable to communicate with his helper outside on the ground. The painter fell 
from the scaffold inside ihe tank ami was severcK injured, a victim principally of III-", adminis
trative, and operationally oriented deficiencies. 

Incident A -- A person entered an exclusion target area of a hieli-pulse radiation device 
just prior to firing and was exposed to 1 f50 mrerr. wrier the device fired. The system design 
permitted entry ar.d Hring i:i spite of interlocks, because the interlock system was inoperative 
di. ring an automatic 10-s countdown period prior to firing - - a clear desipn deficiency. To 
reach the tar cot area, the indivioual had to pass a gate, which was unlocked contrary to require
ments of safe operating procedures. The opening of this gate prior to the 10-s automatic count
down would have actuated the interlock system, and mr.de firing impossible, but the employee's 
timing was impeccable. Worst of all. the individual entered the area only because he hid 
misunderstood oral directions (not covered in operating procedures) - a common IIF concern. 
From the standpoint of assurance, a properly conducted design review should have caught the 
interlock deficiency, and audits of the use of procedures might have preven'ec the existence 
nt the unlocked gate. 
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Incident f> -^ A workman slipped on a tanker ladder rung and injured his leg. The rungs 
were located loo d o s t to the tanker body to permit safe placement of feet; a design Jeficiencv 
from the HI'' (physiological* point of view. In addition, the workman apparuntlv had oil on the 
soles of I.is shoes, indicating poor Safc-housekevDi"g: practices. 

Incidet. <• -~ Heavy equipment, '.vhile being loaded on a truck, went out of control and rolled 
from the trurk, damaging a nearliy fence anil the equipment itself. Personnel, who w -re the ..nlv 
sonrri' i f control of equipment movement during loading, managed to avoid being hit ;uid injured. 
A simple .safety analysis ("what if *?") would probably have indicated that some mechanical 
control of movement was desirable. t:i this case, no safe <iper;iting procedures existed fur the 
specific operation, and safe practices were violated. 

Incident? -- A workman, in the process of wrapping a heavy wire rope onto the drum of a 
hoist, unintentionally actuated a foot switch which started the drum turning. His finger was 
caught in the winding wire rope and meshed. The accident could have been avoided by a design 
wriieh recognised er ror potential fa preferable approach! or through more thoroughly expressed 
procedures. 

Incident >'. -• ,\ material handler, transporting a 21'0-lh capacitor- on a hand truck, slipped 
and lost control of the cart. The capacitor fell from the cart and struck an employee, causing a 
severe- gash in his leg. The original slip was caused by oil -in the sole of the material handler 's 
:>hoes, indicating poor use of safe practices in the area. Also, the capacitor was not secured 
to the nar.d truck, a deficiency in procedures which • 4 r-mmed from a lack <>r perception of "failure 
modes" ar.d their consequences. 

Incident •' - - An instrumented manned helium balloon was being used to study atmospheric 
pollutants. .lust prior to launch, and in accordance with plans, a man was placed on the railing 
of the gondola as ballast until launch Hire. The countdown to launch was unheard by the person, 
ami the tether was released without warning. When the "human ballast" realized that the balloon 
was Msing, he misjudged its height (because he was wearing biofocalsi and suffered a fractured 
ankle when r.e full. Hindsight indicates that the plan was inadequate and should have been reviewed. 
Tnere •.•.•ere no safe operating procedures or analyses inn administrative problem), and the lack 
of communication at launch was a human er ror . 

Incident 1 f) -- A machinist was turning a heavy, oversized part on a lathe. The mandrel 
failed and the* part disintegrated, scattering pieces forcefully. A safe operating procedure was 
needed which recognized limitations on the equipment. In addition, there was a design deficier.cv 
in the mandrel, which was made of soft wood with a facolate attached by screws that were sunk 
into glue joints. Although considerable energy was released no injury occurred. A design 
review would have been appropriate 
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Incident 11 - - A catast rophic fa i lu re of a se l f -h reakdown, gas, h igh-power (2 M V . severa l 

hundred thousand A 1 .switch in u lar JJU coax ia l l ine caused the fo rc ib le separat ion of a sect ion of 

the coaxial l ine and the 1. f i -m movement of 1800 kg of l ine and uttari.ed equipment. No one was 

in ju red . The fa i lu re occu r red as a resu l t of a h igh-vol tage breakdown in the h igh-p ressure 

(11 atm) gas .switch which caused a f rac tu re of the ac ry l i c housing of the gas chamber , p e r m i t i i ' i r 

the force of the p ressur ized gas to he excrte-J on s t ruc tu ra l flanges which fa i ' ed . The b reak

down was la rge ly due to the accumulat ion of dust as a resu l t of infrequent maintenance. In 

addi t ion, a lack of a pressure re l i e f valve fo r the gas was a design def ic iency. 

Incident 12 - - The damaged head of a hor izonta l cask was being removed, involv ing the use 

of If i threaded bolts as " j a c k s " around the per iphery of the head. The use of a hydraul ic jack 

and safety f i l ing was planned for the f ina l phase of remova l . However, the I 100-lb head released 

"ini-vperti-d'y and hi t an employee, causing a severe bru ise and minor contusions. Safe operat ing 

procedures were not prepared for the one- t ime opera t ion , and work planning did not ant ic ipate 

the ".i.'ii.'xpected". "What if '- '" hazard cons iderat ions were lack ing, p rocedure and prac t ice 

rev iews should have reduced the probab i l i t y of accident. The s l ing should have been insta l led 

at tin- beginning as :i p i - c n:tU.n. Kstirr.at inp at -«hal stage of remova l i t would be needed was 

at best an unsafe guess. 

Incident \'A - - A workman was attaching a 5f i0- lb test f i x tu re to the lower rea r ramp of a 

he l icopter . Tne ramp was in fu l l " u p " pos i t ion , sec r r cd by latches which were held in place 

bv hydraul ic cy l i nde rs . However', no hydraul ic p ressure was avai lable because the a i r c r a f t ' s 

aux i l i a ry power plant was not on. There was no " p o s i t i v e " lock under the."-; c i rcumstances 

fa design def ic iency) and no failure-modes assessment hnd been per fo rmed (a procedura l 

def i ruT i t -y i . The ramp fe l l with it a |-.c;,\y load and Struck the workman, causinu an acute hack 

s t r a i n . 

Incident 1-1 — A sma l l Dewar f lask of hydroch lo r i c ac id at i iqu id n i t rogen tempera ture used 

as :. quench hath had hern empt ied of HC'l. and a sample holder in the :)ewar was being al lowed 

to warm to room lempe rn ture . The sample holder was f r o / e n to 1k-' wal l of the Dewur f lask , 

and as it began to w a r m , a sma l l amount of acid t rapped by tin- hold r spurted out and s t ruck 

a technic ian in the e \ e . The ind iv idual was not wear ing safety g lasses, as requ i red by safe 

operat ing procedures, and safe prac t ices were v io lated because no eyewash was avai lable in the 

area . A safety shield was not included as a part of the equipment design. 

Incident 1 5 - - Whi le a machin is t was gr ind ing the cut t ing edge nf a la the- tu rn ing t o o l , the 

tool bit grabbed into the: gr ind ing wheel , wedging the mach in is t ' s f inger between the too l holder 

ana' the g r i nde r table. A broken hone and lacerat ions resu l ted . Invest igat ion revealed tha i the 

too l b i t had r.ot neon p roper l y prepared and the g r inde r had been i m p r o p e r l y mainta ined and 

inadequately inspected p r i o r to use. 
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Incident Hi - - A workman was remov ing a pipe and cap f rom a 4 i n . pipe using a Mi in. pi.pi.' 

wrench . T in ' wrench sl ipped and the. workman 's f ingers were mashed but ween the .vrcnch ;nnl 

the f loor . Th is might be regarded as uncontrol lable, wi th in a reasonable safely sys tem, or .1 

v io la t ion of safe p rac t i ces , since the workman was not pul l ing toward h imse l f in acceptable 

p rac t i ce . Mi- may have been unable to do so due to the pipe locat ion. 

Incident 17 - - A bus d r i v e r ran into an unexpected s l i ck spot on the road on a gene* -i l lv < 1. a 

<i:,\ . There had beet, a local hai l .storm of which he was unaware. AH safe prac t ices .cul p r o 

cedures were fol lowed .subsequently, but the bus nonetheless ove r tu rned . The d r i v e r A as si-i ion 

inu i red . K i l h e r th is must be regarded as an "act of C o d " , o r l l iu ind iv idua l was ii iKuff Lcicri l lv 

a ler t to ina i i condit ions whi le d r i v i ng (poor p rac t i ces , and an 111-' i ssue! . 

incident i l l - - ."i -ma'- ty-ampoule, neing used f,,r the growth of Surge, arsenic c r y s t a l s , rup 

tured while be i i t ; healed in an oven, produc ing a l ow -o rde r explosion sca t te r ing arsenic and 

causing a sma l l f i r e . \ o personnel were in the labora tory at the t i m e , but a jan i tor in a f . i . - ; i r i i \ 

room repor ted the incident immed ia te ly , probable causes were determined to lie due e i the r to 

unre l iab le temperature en- ' ' on the oven (no t e m p e r a t u r e - l i m i t i n g con t ro l s , a design issue), 

or to fatigue induced in a quart" / -ampoule due to an In teract ion wi th arsenic o r to repeated high 

tempei atur-e'pr I'Ksure cyc l i ng . In uOuil ion, to ta l exper imenta l sy.slem design lacked proper 

conta inment , and safe operat ing procedures d id not ca l l for i t . 

'I he la t ter cof.oivlou was the svslem .status when the incident occu r red . A "r . - l iahi l i t \ ' . .nalvsis 

had ; l o l 1.,-er, per fo rmi -d . I resign r e n e w s Aould h a w been des i rab le . 

Incident ^ l - - Three m i r roci i r ies of rst ront ium - !<0 -.VI.TC released in a laboratory due to a 

f i .M-dnc i f a i l u re , Contaminat ion mav have bee:; undetected fo r as long as t l i r v months, 

i ' . ' t ' -nt ial < yposnres are unknown. The basic issue was qual i ty con t ro l fo r rad ioact ive source 

lc i.-.lairn-i • I' .ure-al ion. In r iddit io!. . procedures did not M i l l for rout ine mon i to r i ng . 

Incident 22 - - \ personnel radiat ion dos imeter indicated a bigc radiat ion exposure, but no 

physio logical o r other evide-.ce could be obtained to substantiate l l iu high reading. Invest igat ion 

determined that i i was highly probable that the dos imete r had been exposed only as a resu l t of 

"horyep luy" , although inattent ion to wearing the dos imeter might have been the cause. In any 

e \en t , the issue is oni; of inadequate, use of safe p rac t i c ies in a radiat ion fac i l i t y . 
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Incident 23 - - Several individuals were exposed to radiation from a small cobalt-tiG source. 
The source was part oT a portable radiation device; in which the collimator was attached to a 
shielded source tuhe by a hose. The source was tun from the tube to the collimator during use, 
;unJ hark to the source tube before* personnel were allowed ne«r the device. After operation, 
the return of the source to the tube was incomplete due to a delect in t?>e source retracting 
mechanism, which constrained the source in the hose. Personnel assumed that the source had 
returned to the tulu-1 and entered the room containing the device. No i ^Nation monitoring 
equipment was used. Accident analysis revealed xhat training, dnsiir. try control , safe operating 
procedures ami administrative controls were all "less than adequate. 

Summai'v and Conclusions 

Table [ summarizes our Findings rel itcd to the 23 Incidents inves igatcd in this study. These 
incidents are largely industri'il safety oriented, but do intersect the areas af fire protection, 
industrial hygiene and health physics as well. The primary concern, in all cases, was potential 
injurv to the employee and In property. However, due to the nature of the incidents, these 
concerns, and any corrective actions, are equally applicable to public henlth and safety and 
i;nvironmenlal protection. In T.-ible I, the designations of R or HF, in categories relating to 
design, represent inadequacies in the traditional system safety sense discussed in Section I. 
Trie use of the Ot (Other) i.-i Kxurr.pies 1 and 1 and Incident No. 11, relating to design "use , " 
indicates a lack of change control or training, [i: attempting to "translate" these designations 
ir.tr. meaningful categories in an operational -setting, generally they arc used to indicate 
inadequacies U: 

"ii" - consideration oi failure modes and consequences, 

'Hi-'" - consideration of situations which involve predictable human 
behavior that could lead to undesirable 10SMI consequences. 

"OI." - provision of administrative support {in training, for example, or 
control actions or policy) nr the operational situation itself. 

We readily admit that the assignment of these designations i:. the "Procedures and Pract ices" 
category's is highly subjective, but in our best .judgment, they can be so assigned meaningfully 
and fully cover the generic nature of inadequacies. Finally, the use of NO: in the last column 
of Table I indicates that, in our best judgment, no realistic control could be exercised to prevent 
the incident. Whether incident Numbers Hi and 17 deserve this designation is debatable (see 
th>" previous section). 
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Cat'-porizatisw: of incident Causes {See text for explanation where entries occur 
ther" was a concomitant lack of assurance) 

Irtstetimcies in: 
Inciden 
Number 

Design Implementation or 
Maintenance of Desiqn 

Procedures 
or Practices 

Use of Procedures >tatistical 
or Practices 

1 R, HF, Ot 
2 S Ot 
3 HF, Ot 
4 R HF HF, Ot 
S HF HF, Ot 
e Ot R, HF, Ot 
7 ft, HF HF, Ot 
8 R, Ct Ot 
9 P. R, Ot HF 
10 R R 
11 R R, Ot 
12 R, HF, Ot 
13 R, HF R, Ot 
14 
If 

R 
R 

R, HF, Ot 
HF, Ot 

it HF ( ?) NC 
17 HF, Ot ( ?) NC 
18 a R R, Ot 
19 R R 
20 R 
21 R Ot 
2? HF, Ot 
23 R R, Ot HF 

Ex-1 R, Hf R, Ot R, HF, Ot HF, Ot 
Ex-2 R, HF R, HF, Ot R 1 HF, Ot 

in all citF'.-fi where inadequacies a~e indicated ir. T.ihie | , or,:' car. arjrue that ti ere 
an madequac v in assuring proper design, its implementation, and so forth. Thup had ; 
assurance be* n present, we asser t ihat the ocenrrenre of oa^h of the incidents examin 
the possible i-xi-eption of Numbers 10 and 17, would have been much less likely. 

C:itv\'vm this a step further. Table If presents a "statistical" summary of the results 
shown ir. Table i. 0(S'̂  to 100"*'f of the inciceats -.ere "preventable" jr. this assurance context. 
Without a detailed discussion, we conclude that tre development of an analogue of systems 
safety that addresses ope rat,on al issues would be desirable. N'eurlv CO""-, of the inadequacies 
were found in the "operational" categories associated with procedures and practices. More 
significantly perhaps of the '2'i incidents that weri> judged to be clearls' due to inadequacies 



(that is omitting Nos. 16 and 17>, 21/23, or over 91% could have been mitigated by attention 
to operations alone, whereas only 17/23, or about 74% would have been addressed by attention 
to systems safety (design) alone. These data suggest, for those wLllir g to extrapolate from a 
relatively small data base, that equipment inadequacies are more likely to occur in organizations 
that have operational inadequacies than in organizations that have non< . This finding Is, perhaps, 
not unreasonable since assurance that design is adequate and maintained Ls an operational 
activity. 

TARIJC II 

Brief Analysis of Inciden, Causes 

Inadequacies In: , 
Design Implementation or Procedures Use of Procedures Stat is t ica l 

rtaintenance of Design or Practices or Practices 

Totals 15 6 13 _ ^ - i 5 " 1 7 ° T 2 

Percentages 4 1 * 55-59% 0-4* 
Multiple Inadequacies - 72% 3 8 

Finally, a qualification. Clearly, hindsight is a much better basis For analysts than fore-sigh* . 
While wo have attempted to analyze these incidents in turms of inadequacies that w believe 
would be recognized by QA, R, ur IIF specialists, in combination with persons skilled in the 
K.SMI related disciplines, then- Ls little in the way of proof that this Ls so. With this caveat 
we conclude from the results of Tables I and II that an KKM1 assurance program designed to 
assure the adequacy of 

• design, 

• its implementation and miintcnance. 

• safe nperatir-J procedures and p rac t i ces , and 

• the i r use, 

would appear to be a theoretically desirable concept, and that planning for such an activity 
should be undertaken, and the cost-effectiveness of such pl'ins studied. 

A further conclusion of considerable importance that may he drawn from this study relates 
to thr role of risk analysis in accident prevention. Table 1 Suggests that "Reliability" is an 
important facet of accident prevention. AN discussed in the text, the major nted relating to R 
was, in all appropriate cases, an understarding o( railure modes and generic effects. Nowhere, 
in our considered opinion, would prevention of the accidents studied here have necessitated 
a quantitative risk analysis in w' icb each potential consequence was understood In te rms of its 
probability of occurrence. Thus, considering the limited scope of this study, we can conclude 



tentatively that risk analysis (when this term is used to denote quantification of risk vs con
sequences) offers relatively few benefits for accident prevention. This, to us, suggests 
that efforts to join in the increasingly popular activity of "risk analysis" should he undertaken 
with care and discrimination. 

In closing. U is perhaps well to pnint out, for those familiar with other approaches to accident 
investigation, that there is less difference between the ultimate categories of concern studied 
hvrv and those found in other approaches than might be apparent at first. Generic analysis of 
why procedures are not used, for example, leads one to consider familiar inadequacies In 
administrative support, policy, motivation, communication, training, and so forth. Thus, a 
program designed to achieve use of adequate procedures must have these familiar elements. 
Philosophically, however, the focus of an assurance approach based on system safety principles 
is very different. The emphasis is on a structured approach to independently assuring that the 
r.eeded elements of an FIS&If program are adequate and used. In this context, policy, training, 
and su forth can be derived (as just suggested) as necessary and sufficient elements, whuse 
existence v.n<i adequacy is to be independently judged. In this way, many of the familiar elements 
nf "accident-prone" theories (Reference 2) or management oversight and risk t rees (Reference X) 
beenmu elements of logically derivable "checklists" to he used in assurance reviews and audits. 

Sine*.- the findings presented here were first obtained earl ier this year, considerable pro
gress nas been made toward defining and testing the generic elements needed in an assurance 
approach to KSMi program management. Descriptions of this work will he found in References 1, 
4, ">, i; and 7. 
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