SAND78-2176

A Study of the Application of Quality
Assurance Human Factors and Reliability
Principles to the Prevention of Major
Environment, Safety and Health Incidents

Charles A. Trauth, Jr., Andrew C. Ellingson, Donald €. Farr, Leo M. Jercinovic

- Sandia lahf)ratories

SF 2900 Q{7-73)

RASTRIBUTON OF TOl¥ L 2CUSINNT 18 UNLIMITED






ACKNOWLEDGMENTS

We ocknowledge, with pleasure, our debt to the members of the Safety Standards and
I{nuinucrir’x; Depurtment for their assistance in obtalning much of the information an which this

study is based.




CONTENTS

Puge
introduction ki
Tweo In-Depth Pressure Salety Incidents [ustrating Ineffective

Application of Principles QA, HF and R i1
fixample | n
tiscussion 16
Example 2 s
Discussion 21
A Summary of Twenty-Three Other {acidents 21
firief [arident Descriptions and Findings 22
Summary und Conclusions 26
Refereances 10
ILLUSTRATIONS
Figure
1 l.ost Work Day Cuses. This Comnpares Sandia Performance in the DOE

Ceontractars Compler \lanuged by the Albuquergue Operations Office
(ALOY of DOE ¥
2 Disabling Isjury Severity Rates 8
3 Simplified View of Systems Sufety Functions 8
4 A thigh-Velecity Propellant Gun System 11

5 Ferce Fxerted on Chamber oor Alter [Diring When che Cateher
i Mounted on the huor 12
6 Schematic of Gun Assembly in Original Desige Configuration 12
7 Impact Chamber Condition at Shot Time Shown Schematically 13
8 Vurce on Caamber Door in Design Change Configuration 14
5 Summary of Inadequacivs in Example 1 t7
10 Rimplificd Schematie of a Tivdrogen Furnace Faeility 18
11 Surimary of lnadeguacies in Example 2 20
12 Twe Primary Furetions of an 2841 Assuranee Program 21
TAMLES

1 Cals gorization of Incident Causes 27
11 Brief Analysis of [acident Causes 28

w
"
o



ASTUDY OF THE APPLICATION OF QITALTTY ASSURANC
HUMAN FACTORS AND RELIABILITY PRINCIPT Ty 1A
PREVENTION OF MAJOR ENVIRONMENT, SAFETY AND BEALTH INCIDENTS

Introdurtinn

sandia T.iboratories, undir contract tn the Division of Opervational snd Knvironeental Salevy

of the Department of Fnergy (DOF), is investigating how the prinriples and techmignes of Qualire

ssuranee (QA}, Human Faclors (1)) and Rediability (3) might be adapted or modified 1o sapport
Faviconment, Safety and Health (54111 programs. This reportdeserifies one Jacet of this avest -
gation: A study to determine whether accidents and incidents whieh hudd cocurred might kave bee,
prevented, ar rendered less likely, if the principles or technigques of QA HE and/or i el heen
applird. Most, but nnt all, of the inciderts stndied ipvnlved Sandia Labnratnries prrsanne! and

occurred at Sandia over the past ten vear. wr so.

We would ke to stress that an criticism of the HSal progran, ot Sawhia, or s bsewhere, <

s, That the ESAH record at Sandin is escelien s demanstrated g g ores B ool 2

compare Hardia hnth within a sebe ed group of DEND eontractirs aml withoo selected watyond
ndastrial categorics,

There s one well-knawn geaerie way in which QA I, and K orinoiples aned tecknin es
maght be used 10 support the achievement of ES&H ohjectives, (ver abnat the past thees deendes)
the field of systems safety has focused on insuring that the farlure rate of hardware svstems s
adeguately Inw when such failures have potentially nndesirabile safetv consequences, Svatems
safelv acuvitivs emphasize QA, HE and R of hardware svstems {(Iigure 3), Vor a camplex hard-
ware or facility system design, the lirst step is to analvze the wavs in which it mav fail and canse
death or injury. This step is typically, but not exejusively, an R study, Alsa, wavs in which the
=vstem design may promote nr enrourage human error - which may lead (o undesirable 11811
consequences - are fdetermined lhmug}; H)” studies. Reguiremenls to decrease the Litelihond af
‘hese failure and errar modes are incarparated into the system design, Quality Asscrance actinas
arc then taken o verily, independently, that, amnng sither things

e che design is, indred, adequate io achieve desired Jevels of
LES&H protection,
® the design is traly implemented, as production is undertaxen, and

s ihe final hardware or facility does truly perform as intended.
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Thus, 1o achieve safety objectives, R and 1IF actjvitles are used in defining hoth the needed
design objectives and the actions needed to achleve them while QA provides independent verifi-
catian that the design-related actions are "adequate” xnd are actually "used.” Some of the

traditinnal functions often found in systems safety activities include

. carly ipvolvement of QA, B und R, at the desipn stage,

. use af modes ano effects analyses, fault trees, and so forth,

. identification of fuilure modes that lead to unsafe conditions,

. identification of eritical items on which these fallure modes depend,

& implementation of appropriate actions to climinate these failure
modes or to decrease significantly the likelihood of their occurrince
through the proper design or contrsl of eritical tems,

e determination aml documentation of the risk associated with the
final design,

e review of thi adequacy, manulfacturability, assurability and
maintainability of the design,

. assarance that the design iy implemented or that the consequences
of ehunges are untderstond, and acceptebla,

. performance of system and subsyslem tests,

®  assurance that the peeessary controls are evercised when the

system (& operationad.

[eaee, in the traditionad setting of hardware and design, QA, HE and 8 can, indeed, support

FIR&H ohijectivey - and do 8o in wayvs thal are now well-uaderstood.  This study is net aimed at

ing such activiti hut is for determining if these discip’ines have techrigues or

furnee s ust

priteiules which may be “horrawed” ar adapted to address Sk 1 problems in uperativaal
activities -- and to judge, with qualifications (discussed later), the worth of developing the

aceded eehmigues Tor such adaptation.

There are many definitions of “systems safety,  but the curreat tendency is to regard system

sufety

“ES&H requirements” are an integral part of "performance requirements, " amd

Tu this contest,
actual offerts to meet them are aot visibly separated into "safety’ and “other. " The derivation

rtx 5101l imvolves those functions from the above list that are appropriate to a

rarticnlur system. Bevond the definition of requirements, emphasis is placed oo total design --

whick 2 il inchisde copsideration of design allocation, evaluation, and esgineering troade-offs,

W hiaee choser to emphiasize the 1D8&H component hecause of the nature of the current study.

or practires as integral parts of any total effort to achieve "systems performunce.



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

Example 1

Inadequacics of ¢ large "gun” facllity in the DOK complex, designed to investigale pnenomenu

associated with high-velocity impact (Figure 4)

Chamboer
Door

Impact
Chamber
o

1, 2%
Breceh Plug

Gun Tube

Propellant
Chamber

Mounting Rail

Figure 4. A Ifigh-Velocity Propellant Gun System, [n the accident discusscd,
energetic gases cscaped fram the impact chamber at the right.

The impact chamber is partially evacuated during ar experiment and may contain quite
seasitive instrumeantation to record characteristics of the impict apon a target material from

a projectile fired from the gun tube. Explosive charges of up to about 4.1 kg of a niivture of

naval propellents are vsed to accelerate the projectile into the target, When the prejectile leaves

the gun tube, the expansion of the products of "combustion” of the explosive (hot gases) vxpand

into the impact chamber and cuuse a force to be exerted on the rear door of the chamber,  New

ciate that the (mpact chamber, for a short ttime

personne! arabably woutd not adequately apprec

Figure 5 illustrates Lhis condition and also we the

ter firing, becumes a pressure vessel.
foree exerted by the impact of the target (fragments) on the catcher mounted on the rear door.,
Tle cateher is a shock-absorhing deviee composed of lavers of aluminum heneveomb ud steel

plates. The rear door is hinged und designed to be closed against the chamber body with 48 one-

inch-diameter bolts.
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Figure 5, Force Exerted on Chamber Door After Firin,; When the
Catcher 18 Mounted on the Door

The desipn configuration of the impact chamber is shown in simplified form in {igure h.
Over ahout 15 vears, experimenters gradually reduced the number of bolts used from 48 to 7.
Buring the sume period, instrumentation grew more sophisticated and hand torquing rather than
pneumatic torquing of the bolts was instituted to avoid disturbing the alignm<,t of the instrumen-
tution. Safe operating procedures rnade no mention of the ase of fewer than the 48 bolts that the

dusign intesded, and the relationship between over-pressure and charge was rwver examined,

HBreech Target l 1
-y
> 2 M | Catcher
<
Fivacuated 18 Bolts
Trepact provided
Chamber on Door

Tigure t. Sebematic of Gun Assembly in Original Design Configuration



In 1877 a design change moved the catcher forward from Its location against the rear door

to a position just behind the target (Figure 7). This change was made to help conline the products

of impact {o the target area for a longer time.
charge. the cateher, upon liapact of tne target, was tors louse and Impacted in The rear duor.

When the gun was fired witk a nearly maximum

The force pulse from thls impact occurred later n the time sequence than it orcitariy had dowue
when the lighter target was propelled into the catcher fastened to the door (Figurc 5). igure 8

is a schematic of the resulting foree-curve for the rear door compared Lo the theoretical ability

of the door to withistand that force whea neld witn 7 bults.

Tarac!\
5 Catcher

\

7 Bolts Use/l
an Chamber Doar

Figure 7. lmpuct hamber Condition at Shot Time Shown Schemutically

The result was that the nearly 2400-kg rear door of the chamber was blown open with sufficient
loree to rupture the approximately 13-cm-thick steel hinge brackets. The angular momentum
of the door caused severe misalignment of the whole, massive systum, and the overpressure
released into the building housing the gun cousvd wall and ronf sections to he hlown out damuping
the equipment in the arca. Total damage was estimated at 133,009, No personnel were injuree
because, as required Ly safe operating procedures, they were in a blockhouse located externnlls

to the gun facility at the time of firing.
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Figure 8. Force on Chamber Door in Design Change Cornfipuration

Looking at this incident from the point of view of a systems safety analogue, which .Jdso
addresses operational questions, we structured our study of it to determine whether the incident

could be attributed to "inadequacies" in any of the following:

3 design, .
e use” (implementation or maintenance) of design,
®  salc operating procedures or practices, and/or

e the "use" of safe operating procedures or practices.

We also tried to determine whether there was sufficient assurance that no inadequacies ir 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. “Practices" is used to denote institutional-wide requirements of a general,

or programmatic, character, whercas “pracedures’ denotes project-specific requirements

gencrated by the organization responsible for the facility, as required by institutional policy.



In this framework, we drew the following conclusions:

L.

e

There were "inadequacies’ in the design,

e  The originat design was adequate from a rellability point-of-view,
but was considered deficient from the point of view of human
engineering. It is unreasonable to belleve thut persons will
routinely fasten, by hand, 48 one-inch bolts -- particularly
if it seem3 unnecessary. An “autoclave-type' hatch would
have been preferable, and with sucli a hatch, the incident would
not have oceurred.

e The design configuration actually used (as a result of the

‘ decrcased number of bolts and the change in location of the
catebe ) was clearly inadequate, The praobability of failure

was equal to "one" (Figure 8).

ina) design

There were “inadequacies’ in the “use” of the original design, Thc url
called for the use of 48 bolts and a lesser number was used. [n addition, the original
design called for the catcher to be against the rear door of the chamber, which also

was changed, Without these changes 1..e incident would not have occurred. This was

a reliability inadequacy.

There were “inadequacies’ in sufe operating procedures. Written procedures designed
to define actions necessary for safely operating the facility did not define precisely the
tumber of bolts to be used or give the gualification for using fewer than the specificd

48. As a result, reviewers of the procedures assured that all boits were being used,
but did not audit "use” of the procedures. The procedures failed to state any correlation
hetween the explosive charge and number of holts 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 amaunt of training needed by nperational

personnel and made no provision for olitaining it.

In part, this is a human factors defliciency becaus~ it is unrealistic to expect new persannel
ta recognize problems without training. In part, this problem is due 1t adminisirative
factors since institutiona) requirements for pressurn safety and explosives 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 of inclusion

in sale operating pracedures.

There were “inadequacies’ in the “use’ of sale cperating procedures, The “use’ of
safe procedures was inadequate because the facility was not treated as a pressure
facility as it should have neen, and was therefore not subject to mandatory laboratory-

wide pressure safety practices hy which significant design changes are reviewed,

15
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womulter of months, Lecause af continvous operation, The sccond parall
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Design fmplementation or Procedures Use of Provedure:

Alaintenance of Design or Practices or B'r

ctices

IB R, (0 B, 1Nk, o HI7,an

Legend (sce tex'):

O

= consideration of failure mades and conscquences,
" - consideration of situntions which involve predictable human
behacior that could lead to uindesirable ES&I consequences,
- provision of adrinistrative support (in training, for example,
or contro! actions ar policy) or the nperational sittation itself

wius o de facto Jack of as
re handled adequately (see

In addition, where inadequacies of R-, UF- or Ot-type existed
suranc

there
that the corresponding areas (design, ete, )
text}),

Figure 9, Summary of Inadeguacies in Kxample 1.
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Figare 10, Simplified Schematio of Givdeogen Fueeaaos faciiity

Whin the compressor failed one night the first person o arrise ot 2ork recopnizend the

problem. Fallowis

W osale operating procedures, he first shut of f e svster, then elosed iselaties

valves ot cach eed of the failed compressar (Figure 10V (e then trice o

L Gper 1t atjers o aloos

fgate salves with threaded stems) oo eithey Side of the parallel compre

or, When he couldn't

turn these fatter isolation valves rounter-clockwise, the emplovee

ssumed hat ey woere aper

aneh energized the campre

ssar, Both valves, ho

r, were stack Returning loter, b

found the hvdrogen furuace again cold and ance niare tried to torn the isolation

My EthaE

S0P

side of the sceond compr hich he left ronaing. Unfortunately, he managed to free the

stuck valve on the intake side of t - runailng compressar first. The econd stage ol the campre

S5t
rapidly built up interosl pressure. The pressare retief valve on the first stage of the compressor
failed to funetion, and the pressure redief valve on the output side of the compressor was still

isolated from the compress

r by the stuck iselation valve, A section of the compressor head

blew off, scattering shrapne! around the arca,  The compressor noise prior to this “explogion”

alerted the {ndividual, causing him to start reaning from the rosm just as the comprussor “blew. '

fecause the potentially corrosive environment to which the relief valves were subjected was
reecognized, 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 hydroger furnace by the institution's
pressure safety laboratory. In addition, thu system was rontinely seruntinized by three separate
safety committees and a traincd 'pressure safety advisor, ”
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£
culiat, tae procedures assumed that the parallel system would work properly, and made inadequate

previsio: for shutting dewn the svstem when the original system failed. Since procedures did

requize stmtdown before change-over, the systein should have been shot down under these abnormal
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Figure 120 Twe Priary Ponetions of an 1IS&1 Assurunce Program

Ty, v Dvpothesize the desirabilily of ussurance and its gencral character, boih of which:

will tee gexted in the pest section. Again, this report does Lot address the feasibility sy cost-

effeetiveness of an

surance approach to achicving ES&H objectiv

s, it atterpts to deternmine

4 thee development of SsSh oan approach mighl be worth pursuing.

A Semmary of Twenty-Three Other Incidents

Twentv-three other incidents were examined in somewhat the sume fashion as the examples
of the previens section. They are presented bere in much less detail.  Accident investigation
reports were used almost exclusively as the source of infurmation and the basis for judgment
in these 23 incidents, whereas, in the examples of the previous section, some interviews were
involved as well, Rrief descriptions of th« incideats and explanations of our findings follow .
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Brief Incident Descriptions and Mindings

necurred during o Zrilling operation,

L - A line surge i high-pressure

The wa

nadequately fustened down (contrary Lo procedures), indicating a luck of under-

s surized line came loode, knocking

anding of Tailure modes and potential offects. The pre
several persans foreibly to the grousd.  Medicul attention was required. That some of the
persons injured were act required for the operutions in the arca illustrates both an B probjerr
(people will e curious) und lack of administrative control.  Fram an assurance point of virw,
wnaudit of proredures uge might have pin-pointed inadequacies. Administrative policies and
practices (HF) should kave been reviewed for their adequacy in controlling unnecessary personnel

in e arta and their adequacy in assuring that procedures were heing lollowed.

ident 2 -- A [-hean, sapporting a heist being used to 1ift a 2500 )b capacitor bank,
suffered o ratational foree and “rofled” off the end of heams upon which it was resting. ‘Tne {-
beam foll into the lap of an employec. The [-beam was not adequately sceured to its supporting
beam becuuse rotational forees had been overloaked; elearly a design inadequacy related to
failure -mode identification.  fn addition, the responsible organization did not tollow sale uperating
practices in unplemunting the design fan administrative issue). With respect to assurance, the
liketihood that sueh a design fault could go unnoticed decreases significantly when “other

specinlties’ (.o, HE, QA, RA, Sufety) review conditions,

Ineident 4 -- A painter was warking on scaffolding irside a 100, 000-gal water tank, the top

of which was 150 ft above the ground,  In the Just move of planks on the scaffolding before

finishing the inb, the painter disconnected his lifeline and plank-securing clamps at the same

time. [0 combination, thuse actions vieluted sule practices, os did the fact that the painter w
alone in *he tank, unable o communicate with bis helper outside on the ground,  The painter fell
from the scaffold ingide the tank and woas severely injured, a victim principally of HI1, adminis-

trative, and operationally oriented deficiencics,

Incident 4 -- & person entered an exclusion turget area of a high-pulse radiation device

s

just prior to (iring and was exposed to 160 mrem where the device fired, The system desigr

permitted entry and firing in spite of interlocks, becuuse the interlock system was inoperative

during autnmatic 10-s countdown period prior to firing -~ u clear desion deficiency. To

reach the target area, the indiviaual 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-
duwn would have actuated the interlock system, and mrde firing impossible, but the employve’s
timing was impeccable, Worst of all, the individual entered the area only because he had
misunderstond oral directions {not covered in operating procedures} - a commmon HF concern,
From he standpoint of assurance, a properly conducted design review should have caught the
interlock deficiency, and audits of the use of pracedures might have preven*ec the existence

of the unlocked gate.
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Incident 3 -~ A workman slipped on a tanker ladder rung and injured his leg. The rungs
were Jocated too close to the tanker body to permit safe placement of feet; a design deficiency
from the I (physiologicall point of view. In addition, tie warkman apparently had oil on the

soles of Lis skoes, indicuting peor safe-housckeepinyg practices.

Incider. fi -~ Heavy equipment, while being loaded on o truck, went out of contral uand rolled
from the truck, damaging a nearby feace and the equipment itself. Personnel, who were the anly
sonrae o f control of equipment movement during Ioading, managed 1o aveid being hit and iniured,
A simple safety analvais (Cwhat if---2") would probahly have indicsted that some mechanicul
cantral of mevement was desirable,  In this case, no safe operating procedures existed for the

sprrific operation, and safe practices were violated,

Ineident 7 -~ A warkman, in the process of wrapping a heavy wire rope ontn the drum of «
holist, unintentionally actuated a foct switeh which started the drum turning. His finge. was

caught in t! inding wire rope and mpshed. The aceident could have been avoided by o design

wnich recognized error potential (a preferable approuck) or through morce thorovghly expressed

procedures,

Incident 8 -+ A materiul handler, transporting a 290-1h capacitor on u hand truck, slipped
and lost control of the cart.  The capacitor fell from the cart and struck an emplovee, causing a
severe gash in his leg. The original slip was caused by oil =n the sole of the material handler's
shoey, indirating pnor use of safe practices in the area. Also, the capacitor was not secured

and truck, u deficicney in procedures whick -*emmed frem a lack of perceptian of “failurc

to the

motus’ and their consequences.

Incident @ -~ An instrumented manned helium balloon was being used to study atmospheric
pollutants.  Just prier to launch, and in accordance with plans, a man was placed an the railing
of ihe: pandola us ballast until launch tinre.  The countdown to launch was unheard by the person,

and the tether was released without warning. When the "hurnan ballast” realized that the balloon

was viging, he udged its Leight fhecause he wus wearing biofocals) and suifered a fractured

en oo feil. Hindsight indizates that the plan was inadequate and should have been reviewed,

cre no sufe operating procedures or analvses (an administrative problem), and the lack

of cammuaication at launch was a human error.

Incident 10 -- A machinist was turaing a heavy, oversized part on a lathe. The mandrel
failed and the part disintegrated, scattering pieces forcefully, A safe operating procedure was
nevded whick recognized limitations on the equipment. In addition, there was a design deficiency

ich was made of soft wood with a facenlate attached by screws that were sunk

in the mandrel.

into glue joints. Although considerable energy was released no injury occurred. \ design

review would have been appropriate
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Incident 11 -- A catastrophic fallure of a self-hreakdown, gas, high-power (2 MV, several
hundred thousand A} switch in a lurge coaxial line caused the forzible separation of a section of
the coaxial line and the 1. 8-m movement of 1800 kg of line and attuci.ed equipment. No one was
injured. The failure occurred as a resull of a high-voltage breakdown in the high-pressure
(11 atm) gus switch which caused o fracture of the acrylic housing of the gas chamber, permitting

the foree of the pressarized gas to he exerted on struetural flanges which faited. The break-

down was largely due to the accumulation of dust as a result of infrequent maintenance.  In

73

addition, a lack of a pressure relicf valve for the gas was a design deficiency.

Inrident 12 -- The damaged head of a horizontal cask was being removed, involving the use
of 1f threaded bolts as “jacks” around the periphery of the heud.  The use of a hydraulie juck
ant safisty sling was planned far thae final phase of removal. [owever, the 1100-1H head releascd

and minor contrgions,  Safe operating

anexpreted'y and hit an employee, causing a gevers hruds

procedures were uol prepared for the one-time aperation, wnd work plwning did not anticipate

%" hazard considerations were lacking., Procedure and practice

the “unexpreted”, "What if

revicws should bave reduced the probability of aceident. The sling should have heen installed

at the begineing as o precostion. Estimating at whal stage of removal it would be needed wus

at best an unsafe gues

[nci -~ A workman wus attaching a 560-1h test fixture to the Jower rear ramp of o

lielicopter,  The ramp was in full “up” position, secvred by latehes which were held in place:

by hydraulic eylinders,  However, no hydraulic pressure was available because the aireraft's
axilivey power plant was nol on. There was no Vpositive” lock under these aircumstances

(o design deficieney) and no fGailure-modes assessmnt bad been preformed {aprocedural
duficicneyi. The ewmp {0l with its Beavy Towd and strack the waorkman, cuusing an acate back

strain,

r flask of hydrochloric acid at iiquid nitrogen temperature vsed

a5 u guench bath had heen empticd of HOY, and g sample holder in the Dcewar was being allowed

Lo - to rocrn femnpe rature. The sample bolder was frozen to e wall of the Drewar Ylask,

and as it began to warm, a smadl amount of acid trapped by the hold r spurted out und strock

a techniciun in the eye. The individnal was not swearing safety glasses, as required by safe
opurating procedures, and safe pructices were violated hecuuse no evewash was available in the

areu, A safety shicld was not ncluded as a part of the cquipment design,

Incident 15 -- While a machinist was grinding the cutting edge of o lathe -turning tool, the
tool bit grabbed into the grinding wheel, wedging the machinist's finger between the tool holder
and the grinder table. A broken hone and lacerations resulted.  Iavestigation revealed thai the
tool bit had nat been properly prepared and the grinder had heen improperly maintained and

inadequately inspecied prior to use,



{ucident (6 -- A workman was removing u pipe and cap from a § in, pipe using & 346 in. pipe

5 were mashed between the  wrench and

wreneh,  The wrunch slipped und the workman's finger
the floor, This might be regarded as uncontrollable within a reasonable sufely system, or o
violation ol safe practices, since the workman was not pulling toward himself in acecptabb:
pructice.  He aay have been unable o do 50 due 1o the pipe loeation,

L 17 -~ A bus driver ran into an unexpected slick spot an the road o a peneralty o}

id

A Lieen a Ioeal hail storm of which he was unaware. Al safe practives wd pro-

v, cre

cednres were followed subsegquently, but the bus nonethieless overturned,  The driver sus serjonsly

fured,  Either this must be regarded as an “net of God", or the (ndividual was insufficientls

I N

alees to 1 ad conditjons while driving (poor pract 5, and an HE

incident 18 << A quartz-ampoule, being used for the growth of faege arsenie crystals, rup-

ing arsenie and

tile beise beated in aacoven, producing o low-order explosion scatte

taeen

tarhy

cansing aosmall Tire, No peesonnel were in the laboratory at the time, but o jusitor o

raom reported the jpeident immediately. Probable tauses were determined to be due cither ta
unrelible tempeeature cor o the oven (no temperature -limiting controls, o design issue),

ar to futigue indueed in a quartz ~ampouls Jue to an interaction with arsenie or to repeated high

tewmperature Ipressure eyeling, In acdition, total exprerimental system design lncked proper

coturenent, and safe operating proceacres did ot eatl tor it

Lheident 10 - - A comeereinlly purehased eleetrolytie cell for pencrating byvdropen sd

v exploded. tmplovee peacedures fotlowed those recommended by the equipment maou-
p plon P A GUip

faetuper, wise desipn and procedores wer - deficient, This may indicate o deficioney in equip-

nent arceptunec procedures (o assurance issue) ot the luboratory involved. There was no injury.

isurized, burst amd was propelled

- N nitrogen surpge tank became overpre

vitsd due o

IH0 E0 inte: the air, Nodejury Lo personnel was sustuained,  The overpressurization

adequite regulater on the tank, no satety relief calve on tee tuk,

tesipn indequaci

Suste

b solesein Ltves o the svstem sliech isolated 1he tank from ans relicf valve protec

The Latter eonaition wus the svstem status when te incident ocenreed, A Teelinbility” waualvsis

had unt been prefarted, Design resicws would fiuve been desivable,

- - Three microraries of strontivm-90 were releused in o laborators doe 1o a

three mng

andetected for as fong

ire, Contamingtion may bave boee,

The basic issue s quulity control for radioactive source

tial sposie

feontniner s Darvieation,  In addition, procedures did aot eall for rostine monitoring,

L 22 - A personnel radiation dosimeter indicated a hige radiation exposure, but no

al or other evidevee could be obtained to substaniiate the high reading.  {nvestipation

I

physiologi

dutermined thot it was bighly probuble that the dosimeter had been exposed only as a resnlt of

rplav’, although inattention to wearing the dosimeter might have been the cause.  In any

issue is one of inaduquate use of sale practicies in a radiation facility.
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Incident 23 - - Several individuals were exposed to radiation from a small cobalt-60 source.
The source was part of a portable radiation device in which the collimator was attached to a

shiclded source tube by a hose. The source was yun from the tube to the collimator during use,
and back to the source tube before personne) were allowed near the device,  After operation,
the return of tiie source to the tube was incomplete due to a delect in the source retracting

wechanism, which constrained the source in the hose.  Personael assumed that the source had
returaed to the tube and entered the roum containing the: device.  No r aliation monitoring

5 used.  Arcideat analysis revealed \hat training, dosim try control, safe operating

cauipment
procedures and administrative controls were all “less than adequate.

Summarv and Cunclusions

Table [ summarizes our findings related to the 23 incidents inves igated in this study. Thesce

incidents are largely industrial safety oriented, but do intersect the areas of fire protection,

industrial hygiene and health physics as well. The primary concern, in all cases, was potential
injury to the employee and ta property. However, due to the nature of the incidents, these

concerns, and any enrrective actions, are equally applicable to public health and safety and
environmental protection.  In Table I, the designations of R or HF, in categories relating to
design, represent inadequacies in the traditional system safety sense discussed in Section 1.

s 1 and 2 und Tucident No. 11, relating to design "use,

The use of the Ot (Other) in Bxump
indicates a luck of change contral nr training. It atlempting to "translate” these designationa

inte meaningful categorivs in an opuratioral setting, generally they arc used to indicate

inadeyuacies i

"HY - considuration ot fuilure moldes and consequences,

HI7" - consideration of situalions which invelve predictable tuman

hehaviar that could lead to undesivable 13S&11 consequences,
"1 - provision of administrative suppert {in training, for ezample, or

control actions or policy) ar the operational situation itselfl.

We readily admit that the assignment of these designations i the "Proucedures and Practices'
cutegories is highly subjective, but in our best judgment, they can be so assigned meaningfully
and fully cover the generic nature of inadequacics.  Finally, the use of NC in the last eolumn

of Table | indicates that, in our best judgment, ne realistic control conld be exercised to preveat

the incident. Whetlher [neident Numbers 16 and 17 deserve this desiguation is debatuble (see

the previous scction),
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TABLE 1

Cate-gorization of Incident Causes {See text for explanation where entries occurs
ther~ was a concomitant lack of assurance)

Inadequacies
Incident| Design [ ImpTementation or Procedures of Procedures] .tatistical
Surber ““L‘L_"i_ﬁ—"_‘%% P
1 R, HF, Ot
2 R ot
3 HF, Ot
4 R HF HF, 0t
5 HF HF, Ot
6 at R, HF, 0t
7 R, HF HF, Ot
8 R, Ot ot
9 P R, Ot HF
10 R
11 R R, Ot
12 R, HF, Ot
13 R, HF R, Ot
14 R R, HF, Ot
1f R HF, Ot
i€ HF .. ... {?)..... NC
17 HF, Dt...... {?)e.... NC
18 R R R, Ot
19 R R
20 R
21 R 0t
27 HF, Ot
23 R R, Ot HF
£x-1 R, HF R, Ot R, HF. Ot HF, Ot
Ex-2 R, HF R, HF, 6t R HF, Ot

I all casey where inudequacivs a-e indicuted in Table §, one cas argue tha there was also
an inadeguacy in assuring proper design, its implementation, and so farth, Thus kad sach
assurance been present, we assert that the accurrence of cach of the [noidents exaniined, with

the possible exception of Numbers 16 and 17, would have heen much less likely.,

Carrvisg (vis a step further, Table I presents a “statistical” summary of the resolts

shown in Tuble 1. 067 to 1007 of the incicunts were “preventable’ in this assuranee contoxt.
Witheut 2 detailed discussion, we conclude that tre development of an analogue of systems
safety that addresses operat.onal issues would be desirable, Nearly 607 of the inadegquucies
were found in the “operational” categaries associated with procedures und practices. \ore

significamly perhaps of the 23 incidents that were judged to be clearly due to inadeguacies
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{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 addresged by attention

to systems safety (design) alone, These data suggest, for those willirg 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 none, This finding is, perhaps,

not unreasonable since agsurance that design is adequate and maintained Is an operatlonal

activity.
TABLIE 1T
Briel Analysis of Inciden, C‘auses
Inadequacies_In:
Desigr  Implementation or Procedures Use of Procedures Statistical
Maintenance of Desigh or Practices or Practices
Totals 15 (] 13 15-17 0-2
P ) v
21 ﬁ;aﬂ 0.2
Percentages 41% §5-59% 0-4%
Multiple Inadequacies - 72% 38

Finally, a aualification. Clearly, hindsight is a much hetter basis for analysis than foresight .
While we Rave attenipted to analyze these incidents in terms of inadequacies that we believe
woull by recognived hy QA, R, or HF specialists, in combination with persous skilled in the
i8&11 related disciplines, there is little in the way of proof that this (s so. With this caveat
we conclude from the resulls of Tables | and I that an ES&H assurance program designed to

assure the adeguacy of

& design,
& its implementution and maintenance.
e safe operatinrg pracedures and practices, and

o their use,

would appear to e a theoreticully desirable concept, and that planning for such an activity

should be undertaken, and the cost-effcetiveness of sueh plans stulied,

A further conclusion of considerable importance that may be drawn fron: this study relates
to the role of risk analysis in acrident prevention. Toble 1 suggests that "Reliability " is an
important facet of accideat prevention. As discussed in the text, the major nved relating to R
was, in all appropriate cases, as understarding of failure modes and generic effcets, Nowhere,
in our considered opinion, would prevention of the accidents studied here have necessitated
a quantitative risk unalysis in w' ich each potential consequence was understood In terms of its

probability of cecurrence. 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 benefis for accident prevention. This, to us, suggests
that efforts to joia In the increasingly popular activity of "risk analysis" should be undertaken

with care and discrimination.

In closing, it is perhaps well to peint out, for those familiar with other approaches to accident
investigation, that there is less difference between the ultimate categories of concern studied
here and those found in other approaches than might be apparent at first. Guneric analysis of
why procedures are not used, for example, leads one to consider familiar inadequacies in
administrative support, policy, metivation, communication, training, and so forth. Thus, a
program designed to achieve usc of adequate procedures must have these familiar eluments.
Philosophically, however, the foﬂs_cf an assurance approach based an system safety principles
is very different. ‘The emphasis is on a structured approach to independently assuring that the
reeded elements of an EES&H program are adequate and used. In this context, policy, training,

and so forth can be derived (us just suggested) as necessary and sufficient elements, whosc

evxistence and adequacy is to be indeperdently judged. In this way, many of the familiar elements

af "accidunt-prone’ theories (Reference 2) or management gversight and risk trees (Reference 3)

beenme elements of logically derivable "checklists” to be used in assurance reviews and audits.

Sinee the findings presented here were first obtained carlier this year, considerable pre-

has been made toward defining and testing the gencric elements needed in anassurance

gre
approach to KSAH program management, Descriptions of this work will he found in Refercnces 1,

4, Goand 7.

~
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