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FOREWORO

ERDA must assure that safety is built into its own programs and
prcducts as they are developed, and that its facilities are operated
safely. With the tremendous range of hazards associated with
the various energy technologies, and the inherent risk involved in
any research, development, and demonstration, fulfilling this
mandate will require a comprehensive, modern safety program.

One fundamental element in such a program is the thorough
investigation of accidents and incidents that do occur in order to
obtain the mautmum in corrective actions. This ir especially
important in ERDA since the frequency of serious occurrences
in our operations is relatively low.

In addition, the increasing public concern in the energy technologies
mtkes it imperative that ERDA accident investigations meet the
highest standards of performance. This includes not only the
actual anvestigation, but also the clear and logical presentation of
the facts, analysis, and conclusions in the written report.

This manual represents our attempt to apply the state-of-the-art
in investigative and analvtical methods to the ERDA investigation
process.

Since the investigation report represents a yardstick by which
the investigation is measured as to thoroughness, accuracy, and
objectivity, we encourage our investigators to "Tell it the way it
is. " This is the best way to prevent accidents, improve manage-
ment and staff functions, and increase safety in ERDA programs
and operations. (

) (% -f - - S 4"
,

Administrator
U.S. Energy Research and
Development Administration
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effort to improve the effectiveness of the 4. A thiard approach in investigations. T1us has many
: son process for wroous accidents * anJ the quahty strsngths, but creates more difficult problems am
subwquent investigatum reports was initiated m the manaprnent of the investaptsort.

,
l'87.t. lius ef fort irwtuJeJ the ptherms of the .

D esperwnces of investigatum thurd members.anJ 5. f actfmding technology, e g mitnesses. gAotography,
flectxm and Jewelopment of guides on the f ailure analyus. No guadehnes se fas tlinding
athe-art m investiptairi methods ar*J seshniques. te.hnology were avadabic p.eviously to iRDA
perial was omsohdated mio a manual and uwd as a acadent mvestigators.
rst foo trammg a saJ e of investiptors who m.sulJ
a futuer boards. The live thrusts of the manual and b. Report orpnuation and entmg. These present more

|rw are: varicJ problems than in other fielJs due to the
L HDYs Jecentrahrs4 eperstmg orpnuation.

iili:2 ghy and Osmcepts of Acadents and Acadent
vestigations One cunsequence of thest factors is to place greater
magement ut the invesiegatum emphaus on analyus. The minual is aimed as analpas and
.(ifmdans Technology mvestiptum of the most serunas events. cwn though these
palytie Techniques are f ew. A JasophncJ approach wsil te useful m less serious
w IIvestigatxm Repost caws and will prepare all concemeJ for mayor events.

mphases arew from the nature of our investigatum The lad of new Jewetopmenes m the fielJ of secedent
ss. Thew tre; investiption is evident by the following staterr.ent of the

National Safety Couned:
w wide eariety of occurrenns m out operatkins.
us requires emphasis on to cepts and analytws. "The acciant investigation process in industry in
[hcr than sheckhsts whwh can be uwd foe scatam general hasn's progresacJ ugnifwantly m the last
rafie types of acadents. Jecade or two. Our search for new mnovations ce

proecsses turncJ up a few stems that were appleable
it small number of serious accidents. A full time to traffic and motor vehkie acadent mve*tigathm but
restig: live staff, sunilar it. that uwd in the nothmg m the area of occupational safety and health."
}nspc:tation fields.cannot be justifwJ.

Thus, l'RDA Jevelopment m this area is likely to provide
strong emphasis on manapment responsibiLy. guidelmes useful to others in government anJ andustry.

's requires greater Jepth of analyus t!un has been
:J n thb or other fields anJ prewsts mnovstive and * scrws acewins in* Iow of sh. maae propeny damse.
erorganuational problems. ''"8"6''"'*"""3''''**''''"***"'"'-
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1. PHILOSOPHY OF INVESTIGATION.

A. PLMIPOSES.

The prunary purpo e of an acc. Jest mwitigatam as to pswnt sandar c:cere
ard thus unpose the safety of f RD A operata=s. The emphana 644 he se
dncuwnns all caunc<tle.1 retatsundepe frumi ehti practical es.rrestrw termedial
a.tsuns can be deriwJ. The mient es not to phe Name. for all pc;pic crv.tima so
determute how responubilities may be clantied and supported. and cenws ecJard.
Cadiateral purpnes of inwstepteun we to determane the future and essent sd the

A acs,
ewnt and its pogrammatw unpact; to aansas am she impovemens sd P
standards. and regulations, to sitesty the puldec's ~rasfit to know'*; and to enpri any

aryssery associated with the ocostrence.

,bblitsimal benefits (other than preventaunt andede impeusng . , m ..th
.

enanayment euncern, improvung yneral prh. and unproving ,..
and manryment abehtees.

The purposes do not induJe enforcement paceedings lubility desersmanassas.in
contrulled rewarch- all of wtwh requwe suppacunestar) us wparate unwisagasama.

EL CONCEPTS.

1. General

Quaistars ad an anwegatsun. An sawstegatum n task ceweerd. taka.
specific, and bounded;therefore.st as caeace tu des 6tibe. encainsse iAaE and
pinpnal tranning needs than as the twaad fickt of salesy en piecrat

Figure i shows the banse unesticaerer process. Inoependea6e and cacri.b.
lence are sought by a basic trsad ad cienpetences. by adhreeme so
nwthods, and by cntena powensag the appointments us penumeri and
the manayment of the anwstigataus.

Analytic schematic (Figure 2). As oacerww of the inwstperw pansac.
found usefut to boards.

d. Separation os lects, talerences, and psegments.11us has bere a steamme
poblem in mwstiptecas. Figure 3 provides a (knr diagram for wperaung
'hese into the proper sectum of the seport.

Scope of the ewnts to be investagstad mint te defuicd. The scope udte.
usually embrace the life cycle and z.anagerneet systems so camarai the
work,

f. Importance of inwstarting"near samen incidents:
*

(I) For findms: and subsequent coevective mesa.res.

(2) For practice-the Internaticmal Safety Academy reports chas. toe
each disableg infary, there are 9 A less senous nyures. 302 property

g.3
damage acctdents, and 600 othee occurrences.
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!. The eeddent 1" _ . _ Osera$t and Risk Tree (MOR 0. Part til.

Concepts affect the kinds of facts sought, observations and percepsons. The
following are important corcepts involving an accident:

Defined. [ERDA Manual Chapter 0502 (ERDAM 0502) and MOR1, p.a.

251

Maltifactorial, complel, & nWe pattern (but there must be pottern inb.
the investigation).

Emergy and berriers (MGikT, p. 25, chapter 2)c.

d. Error.(MORT. chapter 4)

e. Chanyt-any perturbation of a stable, homeostatic staae (MORT,
chapter 5)

f. Sequences. [ MORT, chapter 6; Accident Investigstian Massal tA!M),
section VI.B.]

g. Risk. (probability x severity = probable consequences). (MORT, chapters
7,21, and 42)

h. Auses.

(1) Remember that accidents are multifactorial. The word "cause"
suggests proof *1ryond a reasonable doubt" oc scentific,
experimental serificaten.

This degree of proof may be possible for a particular factor, e.g.,
laboratory tests of, os previously established scenufac data on,
characteristics of matenals. This degree of proof is sel&wn.if ever,
available for the entire causal sequence of a um.le accident.
1herefore, the unquahfied word "cause''should seldorn.if ever, be
used. Instead the falowmg words Jiould be used w+ ere appropriate:

(a) hobak Quars *1tkely," deduced, concluded (pdgmental)-
always plural.

(b) Gusal requence-the totality of s..nts and causal factors
necessary and sufficient to produce the occurrence (the
" musts").

(c) Gusalfactors-

(i) Direct or proumate factors-the primary events :n the
energy transfer sequence from irutistion to conclasson.

(ii) Contnbuting factors-the events or vulnerable conditmns
that created the direct factors.

(iii) Systemic factors-the system characteristics whm h allowed
the direct and contnbuting factors to be created or remain
uncorrected.

15
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(d) lbssiMc carases-the full list of events or factus that could be
involved in the occurrence. Ideally an investoption cumine 211

possible cames to confirm or nepte each.

(e) Osnges (perturbirrimsf-change tn a st:ble hemustatic system
is sometunes md to be "the came." Actually,it is just one
element on t,he sequence of causal f actors.

(See MORT. p.137, for typical namhers of causal factors in
' thorough investaptions.)

1 Prevention.

The following are important concepts found in MORT involving the prenntion

of accidents.

Safety systems (chapter i t).a.

b. Management (part VI.

c. liarard analysis (part Vf L

d. Supernsion (chapter 30).

Maintenance and inspecim>n (cf. apter 31).c.

f. Procedures (chapter 32).

g. Employee seicetion anJ training (chapter 33).

h. IWformance errors (clupter 44),

i. Motivation (chapter 34).

3 Monitoring systems (chapter 37).

L. Management ass ssment(chapter 42).

L Safety programs (part IX).

Need for measurement standards (Juran ControlCycle.p. IIS).m.

Remember,when an acceder.t occurs.it is usually the s) stem that failed!

4. Various approaches to acendent investigation.'

The following figures show vanous approaches to accident inwstiption. Figure
I shows the basic investiptive process. Figure 2 sows the investipting process
and source actions and inputs. Figure 3 shows the development ofinformation
and the process involved in the report Figure 4 shows the classac phases versus

14 * See Appendauls.*Emperiencesin Acculens towsrsation."

lO~
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the real terne management of the inquiry life cycle. Figure 5 shows a more
detailed inquiry process. Figure 6 shows a generalinvestigative process. Figures
7 and 8 show compansons between what happened and what shoald have
happened. Figure 9 shows the beneral forms and scope of cccurrence and
investigation.

C. DEFINITIONS.

For convenience, brief definitions are assembled below. They are grouped inlogical
(rather than alphabetical) order because they modtfy one another.

Sources include: Webster (W). ERDAM 0502 and its Appendix, MORT, AIM, and
Department of Transportation (DOT) literature.

1. Occurrence "Any deviation from the planned or expected behavior or courw
of esents in connection with any ERDA or ERDA contractor operations if the
deviation has safety, health, or environmental significance."(ERDAM 0502)

2. Acendem-For a definition fi.n:rionally related to .he task ofinvestigation,see
MORT, p. 25.

3. Incedent **.. .simdar to an accident but without ir.}ury or damage."[ MORT;
also see "high potentialincident"(abbreviated "llip0") on p. 2331

! 4. Event.
1

a. "SomethiP5 that happens; syn: eifect. occurrence."(W)

b. For use in accident analysis, see Benner's definipons(Appendix I).

5. Innstigation "A detailed systematic search to uncoser facts and determine the
truth of the fxtors (who, what, when, where, why, and how) of accidents."
(DOT)

Syn: Inqu.ry " .. .a systematie inses iption of a matter of public interest"
(W). the term preferred by the National Transportation Safety Board (NTSB).
lesser impheations of fautifindme, blame,or penalty.

6. Fact.

a. "Aeluality, actual existence;cvent, objective reality."(W)

b. 1 hat sfiich you perceise with your senses.

7. Evidence " ..something that tends to prove; ground for belief; in law,
something legally presented before a court which bears on or establishes ~
point in question." tW)

,

Kinds of endence: direct. circumstantial.real.

8. Proof,

a. Includes " conclusion beyond reasonable doubt;certain."(%) 17

.
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b. Scie.itifie or esper mental senficainm.

9. Analysis,

" ..an eummation of a comptes. its elements, and their relatums."tW)s.

b. The uw of methods and teshmques of arranpng f acts to:

(1) Assist in dreiJmg what additkinal facts are nceJed.

(2) Est abhJi consisteney. vahdit y. and logie.

(3) Estabinh necessary and sufGeient events for cauws.

(4) Guide and suppo:t mferenc :nd judgments.

10. Etypothesis ". . .a tentaine assumption made m order to draw out and test its
lopeal or empirical consequences; implies msulfkiency of prewntly attainable
evidence and, therefore, a tentative esplanation." tW)

11. Interpretation ". . . espianatson of meaning."iW)

12. Inference-Pasun', from factis) to a probable fact whose actuahty is beheved to

follow from the former.(W)

13, Evaluation ". . . euminatism and judgment."(W)
,

14. Judgment "A formal utterance of an authontative opnion the process of
formmg an opmion or evaluatam; a popoution statmg something behewed or
asserted."(W)

15. Probable ". .likely ...to be so; that can reasonably be behewed on the baus
of available evidence though not proved or eertaan."tW)

18. Finding,

s. "The results of an investigation."IW)

b. ". . .the sahent. factual, and analytical highhghts of the acodent."
(ERDAM 0502)

17. Conclusions.

a. ". . . reasoned judgments."(W)

b. ". . . judgments of needs "(ERDAM 0502)>

". . . reasonable, based on ihe weight of Ihe evidence." ( F RD AM 0502)e.

Anheble esuses-See " Probable" above and "Causes" on page I 5 and in
Appendiz C.

Judgments of neede-The kinds of managerial cuntrols and safety measures .

beheved necessary and sulncient to prevent or mmimve the probabihty or
, 14 wventy of a recurrence.

i
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18.
Cocommendetanne - Specific methods and corrective actions behewed feassbec.
logical and practwr and sutticient to fulfdl the tudgments of need.s. In
Fere'83. f3'h need es espreued m Iwo kinds of recommendations:

For Ining the speofic probleu.s msolnd m the occurrence.
a.

b.
I'or iaung sprenw problems revealed Juring the ensesregation.

19. Implementation $se correstive xiions "
.rneasures taken by tfw ERDA

onniractor that are necesury to present a second occurrence."(I RDAM 05023

An h.crar.-hy of statements and usdance ranpng friwn broad and eneral tolughlyFspraine: F

20.
Pohey- A general siatement of prudence, misdorn, and interest intended to
Fu Je prewns and f uture deouons. swued by the highest authonty a anorpJnt/atl.WI.

21. Codes, Standwds. sed Regulations (CSRI Authontatew.sprofw statements s4
utety measuro. Replainwn base Finernmental sources and the force of law.
Standards are u.ually essuntary. Codes enay be citber replatums or isAsstary.

22. Gwdalenes le,s speufk than CSR.

23. Practices - Operating .nethodi and rcquirenwnts:

Star.Jard Jefmed oc estabinhed in an twgantiation or suborsinaan.eg.,
a.

l.RDA Manual chgters.

b.
Actual those wheth an reality or truth are uwd.

Ikstatsorts In Jefferem;es besmeen ai:tual arid standard practh:es. may
c.

in61ude m.we in lens ufe or unufe peactaces, and may anciale practaces
sweesury and wepeed by those Joing the work.

24
Procedure A mntien. s <ptn step method ut perfewmmy a task pob uscr
anal)us t hal es a es pe .4 proceJune.| (MOM I. p .ll h

. y

25. " 7 -:-- "
. the odective hoJy of ikw sho dire : an enterpene."a We

Top the sheef esswerve ottker and the nest tact of reunagers.
a.

h.
Middle the pomp .4 managers betecen " top' and "suremison"; s>a-11gher uspervnaos,

*n ... ;. tbc first tact Jarectsng emplo)ees m Iask perion:unce.
c.

Seene W2RT terms freirerneh awd-

' 28. Job safety analgsse Ntet) and manapenwns seurw of sterby
impmata g at the niwk newt. -step pracJeece

27. Pripessy problem last (PPtl A Intmg of ufeis pri.t&ms.e p..assumeJ nks anJ
o wst gutentrals.ot pron.sful o ncern to management.

M5

.
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28. Amelaceation Steps taken to lumt adverw canwquences of an accident,
incluamg presentmg a second xoJent f rom the same energy slow er from
debris. tire and resue, medwal treatment, anJ rehabihtath n. IMORI. p.140)

29. Barriers-Meamtes to hmit. redige, or prevent an unwanted energy tiow frors
harming persons or obreets.

,,0. Haaard- The potenti.! in an univity los condithm or or6umstances) tot an
xadent. partwu!arly an unwanted transfer of enerFy. whkh can occur m
random vaeuthins of th>rmal operatioris or tront changes in piiyswal or liumari
tutors.

*
31 Hazard analysis - the fun. tions. steps. and i riteru for deutm and plan of work,

which identity hvar.'s.orosiJe mea ures to reduce the probab.hty and severity
potentuls. edentify ec val r;iks. and provide alternatne rnethods of further
cont rol.

32. Risk-The probabihty durmg a period of univity that a harard will result in an
uaJent mith definable eunwquences.

.wl- From an u'nanalyred. uncontrolled aetnity.a. e

h. ResaluJI- Atter analyus and some aetion to controlt PPL).

e. Cth ul.tred- Speofw. analysed, and where posuble quantified;
probabihties measuring rak in a project or astmty.

d. Gnmp-Rates and proscethens for a slass of exposure.

33. Uncertainties-Nonquantifiable increaws in accident probabihty resulting from
the lxL of named safety program teatures (e.g., human futurs review.hasard
analyus, trammgI;overughts and omisuons in a management system.

34 Erroe "Any ugn:lwant desistion from a previously estabhdwd. required or
espc6ted standard ut human performance. that result _ i unwanted or
undeusable time & lay, ditfaculty, problem. trouble. incident, malfunction or
failure.** i MO RT. p. 49

Rigby's " tolerance hmits" (MORT. p. 52) define enors. Classes include
managerul, planning. and operator. Syn: Mistakes (leu blameful); oversights,
speofie.

Iluman fadure is also discussed on ps:e 216.

35. Monitevine-Infor. nation systems (individually or collectively). which detect
deviations from pia and procedures, cin trigger corrections, and can*

deterrmne deviation tar snd trends.

38. Triggers-information (planned changes, monitoring ou t p u ts,
accidentshneidents) which can imtiate harard analysis and correctic,n.

37. Trigger event-The event that initiates interaction of launt errors and
conditions m a system to produce an accident / incident.

i
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38. Innovetson drffusen- A research-based techmque for gama is acceptance of a
denied change in behanor (MORT Appendis 11).

C. CTHER.

1. Cc.wnents on dmapfenery actions. Concem or a crtamty about posable
discipinury actions resultarig from investigat>>ns frequently clo.ad or nry
investigatrve etforts. The follomns obwevations <m disciphae.although not a
part of the subsect matter of investigation, but rather of management action,
should be consadered:

- "Fix the blarne and dnciphne the offender" is a common and histons
approach. particularly in the mahtary. it satisfied emotional needs but has
ret been shown to have p'eventive value. You get "another apple fruen
the same barrel!"

b. Most managements haw i!I. defined philosophes anJ practices os
disciphne. The renaltant variabdsty has undesrable side effects-
uncertamty and unfaaraess at the least.

c. Some disciptwaary rules may be contamed m collective bargainmg ,

I
agreensents,but thess are usually procedural rather thase subst ntive.

d. MORT say,: "% hen an accident occurs. it's the sitten. L1 failed!"

Deficiencies m the hasard review process, human factors review, supernuon.
inspection and muratormg. and msnagement ernpicmentatron. trwtudmg
collectmg and acting on failure histories, all tend to create error provocaine
situations.Disopime measuies 4 not change the .stuational factors m the error
rate and may be gramly unfair. The man, selected m part by chance varution se
error occurrence is hardly to blame. After sw'e acadent, a member of the
board of directors said.-We set a trap for her."

"If an organisation has a major trouble, duo's fire
the office ex9 "?

Some specific guidelmes may he defensible:

e. Mmor penalties, e g., suspensions, seem approprute, and perhaps effectrve.
for willful and flagrant dnobedience of enforced rules affecting grave
danger.

f. Major penaltses, e g., tem. :ano.i. haidly seem approprute or effectrve as
sequels to a single occurrence.

g. Repeated violations on accidents may indicate a devual personality. us
which case the four viable altematives are:

(1) Treat (counsel, get to treatment. provide supportne services).

(2) Transfer (tolow energy situations).

I.17
|
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(3) Tolerate.
|

| f4) Termmate.

Three alternatiws not deemed effeetive are:

(5) Train (unless lack of knowledge or sLdl are spccineally indicated).

(6) Talk (propspnda,ediostation).

(7) Threats,

la is adynable that management clarify its behefs and practices regarding
disophne prior to Jn accident in order to enhance the preventive purpose of
investigation and minimue uncertamties.

2. Comments on the investiget is motives and attitude.

The primary motive er impronng accident inwstigation is to increase the
presentiw values. Ta do this we increase the scope and depth of findings,
analyses, conclusic.s and recommendations. This means that we will be
eumming error t..no error provocative situations) for all relevant roles and
functions. We must take special steps ta show that our motive is to help
decrease error potentuts-not to just shift some of the guilt implicit in the
phrase " human error" from the beleaguered employ ee to supervisors, designers,
management or other groups. This requires:

a. Courteous, considerate treatment.not an inquisatbn.

b. Conecrn for peoples' feehngs and explanation that people fad,in major
part, because ofinadequate help and services.

Fina!!y, findings, analyses, conclusions, and recommendations must clearlyc.

show that failures at any level are system fadures,that are correctab;e by
better services and help,

d. The investigation should establish its humane purpses.

Remembee:
Fadure sheuld be our racirer, an>t our undertder.

Safety is positive. it is doing things the right way. It is interest in the welfare of
others, it is a contribution to good hving, to good government and respect for
law and order, to efGeient production, and to the welfare of every individual.
(From t*.e Naiional Safety Council)

See also " Sermon To ser "(Figure 10) for a cross-reference ofinvestigators'
attitudes,and Appendix B.
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p Thor:utrh (1,) Objectiva (1 & 3) Independent (1) Open-Minded (10 2) Observing Other

! Methodical (5) M thod-oriented (See MORT,and curious (3) Knows what tiumble (2)Jg Able to organize (3 & 5) Criteria for to know (5)
3 Selection) Imaginative (3) Strong-minded
g Meticulous (1) Reasoning (3) Knows how to (4)
g Searching (3) Analytic (5) Method Intu..ive (3) IM
o Driving Intelhoent FoeIers Cares for peopg

Hard work,.ng Logical (1) Independence 0*" D Knows how tg Considerate
Tenacious -INg~ Diplomaticq
Persistont Hm.orils cemteery gntjyagyg Tectful

Svhf "(fFarm gr,g Sympathetic9-

|. Industrious - Understanding
$_, p Patient Sound judgment

Good Listener Helpful
g Fairmanded Discreet
~ el JBcarefulin Judicious Directp,n,;,;y, ,,:b '" use of authority Reahstic

3 Changes Candid (4)
y 3|| Common Sense Anomalies<o Studious Situations Not fault-
[Z weis. prepared Truth seekm.g f md.ng (4)
{'y Developed: Honest (2) p ,c,pt;,, (4)
e. m specialty Able to write
$8 method Unbiased
*M management fJo Hobbies
k' Mu 'i-disciplined Sources: Sense of vetues
$. (1) ERDAM - Appendix 0502

C_omrt te (4) (2) NTSB (and Board guidelines) go

k (3) DOL guidelines Eases tension
y (4) Ad Hoc AEC committee (see Appendia El Not clowningu -_ _ ,

M (5) MORT
Ii i
p The Boy Scout Laws: Trustworthy Loyal Helpful Thrifty
R Courteous Kind Obedient Cheerful

gg. {.
Friendly Brave Clean Reve rent
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3. Costs of investesse ons.

The costs of good accident investigatons are substantial. For one major
accident, participants estimate Sl50D00 of direct cost. thscussion with a
cross sectwn of insesti;ators (as well as NTSB's estimates) indicates that 75 to
125 mandays of irnestigative time are not unusual for wrwus events.

A " ball park'* approximation of investigative costs for serious events will be
useful in gaugmg the ancunt of advance preparation hLely to be cost <ffective.
Figures of atus )pe can be ruessedlestirnated as follows:

threct costs-investigative time . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 8,000
Associated costs- personnel involved (contractof) . . . . . . . . . . . . 24,000

Review costa- field organizat ens and lleadquarters . . . . . . . . . . . I,000

Oscihead 533,000

Per Case $66,000

For approximately 20 occurrences per year, the aggregate costs may be on the
order of I 1/3 mdlun dollars. Such an amount is undoubtedly small in
comparison with the values to be obtained-the point here is to consider the
costs of improwd processes as compared with present investments. For
example:

Training of special invest qr,ators . . . . . . . . . . . . . . . . . . 51.750
(each)

Advance preparations by special mvestigators
and ot her s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.000

5 4,750
Overhead 4,750

Total in the $10,000 area

This guess / estimate may then be compared with:

a. Per case costs of 566,000,

b. Benefits (many angible) ofimproved process and efricwncy.

One of those inmtved in the case estimated to have cost $150,000 said that
costs might have I:en one-third lower if suitable investigative protocols had
been available

Failing to have good investigation protocols and preparation results in
inefficient use of board members' tirne. as wc!I as reports that are less than
ex,xtient. 'the costs of inadequate procedures and preparations in terrns of
conclusions not perceived and recommendations not made are incalculable. |

1
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11. MANAGEMENT OF THE INVESTIGATION.

A. INTRODUCTION.

Management of inmtigatam in ERDA is Leyed to the following characteristics of
operaison:

1. Accident / incident inctigations within ERD A fach'ies and ERDA contractoe
operations employ combinations of mutaalh supporting responsibiitties and
competencies placed on both a.RDA and cwitractor hne organizat;cns. In turn.
cach of these mvolves line management.safets staf f, ad hoc boards, and tramed
investgators. For the latter three. steps are takes to assure independence.

2. The wide vanety of operations and tedn% requires a high degree of
fletabihty in creatart and directing a congetent board cr other investigative
JCtnCy*

Jt. ERDA follows the pactice of appointing spresal ad hoc boards of.nvestigation.
In wruus events, these are ERDA appostetin leur ewnss or incidents.Ihey
msy be contractor ammted. Many inmascatawis stem from ancidents with no

injury and/or msigniscant property damase, if there is a high potential for
injury or damage. impvetant leuons to be leansed,or program or pubhc trnpact,
a full 4cale mmtip*- a frequently lauxbed ty LRDA or by a contractor.

4 Ikcause ERDA ano its contractors are reewnable for management of direct
operassons, investrgative agencies can and prgerly do go much further in
recommending management preventive actams than wou!J be appropriate in
regulatory investgations.

5. Becaue the typecal occurrence is wholly withms an ERDA site or Scility. the
investigation usually begms rapidly, has fu2 mitrol over the si.e.g.,aipment
and personnel, and enjoys the ready avadaNhty of techmcal specialists and
the semces of a wide variety of laboratories.iisceded.

1 GENERAL RELATIONSHIPS OF INVESTIGATWE ROLES.

ERDAM 0502 and Appendis place primary respnisibdity for accident / incident
notification and investgation on managers and deessas of field organizations.

The quahty and efficiency of inwstigations wiB depend largely on the advance
planning done before tre occurrence.

1. Field organiaation aduanes plans and W of plans are needed due to
:he: 21

. - . . , - - . . . _! ._, .
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a. Diverw respinubihties

(1) of both Ime and stat'f cienwnss.and

(2) in both Geld and contractor organuarmins.

b. Chaotie circumstances otten present alter an acodent.

Priority riced for the line organisation to carry .at ersicisoratric f ans:=>ris.c.

J. Posuble remotenessof the ute.

e. Need to secure the scene.

f. Need to initiate immediate collect =m of tranuent evidence.

Need to restore operatmg funesens where possible.g.

h. Need to investigate thoroughly. usmg tramed mvestigative perwnnel to
asust anJ aJsiw an moependent board some of wluie rnembers may not
have mvestigative esperwnee.

2. Given the need for speed in acquering earty informaten ased preserving
transient evidenes, the interan responsiteileties of investigators. Insth ERDA and

contractor. need definition try E RDA f asid organiastions:

Contractor safety stalf should initiate data collection.a.

b. ERDA safety or inveuigative stati should go to the scene and take over
data cullection per.Jmg arrival of a board.

Once thew procedures are estabhshed,it is posuble to set down brief clenents
of the sequential roles of various respunuble groups. An cumpic of this type
of a sequential relationship fo'.loelFigure li s.

C. IMPLEMENTATION OF ADVANCE Pt.ANS FOR INVESTfGATIOfg *

1 Issue instructions for the appropriate functions lested in item 5. below to field
organisation staff and contractor management. Consider the foetounne vehele
developing the instructsons;

Ratis for plans -mfor events. ell pmible modes. prwrity problem lists.a.
(See wetion IV.B. for hsts of places. Linds of occorsences, and
responsibihties.)

b. Preplanning with:

(1) communication center and enwrgency services-Gre.secunty. rescue,
ete.;

(2) specialties-trained investigators, and disciplines, e.g., occupational.
Sre. health phyucs, nuclear. ete.-all to be in a state of operational
readmess;

32
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(.tp pubhe ottiuls I cJeral, wate and Lical. instudmg medical lunam
with sorormer os nwdical cumines,

t4 neJwal.

(5) lept.

2. Prepare plans for boards of enrestigaten.

a. Criteru l'or scledam. !

b. IkiarJ guiJelines t E RD BI 05024.16).

3. Establede respons.tplety for mamtaming competence in investigaten, indudme
acquisstoon and appiscaten of methods, withese the organeration.

4. Establish stand ng orders for ccmmesiscossons, notefications, decsoson
medianisms me action en the event of an ossastronce.

5. Issue metructions to Inne enanagement. (Keep them simple-in an emergency,
it's h ed to remember long peravraphs!)

4. Require that ime orpnisation, security and nuintenarwe be briefed im
philosophy and ptsudure prer to the accident.

b. Amelmirathere tpresentmg an immed sie secemd acodent, tire, rescue,
emergetwy tnedical carel as the 6:s4 prunty,

c. Nol:Geat son requirement s.

d. Standard initial inwstigative steps:

(1) Sesure the area. This is esscntu! and has not alwap heen a standard
practice.

(2) Se.ure feom disturbana (Jo not add.do not take am2y).

(3) Secure from entry mto area of rendaal hasards.

(4) %ke haste, but slowly!

(5) Preserve endence.

(6) Collect trarment evidence- photos, prehminary statements by
wit neues, mark locatuns of injured, etc. What happened?
Anomahes?

17) llave an awstane initiate these phases when possible, even during
ameleraimm.

(N) Wie primsuns for securvig area, and taking photographs and
wit ness statements in remote areas attere there is no supervisen.

e. Cooperation wi6 independent board oc investigator.

!

I

I b

J d d' u M h LK ! L



.

(1) Inte ial agency ufety department or board.

(2) LRDA-detine authoney of ERDA investigative agency.

(3) Provide wnmar stati liaixin to mvestigation to handle requests for
documents. witneues, tests, etc.

(4) Prende support wrsices space, clencal, phone, transportatam,
personal protectne gear, etc.

f. Prepare plans for correctrue actions.

D. ACTI/ATION OF THE PLAN

1. Decade (from available infonnation):

a. Type of occurrence,

b. Level of e(fort. when in doubt, scale up!

Be cautious in quwk diagnosis of cause. In a previous occurrem;e, a
lleadgaarters program dmuun call prompted actaun which cauwd a second
event. Reiterate instruct >cris to secure scene, collect trannent evidence, etc.

2. Make the necesary notificamens.

3. Appomt a teerd (prongsfyl.

a. Make selection per cnecru.

b. Give oral mesuge,if speed is warranted.

c. Give letters, with guidelines and scope attuhed.

(l) include the names, titles,and organizations.

(2) include the scope of the occurrence (see item 7 below for dawussson
of ahe scope).

(3) Send a cory to contractor management with board guidelmes.

(4) State thiard authority if it needs espheit defini:'on. Nso. when it is
necesury, the mvestigator's intenm authority should be detined.

4. Brief the hoard, including scope of invest gation (see below).i

5. Check on progress as investigsten proceeds.

a. Is the tmurd mell organteed?

b. Are tasks being done? I

:
e. Is support from ERD A .r=1 contractor adequate? 25

.
I
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J. is an esecutiw ic.retor, reeJcJ'

Arc any adJed sesausses twedcJ' IG= J marugenwns supp.it lus tvene.
Jeomte su site sesetsj

L Do nos aptement tuno semultanmoirs heards (one for oorwerence asief eene for sie
proNom in genceall.

7. Def.no scope.

The appomsms ulti.ul of <ne tmurJ n respeoble f.w Jelining etw e.pc os the
investigatam. in luJar.g lin .tatams.if any.

The tirst concern is to briuJen Ifw scope to the ble n.le os the 4.tmtya.

(as relesant). and to etw management systems wha 61. JesulJ have
omstolicJ the activity. licsercJ icope ensludes the "upwrease poccues"
whis'h produ6ed the mnk ingsedents Jeugn. plan, wresvumm.
mamtenance, snipection, teammg. pr.e,Jures, etc. and the managerul
control sy stems, especully namitormg los prompt meres t am of
devut ams.

The boundir.g of the event may prewns dit6 cult quemmet hw cumple.
(1) a tritium release from one plant had a pr>>r wiaiscise i.e' evesits
estenJmg back to a misale at armether laboratory; and 128 a f atahty m
firefightmg had a prior sequence estending to rumobwevarsy og salcty
recomnwnJatcons, whish mituted ihe fire,

in suth caws,is the txurd espected to inquire mio the camal f actors of
the prior event?

b. The wnmJ concern is to hmit the wope to a manageable, aJ hoe imurd
aet. wiry. T1us suggests that a tuard be enosuraged to rcominuend f uellwr
studies when its 6ndmits warrant. This oeulJ produce appropriate.
subwquent attentson to Ihree kmds ot' problems:

(1) tengthy early sequences at other locarnons or plates.

(2) Psublems requiring rewarch.

(3) General studies of broad pri. grams (e g., managemens syssems,
supervision, labor relations, trainerig, maintenarwe assi erispectiins,or
design resources) or broad problems (e4., pubhc informatman, morale
or discipline)

One investigation was too lengthy because Ihe scope was too benad.

Some boards have taken control of operations inadvertently by making
recommendations or by directing data cullecWn methods which required
new organization.

c. The third concem is resources. What scale of effort (time and sooney) is
premamed necessary? The safety analysis report (SAR) foe a reactoe is
essentially unbounded. A nuclear occurrence investiption would be

|
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acihnendeJ. A conventional task analyst, e.g., for changing out a purnp.as
not unhuunded, lhe boarJ thouki h.vr general guidance on the resources
sad depth of esfort Jcured. The posubly ambagaous term,
" thoroughness" wJiin f act be determaned by resources.

An cumple ut a letier ..I appnnenent who h armludes a parassaph on theJ.
s..pe .e it.e insestigasm.n I 4.ms ti syuti 121

DARDS CF INVESTIGATION.

Why guidelanes see needed

Mary N ard nwmbers are mesperien ed m a si&nt insestigatueri. The
o.mplete i HDA nunual shaples and appendis soseems mu(h more than

J.

she t=urJisespmubihtses ase datticult nos a boarJ memher o use.

%larugenwns has a responubahty to have un fund and scaJy ao distnbute.h.
guidelmes for hiurd shmenun and members. The guidelmes should be
sunm.t, steas. coherent. functamal. and sompecienuw for major steps

Islip the detadt.

2. Plans and erstena for boards and coneuttanes.

Manual criteru luse been msretcJ m the gumielmes for boaid members.a.

h. Values m boarJs (MORT. p.1%).

Assemhic necessary competencies and skJfs, tn.;luding managenal,(l)
sesentific, technical,profesuonal.investinative and spectahtws.

Tenrer mJependence and Jwruly of www, and esperrnee (a dif. i(2)
fkult objectne; see M05tT. chapact 28. and numerous Acrget |

Nuclear Co.cshibits referenced therem). \

(3) Improse juJpnental processes and technolog; cal solutions.cewnter.
act bus, and avoid ::aps that md.oduals might mass.

(4) Safety promotion effects on members and their peers.

c. WeJlnesses.

Ili Lack of esperwnee in investigaten and analysis.

(2) \ lay be eumbersome and sh>wer.

O) May not be truly independere (see MORT, p. 386, for a case of
"mcest").

(4) Interpersonal factors may complicate the work.

|
Other criteria largely drawn from pnor investigations. |J.

(1) Managerial level of chairman and members should be considered.
Appomring top level people retlects the neganintion's concern and
gets f aster acnon Juring the investigation i.J the implementation of
corrective actions. In addstion, they wJl generally manage the
investiption bettes, and they are not easdy awed or fooled Junng
the investigation.

!
~
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Chairman of the ummsattee
Jcb Title

!?.TiSTICATleN OF mi ttlM E AT D:E XY? ' W RATitY

You are hereby appo'eted as .stiman et a cweit tee t** invest igat e

QZ i.aboratory. she f ell wing additionalan occurr ace at t6e
personnel are ar' onnted as swmbers el the unmittee:

Implose. A. Job Title Esplever.

f.mplesee b. Job Title, i mploy e r
Faipsevee C. Job Title , rrelayer

in adJation, the tellcwing personnel are dentstnated as consultants

to the c essittee to w utilized as required and requested by the
chairman:

r-elm ee !). Jeb 'si'le, F wloyer
Emplovee E, Job Title, implever

The invc stigation amt reporting are to be cceducted in ace;ordance
with FPDAM 0502 inset as circumstances associated with this sub.
ject permit. The red t should, of course, f ully cover and explain
the technical elemrets of the causal sequencess) of the occurrence.
The report abould also describe the menescoret systems which should
have, er could have, prevented the occur rence, e.g., the safety or
hazard review system, the quality assurance progree for safety (in-
cluding the monitoring of actual operations). Appropriate recommen-
datices for improveerst of the management systems will be required.

cc: Appointees

Signature
Appointing Of ficial

|

|

|

Figure 12. LETTER OF APPOINTMENT
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(28 Permeal qualiters deured instude open and logwal nund,
thoroughness, and abdsay to maantam pc'snistrN :nJ indepenhe.
Persmal quahters to be avuaJc( ar- ' s is all" attitude. "pnma
donnas." peconceiwJ biases preus tion esth ruitmal week,and
refustanse to be away trom lumie os regular =~wk<

13) Members mho are remote from ute delay progren anJ review.
Iisden(c anJ tcumveny pr' after. Mernhess ma) short <ut
mve9 gatom to return 1.-

(41 Vested interests haw bias.

(5) when p>w. hie, the aviaine approach tone member fus e. -h aspes1
sush as encery, stru.ture, hun.an f attors, operatains, omend
sptems) would he valuabic,

t ril The shairman shoulJ have a high icwl of managerial skil as we5 asl

hning a technical hacLground. t.speriena mdicates that a strong
c hairman is rv led.

s?) lane permerv . needed fos recowry shoulJ not be esarned to
mwuigatsun. . Das ownrnent is based un past cases. it woulJ now be
prohibited as not independent.)

(M) AvoiJ usag people Just because they are available.

(4) l- scluuvely "outude" inwstigators may imply local LRDA staffs are
incompetent.

(10)Ispal advisors are usually effective in fact collection and analys s.
questionirs witnesses and repora wntmg.

An esample: Sana hmited numbers of people are asadable a gr.nsa scorugc.

sptem may suggru wiw comptonvws. A pomble s)StJm o..nd produce
sush an anasysas c follows;

Mgr. Investi. Expertise
Relation Eap. gatsun Dtseiphne Subject Analytac

Chairman Dist.nt ++ ++
Member Ous + + H
Member Safe y H + + ++
Member Distant ++ ++ ++
Member Distant + + + ++

In this example, the requirement that the chairman is an ERDA employee
as satisfied. Organisationa!!y. the chairman is located at a remote or
distant facihty. lie fulfills the added dictum of managerial skall and is
from the disciplme concerned.

The other members represent an amalgam of attnbutes which should.in
'

themelves. contnbute to a well-roaided board foundation. The safety
representative may be the trained i awstigator.

Managerial skill and investigative expenence are the sie breakers.

f. Disciphnes and subject matter-since ERDA imposes rua hrmts on
appointed consultants and technical advisors, a lengthy hst can be 29

I
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cunudercJ for awryJes ewnts whish approach a wide sarway of testmwal
luundancs. lor esampde;

,

l

Ssiences and i npneenns Cross 41anifkJ by |

thwephnes SubptMatter l

Ph> ues Bubble chambers
Chemistry Reutiws
Metallurgy Test and quahtkatum
Chemwal engmcerer.g Accelerators
Nudcar engmeerirge Critwal fxtheses
Mechanical engmcering Structures
llectneal engmeering Control s) stem
System engineerav Transportatam
Operatums researd Chemwal ptwesarg
Rehabihty and qualmy Esplosves

Juurance lR104) Cranc operation
Medwat lleavy construstun
lluman factors Radution
llealth phyuctsts Chemicallaboratones
Mire engineering Coal hquefxtam
Geophys ists Estr . non technalogy

Redamathm teshnohigy
Geothermal and solar devsloyient
Ucctric power tranumssion

and distribusson

Obervations from a prus investigation include:

(I) Persons with sabstantial training in dawiphnes and speculte-s
involved shoukt be on the beard.

(2) Speciahsts with current work expenence m the problem at hand
should be consultants or members of the board.

(3) Fo* an accident /mcident with .pgh public interest, + lect a board
member with espenence in deahng with the pres is_,one who as
able o elfect am honesa evaluat an of press 3r pubhc concern.

(4) Any accident'emadent involving radiation or comples pocesses
engenders penonal traur.ia and fear. The involvement of a medical
doctor or other approprute spectahst wlms can evaluate traumatic
effecis is benei. sal.

(5) For radiation oc other problems. there is a tremendous wealth of
capertise witime ERDA. Ce not hesatate to u:e it.

3. Gu;delines for treine1 samoungstore and members of board of investigation.
Gaddelines should be aradstdo f oc inneediate destritustson to board naambers.

a. ERDAM 05n2 promsves sa bnef.

2 10 (1) Objectives.

L L2



(a) "To investigate and evaluate occurrences to determme thest
causes and the approprute measures to prevent recurrences and
improve the safety of LRDA and ERDA contractor
operations."

(b) "To obtain early, cumplete, and factual inform: tion on
occurrences as a basas for (1) reports to the Adnunastrator,
Congress, and other federal agencies; and (2) where appropriate,
informing the public."

(c) *To anure the gathering of adequate information on efuch to
base management acteun."

(d) "To provide a basis for the improvement of cades, guides, and
standards used in ERDA and LRDA contractor operathwis."

(2) Responsabdities.

(al threctors nd rsanagersof TwlJ organuatians.

(i) Direct mvestigatons.

(ii) "Anure that, escept for necessary emergency actmes. the
scene of any occurrence requinng ur pouably requmng a
llcadquarters or field organizatun board mvestigaton is
not daturbed untd the mvestaptwn lxurd concurs that
recovery or normal operathiris may be resumed."

(ui) "Arpome fwlJ organuathm mvestigatoim boards and
estahinh the scope of Ifru mvestigathms includmg
hmitations,if any "

(ivl "Auure that lleadquarters and fielJ investiption boards
reccave the neassary logntic and administrative support."

(v) Revicw incid investigation reports.

(vil Auure fiut corrective actions are natisfactordy compieted.

(b) Hoards ofinvestiptson.

(i) " Report directly to the LRDA appointing official during
the innstigation."

(ii) ** Understand the scope of the mvestigation includmg the
limitations, if any, prior to inituting the investeptun. If ,

'

r.ecessary. the board should discuss the scope of the
investigathm witti the appomti..g of(seial or his desagnee."

j
t

(iii) " Conduct an investiption and prepare an investiptism
report which s/isfies the requirements in ihis chapter."

|

(iv) " Transmit the report with a coser menwrandum whkh
indudes the tward's accommendations to the appomtmg
official within his specified period of time." 23I

;
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t .1) Guidehnes for insestigation.

la) "Appomting the Ivard . . . . "

(i) "A twrd of mvestigation shall consist of three to Gwe
membess.one of whom is Jppointed as clutrnun."

(ii) "All niembers of Type A investeption luards shall be
i RI)A employe s. T>pe B imessigation tuards nuy
mn,ist of LRDA and/or LRDA contractor employees, at
the dawictkm of the GelJ orpnin non head."

(iii) "ERDA employees appomted to a Type A investigation
board, and ERDA and ERDA contractor employees
appointed to a Type B investigation board sha!! work for
anJ report to the Geld urpnization head during the
invesuption.

(ivl "At least one of the members of a board shall be a trained
acoJeni investigator."

(,) "A!! compe enoes should be considered in appot.:'mg each
board. includmg managenal, soentific, profesammal and
investiganve."

(vi) "The use of necessary consultants or adviwes who are
esperts in certam areas or who are famihar with the
cperations or management of the program mvolved m the
occurrence as encouraged. These persons may be
cunirxtor personnel."

(vii)"A superior and his sulmrdmate shall not serve on the
ame tuard." ;

|

(viii)"l:mployees directly related to the operathm os activity I

involved m the occurrence shall not serve on a board."

b. What approach is used? Accident investigation is spoken of as both a 1

'

wience and an art. Certamly it contains cienwnts of both. A controlled
method / system is essentsal,and a clear understanding of the tahniques o
be used allows tvestigators to develop a " feel" for what needs :o be done
and how far to pursue em:h course of actm>n. The main puusts to be
remembered are that you must:

(1) Ikci<!c what organization, procedures, and analytic techniques will
be uwd as soon as iussable and tollow your plan unlec you see a
deGnite nxd for rearrangement.

(2) llave specine tasks assagned to indmduals, and ensure that each task
is accomphdied.

(3) Esplore every possible cause of the accident until it la proved to be
an actual cauw or ruled out.

(4) Recognize both the extent and limitations of your own knowledge
2 12 about technical subjects, and call on spectahsts if necessary.

J J
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(5) Mainian courage if the cause is not apparent, and avoid jumping to
what appears to be an obvious conclusaon.

(6) Record all evidence accurate;y; corroborate, when possible, and
evaluate all statements and te'.timony,

c. Ilow is an investigation conducted?

(1) Initial actions. Getting started properly is very important:etherwise,
evidence can be lost whde the board is trying to organiae itself.
Following these sequential steps should assist in beginning an orderly
investigation:

(a) Assemble the board for field organuation brienng on synopus
of the occurrence and scope of imestigation.

(b) When possible, assign tasks to board members then or wlule
enroute to the accidene scene. (If board members travel by
different means or from different untions, do this as soon as

possible after arrival.)

(c) Get a short briefing from the indvidual who has been
controlling the accident scene pner ti your ariival. Cet local
organization charts.

(d) Estabiish formal haison with management.

(e) Go to the accident scene.

(f) Pe form a general survey of the accident scene to get a " feel"
for the accident.

(g) Prevent unnecessary .andling or moving of evidence. Review
security provisions.

(h) If personnel are readdy available, find out what each witness
might be able to contribute. Alert him to a possible followup
bierview.

(i) Photograph evidence and the scene.

(j) When needed. give the board a brieting on investigation
methods.

(k) Establish command post and arrange for other needed
e. m urces.

(1) I'inalke board organization and plan.

(m) Assign additional initial tasks or revise previous instructions
based on the bricGngs you have received.

(2) Continuing tasks. 2 13
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(4) Collect anJ preserve endence.

tb) Intenww witnesws.

(c) Prepare Jugrams.

(d) Secure as-built drawings; copics of procedures, manuals and
mwractains: mamienance records; inspection and monitoring
remeds: alteration or clunge records design data, materul
recordg anJ personal histories.

(e) ConJuet reenactment,where necessary or useful.

(f) Arrange for laboratory tests.where necessary or useful.

(3) The board should meet at least once dady to exchange information
and cuordmate results.

(4) An analpas of the accident goes forward simultaneously, both in the
mint:s of board members and in analyttes prepared by the trained
investigator ce consultants. The analyties help determine what
additional information to seek and later help determine causes and
informaison to seek and later help i'etermine causes and
reiommendatains.

(5) Prepare an outline, and start wnsing a soon as feasible.

d. The chairman's responubdities.

(I) Direct and raanage ihe imestigation.

(2) Assign tasks to members establish deadlines.

(3) Use the abil; ties of a trained investigator to outline and expedite
the work.

(4) Establish a summand post." Do not use your ofnce or even your
buddmg. If feauble, separate investigation of fice from regular work.

|
'

(5) Assure that scene is safe and that investigation does not compound
the event or interfere with emergency operations. |

(6) Assure that the scene is secured until all endence has been recorded
or collected.

(7) Release the sane to management for rehabilitation and operation
when posuble.

(8) llandle reques:: for infornution, witnesses, technical specialists,
laboratory tests or administrative support with a luison member of
management.

(9) llandle all communications with the ERDA field organization and
pubhc o.Tesals. Remember, the Geld organization is responsible for

2 14 public news releases.
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(10) Keep the appointing ofGeial informed.

(11) Assure that the investigation does not function in ways which reheve
line management of operational res,onubdity.

(12) Call and preside over meetings.

(13) Assure that all potential causal factors are studied.

(14)When the board has determined its findings, conclusions, and
recommendations, supervise preparation of the report.

.

(15) Do not relaase the board until the report has been completed.

(16) Unless otherwise instructed in the appointrnent, before leadng the
site, brief contractor management on the facts determined (not
conclusions and resummendations). Receive additional factual
evidence. if offered by management, but revise tiie factual section of
Ihe report only as the evidence warrants.

membee-Board work has priority owr all otixr work. Ilumihty, integrity and
n-mindedness are the marks of a good innstigator.

THE TRAINED INVESTIGATOR.

During an investigation, the trained investigator may be the chairman or a member
of the board. Ilowever, the specific duties of a trained investigator wdl be defined
in the background preparation and situation requirements.

1 Stanuals and guidelines (includmg ERDA Stanual chaptersh

2. Training.

3. Investigattve aids and equipment.*

4. Frequent practice on IllPO's.

5 Role in amelioration (specine o site).

c. Role in interim prior to board appointment.

7. Role with external agencies (pohee, coroner. Department of Labor, NTSD, and
I:nvironmental Protection Agency).

. M. Operational readmess checks. EmerFency procedures (ERDA and contractori
should be rechecked. At Ihis time,since ERDA dors not have enough incidents
to develop proficiency, simulations seem to be the answer. These should
include cases for associated sp -ishsts-nuclear, radiation.hanrdous materials,
occzpational, Grc and waste management-because each o.* these has specialized
investigative needs and plans.

The natrre of some of it.ese topics. e.g., aids and equipment, wdl be cosered later;
but, defilitSn of roles seems to be a major need for each Geld organization
situatbn. Appendix B prosides many useful examples of problems aid solutions.
For a checkhst ofinvestigative tasas see Appendix D.

p isivestiltalor sent from one fictd ofrece to another is entitled to espest tthat the localinvestit:ator
,-provide nervwes 2 15
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G. THE ROLE OF SPECtALISTS.

1. The role of lawyers en investigations.

The appointment of a legal advisor to an amestrgatio.i tswJ m as a manual
stuptes regarement. Ilomever, such af5mmament stw=ad se carefully
cims.dreJ is nem of the nature of the tmurfs ride.

%hether a lanyes is a nemter of the tmurJ == an aJsise as a. lus prunary
massen is to assnt m the &tination, awestasunent, and amam of the fxts,
the internes of mitnesses, and the osganuatani and preparac am cf the bawd
report. "

2. The sole of smasencases in investigations.

The imestepsme teard should obtain a ph 36un's asustame edien reede:al3

and hunum ta. tors may luse played a causal esde in the asm Assestigators
shou!J aho mo:L with medwal of ficers to deschip **an e plans for
investigitava appropriate for Lieal condalkms.

a. Watal and human fxtors shou!J he esadaated t*y a ameecd anvestigator
as part 4 any acci&nt investigation. for a number ot seasuma

(1) To auure alie completeness of the sniesaipts.m..

% xa&nt/mo&nt mvestigas wn n o rnplete, ayac desated study
of t.shnokigie, engincenn; and marucer.nent macias ardess human
AM medWJI IJClors are aho esaluated.

llamn failure omiinues to rank high m Av*rc caissal factors.
%*y times et is not detected se the ugmtiane 4 ses role in
aednt cauulum and presentwa es smw fully aryreassed due to a
superticul medWal/ human fxtos evaluatum.

(2) To rule out human failure in acenlent cauutmisi.

llaaun failure may be a primary cause or a cor.treuang cause of an
unjent or inadent. It nuy te faand in nu.i> t,ce rm and an many
mrems. Too frequently the medica and human txtw esaluation is
! rated to kmking for obuous operator esum or operator
n apacitation. Attenii(m simiuki also be p=e a o posable
acinbutmg human failure factors in safety ramr.mersnest systems.
peocedures and practices, and in the area of equacuenent deugn.
S;wul attentiim should be gnen to the &vece of cont rol.
nmtonng and warning systems m terna en manamzing the
pasbihty of operator error m readens and mterrurengt sustruments
an! ugnals, and in control mpus responses. ec marnmg and
n eitonng signals designed muh hrgh attesuus stimulation
u n a mbiguous and fail-safe fea'ures? Are cascnd systems
compheated? Are critical suntrols distmetruesN acugned and
f.axtsusully focated? Do numitotM procedures f.sma luredom and
falague?

** See Appendas E. f.w the report prepared by an ad hoc cinsummener of Att h W repoes

3 36 aintains guidetenesce unwrirgsstase reposts and the constatistno of s**esensatue hamera.
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T's human failure spectrum that shoulJ be evsered m a etwrough.

investigation is outhned m iable I of Appendas F.

(3) To establish cause ar4 tamr of death.

11us information as always important to an anurale reconstruction
of the sequence of the accident events. In some acculents. it has
altered the direction of the investigation and the determmation of
the causal factors.

(4) To establah mechansms of injury.

This information is also necessary for auurate reconstruction of the
sequence of acodent events and for the determmatun of causal
factors. It is also essential for the evaluation of the adequacy and
effectiveness of safety and health pro:ection procedures and
equipment.

(5) To identify victims.

In addition to the humane and legal conw& rations, the locatm ri and
i&ntification of wwtims' remams are very cuential for the accurate
reconstruction of events and the determmation of causal factors. In
accidents involving sesere destruction of remams, the twdical
investigator plays a major role in identiticatum. lie can deternune the
need and arrange for special bemliemical and forenue pathology
studws.

(6) To help m reconstruction of ahe accident scene and events and m the
determmation of causal fxtors.

From the foregoing. it is eudent that establishnwnt of the time and
cauw of death. location and identificatun of nietims and the
mechanisms of injury will be of substantial help to the insestigation
team in its ef forts to deternune the causal factors.

In the evaluation of human fxtors, the medicalinvestigator should
play a major role. A erue and complete human factors evaiuatson
must look at all aspects of the man /mxhme interface. and this
requi.es a team appoach. The team should melude capabihty m the
area of operations and mamtenance. cngmeeting and deugn. and
occupational medicine.

(7) To help evaluate adequacy and use of safety and health protecten
procedures and equipment, and emergerwy escape proecdures and
equipment.

It is important to establish the relationslup between the injured
tissue. the structures. protective dences and emergency escape
procedures. The physician can accurately aness the nature and
degree of injury and assist in determimcg the source .md nature of
the forces that intheted the injury. lle :an also determine whether
injuries are premortem or postmortem.11pon esaminatun of the
structure, the physician may be able to identify obscure or anall
amounts of tissue or clothing and to correlate these findings with 2 37
the injuries.



(K) To apply speenal biomedseal techniques, as needed.

llere the medwal investigator will determine what spetut tunedical
studies, it any, are needed. In order to make propes pJgments.he
shou!J be well informed on the progress and cwric of abe awras
amestiptive ef fort to date. Partupatson in periodie meestigasson
board progress brelings is an cuellent nwthod of Leepag the
medicalinvest' gator mformed. Esamples of spesul studies than snagha
be needed include blood and lessue touculogical stednes for specisac-

rouns, alcohol and drug &tcrminations, and the uw us a sumanitans
forensic pathologni to perform or assat the local suruner en
performmg an autopsy where the came of death as otnoste. IWtaded
mstructions regardmg touculog eat studies and autopars inny be
found m Appendis I;.

(9) To help evaluate adequacy and use of emergency plans peoecamers,
and equipment.

(10) To estabhsh physseal/ mental fitness for subjects * assgned pbs as
Iime of even1.

(II) To help evalua;e adequacy of plans procedures.cquipenent.trasacis
and response of rescue, fine aid, emergency medasal care, and
followup medical cste elements.

(12) To evaluate adequxy of wo Lers' medgal/phyncal saandards anJ the
screenmg.selectairs,and preplacement process.

(13) To Irlp determme if accident was survivable.

(14) To help determine if appheadon of other plans predures, os
equipment could have rendered Ihe accident surnvable.

(15)To twlp evaluate impact on other employees, plant and inte
environments, the general environment, and the general putine as
large.

b. Guidriines for physicians.

Physicians have major rules in ERDA programs for occ:rpatsomat snedsine,
radiation protecten, industrial hygiene, and emergency peepnedocus.
Ilowever, the extensive network of ERDA/ contractor phyncuns has twen
underutdised in accident investigations, particularly in comperms with
the roles of physicians in matior: accidents and National Ibskway TrafTic
Listy Admmistration studiesof traffic accidents.

These guidehnes are in'. ended to assist investipton and physcaans in
planning for participation in accident investigations.

(1) Physicians can assist in investigations in at ! cast three roles

(a) As board members, when medical and human facton appeae to
918 be primary causal factors.

,

t , .
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ib) As consultants when medscal and human factors are importare,
but technolup:al, enginecrms ce managernent systems a e
pnmary. (Thas rule would avoid requinns physacnans to spend
Iime on nonmedscal aspects.)

(c) As advisors when n edical and human factors do not secrr.
important. It as drs table in all cases for the mvestagat = to
review findanp wi+Ji the roedical advisor to detect medical or
hrman factors .paestsons. tThis role should probably be
estibinhed in the standard practaces of the field orpni ations
and contrxtors)

The board chaar. nan or specialimesasgator should consult with the
medical offwer anJ make case-by.cae decnavns as to the physician
rde most suitable to the particular acudent invest gatemt.

|2) Primary emphasas as ce assessment of med :al and human factors,
including:

(a) Sources of error.

(b) I.ffects of touc a other substanees.

(e) I:ftects of akohd or drup (includmg effects of medicines,
prescribed er proprietary).

t il 1.ffects.# disease processes.

tel liffects of p%sacal or mental stresses (includang changes in
famdy or sanal stuations).

(f) th!uation of participants in the accident (supervisor. Ley |
operators.cc mitmesses).

(i) Physical, mental, and enwtional status pnot to and at tirne
of acident.

(u) Physical, mental, and emotional status of witnesses
(validity L

(iii) Possable nacidal or homicidal factors.

(3) 1 valuate injurws ie relation to injury producing mechanisms.

(i) Trace erwroes from source to injury.e.g., fWensis aspects,
foreign object in wounds. or nature of wounds may
indicate energy transter mechanians.

(ii) AJequacy of delethaliation design features of equipment
and fxdities. g

i
(iii) brriers (all types), including adequacy and use of safety

[
equipment. ;

,

th) % hen it is drenaJ necessary to obtain tissue or body fluid 2 l*3
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speemwns for swaa! bionwdacal toueulopeal studes, the
participalmg phyuesan should use standard release forms * and
comply wsth local laws and regulations. The most important
clement m this en&avor is the early estabbshmeat of spod
rappius with the local coroner or nwdacal cuminer. l'teplannmg
swis to the local corones/nwdacalcuminer by the local ERDA
os i RDA contractor physsenan is of great value.

(3) Advance planning is os paramtunt importance to elTectrve
investsption, lians should melude arranyments and &cmons with
regard to:

(a) Medical history.

(s) Avadabdaty (m general,only with release form).

(ii) Fraluation of medcal finangs m terms of behavioral
implications, including gross fadures such as
unconsciousneer i.e., any causal relationship to the
acci&nt sw sutnequent emergency remmse(may bejust a
nepuve repint).

Ib) Personal history (eullected prunardy by inhers).

(si From personnel records (nonmedsall, e.g., absentecism,
transfers. credit problems.avorce. dascipimary actions.

(ii) From interviews (tamily and frwnds).

(c) Personal et fects.

(i) Custody-retention untd released by investigator.

In) 1.sammatmn.

(d) llandling of f atahties.

(i) Preplan procedures.

(ii) ERDA/ contractor physician cumine when posable.

(iii) Autopsy whenever possable.

(iv) Evaluation of local practices and procedures of
coronct/me& cal examiner.s

(4) Evaluation of preventive progams is a major purpose of
investigations. The phyncian can give expert evaluation of emergency
me& cal services. The Federal standard for emergency medical

.

services, published by the Nati mal flighway Traffic Safety
Administration is applicable to Federal reservations and sites. Thus,
the physician also has a role in advance planning for compliance and

* See sample form in Appradaa F.

|
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in development of semces; for example, in traarung paramedical
personnel. The standards of the Amencan Cdlege of Surgeons for
hospital emergency departments are also valuable in both preaccidentand postaccident evaluation.

Ihr physician can also evaluate the effectiveness e,f measures aimed
at ca:Iy detectson of medacal condations, mental changes or
emotional stresses, etc. Early

detection can insger preventsve
instructionmeasures by supemsors and others. Agun the phyacian can provide

of nurses and supemsoes, includmg good
communscations between these key groups.

t5)
Medical records: Medical neords related to the accident investigation
should be treated on a confidential basis as prmlegedinformation
Thas includea personal medical tecotds, pictures, ausopsy nports and.

toucological reports, ,

in general,it has been found advisable to exclude complete medic l
reports, pictures, autopry regorts, etc., frorn the official accidenta

by the participating physician. Where an illustrasson as essential treport and instead to incluJe a bricf ovetall sumanary report prepared
unkrstandmg the report a drawmg may be better tha.: a medicalo
picture.

;

) Only those portwns of the medical records deemed to be nece
to the developrnent of a cornplete and accurate acende t! sary

cou!J be incorporated mio the offinal ace:Jent report. The se.! n anvestigation

mamJet should be retumed so medical (des.

If it is determmed that medsal records of sumvors are needed th
of a standard medical enturmation release torm Isce umpic fshou!J be oblameJ by the participating ERDA phy ssesan by the use

ey,

AppenJss F). orm in

Ied As provided in the g;neral instructions, amelioration such aand
emergency me.lacal semee, takes any nectuary and

s rescue.

common. sense penedence over the initistion of mvestegation.
3.

Oese specialets (dependweg on the nature of the eventL

Iluman factors.a.

b. Reliabdity ar.d quahey asurance.

c. Radiation.

it - Design, test.etc.

Relevant engineering speciahsts.e.

lAFETY DUZING THE INVESTIGATION.

he board chairman is the managet of the investig: tion and as mach t l
sponsabiblics, including the responubdity for the safety of the memb

!

a es on many I

sasd. He should keep in mund that most of the mvestigators =di noers of the {
rm.sily work at

2 21
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ollke p+bs. %fwn they start their work as nwm8ves i. the b.urJ. slwy inay
suJJenly be espowd so 4Jverse meattwr conditams. physical esertion. estreme
ahiruJc. and Img leurs os mo L. For a duut permiJ ut emic, tini uivessegatiess cari
probably oipe with these problems. bus. if it Jppea% tlut the miestigJimm will rune

snu h longer slun about I meek. she stunnun daiu!J citahhsh a ergular woek
whcJule. i%:ng ihe wveL os she emotaptors can erkreaw Itwas etliciers) arid enost
hLely result in the compleimiri on alw invsstigats m in a sh. iter tir:w.

I. In many caws the une of an xescent is nmire Jangerous than it was pense to
ahe accident. l'or esample;

a. 11ccarical equipnwns nu) be Januged and she insotegator must he
auureJ that it canimit be energireJ whale he n currunmg it.

h. Follommg an awident mvolving rnule materul the insestiptor will swed
to take steps to anure that he does not imanate a ensicaht) acchient.

A bui!Jmg may be damaged follommg a tire or esplowon to the essenti:.

slut alwre nu) tw questions segardmg its strustural stabihty.

J. .~tadiatam scources ut sosie matersal may k relcawil 1:orre tin * r
om:inenwns barrwin.

I'or caws such as thew. she leurJ will need to get reshneal and loentie suppnt
from the cons:4. tor. The omtextos dmou!J peoude pruec6tive equign(nt..and
duiulJ buet the hiurd en tu/ards.communseathms. anJ emceg ncy equipnwns.
AJJitamally, is es appropruic that a imusJ member prepare a wntien
pnwedure for entry and work m the xoJene area. Ihc proccJure shou!J be
resiewed by the ecshmeal adsier and approved by the tsurJ(hairnun before

wusk o mmerwes. The hiusJ shanman shoulJ trm>= mhese each hoard
member.cimsultant.or stall member is.

2. A womJ problem aeca relates to xtams slut the contractor may wadito take4

alter an awident. Clear hnes sif authority diould be quiskly estahinhed
between the biurd and she contractor. It is nnemary for the inurd to designate
the asca en which it is to have jurisheimiri. anil to require shat any actmms Ilie
es.ntrxtor wnhes to take m that area. >r any actmsm whish might affect that
area 8*. approveJ hy Ihe biu J. IfIhis is runt abme. Ihere may be the :.ussabahty
of loss of evidence. further damage to the faohiy.or ensury to Ihe mvestigator.

It is human nature for the organuatum slut has been moulved in an. accident to
want to put everythme back to the way it was before the accident.The board
mmt he very alert to nuke sure that such aetams are shine m the manner ilus
she) approse, lhereme care must he taken m approvmg such attums as:

a. Rewormg electrie power and other utihties.

b. %mng radiatiim siurces or fissile snaterials.
|

c. Recovering damageJ equipment.

iJ. Moving motor vehicles.

} 242 e. Working with high esplosives. g7 -
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The."l:mergency Problem Guidelines"IMORT. pp. 304 310) rmy be helpful in
oinudering hamJs.

The imiasJ thastman alv. may have to conudes emergerey prepareJncis plans
to help amelmir.ie any wcond accident that mght venst. If the investaptun is
hemg oinJucicJ at a remuse location he will need to know alwut the
asniabelety ut meJacal wruce. An investigainin in a exilsty ci>ntarninated wah

, raJm:A1 ve material may require the uw of ecspirators os air breathuig
+ equipment.1.metreng rescue capabihty will rWJ to be renewed. The abday
i to desect and suppress a tire d=>uld be conudercJ (at mh a locatkm and at
: other insestigatein uses where fire myht prewnt special problems These
; peublems d=>uld be renewed with the euntractor who is to supply the
i emergenn sernce and a clear asugnment of ecspunubihtws muu be made

hetwer::Ihe boarJ anJ the cuniractor.

If the bard has been wo Lmg in contambutcJ areas. the board chairman
simiuld see that proper heahh measures are taken before the tmsard as JeunaseJ

- (bkm>J4nine sanples, whole boJy asunts. ete.)

2 23
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Ill. FACTFINDING METHODS.

A. INVESTIGATIVE METH00.

Tie effectiveness of meilm>Js uwd mdl depend largely on f.iur inserrelated fxtors:
aJranse preparathms.1:enuent esidense gathering. euderte gatherms, and the
e.mlentul ruture oll46 stir.Jmp.These factors are discussed bdow.

1. Advance pra;watens.

a. Instrudhms tii hric snanagemerit as to slicar roic.cspeshily ist securing the
scene, psewoung tranwent cuden(c. and obtaining prelimirury minness
st atements.

b. Maintain traineJ insestiptors and eswntu! equipmcas and reumarces.

e. Speed and response in appsunting investiptne bi4.=hach as Jarreted to
gne full time fif neeJed) untJ sepore xceptable to stuirman is drassed.

2. Teansient evidence gatherens.

In the inquiry, the amtsal corwentratmn should tw fewd on transient
information. Further. reciwding of temporary and diortined measurements,
e ~g.,a snull pool of water or a sulf nurk is URGENT.

1 Gatherine other evidence is the nest task of inquiry. Thus may be dare toy a
tariety of types of is.querees. The typr. nature, and purtwee of instuary sneshods

are as follows:

a. Type or inquiry.

(1) Witnetws.
.

(2) Maps.Jugrams, sdiematics, and charts.

(3) l'hotographs.

(4) Physicalthmgs.

(a) Persons and object s. secords thereof.

(b) Tests and reports.

j (5) Other. 3,
1
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in this ennape, item (1) witness testimony is statenwns of fact treahty).

'

items (2) anJ (3) portray phpieal reahty pictoria!!> and item (4) phy sical
ihmgs are reaht) as determuwd by measurements and reproducten m
photograph. and testimony, and preservatun and test of things |
themselves.

'

b. Nature.

(1) Trar.sent.

(2) Permanent.

c. Purpose.

(1) Portrayal.e.g., events sequence.

(2) Analytie e.g.. crash kineties. MORT.

4. Evidential nature of factfinding.

a. Even though the inquiry purguse is preventise actior.. rather than legal
action, pnneiples and proecdures of evidence shoulJ be cornidered f rom
two viewpom:s:

(I) Usefulness o boards in an inquiry.

(2) Uwfulness in an inquiry and in legal proacdmgs.

b. Ikiards comnunty hJve procedulal probIems in defirung facts and findings

(as contrasted with conclusuns and recommendatensk. To assist luards m
resolving problems, note that sorne simple considerations may be ncipful
in two ways:

(1) % hat is good evidence e.g., what is real evidence, what is
circumstantial, what was witnessed?

(2) flow should eviJence be treated, c.g., by securing the scene,
measurement, handhng and proecssing physical evidence,
photography.and retentwn?

A review of the hierature on evidence reveals a heavy and inappropriate
(for our purpose) emphasis on criminal cases. Thus succinct outhnes or
checkhsts do not seem practicable.

The approach used in this manual is more along the lines of offering
specifie cummun. sense suggenions for ihe horws hand! sng of information
from wit ness.es. maps. photographs. physical test s of materials. file cabinet
records, and other sources. Ilowever in the stea of lundhng physical
evidence et does seem desirable to come up to at least some mimmat legal
standards for handhng and preservation of such cudence.

c. For both debris maps and pl.otograpin,it is essertut that three potential
3-2 flaws be prevented:

'O u a
- - - - - . . .. . . _ . ....d
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(1) leem is in oripnal restmg place atter the anident -not mosed.

(2) k item was removed.

(3) % stem was adJed.

ASSEMBLING THE INVESTIGATORS KIT.

I. Ihh investigator's "go bag" or awsJent-seady Lit witl hase to be developed
end av.cmbled atiet carclui anal >us of:

a. ItXathm offliMble oCCurrenWs
.

(1) la os at mar:: plants.

(2) Remote areas. !arge sites.

(3) Ot f-ste locations.

b. T pes of pisub:e occurrences:3

(1) Occupathmal (wide rangmg-machinery, heavy equipment, tunnel
cave 4n. cryogenic, oxygen deficiency, explosions, electrica!, earth-
quale and flood were cited).

(2) Fire.

( .1) llussdous matertals.

(4) Radiation.

(5) Nuclear.i

(6) Waste management.

(7) Motor vehicle.

(H) Radroad.

(0) Other.

c. Assigned respmsabihties of of hers(including operatkmal scadiness checks
of aheir preparations), for example:

| (I) Regular emergency authority.

1

(2) Security forces.
|
|(3) Firedepartment.

(4) Contractoe.in-plant.

(5) Contractoe.on sate.

(6) Speciahsts(see item b chove). 33

1
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0) Medicalauthos..ses.

Field organization plans will presumably delegate responsibility for the heavier
equipment to contractors. All amchoration equipment is presumed handled by
regular emergency forces.

Assignment for kit maintenance, e.g., batteries, must be fixed.

If independent investigators are to be assigned from other field organisations or
locations, the organizatism directing the investigation can be presumed to have
the heawer equipment required.

2. General equipenent.

Crcdenttals (and authority, as necessary).a.

b.
Trasel orders (one office cited a need for passport, visas, and shots).

Purchase orders. credit cards, t ravel requests, and cash.c.

d.
Telephone hst (be sure communications center is also prepared),ar.ca and
city maps,and prehmmary witness statement forms.

Chpboards (plastic cover, hole for template); pencils; template ce
c.

protractor; and gnd paper (10 x 10 in. and 4 x 4 in.)

f. 6. foot rule and 100.f.ut cloth tape.

g. CompJss Jnd range sinder,

h.
Camera lpermit, if necesury); flash equipment: film; and camera bag.

i.
Tape recorder, t.,pe and radio (permits, if necessary); flashlight; and
heavy duty torch.

j.
Ludence tags, labels, receip s; botties, boses, baggies;frecier tape;cfulk;
and indchble crayon.

L.
Standard report is rms: checLhsts: medical release forms; alcoholic
miluence report forms; standmg amtructions to hne management;
in,esoptive task assignment list; prehminary measurement and mappmg
mstruenons; prehminary photographic instructions;and briefing materials
for b.urd members.

l.
Ana!> tie materials, MORT, change analysis forms, and 3 by 5 cards for
sequence dugrams.

Penmeter ropes and danger and cautism tags.m.

n. Siakes, si.ovel, and sieve.

o. Tool Lit.

34 p. One or me.re carrying bags.
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1 Cothing.

3. Covesalls.

h. JxLet.

c. ILard hat.

d. Safety glaues,

c. Rairwuat.

f. Umbrella.

g. Rubber gkiws.

h. Rubber bmits.

i. Wo:L glows.
1

(Condations vasy ny trum aretg to & sert were cited.) )

4. Motor vehicle %ts (peAmes si security petrol car).
!

a. Hares.

b. Poriable tladung light.

c. Tire depth gaoge.

J. Tire precure gauge.

c. Standing orders for keepnc the accident from getting worw (in funds of
security loras where appim:2*.4ck j

1

5. Equipment to be secured from see or plant services (operational plans and )
readmess checks required). '

a. Tape mewannat deuce (shorik

b. EmerFeney abodhghts,

c. Ilydrauhe pL. eutiing imh. beavy equipment.

d. Radiatson measuring and p wine equipment.

L The ERDA radiological assastanse m w* equipment is anot!.or resource.

C. PHOTOGRAPHY.

1. Responsebdssy for photograptuc asserege. *

Cood photograpem: cowtage et abe mJent is essential even if pimsographs are
not going to be used . the t' mal seport. The chairman must decide how to 35

_.
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acquire good technical photography whidi eill assist him in the investigation.
Five choices are hsted in order of preference:

a. In plant photo lab.The in-plant photographic laboratory should be able to
respond quieLly and photograph those tranuent items and p>rtions of the
scene that are hLely to change. Most labs are equipped well erwugh to
take the initial pictures that nuy be required.

b. Other ERDA or ERDA contractor photo labs. If the facility is smalland
does not have its own lab the nearest ERDA office or contractor facihty
may be able to provide photographie support and generally would be a
better choice Ihan hinng outside help.

Commercial photographer, if it becomes necessary to hire a photographerc.
frt,..a outside the plant, make certain that the orie chosen is quahfied to
do the Lind of job that is required. The pictures that result will retlect the
kind of photographer that is hired.

There are photographers that specialize in commercial. industrial, medseal,
aerial, legal, portraits and scientific photos. Probably the best ones to
assist in accident insestigation would be mdustrial. legal or scientific
photographers.

d. A niember of the investigation board. Some member of the investigatman
board may have to take the photographs. Even an investigator wim would
be considered a good amateur photographer would prob. ably vot produce
as good a result as a professional. Planning the photographie coverage is
the investigator's responsibit ty,

Security personnel. Security units may be able to provide photographers ife.

there is no one else avadable.

2. Pf arining photoyaphic coverogs

a. Response time. It is important to obtain cosciage as soon as emible after
the accident. The scene is a dynamie one that is rapidly changary. The
photographie task may be in two s: ages;one immediately af ter the event
and some well planned or staged pictures later to datify details.

Take a lot of pictures. Even though most will ret be used in a repire they
are helpful to the investigator in estabhshing the cauw and analysing
delads.

b. Time frame of the photographs. While the investigator is concerned with
photography post < vent he should not ownlook pre < vent and posubly
photographs taken during the event. Photographic lab files, amateurs.and
newspaper photographers are all good sources io be considered.

c. Types of photography to consider. Besstks conventional photography,
speciahzed photographic techmques may be deniable to assist in the
analysis of the event.Some of the more useful ones are:

(l) Aerial photographs. In large accidents a direct aerial photograph can
34 be helpful in determimng the directen of major occurrenas. The

m
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avadability of a pre < vent photograph would be very hele 'al here.

82) Photo micrographs. L1tra closeup pictures of mmute piwimns of
debris are sometimes helpful m estabhaing the cause of taalure
points.

(3) L:ltrmolet and inf rared. Special lightmg and rurrow wasciength
optical filters can be of use to show cestain features ret mable to the

c3 e.

(41 Wlam pictures. These may be helplul for records: g reenxtrwnts of
personnel movements and actions.

(5) Video tape. Video s) stems may be used in higher radution areas
where film is not suitable and where instant resultsor pla) hacks are
required. Also, they may operate under lower in:ht levels than a
canwra in some inaccesstie areas.

(6) Stereo. A nujor drsadvantaFe of photographs is the lack of depth
when only recordmg two dimen ions. Stereo cameras are asadable
which show the proper arrangemest of features in all planes. A static
subyct can be photographett in sit reo by merely takmp two pictures
of the subject 6 to 12 inches apart. The resultmg putuses can then be
s;ewed in stereo.

(7) X. ray. Parts or portions of rubble can bc x rayed to rescal stress or
brealmg points.

(8) Thermal scanners and thermal video cameras. These operate in
wavelength regions beyond what the c>e sees an,a tenerally irname
emitted heat from objects. They may be useful after esplosaons and
fires to pmpoint sources or or gms of Gres.

[1, Request for photography. In order to obtain satisfacton photsyraphic
resultsit as necessary to tell the photographer in detad stut u requarcJ.

(I) Espected results. Ilow many photographs, when poetures udl be
required.

-(2) % hat t>pe scenes to be photographed from what angles the vene
should be photographed. Written instructions and ect.hes as shown
im Figure 13 may be used.

(3) llow large ihe event is, w hat sue is to be covered.

(4) %hether pictures will be taken day or night, whether they mil be
taken of open areas or buddings.

(5) whether color or btxk and white should be used. (G4or has better
informatson content.)

(6) %hether reference objects such as rulers are required in the poetures.

(7) llow the photographs will he identified. e.g.. esamberms systern. 37
photographi, log sheets.

. ~ . - . . -. ..- ~.--... . . --- -......... .- _.. . . . .a
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pt) ll. w many points are required anJ how stam. What sue the prints
shoulJ be.

1 Photographic tediasque

! Certam baw quahtecs make up paid pictures that are factual and accurate
reprewnfatums of the accident scene, l%tographs can casily mrstepresent a
scene and leaJ to f alw conclusions or fir.duys about an accident. Some
mareprewnfatnins occur unknowingly whde othess may be purposely
contrived. fly reuewing the attributes of g mod pictures here, the mvestigator |

will he made aware of posuble misreprewntatums in the photographs that are
eummed.

Show ermogh of the scene to provide good orientation. Several pictures
a.

may hase to be taken m sequence to prouJe this orientation. An overall
shot medium and clow.up may be required.

b. Use proper perspective. The use of wide ang'e and telephoto lenses alters
the perspective and causes distortions. Normal focat iength lenses shou!J
generally he used,

Use proper lighting. The angle and type of lighting greatly affects thec.

:ppearance of Ihe subject. While ru one Ightmg arrangement rs corre;t for
all cundissor s and suljects, the 1 htmg should he eumined for5
uniformny and to see that it does not paiduce an abnormal appearance.

d. Correct camera settings are essential ta good pictures. The three basic ones

of shutter speed. aperture, and focus setimg must be apphed currectly in
order to obtam a correct rep.esentation of the scene. Shutter speed must
be fast ernwgh to stop action in the photograph. The aperture along with
allowmg ermiogh hght o pass ahrough the lens, also controis how much of

the near and tar portioris of the pwture will be m focus. The lueus setting
used in conjumtion with the aperture setterie controls the locus range ot'
the pwture.

Keep the camera level for easy onentation and reference.e.

f,
Use known objects in the scene as size references wherever posible. In
overall scenes, et,

presence of a persim may be suf6eient. In close-up
photos of rubble or damaged areas, a hand or portion of a 6 foot rule may
be best,

g.
Use color Gim for masimum information content. Wlule black and white
Gim is cheaper and easier to print, the color mformation in color print:is
often essentui to understandmg and analymg an event. The color record
must be properly done, however, otherwm it will be misleadmg.The use
of neuteal gray cards in some photos is desarable.

h. Identincation and labeling of the photographs is essential. Figure 14
shows a log sheet that should ba uwd by a photographer at the time of

i
taking the pictures. After the pntures are printed, captions simdar to

Ithose shown in Figures 15.16.17.and 18 should be used to point out
pertinent detads and to chminate a!! ambyuity about whether the picture

;

was taken at the time of the accident or staged. Photographs are usually 39
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i date stamped un the rescrw side, but if that mtormation is pertsrient to I

l

l

the arulysis it should be irwfuded an the aptson.

'
1

L 7thale every xadent is unique and will have its own set of features that
are impor tant, there are sorne general guit:elmes about what to
photograph.

(li Lwation of marr identitiable pieces.

(2) Colhsion debris - dirt.etc.

(3) Pools of Iquids.

(4) Couges. seratches, eul!.nion points, and damage.

d) Temporary new abstructions especully from uew of operator or
other Ley perkm.

(n) Mobile equipment.

(7) Material storage areas.

(M) Scaffolds.pgs. racks, semputary rips.

(9) Close-up of failed elements.

J. If there is a time anoeuted with the esent pictures taken during the esen*
are scry uwful. Photographs should include:

(1) I' lames. They mdeale what material is burnme.how tire started and
progrened through the structure.

(2) Smoke. Also mdwates what materut ts burmng by smoke color.

(3) Structure.

(4) Spectators. Many times if arson is invohed the arsonist will stay
around to watch the fire. If a series of fires are started.he may be in
all photographs.

L. It should be reempt.asued here that even though ottietal photographers
may not be on hand to photograph a fire, anuteurs or press pwtures may
be available and uwd.

l. After the fire is out. there are several Ley areas to photogrJDh that may
assess in Ihe analpas.

(1) The most charred or burned area.

(2) Any combustible materials - matchbooks papers, paint thinners.
Lerosene.

(3) Fusing me: hods that may be visible.

(4) Spectators around the accident location.
3 15
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4. Camere equipment

The choice of camers equapment either by a photographer or the investigater,if
he is taLmg his own putures, wdl atteet the quality a :d the cost et the
rhotographs. For most investigations. a roll fdm type camera such as a
liaswlblad or 35mm sangle lens reflex camara is picferred. The major
considerations are,

s. Modern Gims, such as Vericolor ll, are very good and capable of render ng
minute delad arid color balance on small inuge formats.

b. A large amount of pictures can he taken with sery httle weight to carry
aroemd an importal sonuderation when taking pictures in the remams
of an esplosion or rubble from a Gre.

c. Roll Gims are lomet m cost per picture than large format sheet fdms.

J. 35mm and 2.I/4 s 21/4 format canwras fure sNet focallength normal
lenses that hase inherently better depth of fields than lenses used on 4 x 5
or N s 10 canwras,

c. tens mnstruction on smaller canwras allow for larger apertures that
mmimnes hghting recpirements. 4 x 5 and 8 x 10 view cameras require
much higher hghtmg levels because of their longer focal lengths and
smaller agreures.

Should the miestigator be % reed t'o Equire his own pictures, an Insta.
matie camera with Kodrotor 11 fdm and automatic flash could be uwd.
Lr utations moulJ tw m the poorer lens (imattel quahty and fised lighting
arrangement.

In some mstarwes, qu ck refetence pictures taken with a Polaroid either
blad or white or co:or may be uwd. This is generally not a good cimice
because of the ef fect of heat on the unespsmed fdm. The colors of
the prm mateful are not reproduced faithftlly and an incorrect analysis
co.dd be nude f rom the mterpretatun of ahe color.

D. PRESERVATION OF PHYSICAL EVIDENCE.

Phpical evidence is somesmws handled in an uncontrolled inanner. This has
j

envahdated evidence and made it difGeult to fmd cauw. It'the evidence were needed '

in a !cgal case. e.g., an emplo)ee's suit afamst a machme manufacturer, lost or
unpaired evidence would embarrass ERDA. |

Tags a..d receipts for cudence simuld almiys be used. Baker (pp. 223 312) gves
many helpful suggestions on locating, protectmg. and evaluating evidence. (see
Figure 19.)s

1. The following es an excerpt from " Aircraft Fire Investigator's Manual /* NFPA
No. 422M.1972.

"421. Recomnwnded Proceduies for Controlling Aircraft Parts or Chemicals

3 16 knt tai bbmatorws for Analysis,
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"a. During the course of an accident it may be necessary to have an analysis
of a particular aircraft compoaent, hydraulie od. lubricating od,or other
chemicals. Specific information must accompany the sample for
identificatsn purposes and with specific instiuctons to the laboratory for
the type of analyus required. The following mutimum infornution must
seeompany the samples:

"(|} Identify each sample immediately by securely attadung a sample tag
io the contamer.

"(2) Identify the contents and,if rossible, tot os batch number,when or
if appropriate,and manufacturer.

"(3) Identify the airciaft type, aircraft serial number, and the
nunufactuier.

"(4) Include serial number for the sample itself.The serial number can be
determined by taking the calendar year as the prefix nurnber and
asugning consceutive numbers as the samples are submitted. For
cumple, in 1972, the first sample submitted shall be 721 and the
second 72.? (Ldowed by aircraft SN).

"(5) The date tiie sample was taken.

"(6) Individual who took the sample.

"(7) Tests required in detad.Le.,

"(a) water. sediment.etc.;

"(b) metallurgical t)pe failure (shear, tensaan, heat distortion, etc.);
and

"(c) electrical test.

"b. A member of the accident investigation board may be designated to have
:ontro! of all samples that are shipped out to laboratorws. Also, all
analytical reports will be forwarded back through the sanw indmdual.
This type of control is particularly beneficul when many samples and
analyses are needed tu support an accident investigatum."

2. Examples of previous experience:

i

l a. "In one case a faded valve was disassembled by mamtenance personnel,
not under the superviuon of an R&QA engmeer or other competent'

| profesuonal Evidence cigreat potential value was s estroyed."i

l
'

b. "The semi-scale heater was dnassembled under the guidance of an R&QA
engineer uung a fault tree to guide the work and avoid oveilooking or )
destroying fa tare evidence." i

l

c. " Excellent latmratory test work has enabled the commit!*e todetermine
cause of explouon, through thermal Gravimetrw Analysis, Differential
Thermal Analysis, pyrol).is. infrared absorpsawi spectroscopy and gas

318 chromatography."

1 La 1
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d. "We usJ the soentifie staf f to great advantare to preparing and
esaminmg esidence for evaluatam by stie committee."

" Representative to recene reudue pastupated m packaging "e.

f. "Malf unctum duplicateil with actual equipinent."

g. "Resiew and physically tested fire protectam equipnierit to deterrnine
operathmal tonJition after incident. This is done by a tire protection
engmee r."

h. "There are no approved and/or recomnwnded procedures for an ERDA
investigator to authori/c funds for cle:=1 or fire analysis nr.euary for I

obtaimng information en caw of fi.e. cie. Mueb of the espense wuuld be
at his risk.and may or may not lac reunbursable".*

'

i. " Ilio results are slow and in estirator formed !asitng epinions and
judgnwnts from prehmmary data which later was curected in type and
lower in value."

j. "Auurance that all available data is vahd:

(1) "Bioauay data obtained by use of standard approsed techruques,
eahbrated standards used for reference.cte.

(2) "Partable/ stationary mimitoring instrumentation readings are vahd.
proper cabbration and respamses.ete.

(3) " Time and motiam studies to reproduce esposure data."

k. "The llealth and Safety Laborators (Idaho) lud R&D capabdity to
resolve comples esposure problems whwh a straight service artangement
for d mmetry lacks."

E. MAPS. DI AGR AMS, ORAWINGS, AND CHARTS.

At the begenmng of an inquiry the recordmg of nwasurementsof transient esidence
is essential. Baker (pp. 315 340)is an excellens rescrence on equipment and methods
(see Fisures 20 and 21).

In f ollowup stages, engineering as-budt drawings can normally le used for reporting.

,

Before adding transient nwasurements to asbuilt drawings. chminate s::perfluous
detail, e.g., location of irrelevant sewer hnes; and highlight relesant delad. e.g., by
thickenmg lines showing sewer location in a waste managenwns accident. Fxility
drawings should be readily available.

1. Maps.

Overall, small4eale maps of longer distances and directions, as well as
large-seale maps of the immediate scene, nuy be desirable. It is on the latter
that witness lwations wdl normally be shouti.

* If it is a putney stut line management pays the costs of spenal tests and studaes the aohsth>e to
this problem may tu quite ernple Cunnate the aprountang authority

I
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Measurernents may be indicated by a reference point langle and daiection),
triangulation Itmo angles).or by using a grid.

Crosby Fielfs manual. "The Study of hules Resultmg from AmJental
Esplouom " stresws mapping completeress for anal,tse purpies, as well as
warch for tell-tale misules." The manual shows comb.ned use d maps,
drawings,and photographs.

An NTSB prehne report IPAR.731) ellustrater an interming!mg s4 map,
di.agram, and photographic techniques and suggests a planning fornus ibe maps
and plx* graphs. The Ley tigures are:

a. Fig.1 - Map.

b. Fig. 2 - Broken pipe end pulled by doser (phorograph with captams).

Fig. 3 - Remains (phuographke.

-d. Fig. 4 - Escavation and remains (photographk

e. Fig. 5 - Diagram of connection.

f. Fig. 6 - Pulled out pipe (plutograph).

The rationale behind this selection of figures can illustrate pwwl plannser:

Prior to After
Accident Accident

Oscaview I
Near 3.4
Clow 2.6
Close up 5

Such a plann'ng format is useful in photographic planning as sc2 as in
ineasuring tranuent data for maps.

The tranuent evidence to be recorded centers prmurity on tuu
elements-locations of wreckage and debris and locatiens et persons (compiled
on the wirres map). Ilowever, be alert for temporary uew obstra.:tions,
oddities,and anomahes.

2. Diagramt

Arbitrary oe styliicd pictures of reality:

Sequence (see MORT. pp. 79 80).a.

b. Energy Gow(see MORT, Appendsees AJ and A4).

c. Process. Ilow, notion (see MORT. pp. 82.105,116. and 194. especially
the latter as relevant to an investgation). This can inclu& tbw of

9 materuls. plans. persom.cl. etc.

l
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3. Drawings.

These should be simphried pictures of reality, such as manufaaarms or
construction prints. perpene drawings.cutJm3y dramm ts, etC. f~or cumples,a
we l'ield, pp.12, 30. and NTSB PAR.731 p. h. Dramings can etten be
highlq hied or captioned to call attent son to ugnaticant derad. The instui etfort
is to recurJ only tranuent evidence on a skeich roughly lo seale.

Do not measure locations of permanent rised obyNts. They can be located on
copies of drawmgs at a later time.

4. Charts.

Thew may include photographie seproductions of records (e.g., <m;erature
and pressure), trend analyus or types and clanes (commonly wen as
** statistics"1. and orgamntion clurts.

For statistical charting, the best adnee is: consult a good statistician. Ibweser.
Iwo of the author's phobus rnust be mentioned..

)
fA> not use broken scales on charts. AssuNeexerpts,nr if a varutam ofIa.

or 2 9 in a factor is ugmticant.ti.e.,a causal factor), a broken-scale chart
to highlight the delad may be useful. Also, if a smgle value would
sumpfess the sea!c so as to ehmmate useful detad, samply clurt is at the ;

top with an arrow pomemg up.

b.
Do not connect discontinuous data with a trend line-use a bar chart.
hasnNecxmpskm: When two or more protiles are bemg compared.

For orgamnikm charts,which shou!J be a required edubit in most reports, the
rule as to complete organuation ciurts m board files.use a report enabit to
show (1) the organintamal chain up to the chief executne oftiect tand to
ERDA when necessary), and (2) to show organintional plaecment of major
funcimms, such as ufety. R&QA traming, engmeermg. purchaune and
maintenance. Factors of remoteness may be signineant either becauw
remoteness produced poor communications or remoteness affected the
independence of renew. ;

j

When maps. drawings, dugrams and chrts are used to record evidence. note i

the same types ofitems which are applicable when making photograp*a. The k
study on misstes and the pipelme report contain many excellent eumpics of }
the uw of maps, diagrams, drawings and charts. In addition, they demonstrate

.

the effective uw of photographs. The study on nussiles demonstrates the degree
of analysis that can be performed when physical evidence is preserved.

Do not t.se more diagrams, drawings. and charts than absolutely necesary.
Unneeded charts can slow understanding.

> WtTNESS INTERVIEWS.

1. General remarks.

The witness phase is critical to a good investigation. Typically, untnem
staternents will constitute one-half the basis for reporting. Physical reality as
portrayed by maps. diagrams, photographs, and objects. is the ot her half. 3-23

t
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Addatamal material reflecting NTSB phdosophy [as apphed by the Federal
Radroad Administration (FRA)) is supplaed an Appendix G.

2.
Two tirief y.a tests -- ' - --; ERDA and NTS8 exponence ere supdied.

Consensus points on interviews.a.

i (I)
| Line management-get prehmanary wn ten seatements before the end

of the shift.

(2) Lme management-get prelimutary 6.'l statements from Ley
witnesses untd investigator arrives (proJ 'r ;"I synoper to
investigator).

(3) From synopsas, begin witness Inst or location chart.

(4) Make appointments with witnesses through management Isaison,
preferably on the job.

(5) Get prelmunary oral statements from individuals separately (not as a
group).

(6) Conduct an interview, not an interregation. Do not argue! (Some
suggest confidentiality; others object strongly. No iron < lad
guarantee of confidentiahty is possible.)

(7) Explain purpose of investigation; try to estab!:sh rapport and put
witness at ease (not trying to blame, find fault,or discipline).

(8) If the supervisor was present, begin with him.

(9) Begin by establishing witness location and job function.

(10) Use broad,open<nded questions:

(a) "Would you tell me what you know about this occurrence?*
Use slence (see Appendiz II). Interrupt only if you don't
understand; expect voids. Let witness s:se his own words.

(b) "Can you tell me anything rnore?"

(11) Make notes or use recorder, but only if witness agrees and does not
appear to be disturbed.

(12) Be objective. Do not ask leading questions Avoid multiple <hoice
questions. Avoid questions answerable as "yes" or "no." Use
diagrams and photographs to help the witness. Keepquestionsshort
and simple.

(13) Followup questions should include:

S) Apparent or possible reversal of sequence.
)

(b) Inco..sistencies.

|
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(c) Voids (but do not suggest fd! in). liesitation by the witness may
indicate more information is avadable.

(d) Posuble causal treas which are emergmg.

(14) In general areas. such as traimng. mspection.mamtenance.etc scek
only facts related to thg occurrence. ( After fact finding es compicte.
management group views on needs can be sought.)

(15) Bepn the cffort to determme how frequently the same or samdat acts
or condit.ons ocoarred.

(16)" Preserve the witness." Thank him for his help. Explam that further
dncussaun or questions may be needed.

h. Ibssable causal areas o be explored.

From the person (s) directly involved (most frequently the uniured, but
maybe an equipnwnt operator).obtain the following informasson:

i(I) Action sequetc m detad. ,

(2) Training and preparation.

(3) Stressandemotionalstatus. ~

i

(4) Failure histories and human errors.

(5) Changes and their effects.

,

3. Interview by the hoard. t

i
Decide which statements wdl be sought by an appointed enembec anda.

l

which key statements wil be before full board. I

:

b. Channel all questions through a single internewer initially.

Plan each internew as to areas to be covered.
.

le.

!

d. Use the above [ steps Q)(16)].

If a witness wants his lawyer or a union representative present. do note.
I

! object. If managernent wants a representative present. do object. but
permit if necessary.

i

f. All possible causal areas in which witness may have information should be I

explored as relevant and pertinent. I

Continue to wek inforrnation on frequency of prior acts and condations3

related to detectability.

h. If a witness refuses to testify, deal with his management in an endeavor ea
work out a solution.

_ 3 25
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1. Recording methods in orJer of preference:

(|} Court reporter.

(2) Tape.

(3) Stenographer.

i(4) Notes.

The more formal the internew, the greater the chance the witness wdl be !
hesitant.

|j. In any esert, a signed statement is desi:able, but not a piune objective. 1

Snorn statements are not desired. Signatures cannot be required. I

L. Analysis-for causal factors, to evolve order and logic, corroborate facts,
evaluate credibdity-5(n of the witness phase.

4. Final statement foe the board.

The error in judement afness always,if not invariably,made sense to the man
prur to the accident, lie may forget his *logie" following the accident, or he
may nat want to admit his errors in reasoning. To condigt a thorough
inwstigation and to prevent samilar future errorsin judgnwns, attempt to get at
this orrpnal kpe"imhich shouki not be confuwd with postasiJent abbis and
rationalintionst. Orw can then take appropriate counternwasures to prevent
future errors. Key investigatory questun: Why did this actun make sense prior
to the accident ? What was m 3oor mind (prior to the incidentlas to why ytm
thought your nwihod was the right way to sks the job?

Esplore the following areas:

a. Preliminary statement-pubably well to confine it to what happened in
the occurrence.

b. Final statement - includes Ihe Linds of questions raised by MORT:

(I) Firs qcery-depee to which present organintion procedures were
followed.

(2) Then. move to the higher MORT standards. This can be delicate. If
the organizatitm did not tram supervisors in JSt and require JSA,
fairness to the supernsor dsctates special care to counter impled
critiauns. :Simdarly with monitoring, if management did not
pronJe safety studies. work sampling, and procedural survedlance,
the supernsor might have had little real chance to detect deviations.

Management functions wdl include rot only line management but
also design sa ' plan groups, the safety group, the training function,
R&Q 4 safety .clated activities, maintenance, and inspection.

(3) For two sources of causal factor information-supervisor and
$ management (plus its statf) the development of the interview



outhne of w guences and sub es-ts stewa!J inndoubtedly bepn math thet

.wur:e.w and mo L bacLaird throu$ socteurve layers of cauws.
tifw number of layers espowd is a <riterson of escellence m an
iNuiry.1 in geretal then. for ca.h perme as approprute to his role,
the interv.em follomup qusamms mould be structured along the
ollumirg Imet

tal T he occurren(c f acts 1 c sam. inferewes he dsew. lle n in the
nJture of an espert witness in ihn area.

th) Ilw supermsir.

til Operat sona! directhiri he FJ'e.

(n) Observatmns of the actual operatom.

Im) lather traming and .,JahtNathS of personnel.

(rs) Prnor esperience training and Mp he had.

14: Then :: wems the mquiry moses mio sucensevely diffseuls areas:in
short, the WORT charts urude down. In dome this, et is estrenwly emportant
to wek relevant facts, but recene opnums. % here andm ated,w?k the exts slut
shaped ihe opinnms.

1 FAILURE RECOGNITION.

1. Otivectma.

To &nne a Geld protocol to pther and prewne endence of fadures,a.

b. 's., ncrease abdity to detect typeal fadure mpis.

To cuihne some Ley aspects and problems a fadure ana!> sis.e.

2. Backgroised

Failure asahsis requires engineersscientists who are espert in the rnaterials
invohed. ar.J know!cdgeable of stresses and failase modes in the speestic
equipment evolved.

Investiptc.t truning for a single type of accident.e4 aircraft. has proved to be
practical muh 3 to 12 hears of instruction.

Becauw of the pest diversey of equipment uwd m ERDA mork,and because
esperirnental equipment often approaches technologral boundaries, it is not
feasible to team investigators in all relevant Gelds.

The espedaent goal is a detective sLdi-senstruly to fadure modes likely to
simw as che, and prewrvat son of such enJewe.

The tramed investigator's prtot education and esperwme mdllargely determine
his role sa fadure analysis of a speciGe accident. Ile m y be qualiGed to carry 3-27
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out fadme analyus un a specific acc* dent.but.in general.he and the leard wdl
rely on relubdity and other engmeenng specuhsis.

Failure investigation in the board sense is the same as accident invesesgation.
Thus esperience in faalure investgatson wdl be helpful to accident investigators.

3. Field ph.

It is eswntial that the investigator carefully follow a recid protocol whenever
fadure can pouably be suspected as a cauul factor,in general:

a. Famdiarise yourvif with the scene of the event.

b. Bepn fictd notes. :( not started earl.er. Record all powhle olnervatin
Irela:ive positions of debns, marks. Guids. and esivcully any anomahen,

c. Request expert anastance at the Orst ugn of need.

d. Bepn photography,

e. Bepa master sketch,

f. Instute the process of creating hypotheses and lonk ng for pinative and
iegatave evidence.

g. Collect samples of srneared material. ash. paint. 0uids. cte.. as peeded,

h. Irutsate ciowup photograph / of delads (seratches, pourcs. snwars.
frxtures, and relative posations).

i. Tag key parts,

j. Obtun a grid map as needed,

k. Di not move anything until evidence is thorougidy recurded.
f

1. Give responubdity of prepanng evidence for transpunt to latmiratory
personnel who wdl Jo ahe analysis.

4. Fadere sesodes, e

a. Structural.

(1) Metals.

(2) Glass and ether nuteria!

(3) Pressure. as a specu' case,

b. Uectrical.

c. Ucctronies and controls.

5. Typ cd fadure patterns.,p

!

;
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b.

1

I

i

la. l'adure of a snajor component.

(11 New deugn.

(2) Changes (note the revuman hiuck on blueprints)

(3) Operation outsade desagn hmits.

h. Pastul fadure or malfunctam.
.

#1) Recent repair.

-(2) Alterations.

6. Laboratory analysis.

I RDA is blessed with mdely darrebuted perumnel and fxdmees for failure
analyus. Thus the mvesty.ators'lask is to recognue ugns u( fadures and to
know where and how to get analytic assosance.

Tiu- NISB and the Departrrrns of Transportation schuuls have small
rnetallurpeal laboratories and collecimins of faded parts t~ rom earmnss nmides.

The personnel make many analyses for imitle agencies, bus scathing by
denw>nstration receives mapir ernpluus.

NTSB reports aho tellect increasing relun(e on tests and annipes performed
by the Natamal flureau of Standards.

7 Data collection,

c. Te:S histoak s.

(t) Nondestructive.

(2) Ovetloads.
.

(3) Visualinspections,

fb. Failure histories.
(

(1) In design 4evelopment proccu.

(2) In operation. e.g., Dmsson of Reactor Resear:". and Ikvelopment
i (RRD)uicident reports:
!

!
(a) MTBF - mean time between failures.

(b) Bathtub curve - higher rates at star up ad at scar out.

c. Maintenance.

(I) Inspection 4cpendent.

(2) Other. M

i
4
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d. Evidence.

(1) Preaccident failure-causal factor.

(2) Pustaccident fadure.

(a) Increased seseney.

(b) Did not increase severity.

c. Reliabdity and failure analysis are embodied in MORT, for example:

(1) Design proccu must be well organized (Chapter 27).

(2) Ilazard analysis proecss must be defined (Chapter 23), including:

(a) Fadure nn:e and efrect analysis.

(b) Information search, including failure histories.

(e) lluman factors review (Chapter 20).

(d) Risk analysis (various references). -

(3) Fadure repirting systems, e.g., RRD. are a part of the monitoring
systen .

,

f. Speciahsts m fadute analysis (R&QA) normally wdl be avadable:

(l) Responding to an incident under their own chapter.

(2) As nwmhers/ consul. . s to tuards.

(3) Nall by the insestigator.

g. In the interim from the enwestigator's arrival at the scene and the arrival of
an HiQA nemier/ consultant to a board, the investigator has primary
sesponwbdity for detecenm and preservarmn of evidence of fadure.

8. Some allustretm esses.

a. Ikibble chamber, beryllnam wmdow a valuable case of suppisting one
hypotheus and negatmg four others,

b. LT. escape valve stuel partia!Iy open-vahr was sent for disassemoly,to
the nuintenance department and potertially infe smative residue was
seineseJ arid diwarded. liulessionals co .ld not deter. ric laiture cause.

c. licasy n.n inicar accelerator f. d bartser faded.

J. I nnronnientalshamher salcty v.dve and wmdow fadures.

c. Cr.nc h.om o.Ilapw stiffness were melded i n to repair danute.

.t..tL r, .ttmu pu sompenor not locked out after p tential fadure wasdetected.

[: ,
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g. Mdlion-ptamJ houL. h. Centrifuge- moddied to inaeaic speed.

i. Semiscale heater.

9. A museum-it wuuld be desirable to assemble a collection of faded parts (or
pimeographs) from LRDA operations for instructional purpows Peilups each
skld organintion should establish its own muwum.

H. SOURCESOF FILE CABINET DATA.

1. Facdity description.

2. h6ssion, budget, schedule, constraints and changes.

3. Harard analysis process documentation, including prior appraisals of:

a. Information search, c. Ilaard cuntrol. e. Independent renew.

b. Ituard identification. d. Risk assessment; acceptance decisaarilevel.

4. 7.-- 25. and/or JSA. When availatde, obtain established criseria for '
procedwes and their review.

5. Design manufacture, installation, test, opers%ns, and maintenance records;
construction progress photos, which may show features later covered by

, construction, and construdion completion reports.
l

6. Machine manufacturer's manuals.
!

7. Maps and draunnes.

8. Enisering systems (see example in MORT. p. 376).
,

9. Training given the supervisor.

10. L .. 's training and safety observationis.

11. Failwe histories.

12. Error rates; first aid and medical cases of similar nature.

13. Engdoyee selection, training. transfer and personal history.

14. Suggestions and their disposition.

15. Employee meetings.

16. Appranals and followup action (internal and ERDA). Include R& : 4 and
engineering appraisals as they are relevant. Review ime 1ctions and ameia.

,

17. Press reieases and clippings. t

1'1 Poesonal fdes and medical files. These should be obtained only for professional
evaluation, and then returned to safeguarded files. 3-31

i
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IV. ANALYTIC TECHNIQUES

A. GENERAL

Factfind ng techntdogies or methods are desiped to prodsce facts; tum ohat facts?
Anal >1sc lednapes are intended to assan the investigaror in Iil deodug what facts

i
to wek. (2) determining probat4e cauws and conenbuting factors, and t31 arrangwig
results ir an orderly and luesd manner. Relevant information is often tenddy

.

avadable ose:e as value is recognized.

1
Analysis is cheap and fan. Fb_d.. is expensive. Start analyse earty.

)

In aha sectum eight grorval Linds of analytics are examined. It would be enummal to
find aR of their approaches fuay utdized un a single accident. On Ihe ahet hand,at
leau ru&mentary uw of aR mil increaw the depth of investigatson, help sedwr
oversaghts,and produm better saructured reports.

Analyties- forsmal or informal. conscious or unmnscious-underlie any usuemagation.
Tha wetion uron #y swggems that the quahay of an investigatn n unil deprod ce t.%e
quahay ol' the analytacs =fucti guale the factfindang. For example. if use beteves
that operator error.uupeaty and wrong-headednem are major factors an acudents. it
will usually noe take long to fiz -blame.'' If one knows that undetected or
uncorrected changes are cuennico factors,information on relevant clunges as of ten
readily avadatde.

A gsers! aspect. " Folk = your now" must be considered, partly becamme of its
estabinheJ. hawone use(almets an:1 partly as a safeguard against the luistations

inherent in amore nwchanseal analytics. Consideration of changes, ceases and
anomaises is tune aspect.

Another general aspect d analysis is inherent in the speciahsts and esperts on the
tuard or wrvwig as consultants. Their expertiw mil suggest infornuthas needed and
w,ll assist in marshahng sa:ts m meaningful ways. They wdl be performag ammtal

l arulyties based on enpnemag and scientific disesphnes and their esperwnm.

1. The use of a structured analytic methods (vuhich some sniput see as a
streghtandiet) frees to sessestagstor in these unisortant vueys:

The methods pie assurance against oversight, leaving the asueuientora.

mm time foe personal observations to detect oddities, anormalses,
changes, punles, and reasons.

b. The enethods a8ow the investigator to follow potentully frumful side
i paths or evergent news, and, when they have been etaesed, he can 4-1
i
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quickly return to his place in the analysis to continue sus in an or&rly
way.

the netho.ls used give a reviewer of a repirt anurance of the scope andc.
depth of analysis. A report can hardly cwr his all the taetors found
adequate to cseellent. L'niess the analytie method is statcJ.e g MORT.a
reviewer does not know the nwaning of sdence on a pitentully sigmlicant

point.c.g presentive maintenance or infornutson warsh.

A method is, of course, only a nwans to an end .a good repost for preventive
.

purpows-:,nJ the methoJ wdi be judged sinally by its results.

2. Investsgative analysis process.

a. The basic flow of investigstive analysis is:

[ u,. p . - | inww. 1
s

INWet
_

1

F w es ,

9 t s

WW IN kapa he
F h* stan

h

s. The pn=e a.m M hace aim a

'** "'
r. wa

I
c.$ a M " ''~ "''"'

I

t

.epsietis u r rwsaae.ean,e

3. The actual investigative process is affected by a senes of intervening
considerations:

AJvance plans whieb estabhsh a procedural structure.a.

b. An analytic structure, required by the appointing officul or by lie
investigatur to assure excellence,

c. Constraints or pressures-time. haste. cost.ctc.

d. The tendency for investigators and board enembers to come to informal
conclusions.

e. Data collection to prove informal conclusions.

Experienced investigators report that they can tell when a board has moved to
step d. and now wants to move to step e. i.e.." proof." If these occur before |

'

fu! filling step b., the rest.it usually will be a shallow, inadequate, or even
,

42 erroneous report.

|
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Th.! interaction of these factors can also be shown an a fbw schematic:
I

.

IliventI
f

Procedure H Probi.12 |
4

*me #}"#; Analyus -

1stmtureFacts
i

4
' Sbre

Probing

h
'"''

: Analnas
Facts *

I
s

repeated as many times as required. deemed recessary

! ' infortnal

Corwfuuons||
; 3,3g, ,,

t
b

Constramas h Proof
g

. Fornul
-

Condusions

The trained msestrptor must necessardy (olbw thrs same process, e g he
cannot ignore constrames. Ile can, homewr. be anse of the forces and
pressures and gu Je the tr vestrptam awiy from prenuture cimelusions.

LEQUENCES.

Lequences are diseuned m MORT lelupter Vil as a fundamental aspect of aeodcett
nd utme dius; rations of causal sequences .re prouded.

I. Uses of diageama and f!ow charts.

Sequence dugrarm and shw clurts lMORT. p.3$5t are uwful m three ways

To deselop ilw msestiption and asust m outirming or denpng ifea.

validity of lindmgs. proluble causes.and actributr'ig factors.

b. To orpnire the reput.

c. To use as valuabic illustratiw figures in alw firu! repwt.

8deticulous Energt Trace. The nwticulous encer3 trace hm den >>nstrated vatoc.
not only in deteimming uhat luppened but alw m a searching analpis for
potential bartwrs. Ibwewr. this analytic teshnique can beeone a part of the
aralysis below. ISee MORT, dupter 3. p. 335. and a niiety of cumples an
Appendas A.) 4-3
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3. Events and Causal Factors. NfSB lus pioneered in the uw of sequence
dugrams as arul tic tools and as report diustrations. The culmmation of thrs3

ewellent techneque es "ewnts and causal fxtors" diagrams whkh depict the
" musts" for an occurrence-the elements which must be prewn to have the
occurrence. Thus the tool is not only analytic for the accident as a whole but
also helps evaluate evidence.(See Appendix IJ Strict adherence to the rules for
descloping the dugrams is not necesary. Common sense wo ks as eell.

Figure 22 from NTSfl report IIAR.716. d.it.d May 12.1971, isa.

illustratie. The accident occurred when a tank hick partially Gl cd with
liquiGed on pen esploded, without warnmg.after nuking a dehvery. Ilus,
and a semilar 6gure in NTSB's "%farjorie McA!!ister Report" on a low
sessel smLang. Is particula:ly interest mg becauw evidence was scant. In Ihe
latter report a fault tree covermg all possible cauws was also used to focus
scant esidence on the probabic fadure path. Since the problems and
ddemmas of obscure or unknown causesin some LRDA occurrences have
been mentened, the techniques uwd by NTSB nuy be particularly usclul.

b. Figure 23 shows direct. contnboting, and systemic factors in an " events
and causal factors" sequence. Comparing tius with the prewmus NTSB
ngure will show that certam NTSB factors can be classed as systemic
fxtors such as swu lxLs of standards and two research problems
reprewnted by lack of knowledge.

ERDA. becane of its nature, goes much further into managerial systenuc.

and controls and implernentaten. as dlustrated in a fatahey iequence,
Figure 24, envolvmg a farm tractor osed for mowing lawns at a la wratory.

( The supermory and management fac' ors are signincant.
,

|

J. As the result of pdos class lectures provided by NISB staff,a participant
in a boJrd MVestigalion was abie to produce a icquence dugram for a
intsuminci&nt of Rocky Flatim a wry short tune (Figure 25).

The events and causal factors sequence chart lus been the focal point of
analysis in several ERDA investigations, with excellent results. The chart itse'f
makes a Ilie eMubit for Ihe early portam of the conclusions section.

.

The primary, direct sequence should extend from the stable system, show f:ie
beginning ofinstability, and end with the Gnaloutcome of the accident.

Expenence has shown that the dugrarn should be started early in the
investigation. Use of 3x3 cards (one per fact or condition) gives flexibihty
in structurmg an evolvmg sequence chart.

|

C. CHANGE ANALYSIL

The Kepner.Tregue change analysis method is a sharp tool for detecting
obscure causes. It ss also a guide to information to be sought, and a format for -
succinct display of causal factors in complex cases.
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1. Note the fallowing in MORT:

The role of charwe in accidents (chapter 5).a.

b. Changes detected by rnoniaoring (chapter 37).

Changes detected by supervision (chapter 30).c.

d. Change review procedurcs(page 270).

2. Examplu, MORT, Ageendia A.

Ileavy lon linear accelerstor-change makes barrier impractxal.a.

b. Environmental chamber-changes in valve, gauge, and supervisaon.

Ihgh explosive press-change in man (wife sick).c.

d. M APP gas-plans aad construction for new station were not reviewed.

Initiator explosion-changes in room.e.

3. Note Accident investigation Manual (AIM), Appendia J.,

D. CODES, STANDARDS, AND REGUt.ATIONS ~

Codes, standards, and regulations ICSirs) are considered to be a primary or
fundamental aspect of accident prevention, and simdarly an essential element in
investigation. CSR's reprewnt some degree of consensus of solutnins of problems
and can be seen as pra analyzed situatkins. In general.conformance with CSR*s takes
precedence over more exotic, but more judgmental, potentia!!y valuable analytics.
The value m CSR's is precisely the precison written into CSR's. Therefore a callout 1

of a,pheable CSR's, their status llegally enforceable or adviwry). ard their
observance can be wnsidered a fundamental, esvntial element in imestutaten and
reporting. CSR's are of such importance that a find ng of"none appheable"should
be madeexplicit in the report.

A posuble forman E litout of CSR's could be:

1. ERDA promulgeted:

Extemally established: Occupational Safety and litalth Admuustration.
a.

Environmental Protection Agency, Federal Radiation Councd. etc.

b. Internally established:
>

(1) Prescribed

(2) Recom6nended.
i l

2. Othee Federal, State, or local regidations.

3.
Advisory, e.g., American National Standards in titute, American Society of
Medianical a

Engineses, American Society for Testing and Matenais, and
National Safety Couned.

D
-

. .
. .
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| Thus a findarr a the callout .,f relevant CSR*t twther set of tii.dnp will coser
'

conformance. A thrJ set of findings will etner erzweis. c g 0$Ridescloped.ilter
constructum. C56 not apphed to an alicaJ. defined luimJ analysss process
(oversigha n wiza.s de ected, but correetmm de:a>cd due o In:L s4 funJs(anumed !
risk),ete. |

.

The recently us.e4 Reynolds Electrical and Lapneern.. ~.e;uny. Inc., Leystord
index o E RD %ces;nbed CSR's is a valuable and sa mforir:atam warefi. }

~

E. SAFETY ANALYSIS REPORTS AND SIMILAR DOCUMENTS.

Documentatem d the hazard ana!ysis process stwald be ohned and reviewed.
MORT analyu:s pride critcru.

Specific conchasam 7.=di be directed ta the logic a filows:

I
, ,

Mr1 I=1
. ; .

Inl | a.--I Ln_1

< .- . ~ .

I:. KNOWN PRECEDENT.
|

The logic foe cuummg use of known precedents (KP's)in desam and planning
process is r,reses:cJ m various elements of MORT but a saffa:nently important,

to assure attentace a the analysis proccu. The ky er
\.

4
'

KPJ | % KP |

0 9 f f>

Reflected Not reflected m Revueh: Analysis
in CSR CSR LTA' LTA

i

I f
NA known Krm:wn

as <rranization not comtr-me:ated
I i

h h h
Ensuring External Informaun Sercia

LTA informatbn Swem requrement , |
LTA J j

|
|.

f t

hstem Search
LTA requirement

|
(TA i

|
L4 10 . I.TA = lesi nhan adege.ne
I

i
'
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CL PRINCIPLES.

There are certain principles wluch govern or affect the behavior of things, people,
and organisations. Although a specilie cellout of mh prmciples (as suggested for!

CSR*-lis not feaubte, the topic is euential to good mvestigation.

1. Physical laws, e p., effects of grmly. Emetics, thermal transfer, and radiation,
pese hetie problem. Relevant laws can be stated by appeupriate crierncenng and
scientilic specidas. For cumple, argon is heavier ti.an air and will remai.* in a
U sessel untd bott >m eg ess or dnplacement are prouded.

To undented the occurrence, a bnef statement (supporte! by an appendis)
can be helpful to uwrs of a report. For cumple, an NTSb report (PAR.73 2)
had a one-pge append.x descnbmg the characterrstics of propane. An AII
report did not prosiJe a sinular description of tritsum. Since sutniances and
reactions used in ERDA operations are not wide!y understood special care
must be exercewd to provide reports "inte!!rgible to the technrally minded
layman, particularly pubhshed reports."

q

2. Behavioral principles. e.g., perception, decision. h: bit, teactic time, and
motivation, pmc a considerabic problem in ihat the principics are less precise
and more comptes alun physical laws Nesertheless, an effort so call out
relesant fiidings see.ns wurthwfule. Behaeral findmgs are summarued in
uwfut form 1 Berele.sn and Steiner. IOM; report in MORT. Appendas 1-5L

3. Organizational laws-thew may be of Iwo ) pes: lit those promulpted by the
organi/atum, and 121 thme of a behmoral or scientifie nature eand the latter
often operate to nepte the fornwr.c g.."snull groups can ctfectnely frustrate
Ihe attainment ofIhe goals of a larger, formal organuation").

l

The relevant promulgated procedures of tra e -an.nren shou!J be specifie:lly "

called out and quoted, brietl) in test where utal, m supportir.g appendices
where test is axesurv. For cumple, if an engmeermg department cperates
under I.RD tRRD 5:and.=rds tbr muhty anurance and lus ortwr meernil
mechanisms for detes-tmg and correctmi:|mards,or if training and operational
standards have been promelgatcJ. all sush ee'evant requirennents should be
specifvally enumerated.

,

it is cornmon in acektent investiptiim 'o detect situatkns which notate CSR's or
laws and principles but wh:ch did not contribute I. a cauu! scqaccec. All such
situations should he rep..rted, becauw speafk and systemarie weaknesses detected

;
nuy be causal faefors m subwquent accidents.

[

H. MORT ANALYSIS.
i

Stuch of ele firepoing analpis (wetiims AC)is in *.! ORT in greater or leswr .legree
but has bnn speciRalf, called out because FRDA seports reflect theimportanceof
cauul factors in occu ic ns, or Ihe frequent mai entm$si eo et zw specith aspects of

-

analysis. No anal)m has >ct reme worse from alw uw ot MORT. ben feagments *

have been helpful. The analytics are difikult ' o mrs :::- esen if mismterpeted, they.

wi!! rane questions whkh are useful. 4-I I

A .- .s
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1. Fne eanetes of MORT are avadatde:

IN orgie.al"lault-tree sturis."l he pJge referencCs to the MOkI test area.

|
. wrested in the fault tree sharts in Appendn K. They are incurrect en the
shr'ts m MORT.

b. The *m form (MORT.pp. l.hlhik

e. Dr. Jerry Drieuen's quest un torm( Appendn K).

J \ specul sheet appended to the M :ch.1975 issue of the Journa5 of
Shty R-**:;ch, Natenal Safety Council.

A specul sheet isa:ed by the System Lfety Development Center, ANC.c.

The sarwty dxs not seem to tuve any great sipuficance. Analysis has beet
:nproied by use el any one ei the 6ve.

2. Proideias do arise wtwn h80RT produces condusions or recommendations
whscn. we of ect, apply new. hift ttandards of program analyses and control to
an organaration. To alleviate any seemweg unfainiess, two approaches to
condiassons and/or recommendations are useful:

If a program es well estabhshed in the "best practice' organization,J.

abute posuble impincJ cnticiwn of individuals with phraseclogy of the
t Akming t) pe in a wrklusun: "There was no organtiaisonal retguirernent
.W . . ."(e.g.. Job utely arulysis. information search, or change seviev>).

t- li a program is only en crgmg from acrospace or nuclear system safety or
frem the MORT stuJ) and is not widely usedor understood alleviate
puble .mphed critiewn of the organization with phraseology of the
fellowing type m a reconmwndation:" Study, development,and test of an

in;xoved system of . . [e g., moni:onng, independent review, design
or ganiza t i.m audit. or infornutson search and retnevill are
recommended."

3. Some ERDA rsports give inadequate attention to major elements of basic
saf ety prccesses, such as:

a. Management implenwntation.

b. tksign and plan pnxess.

c. Supervision.

d. Dnployee particigutmin.

e. Information.

(1) Monitonng.

C) Data reduction.

(.1) Data retrieval.

(4) Data feedback.
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| RISKS OF SHIPPING RAD!OACTIVE !
! MATERIALS BY TRUCK
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| AEC INCIDENTS 1543-1967
(PROPERTY DAMAGE OR LOSS)
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PROPERTY DAMAGE RATIO vs TIME

1947-1967
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PROPERTY LOSS
SINGLE EVENT 1/68 THRU 2/71

(38 MONTHS)
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i TRA RADIATION EXPOSURE
OVER TWO YEAR PERIOD
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SOME POTENTIAL AREAS OF APPLICATION
EXTREME VALUE PROJECTION

1. PROPERTY LOSS

2. FIRE LOSS

3. RADIATION EXPOSURE
i

4. EFFLUENT RELEASE

( RADIATION AND NON-RADIATION CONTAINMENTS)
,

5. ELECTRICAL POWER OUTAGE DURATION
(FOR PURPOSES OF EVALUAT;NG ADEQUATE

SERVICE LIFE FOR EMERGENCY POWER
SUPPLIES)

Figure E.
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j EXTREME VALUE DATA

l TABLE 1

' MAX: MUM SINGLE MAXIMUM SINGLE
,

EVENT LOSS PLANT A EVENT LOSS PLANT B
1972 r000* 6000*
1971 2600 1600
1970 2400 600

| 1969 1200 2100
1968 600 500
1967 1600 1000
1966 4200 1500
1965 <500 1000
1964 2600 1900

' '"tecident"
i
i

TABLE 2

| CUMULATIVE MAXIMUM SINGLE MAXIMUM SINGLE
c

| PROBABILITY EVENT .OSS PLANT A EVENT LOSS PLANT B

'

!

0.90 6000 6000
0.80 4200 2100
0.70 3600 1900

{ 0.60 2600 1600

| 0.50 2400 1500
0.40 1600 1000

| 0.30 1200 1000
l 0.20 600 600

0. " 0 <500 <500

|

|

|

!
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$4TUAYlO88:
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4.. Jenis in ..lic toa) uma I..swa m I .tt planti eiables I and 2s.i
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haic kept the planti"m r.m.J shape."

E XE8tCESE:

M.. the Java los the in.. plants..n the estreme tatue pagve sv.giJcJ.
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2 In trinn ..t
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t
raesteraings and the natuse of the er..ennwnJ4:wwis to Jarter t..r 1%nts A anJlt'

1 % hat es the urnitkarwe et Ibc mtormath.et eri ti.e it.arJ paragraph .4 t!4
utuata.m ab.c' Isom J.es the esercmc salue analy ses sa;nJatt .g tad to nahJate
ihn miennuthm'

4 % hat *htti.ulevs nught haic beert esro::necJ .t' vic haJ uta!ucJ t'reqwrw).
vsent) Java rashes than estsemc salue anals un in ihn.aw'
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