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FOREWORD

ENDA must assure that safety is built into its own programs and
prciucts 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 invoived in
any rescarch, 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 maximum in corrective actions, This ir especially
important 1n ERDA since the frequency of serioue occurrences
in our operations is relatively low.

In addition, the increasing public concern in the energy technologies
makes it imperative that ERDA accident investigations mect the
highest standards of performance. This includes not only the
actual investigation, 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 2nalvtical 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
15, This 1s the best way to prevent accidents, improve manage-
ment and staff functions, and increase safety in ERDA programs

and operations. —

s . PO 1

Administrator
U.S. Energy Research and
Development Administration



TION

cffort to unprove the effectiveness of the
won process for senous acoidents * and the quality
subsequent Investigabion repurts was mitated in
1973 This etfort included the gathenng of the
s expenences ol investigation bosrd members, and
dlection  and  Jdevelopment of  guides on  the
Ahe-art an investigation methods and tevhnigues.
ptenal was consobdated into 2 manual and used as 2
A for traang 2 vadie of vestigitons who w uld
future buards. The five th-usts of the manual and

F‘IC

lon 5 hy and Concepts of Accidents and  Accident
gatuns

nagement ol the Investigation

thnding Technology

alytie Techmiques

Investigation Repurt

phases arise from the nature of our Investigaton
These are

wide vanely of occurrences In our operations.
requires emphasis on co cepts and analytns,
than checklists which can be used for certam
fi types of acadents,

small number of serious acaidents. A full-ime
igative  stalf, sumdar tc that used n  the
tation fields, cannot be justified.

strong emphasis on management responsibiily.
i3 requires greater depth of analyss than has been
n this or other fields and presents innovative and
ganwatwnal problems.

4. A buard approach in investigatioms. This has many
strengths, but creates more difficult problems =
the management of the nvestigation.

5. Factfinding technology, e g.. witnesses, photography .
tarlure  analyms. No  gudelines on  factfinding
technology were  available piewously o ERDA
acondent investigaton,

0. Repurt organization and wnting. These present more
vanied problems than i other fields due 1o the
ERDA's deventralised operating organization

One conscquence of thes: factors u to place greater
emphaus on analyss. The manual 18 aimed at analysis and
investigation of the most senous events, even though these
are few. A disciphined approach wall be useful in less senous
vases and will prepare all concemed for magor events.

The lack of new developments in the fieid of acoident
investigation 1s enident by the following statement of the
National Safety Council

“The acadent investigation provess i industry
general hasn't progressed significantly n the last
decade or two. Our search for new innovations or
processes turned up a few items that were applicable
to traffic and motor vehicle accident investigation, but
nuthing in the area of occupational satety and health.”

Thus, ERDA development in thes area is hikely to provide
gutdelines useful to others in government and industry,

* Serous accidents involve low of ufe, major property damage.,
or sgnificant adverse Impact on (he eavwonament.



1. PHILOSOPHY OF (NVESTIGATION.

A PURPOSES.

The pamary purpose of an accident mvesigaiag o 1o prevent sundas CocwrRemes
ard thus unprove the wlety of FRDA operatoes. The emphase swwld be va
diwovering #l cause<tic.t relationships from whach practial cored e remaodasd
actions can be dernved The mient s not to place blame. for all puople c17. bt to
Jetermme how responubdities may be clantied and supported. and crnon reduord.
Collateral purposes of investipatnn are 10 determene the nature and cuient of the
event and s progammaix wnpact. (0 sl - the improvement of pue s,
wandards, and regulations. o winly the puble s “nght 1o Anuw . and 1o deped amy
mysery assovated with the ocourrenae

Additsonal benelits (other tham preventwm) ondude improsung cmployers wdh

MANAGEMENL CUNEM, improving gencial periormance. and UMPIUVRG WA,
and mansgement abshis

The purposes do not mclude enforcement proceedings lubdity determanstron . o
controlled research  all of whach require supplemenian of W Parate mvesgatons.

8. CONCEPTS
1.  Generd

s Ouahties of an mwestigation. An evesligalion 1 tavh cowmted. Unk
specific, and bounded  therefore, i s easct Lo desribe, mrasere sl and
pinpotat traning needs than m the braad ficld of salety m gemerad

b Figure | shows the baux iavesiigative proces. Independence and caorl-
lence are sought by a basc inad of compelences, by airemre to
methods, and by cntena governing the appomiments of persosmel and
the management of the mvesiigaton.

¢.  Anmalyt schematx (Figure 2). An owerview of the vestggatioe provess
found useful to boards.
d. Separation of lacts, wierences, and pedgments. This has been 3 chrom

problem in mvestigations. Figure 3 prowdes a (low diagram for scparating
these into the proper section of the report.

. Scopohhcmnloumdnlhdcrm The wope will
usually embrace the Life cycle and canagemer! sysiems so comtrol the
work.

f. Importance of mvestigating “near e incidents.
(1) For findings and subsequent corrective measures.
(2) For practice -the International Safety Academy reports that, 1or

each disabling injury, there are 9.5 less serious uiiunes, 302 property
damage accidents, and 600 other occurrences.
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Cuncepts affect the kinds of facts sought, observations and perceptions. The
following are important covcepis mvolving an acaident

3. Defined. [ERDA Manual Chapter 0502 (ERDAM 0502) and MOR1, p.
25)

b.  Multifactorial, comples, -« w: e pattern (but there must be pattern in
the investigation ).

e l:‘-uy-dh:ricm(l(kl.p.ls.dupmz)
d.  Error. (MORT, chaptes 4)

€. Change-any perturbation of a stable, homeostatic stawe (MORT
chapter 5)

f.  Sequences. [MORT, chapter 6, Accident Investigation Maswal (AIM),
section VILB.]

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

h. auses.

(1) Remember that accidents are multifactorial. The word “cause™
suggests  proofl “beyond a reasonzble doubt™ or saentific,
experimental verilication.

This degree of proof may be possible for a particular factor, e g,
‘aboratory tests of, or previously established scientific data on,
characteristics of matenals. This degree of proof is seldom, if ever,
avalable for the entire causal sequence of a unghe accident,
Therefore, the unqualified word “cause™ should seidom. if ever, be
used. Instead the fulowing words should be used where appropriate:

(a) Probabic Causes-“likely,” deduced, concluded (madgmental) -
always plural.

(d) Gausal sequence-the totality of «..ats and causal factors
necessary and sufficient 10 produce the occurrence (the
“mtﬂll").

(¢) Cousal factors-

(i) Direct or proxmate factors-the primary events .n the
encrgy transfer sequence from initiation to coaciuson.

(i) Contnbuting factors—the events or vulnerable conditions
that created the direct factors.

(iti) Systemic factors—the system characteristics whach allowed
the direct and contributing factors to be created or remain
uncorrected.

15
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(d) Possible causes -the full list of events or factuas that could be
involved in the ovcurrence. ldeally an invesligsiioa examines all
possible causes to coniirm or negate each.

(¢} Changes [ perturbations)-change 'n 2 stzble homeustatw system
is sometimes said 10 be “the cause.” Actually. 1t s just one
clement ot the sequence of causal factors.

(See MORT, p. 137, for typical numbers of causal factors in
thorough nvesuigations.)

3 Prevention.

The followang are important concepts found in MORT involving the prevention
of acadents.

a

| 8

L

Safety systems (chapter 11).

Management (past V.

Hazard analysis (past VIL

Supervision (chapter 30).

Maintenance and inspection (chaptes 31).
Procedures (chapter 32).

Employee selection and training (chapter 33
Performance errors (chapler 34).
Motivation (chapter 34).

Monitoring systems (chapter 37).
Management ass=ssment (chapter 42).

Safety programs (part [X)

m. Need for measurement standards (Juran Control Cycle, p. 118).

Remember, when an accident accurs, it is usually the system that failed!

4 vmmmmwmum'

The following figures show vanous approaches to accident investigation. Figure
1 shows the basic investgative process. Figure 2 shows the investigating process
and source actions and inputs. Figure 3 shows the development of information
and the process involved in the report Figure 4 shows the classic phases versus

* See Appendin . “Experences in Acodent favestigation.”

i |

ot



the real tme management of the inquiry life cycle. Figure S shows a more
detailed inquiry process. Figure 6 shows a general investigative process. Figures
7 and 8 show compansons between what happened and what should have
happened. Figure 9 shows the yeneral forms and scope of cccurrence and
investigation.

C. DEFINITIONS.

For convenience, brief definiiions are assembled below They are grouped in logical
(rather than alphabetical) order because they modify 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 course
of events in connection with any ERDA or ERDA contractor operations if the
deviation has safety, health, or environmental significance.” (ERLAM 0502)

2. Accident- For a definition fun:tionally related to (he task of investigation, see
MORT, p. 25.

3. Incident-". . similar to an accident but without inyury or damage.” [MORT;
also see “high potential incident™ (abbrewiated “HIPO™) on p. 233.)

4. Event.
a.  “Something that happens. syn: eifect, occurrence ™ (W)
b.  For use in accident analysis, see Bennar's defimtions (Appendux |).

S. Investigation - A detailed svstematic search to uncover facts and determine the
truth of the factors (who, what, when, where, why, and how) of accidents.”
(DOT)

Syn: Inquiry -, .. 3 systematic invesigation of a matter of public interest™

(W), the term preferred by the National Transportation Safety Board (NTSB).
lesser impheations of faultfinding, blame. or penaity.

6. Fact.

a. “Aciuality, actual existence; event, objective reality.” (W)
b.  That which you perceive with your senses.

7. Evidence ~ . something that tends o prove: ground for beliel in law,
something legally presented before a court which bears on or establishes @
point in question.” (W)

Kinds of evidence: direct, circumstantial, real.

8. Proof.

a. Includes “conclusion beyond reasonable doubt; certain.™ (W)
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9.

10.

"

172

13,

14

15.

18

17.

b.  Scicatilic or exper'mental venfiation.
Analyus.
3. ™. ..an examination of 3 complex, its elements, and their relations.” (W)
b.  The use of methods and techmigues of arranging facts to.

(1) Assist in Jeciding what additional facts are needed.

(2) Establish conustency . vahdity, and logic.

(3) Establish necessary and sutficient events for causes.

(4) Guide and suppo:t inferencr  :nd judgments.
Hy pothesis— . . . a tentative assumption made n order to draw ot and test ity
logical or empirical consequences. imphes insul liciency of presently attainable
evidence and, theretore, a tentative explanation.” (W)
Interpretation . . . explanation of meaning.” (W)

Interance- Passin, from fact(s) 10 a probabic fact whose actuality is bebeved to
follow from t*: former. (W)

Evalustion -~ . . exammnation and judgment.” (W)

Judgment A formal utterance of an authontative opimon, the provess of
forming an opimon of evaluation, 3 proposition stating somcthing beheved or
asserted.” (W)

Probable . . likely ... 10 be so; that can reasonably be beicved un the baws
of available evidence, though not proved or certan.” (W)

Finding.

8. “The results of an investigation ™ (W)

b. “...the salient, factual, and analytical highlights of the acadent.”
(ERDAM 0502)

Conclusions.
3. "...teasoned judgments.” (W)
b.  “...judgmentsof needs " (ERDAM 0502)

c.  *...reasonable, based on the weight of the endence.” (FRDAM 0502)

Probable causes See “Probable™ above and “Causes™ on page 15 and in
Appendix C.

Judgments of needs-The kinds of managerial controls and safety measures -
believed necessary and sulficient to prevent ur mimimuwe the probability or
seventy of a recurrence.

i 1
AN GLN
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i\ 1 H
PRSP RN S



18 Recommendations Specific methods and corrective actions believed “feauble,
logial and pracisai™ and sufficient to fulfill the iudgments of need: In
gereral, each necd s evpresed in two kinds of recommendations
3. For fiung the specific proble..s involved in the occurrence.

b For liung svstema problems revealed Juring the mvestigation

19 Implementation Sva cofrective actions ™. measures taken by the ERDA
sontracton that are necessary 10 prevent a secund occurrence.” (F RDAM 0502)

An hierarhy of statemenss and puidance raneing from broad and peneral 1o hughly
et

20. Polcy A general satement of prudence. wisdom, and interest ntended io
guide present and futace decions, msued by the highewt authonty w an
VIRANIZation

21, Codes, Stand wds, and Reguistions (CSR) Authoritative, speqifi slatements of
Nlely meawre s Repulataons have governmental sources and the force of bw.
Standurds are u ualiy wauntary . Codes may be erther regulations of vodantary .

22. Guedelines |- ¢ weufn than (SR,

23, Practices Iperstug methods and requirements

4. Stardard defmed or established by an EANUZATON of subuvisson cg.
ERDA Manual chapren.

b Actual those wha b W reality of truth are used.
. Deviations In dufferences between atual and standard Practes. may

inlude move o iew safe of unule pracixes. and may include Prxixes
Deesary and acrpaed by thuise doing the work

24 Procedure A whllen. sepbystep method of petfoeming 3 sk [Job alety
anaysas (USA) i g Ve ot privedure | IMORT. p AT

75, Menagament the collective body of thowe who direct nenterprme ~ (W)
2 Top the chief exevwtive otier and the neat tier of managers.

b Mddie e Poup of munagers between TP and “wpermuon™ “n
hugher supervisson

C Supermiion the fwy et directing employ ees in fash perionunce.
Some MORT terms frequenth wed

26 Job satety nalyin Sateny and Management teview of step-by AP prow e dures
SHIRINATNE a1 the vk bevet

27. Procicy problem lise (PPLY A Listing of safeny Problems. ¢ g sssumed rsks nd
ot petentialy, ot romospad Convernn 1o manage ment
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Amehioration Sicps tiken to lumt adverse comsequences of an acoident,
including preventing a sevond acadent Trom the same energy tlow vt from
debns, tiee and rescue, medical treatment, and rehabilitation (MORT, p. 140)

Barriers  Measures 1o himit, reduce. or prevent an unwanted energy tlow from
harming persons or obgedts,

Hazard [he potentil in an actvaty (or condibion or Groumstances) tor an
accident, particularly an unwanted transfer of energy. which can occur n
random varations o normal operations of trom changes in paysical or human
factors,

Hazard analymis  The functions, steps, and cntena for design and p'lm ol work,
which wdentily hwards sovide measures (o reduce the probability and sevenity
potentuals, tdentify o« wal risks, and provide alternative methods of furthes
contiol.

Risk The probability dunng a peniod of activity that a hazard wall result in an
acardent with definable consequences.

2.« mal From an unanabyred, uncontrolled activity.
b Reswual Alter analyss and some action to control (PPL)

¢. Calculated Speatic, analyzed, and where posuble quantified.
probabilities measunng risk in 3 project or activity,

d. Group - Rates and piogections (or a class of exposure.

Uncertanties - Nonguantifiable increases in accident probability resulting from
the lack of named safety program teatures (e.g., human factors review, hazard
analyus, traning), oversights and omissions in 3 management system.

Error - Any significant deviation from a previously established, required or
expected standard of human performance, that resuls unwanted or
undesitable time delay, ditficulty, problem, trouble, incideat, malfunction or
falure.” (MORT, p. 4¥)

Rigby's “tolerance hmus™ (MORT, p. 52) define errors. Classes include
manageral, planming. and operator. Syn: Mistakes (less blameful), oversights,
speailic.

Human failure 13 also discussed on pare 2:16.

Monitering - Information systems (ndividually or collectively), which detect
deviations from plun  and procedures. cun toigger corrections, and can
deterimine deviation rav  wnd trends.

Triggers -Information (planned changes, momitoring outpuls,
accidents/incidents) which can imtiate hazard analysis and correction.

Trigger event-The event that imtiates interaction of la'cnt errors and
conditions in a system to produce an accident/incident.



38. Innovstion diffusion A rescarch-based techmique for ganing acceptance of a

desired change in behawor (MORT, Appendix H)

D. OTHER.

Comments on dioplaery sctioms. Concern or w crtanty about possible
disciplmary actions resulting from investigations frequently cload or warp
investigative elforts. The following observations on discipline, althougn not 2
part of the subject matter of investigation, bul rather of management action,
should be conudered

= “Fix the blame and discipline the offender™ s 2 common and histork
approach. particularty in the military. It atishied emotional needs but has
not been shown te have preventive value. You get “another spple from
the same barrel'™

b. Most managements have ill-defined philosophas and practices on
dscipline. The resultant varability has undewrable side effects—
uncertanty and unfairmess st the least.

¢ Some disciphnary rules may be contained i collective bargainmng
agieensents, but thes: are usually procedural rather than substntive.

A MORT says: “When an accident occurs, it's the svazem, ** ot failed"™

Deficencies in the hazard rewiew process, human facton review, supervison,
mspection and mortonng, and menagement implementation, inludang
coliecuing and acting on failure histones, all tend to create error-provicatve
situations. Discipline measures o not change the wtuational factors in the error
rate and may be grossly unfair. The man, selected in part by chance vanation
error occurrence, 1 hardly to blame. Alter ure acaident, 3 member of the
board of directors snd, “We set a trap for her.”

“If an organuzation has a major trouble, doa’t fire
the office boy'™

Some specific guidelines may be defensible:
€. Minor peaalties, e g, suspensions, seem approprate. and perhaps effective,

for wliful 2nd flagrant disobedience of enforced rules affecting grave
danger.

f. Major penalties, e g, tern, :aton, haidly seem appropriate or effective as
scquels 10 2 ungle occurrence.

g Repeated violations o, accidents may indicate a dewaant personality. m
which case the four wable alternatives are:

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

(2) Transfer (to low energy situations).

17
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(3 Tolerate.

14) Termunate.

Three alternatives not deemed elfective are:

(5) Tran  (unless lack of knowledge or shill are specitically indicated).
(6) Talk (propaganda, exhortation).

(7)  Threats.

It 1« adviable that management clanfy its beliefs and praciices regarding
discipline prior to Jn acaident in order 1o enhance the preventive purpose of
investigation and mimimue uncertainties.

Commaents on the investigs . s motives and attitude.

The primary motive or improwing accident investigation is (o increase the
preventive values. 7 do this we increase the scope and depth of findings,
analyses, conclusic s and recommendations. This means that we will be
exImMIMIng error (g enor-provocative situations) for all relevant roles and
functions. We must take special steps to show that our motive is to help
decrease error potentials not to just shuft some of the guilt implicit in the
phrase “human error” from the beleaguered employee to supervisors, designers,
management or other groups. This requires:

a.  Courteous, considerate treatment, not an inquisition.

b.  Concern for peoples’ feelings and explanation that people fail, in major
part, because of inadequate help and services.

<. Finally, findings, analyses, conclusions, and recommendations must clearly
show that falures at any level are system lalures, that are correctabie by
better services and help.

Jd.  The investigation should establish its humane purposes.

Remember.
Failure showld be our teacher, not our undertaker.

Safety is positive. It is doing things the right way. It is interest in the welfare of
others. It is a contribution to good living, to good povernment and respect for
law and order, to efficient production, and to the wetiare of every individual,
(From tr.e National Satety Council)

Sce also “Sermon To wer.” (Figure 10) for a cross-reference of investigators’
attitudes, and Appendix B.
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Thorough (1)
Methodical (5)

Able to organize

Meticulous (1)

Searching (3)
Driving
Hard working
Tenacious
Porsistant
Fum
Industrious
Patient

But careful in

use of authority

Studious
Well-prepared
Developed:

specialty
method

mansgement
Mu. " disciphined

Compiste (4)

The Boy Scout Laws:  Trustworthy

Obm‘lg_o(l&ﬂ

Method-oriented
(385

Reasoning (3)
Analytic (5)
Intelligent
Logcal (1)

Records contrary
svidency

Sound judgment
Fairminded
Judicious
Realistic
Common Sense

Truth seeking
Honest (2]

Unbiased
tio Hobbies

Loysl
Courteous Kind
F riendly Brave

Independent (1)

(See MORT and
Criteria for
Selection)

Method
Fostars
Indegondence

Sources:

Open Minded (1& 2)
Curious (3)
Imaginative (3)
Inte_ive (3)

Flexible

lnngvetivy

(1) ERDAM — Appendix 0502
(2) NTSB (and Board guidelines)
(3) DOL guidelines

(4) Ad Hoc AEC sommittes (see Appendix E)

{5) MORT
Helpful Thrifty
Clean Reve rent

Sawvin
Knows what

to know (5)
Knows how to
Knows how t9

record
Alert
Good Listener
Sensitive 10

Situations

Perceptive (4)



Costs of investigations.

The costs of good acoudent investigatwns are substantial. For one major
accident, participants estimate $150.000 of diwect cost. Discussion wath a
cross-section of nvestizators (as well a3 NTSB's estimates) indicates that 75 to
125 man-days of investigative time are not unusual 101 senous events.

A “ball-park” approximation of investigative costs for senous events will be
usetul in gauging the amount of advance preparation likely to be custeflective.
Figures of tlus 1y pe can be puessed/estimated as follows:

Direct COMS-INVESHBIIVE LIME .. . ... oovvrvnacsnnnansnnss $ 8,000

Associated costs - personnel involved (contractor) ... ... ...... 24 000

Review cost: - field orgamizations and Headquarters ... ....... 1,000
Overhead $33,000
Per Case $66,000

For approximately 20 occurrences per vear, the aggregate costs may be on the
order of 1-1/3 midbon dollars. Such an amount s undoubtedly *mall in
comparison with the values to be obtained -the pont here is to consider the
costs of improved processes as compared with present investments. For

example:

Training of special investegators .. ...........couuen $1,750
(cach)

Advance preparations by special investigators
PREOEIRE ..icrsnsrosaessaninsnrsetnivEerey s 3.000
$ 4,750
Overhead 4,750
Total in the $10,000 area

This guess/estimate may then be compared with:
a.  Per case costs of $66,600.
b.  Benefits (many tangible) of improved process and efficiency.

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

Failing to have good investigation protocols and preparation results in
inetficient use of board members’ time, as well as reports that are less than
excellent. The costs of inadequate procedures and preparations in terms of
conclusions nor perceived and recommendations nof made are incalculable.
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MANAGEMENT OF THE INVESTIGATION.

INTRODUCTION,

Management of investigation in ERDA is keved 1o the following characteristics of
operaton:

LF]

Acadent/incident investigations within ERDA facilities and ERDA contractor
operations employ combmations of mut say supporting responsibiities and
competencies placed o both L RDA and comiractor line organwzat-ons, In tumn,
cach ol these involves line management, satety statf. ad hoc boards, and trained
investigators. For the latter three, steps are Laken to assure independence.

The wide vanety of operations and techmodogy requires a high degree of
fleubiiity in creating and directing a competent board or other investigative
agency.

ERDA follows the practace of appointing specuad ad hoc boards of ,avestigation.
In serwous events, these are ERDA apponited. m lesser events or incidents, they
may be contractor appointed. Many investataons stem from incidents wath no
injury and/or msgnascant property damage. I* there is a high potential for
injury or damage, imputant lessons 1o be kearmed. or program or public impact,
3 fullscale investig>* 3 frequently launched &y ERDA or by a contractor.

Because ERDA ana us contractors are respomuble for management of direct
operahions, investigative agenvies can and peoperly do g0 much further in
recommending management preventive atwas than would be appropnate
regulatory invest gaians,

Because the typical ovcurrence is wholly wixthas an ERDA site or “acility the
investigation usually begins rapidly, has fudl coatrol over the si.. «dipment
and personnel, and emjoys the ready avaababty of technical specialists and
the services of 2 wide vanety of laboratones. i seeded.

GENERAL RELATIONSHIPS OF INVESTIGATIVE ROLES.

ERDAM 0502 and Appendix place primary respomsibility for accident/incident
notification and investigation on managers and dwectons of field organizations.

The quality and efficency of investigations will depend largely on the advance
planning done before the occurrence.

memmumummwuu
he:



3. Diverse responsibilities
(1) of both line and statf elements. and
() i both field and contracton viganwzatons.
b, Chaotic circumstances olten present alter an acident.
¢, Pronty need for the hine vrganwzation to carry ot amehwrative tundbons,
Jd.  Possible remoteness of the ate.
e. Need 10 secure the sene.
£, Need to initiate immediate collecton of transient evidence.
g Need to restore vperating tunctions wheie pussible.
Need 10 nvestigate thoroughly, using trained invesigative personnel 1o
asust and advise an ingependent buard sume ol whose members may not
have investigative expenience.
Gimhm‘h“nmommmdm

transient evidence, the intersm responsibelrties of investgators, both ERDA and
contractor, need definition by ERDA field organizations.

3. Contractor safety stalf should imtiate data collection.

b. ERDA safety or investigative stalf should go tu the scene and take uver
data collecte:n perding arrival of 2 buard.

Once these procedures are established. it 15 pussible to set down briet clements
of the sequential roles of vanous responsible groups. An exampie of this type
of a sequential relationship follows (Figure 11).

C. IMPLEMENTATION OF ADVANCE PLANS FOR INVESTIGATION *

%

tssue mmmmw.mmuanns.muow
organization stat! and contractor management. Con.der the following while
developing the instructions.

o Raus for plans major events, 2l possible modes, pronty problem lists.
(See section IV.B. for hsts of places, kinds of occurrences, and
responsibilities.)

b. Preplanning with:

(1) communication center and emergency services fire, secunty, rescuc,
elc..

(2) specialties - trained investigators, and disciplines, € g.. occupational.
fire, health physics, nuclear, etc. -all to be in a state of operational
readiness;
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- 1 impiement advance plans

Advance Pans

Evert Occurs

Ame0raton (aule)
NOL!ICaLor .

1 Go o e scene Secure e scene

2 Get neeced ass stance Prewminary winess
3 Revew pensonnel salety siatements

4 Ovserve amesoraton Eary photos

7 Preserve rans.ent
evidence

Recewve o——-15 Feceve = 8 Preimnary synopss
6 Evauate magniuce
7 Coilect ¢ 2asent evidence

|
|

Decide category
Appont o 1 Bre'ed by authorty ——————a= § I ncdent aDpont
2 Gowo scene 10 Assgn 10p level kason
3 Mee! win management
8 Preimaary Synopss 4 Hecovt - 11 Presmnary synopss
Provice oGS ————ae § Advise p—— TR 12 Provoe ogsics
Provide consunants ~ % 10 Asss! = 6 Ang lasks 13 Provae .vormaton
7 Conectlecte wAresses ANd Bvien e
Check on progress —— T " 2&':0';000-:»-
9 Reiwase & ne when lsasbie —am 15 Continue rehalataton
10 Agree on Facu, Condlunom, 16 Repon actons
Recommendat o
Review repon «e- 11 Write repon
*-MnﬂcmmwmuMan 'h-m.—u-(m“

ERDA satety angreen Ao bed and “earaAW
* See LRDAM 0502 and Appendin, and MORT. p N8
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public otinwals Federal, state and hocal, including medical hason
with coroner o medical ¢ xaminer,

nedal,

legal.

Prepare plans for boards of invertigation.

2. CUrtena tor selectam

v Board gurdelines t ERDAM 05020 36).

Establish responubelity for mantaning competence in investigation, includeng
cquintion and spplcation of methods, withen the organizaton.

€ stablish

standing orders for commumcations, nolifications, decron

mechaniums ano action »n the event of an ocourrence .

Iisue nstructions 1o e management. (Keep them umple—wn an emergency,

'3 hord to remember kong parayraphs')

2. Requure that line organzation, securty and muintenance be bricled on
philusophy and provedure prior 1o the acodent.

b, Ameloration (preventing an immed ate sevond acadent, lire, rescue,
emergency medial care) is the first pronty.

o Notihation reguirements.

d. Standard imital investigative steps.

(N
3
4
(5)

6)

("N

(X)

Secure the area. This is essential and has not always been a standard
practice.

Se ure from disturbance (do not add, do not take away).

Secure o~ entry into area of resdual hazards.

Make haste, but slowly'

Preserve ewdence.

Collect  transent evidence - photos, preliminary  statements by
witnesses, mark locatwns of angured, etc. What  happened?

Anomalhies?

Have an assstan' imitizte these phases when possible, even during
amchoratwa,

Make prowsons for securng area, and taking photographs and
wilness statements in remote areas where there 1s no supemsion.

e. Coopeiation wi\ independent board o7 investigator.



(1) Inte al agency safety department or buard.
(2) ERDA define authonty of ERDA investigative agency.

(3) Prowde semwor stat! hason to investigation to handle requests for
documents, witnesses, tests. ele.

(4) Provide suppont services space, clencal, phone, transpurnatwn,
persongl prutective gear, etc.

f.  Prepare plans for correctrve actions.

D. ACTIVATION OF THE PLAN

%

Decide (from swaiable information) :
a.  Type of occurrence,
b, Level of effort - when in doubt, scale up'
Be cavtious in quwk dumoss of cause. In a2 previous occurrence, a
Headquarters program dmsion call prompted action which caused a second
event. Reiterate nstructions 1o secure scene, collect transient endence, elc.
Make the necessary notifcation.
Appomt a board (promptly).
a.  Make slection. per cntena,
b, Give oral message, if speed 1s warranted,
¢.  Give letters, wath guidelmes and scope attached.
(1) Include the names, utles, and organizations.

(2) Include the swope of the occurrence (see item 7 below for discession
of the scope).

(1) Send a copy o contractor management with board guidelines.

(4) State board authomy if it needs exphicit definit on. Also, when it is
necessary, the investgator’s intenm authority should be detined.

Brief the board, including scope of investigation (see below).
Check on progress as investgation proceeds.

a.  Isthe board well organized?

b.  Are tasks being done?

¢. lIssupport from ERL A and contractor adequate? 25



5 a0 cxecutive secretany needed”

Are any added resounces needed” (Ganad management supgnnt has been
showmm vig site visls )

6 Do not sppont two umultaneous bosrds (one for oocurrence snd one 10+ the
problem in geners).

7. Define scope.

The appomnting olticual of ne board i responsble for delinmg the soope of the
mvestigataon including s datsons, of any.

2

The tirst concern is 1o broaden the scope to the lile cyole of the activity
(as relevant), and 1o the management systems whak dwould have
controlied the activity, Desired wope inciudes the “upstream provesses”
which  produced  the  wark  ingredsents design,  plan,  supervivon,
manienance, impection, framng, prssJures, etc amd the managernial
control - systems,  especially  momitonng  1or prompt aserecton ol
deviatwons,

The bounding of the event may present dilficult questans. For example,
(1) 2 tnitum release from one plant had 3 pror sequense of events
extending back to 4 muwake at another laburatory . and (20 a fatality m
fietighting had a priur sequence extending to nonobservance ol salety
recommendations, which imitiated the fire

In such cases, 15 the bowrd expected to inguire into the caumal factors of
the prwor event?

The second concern is to hmit the scope to 2 manageable, ad hov board
actanity. This suggests that 2 board be encouraged 10 recommend further
studies when ity findings warrant. This could produce appropriste,
subsequent attention to three kinds o problems

(1) Lengthy early sequences at other kacations or places.
(2) Problems requining research.

(3) General studies of broad programs (e g, management sysiems,
supervision, labor relations, trainimg, maintenance and mspection, of
design resources) or broad problems (e g, public informatson, moraie
or discipline)

One investigation was 100 lengthy because the scope was too broad.

Some boards have taken control of operations inadvertently by making
recommendations or by directing data collecton methods whach required
new organiuzation.

The third concern is resources. What scale of effort (time and money) is
presumed necessary? The safety analyus report (SAR) for a reactor is
ensentially unbounded. A nuclear occurrence investigat.on would be



unbounded. A conventional task analyms, ¢ g, for changing out 3 pump, i
aot unbounded. The buard should h.v- general guidance on the resources
and  depth of  elfort  dewred. The pusubly ambigoous lerm,
“thatoughness,” will in {act be determmed by resources.

An example vl letter of apprntment wha h i ludes a paragiaph on the
o of the e stigatwn potbows (hrguts 12)

ROS OF INVESTIGATION.

MWM-QM

4

Muny board members are nerpenienced 10 auoident nvestigation. The
wmplete | RDA manual chapler and appendin, covenng much more than
the board s responwbilities, aie Qitticult for 2 board member 10 use.

Vunagement has 2 tesponubility (o have un hand, and ready to distnbute,
gusdelines tor buard chaeman and members. The gusdelines shoukd be
wieinet. clear, coherent, functwnal, and comprehensive fur major steps
(ship the detal).

mummmum

Manual coiteria have heen inserted i the guidelines tor boad members.

Values in buards (MORT. p. 386).

(1) Assemble necessary compelencies and shills, including managenal,
screntific, technical, professional, investigative and specialities.

(2) Fuoster independence and diversity of view and expenence (a dif-
fuult objective. see MORT, chapter 28, and numerous Aeroget
Suclear Co.exhibits referenced therein).

(1) Improve Judgmental provesses and technological solutions, counter-
at buas, and avowd traps that ind.aduals might muss.

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

(1) Lack of expenence i investigation and analysis.

2y May be cumbersome and slower.

(3) May not be truly ndependur? (see MORT, p. 386, for a case of
“incest”).

(4) Interpersonal factors may complicate th” work.

d.  Other criteria largely drawn from pnor mvestigations.

(1) Managerial level of charman and members should be considered.
Appuinting top-level people reflects the Arganization's concem and
gets faster acton dunng the investigation  d the implementation of
corrective actions. In additon, they will generally manage the
investigation better, and they are not easily awed or fooled dunng
the investigation.

e



UNITID STATES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
WASHINGTON. DC  20%3

et

Chairman of the (cemittes
Jcb Title

LSVESTICATION OF (NAXEREME AT Pk XYZ "V RATI®Y

You are hereby appo.ated as 1l.oman o1 4 committee to investigate
an OCcurrince at t e V172 Laboratory., he telliwing additional
Jersonpel are ar ointed as menbers of the committee:

Faplovee A, Job Title, replover
toplevee 5, Job Title, toplover
ioprovee (, Job Title, Implover

In addation, the tellowing personnel are designated as consultants
to the committee to " utilized as required and requested by the
chairman:

F=olovee D, Job | rle, Vmplover
Fmplovee £, Job Title, tmplover

The investigation am? reporting are to Se cooducted in accordance
with FPDAM 0502 (nsct - as circumstances associated with this sube
Ject permit. The rep t should, of course, tully cover and explain
the technical elements of the causal sequenceis) of the occurrence.
The report should also descrive the mansgement systems which should
have, or could have, prevented the occutrence, e.g., the salety or
hazard review systew, the quality assurance program for salety (in-
cluding the monitoring of actual operations:. Appropriate recommens=
dations for improvemwst of the management systems will be required.

cc. Apponices

Signature
Appointing Official

Figure 122 LETTER OF APPOINTMENT



(21 Prownal  qualites  desred  indude open  and  lugnal mund,
thoroughness, and abday to mantan pessoe e snd independenae.
Perwnal qualities 10 be avoide ar- > i all” attinude, “pnma
donnas,” preconceived buases, orea  wion with normal work, and
reluctance 1o be away from lome o regular ok

(1) Members who are remute itom ute Jdelay progress and rewew.
Evidence and  testimwny aier. Members may  shontcut
nvesigalnm to return b

(4) Vested nterests have das.

(5) When pusible, the aviaton approach tone member for e ch npect,
such & energy. structure, human factors, operatons, control
systems) would be valuable.

(6} The chairman should have 3 high level of managenal shill as well 3s
having a technwal background. Experence indicates that a strung
charman s v led.

(7) Line perwmn  needed for recovery should not be asgned 1o
investgation.  Thus comment s based on past cases. It would now be
prohubsted as mot ndependent )

(%) Avord using people just because they are available.

) Exclusuvely “outsde ™ investigators may imply local ERDA staffs are
incompetent.

(10) legal advisors are usually effective 1n fact collection and analyws
questionirg witnesses and report wrnting.

.

An example Since himited numbers of people are available a gross wonng
fystem may suggest wise compromises. A pussible systim cuaid produce
such an anayss o follows.

Mgr.  Invesu- Expertise
Relaton  Exp.  gation Duscipline  Subject Analytc

Chairman  Dust nt - e

Member Cls * . -

Member  Safey e + + ++
Member  Dustant - +~ -

Member  Dastant + + . e

In this examnle, the requirement that the chairman is an ERDA employee
s satisfied. Organuzationally, the chairman is located at 2 remote or
distant facility. He fulfills the added dictum of managenal skill and
from the discipline concerned.

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

themselves, contribute to a well-rosaded board foundation. The safety
representative may be the tramned 1rivestigator.

Managenial skill and nvestigative experence are the tie breakers.

Disciplines and subject matter since ERDA imposes no limits on
appomnted consultants and technical adwisors, a lengthy st can be



vonsdered for compdes events which appeoach 2 wide vanety of technical
boundanes, tor exampie

Saences and Fnpneerng Cross4 Tassiled by
g_\ﬂpmm Subsect Matter
Physics Bubble chambers
Chemusiry Reacton
Metallurgy Test and qualitivation
Chemnal enginesrag Acceleratons
Nuclear enginecring Cotcal facrises
Mechanical engincermg Structures
Hlectncal engineerng Control system
System engineering Transportatun
Operations research Chemwcal processing
Reliabihty and qualay Explosives

assurance (R&QA) Crane operation
Medwal Heavy construction
Human factors Radatwon
Health physicists Chemxal Lboratones
Mins eagineering Coal bquetacton
Geophy s ists Lt Jton technology

Reclamaton technology

Geothermal and solar dew lopment
Electne power transmission
and distaibution

Observations ftom a pror investigation include:

(1) Persuns with swhstantial training i disciplines and speculies
involved should be on the board.

(2) Specialists wath current work expenence in the problem at hand
should be consultants or members of the board.

(3) For an acordent mardent with ,ugh pubhic interest, +lect 2 board
member with expenence in dealing with the pres e, one who s
able 1o effect an honest evaluat=n of press » public concern.

(4) Any acodent madent mwolving radiation or complex processes
engenders personal traur. 3 and fear. The involvement of a medical
doctor or other approprate speaalist who can evaluate traumat
effects is benef.cxal.

(5) For radiation or other problems, there s a tremendous wealth of
cxpertise withes ERDA. Lo not hesitate to uze it.

3. Guidelines for trained mwestgators and members of board of investigation.
Gu delines should be avadstie for immedusts distnbution to bosrd members.

2. ERDAM 0502 prowvesons in bnef.
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(b)

()

()

“To investigate and evaiuate occurrences to determine theis
causes and the appropriate measures to prevent recurrences and
wnprove the safety of ERDA and ERDA contractor
operations.”

“To obiain carly, complete, and factual informetion on
occurrences as a basis for (1) repurts 1o the Admumistrator,
Congress, and other Federal agencies, and (2) where appropriate,
informing the public.”

“To assure the gathening of adequate information on which to
base management action.”

“To provide a basis for the improvement of ¢des, guides, and
standards used in ERDA and ERDA contractor operations.”

12) Responubilitics.

(F1]

(b)

Drrectors *nd raanagers of field organuations.
(1) Durect investigations,

(u) “Assure that, except for necessary emergency actions, the
swene of any occurrence requinng or possibly requinng a
Headquarters or field vrganization board investigation is
not disturbed until the investigation board concurs that
recovery or normal operations may be resumed.”

(u) “Appont field organization ivestigation  boards and
establsh the scope of thew investigations ncluding
limatations, of any.”

fiv) “Assure that Headquarters and field investigation boards
receive the necessary logistic and administrative suppont.”

(v)  Review nield investigation reports,
(1) Assure that corrective actions are satisfactonly completed.
Boards of investigation.

(1) “Report duectly 10 the ERDA appointing official during
the investigation.™

(1) “Understand the scope of the mvestigation including the
limutations, if any, prior to imtwating the mvestigation, If
necessary, the board should discuss the scope of the
investigation with the appowntiug official or lis designee.™

(i) “Conduct an investigation and prepare an nvestigation
report which sutisties the requicements in s chapter. ™

(v) “Transmit the report with a cover memorandum which
ncludes the board’s recommendations 1o the appointing
official within his specitied penod of time.”

—— - — m— -
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(3 Gudehines for imvestigation.
(a) “Appomting theboard . ... "

(1) A board of mvestigation shall conssst of thice 1o five
members, one of whon is appointed as chairmuan.”™

(1) Al members of Type A mvestrgation boards shall be
FRDA cmpioyess. Type B ivestigation boards may
consist of ERDA and/or ERDA contractor employees, at
the discretion of the field organization head.”

(i) “"ERDA employees appointed to a2 Type A inwstigation
board, and ERDA and ERDA contractor employees
appuinted to a Type B investigation board shall work for
and report to the field organmuzation head duning the
nvestigation.

(iv) “At least one of the members of 3 board shall be a traned
scadent investgator,”

(v) Al compeiencies should be consdered in appor:ting each
board. including managenal, saentific, prolessional and
investigative,”

(v1) “The use of necessary consultants or advisors who are
experts in certain areas or who are familiar wath the
cperations of management of the program involved m the
ocvurrence 15 encouraged.  These persons may be
contractor personnel.”

(vii) “A supenior and his subordinate shall not serve on the
ame board.”

(vin) “Employees directly related to the operation or actinty
mvolved in the wccurrence shall ot serve on 2 board.™

What approach is used? Acaident investigation is spoken of as both a
sience and an art. Certainly 1t contains elements of both. A controlied
method/system is essential, and a clear understanding of the tochmques to
be used allows nvestigators 1o develop a “feel™ for what needs to be done
and how far to pursue cach course of acton. The main puwts to be
remembered are that you must:

(1) Decide what organization, procedures, and analytic techmques will
be used as soon as pusuble and tollow your plan unlest you see 2
definite n2ed for rearrangement.

{2) Have specific tasks assigned to indimduals, and ensure that each task
is accomphished.

(3) Explore every possble cause of the accident until it is proved to be
an actual cause or ruled out.

(4) Recognize both the extent and limitations of 7our own knowledge
about te-hnical subjects, and call on specialists of necessary.



(5) Maintain courage if the cause is not apparent, and avord jumping to
what appears 1o be an obwious conclusion.

(6) Record all evidence accuratey, corroborate, when possible, and
evaluate all statements and te<iimony.

¢. How is an investigation conducted?

(1) Initial actions. Getting started properly is very important; ctherwise,
evidence can be lost while the board is trying to vrgamize iiself.
Following these sequential steps should assist in beginning an vrderly
investigation:

(a)

(b)

(<)

(d)
(e)
n

(g)

(h)

Q)

(0}

(k)

D)

Assemble the board for field organization briefing on synopsis
of the vccurrence and scope of investigation.

When possible, assign tasks to board members then or whule
entoute 1o the acadent wene. (1 board membess travel by

different means or from different 1ucations, do this as soon as
possible after arrival.)

Get a short briefing from the incividual who has been
controlling the acvident scene pricr to your anwal. Get local
organization charts,

Estabiish formal hiaison with management.

Go to the accident scene,

Perform a general survey of the accident scene 10 get a “feel”
for the accident.

Prevent unnecessary Landling or moving of evidence. Review
securnty provisions.

If personnel are readily available, find out what each witness
might be able to contribute. Alert hun to a possible followup
inferview,

Photograph evidence and the scene.

When nceded, give the board a bricling on investigation
methods.

Establish command post and arrange for other needed
 ources.

Finalize board vrganization and plan.

(m) Assign additionai initial tasks or revise previous instructions

based on the bnefings you have received.

(2) Continuing tasks.



(3

4)

(5

(2) Collevt and preserve evidence.
th) Interview witnesses.
(¢) Prepare duagrams.

(d) Secure as-built drawangs: copies of procedures, manuals and
nsiructaons, maintenance records: nspection and monitoring
records: alteration or change records; design data, matenal
reconds, and personal histones.

(¢) Conduct reenactment, where necessary or useful.
(1) Amange for laboratory tests, where necessary or useful.

The buard should meet at least once daily to exchange information
and coordnate results.

An analysus of the accident goes forward umuliancously, both in the
minus of board members and in analytics prepared by the trzined
mvestigator or consultants. The analytics help determine what
additonal iniormation to seek and later help determine causes and
miormatan 1o seek  and  later help Jetermine  causes and
recommendatons.

Prepare an outline, and start wnting  soun as feasible.

The chairman’s responsibilities.

(8]
()

3)

(5

(6)

(7N

(%)

(&)

Direct and manage the investigation.
Assign tashs to members; establish deadlines.

Use the abilities of a trained investigator to outline and expedite
the work.

Establish a “command post.” Do not use your office or even your
buillding. If feasible, separate investigation office from regular work.

Assure that scene is safe and that investigation does not compound
the event or mteriere with emergency operations,

Assure that the scene is secured until all evidence has been recorded
or collected.

Release the scene to management for rehabilitation and operation

when posuble.

Handle requesis for information, witnesses, technical specialists,
laboratory tests or administrative support with a liaison member of
management.

Handle all communications with the ERDA field organization and
public o fxaals. Remember, the ficld organization is responsible for
public news releases.




(10) Keep the appointing official informed.

(11) Assure that the investigation does not function in ways which relieve
line management of vperational res, onsibility.

(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 relzase the board until the report has been completed.

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

~Board work has priority over all other work. Humility, integrity and
are the marks of a good investigator,

THE TRAINED INVESTIGATOR.

During an investigation, the trained investigator may be the chairman or a member
of the board. However. the specific duties of a trained mvestnigator will be defined
n the background preparation and situation requirements.,

1. Manuals and guidelines (inctuding ERDA Manual chapters).
Traiming.

te

Investigative aids and equipmant.®
Frequent practice on HIPO's.
Role in amelioration (specific to site).

Role in interim prior 1o board appointment.

Role with external agencies (police, coroner, Department of Labor, NTSB, and
Enviconmental Protection Agency).

8. Operational readiness checks. Emergency procedures (ERDA and contractor)
should be rechecked. At this time, since ERDA dors not have enough incidents
to develop proficiency, simulations scem to be the answer. These should
mclude cases for assocated spr -ialists - nuclear, radiation, hazardous materials,
occupational, fire and waste management - because each vy these has specialized
investigative needs and plans.

The nature of some of these topics, e g., aids and equipment, wll be covered later;
but, definition of roles seems to be a mapr need for each field organization
situation. Appendix B provides many useful examples of problems a1d solutions.
For a checkhist of investigative tasks see Appendix D.

mvestgator cmmmmrddomanmhvimhlﬁuﬂm that the local investigator
provide services.
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G. THE ROLE OF SPECIALISTS.

)

The rcie of Lawyers in investigations.

The spposatment of 2 legal advisor 1o an uwestigation boasd = w2 manual
chapter regurement.  However, such appomiment shosad S carelully
considred m view of the nature of the board's role.

Whether 3 lawver i 2 member of the board e an advise @ & hs pmary
Mission 15 G0 assst i the defimtion, ascertamnent, and anaves of the (s,
the intervew of witnesses, and the vrganuatun and preparscam of the board
report. **

The role of plvwwcians in investigations.

The investreatson board should obtain a phyacan’s asustame when medual
and humam tactors may have played a cousad robe in the aoosarmn davestigalons
should alo sk with mediwal officers o Jevelop asane plans  for
investhigstam appropnate for loval conditwons,

2. Medal nd human factors should be evaluated by 2 asndiad mvestigalor
25 part of any accident investigation, for 3 number of reasams

(1) Yo msure the completeness ol the mvestigation.

o acadent /inadent investigation s complete. Josnne actaded study
1 tachnologic, engineening and manaecnaent sydoms ankess human
and medwcal Lacton are also evaluated.

Human falure continues to rank hech i aoosdere ceusal factors,
“amy himes it 8 not detecied o the sgmitvame o #s role n
aoondent causation and preventioa i not fully spereciicd due 10 3
saperticial medical/human factor evaluaton.

(2) To rule out human falure in acosdent causation.

Heman falute may be 3 pnimary cause of 3 cortnihutme cause of an
aondent o inadent, It may e tound i maay torms and 0 many
swstems 100 frequently the medical and human tacaae evaluation is
rated 1o looking  for obwwows operator eswe o operator
mapaatation.  Attention should also be owem 10 posuble
aotnbuting human falure xton @ salety mamanement systems,
provedures and practices, and m the area of apuownent desgn.
Specual attention should be oiven 1o the doaen of  control,
rwetonng  and warning sysiems @ lerms of  mmemazing  the
posability of operator error i readmg and interpwtimg mstruments
and sgnals, and 0 contriol npet respunses. Aot warning and
mweutonng  signals  designed  with high  attesowom  stimulation
umambiguous and falsate features’ Are comwal  sysiems
comphcaied? Are critical controls distincteey Sesagned  and
tum bonally ‘ocated? Do monitonee procedures tase baredom and
faingue?

*¢ See Appendin B v the report prepared by un ad how commtior of AL hwsers. The report
contans guidelmes on ewesaation reports and the constituency of wwesiyat o beans,
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1)

()

(6)

M

T.< human falure specirum that should be covered in a thotough
investigation i outhned in Table | of Appendix F.

To establish cause and time of douth:

Thus information s always important 1o an accurate reconstruction
of the sequence of the accident events. In some acadents, it has
altered the direction of the investigation and the determunation of
the causal factors.

To establish mechanisms of injury.

This information is also necessary for acurate reconstruction of the
sequence of acadent events and for the determination of causal
factors. 1t 1s also essential for the evaluation of the adequacy and
effecuveness of safety and health protection provedures and
equipment.

To wdentify victims.

In addition to the humane and legal consaderations, the kovatuan and
wentification of victims’ remains are very exsential for the acurate
reconstruction ol events and the determmnation of causal tactors. In
acadents involving  severe destruction of remains, the medical
mvestigator plays a major role in wdentitication. e can determane the
need and arrange tor special bichemnal and forensk pathology
studies.

To help in reconstruction of the acaident scene and events and i the
determunation of causal factors.

From the foregoing, ot is evident that establishment of the tume and
cause of death, locatwn and wWentification of vicims. and the
mechanisms of injury will be of substantial help to the investigation
team i its efforts to determune the causal factors.

In the evaluation of human tactors, the medical investigator should
play a major role. A «rue and complete human factors evaluation
must look at all aspects of the man/machine intertace. and thes
requises a tevm approach. The team should mclode capability i the
area of operations and maintenance, engineening and Jesgn, and
occupational medicne.

To help evaluate adequacy and use of safety and health protection
procedures and equipment, and emergency esape procedures and
cquipment.

It is important to establish the relationship between the myured
tisue, the structures, protective devices and emergency escape
procedures. The physician can accurately assess the nature and
degree of mjury and asust in determiming the source and nature of
the forces that infhicted the injury. He :an also determine whether
injuries are premortem or postmortem. Upon examination of the
structure, the physiian may be able to identify obscure or small
amounts of tissue or clothing and to correlate these findings with
the wnjunes.



(8) Toapply special bromedical techniques, as needed.

Here the medical investigator will determne what spevial beossedacal
studies, of any, are necded. In order 1o make proper padements, he
should be well informed on the progress and course of the overall
investigative effort to date. Partiapanion i peradic mwestaaton
buard progress bractings 15 an excellent method of heepamg the
medical investigator informed. Examples of speval studaes that maght
be needed include blood and tissue toxicological studes Tor specitic
toxins, slcohul and drug determinations, and the use of 3 consaltant
torensic pathologist 1o perform or assist the hwal cosumer =
pertormung an autopsy where the cause ol death s obscure. et ashed
instruchions regarding toxicological studies and autopsaes muy be
found i Appendix k.

(7) To help evaluate adequacy and use of emergency plans, procederes,
and equipment,

(10) To establish physical/mental fitness for subects’ assggmed pobs
tune ot event,

(11) To help evaluaie adequacy of plans, procedures, equipment, trunew
and response of rescue, first aid, emergency mednal care, and
followup medical care clements.

(12) To evaluate adequacy of workers' medical/physacal standards amd the
screening, selection, and preplacement process.

(13) To help determine of accident was survivable,

(14) To help determine of applicaron of other plans, provedures, of
equipment could have rendered the acadent survivable.

(15) To help evaluate impact on other employees. plant and ute
envionments, the general envirconment, and the peneral pubiac o
large.

Physicians have major roles in ERDA programs for occupationsl medscamne,
radiation protection, industnal hygene, and CMETENCY preparedmens.
However, the extensive network of ERDA/contractor phyucuns has boen
underutilized in accident wivestigations, particularly comparmon with
the roles of physicians in aviation accidents and National Hughway Traffac
Safety Admumstration studies of traffic accidents.

These guidelines are in‘ended to assist investigators and physcams =
planning for participation in accident investigations.

(1) Physicians can assist in investigations in at least three roles:

(3)  As board members, when medical «nd human (actors sppeas %o
be primary causal factors.



[ 2)

()

A consultants, when medical and human factors are umportar -,
but technologxal, engneenng or management syslems ae
primary. (Thes role would avoud requinng physicaans to spend
time on nonmedscal aspects.)

As advisors, whem medical and human factors do not seem
important. It s Jdevrable in all cases for the mvesugat « 1o
review findings with the medcal advisor to detect medical or
human factors  jguestions. (Thus role should probably be
establuhed 1n the standard practices of the field organizations
and contratons. )

The board chairnan or special investigator should consult with the
medical officer and make case-by <ase decsions as to the physician
rule most suitable to the particular acoident invest gatwn.

Primary emphasis 15 oa assessment of medval and human factors,
e luding.

(a)
h)

LN )

)

N

()

th)

Sources of error.
Effects of toac or other substances.

Filects of akobod or drugs (including effects of medicines,
prescnibed o propretary ),

Etfects ¥ disease processes.

iflecty of physca! or mental stresses (including changes in
fanuly or sou wd stuations).

Fraluation of partipants s the accident (supervisor, key
OPErItors, O Alnesses ).

(1) Physcal, mental, and emotional status prior to and at time
of acoident,

(1) Physical, mental, and emotional status of watnesses
(validity b

(i) Possible sncwdal or homwidal facrors.

Evaluate mpunes m relation to impury-producing mechanisms.

(1) Trace encroes from source 1o inury, e.g., forensic aspects,
forcign object In wounds, or nature of wounds may

indicate energy transter mechanisms.

(1) Adequacy of delethalization design features of equipment
and Tacditwes,

(i) Barniers (all types), including adequacy and use of safety
cquipment.

When it is deenad necessary to oblain tissue or body fuid
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specimens tor spevial biomedical toucologieal  studies,  the
participating physcian should use standard release forms® and
comply with hwal laws and regulations. The most important
clement i this endeavor s the early establishment of goud
rapport with the knal coroner or medwal examner. Preplanning
viuts to the loval coroner/medical examaner by the local ERDA
ot FRDA contractor physician s of great value.

(3) Advance planning s ol paramuunt importance 10 elfective
mvestigation. Plans should include arrangements and decisiont with
regard to

(3

(b)

«)

h

Medwal history,

() Avadlability (in general, only with release form).

() Fvauation of medxal findings m terms of behavioral
imphications, including  gross  fadures such as
unconserousness e, any canal relationship 1o the

accident of subseguent emergenyy reenonse (may be just a
NegIIve reposi ).

Personal history (collected prumardy by others).

(1 From personnel records (nonmedical), e.g., absentecism,
transters, credit problems, divorce, disciplinary actions,

(i) From ntervews (tamiy and frends).

Personal etfects.

(1) Custody retention until released by nvestigator.
() Ixamination.

Handling of tatalines.

(1) Preplan procedures.

(1) ERDA/contractor physician examine when possible.
(1) Autopsy whenever possible.

() Evaluation of local practices and procedures of
coroncr/medical examiner.

{4) FEvaluation of preventive programs is a major purpose of
investigations. The physician can give expert evaluation of emergency
medical services. The Federal standard for emergency medical
wevices, published by the Natonal Highway 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 Appendix |



in development of services, for example, in training paramedacal
persannel. The sandards of the Amerncan College of Surgeons for

hospatal emergency departments are also valuabie 1n both preaccident

The physician can Ao evaluate the elfectiveness of measures aimed
at carly detection of medscal conditions, mental changes or
emotional  stresses, eqc. Early detection €an tngger preventive
meuunbymptmnmuhm. Again the physcian can provide
INStruction  of purges and  supemsors, mcluding  good
CUMMuUNICations between these key Poups,

15) Medical records: Medical records related to the accident Investigation

should be Incorporated into the official acerteny report. The re.
mainder should be fetumed 10 medical files.

(6)  As provided in the poneral nstructions, amehioration, such a5 rescue

b. Reliability asd qQuality assurance.
< Raduation.

4 Design, test, elc,
€. Relevamt engineening specialists,

ETY DURING THE INVESTIGATION,
board chairman is (he manager of the investig tion and as such takes on many

s, including the responsibibity for the safety of the members of the
should keep in mind that most of the nvestigators will normully work ar M
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office pbs. When they st thewr work as memders of the board, they may
suddenly be exposed 10 sdverse weather conditions, physcal exertion, extreme
Alitude, and lomg bours of wark. For o short perasd of tume, the nvestigaton «an
probably cope with these problems, but, if it appears that the mvestigation will 1un
much Jonger than sbout | week, the chanmun should establish & repular winrk
sohedule. Pacing the work of the mvestigaton can imcrease thei edlicieney and most
Iikely result in the completion of the mvestigation i 2 shorter e

In many cases the wene of an acowent is maore danperous than it was Prwor to
the acondent. For example

3 Bectnical equipment may be damaged and the investigator mast be
assured that it canuot be encrgized while e i examining it

b Following an acodent involving fisule matenal the mvestigzton will necd
1o take steps 1o awsare that he does not imitite 2 cotwality acoudent.

o A building may be damaged tollowing 2 tire o exploson to the extent
that there may be questions regarding its strwctural stability,

do Raduaton sources of toww materal may  Le released trom  their
coniinement barewrs.

For cases such as thew the board will need 1o et teuhnsal and ogistic support
trom the contractor. The contractor shouid provide pretective equipment, and
should briet the board on hazards, communications, and emeryg MOy oQupment,
Additwonally, it s approprate that 3 board member prepare a4 wnltien
prowedure for entry and work in the acondent area. The provedure should be
revicwed by the techmical advisor and approved by the hoard chairman belore
work  commences. The board chanman should Anvw where each board
member, consultant. or statl member s,

A second problem area relates 1o actions that the contractor may wish 1o take
alter an accident. Clear hines of authonty should be quickly established
between the board and the contractor, It is necessary for the board to designate
the area i which it 1s 1o have Junsdiction, and to require that any actions the
contractor wishes (o take m that area, or any actions which might affect thai
area ™ approved by the board. !f this is not done, there may be the ~ssibility
of loss of evidence, turther damage to the facility, or mpury to the investigalor,

It is human nature for the organization that has been mvolved in an-aceudent to
want to put everything back to the way it was before the accident. The board
must he very alert to make sure that such actsons are done n the manner that
they approve. Lxtreme care must be taken in approving such actions as.

2. Reswonng electng power and other utilities.

b, Mowving radiation sources or fissile materials.

¢.  Recovering damaged equipment.

d.  Moving motor vehicles.

e Woirking with high explosives,



The “Emergency Problem Guidelines” (MORT, pp. 105-310) may be helpful in
consdenng hazards.

The buard charman als. may have 1o consider emergency preparedness plans
1o help amelwrate any second acodent that mght occur. If the investgaton s
beng conducted a2 remate lation he will need 1o know abuut the
availabiity of medical service. An investigation in a faality contaminated with
fadwactive matenal may require the use ol tespitators o1 ar breathing
equipment. Emergency rescue capability will need to be reviewed. The abiay
o detect and suppress 2 tire should be considered for such 3 kocatson and at
other investigation sites where fire mgght present special problems. These
problems should be reviewed with the contractor who is to supply the
emergency service and a clear assgnment of respunsubilities must be made
between the board and the contractor.

I the board has been working in contaminated areas, the board charman
should see that proper health measures are taken before the buard s Jismnsed
(blood-unne samples. whole body counts, etg.)
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FACTFINDING METHODS.

INVESTIGATIVE METHOOD.
The effectiveness of methads used will depend largely on four mterrelated factors.

advance preparations, tansent endence gathenng, evidence gatherning, and the
evidentual nature ol lacttinding. These facton are discussed below.

1. Advance precaations.
2 Instructions 1o line management as 1o their ron . especiadly in secunmg the
sene, presciving transient evdence, and obtuning preliminary witness
statements

b, Mantain trained imvestigaton and essential equipment and resources.

¢ Speed and response in appointing investigative body . which s direcied to
give (ull ime Gf needed) until report acceptable 1o chawrman s dratied

2. Transent evidence gatherng.

In the inguury, the mual concentration should o fivused on transient
information. Further, recording of temporary and shortdived measurements,
e g asmall pool of water or 2 wwult mark 1s URGENT.

3. Gathering other evidence 1 the next task of inquiry. Thes may be Gore by a
variety of types of nquirses. The typy, nature, and purpose of ingquiry methods
are as follows:

a. Type ol inguiry.
(1) Witnesses.
(2) Maps. diagrams, schematics, and charts,
(3) Photographs.
(4) Physical things.
(2) Persons and objects, records thereof.

(b) Tests and reports,

(5) Other,

31

J




In this concept, item (1) witness testimony is statement of fact (reality),
ems () and (3) portray physial reality pictonally, and item (4) physical
things are reality as Jdetermned by measurements and reproduction i
photographs and testunony, and preservation  and  test of  things
themselves.

Nature

(1) Transent,

(2) Permanent.

Purpose.

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

(2) Analytic, eg., crash kinetws, MORT,

4 Evidential nature of factfinding.

Even though the inquiry purpuse s preventive action, rather than legal
ation, principles and procedures of evidence should be considered trom
twi viewpoints

(1) Usefulness to boards in an inquiry.
(2) Usefulness in an ingquiry and in legal proceedings.

Boards communly have proceduial problems in detining facts and findings
(as contrasted with conclusions and recommendations). To assist boards in
resolving problems, note that some simple considerations may be nelpful
in two ways:

(1) What s good ewidence, e.g, what s real evidence, what s
circumstantial, what was witnessed?

(2) How should evidence be treated, cg., by securing the scene,
measurement, handling and processng  physical  evidence,
phutography, and retentwon?

A review of the literature on ewidence reveals a heavy and inappropriate
(for our purpuse) emphasis on criminal cases. Thus succinct outhines or
checkhists do not seem practicable.

The approach used in this manual is more along the lines of offering
specific, common-sense suggestions for the honest handling of information
from witnesses, maps, photographs, physical tests of materials, file cabinet
records, and other sources. However, in the srea of handiing physical
evidence it does seem desirable 1o come up to at least some minimal legal
standards tor handling and preservation of such evidence.

For both debris maps and plotographs, it is essertial that three potential
Mlaws be prevented.




(1) Bem s i onginal resting place atter the acadent - not moved

)

No item was removed.

(1) No stem was added.

ASSEMBLING THE INVESTIGATOR'S KI1

L. Each mvestigator's “go-bag™ or acondent-ready kit will have 1o be developed
and ascembled atter caretul analysis ot

Location vl pussible occurrences

o)

)

In or at maper plants,

Remute areas, large sites.

(3) Othsute kcations.

Types of posuble occurrences

(R
)
(5)
(6)
(7
(%)

N

Occupatwonal (wide ranging - machinery, heavy equipment. tunnel
wavedn, cryogenic, oxygen deficiency, explosions, electrical, earth
quake and flood were cited),

Fure.

Hazardous matenals.

Radiatwon.

Nuoclear,

Waste management.

Motor vehale.

Railroad.

Other.

Assigned responsibilities of others (including operational readiness checks
of thew preparations), for example:

)
)
)

Regular emergency authority.

Secunty forces.

Fire departmient,

(4) Contractor, in-plant.

(5) Contractor, on-site.

(6} Specialists (see item b 2bove).



(7) Medical author. res.

Field organization plans will presumably delegate responsibility for the heavier
cquipment 1o contrictors. All amehoration €quipment is presumed handied by
regular emergency forces.

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

IV independent Investgators are 1o be assigned from other field Organizatons or
locations, the organization directing the investigation can be presumed 10 have
the heavier equipment required.

General equipment.

2. Credentuals (and authornity, as necessary ).

b.  Travel ordcrs (one office cited a need for passport, visas, and shots).

€. Purchase orders, credit cards, travel requests, and cash.

d. Telephone list (be sure communications center is also prepared), area and
city maps, and preliminary witness statement torms.

¢. Chpboards (plastic cover, hole for template). pencils; template or
protractor; and grd paper (10 x 10 in. and 4 x 4 in.)

. 60vot rule and 100-fout cloth tape.

2. Compass and range iinder.

h.  Camera (permut, if necessary): Mash equipment: film; and camera bag.

I Tape recorder, tipe and radw, (permus, if necessary). flashlight; and
heavy duty torch.

Jo - Ewvidence tags, labels, receip's: bottles, boxes, baggies: freezer tape: chalk;
and indelible crayon.

L Sundard report o rms: checklists: medical release forms; alcoholic
mtluence report  forms, standing nstructions o line management ;
nvestigative task assignment list; prelumnary measurement and mapping
mstructions; prehmnary photographic inst ructions; and brieting materals
lor board members,

. Analytic materials, MORT, change analysis forms, and 2 by S cards for
wquence diagrams,

m.  Perumeter ropes and danger and caution tags.

n. Stakes, v.ovel, and sicve.

0. Tool ki,

pP.  One or mere carrying bags.



Gothing.

3. Cownlls

b, Jucker.

¢ Hard ha

d.  Salety glasses.

¢.  Raincoar.

i. Umbiclla

g Rubber ghowves

h.  Rubber buuts

L Work gloves

(Conditions varymg trom anctn to Jdesert were aited )
Motor vehicle acodents (perhaga = security patroi car).
2. Flares

b, Portable tlasdung light.

¢ Tie depth gauge.

d.  Tire pressure gauge.

e, Standing orders for heepene the accrdent from getting worse (in hands of
secunty toroes where appiacatie )

Equipment to be secured from wte or plani services (operational plans and
readiness checks reQuired).

2. Tape mevsunng device (whevii

b.  Emerpency thadights,

<. Hydraule pack, cutting tonh. heavy equipment.
d.  Radaton measunng and pv tective equipment.

The ERDA radhologacsl assistance W 3" equipment is anotier resource.

C. PHOTOGRAPHY.

Responubety for photograghe coverage.

Good photographa: coverage of the accident is essential even if photographs are
not going 1o be used o+ the temal weport. The chairman must decide how 10

3.5




a

acquire good technical photography which will assist lim in the investigation.
Five choices are listed in order of preference:

In-plant photo lab. The in-plant photographw Laboratory should be able to
respond quickly and photograph those transient items and portions of the
scene that are hikely to change. Most labs are equipped well ervugh 1o
take the imtial pictures that may be required.

Other ERDA or ERDA contractor photo labs, If the facility s small and
does not have its own lab the nearest ERDA office or contractor faality
may be able (o provide photographic suppont and generally would be a
better chowce than hinng outside help.

Commercial photographer. It it becomes necessary to hire a photographer
treii outside the plant, make certan that the one chosen is qualified to
do the kind of yob that is required, The pictures that result will retlect the
kind of photographer that is hired.

There are photographers that specialize in commercial, industrial, medical,
acrial, legal, portraits and saiennific photos. Probably the best ones to
assist in acaodent investigation would be industrial, legal or soentific

photographers.

A member of the investigation boird. Some member of the investigation
board may have to take the photographs. Even an investigator who would
be considered a good amateur photographer would probably not produce
as good a result as a protessional. Planaing the photographic coverage is
the investigator’s responsibility.

Security personnel. Security units may be able to provide photographers if
there is no one else avalable,

2. Planning photographic coverage

Response time. 1t is important to obtain coverage as soon as possible after
the acoident. The wene 15 3 dynamie one that s rapidly changing. The
photographic task may be in twu siages. one immediately atter the event
and some well planned or staged pictures later to clanfy detals.

Take 3 lot of pictures. Even though most will not be used in a report they
are helptul to the vestigator in establishing the cause and analyzing
details,

Time frame of the photographs, While the nvestigator s concerned with
photography postevent he should not vverlook preevent and posubly
photographs taken during the event, Photographic lab files, amateurs, and
newspaper photographers are all good sources to be considered.

Types of photography 1o consider. Besides conventional photography,
specialized photographic technijues may be desirable to assist in the
analysis of the event. Some of the more usetul ones are:

(1) Aenal photographs. In large acurdents a direct aenal photograph can
be helptul in determiming the direction of magpr occurrences. The




availability of & preevent photograph would be very hel, al here.

€2) Photo micrographs. Ultra closeup pictures of munute portions of
debis gre sometimes helptul in estabhishing the cause ot tulure

points

(3) Ultraviolet and intrared. Special lighting and narrow wavelength
optical filters can be vl use o show certain features not visble 1o the
eve.

(4) Monon pictures. These may be helptul for recording reenactments of
personnel movements and actions.

(5) Videv tape. Video systems may be used in higher radution areas
where film 15 not suitable and where nstant resuitsor playbhacks are
requited. Also, they may operate under lower Iazht lewels than a
CIMETI 1 SOME INICCESEDIC aTcas.

(6) Stereo. A major disadvantage of photographs s the Lk of depth
when only recording two dimentions. Sterco cameras are avaslable
which show the proper arrangemet of features m ail planes. A static
subprct can be photographed mn stureo by merely takime two prctures
of the subject 6 to 12 inches apart. The resulting patures can then be
viewed in stereo.

(7) Xeray. Pants or portions of rubble can be x-raved to reveal stress or
breaking points.

(8) Thermal scanners and thermal video cameras. These operate n
wavelength regions bevond what the eye sees ana cenerally imase
emitted heat from objects. They may be useful atter explosions and
fires to pinpoint sources or ongins of fires.

Request for photography. In order to obtain satisfacton photographic
results at is necessary to tell the photographer in detail what required.

(1) Expected results. How many photographs, when pxtures will be
required.

€2) What type scenes to be photographed. from what angies the wene
should be photographed. Written instructions and sactohes as shown
mn Figure 13 may be used.

(3) How large the event 1s, what size is (o be covered.

(4) Whether pictures will be taken day or mght. whether they wall be
taken of open areas or buildings.

(5) Whether color or black and white should be used. (Codor has better
information content )

(6) Whether reference objects such as rulers are required w the pxlures.

(7) How the photographs will be identified. e.g., rumbenng system,
photographiv log sheets.
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(%) How many pums are required and how soon. What swe the prints
should be.

Photographic technmgue

Certain bawe qualitres make up goud pictures that are factual and accurate
tepresentations of the acadent scene. Photographs can easily mistepresent a
sene and lead 1o talse conclusions or hndings about an acadent. Some
morepresentations occur unknowingly  whike  others may  be  purposely
contrived. By reviewing the attnibutes of gxod prctures here, the investigator
will be made aware of pussible misiepresentatuons in the photographs that are
examined.

4. Show enough of the scene to provide good onientation. Several pictures
may have to be taken in sequence to provide this onentation. An overall
shot, medium and close-up may be required.

b, Use proper perspective. The use of wide angle and telephoto lenses alters
the perspective and causes distortions. Normal focal length lenses should
generally be used.

€. Use proper Ighting. The angle and type of lighting greatly affects the
sppearance ol the subject. While no one lwhing arrangement 1s corre 2 for
al condimons and  subjects, the lghting should be examined for
uniformaty and (o see that it does not produce an abnormal appearance.

d. Correct camera settings are essential 1o poud pactures. The three basic ones
of shutter speed. aperture, and focus setting must be apphied correctly in
order to obtain a correct repiesentation of the scene. Shutter speed must
be fast enough 10 stop action in the phutograph. The aperture. along with
allowing envugh hight 1o pass through the lens, also controls how much of
the near and tar portions of the picture will be 1n tocus. The tocus selting
used 1n conpunhion waith the aperture setting controls the tocus range of
the prture.

€. Keep the camera level for easy onentatior and reference,

. Use known obpects in the scene as size references wherever possible. In
overall scenes, th presence of a person may be sufficient. In close-up
photos of rubble or damaged areas, a hand or portion of a 6 foot rule may
be best.

g8 Use color film for maximum information content. While black and white
film is cheaper and casier 1o print, the color information in color printsis
often essental to understanding and analyzing an event. The color record
must be properly done, however, otherwise it wil be misleading. The use
of neutral gray cards in some photos is desirable.

h.  ldentification and labeling of the photographs is essental. Figure 14
shows 2 log sheet that should b= used by a photographer at the time of
taking the pactures. After the pictures are panted, captions sumilar to
those shown i Figures 15, 16, 17, and IX should be used to point out
pertinent details and to eliminate all ambwuity about whether the picture
was taken at the time of the accident or staged. Photographs 2re usually
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PHOTOGRAPHER

LOCATION

CAMIRATYPE

LIGHTING TYPE

bitm rypt

DATE OF ACCIDENT

TIME OF ACCIDENT

HILM ROLL NO.

Poue e . Date ot Tune ot Lens e ton
So Scene/Subpent Proto Photo 1\ Camera Pomnung

Figure 14. PHOTOGRAPHIC LOG SHEET
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Figure 15. USE OF LABELING AND CAPTIONS IN PHOTOGRAPHS
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date-stamped on the reverse side. but if that information s pertinent o
the analysis # should be mcluded n the vaption.

While every accdent s umique and will have its own set ol fesiures that
are umpoctant, there are sume general guidelines about what to
shotograph.

(1) Location of magor identitiable pieces.

(2) Collision debns  durt, etc.

(3) Pools of higuids.

(3) Gouges. scratches, col'sion points, and damage.

t2) Tempurary view sbstructions, especially Jrom view of operstor or
other key person.

(0) Mobile equipment.

(7) Matenal storage arcas.

(%) Scatlolds, pgs. racks, tempurary ngs.
(9) Close-up of tailed elements.,

If there 1s 3 fiie associated with the event pictures tahen dunng the even’
are very uselul Photograohs should include

(1) Flames. They mdicate what matenal 1s burnine, how fire started and
progressed through the structure.

(2) Smoke. Also indicates what matenal s burning by smoke color.

(3) Structure.

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

It should be reemphasized here that even though otticul photographers

may not be on hand 10 photograph a fire, amateurs or Press pictures may

be available and used.

Alter the fire 1s out. there are several key areas 1o photograoh that may
assist in the analyss.

(1) Vhe most charred or burned area.

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

(4 Fusing mezhods that may be visible.

(4)  Spectators around the accident location. 38
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Cameras equipment

The choice of camera equipment either by a photographer or the investigator if
he s taking his own pactures, will attect the qualty a:d the cust of the
photographs. For most investigations, a roll fim type camera such as a
Hasselbiad or 3Smm sngle lens reflex camera s preferred. The major
considerations are.

Maodern films, such as Vencolor [, are very good and capabie of renderng
minute detad and color balance on small image foemats,

A large amount ol pictures can be taken wath very httle weight 1o carry
around  an importand wonsiderstion when talung pwtures in the remains
of an explosson or rubble from a fire.

Roll 1ilins are lower in cost per picture than laree format sheet films.

3Smm and 214 x 2174 format cameras have short focal length normal
lenses that have inherently better depth of fields than lenses used on 4 x §
or 8 ¢ 10 canwras,

Lens constructwon on smaller cameras allow for larger apertures that
muinimizes lighting requirements. 4 x 5 and 8 x 10 view cameras require
much higher highting levels because of thew longer focal lengths and
smaller apertures.

Should the investigator be “orced o acquire his own pictures, an Insta-
matic camera with Kodacolor 11 film and automatk flash could be used.
L.mitations would be in the poorer lens (image) quality and fixed hghting
arrangement.

In some instances, quick reference pictures taken with a Polaroid either
black or white or color may be used. This 1s generally not a good choice
hecause of the etfect of beat on the unexposed film. The colors of
the prn materal are not reproduced fathicliv and an incorrect analysis
voald be made trom the interpretation of the color,

PRESERVATION OF PHYSICAL EVIDENCE,

Physical ewidence s sometimes handied in an uncontrolled manner. This has
mvahidated evidence and made 1t difficult to find cause. 11 the evidence were needed
in a legal case, eg.. an employee’s suit aganst 3 machine manutacturer, lost or
impaired evidence would embarrass ERDA,

Tags aud receipts for evadence should always be used. Baker (pp. 223-312) gives

many helpful suggestons on locating, protecting, and evaluating evidence. (see
Figure 19)

The following s an excerpt from ~Aircraft Fire Investigator's Manual,”” NFPA
No. 422M-1972.

421, Recommended Proceduies for Controlling Aurcraft Parts or Chemicals
Sent 1o Laboratones tor Analysis,
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During the course of an acaident it may be necessary to have an analysis
of a partwular aircraft component, hydraulic od. lubricating od, or other
chemicals. Specific information must accompany the sample for
identification purposes and with specific instiuctaons to the laboratory for
the type of analysis required. The following mummum nformation must
accompany the samples.

“(1) Wdentify each sample immediately by securciy attaching 2 sample tag
to the container.

“(2) ldentify the contents and, if possible, lot or batch number, when or
it appropriate, and manulacturer,

“(3) Identify the aircraft type, aircraft seral number, and the
manufacturer,

“(4) Include serial number for the sample itself. The serial number can be
determined by taking the calendar year as the prefix number and
assigning consecutive numbers as the samples are submutied. For
example, in 1972, the first sample submutted shall be 72-1 and the
second 72-2 ““oilowed by arcraft SN).

*(5) The date the sample was taken.

“(6) Individual who 100k the sample.

*(7) Tests required in detal, ie.,
“(a) water, sediment, etc.;

“(b) metallurgical type failure (shear, tensson, heat distortion, etc.);
and

“(¢) electrical test.

A member of the acaident investigation board may be designated to have
sontro! of all samples that are shipped out to laboratones. Also, all
analytical reports will be forwarded back through the sanw indmdual.
This type of control is particularly benefical when many samples and
analyses are needed tu support an accident investggatwon.”

2.  Examples of previous experience:

“In one case a failed valve was disassembled by maintenance personnel,
not under the supervision of an R&QA engincer or other competent
professional Evidence ol great potential value was destroyed.™

“The semi-scale heater was disassembled under the guidance of an R&QA
engineer using a fault tree to guide the work and avoid overlooking or
destroying fa ture ewidence.”

“Excellent laboratory test work has enabled the commit! »e to determine
cause of explosion, through thermal Gravimetne Analysis, Differential
Thermal Analysis, pyrolyss, infrared absorptasn spectroscopy and gas
chromatography.”



d.

“We usd the saentific stall 1o great advantage 1o prepanng and
examung evidence for evaluatwon by the committee.”

“Representative to receive residue partsapated in packaging ™
“Maltunction duphcated with actual equipment.”
“Review and physically tested fire protection cquipment to Jdetermine

operational condition atter incident. Thes 1s done by a lire protection
engmneer.”

“There are no approved and/or recommended procedures for an ERDA

mvestigator 1o authorize tunds for cheemecal or fire analy sis necessary for
obtaiming mnformation in case of e, ete. Much of the expense would be
at hus nisk, and may or may not be reunbursable”

“Bio results are slow and investigator formed lasting opimons and
judgments from preliminary data whach later was corrected in type and
lower in value.™

“Assurance that all available data s vald:

(1) “Bwassay data obtained by use of standard approved techmques,
calibrated standards used for relerence, etc.

(2) “Portable/stationary monitoring wstrumentaion readings are valid,
proper calibration and responses, etc.

(3) “Time and motion studies to reproduce exposure data.”
“The Health and Safety Laboraton (1daho) had R&D capability to

resolve complex exposure problems which a straight service arangement
for dosimetry lacks.”

E.  MAPS, DIAGRAMS, DRAWINGS, AND CHARTS.

At the beginning of an inquiry the recording of measurements of transient evidence
is essential. Bake: (pp. 315-340) is an excellent reterence on equipment and methods
(see Figures 20 and 21).

In tollowup stages, engineering as-built drawings can normally be used for reporting.

Before adding transient measurements 1o as-budt drawings. eliminate sepetfluous
detail, eg., location of irrelevant sewer lines. and highlight relevant detail, eg., by
thickening lines showing sewer location in a waste management accident. Facility
drawings should be readily available.

1. Maps,

Overall, smallscale maps of longer distances and directions, as well as
large scale maps of the immediate scene, may be desirable. It is on the latter
that witness lacations will normally be shown.

* 10 it is a policy that line management pays the costs of spexial tests and studies, the solstion (o
this problem may be quite wmple. Consult the appomn ting authonty.
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2.

Measurements may be indicated by a reference pomnt tangie and Jdesection),
trangulation (two angles), or by using a gnd.

Croshy Fiedd’s manual, “The Study of Mussiles Resulting from Acowdental
Explosions.™ stresses mapping completeress for anai S purposes, as well as
search tor “tell-tale missiles.” The manual shows combaed use ot maps,
drawings. and photographs.

An NTSB pipeline report (PAR-73-1) iliustrates an miermngling «f map,
diugram, and photographic techniques and suggests a2 planming lormat soe maps
and photoeraphs. The key figuies are:

4. bl Map.

b, Fig. 2 - Broken pipe end pulled by dozer (photograph with captsoms ).

¢.  Fig. 3 - Remains (phe :ograph).

d.  Fig. 4 - Excavation and remains (photograph).

e.  Fig. 5 Duagram of connection.

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

The rationale behind this selection of figures can illustrate pood plannsme

Prior to Alter

Accident A\'C!}&’.ﬂl
Oveiview 1
Near LI |
Close ok
Close-up S

Such a planmng format is useful in photographic planning as wedl as in
measurnng transient data for maps.

The tranuent evidence 1o be recorded centers prumanly oe  two
clements locations of wreckage and debris and lovatiens ot persons (oompiled

on the witness map). However, be alert for temporary view obsirections,
oddities. and anomalies,

Diagrams.

Arbitrary or stylized pictures of reality:

3. Sequence (see MORT, pp. 79-50).

b, Energy flow (see MORT, Appendices A-3 and A6).

€. Process. flow, motion (see MORT, pp. 82, 105, 116. and 194, especially

the latter as relevant 1o an investigation). This can inlude ow of
materials, plans, personiel, ete.




Drawings.

These should be simplitied pictures of reality, such as manulacianng or
construction prnts, perspective drawings, vutaway drawings. ete. For examples,
swe beld, pp. 12, 30, and NISBPAR.73.1, p. s Drawings can citen be
highlighted or captioned to call Attention o ugmiticant detad. The initad effon
1 1o record only transient evidence on a shetch roughly 1o scale.

Do not measure locations of permanent fixed objects. They can be kncated on
copies of drawings at a later tume.

Charts,

These may include photographic reproductions of records (eg., temperature
and  pressure), trend analyss or types and classes (commonly seen as
Ustatistics”). and orgamization charts.

For statistical charting. the best advice is: consult a pood statistician. However,
two of the author's phodias must be mentioned.

a. Do not use broken scales on charts. Posuble exception: If a vanateon of |
or 27 an 3 factor is sigmificant (e a causal factor), a broken-scade chart
to highlight the detsl may be useful. Also, if 2 single value would
compress the scale so as 10 sliminate usetul detad, simply chart w at the
top with an arrow puinting up. -

b. Do not connect discontinuous data with a trend line -use 4 bar chart.
Possuble exception. When two or more protiles are being compared.

For vrganization charts, which should be a required exhibit in most reponts, the
rule 15 to complete orgamization charts n buard files. use a report extubit 10
show (1) the organizational chain up 1o the chief executive officer fand to
ERDA when necessary). and (2) to show organizational placement of mayr
funchions, such as safety, R&OQA traning, engincening. purchasing. and
mamtenance. Factors of  remoteness may be sigmificant, either because
remoteness  produced  poor  communications or remoteness affected the
independence of review.

When maps, drawings, dugrams and chats are used to record evidence. note
the same types of items which are appixable when making photograpis. The
study on mussiles and the pipeline report contain many excellent exampies of
the use of maps, diagrams, drawings and charts. In addition, they demonstrate
the effective use of photographs. The study on mussiles demonstrates the degree
of analysis that can be performed when physical evidence is preserved.

Do not use more diagrams, drawings. and charts than absolutely necessary,

Unneeded charts can slow understanding.

WITNESS INTERVIEWS.

1

General remarks,

The witness phase is critical to a good investigation. Typically, witness
statements will constitute one-half the basis for reporting. Physical reality, as
portrayed by maps, diagrams, photographs, and objects, is the other half.
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Additwnal material reflecting NTSB phidosophy |as applied by the Federal
Raudroad Admuistration (FRA)| is supplied in Appendix G.

2. Y-QMWIR-*EROA.IMS..M!"W-‘
a.  Consensus points on interviews.

(1) Line management et prelinunary written statements before the end
of the shift.

() Line management -get  preliminary o ! statements from key
witnesses  unidl investigator  arrives (pro. * =l synopm* to
investigator),

(3) From synopss, begin witness list or location chart.

(4) Make appointments with witnesses (hrough management liaison,
preferably on the job.

(5) Ger prelununary oral staternents from ndmduals separately (not as a
group).

(6) Conduct an interview. not an interrogation. Do not argue! (Some
suggest  confidentiality; others object strongly. No iron<lad
guarantee of confidentiality 1s pussible )

(7) Explain purpose of investigation: try to establsh rapport and put
Witness at ease (not trying to blame, find fault, or discipline).

(%) If the supervisor was present, begin wath him.
(9) Begin by establishing witness location and job function.
(10) Use broad, open-ended questions:
(3) “Would you tell me what you know about ‘his occurrence?
Use slence (see Appendix H). Interrupt only if you don't
understand, expect voids, Let witness use his own words.

(b) “Can you tell me anything more?"

(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 multiplechoice
questions. Avoid questions answerable as “yes” or “no.” Use
diagrams and photographs to help the witness. Keep questions short
and simple.

(13) Followup questions should include -

‘a)  Apparent or possible reversal of 12quence.

(b) Incousistencies.




(c)  Voids (but do not suggest fillin). Hesitation by the witness may
indicate mure information s available .

(d) Posuble causal :reas which are emerging.
(14) In general areac. such as traiming, inspection, maintenance. etc.. seek
only facts related 1o the occurrence. (Alter fact finding s complete,

management group views on needs can be sought )

(15) Begin the effort 1o determine how frequently the same or smidar ats
or conditions occurred.

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

Poussible causal areas 10 be explored.

From the person(s) directly involved (most frequently the njured. but
maybe an equipment operator), obiain the followang informatson -

(1) Action sequencs in detail,

(2) Training and preparation.

(3) Stress and emotional status,

(4) Failure histories ang human errors.

(5) Changes and thew effects.

3. Interview by the board.

Decide which statements will be sought by an appointed member and
which key statements will e before full board.

Channel all questions through a single intermewer initially,

Plan each interview as to areas to be covered.

Use the above [steps (3)(16)).

If a witness wants his lawyer or 2 union fepresentative present, do not
object. If management wants a representative present, do object, but
permit if necessary.

All possible causal areas in which witness may have information should be
explored as relevant and pertinent.

Continue to seek “iformation on frequency of prior acts and conditions
related to detectability.

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




Revording nsethods in order of preference
(1) Courn reporter

(2) Tape

(3) Stenographer

(4) Notes.

The more tormal the interview, the greater the chance the witness wall be
hestant

In any evert. a signed statement is desi:able, but not a pnme objective
Sworn statements are not desired. Signatures cannot be required

Analysis - for causal factors, to evolve order and logic, corroburate facts,
evaluate credibility - SOZ of the witness phase.

Final statement for the board.

The error in judement alnwnst always, if not invariably, made sense to the man
pror 1o the acadent. He may torget hus “logic™ following the accident, or he
may not want 1o admit his errors i reasoning. To conduct a2 thorough
mvesigabion and 1o prevent simadar future errors i judgnment, attempt to get at
this “ormnal logxe ™ (which should not be confused with postacaident alibis and
ratwnalizations). One can then take appropriate countermeasures (o prevent
future errors. Kev investigatory question: Why did this action make sense prior
to the acadent” What was in your mind (pnor 1o the incdent ) as to why you
thought your method was the nght way to Jdo the job?

Explore the tollowing areas

Prelimmary statement - probably well to confine it 1o what happened in
the vccurrenwe

Final statement includes the kinds of questions raised by MORT

Fl"—: ce dl’ ¢e o "\I\h resent organizabon \\\Cdl.”(" were
¥ £r P fQ pr
followed

Then, move (o the higher MORT standards. This can be delicate. If
the organwzation dd not tran supervisors in JSA and require JSA,
faimess to the supervisor dictates special care to counter implacd
crnticesms. Sumidarly with momitoring, #f management did not
prowde safety studses, work sampling, and procedural surveillance,
the supervisor mught have had hittle real chance 1o detect deviations.

Management (unctions will include rot only line management but
also design a0 plan groups, the safety group, the traiming function,
R&QA safety .clated activities, maintenance, and inspection.

For two sources of causal factor information supervisor and
management (plus its stall) the development of the mterview




outhoe of sequences and subjects should undoubledly begin with the
onauricn e and work backward theoueh saccessive layers of causes.
(The number o1 lavers exposed @5 2 «nterson of excellence 1n an
nquiry.) In general thea, fur each person. as appropraate io bis role,
the mterview followup questions woukd be structured along the
tothowing lines

ta) The ovcutrence tacts be saw aferences he diew. He 1 in the
nature of an expert witness i thes wea.

th)  The supersor,
() Operational direction he gave.
(1) Observations of the actual operatwm.
() Farher traiming and Gaaiucatan of personnel.
(v} Pror expenence. training and Jeip he had.
(30 Then 1t seems the inquiry moves ito successavely difficult areas: in
short, the MORT charts upside down. In doure thes. ut is extremely important

to seek rebevant facts, but receve opinions. Where mdicated. se~k the 1acts that
shaped the opumions.

FAILURE RECOGNITION.

Objectives.
2. To &fine 2 field protocol 10 gather and preserve evidence of failures.
b. 1o mcrease ability to detect typrcal fadure s

©. Tooathne some key aspects and problems m fadure analysis.

2. Backgrowmd

Failure 2nabvas requires engincersscientists who are expert in the matenals
mvolved. and knowledgeatle of stresses and failure modes in the specific
cquipment mvoived.

Investigator truming for 3 ungle type of accident. e.2. aurcraft, has proved (o be
practwcal wath 3 to 12 hours of instruction.

Because of the great diversity of equipment used m ERDA work. and because

experimental equipment often approaches technological boundaries., it is not
feasible to train investigators in all relevant fields.

The expedaent goal is a detective skill ~senstenty 1o faidure modes likely to
show as evadence, and preservation of such endence.

The trained mwestigator’s prior education and experwnce will largely determine
tus role i fadure analysis of a speafic acadent. He muy be qualified to carry




out fabure analyus i 3 specific acodent, but, in general, he and the board wall
rely on reliabiity and other engineening specialists,

Fadure wvestigation in the board sense 15 the same as accident investigation,
Thus expenence in lalure investgation wall be helpful to acoudent investigators.

3. Fueld protocol,

It is essenial that the investigatar carelully follow a field protocol whenever
fadure can pussibly be suspected as a causal factor, in peneral

2. Famdiarize yourself with the scene of the event,

b.  Bemn field notes, ot not staned earlier. Record all posuble observatuns
(refative positions of debns, marks, fluids, and especially any anomahes).

¢.  Request expert assistance at the first sign of need.
d.  Begn photography.
¢.  Bepn master sketch,

f. Imitwte the process of creating hypotheses and looking for positive and
tegative ewrdence,

g Collect samples of smeared matenal, ash, pant, Mluds, etc., as needed.

Imitate cioseup photography of detals (sratches, pouges, smean,
fractures, and relative positions),

i Tagkey parts,
). Obtun a grid map as needed.
k. Do not move anything until evidence is thoroughly recorded.

I.  Give responsibility of prepaning evidence for transport to iaburatory
personnel who will 2o the analysis,

4. Fadure modes.
a.  Structural,
(1) Metals.
(2) Glass and other materia,
(3) Pressure, as a specid’ case,
b.  Electrical.
¢.  Bectronics and controls,

5. Typecal fmlure patterns.
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3. Failure of a magor component.

(1) New design.

(2} Changes (note the revision block on blueprints)

(1) Operation outside design limats,
b, Partial faduce or malfunction.

1) Recent repair.

(2) Alterations,

6. Laboratory analysis.

ERDA s blessed with widely disttibuted personnel and faclares tor failure
analysis. Thus the investigators’ task 1s to recognize ugns of talures and to
know where and how to get analytic assistance,
The NISB snd the Department of Transportation schools have small
metallurpcal laboratones and collections of failed parts trom vanous modes
The personnel make many analyses for both agencies, but teaching by

demonstration receives mapor cmphass,

NTSB teports also reflect increasing relance on tests and analyses performed
by the National Bureau of Standards.

7. Data collection,
a.  Test historics,
(') Nondestructive,
(2) Overloads. .
(3) Visual inspections.
b.  Failure histories.
(1) In designdevelopment rocess.

(2) In operation, eg., Dwvision of Reactor Resear * and Development
{RRD)uwicent reports.

(3) MTBF - mean time between failures.
(b) Bathtub curve - higher rates at start up «ind 2t wear out.
€. Maintenance.
(1) Inspection-dependent.

(2) Other, 3-29




d.  Evidence,
(1) Preaccident failure - causal factor,
(2) Pustaccident failure,
(3) Increased seventy,
(b) Drad not increase severity.
€. Reliability and failure analysis are embodied i MORT, for example
(1) Design process must be well organized (Chapter 27).
(2) Hazard analysis process must be defined (Chapter 23), including:
(3) Failure moce and effect analysis,
(b) Information search, including failure histories.
(¢)  Human factors review (Chapter 2o),
(d) Rusk analyus (various references).

(3) Failure reporting systems, eg., RRD, are a part of the momitoring
system

f. Specialists in fadure anaiysis (R&QA) normally will be available
(1) Responding to an incident under thew own chapter,
€2) As members/comsuls s 1o buards,
(1) Oncall by the investigator,

g In the interm from the mvestigator’s arrval at the scene and the armval of
an R&QA membei/consultant 1o a board, the investigator has pnimary
wsponubiity for detecton and preservation ol ewmidence of fadure.

8. Some diustrative caser

2. Bubble chamber, berylimm wandow 2 valuable case of supporting one
hypothess and negating iour others,

b Uk, ewape valve stuck partially open  valve was sent for disassemoly, to
the mantenance department and potertally nformative residue was
removed and discarded. Protessianals cotd not deternune failure cause.

. Heavy nen lwsear acoelerator £ dl barner faded.

Jd Fovionmental chamber  salety valve and window failures.

¢ Crowne hoom collapse  suffners were welded on to repair damaee.

LA £ 3000 pu compeessot not Tocked out atter potential failure was detected.



g Million-pound hook h. Centnifuge - moditied o increase speed.
L Senuscale heater.
A museum—it would be desirable to assemble a collection of faded parts (or

photographs) trom ERDA operations for instructional purposes. Perhaps each
field organizaton should establish its owa .useum

H. SOURCES OF FILE CABINET DATA.

8

2

10

12

12

14

15

16

"

1.8

Faciity description,

Mission, budget, schedul2, constraints and changes.

Hazard analysis process documentation, including prior appraisals of -

a.  Information scarch. ¢. Hazard control, e. Independent review.

b, thaard idenufication. 4. Risk assessment; acceptance Jecision level .

Procedures and/or JSA. When available, obtain established criteriz for

Design, manufacture, installation, test, opera*ons, and maintenance records;
construction progress photos, which may show features later covered by
construction, and construction completion reports.

Machiwe manufacturer’'s manuals.

Maps and drawings.

Montoring systems (see example in MORT, p. 376).

Trasreng given the supervisor.

Supervrsor’s traimng and safety observations.

Fadure histories.

Error raws; first aid and medical cases of similar nature.

Employee selection, training, transfer and personal history.

Suggestions and their disposition.

Employee meetings.

Apprasals and followup action (internal and ERDA). Include R& A and
enguneering apprasals as they are mievant. Review iny 'ctions and swc .

Press reieases and ol ppings.

Personal files and medical files. These should be obtained onty for professionsl
evaluation, and then returned to safeguarded files. 3.31
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IV. ANALYTIC TECHNIQUES

A GENERAL

Factfinding technolopes or methods are deuigned to produce facts. but what facts®
Analytic technaques are mtended (0 asust the wnvesigalor in () decndamg what facts
to seek, (1) determinmng probable causes and contnbuting factors, and t 3) mrangng
results v an orderly and lucid manner. Relevant niomation o often readiy
avalable vece i value i recognized.

Analyus s cheap and fast. Floundering is expensive. Start analyss exrty.

In this section enght groeral kinds of analytics are examined. It would be enusaal to
find all of these approaches fully utdized o 3 ungle accident. On the ocher hand. a1
least rudimentary use of all will increase the depth of investigation. help reduce
overughts, and produce detter structured reports,

Analytics - formal or nformal, coONSCIOUs Of UNCONSCIOUS - underire any mestwation.
This section strondy sugpests that the quality of an investigation wall depend on the
qualay of the snalvics whach puide the factiinding. For example, o ume befarves
that operator error, stupedity and wrong-headedmess are majpor factors m acodenes, 1t
will uswally mot take long 1o fix “blame.” If one knows that undetected or
uncorrected changes are common (actors, information on relevant changes » ofien
readily avadabde.

A gwen! agect, “Follow your nose™ must be considered, partly becamse of its
establnhed. hestone usefulness and partly as 2 safeguard against the hmutations
inherent in more mevhanwal analytics. Consideration of changes, oddties. and
amomalies s one aspect.

Another general aspect of analysis is inherent in the specialists and evperts om the
buard or servng as consultants. Their expertise will suggest information needed and
will asust in marsholing facts in meaningful ways. They will be periormang mental
amaly tics based on engineering and scientific disciplines and their e xperence.

1. m_d.mmgmlnu.mm--o
Wﬁuﬁmmtnowm:

3. The methods pve assurance against oversight, leaving the mvestaeator
moee time for personal observations 1o detect odditees. o mabes,
changes. puszles. and reasons.

b.  The methods allow the nvestigator to follow potentially fratful side
paths or diverpest sequences, and, when they have been exhausied. he can



quickly return 1o his place in the analysis 10 continue vn in an vrderly
way.

The nrthods used give 3 reviewer of 3 report assurance of the scope and
depth of analysis. A report can hardly ever list all the tactors tound
adequate to excellent. Unless the analytic method is stated. e g.. MORT. 2
reviewer dues not know the meaning of silence on a potentially sigmiicant
pUInL, € g., preventive mamienance of information warch

A method is, of course, only a means 1o an end 3 good repat for preventive
purposes - and the method will be judged tinally by its results,

2. Investigative analysis process.

a

The basic flow of nvestigative analysis is
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3. The actusl investigative process is affected by a senes of intervening

considerations:

a.  Aldvance plans which establish a procedural structure.

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

¢. Constraints or pressures- time, haste, cost, etc.

d.  The tendency for investigators and board nembers to come to informal
conclusiuns.

e. Data collection to prove informal conclusions.

Expenenced investigators report that they can tell when a board has moved tc
step d. and now wants o move Lo step €, 1€, “proof.” If these occur before
fulfilling step b., the resuit usually will be a shaliow, inadequate, or even
erroneous report.

Ui



The interaction of these 1actors can also be shown in 2 ow schematic
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The trained investigator must necessandy follow ths same provess, eg. he
cannot agnore constraints. He can, however, be awwe of the lorces and
pressures and guide the investigation away from prematase conclusions.

EQUENCES

rquences are discussed i MORT (chapter VI as 2 tundamenial aspect ol acodents,
v some dlus.rations of causal sequences o7e provided

Uses of diagrams and flow charts.

Sequence diagrams and Mow charts (MORT. p. 385) are usetul in three \ays

To develop the mvestigation and asust w coetuming or denying the
validity of tindings. probable causes. and aontnbatme lactors

To organize the report
To use as valuable lustrative figures in the tinal repon

Meticulous Energy Trage. The meticulous enerey trave has demonstrated value
not only in determming what happened but also i a scarching analvsis toe

potential barners. However, this analytic technique can hecome a part of the

analysis below. (See MORT, chapter 3, p. 355, and a ety of examples m
Appendix A))




3. Events and Causal Factors. NISB lus pioneered in the use of sequence
diagrams as analvtic tools and as report illustrations. The culmination of thes
excellent techmque s “events and causal factors™ Jdisgrams which depict the
Tmusts” tor an ovcurrence - the elements which must be present 1o have the
occurrence. Thus the tool is not only analytic for the accident as a whole but
also helps evaluate endence. (See Appendix 1) Strict adherence 10 the rules for
developing the duagrams is not necessary. Common sense works as well,

3. Figure 22 from NTSA report HAR- 716, dat d May 12, 1971, &
dlustrative. The accident occurred when a tank * ock partially filled with
hiquified oxy pen exploded. without waming, alter making a delivery. Thas,
and 2 simdar figure in NTSB's “Manone McAllister Report™ on a tow
vessel sinkang. is particulacly interesting because evidence was scant. In the
latter report a fault tree covering all possible causes was also used to focus
scant evidence on the probable faillure path. Since the problems and
dilemmas of obsure or unknown causes in some ERDA occurrences have
been mentmned. the techniques used by NTSB may be particularly usetul.

b, Figure 23 shows direct, contnbuting, and systemic factors in an “events
and causal factors™ sequence. Comparing this with the previous NTSB
figure will show that certain NTSB factors can be classed as systemic
factors, such as two lacks of standards and two rescarch proble.ns
represenied by lack of knowledge.

¢ ERDA. because of its nature, poes much further into managenal systems
and controls and implementation. as illustrated in 3 fatality equence,
Figure 24, mwolving 3 farm tractor ased for mowing lawns at 3 la swratory,
The supervisory and management fac'ors are significant.

d.  As the result of pilot class lectures provided by NTSB s1aff, a participant
n a2 board mvestigation was able 1o produce a sequence diagram for a
tritium incident of Rocky Flats in a very short time (Figure 25).

The events and causal factors sequence chart has been the focal point of
analysis in several ERDA investigations, with excellent results. The chart itse'f
makes a fise extubit for the early porton of the conclusions section.

The primary, direct sequence should extend from the stable system, show 11e
beginning of instabuitty, and end with the final outcome of the acadent,

Expenence has shown that the dagram should be staried early in the
investigation. Use of 3x5 cards (one per fact or condition) gives flexibility
In structuring an evolving sequence chart.

C. CMANGE ANALYSIS.

The Kepner-Tregoe change analysis method is a sharp tool for detecting
obscure causes. It 1s also a guide to information to be sought, and a format for
succinct display of causal factors in complex cases.
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Figure 22. RELATIONSHIP OF EVENTS AND CAUSAL FACTORS
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Figure 23. EVENTS AND CAUSAL FACTORS (General Schematic)
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1. Nots the following in MORT .

b.

Lo

The role of change in accidents (chapter §).
Changes detected by moniioring (chapter 37).
Changes detected by supervision (chapter 30).

Change review procedures (page 270).

2. Examplu, MORT, Appendix A.

a

b.

d.

e.

Heavy wn lineas accelerstor ~change makes barner impractscal.
Envirenmental chamber ~changes in valve, gauge, and SUpervision.

High explosive press - change in man (wife sick),

MAPP gas - plans a.d construction for new station were not reviewed .

Imitiator explosion - changes in room.

3. Note Accident Investigation Manual (AIM), Appendix J.

D. CODES, STANDARDS, AND REGULATIONS

Codes, standards, and regulations  (CSi's) are considered to be 2 primary or
fundamental aspect of accident prevention, and similarly an essential element in
investigation. CSR's represent some degree of consensus of solutons of problems
and can be seen as preanaly zed situations. In general, conformance wath CSR's takes
precedence over more exotic, but more judgmental, potentially valuable analytics.
The value in CSR's 15 precisely the precision written into CSR's Therefore a callout
of adphcable CSR's, their status (legally eniorceable or advisory). ard their
observance can be considered a fundamental, essential element in nvestation and

reporting. CSR’s are of such importance that a finding of “none applicable™ should
be made explicit in the report.

A pussible format 1 Jiout of CSR’s could be:

1. ERDA promuigated:

Externally established: Occupational Safety and Health Adminstzation,
Environmental Protection Agency, Federal Radiation Council, et.

Internally established:
(1) Prescribed

(2) Recominended.

2 OMFM.M.NMW“M
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Thus a findie = the callout of relevant CSR's. Asother set of fiadings will cover
conformance. A tura set of findings will cover rezsons, ¢ g CSR's developed after
construction. CSE's not apphed to an alreads Jetined hazasd >nalysis process
(oversight). vesaam Jetected. but correctmn delaved due 1o vk of funds (assumed
risk), ete.

The recently ssued Reynolds Electical and Essmmcenn. ompumy. Inc. heyvord
index 10 ERD A srewsbed (SR's 15 3 valuable ud @ stonnaton swarch,

SAFETY ANALYSIS REPORTS AND SIMILAR DOCUMENTS.

Documentatwn of the hazard analysis process soald be obtamed and reviewed
MORT analytacs proswde critena.

Speciiic conchasmn “wll be directed to the logic o tollows

sellesles
OO0 0

¥ KNOWN PRECEDENT.

The logic for exsmurmg use of known precedents (KP's) m dessen and planning
process is presestied m vanous elements of MORT but s seificaently imporiant
o assure 2itentxom m e analysis process. The koex s

{ | S

Reflected Not retlected in Kesearch § | Analysis
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G. PRINCIPLES.

Thers are certain principles which govern or alfect the behavior of things, people,
and organizations. Although a specific collout of such principles (as suggested for
CSR™) 1s not feasible, the topic is essential 1o good investgation.

V. Physical laws, e 2., ellects of gravty, kinetics, thermal transfer, and radiation.
pose little problem. Relevant laws can be stated by appropriate engineeing and
sientific speciaints, For example, argon is heavier than air and will remais in 2
U-vessel until butt sm egress or displacement are prowvded.

To understand the occurrence, a brief statement (supporte ! by an appendix)
can be helpful 1o users of a report. For example, an NTSb report (PAR.73 2)
had 2 one-pape appendix describing the charactenstics of propane. An ALC
report did not provide a similar description of tritm. Since substances and
reactions used in ERDA operations are not widely understood. syeaial care
must be exercised to provide reports “intelligible 1o the technic2ily minded
layman, particularly published reports.™

2. Behavioral principles, 2. perception, decision. habit, reaction time, and
motwation, pose a considerable problem ir «hat the prnciples are less precise
and more complex than physical laws. Neveribeless, an effort s call out
relevant findings seens worthwhile. Behaviora! findings are summanzed in
usetul form (Berel<on and Stemer. 1964, report in MORT, Appendix 1-5).

3. Orgamizational laws these may be of two types (1) those promulgated by the
organization, and (1) those of a behavioral or scwentific nature (and the latter
olten operate o regate the tormer, e g, “small groups can etfectnely frustrate
the attainment of the goals of a larger, formal organuation™).

The relevant promulgaied procedures of the creanwation should be snecificzlly
cailed out and guuted. bricfly in text where vital, in suppurting appendices
where text 1s necessary, For example, of an engineerning department cperates
under ERDA-RRD standoras e quality assurance and has other mternal
mechanisms for detecting and correctng hazards, or if training and operitional
standuzds have been promelgated, all such «evam requirements should be
speaifically enumerated.

It is common in acodent investigation ‘o deicot stuate ns which violate CSR's or
laws and principles but whch did not contnibute 9 3 causal wquence. All such
situations should be reported, becanse speific and systematic weaknesses detected
may be causal factors m subsequent accidents.

MORT ANALYSIS.

Much of the Tvegoing analysis (sections A-G) is in SORT in greater or lesser degree
but has becn speaiticalv called vut because FRDA ieports reflect the mportance of
causal factors in occusresaes, o the frequant mattention to 1] se specifis aspects of
analysis. No analysis has yet becme worse from the use of MORT. Even fiaginents
have been helptul. The analytics are ditiwult .o mis > even of nusinierpeeted, they
will tarse questions which are useful.
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Frve vanetes of MORT are avadable:

4

¢

e vl “taulttree charts.” The page references to the MOKT text are
«wrected i the tault-tree chans in Appendix K. They are incoirect en the
s in MORT.

e st torm (MORT, pp 159.063)

Dr. Jerty Dnessen’s question torm (Appendix K).

A special shoet appended 1o the March, 1975 assue of the Journal of
Satety Resezioh, Natonal Satety Counail.

A pevial sheet ssued by the System Safety Development Center, ANC.

The varely does not scem 1o have any great significance. Analysis has beer
inpioved by use of any one of the tive.

Problems do arnise when MORT produces conclusions or recommendations
whach, i effect, apply new, h'h “tandards of program analyss and control to
an orgamzation. To allemate any seeming unfamess, two approaches to
conciumons and/or recommendations are useful:

11 2 program 1s well established in the “best practice™ organization,
Likwiate possible impixd cnticism of individuals wath phrascology of the
folowing type 1n 2 concluson: “There was no organizational requirement
T tege pob satety analysis, intormation search, or change reviev).

11 3 program s oaly emerging from aerospace or nuclear system safety or
‘rom the MORT study and is not widely used or understood, alleviate
~ossthie smphied critcwsm of the organization with phraseology of the
coliowing type in a recommendation: “Study, development, and test of an

capeoved system of .. e g, monikonng, independent review, design
organization  audit. or information  search  and  retueval]  are
recommended.”

Some ERDA reports give inadequate attention to major elements of basic

safety processes, such as:
a. Management implementation.
b, Desagn and plan process.
C o apemvIsion.
d  Imployee participation.
e latormation.
(1 Montonng.

(2) Datareduction.
(3) Data retneval.

1) Data feedback.
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RISKS OF SHIPPING RADIOACTIVE
MATERIALS BY TRUCK
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Figure 2 Rusksof Shippeng Radioactive Materials by Truck
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MILLIONS OF DOLLARS

AEC INCIDENTS 1543-1967
(PROPERTY DAMAGE OR LOSS)
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Figure 3. AEC Incidents 19431967 (Property | .age or Loss)



PROFERTY DAMAGE RATIO vs TIME
1947 -1967
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PROPERTY DAMAGE RATIO (CENTS/$100 PROPERTY)
1947 -1967
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Frgure 5. Property Damage Ratio (Cents/$S100 Property) 19471967
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THOUSANDS OF DOLLARS

PROPERTY LOSS
SINGLE EVENT 1/68 THRU 2/

(38 MONTHS)

RETURN PERIOD (MONTHS)
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Figure 6. Property Loss Single Event 1/68 thru 2/71 (38 months)
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RAL/ATION EXPOSURE (MREM)
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O

TRA RADIATION EXPOSURE
OVER TWO YEAR PERIOD
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Figure 7. TRA ladubon Exposure Over Two Year Period



SOME POTENTIAL AREAS OF APPLICATION
EXTREME VALUE PROJECTION

PROPERTY LOSS
2. FIRE LOSS
3. RADIATION EXPOSURE

4. EFFLUENT RELEASE
(RADIATION AND NON-RADIATION CONTAINMENTS )

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

SERVICE LIFE FOR EMERGENCY POWER
SUPPLIES)

Figure €.
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VANAGEMENT ACTLOR CHERT

Lrugerty loases Projection

To:  (Zuberdinate Managers)

2.

3.

The projectea froperty ioss-s indicated on the attuchei projection sheet are
apsatisfetory.

The systes contrclling Frogerty loss should be:

() Maintained at the present level of contrul effectiveness.

(x) Strecethened vith the ot Yective of providing an extreme projected Froperty

ivis of l.n.om over a geriod of 10 Joars tased on a 1 Jenr Liojection base,

Vlease advise me of sction taben or propased Lo achieve this vbjective.

Also, jlease sdvise e of the circumstances relatel to any outliers generated
diring \Lis reporting Perid and Lhe remedin) sction Luken to prevent similar
fulure loss of control,

Keiponsible Manager

Figure 9. Management Action Sheet
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EXTREME VALUE DATA

TABLE 1
YEAR MAXI*UM SINGLE MAXIMUM SINGLE
EVENT LGSS PLANT A EVENT LOSS PLANT B

1972 “000* 6000+

157 2800 1600

1970 2400 600

1969 1200 2100

1968 600 500

1967 1600 1000

1966 4200 1500

1965 <500 1000

1964 2600 1800

*“accident”
TABLE 2
' CUMULATIVE MAXTMUM SINGLE MAXIMUM SINGLE
PROBABILITY EvENT 1.0SS PLANT A EVENT LOSS PLANT B

0.90 6000 6000

0.80 4200 2100

0.70 36500 1900

0.60 26060 1600

0.50 2400 1500

0.40 1600 1000

0.30 1200 1000

0.20 600 600

0.°0 <500 <500

L-1s
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EXTREME VALUE ANALYSIS EXE' &g

SITUATION

Yo are wmvestigating accidents i twes Mants sdentified as Plant A and Mant B These
acandents involve U0 winit fosses i baoth plants (Tables | and

You regaest and obtan historal data indss ating the maumum wmalar fosses @ Pant
N and Plant B os cach year over the Pat nane yeans

Tovestgaton induates the operating mendus operandi e the teo plants has heen
cventaliy comtant tor “the Pastren sean” and that e'tecine TlAlenance programs
Lave Lept the planty pound shape

EXERCISE

ot the datas 1o the tao Plants on the extreme s slue Papet prosaded

QUESTIONS
Lo sentreme value projection valid for 1) e twor plants, How Jo von Anom this®

< o otere oh cntrenwe value analvan, how would v AN e coutwe oF the
FNEIgation and the nature of the ey oammendaiions foe Srter tor Plants A and
ul

LOWhat o the wgniticanee of the mtomatum i the thad Paragiaph o the
situation abone * Lowm does the enttermne value analy s saindate o 100l 1o val:idate
thi mtormmatum’

4 What ditticulties nught have been exrroneed o vne had utded fregaenyy -
wyerity Jata rather than extreme value analy vis in this case®
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