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~ Foreword ‘
(to the DOE hccildent Investlgation Manual)

Tne Department of Energy raust assure that enviromaent, safety,
and health concerns are included logically throughout the life-
cycle of its programs, facilities, and products. The potential
risks and diversity of hazards are great whether the activity
involved is construction, research, development, demonstration,
or production., Considering the advanced technologies associated
with these activities, the Department must have a comprehensive
and systematic environment, safety, and health program to reduce
risks to an acceptable level,

One fundamental element of such a program is the thorough inves-
tigation of accidents and incidents in order to obtain the maximum
in corrective actions. Thorough investigations of "near-misses”
which had the potential for serious consequences alsoc are needed
to aid in the prevention of major losses.

In addition, public attention to the safety of the nation's energy
policies and programs demands that our accident investigations
meet the highest standards of performance. This applies not only
to the actual investigation, but also to the clear and logical
presentation of the facts, analysis, and conclusions in the
written report.

This manual presents state-of-the-art investigative and analytical
methods for applircation to this critical part of the Department's
system safety program. Since the investigation report represents
a yardstick by which the investigation is measured as to thorough-
ness, accuracy, and objectivity, we encourage our investigators to
be totally prefessional. This is the best way to prevent the
recurrence of accidents, improve management and staff fupetions,
and increase safety in the Department's programs and opgrations.

DAY/,

William A. vaugha
Assistant Secretar
Environnent, Safety, and Health
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PREFACE

The first edition of this Manual was prepared by W. G, Johnson for the Energy Research and Developnent
Agency (ERDA) and was published 1n August 1975. 11 has become a standard for accident invesngation throughou:
ERDA and its successor, the U.5. Department of Energy (DOE). and has served as a basic text for training in
systematic accident investigation, not only in ERDA and DOE. but in other government agencies and university
programs as well,

In the intervening years sin:e that initial publication, methods and techniques that were new at that time have
been further developed and proven, and Johnson's basic concepts and principles have been further defined and
expanded. Experience in usiag the manual in conducting high quality, systematic investigations has identified
areas for additional developn.ent. and has generated need for yet higher levels of investigative excellence 10 meet
today’s srfety and loss control needs.

This revision is inlended to meet those needs through incorporating developments and advances in accident
investigation 1echnology that have taken place since Johne »n's first accident investigaiion manuval was written.
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ACCIDENT/INCIDENT
INVESTIGATION MANUAL

. INTRODUCTION

In the Foreword to the first edition of this Accident/incident Investigation Manual. Robert C. Seamans Jr.,
then Administrator of the U.S. Energy Rescarch and Development Admunistration (ERDA), spelled out clearly
and distinctly the need for and purpose of this manual. To indicale the current applicability of his remarks, DOE
is substitute¢ for ERDA in queting his Foreword.

““|DOE] must assure that safety is built into its own programs and products as they are dcveloped.
and that its facilitics are operated safely. With the remendous range of hazards associated with the
various cnergy technologics. and the inherent risk irvolved in any research. development, and
demonstration, fulfilling this mandate will require a comprehensive, modem safety program.

One fundamental clzment 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 is especizlly imponant in
|DOE] since we frequency of serious occurrences in our operations is refatively low.

In addition. the increasing public concern in the cnergy technologies makes it imperative that [DCT)
accident investigations meet the highest standards of performance. This includes not only the aciual
investigation, but also the clear anu logical presentation of the facts, anatysis. and conclusions in the
written report.

This manual represents an anemp to apply the state-ol-the-art in investigative and anaiytical methods
to the [DOE] investigation process.

Since the investigation rcpont represents a yardstick by which the investigation is measured as (2
tharoughness, accuracy, and objectivity. we encourage our investigators to "Tell it the way it is.’
This is the best way to prevent [recurrence of] accidents, improve management and staff functions,
and increase safety in |DQE]) programs and operations.™

By ‘““telling it the way it is,”” and by taking the most effective corrective actions on identified accident causes,
each participant in the investigziive process may effectively stay focused on the mandates of accident investigation.

The primary purpose of accident investigation for DOE is to prevent similar occurrences and to discover poten-
tial hazards, thus improving the safety of DOE and contractor operations. The intent is not to place blame but
1o determine how responsibilitics may be clarified and supported, and errcrs reduced. The emphasis should be
on discovering all cause-cffect relationships from which practical corrective actions can be derived.

Collateral purposes of investigation are to determine the nature and extent of the event and its programmatic
impact; to assist in the improvement of policies, standards, and regulations; to satisfy the public’s *right 10 know'™;
and to dispel any mystery associated with the occurrence. Additional benefits (other than prevention) include
impressing employees with management concern, improving general performance, and improving supervision
and management abilities. The purposes do not include enforcement proceedings, liability determination, or con-
trolled research, all of which require supplementary or separate investigations.

By adhering to the proper purposes of accident investigarion and by avoiding traditional misconceptions which
impede or prevent true fact-finding and evaluation of causal factors, accident investigators are able to fulfill their
roles as essential parts of the accident prevention and loss control effort.

b



The primary intent of s manual is to aid investigators und investigative boards 1n training for, conducting,
and reponting the results of thorough investigations of ma)or accidents. Additionally, the same principles and
methods involved in major accident investigations can be af propriately taijored for investigauion of less senous
accidents and incidents. Hence, this manual provides usabl: guidelmes for investigation of all accidents or in-
cidents, regardicss of the senousness of the.r consequences or potential. Furthermore, 1t provides guidance for
preparing for accider.t management and investigation, appointing invesugators and investigative boards, review-
ing their activities and repcns, and 1aking action on their findings and recommendations,

The first chapter defines the concepts and principles undsriying MORT-based accident investigation and describes
the accident investigation process. Chapter Il deals with the first phase of that process, preparing 10 investigate:
and Chapter II1, with initiation of the investigation. Chapter IV discusscs the activitics that are invoived in con-
ducting the investigation; i.e., {a) manaping the investigation, (b) collecting information, (c) analyzing the col-
lected facts, and (d) intcgrating factual finding and analytical results. Chapter V describes effcctive means of
reporting findings and recommenaations.

Concepts and Principles

An accident investigation is an appropriately detailed, systematic sgarch to uncover the **who, what. when,
where, why, and how' of u loss-producing cvent and to determine what recommendations and corrective actions
are needed in order to prevent a recurrence. The thoroughness, depth, scope. and focus of the investigation are
influznced by the magnitude of loss; the objectivity and independence of the investigators, appointing official,
and reviewers; and by the basic concepts of accident causation held by these pecple and the organizations they
reprasent. Loss level, participant indcpendence, and panicularly, concepts held affect the facts that are sought,
the observations made, the perceptions beltieved, the conclusions drawn, and the corrective actions recommended.
Sound concepts and principles of accident causation and development, therefore, form the essential foundation
upon which effective accident investigations are built.

Fundamental to these concepts and principles are a comprehensive 2ccident definition and a meaningful and
practical accident model.

Accident Deflnition and Accident Model, The MORT (Management Oversight and Risk Tree) definition
of an accident is:

1. An unwanted transfer of energy or exposure to a harmfut environnwent
2.  Because of a lack of barriers and/or controls
3. Producing injury to persons, property, of process
4, Preceded by sequences of planning and operational errors which:
a.  Failed to adjust w changes in pi., sical or human factors
b.  Produced unsafe conditions and/or unsafe acts
5. Arising owt of the risk in a welf intentioned activity
6. Interrupting or degrading the activity.
The related accident model is shown in Figure |. Every activity has some level of inherent risk. If thorough
and informed planning has been done, the activity risks will have been identified and evaluated. Management

decisions will have been made and carried out to (2) eliminate those unacceptable risks which cannot be reduced
to an acceptable level through appropriate controis, (b) acceptably comirol those which can be controlled, (c) transfer
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Figure ). Accident Model.

those which can be «xonomically transferred, and (d) accept those residual risks which have an acceptably low
consequence and probability of occurrence (or which have uniquely overriding considerations which justify their
acceptance). If planning or preparation has not been sufficiently comprehensive, or if faulty risk perceptions have
ovcrridden *‘real risk”" identification and cvaluation, oversights and omissions in the risk assessment process result
in work situations which arz error-prone or error provocative. These may produce accidental losses of a magnitude
and frequency that was not anticipated. Inherent risks built into the work activity that are not designed or engineered
out lead to ervor situations. If not recognized and adjusted for, these sifuations may contribute (o performance

errors and inhiate a sequence of events and conditions which culmina:e in accidental loss. This accident sequence -

may also be started when an activity with acceptable inherent risk experiences vnanticipated or inadequately con-
troiled changes which degrade safety of the activity. Safety is defined as control of accidentat loss, so anything
that degrades safcty will ultimately result in accidents and losses. unless it is recognized, adaptsd to, and effec-
tively corrected or counier-changed to restore an acceptably safs work siruation. Even when effective correction
and counier-change have achieved acceptable risk, the zccident sequence may still develop from the residual risks.
As Johnson states. “*What can happen, will happen, the only uncertainty is when."



When inherent nisk. failure 1o adjust to error sicuations, ancror safety-degrading changes exist, the resuluing
performance errors produce o7 interact with controis and bacriess that are inadeguate 1o separate vulnerable per-
sons or objects from unwanied hazardous energy fiows and harmful environmental conditions. This creates acer-
dent siuauons. If harmful contact occurs between vuinerable reciprents and hazardous cnergies or environme-
that exceed the recipients’ threshold for damage, an accident results. with correspondeng ioss. 1§ contact berween
the hazardous energy or environment and the suinerable target does ot occur, or if the hazardous contact 15
below the damage threshold of the target, a no-loss iacident resuits. 1f the potentiai for foss is great. the sio-loss
incident should be investigated with as much ngor anu thoroughness as a majoer accident 1n order to prevent recur-
rence with major loss.

The MORT accident definition and the accident causation medel are seen to embrace basic concepts of: (a) energy
sources and flow, and harmiul environments which constitute hazards. (b} vulnerable persons or objects which
are subject to injury or darnage from contact with the hazards; (c; needed, but missing barriers and controls which
should prevent the damaging contacts: (d) sequences of errors and changes which produce sitations in which
the harmful contacts can occur: (e} inherent risks of contact which exist in all work processes and work activilies
and which require proper identification, evaluation, and management to prevent the contacts znd minimize their
consequences; and (f) resulting unacceptable losses which consist of such things as interrupted productive pro-
¥ cesses, downgraded <ystem performance, physical damage or personal injury, adverse public or prograinmatic
impact, and loss of facilities, products, or services. Each of these will be addressed in tum.

Energy Flows and Harmful Environments. Energy is the capacity 1o do work. If the work done is produc-
tive, the energy is considered as desirable, beneficial. and controlled. If the work done is unintentionally destruc-
tive, the energy is seen as undesirable, harmful, and uncontrolled or inadeguately controlied. 1f necded energy
exchanges whicli are essential to life processes are disrupted by such harmful environmental conditions as oxygen-
deficient atmospheres or exposure to the elements in excess of body tolerance, the effect is again destructive or
injurious, and exposure to the hazardous cnvironment is the causative factor. This exposure, alco, is unwantcd
and harmful and must be adequately prevented or controlled.

Both energy sources and hostile environments represent hazards which are potential sources for accidents and
will cause harm to the vulnerable people or objects they contact. It becomes meaningful, then, to specify accidemt
types by the hazard sources, or energies and environments, involved; so there are chemical accidents, electrical
accidents, radiation accidents, mechanical accidents, thermal accidents, inert gas accidents. efc.

The unwanted enerpy flows or cnvironmental conditions can have their otigins either within the system or ex-
ternal to it. All systems, processes, and aclivities have some inherent hazards. Hazardous energies, energy flows,
or environmental conditions exist within most systems 10 produce beneficial work and products. A loss of control
of system energy can lead to undesired access of people or objects to the energy sources, energy {low channets,
of environmental conditions, or permit escape of these hazardous system elements or materials into undesired
channels or areas where harm can result. In both cases, .ysiem safeguards {controls and barriers), which shouid
prevent contact between the needed system energies and environments and the vuinerable people and objects,
failed or were inadequate, misused, of not used. Hazard sources outside of the system usually consist of acis
of nature or of persons, equipment, or materials beyond the direct control of system personnel. However, they
can be anticipated, planned for, protected against, controlled within practicai and reasonable limits, and properly
responded to when contact does occur, to reduce exposure amd minimize fosses.

ik v e b
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Vulnerable Targets. Anything vulnerable to injury or damage from contact with an energy flow is & potential
target for harm and loss. To be of real concern, of course, the potential target must be of value to the organization
or activity, so that its reduced capability or loss would downgrade performance or eficiency. Vulnerable targets
are usually persons and objects of value and must be protected from contact with hazards by adeguate controls

and barriers,

o

R

< AN 4w

)

1V

Controts and Barriers. The harmful effects of energy transfers and environmental conditions are commonly
handled by one or more of a succession of mzasures. They fal} into LI general categories.
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1. Limi the anergy {or substitsiz & saler form;

"

Prevent the energy buildup

3. Prevent the energy release

4. Provide slow energy release

5. Separaic the energics and potential targets in time and space
6. Place barriers on the energy source

7. Place bartiers on the person or object

8. Place barriers between the energy source and potential target
9. Raise the threshold for harm of the target

10. Ameliorate after exposure to fimit the karm

11. Rehabilitate ard restore to service.

Generally, the carlier the imposition of a control or barrier on the list, the better: and the bigger the hazard,
the greater the need for early interruption and multiple conirols and barriers.

Controls and barriers are additionally classified as (a) those used to contain wanted hazardous environments
and energy ilows, (b) those used to prevent, control, or minimize the impact of unwanted energy flows or en-
vironmental exposures, and {c} those used to prevent or contro! actions of persons or objects which may bring
them into contact with harmful energy flows or environmental conditions. Obviously, many controls and barriers
can fulfill all of these functions at the same time.

There are many varieties of controls and barriers that can be used in many different ways. Usually, they are
characterized by their function, location, and type. They function (a) 10 control wanted work activities and the
use of wanted and needed energies and environmental conditions, (b) 10 prevent unwanted energy flows and en-
vironmental release and exposures, (c) to prevent unwanted entry into hazardous areas, and (d) to limit the ef-
fects of unwanted energy flows and environmental exposures. Controls and barriers can be established at the
initial conceptual phase of the tife cycle of a system or activity and continually be subjected 1o review. They
can be located on the hazard or the potential Larget, between them, or in such a way as to separate them in time
and space. Types of controls and barriers are physical, procedural, administrative, supervisory, engineered, in-
formational, warning, etc.

In MORT terminology, controls can be distinguished from barriers, in that controls generally relate to organiza-
tional ard system functioning and barriers, to placement at specific locations in time or space. Controls include
(a) adequate technical information, (b} systemn, facility, equipment, or process design and operability. (c) maint-
enrance, (d) inspection, (¢} supervision, {f) employee activity, and (g) management systei services, including upper
feve! supervision and management, safety and loss control, quality assurance, etc. Barriers ure placed on or be-
tween hazards and potential recipients to provide adequate separation for profection of persons and objects. It
should be apparent that there are no fine distinctions between controls and barriers, and rightly so, for barriers
are, in fact, a type of control. So, one should be concerned about meshing the control and barrier concepts, or
breaking them apart, when it is helpful to do so. The important thing to keep in mind is that some measures
must be 1aken to keep energy and vulnerable targets from coming into contact {with resulting harm and loss).
The control/barricr concept enables 2 perscn to identify what those measures should be, and when and where
they should be applied.
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Inasmiuch as desired controds/barriers are sometimes nut practical. or they fail, or they are not used or are
misused, it is rarcly acceptable 10 reiy on a single control/barrier for protection of persons and valuable objects.
Rather, multiple controts/barriers are required to give the desired tevel of assured protection. The number and
sequence of controls/barmers reguired for .r v hazard. or sei of hazards in 2 given system, activity or work situa-
ton depends upon {a) the reliability of the controls/barriers used ard (b) the degree of protection or safety re-
quired. I* is a judgment that requires proper planning, preparaton, identification, evaluation, and incorporation
of needed controis/barriers to prevent accikients; or to determine the adequacy of controls/harriers that were,
or should have been, in place when an acvident occurred. In either case, preplauning or postinvestigating. a
meticulous trace of energy flows and environmental conditions that makes visible the number of practical oppor-
tunities for interrupting possible harmful int:ractions between hazards and people/objects with controls/barriers
has proven to be invaiuable. It is highly recomnended for use in accident/incident investigations and will be discussed
further in the Analyzing Facts section of this manual under Barrisr Analysis and MORT Analysis.

The meticulous encrgy trace (coupied with barrier analysis) can and shouid also be used cffectively in opera-
tional and process audits, appraisals, and inspections to identify and cvaluate potentigl hazardous interactions
in ongoing activities. Modifications and changes in designs, hardware, procedures, controls, people, and work
situations and activities produce consequent variations in existing hazards that require safetv-related counter-changes
in centrols/barriers 10 maintain the desirea level of safety. Failure o do this is often found as a causative factor
in accident investigations.

Saquences In Accidemt Causation. Accidents rarely are simple and almost never result from a single cause. Rather,
they are usually multifactorial and develop through well defined sequences of changes and errors. Even .n a well
controlled work environment, the most scrious loss-producing events involve numerous error and change sequences,
cither in series or parallel. Frequently, complexity is added by multiperson and multiorganizational invelvements.

) Since serious accidents are ofien very complex, there are both many chances to err or to change, and many appor-
i Tunities to intervenc or interrupt the accident sequences. It seems essential, then, that accident investigation strategies
and methods be used which can recognize and handle these complex accident sequences and enable the investigator
to diagnose and recommend fixes for the root accident causes from which they developed. The conventicnal,
simplistic approach of endeavoring to identify the unsafe act or the unsafe condition that is the cause of the acci-
dent leads the investigator to identify only symptoms of problems or deficiencies and resuits in investigations
which are shallow and more fault-finding than fact-finding; this simplisdc approach leads only to treatment of
symptoms and recurrence of accidents, rather than a cure of root causes and lasting fixes.

Accidents occur during work activities and must be evaluated within the context of the work situation, the work
sile ingredients, and the upstream processes which shaped them and contributed to the accident causation sequence.
As shown in Figure 2, the work situation is composed of people, plant and hardware, procedures and manage-
ment controls, and the interfaces which ideally tie them together into a well coordinated, smooth functioning,
effective production of beneficial work. If there are significant deficiencies, errors, or unwanted changes in any
of the major peopie-plant-procedures work ingredients, or in their imerfaces or relationships, the stage is set for
an accident. Some deficiencies, errors, and unwanted changes which contribute to work accidents develop during
normal work activities; others are built into ihe system or are set in motion during the upstream precesses which
establish the work situation. The work process schematic, Figure 3, depicts the eiements of the upstream pro-
cesses which prepare the work situation and work activity, as well ts the feedback loops which provide the per-
formance data necessary to correct and refine those processes. If deficiencies are built into the system through
oversights, omissions, and accepted risks in the work-situation-shaping upstream processes, they will be manifest
as problems and accidents during the work ectivity. Likewise, observed deficiencies in work activities mirror
similar deficiencics in the functioning of the manag=ment system which shaped the work situation, and are, generally,
the recults of management oversights (wrong actions) and omissions (failure to take sppropriate action). Over-
sights and omissions and resulting deficiencics can occur anytime in a system or work activity Life cycle and anywhere
in the system or organization. Those al one organizational level, life cycle phase, or part of the system often
affect those at other levels, phases, or sysiem parts. Usualiy, the higher the level or the earlier in the upstream
process these oversights and omissions occur and go undeiected, the greater their potential consequences.
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Figure 3. The Work Process.

but we must find out how and why they happened and direct efforts to prevent their recurrence. We must key
our thinking and our efforts 10 prevent, control, and minimirze foture eccidental losses. This is a key to gocd
business and good safety. Additionally, we do not need to wait until we have a serious accident and a devastating
loss before we search out our loss control problems end the causes from which they stem. Almost all serious
accident investigations reveal numerous precursors which should have tripgered in-depth inguiries into the causal
factors and ultimate consequences of inaction. Had the precursor incidents boen properly investigated, causal
factors identified, and meeded specific and systemic fixes made and maintained, many of our cosily accidents
would not bave occurred. Incident investigetions can be costly, but the savings from prevention of future acci-
dents and losses far offset the investigetive costs—it is 2 simple mefter of intelligent economics. Further, the employ-
ment of goad investipative protocol and preparation and the use of systematic and efficient investigative methods
by troined and skilled investigators makes incident investigations eminently cost-effective and sensible.
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Figure 2. Intersystem Relations,

tnherent Risks. Risk is the mathematical expecied loss: the probability of an accident muitiplied by the quan-
tified consequences of the accident. Risk is an inescapable factor in any human activity. Because of their omni-
presence, risks of harmtul contacts with hazards must be properly identified, evaluated, and managed 10 prevent
the contacts and minmimize the definable consequences. This identification-evaluation-management process should
be designed and carried out to take the original inherent work risks and determine their acceptability, apply needed
controls, and ensure that thc remaining residual risks have been reduced to an acceprable level.

Two manageinent system malfunctions ofien prevent the risk assessment and management process from being
adequaiety effective in control of accident risks:

I.  Oversights and omissions due te lack of knowledge, inadequate assessment, uncertainties, or
misperceptions of true risk levels

2. Risk acceptance at an inappropniately iow level in the chain of command, without the knowledge
or participation of higher levels of management.

The two are obviously tied together. Management has to define the criteria for risk acceptance and forward sisk
information for higher level decisions. If this is not done, there will be risk acceptance based on misperceptions,
uncertainiies or inadequate knowledge, or made by default through oversights and omissions, or made at too iow
& level ai the job site.

Proper evaluation of accepied or assumed risk (as defined by MORT) is specific, identified, analyzed, quan-
tified to the maximum practicable degree and accepted by the right level of management. Tao ofien, however,
serious risks are “‘assumed’’ in an offhand manner with, at best, a cursory assessment of the risk, and with a
widely accepted justification that it is a “‘calculated risk’’ necessary to get the job done. There is nothing wrong
with the notion of “*calculated risk,"’ except that it usually wasn't really calculated. In fact, that which is ofien
identified as an “‘assumed risk™ rarely meets the MORT definition, but rather consists of unrecognized and
unevaluated hazards and uncertainties in the assessment-decision process. These arc based on oversights and omis-
sions, and ail too frequently and conspicuously are found in serious accidents.

o, ble L Accidental losses interrupt or degrade desired system performance and often have reper-
cussions weli beyond the work site. These losses appear in a multitude of forms—injuries, damage, other costs,
performance lost, degraded programs, public impact, etc. It is not enough to identify the losses that have occurred,




"This manual 1s written to nelp you achieve the high qualiry accident and incident investigations that are essential
1o effective safety and loss control programs.

The Investigation Process

The investigation proce.r begins well before an accident or incident occurs and continues until the recommended
fixes have been completed and confirmed. It proceeds in a step-by-step sequence but with several steps overlap-
ping or progressing concurrently and with some steps iteratively feeding each other in a cyclic manner.

Figures 4 and 5 portray the investigation process in consistent but different flow chart formats. The process
begins with the establishment of operational and investigative requirements. The environmental. safety, and health
(ES&H) requirements for DOE are published in the series of DOE 5480 Orders. These are amplified and further
specified through Field OfT:ce implementation directives and Contractor safery manual chapters, directives, standard
practices, and procedures. They are additionally defined and specified in DOE Program Offices orders and
directives.

This entire chain of ES&H requirements provides acceptable accident management at all levels in DOE. Figure 6
shows the relationship of the three basic elements of accident managernent: preveniion, response (emergency action),
and investigation. Advance preparation to ensurc operational readiness in cach of these accident management
activilies is essential to establish and maintain an cifective safety and loss controf program. Involvement of safety/loss
control specialists carly in operational development and modification cycles, as well as throughout ongoirg spera-
tions, enhances the identification, evaluation, and comrol of risks and hazards. This is necessary to prevent un-
acceptable accidental losses. Preplanning and advance evaiualion of the effectiveness of emergency action and
intervention in the postaccident phase of accident management ensures greater success in limiting existing Josses
and preventing addirional losses during this improvement-growth phasg. Advance preparation for accident in-
vestigation by line and ES&H management gives greater insurance of preservation of vital evidence. This can
enable the accident investigators to identify the root causes of accidental lossex and recommend practieal fixes
to prevent recurrence. Systemalic, comprehensive accidentsincident investigations generate findings and recom-
mendations that feed back into advance preparation for accident prevention and ¢murgency response. This lifts
the overall level of operational readiness of the operating organization. Advance preparation for accident investigation
will be discussed further in Chapter 11,

Once the accident or incident has occurred, accident response is initiated 1o rescue the injured, limit the damage,
control or prevent further loss, and collect and preserve evidence. Concurrently, needed notifications are made
to set in molion the investigator selection and appointment process.

As shown in Figure 7, effective accident investigation can be accomplished either by independent investigators
or by monitored self-investigators. In fact, preliminary investigation is almost always performed by in-house line
managers/supervisors and/or safery personnel, who generatly work to criteria established by an independent group.
In addition, almost without exception, minor accidents are investigated only by the cognizant manager/super-
visor, with followup by the local safety person or group. When a more objective investigation is required, it
is usua'ly accomplished by expericnced investigalors who are free from control, undue influence, and other
dependence upon the organization and activities under investigation. When investigators have no vested interest
in the outcome, they ofien weigh information and analytical results in a more open, evaluative manner and arrive
at more rational, reasonable, and accurate conclusions and recommendations. Independent investigators, serving
together as an investigative board, are always required for DOE Type A and Type B investigations. Individual
investigators usually perform lesser level investigations. (Appendix A defines the criteria for DOE types of acci-
demt investigations.}

The appointed investigators conduct the accident/incident investigation on a full time basis, by mansging in-
vestigative activities, collecting and analyzing factual evidence, integrating factual findings and analytical results
io arrive at valid conclusions and report them, with corre: ponding recommendations, to the appointing authority.
The appointing official then specifics approoriate report review and districution, and action assignments for recom-
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mended sysiem and specific fixes. The official also arranges for toliowup, vaiidation, and close out of correcuve

action. He may miso direct or recommend further studies or snquities to evaluate system problems beyond the
scope of the accigent investiganion.

Figure 8 summanizes the sequential fiow of activitics and relationships in carrying out the accident/incidem
investigation process for a Type A or Type B investigation.

Appendix B is a more detailed outline of the postaccident sequence of investigation-related activities.

Headguarters Preliminary Investlgation
or Field otlice investigators® board Contractor
1. Advance plans == | 1, Implement advance plans
_EventOceurs
2 Amelicration (acule)
2. Nolilication -~ — J. Nctitication
1. Go to ihe 3cens 4. Secura the scens
Z Gelneeded assislance 5. Prallminary wilness
3. Review peraonnel safely statoements
4. Observe amelicralion 8. Early photos
1. Preserve transient
evidence
3. Rocolve —m————————| 5 Receive —— 8. Preliminary synopsis

6, Evaluate magnitude
7. Collect transiant avidence

4. Decide calegory

5. Appoint = | 1. Briafed by authority ——se= | 8.  If Incldent, appoint board
2. Gotoscene 10. Assign lop level lialson
3. Mest with managament
8 Prel.minary aynopsia 4. Recoive wep———————| 11, Pralimirary synopsis
8. Provide fogistics ————am=| 9. AtViS8 ~—r————— e | 5. Plaf  p——————————— 12. Providas Jogislics
7. Provide consulants ——ue= | 10, ASSist ~——————————i=. | 6. Assipn tasks 13. Provida informatlon,
1. Collscl facts witnaases and evidence
8 Check on prograss a=-| B. Annlyze 14. Continue non-duplicative

invesiigstion
9. Relenss scena whun teasibles-15, Continue rehabilitation
0. Agres on facts, conclusions]
recommandations

6. Reviow repon —as— t1.  Write raport
po. Distribute report
1. Direct acticn and foliow to 18, Taka action and raport
completion
“May be successively the roles o1 contractor safety enginesrs {lield and hasdquarters) and INEL 4 319

DOE saloty enginesrs (area, fistd, and headquarters),

Figurc 8. Sequential Investipative Activities and Relationships.
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ii. PREPARE TO INVESTIGATE

The quality and efficiency of accident/incident investigations wiil mosiiy depend on the advance preparation
and planning done before en occurrence. Requiremesnts and critzria need to be defined in advance and commurucaied
to those who will need to use them. In the chaotic circumstances oficn present after an accident, those responding
need to know thetr responsibilities and priontes for carryng out tasks. Guidance s necded on preserving evidence,
securing the accident scene, and restoring the scene to service within 3 reasonable rime. Selection, trainng, and
designation of investigation participants needs to be planned and prepared in advance o identify and apposnt in-
vestigalors. Investigauve materials and necessary support functions should be specified in advance and be avatlabie
when needed by investigators. Procedures, guidelines, and methods need 1o be develuped and ready for use in
accident response and investigation, so that oversights and omissions can be prevented, performance errors mini-
mized, and postaccident hazards and risks controlled.

Figure 9 identifies the three essentials ol advance preparation for investigation that will be discussed in this
chapter: (a) definition of requirements and criteria, (b) planning of accident response, and (c) planning of in-
vestigation activation.

Propare to
Investigate
and N
Define Plan : Pian
requiremants accident invastigation
end criteria responsa activaiion

'lnd] |a.nd| and

| 1

Preservation
of avidence

Emergency

N
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I I | | I

tdentity Assemble Establish
CS&R QGuldelines potential investigative actlivation
participants materialy prosadure
INEL 4 210
Figure 9. Preparing to Investigate.
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Defing Investigatiocn Regquir~ments and Criteria

Investigation requirements and critena flow ow of investiganon policy and objectives. and form the basis for
preaccident planmng. They are spelled out in codes. standards. and regulavons (CS&R) and are amplified, clanfied,
&nd simplified in nondirecuve guidelines. Figure 10 suggests the relanonship berween and the reed for both CS&R s
and guidelines, and identiiics the common investigauve requirements znd criteria that they should address.

Codes, Standards, and Regulations. Basic DOE reguirements for accident/incident response and investigation
arc spelled out in NOE Orders from Headquanters Program offices and the ES&H Office. The primary directive
is DOE Order 5484.]. Further amplification is found in DOE Field Offices implementing directives. In addition,
firs1 line operating organizations, either DOE or contractor, should establish their own requirements and criteria
to identifly operation of their organizations in response 1o an accident or incident. These organization-specific
directives, of course, must be consistent with DOF Orders and Field Office implementing directives. They need
to relate the higher. generalized requircments to the specifics of particular organizations and operations, and the
unique combinations of hazards, risks, and controls that are found there. They need to address (in appropriate
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requirementis and criteria
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and requlations

/N —7/\
(or)

Exiernal Internal

A

Guidelines
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Accident L Follcwup and
response Investigation Reporting taka action
INEL 4 3187
Figure 10. Define Requirements and Criteria.
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detii! the specific responsibilities and activities that make up thal otganizalion’s approach to accident response
and 1nvestigation for internal (as well as external) reporting requirements aad critenia, and in-house action
assignments and followup. The direcuves need to define: (a) how and when alarms are sounded; (b) who 1s 10
respond; (2) wher aow, and with what equipment; (d) who is to be in charge of response, rescue, and recovery
acuvites: (¢) who i~ ‘0 gather the accident data, make preliminary Joss estimates, and notify appropriate officials:
(f) who is 10 secure the accident scene., control access, and gather and preserve evidence: (g) who is 10 make
information releases and with whom they need to be coordinated; (h} who is 1o perform initial preliminary in-
vestigations; (i) how and by whom internal accident incident investigation boards are to be appointed and convened:
{y) what facilities, materials, support, and liaison are to be provideri 10 investigative 1eams; (k) and how and from
whom support is to be obtained. Also to be defined are: how 10 ensu¢e that snvestigators remain free and indepen-
dent 1o evaluate accident evidence objectively, so existing system d:ficiencies can be identified and needed cor-
rections made; when and to whom accident reports are to be submitied, and in what form or formal they are
to be structured: who is to review the report before final acceptance, and what review criteria are to be used;
how action assignments in response to investigative findings and recommendations are to be made, by whom
axd ic whom: and who is to follow, venify, and close out compleied action assignments, and how it is to be ac-
compiished. These and other organization- and operation-specific requirements and criteria need to be defined
and communicated to the people responsible for taking or directing action in response to accidents and incidents.

Guldeslines. Nondirective guidelines need to be provided to management, supervision, employees, and accident. in-
cident investigators in preparing for and responding to accidents and incidents. This manual is the primary DOE
guideline for investigation and attendant activities. It should be supplemented, as appropriate, by locally developed
guidelines that provide information and methods tailored to organizational and operational needs. Guidelines,
like requirements and criteria, need to address accident response and investigation, investigation reporling, and
action-taking and followup in sufficient detail 1o enable proper management of accident investigative activities.

Plan and Prepare for Accident Response

Accident response is a critical phase in accident management. It is the phase in which the required emergency
action is taken to save life and limit loss, ang it is also the inittal postaccident opportunity to preserve fragile
cvidence and gather the information required for official notifications and investigative decisions. As indicated
in Figure 11, emergency action considerations, particularly lifesaving and life-protecting activities, always lake
first priority, even if property or evidence are destroyed, distorted, or broken in the process. Trade-ofls invariably
have to be made during accident tesponse, but if they are properly evaluated beforehand, the likelihood of right
decisions will te enhanced and adverse side effects will be minimized. This becomes significant when it is
remembered that the preservation of evidence is essential to both the collection of factual information and the
accurate anx complets: interpretation of its meaning. It is evident that advance prepiration and planning are necessary
to ensure proper coordination of emergency action, evidence preservation, and accident notification activities,

Emoergency Action. Figure 11 identifics five primary arcas that need to be addressed in every emergency action
plan: {a) summon help, (b} respond to the emerpency, (c) rescue victims, {(d) limit the losses, and (¢} prevent
further loss,

Simpic, easy-to-use procedures for summoning help and waming of accident situations need to be established.
Reporting responsibilitics need to be defined, and training io alarm system activation needs to be specified and
performed. Those experiencing or discovering an accident need to know how, when, where, and to whom to
report it to summon emergency help. Those responding to an accident need to know what they can do and what
they cennot do, what actions fellow workers can take, and what actions require skilled and qualified cmergency
response professionals. Emergency personnel must also know who should direct ard coordinate emergency respornse
am rescue operations; what equipment, materials, and protective gear are required (how and where they are ob-
tained and what training or qualifications are required for their use); and what risks, hazards, or peculiarities
of this operation, process, or facility exist, and what specialized knowledge, skills, procedures, and equipment
are peeded to safely handle them. They must also know what means are needed and are available to control and
Iimit present injurics and losses, and to prevent emergency leams, rescuers, and investigators from causing addi-
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tional injury or loss, or becoming casualties themselves. Too ofien. second accidents resuli from good-intentioned
emergency response and rescue actions, or existing injuries or losses are aggravaled by improper, inadegvats,
or ill-advised actions. Usually, these additional or aygravated losses result from imprompiu, ca-the-scene actions.
and could have been prevented by proper preaccidernt evaiugnon, planmung, and preparabon {or emergency response.
For greatest effectiveness, tns preparation for accident tesponse should include evaluauon of the effects of various
intervention actions on the probzble loss outcome, u::ng time-loss analysis or a similar analyticai approach.

Preservation of Evidence. The primary tasks of wccident investigators are the collection and evaluation of
factual cvidence to arrive at valid conclusions and recommendations to prevent accident recurrence. The
investigators® 1ask can be made easier and more effective if early ime preservation of evidence is included in
accident response preparation and planning. Preservanon of evidence wiil always be overtidden by life saving
considerations and sometimes by risk reduction and programmatic considerations, such as purposely running a
failing piece of cquipment to destruction in the process of gathering vital programmatic data. By accepting the
secondary precedence of pieservation of evidence, much can be done concurrently with emergency action lasks,
or soon lhereafier, 10 preserve the accident scene and relevant records and transient evidencs. Witnesses should
be identified and preliminary statements gathered. Also, if the emergency response people arc familiar with the
neeo and methods for evidence preservation, they can ofien conduct their activities in a way that will enhance,
rather than degrade, preservation of i.iportant accident evidence.

¢ serving the accident scene involves securing the area by roping it off or barricading it and placing appropriate

-warning signs. Guards should be established to conirol access and }imit entry to emergency teams, invesigators.

and others with authorizaticn and need to enter. The reasons are obvious: to prevent people from trampling through
the scatiered accident debris, prevent the removat or relocation of equipment or maicrials, kecp out scuvenir
hunters and others who may carry off valuable evidence, control access 1o those involved in accident management
and investigation, protect people from exposure to hazards still remaining at the site, prevent activation of equip-
ment or sysiems that may lead 1o a second accident, elc.

Preservation of relevant records requires that procedures be established and responsibilities be defined. Hard-
ware and sofiware need to be provided for identification, collection, preservation, processing, and storage or
impoundment of recorded information. Some records at‘the site may be kept for only a dzy or . week, so those
that may be pertinent o the accident need 10 be found as soon as possible. Records kept at central tocations of
other places remote from the scene of the accident need to be identified in accident response and investigation
ptans and guidelines, so they wiil not be overlooked or forgotten.

Some valuable evidence literally evaporates, some is purposely carried off, some is inadvenently carried off
or destroyed at the scene (sometimes by emergency response personnel), and positions of things are changed.
These and many other actions or events can lead to loss, distortion, or breakage of fragile evidence, s0 it needs
to be quickly and carefuily collected end recorded in order to preserve it for examination. Investigators should
be liberal in their collection of samples and recording of information. They can always throw away what they
don’t need, but if they fail to collect or record i, it may be lost forever. They should go to the field equipped
with an adequate collection of recording materials and supplies. If the organization’s preparation for accident
response and investigation has been properly set up, much wili have been done by kaowledgable people at the
accident site. Investigators should not rely on this being done; they should follow up themselves.

A properly equipped investigator's kit, or **Go Bag™ of supplies and equipment, prepared in advance for use
when an accident occurs and an investigation team is activated, is invaluable. Every organization should have
these kits made up and ready for use. They should be appropriately tailored for the most probable on-site acci-
dents. Appendix C contains several lists of proposed investigator kits.

The earlier that preliminary stalements can be obtained from witnesses afier an accident, the more accurate
and credible these statements are likely to be. This suggests, then, that collection of preliminary witness statements
should be built into the emergency response system and carried out by line management and supervision before
the arrival of the investigation team. Once more, investigators should be cautioned that it may not have been
completely done before their arrival, so they should be sure to follow up. Preliminary statements not only preserve
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early impressions and obscrvations by pecpie at the soene af ine ume of the acciden:. Dyt also heve tic added
benefit of helping the team seiect the best witnesses for interview. Prelimunary stalemenls can be wrilten on con-
Cise. casy-to-use foms which fully identify the individuat witness, his joo and work pizce. s point of observa-
tion, and his obseivations relatve o accident and events, activities, conditions, eguipment, materiais, anc
environmental factors. Detailed facival evidence can be obtained in foliowup nlerviews wiih witnesses in areas
suggested by the preliminary statemects.

Early preservation of evidence can be initiatsd through adequale preparation and preplanning for accident response,
and can be accomplished by management and supervision, emergency service personnel, and on-site investigators
during the cxecution of emergency actions. The third element of planned accident response, notification of acci-
dent occurrence, is & separate task, but it is fed by the findings of those persons invoived in initial evaluation
of accident effects.

Notification. DOE Order 5484.; Chapier i contzins official accident notification requirements for DOE ard
contractor organizations. Local directives are needed 10 speciiy responsibility for making thes official notifica-
tions, as well as defining notification procedures report conients, and format. Further, they should identify re-
quired recipients for the notifications, both in-house and outside. [n addition to notification of company and DOE
officials, the criteria, procedures, and responsibility for notification of others (family, employee, news media,
community officials, etc.) need to be defined and assigned. The immediacy or time frames for notifications also
should be identified and followed. DOE Order 5484. | and Field Office implementing directives specify immediate
notification by telephone 10 the designated DOE Field Cffice or Headquarters emergency operations center for
those most serious accidents and occurrences which require Type A investigations. Immediate is interpreted as
being as soon as sufficient information has been obtained to indicate the general nature and extent of accidental
losses. Teletype notification within 72 hours to the designated Field Office or Headquarters operational zafety
office, with copies to cognizant programmatic, fegal, and public affairs offices, is specified for accidents/occur-
rences requiring Type B investigations and for immediate notification confirmation. The required information
includes: (a) accident details, such as time, date; location, general nzture of accident/occurrence and its major
consequences; (b) loss estimates of consequences, programmatic and public effects, injuries, property damage,
and other real or potential lossss; (c) actions taken fur emergency conirol and amelioration, status of actions 1o
initiate investigation. and comments on possible or probable causes of the occurrence; (d) press releases made
or planned; and () the need for a DOE investigalion and, if appropriate, the names and titles of proposed in-
vestigation board members, advisors, and consuitants. Accidents and occurrences of a lesser nature and conse-
quence are reported quarterly to the designated DOE recipient office using the specified forms.

Plan Investigation Activation

The threefold nature of preparation for investigation, as depicted in Figure 9, consists of: (a) definition of
investigative requirements and criteria; (b} planning for accident response, including emergency action, preser-
vation of evidence, and appropriate notifications of accident occurrence; and (c) planning for activation of the
investigation. These three aspects of investigative preparation generally take place sequentially, but there are some
common activities and overlap in ihe tatter (wo, as well as some carly time planning and preparation for investiga-
tion activation that precedes specific accident response planning. However, the better these two planning phases
are coordinated and correlated, the better the actual accident esponse and investigation activation scquences are
likely to flow, and the more effective and correct the specific activities are likely to be.

Figure 12, Elements of the Investigative Process (from Ray Kuhlman's Professional Accident Investigation)
clearly ties the planuing sequence together, showing preaccident definition of objectives, policy, and plaoning.
These shape the requirements which establish an accident investigation classification system, as well as emer-
gency response essentials and notification of cognizant officisls who make investigation activation decisions. These
decisions determine: (a) who is to be appointed to perform various investigative tasks; (b) when and how those
appointments are to be made; (¢} and what materials, aids, 2nd instructions are needed by the appointees to pro-
vide the type of investigation and report desired by the appointing official and required by defined investigative
criteria.
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Flenming {57 investigation soiivation then imveoives: {az) identifying potential panicipants, (b) asscmbling
investigaiive materiais, and {c; establishing activalion proccdures, as indicated in Figure 13. Since appointing
officiais for tnvestigation boards may be seiected from and by DOE Headquanters, Field Offices, or contrmeor
organizations, each ievei needs to pian for investigzanon activauon. Generally. the more serious the accident. and
the bigger the actual or potential losses, the higher the level of the appointing authority. Within DOE. Type A
investigation boards are appointed by DOE Headquarters or Field Office officials, Type B boards by the DOE
Field Office head, and Type C boards or lone investig:tors by the DOE or contractor organization official whose
operations are involved in the occur.=nce. Additionally, Type A investigation boards consist entirely of DOE
or other federa! personnel, but Type B bourds may contain DOE contractor personnel at the discretion of the
Field Office head.

ldentity Potential Participants. Potental investigation participants may be investigators or board members;
specialists and advisors who assist board members in collection, protection, examination, and evaluation of evidence;
and reviewers who evaluaie the quality and completeness of the investization report and recommendations. These
investigative panicipams must be suitably qualified for the tasks they are to perform, and they must be available
to perform them. If a potential invesrigative panicipant is the best gualified and prepared to perform a specific
investigative function but is not available at the time he is necded, the appointing official and his advisers had
better look elsewhere for another suitable candidate for that assignment. The availability aspect then necessitates
the establishment and mainienance of potential panticipant lists at all levels from which appointing officials are
selected. The need for suitable, as well as available, participants requires appropriate measures be in place to .
develop and idemify a cadre of persons with the gualifications to conduct objective and meaningful investigative I
activities in whatever phase they parnticipate. f

Three basic characteristics determine a person’s suitability as a potential investigative appointee:
1. Does he possess the necessary capabilities? Can he de it?
2. Does he have sufficient motivation? Does he want 1o do it?
3. Does he have sufficient independence and objectivity? Can he both see it and tell it as it is?

In order to determine whether a prospactive appointee has the requisite capabilities for performing an effective
investigation or review, one rmust look at his education and training, his experience, his present work assignment, .
and his current knowledge and skill within his area of expertise. Each of these should be considered within three E
general areas of capability: managerial, technical, and invesiigative (particularly possessing knowledge, skill,
and experience in the specific type of investipation he will be expected to conduct or review). If a single investigator
is to do the investigation by himself, he must have an adequate balance of these capabilities for the task involved. !
If an investigation board or a group of individual reviewers is (o be used, the required balance of needed capabilities
is achieved by appropriate selection of capable specialists or experts within each area. The effective lone investigator,
then, must possess a combination of capabilities, whereas, the effective board or group of individual reviewers
will combine a balance of specialists, each possessing a specific, needed capability. This, in fact, is one of the
benefits of using appointed boards for investigations and is a primaery rezson that investigation boards are re- :
quired on major accident investigations. Additional strengths derived from the use of investigation boards are
(a) fostering of independence and diversity of views and cxperience, (b) counteracting of biases and inaccurate
percepuions, and (c) built-in validation and confirmation processes that enhance the quality and completeness of
the total investigative process. Shortcomings of investigative boards may be {a) members who are inexperienced
in investigation and analysis, and (b} interpersonal factors that may slow or complicate the investigative work.

Regardless of other capabilities an investigator, consultant, or reviewer may possess, some {raining in investigative
principles and methods is critical for top performance. Recognizing the need for investigative capability on every
major accident investigation board, DOE requires that at least one member of each Type A and Type B investiga-
tion board be a Trained Investigator. One becomes ceriified as a Trainzd Investigator by completing the DOE
Accident Investigation Workshop. This two-week course belps potential investigators develop proficiency in: (a) con-
ducting high quaiity in-depth accident investigations, and (b) writing ciear, concise, effective investigation reposts.
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Figure 13. Plan Investigation Activation.
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Trained Invesiigalors are provided with structured oppertunities 10 leam and use.
1. Basic accidem investigation (Al) concepts and principies
2. DOE wwestigative and repenting requirements and guidelines
3. MORT/Al program developments, services, and resources

4. lmporani considerations (a) in advance preparglion for accident investigation and (b) in struc-
turing the investiganng board :nd managing the investigation

5. Current best methods for collection of accident-related information and evidence
6. State-of-the-an investigative analytical methods for evaluating and integrating gathered facts

7. System risk evaluation methods to determine whether the accident should have been expected
and how actions should be directed to prevent recurrence

8. Appropriate and available experts and specialists for gathering, evaluating, and understanding
accident-related evidence

9. Standardized structure and format for the investipation report and recommendations letter
10. The total integrated accident investigation process

11. Experiences in the accident investigation process, including review and followup, lessons learned,
and suggestions for process improvement.

Upon completion of the Al workshop, the Trained Investigators are certified for three years. They need to com-
plete an Al refresher course every three years-(four years. if they serve on a major Al board during that interval).
The Trained Investigators normally find themselves cast in two specific roles on the investigation board as a result
of their Al training and centification: ¢a) chief advisor to the board chairman on investigative matters, and (b) trainer
of other board members on basic investigative principles and meshods.

In addition to training of board members, consuitants and reviewers, other poiential participants in accident
response and investigation should receive appropriate advance training in:

. Initial reporting and notification of accident occurrence
2. Preservation of the accident scene and accident evidence
3. Collection and preservation of information

4, Paticipation in various roles in the investigation, i.e., liaison, providing of witnesses, docurnents,
facilities, support, etc.

5. Specialized training pertaining to the particvlar requirements related to accident investigation
at this facility or organization,

Effective accidem investigation performance is affected not only by capability, but also by motivation No matter
how capable an investigator is, his performance effectiveness can still fall short if motivational factors interfere.
This can exist when: (a) his perceived value of the investigation is 100 low to justify his best efforts or the time
and energy invested; or (b) it is perceived te be a meaningless drill, rather than a meaningful task, providing
worthwhile benefits; or () the perceived conflicts it imposes with his time and workload, his interests and bigses,
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and his working and personal relationships am unacceptabls. The bever the match between the potential investigator's
motivationa! factors and the investigation tasks to which he is appointed, the higher the likelihood that he wiil
be an effective contributor.

In considering the final critenion, indepeadence for desirable inverSuan . Raractenistics, those involved in selection
and appointment should look at personal traits, management fevel, and functional position of the potential partici-
pant and his susceptibility to biasing influences which coul’ impede or prevent the person's clear recognition
and cvaluation of facts and findings.

Additionally, a successful investigator should be able to work eriectively with others, be knowledgeable in
his specialty. be abie to gather facts unemotionally and evaluats them objectively, be abic and confident in making
logical judgmenis, and be free from comrmitments, obligations and vested interests in the involved organization,
pcopie, and activities, on and off the job.

The investigator’s management level and functional position should be appropriate for the investigation being
conducted. His effecuveness and ability to get the information and cooperation he needs may also be affected
by the level 2:/d position of the appointing official. The investigator needs to be independent-of undue influev.ce
(vested interests) and control to be capable of evaluating accident evidence objectively. He must also possess
sufficient clout to get what is needed in dealing with the involved organizations. Al of these arc related to the
management levels of the appointing official and investigator.

Present and past functional assignments lend credibility to the investigator’s observations and findings, bui those
assignments need to be sufficiendy renioved from the involved people, activity, and organization, so that his ob-
jectivity, independence, and ability to work with those involved are not adversely affected.

The appointing authority should avoid any attempt to interfere with the board’s collection, evaluation, and finding
of facts. If the appointing authority presses for predetermined inciusions, conclusions, omissions, or recommen-
dations, the investigators' chances of being objective are gready diminished. The appointing official can further
enhance objectivity by ensuring: (a) that a superior and subordinate are not appointed to the same investigation
board; (b} that employees directly related 1o the operation or the accidant do not serve on the investigation board;
and (c) that all involved know that appointees work directly for the appointing authority and have no other
assignments or responsibilities for the duration of the investigation.

Asssmble Investigative Materials. If investigative materials {(including procedures and guides, hardwarce
and software, and information packages} have been assembled in advance and are provided to the investigation
board when it is appointed, the investigators can be more immediately productive in their efforts. Complete in-
vestigation kits or ‘‘go-bags,’” containing the needed investigative materials, may be assembled and tailored to
special organizational needs by using the lists of contents suggested in Appendix C,

Establish Activation Procedures. Established activatior: procedures at all levels which appoint boards of
investigation will facilitate the process of initiating an investigation afier an accident or high potential incident
has occurred. The board charter structure, board orgarization, and needed board support services need o be
identified in advance and procedures established for activating thern. The procedures should be keyed to the needs
of the orgenization and the types and nature of accidents they are likely to investigate. They should be bircad
enough to adapt 10 whatever investigative needs may arise, yet specific enough to provide needed guidance to
appointing authorities and their advisors in appointing investigaiors and providing them with the instructions,
authority, end support they need 1o effectively accomplish their investigative tasks. DOE Order 5484.1 provides
basi: criteria for appointment of board members and advisors. The next chapter in this manual, **Initiate Investiga-
tion,” discusses (he details of structurizg the charter, organizing the board, and providing support services. The
details should be built into investigation activation plans and procedures,
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[1l. INITIATE INVESTIGATION

When proper advance plannirg and preparation for accident response and investigation have been done, the
occurrence of an accideni or incident becomes a trigger to implement the advance plans. Line management and
their safety advisers will ensure amelioranon s underway as first priority, make immediate notifications. and
secure the accident scene trom disturbance and unconurolled entry. They will also preserve evidence, cotlect ransient
evidence znd preliminary statements, and cooperate with the independenuy appointed board of investigators, thus
providing thum with appropriate liaison and suppert services.

Alfter evaluation of the accident notification information and consultation with DOE Headquarters, Field Office,
and coniractor personnel, as appropriate, the designated appointing authority will initiate the accident/incident
investigation by specifying the inve:ligation and appointing the investigation leam, as indicated in Figure 14.

Specify Investigation

The investigation is specified conciseiy in the investigation board letter of appointment. It is emphasized in
board briefings by the appointing authority, 2nd in subsaquent communications with the board, as iniCal specifications
are explained, expanded, or revised. Key investigation elements that require specification are:

1. Type of investigation (DOE Type A, B, or C).

2. Level of appoinied board (DOE Headquarters, Field Office, conlractor, or contractor

sub-element).
. .

3. Scope of investigation (definition of how much of the accident-producing system the investigators
shouid examine). Generally, the scope should be defined broadly enough to include the v »stream
processes which produced the accident situation and the management system which should have
controlled it. It should also be limited enough to be manageable by the appointed board. Provi-
sions should be made for expanding the scope or appointing others to subsequently or concur-
rently look at special coircerns beyond the defined investigative scope, when emerging evidence
warrants. Exampics of special concerns that may be uncovered during accident investigations
are (a) accident contributions thai arose early in the system life cycle at other locations or organiza-
tions, (b} problems requiring rescarch for resolution, and () general studies or inquiries of larger
system involvement and widespread or exiensive problems.

4. Reguirements and constraints on the board (definition of the board's authority, responsibility
and accountability}. The appointing official defines for the investigators what he expects of them
and what they can and cannot do. He should also specify for them whal they should do if they
encounter probiems in getting things they need or getting the investigative job done.

5. Funding and resources for the investigation (specification of the source or sources for necded
funding and resources for both «lirect board needs and those of others involved in the investiga-
tion}. Others in the investigation would be consultains, advisors, witnesses, support people, eic.
Basically, the appointing official defincs who pays the investigation bills.

6. Support and liaison for the investigation eam (designation of who provides these services).
Usualty, the organization experiencing the accident or the next higher management level, i.e.,
Field Office, will provide senior staff tiaison to handle requests for documents, witnesses, tests,
etc. That same organization will also ordinarily provide support services such as work space,
offices, clerks, typists, transportation, protective gear, photographers, efc.

7. Schedules and commitments (specification of when oral or written progress reports and final
reports are due and in what format they shouid be submittec®). Generally, the format is specified
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in DGE Order 5434. 1. but Jocal requirements may differ for less serious eccurrences. The ap-
poinung oificial should speerfy what 15 0 be done ii desired scheduies OF coMmIUTents cannok
be met as inicnded. Provisions made for extensions of iume (0 accuraleiy complete the report
should be specified.

Reports (specification of type and namre of required reportc). Experience has shown that ap-
pointing officials should be reluctant io ask for oral reports only, because qualified invesuggtors
using the invesugative methods discussed in <his manual will always find more than annicipated,
and the findings will almost always warrant a writien report. Too ofien when only an oral report
is specified. skeichy notes are taken, and the investigauon must be repeated to gather the details
necessary for the written report.

Appoint Investigation Team

Concurrently with definition of the investigation specifications, the investigation team {consisting of board
members and adviscrs/consultants/specialisis) is appointed by complying with the DOE-specified team structure,

selecting team personnel, and issuing the appointing letter.

Structure the Investigation Team, DOE Order 5484.1 specifies the structure of Type A and Type B
investigation boards and teams. Individual organizations should specify local requirements for lower level acci-
dent investigation leam structures. DOE Order 5484.1, which establishes basic criteria and can serve as a partern

for local team structuring, forms the basis for the following guidance.

1.

2.

10.

1.

Type A and Type B invesiigation boards/teams are appointed by DOE officials.
Type A investigation boards consist of DOE and uther federal employees only.
Type B investigation boards may contain DOE contractor employees, as well as DOE personnel.

Type C investigations are conducied by DOE contractors when their operations are involved,
and by DOE personnel when federal operations are involved.

Boards of investigation should consist of three to five members, one of whom is appointed as
chairman.

The board/team chairman should ke a competent manager who is qualified to manage the
investigation team, direct investigative activities, and conduct necessary, often complex, coor-
dination with involved organizations and officials.

All appropriate competencies {managerial, scientific, technical, professional, and investigative)
should be considered in appointing boards and teams.

Consultants, advisors, and specialists who are experts in pertinent areas or who are familiar
with the operations or management of the progrum involved in the accident should be appointed,
as necessary, o assist the board. These persons may be contractor personnel.

At least one member of each board should be a Trained Accident Investigator, currently certified
by DOE. One person should not serve in the dual roles of chairman and Trained Investigator
on the board. It is very helpful to have the chairman a Trained Investigator.

A superior and his subordinate should not serve on the same board.

Employecs directly related to the operation or activity involved in the accident should not serve
on the board.

7
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Investigaiors should work for and report to the appoinung official and board chairman only for
ive GurRLION Of ihe investgution. Tney snould heve no other assignments of responsibiliies in
their regular work group untit the investigation 1s completed and they ate released by the ap-
Fointing suthority or board chaifman.

Selact investigetive Personnel. By drawing upon lists of Trained Investugators, other rosters of prospective
board/team members having suitable capabilities, and contacts (with advisors and officials at appropriate levels
the appointing authority can select a board chainnan, board members, and consultants/advisors to conduct an
accident investigation. There will be trade-ofis 1n making the best selections. which should be addressed by the
#ppointing official and those assisting him. Following are some practical considerations:

L.

10.

12.

Managerial level of the chairman and members should be considered. Appointing top level people
reflects the org anization’s concern and gets faster action during the investigation and the im-
plernentation r, corrective actions. In addition, they will gererally handle the invesrigation bener,
and they are not easily awed or fooled during the investigation.

Desirabl” personal qualities include an open and logical mind, thoroughness, and ability to main-
tain perspective and independence. Personal qualities to be avoided are a **know-it-ail’” attitude,
“‘prima donnas,’” preconceived biases, preoccupation with normal work, and reluctance 10 be
away from home or regular work.

Members who are remote from the accident site delay progress and seview. Evidence and
testimony may change. Members may short-cut investigation to retugn home.

Vested interests have bias. This is a danger with those 100 ¢lose to the site, program, or operation.

When possible, the NASA approach {one member for each aspect, such as energy, structure,
human factors, operations, control systems, eic.} could be valuable.

The chainman should have a high level of managerial skill as well as 2 strong technical background.
Line personnel needed for recovery should not be assigned to investigation.
Avoid us’ng people just because they are available.

Exclusive selection of outside investigators may be construed to imply that local DOE staff is
incompetent.

A physician cen be valuable in every serious injury accident investigation, and in most property
damage accidents where humen crror may be a contributor. It is better to have him serve as
a consultamt or sdvisor, rather than as a board member.

Legal advisors are usually effective in fact collection and evahuation and in report writing and
review. They can be helpful in witness interviewing; bt remember that they are trained in the
adversarial approach and may tend to interrogate, rather than interview,

Since limited numbers of people are available, a gross scoring system may be a wise compromise
for selection. A possible system could produce such an analysis as follows:
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13.

14.

15.

16.

17.

Management

Chatrman  Relsnon Exp. Investigation  Discipline _Expertise  Analytic
Chairman  Distani ++ ++
Member Close + + ++

M=mber Safery ++ + + ++
Member Distant + + + ++

Member Distamt + + o+ ++

Orzanizationally, the chairman is located at a remote or distant facility. He fulfills the added
dictum of managenal skill and is from the discipline concerned.

The other members represent a mixture of attributes which should, in themselves, contribute
10 a well-rounded board foundaticn. The safety representative may be the Trained Investigator.

Managerial skill and investigative experience are the tie breakers.
Since DOE imposes no limits on appointed consultants and adviso.s, a lengthy list of disciplines

and subject matier can be considered for complex evemts which approach a wide variety of
technical boundaries; for example:

Sciences and Engineering

Cross-Classified by Subject

Disciplines Matter
Physics Bubble chambers
Chemistry Reactors
Metallurgy Test and qualification
Chemical engineering Accelerators
Nuclear engineering Critical facilities
Mechanical engineering Structures
Electrical engineering Control system
System engincering Transportation
Operations research Chemical processing
Reliability and quality assurance Explosives

(R&QA)

Medical

Human factors
Health physics
Mine engineering
Geophysics

Crane operation

Heavy construction

Radiation

Chemical laboratories

Coal liquefaction

Extraction technology

Reclamation technology

Geothermal and solar development
Electric power transmission and distribution

Persons with substantial training in disciplines and specialties involved should be on the board.

Specialists with current work expericnce in the problem at hand should be consultants or members
of the board.

For an accident/incident with high public interest, select a board member with expericace in
dealing with the press, i.e., one who is able to cffect an honest cvaluation of press or public

concern.

Any accident/incident involving radistion or complex processes engenders personal trauma and
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fear. The invnivement of @ medical doctor or other appropriate speciaiist who can evaluate
traumatic effccs is beneficial.

18. For radiation or other problems, there is a tremendous wealth of expertise withon DOE. Do
not hesitate to use it

19. When speed is warranted (and it ofien is), notify appointees by direct contact, phone or other
means, before arrival of the letter of appointment.

20. It may be advisable to appoint the board chairman first and have him participate in selection
of other members and advisors.

21. Tailor board selection as much as possible to mect the specific needs of each investigation.

lssus Appointing Letter. The letter of appointment establishes the investigative team. It states the purpose,
type, and scope of the investigation; specifies the board members, advisors, and iiaison persons; indicates board
responsibilities, authority, and accountability; and gives special instructions to the board, including milestones
to be met. It is distributed to all of the people involved, not just the appointecs, but those for whom they work,
und those with whom they will work on the investigation.

As far as possible, the appointing letter should spel! out the investigation spéciﬁca’lions discussed in a previous
section. It does this concisely and usually requires followup with a board briefing or other communication by
the appointing official, or his designee, to provide needed explanation.

Appointees are identificd in the letter of appointment by name, job, and organization, and are differentiated
as board members, consultants, and advisors, and liaison and support people. Additionally, the board chairman
and designated Trained Investigator are identified by their investigative roles.

The board charter is defined concisely in the letter so that all recipients of the letter will know the board’s
authority and constraints, and its basic responsibilities and accoumtabilities to the appointing official.

The appointing letter is usually addressed to the chairman of the board, but sometimes appointing authorities
choose to address it to the Chief Executive or Manager of the organization experiencing the accident. In either
event, all appointees and their managers, and all key management persons with whom they interface will receive
copies.

Figures 15 and 16 are typical letters or memoranda of appointrent for Type A and B accident/incident investiga-
tions. They should be helpful 10 appointing officials in composing appointing letters.

... ..




TR i i 1B PR e L

FIELD OFFICE LETTERHEAD
Chief Executive

Contr.ctor Organization

Addre:s

Dear (Name):
(Builging) Fire—(Date of Occurrence)

I am appointing a (contractor organization) accident investigation board to invzstigate the fire which occurred
in the (Building) on (date). The foitowing cmployees have been selected to serve on this board:

{(Name), Chairman

(Name), Trained Accidem Investigator
{(Name)

(Name)

I have selected (Name}, (DOE Field Office), 1o provide laison between (Field Office} and the investigation board.
He is 10 officially represent (Ficld Office) in maintaining cognizance of the progress of the investigation, but
he is not a member of the board. B

Your investigation is to be conducted in accordance with DOE Order 5484.1, and the report is to be submitter
1o me by {Date). The report should fuily explain the techrical clements of the causal sequence and describe the
management systems which should have, or could have prevented the occurrence. Appropriate recommendations
for improvement of the management systems will be required. The DOE Accident/Investigation Manual is to
be vsed for guidance in conducting the investigation and preparing the report.

Very truly yours,

Manager

Figure 15. Typical leiter of appoimiment—Type A or B Accident investigation.
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FIELD OFFICE LETTERHEAD

Chairman of Commitiee

Job Tille

Address

SUBJECT: INVESTIGATION OF (BUILLING) ELECTRICAL FIRE
Dear (Name):

You are hereby appointed as Chairman of a committee to investigate the electrical fire and related injuries which
occurred (Date) at the (Location). The following personnel are appointed as members of the Commiltee:

{Name), Trained Accident Investigator {Organization)
(Name), Electrical Safety Engineer (Organization) (Secretary)
(Name), Electrical Configuration Control Engineer (Organization)

(Name), Engineering Technician, Nuclear Fuel Cycle and Waste Management Division
(Organization}

In addition, the following perscnnel are designated as consultants to the Commitiee as needed:
(Name), Electrical Construction Engineer {Organization)
(Name)}, General Foreman (QOrganization)
{Name)}, Physician (Organization).
{Name), Aftorney.

The Committee is chartered to conduct a Type B investigation as outlined in DOE Order 5484. 1. In this capacity,
the Committee works for and reports to the Manager (Field Office). The Director, Operanonal Safety Division
{Field Office) will act as the DOE consultant and liaison for me with the Comminee.

The Committes should investigate the causes of the accident and its ameiioration and provide specific recommen-
dations for corrective action. The report should be submitted to me by (Date).

Very truly yours
Manager

cc: Manager, Organization
Manager, Organization
Manager, Organization
Commiitee Members

Figure 16. Typical lester of eppoiniment—Type B accident investigation.
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IV. CONDUCT INVESTIGATION

After an accident occurs, the advance plans for response and invesiigalion are s¢! in motion: (a) emergency
action 1s taken (o rescue the injured and reduce the risk of further loss; {b) accident elements are identified and
cvidence preservallon is begun; (c) appropriate notifications are made; (d) prelimunary investigation is begun and
preliminary witness stalements collected: (¢) the accrdent is type classified and the need for a formal investigation
is determuned; () the appropnate zppointing official is designated; (g) the investigation specifications are defined;
(h) the investigating board cheirman, trained investigator and members, and the consultants, advisors, liason.
and support persons are selected and designated; (i) the appointing letter is issued and the board notified and
briefed by the appointing official; (}) the investigation ks are provided to the board; and (k) the travel orders
are processed. At that point, the [nvestigation Team is ready to go 10 the sile and begin conducting the investiga-
tion in accordance with the requirements and guidelines specified by the appointing authority.

Advance plans for conducting the investigation are then implemented, modified, and adapied to mect the specific
investigation needs. Though <tandard policies, plans, and guidelines for investigation have been established and
defined, the methods of application vary with the nature of the accident under investigation. For general applica-
tion and continuity of investigative effort, the investigation is divided into several, usuaily sequcntial steps. all
of which have 10 be properly managed and coordinated, as shown in Figure 17. These investigative phases are:

Conduct lnvastigstion '

and

Manage N Analyze Draw
Invastigation facls eonclusions
and angd (a.nﬁ ’
Collect Integrate
Intormation evidence
@ ' l and '
| I [ I
Coordinate Develop | | Findin Judgmants
activities oulput g8 of nesd
Mathods Correlation
Direct Pror.ess Probable
activitles evidence causes
Types Sources Facls Conclusionsa
Analysis
INEL 4 3788 |

Figure 7. Conduct Iavestigation,
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1. Takdng critical initial actions

2. Collecung relevant, factual information

3.  Analyzing the collected information

4. Integranung the factual findings and anslytical resulis

5. Reaching valid and meaningful concluiions

6. Establishing reasonable recommendaticns for preventive action

7. Reporting investigation resulis wo the appointing authonity for action.

Although generally sequeatial, these phases arc not distinct and discrete. There is much overlapping and even
some readjustment of sequence in actual investigations. As shown in Figure 18, for exampie, as soon as investigators
begin to accumulate factual accident information, they should begin to analyze what they have collected. This
analysis leads back 10 the search for more facts to fill any gaps. Then a series of fzct-find .ng and analysis iterative
cycles develops and continues through those phases of the investigation. Figure 18 shows similar overlap and
combination among investigation phases. Those phases are discussed separately i this chapter.

Staning properly by taking critical initial actions (Phase 1} is very importam. Significant evidence can be lost
while the board is trying to get organized. The following suggestions should assist in beginning an orderly

investigation:

1. Assemble the board for field organization bricfing on the occurrence and scope of investigation.

Classic ph 5 Fact s o
assic phase e ac ) = o
sequence = finding Analysis E’,’ § Report
(step-by-step) < £

Initiation
Real-ife
phase sequence and fact Analysis
{overiapping finding and Intogration Findings
and combined) ‘ and report

" INEL 4 3210

Figure 18. Scquence of Investigation Phases.
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i0.

12,

13.

Assign tasks to board members then or while enroute to the accident scepe. (If board members
travel by different means or from difieremt locations, do this as spon &s possible after armival. )

Get a shont bricfing from whoever Luis been controliing the accident scene prior (o your arrival
and verify what has already been done. Get local organization chans,

Establish formal liaison with manzgement.
Go to the accident scene with investigation kit,

Perform a general survey of the accident scene to get a feel for the accident and make rough
skeiches of what ou see.

Prevent unnecessary handling or moving of evidence. Review security provisions to ensure they

arc adequale.

Review preliminary witness statements and find out what each might be able to contribute. Alent
wilnesses 10 a possible follow-up interview.

Review any photographs already taken and take additional photographs of evidence and the scene.
When needed, give the board a briefing on investigation methods. -

Establish command post (board office) and arrange for other needed resources.

Finalize board organization and plan.

Assign additional initial tasks or revise previous instructions based on the briefings you have
received.

Contin. ng tasks and activities include:

2.

5.

6.

Collecting and preserving evidence

Interviewing witnesses

Prepaniag diagrams and sketches

Securing as-built drawings; copies of procedures, manuals and instructions. Also gefting
mainlenance records, inspection and monitoring records, alteration or change records, design
data, material records, and personal histories

Conducting reenactment where necessary or uscful

Arranging for laboratory tests where necessary or useful.

These, in conjunction with continuation of several of the initial activities, comprise the collecting of relevant
factual information (Phase 2). .

The collected information is analyzed (Phase 3) simulianzously with fact-finding, both in the minds of board
members and in the analytical methods they use. The analytical methods help deterinine what additions” informa-
tion should be sought through the fact-finding process, This will help determine causes and recommendations.

As the board gathers and analyzes facts, the members arrive at factual findings and anatytical results which
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they integrate {Phes2 4) and confirm to arrive ¢t valid and meaningful conclusions (Phase 5). Each conclusion
reached should be firmly based on investigatica facts.

The cstablishment of valid and n:auistic recommendations (o prevent recurrence (Phase 6) is only as effective
a8 e evidence, analyses, and conciusions are accurate.

The overiap and integration of investigative phases in answering basic questions about the accident, its results,
and the actions to be taken in response are dgisplayed in Figure 19 Notice that the iterative fact-finding analysis
cycle leads to answers (o the “what should have,”” **what did,”” *‘ow,” **when,"’ and “‘where’’ questions. Analysis
and conciusions are concerned with *'why,”” 1nd conclusions (especially judgments of need) and recommenda-
tons, with *‘what now.""

Figure 20 shows the primary investigative phases in flow chart formai, with the key factual evidence sources,
analytical methods, and conclusions identified. Each of these will be discussed later in this chapter,

The final phase (Phase 7) of formal board activities is preparation apd submission of the investigation report
and recommendations letter. Its primary objective is to clearly communicate the board's findings and recommen-
dations to the appointing nuthority for action and distribution. Suggestions for writing and structuring the report
and recommendation letter, in accordance with DOE reguirements, are found in Chapter V and Appendix B
(DOE Order 5484.1).

Proper management of the complex investigative activities and interactions is an ongoing function through all
phases of the investigation and is critical to investigative efficiency and success, It is discussed in the next section.

What shouid How did
happen? ithappen? -
" When did Why 218 What should

Compares It happen? - it happen? happan now?

What did Where did

happen? ithappen? | o

g

i , 1 =R t
| Factfinding I Analysls } € 1Judgments af nsed |
| and ! and ; poll and |
: analysis } ~ conciusions ,E : recommandationa :

TNEL 4 2150

Figure 19. Investigstive Quesiiong and Phases Relationships.
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facts facts evidence
* Wilnesses » Causal factors *
« Physical evidence » Change Draw Validate
* Diagrams e Fault tree conclusions conclusions
and sketches *« MORT
« Photography * Hazard-barrier + Findings
* Records and » Time-loss * Probable causes Make
documentation * Risk + Judgments of .
+ Medical evidence s Hurnan error need recommendaticns

INEL 4 3211

Figure 20. Investigation Activities Flow Chan.

Manage Investigation

The investigation board chairman manages the investigation. He should be specially selected for his ability
to do so. It is his responsibility o organize and direct the investigative teamn and 1o bring order from the chaos
that frequently accompanies a major accident. He is called upon to manage a diversity of interests, coordinate
a variety of interactions, and be knowledgable and current in the subject of the investigation. He should have
experience and/or training in investigation, bur it is of less importance than his managsrial and discipline
capabilities—particularly, if he has a well qualified Trained Investigator to assist him. He must be both managerially
and functionally independem of the principals involved in the accident (and ensure that board members are also),
so that undue influence cannot be exerted which may affect G.e investigation's progress and findings, and the
board’s objectivity and credibility. He should be sirong and decisive, but not domineering; have highly developed
administrative and coordinating skills; be taciful and able to appreciate the subteties and the sensitivity of the
accident situation; be an effective liaison between senior management and the investigating board; and be capable
of delegating responsibility and monitoring investigative progress in accordance with established schedules, plans,
and deadlines.

Management of the investigation by the board chairman, with delegated responsibilities to other members of
the board, can be broadly classified into the four areas identified in Figure 21. They are: (a) direct investigative
activities; (b) coordinate investigative activities with persons involved; (c) process evidence, including coltec-
tion, analysis, integration, validation, and release; and {d) develop the investigation output.

Direct Investigative Activities. In directing investigation activities, the board chairman will ensure that the
initial investigative actions {discussed in the previous section) are carried out. He will also be familiar with ini-
tiating actions that should be taken by the appointing official. This is so that he can take any needed actions that
were not done by the appointing authority, or that were partially or incompletely done. He will review those
preliminary actions taken by line managsment and accident response persons and then direct accoaplishment
of any oversights or omissions. He will organize the work of the investigative team; assign tasks to beard members,
consultants, advisors, and specialists; administer investigative resources; control the accident scene umil he releases
it 10 the operating organization; and handle board/team communications. In all of these activities he should be
assisted and advised by the Trained Investigator on the board, who serves as his investigative specialist.

Specific responsibilities of the chairman in directing the investigation include;

i
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10.

1.

12.

13,

14,

is.

16.

i7.

Direct and manage the investigation.
Assemble, or have assembled, needed investiganve materials, it not already done.

Organize work of the inv~stigative team, including establishing schedules, plans, work tasks,
daily team coordinution meeungs, eic.

Assign tasks to board and team members in accordance with their knowledge, experience, and
capabilities. If the board or team needs to be resiructured, or members reptaced or added, the
chairman should accomnlish this in consultation with the appointing official.

Use the abilities of the Trained Investigator 1o outline and expedite the work, train tearn members,
process evidence, reach conclusions and recom :ndatioas, and prepare the repon.

Establish a commuand fost or team office. He should not use his own office or building where
the normal office work could interfere with his primary responsibitity of accident investigavion.

Do not perinit board or team members 10 dilute their investigative commitments with any other
work assignmems. Their sole work activity should be accident investigation, until their in-
vesligative roles have been satisfactorily completed.

Administer resources provided and get resources needed to property carry out all necessary in-
vestigative tasks.

Ensure that the accident scene is safe ang that investigative activities do not compound the event
or interfere with emergency operations.

Ensure that the accident scene is secured and protected until all evidence has been recorded
and collected.

Release the scene to operational management for repair, rehabilitation, and operation when it
becomes reasonable to do so.

Handle requests for informatjon, witnesses, technical specialists, laboratory tests, and adminis-
trative support with a liaison member of management.

Handle all communications with the DOE field organization and public officials. Remember
that in Type A or B accident investigations the field office is normally responsible for public
news releases.

Keep the appointing official informed of all significant findings, developments, and investigative
progress. If established deadlines cannot be met, work out an appropriate extension of time with
him.

Ensure that the investigation functions in such a way that it does not usurp, interfere with, or
relicve line management of operational responsibility.

Call and preside over all board and team meetings.
Remember and ensure that each board and team member knows that work on the investigation

team takes priority over all other work and may involve Jong hours that can interfere with per-
sonal life for the duration of their involvement.
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Coordinate investigative Activities. Coordination of investigation-related aclivities can be a complex and
time-consuming task in a mayor accident investigation. Even on lesser events, the diversity of interests and the
compleniry of organizational strucrure and interacuons can make it difficult and demanding. Coordination must
be dune wilh the accident organization, suppor groups, field office, end appoinung official, and may be necessary
with other investigators and such other persons as public officials, news media, employees of non-DOE organiza-
tions, end families of injured personnel.

Coordination with the accident organization and the cognizan field office involves such things as arrangements
for office space, administrative support, ac¢ss to files and work arcas, impounding of records, obtaining of technicai
specialists, photography, meapping. medical, availability of witnesses, etc. It is usually accomplished through
designated liaison persons, who process board reques's and provide the needed services. Frequently, specialists
at or from analytical laboratories will get involved in cullection, protection, preservaiion, shipping, analysis, or
evaluation of physical evidence and reporting of analytical findings. Their participation needs to be coordinated
with other investigative activities.

When investigations result from dramatic or sensational accidents which attract much media atiention or public
interest or have significant public or political impact, it is not unusual for more than one investigative board to
be appoitited by the different organizations who have vested interest in the investigation outcome. Sometimes
additional boards are appointed to protect involved organizations from biased or slanted investigations, or when
it is felt that appointed boards cannot produce credible and accurate findings. Other times, it is done to look at
different aspects or diff=rent levels of interest than the appointed board is chartered (o do. Sometimes, the appoint-
ing authority will appoint a second commitiee to follow up on areas of concern uncovered by an investigative
board, but beyond the scope of that board. Alse, it is not unusual for a contractor board to begin an accident
investigation which is later determined 1o warrant a Type A or B investigation by a DOE-appointed board. Almost
always, a preliminary investigation is done by management or salety personnel before the arrival of the appointed
investigation board. Cooperation and coordination between investigators in sharing of evidence and findings is
essential to conduct efficient and effective investigations and to give greatest assurance of consistent, objeclive
factual findings, conclusions, and recommendations. It can also reduce or eliminate the ime, trauma, and opera-
tional impact of repeated reviews of the same matenial and interviews of the same witnesses, whose testimonies
are fragile at best.

Finally, the board chairman or his designee shall coordinate with public affairs offices on all news releases
and statements 1o the press, and have approval authority to ensure they are factual, accurate, and nonspeculative
as to cause or fault. Basic releases should indicate that a complete investigation is being conducted by a highly
qualified board and that informatior will be released when the investigation is compieted. Premature conclusions
to satisfy news reporters tend to be counterproductive and compromise investigalive purposes.

Process Evidence. This is the core of the investigation. Everything else the chainman does is peripheral 10
its accomplishment and is designed to facilitate the collection, analysis, integration, and validation of accident
evidence. This cnables valid and meaningful conclusions to be reached and reasonable and realistic recommenda-
tions 10 be made. With the assistance of the Trained Investigator, proper judgments of th= types and sources of
information pertinent to the accident can be determined. The investigative team can then be organized and directed
to colleci them. Specific assignments need tp be made, making best use of the talents on the team. Team members
must have uppropriate training and expertise for proper recognition, collection, analysis, and interpretation of
factual evidence. The work of individuals and groups of board members, technical specialists, and consultants
must be properly supervised and coordinated. Daily progress reports (usually verbal) and daily coordination meetings
are essential 1o stay on track. They help avoid needless duplication while alerting team members to pertinent
findings. Problems and means to overcome the problems can be discussed and new areas identified to be ex-
amined. Daily reports also ensure all potential causal factors are being studied, update ongoing analysis, verif :
schedules and progress, and evaluate, clarify, modify, and reallocate task assignments. Decisions have to be made
on evidence retention, release, additional examinstion or disposal, and official or public releases of emergig
facts and findings. Evidence, analytical results, and investigative conclusions must be pulled together to prepzre
to write the investigation report.



Develop Qutput. The proof of the quality of an investigation ltes in well founded conclusions and recommen-
darions clear)y expressed in a well wrigen repont which traces them to their strong factual base. The hard work
of the invesugators then paies in significance, and the report they produce becomes the standard by which their
performance is judged. Development of the board investigalion report, therefore, requires careful and conscien-
tious management. ft should be put wogether in timely fashhon. The information from various team members needs
to be put into proper formar and integrated into a consisient style. Team members should not be released until
their information has been submitted and accepted. Board members should panicipate in a comprehensive and
critical review to ensure compieteness. accuracy, and continuity of the repont. It shouid be acceptable 1o all poard
members, or be supplemented by an additional report by those who disagree on findings.

It is often wise 1o give an oral report on {actual findings to contractor management before leaving the site.
If additional factual evidence is offered by management in this outbriefing, it should be received, evaluated, and
fed into the report facts. analysis, and conclusions sections, if warranted.

Utilizing Specialists and Consultants. Consultants and specialists are those persons who have specialized
knowledge or skills that may be useful to the investigation board. They are appointed in the same manner as
board members, but usually serve for a limited time, or on a part-time basis, rather than full-time for the duration
of the investigation.

The Role of Lawyers in Investigations. The appointment of a legal advisor Lo an investigation board is not a DOE
requirement. However, such appointment shouid be carefully considered in view of the nature of the board’s role.

Whether a lawyer is a2 member of the board or an advisor to it, his primary mission is to assist in the definition,
ascertainmenl, and analysis of the facts, the interview of witnesses, and the organization and preparation of the
board report.

The Rola of Physicians in Investigations. The investigation board should obtain a physician’s assistance when
medical and human factors may have played a causal role in the accident. Irvestigators should also work with
medical officers to develop advance plans for investigation appropriate for local conditions.

Medical and human factors should be evaluated by a medical investigalor as part of any accident investigation,
for a number of reasons:

1. To ensure the completeness of the investigation

No accident/incident investigation is complete, despit: detailed study of technologic, engineer-
ing, and management systems, unless human and medical factors are also evaluated. Human
failure continues to rank high in accident causal factors. Many times it is not detected or the
significance of its role in accident causation and prevention is not fully appreciated due to a
superficial medical/human factor evaluation.

2. To rule out human failure in accident causation

Human failure may be a primary cause or a contributing cause of an accident or incident. It
may be found in many forms and in many systems. Toe frequently the medical and human fac-
tor evaluation is limited to looking for obvious operator error or operator incapacitation. Atten-
tion should aiso be given to possible contributing human factor failures in safety management
systems, procedures, and practices, and in the area of equipment design. Special attention should
be given to the desiga of control, monitoring, and waming systems in terms of minimizing the
possibility of operator error in reading and interpreting instruments and signals, and in contro!
input responses. One must be certzin that warning and menitoring signals are designed with
high attention stimulation, unambiguous, and fail-safe features. One must also be certain that
control systems are not complicated, that critical controls are distinctively designed and func-
tionally located, and that monitoring systems do not cause excessive boredom and fatigue.
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The human failure spectrum that should be covered in a thorough investigation is outlined in
Table } of Appendix D.

To eswblish cause ani} 1ime of death

This information is always important for an accurate reconstruction of the sequence of the accident
events. In some accidents, it has aliered the direction of the investigation and the determination
of the causal factors.

To establish mechanisms of injury

This information is necessary for accurate reconstruction of the sequence of accident events
and for the determination of causz! factors. It iz also essential for the evaluation of the adequacy
and effectiveness of safety and Liealth protection procedures and =quipment,

To identify victims

In addition to the humane and legal considerations, the location and identification of victims’
remains are cssential for the accurate reconstruction of events and the determination of causal
factors. In accidents involving severe destruction of remains, the medical investigator plays a
major role in identification. He can determine the need and arrange for special biochemical and
forensic pathology studies.

To help in reconstruction of the accident scene and events and in the determination of causal factors
& H

From the foregoing, it is evident that establishmemt of the time and cause of death, location

and identification of victims, and the mechanisms of injury will be of substantial help to the

investigation team in its efforts to dstermine the causal factors.

In the evaluation of hurnan factors, the medical investigator should play a major role. A true
and complete human factors evaluation must look at all aspects of the man/machine interface,
and this requires a team approach. The team should include capability in the area of operations
and maintenance, engintering and design, and occupational medicine.

To help evaluate adequacy and use of safety and health protection procedures and equipment,
and emergency escape procedures and equipment

It is important to establish the relationship between the injured tissue, the structures, protective
devices, and emergency escape procedures. The physician can accurately assess the nature of
the forces that inflicted the injury. He can also detenmine whether injuries are premoriem or
postmortem. Upon examination of the structure, the physician may be able to identify obscure
or small amounts of tissue or clothing and to correlate these findings with the injuries.

To apply special biomedical technigues, as needed

Here the medical investigator will determine what special biomedical studies, if any, are nesded.
In order to make proper judgments, he should be well informed on the progress and course
of the overall investigative effort to date. Perticipation in periodic investigation board progress
briefings is an excellent method of keeping the medical investigator informed. Examples of special
studies that might be necded include blood and tissue toxicological studies for specific toxins,
aloohol and drug determinations, and the usc of a consultant forensic pathclogist to perform
or assist the local coroner in performing an autopsy where the cause of death is obscure. Detailed
instructions regarding toxicological studies and autopsies may be found in Appendix D.
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13.

14,

15.

To help evaluate adequacy and use of emergency plans, procedures, and equipment
To establish physicab/mental fitness for subjects’ assigned jobs at time of event

To help evaluate adequacy of plans, procedures, equipment, training, and response of rescue,
first aid, emergency medical care, and follow-up medical care elements

To evaluate adequacy of workers' medical/physical standards 2nd the scteening, selection, and
preplacement process

To heip determine if the accident was survivable

To help determine if application of other plans, procedures, or equipment could have rendercd
the accident survivable

To help evaluate impact on other employees, plant and site environments, the general environment,
and the general public at large.

Physicians have major roles in DOE programs for occupational medicine, radiation protection, industrial hygiene,
and emergency preparedness. However, the extensive network of DOE contractor physicians has been undenutilized
in accident investigations, particularly in comparison with the roies of physicians in aviation accidents and National
Highway Traffic Safety Administration studies of traffic accidents.

The following guidelines are intended to assist investigators and physicians in planning for participation in acci-
dent investigations.

1.

Physicians can assist in investigations in at least three roles:
a.  Asboard members, when medical and human factors appear to be primary causal factors

b.  As consultants, when medical and human faclors are important, but technological, engineer-
ing, or management systems are primary. (This role would avoid requiring physicians
1o spend time on nonmedical aspscts.)

c.  As advisors, when medical and human factors do not seem important. It is desirable in
all cases for the investigator to review findings with the medical advisor to detect medical
or human factors questions. (This role should probably be established in the standard prac-
tices of the field organizations and contractors.)

The board chairman or special investigator should consult with the medical officer and make case-by-case deci-
sions as to the physician role most suitable to the particular accident investigation.

2.

Primary emphasis is on assessment of medical and human factors, including:

a.  Sources of error

b.  Effects of toxic or other substances

c.  Effects of alcohol or drugs (including effects of medicines, prescribed or propde@)
d.  Effocts of disease processes

¢.  Effects of physical or mental stresses {including changes in family or social situations)
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Evaluation of panicipants 1n the accident (supervisor, key operatort, L. witnesses)
i.  Physical, mental. and emolional status prior to and at time of accident

i.  Physical, mental, and emouonal rtats of witnessas (validity)

iii. Possible suicidal or homicidal factors

Evaluation of injuries in relation to injury-producing mechanisms

i.  Trace energies from source o injury, ¢.j., forensic aspects, foreign object in wounds,
of nature of wounds may indicate encrgy transfer mechanisms

ii.  Adequacy of delethalization design features of equipment and facilitics
ili. Barriers (all types), including adequacy and use of safetv equipment.

When it is deemed necessary 1o obtain tissue or body fluid specimens for special
biomedical/toxicologicai studies, the participating physician should use standard release
forms? and comply with local laws and reguliations The most important elemert in this
endeavor is the carly establishment of good rappont with the local coroner or medical ex-
aminer. Preplanning visits to the local coroner/medical examiner by the local DOE or
DOE contractor physician is of great value.

. Sec sample form in Appendin D.

3.

Advance planning is of paramount impe rtance to effective investigation. Plans should include

arran

gements and decisions with regard to:

Medical history

i.  Availsbility (in general, only with release form)

ii.  Evaluation of medical findings in terms of behavioral implications, including gross
failures such as unconsciousness; i.¢., ary causal relationship to the accident or subse-
quent emergency response (may be just a pegative report)

Personal history (collected primarily by others)

i. From personnel records (nonmedical), ¢.g., ahsentecism, transfers, credit problems,
divorce, disciplinary actions

ii. From interviews (family and friends)

Personal cffecta .

i.  Custody-retention until released by investigator
ii. Examination

Handling of fatalities




b Preplan procedures

ii.  DOE/contractor physician examine when possible

ili.  Autopsy whenever possible

iv. Evaluation of local practices and procedures of coroner/medical examiner.

Evaluation of preventive progranis is a major purpose of investigations. The physician can give
expert evaluation of errergency medical services. The Federal standard for emergency medical
services, published by the National Highway Traffic Safety Administration, is applicable 10
Federal reservations and sites. Thus the physician also has a role in advance planning for com-
pliance and in develoy saent of services, i.e., training paramedical personnel. The standards of
the American College of Surgeons for hospital emergency depariments are also valuable in both
preaccident and postaccident evaiuation.

The physician can also cvaluate the effectiveness of measures aimed at early deteciion of medical
conditions, mental chunges, or emotional stresses. Early detection can trigger prevenlive measures
by supervisors and others. Again the physician can provide instruction to nurses and supervisors,
including effective communications between these key groups.

Medical records refated to the accident investigation should be treated as privileged informa-
tion. This includes personal medical records, pictures, autopsy reports, and toxicological reports.

In general. it is found advisable to exclude complete medical reports, pictures, autopsy reports,
etc., from the official accident report and instead to include a brief overall summary report
preparcd by the participating physician. Where an illustration js essential to understanding the
report, a drawing may be better than a medical picture.

Only those portions of the medical records deemed necessary to the develcpment of a complete
and accurate accident investigation should be incorporated into the official accident repori. The
remainder should be returned to medical files.

If it is determined that medical records >f survivors are needed, they should be obtained by
the panicipating DOE physician using a standard medical information release form (see sample
form in Appendix L). '

As provided in the general instructions, amelioration, such as rescue and emergency medical
service, takes any necessary and common-sense precedence over the initiation of investigation.

Other specialists may be needed (depending on the nature of the event). These include:

Maintain Safoty During the Investigation. The board chairman is the manager of the investigation and
as such Lakes on many responsibilities, including the responsibility for the safety of the members of the board,

Hanian faciors

Reliability and quality assurance
Radiation

Design, test, etc.

Relevant engincering specialists.
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He should keep tn mind that most of the investigators will normally work at office jobs. When thev start therr
work as members of the board, they may suddenly be exposed 10 adverse weather conditions, physical exertion,
exireme altirude, and long hours of work. For & short peniod of time, the investigators can probably cope with
these problems, but if it appears that the investigation will tun much longer than about 1 week, the chairman
should establish a regular work schedule. Pacing the work of the investigators can increase their efficiency and

will probably result in the compietion of the inv:sugation ir: a shorter time.

1.

Iz many cases the scene of an eccident is mure dangerous than it was prior to the accident.
For example:

a.  Electrical equipment may be darnaged and the investigator must be assured that it cannot
be energized while he is examining it.

b.  Following an accident involving fissile material the investigator will need to take steps
to ensure that he does not nitiate a criticality accident.

¢. A building may be damaged following 2 fire or explosion to the extent that there may
be questions regarding its structural stability.

d.  Radiation sources or loxic material may be released from their confinement barriers.

For cases such as these, the board will need to get technical and logistic support from the con-
tractor. The contractor should provide protective equipment and shouid brief the board on nazards,
comumunications, ard emergency equipment. Additionally, it is apprepriate that a board member
prepare a writien procedure for cntry and work in the accident area. The procedure should be
reviewed by the technical advisor and approved by the board chairman before work commences.
The board chairman should know where each board member, consaltant, or staff raember is.

A second problem area relates to actions that the contractor may wish to take after an accident.
Clear lines of authority should be quickiy established between thie board and the contractor.
It is necessary for the board {o designate the area in which it is to have jurisdiction and to re-
quire that any actions the contractor wishes to take in that area, or any actions which might
affect that area be approved by the board. If this is not done, there may be the possibility of
loss of evidence, further damage to the facility, or injury to the investigator.

It is human nature for the organization thst has been involved in an accident to want to put
everything back to (e way it was before the accident. The board must be very alert to make
sure that such actions are dore in the manner that they approve. Extreme care must be taken
in approving such actions as:

a.  Restoring electric power and other utilities

b.  Moving radiation sources or fissile materials

c.  Recovering damaged equipment

d. Moving motor vehicles

e.  Working with high explosives.

The boan' chairmran also may have to consider emergency preparedicess plans to help ameliorate
any seco.sd accident that might occur, If the investigation is being conducted at a remote loca-

tion, he will need to know about the availability of medical service. An investigation in a facility
contaminated with radioactive material may require the use of respirators or air breadhing equip-
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ment. Emergency rescue capability will need 10 be reviewed. The ability to detect and suppress
a fire shouid be considered for such a locauon and a1 ather investigation sites where fire mignt
present :pecial problems. These problems should be reviewed with the contractor suppiying
the emergency service, and a ciear assignment of responsibilities must be made between the
board and the contractor.

4. If the board has been working in contaminaled areas, the board chairman should see that proper
health measures are taken before the board is dismissed (blood-urine samples, whole body ceounts,
etc.).

Collect information

Collection of cvidence should begin before the investigation team arrives. Line management and emergency
response teams will carry out preplanned accident response, including securing and preservation of the accident
scene: collection and preservation of transient evidence: identificalion of witnesses and gathering of preliminary
witness statements: and early time recording of accident elements through photography, diagrams and sketches,
and avdio and/or video recordings. As soon as the board chairman and Trained Investigator are appointed, they
should contact their liaison person at the accident organization to verify that the essential initial actions identified
above have been taken, insofar as that organization is capable. Upon arriving at the accident site, the investigation
team should move quickiy, but cautiously, to gather all evidence that could bear on the accident investigation.
They should be liberal In their collection of evidence because surplus information and samples may be disposed
of, but any vital evidence not collected and recorded may be lost forever. Figure 22 identifies 1he general types
of cvidentia) informmation that should be collected; and the sources from which, or by which, it is gathcred and
recorded.

The types of information with which the investigative team should be concerned fail into four basic classes:
ta) accident factors and scquences; (b) systemic factors; (. ) changes; and (d) specific hardware, software, organiza-
tion. and activity involved. In evaluating the accident factors and the sequence of events and conditions through
which the accident developed and progressed 1o the loss stage, the investigators have to look beyond the im-
mediate work environment into the upstream processes that created them or permitted them to exist. It is in those
processes that the contributing systematic factors originating in personnel, plant and hardware, and procedures
and nianagement control systems or their interfaces are found. Di Grazia and Latimer suggest the following qucs-
tions 1o obtain information regarding work process and management system accident contributions.

1. Was asafety evaluation performed during the planning phase? Were hazards identified and risks
cvaluated? Was the safety organization contacted for assistance?

2. Wasthe hardware (facilities and equipment) used for the job properly designed? Was the design
reviewed? Was it properly obtained ard installed? What about the maintenance plan?

3. What controls were selected for the work? Was it the best combination of physical barriers and
behavioral controls? What about emergency controls—were they availatde?

4. How were personnel sclected and trained for this work? What provisions were made for new
personnel and upgrading of old.

5. Was an operational readiness evaluation performed before the work was allowed to start? Was
the correct hardware present? Were required controls and barriers in place and working? Did
the supervisor check to see if all those involved knew what to do and were physically able to do it?

6. Were there pertinent codes, standards, and regulations applicable to this work? Was a safety
procedure required? Were inh instructions prepared? Were they followed? If not, why not?
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7. Did the supervisor observe the work in progress? What changes had occurred? Had the changes
been noticed by the supervisor and what had he done about them?

8. What incidents had occurred before this one and what had management done about them?

9. How was the emergency aclion handled? Was the emergency plan followed? Could some action
have been taken at the onset of the incident which would have reduced the impact of the accident?

10. Did emergency response personnel respoad 1o the accident? Did they foilow their plan? Did
they perform as anticipated?

Change is invariably involved as a contributing cause in serious accidents and is usually present in minor ones.
1t can originate in personal performance, hardware malfunction. variant environmental conditions, moditied pro-
cedures, etc. The investigating board should identify the 1ype of changes, the time or times they occurred, their
geographical or process location, their magnitude and extent, and their interaction with other changes and ex-
isting conditions to produce or contribute to accident causation and loss.

The investigators also reed to collect and evaluate information concerning the specifics of equipment, materials,
tools, procedures. instructions, work records. personnel, work activities, facilitics, and organizational structures
and functions related to the accident they are investigating. They should find out wha. is different about these
hardware, sofiware, personnel, activity and organizational elements, and their interfaces and interactions that
could have led to the accident.

The accident information sources can also be grouped into three or four general classes: (a) people or witness
evidence (b) physical evidence. and (c} paper evidence; or, as Kuhlman identifies them, people, pans, positions
and paper—the four P's of evidence. As shown in Figure 22, people evidence consists of witness interviews and
written statemenss. Physical evidence consists of eguipment, tools, materiais, other hardware. plant facilities,
scattered debris, which are collected and evaluated to determine how, when, and why failure accurred, whether
misuse or abuse was involved. and whether the fa‘iures contributed to the accident or resulted from it. Position
evidence, ofien a subcategory of physical evidence, consists of pre- and postaccident posttions-of accident-refated
elements, as well as the time-related sequences through which the accident developed. It is depicted through sketches,
diagrams, and photography and sometimes videotape. Physical and position evidence is collected at the accident
sile by making observations, collecting samples, making measurements and taking pictures or making skeiches.
Paper evidence is made up of records and documentation. such as standards, policies, procedures, instructions,
personnel and hardware histonies, and work records and reports including accident reports. It s collected through
cxamination of these management, engineering, and safety documents, correspondence, reports, and records.

Kuhlman peints out that the sources of factual cvidence and their recognition, collection, and evaluation are
the lifeblood of an investigation. They are the foundation blocks upon which valid conclusions and recommendations
are built. It is, therefore, essential that factual evidence be collected, handled, evaluated, transponed, analyzed,
and preserved in a cautious and knowledgable manner. If this is not done, fragile evidence can become unusable
or more hazardous through .oss, distortion, or breakage. Fragility of evidence varies from people evidence, which
is most fragile, to paper evidence, which is least, as indicated in Figure 23. Notice in this figure, that positions
evidence and parts evidence are shown as subcategories of physical evidence. Observe, too, that the descending
order of fragility applies within the physical evidence class, as well as between classes.

Figure 24 shows typical ways that people, physical, and paper evidence are lost, distorted, or broken. T'o minimize
this destruction of evidence, team members should record their observations and findings as information is col-
lected and evaluated. The means of recording are varied, but are basically written, verbal, or pictorial. In all
cases, the recorded information should be properly identified by source, date and time, location, basic content
and purpose, recording means, and name of the person making the recording.

Collection of information using the sources depicted in Figure 22 will be discussed by scarce type in the order
they are depicted, except for medical evidence whrch is addressed in Scction IV and Appendix D.
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1. People evidance Most tragile

2. Physical evidence
* Positions
* Patterns
* Parts
* Properties

3. Paper evidence Least fragile
INEL & 3208

Figure 23. Fragility of Evidence.

Paopla Evidence. People evidence is recorded through all of the senses and powers of observation and is stored
in the memories of the witnesses. It is fragile in both its recording and its remembering. People’s senses can
mislead or misinform them, and thewr powers of observation can be impaired or clouded by their background,
knowledge, physical capabilities, experience, mind set, point of reference, and the trauma of the accident. Their
memory can fail through forgetfulness, rationalization, external influence, internal conflict, misunderstanding,
embellishment, misinterpretation, transference, and stressful interaction with an interviewer. People evidence
is collected through written statements and interviews. It can be provided by those involved in or witnessing the
accident, and also those who are involved in or familiar with the organization, management system, safety pro-
gram, work activity, upsiream processe:. amelioration, and the personalities involved. :

Preliminary statements, both writien and oral, should be obtained by line management from everyone involved
in or witnessing the accident aad its amelioration as soon as practical after the accident and certainly before people
depart at the end of the work shift. Getting to witnesses prompily helps get the most accurate information. It
is also essential that preliminary statements (particularly oral statements) be obtained from individuals separately,
nol as a group. ’

Form of Fragility
Evidence .
Source Loss Distortion Breakage

1. People Forgotten Rememberad wrongly | Transferred
Overlooked Rationalized Influenced
Unrecorded Misrapresented Personal conflicts

Misunderstood

2. Physicat Taken Moved Dispersed
Misplaced Altered Taken apart
Cleaned up Disflgured
Destroyed Supplemented

3. Paper Overicoked Altered Taken apart
Misplaced Disfigured incomplete
Taken Misintarpreted Scattered

INEL 4 3207

Figure 24. Evidence Sources and Forms of Fragility.
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The witness phase, both prelimsnarv and with the appointed board, is critical 10 2 good invesugauon. Typically,
witness staternents gathered through interviews constitute half of the investigative evidence, Phvsical reality as
portrayed by maps, skeiches, diagrams, photographs, documentation, and objects is the other half.

Witaess interviewing can be 1ime consuming. coniradictory, and expersive. It must be properly managed and
conducted for greatest cffectiveness. Appendin E discusses important considerations in interviewing witnesses,
including basic philosophy, locating witrcsses for interviews, expediting the start of interviews, conducting inter-
views successfully, identifying witness types, recognizing factors affecting witness testimony, analyzing witness
observations, and using silence effectivcly as a communicative aid. A few key interviewing considerations will
be discuss~d here.

1.

Locate and identify witnesses. This must be done promptly so that key witnesses will not be
lost. In major DOE accident investigations, the appointed investigators do not arrive until a
few hours 10 a few days after the accident, so the essential early location and identification of
witnesses needs to be fed into accident response planning and procedures, and carried out by
line management or safery officials at the scene. The board chairman should verify that this
has been done and sce that it is initiated if it has not.

Collect preliminary statements as soon after the accident as practical. Again, this should be
preplanned, entered into response requirements, performed by line management or safety officials,
verified by the board chairman as soon as he is appointed, and initiated by him if action has
not been taken. It isn’t unusual for this to have been done ir.zompletely, and so it requires board
followup on arrival at the accident site. Preliminary statemenis are important, not only as accurate,
carly time repons of observations, but also as indicators of probable best witnesses for interview.

Prepare for interviewing witnesses by (a) getting the overail picture through a manzgement over-
view briefing and a board survey or orientation of the accident scene; (b) evaluating preliminary
statemnents and board observations and making a witness list and [ocation chart; (¢) getting
preliminary information about key witnesses; (d} analyzing coflected evidence to determine in-
formation needed and queslions (o ask; (e} gaihering photographic, schematic, and other visual
aids to assist witnesses and enhance board understanding of testimony.

Establish witness interview order. It is usually best to start with supervisory personnel, then
people involved in the work upper management and safety officials; and, finally, midmanage-
ment. This results in interviewing firsi the most directly knowlzugeable, i.e., key supervisor,
technical or work experts who do the jobs, eye witnesses, and accident and amelioration par-
ticipants. Second, interview upper level line and safety management who define policy and
requirements. Lastly, interview those in midmanagement charged with implementing policy and
requirernents. Within these groupings, initial interviewees provide core information, and follow-on
witnesses fill in details and information gaps and confirm observatiops, Within groupings, inter-
view friendly witnesses before disimerested, unwilling, or hostile ones. Finally, the witness
order list must be kept flexible to adjust to unfolding evidence, and to atlow additions, dele-
tions, and rearrangements, as the investigalive needs dictate,

Select a suitable location to interview. Primary considerations are witness physical, emotional,
and psychological comfort; privacy, freedorn from distractions and interruptions, quiet, availabili-
ty of aid= 10 understanding, appropriate size, and convenience to witness' work station. Invariably
there are trade-offs, and selection is usually predicated on the best combination of factors. Location
also may vary from one witness to another and range from his work location to the board's office.

Make appointments with witnesses through the management liaison person. Let those to be inter-
viewed remain at their work stations, performing their normal work activities until they are
celled. Two benefits result; (a) witnesses are not kept waiting in a situation where they would
be prone to compare observations and influence one another’s testimony, and (b) interviewers
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10.

11.

12

13.

have a time between interview s 1o compare notes and impressions, evaluatle information gained,
and make last minute preparations or adjustments to the intended lines of inquiry for the next
witness.

When interviewing begins, one witness at a time should be interviewed by the «hole board.
or in complex investigations with much to do, by specified investigators. It is wise to have 1wo
or more investigalors participats in each interview, with ali questions being channefied through
a single interviewer initizlly, and others asking followup gquestions when invited to do so. If
the witness wants his lawyer, union representative, or other advisor present. he should be so
allowed.

Conduct an interview, not an interrogation. The witness has information you need andd may only
share it if he is approached in a friendly, respectful, cooperative manner. He does not need
to tell you anything, and if he does not like your approach or manner, he can resist or refuse
t» give you any information.

Set the stage by explaining the purpose of the interview and the investigation. It is the same
for both—to discover how the accident happencd and how the system failed ard let it happen,
and to determine what recommendations should be made to management to prevent its happen-
ing again. He should get the message that the investigation is not to place blame or find fault;
buw it is wise not to specifically mention **‘blame’” or **fault,” because they are ofien emotionaily
charged words which are remembered out of context. Introduce the board members and explain
the oeed for a joint effort to find the facts and help resolve the problems that led to the accident
and injury. Properly setiing the stage should set the wilness' mind at ease, calm his fears about
getting someone in trouble, and establish the board as the **good guys'® working together with
him to achieve a common, desirable goal.

Get the essential identifying information on record, i.e., name, job, work location, where he
can be reached, etc.

Record all information given, but get the interviewee's permission before doing it. Again, explain
the peed to record his testimony and the use 10 be imade of it. The order of preference for methods
of recording testimony is:

a.  Court recorder

b. Tape (with backup notes)

¢.  Stenographer

d. Investigator notes

The recording should be as unobtrusive as possible, and the witness should be permitted 1o review
and correct any transcript of his testimony, if he requests it. If the witmess refuses to permit
hiz tzstimony 1o be recorded, honor his request, and reconstruct his statement as best you can,
immediately following the interview. Reconds of ths interviews, whether written or taped, should
be identified by witness’ name, date, tirhe, and recorder’s name.

Hav= the witness tell what he knows without intsrruption ia his own words and from his point
of reference. He should relate the events and his observations as they occur 1o him, Allow the
witness periods of silence to draw out his memory and organize his thoughts. Don’t rush him.
Make brief notes as he talks, so you can follow up on key points.

When he has told his story, use short, simple, open-ended questions to clarify points, gather
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i4.

15.

16.

additional information, and improve understanding. Be objective. Do not ask leading questions,
Avoid muliiple choice quesiions and. questions which can be answered *"ves™ or “'no.’ " Assist
in his explanivions and your understanding with visual aids (sketches, diagrams, photographs.
maps, €1¢.} as appropriate and available. Appropnate followup questions should be (a) respon-
sive to what the witness has aiready said, (b) drawn from preplanned lines of inguiry, and
(c) center on the what, where, when, who, and how of the facts involved. They should address:
a.  Action sequences

b.  Training and prep:ration

€. Stress and emotional status

d.  Failure histories and human errors

¢.  Information gaps

f.  Inconsistencies in evidence

g. Confirmation and validation of other evidence

h.  Similar acts, conditions, or accidents and the:r frequency of occurrence

i Management and staff involvement:

b Possible causal arcas.

,

If errors in judgmem have contributed to the accident, attempt to uncover the ““original logic**
that led to the error. The error in judgment almost always made sense to the man prior to the
accident. He may forget his **logic”” following the accident, or he may not-want to adnit his
errors in reasoning. To conduct a thorough investigation and to prevent similar future errors
in judgment, attempt to get at this *‘original logic™™ (which should not be confused with post-
accident alibis and rationalizations). One can then take appropriate countermeasures 10 prevent
future errors. Key investigatory questions: Why did this action make sense prior to the acci-
dent? What led you to believe this was the right way to do the job in this particular instance?

Several things are advisable in closing the interview:
a.  Seck suggestions for preventing recurrence of this or similar accidents

b.  Ask if he has anything else the board should know at this time, and invite him io inform
the board if anything else he feels is pertinent occurs to him later

¢.  Advise him that a followup interview may be necessary if additionat information is needed
d.  Ask who else the witness feels can provide valuable information 10 the board

¢.  Express appreciation for his time, information, and cooperation

Finally, begin interviews as soon as possible, and keep them short, simple, informal, friendly,
courteous, and businessiike. Listen attentively to the witness. Give him feedback to indicate

you are with him and understanding what he is saying, but don’t argue or expound your theories.
Let him do the tatking, for then is the time when you gather the facts you are seeking.
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Physical Evidence. Physical evidence consists basically of solids. liguids, and gases relaied to the accident
or accident scene. More specificaily. it involves equipment, tools, materials. hardware, plant faciiiues. environmental
factors, pre- and posiaccident positions of accident-n:lated elements, scattered debris, and patierns, pans, and
propertics of physical items associated with the accident. Physical evidence overlaps paper and peopie cvidence,
in that work-generated records give indications of potential failures, as well as failure experience; and people
give similar information as weli as observations of pre- and postaccident locations and conditions of accident-
related elements. Physical evidence needs to be systemiticaliy coliecied, protected. preserved, evaluated, and
recorded to determine how, when. where and why failur:s occurred. Whether use, abuse, misuse Or nonuse was
involved; whether the failures contributed to the accident or resulied from it: and whether or not it is relevant
to the accident being investigated also need to be deiernmned. Physical evidence is collected primarn:y at the acci-
dent site by making observations, collecting samples, mal ing measurements and sketches, and taking photographs.
It may be found elsewhere in its preaccident, undamaged condition, as well es postaccident, but stiil usable, con-
dition. Though, generally more durable than people or transient positional evidence, it can be panicularly fragile
in its postaccident condition. Then it is likely to be lost by being carried off, misplaced, cleancd up, or destroyed;
distorted by being moved, altered, disfigured, or suppleinented; or broken by being mishandled. tom up, 1aken
apan, or dispersed. Ofien this is done by operating or maintenance personnel (purposely or inadvertently) or
by response peopie; sometimes (particularly when it is not on a government site), by sightseers or souvenir hunters;
and all too often, by careless, unknowledgeable, or overzealous investigaiors. Anciher reason physical evidence
is lost by investigators is that it is often inconspicuous {except to the trained eye of an expent), and investigators
pass it by without recognizing its value. That is a primary purpose for selecting specialists and consultants as
members or advisors o the investigation board.

Collection of physical evidence, particularly that whickh is transient and may evaporaie or disappear quickly,
should be initiated by managers in concert with knowledgeable specialists before board arrival at the accident
site. Jt shouid be built into advance planning and preparation for both accident response and accident investigation
50 that it becomes a methodical, preplanned process, executed by designated and qualified specialists.

Positional physical evidence which is depicted by sketches, maps, diagrams, and photography will be discussed
in the next two sections. Here, considerations relevant to the part types of physical evidence will be addressed.
Field protocol 1o gather ang preserve evidence of failures will be defined, rypical failure signs witl be touched
upon to assist in their detection, and some key aspects and problems in failure analysis will be outlined. The
collection and examination process will be discussed in terms of (a) field protocol; (b) survey or initial familiavization
with the accident site; (¢) consideration of the use of consnltants; (d) preservation of physical evidence, including
identification, examination, and removal for test and evaluation; {(¢) test, evaluation, and anaiysis of collected
physical samples, parts, or hardware; and (f) analysis of work-generated software. The flow chart in Figure 25
depicts the entire process of physical evidence preservation, collection, examination, and disposition, as perceived
by Kuhlman. Although discrete steps are shown, in reality they overlap and interact throughout the process.

Fisid protocol. It is essential that the investigator carefully follow a field protocol whenever failure is suspected
as a causal factor. In general:

a. Become familiar with the scene of the event.

b. Begin field notes and skeiches. Record all possible observations (relative position of debris,
marks, fluids, and especially any anomalies).

c.  Request expert assistance at the first sign of need.

d.  Beginphotography.

e.  Begin master sketch.

f.  Initiate the process of creating hypotheses and looking for positive and negative evidence, being
careful to avoid jumping to conclusions or trying to prove & favored hypothesis 10 the exclusion

oi others.
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Figure 25. The Physical Evidence Preservanon Process.

Tag key parts.

Obtain or develop a grid map as needed.

Collect samples of smeared material, ash, paint, fluids, ctc., as needed.

Initiate closeup photography of delails (scratches, gouges, smears, fractures, and relative

Do not move anything until evidence locations are thoroughly recorded.

Give responsibility for preparing evidence for transport to laboratory personse! who will de

the analysis, if possible; otherwise rely upon experts assigned as board members or consuliants.
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initial Familiarization. Investigauion board members. with their advisors and consuitants, shouid survey the acci-
dent scene to get the general piciure and begin preservation of the physical evidence. Kuhiman suggests that a
good guiding principle 15 to conduct 8 comprehensive examination of all the physical evidence at the site of the
accident as a matter of routine. This principle wiil ensure that all avaiiable informauon is extracted from the
equipment, materials, and physicai environment before any of these items are moved or destroyed. Frequently,
some of thcse ilems that appeared insignificant at the outset acquire great imponance as the investigation pro-
gresses. At other times, conditions «f physical items reveal subsiandard praciices which have strong implications
in loss control. Feedback information is the oniy rerurn for the cost of an accident. Even where the causes are
almost certain from the outset of the investigation, examination of the effects of the accident can provide vatuable
feedback for management control.

Additional information regarding arrangemeats, positions, funcrions, conditions, etc. of accident site physical
items, before and after the accident, come fiom the testimony of facility personnel. Observations should be
documented through field notes, photographs, sketches, marked up drawings, and grid sketches or maps, as
appropriate.

Familiarization with facility operation is alsp fundamental and should include identification and evaluation of
its functional activities; types of systems, hardware, and materials involived in the operation; known system and
hardware failures; suspected and projected failures; and evidence of change or modification. These can reveal
how a particular system or piece of hardware contributed to the accident. Ferry suggests the following guidelines
for making that determination.

a. Look for indicators of desired operating conditions (switch or valve positions, etc.)

b.  Look for records and logs which show chronic conditions or recent problems and corrective
actions.

o
¢. Know generally how the system works and look for fnalfuncﬁons.
d. Look for missing parts or components.

€. Look for installed wrong parts end foreign objects..

f.  Check for compliance with service bulletins and directives.

g.  Look for changes in color, smell, shape, location, position, general appearance, and obvious
damage, Compare with a similar unit whea possible.

h. Check if the condition of this hardware or system is revcaled through indications in another.

i.  Combine observations on all systems or hardv/are to search for a pattern, trend, or composite
picture that will account for most of the observations.

§.  Correlate fincings with others examining the same, similar, or connecting systems.

k.  Try 1o resolve apparently uarelatad o contradictory observations by feeding time intervals and
sequences ioto the picture, and postulate scenarios that couid fit.

i.  Discuss hypotheses critically weighing positive and negative aspects. Bench test those that hold
up, as approoriate, to substantiate validity.

Consideration of Consultarts. Failure analysis requires engineers and scientists who are expert in the materials

involved and knowledgeable of stresses and failure modes in the specific equipment and systems involved. because
of the great diversity of equipment used in DOE work, and because experimental equipment ofien approaches
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technologicai boundanies, it 15 not feasible t> train investigators wn all relevam fieids. Tne expedient goal 15 develop-
meni of a detecuve skiil-sensiuvity to failure modes likely to show as :vidence and preservation of such evidence.

The Trzined investigator's prior education and expenence will largely determine his role in failure analy..s
of a specific accident. He may be qualified 1o carry out failure analysis in a specific accidem, b, in general,
he and other members of board will rely on enginecenng and scientific specialists.

The logical tasks for which expert consultants may be needed are:

1. Initial survey of evidence before anything is touched
2. Sample collection and preparation for analysis

3. Detailed pre-tear-down photography

4. Tear dawn of equipment and parts

5. Complete coverage throughout the evidence preservation process.

Needed specialists are usually appointed with the board, acquired locally, .clected from within DOE or other
federal organizations, or from national or regional consultant indices.

Prassrvation of Physicel Evidence. Proper sample collection, preparation for analysis, and documentation are
essential to acceptable preservation of evidence for evaiuation and analysis. Collection ard removal of physical
itemns from their postaccident positions need to be well controlied, methodical processes. Before equipment and
other parts or physical items are moved or removed from the accident scene, their original location should be
recorded. Removal should be done or supervised by a technical specialist who knows its characteristics. Par-
ticular care should be taken to avoid investigator-caused alteration of the evidence and damage to it. Investigators
should collect evidence liberally, because often important evidence is not obvious on initial collection. If it isn’t
collected, it may be lost forever. If unneeded items or samples are collecied. they can be disposed of laer when
their importance has been logically determined. Samples of all potential evidence should, therefore, be gathered
and recorded.

Guidance on the identification of potentially valuable physical evidence is given in a seven question checklist
provided by Kuhiman.

1. ‘““Could this part have been involved in either the cause or effect sequence of the accident?
2. Does the part have any potential for cause-effect involvement?

3. Is the pant identified as a critical part which has a high failure history or potential high louss
as a result of failure?

4. Does the parnt show indications that inspections were not performed properly and as frequently
as required?

5. Does the part show indications of inadequate maintenance and care?
6. Does the part indicate energy transfer?

7. Isthe pan construction compatible with current state of engincering art as is commensurate with
its loss potential?’”

As evidence is collected for removal from the scene, it should be prepared for an-lysis. Proper handling and
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packaging arc essential and must be done under the direction oi a knowledgable expert. When physical evidence
has been handied in an uncontrolled. unprofessional manner. it has invalinjated the evidence and kas made it dif-
frcult. if not impossible, to find true causes of the accident. Tags, shown in Figure 26, should always be used
to identify collected sampies. Receipts should be obtained thst are equally descriptive when samples are trans-

ferred to others for examination and analysis.
OFFICIAL BUSINESS

U.S. DEPARTMENT OF ENERGY @

ACCIDENT/INCIDENT INVESTIGATION

/

/

PART TAG \
ACCIDENT TAG Mo, — ’

GRIDLOCATION:

PART DESCRIPTION

--.z

REASON FOR HOLDING PART

INVESTIGATOR AFFUXING TAG TO PART:

GRID AREA No. —_——
WRECKAGE MUST NOT BE DiSTURBED OR REMOVED
WA R N i N G UNLESS AUTHORIZED BY SPECIAL INVESTIGATCOR /

INEL 4 3297

Figure 26. Fhysical Evidence Tag.
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Proper packaging 1s esscatial 10 protect the samplcs or parts from damage or Joss, prevent spilis, and avoid
cross-comanunaiion and increased danger. Tags, containers, and handling gear shouid be included in the invesugater
kits (Appendix C). Sample sizes vary for differsnt materials, so the kits should be 1aiiored for the parucular necas
of the organizauon or fauility. Therefore, genenic tests of kit conients cannot be totally satisfactory for all in-
vesliganons. The semples and paits, ¢.Ce they have been packaged and tagged, need 10 be transported appropriateiy
and safely 10 the proper analysts or anaiytical laboratories for examination and evaluation.

The following excerpt from the **Aircraft Fire Investigators Manual,”” NGPA No. 422M-1972, gives recom-
mended procedures for controlling aircraft parts or chemnucals sent to laboratories for analysis. These are generally
appticable. ’

“a. During the course of an accident if may be necessary to have an anatysis of a particular aireraft
component hydraulic oil, lubricating oi!, or other chemicals. Specific information must accom-
pany the sampie for identification purposes and with specific instructions 10 the laboratory for
the type of analysis: rectuired. The iollowing minimurm information must accompany the sampies:

(1) Identify cach sample immediately by securely attaching a sample tag to the comainer.

(2) Identify the contents and, if possible, lot or batch number, when or if appropriate, and
manufacturer.

(3) \dentify the aircraft 1ype, aircraft serial 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 submnitted. For example, in 1972, the first sample submitted shall be 72-1 and the
second 72-2 (followed by ajrcraft SN).

(5) The date the sample was taken. -
L4

(6) Individual who took the sample.

)

(7} Tests required in detail; i.e.,
(a) water, sediment, etc.;
M metallurgical type failure (shear, tension, heat distortion, elc.); and
(c) electrical test.

b. A member of the accident investigation board may be designated to have control of all sampies
that are shipped out to aboratories. Also, al! analytical reports will be forwarded back through
the same individual. This type of control is particularly beneficial when many sampies and analyses
are needed to support an accident investigation.”

Analysis of Physical Samples, Parts, and Hardware. DXOE maintains widely distributed personnel and facilities
for physical evidence analysis. Thus the investigators' task is 1o recognize signs of failures and to know where
and how to get analytic assistance.

The National Transportation Safety Board (NTSB) and the Departnient of Transportation schools have small
metallurgical laboratories and collections of failed parts from various modes. The personnel make many =nalyses
for both agencizs, but teaching by demonstration receives major emphasis. NTSB reports also reflect increasing
reliance on tests and analyses performed by the National Bureau of Standards.

59




TR e A A g

el et J,.I.J:GA-‘J]W

Regardiess of whether examination and analysis of evidence is done locally, there are some impcrtant con-
siderations with which both the investigator and the analysts should comply.

1. Examination should be done without altening iii» postaccident coadition of the part or equip-
ment. It should be examined for stains, scraw hes, gouges, relative positions, relative dimen-
sions, ctc.; and these should be recorded by sketches, photograpas, or verbal descriplions on
a cassene tape. Photography ts usually the best means but is often suppiemented by the other two.

2. Cleaning with an appropriate means and with great care not to scere, scratch, abrade, or other-
wisc mar or alter the surface should precede further examination.

3. Pans and equipment should be analyeed for defects in fo.m, fit and function, or for faulty design
or modification, inciuding missing, misfiing, or wrong parts.

4. Tear down of hardware should be preceded by pre-tear-down photography and should be done
by a knowledgeable expert.

It is usually very important that the evidence not be damaged or destroyed in the tear down
process—the part should be carefully torm down to find internal defecis or failures and not be
destroyed in the process. Photography should be done at each stage of the tear down, and it
is a good practice to simuitancously tear down a good part for comparison.

5. Failure modes usually can be identified as affecting either structural integrity or functional
integrity. Structural integrity failure modes relate to environmema!l factors, i.e., chemical, em-
brittlement, radiation, corrosion, ewc. Functional integrity, which also oten involves structural
failure, suffers from unwanted energy impacts, i.c., stresses, strains, forces, etc.

6. Parts fail in characteristic ways depending upon stresses and materials invoived. Aside from
environmental stresses, metals wsualiy fail from loads or mechanical stresses. Single overload
tension failure is the most common; but compression, bending, shear, torsion, and fatigue failures
are also found. They all have characteristic failure signs that are easily recognized by
knowledgeable specialists, even when there are combination failures. Similar characteristic failures
are seen in other structural materials, such as wood, in which the fibers and grain indicate failure
mode; and plastic, which has varying fracture characteristics, depending upon the particular
plastic structura! rype.

7. A conscientious effort should be made in examining and evaluating failed parts to determine
the failure sequence. It is important to know whether the particular failure contributed to other
failures and accident causes, or was the resuli of them, i.e., whether it was a cause or an effect.

Software Analysis. Clues to physical evidence also lie in work-generated software and documentation. Operating
parametess are found in tapes, logs, charts, etc., from syste:n operations, support and utilities, and individual
equipment or system components. Life cycle review shows the impact of various phases on the accident con-
figuration. Correlation of hardware failures with design and operating limits, adequacy, and adherence or
nonadherence to them is revealing. Consideration of the hardware history czn reveal helpful evidence in quality
assurance and reliability records, test records, and operating and maintenance logs. Evidence can be found by
examination of the hazard analysis process, information systems, menitoring systems, risk assessment system,
and the control and analysis of changes, which directly relate 1o system, hardware, parts, and materials failures
and physical evidence. All of these software sources can add validity and coafirmation to findings from the gathered
physical evidence, or suggest additional evidence that should be sought among the physical items at the accident <ite.

Diagrams and Sietchas, This section and the following one on photography go hand-in-hand, for they both
deal with the recording of position evidence. Rough sketches of the accident scene made during initial orientation
or survey establish what should be recorded in greater detail by photography, as well as indicating the positions
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and directions for tak'ng photographs. Properly conceived and 1aken photographs. on the other hand, may become
detailed grid maps for accurate location of the scaner of acciden: debris. Photographs arc parucularly helpful
for this purpose when they include the use of 2 simple perspective grid to establish reference lines for grid map
construction. Techmiques for high quality, informative maps and sk-tches are very similar to those for good aces-
dent photographs. So suggestions in either section have validity when applied to the other.

Accurate location and depiction of the positions of pecple and physical evidence at the accident sczne arc critical
to understanding what happened. To be properly done, accident-investigation must have adequate preplanning,
and the needed equipment must te included in investigator kits or available onsite. It must be started early before
transient evidence disappears anc. needs to be recorded on position data forms and accident site maps and skelches,
such as are shown in Figures 27. 28, and 29. (These come irom Baker and Kuhlman, both of which are excellent
references on methods, materiak:., and equipment.) Note in Figure 29 that Kuhlman recommends the usc of double
letters (AA, CC, etc.) for reference point designations, and single letters for evidence positions. Reference points
should be carefuily sclected from fixed immovable points which can be easily identified and recognized, such
as posts, poles, pillars, room or building comers, doorway portals, etc. Through use of fixed reference points,
a compass, and a steel measuring tape, evidence positions can be precisely determined and plotted by trianguia-
tion and distance-direction or distance-angle techniques. When accident evidence is scantered directionally, rather
than concentrically, its position may be fixed by its perpendicular distance from a heading line from the scatter
source, in the general direction of scatter. Large pieces of evidence, with significant Jength or breadth can often
be jocated and oriemed more precisely by reference lines to their extremities than by a single central reference line.

When using existing drawings for sketching or mapping positional evidence, it is often wise to simplify the
drawing by rcmoving superfluous details. .

There are four types of information that can come from positional evidence and should be identified and located.
They are: (a) postaccident posirions of victims, equipment, parts, material, spills, stains, breakage, motion tracks,
scattered debris, ctc.; (b} work station layout—including operating positions, controls and safety dcvices, hazards
locations, moving equipment, activity paths, work material, siorage areas, efc.; {c) witmess locations, which show
their span of vision and the point of reference for the observations they report; (d} interference factors—including
obstructions, physical restrictions, distractions, and environmenial conditions. Postaccident positions of accident
scene elements, work site layout, witness locations, and physical obstructions can be measured and mappes” 1sing
the methods already discussed. Environmental conditions and their effects can be measured with standard ea-
vironmental sensing struments (sound level meters, light meters, oxygen sensors, gas samplers, and teinperature
and pressure instrumentation).

Gradient or contour maps can be constructed from measurements to reveal scurces of discomfort, preoccupa-
tion, and inatiention. Coinparisons of pre- and postaccident site conditions can indicate changes, movements,
and missing clements which may have had a critical impact on accident causation or loss severity. Mapping of
damage clusters and relative positions can give indications of the sequence of damage propagation and help isolate
sources of unwanted energy flows.

Sketches, maps, and photographs of physical positions of evidence at the accident site display a major portion
of the positional evidence collected and evaluated by investigators. The other portion is displayed in the time-
phased posision evidence which is charted on causal factors diagrams. They portray the sequence of events and
conditions which interacted to produce the accident and its resuiting losses. Additional time-phased diagrams can
include energy trace and barrier analysis diagrams, which trace energy flows through failed or inadequate barriers
to accidental losses. Both causal factors analysis and barrier analysis will be discussed later as analytical methods.

Photography. Photography is a valuable and versatile tool in accident investigation. It is capable of iaentifying,
recording, and preserving physical accident evidence that cannot be effectively collected by any other means.
It supplements maps and sketches in documenting positional evidence and often provides the basis of information
for final, detailed maps and skeiches. It provides accurate evidence from the sccident scene that is easily portabie
and can be examined, evaluated, and analyzed in the board office. Photography can be used in a variety 6f ways
to emphasize areas or items of interest and o display them for better understanding. It must be properly planned,
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Figure 27. Position Data Form.
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Figure 29. Accident Site Map,
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properly done, and properiy managed 10 be most effectve. L is best done by a specialist in accident photography
but must be supervised and directed by an investigator. Basic considerauons in the use of photography in accident
investigation are discussed here under four headings: (a) responsibility tor photographic coverage, (b} planning
photographic coverage, {c) photographic technique, and (d) camera equipment.

Responsibility for Photographic Coverage. Good photographic coverage of the accident is essential even if
photographs are not going o be used in the final repon. The chairman must decide how to acquire good technical
photography which will assist him in the investigation. Five choices are listed in order of preference.

In-piant Photo Lab—The in-plant photographic laboratory should be able 10 respond quickly to photograph
those transicnt items and portions of the scene that are likely to change. Most iabs are equipped well enough
10 take the initial pictures that may be required.

Other DOE or DOE Contractor Photo Labs—|f the facility is small and does not have its own lab, the nearest
DOE office or contractor facility may be able to provide pholographic support and generally would be a better
choice than hiring outside help.

Commercial Photographer—If it becomes necessary to hire a photographer from outside the plant, make cer-
tain that the one chosen is qualified to do the kind of job that is required. The betier qualified the photographer
is, the more useful the photographs will be.

There are commercial, industnial, medical, aerial, Jegal, porirait, and scientific photographers. Probably the
best ones to assist in accident investigation would be industrial, legal, or scientific.
. H
A Member of the investigation Board—Some member of the investigation board may have to take the
photographs. Even an investigator who wouid be considered a good amateur photographer would probably not
produce as good a result as a professional. Planning the photographic coverage is the investigator’s responsibility.

Security Parsonnel—Security units may be able to provide photographers if there is no one else avaitable.

Planning Photographic Coverage. Plan to take many pictures because film is cheap and lost evidence can be
costly. Even though most photos will not be used in a report, they are helpful in the investigation. Following
are factors affecting photography.

Rasponse Time— U is important to obtain coverage as soon as possible after the accident. The accident scene
is a dynamic one that is rapidly changing. The photographic task may be in two siages; one immediately after
the event, and some well planned or staged pictures later 10 clarify details.

Timos Frame of the Photographs — While the investigator is concerned with postevent photogriphy, he should
not overlook pre-event and possibly photographs taken during the event. Photographic lab files, amateurs, and
newspaper photographers are all good sources to be considered.

s

Types of Photography ro Consider—Besides conventional photography, specialized photographic wechnigues may
be desirable to assist in the analysis of the event. Some of the more useful ones are:

1. Acrial photographs. In large accidents a direct acrial photograph can be helpful in determining
the direction of major occurrences. The availability of a pre-event photograph would be very
helpful bere.

2. Photo micrographs. Ultra-closeup pictitres of very small portions of debris are sometimes helpful
in establishing the cause of failure points.

3. Ultraviolet and infrared. Special lighting and parrow wavelength optical filters can be of use
to show cecrtain features not visibie to the eye.
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Motion pictures. These may be helpful for recording reenactments of personnel movements and
actions.

Yideo tape. Video systems may be used in higher radiation areas where film 1s not suitable
and where mstant results or playcacks are required. Also, they may operate under lower light
levels than a camera in some inaccessible areas.

Sterco. A major disadvantage of photographs is their lack of depth. Sterco cameras are available
which show the proper arrangement of feateres three dimensionally. A static subject can be
photographed in stereo by merely taking two pictures of the subject, with the camera jocations
6 10 12 inches apan. The resulting piciures can then be viewed in stereo.

X-ray. Pans or portions of rubble can be x-rayed to reveal stress or breaking points.
Thermal scanners and thermal video cameras. These operate in wavelength regions beyond what

the eye sees and generally can sce heat eminted from objects. They may be useful after explo-
sions and fires to pinpoint origins of fires.

Regquest for Photography—In order to obtain satisfaclory photographic results, it is necessary to tell the
photographer in detail what is required.

Expezted results. How many photographs wiil be required.

2. The type of scenes to be photographed. To determine from what angies the scene should be

photographed, written instructions and sketches as shown in Figure 30 may be used.

Damaged
chamber

INEL 4 3239

Figure 30. Sketch of Desired Photogrephy Locations and Orientations.
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7.
8.
Photographic Techniqus. Certain basic quatities make good pictures that are accurate represcntations of the accident

scene. Photographs can easily misrepresent a scene and lead to false conclusions or findings about an accident.
Some misrepresentations occur unknowingly while others may be purposely contrived. By reviewing the attributes

How large the acciden: 1s. Determine what size 1s to be covered.

Whether pictures will be taken day or night. Deterrmine whether they will be taken out in the
open or in buildings.

Whether color or black and white should be used. Color has hetter information coni=nt and
should normally be used.

Whether raference objects such as rulers are required in the pictures.
How the photographs wiil be identified, e.g., numbering system, photographic log sheets.

How many prints are required and how soon. What size the prints should be.

of good pictures here, the investigator will be aware of possible misrepresentations.

1.

Show encugh of the scene to provide good orientation. Several pictures may have (o be taken
in sequence to provide this orientation. An overall shot, medium, and close-up may bhe required.

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 a perspective grid
for later construction of a grid map of evidence.

Use proper lighting. The angle and type of fighting greatly affecis the appearance of the subject.
While no single lighting arrangement is correct for &l conditions and subjects, the lighting shou!d
be examined for uniformity to see that it does not produce an abnormal appearance.

Correct camera settings are essential to good pictures. The three basic settings of shurter speed,
apsrture, and focus must be correctly applied to obtain a correct representation of the scene.
Shutter speed must be fast enough to stop action in the photograph. The aperture, along with
allowing enough light to pass through the lens, also controls how much of the near and far por-
tions of the picture will be in focus (denth of field). Action photos will not usually have good
depth of field because the aperture must be open to compensate for fast shurter speed. The focus
setting used in conjunction with the aperture setting controls the depth of ficld of the picture.

Keep the camera level for easy oricntation and reference,

Use known objects in the scene as sizc references wherever possible. In overall scenes, the
presence of 2 person may be sufficient. In close-up photos of rubble or damaged areas, a hand,
coin or a ruler or portion of a 6-foxt rule may be best.

Use color film for maximum information content. While black and white film is easier and cheaper
to print, the information in color prints is oficn essential to understanding and analyzing an ac-
cidemt event. The color record must be properly donc, however; otherwise it will be misleading.
The use of neutral gray cirds in some photos is desirable.

Identification and labeling of the photographs is essential. Figure 31 shows a type of log sheet.
One should be used by a photographer at the time of taking the piceures. After the pictures are
printed, captions should be used to point out pertinent details and to eliminate all ambiguity
about whether the picture was taken at the ime of the accident or staged. Photographs are usually
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PHOTOGRAPHER
LOCATION
CAMERA TYPE
LIGHTING TYPE
FILM TYPC
DATE OF ACCIDENT
TIME OF ACCIDENT
FilM ROLL NO.

Ficture . Date of Tume of Lens Diecrion
No, Scene/Subject Phato Photo R Camera Pounung

10. .

Figure 3}. Photogiaphic Lag Sheet.

date-stamped on the reverse side, but if that information is pertinent to the analysis, it should
be included in the caption.

9. While every accident is unique and will have its own set of important features, here are some
general guidelines about what to photograph.

b

Location of major identifiable picces

Collision debris—dint, etc.

Pools of liquids

Gouges, scratches, collision points, and damage

Temporary view obstructions, especially from view of operator or other key person
Mobile equipment

Material storage areas
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h.  Scaffoids, jigs, racks, and temporary rigs
i.  Close-up of failed elements.

10. If there is a fire associated with the event. pictures 1ax 3 Juring the event are very usefui.
Photographs should include: ‘

a.  Flames. They indicate what material is burning and how fire started and progressed through
the structure.

b.  Smoke. Also indicates what material is burning by smoke color
¢.  Structure

d.  Spectators. Many times if arson is involved, the arsonist will stay around to waich the
fire. If a series of fires is staried, he mzy be in all photographs.

11. It shouid be reemphasized here that even though official photographers may not be on hand
to photograph a fire, amateur or press pictures may be available and used.

12.  After the fire is out, there are several key areas to photograph that may assist in the analysis.
a.  The most charred or burned area.
b.  Any combustible mater.ais—.uaichbooks, papers, paint thinner, kerosene, etc.
¢.  Fusing methods that may be visible.
d.  Spectators around the accident location.
Camers Equipment. The choice of camera equipment either by a pholographer or the ‘nvestigator, if he is tak-
ing his own pictures, will affect the quality and the cost of the photographs. For most investigations, a roll film

35 mm or 120 mm (2-1/4 x 2-1/4 in.) single lens reflex camera is preferred. The major considerations are:

1. Modern color films are very good and capable of rendzring minute detait and color balance
on small image formats.

2. Alarge number of pictures can be taken with very lintie weight to carry around—an important
consideration when taking pictures in the remains of an explosion or rubble from a fire.

3. Roll films are lower in cost per picture than large format sheet films.

4. Thirty-five mm and 2-1/4 x 2-1/4 format cameras have shon focal length normal lenses that
have inherently benter depths of field than lenses used on 4 x 5 or 8 x 10 cameras.

5. Lens construction on smaller cameras allows for larger apertures that minimize lighting re-
quirements. Because of their longer focal lengths and smaller apertures, 4 x 5 and 8 x 10 view
cameras require much higher lighting leveis .

Should the investigator be forced to take his own pictures, an Instamatic camera with Kodacolor I film and
automatic flash could be used. Limitations would be in the poorer lens (image) quality and fixed lighting arrangement.

In some instances, such as quick refercnce pictures taken with a Polaroid, either black and white or color may
be used. The Polaroid camera is generally not a goed choice because of the effect of heat on the unexposed film.
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The colors of the print material are not reproduced faithfully and an incorrect analysis could be made from the
interpretavion »f the color.

Paper Evidence. Paper evidence constitules the third macor source of accident information. It is the least fragile.
generally being significantly mere durable than peopie evidence and physical evidence. However, most of it is
not located at the accident scene or work arca and. consequently, is less visible and can easily be overiooked.
Paper evidence should immediately be impounded to prevent intcntiona! or inadvenient misplacement, alteration,
or destruction. Those records which are at the work area are oficn kept for only a day o a week, so they have
to be gathered quickly after the accident and preserved for examination. As with other forms and sources of evidence.
the value and significance of much of the paper evidence rmay not be obvious at the early stages of the investiga-
tion. Therefore, investipators should gather al) papers retating to the accident, and retain them until their relevance
has been determined, and needed information extracted from them. Preplanning is essential to identily papers
to be collccted, preserved, examined, and evaluated for accident evidence.

Paper evidence can generallv be grouped into four categories: (2} management control documents, (b) records,
{c) repons, and (d) follow-on documentation. Management controt documents communicate management expec-
tations of how, when, where. and by whom work activities are to be performed and include definition and preparation
of facilities, equipment, materials, instructions, procedures, and people to perform those activities. Recorgs in-
dicate past and present performance and status of the work activities and the people, equipment, and materials
involved. Reports identify the content and results of special studies, analyses, audits, appraisals, inspections, in-
quiries, and investigations refated 1o work activities. Follow-on documentation describes actions taken in response
to the other three types of documentation. Collectively, they give important clues to the underlying causes for
errors, malfunctions, and failures that led to the accident.

Following is a more specific list of the types of paper evidence that should be sought.

1. Facility description, specifications, and operating and maintenance requirements Environinental
studies and impac! statemnents.

2. Mission, budget, and schedule constraints and changes
3. Hazard analysis process documentation, including prior appraisals of:
a.  Information search
b.  Hazard identification
c.  Hazard and loss control
d.  Risk assessment; acceptance decision level
c. Independent review
f.  Safety analysis reports
g.  System safety analyses,
4, Policies, standard directives, safety and management manuals, procedures, and job safety analysis
or t._ask analysis. When available, obtain established criteria for analyses, procedures, and their
review.

" S. Design, manufacture, puschasing, installation, test, operations, maintenance, repair, and modifica-
tion records. Construction progress photos, which may show features later covered by constrsc-




tion, and construcuon compietion reports. Decommissioning and disposal plans, procedures,
and records, when pertinent.

6. Machine and equipmznt manufacturer's manuals

7. Maps. drawings, schematics, and system design descriptions

8. Monitoring and tracking systems

9. Relevant training given manager, supervisor, and employees

10, Supervisor conducted training, job insiructions, and safety cbservations

il. Work and loss records and failure histories

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

13. Employee selection, training, certification, transfer, and personal history

14. Suggestions and RSO (reported significant observations) studies and their disposition

15. Employee meetings and other means of communicating management policy and expectations

16. Appraisals and followup action {internal and DOE). Include Research and Quality Assurance
and engineering appraisals as they are relevant. Review inspeciions and audits.

17. Publications activities and press reieases

’
a

18. Personal files and medical files. These should be obtained only for professional evaluation and
then retumed to safeguarded files. -

19. Organizational structure, charts, and position descriptions

20.  Accident investigation reports, recommendations and corrective actions, and accident experience
records,

Nonrelated Evidence. When a board is conducting an in-depth accident investigation, it is not uncommon for
them to find evidence of errors, malfunctions, faulty practices. and worksite or systemic deficiencies that are
not directly related to the accident. If they are related to the work area or work group involved in the accident
and are within the board’s scope of work, they should be evaluated as related factuat findings and included in
the investigation report and recommendations letter. If they are unrelated to the accident work area or work group,
or are beyond the investigative scope, the appointing authority should be consulied. He may extend the scope
10 cover them, but normally, he will direct the board to stay within its scope. He will either appoint a separate
board of inquiry to pursue them or will refer them to cognizant management for review and correction,

It is very important not fo reject or summarily dismiss these factors which did not directly contribute {o the
accidem. Under somewhat different circumstances, they could precipitale future accidents of equal or greater

magnitude. Few accidents are exact replicas of previous ones, and the seeds for future losses can lie in these
work site and systemic deficiencies.

Analyze Facts

Careful and complete analysis of collected information is necesséry to arrive at the causes of an accident. The
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analysis snould fully utilize the combined knowledye and expertise of board members and the specialist consultants
who advise thermn. The goal is 10 arrive at the causes and contributing factors in the accident. The results of properiy
selected and well done analyses form the bases for reacinng conclusions 2 making recommendations which
can be effecuive in correcting current problems and prevenung future accigenis and losses.

Analysis is not a singie, discrete stepr m the investigation process. Rather. 1t 1s an ongoing process with muitiple
nerative cycles blending with other investigative steps, as suggested in Figure 18. It ties several investigative
stages together (as shown in Figure 22}, like a series of bridges between avaitable information and factual data
and conclusions and recommendations. Each analytical bridge defines and refines wha* is known or not known
and the nnplications.

The deductive analytical process berins as soon as initial information is collected. and continues in iterative
fashion. As facts are gathered and analyzed. gaps in information are recognized. and more facts are sought and
reanalyzed to make beiter sense out of what has been accumulaled. Factual findings of conditions and events
are fit together with analytical results to reconstrisct the accident occurrence sequence. Deeper analytical probing
goes beyond the symptomatic truths to the root causes found in upstream processes, management action or inac-
tion, and system organization and functioning. Analytical methods then assist the investigator in: (a) deciding
what facts to seck; (b) sorting our the relevant and important among those tound; (¢) determining probable cause,
contributing factors. and judgments of need; and (d) arranging results in an orderly and lucid manner to report
findings and recommendations. '

Proper analvses, whether formal or informal and conscious or unconscious. underlie every investigation. In
facl, the quality of the investigation will dcpend upon the quality of the analyses that guide the fact-finding pro-
cess. If, for example. the investigators arrive at premature, informal conclusions, based upon pereeptions rather
than facts and upon feelings rather than analysis, their search for facts will be shallow and ircomplete, and their
renont and recommendations will likely be inadequate and erroneous. [f on the other hand. well-chosen, effective
analytical methods are cmploved to guide the fact-finding process, true and complete factual findings will result,
the investigation will be high quality, and the report and recommendations will address the right things,

Facts
\ . « Relevant facts .
. Avatlabfe L—-— Analysis * Irrelevani facts | ANalysiS
information i « Hypotheses 1]
unknowns,

uncertainties

Conclusions Recommendations
* What is known Analvsi + What should be
ISR e Whatis not known  jueeagom na'ysis done to fix
* What are system i
deficiencies ‘ * What could be
and needs done to fix
INEL 4 3209

Figure 32. Analytical Stages.
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There are cautions. however, in application of analyucal methods. Thev cannot be used mechanicallv and withour
thought. No matter how gocd the method is. it can become ineff :ctive and troubjesome, if it 15 not used rationally
and zdapied to the mvesiigalive needs at hand. Also, no single rnethod wili zccompitsh ali the analysis required.
Each has us strenyths and smitations. Therefore, a blend of wethods, whicn are compiementary, coordinated,
and cross vahidated for analyticai correlation, :s required for effective investigative analysis of facts.

In this section, Ux analytical methods which have proven vaiuable and effective in accident investigations, iden-
tified in Figure 33, will be discussed. It would be unusual to find il of these approaches fully used in any but
the most serious accident. However, properly tailored application of all of them to any accident will increase
the depth and quality of investigation® reduce oversights, omissions, and uncertaintics; and produce better reports
and recommendations.

Analyze facts

|

Methods Correlation
and and
Multiple Coordinated
Compiementary] Crossvalidated

Change MORT Human emror Other

analysis analysis analysis analysis
Causal Fauit Energy - Risk
factors tree trace and projection

analysis analysis bartier and analysis
anaiysis
INEL 4 3188
Figure 33. Analyticai Methods end Correletion.
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Causal Factors Anaiysis. Accidents are investigated to identify the causes of their occusrence and to detcr-
mine the actions thal musi be aken 1o prevent recurrence. 1t is essential that the accidant tnvestigalors probe
deenly into the events and the conditions that creaie accident situanions, and the managerial conrol svstems that
let these events and conditions develop. so that 1he root causes can be idennfied. ldenuficauon of these rook causes
necessitates understandsng the interaction of evenis and condit:ons through a sequence of acuvities from an -
inating event through the final accident. Vilal factors in accident cawsation emerge as sequentially andror
simultaneousty occurring events, which interact with existmg conditions. These events are traced to reconstruet
the multifactorial path 1o unacceptable loss. A meticulous trace of unwanted energy transfers fa basic Manage-
ment Oversight and Risk Tree (MORT) concept in aceident causation] and their controls implicated in aceident
occurrence further reveals a well-defined scquence in accident developmen.

Ludwipg Benner sugpests two principles which are helpful in defining and understanding these sequences of
events. conditions, and energy transfers.

1. Accidenis are the results of a set of successive events that produce unintennonal harm (i.e.,
personal injury, property damage. etc.).

2. The accident sequence occurs during the conduct of some work activity (i.e.. a series of events
dirccted toward some anticipated or intended oulcome other than injury or damage).

The key potnts. then, are that an accident involves a sequence of events (happenings) that occurs in the course
of well-intentioned work activity but that culminates in unintentional injury or damage. Implicit here. too, is the
existence of contributing eausative factors, such as existing conditions, energy flows, failed barriers. etc., as
well as identifiablc beginning and ending points in the accident sequence,

Benner and his colleagues at the National Trapsportation Safety Board (NTSB) pionesred the use of sequence
diagrams or chans as .nalytical tools in accident investigation. Their work led to the development of the Causal
Factors (CF) diagraw . which depicts in logical sequence tho necessary and sufficient events and conditions for
accidemt occurrence. (can be used not only te analyze the accident and evaluate the evidence during investigation
but also can help val datc the accuracy of preaccident sysiems analyses.

Accidents are rarely simple and almost never result from a single cause. Rather, they are usuaily multifactorial
and develop from cleerly defined sequences of events which involve performance errors, changes. oversights,
and omissions. The accident investigator (or the investigating board or committee) needs to identify and docu-
ment not only the events themseives. but also the relevant conditions affecting each ev- -1t in the accident sequence.
To accomplish this, a simple. direct approach can be used which breaks the entire sequenee into a logieal flow
of events from the development of the accident to the end (which may be defined either as the loss event itself
or as the end of the amelioration and rehabilitation phase). This flow of events need not lie in a single evemt
chain but may involve confluemt and branching chains. In fact, the analyst/investigator ofien has the choice of
eapressing the aceident sequence as a group of confluent event chains which merge at the common key event,
or as a primary chain of sequential events into which causative factors feed as conditions that contribute to event
occurrence, or as a combination of the two.

Construction of the causal factors chart should begin as soon as the accident investigator begins 1o gather perti-
nent factual evidence. The events and causal factors will usually not be discovered in the sequence in which they
occurred, so the initial causal factors chart wiil be only a skeletor of the final product and will need to be up-
graded as additional facts are gathered. Even though the initial causal factors chart will be incomplete and conlain
many information deficiencies, it should be started early in the accident invesiigation because of its innate value
in helping to:

1. Organize the accident data

2. Guide the investigation

3
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3. Valida'e and confirm the true accident sequence

b

Identify and validate factuat findings, probable causes, and contributing factors
5. Simpiify organization of the investigauon report
6. Ilustrate the accident sequence in the investigation report.

With all s virtues as an independent analytic tchnique, causal factors charting is most effective when used
with the other MORT tools that provide supportive coitelation. Causal factors on the chart should be checked
by comparison with the prime deficiencies identiiied by MORT-chart-based analysis.

Critical changes revealed through change analysis interface with key events and causal factors in the causal
factors chart in establishing sequence chains. A meticulous trace of unwanted energy transfers and their interrela-
tionships facilitates:

1. Questioning and testing of accident hypothesis

2. Using barrier analysis to examine “ossible energy flow interruptions

3. Identifying energy channels which lead dm:ct]v to injury or damage, or contribute to their
occutrence.

An appropriate combination of the major MORT analytic tools, including events and causal factors charting,
provides the core for a good investigation.

The following guidelinzs are suggested for use in constructing events and causal factors charts for accident
analyses and inclusion in investigation reports.

1. Suggesied Format:
a. Events should be arranged chronologically from left to right.
b.  Events should be enclosed in rectangles, and conditions in ovals.
c¢.  Events should be connected by solid arrows.
d. Conditions should be connected to each other and to events by dashed arrows. :

e.  Each event and condition should either be based upon valid factual evidence or be clearly
mdlcated as presumptive by dashed ling rectangles and ovals.

f.  The primary sequence of events should be depicted in a straight Lorizontal line (or lines
in confluent or branching primary chains) with events joined by bold solid connecting

arrows.

g.  Secondary event sequences, contributing factors, and systemic factors should be depicted
on horizontal lines at different levels above ar below the primary sequence (see Figure 34).

h. In reconstructing activities of specific individuals, it is ofien helpful to break out each
person on a separate horizontal line. They would later be integrated appropriately on an
cxecutive summary chart.

i.  Events should track in logical progression from the beginning to the end of the initiation-
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Figure 34. Causal Factors Relationships.

preaccident-accident-amelioration sequence and should include all pertinent occurrences.
This necessitates that the beginning and the end be defined for each accident sequence.
Analysts frequently use the accident as the key event and proceed from it in both direc-
tions to reconstruct the preaccident and postaccident causal factors sequences.

2. Suggested Criteria for Event and Condition Descriprions:
a.  Each event should describe an occurrence or happening and not a condition, state, cir-

cumstance, issue, conclusion, or result; i.e., **pipe wall ruptured,’” not **pipe wall had
a crack in it.”*
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b.  Each event should be described by a short sentence with one subject and one active vert:
i.e., "*mechanic checked front end alignment,”’ not **mechanic checked front end a''gn-
ment and adjusied camber on both from wheeis.™

c.  Each event should be precisely described; i.e.. ""operator pulled headhight switch to or
position,”” not *‘operator turmed fghts on. ™’

d.  Each event should describe a single, discrere occurrence; i.e., *'pipe wall ruptured,™ not
*‘internal pressure rose and pipe wall ruptured.””

e. Each event should be quantified when possible; i.e., *‘plane descended 350 feet,”” not
“*plane lost altitude.’’

f. Each event block should contain time and date of the event when available.

g.  Fach event shouid be derived directly from the event (or cvents in the case of a branched
chain) and conditions preceding it; i.¢., **mechanic adjusted camber on both front wheels™
is preceded by **mechanic found incorrect camber’” whick is preceded by **mechanic
checked front end alignment™* —each event deriving logically from the one preceding it.
When this is not the case, it usually indicates that.one or more steps in the sequence have
heen left out.

The criteria for conditions are similar in that they shovld be nrecisely described. quamtified when possibie,
posted with time and date when possible, and be derived directly from the condition or conditions immediately
preceding them. They differ from events in that they describe states or circumstances rather than happenings
or occurrences, are passive rather than active; and describe single, discrete states or circumstances.

Application of the suggested format and event description criteria for constructing a typical causal factors chart
of a simple accident are illustrated in the following example.

Ajax Construction Company was awarded a contract to build a condominium on a hill overlooking the city.
Prior to initiation of the project, a comprchensive safety program was developed covering all aspects of the project.
Construction activities began on Monday, October 4, 1976, and proceeded without incident through Friday, Octo-
ber &, 1976, at which time the project was shut down for the weekend. At that time, several company vehicies,
including a 2-1/2-ton dump truck, were parked at the construction site. On Saturday. October 9, 1976, a nine-
year-old boy, who lives four blocks from the construction site, climbed the hill and began exploring the project
site. Upon finding the large dump truck unfocked, he climbed into the cab and began playing with the vehicie
controls. He apparently released the emergency brake and the truck began to roll down the hill. The truck rapidly
picked up speed. The boy was afraid to jump out and did not know how to apply ihe brakes. The truck crashed
into a parked auto at the bottom of the hili. The truck remained upright, but the boy suffered serious cuts and
lacerations and a broken Jeg. The resultant investigation revealed that, afthough the safety program specified that
unzitended vehicles would be locked and the wheels chocked, there was no verification that these rules had been
communicated to the dnvers.

Figure 35 is the causal factors chart of this accident. You will note that events are in time-sequenced order,
that each follows logicaily from the one preceding, and that dates are indicated wher known. Events are enclosed
in rectangles and the conditions in ovats. Events statements are characterized by single subjects and active verbs.
(In some cvents, the subject is implied only.) The primary sequence of events is identified by bold printing of
the connecting arrows. Other events are connected by solid arrows and conditions by dashed arrows The “‘rules
not communicated to drivers,” **internal communications LTA,** and **management control LTA'* conditions
and the **accidentally released brakes’* event are enclosed in dashed ovals and a dashed rectangle, respectively,
to indicate that the information is presumptive. The sequence was terminated at the accident but could have been
extended to include emelioration (i.e., rescue. emergency action, medical services, reFabilitation, etc.). Further
application of these principles is shown in the generalized causal factors chasts in [igures 36-38.
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Figure 35. Causal Factors Chart Example.
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Figure 38 Generalized Causal Factors Chart—Post-accident Events.

Charting the causal factors contribuies in the following ways to inv=stigative effectiveness.

I.  Aids indeveloping evidence. in detecting all causai factors through sequence development, and
in deteronning the need for in-depth analysis

rJ

Clarifics reasening

3. Nustrates multiple causes. As previously staled, accidents rarely have a single cause. Chartiny
helps ilustrate the multiple causal factors involved in the accident sequence. as well as the refa-
tionship of proximaic and remote, and direct and coutributory causation,

4. Visually portrays the interactions and relationships of all involved organizations and individuals

5. Iustrates the chronology of cveats showing relative sequence in time

6. Provides fMexibility in intecpretation and summarization of collecied data

i tre i n

7. Convenicnily communicates empirical and derived facts in a fogical and orderly manner
8. Links specific accident factors 10 organizational and management contro} fa~tors.

Additionally, the causal factors chart assists investigators in formatting and writing the accident report in the
following ways:

I. Provides = check for completion of investigative logic. Even the most elementary types of sequence ‘
charting can reveal gaps in logic and help prevent inaccurate conclusions. :,

2. Provides a method for identification of matters requiring further investigation or analysis. Signifi-
cant event biocks with vague or nonexistent causal factors can alert the investigator 1o the need
{or additional fact-finding and analysis.

3. Provides a logical display of facts from which valid conclusions can be drawn

4. Provides appropriate and consistent subject titles for discussion of facts and analysis paragraphs

M
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10.

Provides a method for determining if the general investigative purposes and specific objectives
have been adequateiy met in terms of the corciusions reached

Provides a method for differennation berween the 2nalysis of the facts and the resullant conclusions

Presents a simple method fcr clearly describing accidest sequences and causes 1o a reading
audience with divergent backgrounds. Without the usc of sophisticated or exotic methodology.
the accident causes can be 2asily communicated to readers with a wide range of experience and
technical expertise.

Provides a source for the identification of organizational needs and the formulation of recom-
mendations to meet those necds. The charting 1echnique provides the basis for a sysiematic irace
of the logic from a statement of the facts through the analysis. conciusions, judgments of needs,
and recommendations.

Provides a method for evaluating the factual basis of possible recommendations

Aids in solving various unanticipated problems associated with preparing the final report for
specific accident investigations. For examptle, the clear identification of events and conditions
as factual or presumptive assists in complying with the DOE report format, which requises ex-
plicit separation of facts, analysis, and conclusions into separate and distinct report sections.
Also, the clear and logical development of the accident events and causal factors facilitates agree-
ment among feport reviewers on accident causation and minimizes negative reaction from those
persons and organizations whose performance deficiewncies coniributed 1o accident occurrence.
They may not like what the report says. but they will agree that it is fair and accurate.

How can an investigator best apply causal factors charting? The experience of many people participating in
numerous accident investigations has led 1o the identification of seven key elements in the practical application
of causai factors charting to achieve high quality accident investigations.

Begin carly. As soon as you start (o accumulate fachal information on events and conditions
related to the accident, begin construction of a workiag chart of events and causal factors. It
is often helipful to rough out & fault tree of the occurrences to establish how the accident could
have happened. This can prevent false starts, but must be done with caution so that you don't
lock yourself into a preconceived scenario of the accident.

Use the suggested guidelines. They will assist you in beginning and staying on track as you
reconstruct the seque..es of events and conditions that influenced accident causation and ameliora-
tion. Remember to keep the proper perspective in applying these guidelines. They are intended
to guide you in simple application of a valuable investigative tool. They are not hard and fast
fules that must be applied without question or reason. They have grown out of experience and
fit well in most applications, but if you have a 1ruly uniue situation and feel that you must
deviate from the guidelines for clarity and simplicity, do it.

Proceed logically with available data. Causal factors usually do oot emerge during the inves-
tigation in the sequence in which they occwrred. Initicfly, there will be many holes and deficien-
cies in the chart. Efforts to fill these holes and get accurale tracking of the event sequences
and their derivation from contributing conditions will Jead to deeper probing by investigators
which will uncover the facts invoived. In proceeding logically, using avaifable information to
direct the search for more, it is usually easi>st 10 use the eccident or loss event as the starting
point and reconstruct the preaccident and postaccident sequences from that vantage point.

Use an easily updated format. As edditional facts are discovered and as analysis of those facts
further identify causal factors, the working chart will need to be updated. Unless a format is



In summary. the seven key elements in practical application of causal factors charting on accident investigation are:

2.

Ry

selected which displays the emerging informauon in an easily modified form, construction of
the chan can te repetiious and time-consuming. Successive redrafts of the causal factors chams
on large sheels of paper have been done. magneuc display boards or chalkboards have been
used; but the technique that has consistently proven mosi effective and most easily updated 1s
use of 3 x 5 index cards {or simifar aids. such as 3M Post-1t) on which brief event or condition
siatemenls are written. A single event or condition is written on each card. The cards are then
taped to a wall or a large roll of heavy paper. or are placed on a large flat surface, in order
of the sequence of events as then understood. As more information is revealed, cards can be
rearranged, added. or deleted to produce a more complete and accurate version of the working
chart. Once the card-bas:d working chart has been finalized. the causal factors chart ¢can be
drawn for incluston in the investigavion report. Several investigators have testified to the value
of this approach, commenting that it made their investigations more expeditious and thorough.

Correlate use of causal factors chanting with thar of other MORT investigative tools. The optimum
benefit from MORT-hased investigations can be derived when such poweriut tools as the causal
factors ¢ harting, MORT-chan-based analysis, change analysis, and energy trace and barrier
analy is are used to provide supportive correlation.

Seicct the appropriate fevel of detail and sequence length for the causal factors chart. The acci-
dent itself and the depth of invesugation specified by the appointing authonity in his fener of
appointment o investigating comm;:re¢ inembers will often suggest the amount of detail desired.
These, ww. may dictate whether ending the causal factors chart at the accident or loss-producing
event is adequate. or whether the amclioration phase should be included. The way the ameliora-
tion was conducted will also influence whether it shuuld be included and in how much depth
it should be discussed. Centainly, if second accidents occurred during rescue aticmpts or emer-
geney action. Yir if there were other specific or systemic problems revealed. he causal factors
vhan should cover this phase. However, the Tn\'esngumrs and the appointine authority involved
will have o decide. on a case-by-case basis, what is appropriatc depth and sequence Iength on
cach accident investigated. -

Condense the working causal factors chan 1o make an executive summary chart for the report.
The causal factors working charnt will comtain much detai) so it can be of greatest value in shaping
and dirceting the investigation, Normally. significanily less detail is required in the causal fac-
tors chart in the investigation report, for its primary purpase is to provide a concise and clear
ofientation to the accident scyuence for the report reader. When a detailed causal factors chart
is felt 1o be nccessary w show appropriate rclationships in the analysis section or an appendix
of the report. an ¢xecutive summary chart of one or two pages should be prepared and included
in the report to mect the above stated purpose.

Begin carly

Use the guidelines

Proceed logically using available data

Use an easily updated format

Correlate with other MORT investigative tools
Include appropriate detaif and sequence length

Make a short exccutive summary chart when necessary.
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Change Analysis. Change 1s one of the most important factors in producing sericus accidents. When a system
is perturbed by change. the frequent results are ervors, ioss of control, and accidents. Change s usually a con-
tributor 1n major accidents. The rare of change is usually sncreasing exponentially in today's sophisticated systems.
Even when change 1s well-intentioned. it can and does caute unwanted effects if it 1» not properiy coordinated
and controlled. Change can be sudden and dramauc, or gracuai and difficult to detect. Changes in accident causa-
tion can be singular or multiple (most often the case), and a1e invariably additive and synergistic in their effects.
Sensitivity to change and its effects is needed to keep it unier control. So is sensitivity for the need for counter-
change 10 keep changed systems functionally safe, efficiert and accident free. The skili and knowledge needed
to detect and analyze change are essential investigative atributes.

In the process of evidence collection and analysis, both changes and the results of changes will be found. When
changes are found which may have had significant effect on accident occurtence or loss magnitude, they should
be evaluated to find their causes and cures. When resulis of change are detected. the producing changes shouid
be sought and their causes determined. Change analysis is the means of doing this. It must be organized and
sysiematic to prevent oversights, omissions, and unidentified critical changes.

The basic change analysis approach was developed by Kepner and Tregoe as 2 managemen tool that they called
*'problem analysis.”” It has been adapted and modified to fit accident investigation nceds. It primarily consists
of identifying what is distinctive about an accident situation, and tinding the changes that led to those distinctions.
Within those changes and their generation will Lie causes of the accident.

Change analysis is a simple, five step process, followed by an integration step to fiu the results into the total
accident investigation analytical picture (Figure 39). Those steps are:

1
Accident
situation
3 4 5
Analyze
- Set down - difterences
Compare differencas for eftect
on accident
2 Integrate 6
Comparable information
accideni-free into accident
situation investigation
process
INEL-A-16 388
Change Analysis Schematic.
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|.  Describe the accident situation precisely
2. Describe a comparable accident-free situation
3. Compare the two to detect all differences

4  Write down all the detected differences or distincuons that set the accident sitsation apart from
the safe situation, whether 1hey appear 10 e relevant or not

5. Analyze the differences and distinctions 10 identify the underlying changes. and to determine
their effects on the accident. Give careful utention 1o obscure and indirect relationships, and
to the compounding or synergistic interacting of changes that increase their effects on accident
consequences.

6. Integrate change analysis results with those of other analytical methods for confirmation, valida-
tion, and clearer understanding of accident occurrence and prevention.

Figures 40 and 4] provide basic formats that have proven effective in exploring changes which have contributed
to accidents. The printed forms are usually too small for handy use in investigative change analysis, so paper
from a large easel pad, desk pad, or buicher paper roll is ofien lined out in the same basic format 1o provide
greater visibility and ease of use. The forms are also generic and probably shouid be modified for specific in-
vestigations. The five column headings usually remain the same. but ofien the general and speciiic factors, which
are used to define accident and comparable situation specifics, are tailored to the accident being analyzed. The
main factors of what, where, when, who, and how or **how much’” (extent) are of prime importance in specify-
ing the accident and comparable situations. They are supplemented by situation-specific factors. such as those
suggested in Figures 42 and 43. **Why"" is not a specification factor; it will cmerge from the analysis of affective
changes in coiumn five.

In using the suggested formats for chznge analysis. the first three columns are completed first, then the **Dif-
ferences™ column and. lastly, the *‘Affective Changes’ column, to arrive at change-based causal factors—the
**why's"" of accident situation distinctions. Results are then correlated with oiher findings and are iniegrated into
the causal factors chart (discussed in the preceding section).

The suggested approach to change aralysis on accident investigatipn is:

!.  Use large sheets of paper as work sheets.

2. Line them out in a five column format like Figures 40 and 41.

3. State the analysis subject or accident descriptor, concisely, at the top of the sheet.

4. List the general factors in column one.

5. Develop accident-specific factors under each general factor.

6. Describe the accident sitvation elements, using selected general and specific factor categories.

7. Select and describe comparable situation elements, using the same factors. Comparable situa-
tions can be the same activity at an earlier time, or a similar activity being done properly and

without this type of accident.

8. Compare the two sitvations, facior by factor, to identify all differences and distinctions, and
enter them in column four.
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Subject
Factors Accident Siluation Comparable Ditterences/ Attective Changes
Situauion Distinclions
What
Object(s)
Energy
Defects

Protective Devices

Where
On the Object
In the Process
Place

When
InTime
Inthe Process

who
QOperator
Feliow Worker
Suporvisor
Others

Task
Goal
Procedure
Quality

Working Congitions
Environmental
Overtime
Schedule
Delays

Trigger Event

Managerial Controls

Control Chain
Hazard Analysls
Monitoring
Risk Review
INEL 4 3258
" Figure 40. Change-based Accident Analysis Worksheet.
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Subject:

A. Accigdent B. Comparable i C. Whatrs D. What has
L’:VC?%VHESTAENT incident sate gistinctive changed
situation situation about "A” infabout "C"

1. WHO

Workers
Supervisor
Management
QOthers

2. WHAT

Object
Energy
Environment
Barriers

3. WHERE

Location
On the object
In the process

4. WHEN

In time
In the process

5. EXTENT

How bad
Trend

6. MANAGEMENT
CONTROL

Controf chain
Monlioring

INEL 4 D147

Figure 41, Change Analysis Workshoer.
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9. Analyze the differences and distinctions to idemiify affective changes and nonchanges {those
existing deficiencies which interact with changes 1o cause or coniribute (o the accident,.

10. Pinpoint the causal factors and verify tneir fit with the accident siruation.

1. Correlate causal factors with firdings from other analytical methods and integraie them imo
the causal factors chant and the total investigative process.

A simpie application of this approach is illustrated in Figure 42. The accident used is the runaway dump truck
example from the Causal Factors Analysis Section. Figure 42 shows the first three columns completed. They
are then evaluated to determine accident situation d:stinctions to enter in fourth column, Differences (Figure 433,
and that is then analyzed 1o complete column five, Affective Changes (Figure 44), and arrive a1 “*why™’ or acci-
dent causal factors.

Fzult Tree Analysis. One of the problems that investigators can encounter is getting Jocked into a preconceived
scenario of the accident occurrence and then seeking evidenze to suppon their preconceived notion. The simple
approach of roughing out a fauit tree of the occurrence o estabhish the different ways it could have happened
iz Leen heinful in keeping open minds, thus minimizing this problem. It also aids in preventing false stams.
Tius secuon will discuss only this application of fault tree analysis 10 accident investigation. Additionai informa-
tion on the construction and use of analytical trees can be found in the Reliability and Faulr Tree Anaivsis Guide
(SSDC-22) and the Srandardization Guide for Consiruction and Use of MORT-Tyvpe Analytical Trees (SSDC-8).

The use of analytic trees originated as fault tree analysis in the early 1960’s in the aerospace industry, as an
attempt to prevent oversights, particulariy at system interfaces, which had previously resulted in costly retrofits
or inordinately short operational lifetimes for promising systems. Fault tree analysis was strongly hardware-oriented,
but also showed promise as ar analytic tool for evaluation of systems involving a great deal of human perfor-
mance. Development of the MORT concept a decade later and its acceptance by AEC and its successors for agency-
wide use mrade application of the fault tree analysis techniques to managemznt systems a reality.

An analytic tree is simply a graphic display of information to aid the user in conducting a deductive analysis
of any system (human, hardware, or environmental) 10 determine critical paths to success or failure. It identifics
the details and intetrelationships that must be considered Lo identify oversights or omissions that led to failures.
It enables the investigator to:

1. Systematically identify the passible paths from base failures 1o accident losses

2. Show relationships, system deficiencies, and common fatlure modes involved in accident
development '

3. Identify management system weaknesses and strengths
4. Displav a clear visual record of the analytical process
5. Provide a basis for rational decision making and corrective actions by m=nagement.

In an investigative analytic tree, an unwanted or injuricus occurrence is stated a: the top event. On the next
lower tier are listed those events required to achicve the top event. Each of these i; subsequently broken down
into its constituents to reveal the events, causes, and sources that contribuie to the occurrence of the 1op cvent.
Construction of an analytic tree, therefore, constitutes a deductive analysis of a management system or safety
system, proceeding from general to specific, or outcome to source, and answering the guestion, “‘How could

this happen?"’ .

Once an analytic tree has been developed, it can be used in the investigation of accidental losses to identify
not just the symptoms, but also the root causes and sources of these accidents and the management system weaknesses

that permitted them 10 occur.




Subject: Boy Injyred in Runaway Truck Crash

Involvement Accident Comparable Difterences Alfective Changes
Faclots Sliugtion Situation (A1) (Why)
What
Yehicle 2Ve-ton dump truck r. _ner vahictasiequipment Cab untocked. Rush to start on Oct, 4 aller
. Entry pcsaible. Sapt, 26 award ol contracl lo
Cuntrols not lockable, beal winler lreere.
Bartrlers None Present and In place No lencs around equipment New hires nol briefed on
compound, unalianded vehicle rules,
No wheot chocha on truck. Including truck driver,
Unattendod Nol communicaled Communlcaled Some drivers didn't whao laited to lock and
Vehicle Rules know rules. chochk fruck.
Whate
Location Hiliside condo’ Elsewhere on teve! Truchks and heavy equipment Leveling of equipment compound
construction sile ground Goutd rofl downhill, dslayed by use of neaded
aquipmeni on anntherinh
. Neasr restdentlal area ARemote Easy access lor
nearby residonta.
When -
ntime Saturiay, Oct. § Normal work ectivities Equipment unaliended. Rapld sward of contrect.
betors No site guard eng Early slart dale on Oct 4 reaulied In
tnprocess Shutdown for weehend no fence instatted, starl without eguipmeni protected
aftar lirst weaky work on weehend.
GGuard and lgncing due 10
arrive Oct. 12,
Who
Worker Dump truck driver Other drivers or oparstors New hira. Hired Ocl. 7 from hall,
Hurrying to get ready Recelved no onentatlon and no
for hunting trip. briefing on Ajax Cumprehenslve
Unfamitar with rules, Safety Program,
Prooccupiod with hunting trip &l
close of shilt.
No tallowup by superviaor.
Yictim Jimmy QOther boys Fanscinelad by trucks. Pormisslon from Mother 10 go to
' Unsupervisad. friends home, saw squipment snd
Adult Adventurous, inquisitive, diverled lg construclion slle.

young, inexperlenced.

Enterad untocked lruck.
Could not conlrol fruck.

Figure #4. Chunge Analysis Ezumple—Fifih Column Aduded.

1NEL 4 3344
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The steps in developing and using an inveshigative faull iree are:

Define the top event as an unwanted, damaging occurrence.

Acquire a working xnowledge of the accident resuits, the work siruation and activities in which
they deveioped, and the upstream processes that preceded them.

Postulate the possible sceparios by which the accidem occurred.
Construct a fault tree to depict these scenarios.
Validate the fault tree for com pleieness, logic, and accuracy.

Use the fault tree to analyze each of the scenarios for best fit with the accident facts as they
are coiiected and cvaluated.

Add 1o the fault tree as new evidenco is acquired and new possible scenarios are discovered.
Check out all possible scenarios. Do not reject any because they are improbable, but only because
they do not fit the facts,

Through the process of analysis and fact-fitting, pinpoint the scenario or scenarios which give
the best match with factual data and integrate that information with the findings from other
analytical methods.

A few simple principles and guidelines will be helpful in constructing uscful investigative fault trees.

N
Use common and accepted graphic symbols for cvents (or system elements), logic gates, and
transfers. (See Figures 45, 46, and 47.) For simplicity, investigators will often use only the
tectangie to represent all events or elements, rather than distinguishing them by type.

Keep the analytic tree as simple as the complexity of the system ailows.
Keep the .calytic tree logical and expect no miraculous occurrences. Use only those contributory

events which are *‘necessary and sufficient’’ to produce the output event. Don’t get caught up
in the mechanics of tree construction, It is merely a tool to display and analyze for clear thinking.

Select the logic gates and constraints (coMiﬁonﬂ cvents) which best describe true system
functioning or accident scenario development.

Select event titles or descriptions which are simple, clear, and concise. Avoid those which
are abstract or are not readily understood by the intended users.

When constructing complex trees, limit the number of tiers on a single page to four or
five tiers.

Use transfers to avoid duplication of identical branches or segments of the tree and to
reduce single-page-tree complexity (see Figure 47).

Follow the convention of indicating order of performance or time sequencing from Ilcfi-to-
right for velated events on a single tier.

The usc of a fault tree in displaying and evaluating alternative hypothests of azcideni causation is illustrated
in the following cxample. The example, tree, and explanation were developad by R. 1. Nermney.
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RECTANGLE
A generail evani or a gate output event resulting from
ihe logicai combination of contrbulory events acting
through a logic gate.

CIRCLE
A base event requiring no further development. 1t is an
independent event used only as a logic gate input.

DIAMOND

Anundeveloped terminal event not developed to its
cause. Terminatad for lack of information, resources
or risks, or to avoid redundancy of analysis.

SCROLL

A normaily expected event that should occur naturally

during normal funclioning of the system.

STRETCHED CIRCLE

A satisfactory event that exists noncommittally in the
system &s a logic gate output and is used to show
compiation of a logical analysis.

INEL 4 3221

Figure 45. Analytical Tree Event (or Element) Symbols.
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l/::} A logic gate that produces an output only when all

i i input evenis occur. Contains the identifying word

J “AND".
QR Gate
Alogic gate that produces an output when one or more
of the inpL | events occur. Contains the identifying
' word “"OR”.

CONSTRAINT

A conditional event that applies conditions or
constraints to a basic logic gate oroutput evenl.
Imposed condition is written in the ELLIPSE.

CPNDITIONAL AND Gate

Input produces the output provided the conditions
written in the ELLIPSE are sausfied. (Example:
PRICRITY AND gale specifying order of input event
oCCcurrence.)

- CONCITIONAL OR Gate
OR O Input produces output provided the constraint
conditions ara met. (Example: EXCLUSIVE OR gate
enabling an output 1o occus only if a single input

is prasent.)

SUMMATION Gate
A special Ikqic gate wiich requires that an acceptable
combination ol input events be present to produce an
output. Inputs can be present in varying proportions,
as long as the sum of the inpuis (s adaquate to

AND generate an ouiput.

INEL 4 2242

Figure 46. Aralytical Tree Logic Gate Symbals.
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The basic transfer operator represents the exact
repetition of a tree section found elsewhere on the tree
below an identical triangle.

Intrabranch TRANFER
Transters substructure within a branch. Has identify-
inG lower case letter.

Interbran.chiinterpage TRANSFER
Transters substructyure irom another branch or another
page. Has an identifying capital ietter.

Horizonta! arrow away from symbol shows transfer of
substruciure to anoiher focation on the same page in
the direction the arrow points.

IN-TRANSFER, Same Page
Horizontal arrow toward symbol shows transfer from
direction of arrow on Lhe same page.

{N-TRANSFER , Other Page
Vertical arrow toward base of symbol indicates transfe

2 OUT-TRANSFER, Same Page

ip7 from branch on designated page. '
IR
Lj_.J L:I_.! QUT-TRANSEER, Otter Page
06 D12 *Recipient events” from other pages in broken lines

above oversized triangle indicate transfer of substruc-
ture 1o recipient event locations on designaled pages.

SMALL OVAL
Assuymad rigk transier ts used 1o transfer an assumed

risk from any tree iocation to the ggsymed risk event (a
SCROLL). The number of the assumed risk is indicated -
inside the symbo! as shown. It normally originates at a
DIAMOND (undaveloped terminal event).

INEL 4 3243

Figure 47. Analytical Teee Transfer Symbols.

An electronics technician is responsible for adjusting and troubleshooting a piece of electrical gear. The equip-
ment is manipulated by an operator under general direction of a supesvisor. The equipment includes 2 cabinet
containing exposed high voltage circaitry. The cabinet is protected by interiocks which de-cnergize the high voltage
system when the cabinet door is opened. In the course of a troubleshonting operation, the technician is electrocuted.
Access to the high voliage components was via an interlocked cabinet door which was opened in te course of
the troubleshooting operation. The operator, supervisor, and technizian were all present at the time of the acci-
dent. Figure 48 depicts the various scenarios, or alternate hypotheses, of accident development. Nertney's analysis,
which is keyed to the numeric designators of events and comiilinns, follows.
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Task error ‘
this job i

—_—

I

Communications Personal
error error
A A2
Acted without Misunderstood Mechanical
command or ordisregarded error
instruction command or
A2 instruction A23
5 A22
Supervisor Operator Technician L Other
Technician Supervisor Operator
oral oral oral Other
A1 A12 f A13 ! A4
To From QOral Written
INEL 4 3245

Nertney's Analysis.
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In order for electrocution to occur. two conditions must exist. Ak uRbarricrsd « vroe imper ~vist ane whe trhm-
c1an must have come 1nio contact with the source, It is, of course, necessary 10 posiively validate elecirocution
as the primary cause oi death, by autopsy or other means, prior 1o emenng this particular fault tree. (Oficn,
the other possibie causes of death, .¢., heart attack, diabetic serzure, eic.. will be included in the fault tree analysis.)

1.0 High Voltage Source Present
Two possibiiities exist here.

1.3

Electrocution could have resulted from contact with a source other than the piece of equip-

ment which the technician was presumably troubleshooting. Other potential sources shouild

be investigated.

1.2

Electrocution could have resulted from contact with sources in or on the equipment which

the technician was troubleshoating.

1.2.1

The high volitage: point contacted could have been a designed high voliace point.

1.2.2  The high voltage point could have been a portion of the equipment which was
not intended to be a high voltage point (leekage, insulation failure, wiring er-

ror, etc.).

In either case (1.1 or 1.2), the system’s high voltage system was activated at the time of

electrocution or it was not.

1.2.X.1

1.2.X.1.1

1.2.X.1.2

1.2.X.2

System’s High Voltage System Not Activated

The electrical energy could have come from stored
energy (e.g., a capacitor which was not discharged).

The electrical energy could have originated in some
other high voltage source outside of the equipment
under study (system “*sneak circuits’’ or crossties). In
this case, *'high voltage system activated™ must be
analyzed for the system (transfer 1).

High Voliage Sy.tem Activated

Two conditions are required here. The protective interlock systcm
must have been inoperative and the high voltage system must have
received a “*high voltage on'* command.

1.2.X.2.1

1.2.X.2.2

- -
IR CPRPOTTIE PP . Y JUP VU T P PP )

The interlocks could be inoperative due to failure to
function or to intenticnal bypass. In cither case, this
could have occurred in a manner related to this job or
not retated to the job (e.g., a bypass installed or a
failure occurring prior to this particular job).

The high voltage command could originate through a
circuit malfunction or through the circuit being turned
on.

1.2.X.2.2.2 The control circuit malfunction could be
associated with this job or could be
unassociated with this job.
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1.2.X.2.2.2  The turning on of the high voltage could
have been inentional or unmtentional.
If it were uninientionai, 1t could have
occurred prior 1o this job with failure
to detect and deacuvate. The second
possibility is a task error in the course
of this job. Sce transfer A, page 2 for
task error analysis.

2.0 The Technician Contacted the High Voltage

Two possibitities exist here. The technician was in contact with a high voltage point prior 10
activation (2.1} or he contacted a point which was already activated at the time he contacted
i1 (2.2). In either case (transrer 2), there are two possibilities. He propelied himself in: 0 contact
with the high voltage or he was pushed or placed into contact.

2.Y.1 Self-Propelled into Contact
This could be involuntary or voluntary.
2.Y.1.1 Involuntary
2.Y.1.1.1 This could be an active propulsion stimulated by an external sourcc
(low vohage shock. heat, light, sound, etc.) or through internal

sources (spasm, cpileptic seizure, etc.).

2.¥Y.1.1.2 Propulsion could be passive through such mechanisms as fainting
or slipping.

2.Y.1.2 Voluntary

This could be: in one of two situations. The technician could be unaware of system
status or design or he could be aware of system status and design.

2.Y.1.2.1 Unaware of System Status or Design

Three possibilities exist here. The technician was unaware of the
high voltage and interlock situation, or he was unaware of the high
valtage points in the system as designed, or he was unaware of new
danger points which might have existed through changes from design i
{deviations or malfunctions). :

2.Y.1.2.2 Aware of System Status or Design

Three possibilities exist here. They are mechanical error, lack of
opportunity for evasive action (for example. becorning aware that
the system had been turned on only at the moment of shock), or
suicidal motives. In the case of mechanical error, one should con-
sider whether the technician was capable of normnal judgzment and
capabilities or whether his faculties might have been compromised
through stress, lack of sleep, alcohol or drug problems, etc.
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2.¥.2 Pushed. Placed
The individual could have been pushed or placed into contact with the high voltage source.

indirect!y through motion of a cabinet door. work dolly, ete. In either case, the act could
have been accidental or malevolent in nature.

2.Y.3 Contacted by Activaied Componens
The final possibility for contact with the high voltege source is that the source itself could
have been in motion at the ime of comact; e.g.. a loose head, patch cord, or some other
item of hardware. Care must e exercited in diagnosing this sort of possibility because

the high voltage source might not be i the same position as it was at the time of
electrocuticn.

Task Error This Job
(Transfer A, Page 2, Figure 48)

A.  This transfer refers to task errors in activating the high voltage. Two possibilities exist here,
COMMUurications errors or personal errors,

A.l Communications Errors
These include:
A.1.l Oral communications to or from the technician
A.1.2 Oral communications to or from the sunervisor
A.1.3 Oral communications to or from th2 operator

A.1.4 Oral communications from other individuals o) errors in written commuslications
(work orders, procedures, posted signs and warnings, etc.).

A .2 Personal Errors

These include the possibility of three types of errors on the part of the supervisor, the
operator, or the technician.

A.2.1 Acted without command or instruction
A.2.2 Misunderstoud or disregarded a command or instruction
A.2.3 Mechanical error (pushed wrong button, accidentslly tripped a relay, etc.).

MORT Analysis. The Management Oversight and Risk Tree (MORT) is a diagram which arranges safety pro-
gram and management system elements in an orderly and logical manner. It presents a fault tree o f & dynamic,
comprehensive, idealized safety system model. MORT structures the largely unstructured safety literature and
current best safety practices intc three levels of relationships: (a) about 100 generic problems, (b) up to
1500 possible base events or causcy, and (¢} thousands of criteria to judge system adequacy. It provides reiatively
simple decision points in the accident anslysis that ensbles the investigative enalyst to detect omissions, over-
sights, accepted risks, and system deficiencies.
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MORT has el the advantages of fault trees. It is higily visible, portraying a compiex, idealizad safety program
on & simple sheet, showing the interrelationships of all program eiements, thus forming a very useful aid 1o com-
munication. 1t is systemaric and logicai. requinng step-by-step. uer-by-tier, branch-by-branch, element-by-element
constderation of the program. This Izads the invest.alor 1o understand the sysiemn under 1eview, seek and fing
righy answers, and evaiuate ali perunent system functions and activities completety. It provides for simulianeous
analysis of multiple causes and eommun mode failures, It permits qualitative examunation of system strengths
and wecaknesses, and determination of significant base level failures and critical eveni paths to the zccidentat losses
being investigated.

MORT has some cf the disadvantages of fault trees, as well. It can be complex and time-consuming, partieular-
ly the first few times it is used. However. skill in the use of MCRT is quickly acquired through conscientious
effort and practice. The simplicity of a step-at-a-time approach cases the compiexity, even the first time the chart
is uscd. Probably the greatest obsticle 10 overcome is the tendency to be overwhelmed by its comprehensiveness
which makes it seem complex. MORT is » panoramic view of idearized reality, which must be looked at in small
pieces to fully appreciate its value as a perceptive and rcvealing investigative analysis tool. MORT does not have
ditficuity handling partial failures or the omission of significant system factors, which is a problem with fauit
trees. MORT is less rigorous and more flexible than most fault trees. Rigor is not as important in the MORT
concept as is uscfulness as an investigative tool. It is designed to have significant redundancy, based upon the
principle that it is better to ask the same guestion more than once in different contexts than to fail to ask it at
all. Additionally. the MORT chart has undergone scveral reviews, revisions, and on-the-job applications to en-
sure its completeness and adaptability to all serious accident investigations. It can also be used in an abbreviated
form cn less serious accidents, incidents, and inquiries.

MORT is a ready-made analytical tree that describes a comprehensive safety program or safety management
system. It is penple-oriented and consists of several complementary elements which comprise a superiative safe
performance system. Those complementary elements are: (a) management goals, policy, and implementation;
(b) cffective work processes; (c) independent safety review: (d) system performance measurement; (¢} human
performance enhancement; (f) information managemefit and communication: (g) risk evaluation and asscssment;
(h} hazard analysis processes; and (i) safety, staff, and higher managemem serviees.

MORT is uscd as a standard of comparison for existing performance systems and safety programs. It can be
comparcd element by element with the system, faciliry, and activity under investigation. When any MORT elements
are mussir.g, or only partially present in an existing system or program, deficiencies probably exist which con-
tributed 1o the accidental losses, or could contribute to furure ones. Deficiencies can exist anywhere in the organiza-
tion and are as common at the management levels as at the first line operating or worker level. In fact, deficien-
cies at lower organizational levels almost always mirtor similar defective performances at higher levels. So, when
accidents, incidents. and losses occur, the investigator should use MORT analysis 10 look beyond the errors and
failures which immediately precipitated them. The investigator must identify system deficicncies at both the worker
and management levels to determinz the underlying oversights, omissions, performance errors, and accepted risks
which are the root causes. MORT uses a systems approach to investigative analysis, and looks for the ways the
system failed to permit the accident to happen, as well as jooking at the work site and worker contributions to
accident causation.

Figures 49-52 show upper levels of the MORT chart. Figure 49 is the top of the MORT Tree and depicts the
unacceplable losses and the oversights and omissions, and 1he assumed or accepted risks which led 1o them. It
also shows the dual nature of accidenta! loss development: (a) the less than adequate (LTA) specific control fac-
tors which identify what happened, and (b} the ever-present maiagement system factors which identify why it
happened. Figurs 50 shows those system eiements which can lead to LTA management system factors. They
are policy, management implementation, and the risk assessment systemn, which involves goals, information system,
safety program and its review, system concepts and requirements, and the design and development plan which
provides for their implementation, Figure 51 shows specific control factors consisting of accident factors and
amelioration or postaccident action factors. Finally, Figure 52 shows the accident ingredients and the operating
controls which fail or perform inadequately, and thus contribute to accidents and losses.
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Figure 49. Top of the MORT.

Note on each of the figures that an alphanumeric code identifies cach MORT Tree element uniquely. This discrete
designation of each system element assists in locating each element on the tree, transferring the elements to other
locations, and indexing them to specific pages in the MORT User's Manual (SSDC-4). These pages suggest ques-
tions to suppiement each tree element during MORT analysis. The indexing code consists of capital letters to
designate major (ree tiers, lower case letters for minor tiers, and numbers for left to right position on a tier.

Following are practical hints on the use of the MORT Tree.

1. Don’t be intimidated by the size and apparent complexity of MORT. Its comprehensiveness
is essential for in-depth accident analysis. Use the tree 23 & guide or checklist. Proceed through
it an clement at & tirne, from tier to ticr and branch to branch, in a relaxed, nonrigid evaluation
of the system.

2. Procced generally in a top down, left to right direction.
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Figure 50. Management Systen: Branch.
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Evaluate and mark =ach siemen: as you go. Color coding 1s most often used for marking the
starus of each element. Green indicates okay: red, less than adequate or not okay: blue, uncer-
tzinty or inadequate informauon (o know status and requires investigative follow-up to gather
the required informunom 10 resoive the uncertainiies: and black, usnally to cross out the block
or branch, indicating that it docs not zpply to this paruicular accident invesiigation. So.neumes.
it will be pecessary to piay back end forth between uers 1o determune the siatus of a particular
ciement. For example. if you are not sure whether the risk assessment system 15 inadequaie,
check the next iower nier containing goals, technical snformation systems, hazard analysis pro-
cess, and safety program review. If any of them is inadequate (marked red), then that will make
risk assessment systems inadequaie. In a faull tree, & singie red will track throegh an OR-gate
to make the gate output (next higner tier element) red. All inputs 1o an AND-gate must be ted
for the output to be red.

4. Mainzin focus. There are several parts of the tree that are considered more than once from
different perspectives. For exarr ple, task performance error is looked at for the supervisor, the
injured employee, mainicnance persoanel, inspectors, fescuers, SMETEEnCy action teams, etc.
Each time you go through the task error branch for & diff=rent person, you must stay focussed
on that particular persoa or group. Losing focus or perspective eads to confusion, inaccuracies,
and oversights.

5. Record your cbservations and questions as you proceed. They can be recorded directly on the
MORT Tree work sheet, adjacent to the system element, or in a separate log or notebook. Obser-
vations are recorded when you determine an element is adequale, deficient, or doesn’t apply.
Questions are phrased and recorded to seek the answers that will resolve uncertaintics and fill
information gaps.

6. Keep moving. Don't get bogged down in the mcéhanics of determining status and marking the
blocks. Don't spend too much time on any one element—move on to another and come back
to it at ancther time when you have more information. There is significem redundancy in the
tree to make it very forgiving. Also, you don’t need 10 evaluate every tree element on every
accident anafysis; go only as deep into the tree as the investigation requires.

7. Update the tree as you get more information. You should start the MORT analysis as soon as
you collect the iirst pieces of evidence. Initizlly, you will have a lot of uncenainty (z lot of
blue), but as more information becomes available, the MORT chart status should be updated.
Remember the cyclic nature of evidence collection and anafysis. Evidence feeds the analysis,
and analysis leads to identification of inforsation gaps and uncertainties which require more
scarches for additional evidence. The MORT chart and other analytical dispiays should be up-
dated daily,

8. Coordinste MORT analysis findings with the results of other ongoing and complementary
analyses, i.e., causal factors analysis, change analysis, aliernative hypotheses fault tree analysis,
etc.

9. Be realistic in evalusting the existing system. Do not be (oo critical, ezpecially of facilities,
operations, or activitics st up years before. Kesp in ming that MORT i3 an ideal and represents
2 ive system st the forefront of today’s safety technology. When we designate several
system elerncrts as less than adequate, it may more properly suggest that the overall system
is metely less than superiative.

10. Finally, use the available aids in conducting & MORT snalysis—the MORT chart, of course,
but also the MORT User's Manuad. It consists of basic questions to supsiement the MORT chart

{or to be used elone for MORT enalysis). It is the MORT chart in outline form with some helpful
cbservations added. &t was originaily prepared by Geradd J. Dricssen of the National Safety Coun-
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cil, jor use with an early sdition of the MORT Tree, and has been modified, cxpanded. and
updated 1o the laiest MORT chan.

Energy Trace and Barrier Analysis (S5DC-29). Chapter | indicates that a meticulous trace of hazardous
energy flows and environmental conditions is essential to determine the pracucal opportunities in any system to
impose barners that will prevent harm to people and things. The absence of adeguaie barriers to prevent harmful
contact between hazards and vinerable persons or valuable objects is found in every accident. These three primary
accident ingredients are = ,, plemented bv a fourth contributor in nearly ail accidents. It consists of the precursor
events, cnergy flows, and failed or inaccequate barriers which ied 1o the coexisience of the other three. Almost
always a series of such precursors prec:des an accident. A barrier analysis will reveal what the precursors are
and when and where they should have been interrupied by proper barriers.

Energy trace and barrier analysis is built into the MORT chart. Repetitive cycling through the hazards and
barriers branches of the tree, however, can become confusing, difficult, and error-prone. Most experienced
investigators, therefore, do a separate energy trace and barrier analysis. It can be easily and productively per-
formed if a few simple steps are followed.

Define Final Loss Evert. This is that event which best describes accidental loss or degradation; i.e.,
injury sustained, cquipment damaged.

Define the Harmful Contact. This is usually the unwanted energy flow or hazardous environmental
exposure which was the direct cause of the injurics received or the damage that occutred.

Trace the Prior Hazard Releases. Do this until the initizting unwanted energy flow is reached. These
unwanted energy flows are best described using action verbs (i.c., line broke instead of line was broken).

Establish Initiating Hazard Release. This is usually an unwanted energy flow and is normally that
point where a control barrier failure initiates the hazard release sequence.

Identify Barriers. Work back through the trace noting those barriers tho: were in place, as well as
those barriers that should have been in place. Note that there may be morz than one barrier associated
with each unwanted energy flow or hazardous environmental exposure.

Evaluate Barrier Status. Work back through the trace and assign status or descriptive condition lo
each barrier. Examples: adequate, less-than-adequate, barrier not used, barrier not provided, barrier
not practical.

Validate Findings. Review the barrier analysis. checking for parallel and series hazard releases.
Remembar the trace as an analytical technique is inherendy iterative, and its value is highly depen-
dent upon ciear and concise graphic presentation.

Applicaion of an energy trace and barrier analysis can easily be demonstrated, (sec Figure 53), using the previous
example of the bay in the runaway truck. It will be shown first in step by step outline and then depicted, as it
usually is, in diagram form. Final loss event:

Boy suffered broken leg, cuts, and abrasions.

Harmful contact: (Figure 53).
8. Boy struck windshield, dash, steering column, and steering wheel.
Encrgy relcases are numbered from 8 to 1, from last to first, in this example. Prior energy releases:

7. Truck collided with parked car
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2.

Truck rolied downhill a1 incr=asing speed

Boy relecased truck brake and placed gear shift in nevtral
Boy entered truck cab

Boy entered construction site equipment storage yard

Boy climbed hill to construction stie.

Initiating energy release:

Boy saw construction sit: and equipment,

Identify barriers:

After 8: No imerior padding in truck cab

Between 7 and 8: scat belt

Between 6 and 7: ability to control truck direction and speed

Batween 5 and 6: wheel chocks

Butween 4 and 5: controls locked wk -1 ignition key removed

!

Between 3 and 4: truck doors locked

Between 2 and 3: fence and security guard

Between 1 and 2: parental supervision. o

Evaluate barner status:

1

2.

6.

seat beli—not used

ability to control truck—not provided -
controls lock—not provied

truck door locks—not used

fence amd security guard—not provided

parental supervision—inadequate.

Vzlidale findings:

The analysis is reviewed for completeness and accuracy and confirmed with other accident evidence and analytical

results.

Figure 53 is the energy trace and barrier analysis diagram. It portrays cleasly and concisely the energy flows
and failed or unus:d varriers that led to the boy's injuries. Note, too, how well it exhibits the many opportunities
for instatlation of barriers to interrupt tne energy flows and events that culminated in a serious accident. It should
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be obvious. even from this simple exampie, how valvable an aid the energy trace and barrier analysis is in under-
standing the accident and the sequence that ied to i

Human Factors Analysis. MORT analysis deals extensively with human contribotions to accidents. The MORT
Tree is a description of an idealized safety management system and is strongly people-oriented. It recognizes
and identifies not only the errors of workers at the accident site, but also their supervisors and managers, staf{
support people (including safety, loss control. and humsn factors specialists), and the scientists. engineers, and
craftsmen who created the work situation in which the accident occurred. MORT also addresses the effects of
the physical, psychological, ard organizational environinent in which workers perform their tasks, and areas in
which accidents and other problems are found. It looks at how well the work situation marches the workers al
all levels in the organization. It considers motivational fz ctors, as well as skill and dcsign factors and their impact
upon human performance. MORT addresses how and how well information is communicated up, down, and across
the organization. It evaluates the means by which perforrnance is measured and the standards that determine what
shouid be measured and what is acceptable performance. MORT considers the effects of human and machine
performance in one area of a facility or organization upon humnan performance in other parts of the system. It
looks at the impact of selection, training, planning. and organizing upon task execution or task performance.
It identifies work, budget, and personal and environmental stresses and pressures upon workers. MORT con-
siders the influence of changes ia conditions, equipment, procedures, commitments, and people on huiman perfor-
mance and accident development. It evaluates the usc and quality of task and job analyses, both common tools
of the human factors specialist. It is keyed to the performance errors, oversights, omisstons, and risk assumptions
at all managerial levels and all functional aicas, which are all basic human factors considerations. In short, MORT
analysis is basically human factors analysis. it can be enhanced by use of a human fac:ors specialist cn the board.
or as an advisor, who has the special skills and methods 10 understand and evaluate human factors that the other
investipators may miss. There is nothing else that can match investigative MORT analysis in its comprehensive
treatment of human factors as an analytical tool for nonspecialists.

Risk Analysis. Briscoe writes in the introduction to the Risk Managemient Guide (SSDC 11 revision |,
September 1982):

“‘Frequently, manazgement atlocates significant resources 1o correct specific hazards without first obtainirg suf-
ficient information to determine whether more hazardous conditions are being neglected, or whether the correc-
live costs are justified by the benefit or the reduction in risk. [n addition, management frequently has little or
no information of how risk compares to the actual value of a given program, and thus must make many safety-
related decisions witliout sufficient information.”

The Management Oversight Risk Tree (MURT) methodology provides a systemn for identifying managemem
oversights and specific risks. Once 1isks have been identified, it is then management’s responsibility to provide
required resources to reduce or eliminate specific risks and 10 assume the residual risks.

Risk assessment estimates of future losses and the effectiveness of additional controls provides management
information to make soww! decisions regarding risk. Indeed, knowledge of risk permits the responsible person
to decide whether a danger can be accepted, must be reduced, or eliminated by application of additional protec-
tive measures, or whether the operation must be cancelled.

As such, risk management and assessment is basic to a system approach to safety management.

Specifically, risk assessment permits or provides:

1. Probability estimates of large or catastrophic accidents

2. Addition of such loss estimates #s actuarial predictions of loss to provide a more complete risk
estimate

3. Cost-effective safety programs by concentrating on high risk areas
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4. Optimization of the combined cost of safety programs and the cost of accidents which are pre-
sent at & given level of control. This includes selection of the hist of the vanous alternatives
regarding specific hazards and conirol measures.

5. Evaluation of the effects of codes, standards, and regulations and the need for relaxation or
additional controls

6. Consideration of various types of risk on a consistent basis minimizing the effects of emotions,
fears, and personalities with regard to such related subjects as low probability, high consequence
events, envirormental and health issues, and immediate versus latent effects.

Various types and degrees of danger are thus treated objectively with biases minimized.

Thus, the role of risk assessment is to provide the necessary information to make decisions regarding the cost-
effective commitment of resources to accident prevention and reduction. Risk assessment can also be used to
determine if a proposed action is acceptable in those sitwations where it is improctical 10 eliminate particular hazards.
Obviously, those areas where the greatest gaias can be made with the least effort should be given top priority.
Such prioritization will effect the greatest safety with any given level of effort.

Pant of the accident-related evidence that investigators should gather and analyze is that which will indicate
management's effectiveness in assessing and managing the risks in their operations. These indicators are found
in several places inctuding Safety Analysis Reports, systems or operations studies, design reviews and readiness
reviews, and actual operational performance data. Alsa included are accident/incident experience and audit, ap-
preisal, and inspection findings.

Past expenience, expressed as actuarial data, is usually the best indicator of future occusrences. unless signifi-
cant changes have beea made in system structure or operation. 1f the underlying cause: of past accidents have
not becn diagnosed and fixed, they will invariably resul: in recurrence of the same or similar accidents or other
operational problums. Investigators, then, look at past experience of the organization to find the seeds of r*e acci-
dent being investigated. They seek 10 discover whether the accident was typical or atypical of the way the par-
ticutar system functions. Such knowledge will assist them in their search for accident evidence and sugzgest areas
of emphasis in their investigative approach. If the nature and consequenczes (losses) of this accidem are typical
of past system performance. basic systemic deficiencies are suggested, and the accident should have been ex-
pecied by management. The investigative approach should include searching ot and identifying these deficien-
cies, and recommending reasonable and realistic fizes for the operating system. If the accident occurrence is not
charzcteristic of system fur :tioning, loss of control of changes is suggested, and the investigative approach should
be directed toward change idemtification and analysis. Recommendations should stress improved change analysis
and control. In reality, things are rarely as simple as this, and the atypical occurrence is usually complicated
with additional systemic problems. Also, when actuarial data on performance are used for risk evaluation and
projection, the data consists of performance results and reptesents only a part of the total performance picture.
in spite of these cautions, actuaria! risk analyses performed by investigators following accidents have correlated
w=ll with true accident losses and timing.

There are a variety of risk analysis and projection methods. Al of them are estimates, whether done on the
back of an envelcpe, or specially designed graph paper on a hand-held calculator or on a computer. The focus
of the effort dictates the method that should be used. For management decision making, the graphical methods
show great merit and are probably the best in most applications.

Typical graphical risk analysis and projection methods are:

I. Gaussian normal—the normal! bell-shaped curve that fits many populations of data, but does
not fit accident/loss statistics very well without significant modification

2. A log-log plot of frequency-severtity
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All of these graphical projections can be dotie on graph paper produced by the TEAM (Technical and Engineer-

A log-normal plot of accident data

Extreme value projection.

ing Aids for Management) Company, in Tamwornh, New Hampshire.

Extrama Valus Projection, The Extreme Value Projection method will be the only one discussed because of its

applicability. This method has proven to be the most helpful in accident investigations because:

The extreme value equation, on which the graph paper is based, is an empirical derivation of the frequency
and severity of maximum events represented on the upper tail of the log-normal curve. The major difference
between extreme value and log-normal analysis is that it uses only the maximum events, and log-normal uses

It uses only the worst loss data, which is easy to find, cven in activities which do not do a very
good job of recordkeeping.

It is quick and easy to do, becauss mimmal data are involved, only the simplest inputs are re-
quired, and rerurn periods are read directly from the graph paper.

It is self-testing, in that good data on the right paper plot as a straight line.
Repeated use in accidem investigation has shown good accident correlation. Risk projections

of operating systems, done in connection with major accident investigations, have predicted both
the magnitude and the return period of the accidents with reasonzble accuracy.

all cvents. As previously mentioned, this is a key benefit of its use on accident investigation.

It should be relatively simple for any investigator to perform 2 risk analysis using extreme value projection,

if he follows this nine-step sequence.

Sclect a time period immediately preceding the accident, during which there were no major
changes to the operating sysiem. For most DOE contractor organizalions, this would probably
non exceed five years, and for even the most stable operating systems, would be jess than 10 years

Break down the selected tim: periods into appropriate intervals (i.e., yeass, half-years, quarters,
eic.). Ten to twelve intervals gives a good confidence Jevel, but as few as five is acceptable.

Identify the maximum loss (i.e., injury, lost time, property damag- ost, eic.) in each interval.
Rank the Josses from least to greatest

Calculate the cumulative probability, using the simple furinula Ni/N + 1, where N is the val
number of points, and N;j is the order rank of the loss. For example if there were 5 points,
N would be 5, and N; would be 1, 2, 3, 4, or 5, in order.

Sclect the right extreme value paper, i.e., with either a log or a linear loss scale. You can often
tell by the distribution of the data which paper is right, but if you choose the wrong one (it
doesn’t plot as a straight Jine), you can redo the plot on the other. If the data dees not plot
as a straight line on either paper, you probably have used nonhomogencous data. If they are
closely related (i.e, fire losses from sprinkiered versus unsprinklered fazilities) they may plot
as a dog feg. If that is not the case, homogeneity may be achieved by selecting a narrower loss
category (i.e., electrical losses, injurics from falls, etc., rather than general property damage
or injury losses).
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You also have 1o choose a ioss scaie whuich permits you to project loss magnitudes beyond those
ajready cxpenenced. This corresponds to the cumulative probability forminla depormunator, N 4+ 1.
and enables the investigatne analyst to duetermine rerurn periods for greater system losses, if
the system deficiencies are nut fixed.

7. Plot the data, entering the ordinate and abscissa with loss magnitude and cumulative probabiliry,
respechively.

8. Fit the best straight line to the data points. 1f you cannot fit a straight line to the data, you have
probably selected the wrong paper (i.e., log when you need linear, of vice versa).

Note: If the plot approximates a straight fine on linear extreme value paper, the accidental Icsses
and the accidents from which tiey resulted are likely to be independent events, and the preven-
tion of large accidents is well under control. If there is a straight line data plot on log paper,
the plotted accident losses probably resulted from multiple causes that can be traced back to
& COmmon source of lo cause interactions, both of which suggest system problems which can
Jead to very large losses. Also, the steeper the slope is, the weaker the loss control and the
shorter the return period for a large accident.

9. Evaluate the plot to determine whether or not the present high accidental loss is characteristic
of system performance (i.e., fits the straight line systemic data, or is an “‘oudier''}. It should
also be evaluated to find the retumn period for a still greater loss, if corvective system changes
are not made in accordance with investigation board recommendations.

A simple example, using this stcp by step sequence, itlustrates the ease of its application by investigators.
An accident resulted in a $49,700 elcctrical property damage loss. The operations people who experienced
the loss declared that they could not understand how it happened, that it was a once-in-a-lifetime accident, and

that it could not possibly happen again.

The accident investigators gathered the needed information on electrical iusses over the previous five years
to do an extreme value projection. These are the maximum losses they found for each of those years.

Loss
Year %
1579 593
1980 8,883
1981 bii7j
1982 3,800
1983 49,700 .

'
They have now selected a relatively stable period of 5 years (step 1); have broken it down into yearly intervals
(step 2}; and have identified the maximum loss in each year (step 3).

They then rank ordered the losses from least to greatest (step 4).

Loss
_® . Ni

593
707
3,800
8,883
49,700
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They calculated the curlative probability, using NN + 1 {step 5).

Loss (N/N + 1) x 100
) _Ni_ (%)
593 1 16.7
K\ 2 na
3,800 3 500
8,883 4 66.7
: 49,700 5 833

They selected log extreme value paper as probably the right greph peper after secing the three orders of magnitude
distribution of the daia. And they selected a loss scale which extended beyond the $49,700 maximum loss to
$1060,000 (Step 6).

They plotted the data (Figure 54), establishing each point by its dollar loss and corresponding cumulative prob-
ability (Step 7).

They fittod the best straight line through the data points, using the median regression method in Figure 55 (Step 8).
The straight line confirmed homogencous data and proper graph paper selection.

Return period (years)
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Figure 54. Extreme Value Plotted Data Points.
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Figure 35. Extreme Value ﬁrojenion.

)

Finally, they cvaluated the $49 700 loss, found it to fali on the strs ight line data plot, and concluded that it
was characteristic or typical of that organization’s electrical Joss contrut system (Step 9). That kind of accident
was buiit into the system and would probably occur again in about 7 years, if the system was not fixed, The
return period was determined by entering with the dollar loss value, finding where it intersects the data plot line,
and projecting vertically upward to read the return period (Figure 56). They also determined the return period
for a $100,000 elcctrical property damage loss as about 9 to 10 years. The extreme value projection risk analysis
gave the investigators important information they would not have otherwise known, and confirmed their need
to search oul, identify, and evaluate the systemic deficiencies and multiple, interacting canses that led to the accidem.

Time-Loss Analysis. When there are problems in the amelioration phase of accident management, the Causal
Factors Analysis method can be effectively improved by incorporating Time-Loss Analysis (TLA). It is an analytical
approach developed by the National Safety Transportation Board (NSTB) and reported by Driver and Benner,
It deals with and evaluates the effect of various types of postaccident intervention on the final joss outcome of
an accident.

TLA begins at accident occurrence (ty) and continues to the determination of final 10ss (t,pq), at least as far
as it can be known and identified by the sicident investigators. During amelioration, Iosses usuaily change with
time. either increasing or decreasing. For example, once & fire begins and remains unchecked, it will continue
to consume flammable materizls, with cumulative losses increasing throughout the burn time. As fircfighters respond
and gain control of the fire, the rate of increase declines, and the direct loss total fire damsge reaches its max-
imum when the fire is extinguished. If people were injured in the fire, and received proper and expeditious treat-
ment for burns and other injuries, their individual injury (or loss) magnitude will decrease through the treatment
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Figure 36. Return Period Determination for & Given Loss.

and rehabilitstion period. On the other hand, total accident losses may well continue to climb, due (o hospitaliza-
tion, treatment, end rehabilitation costs. Additionally, other costs such as production decline, work delays, lost
work time, accident investigation costs, OSHA penalties, workers compensation, and litigation costs and awards
may contribute still further {o escalate the total accident cost. It, therefore, becomes very important to identify
and evaluate the nature and effect of all accident intervention actions.

Figure 57 depicts the typical loss pattern from accident occurrerice at “‘to”* until final loss, without intervention.
When intervention action is taken, it can have a destructive, ineffective, or constructive effect on the natural loss
pattern, as shown in Figure 58. [} and *‘t}"" indicate that intervenor number | became involved in the ametiora-
tion process at time, *';"",

Intervenors can be either people {personnel imervention) or things (mechanical intervention). Typical person-
nel intervention might involve such actions as using a fire extinguisher to put out a small fire, pulling a fire alarm,
or calling the fire department dispatcher to report a fire. Mechanical intervention could involve a fusible link
closing a fire door, a sprinkler actuating, or a flow alarmn or smoke Jdetector sending a signal to the fire depart-
ment. Other classifications of intervenors might include (a) human, engincered and serendipitous, or (b) planned,
impromptu and serendipitous. The serendipitous intervenor category would cover the fortunate coincidence when
a fire in a facility without sprinkiers burns a hole in a plastic waterpipe and releases a deluge of water, which
extinguishes the fire.

Although most interventions of significance are triggered by accident occurrence, and, consequently, are in
the postaccident phase, some interventions can precede the accident. Such g:>accident intervenors are usually
part of enginecred safety systems that react before *“tg’" 10 prevent loss.
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Figure 57. Typical Loss Panemn After an Accidem Occurs.

Multiple intervenors are usually involved in accident response, as iliustrated in Figure 59, which represents
a fire in a bookstore. In addition to the normal racks of books, it contained a rare book collection in a vauit
that was not watertight. The indicated water damage to the rare books, in this case, exceeded the fire damage
to the rest of the store. Imporniant concpts 10 note here are (a) multiple inlerventions are usually involved, (b) not
all interventions are equaltly helpful. (c) some interventions are destructive, (d) some interventions are helpful
an? destructive at the same time, and. most important, {¢) effective accident management requires intervenor
identilication, evaluation, and emergency response planning Lo use the most beneficial interventions and eliminate
the harmful effects of the others. ’ )

]
_,.....-...i Worse

- outcome
- i
el l

- w-==mamd NOchange
e -— i
V4 -
’ - |
n s’ -7 |
2 P e med Better

= i _..-...----"""" { outcome

F R - I
o, -
|
|
]
I
i
]
10 t1 !(Gﬂd) INEL 4 3428
Figure 58. The Effects of Intcrvention.
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Fizure 59. Multiple Intervention and Consequences.

The Time-Loss Analysis method is based on these concepts. It is a sysiematic method that investigatoes can
use to identify and evaluate the effects of intervenor actions and make recommendations that can improve acci-
dent response planning and execution. The method consists of tracking, and then plotting on a time-loss diagram.
the following:

1. The actions of all intervenors

2. The times they acted

3. The actual losses

4. The times the losses occurred

5. The relationships between intervenor actions and actual losses

6. The impact of the interventions on the natural (without intervention) loss outcome,

Time-intervenor relationships, time determinations, and related !oss estimates bevome very important considera-
tions in evidence collecuon. Perhaps the increased awareness of times involved and time-loss and time-iniervenors
relationships is the first signiiicant benefit of TLA that the investigators will realize.

Driver and Benner employ two examples from NSTB experience to iliustrate TLA and its depictions un time-
loss diagrams. Figure 60 is 2 time-loss diagram using data from a 1975 highway accident. The loss values used

are best estimates because of the uncertainties surrounding the time of death for the victims and the actual amount
of the legal settlements during subsequent litigation.
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This accident involved the violent rupture of a bulk liquified Alarmuirable gas cargo fank during the accidem,
followed by the massive release of the gas, formation of a large vapor cloud, and sudden igniticn of the vapors.

A large tank section was propelled imo nearby mobiie home residences,

While the time is not precisely to scale, most of the losses in this accident occurred before any emergency
response personnel arrived on the scenc al time ¢y. The 16 fatalities and 51 injuries were almost ali burns. Proper-
1y losses were cstimated at $550.000. Louses before the arrival of emergency personnel at the scene iflustrate
how the time-loss diagram can show the imporance of built-in safeguards on the dangerous goods container.
The clapsed time between tg and 1) was less than five minutes. Fires were extinguished quickly and the biggest
pablem was caring for the bum victims.

The second example (Figure 61) is 2 classic fire safety case, involving a railroad tanker transporting the same
type of liquified flammable gas. The containment tank was damaged and weakened in a train derzilment actident
at a location remate from populated areas (1g). Times 't " through **t4™ were arrival times for response people
and onlookers from an adjacent highway. Afier 40 hours, a BLEVE (boiling liquid/expanding vapor explosion)
ruptured the tank violently (t5). The inlernal damage, weakenad containment, vapor burning, and compartinent
bulkhead fatigue were not de‘ected by response people who were around and on top of the tanker when it exploa
ed. Fires resulting from the explosion ignited at *'tg."* The time-loss diagram shows the initia! property damage
occurring at derailment and remaining essentially the same until 'ty + 40 bours,”* when the explosion and fire
killed several people, and burned ard injured several others (some of whom subsequently died) and caused almost
$2.000,000 property darn.age.

These examples illustrate or suggest importam points about TLA and time-loss diagrams.
1. Loss types (fatalities, injurics, property damage, etc.) are broken out and plotted separately.
Other loss types, not shown in these exampies, such &8 law suits, OSHA penaltics, business
interruption or shutdown, should also be scparately depicied.

2. Key interventions and their times of occurrence are depicted. Specific times (i.¢., 8:30 2.m.,
17
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Figure 6. Time-loss Dizgram—Exampie 2.

12:07 p.m.. eic.) should be identified with *%,"* when possible. Specific concise descriptions-
of the interventions should also be included when possible.

»
3. The natural loss pattern and cutcome should be ¢stimated for comparison with intervenor
effects and determination of their nature and timeliness of action.

4. Informnation obtzined from Lime-loss analyses diagrams should be included 1n board recom-
mendations and fed back 10 sccident tesponsc planners,

Finally, TLA can feed MORT and change analyses. It is directly related to causal factors anatysis and repressnts
an amplification of the amelioration phase of the causal factors chan. H is so directly related to that chart that
often accident investigators will plot the time-foss diagram and the causal factors amelioration phase together

on the same sheet with 2 common time line.
integrate Evidence and Develop Conclusions

Integration of investigative evidence and development of conclusions consist of the basic activities shown in
Figure 62. Each will be discussed in tum,

Collected ang derived evidence must be properly integrated to confirm that pertinent facrual findings and analyrical

results have been considered, that no significant information gaps exist, and that all factuat and anatytical discrepan-
cies and conflicts have been resolved, in so far as possible. To achieve this. investigators need to {a) cross-Check

information sources, (b) confirm adequacy of scope and depth of information collection, {c) validate factual con- -

sistency, (d) correlate and confirm analytical results, and (¢} resolve factual and analytical differences.

Cross-checking of information sources includes comperison and validation within and between two gensral
eviderce arcas: (a) that which is specific 1o the actual accident occurrence and (b) that which relates more generally
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Figure 62, Integrate Evidence and Draw Conclusions.

to the system and disciplines involved. Information specific to the event is 1hat oblaincd from onsite witnesses,
physical evidence, and records and software. General systemic and technical information includes expert testimony;
physical-enzincering information: and historical-analytical information anising own _f system development, upsticam
processcs. operationc] evaluation. and configuration control. Cross-checking of information from these sources
should reveal existing consistencies and discrepancies that confirm that necessary and sufficient evidence either
has or has rot been collected to arrive at complete and valid conctusions. If there is not sufficient evidence, more
in-depth analysis of the information is needed. and more detailed evidencr: should be sought.

If any combination of informational contradictions between sources exist (such as those between the testimonies
of two or more accident scene witnesses. between an cnsite witness and an expert, between witness testimonics
and plrysical evidence, or between physical evidence and paper evidence, between engincering anelysis »nd physical,
paper or people evidence), any of three responses may be appropriata. First, investigators should use all practical
means to resojve the discrepancies or to search for unused means of validarion. Second, if this effort proves un-
fruitful, then investigators should indicaie the existence of contradictory evidence. Third, the investigator should
cautiously conclude with qualilications suggesied by the [demtified discrepancies and uncertainties.
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Somecumes the contradictions or discrepancies are not impoetant enough or relevant enough to really justify
concern. For example. if a faiiure contribunng 10 the accident arose from a common failure mode, the path to
failure may be unimponiant. When the common failure mode is fived, the problem is fixsd. Figure 63 depicts
a pump bearing failure which onginated from excessive 1itrogen in the bearnmg coolant. Either of two sequences,
{a) loss of heat transfer or (b) loss of lubricauon, could have resuited in the beaning falure. However, it does
not reatty mater which sequence was followed since the sequences hed an identified common cause: ine excessive
nitrogen in the coolant. When that common fariure mode 1s fixed and prevented from recurring, the problem
is soived without looking in any further dewl at the aliernate faiiure paths.

Figure 63 also suggests that there are often occasions when accidents resull from independent failure modes,
&nd the failure mode must be determined 10 identify the cause and make the right fix so it will not happen again.
A simple matrix (Figure 64) for companng alternate hypothw:ses 2gainst both supponing and refuting evidence
is very helpful in determining the most likely failure mode. Figure 65 depicts use of the matrix 1o evaleate human
¢ versus mechanical failure hypotheses 1n the drop of a valuable gear box being lified by a bridge crane.
This example also illustrates the MORT principic of muhiple, interacting accident causes, in that the pear box
drop was attributed to a combination of human error, faulty design, and mechanica! faiiure.

Another valuable aid in anaivzing and evaluating contradictory information is an expanded. more detailed Jook
at & portion of the causal factors chant. It is paricularly helpful when there are diffesemt versions of the order
in which critically time-sequenced ¢vents occurred. When the divergent testimonies are laid out, side by side,
on a cormon time line, as shown in Figure 66, the correct sequence is often obvious.

Fault Trae #1 Faull Tree #2
Common Failure Mode Independent Failure Modes
Pump bearing failure Manlift drop

Intermittent
Loss of Loss of ;
heat transfer lubrication Human error mef‘;:‘lz':;ca'

I _l INEL 4 3434
1

Excessive .
nitrogen
in coolant

Figure 63. Alterusic Failure Modes.
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Figure 64. Alternate Hypothesis Comparison Matsix.
F
Evidence Sup.porlir!g _Retfuting
Hypotheses evidence avidence

#1, Brake failed

Maintenance & inspection LTA.
lcing possible.

Manufacture's representative said,
"Looser than I'd like 10 use.”

CKinJuses in 3 weeks.
30 minute warm up,
powered up & down 3
times with adequate
brake pressure.

Load held at 2’ stop.
CK in test & inspection.

#2. Foot slipped or

No requalification
program tor operators.
Seldom operated this

“Most experienced &
reliable operator'”,
No evidence of collusion

Conclusion: Combination of error & arror-provocative situation
Recommendation: Fix crane and system and take no disciplinary action

Figurc 65. Example of Matrix Use.

521

pressure released crane. between withesses.
Brake pedal error-
provocative.
Brake on at end of 1al.
INEL 4 3237
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Figure 66. Time Sequenced Events Analysis.

When there 1s insufficient factual evidence or anafytical results for valid conclusions, several actions can be
taken. One. investigalors should search for udditional facts aad perform more in-depth analysis of coflected evidence.
; Two, they should identify possible conclusions and specify conclusions which can be definitely rejected or ex-
. cluded. Three, they should indicate information deficiencies which cannot be resnlved practically, and which
make positive conclusions impossible. Fourth, they can cautiously conclude, with appropriate qualifications, and
indicate what would be required to arrive at positive conclusions.

. Selection and use of appiopriate analytical methods is fundamental to validating and correlating factual find-
! ings; as iHustrated in Figure 67, causal factors analysis is the key analytical method. All others are correlated
with it and are fed into it or fed by i, just as analytical processes are both fed by and feed the search for factual
evidence. The analytical methods not only help investigators make sense out of gathered fuctual data, but also
assist in avoiding the invalidating, but common, practice of *‘assuming the vbvious,'” in deference to reiying
on true factuat finding and analytical results to arrive at meaningful and sccurate conclusions.

] Accident investigation board conclusions should identify the ‘‘what™ (specifics) and ““why’* (systemic faults)
of acciden' causation. Conclusions should also identify the areas within the operating system and work processes
which were deficient in controlling the work situarion and protecting people, things, and processes. Conclusions
are made up of findings, probable causes, and judgments of need. The findings identify how the accident happened;
probable causes identify what contributed to the accident; and judgments of need specify what needs to be done
now in response to the accident investigation findings and probable causes.

T

Lo Lk

Findings consist of the significant facts discovered and the analytical results obtained through evalustion of
those facts. They should include both the strengths and the weaknesses in the operating system and the work
situation in which the accident occurred. They should embrace manzgement control system factors and also specific
worksite control factors. They become sound and subsantial when based upon well-structured and sysicmatic
fact-finding and analytical processes.

i
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(igentity possibla tailure modes) \

2. Construct pretiminary

avents and conditions
diagram

| r

6. Correlate tinding of
all anaiyses with actual
findings and draw canclusions

Gather facts

r\
/ 3. Davelop firsi cluster of conditions

5. Perform MORT analysis

{Will ordinarity relate

to the specific side of MORT,
enargy trace and barrier analysis,
risk analysis, and change
analysis.)

4. Develop conditions to

greater detail
Ll | . L i.e. develop
until each event

makes sense.

(Will ordinarily relate
to management side
of MQRT.)

INEL 4 3432

Figure 67. Correlation of Other Analytical Methods with Causal Factors Analysis.
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Probable causes are the underlying errors and deficiencies which ied cither directly or indirsctiy 10 acciden:
occurrcnce. The direct causes relate 10 what harpened and how 1t happened, and are concerned with specific
work site factors. Indirect causes identify why the accident was ailowed 10 happen and are found 1n mar.agerment
system factors. Direct causes are often aiso identified as the immediate or proximate basis for the primary, major
loss, i.e., injury, damage, etc. Incirect or contrbuting causes ere those which contributed 10 hazard buildup,
hazard release or exposure, ameliorative failures or errors, inadequate planc or preparation. inadequate hazard
detection or correction, mansgement system breakdowns, etc. Figure 68 (from Ontario-Hydro literature) shows
a concise decision model for diagnosing the development of probabie causes.

Development of Probable Causes

Findings

Is the finding negative?

I H
No i Yes
Document in -Did it contribute
finding section to this acgident?
/\Yes
Note for future Probable
considaration and action . cause
Did it contribute
directly to the accident?
M
Contributing Direct
Cause cause

INEL 4333

Pigure 68, Dervclopment of Probable Causes.
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Judgments of need represent the investigative board's conclusions regarding areas where managerial controls
and safety measures should be applied to prevent or mintmuze the risks of recurrence of this or similar accidcents.
They flow from findings and probable causes and form the basis for structuring specific recommendations for
corrective management actons.

Figure 69 shiws relauionships between the three divisions of investigative conclusions and the manner in which
their common elements are tied together. Foliowing (Table 1) are sample findings, probable causes, and judgments
of need that iltustrate theiwr common ties and the development oi one from the other, with both probable causes
and judgments of need growing out of findings. Alsn ncluded in Table 1 is a fourth column which displays the
recommendations which relate directly to judg;ments of need. Note that judgments of need identify system and
organizational newds as perceived by investigztion board members, and recomimendations identify what should
be done by managemeni to satisfy those needs It is important that the rccommendations specify **what to do,”
not “"how to do it,”" for that is the prerogative of line managers. Note also that there is sometimes a one-to-one
relationship between findings, judgments of nced, and recommendations; other times, several findings lead to
one judgment of need, or a singic judgment of need leads to two recommendations, etc.

Development
of
conclusions

)

Judgments
Findings : P;:E:g;e of
need

Specific
control
factors

Management
control
factors

Safety
measures

Managerial
control

Direct Contributing
causes causes

Figure 69. Relationship Between Findings, Probable Causes, and Judgment of Needs.
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It is not only essential that continuity 2xist among findings, probable causes, and judgmenis of need, but also
that al} conclusiens rest firmly upon a strong factual base. They should track iogically, ciearly and directly back
through analytical bridges 10 the:r foundavion facis. They thould also track forward throuyth additional analysis
to practical, realistic, specific corrective action rcommendations, as suggested by Figure 70.

Facts Analyses Conclusions Analyses Recommendations
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Figure 70. Facts, Analysis, Conclusions, Recommendations.
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V. REPORT RESULTS AND TAKE ACTION

The purpose of the investigation repon is 16 convey in clear and concise language the results of the investigation
(the facts surrounding the occurrence, the analysis of these facts, and the conclusions). The tavestigation report
constriutes & record of the occurrence by which the investigation is measured as 1o thoroughness, accuracy, and
objectiviry, and 1o which reference may be made at a later date. In addilion, any corrective actions direcied by
the appointing or the reviewing official will be based largely on the contenss of the repent.

General

‘The investigation report shail cornsist of, but is not limited 1o, four sections: summary, facts, analysis, and
conclusions.

The summary is a brief account cf the essential facts of the occurrence and the investigators” conclusions. The
facts se.:tion consists of a recitatior of the factual information found in the course of the investigation. ft should
relate the **who, what, where, and when,” of the occurience. The analysis seciion of the reort is based on the
factual information developed and consisis of the reasoning of the investigators which supports the conclusions.
The conclusions section consists of the findings, the probabie causes of and contributing factors to the occur-
rence, and the judgments of needs.

The investigation report should fully cover and explain the technical elemems of the causal sequences of the
occurrence and shouid also describe the management systems which should have, or could have, prevented the
occurrence, €.g., the hazard rev’zw sysiem and the quality assurance program for safety, including the monitor-
ing of actual operations.

The investigators’ recommendations for corrective actions lo prevent a similar occurrence should not be con-
Lained in the report, but it should be included in the cover memorandum that transmits the investigation report
to the appointing official. ,

’

QOutline of the Report

1. Cover. The cover and title page should state the subject and date of occurrence, the date of
the report, and the security classification. The cover and t7ie page should not include distribu-
tion fists, internal organization nomenclature, name of organization participating or preparing
the report, or other such information.

2. Table of contents. The table of contents should identify the sections and subsections of the report,
illustrations, charts and appendixes with their report page number designated.

3. Scope of investigation. This statement should set forth the issues or objectives to be investigated
and any special limitations or instructions to the board.

4. Summary. This section should be written in such a manner that the reader, who may be relatively
unfamitiar with the subject matter, can oblain the essemial facts, the findings and the probable
causes and contributing factors with a minimum of effort and time. The summary should not
contain information that is not discussed elsewhere in the report.

5. Facts. This section of the report should cover the major areas of investigation in a uniform
manser and in a reasonable, logical sequence. Another good board investigating this same scci-
dent should be able to reproduce this section. The section should:

a. Be factual and not inclede any conclusions
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b.  Give the reader a good understanding of the accident
c.  Stress the areas of the accident invastigation beaning on the causal consideration

d.  Establish a complcre and substantive basis for the analysis and conclusions sections of
the report. ensure both accuracy and complcteness. and eliminate tie tendency to introduce
new facts in the analysis and conclusions sections

e.  Stress the areas which form ths basis for corrective measures -

f.  Inform the reader, where appropriate, that additional information on a subject is contained
elsewhere in the report. Give a concise extract from or description of the reference, and
specify the section or appendix where it can be found.

g.  Not omit any relevant fact for any reascn whatever, i.e., that it might conflict with some
preconceived notion of the investigator or interfere with the dissemination of information
(bulletins, news releases, etc.). Investigators must, at all times, be critical of their own
reasoning to ensure a completely objective and independent account of the occurrence.
Examples of information to include are:

(1) Pertinent background information, when available and apsropriate, i.e., brief descrip-
tion of facilities, climate, history, etc.

(2) Description of injury, exposure, or loss due to the occurrence, as well as the property
damage and decontamination costs

(3) Physical evidence L
{4) Chronological account of events

(5) Physical hazards and review of safety controis

(6) Technical daa accumulated

{7} Related events not in the causal sequence, but revealing deficiencies (1o be placed
at the end of the section).

6. Analysis.

a.  This section is intended to present an analysis of the factual evidence collected in the in-
vestigation. Its purpose is to show the reader the interpretation of the facts, conditions
and circumstances, and inferences which support the findings, probable causes, and
Judgments of need. This section should include a discussion of the causal sequences, and
due consideration should be given to charting the relationship of events and causal fac-
tors. Speculated events, facts in controversy, denial of atlegations, as well as what could
not be determined should also be discussed in the analysis section.

b. Do not introduce additionat facts in this section.

¢.  Make the analysis lead up to the findings, probable causes, and judgments of need. The
qualified reader should be able to anticipate the causal factors from the analysis.

d. Make the analysis “‘accident prevention-worthy™ not ‘‘blameworthy.”
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7.

10.

Conciusions.
a.  Findings. This subsecuion consists of significant facts and analytical highlights.

(1) Orgamize findings sequentialiv, preferably 1in chronciogical order or in logical sets
of sequences, ¢.g., hardware, procedures, people. orgamizauon.

(2) State analynuical conciusions that are clearly supporied by the facts and analysis.

(3) Keep findings 10 a reasonable number. They arc a recap of the significant facts and
the analyticai highlights, not the enure sequence of events.

(4) Keep findings as shon as possible, and, to the extent possible, put only one highlight
in each finding.

b.  Probable causcs. The statement of probable causes shall consist of a series of relatively
simple statements which summarize the causes and contributing factors, including systematic
factors.

¢.  Judgments of need. This section consists of the investig=tors’ conclusions as to the kinds
of managerial controls and safety measures necessary and sufficient to prevent a recur-
rence of 10 minimize its prebability or severity. These judgments provide the basis for
the subsequent recommendations for corrective action, These statements should be clear,
concise, and direct and shouid be based on the weight of the substantive evidence.

Signatures. The chairman and members of the bourd should sign the repont. Any board member
has the right to st forth a dissenting opinion about report analyses and conclusions. A dissent-
ing position should be stated in a jetter 10 the board chairman and be transminted to the appoint-
ing official with the investigation report.

, .
Minority report. If there is a minoricy repon, it should be limiied to those anaiytical highlights
and conciusions which are at variance. The minority report should be signed.

Board authority. This is the letter (board appointment) which established the investigation board.
It shall include the names, employer, job titles, positions of board members, and the authority
for the investigation. It should also detail the scope of the investigation including any limita-
tions. It should be the first appendix or exhibit.

Appendixes {exhibits). Material that is pertinent but need not be made & pan of the written
report in order to understand or use the report should be included as e:hibits to the repont and
should follow the bady of the report. These may include written stalements, wilnesses' staleraents,
lctiers, laboratory analyses, memoranda, pictures, death centificates, ctc. Medical records and
legal opinions should not be included in the report.

Only material that a reader may want to evaluate or material that is in controversy siiould be
included in the appendixes. All such material should be identified with the same label, e.g.,
**Exhibit A.** **Exhibit B,"" etc. Every exhibii should be introduced in the report in appropriate
sequence and, at the time introduced, there shall be a brief recitation of its comtents. Long, detailed,
complex exhibits shail be avoided.

Recommendations

The narural followup to the judgments of need is the recommendations. Each board should arrive
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al recommendations intended to prevent similar occurrences. Recommendations should identify to
management *‘what™* should be done, mxt “"how'' 1o do 1. The utmost care should be exerted 11 form-
ing the recommendations, so that ail u ¢ clear<ut, feasible. logicai, specific, amd appicable to the
operatons for which they are intended. They should be extended 1o include the sysiems thal permtted
the accident 10 occur, but only 10 the extent of relevance. These recommendations should be trans-
mitted to the appointing efficial m the cover memorandum for the snvesugauon report.

The purpose in separating the recommen lations from the body of the report is to refiect the actual
implementation process. The head of the field organization. the Office of Opecrauonal Salfety, the
Secretary. and finally the Congress may add to or modify recommendations. In practice, higher
authorities have often added or strengthened recommendations. They have seldom. if ever, deleted
recomunendations. Recommendations concerming majo- policics or large funding requirements wre
properly reserved 10 the Secretary or the Congress.

i Figures in the Text

Text figures can be a powerful, casy-to-use aid in reading and understanding. Maps. schematics, and Mow
diagrams should be simplified and void of unneeded detail. Photographs should have a caption and carry labels,
measutements, of other marks to aid in their interpretation,

In general, the higures can be expected 1o follow an order similar to the following:

1. General map or aznal photograph

2. Area of occurrence {usc map or photographs to show locations of personnel, property damage,
witnesses, and equipment)

i 3. Process flow
4. The equipment involved (show if dumaged, and show & normal counierpart if available)
5. What the operator and witnesses saw
6. Closc-up photographs or drawings (such as cutaways)
7. Debris
8. Ameliorstion (fire, rescue, etc.).
All of these are included, if significant.

Simple text tables of numbers, if needsd 10 understand findings, can be included in the body of the repont;
otherwise they should be placed in exhibits or retained in comamittee files.

Exhibits and Appendixes

1. Exhibits should be relevant, simple, and short. When you have any doubt about including an
cxhibit, leave it out. The following are examples of exhibits which should be in the report:

a.  Relevamt quotes from DOE policy, contract clause, and OSHA general duty clause. (If
these are scen as a **standard of adgment’” for the conclusions of recommendztions, perhaps
they belong in those sections.)
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Details ncedsd 10 assess the accuracy of {indings, where such asscssment is likely
(1}  Procedures or excerpts to show gaps or deficiencies

(2} Written statemcents

(3)  Additional maps, schemauc, or pictures, il neered

(4) Death cenificate—a public document.

Details 10 help the uninformed understand the report; for example, characteristics of
chemcals, or explanations of flow ur process schematics

Pertinent cxtracts from witness statements. Do not use unless they are really needed for
clarity and understanding.

Summary Causal Factors charts, il it is not included in the analysis or summary sections
of the report (1he preferred positions)

Brief description of investigative method if not included in the analysis section, so silznce
is not construed as lack of action; for example, the scenc was (was not) secured; the scene
was visited and when; a2 MORT analysis was performed, etc.

List of participants by name, title, and orpanization. This is suggested even if names were
used in text. Further, the list should cither show supervision and higher supervision of
a1l relevant units, or an organization clart should be included.

Personai histories, but only if relevant, nonconfidential. and needod to substantiate a fin-
ding or conclusion

Samples of news clippings that may help assess public impact
A list of material in board files
When classified material is used, include it in a separate classified exhibit

The working evenls and causal factors chan should be included.

2. Do not irclude in the repore:

Exhibits not in controversy. One recent report had work orders, radiologs. lists of per-
sonal elfects, and iwo weather reports, none of which contained information likely to be
assessed. A board finding that **the wind was 5 mph from the SSE™ should be adequate.

Personnel records

Medical records, even il relcased. Medical records are exempt from disclosure under the
Freedom of Information Act. Let the physician’s medical evaluation of event-related mat-
ters (cither in text or exhibit) be sufficient.

Legal opinion. consisting of an informed estimate of amounts, probability, and validity
of pussible claims against the government or information to refute or mitigate the claims
of wasstionable validity. This information should be prepered by the legal office sod
transmizied to the Of¥ice of the General Counsel by separate memorandum.
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investigation Files

The board file should be a complete record of the investigation for permanent retention in the office of the
appointng authonty. The file should include such material as:

1.

9.

10.

Minutes of board meectings.  Usually these record no more than bnef procedural steps and actions.
Do not, for example, include witness testmony or other material inciuded elsewhere in the file.

Field notes, sketches. and measurements

Originals of all wimess or other statements or transcripts of stenographic notes and tapes
Any additional photographs not used in report

Results uf tests or reensctments

Location &nd custody of physical evidence

Process diagrams and procedures

Routine logs and memoranda not in controversy, e.g., weather reports

A record of analysis performed, e.g., MORT and analyiic work sheets

Deails of adverse consequences.

,'l

File materials identified in an exhibit may be subpoenaed in the event of litigation. Any privileged or proprictary
material which should not be available or subpoenaed (other than classified informasion) should be excluded from

the list.

Medical or personal records should be returned to lheif’proper files.

Personal notes may include notes useful in refreshing memory if called to tesiify. Any notes reflecting personal
opinions as to cause, if retainxd, should be in such a persoral file.

Botter Writing

1.

e e ———

The objective is a report that is ““intelligible to the technical-minded layman.’”
Suggestions for analysis and report format are summarized as follows:

& A clear, logicat outline is the first step in good writing. If you are nct ready to wrile,
continue adding detail 10 the outline until you feel ready.

b.  Masps, schematics, and photographs in the body of the text should be near the descriptive
text.

¢.  Essentiad, but complex or detailed material shoyld be in exhibits rather than text.
d. Eliminste unnecessary and irrelevant detail in text and exhibits.

e. Include a description of participants and units by title and function, so that their roles can
be understood.
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f.

g

o

Inciuce a plossary ol unfamuliar terms, when needed.

Use shon. active words and seniences and shon paragraphs.

Be your own harsh critic. [)0 not embarrass yourseives or your appoinning authority by giving

him a poor repon 1o transmit for approvai. Do not hesitate 10 rewrie for editonal improvement.
Most appoinung authonues will require you to do so. if you don’t do i on your own.

b.

Do some writing each day of the investigation.

Write. rewrite, corvect, edit, shorten, and review.

Ask secretaries to guestion things they do not understand.
Ask an editor to critique your work.

Ask a technically minded layman 1o read and comment.

When feasible, ask the appointing official or his representative 10 review the report o
ensure that it fulfills expectations.

3. Foliow a reasonable step-by-step structuring process.

b.

Select facts, analyses. and conclusions 10 be included in the repon.

Use a systematic method to ensure continuity from facts to conclusions and
recommendations.

Edit the report contents into a clear, consistent, readable style.

Seiect and desipn graphics 10 support and simplify the text.

Select necessary backup material with care for inclusion in the appendines.
Prepare the seport summary.

Submit draft report for review and approval.

Report Review

The report should be reviewed by the appointing authority and those he designates. A brief, initial review should
be performed to determine the individuals who are best quatified 1o conduct a more in-depth report review. Those
selected should include technical reviewers, managerial reviewers, investigative reviewers, and professional safety

TeViewers.

The repont should be evaluated against DOE Order 5484.1, other applicable DOE Orders and Implementing
Dirccuves, and this Accident Investigation Manual. It should determine whether the scope and conduct of the
investigation were appropriate and well documented, and whether the investigation resulted in recommendations
that will prevent recurrence. Criticism shouid be constructive, should benefit the organization involved. and should

improve the quality of DOE’s accident investigation program in general.

Specific consideration should be given to the followirg items by each seviewer.

1. Are the facts sufficient, complete, and correct?
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2. Is the anaiysis relevant, accurare, and adequate? Has it resulted in solid, well supported
conclusions?

3. Have the conclusions resulled in needed recommendations?

4. Do the recommendativns satisfy the judgments of need?

5. Has the full scope of the investigation been adiressed?

6. Are there major deficiencies in format, clarity, and editorial quality?

In many instances, & critique of the report will be providad 1o the investigative board and others involved in
DOE’s accident investigation program, with the intent of improving the quality of irvestigauve reports. Items
normally addressed in these cnitiques include:

{ 1. Apnropriate facts and conclusion in the report
2. Clarity of the text and quality of editorial content
3. Minor deviations in format and organization of the repart
4. Clarity and understandability of phoivgraphs and figures
5. Reasonable detsil in text, figures, and exhibits,

. Normaily, the review coordinator will consolidate the find:ngs of ull designated reviewers and advise the ap-
! pointing official of their findings. He will then direct appropriate action on the basis of the review.

Recommendations and Corrective Actions

Recommendations and cofrective actions following en accident generally fall into four basic catcgories:
(a) immediate actions, (b} board recommunded actions, (¢} eppointing authority corrective actions,
ard {(d) DOE Headquarters corrcctive actions.

I
!
H 1. Immediate corrective actions are taken by the accident organization lo prevent a second occur- ‘
| rence or aggravation of the first. , :
I

£ 2. Board recommended comrective actions to prevent accident recurrence and to correct system
i: problems are transmitted through the appointing authority.

; 3. Following review of board recommendations, the appointing otficial inay recommend additional

corrective actions that he feels are appropriate for the operation involved and other organiza-
tions with similar accilent poteniial. His recommendations are included in the memorandum

transmitting the inve-ugation report to the Office of Operational Safety.
i 4. Afer DOE Headquarters review of board recommendations and appointing authority corrective
' actions, major policy issues that may have emerged will be discussed with the Secretary. Any

additional corrective actions suggested by Headquarters will be transmitted by memorandum
1o the appointing authority and other DOE ficld organizations whose contractors conduct opera-
tioas with similar accident potential.

When 2!l recommended corrective actions have been satisfactorily completed, the appointing authority or his
designee will close the case. Type A and Type B board investigations must be closed out officially with notifica-
tions to the Office of Operational Safety, the Inspector General, and appropriate programmatic division directors.

v Y,
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Followup Roles of Accident Investigators

When the board submits its final report of the accident investigation with its letter of recomendations, its
work a5 a board is gencrally completed. There are several occasions, bowever, when specific board members
{usually the Chairman und/or Trained Investizator) have some continuing responsibiliti_ - 7 vlated to the invesuga-

tion. They may be called upon to performn uny or ali of the following:

I.

2.

Interpret board conclusions and recommendations

Validate the adequacy of proposed corrective actions in meeting the intent of board
recommendations

Provide information to others who conduct operations with an accident potential similar to that
tnvestigated by the board

Track progress on corrective actions recommended by the board and venify satisfactory com-
pletion and close-out

Maintain investigative files
Testify 2t Iigations arising from the investigated accident

Perform other followup tasks requested or assigned by the appointing authority or other higher
level managers.
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10.

12.

13.

14,

15.

16.

17.

18.

19.
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APPENDIX A

SUMMARY OF REQUIREMENTS FOR DOE ACCIDENT
NOTIFICATION, INVESTIGATION, AND REPORTING

The chans of this appendix summanze DOE requirements {or notfying authoriies and immvestigating and reporn-
ing accidents. They ate inicnded 10 serve as a quick reference aid. This summary s based on the DOE Order
5484.1, dated 2-24-8] and s subject 10 changes if the order iy changed. This summary was originally published
#s Environmenai Safety and Hcealth Bullenn No. 1, DOE/EP-0031/1.
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APPENDIX B

POST-ACCIDENT SEQUENCE OF ACTIVITIES
(ACCIDENT REPORTING AND INVESTIGATION)
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APPENDIX B

POST-ACCIDENT SEQUENCE OF ACTIVITIES
{ACCIDENT REPORTING AND INVESTIGATION)

The sequence of events contained in this Appencit is provided as a checklist of desirabic acuions prior to and
durning the conduct of an investigauoen. Actions by the ficld safety functions (safety officiat and invesugators)
arc emphasized with brief statements of collaieral acucas conducied by other field offices and by Headquaniers
offices. Specific limes are presented for guidance only and shouid not be interpreted as requircments.
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POSTACCIDENT SEQUENCE OF ACTIVITIES
{Accidant Reporting & Investigation)

ACTIONS BY SAFETY FUNCTION TIMELINE

COLLATERAL ACTIONS

Cogmmu Contractor Safcty Official:

ACCIDENT OCCURS
Ascertains whether rescue, medical, and emergency actions
have been initisted. [ not, notifies medical, rescue, securiry,
fire department, and others as deemed necessary.

Disparches salcty persenncl 10 scene (o assess the situation,
record information, oitain photographs, and perform
prelintinary interviews of witesses.

QObtains a1 much information as is immediately available of he
accldent situation including the following:

(1} Date and time ol accident
(2)  Location of sccident
(3)  Type of sccident {explosion, fire, collision, etc.)
(49}  Equipmert and organization involved.
(3) Emergency actions laken and their sintus,
%) Number ol latalities/injurics and nature of injurics,
(1)] Whether hazards are under control (fire, possible
explosions, radistion, smoke, toxic vapors, etc.).
(B) Al other information to complete DOE immediate
notification, as time permils. -

Natifies Cognizant Managemem and provides assessmemt of the A5 SOON AS POSSIBLE
mitustion,

Telephones DOE operationad Safety Office and provides

avajlable information using DOE Order 5484.1 paragraph [.3 as

. a guide.

Provides personnel office with list of injuries/fawlities.

Suppors program officials in the conduct of operations or test
failure investigations as appropriate.

Coordinates with the Emergency Director and Cognizant
Munager 10 eatablish the need for immedizate actions to preserve
evidence, remave obstructions, identify wilnesses, <ollect
preliminary statements. Aasures that these aciions do not impase
further hazarde nor restrict the conduct of necessary emergency
response actions.

(1)  Evidence proiection: establishes guand to ensure that no
controls, switches, or other pants of cquipment are
disturbed unti! all evidence has been noted and reconded.
if necessary, ropes off arca and scals afl enirances to the
ares.

IMMEDIATE ACTIONS

Irsnediately upon wilnessing, discovering, or experiencing an sccidens,
an employee:

a Rescues those involved (if within immediste capabilities).

b. Tukes necessary action to aid the injured and to controt sny cx-
isting hazards.

c. Reporia the sccident o medical, rescue, fire ocpantner, safery
office, security office, or uther emeegency gioups in wordanee
with local emergency sction plans.

d. Reports the accident fo the supervisor.

Upon netificatizs, the cunervisor verifics that the necessary emergency
actions have been inilialed and provides supplementary informalion 1o
the Contractor Safety Office.

Immediately upon notification, medical, rescue, fire department,
security, and other emetgency groups initiale appropriale actions 1o wid
the injored and to prevent fonther injury and danuage Thew actinns
may include:

'8 Medical treatment,

b. Transponation to medicat facilitics #nd evacuation of the ares.

c Posting of guards for dirccting 1raffic and conirolling sccens to
the scene,

d. Monuary services.

Emetgency Director and Coniractor Cognizam Manager initiale action
to control hazard and minimize tixk of further damage finjury. {Conr-
dinate with the Contracior Safety Qffice to mssure saimples and
preliminary statements are obtamned. )

Designated office initinies casualty rcporting and noufication of pext of
kin,

Cognizant Manager ukes action 1o preserve evidence, remove obstruc-
tions, and identify wincases based or safety official’s guicdance,

Security office provides gouards and receives instructions on access and
safeguarding evidence,

o e ey et s Mk k1
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134

POSTACCIDENT SEQUENCE OF ACTIVITIES {cont.)

NOTE:

12.

__ACTIGNS 3Y SAFETY FUNCTION __TIMELINE

Board prepares report:

a, Board consvlidales Rndings and recommendations, ACCIDENT PLUS 2 TO

b. Boatd concurs e wording of report. & WEEKS

[ Board assigns precedence and calcgarizes causal fuctors, 22,
d.

Board prepares drall of & summary of the teport decawd
appropriate for DOE-wide distritation.

If reasonable confidence in the findings of 1he invesugation is
not obtained and if the severity of the accident ar public
opinion so dictates, further studics or gecident simutations may
be desirable. If assistance in the ¢onduct of such studies is
required. requests should be made 10 the propused suppon
arganization and to DOE Headquanters, or appropriale Field
Ofilice depending on circumsiances. Regardless of the existence
or nonexisicnce of conclusive evidence, the report should
normally be submined within 60 days, unless sdditional time |
has been granted by the appointing authority, Supplemental  *
reports may be submitted for further studics ond accudent
simulation.

ACCIDENT PLUS 3 TO
§ WEEKS

ACCIDENT PLUS 60
DAYS

Board Chaiviaan submits compleled investigation report to the RECEIPT OF REPORT

appointing suthority within the time prescribed by that official. (Or PLUS 45 DAYS 23
reguests cxtensions in those cases where the final report cannot be

completed within the allosted time.)} 24,
Appointing Authority (normally through the Safety Dircctor) reviews 25.

the report and preparcs comments (0 be forwarded within 45 days with
4 copics of the report to the Office of Operational Safery. Addition-
ally, one copy is sent (o the appropriate program division director, and
one copy cach of & Type A investigation cpont 1o the Assistant
Secretary for Environmental Prolection, Safety and Emergency
Preparcdness and the Inspector General, The comiments will staie
concurrence of aonconcurrence with the repont, recommendations and
corrective action initiated o1 planned.

The Office of Operational Safety will coordinate the Headquarters
seview of these reports, however, some program relaled reports may
be transferred to other offices for assistance in this coordination. or
personnel from these officcs may be called upon as specialists to
suppont the Operovonzl Safety during the coordination and closeout
phases.,

{Accident Reporting & Investigation)

__ COLLATERAL ACTIONS

Appointing suthority obtaine comments of salety 2=d4 program suff.
inttiales preventive actions or rescacch,

Appointing authority ordc correcuve actinn.

Contractor officials intliste corrective action.

Contractor or Field Office ofhicials initate followwp action.

a
b.

Obtain progress reports of correctise gclion.
Conduct revicws and surveys to deiermine adequacy of corne:
tive action.




il

POSTACCIDENT SEQUENCE OF ACTIVITIES {cont.)
{Accident Reporting & Investigation)

ACTIONS BY SAFETY FUNCTION TIMELINE

COLLATERAL ACTIONS

15.

The Office of Operational Safety coordinates the reviews, evaluates the
invextigatica repart, recommendations and corrective actions of the
appointing official. Review comments and any additional correcuive
actions suggestcd by Headquaners will be sent by memorandum to the
appointing official,

Office of Operational Safety coordinates news relexses with General
Counsel, Public AfTairs, and Program/Project personnc).

(120 DAYS} RECEIPT OF
REPOKT PLUS 30 DAYS

Operstiona) Safety checks for completion of followup action on
individual bosis and/or during safety, reliabilicy, smd quality assurance
surveys; tloses out reports when vorrective sction is complets; and
maittains & permanent file of all actions/closcouts msociated with the
sccident.

26.

7.

28.

29.

Public Affairs preparcs proposed news releases by sccepting the one
submitted with the report or modifying it sppropriately.

Program/Project provides input and courntlinnes o proposed news
relcascs.

Genersl Counsel provides consuliation regarding news relcascs

Public Affairs makes news ricases.

= T L
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APPENDIX C
INVESTIGATOR KIT CONTENTS
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APPENDIX C
INVESTIGAYOR KIT CONTENTS

Three suggested lists of contents for irvesugaror kits or *‘go-bags’” compnse this appendix. List number {
was compiied by Bill Johnson and included in the first edition of this manual. List number 2 was taken from
the NASA Safcty Manual. Volume 2, Guidelines for Mishap Investigaiion, NHB1700.1{V2), Jure 190, 1983, and
list number 3, from Professionai Accident Invesiigation, by Raymond Kuhiman, Institute Press (Division of [nter-
national Loss Control Institute), 1977. Coltectively. they represent the best ideas 10 dale on the composition of
investigalor kits for effective and efficient investigation of major accidents. They can be used in part. or sceled
down for less serious accident investigations. The kits need to be protecied and maintained so they witl be ready
fur use when needed.

Assembling the Investigator Kit

Each investigator's *‘go-bag"" or accident-ready kit will have to be developed and assembled
after careful analysis of:

Location of possible occurrences:
{1) In or at major plants

(2) Remote areas, large siles
{3) Offsite locations.

Types of possible occurrences:

(1) Occupational (wide ranging—machinery, heavy equipment, tnnci cave-in, cryogenic,
oxygen deficiency, explosions, electrical, earthquake, and fiood were cited)

(2) Fire

(3) Hazardous materials
(4) Radiation

(5) Nuclear

(6) Waste management
(7) Motor vehicle

(8) Railrcad

9) Other.

Assigned responsibilities of others (including operational readiness checks of their prepara-
tions), for example:

(1) Repuiar emergency authority

157 :
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(2) Secunty forces

{3) Firc department

(4) Contractor, in-plam

(5) Contractor, onsne

(6) Specialists {sec item b above)

(7Y Medical authorities.

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

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

If independent investigators are to be assigned from other field organizations or locations, the
grganization directing the investigation can be presurned to have the heavier equipment required.

General equipment.

a.

b.

Credentials (and authority, as necessary)
Travel orders (one office cited a need for passport, visas, and shots)
Purchase orders, credit cards, travel requests, and cash

Telephone list (be sure communications center is aiso prepared), area and city maps, and
preliminary witness statement forms

Clipboards (plastic cover, hole for template), pencils, template or protractor, and grid
paper (10 x 10 in. and 4 x 4 in.) ’

6-ft rule and 100-ft cloth tape.

Compass and range finder

Camera (permit, if necessary), flash equipment, film, and cleaning bag

Tape recorder, tape, radio (permits, if necessary), flashlight, and heavy duty torch

Evidence tags, labels, receipts, boitles, boxes, baggies, freczer tape, chalk, and indelible
crayon

Standard report forms, checklists, medical release forms, alcoholic influence repont forms,
standing instructions to line management, investigative task assignment list, preliminary
measurement and mapping instructions, preliminary photographic instructions, and brief-
ing materizls for board members :
Analytic materials, MORT, change analysis forms, and 3 by 5 cards for sequence disgrams
Perimeter ropes and danger and caution tags

Stakes, shovel, and sieve

158
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o. Tool kit

p. One or more carrying bags.
3. Clothing

a. Coveralis

b.  Jacket

¢. Hard hat

d.  Safety glasses

e.  Raincoat

f.  Umbrella

g. Rubber gloves

h.  Rubber boots

i.  Work gloves.

b.

5. Equipment to be secured from site or plant services (operational plans and readiness checks

(Conditions varying from arctic to desert were cited.)

Motor vehicle accidents (perhaps in security patrol car).

Flares
Portable flashing light
Tire depth gauge

Tire pressure gauge

Standing orders for keeping the accident from getting worse (in hands of security forces

where applicable).

required).

te

c.

d

Tape mezacuring device (wheel)
Emergency floodlights
Hydreulic jack, cutting torch, heavy equipment

Radiation measuring and protective equipment.

6. The DOE radiologscal assistance teams’ equipment is agother resource.

15
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Investigator's Kit

Provisions for an investigator's kit should be obtained and set aside ready for use as pan of the prepian-
ning. An organizaticn should be designated as responsibie for preparing, maintaining, and providing
mobility for the invesugator’s kit. Sugpested conterts for such a kit are as follows:

1.

Clothing appropriate 1o climate and eavironment, {If possibie, all members shoutd have their
own clothing on hand hefore the mishap. A stock of shoes and coverulis (o fit all Board members
may nof be readily avaifable.)

a. Covzralls

b.  Hard hats

c.  Safety shoes (reinforced toes) and safety glasses

d.  Gloves, rubberized

e.  Rain coats

f.  Arm bands or other means of identifying Board members while working at the accident
scene.

Equipment

a.  Checklist of cquipment !

b.  Magnetic compass and tripod s

c.  Measuring tape (100 ft) ,

d. Drafting board .

e.  Graph paper

f. Notebook

g Tags, envelopes, and boxes for marking and storing

h.  Protractor

i.  Draftsmen’s scale

j.  Pair of dividers

k. Calculator

I.  Pencils

m. Marking pens

n. Magnifying glass

0.  Flashlights (bulbs, batteries)

Sk S % s
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Maps ‘grid, country, road)

Investigator's checklist

Polaroid camera (bulbs, film)

Smazll hand wools (screwdriver, dikes, wrench, crowbar)
Aluminum foil or plastic wrap for parts

First aid kit

Copies of accident rcport forms

Deatist mirror

Mirror

Knifc

100 ft line

String

Publications; e.g., operations handbooks and trajectory documents
Plastic bags

Field rations or canned food with camp stove

Medical supplies (10 bc- provided by local medical detachment)
Tape, cellophane and masking

Stakes and rope for boundary markers (500 ft)

Clerical kit for remote operation; typewriter, paper, sic
Car identification sign

No smoking signs

Small fire extinguisher

This handbook

Communication equipment such as walkie-talkie or other two-way radio for remote opera-

tions {obtain from local office)

Three-by-five cards.
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Kuhiman investigator Kit Recommendations

Several itenmts of equipment are penerally needed by an invesugator, Meacures, mote pads, wiiting matenials,
graph paper. and report forms are a few that are needed i every case, Collecnion of these items 1o # 4 preparert
in advance makcs the mechanics of the investigation casier for the investigaior by freeing s muind for analysis
and deduction. A List of usctul matenials for a general investigator's kit are shown in Figure D-1. The bask kit
of measunng, markmg and recording materials should be packaged to be readily portable. even when the in-
vestigator has to walk some distance to the accident site. Each item should be accessible without unpacking and
repacking other items. The kits should be readily accessible in the event of ar accident, but proiccied from use
as a routine sovrce of lools and admimistrat’ve supplies. An Liventory shouid be attached for the investigator's
informatson and periodic check of werns in the kit. Iiems which might deteriorate, such as pens, adhesive and
scowch lapes, etc. should be cycled with common supplies 10 ensure the kit items are usable.

To control the size and portability of kits, it is suggested thar special equipment used only for cerzin types
or classifications of accidents be kept in separaie kits. Valuable cameras and tesy equipment can also be betier
protected that way.

Many of the items suggesied for the kit are scifcxplanatory. A few, however, have special or unique uses
as will be detailed.

Administrative Items

Investigatar's Notebook, with evidence collection check lists, company accident report forms, witness state-
ment forms, graph paper for mapping. photo logs. and sequence diagram charts.

Clipboard and note pads for general investigation motes, skeiches, and calculations.

Plastic Bag, heavy, transparent approximately 18 x 24 in. Serves as rain cover for clipboard 10 permit note
and record making in inclement weather. Also serves to collect and protect documents.

’

Tools " Spacial Equipment

Flashlight, 3 cell explosion proof, or lantern Camera with flachgun

Spare batterics and bulbs for flashiight Flashbulbs and fi'm

Steel tape measure— 100 ft Cassette tape recorder and casseties
Scale—12 in. ruler or NU Traffic Template ) Sound level meter

Protector Gas vapor analyzer

Scissors Electrical recepuscle wnsion tester
Pliers Calipers, inside and outside diameter
Wrenches, smail adjustable or box end

Wire custing pliers Medical Equlpmant
Screwdrivers—large, medium Phillips

Knife—small sheath or 3 in. biade pocket Water

Saw—wood and metal cuning blades Triangular bandages

Compass Adhesive tape—1 in.

Magnifying glass Peroxide

Inspection mirrors—large and small dental Hand cleaner, waterless
Toothbrush—natural brisile Eye drops and oinimem

Nails—12d common

Rope—nylon 50 ft

Twine—300 R package wrapping
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Administrative Supplies

Investigator's fieid workbook
Clipboard

Note pads, lined 8-1/2 x 1)
Plastic bag 10 cover clipboard
Graph paper—1/4 in. squares
Accident report form
Witness interview statement
Pocket porntfolio

Envelopes, manila 9 x 12
Aluminum foil roli

Paper towel roll

Adhesive labels—2 x 3 in.
Felt tip markers

Balipoint pens

Soft, No. 3 pencils

Yellow lumber crayon

Black grease pencils

Orange spray paint—small
Eraser—arn gum

Scotch tape

Masking tape—2 in.
Cardboard tags, string

Speciat Devicar

Engincer's scais

Metnc conversions

Wire rope/hemp rope size calcuiators
Fluid sampie contsiners

Pin marking flags, 18 in.

Personal Protaction

Hard hat

Glasses, protective
Gloves, leather or canvas
Gloves, linemen’s

Ear plugs

Vest, orange flagman’s

Pocket portfolios provide ficld files for note categorizing and collection of statement and report drafis.

Envelopes, manila 9 x 12 in., to organize evidence collection for analysis. Provide more security against inter-
mixing and loss of pages than the working portfolios.

Alumirum foil for wrapping parts to protect them from corrosion and contamination. Brown **buicher s paper'”
can substitule for large item wrapping.

Paper toweling 10 pad parts when wrapping to protect fracture zones or mechanisms. Also serves for cleaning
pans.

Adhesive lubels, 2 x 3 in., to affix to wrapped parsts for later identification. Also can be temporarily affixed
to materials being photographed to label iiems or points of special interest.

Yelow lumberman’s crayon for marking floors, surfaces, equipment, or materials to identify positions or reference
points, For marking equipment before disassembly to permit re-mating as originally positioned. Will mark wet
surfaces and rough textures better than chaik.

Orange spray paint highly visible marking for dirt, snow, and surfaces not suited to the crayon. Use to outline
positions of parts, put identifying symbols on large damaged struchires to be photographed, etc.

Cardboard tags with string ties 10 labe! small paris and iteins when such labeling is more suitable than the
adhesive labels. Blank tags or a form tag can be used. Information should be put on the tag with grease pencil
30 it is not erased or smeared by water.

Tools

Flashlight, 3-cell or lantern for relizble light. Should be explosion proof and peeferably floating type. At least

one set of spure batteries and a bulh should be inciuded; more if used at remote accident sites.
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Tape measure. i00 fi, preferabiv aiso in metnic scaic. sieei for durability and precision. Surveyors pins, lead
weights with ciosed hook, or common naiis 1o anchor end if 10 be used by 2 single investipator.

Scale and protracior, 12 in. ruled for sketches as well us measurement of small items, or as size reference
for photographs.

Inspection mirrors. laige mechamces and small dental for examinaiion of areas not visiblz to the eye.

Toothbrush, natural bristie, soft for cleaning metal fracture surfaces and small pants. (Nylon bristies tend to
scratch and score sofier metals and materials, . . .}

Nails, 12d comsmon, 1o mark positions in dirt surfaces, hoid tape measure, and anchor points in siring used
to outline Jebris arcas or hold small parts in position {or reconstruction activities.

Rope and siring 1o cordon off pans of the site, outline debris areas for reference #nd photographs, tie parts
of matcrials together for reconstruction and anaiysis, and to wrap parts for prescrvavion.

Special Equipment
Camera, equipmen! and film of suitable type
Cassetie tape recorder for witness interviews, oral notes and observations, and oral reports
Sound leve! meter 1o measure and analyze noise Ievels and analyzc cffects
Gas and vapor analyzer 1o measure carbon monoxide and other gas vapor concentrations
Electrical receptacle iension tester to test clectrical continuity and grounding of receptacles and distribution cords

Wire/hemp rope calculalors o measure rope size for analysis of load capability of ropes used for lifting and
stabilizing

Calipers for precision measurement of pans. Inside and outside dimension calipers as pertinent

Fluid sample comainers of type, material, and size appropriatc for collection of fuels, lubricants, coolants,
and orher fluids.

Personal Protective and Madical Supplies for the investigutor
Warer for drinking and cleaning minor cuts
Peroxide for steritization of cuts from contaminated or rusied pars
Eye drops and eye ointmen; for dust, foreign objects, and irritations of the eyes
Coiton tipped swabs for cleaning cuts, eycs, cars, nose
Chapstick for lips .
Triangular bandoges foe injuries
Waterless hand cleaner 1o remaove grease, oil, din

Hard hat for protection
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Protecuve glasses where required

Flagman's orange vesi for conspiwcuity outdoors

Gloves, leather or canvas for general hand protection; linemen’s for clectrical
Ear plugs for roisy areas.

The investigator should always wear or provide himself with clothing and equipment suitable to0 the conditions
he ts likely to encounter. Protection against hazardous elements should be self-evident, but it is often overiooked.
There is no justification for violat.on of any standards or acceptable sale practices on the prewext of necessity
ta speed or complete an investigation. Prolection against more insidious hazards such as hypoihermua. exposure,
frostbite, or heat exhaustion is equally essential.

Inadequate clothing also prompis an investigator to hurry his cxamirations and investigative actions. The
investigator should wear clothing suitable to conditions to be encountered for the expected duration of his in-
vestigation. An eatra, dry pair ol athletic socks and possibly an extra pair of gloves frequently prove to be most
valuable tools for en investigatar,
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APPENDIX D

MEDICAL EVALUATION IN ACCIDENT INVESTIGATION —
TOXICOLOGY STUDIES
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APPENDIX D

MEDICAL EVALUATION IN ACCIDENT INVESTIGATION —
TOXICOLOGY STUDIES

The following instructions apply to all toxicological studies:

Tests

By an agrecinent between the DOE and the FAA., toxicology studics can be done by the FAA s Civil Aeromedical
Institme (CAMI} on a cost reimbursable basis.

1. Shipping preparation. The tissue should be placed in ordinary plastic bags or condoms; the air
should be expelled from the bag; Lhe bag should be tlightly knotted and chilied as soon as possi-
ble. The bag should be labeled with the person’s name. type of tissue, and estimated time of
death and chilling. Once chilled. it should be se-!ed in a heavy-duty plastic box with ice; three
pounds or so of ice per pound or less of tissue per 2/ hours estimated shipping time. The com-
mon variety of ice is preferable to dry ice, but the package must be well sealed to prevent leakage.
The accident commitiee chairman should include his retumn address and 1elephone number. The
package will be shipped to:

Chief. Pharmacology/Biochemistry Laboratory
Civil Acromedical Institute

Will Rogers World Airpont

Post Office Box 25082

Oklahoma City, Oklahoma 73125

2. Transpontation. It is suggested, on the basis of CAMI experience, that samples be sent by REA
Air Express. A \clegram or telephone call to the addressce (CAMI) is required to give notice
of shipment and the estimated time of arrival. The package will then be picked up by special
messenger. If problems arise for the accident committee chairman concerning Lhese procedures,
he can obtain the necessary help and advice by telephone call 10 the Chief, Pharma-
cology/Biochemistry Laboratory, CAMI. The number is 405-686-4866 or 405-721-2441 after
office hours.

If reliable tests can be done Jocally, they may be done in preference to shipment to CAMI 1o
save tuwe and effort involved in pecking and shipping. The investigation chairman should con-
sult with the local DOE or DOE contractor physician as to which laboratory to use for these
studies. The Director, Office of Operational Safery, Genmantown, is available for consultation

o any unusual problems that may be encourtered. It is often desirable 10 split the samples and
submit them to two different laboratorics as a cross-check.

Specimans .

Al specimens should be labeled with the name of person and his job assignment at the time of the accident.
In addition, & card enciosed in a plastic envelope with the foliowing information should accompany 1he shipment:

1. Daie and place of accident

2. Date and cstimated time of death
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3. Date and time specimen drawn
4. Datc and time of any special preparations (iced, clc )

5. Specify where in body ar debris specimen was obtained and identify insofar as possible.
Remarks

A statement concerning the date and time of the accident and, if known, very bricf circumstances of the history
of the accident should be submutted with the tissue.

Laboratory Reports

Laboratory analysis reports will be sent to the investigation chairman as quickly as possible. Remember that
embalming fluid invalidates most toricological studies.,

Blood Alcohol

Blood alicohol tests are desired on all fatalitics, These tests may be done on survivors if they consent.
1. Dreservation. Specimens should be placed and tightly sealed as soon as possible in a clcan test
tbe containing sodium fluoride {NaF), 0.1 gm per 10 cc blood as preservalive. Make every
¢ffort to avoid contamination. v
2. Refrigeration. If conditions prohibit immediate preservation with NaF, the specimen will not

be altered sigmficantly by iemporary refrigeration. No refrigeration is needed after preservative
is added.

3. Worthless specimens. Most toxicology specimens are worthless following embalming, but not all.

4, Kits and shipping containers. Special kits and shipping containers for specimen collection and
shipment are available 10 DOE physicians. They may be obtained from CAMI at cost.

Carbon Monoxide

1. Required testing. Carbon monoxide (CO) is a danger in accidents involving fire. CO determina-
tions should be made on al} fatalities of accidents involving fire. These determinations can help
reveal whether or not:

a. CO intoxication caused incapacitation.
b. If fire is associated with the accident, whether or not the victims were breathing at the
time of the fire. This is useful in helping to reconstruct the sequence of events leading

to the accident.

2. Localtesting. Quantitative blood anatysis for CO can ofien be performed focally. If Jocal facilitics
are not available, this analysis can be done a1 CAMI.

3. Preservation. Blood is preserved as is blood for alcohol: 10 cc blood in screw—cap test tube
with 0.1 ¢m sodium (luoride. Blood specimens need not be refrigerateu afier preservation.
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4.

Tissues. Tissue analysis for CO can be done at CAMI if blood ts pol availablz. Deep organs
or blood should be submutted. Eloaldy orpans unexpased 10 fire, such as spicen, hiver, and pone
marmow, are preierred. Approumately 50 gm is desired.

Cholinesterase Activity

Organophosphate chemicals. In accidents involving application with orpanophosphate chemicals,
the cholinesterase gctivity in the blood will detect recent exposure of the victim to the organo-
phosphate (anticholinesterase) insecticides. These substances can cause incapacitation and death,
depending on the amount and rapidity of exposure.

Preservation. The blood specimen should be placed in a 10 ¢c tube with one drop of standard
heparin (1000 units/ml} or its equivalent and refrigeraied (not frozen), so that the enzyme,
cholinesterase, is not liberated from ruptured red Uiood cells. Some laboratories do serum
cholinesterase determmunations, others red blood cell detcrminations, and some, boih. Freezing
will rupture the red blood celis and invalidate either of these tests. The earlier the test is per-
formed, the more refiable it is. This analysis can be done locally or at CAMI.

Paranitrophenol test. A paranitrophenot 1est can be done on the urine at CAMI or locally. A
positive reaction indicates exposure. A false positive may be seen when the person has recenuly
received suifonamides.

Special Drug Analyses

Special tests can be carried out if deemed necessary by the investigators. If evidence at the scene or by history
indicates any possibiiity of intoxication and/or side effects from medications., specimens should be submitted for
analysis. Stomach contents can be a good source of ingested drugs end may be the only specimens submitted
in which an easily metabolized drug is found. The larger amount of blood ofien necded necessitates the use of
tissue (e.g., onc of the following: lobe of liver, one-fourth brain, one kidney, lobe of lung). The specimen is
frozen, labeled (include name of drug suspected). and shipped to CAMI as previously described. Examples of

drugs that might be suspected if evidence is present are:

2.

Barbiturates.
Sumulants (amphetamines, etc.)
Tranquilizers.

Narcotics.

m

P A et LI L R PP, I PO Py

J_.

[ TV SN



Table |
SPECTRUM OF HUMAN FAILURE
I Management/supervisory factors. (Docs management make safery a vital pan of the job?)

A. Saifety policies, plans, procedures, and practices

B. Quality assurance program

C. Training and refresher programs
D. Union relationships

E. Worker morale/esprit de corps

F. Emergency plans and procedures. {Are full-scale periodic drills conducted?)
II.  Union attitude, role and contribution 10 safety
I0. Design factors
A. Operating equipment design
1.  Fail safe
> 2. Safery interlocks
5.  Redundam system
4.  High visibility, high atiention stimulation monitoring and warning systems
5.  Easy to read instrumentation
6.  Avoid information overload
7. Difficult to misread instrumentation
B. Uncomplicated contro! systems
9. Distinctive, easily idcntifiable controls which are functionally located
10. Meet cusrent standards

IV. Maintenance errors

A.  Faulty workmanship .
B.  Breach of established procedures

C. Faulty color coding

D. Inadequate inspection
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Failure of personnel mvolved in accident

A.  Incapaciation

2.

3.

Complete—partial

Permanent—lemporary (transient)

Sudden—subtle (insidious)

Exarmr ples of sudden incapacitation:

{by Acute myocardial infarction.

() Severe cerebrovascular accident (stroke).
() Drug/alcohol intoxication.

(4) Psychotic/neurotic reaction.

{8) Diabetic coma or shock.

Examples of subtle incapacitation:

() Epilepsy

(2) Diabetic coma

{3) Psychotic/neurotic reaction
(4) Smali stroke syndrome

(5) Drug/alcohol intoxication
() Buredom °

(7)  Fatigue

)

B.  Operator error (note relationship 15 monitoring and control systems design)

Cognitive
a. Aleniness
b. Errors in instrument reading
¢. Errors in imerl;mwﬂon of instrument readings
d.  Failure 10 note wamning signal
(I} Color blindness
(2) Tone deafness
¢.  Operator overload

Reactive (rcsponse efrors)

A
b.

c.

Wrong reaction and input

Too slow

Too fast

Communications ermors
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¢.  Operator overload

EQUIPMENT NEEDED BY PHYSICIAN FOR ACCIDENT INVESTIGATION

Very lide speciaiized equipment is needed The quanuuies of the following are recommended.

|

10.

Six sterile 10-20 cc screw cap test tubes with 0.1 gm sodium fluoride/10 cc (vacutainer-type
tubes can be obtained prepared with preservatives)

Three sterile syringes 20 ¢ (disposable type)

Four number 18 long ncedles; two number 20 spinal needles
One surgical knife and blade

Two urinary catheters (dispcsable)

Plastic bags (**baggies’’ or similar products are adequas : for small tissue specimens) ang supply
of rubber bands. Condoms are very useil here.

Cold or warm weather gear, sun protection gear, etc., should be taken when ecessary. Boots
are useful at an accident scene. '

Knowiedge of a readily available sourcs of crushed ice for shipment of tissue specimens

In accidents involving pesticides, rtandard heparin or preheparinized vacutainers should be kepi
readily avaifable.

Camera, film ard flash equipmert.

Table 2 gives suggestions for use of this equipment.

X
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The following suggestions relate to the kit 10 be usec for transporting specimens. Maierials can be kept frozen

Toble 2

SUGGESTIONS POR USE OF EQUIPMENT

and <hipping time selccted 10 avoid arrival at CAMI on weckends.

PR

Specimens requested (in order of preference)

Blood: 20 m) or more, from heart, peripheral vessels or body cavities. Source of blood
is useful Ziformation. If fresh blood is only specimen collecied, remove self-addressed,
franke tube mailer from kit and send scgarately. Refrigerate blood until mailing. Sampies
will remain cold 24 hours.

Urine: As much as 100 m! if available

Visceral organs: 50-100 gm of liver, kidney, spleen, Jung, muscle or brain, as available
Gastric contents: As available, to 100 ml

Pharmaceuticals on person or found at accident scene. Information on medical condition
requiring therapy will assist the laboratory in identifying drugs.

Packaging. Following are the various recommended packages and packaging procedures:

b.

Individual polyethylene bag for each tissue
Whirl-pak bags for fluids.
Screw-capped bottles for old blood not requiring anticozgulant or preservative.

Vacutainer tubes in plastic mailers for unclotted blood cbeained from vascuiar system at
prompt autopsy, or from survivors. Heparin (green stopper) is required for cholinesterase
(pesticide accidents). Oxalate-fluoride (gray stopper) is used for blood sugar (suspected
diabetes). Either tube can be used for all other 2nalyses. Fill both if enough blood is
available. If vacutainer collector not used, inject blood through stoppers.

Labeling. Label each contziner; name on cach is essential if multiple casualties. Pen provided
in kit will write directly on ail surfaces.

Preservation. Freeze all specimens, except blood, in vacutainer tubes, immediately. Use no
chemical preservatives.

Shipping. REA is the quickest method of returning kit to CAMI.

Notification. Call 405-686-4866 when shipment has been seit; after office hours, call 721-2441.
If informed of shipment, CAMI can watch for arrival and can also send replacement kit or mailers
immediately. Unused materials should be retumned wirh kit

Specimens from embalraed bodies may be useful for certain analyses. Specimen of embalming
fluid should also be sent. Tissues packed in kit frozen will be frozen or cold after 46 to 60 hours.
Fill can with conventional ice and include in shipment. Do not use dry ice.
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THE AUTOPSY

—

Obtaining autopsy. A strong ariempt should be made to cbtain an autopsy on all fatalities. Even
in extreme cases of incineration, blood and ussue can often be obtained for studies. The heart
in such cases is often intact and wiil be found 1o contain blood suitable for carbon mvonoxide.
ethy) alcohol. and viher swdics. In *‘survivable’' accidents. a general X-ray survcy of the body
is desired. Simple fractures are ofien missed on autopsy. The human body can survive greater
impact forces than belicved possible untif recently.

2. Preaccident planning. Embalming invalidates most toxicological studies. The key to this prob-
lem lies in preaccident planning (i.e., obtaining the cooperation and undersuinding of the iocal
coroner/medical examiner). Previous understanding with the coroner results in smooth opera-
tion in this area of the ivestigation.

3. Consultant forensic pathalogist. If, after an autopsy is authorized, no pathologist is available,
or if it is obvious thai the local coroner or pathologist is not oriented to forensic pathology,
the DOE physician, with the approval of the accident committee chairinan, should arrange for
the services of a forensic pathologist. In these cases, when delay in autopsy is evident and no
refrigeration for the body is available, a compromise may be made concerning ermnbalming. Fresh
blood should be drawn prior to embalming.

4. Autopsy cxpenses. In some states, the corone~/medical e .aminer requires that his office per-
form this study and the cost is assumed locally. Charges for autopsy services, rendered in
duplicate, should be presented to the investigation committee chairman,

5. Autop,y protocol. The autopsy protocol should be torwarded to the DOE physician for study
and analysis. The DOE physician should make the autopsy findings and his interpretation of
the findings the subject of a brief summary report td the investigation chairman.

»

N.B. Statutory authority to order autoosies and lests is provided in Foderal law for aviation accidents. SUCH AUTHORITY IS NOT
AVAILABLE IN ACCIDENTS IN DOE OPERATIONS {except that the National Transponation Salery Board may invoke this
siatilory authorily in the case of & DOE aircrafl accident).
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An Accident Inquiry

The U.S. Department of Energy and its contraciors thoroughly investigate accidents and *'near misses’" for the
primary purpose of preventing a recurrence of the accident or similar accideals.

Design of equipment, procedures, and environmental factors may be major factors in accidents and are thoroughly
examined. Human factors are also significant. These may include: effects of me .icines and drugs, or chemicals,
or illnesses on behavior; the rejation between physical capabilities and job requiremenis; and the injury-producing
characteristics of equipment.

The future protection of an einployee and his fellow workers is improved if a physician evaloates the medical
factors in an accident. Therefore, this authorization for medical evaluation is requesied.

L B B
Authorization for Medical Evaluation of Peceased

STATE — COUNTY

DATE TIME

By this Medical Authoerization or a repsoduction Urereof, 1 hereby avthorize and request each physician and per-
son in the medical or related fields and cach hospral, clinic, establislkment and place rendering .
any medical or related service to allow a physician des.znated by his or her employer to have, examine, and/or
copy, any and all information, records, reports and X-rays, regarding the deceased’s physical condition and treat-
ment therefor, provided that such information is to be used only to prepare 2 medical evaluation of possible or
probable effects and conditions deemed significant in relation to accident prevention.

If the physician deems necessary, 1 further authorize a medical examination or autopsy of the deceased.

Signature _
next of kin
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An Accident Inquiry

The U.S. Depanment of Energy #nd 115 contractors thoroughly investigate accidents and “"near misses™ for the
primary purpine of prevenuing a recurrence of the accident or similar accidents.

Design of equipment, procedures, and environmental lactors may he major factors in accidents and are tharoughly
examined. Human factors are alss significant. These may include: effects of medicines and drugs, or chemicals,
or iilnesses on hehavior: the relation betwecn physical capabilities and job requirements: and the injury-producing
characiensiics of equipment.

The future prutection of an employee and his fellow workers is improved if a physician evaluates the medical
factors in an accident. Therelore, this authonzation for medical evaluation is requested.

a N
Authonzation for Mecdical Evaluation

o
STATE _ . . . ___ . L COUNTY

DATE . . _ .o e TIME  ___

By this Medical Authorization or 2 reproduction thereol, T hereby authorize and request cach physician an? per-
son in the medical or relaird ficlds and each hospital, clink. establishment and plage rendering me any m Sical
or related service to allow a physician designated by my employer 1o have. examine, and/or copy, any and all
information, records, reports and X-rays. regarding my physical condition and treatment therefor, provided that
such infurmation is to be used oniy to grepare 3 medical evaluation of possible or probable effects and conditions
deemed significant in relation to sccident prevention.

It is undersiood that 1 shall receive a copy of such medical evaluation for my own use.

Signature
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APPENDIX E
WITNESSESa
Philosophy

The NTSB/FRA philosophy of questioning withesses to accidents is 1o intervicw rather than inlermrogale,
“Imerview ™ conrotes 8 cooperative informal mecting where the iiervacwer approaches the interviewee as an equal.
The cooperanion of the interviewer is sought; he 1s encouraged 10 tell his story freelv without interruption or in-
timidanon. An interview 1s usually conducied informally with a votuntary or cooperalive answering of questions.

“Iatertogation” connotes that questioning is donc on a formal or authontative level such as a lawver/witness
situation, a police officer’suspect session, or a parenischild relauonship. Here the questioming may he devious,

shrewd, of ciever w ith the objecuve of tricking, trapping, ur anugomzing the witness 10 gef the information at any cost.

Iis the interview rather than the interrogation philosophy which is desirable in the Guestionilgy of withesses
by accident investigators.

Introduction. The category of cyemitnesses in this section will be interpreted as persons in the vicinity of the
accidznt site at the time of the accident. Such persons as designers, manufacturers, physicians, mainlenance per-
sonnhel. mechznics. metallureists, crew members, and other etperts in specialized ficlds shall not, for purposes
of this section, be considered as witnesscs unless they observed the accident firsthand.
Purpose. The iavestigaior intecviews accident wilnesses with mwu basic objectives in nund:

i Establish a preliminary suxpect arca .

4
2. Complement other phases of the investigation.
The thoroughness with which thesc two objectives are carried oul is contingent upon the thoroughness of the

imestigator. The expericnced imvestigator realizes that bits of seemingly insignificant information may assune great
imperance when combined with investigaon {indings in other areas.

Locating Eyewitnesses

The locating of accident wilnesses often requires an extensive search of the accident site area; the following
potential sources are intended as a guide in supplemenling the investigator’s ingenuity in localing witnesses.

1. Residents in the vicinity of the accident site may have information regarding: time of accident,
engite sound, duration of sound, fuctuation of dynamic level, unusual noises, local weather,
relative speed, heading, initiad condition of wreckage, rescuc operations, etc.

2. Local authoritics often will have names of witnesses.

3. Terminal personnel, c.g., ticket agents, dispatchers, operaiors, may have valuable witness
information.

5. Excerpts from Federal Railromd Administration (FRA) liscrature.

-
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A nowspaper office 1s ofien contacted by the witness who believes be possesses sigminicant
informauor:.

A plea via local news media mav encourage the reticent of IFANSICAT WITNESS LO CONLICE investipa-
tion hcadquaners.

Temporary area personncl, such as lenter carriers, dehiverymen. public vnlity employees.
repairmen. cic., may have been in the arca at the tine of the accident.

Expedituous arrival at the accident site facilitates the questioning of sightseers and the curious
regarding as 1o what atiracted them to the accident. Those speclators may also know of other
wilncsses who have departed the e,

Rescue personnel can often provide significant occupant evacuation informarion priof 10 rescu®
operations.

Onc witness may lead 1o another. Ascertain whether or not the witness was alone at the time
of the observation. The reticent or introverted witness may be reluctant to volumeer information
and as a conscquence may never be found without the aid of his more talkative companion.

Witness Location Significance. The cxact spot from which a witness makes an obscrvation may explain why
his statement differs from that of other witnesses in 1he crash vicinity. A witness levation chart, to be used in
conjunction with the writen statement, should be prepared for clarification purposes.

-

A witness downwind of the accident may often hear engine or other sounds nof audibls 1o the
upwind obscrver.

Sound is deflected and distoried by walls or buildings and may cause the witness to erroncously
feport direclion, sound origin, or dynamic level.

Noise level at the point of observation may account for 2 witness missing significant soumds noted
by other observers.

The witness looking toward the sun sees only a silhouette, while the witness with the sun at
his back may note color and other details.

A witness located in a group may be influenced by the power of suggestion. An outspoken member
of the group might exclaim, “Those two trains missed a collision by inches!™ when, in fact,
the lateral separation was 100 fi. The type of individual who hates to be critical of others reports
that the trains passed in close proximity when in reality his initial impression was that there
was adequale separation.

Sansory iusions. Most investigators are aware of sensory illusions and their effects on operator actions. These
same illusions and their influcnce on witnesses should be considered by the interviewer. The following examples
of sensory illusions will serve to create an awareness of cxistence and potential influence upon witness obwervations.

The rotating versus the oscillating object. (The experiment with the rotating trapezoidal window
is an excellent example of observer susceptibility to illusions.)

Consider the relative motion ilfusion, particularly with reference to velocity, when the observer
in motion views a vehicle also in motion. It is incumbent upon the investigator lo consider speed
and direction in which the witness was moving in relation to the direction of the observed veiii-
cle. The apparent speed of a vehicle will be higher when the vehicle and observer are moving
in opposite directions.
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3. Visual illusions resulting {rom false information being ied Lo the braun may acccunt for crroncous
wilness obscnvations. The accident srveshigator must evaluate before accepunz credibility, ©.g.

a.  Flicker vertipo: In rare cases peopis suffer aaverse effects such as nausea, vormuung, disonen-
tion. of unconsciousness, resulnng fromn the effect of a Mickening fight.

b, Autokiness: Staring at an 1solated hght a1 mght can produce a false sensation that the Hight
is moving nondirectionally.

4. Absence of shadows at night makes size a2nd disuince estimates difficult,
5. Addwional visual problem arcas with which the interviewer should be aware are:
a.  Night vision limitations imposed by the physical structure of the cye
b.  Refraction ervor caused by a wet windshield
¢.  Hlusicn of being closer 10 signal lights on bright, versus lights on dim
d.  Erroncous cxtimate of altitude when there is an up or down slope to the track
c.  Reductim in night perception afier a bright day on the beach or ski slope

f. Fatigue. inadequale onypen. smoking, and disiraction of bright lights in the cab also decrease
night vision.

6 The possibility of illusions influcncing witness observations makes it advisable that witnesses
be selected irom various points of obsenation. This iends to provide a more comprehens ve
conerage of the occuirence. This is mt to sav, however, that an average of wilness ohsenvations
is to be assigned greater credibilnty than a competent witness whose obsenvation deviates from
the majorty.

7. Consideration musi also be afforded the local observer who in many cases 1» more apt (o note
occurrences significant or unique 10 local surroundings than is the transient (0 whom Lhe same
occurrence would hold litte significance.

Expediting the Interviewing of Withesses

Prompt arrival at the accident site is probably the accident investigator’s finest investigation aid. 1t affords the
opporturity of examining the wreckage before excessive disturbance and permits questioning of witnesses before
they reflect on their observations.

The investigator is urged fo visit the accident site, survey the situation, and decide upon certain questions which
he feels witnesses could answer,

Witnesses forget as time elapses. They are influenced by aswociation with other witnesses and other people.
They rcad ncwspapers, listen 10 the radin, 2nd watch television: news media has its cffect on the wilness, The
witness, like the fisherman, may embellish his story when he finds listeners less anentive than when he originally
told the story. The best solution for remedying these wimness frailties is o interview the witness promptly.

A memory experiment associated with the time lapse was conducted by a group of psychologists and revealed
the following facts of significance to the witness interviewer:
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[.  interviews taken immediately following an occurrence contained maximum detail and were
generally more complete.

5]

After a two-day Jelay. the information was more general with fewer specifics, but the main or
more vivid poinis remained.

3. Afer a seven-day detay, a few of the more vivid events remained. but there was considerably
niore conjecture. analysis, and opinton injecied by the witness. Cerainty as to events observed
also declined with time.

Wilnesses, when contacted promptly, 2re usually appreciative of the need for accident investigation 2nd the pro-
motion of safcty. Some witnesses may consider the interview an imposition and brcome indignant and impaticnt
when asked to recount their obsenvation:.. This sauation is unfortunate but preferable to the witness who complains
about the complacency of the accident invesnigators because he was never contacted.

The inteligent witness is aware of voids or blanks in his statement (which the trained interviewer realizes exist
in all obscrations) and cndeavors to climinate them through the application of logic or rcasoning. The longer
a witness has w reflect on his obsenvations. the more likely he is to modify or supplement the facts in the interest
of coherency. Maximum witness reliability can best be achieved viz prompt interviewing.

Occasionally subsequent cvidence dictates that certain witnesses be requestioned. The requestioning of a wilness
Jdoes aot pecessarily indicate that the inten iewer was remiss in (he conduct of the initjal imerview. Instead, the
investigaior may cmpluy this technigue with the witness who appears 1o rationalize and analyze during the initial
imterview. The investigator would atiemp: to scparaie fact and analysis by observing whether or ot the more vivid
arcas of observation were presented as they were intially, and whether areas of suspected conjecture and opinion
sere analyzed differently than when the witness was first interviewed. By this means, the investigator would -
wmpl to separale fact and analysis, and verify witness rehability. Requestioning a witness may also be in order
in confirming techmeal group {indings. . :

A Successful Interview -

The information derived from the witness interview is ofier direetly proportional to the skill of the investigator
in esablishing rappon. The Witness Group spokesman is responsible for the success or failure of the interview.

The interview should not simulate a surprise party. Make prior arrangements (o inicrview the witness at a time
and place convenient for him under conditions conducive lo maximum cooperation and recall.

Optimum results arc obtained by appointing a spokesman for the Witness Group who is responsible for: intro-
ducing the witness to members of the Group, the showing of credentials, the allaying of any guaims and guestions
the witness might have relative to submitting a signed statement. general conirol of the Witness Group, and establish-
ment of rapport.

Rappont consists primarily of placing the witness at ease and assuring him that he is not going to be prilled
or given the thind degree. Setting the stage and placing the witness at case should include explaining the objective
of accident investigalion—-ACCIDENT PREVENTION,

Initially, encourage the witr:2ss to tell his story in his own way withou: guestions, comments, suggestions, or
interruptions from the interviewer. Periods of silence in this phase, while the witness coliects his thoughts, have
been found to encoursge the witness to expound more fully and to avoid omissions. The investigator’s ability w0

be a8 good listener and to keep the interviewee doing the talking is essential in this phase.

Questions from Witness Group personnel subzegquent to the narration of the witness should be channeled through
the designated Group spokesman since he:
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Has already established mappon.
Wil soteen redundant questions.

Cap organize quustions via subject matter and aslempt to question by following the sequence
of the occurrence.

Prior plunning on the part of the interviewer 1+ neces.ary 1o direct the interview in a sysiematic line of question-
ing. Predetermined qucstions concerning suspect areiss should be asked of all witnesses.

This does not mean. “‘use of a prepared Livt of questions.” but rather the exploration of arcas of grealest prob-
abilits based on the technical knowledge of the interviewer. Prior planning has the advantage of:

1.

LE)

4.

Reducing the number of bare “ves™ or “no”" responses common to the prepared questionnaire
Containing the interview within areas relevant 10 the occurrence
Reducing the tendency of the interviewer to ask [eading questions

Avoiding the rigid stereotyped interview.

Aids to Interviewing. Successfully interviewing the accident witness is »rimarily an application of common
sense. Show the witness the same consideration that you would appreciate if the situation were reversed. The ex-
perienced interviewer adopis his own ¢ffective style or technique. The following suggested interviewing tips for
the novice intcrviewer will a0 serve as a review or checklist for the experienced accident investigation witness
imervicwer:

During the initial narration of the witness it is advisable for the intervicwer o take noles. The
note taking should be unobtrusive and done only with the consent of the witness. Even with
the consent of the winess, discretion should be used, and note taking should cease if it is Jistracting
1o the witness. Notes should not be so extensive that the witness becomes absorbed with w hat
the interviewer 15 doing. Explain to the witness that the notes are used to suggest areas in his
narration that may require funther eaplanation.

Frequently the witness has difficulty putting inlo words what he observed. In cases such as this,
explanalory sketches -+ diagrams are valuable supplements to the witness statement. They should
not be construed. hiwever, as substitules for the nartative staternent. When there is doubt in
the mind of tix 1nvestigator concerning the exact meaning of a statement, check the answer. The
simplest method is to rephrase (¢ answer and get the witness to eonfirm it.

Courtesv and consideration should be affosced the witness at all times. Be patient with the wilness
if he has difficulty in remembering details. Normal witness observations are expected to have
periodic voids. If the witness «~ indefinitc in a given arca, allow him 1o record his siatement
that way. Do not insist that the witness give a straight “yes’ or “no™ answer.

Anempt to have the witness confine his comments to his observations. Avoid bearsay or areas
not within his personal knowledge. If the witness reports that somenne elsc described the acci-
dent 10 him, take the name and contact the person at a later date. Get the full meaning of each
statement of the witness. Aralyze each answer carefully for suggestions or leads to funher
questions.

Afier the witness has completed his narrative, the itvestigator usually will have some specific

questions o ask relative (0 arcas that appear in his notrs. Keep questions simple, gvoid jarven
or terminology that could be foreign 1o the witness.
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Use the straightforward and irank approach in guestoning the witness as opposed 10 the shreswd
or clever technique cmploved by an atlorney. The investizator 1s in.crested 1n obtaining informa-
tion from the witness and not in tncking him Gr trapping han icto an unguarded statemen:.

Avoid arguing with the witness concrring mral responsibility of the crew, operalor. or public.
Wiinesses have been known o regurd the intzrview as a medium for vircing their opinions on
onnoying aspects of their jobs. Attempt 10 keep the witness conlinsd 10 his cbservaiions relative
to the accident.

Do not assist the witness with terminology when he experiences difficulty in describing some
technical phase of his job. The statement should e in the words of the witness and in terms
that he understands.

Percentages and fractions, when used by a witness in describing an event. should be trunslated
into exact descriptions, There is a tendency to exaggerate in terms of percentages or fractions
of the whole, e.g., “That train goes throuzh town too fust about 90% of the lime.”

The wording of the question is very hnportant. The following example iHustrales how answers
are affzcted by rewording the question. “Should the United States do all in her power to promote
world peace?” Of the people questioned. 7% answered yes. The questior was reworded: “Should
the Urited States become involved in plans to promote world peace?™” In this instance only 60'%
answercd yes. The connotation of the word “involved™ made the difference.

Qualifying the witness is important in estaklishing observation credibility. Witness vocation and
cxperience should be established. When a mechanic specificaily describes the sound of an engine
as surging or backfiring, this observation shoutd be more reliable than a similar chservation of
a person totally unfamiliar with the operation of the engine.

Use the individual versus the collective witness interview. The collective witness intervicw allows
wilness #2 to hear the statement of witness M. In hearing the statement, witness #2 could possibly
take information that is mentinrned by witness #1 and use this informanon to fill blanks n his
observation. Many tiraes the collective vitness interview will result in one witness contradicting
and correcting another. In the collective interview. a witness can be influenced by the statement
of another. Conformity of wilness observalion is not necessanily what the accident investigator
destres.

Use of a tape recorder is a matter of individual interviewer preference. Consideraticn should,
however, be given to certain associated circumstances and requisites:

a. A signed written statemen. is desirable,

b. Tape must be transcribed and foiwarded 1o witaess for signature.

c.  Witness must edit transcription.

d. Some witnes: »s concentrate more on the microphons than on their observations.

¢.  Environment may not be conducive 1o recor&ing.

f.  Mechanics of operating the tape recorder may be a disadvantage, e.g., changing tape in
the middle of an interview; faulty recording due to inexpetienced operator or mechanical
malfunction.

g Wimess should be provided with a copy of his siatement.
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i4. Tourcsy during the interview is emphasized. Counesy is as impanant incoacluding the witness
mnierview as s in conducting 1. Thank the witness for his couperation and time 1 providing
the information and preparirg the signed siaiement. Bear 1n mind tha! the statement was volun-
tary, and perhaps given on his owrs ume. The invesugator shouid leave a phope mumber and address
where he can be reached, should the wnness recall addional informanon ehar he failed 10 n-
clude 1n his statement.

15, Risuvccasionally necessary that the intcrviewer assisi certain well qualified, obscrvant witnesses
with 1he organizacon of then staterments. A few minutes spent here will aid furure readers in
graspine the fuil significance of the information. Valuable witness inlerviews have been wasted
because an investigator has fiiled to obiain 3 recorded statement in an coherent form. Applica-
tion of the following suggestions may help avord this problem:

a.  Assist the wilness with the mechanics of organizing the written stalement. Suggest the use
of an outline if the wi:ness appcears to have difficulty in organizing the report and cotlect-
ing his thoughts.

b.  Encourage the witness to use drawings, sketches, or photographs if they wili help clarify
the writtcn statement. These are merely supplements to the report and do not *ake the place
of a written statcment.

c. Assist the witness in organization only. Do not zid the witness with technical terminology;
his statement should be written in his own words,

d.  Witnesses tend 1o minimize o omit observaiions which, to them, have kitle significance.
The investigator's working background should guide him us to the significance of the in-
formation to be included in the statement of the witness. Frequemly, relatively insignifi-
cant inprmation becomes vital to the cause of the accidetd once the pieces of information
have been put together by the experienced interviewer.

¢. A witness wiil occasionally omit information from his writicn statement that he included
in his oral description of the accident. It is the responsibility of the iaterviewer to caich
these omissions and ensurc that they i -~ inserted in the writien report.

f. A professional approach to witness interviewing requires that the witness be provided with
a copy of the statement. This is a common courtesy which should he afforded the wirness.
The copy may bring to miad additional observations the witness made relative 10 the aces-
dent when he has an opportunity to reread his staiement.

Witness Types

Tnere are as many varizgtions in witness types as there are types of people. To better evaluate the observations
of the witness. it is advisable that the interviewer have some knowledge of what factors influence some of these types.

tnjured Witness. When questioning the injurcd witness, altempt to keep the witness group small. Obtain the
permission of the attending physician prior 10 intcrviewing the injured witness. The witness might be under seda-
tion, in a state of shock, or in a condition where no coherent statement could be expected. The investigator should
be cautioned, however, to listen fo seemingly incoherent statements or ramblings of the injured witness: these
ramblings may contain & clue as to the cause of the accident. Limit questions 1o the essentials; screen and plan
them carefully. This could be the only opportunity to question the inyured witness. Ensure that the investigator
is accumpanied by another member of the witness group for verification of witness observations.

Child Witness. Children may be the most objective observers. Unlike the adult witness who analyzes what he
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sces and may alier his observation in favor of fignc. the chrid wiil generally report whar he sees. regardless of
how improbable it may be. Discretion must be wsed particularty in questioning young children (47 years): they
sometimes live im a worid of fantasy that to themn is as reaj as evervday adult fife. The aslwe quesioner should
be abic to separate fact from fanuasy.

Children are particularly susceptible 10 Jcading questions. (A icading quesiton s defined as a question which
conwins the answer. ) Most children are quile tmpressed with the fact that an adalt is asking them questians, and
they are even more impressed when the adult bsteas to the answers. In order 10 retain the adult's attenuon, the
child wiil attempt to pleasc by giving the answer he thinks the terviewer wanis. Here the leading guestion is
panticularly dangerous. since ihe interviewer has sJready given the child an indication of an acceplable answer.

Hlitarate Witnass. The intervicwing of the illiterate witness mzy present a delicaie situation. Many people who
are illiterate prefer to keep it a secrel. Should this siuation exist, yuestion the witness individually to aveid any
possible embarrassment. I{ facilities are available, u is preferable to have the iltiterate witness dictate his staie-
ment. however, the interviewer may write the staiement for the witness and read it back to him for verification.
The interviewer should be a2 witness, along with another member of the witness group when the iiluerate makes
his mavk.

“Know-Nothing" Witness. The “know-nothing™" witness fears involvement, and even though he has witnessed
the occurrcnce, he prefers to remain in the background and not get involved. This type can sometimes be ap-
proached by stressing the need for safety or by appealing to his humaniiarian nature.

Prejudiced Witness. The prejudiced witness may hate nuclear power, consider it dangerous, and feel that reac-
tors should be declared a public ruisance, This individual may be encodraged 1o give a staiement by sympathizing
with him and lisiening o his complams.

Intoxicated Witness. The intoxicaled witness shauld be lictened to, but his staiement shouid be taken later.
Individuals often say things under the influence of alcohol that they would not say if sober. Confront the witness
with these remarks the following day when he is wober.

Suspicious Witness. The suspicious witness guards his privacy and resents any intrusiun by the public. He
is saspicious of governument investigalors, hates publicity. and in all probability would prefer not to give a written
staicment. This wilness may be encouraged to give a stalement by stressing the imponance of safety and by con-
vincing him that his help is needed. Present investigator credentials, and try to resolve any fears or suspicions
the witness might have relative to giving a siawment.

Talkative Witness. The talkative witness is vsually the type of individual who s delighted 1o be the center of
anention and will talk for hours concerning his observations, Impress upon this witness the need for a businesslike
interview, the importance of safety, and that you have other witnesses to contact. The boasting witness also falls
within this caicgory. Impress upon him the nexd for facts and that any stretching of these facts might mislead in-
vestigators as to the actual cause of the accident.

Timid Witness. The timid witness requires moral support and encouragement. This witness is frequently in-
secure, discounts his own importance, and fails to see why any information that he has would be of intcrest to
amone else. This category often inctudes the fureign-bom witniess who does not speak English. Allow the witness
to write his statement in his native language, or permit him to dictate it to a translator, if he prefers. Allow him
o write his statement in privaie, gain his confidence, and be empathetic.

Factors Affecting Witnesses

Various factors tend to influence wiltness observations. It is advisable that the interviewer have some knowledge
of these factors 10 benesr understand why witnesses report as they do.
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Witness reporting reliability s partly dependent upon inteligence. Reiiability 1s not as apparent
in observing as it is in the area of abilily to recail and 1 the organization of thovghts. The Jess
intelligent witness wends (¢ have gifficulty in recailing specific detad simpiy because it failed
o interest ham. He will also have wifficulty in orgamizing his thoughts and presenting his obser-
vations in & coherent manner,

No witness should be overiooked on the basis of apparent iack of intclligence of as a result of
his age.

No significant variation has been found in contrasting the accuracy of adult female and male
observations.

Emotion and exciiement 1end to produce decided distoriion and exag, sration, especiaily in the
verbal description of an occurrence. Emotion will tend 1o influence the description of an acci-
dent where there is persona! involvement. Accuracy depends panly on the observer’s mental state
at the time and partly on the complexity of the situation.

Exaggeration tends to creep into the imerview afitr a witness has repeated his coservations several
times or has been given time 1o reflcet on the events, Witaesses tead w fill in blanks or voids
in their observation after they have had time 10 apply logic and reason. They temper their statements
in the hope that their observations will be accepted by the interviewer.

A common witness failing s “transposition.” The witness reponts all the fucts, but places them
out of sequence with the actual occurrence. The experienced investigator vhould pick this up
and attempt to have these areas clarified when the witness prepares his written stalement.

Omissions are common in witness suatements simply because the witress does not consider cer-
tain information impornant. Omissions concerning details of an observation have been found to
be mest common in the free narrative type repon where the eyewitness is asked o prepare a
statement of ob-ervation without the benctit of questions.

The “complction™ or “interrogatory™ type statement, as contrasted with the “free narrative,”
asks the witness to comme.:l un specific areas of observation. The completion type wilncss ques-
tionnaire covers a broader area of observation than does the free narrative, but it also leads the
wilness to comment in areas where he had no previous impression. Adaitions are more cor.imon
in the completion type questionnaire, since the invesr gator has given the witness a clue to what
information he desires. A combination of the fro# narrative and interropatory type statement is
recommended for accident investigation.

When a number of witnesses reflect general agreement in describing an occurrence, the cir-
cumstances may, in general, be considered correct. Exercise caution, however, since psychological
experiments show that there is a strong tendency for the same errors to appear in testimony of
different individuals.

Witnesses tend o be particularly astuic and perceptive in areas of observation in which they
are personally involved.

Witnesses who have sustained a frightening or traumatic experience often have difficulty recall-
ing even the most vivid events, Ttis may be a result of the natural tendency of the mind to dispel
of push unpleasant thoughts back into the subconscious as a protection against uncomfortable

and upsetti~g .

In establishing witness credibility, the investigator should be aware of the imerviswer tendency
10 interpret ambiguous answers in accordance with the investigator’s particular beliefs, opinions,
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or prejudices. For exampie: the temperance aavocate, when interviewing a group of skid row
occupants, attribuied their misfortunes and current social status primanly 10 their excessive use
of alcohol. A psychologist who was unbiased inierviewed the same proup; he atiributed therr
situation to alcohol in less than 5G% of the cases.

The interviewer shoul” be aware of the witness tendency (o underestimate long distances or periods
of time, but to overesiimate short distances or periods of time.

Analysis of Withess Observations

The rathering of the witness . vidence cornprises about 50% of the witness phase of the accidenr investigation.
The success of the witness phase hinges on the remaining 50%, the ability of the investigator as an analyst to
apply his technical knowledge to the seemingly unrelated observations of ard 1o emerge with possibls contributing
and causal faviors.

The purpose behing analyzing witness statements, as opposed to accepting them at face value, is 10:

1.

2,

3

4.

5.

Translate layman observations into possible causal (actors

Evolve order and logic froun apparent confusion

Corroborate facts by coordinating witness information and other findings
Evaluate witness credibility

]

)
Evaluatc the witness as a potential pubtic hearing participant.

Never underestimate ihi¢ value of any detail in questioning a’witness. The investigation is particularly intriguing
and challenging when approached through the human element—witnesses. A slipshod job in the witness pnase
mav overlook a suspect area, delay the cause finding, or even mislead investigators to the extent that the cause
remains undetermined.
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