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EXECUTIVE SUMMARY

Under Task 1 of work package E8244, “Review and Analysis of Radiography Radiation
Exposure and Overexposure Events,” the Idaho National Engineering Laboratory conducted a
human performance evaluation of industrial radiography overexposure incidents for the 1.§. Nuclear
Reguiatory Commission Office for Analysis and Evaluation of Oper: ional Dais +RC-AEOD). The
scope of the effort included review and analysis of historical and current events, categorization of the
events in terms of human actions and contributing factors, and detailed modeling of a subset of
events for additional analysis.

This report summarizes the methods, analyses. results, and conclusions drawn from the human
performance evaluation. Data summanes and analysis materials are included in the appendices of
this report.

The Nuclear Matenial Events Database (NMED) was used to identify radiography exposure
events occurring between 1987 and 1994; 95 events were identified The 95 events were categonzed
into eleven descriptive categonies which showed that 17 events involved a survey not being performed
or performed improperly, 1€ involved the source not being retracted properly; and 13 events
involved the dosimeter badge being tampered with or accidentally overexposed (not necessarily a
human exposure). There was insufficient information available to categorize 30 of the events.

A subset of acute overexposure and acute but-less-than-overexposure events were identified
for additional data collection from NRC and Agreement State regulatory offices. Sufficient
information was obtained for 19 events, providing enough detail for human performance analysis of
the events. Four different analysis tools were applied, each providing a different analytical focus.
These tools provided complimentary analyses and a more complete picture of the facts and
contributing factors associated with the radiography events. The analysis tools included: 1)
operational sequence tables (o outline the key human actions an interactions with equipment; 2)
human reliability event trees; 3) an application of an information processing failures model; and 4)
an extrapolated use of the error influences and effects diagram. Each analysis technique is described
in detail in this report, and the completed analyses for the 19 events are included in the appendices.
These analyses combined to indicate which subtasks of the radiography work involved errors, and
how the errors might be charactenized.

The data suggest that two primary types of errors occur in industrial field radiography: errors
related to the use of radiation survey meters; and errors involving the set up of equipment before
each shot. Errors involving the use of the survey meter are for the most pan characterized by failure
to execute proper procedures. Errors with equipment set up are characterized by problems with
strategy or action.

Based on the analyses, suggestions were developed for how errors might be addressed,
including where training, equipment interface design, or job aids might be most helpful. Sample
ideas of how such considerations might be applied are discussed.

A general observation of this study was the need for detailed, consistent event reporting and
data collection for better analysis of performance issues in industrial radiography. An easy-t0-use
guide for data collection during incident investigation might be a useful means to standardize the
data collected. A brief data collection form was developed and is included in this report.




ACKNOWLEDGMENTS

The authors would like to thank the following Agreement State individuals
for their cooperation and assistance with the data collection phase of this effort

Donald Bunn, Chief-Enforcement and Compliance, California Department of
Health Services

Brad Caskey, Incident Investigator, Texas Department of Health
Trisha Edgerton, Senior Health Physicist, California Department of Health Services

Ben Kapel, Industrial Radioactive Matenals Licensing, Califormia Deparument of

Health Services

1S

Chrissie Peters, Custodian of Records, Texas Department of Health




Human Performar.ce Evaluation of
industrial Radiography Exposure Events

INTRODUCTION

Industrial radiography is the process of using a scaled gamma radiation source, usually of
iridium-192 or cobalt-60 with a typical activity range of 40 to 120 curies, 10 expose x-ray film
images of welds and other structural elements, in nondestructive testing. Detection of structural flaws
through the use of radiography can prevent hazardous conditions and the potential for serious
accidents. !

There are two general types of industrial radiography operations: fixed site radiography, and
field radiography. Fixed site radiography is usually done inside a permanent or semi-permanent
enclosure that is sufficiently shielded to limit exposure to personnel outside of the enclosure. In the
normal operation of the facility, the source is not exposed with personnel inside the enclosure.
Access to the enclosure containing the exposed radioactive source is controlled, greatly reducing the
risk of personnel exposures. This is not the case in field radiography, which is typically characterized
by the use of distance (i.e.. between the radiographer and the source) to attenuate radiation doses
from the unshielded high activity radioactive sources. This study is limited to field radiography
events.

To perform ficld radiography, a portable crank-out camera device is used. The camera body
is intemally shielded to safely store the radiation source when not in use. A drive cable, with a
connection to the source, is attached at one side of the camera. A guide tube 1s attached to the other
side of the camera. The radiographer positions the end of the guide tube 21 the location to be x-
rayed and places films appropriately. A cranking device, located at the other end of the dnve cable,
is then used to extend the source out of the camera, through the guide tube to the end of the tube
where the radiograph is 10 be taken. After each shot is completed, the radiographer must: 1) crank
the source back into the camera; 2) secure it inside the camera and lock the source in the shielded
position; and 3) perform necessary radiation surveys 1o ensure that the source has been secured.
When ready to move the camera to another location, the radiographer completes all of the previous
steps and should then remove the cable and guide tube before transporting the equipment to the next
site. If the source is left unshielded, the radiographer and other people in the surrounding area may
be exposed to levels of radiation that exceed regulatory limits and cause physical injurv.

Throughout the work process, safety regulations require the use of radiation survey meters (us
cited in 10 CFR 34.43b). These hand-held devices provide visual indication of the level of radiation
in the area. Safety regulations also specify the use of personal dosimetry, including alarming
ratemeters, 10 monitor radiation exposure to radiography pcrsonncl‘2

Urder Task 1 of work package E8244, "Review and Analysis of Radiography Radiation
Exposure and Overexposure Events,” the Idaho National Engineering Laboratory (INEL) conducted
a human performance evaluation of industrial radiography overexposure incidents for the U.S.
Nuclear Regulatory Commission Office for Analysis and Evaluation of Operational Data (NRC-
AEOD). The scope of the effont included review and analysis of historical and current events,
categorization of the events in terms of human actions and contributing factors, and detailed
modeling of a subset of events for additional analysis.




This report summarizes the methods, analyses, results, and conclusions drawn from the human
performance evaluation. Data summaries and analysis materials are included in the appendices of
this report.

DATA OVERVIEW

The human performance evaluation task used the Nuclear Material Events Database
(NMED)3 10 identify radiography overexposure incidents reported between 1987 and 1993. NMED
abstracts and exposure data were used as the basis for initially categorizing the radiography events.
The database contained 124 industrial radiography event records for the specified time period, with
each record representing a reporied overexposure or possible overexposure. In some cases, several
overexposures were related to a single event. Related records were identified, resulting in a final
count of 95 events involving some form of reported radiation overexposure.

Initial Data Sorting
The 95 events were initially reviewed, and the data suggested five major categories. These
categories, broken into three groupings according to regulatory limits on personnel exposures, are as

follows:

Exposures exceeding regulatory limits

. Acute overexposure (21 events]. Overexposure limits were exceeded dunng a single
event.
. Exposure over time |36 events). Reported exposure of radiation worker over a period

of time (e.g . auarter, month, week).
Exposures less than regulatory limits

. Acute, but less than reportable overexposure [20 events]. Overexposure limits were
not exceeded but the single event was reported.

Other

. Dosimetry overexposure [9 events). Dosimeter badge repornted as exposed while not
being wom by worker,

. Uncategorized [9 events]. Reports, with insufficient or missing exposure information.

This preiiminary categorization was useful for our initial familiarization with the events.
Dosimetry overexposures and exposures over time could be considered together, since badges are
normally processed periodically and these events are reported under the same criteria for individual
exposure over a calendar quarter.? For our purposes, acut- overexposures and less-than-reportable
acute events could be considered together, as they represented the types of human performance issues
of interest to this study.



Demographics

Empirical demographic data on radiographers (e.g., age, education, gender) were not

available from any of the sources we contacted. One source did provide a Copy of an incident
jates, from which we calculated

database which included radiographer dates-of-birth and incident dates,
4

12¢ -adiographers. A sariple of 126 radiographers involve? u reement State ircidents
from 1987 through 1993 is rtprc\cm"‘l in Figure 1. It should be 1o.cd that these data do not
represent the radiographers involved he events examined in this study, but do represent industnal
B ."J The positively-skewed
enties) in industral

radiographers as a whole. The cal Lulu..d median age for the sample

1 th

jistribution reflects a majority of younger workers (i.e., workers in their twe

radiography. Anecdotal information collected from Interviews with regulatory and licensing

personnel indicated that the vast majonty of industrial radiographers are male and few have formal

education beyond high school or trade school

Incidents from 1987-1994

The 95 industrial radiography incidents that were initially examined in this study were

1K
1g to their date of czcurrence. Figure 2 presents the number of

mapped over the seven years, according
events reported for each year, by quarter. Regulatory information Notices and Bulletins pertaining o
No significant

industrial radiography are noted in nm figure according to their date of release

differences appear 10 exist in event occurrence over time. Similarly, 1t 1s difficult to determine the
impact of specific Information Notices and Bulletins on the general frequency of overexposures
any influence affecting

In

general, the number of overexposures per quarter is quite small. Therelore,
A greater incidence of events can be seen 1or more recent

time periods (1993-1994). This apparent rise may be due 10 changes in reporting practices (e.g.,
»fforts, inclusion of event data

implementation of the NMED, increasingly rigorous data collection ell
from Agreement States since 1991) rather than an actual increase of unsale acuvities in radiography

the number would be difficult to detect

Categorization of the 95 Events

Upon review of the 95 events, we compiled brief summaries with event descriptors. These

descriptors were then sorted into eleven categories which describe the key characteristics of the

events. The categories are descriptive and are not exclusive, as some event descnptions included
information on more than one category. As such, the sum of the categonzations 1s 121. The event
categones are described in Table 1. Note that the top three Calegones describe 15% to 20% of the
events. Also. about one third (32%) of the event records did not provide sufficient information for

in Medive } “ar \
descniptive charactenzauon

The matrix in Figure 3 presents the location of the different descriptive event CaiCcgornes
within the initial sorting of five event types. It also illustrates the representativeness of a subset ol data

used for more in-depth analysis ( xplained later in thi
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Table 1. Event categories.

Number of events
(%) [n = 95} Cawegory Description

17 (18%) Survey not Radiation survey of the site and equipment was

performed/improper survey  not ¢one or was not done properly.

16 (17%) Source not retracted Source not sufficientiy pulled into the camera
(for whatever reason) to retum 1o shielded
position.

13 (14%) Badge tampered/accidental Personnel dosimetry badge was overexposed and
was believed to have been tampered with, or the
exposure to the badge was accidental and was not
being wom by a radiography worker at the time.

10 (11%) Equipment design/ failure Apparent operational problem with the equipment
or equipment failed to work properly during use.

9 (10%) Improper/difficult source Radiation source was not properly

connection/disconnection

B (8%) Source not secured/
source shifted/
locking problem

6 (6%) Heavy workload

4 (4%) Alarming ratemeters

4 (4%) Unsupervised/ not trained/
not certified

3 (3%) Area control problem

30 (32%) Uncategorized/

insufficient information/

connected/disconnected or there was some
difficulty connecting/disconnecting the source
drive mechanism.

Radiation source somehow moved from shielded
position due 1o error in securing or locking
camera, or source shifted within camera during
operational movement of equipment,

The description of the event specifically notes
heavy workload as a factor in the exposure.

The event description mentioned difficulties with
alarming ratemeters, when the audible alarms were
either tumed off during use or not heard due 0
surrounding noise.

Individual performing radiography was not
properly supervised or not certified or not
trained.

The event involved individuals (radiaton workers
or members of the public) accessing restricted or
unresiricted but hazardous areas.

Insufficient information was provided/available to
characterize the event by the above descriptors.




EVENTTYP

Acule Exposure Acute but Dosimetry
DESCRIPTIVE overexposure over ume Less-than hadge
EVENT CATEGORIES overexposure exposures (Other

(n= 21) 3 (n = 20) (n=9) (n=9)

Survey not performed
Improper survey

Source not retracted nto camera

Badge tampered with or accidental
exposure to personnel dosimetry

Equipment design problem or
falure

Improper source

connecuon/disconnect

Source not secured / source shifled

Heavy workload

Alarm-related

Unsupervised or not trained,
not cerufied

Area control problem

Uncategonzed/

insufficient informat:on

’ Industnal rachograpny event
&' &)
L Event used in detailed analyses

Figure 3. Matrix of event descriptors and event types




ANALYSIS

Once we characterized the overall set of radiography event data, we examined a representative
subset of data in further detail. Our intent was to develop and apply a modeling method which would
utilize the information on overexposures to help describe how human performance and equipment

interactions were impacting industrial radiography operations.
Detailed data collection

In order to model a subset of overexposure events, information beyond that captured within
the NMED was required. We found that the availability of additional event information was limited o
the more severe (acule) exposure events. Since the amount of descriptive information for all but the
acute events was limited to brief summaries, we decided to pursue additional event data for only the
acute exposure and acute-but-less-than-overexposure events. We expected to find sufficient
information about human performance for the acute events, and the less-than-overexposure events
were of interest as they suggested possible precursors to more senous events. From our original set
of 95 events from the NMED, we removed the 9 events with insufficient information, and also the 45
dosimetry and exposure-over-time events. This resulted in a set of 41 events for further

consideration.

Additional event-specific information was requested from responsible regulatory agencies for
the 41 acute events identified. This included data stored at each of the five NRC regional offices or
with individual state agencies, as appropriate. Additional information for 26 events was received by
the INEL prior to the final allowable date, which included 2 events that were not yet coded in the
NMED. The data were reviewed for sufficient detail, and a final set of 19 events providing enough
information was assembled for modeling. Sufficient detail (e.g., narrative on the sequence of events,
personnel invoived, types of actions taken, and resulting exposures to personnel) was required for the
modeling approaches selected. Other information relevant to radiography, such as descriptions of
radiography workers, was also sought.

Data Subset

The subset of 19 acute and acute-but-less-than-overexposure events contained 13 acute events
and six less-than-overexposures. These included four cases of source not retracted; three cases each
for equipment failure, source shift, connect/disconnect, and survey error; and one case each for area
control, unsupervised work, and alarm-related events. This subset provides a representative sample of
the overall event data set (see Figure 3). In order to best capture and analyze the information
available, each of the 19 events was examined using several mcdeling approaches.

Modeling

To summarize performance, including human errors and equipment failures associated with
cach event, four different analysis tools were applied. each providing a different analytical focus.
These models provided complimentary analyses and a more complete picture of the facts and
contributing factors associated with the radiography events. They enabled us 1o look at the same data
in different ways, which helped generate insights for our conclisions and recommendations.

The ability to develop complete models of the behaviors involved with the overexposures was
contingent upon the type and amount of data available. Descriptive models were applied to the



subset of 19 overexposure events. Modeling included: 1) operational sequence tables to outline the
key human actions and interactions with equipment 2) human reliability analysis event trees, 3) an

application of an information processing failures model; and 4) an extrapolated use of the error

irfluences and effects diagram. Frameworks for mod Is 1, 3, and 4 were drawn from the cited
reference documentation. The human reliability analysis (HRA) event trees (model 2) were based on
r .nitial deveiopment of a go..enic radiography HRA tree Jluded «s Form B in Appendix A)

L i

Model 1. Operation Sequence Table

Descriptions of the events were first organized into an Operation Sequence Table (OST)
format (adapted from Meister, 1985) 36 This provided a means of capturing, in summary form, the
progression of human actions and interactions with equipment. This descnptive table was useful in
the completion of further modeling. A sample OST is shown as Form A in Appendix A. The first
column on the table identifies the radiography personnel involved as "A", "B", etc. The sequence of
human actions and equipment interactions is captured in the second column. Specific equipment of
ntributed directly to the overexposure is listed in the third column

P2y . ' Y " | S .
interest or which ¢« l

Model 2. HRA Event Trees

Event trees are often used as the basis for risk and reliability assessments for human-machine
system operations 7 Using a team approach, we first identified critica! subtasks of the radiography
activity and then constructed the generic HRA event tree using these subtasks. A cntical subtask is
one that, if failed, will result in a failure of the task modeled. In modeling the radiography events, the
failure criteria was that the failed subtask contributed to or resulted in an overexposure to personnel
A critical subtask may sometimes be relevant only with specific stated or implied assumptions (e.g.,

failure to inspect equipment” is critical only when a detectable cntical fault in the equipment is
present). These sut M-\k\ were J";‘:;L::d at a rclatively high level in the modeling of the genenc
radiography process. For example, the cnitical subtask of sctting up the restricted area was not
decompused further into specific actions (subtasks) involved in setting up the restricted area. This
high leve! modehing facilitated the development of a genenc model of the process depicting
important parts of the radiography activity, while avoiding site/facility/operation specific activities
The high level modeling was also congruent with the level of detail available in many ol the event
reports (i.e., the modeling was data-driven). The subtasks modeled in the tree were identified as
potential errors of omission (EO), potential errors of commission (EC), or potential recovery actions
(REC). An omission error is characterized as failing to perform an acuon or skipping a siep in a
procedure. A commission error is characterized as performing the action incorrectly or per orming
the wrong action. In order to simplify the modeling, some of the subtasks identified on the ti e are

- ) . sithe '\ P micet e "
ed such that either an error of omission Or an error of COmmISSiOr

branch on an HRA event tree represen btask of the activity or task modeled. The
ubtask represents the failure of the subtask and is labeled with a capital letter, while
cess of the subta nd is labeled with the corresponding lower case

re 10 perform an inspection subta uid epicted as the nght branch of

sublas ght be labeled "C, ith the descnpuor ( aills 1o inspect equipment I'he

. swrdino » 2\t { o rry | y b r ] t \ e » P P
cerresponding success of the subtask (1.€., | yrming the inspection) would be depicted as the left

branch of the subtask and be labeled "c¢,” with the success description implied and not explicitly
stated. As noted on the tree, some of the failed subtasks create "latent conditions” for failures later in
the process. For example, improper set up of equipment before a shot can lead to an inability to

properly retract the




Recovery actions can also be depicted on an HRA event tree. Recovery actions are actions
(subtasks) that allow for the prevention or avoidance of the undesired consequence of the imtial
error. Recovery actions are depicted on the tree by subtask branches placed at the end of the failure
branch of the initial error with a dotted line from the end of the success branch of the recovery task
1o the end of the success branch of the initial error. These fomats are .~ sistent with conventonal

HRA modeling techniques.

Following the completion of the OST, a specific HRA event tree was drawn to illustrate
significant human actions and errors for each cvent. We then mapped the critical errors identified for
each specific event onto the generic radiography event tree (Form B in Appendix A). For each event
analyzed, we identified subtask failures on a copy of the generic tree with bold type. This provides a
graphic qualitative depiction of the imponant failures of the process that occurred for the event.
However, because the tree is generic, it does not necessarily depict the actual sequence of events that
occurred in each specific event; it only depicts the relevant failures (in terms of the genenc process)
that occurred in the event.

Model 3. Information Processing Fallures Model

The way that people process information can be thought of in terms of: 1) information
acquisition and input; 2) decision-making; and 3) executing actions. People can fail to accomplish
any one (or more than one) of these processes. It is useful 10 identify where failures occurred in
order to better understand the motivation behind such actions and potentially determine effective
corrective actions. The Information Processing Failures (IPF) model®9 was used to characterize the
types of errors which contributed to the events. The IPF model uses the basic framework of
information input, decision-making, and action execution to describe the sub-processes that people
use in understanding and acting upon information provided in a specific environment or scenano.
For each event, key failures were noted on the IPF diagram (Form C in Appendix A). Structural and
mechanical (i.e., equipment) failures are included in the model to provide supplemental information
for the analyst. In addition to equipment failures, the model highlights six error types.

. Information error (error in perception of cues)

Information errors occur when available cues about system status are not clearly
received by the operator. Information errors involve human sensory capabilities (¢.g.,
eyesight, hearing), and existing environmental conditions (e.g.. adequate lighting,
noise level, relative heat or cold). In one event, a radiographer, trained to use an
alarming ratemeter, was working in a high noise arca and was weanng ear protection.
When his ratemeter sounded an alarm, he could not hear it. This is an example of an
information error.

. Diagnostic error (error in diagnosis of sysiem status)

Diagnostic errors involve difficulties in accurately diagnosing system status.
Diagnosis relies on an understanding of the system, equipment, and the information
provided. For example, when a radiographer approaches the camera with a survey
meter, some low level reading is expected. If the meter reads zero, and the
radiographer fails to recognize that a zero reading near the camera is a sign of
something wrong with the meter, then a diagnostic error has been made.

10



Goal error (failure to select an appropnate operational goal)

Coal errors invoive the selection of unreasonable or inapproprate goals given
operational circumstances. A radiographer traince intentionally left alone to
complete radiography work without supervision is an example of an crror in goal
seiection. In some cases, correct goals are mainiained but other errors occur. For
example, a radiographer who attempts (o retrieve an exposed source is working
toward a reasonable goal (i.e., to return the source to the shiclded position in the
camera), but may commit other errors, such as procedural or strategy errors

Procedure error (failure to follow proper procedures)

Procedure errors occur when proper procedures are not followed. With the
development of a routine or habit in performance of the task, proper procedures can
be complied with, even without re-reading written procedures dunng completion of
each task. Failure to follow procedures may be accidental or intentional. If the
procedure error is intentional, the procedure may be difficult 1o enforce For
example, most modemn automobiles are equipped with visual and audible cues to alent
the driver to fasten seatbelts. One may choose to ignore the light on the dashboard
and the beeping sound, and to not fasten seatbelts. The pieces of information ("cues”)
provided serve as reminders of proper safety procedure, bul cannot ensure or enforce
compliance. In radiography, if workers forget to use the survey meter or 10 lock the
camera after each shot, some cue might serve as a reminder. The cues, however, could
not ensure compliance if the radiographer chose not 1o use the meter or (0 O lock

the camera. These are examples of procedural errors

Strategy error (circumvention of procedures or other inefficient strategy for
accomplishing the chosen goal)

Strategy errors involve the use of an ineffective plan or strategy for accomplishing the
goal. Strategy errors are linked to problem solving or planning skills when operators
come to wrong conclusions or deveiop incorrect plans for handling a situation. For

example, in an event where the source became disconnected from the drive cable and
fell from the camera, the radiographer decided to use his hand to retricve the source
and push it back into the camera port. A good strategy in this case would have been
to set up and maintain a restricted area while waiting for the radiation safety officer
(RSO) 10 arrive and retrieve the source properly. Instead, the radiographer chose a
poor strategy (i.€., 1o manual ' ' ) 1o execute the proper

goal of retrieving the source
Action error (failure to execute steps in the work process)

Action errors concem the failure 1o properly execute the intended work procedure
This involves the worker's physical motions that are necessary L0 compiete the steps in
a work process. An example of an action error in ficld radiography is the incorrect
connection of the drive cable to the source assembly. This is a proper step in the
procedure of setting up the radiographic equipment, but with the step being

3 o v > 1 ne sevt ]
performed incorrectly




Although errors that occur at different stages may result in the same outcoine, the distinctions
in information processing suggest different underlying causes.

Model 4. Error Influences & Effects Dlagram

The final modeling tool was the Error Influence: & Eaulects Diagram (adapted from Thatcher,
et al).10.11 Each event was summarized in terms of the outcome (€.g., exposure amount, type), the
unrecovered event (i.e., primary precursor to the overexposure), and the unsafe actions involved in
the incident. Unsafe actions are those which lead to the unrecovered event. Error mechanisms which
influenced the unsafe actions are also presented in the model. In our application of this model, error
mechanisms describe the types of human action errors, information processing errors, or equipment
failures associated with the event. These descriptors were drawn from the IPF model. The Error
Influences & Effects model also captured performance shaping factors (PSFs) and corrective actions
taken following the event. PSFs are environmental and personnel factors which impact the human
ability to perform a task or job; ar.bient lighting, work space, lemperature, fatigue, stress, and work
experience are examples of PSFs. A sample diagram is provided as Form D in Appendix A. Note
that the logic between the error mechanisms and the unsafe actions is presented with arrows, and the
progression of information across the page lists first the PSFs, then the error mechanisms and unsafe
actions, followed by a description of the unrecovered event. Outcome exposures and corrective
actions are listed at the bottom of the page.

Detailed Modeling

The four models were applied to each of the 19 acute exposure incidents to form 19 data sets
(provided in Appendix B). A summary table (Appendix C) was assembled in our analysis of the
modeling results. This table lists the errors (derived from coding on the OST, event tree, and IPF
models). and PSFs for each event. Also noted in Appendix C are our assumptions in modeling, and
any unknown conditions or circumstances that, if information were available, might impact the way
each event was modeled. Comparative analyses of the descriptive data for the 19 events are
summarized below.

Event Trees

Each of the 19 events was modeled using a generic event tree with 14 main failure paths and
three main recovery paths. Insicad of confining the events to one main failure, they were modeled to
show all impontant failures, allowing each event to have multiple failure paths.

The failure path with the most events was “failure to properly retract source” (53% of the 19
events reviewed). In three of the ten cases, this failure was recognized with the use of survey meters.
But the other seven events in this group also involved “failure to survey.” This survey error was noted
in 8 of the 19 events (42%). The next most frequently noted failure paths contained almost equal
numbers of events: five events (26%) had a setup that resulted in latent condition and four events
(21%) involved failure 1o inspect or adequately inspect equipment. Three events (16%) had a setup
that resulted in the source being pushed out, and three (16%) involved the failure to lock the source,
resulting in a latent condition. One event (5%) involved a failure 1o set up or correctly sct up the
restricted arca. Six main failure paths had no failures noted. This informaiion is shown in detail in
Appendix D.



Information Processing Failures

Failures for each of the 19 events were put into information processing failure error
categories. An event could have multiple information processing failures if there were multiple
errors. In addition, a specific error could be associated with more than one failure category. An
example is a survey meter with a faulty reading. This could be o legonzuc mechanical,” due to
low batteries, and also as "diagnostic” if the radiographer did not realize that a zero reading could
indicate a faulty meter. In this case, we would note both an equipment failure and an information

processing failure for the event

Procedure errors were involved with sixty-eight percent of the events. Of these errors, almost
half (429%) were failure to survey, with the next most common procedure error being fatiure to lock
the camera (16%). Fifty-eight percent of the events contained errors in stralcgy These were almost
all unique and specific to the event (e.g., "used hands to move source back 1o shielded position,

looked into camera,” "'management planning errors”). It is worth noting here that in the three
failure to retract source” events where the survey meter was used (mentioned in the previous section),
fiographers continued working after noting a high reading on the meter. This suggests ermrors in

strategy, even though the procedure of using the meter was completed properly
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Approximately one-third of the evenis contained action €rrors ( 37%), mechanical errors

(37%), or diagnostic errors (32%). Of the action errors, almost half (43%) were failure to fully
retract the source. Over half (57%) of the mechanical errors involved faulty survey meters or bad
battery contacts. Diagnostic errors were usually unique 1o the situation (e.g., reboiler falsely

assumed to be unrestricted area,” "failed to inspect pins’)

A small percent of the events contained goal errors (11%) and information errors | 11%)
The two goal errors involved assistants working without supervision, and the information errors were

) 1 Inip N yhler hear iy e
associated with sensory difficulties (i.e., problems hcaring or secing system status cucs) All of the

information processing failure data are presented in detail in Appendix D
Alarming Ratemeters

Although not all of the events contained information about alarming ratemeters the ones that
did mentioned problems. These included failure 10 tum the ratlemeter on, not hearing the alarm
hecause of noise or ear protection, and intentionally tuming the ratemeter ofl None of the 19
reports mentioned successful use of the alarming ratemeter in mitigating an overexposure However,
it might be assumed thai in non-event work practices alarming ratemeters are instrumental in alerting
radiographers in time to avoid an overexposure incident. More detailed information regarding event
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specific use of alaming ratemeters wou X NECCSSE 0 d¢ p conclusions about the impact of

the alarms on radiographer performance

Performance Shaping Factors

Any indications of performance shaping factors {or the evenls wert noted during the detailed
2

)

modelin

g. Almost a third (32%) of the nts occurred at the end of the workday or around
!

r
midnight. Lighting was a factor in 21% of the events, as was training T'he remainder of the PSFs
included factors such as working in a trench, working on scaffolding, worker wanting to speed up the

10b, etc. PSF information 15 she




Table 2. Performance shaping factors
Number of events
Performance (%) Examples

Shaping Factor

Shift, point of time in 32%) 11 hours into shift; last of 10 shots; anxious to wrap up at
the workday end of day; last shot of the workday

Lighting ‘ Dark; low light; getting dark; poor lighting

Training/experience 1% Trainee; inadequate training; limited experience

Other location Working in a trench; muddy, working inside tank;
conditions working on scaffolding

Noise % ) Noisy; wearing ear protection prevented hearing alarm
ratemeter; high noise

Interface 4 p Source, connector, and INC hookup looked similar;
camera can lock with source exposed

Personal motivation Wanted to speed up job; tumed off alarm ratemneter
during paperwork to censerve batienes

Missing feed)Hack/ (11% No radiation alarm in shoouing cell; working alone
E ¢ ¢

no nteracuon

Workload % Heavy wotkload; extended work wee!




ADDITIONAL ANALYSES

To support use of the results of this study by the NRC and Agreement State regulators in
further understanding radiogranhy overexposure incidents, we reviewed the descriptive modeling of

19 acute exposure evenly and identiticd

The kinds of errors recorded (where in the overall radiography task errors are
occurring)

“haracterization of the errors (what information processing is associated with the

CIrrors)

For the purposes of this analysis, we were interested only in those events which involved
exposures to radiography personnel.  All but one of the events involved exposures to radiographers
We excluded the one event (which involved exposure to a non-radiation worker*), and examined the

b

remaining 18 events 1n furnne

Summary Of Radiography Task Errors And Error Characterization

r detail

The section that follows provides a summary of task errors and error characterization for the

18 radiography personnel exposure events. Suggestions for addressing the errors in industrial

radiography are based on the results of these additional analyses

Task Errors

The 1ask errors (i.e., failed subtasks) that were involved in the 18 acute ¢xposure events were
identified using the HRA event tree modeling. Some events included more than one task error

2esults are shown in Table 3 below

The majority of events involved two types of errors

Set-up errors, including equipment set-up and failure (0 lock the camera (11 of 18

cvents)

2adiation survey errors (¥ 0l 18

Table 3. Task errors

Number of events

Subtask

~quipment set-up b evenits
NO survey/improper survey 8 events

Equipment inspection 4 events
Failure to lock the camera

Manual retrieval of source

o To review the excluded ¢




Four events included both types of errors. Five events involved only set-up errors, and
another four events were solely aue to improper use of the survey meter. One event involved both
failure to lock the camera and failure to adequately inspect equipment, and one involved both a set
up error and failure to lock the camera. The remainder of the 18 events involved tasks related to
e isment inspection and ™anual retrieval of disconnected source (as indicated in the list above)

Scenarios which illustrate common performance errors in radiography might involve the
following elements

Set-up for the shot rest ited in the source being pushed out of the shielded position
(e.g., the camera was not locked and the crank handle was bumped, or the camera was
moved dunng set-up for a shot)

Set-up for the shot resulted in a failure or inability to retract the source (e.g., a kink in
the guide tube was not noticed, or the guide tube was positioned with an excessive
bend, preventing retraction of the source to the shiclded position within the camera)

Exposure to the source was not detected or responded to by the radiographer due to

problems with survey meter usage. This could be due to improper survey, failure to
survey, or failure to properly recognize fauity survey equipment

Error Characterization

Tasks were characterized using the IPF modeling of the 18 events. Elements of the events
were characterized in addition to key task errors, which are those pnmanly responsible for the
exposure io personnel. For example, "camera can be locked with source in exposed position” would
be charactenized as a Mechanical failure, while the key task error for the event, "radiographer failed to
perform survey,” would be characterized as a Procedure error. The different information processing
failure categories are itemized in Table 4. Most events involved more than one type of error (a key
error and other errors), resulting in a total number of error characterizations in excess of the number
of total events

Mechanical failures were included in the IPF to |
cach event, but were not associated with key task errors *ITOTS her was
working toward an inappropriate goal) were invoived with two of the events, but were not key errors
in the events. The five most frequently noted error categones (as associated with key tasks) are

described below to clarify the distinctions between them
Relationship between Characterization and Task Errors

The information processing failure charactenizations for the subtask errors are summarized in
Table §

As suggested in the descnptive data that we reviewed for each event, set-up errors are
primarily characterized by problems with strategy or action. Survey errors, for the most pan, are
characterized by failure to follow proper procedures. Inspection task errors involve diagnostic
difficulties




Table 4. Error characterization

S aovor CalSaEY Number of events in Number of events with
Categor) overall charactenzatuon ey task errors
Procadure 14 events 5 events
Strategy 11 events 5 events
Diagnostic S events 4 events
Action 5 events 3 events
Mechanical Failure S events NA®
Goal 2 events 0
Information I event 1 event

a Mechanical failures provide information and context for the overall characirnzation of human errors. Key errors
are associated with the specific human acuons which led 1 the overexposure of personnel.

Table 5. Subtask errors and characterization.

Subtask Number of events IPF characterizauon (number of events)
Equipment set-up 8 events Strategy (4), Action (3), Procedure errors (1)
No survey/improper survey & events Procedure (6), Information (1), Diagnostic (1)
Equipment inspection 4 events Diagnostic (4), Strategy (1)

Failure to lock the camera 3 events Procedure errors (3)
Manual retrieval of source 1 event Strategy error (1)

Addressing Information Processing Errors

Based on principles of human performance and cognition, we developed suggestions for now
errors might be addressed, including:

. Where training might be most effective
. Where equipment interface enhancements might be most appropriate.
. Where job aids might help performance.

Training can target improvements in arcas of the task where procedures, strategy, or diagnosis
are involved. Eahanced system/equipment interface design can address diagnostic, information,
action. and structural/mechanical difficulties. Job aids that address procedural and diagnostic errors
can improve performance. To help illustrate how these measures may be appropnate, each error
characterization is discussed on the next page.




Procedure Errors

Training and experience will increase procedural performance. To encourage performance
according to procedures, feedback (reminders) can be provided to operators in the form of "job
aids." Job aids (e.g., checklists, system status cues) provide information which is easily understood
and helps the worker to complete the task. This is most eficcuve if the information is presented in
immediate response (o a sequence of events or a particular condition, behavior, or action. Job aids
might also be incorporated into equipment design. Equipment redesign and improvement may help
to reduce procedural errors by making the operations easier to complete without variance from the
established procedure.

Strategy Errors

The ability to develop efficient strategies improves with experience. Training can supplement
experience by providing practice and feedback on performance in controlled, "simulated” work
scenarios. Training should address the circumstances under which supervision should be called for
assistance in developing work strategies.

Dilagnostic Errors

Training can improve diagnostic skill, and job aids can assist the workers by providing
organized information that doesn't require memorization or recall. Equipment improvements can
also aid in diagnosis of system status, by making the information more readily available, observed or
understood.

Action Errors

Expertise in the execution of actions can be achieved with practice and enhanced with
equipment design improvements that consider good human factors principles of human-machine
interface design.!2

information Errors

With attention to the types of things which may impact performance, equipment can be
modified to provide redundancy where needed to overcome environmental interference. For
example, enhanced visual signals can be provided in addition to audible cues of sysiem status when a
noisy environment is anticipated.

In summary:

. Procedure errors occur in the use of survey meters, and in locking the camera after each
exposure and retraction of the source 1o the shielded position. These errors may be
effectively addressed with training on the proper use of meters and the routine of retracting
the source and locking the camera after each radiograph. Job aids could also be developed to
provide additional cues about system status to help workers execute procedures properly.
Equipment design can help facilitate worker compliance with procedures by making
procedural steps easy to execute.

. Strategy errors are made in equipment set-up and in retrieval of disconnected sources.
Training in strategy development could assist workers in formulating efficient strategies for
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dealing with difficulties in equipment sct-up and in accidental source disconnect situations
The use of supervisory personnel for assistance with strategy-re lated task scenanos should be
included in training. Action errors are also involved with equipment set-up. These can be

{funne Mo

addressed with hands-on practice in work simulations dunng traini

Diagnostic errors occur dunng 1n-\pc¢uun of equipmerd o r proper functioning. The data
indicate that this is particularly true in the case of survey meiers Training emphasizing how
to diagnose meter status and operability could help improve performance. Equipment
enhancements, such as a bright light to indicate that the meter 1s funcioning properly, would

help operators interpret equipment statu
r b

DISCUSSION

Although the industrial radiography operation involves a fairly simple set of manual tasks, 1

poses an interesting scenano for human pcrlnmx.x.".;c analysis. The analysis effort recorded in this

report provided the first step toward understanding the factors influencing the progression of actions

in radiography overexposure events
Data Issues

It is important to review the results of uus analysis effort in light of the limited nature of the
went information available. While we were successful in collecting additional information for a
representative sample of events, this sampie remains small. We do believe, however, that the 19 events
we modeled in detail wer ~epresentative of the population of events recorded in the NMED
Additionally, anecdotal information we obtained from incident investigators indicated that the events

we analyzed were consistent with historical radiographer performanc mu

For a better understanding of human performance issues in the industn al radiography setung

additional information is necessary. Appendix C presents a table we used in our analytic review of
19 acute events. This table notes the assumptions we made in coding the events, radiographer

errors and equipment failures, apparent performance shaping factors (PSFs), and where information
was missing. Some of the types of information we could have used but were ui 1available included
the exact sequence and timing of actions in the event; equipment conditions; and radiographer
knowledge of source location within the guide tube As indicated in Appendix C, missing data
necessitated the development of some assumptions in coding the events The events would be
clarified with the implementation of a program for detailed, consistent data collection targeted to
addressing human performance 1ssucs

For the data collected in this study, no specific protocol was used by all investigators The
data that were collected typically focused upon calculations of personnel exposures and regulatory
violations. To understand the human errors involved in the radiography overexposure events, a data
collection method is needed to provide a consistent and comprehensive source of information In the
course of this study we noted that an casy-to-use guide for data collection during incident

investigations might be useful

Based upon our understanding of the graphy task and industry practices, we developed a
brief data collection form (shown in Attachment 1) to assist incident investigators in collecting human




performance data from radiography events. The form provides a guide for gathering information
related 1o the personnel involved in the incident, the description of the event, corrective actions, and
the investigator's conclusions about the event cause and contributing factors.

We believe this data collection guide will be relatively easy to use. Through interviews with
the personnel involved (e.g.. radiographers, safety officers), the investigators will complete the
sections provided on the guide, using additional paper as needed. In implementing such a data
collection form, trial usage (1o provide feedback for improvements to the guide) and some training or
documentation (to ensure consistency in use of the guide) would be needed.

Observations on Modeling Techniques

In the course of our analyses, we developed some insights on the modeling techniques that
were applied in this effort.

HRA Event Tree

The generic HRA event tree was a useful tool for representing the types of actions involved in
the events. While we believe it adequately represents the genenc radiography process, the tree was
established prior to our detailed review of the specific events. Upon completion 0. our analysis, we
noted several changes that could be made to the generic tree for future use. For example, there were
two separate failure branches that appeared to be more closely related than depicted on the generic
tree. Failure to properly retract the source ("O") can result in a latent condition where the source can't
be retumned (“J"), and failure to lock the source results in a latent condition ("Q") that could cause the
source 10 be pushed out ("L"). These paths should be reviewed to see if there 1s a more appropnate
way to model them. Additional modifications to the generic tree could increase its usefulness in
cataloging successful actions, and actions which mitigate events, as well as errors.

Information Processing Fallures

The IPF modeling revealed that a significant number of events invoived procedure errors. It
might be possible that this result was influenced by the regulatory impetus behind event investigation
and data recording. Other data collection efforts could be targeted to identify more processing-
related errors by emphasizing the information processing approach. With additional study, this
approach cou.d generate insights into possible remediations or inter-entions 10 target errors
occurring at particular stages of information processing. This may be strongly related to issues of
risk behavior and underlying cognitive processes currently under study in the transportation

industry.13
Error Influences & Effects

The Error Influences & Effects diagrams show the logical connections between the cognitive
mechanisms and the unsafe actions which contributed to the unrecoverable event (i.e., personnel
overexposure). These diagrams also provide information about the factors which may have
influenced worker performance. Further analysis using this modeling structure could reveal pattens
of contributing factors and unsafe behavior. Data on corrective actions (also noted on the diagram)
could be used in follow-up studies analyzing the impact of various types of corrective actions on

subsequent performance.



Sample Ideas to Improve Performance

Based on the overexposure events we reviewed in this study, we dev eloped some additional
suggestions related to training, equipment inspection, and equipment design. This 1§ not an
exhaustive listing of issues and ideas, but simply a sample provided for further consideration

Training for strategy errors should involve scenanos taken from acrual overexposure
incidents. in order 1o convey the message that "this could happen 10 you,” and 10 wach what could
have been done to mitigate the events. Training also needs to include graphic photos of radiation
daraage to humans. Consequences Of OVErexposurcs should be dramatically shown to the
radiographers to increase their awarencss ol the risks involved with mishandling the radiographic
equipment

There should be some kind of checklist to note that equipment inspections were performed
prior to removing equipment for use. Licensees might implement a program including a designated
equipment “custodian” who would be in charge of equipment Inspection Equipment would be
examined by this individual before being placed in the checkout area The custodian would check
for cimped guide tubes, working lock mechanisms, survey meler battery operability, etc. This could
help eliminate latent failures due 10 mechanical problems and difficulties with loose or low battenes

in survey meters

To the extent possible, equipment design should prevent unsafe human actions The locking
mechanism on the camera might be modified so that the radiographer would have io0 manually
unlock the camera to expose the source, but the camera would automatically lock (by some internal

mechanism that is triggered by the source) when the source 1s fully retracted

Difficulties with survey meters included zero readings due 1o loose battery contacts in the
meter. This part of the mete. w.ight be redesigned so that the bat:eries fit more tightly when in place
Special long-life battenies should be incorporated into the design of radiation survey devices (¢.g.,
alarming ratemeters, survey meters) so that they don't need to be tumed off to conserve encrgy

Since alarming ratemeters are not always heard because of heanng protection Or noisy
environments, a redesign might include an additional flashing light or vibration The vibration could
be felt even through work clothes, and the flashing light, if it didn't immediately draw the attention of
the radiographer wearing it, could be bright enough for a co worker to notice. These and other

equipment redesign concepts might be worthy of additional consideration

Conclusions

In our initial analysis of the 95 events, several major sets of events were noted Roughly one
third of the events v ere categorized as involving procedural errors (e.g., Improper survey or survey
not performed, camera not locked). Interactions with equipment accounted for another third of the
events (e.g., equipment design issues, source connecuons/disconnections) Another third of the events
involved external factors, such as alarms, supervision and area control

These results were further supported in our detailed modeling of a subset of 19 acute
overexposure and acute-but-less-than-overexposure events. Procedure errors (as noted in the IPF
modeling) were involved with 68% of the 19 events nodeled. Of these, nearly half concerned failure

1o survey. There was quite a bit of overlap in strategy and yrocedure errors (as noted in Appendix
J { b }




D), suggesting that procedural violations may be partially due to poor work strategics. The action
error of failure to retract source to shielded position was noted in one third of the events, and
approximately half of the events involved some siru:tural or mechanical failue (e.g., faulty meters).

Errors in perfo-mance of industrial radiography can ¢ charactenized by the types of
information processing involved in the task. The data &¢ used in this study indicated that errors are
commonly occurring in the setting-up of equipment before the radiograph and in the use of survey
meters throughout the process. These errors involve diagnosis of system status, development of work
strategies, and the execution of procedures. To address the errors (and the associated potential for
radiation overexposures), several methods are suggested, including specialized training, equipment
redesign or enhancement, and the use of job aids.

Of particular interest is the utility of survey meters in mitigating exposure incidents. While
more data is needed, the information used in this study indicated that in some cases, even with the use
of survey meters, radiographers are making poor choices in work strategy. Working under poor
strategy can lead to dangerous conditions, as many of the events illustrate. Additional emphasis in
radiographer training programs should be placed on effective strategy development and proper
adherence to safety procedures.

This study provides a foundation for continuing analysis of risk and reliability in industrial
radiography. Further evaluation, using detailed event information, is required to draw more
conclusive insights on human performance and the interface design issues noted in this report.
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ATTACHMENT 1:
Data Collection Guide for Incident Investigators

Need

In conducting this evaluation of human performance in industrial radiography, we discovered
that data are, for the most pan, unavailable. No specific protocol is used by all incident investigators;
the data that are collected typically focus upon calculations of personnel exposures and regulatory
violations. To understand the human errors involved in the radiography overexposure events, a data
collection method is needed to provide a consistent and comprehensive source of information. The
regulatory personnel we spoke with as part of this project expressed an interest in having an easy-to-
use guide for data collection during incident investigations.

Description of the Guide

Based upon our understanding of the radiography task and industry practices, we have
developed the attached data collection guide to assist incident investigators in collecting human
performance data from radiography events. The guide includes questions related to the personnel
involved in the incident, description of the event, corrective actions, and the investigator's conclusions
regarding the event cause and contributing factors.

How to use the Guide

Investigators will take a copy of the data collection form and additional rote paper with them
to the event site. Through interviews with the personnel involved (e.g., radiographers, RSO), the
investigators will complete the sections provided on the form, using additional paper as needed. Most
questions will have short answers. The back of the form includes the generic radiography task list
and space for the investigator to sketch the layout of the event site and perform exposure
calculations. The subtasks associated with the incident should be checked on the generic task list. If
an additional subtask is involved (i.e., one which is not listed), the investigator should write in a
description of the subtask in the space provided.

Usefulness to Human Performance Analysis
and in Support of the NMED

As the data repository for nuclear materials events, the Idaho National Engincenng
Laboratory will maintain copies of the completed incident investigation data collection forms. The
NMED will use the information provided to supplement otherwise submitted event data. Additional
human performance analyses will benefit from the additional data and from the consistency of
information collected by investigators. Individual NRC Regional and Agreement State regulatory
programs will also be able to use the data collected with the forms to conduct additional, specialized
analyses of radiographer perfortaance
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GUIDE FOR RADIOGRAPHY INCIDENT INVESTIGATION

Personnel Involved

Ace of radiographer: e Demographics / NMED DEMOCODES (check all that apply):

J-Female 3-Male J-Physically Handicapped, Deaf J-Physically Hundicapped, Other J-Non-English Speaking
TitleAevel of worker (trainee, assistant, radiographer, supervisor, RSO):
Formal education completed: did not complete high school/GEDJ, high school/GEDJ, techmicalrade schoold,
colleged, other

Years of expenence as radiography worker:

Years working with current licensee:

Amount and type of training completed:

Certficauons:

Event

Date of event J / Time of event: amd pmJd

Hours worked since beginning of shift at ume of event:

Work schedule (shift duraton, number of shifts in work week):

Crew familiarity (how many umes have they worked together):

Where work was conducted (inside, outside, type of structure, eic.):

Environmental conditons (lighuing, noise, etc.):

Equpment involved (make/model/manufacturer/components/parts):

What happened (sequence of pre- and post-exposure acuvities):

Why sequence of events occurred (workers’ accounts including what they were thinking):

Existence of alarms or warnings (were alarming ratemeters used”):

Licensee corrective actions (describe)

On Reverse side of this form

2 Generic Radiography Task List (check appropnate tasks)

2 Sketch of site layout (including equipment and personnel) and exposure calculations

Investigator Conclusions

Contributing factors (descripuve terms)

Cause of the event (descripuve terms) L By
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Generic Radiography Task List

(Check all that apply to the event)

Crew fails to p.operly inspect equipment/sel-up 1o .orkday
Crew fails o plan work

Crew fails to correctly plan work

Crew fails to inspect equipment

Crew fails to adequately inspect equipment

Crew damages equipment duning transport

Crew loses equipment dunng transport

Crew fails to lock source for transpor

Crew fails to set-up restnicted area

Crew incorrectly sets-up restricted area

Set-up results in latent condition (source can't return to shicld)
Failure of post-xray survey to detect source exposed

Crew set-up results in source being pushed out of shield
Failure of continuous pre-survey to detect source exposed
Crew fails to properly time exposure

Crew fails to properly retract source

Post survey fails to detect improperly retracted source

Crew fails 1o lock camera, resul's in latent condition

Other (describe)

Site Layout Sketch and Exposure Calculations



Appendix A
Blank Forms

m--llllllll'lllllll



BE EE r EE SR N E - A B | T O S ...

Operational Sequence Table (Example form)

per son ooeration

ment

person = individual(s) involved in the action
operation = action that was performed, actions are listed in sequence

equipment = pieces of equipment

Any additional information is noted at bottom of OST

Form A. Operational sequence table.
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Event Tree for Generic Radiography

4 A Team fails to plan work (EC)

B Crew fails to correctly plan (EC)

Crew fails to inspect equipment (EO)

D Crew fails to adequateiv inspect equipment (EC

Crew damages equipment duning transport (EC)

F Crew loses equipment dunng transport (EC)

as

G Crew fails to lock source for transport (EO, EC)

H

Crew fails to set up restncted area (EO

Crew incorrectly sets up restricted area (EC)
Set up results in latent condition (source can’t return) BC)
K Post Survey (REC)

Crew set up results in source being pushed out (EC

M Continuous pre-survey (REC

N Crew fails to properly ime exposure (EC)

P Post survey fails to detect improperly retracted source (REC

q
Q Crew fails 1o lock source results in latent condition (EQ, EC

Form B. HRA event tree.
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Information Processing Failures (adapied from O'Hare et al., 1994; Rasmussen. 1982)

/ > n nnortunity {or ! : -
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Error Influences & Effects

PSkEs ERROR MECHANISMS UNSATFE ACTIO
Performance Error e Unsafe act ction that was noi
Shaping recovered and lead to
m..u_f.":_./ ouiconie
that o edl
influenced or . -
) " Error
contributed to
the errors
Unsafe act
4
Error
Unsafe act
v
firror
il

Unsafe act

OUTCOME

| -~

'ORRECTIVE ACTIONS
Personnel exposed Corrective actions, as descnbed in writing within the event report,

. exposure

Form D. Error influences and effects diagram
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exposure camers 1ol sliCky

tried severs times rank Dack source
8 tg get other su

-

put lead acroes Camers !

read sncother

mar radiographer

aced lead & OUr

recharged dosimeter (nad

sy resdings (hiQf




puUt BOUrce Mo camars

saw pigtal out back of camera source

replaced lock box

pushed locking mechanism into place

shut down work arss

placed camera n cage with note "do not usa camern’

called ASO and explamned what happened

sdditional information on checking camera and returning sources 1o suppier snd medicsl sesessmant

Model 32 source instead of Model 22 (difference 1in

root cause - Uusing
inch and flexibility of cable), meant to be

length of approximately one
used in different camera

*

som stion as to the accuracy of the accoun

o
L
[
m
w
pe
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Event Tree for Generic Radiography

a A Team fals to plan work (EC)
B Crew fails to correctly plan (EC)

. = -~
C  Crew fails to inspect equipment (EQ)

E Crew damages equipment dunng transport (EC)

F Crew loses equipment during transport (EC)
G Crew fails to lock source for transport (EQ, EC
H Crew fails to set up restncted area (EO
Crew incorrectly sets up restnicted area (EC)
J  Set up results in latent condition (source can't return) (EC
K Post Survey (REC)

‘ L Crew set up results in source being pushed out (EC

M Continuous pre-survey (REC)

n N Crew fails to properly time exposure (EC)

P Post survey fails 1o detect improperly retracted source (REC)

J Crew fails to lock source results 1n latent condition (EO, EC

D Crew fails to adequately inspect equipment (EC



Information Processing Failures (adapted from O'Hare et al., 1994; Rasmussen, 1982)

Was there an opportunity for
radiographer intervention?

l Yes

Did the radiographer detect
cues arising from the
change in system state”

Yes

On the basis of the information
available, did the radiographer
diagnose accurately

the state of the system?

No .
- Structural/Mechanical/Other
elncorrzct piy il installed
No
- Information Error (1.1)
No

— Diagnostic Error (2.1)

Yes

Did the radicgrapher choose a
goal which was reasonable given
the circumstances?

Yes

Did the radiographer choose

a strategy which would
achieve the goal intended”

Yes

Did the radiographer
execute procedures

consistent with the
strategy selected?

Yes

Was the procedure executed
as intended”?

No
+ Goal Error (2.2)
NO Al -
®  Strategy Error (2.3)
sRetrieve without RSO
sRetrieved with hand.
No
 Procedure Error (2.4)
No

#  Action Error (3.0)
sPut wrong end of pigtail back
into shielded camera.




Frror Influences & Elfects

ERROR MECHANISMS UNSAFE ACTIONS UNRECOVERED EVENT

Incorrect source Source fell from camera
pigtaii used and was manually retrieved

w radioeranher
« Working in "' adic graphci

* Dark Structural/Mechamcal

trench
« Muddy area

Failed to have RSO

recover nhnppnl source

Strategy Error
Lo Removed guide tube

(circumvention)
: without survey

Picked up source with
bare hand

OUTCOME CORRECTIVE ACTIONS

Y vchiveranhe »x poOsed ) )
}\..kin £ x.l; ICT € \! L | (\L"_‘U:Jh‘!‘» A0enCy «‘1'&!(':"'- g to licensee

e 1500 REM extremity
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sgupmant

oceeded and develd

took oM fim badge and attached 1t 1o chpboard

ade one reshool sulveysd amara retyrned

stayed < C
SUrvey m eter source

survayed imetar showed source in shiside
amers

ked ur amera with rnght hand
tock two steps backward (cable chaconnecied o 1 tell ¢ comera 1o ground

stepped back 10 truck

piasced cameara on taigete

ropoed Ccrank out cable Ir

face (about six

jropped source and

mimedistely left ares
survey meter

oticed survey meter ofiscale
joswmele

quipment

WA

Al ,
A" recommended that,

. afnre RPN in
first before picking




Event Tree for Generic Radiography

A Team fais to plan work (EC)

b > -

B Crew fails 1o correctly plan (EC)

C  Crew fails 1o inspect equip
DD Crew fails to adequately inspect equipment (EC)

N

E Crew damages equipment duning transpon (EC

Crew loses equipment duning transport (EC)

Crew fails to lock source for transport (EQ, EC

H Crew fails to set up restricted area (EO

(

|
[ Crew incorrectly sets up restricted area (E(

Set up resuits in latent condition (source can't return) (EC)

K Post Survey (REC

e ’ ' \ aIn o ~ » 134
Crew set up results in source being pushed out (EC

M Continuous pre-survey (REC
N Crew fails to properly time exposure (EC

Crew fails to properly retract source (EC

P Post survey fails to detect improperly retracted source (REC

% e ! v '
U Crew fails to lock source results 1n latent condition (EQ, EC



Information Processing Failures (adapted from O Hare et al., 1994; Rasmussen, 1982)

- Stuctural/Mechanical/Other

*Pins failed, lockbox disconnecied

from camera

he lata
grapher detect

1

g from th ¥ Informaton Error (1.1)

Fthe 1t
15 OF LG

L r i1 the o
LAUDIT, WG LHIC A dlild

diagnose accurately *  Diagnostic Error (2.1)

state of the system? oFailed to inspect pins in locking

g L Wil

! mecnanism

l \'C\

e Goal |

®  Strategy Error

iniddii ne(

Procedure Error
Did not survey
'1’)“" '_ )




Error Influences & Effects

ERROR MECHANISMS UNSA

UNRECOVERED EVENT

; : Insufficient Pins holding locking
« Low light Structural/Mechanical : : - «
inspection ol mechanism onto camera
« Source equipment failed when equipment was
connector litied onto the truck,
A X na the T »
and hookup ‘ CXPOSINg 1N Source

look simila
Diagnosti

Did not remove cables
from camera before
movement

Procedure

Manually checked
end of cable without
surveying

Strategy Error

(circumvention)

QUTCOME CORRECTIVE ACTIONS
Radiographer exposed

Radiographer not allowed to work in radiation area
« 1600 - 2000 REM fingers

3 Personnel informed that failure io wear film badges
{calculated worst case)

will result in termination

Letter explained event, distnbuted to company
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person operstion squipment

? pisced camera on 5 gal bucket exposure device
B asswtant (Bl was watching the radistion area and toid radiographer (A that it was cless

! magnetic stand was on top of tank magnetic stand
A cranked out source

A rapiied that he was shooting

B survey meter showed shot had tegun survey meter

B heard loud nowe in tank (magnetic stand had fallen about S seac after crenk out magnetic stand
8 saw A cranking back source

A yelied that stand had falien

8 AW Survey maeter reading ndicating rediation still in aren survey meter

»

signalied source hung up and exposed

B roped off larger area

B went inte tank and saw stand on ground with guide tube eround it

B held camers

B straightene guwda tube

A tried to crank n

A B noticed dent (crimgp) in source tube source tube
A notified company and customer RST 7

B secured ares

C arrived st site about half an hour later

C verified radiation zone secured by vieusl surveillance snd barncade tape

deciged 10 use phers 10 straghten crnmp

squeezed crmg

sttempted to retract source (source stuck at cnmp source. guic'e tube

" placed lead shot over source

C 90 rrrem from dosimeter dosimater

c squeazed crmp with phers for 1 second

L returned source to colimator

directad A end B 1o place concrete bags over colhmator

»
o©

put concrete bags on collimator
C discussed snustion with A
- decided to cut guide tube and ream out source tube

- ro-antered area (survey meter reading 400 mremhr survey meter

B-19



cut guide tube with pipe cutters
reamed out cnmg with screw driver

taped guxie tube together

8 81 o0 crank, gusde tube

returned to crank and sttempted 1o retract (source ot stuck agmn and taped guwde tube
manually pushed souice into colbmator

pocket dosimeter offecale dommaeter

added additionsl lead sheat on side of concrete bags which reduced resdinges 1o 200 muemMr survey maeter
reantered ares
cut out crimg In guide tube

teped together guwde tube

retracted source
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Event Tree for Generic Radiography

] Set up results in latent condition (source can't return) (E(

/* K !
/’\) | ,
84 \ A A
Vi
\ N row f




Informadion Processing Failures (adapied from O'Hare et al., 1994; Rasmussen, 1982) 3

Was there an opportunity for No ,
radiographer inegr-.'cmioz? ® Structural/Mechanical/Other

l Yes

Did the radiographer detect No
cues ansing from the # Information Error (1.1)
change in system state”?

Yes

On the basis of the information
available, did the radiographer No
diagnose accurately

the state of the system?

& Diagnostic Error (2.1)

Yes

Did the radiograpner choose a No
goal which was reasonable given # Goal Errer (2.2)
the circumstances?

l Yes

Did the radiographe:r choose No

a strategy which would #  Strategy Error (2.3)

R o aal i ad? ;i

achieve the goal i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>