
. _ _ _ _ _ _ _ _

INEL-95/0387,,,

August 1995

/daho Human Performance Evaluation ofNational
Engineering Industrial Radiography
Laboratory Exposure Events

Wendy J. Reece
Susan G. HIII
B. Gay Gilbert
Lon N. Haney

I

|

|
1

-dLockheed
Idaho Technologies Company

7882 !?!!! Zis!M E
-
L. PDRi

_ __- _ _ _ _ _ _ .



~_. .. . - - ~ - - - . . .--. .-- - - - - . __

| 0 c.

I I
E;

i I
.

,

! 3
,

; I;
1

! I
1

<

I
1

| |
L

NOTICE
i

This report was prepared as an account of work sponsored by an agency'

of the United States Govetnment. Neither the United States Government '

nor any agency thereof, not any of their employees, makes any warranty,;
expressed or implied, or assumes any legal hability or responsibility for
any third party's use, or the results of such use, of any information,

,

'

j apparatus, product or process disclosed in this report, or represents that
its use by such third party would not infringe privately owned rights. Ii

,

a

I
'

: I
! I

I



. . .

INEL-95/0387
,,,

August 1995

ldaho Human Performance Evaluation of.

'"
Engi ee ng industrial Radiography
Laboratory Exposure Events

Wendy J. Reece
Susan G. Hill
B. Gay Gilbert
Lon N. Haney

-dLockheed
Idaho Technologies Company

. 788* !?HS Zi!!M E
Q . PDR



. . . - . . _ ._ _ - . _ . _ . . . . _ _ _ , _ _ _ , _ _ _ _ _ __ _ _ .
-

N0 *

4

! I
E

'

E
I

,

I
I

i

I
1

J

i
.

I

- I
NOTICE

This report was prepared as an account of work spor.sored by an agency
of the United States Government. Neither the United States Government
nor any agency thereof, not any of their employces, makes any warranty,
expressed or implied, or assumes any legal liability or responsibility for
any third party's use, or the results of such use, of any information,
apparatus, product or process disclosed in this report, or represents that
its use by such third party would not infringe privately owned rights.

E

I
I
I
I

L



-- - - - - - - - - - - - - - - - - _ - - _ - _ - _ _

INEL 95/0387

|

|
Human Performance Evaluation of

| Industrial Radiography Exposure Events

|

I |

Wendy J. Reece
Susan G. Hill

B. Gay Gilbert
Lon N. Haney

|
Published August 1995

I
Idaho National Engineering Laboratory

I Engineering Analysis Department
Lockheed Idaho Technologies Company

| Idaho Falls, Idaho 83415

i
L

Prepared for the
U.S. Department of Energyp

L Office for Analysis and Evaluation of Operational Data
Under DOE Idaho Operations Office

Contract DE-AC07-941D13223
Job Code: E8244

-

#

. - _ ~ - _ - - _ - . - . -



-- _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CONTENTS

v
EXECUTIVE SUMMARY. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . .

vii
ACKNOWLEDGMENTS. . . . . . . . . . .

. . . .. . ..

I
INTRODUCTION.. . .. . . . . . . .. . . . . . . . . . . . . . . . . . . ..

2
DATA OVERVIEW.. . . . . .. . ... .. . . . . . . . . . . . . . . . . . . .

2Initial Data Sorting.. .. . ., . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. .

3
Demographics . . . . . . . . . . . . . . . . . . . . . . .

3Incidents From 1987-1994. . . . . . . . ... .. ..
.

3Categorization of the 95 Events. . . . . . . . . . . . . . . . . . . . . . . . . . . .

8
ANALYSIS.. .. . . .. . .. . ...... . . . . . . . . . . . . . . . . . .

8
Detailed Data Collection. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8
Data Subset.. . . . . . . . . . . . . . . . . . . . . . .

. .. . .. . ...

8Modeling.. ... . .. .. . . . . . . . . . . . . . . . . . . . . . . . . .

9Model 1. Operation Sequence Table.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . .

I Model 2. Event Trees.. ...........................9. . . . . . .

Model 3. Information Processing Failures Model..... ...... 10. . . . . . . . . .

Model 4. Error Influences & Effects Diagram. .. . . . . . . . . .. 1 2. . . . . . . . . . . . . . .

12Detailed Modeling.. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

... 12Event Trees.. .. . . . . . . . . . . . . ... ... . . . . . . . . .

13Information Processing Failures... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. ..... 13Alarming Ratemeters. . . . . . . . .. . .. . . . . . .

Performance Shaping Factors. . . . ..............13. . . . . . . . . . . . . . . . . .

15ADDITIONAL ANALYSES. . . . . . . .. . . .. . . . . . . . . . .

I Summary of Radiography Task Errors & Error Characterization.. . 15.. .. ...

. 15j Task Errors.. .. . . . . .. . . . .. . . . .

16u Error Characterization. .. . . . . ..... .. . . . . . ..

I6Relationship Between Characterization and Task Errors. . . . . . . . . . . . . . .

. .. 17Addressing Information Processing Errors.. . . .. .

| iii

I
,



. - . . . - - .- -- - -. - . . - - . - . . - . . - . . - . _ - .

I
Procedure Errors. . ....... 18. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

............................I8Strategy Errors.. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Diagnostic Errors.. . . 18
. . . . . . . . . . . . . . .. . . . . . . . . . . . . . .

Action Errors.. ... . . . . .. . . I 8.. . . . . . . . . . . . . . . . . . . . . .. . . . .

information Errors. I8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .....

DISCUSSION... . .. ........I9
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Data Issues.. .. . I9.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Observations on Modeling Techniques. . 20. . . . . . . . . . . . . . . . . . . . . ... . . . .

HRA Event Tree. ... . 20
. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . .

Information Processing Failures... .. .... ........... 20. . . . . . . ..

Error Influences and Effects. .......................20.. . ... . . .

Sample ideas to improve Performance.. . 21. .. . . . . . . . . ..

Conclusions.. . .. .. 21. ..... . . . . . . . . . .. . . . . . . . . .

REFERENCES.. .. ..... 2 3. . . . . . . . .. . .. . . . . . . . .. .. . . . . . . . . . . . . . . . . . . .

Attachment 1-Data Collection Guide for Incident Investigators.. .. 2 5. . . . . . .

Appendix A-Blank Forms. . . . . .. . A - 1.. .. . .. .. . . . . . . . . ... . . . .

Appendix B-19 Acute Event Analyses.. . . . .. . B - 1.. . . . . . . . . .. .. . . . . . . . . . . . . . . .

Appendix C-Analysis Summary Table... . . ... ..C-1. . . . . .. . . . . . . . .

Appendix D-Generic HRA and Information Processing Failun:s Compiled Data...... . .. . .... .. ..D-1

I

.

iv

.____.__________-_ - ___.__ - -_ - -_- - - . _ _ _ _ - -



7
-- - - - - _.

EXECUTIVE SUMMARY

Under Task i 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 incidenu for the ILS. Nuclear

1 Regulatory Commission Office for Analysis and Evaluation of Opercional Daia MRC-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 summaries and analysis materials are included in the appendices ofI this report.

The Nuclear Material Events Database (NMED) was used to identify radiography exposure
events occurring between 1987 and 1994; 95 events were identified. The 95 events were categorized
into eleven descriptive categories which showed that 17 events involved a survey not being performed
or performed improperly; 16 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.

. I 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 to outline the key human actions an interactions with equipment; 2)I 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 repon, 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 characterized.

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 part 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-to-use

I 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.

I
y



- - _ _ _ _ _ - _ _ _ _ - _ _ _ _ _

ACKNOWLEDGMENTS

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

Donald Bunn, Chief-Enforcement and Compliance, California Depanment of

Health Services

Brad Caskey, Incident Investigator, Texas Depanment of Health

Trisha Edgerton, Senior Health Physicist, Califomia Depanment of Health Services

Ben Kapel, Industrial Radioactive Materials Licensing, Califomia Depanment of
Health Services

Chrissie Peters, Custodian of Records Texas Depanment of Health

I

I
I
|I

I

I
'I

Vil



|

\
|

| Human Performara:e 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, to 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.1

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 field 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 drivc cable, with a
connection to the source,is attached at one side of the camera. A guide tube is attached to the other
side of the camera. The radiographer positions the end of the guide tube et the location to be x-
rayed and places films appropriately. A cranking device, located at the other end of the drive cable,
is then used to extend the source out of the camera, through the guide tube to the end of the tubeI where the radiograph is to 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) perfonn necessary radiation surveys to ensure that the source has been secured.I 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

I be exposed to levels of radiation that exceed regulatory limits and cause physical injury.

Throughout the work process, safety regulations require the use of radiation survey meters (as
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, to monitor radiation exposure to radiography personnel.2

Urrder Task 1 of work package E8244," Review and Analysis of Radiography Radiation
Exposure and Overexposure Events," the Idaho National Engineering Laboratory (INEL) conducted

I a human performance evaluation of industrial radiography overexposure incidents for the U.S.
Nuclear Regulatory Cornmission Office for Analysis and Evaluation of Operational Data (NRC-
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 detailedI modeling of a subset of events for additional analysis.

I
1

I
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|This repon 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 o identify radiography overexposure incidents reported between 1987 and 1993. NMEDt
abstracts and exposure data were used as the basis for initially categorizing the radiography events, g
The database contained 124 industrial radiography event records for the specified time period, with 3
each record representing a reponed overexposure or possible overexposure. In some cases, several
overcyposures were related to a single event. Related records were identified, resulting in a final a
count of 95 events involving some form of reponed radiation overexposure. I

Initial Data Sorting
I

The 95 events were initially reviewed, and the data suggested five major categories. These
categories, broken into three gmupings according to regulatory limits on personnel exposures, air as
follows:

Exposures exceeding regulatory limits

Acute overexposure [21 events). Overexposure limits were exceeded during a single-

event.

Exposure over time [36 events] Reponed exposure of radiation worker over a period.

of time (e.g.. ouaner, month, week).

Exposures less than regulatory limits

Acute, but less than reportable overexposure [20 cvents]. Overexposure limits were g-

not exceeded but the single event was reported. g

Other

Dosimetry overexposure [9 cvents). Dosimeter badge reponed as exposed while not.

being wom by worker.

Uncategorized [9 cvents]. Repons, with insufficient or missing exposure information.-

This preliminary 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.4 For our purposes, acuts 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.

.
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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
database which included radiographer dates-of-birth and incident dates, from which we calculated

'

ages.iti e ndiographers. A sar.iple of 126 radiographers involved in '.greement State ir.cidents
from 1987 through 1993 is represented in Figure 1. It should be no cd that these data do not"

] represent the radiographers involved in the events examined in this study, but do represent industrial

L radiographers as a whole. The calculated median age for the sample is 29. The positively-skewed
distribution reflects a majority of younger workers (i.e., workers in their twenties) in industrial
radiography. Anecdotal information collected from interviews with regulatory and licensing

[ personnel indicated that the vast majority 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
mapped over the seven years, according to their date of occurrence. Figure 2 presents the number of
events reported for each year, by quarter. Regulatory Information Notices and Bulletins pertaining to
industrial radiography are noted in the figure according to their date of release. No significant
differences appear to exist in event occurrence over time. Similarly, it is difficult to determine the
impact of specific Information Notices and Bulletins on the general frequency of overexposures. In
general, the number of overexposures per quarter is quite small. Therefore, any influence affecting
the number would be difficult to detect. A greater incidence of events can be seen for more recent
time periods (1993-1994). This apparent rise may be due to changes in reporting practices (e.g.,
implementation of the NMED, increasingly rigorous data collection efforts, inclusion of event data
from Agreement States since 1991) rather than an actual increase of unsafe activities in radiography.

Categorization of the 95 Events

b 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 descriptions included
information on more than one category. As such, the sum of the categorizations is 121. The event

= categories are described in Table 1. Note that the top three categories describe 15% to 20% of the
events. Also, about one third (32%) of the event records did not provide sufficient information for
descriptive characterization.

The matrix in Figure 3 presents the location of the different descriptive event categories
within the initial sorting of five event types. It also illustrates the representativeness of a subset of data
used for more in-depth analysis (as explained later in this report).

i
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Table 1. Event catecories.
Number of events

(O In = 951 Catecorv Description

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

pcrformed/ improper survey not done or was not done properly.

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

13 (14 %) Badge tampered / accidental Personnel dosimetry badge was overexposed and
was believed to have been tampered with, or the g
exposure to the badge was accidental and was not E
being worn 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 connected / disconnected or there was some

difficulty connecting / disconnecting the source
drive mechanism.

8 (8%) Source not secured / Radiation source somchow moved from shielded
source shifted / position due to error in securing or locking g
locking problem camera, or source shifted within camera during 5

operational movement of equipment.

6 (6%) Heavy workload The description of the event specifically notes
heavy workload as a factor in the exposure.

4 (4%) Alarming ratemeters The event description mentioned difficulties with
alanning ratemeters, when the audible alarms were
either turned off during use or not heard due to
surrounding noise.

4 (4%) Unsupervised / not trained / Individual performing radiography was not
not certified properly supervised or not certified or not

trained.

3 (3%) Area control problem The event involved individuals (radiauon workers
or members of the public) accessing restricted or
unrestricted but hazardous areas.

30 (32 %) Uncategorized/ Insufficient information was provided/available to
insufficient information/ characterize the event by the above descriptors.

I
6
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EVENT TYPE 3

Acute Exposure Acute but Dosimetry
DESCRIFFIVE overexposure over ume IAss than- badge

EVENT CATEGORIES overexposure exposures Other
(n = 21) (n = 36) (n = 20) (n = 9) (n=9)

G-Survey not performed / Oe .... .

improper survey ... . ..

Source not retracted into camera .S9 ..##. **

.....

Badge tampered with or accidental ..... . ..

exposure to personnel dosimetry .....

I e.Equipment design problem or .ee. .

failure . ..

I Improper source G GG * *.

connectiorvdisconnect . ..

#Source not secured / source shifted ...GG *-

Heavy workload ..-

__ .| . . ..

Unsupervised or not trained / .9

I not certified

Area control problem e. .

I o_,- . ..... . .. . .. . ..

insufficient information ..... . .. ...

I . ...

Industnal radiography event.

9 Event used in detailed analyses

Figure 3. Matrix of event descriptors and event types.
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ANALYSIS g
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 g
utilize the information on overexposures to help describe how human performance and equipment 3
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 to
the more severe (acute) 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
infonnation about human performance for the acute events, and the less-than-overexposure events
were of interest as they suggested possible precursors to more serious events. From our original set
of 95 events from the NMED, we removed the 9 cvents 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 g
the INEL prior to the final allowable date, which included 2 events that were not yet coded in the 3
NMED. The data west 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 involved, 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.

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 cvents was examined using several mcdeling approaches.

Modeling

To summarize performance, including human errors and equipment failures associated with
each 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 to look at the same data E
in different ways, which helped generate insights for our conclusions and recommendations. 5

The ability to develop complete models of the behaviors involved with the overexposures was g
contingent upon the type and amount of data available. Descriptive models were applied to the 3

8
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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
influences and effects diagram. Frameworks for models I,3, and 4 were drawn from the cited
reference documentation. The human reliability analysis (llRA) event trees (model 2) were based on
cur irdtial development of a p.;cric radiography HRA tree (incluacd as Form B in Appendix A).

Model 1. Operation Sequence Table

Descriptions of the events were first organized into an Operation Sequence Table (OST)
format (adapted from Meister, 1985).5,6 This provided a means of capturing, in summary form, the
progression of human actions and interactions with equipment. This descriptive 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 ir.teractions is captured in the second column. Specific equipment of
interest or which contributed directly to the overexposure is listed in the third column.

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 critical subtasks of the radiography
activity and then constructed the generic HRA event tree using these subtasks. A critical 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.,

I " failure to inspect equipment" is critical only when a detectable critical fault in the equipment is
present). These subtasks were depicted at a relatively high level in the modeling of the generic
radiography process. For example, the critical subtask of setting up the restricted area was not

I decomposed further into specific actions (subtasks) involved in setting up the restricted area. This
high level modeling facilitated the development of a generic model of the process depicting
imponant parts of the radiography activity, while avoiding site / facility / operation-specific activities.

.

The high level modeling was also congment with the level of detail available in many of the eventg
5 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 n:covery actions
(REC). An omission error is characterized as failing to perform an action or skipping a step in aI 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
stated such that either an error of omission or an error of commission could apply.

Each branch on an HRA event tree represents a subtask of the activity or task modeled. The
right branch of a subtask represents the failure of the subtask and is labeled with a capital letter, while
the left branch represents the success of the subtask and is labeled with the corresponding lower case
letter. For example, failure to perform an inspection subtask would be depicted as the right branch of
the subtask and might be labeled "C " with the description " Crew fails to inspect equipment." The
centsponding success of the subtask (i.e., performing 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

I the process. For example, improper set up of equipment before a shot can lead to an inability to
properly retract the source back into the camera.

9
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Recovery actions can also be depicted on an HRA event tree. Recovery actions att actions
(subtasks) that allow for the prevention or avoidance of the undesired consequence of the initial
error. Recovery actions are depicted on the tree by subtask branches placed at the end of the failure g
branch of the initial error with a dotted line from the end of the success branch of the recovery task 5
to the end of the success branch of the initial error. These fanats are . ..sistent with conventional
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 event. 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 important 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 generic process)
that occurred in the event.

Model 3. Information Processing Failures Model

The way that people process information can be thought of in terms of: 1) information g
acquisition and input; 2) decision-making; and 3) executing actions. People can fail to accomplish 3
any one (er more than one) of these processes. It is useful to identify where failures occurred in
order to better understand the motivation behind such actions and potentially determine effective
corrective actions. The Infonnation Processing Failures (IPF) model 9 was used to characterize the8

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 g
use in understanding and acting upon information provided in a specific environment or scenario. g
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 (errcr 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 (e.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 area and was wearing car protection.
When his ratemeter sounded an alarm, he could not hear it. This is an example of an g
information error. E

Diagnostic error (error in diagnosis of system status)-

Diagnostic errors involve difficulties in accurately diagnosing system status.
Diagnosis relies on an understanding of the system, equipment, and the information E
provided. For example, when a radiographer approaches the camera with a survey 3
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
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Goal error (failure to select an appropriate operational goal).

Coal errors involve the selection of unreasonable or inappropriate goals given
operational circumstances. A radiographer trainee intentionally left alone to
complete radiography work without supervision is an example of an error in goal
selection. in some cases, correct goals are maintained but other errors occur, For
example, a radiographer who attempts to retrieve an exposed source is working
toward a reasonable goal (i.e., to retum the source to the shielded 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 during completion of
each task. Failure to follow procedures may be accidental or intentional. If the
procedure error is intentional, the procedure may be difficult to enforce. For
example, most modem automobiles are equipped with visual and audible cues to alert
the driver to fasten seatbelts. One may choose to ignore the light on the dashboardI and the beeping sound, and to not fasten seatbelts. The pieces of information (" cues")
provided serve as reminders of proper safety pmcedure, but cannot ensure or enforce

J compliance. In radiography, if workers forget to use the survey meter or to lock the
g camera after each shot, some cue might serve as a reminder. The cues, however, could

not ensure compliance if the radiographer chose not to use the meter or to not lock
the camera. These are examples of procedural e: Tors.

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 develop 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 retrieve the source

I 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) to arrive and retrieve the source properly. Instead, the radiographer chose a

I poor strategy (i.e., to manually move the source by himself) to execute the proper
goal of retrieving the source.

Action error (failure to execute steps in the work process).

Action errors concem the failure to properly execute the intended work procedure.
This involves the worker's physical motions that are necessary to complete the steps in
a work process. An example of an action error in field radiography is the incorrect

I 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
performed incorrectly. ,

f
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Although errors that occur at different stages may result in the same outcome, the distinctions g

in information processing suggest different underlying causes. 3

Model 4, Error influences & Effects Olagram

The final modeling tool was the Error influences & fafects Diagram (adapted from Thatcher,
et al.).10,ll Each event was summarized in terms of the outcome (e.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. 'Ihe 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 orjob; ar.bient lighting, work space, temperature, 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 5

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 PSPs 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 cvents was modeled using a generic event tree with 14 main failure paths and
three main recovery paths. Instead of confining the events to one main failure, they were modeled to
show all important 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 g
(21%) involved failure to inspect or adequately inspect equipment. Three events (16%) had a setup g
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 to set up or correctly set up the g
restricted area. Six main failure paths had no failures noted. This infonnation is shown in detail in |
Appendix D.
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Information Processing Failures

Failures for each of the 19 events were put into information processing failure error
g

|
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 e tegorized - " 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 (42%) were failure to survey, with the next most common procedun: crror being failure to lock
the camera (16%). Fifty-eight percent of the events contained errors in strategy. These were almost

I all unique and specific to the event (e.g.,"used hands to move source back to 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),

| radiographers continued working after noting a high reading on the meter. This suggests errors in

|
strategy, even though the procedure of using the meter was completed properly.

Approximately one-third of the events contained action errors (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

I battery contacts. Diagnostic errors were usually unique to 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
associated with sensory difficulties (i.e., problems hearing or seeing system status cues). 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 to tum the ratemeter on, not hearing the alarm
because of noise or car protection, and intentionally tuming the ratemeter off. None of the 19

I reports mentioned successful use of the alarming ratemeter in mitigating an overexposure. However,
it might be assumed that in non-event work practices alarming ratemeters are instrumental in alerting
radiographers in time to avoid an overexposure incident. More detailed information regarding event-

I specific use of alarming ratemeters would be necessary to develop conclusions about the impact of
the alarms on radiographer performance.

Performance Shaping Factors

1 Any indications of performance shaping factors for the events were noted during the detailed

I modeling. Almost a third (32%) of the events occurred at the end of the workday or around
midnight. Lighting was a factor in 21% of the events, as was training. The remainder of the PSFs
included factors such as working in a trench, working on scaffolding, worker wanting to speed up the
job, etc. PSF information is shown in Table 2.

I
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Table 2. Performance shapinc factors.

Number of events

Performance (%) Examples

Shaping Factor [N = 19]

Shift, point of time in 6 (32%) 11 hours into shift; last of 10 shot.s; anxious to wrap up at

the workday end of day; last shot of the workday.

Lighting 4 (21%) Dark; low light; getting dark; poor lighting.

Training / experience 4 (21%) Trainee; inadequate training; limited experience.

Other location 4 (21%) Working in a trench; muddy; working inside tank;
conditions working on scaffolding.

Noisc 2 (11%) Noisy; wearing car protection prevented hearing alarm
ratemeter, high noise.

Interface 2 (11%) Source, connector, and INC hookup looked similar;
camera can lock with source exposed.

Personal motivation 2 (11%) Wanted to speed up job; tumed off alarm ratemeter
during paperwork to censerve batteries .

Missing feed']ack/ 2 (11%) No radiation alann in shooting cell; working alone.

no interaction

Workload I (5%) Heavy wotkload; extended work week

I
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ADDITIONAL ANALYSES

To support use of the results of this study by the NRC and Agreement State regulators in
further understanding radiography overexposure incidents, we reviewed the descriptive modeling of
.he 19 acute exposure event, and identified:

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

occurring).

Characterization of the errors (what information processing is associated with the-

errors).

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
remaining 18 events in further detail.

[ Summary Of Radiography Task Errors And Error Characterization

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

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

{ Results are shown in Table 3 below.

The majority of events involved two types of errors:

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

events)

Radiation survey errors (8 of 18 events).

[
Table 3. Task errors.

[ Subtask Number of events

Equipment set up 8 events

No survey / improper survey 8 cvents

Equipment inspection 4 events

Failute to lock the camera 3 events

Manual retrieval of source 1 event
,

* To review the excluded event, refer to Section 13 of Appendix B.

15c
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Four events included both types of errors. Five events involved only set-up errors, and
another four events were solely due 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 evenu involved tasks related to
co"i: ment inspection and manual 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 resdted 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 i

moved during 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 shielded 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 surve'y, failure to .

survey, or failure to properly recognize faulty 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 primarily responsible for the

,

exposure to personnel. For example, " camera can be locked with source in exposed position" would|
| be characterized as a Mechanical failure, while the key task error for the event, " radiographer failed to

perform survey," would be characterize <1 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 numberI

of total events.

|

| Mechanical failures were included in the IPF to provide supplementary infonnation about
each e"ent, but were not associated with key task errors. Goal errors (where the radiographer was
working toward an inappropriate goal) were involved with two of the events, but were not key ermrs
in the events. The five most frequently noted error categories (as associated with key tasks) are

| described below to clarify the distinctions between them.

Relationship between Characterization and Task Errors

The information processing failure characterizations for the subtask errors are summarized in
Table 5.

As suggested in the descriptive 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.

|
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Table 4. Ermr characterization.

Number of events in Number of events with
IPF error category overall charactenzadon key task errors

14 events 5 events
Procedure

11 events 5 events
Strategy 4 events5 eventsDiagnostic 3 eventsF Action 5 events

5 events NA'I Mechanical Failure
2 events 0

Goal
1 event 1 event

f Information

a. Mechanical failures provide information and context for the overall characterization of human errors. Key errors

f
are associated with the specific human actions which led to the overexposure of personnel.

I
Table 5. Subtask errors and characterization.

Subtask Number of events IPF characterization (number of events)

Equipment set-up 8 events Strategy (4), Action (3), Procedure errors (1)
' No survey / improper survey 8 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)

I Addressing Information Processing Errors

Based on principles of human performance and cognition, we developed suggestions for how
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 areas of the task where procedures, strategy, or diagnosis
are involved. Enhanced system / equipment interface design can address diagnostic,information,
action, and structurallmechanical difficulties. Job aids that address procedural and diagnostic errors
can improve performance. To help illustrate how these measures may be appropriate, each error
characterization is discussed on the next page.

17
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Procedure Errors !

|
1

Training and experience will increase procedural performance. To encourage performance j

according to procedures, feedback (reminders) can be provided to operators in the form of " job g,
aids." Job aids (e.g., checklists, system status cues) provide information which is easily understood g
and helps the worker to complete the task. This is most effecdve if the information is presented in

'

immediate response to a sequence of events or a panicular condition, behavior, or action. Job aids g|lgmight 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.

Diagnostic 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.12 .

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 system status when a |.
noisy environment is anticipated. 5-

In summary:

Procedure errors occur in the use of survey meters, and in locking the camera after each.

exposure and retraction of the source to the shielded position. These errors may be E
effectively addressed with training en the proper use of meters and the routine of retracting B
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. g
Equipment design can help facilitate worker compliance with procedures by making E
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

18
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dealing with difficulties in equipment set-up and in accidental source disconnect situations.
The use of supervisory personnel for assistance with strategy-related task scenarios should be
included in training. Action errors are also involved with equipment set up. These can be
addressed with hands-on practice in work simulations during trainir.g.

Diagnostic errors occur during inspection of equipmer.t :cr proper functioning. The data-

indicate that this is panicularly true in the case of survey meters. 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 is functioning properly, would

help operators interpret equipment status.

DISCUSSION

Although the industrial radiography operation involves a fairly simple set of manual tasks, it
poses an interesting scenario for human perfonnance analysis. The analysis effon recorded in this
report provided the first step toward understanding the factors influencing the progression of actions
in radiography overexposure events.

Data Issues

I It is imponant to review the results of unis analysis effon in light of the limited nature of the
event information available. While we were successful in collecting additional information for a
representative sample of events, this sample remains small. We do believe, however, that the 19 eventsI we modeled in detail wer mpresentative 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 performance data.

I For a better understanding of human performance issues in the industrial radiography setting,
additional information is necessary. Appendix C presents a table we used in our analytic review ofI the 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 unavailable included:I 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 ew:nts would be

I clarified with the implementation of a program for detailed, consistent data collection targeted to
addressing human performance issues.

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

j violations. To understand the human errors involved in the radiography overexposun: 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 easy-to-use guide for data collection during incident
investigations might be useful.

Based upon our understanding of the radiography task and industry practices, we developed a=

| brief data collection form (shown in Attachment 1) to assist incident investigators in collecting human

I
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performance data from radiography events. The form provides a guide for gathering information g
5related to 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 g
collection form, trial usage (to provide feedback for improvements to the guide) and some training or g
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.

IHRA 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 generic radiography process, the tree was
established prior to our detailed review of the specific events. Upon completion olour 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 retumed ("J"), and failure to lock the source results in a latent condition ("Q") that could cause the
source to be pushed out ("L"). These paths should be reviewed to see if there is a more appropriate
way to model them. Additional modifications to the generic tree could increase its usefulness in g

mcataloging successful actions, and actions which mitigate events, as well as errors.

Information Processing Failures

The IPF modeling revealed that a significant number of events involved procedure errors. It
might be possible that this result was influenced by the regulatory impetus behind event investigation g
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 coGd generate insights into possible remediations or inter'entions to target errors g

occurring at particular stages of information processing. This may be strongly related to issues of 5'
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 j

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 |

iinfluenced worker performance. Further analysis using this modeling structure could reveal pattems
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. |

!
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[
Sample ideas to improve Performance

[ Based on the overexposure events we reviewed in this study, we developed some additional
suggestions related to training, equipment inspection, and equipment design. This is not an

( exhaustive listing of issues and ideas, but simply a sample providec' for further consideration.

Training for strategy errors should involve scenarios taken from actual overexposure
incidents, in order to convey the message that "this could happen to you," and to teach what could

{ have been done to mitigate the events. Training also needs to include graphic photos of radiation
daraage to humans. Consequences of overexposures should be dramatically shown to the
radiographers to increase their awareness of the risks involved with mishandling the radiographic
equipment.

'Ihere 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 crimped guide tubes, working lock mechanisms, survey meter battery operability, etc. This could
help climinate latent failures due to mechanical problems and difficulties with loose or low batteries
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 to 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 is fully retracted.

Difficulties with survey meters included zero readings due to loose battery contacts in the
{ meter. This part of the metc. might be redesigned so that the bat:eries fit more tightly when in place.

Special long life batteries should be incorporated into the design of radiation survey devices (e.g.,
alarming ratemeters, survey meters) so that they don't need to be turned off to conserve energy.

Since alarming ratemeters are not always heard because of hearing 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

h in our initial analysis of the 95 events, several major sets of events were noted. Roughly one
third of the events u 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 connections / disconnections). Another third of the events
involved external factors, such as alarms, supervision and area control.

These results were further supponed 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 modeled. Of these, nearly half concerned failure
to survey. There was quite a bit of overlap in strategy and procedure errors (as noted in Appendix

|
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D), suggesting that procedural violations may be partially due to poor work strategies. 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 stru:tural or mechanical failu e (e.g., faulty meters).

Errors in perfomance of industrial radiography can N characterized by the types of
information processing involved in the task. The data we 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 dangemus conditions, as many of the events illustrate. Additional emphasis in
radiographer training programs should be placed on effective strategy development and proper |,

W.
adhetence to safety procedures.

This study provides a foundation for continuing analysis of risk and reliability in industrial E:
radiography. Funher evaluation, using detailed event information,is required to draw more 5-

conclusive insights on human performance and the interface design issues noted in this repon.

I

I
I
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ATTACHMENT 1:

Data Collection Guide for Incident Investigators

I
Need

In conducting this evaluation of human perfonnance 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 regulatoryg

j 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.

iDescription 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 |

perfonnance data from radiography events. The guide includes questions related to the personnel |I 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 note 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 Engineering
Laboratory will maintain copics of the completed incident investigation data collection forms. TheI 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 regulatoryI programs will also be able to use the data collected with the forms to conduct additional, specialized
analyses of radiographer perfonaance.

I
I
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GUIDE FOR RADIOGRAPHY INCIDENT INVESTIGATION
-

Personnel Involved

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

" O Female O-Male D-Physically Handicapped, Deaf 0 Physically Handicapped,Other D Non-English Speaking

Title / level of worker (trainee, assistant, radiographer, supervisor, RSO):
-

Formal education completed: did not complete high school /GEDJ, high schoo!X3EDJ, technical / trade school 3,

collegcQ, other

Years of experience as radiography worker: Years working with current licensee:

Amount and type of training completed:
1

Certifications: 1

^

Event ;

J Date of event / / Time of event: am] pm]

Hours worked since beginning of shift at time of event

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

I
,

!t

j Crew familiarity (how many times have they worked together):

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

Environmental conditions (lighting, noise, etc.): |

Equipment involved (make/model/ manufacturer / components / pans):

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

Why sequence of events occurred (workers' accounts including what they were thirling):

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

Licensee corrective actions (describe)

On Reverse side of this form

O Generic Radiography Task List (check appropriate tasks)

|5 O Sketch of site layout (including equipment and personnel) and exposure calculations

.

Investigator Conclusions

Contributing factors (descriptive terms)

! Cause of the event (descriptive terms)

!I
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I
Generic Radiography Task List g

(Check all that apply to the event)

O Crew fails to p.operly inspect equipment / set-up for orkday
O Crew fails to plan work
O Crew fails to correctly plan work
O Crew fails to inspect equipment
O Crew fails to adequately inspect equipment
O Crew damages equipment during transport g
O Crew loses equipment during transport 3
O Crew fails to lock source for transport
O Crew fails to set-up restricted area E
O Crew incorrectly sets-up restricted area g
O Set-up results in latent condition (source can't return to shield)
Q Failure of post xray survey to detect source exposed g

O Crew set-up results in source being pushed out of shield g
O Failure of continuous pre-survey to detect source exposed
0 Crew fails to properly time exposure
O Crew fails to properly retract source
O Post survey fails to detect improperly retracted source
O Crew fails to lock camera, resul's in latent condition
O Other (describe)

Site Layout Sketch and Exposure Calculations
'

I

I.

I

l

I;
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Operational Sequence Table (Example form)

,

{ ** **"
. m, .t. .

;

)

-

I
i
'

-

-

r~
!

i
person = individual (s) involved in the action

f operation = action that was performed, actions are listed in sequence

equipment = pieces of equipment j

Any additionalinfonnation is noted at bottom of OST.

I
I

|

l
;

6I
I
r

.

4

.

i

! Form A. Operational sequence table.

;
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I

Event Tree for Generic Radiography
I

a A Team fails to plan work (EC)

b B Crew fails to correctly plan (EC)

C C Crew fails to inspect equipment (EO)

Ed D Crew fails to adequately inspect equipment (EC) 3

e
E Crew damages equipment dunng transport (EC) I

E
f

F Crew loses equipment during transport (EC)

8
G Crew fails to lock source for transport (EO, EC)

h
H Crew fails to set up restncted area (EO)

I Crew incorrectly sets up restricted area (EC)

,
J Set up results in latent condition (source can't return)(EC)

J

\K Post Survey (REC)k
...

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

,

\ M Continuous pre. survey (REC)m

N Crew fails to properly time exposure (EC)
n

O Crew fails to properly retract source (EC)
o

P Post survey fails to detect improperly retracted source (REC)
p

Q Crew fails to lock source results in latent condition (EO. EC)

I
Form B. HRA event tree.

I
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Information Processing Failures (adapted fmm OHare et al.,1994; Rasmussen,1982)

NWas there an opportunity for >- Structural / Mechanical /Other
radiographer intervention.

Yes

V

Did the radiographer detect No
cues arising from the > Information Error (1.1)
change in system state?

Yes

V

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

> Diagnostic Error (2.1)
diagnose accurately
the state of the system?

Yes

V

f
Did the radiographer choose a go
goal which was reasonable given > Goal Error (2.2)

the circumstances?

Yes

V
Did the radiographer choose No
a strategy which would > Strategy Error (2.3)

achieve the goal intended?

Yes

[
V

Did the radiographer h,0
execute procedures >- Procedure Error (2.4)
consistent with the

{ strategy selected?
.

Yes(
L

V
No

( Was the procedure executed > Action Error (3.0)
as intended?

f
Form C. Infonnation processing failures model.

-
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1

equipment
person operation

A, B rodeographore (A. Si est up camers

A, B posted egne

A rnade fret exposure (camere fe4 sticky |

8 cranked in source, had trouble

survey meter

? survey meter pegged out

crenk. source
A tried to crank back source

crank, source |

A tnad several times to crank back source |

|
directed B to get other survey mater to ensure the fast was working properly (was now . nark) |A

|

A put lead acrose camere for shecideg

A recharged dosemeter (had 190 rnremi

A repositioned lead

A read another 105 rnrem on dosimeter

A sent 9 to get onsde enspector (C)

B got onste macector (former radiographer!

A toid 8 te race off larger area

B roped off larger area

A asked onsite mspector to call RSO

C cal 6ed RSO and suggested he stay by phone rather than dnve over

8 moved to wethe 50 ft distance. wrthin shouteg destance

C celled RSO back to tell him thmes were under control

attempted to remove source from camera with channellocks (source fell from source tube mto mud)A

reached down. picked up source. and replace e camera (very dark outside, source was sticking outA
enout one inch)

A placed lead around camere

A recharged doswneter (had picked up 195 miem)

survey meter
A took survey readings (hesh readingst

A saw that wrong and of source was in camera

A pocked up conter of wre so wouldn't touch either and (1)

comers, source
A tried to push source into camere but wouldn't go back in

A' pulled source out with channel locks and pieced under lead

A tornoved lock box

A removed toad

A picked up source with channel locks

[
-
i

"
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A put eource into eamora

source
A eew pegtal out back of camera

A replaced lock box

A pushed lockmg mechanism mto place

. . . . _ _ . . . .
i

*

A Waced camera e cage with note 'do not use comere

. ...-.n.....m-..n
.ao.t,onaineo,m.<,on on ch.cs.no e.m.<..no.. ,n.no .ou,c i..woni..,.no m.o.c.i . . ni

>

root cause using Model 32 source instead of Model 22 (difference in*

length of approximately one inch and flexibility of cable), meant to be
used in different camera

some question as to the accuracy of the account g*
5,

|

1
,

I

I

I
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[ Event Tree for Generic Radiography

[

a A Team fails to plan work (EC)

b B Crew fails to correctly plan (EC)

C C Crew fails to inspect equipment (EO)

D Crew fails to adequately inspect equipment (EC)

e
E Crew damages equipment during transport (EC)

f
F Crew loses equipment during transport (EC)

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

I
h

H Crew fails to set up restncted area (EO)

i I Crew incorrectly sets up restncted area (EC)

,

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

\K Post Survey (REC)

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

. . .\ M Continuous pre-survey (REC)m
|
i

N Crew fails to properly time exposure (EC)n

O crew falls to properly retract source (EC)

P Post survey fails to detect improperly retracted source (REC)
p

I

9
Q Crew fails to lock source results in latent condition (EO. EC)

I
:

B-7 ,
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Information Processing Failures (adapted from O' Hare et al.,1994; Rasmussen,1982) 1
;

|

Was there an opportunity for No
> Structural / Mechanical /Otherradiographer intervention

*Incorr:ct pn uni installed.
. .

Yes j

V
1

Did the radiographer detect No )
cues arising from the > Information Error (1.1)
change in system state?

Yes i

V |
i

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

: Diagnostic Error (2.1) Idiagnose accurately
the state of the system? |

Yes

V

Did the radicgrapher choose a No I

goal which was reasonable given > Goal Error (2.2)
the circumstances?

l
1

Yes '

V
Did the radiographer choose No
a strategy which would > Strategy Error (2.3) I
achieve the goalintended? Retrieve without RSO. '

Retrieved with hand. aa

E|Yes

V
Did the radiographer

Noexecute procedures
consistent with the

,

strategy selected? |
|

Yes
|

|
V |

Was the procedure executed |No
Act,on Error (3.0) -> ias intended?
*Put wrong end ofpigtail back
into shielded camera.

I
1

B-8 |
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Error Influences & EITects

PSFs ERROR MECilANISMS UNSAFE ACrlONS UNRECOVERED EVENT

I "' "'I * "''* b "''* 'II I"" C""#^
' Dark Structural / Mechanical - - - - - - - - - - - > pigtail used and was manually retrieved

by radiographer.
Working in
trench

Muddy area

Failed to have RSO
, g recover dropped source

,-- .
8 d "

w{th ut sui v n on) - - - - - - - - >
cp y
c ..

*

.. .
Picked up source with
bare hand

i

OUTCOME CORRECTIVE ACTIONS

Radiographer exposed Regulatory agency orders given to licensee.

1500 REM extremity -

. . . ._. ._ .. . _ . . - ..

.. .. . .. . _ . - . _ _

.
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2

equipment
persun oper etson

A. 8 radiographore (A, 8) hed taken 30 radiographe

AB pieceeded to dekroom and devotoe d filme

fdm badge
A took off fdm badge and attached at to clipboard

survey meter, comere
made one reehoot, surveyed camera, returned to truck leurvey reading normal)A8

|
A. B went to next reshoot eroe

A went to back of truck

B stayed m truck cab

survey r, eter. source.

A surveyed (meter showed source an sheelded pourtion)
camore

crank out cable.
A placed coeled crank out cebie around le4 arm wah cable hocaed to camere

camera

c amer e
A p cked up camere with right hand

cabis, camere
took two steps backward teob4e disconnected and f ell from comere to ground)A

A stepped back to truck

A placed camere on teilgate

i A diopped crenk out cable itom leet arm

A pecked up crank out cab 6e 3 4 ft from and (now light condaional

A worked way up cable with right hand

A believed he held end of crank out cWe between thumb and inder fanger

A brought end close to f ace {ebout ses mehes) to look at it

A realized he was holding source cable

A dropped source and cable onto ground

A yelled to B that source was esposed

I
A. 8 immediately left area

survey meter
A noticed survey meter offscale

doserwter
A noticed dosimeter offscela

I called RSO. who then returned source to shielded position using long hand |ed pliers'A

2 roll pins hold crank out assembly in pitce; the bottom pin wasI *

missing, the side pin appeared to work its way out and allowed assembly
c

| to come out

"A" recommended that, in subdued light, he would survey all equipment*

|
first before picking it up. ,

|

I
^ B-13
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i4

|

|:
i Event Tree for Generic Radiography
i

1

!

a A Team fails to plan work (EC)
!

B Crew fails to correctly plan (EC)

i
C C Crew fails to inspect equipment (EO)

! d
: D Crew fails to adequately inspect equipment (EC)
J \
< e
; E Crew damages equipment dunng transpan (EC)
4

f*

i F Crew loses equipment during transport (EC)

E
G Crew fails to lock source for transport (EO, EC)4

\
h-

.

H Crew fails to set up restricted area (EO)

1
5

| I Crew incorrectly sets up restricted area (EC)
4

) .
J Set up results in latent condition (source can't retum)(EC)

f \K Post Survey (REC)k
..

;

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

,],\ M Continuous pre survey (REC)

N Crew fails to properly time exposure (EC)
,n
!

O Crew fails to properly retract source (EC)
o

P Post survey fails to detect improperly retracted source (REC)

Q Crew fails to lock source results in latent condition (EO, EC)

|

I,

B-14



Information Processing Failures (adapted from O' Hare et al.,19%; Rasmussen,1982) 2

Was there an opportunity for No
? Structural /Mecllanical/Otherradiographer intervention?

*Pinsfailed, lockbox disconnected
from camera.

Yes

V

Did the radiographer detect No
cues arising from the > Information Error (1.1)
change in system state?

Yes

V
,

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

> Diagnostic Error (2.1)diagnose accurately
the state of the system? Failed to inspectpins in locking

mechanism.

Yes

V

Did the radiographer choose a No
goal which was reasonable given > Goal Error (2.2)
the circumstances?

Yes

V
Did the radiographer choose No
a strategy which would > Strategy Error (2.3)
achieve the goalintended? Manually checked end of cable to note

condition of cable connector.

VI Did the radiographer
Noexecute procedures > Procedure Error (2.4)

.

consistent with th-
strategy selected? Did not survey.

Did not disassemble cables prior to
_

Yes momg camera.

V
NWas the procedure executed

> Action Error (3.0)as intended. ,

;

B-15
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seu umu num - uma num 2uum
Error Influences & EITects

PSFs ERROR MECilANISMS UNSAFE ACrlONS UNRECOVERED EVENT

Insufficient Pins holding locking= Low light Structural / Mechanical - - - - * -
inspection of mechanism onto camera

= Source, equipment failed when equipment was
lifted onto the truck,

connector

and hookup .. # exposing the source.-

look similar .--
D.iagnostic

-.

Did not remove cables
from camera before

.. I movement
.

Procedure . . ~ $
ca

1

..g
Manually checked
end of cable without,,.y

1surveying

Strategy Error -
,

(circumvention) |

OUTCOME CORRECTIVE ACrlONS
Radiographer exposed Radiographer not allowed to work in radiation area.

+ 1600 - 2(XX) REM fingers Personnel informed that failure to wear film badges
(calculated worst case) will result in termination.

Letter explained event, distributed to company.

_ _ _ _ _ _ _ _
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,

I 2

|
eau pment

| person operation

exposure device
7 placed camere on 5 gai bucket

assistant (BI was watcheng the redistion area and tom radiographer (A) thet it was clear
B

magnetic stand
7 magnetic stand was on top of tank

A cranked out source

A repised that he wee shooting
survey meter

B survey meter showed shot had begun
magnetic stand

heard loud noese in tank Imagnetic stand had f allen about 5 sec, amer crank outi
B

I B saw A crentung back source

A yelsed that stand had f aNen
survey meter

saw survey meter reading endicating red etion still en areaB

A signalled source hung up and exposed

B roped off larger ares

went into tank and saw stand on ground with guide tube around itB
.

B held camera

B straightened guide tube

A tried to crank in

I source tube
A, B noticed dont fenmpi en source tube

'a'
notified company and customer RSOA

I B ...d...

C arnved at ede about had an hour later

venfied radiation zone secured by visual surveillance and bamcade tapeC

C decided to use phers to straighten crimp

C squeezed enmp
source. gute tube

C attempted to retract source (source stuck at enmpi

C placed lead shot over sourceI dosimeter
C 90 rnrem from dosimeter

C squeezed crwnp with pliers for 1 second

I C returned source to collimator

C directed A and B to place concrete bags over collimator

A. O put concrete begs on collemator

C discussed snuation with A

C decided to cut guide tube and roam out ecurce tube
survey meter

hr
C re-entered area tourvey meter reading 400 rnrem4

I
"-''I

--_



C cut oude tube with pipe cutters

IlC r. - _ _ _ h. .- -

C taped guide tube together

C returned to crank and ettempted to retract (source got stuck egesn and tapd guide tube separated) crenk, gude tube

1

1

0 manually pushed source mto colhmetor

dos. met er J
C pocket dosimeter effecale

C edded addmonal 6eed sheet on see of concrete bags, which reduced readings to 200 meem,hr survey meter j
i

j
C re-entered aree

l

|C cut out enmp m guide tube

!
C teped together gu.de tube

IC rett.cs.d .ource
I

l

l

.

Ii
I|
I'

1

|

l
i
|
|

1

1

1

B-20
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{

[ Event Tree for Generic Radiography

[
a A Team fails to plan work (EC)

b B Crew fails to correctly plan (EC)

c C Crew fails to inspect equipment (EO)

d
D Crew fails to adequately inspect equipment (EC)

[ e
E Crew damages equipment during transport (EC)

f
{ F Crew loses equipment during transport (EC)

8
G Crew fails to lock source for transport (EO, EC)

h
H Crew fails to set up restricted area (EO)

I I Crew incorrectly sets up restricted area (EC)

[
.

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

\K Post Survey (REC)k
__.

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

,] M Continuous pre-survey (REC)

N Crew fails to properly time exposure (EC)n

O Crew fails to properly retract source (EC)
o

{ P Post survey fails to detect improperly retracted source (REC)p

Q Crew fails to lock source results in latent condition (EO. EC)

[

[
-

B 21-

-
i
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;
'

Information Processing FallureS (adapted fmm O' Hare et al.,1994; Rasmussen,1982) 3

I:

Was there an opportunity for No
? Structural /Mecham, cal /Other

radiographer intervention?
,

Yes E
V E

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

Yes

i V
On the basis of the information E

i available, did the radiographer No E
> Diagnostic Error (2.1)

diagnose accurately
the state of the system?

Yes
,

V

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

Yes

V
Did the radiographer choose No
a strategy which would > Strategy Error (2.3)
achieve the goalintended? Set up error in placement of magnetic stand.

Yes

V
Did the radiographer E

No 3execute procedures
consistent with the
strategy selected?

Yes

V
INoWas the procedure executed

as intended.

|

B-22 1
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3
Error Influences & EITects

PSFs ERROR MECilANISMS UNSAFE ACrlONS UNRECOVERED EVENT

Working Strategy Error - - - - - - - > Placed guide tube Magnetic stand fell,
inside tank directly under crimping guide tube,

magnetic stand resulting in failure to
retract source.

,

ec

b

a

OUTCOME CORRECTIVE ACTIONS

Exposure to RSO during retrieval Purchase new magnets.

5 REM extremity Do not place guide tube or camera in path of
0.4 REM whole body possible fall.

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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_ _ _

4
eouspment

person operation

B rnovo equipment from storage to estup aree

A propenne fdm Wentification

B inspected equipment

B cornectad crank

B connected guide tube

B escured restncted eroe with ropes & signe

A checks esposure device

expoeure device.
checks lock on exposure device. turn key to unlock, rotated seeector ring to operetc. tned to retato nnoA eelector ring

to lock (selector nne ded not rotete to lock)

A weggled control cable

A moved to hand crenk

A moved crank toward exposure

exposure device,

A moved crenk toward retract thendie rotetod 1/4 turni crank

A felt solid stop

A moved to exposure device
exposure device

tried to lock device, but would not rotate to lockA

survey meter
noticed survey meter on floor in front of device pegged on 100 mr scaleA

A cracted meter
survey meter

switched to 1000 mr scale and ceserved maximum reading on scale
A

A moved Dack to crank handle

A moved crank toward exposure

exposure device,

moved crank toward retract (handle rotated 1/4 turn)A crank

A moved to exposure device

exposure device,

I A tried to lock device (did net rotate lock) lock

A moved back to crank

I B returned to crank area

A informed Rad. B of problem

survey metersurveyed barricade ropes (no higi radiation at barricades)B

instructed Rad 8 to move barricace repes an additional 20 f t.A

E asked electricians to leave area

B moved barricade ropes

A returned to crank

A moved crank toward exposure

exposure device
A moved crank toward retract (camera did not lock)I A moved to exposure device

B-27
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A took survey (showed high radiation survey metor

A leaned forward 1

A looked at guide tube 1

'

A saw not abnormalities

A moved to position halfway between exposure device & crank

a moved to exposure device

A knelt down behind & to right of exposure device

A slid survey meter in front

A leaned over projector

A tried to remove guide tube with finger tips, but connection threaded too tight exposure device

A removed hands & leaned away

A leaned forward

A used fingers & palms to loosen nut

A removed hands & leaned back

A leaned forward

|
A used fingers & palms to remove guide tube

A grabbed survey meter

A leaned forward ,

W
A saw source out of device, positioned in connector nut

A moved to crank handle

A retracted source

A locked exposure oevice

A surveyed exposure oevice (readings normal) survey meter j

A inserted safety plug

A surveyed guide tube

dosimeter i
A checked dos 1 meter ("A" dosimeter off-scale)

B returned from moving barricades

i

A told Rad B that incident was over 1

B checked costmeter ("B" dostmeter reading of 6 mr) survey meter

A informed customer

.more aftermath follows

I
I
I

B-28 I
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1

|
Event Tree for Generic Radiography

I

a A Team fails to plan work (EC)

b B Crew fails to correctly plan (EC)

c C Crew fails to inspect equipment (EO)

d
D Crew fails to adequately inspect equipment (EC)

c

| E Crew damages equipment dunng transport (EC)

f
F Crew loses equipment during transport (EC)

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

hI H Crew fails to set up restricted area (EO)

i I Crew incorrectly sets up restricted area (EC)

.
J Set up results in latent conditioc. (source can't return) (EC)

J

\K Post Survey (REC)I k
...

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

,, ,\ M Continuous pre-survey (REC)m |

N Crew fails to properly time exposure (EC)n

I O Crew fails to properly retract source (EC) i
o |

P Post survey fails to detect improperly retracted source (REC) |
p

I 9
Q Crew fails to lock source results m latent condition (EO. EC)

I
.

,

I
1

B-29 |
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Information Processing Failures (adapted from O' Hare et al.,1994; Rasmussen,1982) 4

I
NoWas there an opportunity for > Structural / Mechanical /Otherradiographer intervention?

Crimp in cable.
. --.

Yes

V

Did the radiographer detect No
cues arising from the > Information Error (1.1)
change in system state?

Yes

V
On the basis of the information
available, did the radiographer No

Diagnostic Error (2.1)diagnose accurately
-

the state of the system? Cable not inspected.

Yes

V

Did the radiographer choose a No
goal which was reasonable given > Goal Error (2.2) E
the circumstances? 3

y

Did the radiographer choose No
a strategy which would > Strategy Error (2.3) |>
achneve the goalintended? Removed tube to inspectfor source location.

Turned off alarming rate meter and g,
Yes continued working g\

V
Did the radiographer '

Noexecute procedwes > Procedure Error (2.4)consistent with the t'Did not callRSO.
strategy selected?

'

Yes

|V
No |

Was the procedure executed > Action Error (3.0)
as intended?

B-30
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Section 5g
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I s
equipment

person oper ation

I radiographer /tratter (A) and trenee (B) set up et 8.30 a m.A, B

A took radiographe

B seensted in teaung radiographe

A toki B to watch carmre

went to remote arts to develop filmA

B moved comera

:

I B set new film
f

B performed radiograph
i

4

8 thought he crenmed back source
survey meter

returned and way survey meter et full sce<eW A

I turned crank out handle approximate y 3/4 turn (to return source to shielded poestion)
; A

dosimeter
: checked pocket donwneter and found it offscese

B

A shut down job and celled office
j

;I
did not use alarm ratemeter*

;
,

possible " hang-up" in guide tube* 1
'

trainee wanted to " speed up the job a little bit"< *
,

e

!
1
'

i

I
I

.

I

I 8u
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#5

1

Ever:t Tree for Generic Radiography

a A Team fails to plan work tEC)

b B Crew fails to correctly plan (EC)

C C Crew fails to inspect equipment (EO)

d
D Crew fails to adequately inspect equipment (EC) e

e
E Crew damages : ; ment dunng transport (EC)

.

f
F Crew loses equipment during transport (EC)

8
G Crew fails to lock source for transport (EO. EC)

h
H\ Crew fails to set up restncted area (EO)

i I Crew incorrectly sets up restricted area iEC:

,
J Set up results in latent condition (source can't return) (EC) j

J j
Ik K Post Survey (REC) I

.)
1 L Crew set up results in source being pushed out (EC)

- _ _ .\ M Continuous pre-survey (REC)m

1

N Crew fails to properly time exposure (EC)
'

n
|

0 Crew fails to properly retract source (EC) )
o s

P Post survey fails to detect improperly retracted source (REC)p

Q Crew fails to lock source results in latent condition (EO. ECi

B-36 E
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Informaticn Processing Fallures (adapted from O' Hare et al.,1994; Rasmussen,1982) 5'

'T

NWas there an opportunity for Structural / Mechanical /Other,

radiographer m, tenention

4

Yes

V I

Did the radiographer detect No i

cues arising from the & Information Error (1.1)

|
change in system state?

|

Yes
|

| V

On the basis of the information I
available, did the radiographer No ;

& Diagnostic Error (2.1)
diagnose accurately
the state of the system?

Yes

V

Did the radiographer choose a No
goal which was reasonable given > Goal Error (2.2)
the circumstances? . Rad B = work without supervision.

Yes

V
Did the radiographer choose No
a strategy which would > Strategy Error (2.3)
achieve the goalintended? Latent error = Rad A leaves trainer

unsupervised.

V
Did the radiographer

N,o
execute procedures Procedure Error (2.4)-

consistent with the
strategy selected? No survey.

Yes

V
NoWas the procedure executed > Action Error (3.0)as intended?

Failed to completely retract source.

B-37
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I
|

6

!

Equipment

E Person Oper etion

crew toon radiogroonec shotA

A crew locked equipment
f hat day) camere

~ 6 pmmoved to new site wahout diseasemony [had worked 11 hre as ar t
A

,I A estabbah new restricted ares

posrtioned camere on scaf fold (4 ft hech)A

set up fdm on other side el pipeA

set up guide tube & colhmator on one side of pipeB

A c6moed off scaffo.dI A unlocked camers

A adpusting collimator

I noted tignt bend in guide tubeA

placed lett hand on camera and right hand on control caciaA
c***f a

turned camere Itumed 15 to 20 degrees)A
survey meter

chmbed off scaff old (did not perf orm survey)B

noticed survey instrument of f scale on al settingA
survey meter

A turned setting to x10 Loff seedel
survey mater

performed battery check of survey meter (bartery OK)A
l) survey meter

pecued up control cable handle and turned back 1/4 turn (survey reading returned to norma
!A

survey meter

surveyed camere (normai readings)A

I notified arte pro,ect leader of incident (both Rad A and Red B pocket dosameters o staio
ff ) dosimetere

A

I

I .

I
I ,

,

I
,

1

I
'

B-41
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#6

Event Tree for Generic Rc.diography
I

a A Team fails to plan work (EC)

b B Crew fails to corre:tly plan (EC) I
e C Crew fails to inspect eqmpment (EOi

D crew fails to adequately inspect equipment (EC)

e
E Crew damages equipment dunng transport (EC) g

a
f

F Crew loses equipment during transport (EC)

|
8 G Crew fails to lock source for transport (EO. EC) E

h
H Crew fails to set up restricted area (EO)

I I Crew incorrectly sets up restricted area iEC)

,

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

J

k K Post Survey (REC)
._.

1
L Crew set up results in source being pushed out (EC)

\ M Continuous pre-sursey tREC)m

S Crew fails to properly time exposure (EC)
n

IO Crew fails to properly retract source iEC)

P Post survey f:als to detect improperly retra:ted source (REC)
p

f Q Crew fails to lock source results m latent condition (EO. ECi

,

II

! I
,

B-42
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Information Processing Failures (adapted from O' Hare et al.,1994: Rasmussen,1982) 6

I
Was there an opportunity for No

I radiographer intervention?
> Structural / Mechanical /Other

| Yes

J V

I
Did the radiographer detect No
cues arising from the ? Information Error (1.1)
change in system state?

Yes

V

| On the basis of the information
available, did the radiographer No

> Diagnostic EITor (2.1)
diagnose accurately
the state of the system?

*
I ,

Did the radiographer choose a No
I goal which was reasonable given > Goal Error (2.2)

the circumstances?

Yes

V
Did the radiographer choose No
a strategy which would > Strateg*y Error (2.3)
achieve the goalintended? ,ygy,g (amera after it was unlocked

I during set up.

V

I Did the radiographer
h,o

execute procedures
, > Procedure Error (2.4)

consistent with the
strategy selected?

I Yes

I
I V

NoWas the procedure executed > Action Error (3.0)
as intended?

{

~
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7
Cgwpment

person oper ation

exposure device
crew took radiograph with camera located 20 ft off ground (with dnve cable hanging down withA
crank on groundi

,

ascended to comere in manlitt with survey meterA

replacing sqne et restncted area borderB

1

5 A et height. moved manlitt forward to camera

surveyed Guide tube & exposure device-W A

f
A set meter on manlitt floor

!. grecoed control cable wrth right handA

A locked device wrth left hand
.;

seached in front and disconnected guide tube
f A

source. locked |

noticed source protruding severaJ anches from front emit port source protruding from locned device1

esposure deviceA

i drooped guede tube. descenced to ground ! Red A ocsimeter ottscais, aearming retemeter was turned
survey meter

A
ett and not operabse)

tned to retract source but could riot retract ilocx plunger was depressed and in lock modelA

A oiscussed & paenned what to do

B discussed & pionned what to do

g B ..-.d._,.,

A maentained tension on drive cabie

B unlocked device
.

m A retracted source

B sur v e y ed

B relocked camera device

did not know that a camera could be locked with source not in shielded
)

*

position.

I
I ..

I
I
I
I

-
g
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I|#7

I
<

Event Tree for Generic Radiography

I
a A Team fails to plan work (EC)

b B Crew fails to correctly plan (EC)

e C Crew fails to inspect equ:pment (EO)

D Crew fa:Is to adequately in<pe:t equipment (EC)

e
E Crew damages equipment dunng transport iEC)

-

f
F Cr:w loses equipment dunng transport (EC)

|?
G Crew fails to lock source for transport (EO EC) W

h
H Crew fails to set up restncted area .~EO

I Crew incorrect!v sets up restricted area (EC)
' g\

,

J Set up results ir. latent condition (sour:e can't return)(EC) 3
J

k K Post Survey (REC)
|. . .

W
1 L Crew set up results in source being pushed out (EC)

\ .\1 Continuous pre sursey (REC)m

N Crew falls to properly time exposure (EC)n

O Crew fails to properly retract scarce (EC) g
go

|
~~

\P Post survey fails to detect improperly retracted source (REC)p

9 Q Crew fails to lock source results in latent condition (EO, EC)

1
1 It

:
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Information Processing Failures (adapted from O' Hare et al.,1994; Rasmussen.1982) 7:

I
NoWas there an opportunity for ;

I radiographer intervention
* Camera locks with source exposed.

l
_

v"
,

I
Did the radiographer detect No
cues arising from the > Information Error (1.1)
change in system state?

Yes

V
On the basis of the informa' ion
available, did the radiographer No

> Diagnostic Error (2.1)
diagnose accurately

I the state of the system?

Yes

Did the radiographer choose a NoI goal which was reasonable given > Goal Error (2.2)
the circumst:mces?

Yes

V

I Did the radiographer choose No
a strategy which would > Strategy Error (2.3)
achieve the goalintended? *3fored camera to lock it.

Yes

VI Did the radiographer
h,

execute procedures > Procedure Error (2.4)
consistent with the

I strategy selected? Turned off alarming ratemeter.
~ *Did not survey.

Yes

V
NoWas the procedure executed

as intended?

I

I
B-49
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[
8

(
equipment

person operation
_

tedeographer (A) took 8 revnute exposure et aoout 1:30 a.m.A
source. ear protect"

cranked m source (could not hear plunger on loca of camera because of hegm noise had on doubleA
ew protection, snarp bend in guede tube from setup may have prevented source ' rom fully
retreeting!

approached camere with survey meter on sto sca.eA
survey meter

A saw survey meter reading was O

A told radeogroober (B) to leave area

A. B left camere area (could not hear alarm eneterst
survey meter

checked survey meter (batteries not moeung contact)Ar

- A tapped meter and at began functsoneng

A cranned source out end back in

A ecoroached camere with meter

A s urvey ed

A locked camere

A notified RSO

alarm meters - wearing, in working order, but coulo not hear due to*

noise

~

%

B-53
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#8

Event Tree for Generic Radiography

I
a A Team fails to plan work (EC)

b B Crew fails to cor e:tly plan (EC)

c C Crew fails to inspect ecutpment (EO)

D Crew fa21s to adequately inspe:t equipment (EC)

e
E Crew damages equipment danng transport (EC) g

Bf
F Crew loses equipment dunng transport (EC)

'

G Crew fa:Is te lock sour:e for transpon (EO, EC)

h
H Crew fails to set up restncted area (EO)

i I Crew incorre:tly sets up restn:ted area <EC)

,

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

k K Post Survey (REC)
._

1 L Crew set up results in source being pushed cut iEC)

\ M Conunuous pre-survey (REC)m

N Crew fails to properly t:me exposure (EC)
n

O Crew fails to properly retract source (EC)
o

P Post survey fails to detect improperly retracted source (REC)

9
Q Crew faits to lock sour:e results in latent condition (EO. EC)

I

B-54
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Information Processing Failures (adapted from OEare et al.,1994; Rasmussen,1932) 8

Was there an opportunity for No
? Structural / Mechanical /Otherradiographer intervention?

* Survey meter not initially working.

Yes

Did the radiographer detect No

| cues arising from the > Inforination Error (1.1)
change in system state? .Could not hear alarms.

*Could not hear plunger.

| Yes
1
' V

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

> Diagnostic Error (2.1)
diagnose accurately
the state of the system?

Yes

I V

Did the radiographer choose a No

I goal which was reasonable given > Goal Error (2.2)
the circumstances?r

|

Yes

V

I Did the radiographer choosI No
a strategy which would > Strategy Error (2.3)
achieve the goal intended?

Yes

V
Did the radiographer

h,o
execute procedures > Procedure Error (2.4)-

consistent with the
strategy selected?

Yes

V
NoWas the procedure executed * Action Error (3.0)as intended?

|
Latent set up error (bend in tube).

i

'

B-55
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amm num sum aus .

Error Influences & Ef fects

PSFs ERROR MECilANISMS UNSAFE ACTIONS UNRECOVERED EVENT

* Iligh noise area Mechanical Approached camera with Radiographer failed to retract'' ~"* survey meter at zero source, given failed survey
Wearing ear (but then retreated) meters.
protection (which
prevented hearing
alarming raremett i

information .w Relied upon audible
cues when in high
noise / ear protection
area

e
'?
cc

Action error
. .y Set up resulted in

sharp bend in guide
tube

OUTCOME CORRECTIVE AGIONS
Radiographer possible overexposure Removed survey meter from service.
(if hand touched guide tube)

Maintenance inspection on all related etjuipment.
146 REM extremity (calculated

. _ _ - -___
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I
I e

equipment

Person operation

two red.ographers (A and Bi zeroad dosianetore et beginnbo of workA.B

A.B completed necesse paperwork

A/B began to meme exposures on hast of ten weias

proceeded to daruroom to develop film etter completion of ten welds

I A

continued to meme exposures on next set of weldsB

B est up for next exposure

I B unlocked exposure device

weaked bacit with eurvey meter and crena outs
B

crank control, source. guide tube
cranked out approm 1/4 revoiution and source hung up in guede tube

B
source

realized there wee a probiem when couldn't get source to go any further
B

source, exposure device
tned to retreet source back into exposure deviceB

source. exposure device
thought he had retracted source back into exposure deviceB

survey meter, esposure device

" - ~ "''' - " ~-'I survev meter
observed survey meter reaoing of 08

checked guide tube. thanking at might be lunkedB )

I )

B returned to crank out
source

couldn't get source to move from original positionB
survey meter, exposure device

B oppscoched esposure device with survey meter
guide tube, exposure device

i

removed guide tube from exposure deviceB
source, exposure device

B saw source puet outside of exposu e devicer

retemeter eierm
let no time did retemeter eierm sound)

B returned to crank outI B retracted source into esposure device

B inf ormed A, who was still in darkroom

I survey meter

A picked up survey meter
survey meter

A noticed meter not working et all
survey meter

topped survey mete and it began working properlyA
survey meter

B Inever pedormed lock out survey)
esposure device

B toever locked exposure devical

AB ceiled RSO

B-59
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|
4
a

Event Tree for Generic Radiography

a A Team fails to plan work (EC)

!B Crew fails to correctly plan (EC)

c C Crew fails to inspect equipment (EO)

d D Crew fails to adequately inspect equipment (EC)

#
E Crew damages equipment during transport (EC)

F Crew loses equipment dunn; transport (EC) j

IiG Crew fails to lock source for transport (EO. EC)

|
h

H Crew tails to set up restncted area (EO)

i I Crew incorrectly sets up restncted area (EC)

.

J Set up results in latent condition (source can't retum) (EC) 1

)
k K Post Survey (REC)

...

m \ . Crew set up results in source being pushed out iECi
L i

1
i\1 Contmuous pre. survey (REC)

N Crew fails to properly ume exposure (EC)
n

,

O Crew fails to properly retract source (EC) |
|

o

p \P Post survey fails to dete;t improperly retracted source (REC)

9
Q Crew fails to lock source results in latent condition (EO. EC)

B-60 I
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Information Processing Failures (adapted fmm OHare et al.,1994; Rasmussen,1932) 9

Was there an opportunity for No
> Structural / Mechanical /Otherradiographer intervention?

* Survey meter at zero (0).

y

Did the radiographer detect No

I cues arising from the >- Information Error (1.1)
change in system state?

Yes

V

I On the basis of the information
available, did the radiographer No

' > Diagnostic Error (2.1)diagnose accurately
the state of the system? Status of survey meter.

* Location of source.

Yes

I V
Did the radiographer choose a No

I goal which was reasonable given > Goal Error (2.2)
the circumstances?

Yes

[ V

I
Did the radiographer choose No
a strategy which would > Strategy Error (2.3)
achieve the goalintended?

Yes

V
Did the radiographer

Noexecute procedures > Procedure Error (2.4)consistent with the
strategy selected? . Failed to lock.

Yes

V
NoWas the procedure executed

* Action Error (3.0)as intended?

j Failed tofully retract source.

I
B-61^
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10
equepment

Person operation

A cleared the area to be roped off

caiculated safe perimeter t be blocked off

positioned helpers. outside restncted eres for edditional securityA

set up este perimeter lunrestricted arealA

A set up sato area to control cabie crank

A checked out survey meter

A secured exposure device

A positioned source guide tube and jig

laid out source tube to spot where camera would be positionedA

A pieced ply board under camere end of gu de tube connection

pieced camera on ply board to allow easy connection of guide tuceA

* ' shape
A crenk control unit extended out and around in a u

A removed exposure device storage plug

A connected source guide tube to the esposure device

A placed storage plug in storage tube on front of the camera

i
controi unit to

A fo4 towed figures 5.2-5 6 in the Tech; Ops Operation Manual to connect
exposure device

A surveyed esposure device

* oerete* modelA unlocked exposure device (seie: tor ring in c

A posrtioned control unit in safe lacetion

A set odometer knob et 000

A checked restricted area

A cheenW that beiners in unrestricted ares were s ert

I A cronned out source to tip of guide tuce stoo

A put br an o in *on* position

I A surveyed unrestncted outer perimeter

A returned to crank control

A set bran e to "off *

A retreeted source to saf e poortion in camera

* n*A set brake to o

A entered rl.T. eroa

A surveyed guide tube

A verified sevice saf ely secured in camera |

|
_

M

B-65
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1

I

A pieced survey refer down near exposure device 4|
<

A got unexposed fdm from safe shecided aree

A placed fdm and 10, on area to be x rayed
g

A rechecked S F 0. f or tha proper distance
|

A visue6ly checked restricted and unrestncted area and hospers

A reisesed brake f or crona control

crsnmed out source to full esposure position at end cf guide tube stopA
Ibran e

(did not use brake dureng esposures because of short timalA

A retracted source to saf e sheelded position

A followed above procedures f or nene exposures

A cranked source back to saf e position after tenth esp 3eurs
1

A noticed odometer reedirigs all in 000 position

f
A surveyed ino radiation read.ngs)

A became anxious to cornplete the sob and wrap up everything

A rushed towards esposure device

control crank, source ]lucked control crank whole stepped over crank control, which evidently moved the crana andA
moved the source out towards tee tip of the camera

surveyed from source gusde tube stop and back to the esposure device |A
I

survey meter
A observed survey readings et O

A set survey meter down

A removed jeg

A removed x-reved film and 1.0.
(

A put film on slup

A put lead numbers e contamer on ply board where exposure oevice was

A removed source guide tube from sig

A put guide tube end pg on sasp
-guede tube, exposure devico

A detached guide tube connection at front of suposure device

A removed storage plug from honder
!

A sttempted to secure storage plug. but couldn't tttp of piug wouldn't go e further then storage plug, exposure device
|

entrance et front of esposure device)
isource

A resiired that source wee not fully retractmJ

esposure device
A visually checked frorit openir'g

source
A noticed s omething that loomed like the tip of a smail caceule

survey meter
A turned knob of survey meter to "bettery check'

survey meter
A observed needle to jurvo up, then boek down to O I. r._.d b_ .f .ur..y m.t.r c cg t. g.t t. t . _.rv

I
IB-66
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survey med

A put preneure on bettenes while roteteg them
surve meter

A read survey meter off scale
pschet doeirneter

A read pocket doserneter off scaie

A put both meters down

A ran back to crank control
crank control. source

retracted source to fully sheended position tmoved just a irttlelA

A returned to camere

A secured storage plug mto esposure device

tumed rotstmg soiector seg mte lock positionA

A surveyed comers
survey meter

noticed survey rneter fluctuateg las if haver.g bad contactiA.
survey meter, battery brackat

removed Drecket ho dmg betteries en placesA
survey meter, bettery brecnet

A bent bracket to fit enugly agesnet bettenes

A replaced bracket support back

A- noticed that prob 6em was solved

A survev device agen (no problemel

rotated setector nng fromlock to connect tto disengage controi urut connectortA

followed procedures e f'ouree 5.6-5.2 m the Tech Ops operation Manual to properlyvAt

disengage the contro4 unit from tne esposu e devicer

A loemed and secured storage cover

A removed key

A surveyed camere agam

A temporarily stored comere in secured cab of the truca

secured crank control. source guede tube. fJm. etc. in proper pieceA

A, others removed signe and barriers

A devehoed last of the x-rays
fdm

A found first nme aways to be OK. tenth *se bloca

A reported mcident to state beastri deoartment

reported ' cident to USNRCmA

celled company that processes fdm badges to have tnam get reeutts se soon se possib6eA

A reviewed compiete mcident the nort dev

A maded fdm be$ge to processor

[

[

,

'
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uio

I

Event Tree for Generic Radiography
I

a A Team fails to plan work (EC)

b B Crew fails to correctly plan (EC)

e C Crew fails to inspect equ:pment (EO)

d D Crew fails to adequately inspect equipment (EC)

e
E Crew damages equ:pment dunng transport (EC)

~

f
F Crew loses equipment dunng transport (EC)

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

h
H Crew fails to set up restacted area (EO)

i I Crew incorrectly sets up restncted area (EC)

5
.

1 set up results in latent condition (source can t return)(EC)

J

k K Post Survey (REC)
...

1
L Crew set up results in source being pushed out tEC,

\ M Continuous pre-survey (REC)m

N Crew fails to properly time exposure (EC)
n

O Crew fails to properly retract source (EC)
o

p \P Post suney fails to detect improperly retracted source iREC)
~~

9 Q Crew fatis to tock source resuits in latent condition (EO, EC) ,

1

1
l
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Information Processing Failures (adapted from oHare et al.,1994; Rasraussen,1982) 10

|
Was there an opportunity for No

Suuctural/ Mechanical /Other
| radiographer intervention?

-

Meter reading at zero (0).
_ . _ _ _

|
~

,
J

Did the radiographer detect No

l cues arising from the b- Information Error (1.1)
change in system state?

I Yes

V

| On the basis of the information
available, did the radiographer No

* Diagnostic Error (2.1)diagnose accurately
the state of the system? ,Did not diagnose rneter not working.

Yes

I V

Did the radiographer choose a No

I goal which was reaionable given > Goal Error (2.2)
the circumstances?

Yes

V
Did the radiographer choose NoI a strategy which would > Strategy Error (2.3)
achieve the goalintended? * Failed to check crank after tripping

over it. Lookea into camera to tec
I Yes source location.

V

I Did the radiographer
h,

execute procedures
Procedure Error (2.4)

m
-

consistent with the
strategy selected? Failed to lock source in shieldedposition.

| Yes

V
NoWas the procedure executed

as intended.

|

~ B-69
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f
11

equipment

Person oper ation

radiograoher (A) completed exposure on weid somtA
camer a. ladder

aoproached comere on ledder stsp noproximateey 6' eff groundA
erenk control

held crank control meennem in rignt handA
lock plunger

sttempted to push lock plunger down to secured pos# tionA
lock piunger. camers

made 2nd ettemot to push plunger down and camere started to f all off ladderA
guide tuce, camers

grabbed guide tube at the port wandow to baiance the camereA
,

A called B to helpI survey meter

B noticed survey meter of fscaie

B enformed A that survey meter was offscale

I backed e*ay approximately 10' to stra shten controi cooieA

,

A turned crank sporonimately 1/3 turn

I
8 read survey meter at normal

confirmed that source was in safe shneided pos, tron* A
)

cnecked cocket dosimeters (A .60 mrem. 8 = 5 mrem)AB

A notified RSO of incident
|,

s eported results of dosemeter read.no to RSO 1Q

I A

1
1

I.,
)

e

!

4

I
.

i

i
;
t

!I
.

!
J

;
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#11

Event Tree for Generic Radiography
I

a A Team falls to plan work (EC)

b B Crew fails to correctly plan (EC)

c C Crew fails to inspect equipment (EO)

d
D Crew fails to adequately inspect equipment iEC)

e
E Crew damages equipment dunng transport (EC)

f
F Crew loses equipment dunng transport (EC)

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

h
H Crew fails to set up restricted area (EO)

i I Crew incorrectly sets up restricted area (EC)

,

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

k K Post Survey (REC)
...

1 L Crew set up results in source being pushed out IEC)

. . . .\ M Continuous pre-suney (REC)m

N Crew fails to properly ume exposure iEC)
n

O Crew fails to properly retract source (EC)
o

P Post survey fails to detect improperly retracted source (REC)p

Q Crew fails to lock source results in latent condit:en (EO, EC) W

i

i

|

B-74
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1IInformation Prccessing Failures (adapted trum omare et al.,1994; nasmussen,1982)

Was there an opportunity for N
Structural / Mechanical /Other

radiographer intervention

...

Yes

V

Did the radiographer detect No
cues arising from the > Information Error (1.1)
change in system state?

Yes

V
On the basis of the information
available, did the radiographer No

> Diagnostic Error (2.1)
diagnose accurately
the state of the system?

Yes

V

Did the radiographer choose a No
goal which was reasonable given > Goal Error (2.2)
the circumstances?

Yes

Y
Did the radiographer choose No
a strategy which would > Strategy Error (2.3)
achieve the goalintended? Latent set up error (stability ofladder).

Yes

V
Did the radiographer

Noexecute procedures
Procedure Error (2.4)-

consistent with the
strategy selected? No survey.

Yes

|
'

V
NoWas the procedure executed Act,on Error (3.0)ias intended?

-

Source not retracted completely. |
|
1
i

.

B-75:
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Appendix B
Section 12

|

I

I

I

I

I

I

|
L

c

[
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12
sowtoment

pare on opor etson
pocket dosimeter

assistent (A) f anied to test pocket dosimeter for proper operation pner to the enett
A

radiographer (B) lef t assistant worbeg alone
B

A comp 6eted some x-reve

f a.4ed to survey guede tube or circumf erence of exposure deviceA
source

f a.ied to secure, lock seeied source ensembly m the shieided poortionA

A picked up exposure device

carned esposure device to location of nort weldA

A set device down
d

went to truck. et previous site, to get film and survey meter that had been left Dehin
A

A returned to ne w *eid site
survey meter

* pegged * oH scaie as approached exposure device
A noticed survey meter was

A backed away from device
pocket dosimeter

read pocket dosameter (discharged beyond rangel, which had not sounded or alarmed et any
time during the mcident smay not have oeen turned on, haon't been calibrated f or over a

A

yearl

A returned to t*uck

requested assistance of rad ograoner (B)A

proceeded to sde where espesure device was locatedB

8 picked up control mechanism

returned source to shielded position freovered less than one full rotation of the crank
B

mech an.s mi

B approached device with survey eneter

su veyed f all length of guide tube and entire circumf erence of esposure device
B r

read indication of sea 4ed source m sniefded pos tsenR

escured.iocked sesied source assembly m se Jded positionB

A!B stopped work for the day

AiB lett job sete to notif y RSO of meident

wrote parteelly f asse statements to cover up the f act that :he radiographer was notAiB
supervismg assestant

t it is not known f or sure if th.s resulted m en ove<esposure
There ns e lot of contracietory mf ormation. and reports were f ats,hed to protect see inde,idue e evo ved.t al de'. ails of the
ass stant inf ormed RSO that sne had f a.s.f.ed .nf ormation on tne report but had verosh prov>ced him tne ac u
mcedent Oster contradicted m another report? d an overenposure

essistant stated that RSO performed a ca.culation on her encouvre and inf ormed her that she had not receivedocumenterion
(PSO stated that he had performed a caecutsc<ca but could not remember what et was and could not locate any

RSO gave the assistant anotner TLD and told ner that she could go back to .orm as her husdend a assistant the was a
of rt.)

radaograpt er aosel

-

%

B-79
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m444g

,

I

i

|

RSO stated that he sent the essistent's bedge 'm for processing. but the badge vendor stated there wee no record of receiveg et
1

.

4

Ii
1
,

1

I!
,

l
1

1

.

I

,

l

|

I|
,

1

I!

I
|

I
i

I'

-

|

|

;
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#12

L

Event Tree for Generic Radiography\
'

|- a A Team fails to plan work (EC)
|

b B Crew fails to correctly plan (EC)
,

| C C Crew fails to inspect equipment (EO)
|

d D Crew fails to adequately mspect eqmpment tEC)

e E Crew damages equipment during transpcrt (EC)

if |F Crew loses equipment during transport (EC)
1

'

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

h
il Crew fails to set up restncted area (EO)

,

I

1 Crew incorrectly sets up restncted area (EC;l

|

,

J Set up results in latent condition Isource can't return)(EC)

j

k K Post Survey (REC) '

I
|

_..

| 1
L Crew set up results in source being pushed out (EC)

, ,{ .\1 Contmuous pre survey (REC)1

S Crew fails to properly ume exposure (EC)
n |

0 Crew fails to properly retract source (EC)
| 0

P Post survey fails to detect improperly retracted source (REC)

9
Q Crew fails to lock source results in latent condition (EO. EC)

!

|

<

!
t
I

I

13-81
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Information Processing Fallures (adapted from O' Hare et al.,1994: Rasmussen,1982) 12
.

!

Was there an opportunity for No
> Structural /Mecham, cal /Other

radiographer intervention?

.

Yes '

V ;

Did the radiographer detect No i

cues ansing from the > Information Error (1.1) .

change in system state?

Yes

V

On the basis of the information )
available, did the radiographer No

'

> Diagnostic Error (2.1)diagnose accurately
the state of the system?

Yes |

V

Did the radiographer choose a No
goal which was reasonable given > Goal Error (2.2)
the circumstances? *Have assistant work without supervision.

Yes

V
Did the radiographer choose No E
a strategy which would > Strategy Error (2.3) 3
achieve the goal intended?

Yes

V
Did the radiographer E

No Eexecute procedures
Procedure Error (2.4) {-

consistent with the
strategy selected? * Failure to survey.

* Dosimeter not turned on.

Yes ' Failed to lock source before moving camera.
_

V -

NoWas the procedure executed
-

> Action Error (3.0)
,

as intended?

]

]
n.s2



, ~m , . . . . . . . -

*Error Influences & Effects

PSFs liRROR MECIIANISMS UNSA1li ACTIONS UNRECOVliRED EVliNT

Limited training Failed to turn on dosimeter Multiple unsafe actions led to,.y
probable exposure of assistant.

. Limited I'r cedure
,

experience
'

-A
Radiographer left
assistant to work alone

.. Y

Goal Error .w Assistant proceeded
to woik without
supervision

?
$

Moved camera,, y
,

. without carrying
Procedure survey meter

.

..

Failed to survey properly

#,

OUTCOME CORRECTIVE ACTIONS

Assistant exposure Radiographer reminded to work according to NRC regulations.

Possible 6 REM whole body Radiographer review of 10 CFR Part 34.
.

. Film badge was lost New assistant RSO appointed.

New calibration log initiated.

- _ _ _ _ _ _ _ _ _ _ _ _
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I

|

|

.

B-85

_- _ _ _ _ _ _ i



- - - - . - - - . - - - -- . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ ____ ____ " - - - -%,-

13
sousomer't

pers on oper ation

two survey meters calibrated 1 ween before mcedent
?

radiographer trainer 18) wore film badge end pencil dosimeter3

radiogrooner tre. nee (C) were film badge and pencil dosimeterC

ensumed that re-boder was isned with fire weil bncas and boeler tubes. d#d not actusily foon msede to
C

see *no was m et

assumed tnet the inside of the recoiser should De en unrestncted era.8
6' tnick steel recoder

worker (A) workmg inewde reboder m sees closest to source. separated by 3/1
A

snell, > B' from source durmg redsogroomy esposures

ropes and signe posted et the restncted eroe penmeter1

BiC radiogrechers performed tnroe exposures

told by =4 ness (E) (during or etter last evoosurei teet worker was ins.de receder durma encosure
B

tow teeiner not to crena out because someone *es working inside boder. se.d trainer toid him
E

rebouer wee lined wrtn retractory, and proceeood to crena out

I

I

\
,

1

,

I

|
i
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f

#13 I
l
l

I
.

Id

i

Evert Tree for Generic Re.diography
.

>

i

1

1
,

a A Team fails to pian work (EC) (
}

b B Crew fails to correctly plan (EC) I;-!

.

lc C Crew fails to inspect equipment (EO)
1

"

:

D Crew fails to adequately mspect equipment (EC)

e
E Crew damaces equipment during transport (EC) |

J

! f
F Crew loses coutpment during transport (EC)

|
4
*

| 8
G Crew fails to lock source for transport (EO. EC)

;
.

h<

H Crew fails to set up restricted area (EO)

i I Crew incorrectly sets up restricted area (EC)

,

J Set up results in latent conditien (source can't return) (EC)
)

k K Post Survey (REC)
...

1 L Crew set up results m source being pushed out (EC)

,

\ M Continuous pre-survey (REC, frn

S Crew fails to properly t:me exposure (EC)n

O Crew falls to properly retract source (EC)
o

-,\P Post survey fails to detect imptcperly retracted source (REC)p

Q Crew fails to lock source results in latent condinen (EO. EC)
-

7

|

-

B-88 -
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13Infcrmati:n Prccessing Failures (adapted from ovare et al.,1994: Rasmussen,1982)

|

NoWas there an opportunity for * Structural / Mechanical /Other
radiographer intervention?

i

Yes

V

Did the radiographer detect No
cues arising from the > Information Error (1.1)
change in system state?

Yes
:

. V

On the basis of the information |
'

available, did the radiographer No
* Diagnostic Error (2.1)diagnose accurately

the state of the system? * Incorrectly diagnosed shieldprotection of
reboiler (set up of restricted area). .!

Yes
I
iV t

IDid the radiographer choose a No
goal which was reasonable given > Goal Error (2.2)
the circumstances?

Yes

V
Did the radiographer choose No
a strategy which would > Strategy Error (2.3)
achieve the goalintended?

Yes 1

i
'

V
Did the radiographer

h,
execute procedures >- Procedure Error (2.4) |

consistent with the ;

strategy selected? )

Yes

I
i

| V
i NoWas the procedure executed'

y Action Error (3.0)
i as intended?
|

\

B 89
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|

|
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Appendix B
| Section 14

I

|

|

|

|

|
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14
equipment

Person oper etson

radiograpner (A) and assistant (B) were x raymg weids on a pipehneA/B
t

counted number of forward roteuone of crena for source to reach end of guede tubeA7 B?

I AiB performed last x ray of the day
crank source, camera

counted same number of backward rotation of crank to venty that source had returned toA? B?
sniesced position

I A locked camera

curled guide tube back over the camers handleA
camera. Guide tube. controf

handed camere, guide tube. and control cande to assistant . . . . .A

camera. Guide tube. survey
(tailed to survey camere end guide tube because it was 1730. getting dark. and he could notmeterAI read his meter

audible asarm
rened on sudib6e radiation searm to mdicate unshiaided sourceA

audibie aiarm
heard audible siarm when he returned to pipe to remove film (didn't hear rt earlier because ofI A
tractor noisel

shouted that source was unshieldedA

A.B lett immediate area

notice that pocket desirneters were of f sce4eA,8

source
couldn't return source to sheesded position (when 71A

A? B' told other pipeline workers of problem

others other workers lett area
;

= B stayed wrth unsheelded source

A went to town

I A called supervisor (C) f or help
camers. caone source, lock

f ound camere locked on source esbie to inst source could riot be returned to shielded position
C

C unlocked camera

C pulled source mto shiaided position

1 RSO told of incident later that evening

,

n

;

i
i
4

i

,

a



#14

I
Event Tree for Generic Radiography

I
a A Team fails to plan work (EC)

b B Crew fails to correctly plan (EC)

C C :rew fails to inspect equ:pment (EO)

d
D Crew fails to adequately mspect equipment (EC)

e
E Crew damages equipment during transport (EC)

f
F Crew loses equipment dunng transport (EC)

~f
G Crew fails to lock source for transpon (EO. EC)

h
H Crew falls to set up restncted area (EO)

i I Crew incorrectly sets up restncted area (FC)

,

1 Set up results in latent condition (source can't return) (EC)
J

k K Post Survey (REC)
__.

I L Crew set up results in source be:ng pushed out (EC)

---

\ M Continuous pre-survey (REC) E,m

WN Crew fails to properly time exposure (EC)n

'O Crew fails to properly retract source (EC)
o

P Post survey fails to detect improperly retracted source (REC)

9
Q Crew fails to lock source results in latent condition (EO. EC)

B-94
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Information Processing Failures (adapted from o Hare et al.19W: Rasmussen,1982) 14

Was there an opportunity for No
> Structural / Mechanical /Other

,

radiographer intervention?

Yes

V

Did the radiographer detect No
cues arising from the > Information Error (1.1)
change in system state? Could not see meter.

*Could not hear alarm.

Yes

V

i On the basis of the information
available, did the radiographer No

> Diagnostic Error (2.1)
diagnose accurately

I the state of the system?

' * '
I V

Did the radiographer choose a NoI goal which was reasonable given > Goal Error (2.2)
the circumstances?

Yes

V
Did the radiographer choose No
a strategy which would * Strategy Error (2.3).

achieve the goal intended? Counted number of cranks inlout to

| ensure source retracted.
Yes

V

I Did the radiographer
N,o

execute procedures > Procedure Error (2.4)consistent with the
strategy selected? *No surve;;.

Yes

| V
NoI Was the procedure executed > Action Error (3.0)as intended?

|

|
i

-

B-95

-

.- - - _ . _ _ _ _ . _ _ _ _



_ a J _ um a == ._ - - s e u 4 - - -

* O * * * T
kn o- u% C M

y'A
-cr :-: &O n u= ro

73 kn 8w 2. c. 4

M dw 4 3 ov
99 83 n m

o -
- a C
bb E' 5 a

M 4o 2. u"= &~ c wO.
* ae-N Ou C x = '

G ?& H tX =u e- 1

cw n~ -

se e O $ c0 ox, n
Ly oa O n- c. M

Or 7
. -x=

E 3G U-

e m- .
I k3 ? hn C.

k
n

D > ~
n v"

'
- C.
'< N-

*1= ~ M g 7U% -

G 5 mC
~

L C O ,

v "
-
m

>
2

.

L*a
. s M

-

=. ,

$*

""!-gg

'w
-
M

,-
hues~* TP=n I d' O |

Uc a _.3 C' Z,~_ cd. -
m .

*,. aO % 3 ya O4 C >~

=. x 2 c O~ ~c- m > WaoO_ ? 7, m ~ ~o
w- ~ o M

'

t - O M Q g G y g-C 2 O c UU- X Qa < g
Q

m
= -r

=_ . xw e - y r

=' n a a ~=" O. 5' > t-J-

5y =- -

O MM ~

]<:
,uo

- = o< m o ==u
x R c 2g= t c-8 m '

~~
Oc m Oc7 =
c ~- . oc - ma, ~ ,C g: WQ O

~ ?. > o m~c =. m ~
.

s
U" # UO c; ._en a v

-

Q-

w =.
~
u 2m-m M~, O

EO..
O~ <
n

OI O 3k% C
01u 2~

c.x =. .w 5-
- x,-

P ,$ , Wb m ;
C j2u em |s U=. mac O7 j

25 < 13 3
G m !z O pa N !

O C.g Sw m '

2 oo
M M am Cn

.c M%$ 2 3 X <e 01;r m=. * o-
2

5 5 E Si
-

0 v = -;
C O o

?~ 0
!

.

*

i
|



,
. . _ . _ . _ _ . _ _ . _ _ _ _ _ _ . _ _ _ _ . . _ . . . _ _ _ _ . . . _ _ . . _ _ _ . _ . . _ _ _ _ _ _ _ ____

I
:

.

!
!
,

1

:
U |

.I |
:

! !

!I
i

!
1

:

! Appendix B
|m Section 15
:g
?

|
:

!
i

:
!

|

| |

|
:

|

!
!

,

I
i
i

I

B-97



-

f

r
I

15

l
eouipment

Person oper atton

I kcensed radiographic inspector ( A) was perf orrning rovt no radeographic inspectionA
drive cable

started to screw the drive cacie connect one togetherA
esbio. housing. crona

ousned caote beca mto the housing without usirig the crena to pull rt inA
cource

|

7 source became hung up

radiograonic assistant 101 ceded RSO (C) to report 'ncident8

C RSO arnve at sde

C surveyed eroa m question

? containment area was eneerged

corried need shot mto the vessel where the source wee located
I

C

I C located source within source tuce i

I

C covered source with one bag of lead snot

C disconnected source tuce from tne camera |

|

C picked up source tuce

ran source mto codemetor, which was sandwiched between two begs of lead shot
C

I
I

C disconneeted source tube from co61emator

C hoomed source tube bacu up to esmera

drove drive cabee through source tube to coilimatorC

C hocaed source back up

I C cranked source back into snieiced position in camera

C reconnected everythirig correctly

I cranmed source into and out of contimator 5 times w< host meidentC

C locned source

C continued invest.get.on

recreated the incident and eetnosished esposure to henos and estremitiesC

I
I

I
I
I B-99
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II
#15

'

Il

Event Tree for Generic Raciography
I

a A Team fails to plan work (EC)

b B Crew fails to correctly plan (EC)

C C Crew fails to inspe:t equ:pment (EOi

I
d D Crew fails to adequately inspe:t equipment IEC) Bi

1

|
e

E Crew damages equipment dunng transport (EC)

f i

F Crew loses equipment dunng transpon (EC) |

8
G Crew fails to lock source for transport (EO. EC)

h
H Crew fails to set up restncted area (EO)

i I Crew incorrectly sets up restn:ted area (EC)

.

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

k K Post Survey (REC)
__.

I L Crew set up results in sour:e being pushed out (EC)

\ .\1 Continuous pre-survey (REC)m

N Crew fails to properly ume exposure (EC)
n

O Crew fails to properly retract source (EC) E
Eo

P Post survey fails to detect .mproperly retracted source (REC)p

9 Q Crew fails to lock source results in latent condition (EO, EC)

I
! I

B-100



Information Processing Failures (adapted from o Hare et al.,1994; Rasmussen,1982) 15

Was there an opportunity for No
> Structural / Mechanical /Other

,

radiographer intervention?

!

Yes

V

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

I
Yes

V
On the basis of the information
available, did the radiographer No

> Diagnostic Error (2.1)
diagnose accurately
the state of the system?

.

Yes

V

I
Did the radiographer choose a No
goal which was reasonable given > Goal Error (2.2)
the circumstances?

Yes

V
Did the radiographer choose No
a strategy which would > Strategy Error (2.3):

achieve the goal intended?

I Yes

i V
Did the radiographer

Noexecute procedures
consistent with the

I strategy selected?

l
Yes ,

| V

I NoWas the procedure executed > Action Error (3.0)as intended?
* Failed to properly connect source ;

'

to drive cable.

l
- i

B-101
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16

equipment

Person operation

waiked into shooting boy (permanent radiogrep%c insteilation)A

A got camere out of storage cabinet

A set up f or snet

A walked back to crent out site
crant out, source

cranked out source in order to locate and rope off the restricted area boundary
f A

i went outdoors to survey and locate the reatncted area boundarvA

A returned to crank out site
.

A set down survey rneter

A compiated area survey form
source, camera

f or uneown reasons. did not retreet source to sh eloed position |

A
|

A welked back into shootertg bay

A set up nort shot (hands very close to source)
I

i

A returned to crank to expose source |

!source
reehred tource was aiready out (while he had set up shot)A

A returned source to shielded position

A surveyed area

I A secured source

A locked storage area

pocket dosemeter

A checked pocket doserneter lof f seeiel

A left building

A notified RSO

A gave RSO dos. meter and f.im badge

I
I
I
I

B-105
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#16

I
Event Tree for Generic Radiography

a A Team fs21s to pian work (EC)

b B Crew fails to correctly plan (EC)

c C Crew tails to inspect equipment iEO)

d D Crew fails to adequately inspect equiptnent (EC)

*
E Crew damages equipment during transport (EC)

f
F Crew loses equipment during transport (EC)

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

H Crew fails to set up restricted area (EO)
,

i i Crew incorrectly sets up restricted area (EC)

2
.

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

J

k K Post Survey (REC)
...

1
L Crew set up results in source being pushed out (EC)

\ M Continuous pre suncy (REC) |m

mN Crew fails to properly ume exposure (EC)
n

O Crew fails to properly retract source (EC)
o

P Post survey fails to detect improperly retracted source (REC)
p

9
Q Crew fails to lock source results in latent cond: tion (EO. EC)

|

|
|

l

.|

B-106 ,|
l
i

. - _ _ _ _ _ - - _ - - - - - - _ _ - _ - _ - - - _ - - _ _ _ - _ _ _ _ - - - _ - _ _ - _ _ - _ _ - _ _ - _ _ - _ - _ - _ _ _ _ _ _ _ .



- - - - - . . -. - . .. .- -- . - . .

16Information Processing Failures (adapted from O' Hare et al.,19W; Rasmussen,1982)

NoWas there an opportunity for > Structural /Mecham, cal /Other
radiographer intervention?

Yes

V

Did the radiographer detect No
cues arising from the > Information Error (1.1)
change in system state?

Yes

V

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

& Diagnostic Error (2.1)
diagnose accurately
the state of the system?

Yes

V

Did the radiographer choose a No
goal which was reasonable given Goal Error (2.2)
the circumstances? |

Yes |

V
Did the radiographer choose No
a strategy which would > Strategy Error (2.3)
achieve the goalintended?

Yes

V
Did the radiographer ,

Noexecute procedures * Procedure Error (2.4) !
consistent with the |Failed to survey.
strategy selected? * Failed to retract source prior ;

!

to set upfor next shot.
Yes

V
NoWas the procedure executed

as intended.

B-107
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17
ocu+pment

Person ooer stion

?
restricted area set up

successfully performed first of ten planned receographaA

cranted source to shielded positionA
j
>

A surveyed camera and guide tube

roteted seeector rmg to " lock * positionW A

A key locked camere

| A , .,no. m .y

went to another area cf olent to have exposed inm developedA
i

' film ensivred oy tec%niciar s

A returned to racsographic area

set up and conducted second radiographA
;

cranked source back mto shieloed positionA

performed necessary surveys to assure retracted source-

A

. A sa.d he locked camera seiector ring

f ailed to rotste esmere sesector ring to * lock" posrtion taccording to re-enactment-A
camere arter every exposutel

fguide tube. source
, repositioned guede tuba. f or third radiocroch unvolved moving camera aoout 12*. wnsen in turn

8
A

apparently adowed the source to move to an unsmaeided positions

A performed third radiograph

A returned source to shielded posetion

A surveyed camers and guide tube

* loch * posrtion
A pieced camera senector ring in

A key locned device

deievered second and third radiographs to the daru roomA

I dosimeter
checked pocket dosimeter - offscale itime approm 01301A

dosimeter
re-Zerced dosimeter gassumed dosameter drifted or was >arred off scaeolA

I continued radiographic operations. compieting the remaening seven 96enned raa ograonsA

checked dosimeter after each of the rema nmg seven exposures no additiones exposure notedA

stooped work (time sporou 03001A

notified ARSO (Bi the next morn.ng, seversi hours ener t *as noted stf ses e Itime appror 0730)A

I

I
B-111
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#17

Event Tree for Generic Radiography

a A Team fails to plan work (EC)

b B Crew fails to correctly plan (EC)

C C Crew fails to inspect equipment (EO)

d
D Crew fails to adequately inspect equipmen (EC)t

E Crew damages equipment durir.g transport (EC).

f
F Crew loses equipment during transport fEC)

8
G Crew fails to lock source for transport (EO, EC)

h
H Crew fails to set up restricted area (EO)

i I Crew incorrectly sets up restricted area (EC)

.

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

k K Post Sursey (REC)
s

..

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

. . . .\ M Continuous pre. survey iREC)m

N Crew fails to properly ume exposure (EC)n
\

O Crew fails to properly retract source (EC)
o

P Post survey fails to detect improperly retracted source (REC)p

9 Q Crew faus to lock source results in latent condition (EO, EC)

B-ll2
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Information Precessing Failures (adapted fmm O' Hare et al.,1994; Rasmussen,1982) 17

Was there an opportunity for No
? Structural /Mecham, cal /Other

radiographer intervention?

Yes

V

Did the radiographer detect No
cues arising from the O Information Error (1.1)
change in system state?

Yes

V
On the basis of the information
available, did the radiographer No

& Diagnostic Error (2.1)
diagnose accurately
the state of the system?

Yes

V

Did the radiographer choose a No
goal which was reasonable given > Goal Error (2.2)

{ the circumstances?

''
{ u

Did the radiographer choose No
r a strategy which would > Strategy Error (2.3)
L achieve the goalintended?

Yes
[

V
Did the radiographer

No
( execute procedures Procedure Error (2.4)-

consistent with the
strategy selected? *No survey. ;

*Did not lock camera prior i

to movelset up.
Yes

V
NoWas the procedure executed > Action Error (3.0)

,

as intended?

'

B-ll3
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18
equepment

person operetton

A red.ogrecher (Al made weid exposure

A crenked source in

A looked et camera sideways
camere lock flag

coserved green flag appeared to be out Hocked poennon)A
survey meter

coserved survey mater reading 0A

approached carnere with survey meter in handA

A surveyed camera

A surveyed source tube
survey meter

A obs:rved survey meter readirig 0

began to set up for nort snot with camers Denind him 1 N4* trom hee sideA

A. removed magnetic stand from the tank

A placed magnetic stand down on the next shot

8 assistant (B) started to walk up to the film

survey meter
noticed survey meter needle et full deflectson and seiector switch on x10 scene

B

survey meter

B yelled t. et his meter was pegged out

came out of tank where they were n raying tne ensade of the well8

A backed up on crank control

survey rneter

A snoon survey meter

survey meter

A observed meter pegged out on mio scale

crank control
cranmed back and forth Ihandle went enout 1/4 turn and locked, apparently hurig up on a kink in theA
tubel

A reaiired overeuposed

A stopped work

A/B notified RSO (C)

told A not to re enter the radiation area until his fdm cedge could be processedC

B finished erey job

- camera returned to manuf acturer for complete enerrwnstion

camera deterrruned to be fully operacia

(

[

{
4

r
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|

Event Tree for Generic Radiography
||

e

!

I1|a A Team fails to plan work (EC)

b B Crew fails to correctly plan (EC)

C C Crew fails to inspe:: equipment (EO)

d D Crew fails to adequately inspect equipment (EC)
l

e
E Crew damages equipment dunng transport (EC)

f
F Crew loses equipment dunng transport (EC)

c
,

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

h |H Crew fails to set up restncted area (EO) = |

i l Crew incorrectly sets up restncted area (EC) I
,

J Set up results in latent condiuon (source can't retum) (EC)

J

k K Post Survey (REC)

i

1
L Crew set up results in source being pushed out (EC)

f\ M Conunuous pre-surveyiREC) E:in
----

B,
N Crew fails to proretly ume exposure (EC) )n

1

|!O Crew fails to properly retract source IEC) E,
o

P Post survey fails to detect improperly retracted source (REC)
p

g|,q
Q Crew fails to lock source results in latent condition (EO, EC)

|

I

i

B-ll8
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Information Processing Failures (adapted from O' Hare et al.,1994; Rasmussen,1982) 18

NoWas there an opportunity for
, , ,

radiographer intervention Meter readicg zero (0).

Yes

U
-{

Did the radiographer detect No
cues arising from the > Information Error (1.1)

[
change in system state?

''
{ v

On the basis of the information

{
available, did the radiographer No

O Diagnostic Error (2.1)diagnose accurately
the state of the system? *Did not diagnose source out.

Did not diagnose meter not working
( properly.
L

V
[ Did the radiographer choose a No

goal which was reasonable given > Goal Error (2.2)
the circumstances?

{
Yes

[ V
Did the radiographer choose No
a strategy which would > Strategy Error (2.3)

( achieve the goal intended?

Yes

V
Did the radiographer

No

[-
execute procedures Procedure Error (2.4)-

consistent with the
strategy selected? *Did not lock camera.

( Yes

{ V
NoWas the procedure executed

as intended? -

[
-

~

B 119
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aus amm > mug,

Error Influences & Effects

PSFs ERROR MECilANISMS UNSAFE ACTIONS UNRECOVERED EVENT

= Last shot of day Failed to realize survey meter Radiographer failed to
malfunctioning recognize faulty meter when

,,,,,,y ,

- surveying camera with source.-
Diagnostic Error exposed.

,,

....
. .g

Failed to ensure source locked in
shielded position

Procedure -

,,,...-Y

.,

A Failed to retract source g
i
m

i

OUTCOME CORRECflVE ACTIONS i

Radiographer exposed Camera sent for examination (determined fully operable)

7.77 REM whole body

|

|
!

I
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19
equipment

Person oper ation

D asked for volunteere to work that night

B d.dn't volunteer

0 decionered silence as " vee *

O designated B as eseistent

B became fam runner after 1st day as assistent

0 aecided to snoot x reys on 5th floor of boder

C took B asong es temporary assistent

F new empioves A became fdm runner

B B becorvia assistant

D set up radiation area bounoaties

A, B JE 'G confirmed no unmonitored personnel within boundanos

A,B,E!G set uo first e=posure

D notified control room and A and E of clearance for operation start up

A notified O of survey meter low bettery reading

suggested A send B f or new rneter or be (D) would bnng one se soon es possibieD

A,8 continued to work
source tube

A,8 source tube disconnected et least once
source, onve cabie

B thought he connected source to dnve coode

B cranked source out for first esposure

source
B could not get source to retreet because of improper connection

A changed fdm

survey meter

B reed survey meter pegged off sca4e Issys it was after seemw! exposuret

survey meter

B read survey meter (pegged off scesel etter therd esposure

survey meter

B no longer used meter

source
B heard something f ait during approximately 4tn 5tn esposure trocalled this laters

requested more fdm and another meter of 0 etter 1/2 to 1-1/2 hour rnere wortA

0 took more film and anotme meter to A

D caded A to say eight of eieven f.lms were undereuposed

A reasoed sometheng was wrong wrth the stee

E went to ist

E reported high radiation leveis in A's work ares

E reported crank out controi cao6es not mover g f ar enough

A!B etopped work

I
n B-123
|c
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eil? evacuated bo.lw room

o called RSO

I0/E assessed source in unsafe poenian

C RSO (C) received cast about incident

C responded

C interviewed A and B

C surveyed work area (3rd floor of boileri

survey meter

C confierned h.sh red.stion reso.no inside bo.ser

checked camare flocked with source tube connected!C

C disconnected source tube

C checked enn point of camwa Ino sourcel

C cnecaed ins'de of source tube ino sourcel

C took camere to floor level

C pieced 4*x 8' paywood on floor for possib.e source drop

C returned to work area

C retnewed source tube

C droceed source tube to plywood on floor (no sourcel

C returned to floor

survevet source tube (no high red.etions - source not en source tube or camereC

C another person continued to keso was escure

C returned to crew was
W

C descussed inc6 dent with the two peoDee involved (A,'B)

C .... awed e oosed f am.

C decided 4th esposure w as most 1.nedy time for source t: tell out auring move.

C r .t.rn.d t . . . . . .r ..

C discussed squetion wrth 0 i 2

c .. . .d . . .. . .n ... .h.c. ...r - . h w ...n .. - .d 1

g'
c r.....d . . ..

c . . . .d . . .. .n..d . . e .

|A = " radiographer", really an assistant, received 18 rem '

B= ssistant" to B, though not trained for this, received 2 rem
C = r,50

|D = radiographer? !

E = radiographer
F = " assistant", though not trained for this
G = " assistant" to E, though not trained for this I

B-124
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Event Tree for Generic Radiography

A t am fails to plan work (EC)a e

b B Crew tails to correctly plan (EC)

c C Crew fails to inspect equipment (EO)

d
D Crew fails to adequately inspect equipment (EC)

e
E Crew damages equipment during transport (EC)

f
F Crew loses equipment during transport (EC)

8
G Crew fai's to lock source for transport iEO, EC)

h
H Crew fails to set up ri stncted area (EO)

I Crew incorrectly sets up restn:ted area (EC)

,
J Set up results in later.t condition (source can't return) (EC .

J

k K Post Survey (REC)
...

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

rn M Continuous pre.s.:rvey (REC)
,,

N Crew fails to properly ume exposure (EC)
{ n

O Crew fails to properly retract source (EC)
o

P Post survey fails to detect improperly retracted source (REC)

Q Crew fails to lock source results in latent condition (EO. EC)
{

{

{

r-

) B-125
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Information Processing Fallures (adapted from O'Ibre et al.,1994; Rasmussen,1932) 19

Was there an opportunity for No
Structural / Mechanical /Otherradiographer intervention? -

|

Yes

V

Did the radiographer detect No
cues arising from th Information Error (1.1) i

change in system state? |

Yes

V
On the basis of the information |

available, did the radiographer No I
> Diagnostic Error (2.1)

|diagnose accurately
the state of the system?

Yes

V

Did the radiographer choose a No
goal which was reasonable given > Goal Error (2.2)
the circumstances?

|

Yes
|V

Did the radiographer choose No E
a strategy which would > Strateg'y Error (2.3) E
achieve the goal intended? ,Managernent planning errors.

* Continued working withfaulty meter.

V
Did the radiographer

Noexecute procedures
Procedure Error (2.4)consistent with the -

strategy selected? Discontinued use ofmeter when g
assumed inoperable. E

Yes

V
NoWas the procedure executed

> Action Error (3.0)as intended?
Improperly connected source.

B-126 am
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Appendix C

Analysis Summary Table

E
V ERRORS
E ASSUMPTIONS
N (1st line - Letter = failure path (s) on UNKNOWNS
T (explicit generic HRA tree)

assumptions made (2nd line -Information Processing (Insufficient information
regarding event) Failures identified) PSFs available in reports)

1 Latent "O" Dark Exact sequence and

error = incorrect Mechanical rincorrect pigrad) Strategy Trench timing =?

source pigtail (conunued u o RSonused hands to Muddy "Old" alarm ratemeter

Goal = protect public move source back to shic/d/ Acuan Source connector

safctylhealth (put u rong end back into camera) problems

2 Latent "D" Low light

error = hardware Mechanical (pinsfailed/ Diagnostic Source, connector

(pins in lockbox (faded to inspect pins in lockmg & INC hookup

failed) mechanism) Strategy (manual check of look similar
cable) Procedurc (didn't surver)

|
3 Latent error = set up "J" "O" Working inside Possible need for

( results in magnetic Strategy (set up error = stand tank stronger magnets?

stand falling (due to placement >

placement / dirty

f surface / ctc.)
4 Latent failurc=cnmp "C" - -

in cable (source can't Mechanical (crimp in cable)
cxtend/rctract) Diagnostic (cable not in3pected)

Strategy tremoved tube to locate

sourceitturned offalarm) Procedure
<didn't call RSO)(

[ 5 Latent error = Rad A "O" "P" Trainee Camera / source " hang-

leaves area Strategs (Rad.4 / caves tramee " speed upjob" up" riroblem?

(strategy / procedure unsuremsed> Goal (uorkmg u o

{ crror) supervision) Procedurc (no survey)
Action (didn'tfully retract source to
shielded position)

6 No continuous "L" 11 hours into the -

survey during Strategy (moved camera afer shift

camcra unlock and unlocking during set up>
adjustment

(

[

-

C-3'

-
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IE
V ERRORS
E ASSUMPTIONS
N (1st line - Letter-failure path (s) on UNKNOWNS
T (explicit generic HRA tree)

assumptions made (2nd line - Information Processing (Insufficient information
regarding event) Failures identified) PSFs available in reports) g

57 Latent "L" "M" Workmg on -

failurc= camera can Procedure (didn't surveynratemeter off> scafTolding

lock with source Strategy (mored camera to lock it/ Turned oft alarm
exposed ratemeter dunng
Rad level high paperwork to
enough to set off conserve battery

|alarming meter (if powcr

turned on) Camera locks 5
with source
esposed

8 Procedure for tuoc "J " "O" "P" High noise in -

set up not specific Information (couldn't hear) Action (set area

Survey meter not up with bendin tube) Mechanical Wearing car
initially uorking (meters offscale/ protection
Bend in tube prevented hearing
prevented retraction alarming

ratemeter

9 (NONE) "C""D" - Equipment problems or
Diagnostic / status ofmeter></ocation of setup crror?
source) Mcchanical oneter at 0) g|
Procedure (failed ro lock) Action gI

'&nled to tidiv retract source
10 Meter "D"'Q" Last of ten shots

malfunctiontbattery Mechanical onerer at :cro> Diagnostic Anxious to "w rap |
problem imeter at :eroi Strategy llooked mto up" w ork 5I

|camera partnJbded to check crank
after trippmg over its Procedurc <didn't
lock cameras |

1i Source not fully "O" "P" "J" - - j
retracted;not locked Strategy <3ctup camera on ladder; I

Strategy crror in set Procedure mo sun eyi Action isource
up (stability on not retracted; i

ladder)
12 Failed to turn on "O" "P" Inadequate Calibration of dosimeter? |

alarming ratemeter Goal tassistant u orAmg w o training (film badge lost) 5
supernsson) Procedure mo survey) Inadequate 1

(dosameter not turned onitdidn't lock espcrience |
camera hefhre moungo

13 tNONE) "H" - -

Diagnostic ishieldmg m reboiler,
falsels anumed not a restric ted arcar

I
I

C-4
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E
|

V ERRORS
E ASSUMPTIONS
N (1st line - Letter = failure path (s) on UNKNOWNS

,

T t explicit generic HRA tree)
assumptions made (2nd line - Information Processing (Insufficient informationI

regarding event) Failures identified) PSFs available in reports)

14 Latent equipment "O" "P" Last shot of day -

problem = camera can Information (couldn't see Getting dark

lock with source meter /tcouldn't hear alarm) Strateg) Loud noiscI cxposed icounting crants in out to confirm
source retracted) Procedurc (no
survey)

15 (not modelling RSO) "J" Inadequate How did Radiographer

(Outcome = 3REN1 Action / fail to connect source to drive training? know source was not

to RSO in recovenng cable / retracted? (no info

source) provided in report)

16 According to "O" "P" No radiation Questionable logic

procedures, source Procedure (didn't survey >tdidn't retract alarm in shooting behind procedure for

ig cranked out to locate source > cell calculating area

g restncted area boundanes

(procedures were
followed)

| 17 Did not lock camera "L" "Q" Working alone Camera can't be locked

W (NRC belief) Procedurc (didn't survey) (didn't lock Betueen 2330 unless source is fully

camera) and 0110 retracted

18 Didn't fully retract "O" " P" "Q" Last shot of day;I source Niechanical (meter at :crol Diagnostic
N1isinterpreted or onerer at:eronsource outi Procedure
didn't look to see ididn't lock camerai

'I flag positions

19 Nianagement crrors "J" "O" Poor lighting -

in work planning / Action / improperly connected source) Inadequate

.| assignment of Strategy imanagement u ork planmng training

E responsibilitics and errors #connoued uorking withjault3 Hean uorkload /
prosiding adequate meter / Procedure idiscontinued ute of estended work

| training meter, contmued to uorki u cck

|

I
I
|I

C-5
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Appendix D

Generic HRA and Information Processing Failures
,

g Compiled Data

!
I
I
I
I
I
I
I
I ,

il
D-1

I
_ _ - - -



_m--m-m-m_--w-w--w__,,-_-~-w -ma a.m4 w--z.,,.w r me armm mm,gmn -'asm&Amm4 s m' W MM wk,wM_AA Au Mswa A --Mb Lg_4,

d

J

i

}
,

1

i

i I

.

m

I

t

I

i

1

1
,

|

|
|

!

f I
#

1
,

i

|

|

D' l
-

1

1
,

,. -- s - --,



I
I Appendix D

! Generic HRA and Information Processing Failures
Compiled Data

Generic IIRA Trees

FAILURE PATH (Sr

Failed to properly retract source ("O")

53 % (10/19)
.

(Events #1,3,5,8,11,12,14,16,18,19)

"O" is almost a subset of"J" (i.e., the failure to properly retract the source results in a

latent condition where the source can't be returned). Taken together, these two make up

58% of the cases, (#1,3,5,8,11,12,14,15,16,18,19). Cases #3,8,11, and 19 were listed as

having both of these causes Now that these cases have been categorized, the remaining

ones might show overlap if they were reviewed again with this in mind.

Failed to do continuous pre-survey ("31") or post-survey ("K", "P")

I 42 % (8/19)

(Events #5,7,8,11,12,14,16,18)

All of these were grouped together since they all were failures to survey (i.e., post-survey

after a set up resulting in latent conditions where the source couldn't return, continuously

when the set up resulted in the source being pushed out, and post-survey when the source

was not properly retracted) The location of failures to survey needs to be reconsidered

for the generic tree, since there additional places where it could occur (e g., crew fails toI lock source results in latent condition)

I
Set up results that led to latent condition (source can't return)("J")

26 % (5/19)
(Events #3,8,11,15,19)

D-3

I
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I|
Failed to inspect ("C"), or adequately inspect ("D"), equipment i

1

I21 % (4/19) I

j
(Events #2,3,9,10)

These are grouped together since, in most cases, it is not stated that the crew actually

inspected the equipment prior to using it and assumptions had to be made. Two cases
g),were judged to have " failed to inspect" and three were judged to have " failed to g

adequately inspect." One of those cases was put into both categories The genene tree l

should be modified to reflect this lack ofinformation or future investigations should

address this issue specifically whenever there is an equipment failure (e g., camera failure,

battery problems, crimp in guide tube, etc ).

Set up results that led to source being pushed out ("L")

16 % (3/19)
(Events #6,7,17)

Failed to lock source, resulting in latent condition ("Q")

16 % (3/19)

(Events #10,17,18)
'

"Q" is almost a subset of"L" (i e., the failure to lock the source results in a latent

condition that could cause the source to be pushed out) Taken together, these two make

up 26% of the cases (#6,7,10.17,18) In fact, case #17 was listed has having both of these

causes

Failed to set up ("II"), or correctly set up ("l"), restricted area

5% (1/19) ;

(Event #13)

These two were grouped together because, in the one case involving a restricted area. it

was uncertam whether the elimination of the reboiler from the restricted area was a

" failure to set up" or " failure to correctly set up"

1

Failed to plan (" A"), or correctly plan ("B"), work
0%

|

D-4
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Damaged equipment during transport ("E")

0%

Lost equipment during trrensport ("F")

0%

Failed to lock source for transport (from warehouse to weld site)("G")

0'/o'

Failed to properly time exposure ("N")
0%I
Information Processing Failures Model

INFORM ATION PROCESSING F AILURE C ATEGORIES:

68% of events had procedure errors (13/19)

#2- failed to suney
4- didn't call RSO
5- failed to survey
7- failed to survey

ratemeter oft
9- failed to lock camera
10 - failed to lock camera
11 - failed to suney
12 - failed to survey

dosimeter not turned on
failed to lock camera before moving itI 14 - failed to suney

16 - failed to survey
failed to retract source

17 - failed to survey
failed to lock camera

18 - failed to lock camera
19 - discontinued use of suney meter i

continued to work

D-5
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58% of events had strategy errors (11/19)

#1 - continued without RSO
used hands to move source back to shield

2- manual check of cable
3- setup error g
4- removed tube to locate source 5

turned off alarm
5- radiographer left trainee alone g
6- moved camera after unlocking during setup 3
7- moved camera to unlock it
10 - looked into camera hole I

failed to check crank afler tripping over it a
l1 - set up camera en ladder
14 - counted cranks out and in to determine if source retracted E
19 - management planning errors W

continued working with faulty meter

I
37% of events had action errors (7/19)

I
#1 - put wrong end back into camera
5- failed to fully retract source to shielded position
8- set up with bend in tube
9- failed to fully retract source
11 - source not retracted
15 - failed to connect source to drive cable
19 - improperly connected source

37% of events had mechanical errors (7/19)

#1 - incorrect pigtail
2- pins failed
4- crimp in cable
8- meters off scale
9- meter at 0
10 - meter at 0
18 - meter at 0

I

D-6
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32% of events had diagnostic errors (6/19)

#2 - failed to inspect pins
4- cable not inspected
9- status of meter (not working)

location of source
10 - meter at 0
13 - reboiler falsely assumed to be unrestricted area
18 - meter at 0

source out

11% of events had goal errors (2/19)

#5 - working without supervision
12 - assistant working without supervision

11% of events had information errors (2/19)

#8 - couldn't hear
14 - couldn't see meter

couldn't hear alarm

| INFORMATION PROCESSING FAILURE CATEGOR!ES (subdivided into speciftq
failure types-

| procedure errors
|

1
42% of procedures errors (8/19)

#2 - failed to sunev
11 - failed to survey
17 - failed to sun eyI 5- failed to survey
16 - failed to sun ey

I 12 - failed to survey
7- failed to survey
14 - failed to survey

I 26% of procedure errors (5/19)
#9 - failed to lock camera
12 - failed to lock camera
10 - failed to lock camera ,

'

17 - failed to lock camera

D-7
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18 - failed to lock camera

16% of procedure errors (3/19 )
#19 - discontinued use of survey meter
12 - dosimeter not turneJ on
7- ratemeter not turned on

5% of procedure errors (1/19) for each of the following:
# 16 - failed to retract source g.
4- didn't call RSO 5:
19 - continued to work

strategy errors

13% of strategy errors (2/15)
#6 - moved camera afler unlocking during setup

|7- moved camera to unlock it

the following strategy errors could not be readily put into groups: f
#1 - used hands to move source back to shield
1- continued without RSO
2- manually checked cable
3- setup error
4- removed tube to locate source
5- radiographer left trainee alone
10 - looked into camera hole
i1 - failed to check crank afler tripping over it
11 - set up camera on ladder
14 - counted cranks out and in to determine if source retracted
19 - management planning errors
19 - continued working with faulty meter

i

action errors

43% of action errors (3/7)
#5 - failed to fully retract source to shielded position I

9- failed to fully retract source |
11 - failed to retract source

'

29% of action errors (2/7)
# 15 - failed to connect source to drive cable
19 - improperly connected source |

D-8
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the following action errors could not be readily grouped:
#1 - put wrong end back into camera
8- set up with bend in tube

| mechanical errors

I
57% of mechanical errors (4/7)

#8 - meters off scale
9- meter at 0

1
10 - meter at 0
18 - meter at 0

I
the following mechanical errors could not be readily grouped:

#1 - incorrect pigtail
2- pins failed
4- crimp in cable

| diagnostic errors

25% of diagnostic errors (2/8)

I # 10 - meter at 0
18 - meter at 0

the following diagnostic errors could not be readily grouped:
#2 - failed to inspect pins
4- cable not inspectedI 9- status of meter (not working)
9- location of source
13 - reboiler falsely assumed to be unrestricted areaI 18 - source out

goal errors

100% of goal errors (2/2)
#5 - working without supersision
12 - assistant working without supervision

|

D-9
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]
,

i
information errors _

100% ofinformation errors (3/3) involved sensory misinformation
#8 - couldn't hear _

l- couldn't hear alarm
14 - couldn't see meter

E

I
I

:
i

!

I

i

|
4

i

i
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