ol

i

§ =
&

i

I

& e

il

[
&

YU

1

T

vf@ryrrrlq—']
i i

I

i

ik Bl s

1

e
G

g’m

o)

e

M

TABLE OF CONTENTS
INTRODUGCTION . .cuttmecerenscenecsesnsssanssssnsssssnessssesssessnsassansssssanssasnnssnsssassssssnnssssassaasen 1
SO O PE. ... i creereensernsesessssssssesassrsansssssssnsssnssasessenssiisasassenasensennsasssnssssissssssrannsssnsasannss 1
MIETHOD e eoeeeeeeeeeeesesesssssessasesasensesesssasmsensesesssseseanssessessenstsssnsssmesasasssesanesaseressases 2
GROSS TASK ANALYSIS .. ueivurirescrenceseresienstesssessssssnsssssstsnsssssssssssssssssesssssnsasansensasnssnns 2
HUMAN ERROR IDENTIFICATION ...etuuireretrueereruestesiesessssesesseissesssasssnssssessssssesnsnssnsssnses 2
ERROR ANALYSIS AND CORRECTIVE MEASURES......citeittrcitrnrernerrnssecesriersnsenssensenssnns 2
DISCUSSION OF HEAT APPLICATION .....coccciiermeciranarcctmnasecsenssensessssssssasssasasanses 3
GENERAL 1 entinteeersereaesnersnesaaesnnssssssasssnsesnstenersnssssesessssssnsserasesnssssnsnssssssnssesnnssnsssesaen 3
GRoSSs TASK AAN ALY SIS . ottnteuereneeteteensetnsesssttntossusessssessasssuesssssessstassnsnsessesnsessameasenen 4
Suggestions for FUUIE PilOlS...........c.ecoovvevriieiiiriieiiretr et 4
HUMAN ERROR IDENTIFICATION ...cteuiieterteeretrineeeeassserrsnssssssssassssesssessnnserssnsssnsosssnsannns 4
BrainStOrn POSSIDIC ETTOIS ..uuneeeeeeeeeeeteeeeseiiveeieiesunseesessnssenesanssssesmnesssssnsssannnns 4
Likelihood and Consequence Rating ..........ccccccucuvivivieevecmuieievrieiicssnceriiiisensens 5
Review of ACCIAENT HISIONY ....ceeeeeeeieieniiiiiiciiiiivecsiteinccsiiiristessessisirssee e erases 5
Critical INCIAENT INEQIVIEWS ....eueeeeieteieeereeiieeteeeesrisreistsreesssuseessnssssssvasnsrssnsssnnsoes 5
Suggestions for FULUIE PilOtS...............ccevevviiiivieceiceiiisisiisssseseersnieiessensennenns 6
ERROR ANALYSIS AND CORRECTIVE MEASURES .....cittvuittteeeirrereernncennersisneessssessnessnees 6
Error Classification @nd CaAUSALION .........uueeeieeeieeiteierieueiensrseeeesnsenersaseossesensronsers 6
COrrective MEASUIES..........ccouerereerreeireeiitetaesitt st eesiress s tesans et sassnesesuenseas 7
Suggestions for FULUre PilOtS...........cccoviivivivieciiiiiiiiecctireeesivsestas e 7
MODIFIED HUMAN ERROR ASSESSMENT TOOL ....ccciccvcireecererirenseceraccrancsnsnnss 7
RESULTS OF OFFSHORE CRANE OPERATION ASSESSMENT ....cccccvcecernannan 8
SUMMARY OF CRITICAL ERRORS AND POSSIBLE CORRECTIVE MEASURES ................. 10
i



r
L
@

I |

gy »]

e |

. |

v“mx}
o g

=

1

A |

1

4
i
L

el |

ey

U |

.

I
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REPORT ON THE APPLICATION OF A HUMAN ERROR ASSESSMENT TOOL

TO OFFSHORE CRANE OPERATIONS

INTRODUCTION

This report presents the results of the application of a Human Error Assessment Tool
(HEAT) to offshore crane operations. The HEAT was developed under the Joint
Industry Project for Human Factors in Offshore Operations (JIP). The purpose of this
pilot study was to apply the tool to an offshore activity in order to determine which
aspects of the tool are appropriate for offshore operations and which aspects of the
tool should be modified to improve ease of use or make the tool more appropriate for
the intended user.

Human factors (HF) analysis is directed toward the human-machine interface. The goal |
of human factors analysis is to identify features of the human-machine interface that
can result in system induced human error and to modify these features to reduce the
likelihood of that error. The HEAT developed by the JIP is designed to allow the user to
identify critical errors and to analyze those errors based on human factors principles.
The best corrective measure for the error can then be determined based upon the
identified human factors cause.

The focus of the JIP is to identify errors in existing systems that can be corrected by job
redesign, procedure redesigh, job aids, or training. However, the reader should note
that in some cases, the underlying cause of human error is best corrected by a
redesign of the human-machine interface itself. Thus, a secondary focus of the HEAT
is to gather information to identify areas where modification of design standards or
more detailed specification of manufactured equipment is warranted.

SCOPE

This pilot study analyzed general offshore crane operations with a focus on moving
loads from service vessels to the platform and vice versa. The study did not focus on
any particular crane or crane cab design. Instead, the steps to accomplish movement
of a load were identified, followed by identification of possible errors that could occur
within those steps.

XAPSM\59122\01\PILOT_1\PILOT_1.DOC 1
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METHOD

The preliminary Human Error Potential Assessment Tool dated November 1996 was
applied to offshore crane operations. (The title of the tool was subsequently modified
to eliminate the word “potential.”) A copy of this preliminary tool is included as
Appendix A to this report. The major elements of the HEAT are described below.

Gross Task Analysis

The Gross Task Analysis is used to define the tasks and steps that must be conducted
to accomplish the activity of interest. The results of the Gross Task Analysis represent
an outline of the procedure for the activity.

Human Error Identification

Several techniques are used to identify human errors that can occur when performing
the procedure steps identified in the Gross Task Analysis. These are:

* Brainstorm possible errors

* Review Accident History

* Conduct Personnel Interviews

Human Error Identification includes a system to rate likelihood and consequences of

error in order to identify critical errors for Error Analysis and Corrective Measures.

Error Analysis and Corrective Measures

Error Analysis is only performed on those identified errors that have a high risk index.
The Error Analysis involves classifying the errors according to an information
processing model. This model assumes that errors can occur at one or more of the
following points in the information processing chain:

+ Information Source
* Information Channel (Information/Human Interface)

* Information Processor (Operator)

XAPSM\5912201\PILOT_1\PILOT_1.D0C 2
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¢ Output Channel (Human/Control Interface)
* Action (Manipulation of Control)

Identifying corrective measures involves determining the likely causes of error and then
making cause-specific recommendations to reduce the potential for error. The
corrective measures could involve job redesign (reducing workload; specifying
additional operator skills; etc.), procedure redesign (add, remove, or resequence steps),
job aids (memory joggers; enhanced labeling; etc.), training, or equipment redesign.

DISCUSSION OF HEAT APPLICATION

General

The Human Error Asse_ssment Tool as described in Appendix A was appﬁed to offshore
crane operations. The forms prepared during the pilot study are included as Appendix
B.

The gross task analysis, including possible error identification and assignment of
likelihood and severity values, was accomplished during approximately 12 hours of
meeting between the JIP resources and the subject matter experts.

¢

During the first 4 hours of meeting, two subject matter experts were available. The
following 8 hours of meeting were accomplished by using a single subject matter
expert. A review of the available accident history was also conducted during this
meeting. These previous accidents were categorized by the analysis team according to
their judgment as to the human error that occurred.

A drawback to the Human Error Assessment Tool is the degree of documentation that it
requires. The current version of the tool requires that task, step, possible error, and
severity and likelihood ratings information be documented on forms. This may not be
very practical in a group meeting environment, the drawback being that meeting
participants cannot see the information after it is generated.

During this pilot study, flip charts were used to collect the information during team
meetings. The information was subsequently transferred to forms. This has the
advantage that the information can be clarified as it is transferred but the disadvantage

XAPSMSG1 220 1\PILOT_1\PILOT_1.00C ’ 3



-

P

1

L0 I

oy

B B A

[

o

1 77

il

%

it

"1

S

8

R

o 3

7 R

that the information is essentially documented twice. Some options for reducing the
work required for documentation are:

* On-line documentation that can be easily edited
* Use of white boards equipped with scanners to provide hard copy

* Where detailed procedures are available, forms can be prepared prior to group
meetings

Gross Task Analysis

Detailed procedures for offshore crane operations were not available. As a result, the
procedure outline was developed using the available subject matter experts. The team
used a white board to outline the tasks associated with offshore crane activities. These
tasks were then broken down into the steps required to accomplish each task and were
documented using flip charts.

The need to develop procedural outlines for activities to be studied is probably typical.
Even where detailed written procedures are available prior to the start of the study,
displaying the procedure outline for team review and comment can be used to bound
the scope of the HF assessment.

Suggestions for Future Pilots

As a result of Pilot Study #1, the Gross Task Analysis procedures have been modified
as follows:

* Additional guidance on conducting the Gross Task Analysis in a meeting
environment was added.

Human Error Identification

Brainstorm Possible Errors

Once the tasks and steps for offshore crane operations were identified, brainstorming
possible human errors proved to be relatively simple. After the possible errors for each
step were identified, the team judged the likelihood of error and the error consequences
based on the rating scheme in the HEAT.

XAPSM59122\01\PILOT_1\PILOT_1.D0C 4
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Likelihood and Consequence Rating

Rating the likelihood of identified errors using the scheme in the HEAT also proved to
be straightforward. However, rating the consequence of error occurrence is not quite
as easy. Ateam can rate the direct and immediate outcome of an error, the worst-case
outcome of an error, the most likely outcome of an error, or a weighted (expected)
outcome. During this pilot study, the team was directed to rate the most‘likely'butcome
of the error. However, a review of the ratings for various errors indicates that the
consequence ratings are inconsistent and do not always accurately reflect the effect of
latent errors (i.e., those whose consequences are delayed until a later task).

In the HEAT, the base risk index is subsequently modified based on accident and
incident history and the modified risk index is used to identify critical errors. As a result,
it is important that the HEAT provide some means to track latent errors to ensure they
are not overlooked in the final analysis. Although the current rating system is
appropriate if used properly, the JIP should evaluate alternatives to determine if a
simpler rating system can be used to identify critical errors.

Review of Accident History

The evaluation team was provided a summary of offshore crane related accidents from
1994 - February 15, 1997. This summary included information on the type of loss
(property, injury), approximate cost of the accident (if known), the phase of crane
operation (lifting, securing, lowering, etc.), and a short description of the accident. The
review of the accident summary was performed in approximately 1/2 hour.

This information was sufficient to determine which of the previously identified errors
was applicable to the accident. Based on this information, the base risk indices were
modified and critical errors identified. No previously unidentified errors were noted
during the accident summary review.

Critical Incident Interviews

The current version of the HEAT contains a form to document critical incident
interviews. During this pilot studyy, these interviews were conducted at an offshore
platform during work breaks with platform personnel. The interviewers did not
document the interviews in the formal manner implied by the forms but instead

XAPSM\59122\01\PILOT_1\PILOT_1.DOC 5
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conducted informal interviews to verify that earlier steps in Human Error Identification
had properly identified the critical errors associated with crane operations.

These interviews did not result in identification of additional likely errors that had not
been considered by the analysis team. Interviewees did offer some suggestions for
possible solutions to identified errors.

Suggestions for Future Pilots

As a result of Pilot Study #1, the Human Error Identification procedures have been
modified as follows:

* The procedure was modified to require the use of brainstorming plus either
Accident History Review or personnel interviews to confirm that the brainstorming
was thorough in identifying possible errors. This change was made in recognition
that offshore personnel will obtain diminishing returns from the additional human
error identification techniques. As a result, the procedure now gives‘ the analysis
team the option to choose the most appropriate combination of techniques for each
specific study.

* Develop alternative means to identify critical errors (rating system), including some

means to track latent errors, and do a side-by-side comparison with the current
rating system to identify the method that is the easiest to apply.

Error Analysis and Corrective Measures

Error Classification and Causation

The HEAT proposed an error classification scheme according to an information
processing model. The purpose of the classification is to better understand the
underlying causes of error so that the most appropriate corrective measures can be
determined. The guidance provided to perform this classification was limited and as a
result, this step in the process was a bit confusing. The JIP resources concluded that
additional guidance is required before a team leader with minimal training could
properly classify errors.

XAPSM\S391 2201\PILOT_1\PILOT_1.DOC 9]
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Corrective Measures

Once the errors were properly classified and the possible causes for the errors were
identified, determination of corrective measures was straightforward. The key is to
identify possible corrective measures that modify the system in such a way as to
eliminate the specific system-induced cause of human error. For example, errors that
result from poor visibility during night time crane operations can be improved ﬁy
installing and/or maintaining boom mounted lighting systems.

Suggestions for Future Pilots

« Streamline the information processing model to facilitate understanding by less
experienced analysis teams.

* Provide improved guidelines for classifying errors into the various human factors
cause categories. '

« Provide improved guidelines for relating human factors cause categories to possible

corrective measures.

* Reduce the number of forms required to analyze errors and identify possible
corrective measures from 2 to 1.

MODIFIED HUMAN ERROR ASSESSMENT TOOL

Where appropriate, the HEAT has been modified based on the information obtained
during pilot study #1. The modified procedures, forms, etc. are included in Appendix C
to this report.

The specific modifications are:
* The procedures for Gross Task Analysis have been expanded.

¢ The Error Analysis, Accident Analysis, Critical Incident Interviews, and Error Rating
have been combined under the category Human Error ldentification. The focus on
HF Analysis has been deferred until the final step in the process.

* The information procéssing model has been streamlined and additional guidance
has been developed. The guidance has been embedded into the Error Analysis
and Corrective Measures form to facilitate application by the analysis team.

XAPSM\59122\01\PILOT_1\PILOT_1.D0C 7
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* Additional guidance relating the type of error to appropriate corrective measure
categories has been developed.

RESULTS OF OFFSHORE CRANE OPERATION ASSESSMENT

The results of the offshore crane operation assessment are represented on the forms
contained in Appendix B.

The Gross Task Analysis, including possible error identification and assignment of
likelihood and severity values, was accomplished during approximately 12 hours of
meeting between the JIP resources and the subject matter experts.

During the first 4 hours of meeting, two subject matter experts were available. The
following 8 hours of meeting were accomplished by using a single subject matter
expert. A review of the available accident history was also conducted during this
meeting. These previous accidents were categorized by the analysis team according to
their judgment as to the human error that occurred (Forms 1 and 2).

The analysis team visited an offshore platform following the Gross Task Analysis and
Accident Summary review. During this visit, we observed a load being moved from the
top deck to a lower deck. Part of this movement was a blind lift, requiring the use of a
signalman between the crane operator and riggers.

The operation was typical for a platform with an active drilling rig. The crane crew
consisted of a crane operator plus 2-3 riggers. This team had worked together for
several years. This personnel arrangement is not common for a typical production
platform, where crane operator and rigger experience and rigger availability vary widely.

While on the platform, the analysis team interviewed the contract crane operator as
well as 3 production personnel that routinely operate cranes during the course of their
normal duties. The information obtained during these interviews was not documented
formally. It did, however, reinforce the information that had been developed during
earlier phases of the study.

Critical errors (those with high risk indices) were then classified according to which
stage in the information processing chain could induce or exacerbate the error (Form
4). Possible causes of each error and the likelihood of each cause were assessed and
possible corrective measures identified (Form 5). Corrected actions may include

XAPSM\59122\01\PILOT_1\PILOT _1.DOC 8







