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A study on proper form of expression in procedure manuals of

maintenance works in nuclear power plants

Abstract

In Chapter 1, we describe many troubles concerning maintenance by
analyzing trouble cases at domestic nuclear power plants identified in past
findings. Investigating the factors behind these maintenance problems in more
detail, we found that many factors are related to the procedure manuals for
maintenance works, and often caused by imperfections in the manuals.
Maintenance works mean “tasks of disassembly, inspection, repair, replacement,
adjustment, assembly, and so on”. Therefore, we investigated the purpose,
structure and usage of procedure manuals in nuclear power plants and looked
at the situation of procedure manuals in other fields, in order to identify problems
in the manuals. We found from the results that imperfections in the manuals
were caused by problems in expressions in the manuals. The purpose of our
research was “to provide a guideline to structure procedure manuals with proper
expressions”.

In Chapter 2, we organize the information contained in procedure manuals
and clarify the activities of maintenance workers by functional resonance
analysis method when they work using procedure manuals. We extracted three
focus points from the results: (1) supporting the image of the work, (2)
supporting prediction of the work flow, and (3) supporting interpretation of
information.

In Chapter 3, we first studied behavioral models of maintenance workers in
order to organize the three focus points that would support development of
better procedure manuals from a behavioral perspective. We presumed in the
behavioral model that: (1) information expressions affect maintenance workers’
the image of the work by the procedure manuals, (2) the methods of presenting

the next work step affect maintenance workers’ prediction of the work flow by
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the procedure manuals, and (3) the ease of visualizing the work target and
emphasizing the information in the manuals influence maintenance workers’
interpretation of information. Next, we set three needs for the three focus points
based on the behavioral model: (1) improving the work performance by
combining sentences with photographs and diagrams, (2) improving the work
performance by presenting information on the next work step, and (3) improving
the work performance by the work target which is easy to visualize and
emphasizing the information in the manuals.

In Chapter 4, we describe experiments on assembling Lego blocks and
experiments on maintenance work in nuclear power plants in order to verify the
effectiveness of supporting the image of the work. We evaluated the number of
assembly errors in the assembling Lego blocks, and evaluated three poor
grades of “awkwardness”, “slowness” and “over-anxiety” of work performance,
and the time required to perform the work in the maintenance work, in order to
compare procedure manuals that included photographs and diagrams with
procedure manuals that contained only sentences. As a result, we confirmed
that the work performance was better when using the procedure manuals that
contained both sentences and photographs and diagrams, thus verifying the
effectiveness of supporting the image of the work.

In Chapter 5, we describe experiments on maintenance work in nuclear
power plants in order to verify the effectiveness of supporting prediction of the
work flow. We evaluated three poor grades and three poor amounts of grades
which were the product of the time required for each poor grade of
“awkwardness”, “slowness” and “over-anxiety” of work performance, and
‘instantaneous viewing”, “gazing”, and “perusal’ concerning how to read a
procedure manual, and the time required to perform the work in the experiments,
in order to compare procedure manuals which presented the next work step with
procedure manuals with no information on the next work step. As a result, we
confirmed that the work performance was better when using the procedure

manuals with information on the next work step, thus confirming the
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effectiveness of supporting prediction of the work flow.

In Chapter 6, we describe experiments on assembling Lego blocks in order to
verify the effectiveness of supporting interpretation of information. We first
evaluated easiness of imaging a work target. We evaluated the number of
assembly errors in the experiments in order to compare the shape of an
“automobile” which is an easy work target to visualize with a meaningless shape
which is difficult to visualize in the same procedure manuals. As a result, we
confirmed that the work performance was better based on the low number of
assembly errors for the "automobile” shape which is easy to visualize, thus
partially verifying the effectiveness of supporting interpretation of information.
Next, we evaluated emphasizing information. We evaluated the number of
assembly errors in the experiments in order to compare procedure manuals that
emphasized information with manuals that did not emphasize it. As a result, we
confirmed that the work performance was better based on the tendency that the
number of assembly errors was low for the procedure manual that emphasized
information, thus completing our verification of the effectiveness of supporting
interpretation of information.

In Chapter 7, we first summarized the three necessary focus points which had
been verified as basic design principles when compiling procedure manuals with
proper expressions: (1) combining sentences, photographs and diagrams, (2)
presenting information on the next work step, (3) emphasizing information. Next,
we examined the effectiveness of using a check sheet to determine whether the
basic design principles were built into the procedure manuals.

In Chapter 8, we asked the maintenance workers about concrete ways of
improving methods of presenting photographs and diagrams as supporting the
image of the work, methods of presenting information on the next work step as
supporting prediction of the work flow, and methods of emphasizing the
information as supporting interpretation of information regarding procedure
manuals compiled based on the check sheet. We classified these improvement

methods as expert or novice, and as easy or difficult to visualize.
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In Chapter 9, we summarize our research by describing the guideline for
compiling procedure manuals with proper expressions. The guideline features
the check sheet for determining whether the basic design principles are built into
the procedure manuals and provides concrete ways which are helpful for
composing the manuals. Specifically, the guideline contains: (1) an introduction,
(2) the scope and position of the guideline within the framework of plant
maintenance work, (3) definitions of terms, (4) basic design principles, and (5)
instructions on how to use the guideline, and so on.

In Chapter 10, we provide the actual guideline for compiling procedure
manuals with proper expressions. Also, by providing results for the check sheets
of actual procedure manuals and examples of presentation methods such as
photographs and diagrams, we demonstrate concrete methods of composing
procedure manuals with proper expressions. The work site environment could
be further improved by using information technology and virtual reality
technology. The results of the present research will also be used as a basis for
electronic contents in the future. We hope that the findings of this research will
be used at maintenance work sites in nuclear power plants as well as in facilities

of other engineering fields.
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