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ABSTRACT

Objective: The aim of this study is to development of management guideline and the procedure for

anthropometry suitability assessment of the main control room (MCR) in nuclear power plants (NPPs).

Background: The condition of MCR should be suitable to the works of the crews in NPPs. The suitability of
MCR closely depends on the anthropometric dimensions and ergonomic factors of the user population.
Especially, the MCR workspace design in NPPs is important due to the close relationship with operating crews
and their work fails. Many documents and criteria have recommended that anthropometry dimensions and
their studies are one of the foremost processes of MCR design in NPPs. If not considering these factors

properly, users can feel burdened about their works and the human errors that might happen.

Method: A procedure for anthropometry suitability assessment consists of 5 phases; 1) selection of the
anthropometry suitability evaluation dimensions, 2) establish of measurement method according to evaluation
dimensions, 3) establish of criteria for suitability evaluation diminution, 4) establish of rating scale and
improvement methods according to evaluation dimensions, 5) assessment of final grade for evaluation
dimensions. The management guideline for anthropometry suitability assessment was completed 10 contents;
1) director, 2) subject, 3) evaluation period, 4) measurement method and criteria, 5) selection of equipment, 6)
measurement and evaluation, 7) suitability evaluation, 8) data sharing, 9) data storage, 10) management

according to suitability grade.

Results: We propose a set of 17 anthropometry dimensions about size, cognitive/perceptual, action/behavior
and their relationships with human errors about MCR design variables through case study. The selected 17
dimensions height, sitting height, eye height from floor, eye height above seat, arm length, functional reach,
extended functional reach, radius reach, visual field, peripheral perception, hyperopia/myopia/astigmatism,
color blindness, auditory acuity, finger dexterity, hand function, body angle, manual muscle test. We proposed
criteria about 17 anthropometry dimensions for suitability evaluation and suggested improvement method

according to evaluation dimensions.
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Conclusion: The results of this study are possible to improve the human performance of the crew in the MCR..
These management guideline and procedure for anthropometry suitability assessment will be able to prevent

human error due to inadequate anthropometry dimensions.

Application: The proposed set of anthropometry dimensions can be integrated into a managerial index for
the anthropometric suitability of the operating crews for more careful countermeasures to human errors in
NPPs.
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1. Introduction
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2. A procedure for anthropometry suitability assessment
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Phase 1: Selection of the anthropometry
suitability evaluation dimensions

!

Phase 2: Establish of measurement method
according to evaluation dimensions

!

Phase 3: Establish of criteria for suitability
evaluation dimensions

!

Phase 4: Establish of rating scale and
improvement methods according to evaluation
dimensions

!

Phase 5: Assessment of final grade for
evaluation dimensions

J/

Figure 1. A procedure for anthropometry suitability assessment

2.1 Phase 1: Selection of the anthropometry suitability evaluation dimensions
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2.3 Phase 3: Establish of criteria for suitability evaluation dimensions
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2.5 Phase 5: Assessment of final grade for evaluation dimensions
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Table 1. Level of anthropometry suitability

Level Criteria Suitability /possibility
l All suitability
I Non-suitability of engineering improvement essential Suitability
dimension
1] Non-suitability of management improvement essential Non-suitability

dimension

(In case of type 2)

3. Case study: Main Control Room in Nuclear Power Plant
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3.1 Phase 1: Selection of the anthropometry suitability evaluation dimensions

Design variable and anthropometry dimensions: Session 2.10{|A] KA|SH Q1A & gHd
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Table 2. Design variables and anthropometry dimensions for MCR
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No Type Design variable Anthropometry dimension
1 Console Height Arm length
2 ) Height
Control Height -
3 Stand-Up Console Radius of reach
4 Benchboard Slope Radius of reach
5 Maximum Distance of Controls Extended functional reach



from the Front Edge of the

Console

Display Height and Orientation

Eye height from floor

7 Visual field
Location of Frequently Monitored ) ]
8 ) Visual field
Displays
Location of Infrequently i i
9 ) ) Visual field
Monitored Displays
10 Stature
11 Eye height from floor
12 Functional reach
13 Equipment (Standing) Finger tip height
14 Extended functional reach
15 Shoulder height
16 Elbow height
17 Eye height above seat
18 Functional reach
19 Sitting height
20 ) o Shoulder height above seat surface
Equipment (Sitting) -
21 Extended functional reach
22 Knee height
23 Buttock-popliteal length
24 Thigh clearance height
25 Console Height Sitting height
26 Control Height Radius of reach
27 ) Benchboard Slope Functional reach
Sit-Down Console - - i - - -
28 Display Height and Orientation Visual field
29 Lateral Spread of Controls and Visual field
30 Displays Extended functional reach
31 ) Stature
Control Height
32 Arm length
Vertical Panels
33 ) ) Visual field
Display Height -
34 Eye height from floor

Questionnaire, FGI, Expert's advice, and Literature review: Table 22| 1X} MHE= S5
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Table 3. Anthropometry suitability evaluation dimensions in MCR
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3.2 Phase 2: Establish of measurement method according to evaluation dimensions

HE =EE oM Hehd E7F &30 st AFXT A 58 7Hsot=E 2YUTALE Sot0 #HE
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Table 4. Measurement of the anthropometry dimensions (Example: Functional reach)

Anthropometry dimension

Functional reach

Define

The horizontal distance from the wall to the tip of the thumb

Posture

Anatomical standing posture

Measurement method

Measure with the subject’s forward, and the index finger touching the tip of
the thumb

Figure*

* Source: Stephen Pheasant (1996)
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Establish of criteria for suitability evaluation dimensions
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Table 4. Criteria for suitability evaluation dimensions

Categorize | Categorize |l Evaluation dimension Criteria
) Height F 5th %-ile ~ M 95th %-ile
Height — - -
Sitting height F 5th %-ile
. Eye height from floor ) )
Eye height - F 5th %-ile ~ M 95th %-ile
. Eye height above seat
Size
Arm length
Functional reach ' )
Arm - F 5th %-ile ~ M 95th %-ile
Extended functional reach
Radius of reach
Left/right: 35°/35°, Upper: 35°
Visual field J PP
Under: 25°
- ) ) Left/right: 35°/35°, Upper: 35°
Cognitive ) ) Peripheral perception
Visual and auditory Under: 25°
/perceptual : : : :
Hyperopia/Myopia/Astigmatism O, X
Color blindness O, X
Auditory acuity O, X
Finger dexterity Standard score: over 5.5
W: 9.0s
T:3.3s
) P: 5.6s
Hand and Finger )
) Hand function SF: 7.3s
Action
) SC: 3.1s
/behavior
PL: 3.0s
PH: 2.9s
Neck: under 25°
Whole body Body angle
Trunk: under 60°
Muscle Manual muscle test Over G grade




* W: Writing, T: Turning over 3-by 5inch card, P: Picking up small object, SF: Simulated feeding, SC: Stacking
checkers, PL: Picking up large light object, PH: Picking up large heavy objects

3.4 Phase 4: Establish of rating scale and improvement methods according to evaluation dimensions

3220 KAl 7t =2 SEYES Bz BUHHYAE 58 o =, 3322 7|&0 25t Hetd
ORE MOt FHSLU)Q| 27kK| M2 HIFSICE Table 30N =&ot FHOJH QM| HEtd 7t
<=0 oot ;F eiZtsst MRVl Qg Edz 24 258 7tstt HEXXE 39 i3t 2a[H
S22 ot ACk(Table 5)
Table 5. Improvement method according to evaluation dimensions

No. Evaluation dimension Improvement method

1 Height

2 Sitting height

3 Eye height from floor

4 Eye height above seat o

5 Arm length Engineering

(Category-E)

6 Functional reach

7 Extended functional reach

8 Radius of reach

9 Visual field

10 Peripheral perception

11 Hyperopia/Myopia/Astigmatism

12 Color blindness

13 Auditory acuity Management

14 Finger dexterity (Category-M)

15 Hand function

16 Body angle

17 Manual muscle test

4. Management guideline for anthropometry suitability assessment
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Table 6. Contents of management guideline for the anthropometry suitability assessment

Content Recruitment Job arrangement Job management
- Human resources manager | - Human resources manager
) - Human resources manager
1. Director - Health and safety manager | - Health and safety manager
- Health and safety manager
- Management supporter - Management supporter
- Qualified person in MCR
2. Subject - All applicant - Job rotation and - All crews in MCR

arrangement case

3. Evaluation period

- With physical examination

- Planning the job rotation

and arrangement

- Regular: once a year
- Special: change the facilities/,
accident occurrence

- other: require of crew

4. Measurement

method and criteria

- Followed by phase 2 & 3

(Reference)

- Followed phase 2 & 3

(Reference)

Followed phase 2 & 3

(Reference)

5. Selection of

equipment

- Health and safety manager

- Health and safety manager

- Health and safety manager

6. Measurement and

evaluation

- Health and safety manager

- Health and safety manager

- Health and safety manager

7. Suitability evaluation

- Followed by phase 3 & 4

- Followed phase 3 & 4

- Followed phase 3 & 4

8. Data sharing

- Human resources team

- Health and safety team

- Human resources team
- Health and safety team

- Management support team

- Human resources team
- Health and safety team

- Management support team

9. Data storage

- Until retirement
- With personal information

- Human resources team

- Until retirement
- With personal information
and existing data

- Human resources team

- Until retirement
- With personal information
and existing data

- Human resources team

10. Management
according to suitability

grade

- Followed by phase 4

- Followed by phase 4

- Followed by phase 4

5. Discussions
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