@Public Service" ot
Company of Colorado
16805 WCR 19 1/2, Platteville, Coloradn 80651

October 29, 1985
Fort St. Vrain
Unit No. 1
P-85384

Director of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Mr. E.J. Butcher, Jr., Acting Chief
Operating Reactors Branch No. 3

Docket No. 50-267

SUBJECT: Fort St. Vrain Control
Room Design Review
Summary Report

REFERENCES: 1) PSC Letter (P-85142)
Warembourg to Johnson,
Dated 4/30/85

2) NRC Letter (G-85363)
Hunter to Lee
Dated 8/27/85

Dear Mr. Butcher:

The purpose of this letter 1is to provide you with Public Service
Company's submittals in response to the requests of Reference 2
above.

The purpose of these submittals is to provide you with additional
and/or specific information relative to the Control Room Design
Review. This information is submitted under cover of "Public Service
Company's Response to the Nuclear Regulatory Commission's 'request
for additional information'", Attachments 1 thru 7b correspond
directly to the requests listed in the summary provided by
Reference 2. Attachments 8 & 9 are submitted in response to

questions raised during the July 16, 1985, meeting in Bethesda.

If you have any questions, please contact M. H. Holmes at (303)

480-6960.
51029 Very truly yours, 06
8511060278 83500267 0"\ A
;m A PDR ,('7 0 Bl l‘tw- \\k
D. W. Warembourg
Manager, Nuclear
Engineering Division
DWW :DJG/s1d

Attachments




Public Service Company
Response to the
Nuclear Regulatory Commission's
"request for additional information"
(Detailed Control Room Design Review Summary Report)

On April 30, 1985, Public Service Company (PSC) submitted a Summary
Report ,SR) of the Detailed Cont-~ol Room Design Review (DCRDR) as
required by NUREG-0737. PSC staff members met with the Nuclear
Regulatory Commission (NRC) staff in Bethesda, MD, on July 16, 1985,
to discuss this SR. An NRC letter dated August 27, 1985, (D. R.
Hunter to 0. R. Lee), requested a Supplemental Summary Report and
provided minutes of the July 1€, 1985, meeting. An included Summary
listed the documentation considered "necessary to complete NRC
review". A telephone conference was held between PSC and NRC staff
members on September 19, 1985, to clarify certain of the requests.

This document 1lists by corresponding numerical reference, each item
addressed in the summary and describes PSC's submittal.

1. Qualifications and Structure of the DCRDR Team
e The resume of the human factors specialist.

PSC submittal - The resume of the human factors
specialist, Michael E. Maddox, Ph.D., is included as
Attachment 1.

2. Function and Task Analysis, and 3. Comparison of Control and
Display Requirements With a Control Room Inventory

¢ Sample filled-in data forms of the analysis and
identification of information and control
needs.

e Sample filled-in data forms of the verification
of the needs being satisfied in the control
room.

e Sample filled-in data forms of the va’‘dation of
EOP steps, actions, information ana control
needs, traffic patterns, and component
locations.

PSC submittal - The first two bulleted items comprise
the "Information Control Requirements" schedule included
as Attachment 2. The third bulleted item is included as
Attachment 3. The "information and control needs"
request included in this third item is redundant to the



first bulleted item.
4. Control Room Survey

e Sample documentation which is sufficient in
content and scope to clearly demonstrate how
the following activities have considered
dynamic criteria or principles:

operator survey quastionnaires (several samples)
ECP? walk-throughs (several sampies)

CRSRG Review (human factors guidelines)

detailed study of all control and indicator
arrangements and groupings

e Those criteria 1n NUREG-0700, Section 6, that
were not covered in the FSV control room
survey.

PSC submittals - A complete copy of the Operator Survey
Questionnaire and a sample of the operator response
summary appli:able to dynamic criteria is provided as
Attachment 4a (Parts 1 and 2).

- A Sample of EOP walk-throughs are included as
Attachment 3. While specific text is not directed to
dynamic criteria or principles, Operator positions,
Instrument locations, and traffic patterns were observed

(and recorded) as an integral part of the task analysis
effort.

- A copy of the Administrative procedure, EMAP-1,
which defines the operation of the Control Room Systems
Review Group (CRSRG) is included as Attachment 4b. This
document contains a listing of those items the designer
must consider and 9 items that the CRSRG addresses. In
addition the check 1ist providad for the designer in
ensuring consideration of instrument and control
conventions, labeling and 1locations {is included as
Attachment 4c.

- A sample package assembled from the preliminary
study of control and indicator arrangements and
groupings is included as Attachment 4d. Note: The
Summary request indicated "-detailed study of all
control ...". Clarifications during the telephone
conference on September 19, 1985, indicated that only a
sample of the detailed study was required. In addition,
attachments 6b-1 thru 6b-4 provide a gereral description
of the improvement design process and include finalized
layouts.




= A computeri.ad 1listing of NUREG-0700 guidelines,
which were not spacifically addressed (or addressed
indirectly) is included as Attachment 5. The basis for
not addressing each 'tem is also roted.

6. Selection of Design Improvements, 7. and 8. Verification That
Improvements Will Provide the Necessary Corrections Without
Introducing New HEDs

* The 12 Design Directives.

. The human factors guidelines the CRSRG uses in
its review.

A clear description of each HED, its fix, and
any documentation such as control panel
drawings which illustrates the panel design
before and after its reconfiguration according
to the control room improvement package.

PSC Submittals

The 12 Design Directives are included as
Attachment 6a.

The human factors guidelines used by the CRSRG
are included as Attachment 4b.

A Summary of the Control Room improvement
design process as applicable to I-01, I-02 and
other related tasks are included as
Attachments 6b-1 thru 6b-4. These submittals
include copies of the applicable HEDs,
drawings showing the original and proposed
configurations, as well as a summary of the
changes. Similar packages for other control
boards and divisions of work-will be sumbitted
as available.

Coordination of the DCRDR With Other
Improvement Programs

A description of how the DCRDR is being
coordinated with training and staffing (other
than to resolve HEDs) and the SPDS.

A schedule outlining the dates for completion
of its NUREG-0737, Supplement 1 initiatives
since the integration of improvement programs
impacts the DCRDR schedule.




PSC Submittals

. Attachment 7a 1is a synopsis of the methods
employed and efforts to coordinate the DCRDR
with training and staffing.

. A detailed scheduie for completion of NUREG-
0737, Supplement 1 initiatives, is included as
Attachment 7b.

Additional Submittals

In addition to the above listed submittals as requested
by the NRC letter dated August 27, 1985, PSC is
providing additional information in response to NRC
questions raised during the meeting on July 16, 1985.
These submittals are:

Attachment 8 =~ A detailed listing of those HEDs
shown in Attachment B of the Summary Report
with a Disposition (Resolution) of "Referred".

Attachment 9 = A listing of HEDs applicable to I-01
and I-02 having final dispositions different
from the proposed disposition shown in
Attachment B of the Summary Report. Similar
Tists will be included with the design process
packages to be submitted for other control
boards.



ATTACHMENT 1

RESUME OF HUMAN FACTORS SPECIALIST
MICHAEL E. MADDOX, Ph.D.



Michael E.

Maddox

266 Watkins Glen Dr.
Kennesaw, GA 30144

Off:  404-441-1457 (Search Technology, Inc.)
Hm: 404-928-8150

Professional Interests:

Visual display development and evaluation
Visual psychophysics

Control system design and layout

Computer software development
Experimental design

Education:

BS Virginia Polytechnic Institute and State University
(VPI&SU), 1972, Physics, Minor in Mathematics and
Psychology

MS VPI&SU, 1977, IEOR (Human Factors)

PhD VPI&SU, 1979, IEOR (Human Factors)

Professional Appointments:

1983 -present Senior Scientist, Search Technology, Inc., Norcross,

GA.

Conduct applied research for government agencies and
commercial clients in the areas of
computer-generated display design, computer-based
treining, human-computer interaction, decisicn
aiding, and general human factors design. Act as a
consultant to clients in the areas of human
performance measurement and evaluation, product
evaluation, nuclear power plant control room design,
and display design and evaluation.



1980-1982

1978-1980

1975-1978

PAGE 2

Project Manager in Operations Engineering Division,
Institute of Nuclear Power Operations, Atlanta, GA.

Manage projects which: develop human factors
evaluation criteria and recommend operating
practices for the nuclear power industry; evaluate
nuclear power plants for conformance to good human
engineering practices; develop computerized human
engineering data bases for utility and internal use;
review and ccordinate computerized displays for new
applications; end provide timely human engineering
data to the nuclear industry. Present workshops &nd
seminars on human factors topics for wutility
ersonnel. Represent INPO at national and
nternational professional society and standards
meetings. Serve as an expert consultant to nuclear
utilities.

Research Associate, Virginia Polytechnic Institute
and State University, Blacksburg, VA.

Responsible for experimental design and executior of
research under contract to the Air Force Office of
Scientific Research experimental program to evaluate
the effects of various image enhancement algorithms
upon photo-interpreter performance. In addition to
laboratory computer systems, equipment included
International Imaging Systems Model 70E digital
imaging system.

Consultant to Texas Instrument Company - evaluation
of prototype displays.

Consultant to Pitney-Bowes Company - evaluation of
copy print quality.

Graduste Research Assistant, Virginia Polytechnic
Institute and State University, Blacksburg, VA.

Performed studies on the effects of parameters of
computer-generated dot-matrix displays on human
periormance. Responsibile for computer software and
experimental design in support of research sponsored
by the Army Research Office and the Air Force Office
of Scientific Research. This research dealt mainly
with the eassessment of the quality of
computer-generated displays.



1974-1975

1972-1974

1968-1972

PAGE 3

Instrumentation Engineer, Babcouck and Wilcox
Company, Nuclear Power Generation Division,
Lynchburg, VA.

Responsible for plant computer systexs for several
B&W nuclear plants. Responsible for configuring
final specification for computer system and all
feripherals to be installed at certain B&W plants.
ncluded in this specification was the data base for
monitoring all important functions within the plant.
This necessitated familiarization with virtually all
instrumentation for the entire system.

Instrumentation Engineer, - Goodyear Atomic
Corporation, Piketon, OH.

Responsible for the design, development, and
implementation of instrumentation systems for
gaseous diffusion process control and quality
assurance. Involved with computer-oriented data
acquisition and control systems. During this period
worked with HP and DEC computer systems. In
addition to computer-based systems, was involved in
conventional control and instrumentation, both
pneunatic and electronic. Much of -+his work was
classified by the AEC. Maintained Atomic Energy
Commission Q-Clearance.

Co-operative Education Student, Goodyear Atomic
Corporation, Piketon, OH.

Assisted professional staff in research, laboratory,
and development work. Worked one academic quarter
each in Health Physics, Physical Measurements
(Electron Microscopy and X-Ray Analysis), and Mass
Spectrometry. Worked three academic gquarters in
Instrumentation Development Department. While in
Physical Measurements, authored an internal
technical report on X-Ray fluorescence analysis of
binary and tertiary metal mixtures. During the work
quarters in Instrumentation Development, assisted in
the preparation of a report on a new computer-based
automatic test stand.



5.

PACGE 4
PUBLICATIONS

Turpin, J.A. and Maddox, M.E. Subjective ranking of
facsimile document quality scanned at different resolutions.

Proceedings of the 28th Annual Meeting of the Human Factors
Society, gan Antonio, TX, October, 1984. (In press)

Johnson, W.B., Maddox, M.E., and Kiel, G.C.
Simulation-oriented computer-based instruction for training
of nuclear plant personnel. Proceedings of the 28th Annual
Meetin of the Human Factors ociety, San Antonio, ; 4 4P
October, 1984, (In press)

Hunt, R.M., Maddox, M.E., and Kiel, G.C. Computer-generated
display system guides, Vol. 3: Display design, Palo Alto,
CA: Electric Power Research Institute, 1983.

Maddox, M.E. The interpretation of human factors design
criteria for nuclear power plant control room reviews.

Proceedings of the 27th Annual Meeting of the Human Factors
Society, ﬁor??li, VE: October, 1983.

Johnson, W.B., and Maddox, M.E. Status of diegnostic

trainiug in the nuclear utility industry. Procecedings of the
27th Annual Meeting of the Humen Factors Society, Norfolk,

VA: Hunan Factors, October, 1983.

Zebroski, E.L., Maddox, M.E., and Dietz, P.E. Establishing
priorities in control room design review. Nuclear
Engineering International, 1982, 27, 30-34.

Maddox, M.E. The integration of human factors methodology

into nuclear power plant control room reviews. Proceedings
of the 26th Annual Meeting of the Human Factors Socicty,
1555.

Seattle,WA: October,

Maddox, M.E. Human factors implications in the introduction
of computer aids into existing control rooms. Proceedings of
and Operat

the Edison Electric Institute Engineerin pera iﬁE
Computer Forum, Denver, Colorado, September, 1982,

Maddox, M.E. and Brickey, M.C. INPO/TVA pilot systems

review. Atlanta, Georgia: Institute of Nuclear Power
Operations, June, 1982, INPO-82-14.



10.

1.

12.

13.

14.

15.

16.

17.

18.

PAGE 5§

Snyder, H.L., Shedivy, D.I., and Maddox, M.E, Quality
metrics of digitally-derived imagery and their relation to
interpreter performance III - Subjective scaling of hard-copy
digital imagery. Blacksburg, Virginia: Virginia Polytechnic
Institute and State University, 1981, HFL-81-3,

Snyder, H.L., Turpin, J.A., and Maddox, M.E. Quality metrics
of digitally-derived imagery and their relation to
interpreter performance II - Effects of blur and noise on
hard copf interpretability. Blacksburg, Virginia: Virginia
P;iyg:cgn ¢ Institute and State University, August, 1981,
H - -k

Maddox, M.E. Two-dimensional spatial fregquency content and

confusions among computer-generated dot-matrix characters.
SID Proceedings, 1980, 21, 31-40.

Maddox, M.E. Two-dimensional spatial frequency content and
confusions among computer-generated dot-matrix characters.
Proceedings of the 23rd Annual Meeting of the Human Factors
Society, Doston, WMA: ~“October, 1979. Runner-up 1in the
squen% paper competition.

Enyder, H.L., and Maddox, M.E. Image quality for dot-matrix
displays. SID Proceedings, 1979, 21, 3-8.

Snyder, H.L. and Maddox, M.E. Legibility optimization of
computer-generated dot-matrix alphanumerics. Proceedings of
the 1978 International Conference on Cybernetics and Socgety,
Tokyo, Japan: November, 1978.

Snyder, H.L. and Maddox, M.E. Information transfer for
computer-generated dot-matrix displays. Blacksburg,
Virginia: Virginia Polytechnic Institute and State
University, October, 1978, HFL-78-3/AR0-78-1.

Maddox, M.E., Burnette, J.T., and Gutmann, J.C. Font

Comparisons for 5 X 7 dot-matrix characters. FHuman Factors,
197 ’ 12) 89‘930

Maddox, M.E. Prediction of information transfer from
computer-generated dot-matrix displays. Proceedings of the
21st Annual Meeting of the Human Factors OSociety, San
Francisco, CA: Octoger, 1977,




19. Maddox, M.E. Font comparisons for 5X7 dot-matrix characters.

Proceedings of the 84th Annual Meeting of the American
Ps;chIoggcal—TssocIatIon, Division™ 21, Washington, D.C.:

Professional Asscciations:

Human Factors Society

Optical Society of America



ATTACHMENT 2

Columns 1, 2, & 3 of attached forms:

Sample filled-in data forms of the analysis and
identification of information and control needs.

Column 4 of attached form:

Sample filled-in data forms of the verification
of the needs being satisfied in the control room.

Column 5 of attached form:

Additional remarks.
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ATTACHMENT 3

Sample filled-in data forms of the validation of EOP
steps, action, information and control needs, traffic
patterns, and component locations.
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ATTACHMENT 4A

PART 1
Complete copy of the Operator Survey Questionnaire.
|
|
|
i
|
|
\
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CODE #

Fort St. Vrain Control Room
Design Review
Human Factors Engineering survey

The objective of this survey is to provide an aid for systematically
gathering Human Factors data regarding Control Room work space, work
station, controls, displays communications and envirommental aspects
of the Fort St. Vrain Control Room, and specific informatican about
the operators who perform their functions in that Control Room.

This survey 1is divided into 3 parts. Part 1 asks for information
about you personally and your experience. This information is needed
to fully represent the entire Control Room operating staff in a
statistical summary. The results of this statistical summary will be
used in evaluating Control Room problem areas and potential changes.

Part 2 contains groups of questions pertaining to the Control Roam
environment and layout. This information will be used to ensure that
the operating environment is conducive to good operating practire and
in accordance with acceptable human factors principles.

Part 3 pertains to the Control Roam panels, alamms, instruments and
controis. This information will be used in evaluating areas of
operator concern and operational problems. Certain part 3 items are
repeated for each panel or combination of panels. Please position
yourself in front of each panel as you answer the questions for a
particular panel. Be as specific as possible 1listing instrument
numbers where possible.

Part 1 - Please provide the following information about yourself and
your experience:

0Q-1) Total years of Power Plant Experience

0Q-2) Total years of Nuclear Power Plant Experience

0Q-3) Total months of Nuclear Navy experience

0Q-4) Total years of experience at Fort St. Vrain

0Q-5) Total years of Control Roam experience

0Q-6) Total years of experience as an Operator

0Q-7) Total years of experience as an Operator at FSV

0Q-8) Are you currently serving as an Operator




0Q-9) Date (month & year) of last requalification training
0Q-10) Job title

0Q-11) Height

0Q-12) Age

0Q-13) Do you wear glasses yes no

At Work

Monofocal

Bifocal

Trifocal

For Reading Only




Part 2 - This section contains questions which are incident related

and designed to identify negative or adverse aspects of the
control roam layout and emviromment. If you wish to make
additional comments or suggestions about the control room
laycut or enviromment, please do so in the space provided or
use the back of each sheet.

WORKSPACE LAYOUT AND ENVIRONMENT

0Q-13)

0Q-14)

0Q-15)

Has the layout of the control panels in the control roam
ever caused you, or someone you have seen, to either
misoperate or be wunable to operate any plant system? If
so, please describe. (This question refers only to the
placement of the panels themselves, not to the arrangement
of controls and displays on the panels.)

Has the layout of control room equipment other than panels
(e.g. computer concole) ever caused You or someone you have
seen either to misoperate or be unable to operate any plant
system? If so, please describe,

Has the arrangement of furniture in the control room ever
hindered your access to the operating area or obstructed
your view of important displays? If so, please describe.




0Q-16)

0Q-17)

0Q-18)

0Q-19)

Has the 1lighting in the control roam, either nomal or
emergency, ever caused you or someone you have seen to
either misoperate or be unable to operate any plant system?
If so, please describe. This question refers to both the
level of control roam lighting and to other characteristics
such as glare, color, etc.

Has the noise level in the control room ever caused missed
verbal communication or misinterpretation of instructions
between you and other members of the operating staff? If
so, please describe. This question refers both to the
ambient (plant) noise and to the noise caused by alamms,
phones, etc.

Has the temperature and/cr humidity in the control room
ever reached a level, either high or low, at which you were
very uncamfortable? Please describe.

Has the temperature/humidity ever reached the level, either
high or low, that control room instrumentation or equipment
mal functioned? Please describe.




PANEL DESIGN

0Q-20)

0Q-21)

0Q-22)

0Q-23)

Has the layout of controls and displays on any particular
panel(s) ever caused you or someone you have seen to
misoperate any plant system? If so, please describe.

Have you ever had to put temporary labels, Dymo tape,
grease pencil markings, or other clarification on a control
room pane' to make systems easier to operate and
understand? I[f so, please describe.

Have you ever activated a piece of plan* equipment by
accidently bumping a control that is placed in a precarious
location? If so, please describe,

Have you ever had to leave the main operating area to
activate a control or read a display durinyg an emergency or
time critical situation? If so, please describe. This
question refers mainly to back panel controls and
indicators.




TRAINING

0Q-24)

0Q-25)

0Q-26)

0Q-27)

Has the training you received ever led you or someone you
have seen to misoperate or be unable to operate any plant
system? If so, please describe.

Has the training you received been apblicable to the
operating situations you have encountered? If not, please
describe the deficiencies.

Has your training placed to much or too little emphasis on
emergency operation? Please suggest a balance between
nonmgl and emergency emphasis during training (e.g. 60/40,
etc.).

Have there been instances when the transients you see
during requalification actually occur at the plant? Please
cite an example.




0Q-28)

STAFFING

0Q-29)

0Q-30)

0Q-31)

Do you feel that more practice handling transients would be
beneficial for operation during such transients? Can you

give an example where such practice was or would have been
helpful?

Has the number of people on duty in the control room ever
caused you or someone you have seen to misoperate or be
unable to operate any plant system? Please describe.

Has the division of responsibility in the control room ever
left you in doubt as to what you should do next or who was
in charge? If so, please explain.

Have you, or someone you have seen, ever been mislead by
anything the Shift Tech Advisor said? Please explain.




0Q-32)

In your experience, has the Shift Tech Advisor provided
worthwhile input to the operations staff during transients.

PROCEDURE S

0Q-33)

0Q-34)

0Q-35)

Has wusing a procedure ever caused you or someone you have

seen to misoperate any plant system? If so, please
describe.

Are the emergency procedures usable as they are now
written? Please explain.

Has a procedure, nomal or emergency, ever left you in
doubt as to what your next action should be? If so, which
procedure(s)?




COMMUNICATIONS

0Q-36)

0Q-37)

0Q-38)

Has the plant communication system ever caused you or
someone you have seen to misoperate any plant system? [f
so, please describe. This question refers to the
telephones, soundpowered phones, walkie-talkies, and PA
system in the plant.

Is there any general problem with the plant communcation
system that degrades its usefulness during plant operation
(for example, absence of a protocol requiring walkie-talkie
users to identify themselves)? If so, please describe.

Has the use of the communication system ever caused control
room instrumentation to operate improperly (e.g., nuclear
instrumentation picking up walkie-talkie signals)? If so,
please describe.




MALNTENANCE

0Q-39)

0Q-40)

0Q-41)

Has maintenance performed ‘n the control room ever caused
you or someone you have seen 0 misoperate or be unable to
operate any plant system? I[f so, please descride. This
question refers to such activities as surveillance testing,
indicator Tlight replacement, chart paper replacement, etc.

Has miscommunication between you or other operations
pecyle, and maintenance ever caused the misoperation or
unavailability of a plant system? If so, please describe.

Do you use job aids to perform the required maintenance in
the control roam? For example, is a special tool provided
for indicator light replacement?

PLANT COMPUTER SYSTEM

0Q-42)

In general, have you used the plant computer system more
for normal, abnormal, or emergency operation?

/o



00-43)

0Q-44)

0Q-45)

0Q-46)

Do you believe that you understand how the plant computer
system works well enough to wuse the system to its
potential? Please explain.

Although it 1is not absolutely required, do you think the
plant computer system is necessary for normal operation?
How about emergency operation?

Has the plant computer system ever mislead you as to what
is happening in the plant? Please describe. This question
refers to computer output that is misleading because of
inaccuracies, incorrect status indications, time delays,
etc.

Has any feature of the FSV plant computer system ever
caused you or someone you have seen to misoperate any plant
system? If so, please describe.

4



Part 3 -

[-01-1

[-01-2

[-01-3

The first 15 items are repeated for individual control
boards. Please position yourself in front of each board
while responding to each entry. If you are not familiar
with a particular board, please state "NOT CURRENT" and do
not answer the entries for tnat board.

The following items apply to I-01
List any systems or subsystems you operate in which a

particular control or display is too far away from others
you have to use with it, or is on another panel.

List the particular instruments.

List any controls that are difficult to adjust as precisely
as they need to be adjusted.

List any switches that do not "snap" into position. List
any switches that can be left halfway between positions.
List any switches that are difficult to turn (or actuate).

/e



[-01-4

[-01-5

[-01-6

[-01-7

List any controls that are too large or small to operate
easily.

List any meters that are scaled in different units than the
procedures you have to use with them. (For example, do you
have to wuse namographs or conversion factors other than
power of 10?)

List any controls and displays that work together in
unusual ways. (example: meter shows increase for a
counterclockwise controller adjustment,

List any instruments that are difficult to compare with
backups because of Jifferences 1in scale units, elevated
zeros, etc.

/3



1-01-8

[-01-9

[-01-10

[-01-11

List any indicators, recorders, or controls that are hard
to use because they have to be read more precisely than the
scale allows.

List any recorders for which it is particularly difficult
*0 change paper or ink,

List any difficulties with lamp replacement, such as shock,
accidental activation.

List any labels that are unclear about what is being
dispiayed, what a control does, or what position a control
is in.

Y



[-01-12 List any labels that are difficult to associate with the
related control.

[-01-13 List any key switches where the key can be removed when the
switch is not in its "off" or "safe" position.

[-01-14 List any indicating 1ight or light displays for which the
meaning is not clearly indicated or described.

[-01-15 List any control that is difficult to reach.

/3



[-02-1

[-02-2

[-02-3

The following items apply to [-02

List any systems or subsystems you operate in which a
particular control or display is too far away from others
you have to use with it, or is on another panel.

List the particular instruments.

List any controls that are difficult to adjust as precisely
as they need to be adjusted.

List any switches that do not "snap" into position. List
any switches that can be left halfway between positions.
List any switches that are difficult to turn (or actuate).

/e



[-02-4

[-J2-5

[-02-6

[-02-7

List any controls that are too large or small to operate
easily.

List any meters that are scaled in different units than the
procedures you have to use with them. (For example, do you
have to wuse namographs or conversion factors other than
power of 107?)

List any controls and displays that work together in
unusual ways. (example: meter shows increase for a
conterclockwise controller adjustment.

List any instruments that are difficult to compare with
backups because of differences in scale units, elevated
zeros, etc.

77



[-02-8

[-02-9

[-02-10

[-02-11

List any 1indicators, recorders, or controls that are hard
to use because they have to be read more precisely than the
scale allows.

List any recorders for which it is particularly difficult
to change paper or ink.

List any difficulties with lamp replacement, such as shock,
accidental activation.

List any labels that are unclear about what is being
displayed, what a control does, or what position a control
is in.

B



[-02-12

[-02-13

[-02-14

[-02-15

List any labels that are difficult to associate with the
related control.

List any key switches where the key can be removed when the
switch is not in its "off" or “safe" position.

List any indicating light or light display for which the
meaning is not clearly indicated or described.

List any control that is difficult to reach.

/7



1-03-1

[-03-2

[-03-3

The following items apply to I-03

List any systems or subsystems you operate in which a
particular control or display is too far away from others
you have to use with it, or is on another panel.

List the particular instruments.

List any controls that are difficult to adjust as precisely
as they need to be adjusted.

List any switches that do not "snap" into position. List
any switches that can be left halfway between positions.
List any switches that are difficult to turn (or actuate).




1-03-4

[-03-5

1-03-6

[-03-7

List any controls that are too lirge or small to operate
easily.

List any meters that are scaled in different units than the
procedures you have to use with them. (For example, do you
have to use namographs or conversion factors other than
power of 107)

List any controls and displays that work together in
unusual ways. (example: meter shows increase for a
conterclockwise controller adjustment.

List any instruments that are difficult to compare with
backups because of differences in scale units, elevated
zeros, etc.

2)



[-03-8

[-03-9

[-03-10

[-03-11

List any indicators, recorders, or controls that are hard
to use because they have to be read more precisely than the
scale allows.

List any recorders for which it is particularly difficult
to change paper or ink,

List any difficulties with lamp replacement, such as shock,
accidental activation.

List any labels that are unclear about what is being
displayed, what a control does, or what position a control
is in.

22



[-03-12

[-03-13

[-03-14

[-03-15

List any labels that are difficult to associate with the
related control.

List any key switches where the key can be removed when the
switch is not in its "off" or "safe" nosition.

List any indicating 1light or light display for which the
meaning is not clearly indicated or described.

List any control that is difficult to reach.

22



[-04-1

[-04-2

[-04-3

The following items apply to [-04

List any systems or subsystems you operate in which a
particular control or display is too far away from others
you have to use with it, or is on another panel.

List the particular instruments.

List any controls that are difficult to adjust as precisely
as they need to be adjusted.

List any switches that do not "snap" into position. List
any switches that can be left halfway between positions.
List any switches that are difficult to turn (or actuate).

24



[-04-4

1-04-5

[-04-6

[-04-7

List any controls that are too large or small to operate
easily.

List any meters that are scaled in different units than the
procedures you have to use with them. (For example, do you
have to wuse namographs or conversion factors other than
power of 107?)

List any controls and displays that work together in
unusual ways. (example: meter shows increase for a
conterclockwise controller adjustment.

List any instruments that are difficult to compare with
backups because of differences 1in scale units, elevated
zeros, etc.




1-04-8

1-04-9

[-04-10

[-04-11

List any indicators, recorders, or controls that are hard
to use because they have to be read more precisely than the
scale allows.

List any recorders for which it is particularly difficult
to change paper or ink,

List any difficulties with lamp replacement, such as shock,
acridental activation.

List any iabels that are unclear about what is bein?
displayed, what a control does, or what position a contro
is in,




1-04-12

1-04-13

1-04-14

[-05-15

List any labels that are difficult to associate with the
related contiol.

List any key switches where the key can be removed when the
switch is not in its "of f" or “safe" position,

List any indicating 1light or light display for which the
meaning is not clearly indicated or described.

List any control that is difficult to reach,




1-05-1

[-05-2

1-05-3

The following items apply to 1-05

List any systems or subsystems you operate in which a
particular control oi display is too far away from others
you have to use with it, or is on another panel.

List the particular instruments,

List any controls that are difficult to adjust as precisely
as they need to be adjusted.

List any switches that do not "snap" into position. List
any switches that can be left halfway between positions,
List any switches that are difficult to turn (or actuate).




[-05-4

[-05-5

1-05-6

[-05-7

List any controls that are too large or small to operate
easily.

List any meters that are scaled in different units than the
orocedures you have to use with them. (For example, do you
have to use namographs or conversion factors other than
power of 107?)

List any controls and displays that work together in
unusual ways. (example: meter shows increase for a
conterclockwise controller adjustment.

List any instruments that are difficult to compare with
backups because of differences 1in scale units, elevated
zeros, etc.




1-05-8

1-05-9

1-05-10

1-05-11

List any indicators, recorders, or controls that are hard
to use because they have to be read more precisely than the
scale allows.

List ary recorders for which it is particularly difficult
to change paper or ink.

List any difficulties with lamp replacement, such as shock,
accidental activation.

List any labels that are unclear about what is being
displayed, what a control does, or what position a2 control
is in.




1-05-12

[-05-13

[-05-14

[-5-15

List any labels that are difficult to associate with the
related control

List any key switches wher2 the key can be removed when the
switch is not in its “"off" or "safe" position.

List any indicating light or light display for which the
meaning is not clearly indicated or described.

List any control that is difficult to reach.

S



1-06-1

[-06-2

[-06-3

The following items apply to 1-06

List any systems or subsystems you operate in which a
particular control or display is too far away from others
you have to use with it, or is on another panel.

List the particular instruments.

List any controls that are difficult to adjust as precisely
as they need to be adjusted.

List any switches that do not "snap" into position. List
any switches that can be left halfway between positions,
List any switches that are difficult to turn (or actuate).

32



1-06-4

[-06-5

1-06-6

1-06-7

LISt any controls that are too large or small to operate
easily.

List any meters that are scaled in different units than the
procedures you have to use with them. (For example, do you

have to wuse namographs or conversion factors other than
power of 107)

List any controls and displays that work together in
unusual ways. (example: meter shows increase for a
conterclockwise control ler adjustment.

List any instruments that are difficult to compare with
backups because of differences in scale units, elevated
zeros, etc.

33



1-06-8

1-06-9

[-06-10

I-06-11

List any 1indicators, recorders, or controls that are harg
to use because they have to be read more precisely than the
scale allows.

List any recorders for which it is particularly difficult
to change paper or ink.

!

List any difficulties with lamp replacement, such as shock,
accidental activation.

List any labels that ar: unclear about what is being
displayed, what a control dces, or what position a control
is in.

S4



[-06-12

1-06-13

1-06-14

[-06-15

List any labels that are difficult to associate with the
related control.

List any key switches where the key can be removed when the
switch is not in its "off" or “"safe" position.

List any indicating light or light display for which the
meaning is not clearly indicated or described.

List any control that is difficult to reach.

p—
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The following items apply to I-7307X

[-07X-1 List any systems or subsystems you opereie in which a
particular control or display is too far away fraw ,tier
you have to use v'th it, or is on another panel. '

List th> particular instruments.

[-07X-2 List any controls that are difficult to adjust as precisely
as they need to be adjusted.

1-07X-3 List any switches that do not “snap" into position. List
any switches that can be left halfway between positions.
List any switches that are difficult to turn (or actuate).

26



[-07x-4

[-07X-5

[-07X-6

[-07X-7

List any controls that are too large or small to operate
easily.

List any meters that are scaled in different units than the
procedures you have to use with them. (For example, do you
have to use namographs or conversion factors other than
power of 10?)

List any controls and displays that work together in
unusual ways. (example: meter shows increase for a
conterclockwise controller adjustment.

List any instruments that are difficult to compare with
backups because of differences in scale units, elevated
zeros, etc.
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I-07x-8 List any indi:ators, recorders, controls that are hard to
use because they n2ve to be read more precisely than the
scale allows.

[-07X-9 List any recorders for which it is particularly difficult
to change paper or ink.

1-07X-10 List any difficulties with lamp replacement, such as shock,
accidental activation.

[-07X-11 List any labels that are unclear about what is being
displayed, what a control does, or what position a control
is in.




1-07x-12

[-07X-13

I-07X-14

[-07X-15

List any labels that are difficult to associate with the
related control.

List any key switches where the key can be removed when the
switch is not in its "off" or "safe" postion.

List any indicating 1light or light display for which the
meaning is not clearly indicated or described.

List any control that is difficult to reach.
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[-09-1

[-09-3

The following items apply to I1-09

List any systems or subsystems you operate in which a
particular control or display is too far away from others
you have to use with it, or is on another panel.

List the particular instruments.

List any controis that are difficult to adjust as precisely
as they need to be adjusted.

List any switches that do not "snap" into position. List
any switches that can be left halfway between positions.

‘List any switches that are difficult to turn (or actuate).




1-09-4

1-09-5

[-09-7

List any controls that are too large or small to operate
easily.

List any meters that are scaled in different units than the
procedures you have to use with them. (For example, do you
have to wuse namographs or conversion factors other than
power of 107?)

List any controls and displays that work together in
Jnusual ways. (example: meter shows increase for a
conterclockwise controller adjustment,

List any instruments that are difficult to compare with
backups because of differences in scale units, elevated
zeros, etc.




[-09-8

1-09-9

[-09-10

[-09-11

List any indicators, recorders, or controls that are hard
to use because they have to be read more precisely than the
scale allows.

List any recorders for which it is particularly difficult
to change paper or ink.

List any difficulties with lamp replacement, such as shock,
accidental activation.

List any labels that are unclear about what is being
displayed, what a control does, or what position a control
is in.
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List any labels that are difficult to associate with the
related control.

1-09-13 List any key switches where the key can be removed when the
switch is not in its "off" or “"safe" position.

[-09-14 List any indicating 1light or light display for which the
meaning is not clearly indicated or described.

List any control that is difficult to reach.




1-1C-1

1-10-2

[-10-3

The following items apply to I-10

List any systems or subsystems you operate in which a
particular control or display is too far away from others
you have to use with it, or is on another panel.

List the particular instruments,

List any controls that are difficult to adjust as precisely
as they need to be adjusted.

List any switcnes that do not “snap" into position. List
any switches that can be left halfway between positions.
List any switches that are difficult to turn (or actuate).

rdd



1-10-4

[-10-5

[-10-6

[-10-7

List any controls that are too large or small to operate
easily.

List any meters that are scaled in different units than the
procedures you have to use with them. (For example, do you

have to wuse namnographs or conversion factors other than
power of 10?)

List any controls and displays that work together in
unusual ways. (example: meter shows increase for a
conterclockwise controller adjustment.

List any instruments that are difficult to compare with

‘backups because of differences 1in scale units, elevated

zeros, etc.




[-10-8

1-10-9

[-10-10

[-10-11

List any indicators, recorders, or controls that are hard
to use because they have to be read more precisely than the
scale allows.

List any recorders for which it is particularly difficult
to change paper or ink.

List any difficulties with lamp replacement, such as shock,
accidental activation.

List any labels that are unclear about what is being
displayed, what a control does, or what position a control
is in,




[-10-13

1-10-14

List any 1labels that are difficult to associate with the
related control.

List any key switches where the key can be removed when the
switch is not in its "off" or "safe" postion.

L.st any indicating light or light display for which the
meaning is not clearly indicated or described.

List any control that is difficult to reach.




The following items apply to I-13

I-13-1 List any systems or subsystems you operate in which a
particular control or display is too far away from others
you have to use with it, or is on another panel.

List the particular instruments,

[-13-2 List any controls that are difficult to adjust as precisely
as they need to be adjusted.

[-13-3 List any switches that do not "snap" into position, List
any switches that can be left halfway between positions.
List any switches that are difficult to turn (or actuate).

yé



I-13-4

[-13-5

[-13-6

[-13-7

List any controls that are too large or small to operate
easily.

List any meters that are scaled in different units than the
procedures you have to use with them. (For example, do you

have to wuse namographs or conversion factors other than
power of 107?)

List any controls and displays that work together in
unusual ways. (example: meter shows increase for a
conterclockwise controller adjustment.

List any instruments that are difficult to compare with
backups because of differences 1in scale units, elevated
zeros, etc.

4



[-13-8

[-13-9

[-13-10

[-13-11

List any indicators, recorders, or controls that are hard
to use because they have to be read more precisely than the
scale allows.

List any recorders for which it is particularly difficult
to change paper or ink.

List any difficulties with lamp replacement, such as shock,
accidental activation.

List any 1labels that are unclear about what is being
displayed, what a control does, or what position a control
is in.

Y4



1-13-12

[-13-13

[-13-14

[-13-15

List any 1labels that are difficult to associate with the
related control.

List any key switches where the key can be removed when the
switch is not in its "off" or “safe" position.

List any indicating 1light or light display for which the
meaning is not clearly indicated or described.

List any control that is difficult to reach.

5/



[-14-1

[-14-2

1-14-3

The following items apply to [-14

List any systems or subsystems you operate in which a
particular control or display is too far away from others
you have to use with it, or is on anather panel.

List the particular instruments.

List any controls that are difficult to adjust as precisely
as they need to be adjusted.

List any switches that do not "snap" into position. List
any switches that can be left halfway between positions.
List any switches that are difficult to turn (or actuate).
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1-14-4

1-14-5

1-14-6

[-14-7

List any controls that are too large or small to operate
easily.

List any meters that are scaled in different units than the
procedures you have to use with them. (For example, do you

have to wuse namocraphs or conversion factors other than
power of 107?)

List any controls and displays that work together in
unusual ways. (example: meter shows increase for a
conterclockwise control ler adjustment.

List any instruments that are difficult to compare with
backups because of differences in scale units, elevated
zeros, etc.

oS3



[-14-8

[-14-9

1-14-10

[-14-11

List any indicators, recorders, or controls that are hard
to use because they have to be reud more preciseiy than the
scale allows.

List any recorders for which it is particularly difficult
to change paper or ink.

List any difficulties with lamp replacement, such as shock,
accidental activation.

List any labels that are unclear about what 15 bYeing
displayed, what a control does, or what position a control
is in.

T



1-14-12

[-14-13

1-14-14

[-14-15

List any Tlabels that are difficult to associate with the
related control.

List any key switches where the key can be removed when the
switch is not in its "off" or “"safe" position.

List any indicating 1light or light display for which the
meaning is not clearly indicated or described.

List any control that is difficult to reach.




1-15-1

[-15-2

[-15-3

The following items apply to I-15

List any systems or subsystems you operate in which a
particular control or display is too far away from others
you have to use with it, or is on another panel.

List the particular instruments.

List any controls that are difficult to adjust as precisely
as they need to be adjusted.

List any switches that do not "snap" into position. List
any switches that can be left halfway between positions.
List any switches that are difficult to turn (or actuate).

Sé



I-15-4

[-15-5

1-15-6

[-15-7

List any controls that are too large or small to operate
easily.

List any meters that are scaled in different units than the
procedures you have to use with them. (For example, do you

have to use namographs or conversion factors other than
power of 107)

List any controls and displays that work together in
unusual ways. (example: meter shows increase for a
conterclockwise controller adjustment.

List any instrumeats that are difficult to compare with
backups because of differences 1in scale units, elevated
zeros, etc.




1-15-8

[-15-9

[-15-10

[-15-11

List any 1indicators, recorders, or controls that are hard
to use because they have to be read more precisely than the
scale allows.

List any recorders for which it is particularly difticult
to change paper or ink.

List any difficulties with lamp replacement, such as shock,
accidental activation,

List any labels that are unclear about what is being

desplayed, what a control does, or wnat position a control
is in.




[-15-12

I-15-13

I-15-14

I-15-15

List any 1labels that are difficult to associate with the
related control.

List any key switches where the key can be removed when the
switch is not in its "off" or "safe" position.

List any indicating Tlight or light display for which the
meaning is not clearly indicated or described.

List any control that is difficult to reach.

S9



G~-0Q-1

G-0Q-2

6-""-3

GENERAL SURVEY ITEMS
List any equipment affected by radio interference.

List any chart recorders where fast tracking rates or

trends are periodically required that lack Hi/Lo speed
capability.

List any important parameters that are not presently
"alarmed" and should be.

List any controls that are shaped, located, or have a
legend that has contributed to your inadvertent operation
of that control.
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G-0Q-5

G-0Q-6

G-0Q-7

List any control that has been inadvertently operated by
anyone, and describe the method or incident.

List any keyswitches not required by the present day
operating philosophy.

List any keyswitches operable by keys designated for a
different functicn.

List any keyswitches where the key is removable in the non-
lock or non-secured position.

G/



G-0Q-9 List any "failed" instruments that have resulted in your
improper operation of a sysvem.

G-0Q-10 List any indication requiring the use of namographs,
Charts, or conversions which present a problem in using.

ANNUNCIATORS

G-0Q-11 Do you get nuisance alarms when a system is secured?

List

G-0Q-12 List any particular recurring invalid alamms.

¥



view.

|
|
C-0Q-13 List any alams insignificant from an operational point of |
|

G-0Q-14  List any "blank" or "unassigned" alarm windows that are on.

G-0Q-15 How do you detect alarm Flasher failure?

|
|
|
|
|
Additional Comments
|




ATTACHMENT 4A
PART 2

Sample operator survey questionnaires



FORT ST. VR  CONTROL ROOM
DESIGn—REVIEW

W 22 e » HUMAN FACTORS ENGINEERING SURVEY

Has the layout ¢i controls and displays on any particular panel(s) ever caused you or someone you have
seen to misoperate any plant system? If so, please describe.

QUESTION MO.
0Q-20)

Yes, see question 0Q-14 also 'A' circulator was inadvertantly shutdown when an operators hand bumped
the HS for the steam inlet valve.

Yes, convention is the biggest problem. the 46 system pumps, Loop I are up and down on the panel.
The 23 system, Loop I is in line left to right. Controllers which operate valves "backward" from

other controllers, etc.

Individual operator code numbers
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FORT ST. VR?~ CONTROL ROOM g1
< ST _J(EVIEW et

HUMAN FACTORS ENGINEERING SURVEY

QUESTION MO List any controls that are difficult to adjust as precisely as they need to be adjusted.

I-01-2

? .‘f'/445;2>'.‘:E;59€7
002 46 system surge tank level,{regen. k.o.

203 rc-zl.oz,us-zt.m, HS-2403, and HS-2407.

Individual operator code numbers

LﬁED o0&y -
)04
205 DID NOT ANSWER QUESTION
006 DID NOT ANSWER QUESTION
007 DID NOT ANSWER QUESTION

008




TURE Q1. YN LUt I UL nuunr

DESIGi, «EVIEW
HUMAN FACTORS ENGINEERING SURVEY

List any switches that do not "snap" into position. List any switches that can be left halfway between
positions. List any switches that are difficult to turn (or actuate).

QUESTION MNO.
1-01-3

| 002 Some spring operated handswitches are hard to hold in a position for any length of time
© (Ex. HS-4609 and 4610). P~ DL
2 2
< 003 None
S
-~
o
-
<
.
& 004
o
©
2
b._,
% 005 DID NOT ANSWER QUESTION
=
1

006 DID NOT ANSWER QUESTION

007 DID NOT ANSWER QUESTION

008




v e Raw WML LW e

Nt MSIGM\EVXEH
HUMAN FACTORS ENGINEERING SURVEY
| QUESTION MO List any controls that are too large or small to operate easily.
I-0i-4

Sty on

o

DID NOT ANSWER QUESTION

001
002 N/A
w 003 None
-
@
2
>
=
S 004
o
()
S
s HED 00 Opof e
a 0os Reset buttons on HS-2337 and HS-2338.
o
=
3
o
>
°
-

T s

g

DID NOT ANSWER QUESTION




FURE 30, WIM  LUN WL R
DESIG. «EVIEW

HUMAN FACTORS ENGINEERING SURVEY

QUESTION MO List any controls and displays that work together in unusual ways. (Example: meter shows increase for
: a counterclockwise controller adjustment).
I-01-6
' ! 01
| .| R
‘é roz Bypass controller operates backwards from every other controller.
=4
Ll - 7 M
g HED -027¢ ...
i 003 HS-4704 and HS~-4705, one works backward from the other.
o
<
| -
@
e
004
©
2
o
>
5
S 005 DID NOT ANSWER QUESTION ‘
]
©06 DID NOT ANSWER QUESTION
07 DID NOT ANSWER QUESTION
008
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w a

__ DESI\ _REVIEW ' e
HUMAN FACTORS ENGINEERING SURVEY

List any controls that are shaped, located, or have a legend that has contributed to your inadvertent

QUESTION MO. operation of that control.
G-0Q-4
00:
002z DID NOT ANSWER QUESTION

w |
|
¥ |
2 003 Speed controls on He circs (mirror image)/, Auxiliaries on He circs (too many controllers lined up
-1 making it hard to find the "right one").
® L #
© T 4
o
(8]
S 004
-
<
-~
¥
Q.
o
s 005 DID NOT ANSWER QUESTION
o
>
2 |
5 !
006 DID NOT ANSWER QUESTICN
007 DID NOT ANSWER QUESTION

008




DESI.  REVIEM ;

HUMAN FACTORS ENGINEERING SURVEY

QUESTION NO.

G-0Q-5

List any control that has been inadvertently operated by anyone, and describe the method or incident.

001

002 DID NOT ANSWER QUESTION
L

o |
_é 003 In any array where controllers or switches are lined up with no spacing or dlirr imagery is used,
2 I have seen inadvertent operation.
@
©
o
(&)
5 004 |
e |
o —
8
™ 005 DID NOT ANSWER QUESTION
°
=
o |
5.

006 DID NOT ANSWER QUESTION

007 DID NOT ANSWER QUESTION

005
————




ATTACHMENT 4b

EMAP-1
Administrative procedure



EMAP-1

ISSUE A
Public FORT ST. VRAIN NUCLEAR GENERATING STATION Page 1 of 5
Service” PUBLIC SERVICE COMPANY OF COLORADO
CONTROL ROOM SYSTEMS REVIEW GROUP
OPERATING GUIDELINES

ISSUANCE
AUTHORIZED
BY
PORC EFFECTIVE
REVIEW DATE

FOREWORD : NUREG-737 requires each licensee to conduct a
comprehensive study of the control room in an effort to "improve the
ability of nuclear power plant control room operators to prevent
accidents or cope with accidents if they occur by improving the
information provided to them".

In response to this regulatory requirement Public Service Company has
expended and will continue expending considerable time and resources
in improving the man/machine interface thru operational and
functional grouping of controls, 1labeling, control and indicator
conventions, procedural changes and training.

An on-going design control program {is necessary to ensure
continuaticn of the design basis established as a resuit of NUREG-
0737. PSC's on-going design control program is an integral part of
the design process and is assured through design reviews at the
documentation and systems operational levels. Design Process reviews
are defined by the applicable engineering procedures.

Systems Operational reviews are to be conducted in accordance with
this document.

1.0 PURPOSES

1.1 This procedure provides administrative guidelines for the
organization and activities associated with the Fort St.
Vrain Control Room Systems Review Group activities
(CRSRG).

1.2 The purpose of the CRSRG is to ensure that any change,
addition, or modification to control room equipment and to
the control room environment is in fact necessary, will
not degrade operations and conforms to the design
convention established as a result of the control room
design review effort.

FORM (C1372 - 22 3842



EMAP-1
ISSUE A
Public FORT ST. VRAIN NUCLEAR GENERATING STATION  Page 2 of 5

Service” PuBLIC SERVICE COMPANY OF COLORADO

2.0 APPLICABILITY

2.1 This procedure 1is applicable tu 1 reviews performed by
the CRSRG concerning Fort St. Vrain control room
modification activities.

2.2 Control room modification activities include the
following:

2.2.1 The addition, deletion, or alteration of control
board controls, instruments, indicators, and
equipment.

2.2.2 The addition, deletion, or alteration of control
room enviromental support and control equipment.

2.2.3 The addition, deletion, or alteration of operating
support equipment including CRTs, keyboards
consoles, control room furnishings, and layout.

2.2.4 The addition, deletion, or alteration of non-
operating support equipment and furnishings.

3.0 GENERAL

3.1 The Nuclear Engineering Division (NED) is responsible for
completing all design activities, in conformance with all
applicable standards, specifications and design direct ves
per Administrative Procedure Q-3.

3.2 The CRSRG is responsible for reviewing proposed plant
modification activities that involve control room
additions or alterations and determining the acceptability
of these proposed changes as defined by this procedure.

3.3 NED will coordinate CRSRG activities.

3.4 A determination of acceptability (or unacceptability) of a
control room change by the CRSRG shall be provided to the
Station Manager for consideraticn in the
evaluation/approval of proposed modifications.

FORM (C) 372 - 22 - 3843 i



EMAP-1
ISSUE A
Public FORT ST. VRAIN NUCLEAR GENERATING STATION Page 3 of 5

Service” PuBLIC SERVICE COMPANY OF COLGRADO

4.0 MEMBERSHIP

The CRSRG shall be comprised of representatives from the
following departments:

Operations
Nuclear Betterment Engineering
Technical Services
Training
NED Site
NED Denver
= Nuclear Design
= Control Room Improvement Group

-0 QN T~

5.0 QUORUM

A quorum for the CRSRG shall consist of the chairperson or
designee, and four (4) members or alternates.

6.0 PROCEDURE

The CRSRG shall review all proposed control room modification
activities. It is preferable to review all proposed changes
during the Design Change Action Request (DCAR) phase as a means
of addressing potential problems early in the design process.
However, a preliminary review shall not preclude the requirement
for reviewing the proposed modification in the final Change
Notice (CN) form.

6.1 Preparation

The design change or CN coordinator shall be responsible
for presenting each proposed change to the CRSRG. The
coordinator shall make preparation for this presentation
by: .

6.1.1 Addressing each question contained in Attachment
EMAP-1A to establish a preliminary compliance with
basic human factors principles and to ensure that
the change is necessary.

6.1.2 Addressing each question listed on the Action
Record (Attachment 1, EMAP-18B).

6.1.3 Gaining a thorcugh understanding of the purpose and
operation of the proposed change.

6.2 Scheduling CRSRG Activities

6.2.1 The design change or CN coordinator shall upon
completion of all preparatory activities notify the
Nuclear Design Manager of the need for a CRSRG
review.

FORM (C) 372 - 22 - 3843



EMAP-1
ISSUE A
Public FORT ST. VRAIN NUCLEAR GENERATING STATION  Page 4 of §

Service” PUBLIC SERVICE COMPANY OF COLORADO

6.2.2 The Nuclear Design Manager shall then schedule a
CRSRG meeting and notify all representatives by
memorandum as to the agenda, location, date and
time of such meeting.

6.3 Review Activities

6.3.1 CRSRG Meetings shall be chaired by the Nuclear
Design Manager or an individual so designated.
Minutes of the meeting shall be recorded by the
chairperson or an appointed recorder.

6.3.2 Each proposed change shall be presented by the
design change coordinator or a designee. It shall
be the responsibility of this coordinator to
provide sufficient information for evaluating the
proposed change.

6.3.3 The CRSRG shall:

- ensure that the purpose of the proposed change
is defined and that a control room change is
required.

- evaluate the potential value and use of any
control room change or additiocn.

- review the proposed change for impact on
operator work load during normal and emergency
operations.

ensure that all available options or alternatives
have been fully assessed,

verify that the design activity includes
consideration of established human factors
principles.

6.3.4 Following a review of a proposed change, the CRSRG
chairperson shall complete an "Action Record", and
poll each representative as to the acceptability of
the proposed change.

A majority approval of the CRSRG shall be required
to indicate acceptability of a proposed change.

6.3.5 The <chairperson or the designee shall be
responsible for preparing and distributing a report
summarizing the actions of the CRSRG during each
scheduled meeting.

FORM (C) 372 - 22 - 3643



EMAP-1
ISSUE A
Public FORT ST. VRAIN NUCLEAR GENERATING STATION Page 5 of 5

Service” PuBLIC SERVICE COMPANY OF COLORADO

6.3.6 The Station Manager shall consider the
determination made by the CRSRG in the
evaluation/approval of a proposed modification.

7.0 REFERENCES
7.1 NUREG-0737

7.2 ENG-2

8.0 ATTACHMENTS

EMAP-1A Control Room Design Analysis considerations
(Attachment 2 from Procedure ENG-2)

EMAP-18 Control Room Systems Review Group Action Record

FORM (C) 372 - 22 3643



Public

Service”

Attach. EMAP-]A
FORT ST. VRAIN NUCLEAR GENERATING STAT|&tNtacn. FNG-2P)

Issue 1
PUBLIC SERVICE oonrmoveoc.onnoopage 1 of 2

1.

CONTROL ROOM DESIGN ANALYSIS CONSIDERATIONS

The following considerations should be addressed by the cognizant
designer when preparing the Blue Package of a CN which affects
control room indications, operations, or activities:

Does the proposed change(s) or addition(s) have a definite

and

essential operational purpose?

Does the operational purpose(s) require that any
instruments, equipment items, or devices be located in the
control room?

a. What information will the operator receive?

b. Are there existing sources for the same information?
YES NO

g Are there alternatives to locating each control in
the control room or on control room boards?

YES NO

d. Was each alternative fully reviewed and evaluated?
YES NO

Is each instrument, equipment item, or device primarily for

operator use in controlling a plant system? YES

NO

a. Will the operator actually perform a manipulation in
response to information received?

b. If control manipulations are not made as a result of
information presented, what other action must the
operator take?

g, How will the temporary loss or /aflure of this
instrument, equipment item, or device affect
operations?

Will any required operation impact other control operations

during an emergency?

a, Are there time constraints associated with this

change (how quickly must the operator react to a
given stimuli)?

FORM (C) 372 - 22 - 3643
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Attach. EMAP-1A
FORT ST. VRAIN NUCLEAR GENERATING STAtmach. ENG'ZP)

Service PuBLIC SERVICE COMPANY OF COLORADO, *“¢ !

age 2 of 2

10.

11.

b. wWhat effect does this change have on the operator
work load during normal operations?

Are there regulatory requirements for this proposed change
or addition?

Does the f{nstrument, control, or device configuration,
operation, and structure conform to established Human
Factors principles?

Is (are) the instrument(s), equipment item(s), or device(s)
functionally grouped?

What are the training requirements assocfated with this
change? What are the time considerations for training?

What procedures and document changes are required for
operation of the additifonal instruments, controls, or
devices?

What effect if any will this change have on the control room
environment?

a. Sound Levels

b. Light Levels

c. Space Envelopes

d. Isle Widths

e, HVAC .
¥, Fire Protection

Will required maintenance activities adversely impact
operations?

FORM (C1 372 22 - 3843




Attach. EMAP-IE
Public FORT ST. VRAIN NUCLEAR GENERATING STATiGMe 1

Service” PUBLIC SERVICE COMPANY OF COLORADO

CONTROL ROOM SYSTEMS REVIEW GROUP
ACTION RECORD

CN or AR Number

Proposed Change Presented By:

(Note - Further review action shall be suspended if a single question
is answered "no")

1. Was the purpose and scope of the proposed change clearly and
adequately presented? VYES (8]

2. Was the necessity for the proposed control room change(s)
established? YES NO

3. Was the effect on the operator work load addressed?
YES NO

4. Was training requirements addressed? YES NO

5. Were V¥rocedural or Technical Specification changes
addressed? YES NO

6. Wz2re the effect of Maintenance activities on operational
requirements considered? YES NO

7. Were provisions made tn ensure compliance with established
Humai Factors principles? YES NO

Review Group Action

Shall the proposed change be approved?

Operations YES NO

Site Engineering YES NO

Training YES NO

Tech. Services YES NO

Nuclear Betterment Engineering YES NO

NED (Denver) YES NO

CROR Coordinator YES NO

Disposition: Recommend Accpetance YES NO
Remarks: N

Record By: Date:

FORM (C)372 22 3643



)\ Public T e R SO

‘) Service PUBLIC SERVICE COMPANY CF COLORADO

CONTROL ROOM DESIGN ANALYSIS

N
|
!

| .
|
|
|
S 1
-
> |
d |
* |
|
|
|

b 1t 1#act R

£ A {1 1A f Q

¥l > ] 1

ANALOG & DIGITAL INDICATORS

YES NO N/A

- . | l' ‘.
- 1L

CONTROL

x

> N rk f

INDICATOR LIGHTS

<
<

v ht £ f {



ATTACHMENT 4d

Sample Documentation
of the Study of Control and
Indicator Arrangements and
Groupings




This sample documentation package consists of three (3) examples of
documentation which illustrates the process(es) by which the control
and indicator arrangements and groupings were studied.

Example 1: The primary documentation of this effort was produced as
described in section 4.5.4.3 of Public Service Company's (PSC's) CROR
Summary Report. Selected samples of this primary documentation were
copied, shaded, and enhanced to illustrate the process. The original
work package drawings were color coded and not reproducibie in
quantity. Additional drawing sections are included to provide
continuity and 1illustrate the conclusion to the process. Primary
factors considered in this study were:

1. Human Engineerings Discrepancies. (See page 1 for listing).

2. PSC's integrated improvement approach.

3 Operational considerations (positions, access, manipulation
and sight link patterns).

4. Design Directives. (Design guidance and requirements).
DD-AAS-1 A Abbreviation, Symbol, and Acronym Selection
DD-AIS-1 A Analog Indicator Selection
DD-APL-1 A Annunciator Panel L2gends
o0-CBL-1 Control Board Layout
DD-ILS-1 A Indicator Light Selection and Location
DD-LAB-1 B Panel and Component Labeling
DO-SwI-1 A Switch Selection
5. Operating Procedure Steps.
Example 2: This in-depth study of the functional relationship of
Boiler Feed Pump (BFP) Controls HS-31165, HS-31171, and HC-22127 was
initiated as a result of 1{nvestigative efforts into the general
functional labeling concerns cited by HED 616. This evaluation
considered the function of each control and the relationship between

the three controls.

HED-825 was initiated to document the more specific functional
labeling problem clarified by this Study.

It should be noted that this example represents a small segment of an
overall system study of feedwater controls and indications.




Example 3: Is an "Operational Analysis" conducted in support of a
“Task Analysis" @ffort priur to the "Improvement Design Program" as
defined by section 4.5.4.3 of PSC's Summary Report.

The purpose was to establish exact manipulation and sight link
patterns followed in circulator start-up operations as presently
performed and to evaluate alternate arrangements.

The function of each control and the inter-relationship between the
different controls and indicators was addressed by this effort.




EXAMPLE #)

Sample Documentation



Human Engineering Discrepancies (HEDs) applicable t
Purification System Controls & Indicators on I-01

HED#

Description

Indicating Light Functional Description
Indicating Light Lettering & Tagging Convention
Purification Helium Controls Legends
Lettering Sizes

Lettering Sizes

Labeling

Lettering Sizes

Lettering Sizes

Lettering Sizes

Lettering Sizes

Lettering Sizes

Lettering Sizes

lLettering Sizes

Lettering Sizes

Lettering Sizes

Lettering Sizes

Lettering Sizes

Lettering Sizes

Lettering Sizes

Lettering Sizes

Lettering Sizes

Label Readability

Switch Position Labeling

Switch Operating Sequence

Control Elevation

Abbreviations and Acronymns

Functiona! Label Equipment Name Spelling
Extraneous Marking on Indicator Scales
Indicator Scale Increment Markings
Indicator Scale Marking Convention
Indicator Scale Marking Convention
Indicator Scale Marking Convention
Indicator Elevations

Controller Functional Labeling
Recorder Scaling Convention

Recorder Scale Readability

Alarm & Control Grouping

Scale Parameter & Scale Convention
Functional Labeling

Indicating Light Functional Labeling & Location
Functional Labeling

Operational Methods

Attachment 4d
Example #1
Page 1 of 12
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SOP 23

' Issue 31
i FORT ST. VRAIN NUCLEAR GENERATING STATION
PUbl!C I Attachment 4d
ser|Ce . PUBLIC SERVICE COMPANY OF COLORADO Example #1
Page 6 of 12
a7 Normal operation of MG set:

200 volts As indicated by meters
420 cps on compressor control panels

~ 60 amp max.

2.3 Startup of Purification Train A

2.3.1 Complete pre-operational standby valve lineup
(Appendix I).

2.3.2 Compleig pre-cperational service valve lineup
(Appendix I) for purified helium header.

2.3.3 Couaplete pre-operational service valve lineup
(Appendix I) for Hydrogen getters, put HS-2389 in
isolate position.

Prerequisites: All key operated switches (13, 14,
N-9246, 23, 24, N-9247) on transfer boxes are in

the normal position. Reset buttons have been
pushed (I-01).

.4 Initiate cooling water flow to helium purification
cooler. SOP 47 purification cooling water (Refer

to SOP 47).

2.3.4.1 Put HS-4704 in Loop 1 position.
(Loop 1 Sys. 47 Operative)

Put HS-4704
(Loop 2 Sys.

in Loop 2 position.
47 Operative)

2.3.4.3 Put HS-4736 in either Loop 1 or Loop 2
position as appropriate.

Open inlet isolation valve HV-2301.

Open outlet isolation valve HV-2303.

Put HS-2311 in normal position.

.NIC'U"J’D

w W W w
P

Select a Getter for service by putting
H5-2389 in the desired position.

Select & purified helium compressor
for service, the other compressor for
standby. (Check FV-2339 fully open.).

2.3.4.9 Put HS-2338 1in the trip position and
let it spring back.

FORM (C) 372 - 22 - 3643
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}G FORT ST. VRAIN NUCLEAR GENERATING STATION Log Number FK2 £
HUMAN ENGINEERING DISCREPANCY EVALUATION // / 75
HEDE -1 ?

Form 344.22 4228
REVIEWER NAM
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| | INSTRUMENT
ITEM TYPE ‘ NOMENCLATURE LOCATION DATA FILE NO
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C. PRC3LEM DESCRIPTIONS (GUIDELINES VIOLATED) W WM‘”&-
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D. L'ST THE PROCEDURES OR OPERATIONS THAT USE THE
LISVZD ITEMS IN A MANNER TO INDUCE THE OPERATOR ERROR
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ing. The key cannot be inserted into the pushbutton until the door is returned to its closed po-
sition. Until the key is back in the pushbutton, there is an alarm indicating the thrust wear
circuit is blocked.

VALVE GEAR TRIP

A normally open hydraulically actuated two-way dump valve (see DV1, Fig. 19), located
in the front standard, is piped so that the dump valve receives its signal oil pressure from the
emergency trip hydraulic circuit. The control side of the valve is piped to the primary relay
hydraulic circuit, between the primary pilot valve and primary operating cylinder. When the
emergency trip operates, the dump valve opens to drain pressure oil from the primary opera-
ting cylinder. As release of oil from the primary operating cylinder cioses the steam control
valves, the control valves are tripped closed when the emergency trip operates. When the
emergency trip is reset and oil pressure builds up in the supply line, the dump valve automati-
cally closes, and oil pressure can again build up in the primary relay operating cylinder.

With the arrangement just descrioed, the control valves are used to back up the stop valve
when the turbine is tripped.

CONTROL (GOVERNING) VALVES AND VALVE GEAR

The steam control (governing) valves, shown assembled in the cover (15), Fig. 28, are
double-lift, venturi-seated valves with spherical seating surfaces. An assembled valve contains .
an inner (pilot) poppet valve, which is integral with the valve stem, assembled in an outer valve.
As the stem is raised, the inner valve opens to permit steam flow through its seat in th' outer
valve, and to build up steam pr:ssure on the downstream side of tke valve. The inner valve
then contacts and lifts the outer valve. The inner poppet valve reduces the pressure differential
across the outer valve and, hence, the hold-down forces against which the ocuter valve mustopen.
Reduced valve opening forces permit the use of a smaller, faster acting power cylinder for the
valve lifting gear.

The valves are assembled in a lift beam (5), Fig. 28, with the valve stem passing through
clearance holes in the beam. The limit of travel (lift) of an assembled valve is set by a spheri-
cal nut threaded onto the valve stem (see valve (8), Fig. 28). The main valve seats are seal-
welded into the H. P. head section of the turbine casing, as indicated in Fig. 28.

The spherical seating surfaces provide for tightseating of the loosely guided self-seating
valves. Differential pressures, and the resultant steam forces, in addition to the weight of the
valve parts, are in a direction which seat the valves as the lift beam is lowered. As the valve
stems are loosely guided in the clearance holes in the lift beam, the possibility of vaive stem
binding is eliminated.

The contact surfaces on the valves and seats, including the inner poppet seat, are protected
against wear and erosion by the use of hard metal inlays deposit ! by welding. Hard metal in-
lays in the top surface of the lift beam, and in the contact surfaces of each valve stem nut, pro-
tect against wear. The valve stems are surface hardened along their lengths for further wear
protection.

The valve lifting gear includes the lift beam (5), Fig. 28, in which the valves are assem-
bled, two lift rods (4) which pass through bushings (11) in the cover (15), and the torque bar
{14) lever assembly. The lift rods are connected to the torque bar lever assembly through
link assemblies (37) and clevises (31). The beam (5) lifts the valves in sequence, as indicated
in the table on Fig. 28, to control the flow of steam into the turbine. The valve gear assembly
operates in conjuction with the secondary and primary relays (discussed later in this section
of the book) to position the steam control valves.
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With all valves seated, the lift bearmn seats on the outer valves at each end of the ‘beam.
There is a small clearance between the beam and the remaining valves. There is a slight ra-
dial clearance between the lift rods and the beam, to permit the beam to seat itself without
binding the lift rods, in case the lift beam is slightly out of square with the rods.

A limit switch (59) (LS7) is used as an interlock to prevent energizing the emergency trip
reset solenoid (S3) and turning gear engagement solenoid (S1) unless the control valves are
closed.

SECONDARY (POWER) RELAY SYSTEM

The secondary (power) relay system which positions the valve gear, includes a hydraulic
(secondary) cylinder, with a spring and hydraulic biased operating piston assembled in the cy-
linder. A secondary pilot valve slidable in a fixed bushing controls the hydraulic oil pressure
above the piston. The secondary p»ilot valve and operating cylinder are assembled in the {ront
standard intermediate section, as indicated in Fig. 26A, Sheet 2. The assembly breakdowns of
the pilot valve and cylinder are shown in Fig. 26B, Sheet 1.

The piston assembly (12), Fig. 26B, which positions the valve gear, through the connec-
tion of clevis (7) and the connecting rod (46), Fig. 28, is a single acting piston, with the hydrau-
lic oil biasing force being applied above the piston. The springs (14) and (15) are assembled
so that the spring biasing force is applied upward, in the direction which closes the control
valves upon release of oil pressure above the piston.

The secondary operating piston is positioned by the oil pressure in the secondary cylinder
as controlled by the secondary pilot valve (43), Fig. 26B. Oil to the pilot valve is from the
turbine high pressure hydraulic oil system. Oil drain ports in the upper portion of the pilot
valve bushing (38) open directly into the front standard. The ports in the lower portion of the
bushing are the supply oil inlet ports. The central space in the bushing connects to the secon-
dary operating cylinder.

The secondary pilot valve is of the double cut-off type, with the lower cut-off edge control-
ling inlet oil to the secondary cylinder, and the upper cut-off edge controlling drain from the
cylinder. The secondary pilot valve is positioned by the primary relay (discussed below),
through connecting linkage. In steady-state operation, the secondary pilot valve is positioned
over the control ports in its bushing to allow just enough oil flow into the secondary cylinder to
hold the secondary piston stationary, and to make up any leakage flow in the secondary control
circuit. Should the primary relay call for more steam flow, the secondary pilot valve will be
lowered to increase oil flow and pressure to the operating cylinder, and the operating piston
moves downward, lifting the steam control valves to increase steam flow. In reverse, when
the primary relay calls fo- less steam the secondary pilot valve will be lifted, closing off oil
inlet to the secondary piston and opening the piston to drain, and the piston moves upward caus-
ing a closing down of t’ 2 steam control valves.

Each time that the secondary pilot valve is adjusted to compensate for a change in steam
requirements, the pilot valve is repositioned (position restored), through restoring linkage
connecting the pilot valve to the secondary piston (lever (67), Fig. 26B, and its connecting link-
age), until the pilot valve is again positioned over its control ports to hold the operating piston
stationery for the new operating conditions.

Refer to the schema : diagrams Fig. 19 and Fig. 38 for the hydraulic and mechanical con-
nections at the secondary relay.
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SPEED SENSING (PRIMARY) RELAY
.Speed Governor

The speed governor (2) Fig. 22, is of the flyweight type and is mounted on the upper exten-
sion of the governor drive shaft. The only work required of the governor is to rotate the pri-
mary (speed setting) pilot valve and to move the pilot valve up and down in the bushing (18),
Fig. 30. The use of a rotating pilot valve eliminates static friction.

A fixed relationship between the axial position of the pilot valve and the position of the fly-
weights (3) and (4), Fig. 35, is maintained by a spring loaded strut pin (pivot rod) the tips of
which engage the upper flyweight arm and the pilot valve. The spring coupling, which loade the
strut pin to prevent axial back lash, also serves to transmit rotary motion while providing for
slight misalignment between the strut pin and the axis of the pilot valve. The spring coupling
does not lessen the need for maintaining concentricity and alignment between the pilot valve and
speed governor.

Friction between the two arms of the governor weights is lessened by using a roller on one
arm. A flat surface on the other arm bears on this roller. The rolling contact surfaces are
hardened to prevent wear. All governor parts are thoroughly lubricated by the oil discharged
through the pilot valve and by the oil mist in the atmosphere inside the turbine front standard
which encloses the governor.

The factory adjustment of the governor is permanent and should not be changed. Damaged
governors should be returned to the factory for repair, and to be retested.

mmary Relay

The speed sensing (pririary) relay systam which positions the pilot valve of the secondary
relay system, includes: a hydraulic operating cylinder, at view A-A, Fig. 26B, with a single
acting spring loaded piston (25) assembled in the cylinder (piston spring load is applied in a di-
rection corresponding to the closing of the control valves on loss of oil pressure) and a single
cut-off pilot valve (9), Fig. 26A, which is positioned in an adjustable bushi.g (18), Fig. 30, by
the speed governor. The primary relay system is enclosed in the front standard, as indicated
in Fig. 26A.

The speed setting of the turbine is determined by the position of the primary pilot valve
bushing as set by the pressure relay or electric motor operated speed changer. (The pressure
relay and motor operated speed changer are discussed later.) A change in bushing position will
result in a change in operating speed Jevel. Once the speed level is set, the primary relay will
automatically control the secondary relay to maintain the set speed.

Constant pressure oil from the high pressure hydraulic system is fed to the primary pilot
valve and operating cylinder through an orifice inserted in the supply line (refer to the schema-
tic diagram, Fig. 19, in tracing the oil flow *hrough the primary relay).

The primary relay operating cylinder oil pressure is controlled by the combination of the
pilot valve and its bushing, and the orifice inserted in the pressure line ahead of the pilot valve.
Ports in the pilot valve bushing open to drain, and a cut-off land o the pilot valve can open or
close off these ports. il pressure in the primary relay operating cylinder is determined by the
position of the pilot valve cut-off edge relative to the drain ports in the bushing.

With the speed setting of the bushing unchanged, the pilot valve cut-off edge relative to the
ain ports is such that the pressure in the operating cylinder is constant. The operating pis-
ton will be positioned such that the spring force and opposing hydraulic force are balanced, and
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the turbine steam flow and speed remain constant. When the pilot valve is lowered by the speed
governor (as a result of increased turbine speed), the lower (drain) ports in the pilot valve bush-
ing are uncovered. This lowers the pressure in the operating cylinder and the piston moves
down to again balance the opposing forces in the cylinder. In reverse, when the pilot valve is
raised by the speed governor (as ) result of lowered speed), the drain ports are closed off,
raising the oil pressure in the operating cylinder and the piston moves up until the forces in the
cylinder are balanced. The primary relay piston position change is transmitted to the secondary
relay pilot valve, through connecting linkage, to reposition the valve gear and steam control
valves, decreasing steam flow and turbine speed in the first case, and increasing steam flow
and turbine speed in the second instance. Similar actions occur when the primary pilot valve
bushing is raised or lowered by the pressure relay. Raising the bushing decreased turbine
speed, and lowering the bushing increases turbine speed.

During normal operation, the position of the primasy pilot valve cut-off edge relative to
the bushing por*s is such that an oil pressure is established in the operating cylinder which
will position the prima.y piston to maintain a set speed. In any change in relay piston posi-
tion, the pilot valve bushing is adjusted, through connecting (restoring) linkage (clevis (36),
Fig. 26B, connected to lever (19), Fig. 30, at connectirg rod (17)), to counteract the change in
operating cylinder oil pressure caused by the initial pilot valve o~ bushing movemcnt. This is
called restoring and is built into the system to prevent excessive overshoot under changing {tran-
sient) conditions, and to prevent speed hunt, or wander, under settled conditions.

The free r.ud of the primary piiot valve and the corresponding portion of the pilct valve bush-
ing form a dashpot to counteract any tendency for the relay system to "bobble".

PRESSURE SENSING HYDRAULIC RELAY

As previously described, turbine speed is determined by the position of the primary pilot
valve bushing. For automatic control of turbine speed in response to changes in load, the pri-
mary pilot valve bushing position is set by a pressure sensing relay.

The pressure relay consists of an air motorassembly, Fig, 31A, linked to a hydraulic pi-
lot valve and piston assembly (shown at view D-D, Fig. 26B). The schematic lever diagram
Fig. 38, shows the mechanical connection between the air motor, the pressure relay hydraulic
piston and the primary relay. The air motor assembly includes a handjack (parts assembled to
shaft (3), Fig. 31A) to provide for local manual controlled adjustment of the air bellows to si-
mulate air loading on the bellows, and a hydraulic jack, at piston (19), which can position the
air bellows by oil pressure being applied to the piston(pressure oil is from the turbine hydrau-
lic system as controlled by a solenoid valve SV7).

The pressure relay pilot valve assembly (31), Fig. 26B, and spring biased hydraulic pis-
ton (25) combination operates on pressure oil from tae turbine control oil system, as indicated
in Fig. 19. Signal air pressure to the air motor bellows (26), Fig. 31A, is the output pressure
of a pneumatic. controller. Release of controlled air pressure corresponds to zero turbine

speed.

‘The pres.ure relay is arranged so that its pilot valve (31), Fig. 26B, can be offset from
its equilibrium position by the air bellows. Offset of the pilot valve causes a change in pres-
sure at the pressure relay piston. As the piston moves, the pressure relay pilot valve is re-
stored to its equilibrium position through connecting linkage, and the piston will stabilize at a
new operating position. The piston will remain in this new position until the pressure relay pi-
lot valve is again offset by the air bellows. Since the pressure relay pision is lever connected
to the primary relay pilot valve bushing, any change in the pressure rela; piston position cau-
ses a change in the primary pilot valve bushing pos.tion, resulting in a change in turbine speed.
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1he handjack or the hydsaulic jack at the air motor assembly can be used to simulate air
loading on the air bellows. With a loss of air signal to the air bellows, the handjack or hydrav-
lic jack, can be used for cemtrok of turbine speed. With no air signal, and with the handjack
or hydraulic jack positioned to bring the air bellows to its high speed stop (to simulate full air
loading pressure) the turbine speed can be controlled from high speed stop to zero speed by
means of an electric/manual speed changer. The handjack must be returned to its zero speed
position and hydraulic pressure to the hydraulic jack must be cut off when air signal pressure
to the air motor is established. The electric/manual speed changer must be positioned at its
high speed stop during normal operation of the turbine (under pneumatic (pressure) control).

When the turbine is under air pressure control, the electric/manual speed changer is an
over-riding provision for closing the contrcl (governing) valves. When the electric/manual
speed changer is controlling turbine speed, the jacking arrangement at the air motor is an over-
riding provision for closing the control valves.

The manual handjack and the manual attachment (handwheel) on the electric/manual speed
changer provide for local manual control of turbine speed.

ELECTRIC/MANUAL SPEED CHANGER

A motor/hand operated speed changer, Fig. 39, is provided as a means of controlling tur-
bine speed at any time air loading to pressure sensing relay is off. The motor speed changer
(MSC) is mounted in the pressure relay to primary relay lever system, as indicated in Fig. 38,
and is shown assembled in the pressure relay linked in Fig. 26B.

Limit switches are provided at each end of the motor speed changer working range (high
& { stop and low speed stop) to indicate when either stop has been reached.

As previously described, the speed of the turbine is determined by the positioning of the
primary pilot valve (speed) bushing. The MSC is connected into the primary relay linkage and
can be operated manyally at the turbine by means of its hand wheel, or it can be electrically
controlled from a remote station.

The MSC must be at its high speed stop (H.S S.) when the turbine is on air motor control.
The handjack at the air motor must be at its H.S.S. (turned all the way in) or oil pressure must
be applied to the hydraulic jack when the surbine is on MSC control (no air signal to air motor).

The MSC (Limitorque) is furnished by the Philadelphia Gear Corporation, and descriptive
material on the speed chanper is filed with the "Bulletins'' at the back of this book.

Limit switches (GSL) are provided in the MSC, for the purposes indicated on Fig. 19.
TURNING GEAR

The turning gear is included in the reduction gear assembly. A solenoid(S-1) is used to
engage the turning gear to put the turbine on turning gear. A limit switch (LS-3) indicates when
turning gear is engaged. A low speed indicator (ZS-1), included in the turbine front end assem-
bly, is wired to start the turning gear motor when turbine rotor speed drops below a preset
value, and to indicate that speed is low enough to engage turning gear.

The turning gear is included to provide low speed turning of the turbine rotor (with no
steam admitted into casing), for cooling down the turbine before complete shutdown or for pre-
start rotation of the turbine rotor before steam is admitted to the turbine wheels.

For further description of the turning gear, refer to the Turning Gear instructions filed
with the "Bulletins'' at the back of this book.
-16-
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ATTACHMENT 5

NUREG=0T700 Guideiines Which Were
Not Specifically Addressed
(or were Addressed Indirectly)




NUREG=0700 | 1

Section 6 I | Basis for not specifically

Guideline § I Guideline | Addressing (or aiternative)

6.0.%.7.C IREST AREA/LOUNGE-Consideration should be qiven to [This gquideline is really a suggestion., The provision of

6.4.1.1.8.(A11)

6.95.%.2.¥

6.6.3.9.8

G.7.7.5.A

6.7.2.3.0.2

Iproviding a rest area (possibly in conjunction with
[the eating area) conducive Lo relaxation and revi-
jtatization, especially where shifts are long.

greatly exceed the need,
) Selected controls should be economic of space.

ECONOMY-Fach control should be necessary, and the

simplest effective control for the task concerned,

(1) There should be a good reason Lo rvequire a con-
trol for the funcrion concerned.

(2) Duptication of controls should not occur, except
for a specific reason,

(3) The precision and range of a control should not

(

ISENSITIVIIY=Display dynamic *sensitivity should be
|selected Lo minimize the display of normal
Ivariations in eguipment performance,

random

|
IDANGER, WARNING, AND SAFETY INSTRUCTION LABELS-ALI

|danger, warning & safery instruction labels should be

lin accordance with appropriate safery standards.

JCONTROL DESIGN-When dedicated controls are used for
Iselection of computer or display functions or modes,
fthe design of the controis sheuld conform to the ap-

Ipropriate guidelines specified in Sect. 6.4, Controls

|Adjustment controls should conform to the appropriate

lguidelines in Sect. 6.4, Controls, & Sect.

ltrol=Display
|

Integration.,

6.9, Con-

la lounge facility is not directly related to operator
|performance.

|

|These "Guidelines" are really general principles and, as
Isuch, should not be included in a survey. The specific
Iprinciples relating Lo a control room design review

land controls are addressed elsewhere.

|Useability is dependent on task specific requirements.
| Information useability 1s addressd specificaily in task
lanalysis & system analysis efforts.

|

|

|Statement is all inclusive and without specific
Imeaning. The adequacy of labels or instructions asso-
lciated with protectLive equipment or emergency proce-
ldures is reviewed and corrected as necessary as part
jof the design package affecting the asscciated
lequipment .,

|

|

|Controls are specified per Public Service Service
|Company's Design Directives. Specitically DD-SWi=-1,
ISwitch Selecrion, which includes applicable NUREG=0700
:characteristics.

ICRT controls are specified per Public Service Com-
Ipany's Design Directives., Specifically DD-CRI-1, CRT
Iselection, which includes applicable NUREG-0700
lcharacteristics.,
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Section 6

Guideline §

. - o
|
] Guide |l ine

Basis for not specifically
Addressing (or alternative)

& 7.2.9.%

5.%.2.2.€

5.7.1.3.F

6.8.2.4.8

6.

-

.

>

.3.8

[ INVERSE VIDEO- Image reversal (e.g., dark characters
lon a light background) should be used primarily for
Ihighiighting in dense data fields, such as a word or
Iphrase in a paragraph of text, or a set of characters
:in a table of data.

|CONTROL/DISPLAY PACKAGES-When controls & related dis-
Iplays are assemblied using modular packaged units, the
|design of the packages will limit the location and
larrangement which can be achieved. In this case,
fmodules should be selected and arranged Lo achieve
[maximumm conformity with the principles described
labove.

|

FEQUIPMENT-TO-OPPOSING-SURIACE DISTANCE -Enough space
I|should be atlowed so that personnel can perform all
|required tasks., The space should accommodate kneel-
ling and bending, simultancous work by more than one
loperator, and simultancous performance of operational
& maintenance tasks as may be required.  Recommended
[minimum separations are i(liustrated in Exhibit 6.1-4,
(1) A minimum separation of %0 inches i1s recommended
[between a single row of equipment/panel and a wall or
lother opposing surface.

[{2) A minimum separation of 50 inches
|mended bewween two rows of facing equipment
|rows are werked by a single operator,

1(3) A minimum scparation of 8 feet is recommended bhe-
|tween opposing rows of cquipment where more than one
Iperson must work simuiltaneonsly on operational or
Imaintenance tasks and kneel ng, bending, or use of
ltest equipment may be necessary.

|

ISIMULATOR=-TO-CONTROL ROOM SITANDARDIZATION-Standardi=-
fzation should be maintained where simulators or pro-
leedure trainers are used that simulate the actual
loperational equipment.

|

is also recom-
1 both

|

| PULSE CODING-Auditory signals may be pulse coded by
lrepetition rate, but the number of codes should be
[timited (2 or 3). Repetition rates should be sufti=-
lciently separated Lo ensure operator discrimination,

-2 =

IThis 1s a suggestion rather than a prescriptive state-
Iment. Displays were evaluated for clear and concise
Ipresentation of information.

[This stem represents Design Criteria; however, the
Ilprinciple was considered during system reviews & is
teing addressed by functionally grouping components
lduring the redesign process,

|
|
:
IThe primary consideration addressed is as stated
I"Enough space should be allowed so that the personnel
lcan perform all required tasks". This was addressed
las a "“requirement” during lask Analysis & Operational
IAnalysis efforts, Specific dimensional criteria will
Ibe considered where practicai in the design and pro-
lcurement of new furnishings.

|
I
|
INJA at Ft. St. Vrain
|
|
IN/JA at fr. St. Vrain
|
|
|
|
|
|
IN/A at Fr. St. Vrain
|
|
|
:
IN/JA at Ft. St. Vrain
|
|
|
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NURLG=0700

Section 6
Cuideine #

Guide l ine

Basis for not specifically
Addressing (or alternative)

6.%5.1.6.8.2

6.5%.2.2.8.0

6.5.%.1.0

6.7.1.4.H

6.2.2.1.A

6.9.4.1. 1

|The number of colors used for coding should not ex-
lceed 11,

|

|

fPointer tips should be seiecrted Lo minimize conceal-
Iment of scale graduation marks or numerals,

|

|

[ PAPER TAKIUP AND CUIGIHT=-A takeup spool should be pro-
Ivided to receive completed recordings. On most in-
Jinstruments this 1s provided as an inherent part of
Ithe design. Also, means should be provided for tear-
ling off completed records for storage.

JTDIHLING-When caracLers, words, or phrases are to be
|inserted, such items should rirst be collected and
[displayed on a bulter area of the screen, and then
Jeollectively inserted by one operator command,

IVISUAL f<IDBACK-Data being entered via keyboards
Ishouid be displayed as it is keyed,
|

JOEDICATED USIE-Systems used to transmit non-verbal au-
[ditory signals should be used only for that purpose,

|

|PLACIMINT OF RIECORDERS-As devices which must be veri-
|fied and attended by the operator, graphic recorders
Ishould in principle be jocated within the primary op-=
lerating area rather than on back panels.

[These items are considered iappropriate as written for

la CRDR Survey, either because they are not characteris-
Jtic of the equipment in present day control rooms, vio-
[tation of the item is highly improbable, or because the
lgeneral principle is more appropriately addressed in a

lspecific manner,

|1hese items are considered inappropriate as written
|for CRDR Survey, either because they are not charac-
Jteristic of the equipment in present day control rooms,
Iviolation of the iiem is highly improbable, or

|because the general principlie 1s more appropriately
laddressed in a specific manner,

Guideline not used., This prohibits alerting signals
for public address system or walkie~talkie use.

Guidetline not used, The proliferavion of displays
within the primary operating area i1s a root problem
behind CRDR requirements, Recorders are both bulky
and rarely used directly in controliing the plant,

—————————————— — —



NUREG=-0700

Section 6

Guide! ine §

|
|
| Cinnde l ine

| Basis for ot specifically
| Addressing (or alternative)

6.8.3.2.0.1
6.6.5.1.6
&.7.1.1.0
6.9.1 c.4
6.45.4.3.0
6.9.3.1.C. %

lLarge matrices of similar components should have the
lcoordinate axes labeled for identification of any
Isingle component within the grid. The left and top
|sides of the matrix should be used for labeling.,

|

|
[ACTIVAT ION-Tag-outs should be designed to physically
Iprevent actuation of a control,

SECURL STORAGE=-AL least one copy of the current oper-
ating software should be stored in a secure remote
location.

Displays should read off-scale, not rsero, when not
selected, especially if zero is a possible parameter
displayed.

JON=OFf ORIENTAL ON-Locks should be oriented so that
Jthe switch is OFf (or SAFL) when the key s in the
Ivertical position,

There should be no time 1ag between system condition
change and display indication,

IGuidel ine not used-This organizational scheme is inher-

lently inferior to funcitonal grouping, would clutter the
|boards, and would cause confusions due to dual identifi~-
lcation schemes for items.

[Guideline not used-Due Lo the diversity of control
ltypes in a control room, it is impractical to devise
|tags that would physically prevent actuation, Typical=
|ly, tagging procedures allow for isolation of secured
lequipment outside of the control room. When this is
ldone, tags on the control board provide information
|rather than physical isolation,

|

|Guidel ine not used-Operator does not load the operating
|Software nor is plant control a function of the Ft, St.
IVrain data logger system.

I

|Guidel ine not used-Requirement of off-scale indication
lis a design specification., Detection of failure or
Inon=selection mode 1s a functional issue that is veri-
|fiable by other indications or displays.

|

|

|the position of key removeable shouild be based on

lthe switch function and not on a radial position.

|The more important consideration is if the key is
|"removeable” only in the "Or" or "SAFE" position,
|laddressed by the Operator Questionnaire.

|

l1he reference to "No Time" is subjective and uncharac-
jteristic of contiol dynamics. The more pertinent con=
|sideration is if control characteristics, i.e.,"reset"”,
|"proportional bond”, and “integral" are correct for a
Iparticular control application and result in a respon-
Isive contrul scheme.

|

|



NUREG=-0 700
Section 6
Cuideline #

Gunrde | ine

I
| Basis for not specifically
| Addressing (or alternative)

6.9.3.

6.6.6.
6.8.3.

6.9.3.2.0

1.€.2

4.8.2
2.C.1

.2.C.2

2.A.6

| FEEDBACK-feedback from the display should be apparent
|for any deliberate movement of a control,

[when there 1s a time lag between control actuation
land ultimate system state, there should be an imme-
|diate feedback indication of the process and direc-
ltion of parameter change.

|
|Overtapping of mimic lines should be avoided,
|

INO more than 5 similar componenets should be laid out
fin an unbroken row or column,.

If more than S similar components must be laid out
toyether, the string or cluster should be broken up
by techniques such as physical spacing or demarcation

large matrices should be subdivided by appropriate
demarcatvion,

SE-Lines of demarcation can be used to:

1) Enclose funcrional'y related displays,
2) tnclose functionally related controls,
3

u
:
(3) Group related controls and displays.

IWhere the above technigques cannot apply, or where for
lother reasons the relationships are not readily ap-
iparent, layout enhancement techniques should be em-
Iployed=-spuacing, demarcation, celor shading, insert
lpanels, panel relief, and the use of Mmimics.

|Feedback from a display i1s dependent on system Pesponse
land not necessarily proportionate Lo control movement.
lihe more pertinent consideration is whecher the opera
ltor has sufficient and timely information to adequately
jcontro! a system or function, This is a consideration
laddressed in system analysis.

:

|Again dependent on system function and response, The
Ipertinent question is whether the operator has suffi-
lcient and timely information to adequately control a
=sysw- or function, Addressed in system analysis,

|

|These "quidelines" elude to techniques not previously
jutitized at FrL. St. Vrain, Ihese irtems are being con-
|sidered during the system review and the final design
|process.

i

| These "guidelines" elude Lo techniques not previously
futitized at fr. St. Vrain, These items are being con-
|sidered during the system review and the final design
Iprocess.



NUREC-OT00

Section 6
Guideline §

6.9.1.2.A.3

6.9.1.2.A.4

Guidel ine

Basis for not specifically
Addressing (or atternative)

jControis should be grouped in a [ine or matrix,

if not feasible to mount controls directly below the
display, controils should be mounted to the right of
the display.

Displays should be located above the control,

|1he control should be placed as near as possible o
Ithe display, and preferably underncath the center of
jthe display array.

|

|

fir ot
lcontrol,
lcontrol.

1S noL feasible to mount displays above the
they should be mounted Lo the left of the

Iwhere the above techniques cannot apply, or where for
jother reasons the control=display relationship is not
lclearly apparent, layout enhancement techniques
:should be employed.

|
|Asscciation of dispiays with controls,

|
jtach display should be
lassociated control,

located directly above iLs

|
|Component representations on mimic lines should be
fidentitied,

|

INO more than & mimic
frun in parallel if the operator must quickly
lany one of the lines.

fines of the same color should
identify

fThese "guidel ines” elude to techniques not previously
jutilized at ft. St. Vrain, These items are bei con-
lsidered during the system review and the final design
|process.

| ihese “"guidel ines" represent preferred locations and
Iprotocols, generaily applied on ft. St. Vrain control
Iboards. Specific functional grouping problems were in-
|dividuatly cited. These items were considered during
the system review and are being addressed during the
Itinal design process.

N/A at ISV.




NUKE G-0 700
Secrion 6
Guideline §

Guide |l ine

Basis for not specifically
Addressing (or alternative)

6.4.3.3.C.4

6.9.3.1,C.2

ftegend covers should be keyed to prevent the possi-
Ibitity of interchanging the covers

Provisions (design or procedural) should be made to
prevent interchanging indicator lenses,

Broken, chipped, or crumbled control surfaces should
not ordinarily occur,

INTERLOCKING CONTROLS-Controls may be provided with
interiocks so that:

(1) Extra movement is required (e.q9., a side move-
ment out of a derent position or a pul l-Lo-engage
clutch).

(2) Prior operation of a related or locking control
IS required.

———————————— — — —— ——— - . —————

INCED FTOR LOCATION AlDS-Operator performance can be
jenhanced through the use of location aids such as
|demarcation, color, and mimics.

|

[Alarms that require the control room operator to di-
[rect an aux<iliary operator Lo a given plant location
|for specific information should be avoided.

JUSE AS ALEIRTING INDICATORS-Alerting the operators Lo
luntavorable status shou'd be a funcrLion of the annun-
jciator system and not assigned to light indicators.

|Keying options are generally limited in numbers and not
lavailable for all types covers capabie of pnvomm?
linterchanging covers. Procedures are followed to mini~
Imize the possibility of interchanging lenses.

|

|

| Procedures are followed to minimize the possibility of
linterchanging lenses, Design or procedures not feas~
lible which prevent interchang' g lenses.

|

|

|Guideline not used. Damaged components, equipment and
{facilities are routinely repaired or replaced thru
fexisting maintenance activities,

|

|Guideline states options only and doesn't require ac-
ltion, Circuit configurations on mechanical interlocks
Isimilar to options applied as required,

|
|
|
:
[This is a statement and not a quideline, Demarca=-
ltion is being utiltized as part of the integrated
ldesign improvement approach,

3

ICuideline not used. The proliferation of alarms for
Iwhich there is required operator action, within the
lprimary operating area i$ one root cause of CRDR re-
lquirements. Public Service Co. is installing local
lalarm panels where the CR action 1s to dispatch an aux-
litiary operator Lo investigate and take corrective
laction.

|

{Guideline not used=-"unfavorable status" is subjective,
IAlarms are used for conditions warranting operator ac-
Itions, status lights are used Lo apprise operators of
|system or component status.
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Section 6
Guideline §#

Basis for not specifically
Addressing (or alternative)

6.5.4.1.6

|

juSt-As a general rule, recorders should be used Lo
|record trend information and material which may be
|needed for later reference,

I[{a) SPACING-Spacing consists of physically separating
lgroups »f components on a panel with enough space be-
tween yroups so that the boundaries of each group are
lobvious. Spacing bLetween groups should be aL least
Ithe width of a typical control or display in the
lgroup.

[ {b)DEMARCAT ION-Demarcation consists of circumscrib-
ing functional or selected groups of controls and
ldisplays with a contrasting line, lhe application of
demarcation techniques should conform to Guideline
16.6.8.2.

[{c) COLOR SHADING-Color shading may be used to en-
Ihance recognition of controis, displays, or function-
lal groups. Wwhen color shading is used, colors should
|provide adequate contrast, and should be consistent
Iwith other color coding in the conLrol room.

I

lAuditory signal coding for priority level is also
lappropriate. See Guideline 6.2.2,.3 for recommended
jeoding technigues.

|

|This guideline is really a general gy 1. .ple with no
|supporting criteria. Focorders are considered as
|secondary display devices only. Suitability of record-
jers for the intended application is addressed during
jother CRDR activities.

|

|

| theve guidelines are really suggested control board
lenhancement methods. Selected enhancement methods are
jdefined by the applicable design directives and applied
[during the design improvement process,

1

This 18 a preferrved design rather than a Human
Ingineering Design Principie.
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