l'\ll:,‘:)’l!v TITUTF OF NUCLFAR POWER OPCRATIONS
O Water Place

Anamn GA 30328 '

(404) 9C3-3600 April 16, 1981

U.S, Nuclear Roqulatorg Commission
washington, D.C. 2055

Attn; Director of Human Factors Safety
Dear Sirs:

This lettaer transmits INPQ comments on NUREG-0659, "Staff
Supplement to the Draft Report on Human Engineering Cuide to Conttol
Room Evaluation." Attachment 1 containg comments developed by INPO's
Human Factors Section. Attachment 2 is a copy of comments supplied
to us by Joseph L. Seminara, a consultant to INPO,

Consideration cf both sets of comments lcads us to the follow-

ing c¢onclusions: !

L

1, Review opportuniiy should be provided for NUREG-0700, ae .
NUREG=0659 docs not contain programmatic information. Current
reviews, therefore, c¢ould not determine i{mplementation reqlire-

ments and achedule, nor determine what justification might be

required for alternative approaches. Revicw of NUREG=0700 is

also essential to the utilities' abilities to determine what
the impact ¢f compliance would be. i

2. The reviewers woro uncertain about the efforts and bencfits
‘ involved in system reviews. Although some reviewers estimated
5-10 man-years per plant, some savings should result if the °
procedures upgradings roguired by NURFG-0660 Task I.C.1 have

. been done. Additional savings may result if some of the ine-
dustry performs systems reviews thoroughly on a few plants angd
shares the results with the rest of the industry. NUREG-0700,
should encourage such approaches. "

3, The overall benefit and impact of the approach described in
NUREG=0659 should be considered against the one described by
Mr. Seminara in Attachment 2, We stronaly endorse the overall
thrust of Mr, Seminara's comments,

We hope you find these comments useful in your development of khc

gquide.
| Sinceroly, %
| Mé/" .
Randall W. Pack ;
Director, Special Projecte :
RWP:pyc
Attachments
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ATTACHMENT 1

IV, Systems Review

GENERAL COMMENTS

As we understand the review process for this document, NUREG~(0700
will be lasued in final form by combining NURFG/Cr-1580 and
NUREG-0659 plus comments received on both documents. We think a
comment period on NUREG=0700 should be allowed, since the final
form of this ingortan: document hag not been seen and will not be
seen prior to the issue date,

Overall, we agree that a Control Room Evaluation as deacribed in
NUREGC=0659 (Draft) is a valid and worthwhile method to assess the!
human engineering adequacy of & given control room desiqgn., While
a systems analysis/review {8 a useful design tool, its acequacy
as a procedure to evaluate existing control rooms depende on the
expertise applied to the review process. Obviously, the systems
review described in the subject document does not require a
fullblown analysias, but, rather, & review of systems and
proceduree as they exist., Even for such a scaled-down activity,
however, we believe the NRC should give greater conasideration to .
the groblems of manpower requirements aud schedules for minimum
operational disruptions,

The manpower requirements imposed by this systems review will
exceed the supply of qualifled human factors and system analytic
profesasionals. Most utilities do not have in-house human factors
expertise and the consulting community is too small to carry this,
demand, Organizations such as INPO have a amall number of y
qualified people, but they must spread their expertise over the
nuclear industry as a whole., NRC should suggeat a schedule which:

will allow the utilities to timeshare the avallable human factors
resources.

There is no timetable mentioned in NUREG=0659 (Draft). We

estimate that a systems review of this scope will require betweenj

5-10 man years per utility. The "Operating Experience Leview"
and the "Control Room Inventoiry and Survey® will also require a
resource commitment, but the "Systems Review" (e the limiting
factor, The impact ot the *"Verification® and "Validation®
activities on plant operation should be congidered, These
activities muat be done at a non=operating plant, unless there
exists a high fidelity simulator for a particular plant. ;

.
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2.3.1

2.4

2.5.1

DETAILED COMMENTS

General Methodology

The references listed in this section are mostly
written to deacribe human factors methods for new
designs. There ig very little information in the

open literature concerning reviews of existin '
designs. Some language should be inserter to caution:
potential users that some cf the methodclogy e

described in the references is not applicahle to
their reviews.

gtaffing

The supply of professional human factors engineers
and asystems analysts is limited. These disciplines
should certainly be included {n the review team, but !
a two-year implementation schedule may be necessary .
since all utilities will attempt ‘o use the same
resource pool at the same time,

The operator should be a member of the review team.
However, the experienced operator's v'ew of what
constitutes "realistic control room p:oblems" may
conflict with requirements that specific ':ansients
and operating modes be analyzed. Delete everythinag
after "Items”™ in last sentence of this gection,

Approach

The overview shown in Flgure 4=1 is an open=loop -
arrangement, After the HED Asgegsment, Backfit H
Design, and Implomentation, a feedback loop should be

made to the Systems Review path, See comments on
Section 3.

&

. g

Identify System Eloment

I1f the system-subsystem-component terminoloqy is to
be used consistently, then the definitions from

Appendix B should be moved to ot referenced in this
section.

£ * =

Function Identification

There should be emphasized that the function
allocation described in this section refers %o the :
allocation for the as-built plant, not a theoretical |
allocation between oparator and machine,

%
The last paragarph on page IV-ll implles that )
procedures may be used as the only source of function



Detailed fomments (Continued)

2.5.5.2

3.0

allocation, Even with procedures meeting the
specified conditions, their use in function
identification should be sumplemented by consultaticn
with operators and, to the extent available and

useful, by the analytic information used in uvpgrading
the proceduras.

Operator Taak Performance Verification

Instead of going back to checklists and guidelines in
dections 6 and 7 of Part III, this may be the
appropriate place to do the entire control room
inventory and survey. By using the results of
previous systems review steps, the emphasis in the
control room survey can be placed on those areas most
likely to affect the ability of operators to perform
necessary tasks.

procedure Performance Validation Walk=Throughs

Thig step has the potential for seriously interfering,
with plant operations, The walk throughs must be t,
completed either when the real plant is shut down for
some reason of in a high fideli{ty plant simulator. A
minimum of seven events must be walked through and

the suggestion is made that more than one crew walk
through each event,

The required output of this setp (i.e. time lines,
movement diagrams, etc) may necessitate either film
or videotape records of each procedure. It is
Sug?eetgd that any schedule set forth for these
activities should allow each utility to plan around
thelr existing operating commitments,

“".. .

HED Assessment and Backfit Desiqn/Implementation

This section deals with the process of prioritizing
HEDs and planning corrective or mitigating actions,

Unfortunately, *his entire process i& open-loop. Y

That is, the onlg way suggested to guard against 3
design chenges which are useless or ~/hich actually
degrade performance is to ", . . draw upon the proper.
technical expertise, . ." .
There should be a feedback path in this review 80 .
that changes in the control room design or procedures
can be re-evaluated against performance requirements,

In addition, there is no real ccnsideration given to



<

prioritizing HEDs. Beeides the "relative safety
significance® of an FEU, there should be a
cost/benefit analysis of each HED. This is a
worthwhile procedure, since it will provide an
objective comparision between potential safety
improvement (benefit) and ne. =2ssary resource
allocation (cost).

V. NRC Evaluation of Licensee }
Control Room Design Review -

tt seems unlikely that the Commission has now, or is likely to
have in the near future, the number of qualified personnel to
evaluate the utility's output from NUREG-0700 (as previewed in
NUREG=~0659 Draft).

The footnoted suggestion that the utilities implement
enhancemente to correct idnetified HEDs before submitting the :
control roow design review report to the NRC may not be followed ~
by most utilities. The industry's experience with similar .
implementation policier has caused individual utilities to be .
extremely reluctant to commit resources untll they are certain of
the Coomission's posture vegarding changes to thelr plants.

-4
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ATTACHMENT 2

nmm "Ew l'l'.'...l....OQOQOOCJos.ph Ll semlﬂ‘ra

TON
The Institute of Nuclear Power Operations has in. ited the
writer to comment on NUREG-0659. The comments made here
should be considered an extension of an earlier raview of

NUREG/CR=1580, dated October 15, 1980 and publiahed in the
Appendix to NUREG-06%59 (ppe. A-82 0 A-92).

IMPROVEMENTS ON FUREG/CR=-1580

NUREG~0659 refl-cits many improvements over the antecedant
document, NUREG/CR-1580. Its originators have opeen highly
responsive to industry cooments, criticisms, and concerns.

Scwme notable improvemants include:?

¢ An obvious atrempt to provide guid:lines that are more
specific to the power industry as opposad to primarily
military-aercapacw guldelines.

© A streanlining of the guidelines to eliminate superfluous

and meaningless "typical backfit" and "human errour"
statemants,

© An expression of latitude in the selection of human
factors methcds to meet enbancement goala,

© An expressed intent to aveid massive, Mreaucratic
documentation approaches with regasd to HEDe

© Well formatted checklists that should simplify control
room reviaews and evalvations,

This list could be elaborated further, kut suffice it to say

that the pains taken to angwer tha collective concerns of the

indussry are wwident.



SYSTEMS REVIEW
The major innevatien provided in the subject document is the

description of a systems roview procedure intended to De "the
core task of the design review," Sectinon IV of NUREG-06359
provides an excellent description of ths process for incorpe-
oraring humen factors consideratione in Lhw design of a control
rocm, This aection should be "required reading® for design
organizationa involved in developing the nuclear power plant

of the future, agsuming that any new plants will be develcped.
However, the validity and effectiveness of applying the systems
appreach on an "after«the~fact® basis for remedial purposes ca

a plant-by-plant basis is highly Questionable and not likely t2
ba cost-affective, Thae encrmous effort inveolved, if the systems
raview process is to be conducted conscienticuvsly, will not yield

an appropriate return on investment in meeting public needs either

for maximum safety or for power generation, *

The massive amounts of labor and funds that weuld be consumed in
applying the systams review process, as defined, at each of seventy
er so operatiocnal plants and a larger number of non-cperational

. ants in varying stages of developmant or review, could more -
effectively be applied in developing major improvements to prezent
eentrol roome. The presant course is likely to lead to atomistic,
piecameal, compromise-ridden “"enhancements" that are just as likely
to further degrade existing control roams as %o achiave the desired

improvemants. I will attempt to justify this pessimistic cutlock
below,

-2-
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HASTORJCAL PURSPECTIVE

Existing nuclear power plants ware designed largely on the

design foundation established by earlier fossil fuel plants.

Thare was no tradition of providing a special or formal recogn.tion
of human factors considerationa from the ocutset, While the po-
tential dangers of nuclear radiation were obvious tO all involved,
it was assumed that autamation wa3s the key to eliminating the
operator as & source of system unreliability, In the event of a
serious transient, all the cperator pad to do was to stand back

for ten minutes and "ler the machine do its ching." The cpefa:or'd
role in an emergency was primarily ©o verify that automatic iy
gystem respcnsas had taken p.ace and interrene manually when
sutomatic responses failed to OGTWT. With such autometed systems
in place to ensure &8 safe nuclear reactor, there appeared to be no
pressing need for the industry or its reguliators to cencern them=-
selves with human factors methods and principles of contreol room

or plant designs. ohis *mind set* wes shattered in the aftermath
of T™I.

7t is also important to consider that power plante werve designed
for a nominal forty year life span including the control ¥oam.

when we consider that the developmant process for a nuclear plant
can axtend ten Or more years, the assumption is that'  the control
room will be servicable at she end of ite life span with techneology
that is fifrvy or more years old. Present contzol rooms reflect
technology thet is fifteen to twenty years old, assumirg that the
initial designe reflected the stata~of=the=art then existant { the

writer does not make this charitable assumption).

-3-



By way of contrast, military systems are not Built o1 @ one=of-a=-
kind basis. Consequently, many diverse talants can oe applied in
aploying the systems approach to thae development of a new aysten
with the cost of this talent distributed across many copies of &
standard model, Murthermore, the sssumption is made that by the
time the military system becomes operational it is obsclete and
it is time to start work on the next generation oi the systam €0
reflect the rapidly advancing state~of-the—art. No anount of
upgrading, even with the systematlc applicaction of the systems
review process would render the =17 useful in today's militaxy

enviranment.

OPTION
Cap we upgrade existing control rooms in any meaningful way?
Existing control rooms show many s.gna of modifications since
their inception. In cne control roam, where space was lacking
on the sentrol boarda, all new requirements for additional
contrels and displays are added to an add-on console that is on the
periphery of the control roam. Thesa new instrumenss are entirely
divorced from their functionally related main conurel board
elements. In the interest of satisfying separation cr’teria e
related slements of scme systemsg are 3¢ aeparated that they are
operationally unwieldy. To meet new seiamic regquirements access
to equipments may be highly limited by steel beams, T™e list
goes on and en. In this writar's experience, most ¢f the backfits
observed in centrol rooms have been campreomlise~riddan and have

introduced a new set of problems coften as seridus as the ones that
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were presumably corrected. This points to the necessity of making
wodifications to contiel rooms in a aore systematic and judicious

manner than has been the casa.

After reviewing some two dozen contrel yooms in varying degrees

of depth, the writer is convinced that we need to approach en=-
hancement on several levels. In the very rnear term there i3 much
that can be done without a very elaborate systams review process.
The limits o2 the near term enhancament process are described in
EPRTI NP-1118 Volume 1, entitled: Human Factors Enhancement of Existe
ing Muclear Control Rooms, On a minimum risk bagis we can naka
dramatic improvements that are cost-effective in such areas as:

© Functional demarcation of relatad panel element groupings

o JTeoroved i‘hnlinq tecnniques

© Application <f affective coding methods to controls and’displays
© Improved control roam illuminaticn and noise environments

© Elimination of the potential for accidental control activation

¢ Meter and chart recorder banding

© Improved amergency lighting systems

© Better communications systems

o Formal configuration control approaches regarding modifications
© Improved procedures and accass to procedural information

0 Improved control room access proviasions to procludo distzactions
from too many visitors

© Reorganization of operational stations and supervisory staticns
© Improved habitability features

e Job restructuring o aveid excessive overtime, impreved ghifs
practices, clear-cut divigiona of responsibilities, esc.



o Validated training programs

¢ Improved malntenance practices, @.¢., replacamant ¢f expended
indlcator lampe.

This li.st eould be expanded further ut the esgential message that
emerges is that importanc and obvious improvements can be made
without elaborate functions allocation, functional analysaes,

task and time-lines analyses, video-taped walkxthroughs, or other
"*big gun" approaches that are all cut of propertion to the nature
of the fixes that are possible in the near term. A well designed
checklist and clearly stated remedial groundrules are all that are
required for immediate retrofita, The guidelines should clearly
be differentiated to distinguish those that can realistically

and safely be applied on a backfit basis from those that clearly
apply to new equipments that are being introduced inteo existing
control xocms or for the design of new plants, Anthropemetric
guidalines, for axample, are generally useieaa for retrofit
purposes but extremely valuable for application £0 new equipment
being designed or procursd. The insistance on dual lamp reliability

or lamp test circuitry as a ramedial avenue is of highly question-

aplie valuy wlhel we seneisier the pvesible negativa impoes on eizaultwy
reliability and the unreascnable expensa involved, While all gelf=-
reapecting human factors speclalists would insist on lamb test or
redundant lasp features at tha design table, the value of lamp test
vs better discipline in changing lamps is not so clsarcut a choic~
when we are considering backfit tradecffs. In this writer's view,
the list of remedial possidbilities is relatively small for the

near term and a comprehengive checklist describing real and xiske

free evaluation peints could be descriled in ten pages or less.
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Having stated my reservaticns regarding rnear-taim enhancement
posgihilities, let mea Rasten to add that I do net feel that the
near-term fixes that are likely to result from either an abbreviated
review procedure or the elaborated NUREG-0659 systams review plan
are going te addreass the fundamental problems that have been doc=
pented in EPRT NP=309 before it was fashicnable to find fault with
the buman factors aspects of control roomsa. In this writer's view,
lorg-term, validated solutions to existing problems are necessary
and have the only hope of leading to the basic improvements that
are vitally needed. Thesae long~-term solutions will net come £rom
armchair analyses or the necessity to act Quickly for the sake of
taking action to seemingly satisfy public, regulatery, or other
pressures, Effective solutions o such fundamental problems as
providing effective means for diagnosing system perturbations,
providing operators with warning syetems that are meaningful and
avoid sensory overload situaticng, providing the optimal degree

of system automation, ete. will not be found by means of a multitude
of parallel plant system reviews, Such solutions require the
systema approach applied on a generic baasis to arrive at candidate
solutions that are then validated ampirically in simulation taste
beds.

To achieve the objectives of NUREG/CR-1580, NUREG-065%, and NUREG-

0700, it will be necesaary to channel the encrmous effort and expend=
itures baing called for by the NUREG~0659 system Ieview process into (.
the immediate, relatively inexpensive, improvements that are pogsible

now with little or no risk and (2) the develepment of "crash" program
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with the best talent available (including space and military experti:
to devise and validate lasting selutions to existing centrol roam

deficiencies,

Tn this writer's Judgment, the kinds of solutions called for will
not take the form of moving a given control two feet in one directicrn
or another, shape coding identical cuntrols that have been colocated,
backlighting displays on a retrofit basis, or eliminating a display
that has been found to be superflucus., We are extramely limitad

in our attempts to upgrade hardewired control boards that are in

my judgment obsolete. Basic sclutions are likely to take the form

of new stations in the contre. rocm that are advasced camputer-based
CRT systema to supplement the axisting hard-wired boards. The
present requiremant to add a Safety Parameter Display System o

the control rooms is one step in this direction, This step should

be anlarged to provide the means to fully upgrade the control

room leaving the hardewired boards eesentially as thay are now

with the exception of surface or minor modifications that c¢an

readily be implemented.

The writer does not underestimats the magnitude of effort required
to find meaningful solutions to present control room deficiencies.
Such solutions will not come from plant specific raviews, from
utility personnel acting on an individual basis, fram regulators,

or fram human factors specialists, A/Es, N555 vendors and assorted
consulting firms. It will take a unified effore represanting each
of these interests but managed and integratad by individuals outside

the industry with no vested intarest in the past,



