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FBSTRACT

This report prevides a sunmery of the results of the U.S, Nuclear Regulatory
Commission staff's review of inctalled safety parameter display systems (SPUS)
at 57 nuclear units, The ctaff descrites its rativnale and prectice fer
determining acceptability of some of the methods for satisfying the various
requiremerts for SPDS as well as some methods that the staff hés not accepted,

The staf€'s discussion of identified strengths and weaknesses should &id
licensees in solvine some of the problems they noy be experiencing with their

SPDS.
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1. INTRODUCTION

Boginnino with the TMI Action Plan, NUREG-0660 (Ref. 1), NRC has issuea several
regulatory and review guidance documents relevant to the requirement for all
licensees and applicants to install & safety parameter display system (SPDS).
Documents issued included the following:

NUREG-0737, Claritication of TMI Action Plan Requirements (Ref. 2)
NUREG-0696, Functiona) Criteria for Emergency Response Facilities (Ref, 3)
NUREC-0835, Human Factors Acceptance Criteria for the Safety Parameter
Display System, Draft Report for Comment (Ref, 2),

On December 17, 198z, Gereric Letter No. 82-33 transmitted Supplement 1 to
NUREG-0737 (Ref, &) to all licensecs and applicants. Supplement 1 condensed
existing NRC guidance regarding emergency response capability into one
document. The SPDS, TMI Action Plan Item 1.0.2, wos one of the five items
addressed in Supplement 1 to NUREG-0737.

Wher Supplement 1 to NUREG-0737 was issued, the st ff recognized that the action
plen items regarding emercency response capability were far-reaching cencepts
with a high degree of interrelationship. Alsc at that time, some licensees
indicated that their Commission-approved schedules (or implementing these re-
quirements could not possibly be met. Therefore, in Supplement 1, the staff
tock & less prescriptive epproach to applying ite requirements. First, the
requirements were stated as general guidance that would not alter or replace
previous quidance, but would put it in perspective by identifying the elemenrts
that the staft believes essential to upgrading emergency response capability.
Second, becausc the requirements were described in a guidarce document (Supple-
ment 1 to NUPFG-0737) &nc were actually imposed as requirements by other, plant-
specific regulatory mechanisms, such as commissien confirmatory orders or
license conditions, all licensees and applicants had the opporturity to negotiate
reasonable, achievable, plant-specific schedules,

Because the staff believed that the SPDS could provide significant safety
improvement to nucluar power plant control rooms in 2 relatively short time,
licensees and applica.ts were urged to install a system without undue delay.
Further, the NRC allowed licensees and applicants to install the systems
withcut prior approval 1o ercure that the NRC review process would not

delay SPDS implementatior, However, licensees and applicants were oiven the
cption of pre-implementation review and approval if they so desired.

On December 26, 1984, the NRC "Standard Review Plan" (SPP), NUREG-0800 (Ref. 6),
was revised to incorporate Section 18,2, "Safety Parameter Pisplay System," and
Aprercix A to SRP Section 18.7, "Human Factors Review Cuidelines for the Safety
Parameter Display System." This revision cdescribed the acceptance criteria,
review procedures, and epplicable guidance for NRC staff to use in reviewing SPDS.



Pased on its cperating iicense reviews at plants under construction, the staff

¢iscovered that serious technica' problems existed in the implementation of
SPPY ¢t some units. To deterrmine whether these preblems were being experierced
at operating plants o well, the staff visited six operating reactors from July
(o Movember 1985, At the conclusion of this survey, the staff rcported the
tollowing findings in NUREG/CR-£7¢7 (Ref. 7,:
Observitions from these visits sirongly suggest that utilities
may be having major difticulties in desioning and implementing
their SPDSs. As long as two years after having been declared
operationz), three of six SPDSs were found to be highly un-
relieble, displayed inaccurate information, and offered con-
siderable potentiel for misiceding and confusing operators,
Ceveral ot these SPDSs appeared to face many montrs of continued
developmental effort. Operator acceptance wes often very poor
because operators had not been involved in the development
process and becauce the systems were so undependable and un-
reliable; negative attitudes in some cases extended also to
supervisory and management personnel. Tn short, i1 the SPDSs
cviewed werc representative, mary SPDSs may nct achieve the
goal of aidirg control room operators in rapidly and relickly
determining the safety status of the plart curing an emergency.

The ¢*aff subsequently 1ssued NRC Inspection and Enforcement (1E) Information
Motice (IN) BE-10, "Safety Parameter Dispiay System Malfurctions" (Ref, 8) to
inform licensees of the results of the survey program, Since February 1986
when IN 86-10 was transmitted, the staff hac received several reouests for
extencions of implementation schedules, requests for clarification regarding
the definition of an “operational SPDS," and questions about SPCS deficiencies
and their recolution. These recuests appear to indicate that confusion still
remaine regarding the basic reovirements vor SPDS, the clatf's review process
for SPDS, or both,

This report was developed to describe the staff practice for deternining the
acceptebility of some of the methods uted to implement the SPDE requirements.
The following sections document various methods used by applicants and licensees

to meet the SPDS requirements, The report alsc discusses the rationale used by
the staff Lo cetermine whether an SPDS was acceptable or unacceptable. By
providing a history of its past reviews, with a full discussion or staff practices
and exceptions, the steff expects that industry will be better able to urder-
stand and implement acceptable SFDSs.

L |

The following sectiors restate the major requirements for SPDS and describe
some of the varicus methods by which licensees and applicants heve responded to
those reouirements, The staff retionale and practices for determining the
acceptability or unacceptebility o7 each methcd iy stated and explaired.




Wher & licensee's or applicant's method for satisfying a requirement was
unacceptable, the c<taff raticnale and practice is fully explained, including
the ungerlying basic four the requirement arc associated regulatory guidance,
The ¢iscussion of staff prectices sonetimes necessitates the definitior cf
terms, general principles, and astumptions., Wwhen this is the case, these items
have been highlighted by underscorire or as notes within the text,

EXAMPLES OF SPDS FEATURES OBSERVED IN PAST REVIEWS

RAPID, RELIABLE, CONCISE DISPLAY

The SPDS should provide a concise display ¢t critical

plant variables to the contro’ room operators to aid them

in rapidly anc reliably determining the safety status of

the plant. Although the SPDS will be cperated during normal
operaticns as well &s during abrnormal conditions, the
principal purpose and function of the SPPS is to aid the
control room personnel durirg abnormal and emergency condi-
tions in determinirg the safety status of the plant and n
ascessing whether abnorma) conditions warrant corrective
action by (contro! rcom) operators to avoicd a degraded core,
This can be particularly important during anticipated
transients and the initial phase of an accidert, (NUREG-
0737, Supplement 1, Section 4.1.a)

This requirement is interpreted by the stafi as ccntaining five essential
¢lements or concepts:

concise display

critical plant variables

rapid response

reliable

conditions when SPDS should be cperatione)

These elements are discussed below, except for the cercept of critical plant
variables that is discussed in Section !I1.F of this report,

I11.A.1, Concise Displey

0f the units reviewed thuc far, 37 acceptably saticfied this requirement,
Twenty-cix units did so by providing a single cisplay of critical variables on
a cathode-ray tube (CRT) device, Othere provided two CRT displeys in a side-
by-side configuration, usually with plant process variables on one c<creen ang
radioactivity control veriables cn the other. The staft tound this methed
acceptable contingent on the full set of SPDS variablec being "continuously
displayed" (sec 111,B.2 for acceptable methods of providing certinuous
display,.

Twerty units provided a sinole CRT display augmented by conventional control
room instruments. The statf accepted this method only in those cases in which
it was impractical to include the date from the conventional cisplay on the CRT
display because it wzs not part ot the computer data base; the convertional




display was easily readebhle from the SPDS user's position; the parameter
displayed on the convertiona) display was defined as part of the SPDS parameter
set; and, a commitment was made to preserve the visual relatiorship of the SPDS
and the conventional display.

In several cases the actual words or values on the conventional display could

not be read from the SPDS user's position. However, in some of these ceses the
staff found this situation acceptable because the information being transmitted
was 2 simple status, e.g., or/off light, or open/cluse 1ight and the display

was enhanced by either pattern-recognition cr location highlightire., 1In a few
cases the staff aid not accept the mixed mode dispiay concept. In one system

the conventionally displayed information was required to be read but could not
be, end it was not amenable to pattern recognition., Ir the others, the conven-
tiona)l display was not in the SPDS operator's field of view and would necessitate
a change of the cperator's position tc be read,

The basis for the requirement for a concise display stems from the lack of
centralized display cepebility in the TMI-2 controi room. Control room person-
nel could not easily develop an overview of plant conditions in the TMI-2 control
room because the available displays were widely dispersed and provided component-
level information. This situation hampered decision-making becausc it did not
facilitate the comparison of variables or the integration of various symptoms
within the same tineframe. At the same time it induced some unproductive be-
naviore such as fixation on a 1imjted set of plant varisbles, and undue attention
to irrelevant plant anomalies while safety functions were in jeopardy. There-
fore, the staft found unacceptable any SPDS that made it necessary for the user
to leave the SPDS to gather information necessary to assess the status of the
critical safety functions, or otherwise caused the operator to turn attention
away from the primary SPDS location.

I11.A.2. Rapid Response

Note: The staff assumes that in crder for a cortrol room operator to
determinc the safety status of the plant rapidly, five conditions should exist:

(1) Information presented should represent current plant conditions, i.e.,
real-time data,

(2) Information should be sampled at a rate that assures thet no meaningful
data, or trends in that data, will be missed, i.e. the sample rate should
be sufficiert to assure that date is of appropriate resclution;

(3) Information shoulc be updated on the display often enough to assure that
changes in plant status will not be masked or lost by the pascace of time,
i.e, update rate should be consistent with, and sufficient to represent,
expected variatione in plant safety parameters;

(4) Informaticon should be repidly accessible to the operator, i.e, system
response times of about ? to % seconds and re greater than about 10 seconds
max inum;
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(6) information should be ir & simple, easy-to-urderstand format that can be
rapidly comprehended, o

Many of the SPDSs reviewed by the staff satisfied this req.irement by irstalling
systems that provide real-time data that is sampleg and updated at meaningful
rates. Acceptable sampling rates were judged in thc context of required res-
olution, e.g, reactor coolant systlem (RCS? pressure reauires data resolution in
terms of secords while certain radiation levels need (or can cnly) be sampled
cvery 30 ceconds, 60 scconds, or several minutes, In its reviews, the staff
urced licensees and applicerts to mininize differences between sampling rate and
update rate su that operators would not be misled, e.q., 8 veriable that is
updated on the display screen every 2 seconds but is sampled only once a minute
will appear to be stable, when it may in fact be increasing or decreasing. The
cteff exercised flexibility in applying these principles during reviews, depend-
ing on the instrumentaticn available and the vériable being neasured,

Acceptable cystems provided date that was corsistent with conventional control
room instruments. They also provided simple displays that allowed immediate
recognition of normal, abnormal, and eneragency conditions. System response
times to operator cormands were 10 seconds cr less, from the initial keystroke
or cursor moverent to updated screen,

Note: Good human engineering practice prescribes that system response time to
reovests for graphic output,=such as typical SPDS displays, should be no greater
than about 10 seconds. When system response time exceeds 15 seconds, the operator
should be provided vith feedback that there will be a delay in servicing the
user's request or command.

Overall, these ‘characteristics yielded systenc with which an operator cen see

a current, accurate overview of the plant in ten scconds or less, Most of these
are enhanced by summary status indicators or pattern-recoonition aids that

allow operators to see at a glance whether any, plant safetv function is

abnormal.

A few systems did not display real-time data for at least some of the SPDS
variables. Gecause the SPDS i¢ intended to coordinate & variety of widely
distributed control room instruments into one concise aisplay, real-time or
near real-time data is necessarv to provide the operator with an overview of
the plant that is the equivalert of and is consistent with the control room
instruments it representc,

Some systems were found deficient because sampling rates were t0o siow, Others
were deficient because sampling rates cculd be changed without the know ledge

of the operators., In cases where the sampie rate was too <low, it was the
staff's judgement that significant changes ir plant state could be masked and
cprerators cculd be misled. In cases where the sanpling rates could be changed,
the operatore viere generally not aware that the sample rates were variable and
could be changed--they assumed that all date was being sampled at a rate equal
to the display update rate. Because there werc no mechanisms in place for
cortrolling changes in sample rates and operators were unaware of this
capetility, these changes presented some risk that cperators would be misled or
confused by the SPPS if the sampling rates were changed,

(&2 ]




Eleven units hae cystems thet the staff found to be unecceptably slow in
displaying changes n plant safety statuc, Several of these were found to be
ureacceptable because the <vstem dic not update datc automaticellv, Rather,
these systems would take a “"snapshot" of plant conditions when requested to do
50 bv a user. This feature was found te be unacceptable becavse (1) the date
displayed i¢ ouickly outdated; () it ray rot be & represcrntative sampie of
plant conditiors; (3) discrimination 0f trends recessitates the operater doing
succescive iteratiors of manue! updates, ird (4) in some systems, there is a
risk that ar old displey screen could be misteken Tor new data,

Ceme systems were unacceptable becguse the response to operator commancde was
unpredictably variable ard slow. Generally, these were syctems in which SPDS
shared tine with other functions or vhich were overloadec. The unacceptably

€ ow response times rarced from about 30 seconds *o several minutes. Usually
these systems would alec vary in response tines cuch that operators never knew
vhether the cystem had cccepted 2 cormand and was executirg it or had missed
the commanc, tonored *he command, or crashed completely. In some svsters this
led operators to tryv 16 key in the command ecain which would “lock up" the
keybeard and discble the sy<tem for minutes or hou

Some systers were deficient in ret ¢llowing operators repid access to data. Such
systems were cenerally "command-driven," requiring that the user remember or look
up er aiphanumer ommand anc key it in, These systers were found te be unac-
ceptablie 1f a trained operator could not quickly call up an SPDS displey. The
reviewers found & sycter unaccepteable if operators had to ceonsult point identifier
directories ena could not find correct entries, cr if they had frequent mic-keying
errors that resulted in long rec<ponse times,

Reliability

Mete: The staff defines reliability at the system level. Therefore, acceptable
systeris are those that are reliable in terms ot hardwere, softwere, and operator
performance. Reliability, as cefined here, includes two genera’ concepts:

1) reliability~-the cegree to which the system will repeatedly procduce the same
results under 1dentica’ cenditions over time ard (2) validity--the degree to which
the system will preduce correct and accurate results thet the user will believe,
i.6., rely or, 0Of the 57 unite reviewec thus far, 12 heave instalied systems that
were considered acecuately reliable.

From the hardwire point-of-view, thece systems eve characterized by the use of
backup storage anc automatic restart capetilities, uninterruptable power supplies
(UPS), independent and recurdant hardware for critical parts ot the system, on
site or near-cite maintenance support, and adequate inventeries of spare parts,

Regardino software reliability, these systems were developed using verificction
anc velidation (VEV) methodology eovivalent to thet described in NSAC-39, “Ver-
ificatier and Validation for Sefety Parameter Display Systems" (Ref. 9). This
methodology provices some assurance that the SPDS software has been adequately
designed, implemented, anc tested.




. From the cperator performance perspective, the relisbility of these ecceptable

systems was tested by some form of "mar-in-the-loop" test preoram in which
trained operators used the system during emergency event scenarios. Cperators
vere traincd in SPDS operation prior to declarine the SPDS vperationel ir the
control reom. The perception of operators interviewed at these plante 1 that
the SPDS 14 &t reliable as (or more rcliable then) any other irstrument in the
control ruom. Generally, operators at these plonts use SPLS routinely and on
a daily bacis,

Note: The term "operator' as used in this docunent rcfers to “SPDS cperato”
or user; those users arc defined by each licencec and may include Shift
Supervisors, STAs, and emergency response facility personnel as well os
control room operators.

Reliablc systems alse provided some method cf cata valicetion, Minimelly, they all
provided at least a comperison of redundant sencor readings for consistency, and
range-checks to i1dertify failed instruments. Most alsc provided cther methods

such as coincident logic schemes, and analytical algorithms to shift setpoints
during mode chenges, These characteristics yie'lded systems with estinated or
measured computer &vailabilities of orcater than 99 percent, énd that operators
were rcaconably confident that it could be relied upon to display plant data
correctly,

Meny systens were found *o be unreliatle, suftering from frequent failures

ranging from keyboard "lock-up" to total system crash, Aithough thesc systems
contained some of the chararteristics of acceptable systems, such as nultiple
processors and UPS, they alsc coentained design 1laws that allowed single faiiures
of hardware or sortware to take the sys‘en down frequertly and/or for long

periods of time., Nine systems displayed inaccurate o incorrect information

that could mislead operators, False alarme were also common. Thesc prob lems
undermined operater confidence ir relying on the SPDS. In fact at several plante,
operators were instructed ret to use SPDS at all. In general, these systens

were not designed using an acceptable VAV program, At several plante, the SPDS
was ceclared operational an¢ installed in the control room before developuent of
the decign was complete and before operators were adecuately trained. Under these
circumstances, cperators learned to mictrust the SPDS. In many cases, "man-in-
the-loop" testing wee rot done prior to declering the SPDS operational, Most
plents with unreliable systems had incdequate raintenance and software cuality
control precarams as well,

These systems were unacceptable either because they were <o vnreliable that
operators did not use them--thus, they did not provide aid to the operator as
required by Supplement ' to NUREG-0737 or because they provided inaccurate or
false informetion that could misleed operators, thus posirg a serious safety
question, Ir instances where the <taff found SPOSs that had inaccurate or false
informaticrn, licensees were instructed to shut the system oft to prevent
cnergtors from using bad data that night lead to unsafe operation of the
facility.




Although no SPDS was judged urecceptable based solely on shorteomings in its

VBV prooram, it was epparent tc the staff that those plents that did not
irplement & good VAV prograw concurrent with their design process were usually
rlagued Ly single-failure flaws in the hardware configuration, significant
software errore, and poor ecceptance by cperators, High reliet 11ty should be
built into a system by means of V2V methodolegy, good software maintenance, and
cstablished quelity assurance policies. Test programs alone cannot assure that »
system will provide reliable information under the full scepe of emergency
conditions, nor can one-time test programs adcress the viebility of a cystem
over time if uncontroiled cr undocunented modifications are possible.

Because there is no single measure of system reliability, the staff's Judgment
has been based on three general measures in combination: (1) estimated or
measured computer availability (eove) to or grester than 99 percent), (2)
observed inaccuracics and fulse alarms during an NRC audit, and (3) operator
survey results, The last two uf these have been oiven the most weight because
they reflect the reliability of the final preduct, the data being displayed,
rether than reflecting the reliability ofethe tools beirg uses! to process end
generate the final product. Mo SPDS has been found unacceptable based on only
one of these measures. Each ic used as a confirmation of the others.

Becausc data validity and system reliability have such a oreat impact on the
veebility of SHDS, examples of specific probleme are includec below to provide
further insights to Yicensees &nd applicants for avoiding comaon pitfalls,

1I1.A.3.8. Data Validity
Lack of Date Validgtion

Soime systers failed to tncorporate cata valicetion technioues of any kind,

These systems cid not fulfil] the requirement te provide a reliable display and
in eftect, complicated the operater's task of recognizing challenges to plant
safety, Lack of dats validatior places the burden of 1dentifying velid readings
on the operator, Little berefit ie géined from placiro unvalidated readings of
loop temperatures, for example, or 2 computer screen in addition to the control
boards. In come cases, the operator vas presented with averages of unvelidated
inputs, In these cases, the dveraging process may even mask a failed input fron
the operator, thus the operator will be misled by incorrect information., For
exampie, in a PWNR with three reactor cooling system pressure trancnitters, one
of which is faile high, system pressure would have tc be below 1100 psi before
an SPDS 2verage of unvelidated inputs would indicate & concern, Furthermore,
the 1nput of urvelidated values to algorithms thet determine critica) cafety
furction status can produce incorrect status indications.

Errors in Single Numerical Computer Pointe

Mest SPDS systems have a2t least a few data points that do not agree with the
analog or digital data that is dicplayed on the control room boards. Ir ¢1most
every case, this situation can be avcided. The most common of these errors are
describec below.



Some SPDS flow indications are continvously invalid or incorrect during normal
operations. This destroys the credibility cof SPDS as & tool to be used &nd
trusted to display plant safety information., For example, during normal power
ur hot standby operation of the plant, numerous systems are not operating or are
in & standby mode. Examples of thete systems include containment spray,
euxiliary or emergency feedwater, safety injection systems, diesel generators,
and wide range conta‘nrment sump {evel monitors. Flow and pressure instruments
associated with these systems should indicate zero flow and low or atmospheric
pressure when the systems zre in standby. Because of electronics drift, the
millivolt or milliamp signa) equivalent to these zero ccaditions is not an
absolute, fixed value. In addition, some systems in standby actually develop
gressures slightly less than atmospheric or less than the calibrated static head.
ecause most SPDS systems vse a fixed value as the zero range-check valicetion
point, when instrument output falls slightly below this velue, the point is
falsely indicated either as invalid or as a negative flow value. This problem
has been eliminated by some system cesigners by lowering the range-check set
point value slightly and by allowing & small range of near-zero values to be
interpreted as zero,

Most SPDS¢ have at least @ few problems with digital computer points (c.q.,
two-state signals, such as open-chut and on-0ff)., The problem is manifested
by displays that erroneously indicate open valves as being shut, running pumps
as being off, etc. These problems are apparently caused by the systems
incorrectly interpreting the voltage at which the input changes state.

Occasional problems are caused by wide range instruments being used as 1nquts
to computer points having a very low setpoint for an alarm, A good example

ot this problem is the typical alarm associated with increasing containment
pressure. These alarms are typically set at values from about 1.0 to 2.5 psig
(depending on reactor type). The control rcom alarm (annunciator) is usually
driven by a narrow range pressure instrument with & typical range of - 5,0 to
+10.0 psig. In many instances, these narrow-range instruments are not used as
inputs to the SPDS; only wide-range inctruments with ranges of -5.0 to +60.0
psig are input. The wide-range instruments often have the same full scale
signal veltage change as do the narrow-range instruments., Therefore, a minor
voltage change on the wide-rarge instrument may eouatc with a pressure change
of 2 or 3 psig, thereby causing spurious pressure alarms on SPDS. When the wide
range instrument is read in the control room, within the accuracy of the scale,
it will eappear to be reading zero, while the SPDS computer point is swinging
from -2.0 to +2.0 psig.

Some computer points fluctuate wildly because of signal lead ground loops and
current drain problems. These problems appear on the non-1E side ot the
electrical isolators,

Errors in Averages and Other Processed Data

SPDS computer points fall into twe distinct categories: discrete and processed
(or composed). Discrete computer puirts use a single analog or digital
instrument as an input while processed points are computed within the SPDS
computer or an associated computer using a combination of inputs from several
sensors, Most SPDS systems perform a simple maximum-minimun range check to
validate discrete puints., Compcsed points cen have a variety of redundant




‘s different ac well. Therefore, many coolant svstem levels are measured with
twe sets of instruments: one set calibrated for cperating cornditions and the
other calibrated for shutdown conditions, Measurements from these two sets of
instruments should not be combined unless some adjustnent is made for the fact
that they are calibrated for different coolant densities,

Inadequate ldertification of Data Quality

Most SPDS svetems use onc of several techniques for indicating suspect or poor
data pointe, These methods include color changes, backlighting, flashing,
superscript and subscript characters, and replacement of numerical data with
characters such as asterisks (***%*)  The following problems have been
cbserved with these techriques:

Several SPDS systems reviewed allow CRT terminal operators to manuzlly replace
rez) irput data with other velues, This procedure was judged satisfactory if
the inserted data could be somehow highlighted or designated as being an
inserted value and i1 the number of personnel having svstem security codes
¢1lowing such action was limited and administratively controlled.

However, on some SPDS systems the fact that data had been maruélly entered in
place of rea) input data was not detectable by any visual cue and could be done
by anyone, without the krnowledge ot the operators, from any terminal attached
to the host computer (in some cases, from as far away as a corporate office
locatec miles from the site).

In some cases, deta which fails a validetion check is highlighted with the same
visual cue as data points that have exceeded an 2larm setpoint. Rapid discrimine
ation of visual cues is impossible when these cues have more than one meaning,
i.e., "inve'lid data" end "parameter outside of normal range."

Removal! of Data Points Known to Be Invalia

Quite often some of the analog instruments used as inputs to the SPDS will be
out of service because of hardware failure or surveillances in progress. Unless
an SPDS hac a very good velidation scheme for each parameter, there is a need
to be able to take computer peints out of scan easily. On many systems, the
process of taking failed points out of scan is quite easy. One process, for
example, involves the completion ¢f a short approval form ard a few keystrokes
by svstem maintcnance personnel. However, thare are systems in which taking a
point out ¢f scan is nearly impossible,

In some systems, the data points are coded in a2ssembly language rather than
being resident on a disc file or table. In order Lo remove a poinu from scan,
the computer system persorrnel must shut down the ertire system and perform
assembly language programming. Because this method is more complex, some failed
computer peints could still be resident in the system ano indicate bad data for
mnenths after the problem vwith the instrument hus been corrected.
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Some SPDS flow irdications are continvously invalid or incorrect during normal
operations. This destroys the credibility of SPDS as a tool to be used and
trusted to display plant cafety information. For example, during normal power
or hot standby operation of the plant, numerous systems are not operating or are
in a standby mode. Examples of these systems include containment spray,
tuxiliary or emergency feedwater, safety injection systems, diesel generators,
and wide range containment sump level monitors. Flow and pressure inctruments
associated with these systems should indicate zero flow and low or atmospheric
pressure when the systems are in standby. Because ¢f electronics drift, the
millivolt or milliamp signa) equivalent to these zero conditions is not an
absolute, fixed value. In addition, some systems in standby actually develop
pressures slightly less than atmospheric or less than the calibrated static head.
Bec use most SPDS systeme use a fixed value as the 2ero range-check valicdetion
poiit, when instrument output falls siightly below this velue, the point is

fa sely indicated either as invalid or as a negative flow value. This problem
ha been eliminated by some system cesigners ty lowering the range-check set

po nt value slightly end by allowing a small range of near-zero values to be
interpreted as zero.

Most SPDSs have at least & few problems with digital computer points (c.g.,
two-state signals, such as open-chut and on-off). The problem is manifested
by displays that erroneously indicate open valves as being shut, running pumps
as being off, etc. These problems are appérently caused by the systems
incorrectly interpreting the voltage at which the input changes state.

Occasional problems are caused by wide range instruments being used as inputs
to computer points having a very low setpoint for an alarm. A good example

ot this problem is the typical alarm associated with increasing containment
pressure. These alarms are typically set at values from about 1.0 to 2.5 psig
(depending on reactor type). The control rcom alarm (annunciator) is usually
driven by a narrow range pressure instrument with & typical range of - 5.0 to
+10.0 psig. In many instances, these narrow-range instruments are not used as
inputs to the SPDS; only wide-range instruments with ranges of -5.0 to +60.0
psig are input. The wide-range instruments often have the same full scale
signal voltage change as do the narrow-range instruments, Therefore, a minor
voltage change on the wide-range instrument may eocuvate with a pressure change
of 2 or 3 psig, thereby causing spurious pressure alarms on SPDS. When the wide
range instrument is read in the control room, within the accuracy of the scale,
it will appear to be reading zero, while the SPDS computer point is swinging
from -2.0 to +2.0 psig.

Some computer points fluctuate wildly because of signal lead ground loops and
current drain problems. These problems appear on the non-1E side ot the
electrical isolators,

Errors in Averages and Other Processed Data

SPDS computer points fall into two distinct categories: discrete and processed
(or composed). Discrete computer poirts use a single analog or digita)l
instrument ac an input while processed points are computed within the SPDS
computer or an associated computer using a combination of inputs from several
sensors, Most SPDS systems perform a simple maximum-minimum range check to
validate discrete points. Compcsed points cén have a variety of redundant



sensor alcorithms spplied to ersure their validity., Some SPDS systems use
composed points, such as averages of several like sensors, but apply no velida-
tien checks to these comprsed points beyond the simple range-checks applied to
the discrete points. A simple exauple of a composed and velidated computer
point is as follows:

Four reactor pressure instrument inputs to ar SPDS are first range-checked
as discrete points. A1l of the inputs that pass the ranrac check are then
compared with each other. Those falling outside of & predetermined standard
deviation of the average of the points are rejected. The remeining points
are then re-averaged to provide the composed and validited point.

When adequate date validation technioucs are not epplied, SPNS performance
suffers, Typica) problems idertified by the staff are cescribed below.

4 Using @ single, auctioneered highest core ¢xit temperature (CET) as the
input to an algorithm may cause the resultant value to be inaccurate if
any single Ct1 fails high,

Using the raw input from differential-pressure reactor vessel level
instrumentation systemc may cause crroneous level readings as the plant
pressure and coolant pump combination change.

Using simple averages of several, urvalidated loop temperatures and
pressures causes the composed points to read in error when any one of the
inputs fail,

Other problems arise when composed points, made up of inpute from more than one
1oog or section of & system, are used where a discrete or single loop point
would be more appropriate:

" Cases have been observed where a T-cold composed point, consisting of the
average of the T-cold inputs from all 4 loops of a PWR, was used in a
pressurized thermal shock (PTS) detection algorithm. The Emergency
Operating Procedures (EOP) and PTS limits were based on eveluatine each
loop separately, with the coldest loop being of concern. It & composed
point is tou be used in this algorithm, the auctioneered coldest value would
be more appropriate.

The use of an average BWR suppression pool (SP) temperature as an input to
an algorithm which i¢ used to monitor for the hottest point in the SP is
1ikewise, not appropriate.

The staff also noted cases where ineppropriate parameters were used by
composed point algorithms. An ecxample is the composed point algerithm used
to calculate reactor pressure vessel (RPV) level at several BWRs. At these
plants, this algorithm averaged the readings of 211 level instruments without
§ggard for the conditions for which the instruments were calibrated., These
eve ! measurements were mace using a differential pressure method, To
deterriine level from a differential pressure measurement, the dersity of the
fluid being measured must be known. Then level is the differential pressure
dividea by the density. Since the temperature of reactor coolant is much
different during normal operation then it is during shutdown, coolant density
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i different ac well, Therefore, many coolant svstem levels are measured with
twe sets of instruments: one set calibrated for cperating cenditions and the
other calibreted for shutdown conditions, Measurements from these two sets of
instruments should nct be combined unless some adjustnent is made for the fact
that they are calibrated for different coolant densities.

Inadequate Jdertification of Data Quality

Most SPDS svetems use onc of several techniques for indicating suspect or poor
data pointe, These methods include color changes, backlighting, flashing,
superscript and subscript characters, and replacement of numerical data with
characters such as asterisks (*»e*#**)  The following problems have been
cbserved with these techniques:

Severa! SPDS systems reviewed allow CRT terminal operators to manually replace
rez) irnput data with other values. This procedure was judged satisfactory if
the inserted data could be somchow highlighted or designated as being an
inserted value and i1 the number of personnel heving system security codes
21lowing such action was limited and administratively controlled.

However, on some SPDS systems the fact that data had been maruelly entered in
place of rea) input data was not detectable by any visual cue and could be done
by anyone, without the krowledge ot the operators, from any terminal attached
to the host computer (in come cases, from as far away as @ corporate office
locate¢ miles from the site).

In some cases, detea which fails a validetion check is highlighted with the same

visual cue as data pointe that have exceeded an 2larm setpoint, PRapid discrimin-
ation of visual cues is ‘mpossible when these cues have more than one mearing,
i.e., "invelid data" end "parameter outside of normal range."

Removal of Data Points Krown to Be Invalia

Quite often some of the analog instruments used as inputs to the SPDS will be
out of service because of hardware failure or surveillances in progress. Unless
an SPDS hac a very good validation scheme for each parameter, there is 2 need
to be able to take computer points out of scan easily. On many systems, the
process of taking failed points out of scan is quite easy. One process, for
example, involves the completion ¢f a short approval form ard a few keystrokes
by svstem maintenance persennel, However, there are systems in which taking a
point out of scan is nearly impossible,

In some systems, the data points are coded in assembly language rather than
being resident on a disc file or table. In order to remove a point from scan,
the computer system persorrel must shut cown the entire system and perform
assembly language programming. Because this method is more complex, some failed
computer points could still be resident in the system and indicate bac data for
rionths after the problem with the instrument hus been corrected,




A few systems operate with the SPDS program on computer chips In «raer to take
a point out-of-scen or to make any cother modification te (ne system, new chip:
are required. This process can again take tsevera! months, during which time the
system displays inzccurate deta to the operators,

Algorithm Errors

Some systems displayed inaccurate information, false alarms, or both because of
problems with programming algorithms., This was complicated in @ few cases,
because the SPDS operators did not fully understand the algorithns that drive
certain displays. Examples are provided below.

Some reactivity control algorithms that are intended to ve anticipated-transient-
without-scram (ATWS) indicators do not use any input from the reactor protection
system or trip breakers, Because of this, the top level displays are continuously
alarmecd falsely anytime reactor power is above about 3 to & percent., The alarms
would work as ATWS indicators following a trip, but may be ignored by the

operators since they have grown accustomed to seeing the felse alarm during
normal plant operations,

One SPDS reviewed did not actuate any of the top level safety function alarm
algorithms until after 2 trip occurred. The operators were unaware of this and
believed the system to be very reliable since they had never observed any
alarms during normal power operation,

Some PWR SPDS system algorithms use a makeup-letdown flow mismatch to detect a
leak or break in the reactor coolant system (loss-ot-coolant accident [LOCA)).

Because programmers did not take into account the portion of coolant diverted

for RCS pump seals and for coolant lost via norma)l minor identified leakage, the
LOCA alarm was continuvously illuminated.

I111.,A.3.b. Reliability/Availability
SPDS System “Lockups" and "Re-Boots"

About 3U percent of the SPDS systems reviewed to date have demonstrated frequent
system "lockups" under both normal and heavy usage. To be assured that such
problems do not occur in an operational environment, systems could be tested

at full expected loading, with &11 available terminals in use. Once

developed, a system load test procedure can be run at any time. The system

could also be tested in conjunction with the annual emergency exercise or during
a planned plant trip (scram).

The source of observed system lockups fall into about four categories and are
somewhat equally distributed. These categories are:

©

sottware problems in the graphics terminal(s)

host computcr software problems (in particular the display driver portions)
CPU communications bus data errors

errors and lack of capacity on remote terminal communications links
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% * Lockups are most frequently initiated by one of the following reasons or
* sctivities:

¢

Heavy system loading during multiple terminal or peripheral use, such as
occurs following @ reactor trip,

The lack of displey feedback messages such as “WAIT - PROCESSING" ceuses

casual systems users to continue to input commands while system 15 processing
previous commands,

Lack of user training or complexity of commands causes keyboard entry
errors resulting in system lockup. The problem of user training seems
worse at sitce where the SPDS is served by the same host computer as the
emergency response facility (ERF) data systems. ERF users may only use the
systems a few times per year,
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. These kinds of problems with system reliagbiiity and dats validity reduce the
credibility of the SPDS. The basis of the requirement for high reliability i
the need for operators to believe data. 1f they doubt the accuracy, the
correctness, or the timelinese of data, operators wil)l look elsewhere for
information. 1f this happens often enough, the operators will begin to ignore

the SPDS because it increases the data-gatherino workload rather than decreasing
it.

| For the SPDS to be effective, it must aid operators in rapidly and reliably
N determining & plant's safety status. Those systems that the ctaff has found

' to be unacceptable do not provide such aid, and may, in fact, mislead or
confuse operators,

111.A.4 Conditions When SPDS Should Be Cperational

0f the 57 SPDSs evaluated, al)l adequotely satisfied the requirement to install

g an SPDS that is designed to cperate during normal, abnormal, &nd emergency
“! conditions.

1 the corditions under which an SPDS should be operational called for the SPDS

} to be available during all plant modes. I!n Supplement 1 to NUREG-0737, the

f staff reduced the acceptable operating scope of the SPDS to “normal operations,

i abnorma) and emergency conditions," i.e., all modes above cold shutdown. Some

. plants have also elected to include the cold shutdown and refueling mode as part of

the SPDS' scope. The staff finds this to be a desirable extension of the SPDS
scope of application,

The staff's initial guidance (NUREG-0835, Draft Report; NUREG-0696) regarding

[11.B. CONVENIENT LOCATION AND CONTINUOUS DISPLAY

. Each operating reactor shall be provided with a Safety Parameter
_— Display System that is located convenient to the control room
i operators, This system will continuously display information
from which the plant safety status can be readily and reliably
assessed by control room personnel who are responsible for the
avoidance of degraded and damaged core cvents (NUREG-0737,
Supplement 1, Section 4.1.b).
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This requirernent conteins two additicnal elements that were not discussed in
the preceding section:

0 conveniert location
0 continuous displey.

111.B,1 Converient Locatior

The term “operator” 1s defined here in the brcad sense of SPDS operator or
user. The steff's only strict requirements with regard to convenience have
been that the SPDS be in the control room and that “t be convenient to the
licercce defined user(s), e.q., reactor operators, cenior reacior operators,
shift technical advisor, shitt supervicor, A corollary principle is that the
SPDS should not interfere with control room cperations, ¢€.0., interfere with
physical or visual access tc other control room instruments,

Oniy 17 unite feiled to satisfy this requirement, An extreme example was &
SPUS CRT thet was suspended from the ceiling of the contro) roem, too far trom
the floor to be read by aryone in the control room. This disp uv was obvicusly
net convenient to any user,

111.B.2 Continuous Display

A continuous display is neecded for an effective SPDS because it effords the
operator almost immeciate access to the most important information about plant
safety, Acceptable SPDS systems had this information displayed continucusly.
Operators did not need tc search amono various displays or paae through irrele-
vant information to get a current overview of plant safcty status or to be
aware that plant statuc was changing., Plant safety status informatier should
always be displayed in the control room, not hidder among rows of instruments
or buried under "pages" of CRT displays. The stoff makes the distincticn that
information that is "continuously available for display" is not the equivalent
of a continucus displey.

Twenty-one of the 57 SPDS reoviewed satisfied thic requirement by either
previding a dedicated, sinole display of plant variables, or by providine e
hierarchy of displey "pages" on a single CRT with perceptual cues to alert the
user to changes in the safety status of the plant, The remainder were found to
be unacceptable because they provided neither a continucus display of variables
nor an alerting mechanism, such as safety function status indicators,

I11.C Isolation From Safety Systens and Procedures and Training

The control room nstrumentation recuired (see General
Design Criteria 13 ancd 19 of Appendix A to 10 CFP 50)
provides the cperators with the infcrnation necessary

for safe rezctor operation under normal, transient, and
accident concitions. The SPDS is used ir addition to

the basic componentis end serves Lo aid and auoment these
components. Thus, requirements applicable “u control
room instrumentation are not needed for this augmentation
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(e.g., GDC 2, 3, & in Appendix A; 10 CFR Part 100; sirgle-
feilure requirements). The SPDS need not be cualified to
meet Class 1E requirements. The SPDS shall be cuitably
isolated from electrical or electronic interference with
cquipment and sensors thet are in use for safety systems.
The SPUS need not be ceismically qualified, and additione!
seiemically quelified indication is not required for the
sole purpose of being a backup for SPDS. Procedures which
describe the timely and correct cafety status assessment
when the SPDS is and is not availeble, will be ceveloped
by the licensee in parallel with the SPDS. Furthermore,
operators should be trained to respond to accident condi-
tions both with and without the $PDS aveileble (NUREGC-0737,
Supplement 1, Section 4.1.c)

This requirement conteins two additional elements not yet discussed:

0 isolation from safety systems
0 procedures and training

J11.C.1 lsolation from Safety Systems

In order to protect sifety systems from electrical and electronic interference,
the SPDS must be isolated from cquipment and sensors that are used in safety

systeme, Examples of acceptable itolation devices and relevant test conditions
arc listed in Table 1.

The following table lists isoletion devices used in the SPDS systems

which have been reviewed and approved by the staff. As noted in the 1ist, the
maximum credible fault (MCF) testing varied from plant to plant even for the same
isolators. Therefore, care must be taken to assure thet in any future spplica-
tions of these devices, licersees verify that the plant-specific application

does not exceed the capebility of the device. FMost of the referenced reports

and qualification tests &re proprietary and are therefore unavailable for

release from NRC., Other devices have been tested but must have the test

results submitted to the NRC for review and approval.

Note: relays with contact-to-coil isolation heve been approved for several
applications; s ctems utilizing fiber optic cable have not been required to
perform maximum credible fault tests becaute of the inherent isolation charac-
terietics of the cable.




Table 1.

Teolation Devices

Manufacturer/Supplier

Maximum Credible Fault Test and/or

Applicable Topica) Reports

ACROMAG Series 700
MODELS 712<L,H; 722-TL-Y

Analog Devices, Series 289

Computer Products Inc

E-MAX, Digital and Analog

Energy Inc; MODELs 15€, 159, 1622,993
Analog C0798;

Digital 01026-17

Fischer and Porter, 50EK1000
Foxbore, M 66B-CO 1/1, M 66G-0w E/!
Foxhero N-2A0-2VI, Spec 200

GA Tech, RM-£0

General Electric

ERIS, GEMAC-550

GEMAC-550

Hewlett Packard

Honeywell, HFM 5000-03

INTRONIC 1A-184

Kaman Science Co,

Motorola

Potter Brumfield, MDR

Reliance Electric Co, ISOMATE

Rochester Inst. Sys, 4400 SERIES

MCF 120VACP15A

MCF 120VACR15A

MCF 120VAC@30A

Optica) Fiber

MCF 120VAC@20A

MCF 4B0OVAC@10A, MCF 120VACR20A,
MCF 140VDCE10A

MCF 120VAC@30A

WCAP 7508-L

MCF 140VAC@20A, MCF 140VDCR2VA
GA E-255-1333

Optical Fiber, NEDE 30284P,
MCF 120VAC@204

MCF 120VAC@30A

Optical Fiber

MCF 120VAC@30A

MCF 120VAC@30A

Cptical Fiber

See GE-ERIS

MCF 120VACR30A, 125VDCR70A
MCF 140VDC@S5A, 120VACR20A

MCF 24VDC@3A, 130VACE50A
MCF 140VDC#50A, 122VACRS50A




Teble 1. (cont.)

Manufacturer/Supplier

Maximum Credible Fault Test and/or
Applicable Topical Reports

RIS SC-32

Robertshaw 572-C2

Simmonds Precision

Struthers Dunn Inc, CX-3016 NE
CX~3918 NE

DX«3917 NE

Technelogy For Energy Corp (TEC),
SYSTEM 2200, TEC 156 Analog

TEC 159 Optical

TEC 980 Analog

TEC 981 Qptical
Validyne, MUX MC37CAD-Q2
Westinghouse 7100
Westinghouse 7300

Westinghouse
Nuclear Instrumentation Systen

wWestinghouse Core Cooling
Monitor System

Westinghouse RVLIS Isolator
MODEL 2343063602 Opto-Coupler

Westinghouse, PSMS/PERMS

MCF 120VAC@20A

MCF 120VAC@20A

MCF 120VAC@20A

MCF 132VDCREC0OA, 528VACE200VA
CX-3618 Qualified by Comparison with
CX=-391¢

MCF 120VACR20A
MCF 130VACE@50A

MCF 120VAC@20A
MCF 120VACR2CA
MCF 120VAC@20A
Cptical Fiber
WCAP 7824, 7819
WCAP B892ZA

WCAP 7506-L, 2011, 7819

WCAP 10621

MCF 240VACE20r, 140VDCRZ0A

MCF 580VACE20A, MCF 250VDC@2VA




111.C.2 Procedures and Training

In general, the requirement to develop procedures eard training for safet)
statue ossessment and accident response with or without SPDS was addressed by
licensees and applicants in their upgrading programs for emergency operating
procedures (NUREG-C737, Item 1.C.1). These programs introduced function-
oriented procedures into the control room, The basic premise of the functien-
oriented concept is that critical safety functions should be censtantly monitored
and maintained during an emeroency resporse., Inherent in the concept,
therefore, is the delineation of tasks describing the timely and correct safety
status assessment and accident response. Mest plants do not specify in the
emergency procedures which instruments to use for acciden® response. Some
plants include notes and cautions ir their procedures to 1imit the use ct
certain instruments, including SFPS, during certain transients and accidents,

Twenty-one units acceotably satisfied the requirement to provide procedures and
training tor safety status assessment and accident recponse with or without
SPDS. They did so by (1) providina upgraded emergency operating procedures
(EOPs) that contain safety status assessment tasks, (7) training cperators how
to use SPDS (e.g.. during simulator or requalitication trainirg), (3) training
operators how to carry out accident responsec both with and without SPDS, and
(4) providing an SPDS vsers' manual in the con‘rel room for easy reference,

The remaining plants did not acceptably satisfy thie requirement. At many
plants training deficiencies were identified during operatur frterviews and SPDS
demonstrations when SPDS-trained users mede obvious errors and showed confusion
or misunderstarding. These deficiencies were of sufticient maonitude to
diminish the effectiveness ot the SPDS or te increase the potential for operator
errcr, For example, at one plant a primary user of the SPDS believed that a
certein color code denoted that there were not enough vilid inputs to ascertafr
the status of a safety functien, In fact, the meaning of the color code in this
system was "critical safety functiorn irn jeopardy." The failure of users to
understand such basic SPDS functions and operation provided primary evidence of
poor cr infrequent training. Mo system was found unacceptable besed on the
performance or the assertions of only one user--evidence was confirmed

through multiple interviewees/users and through a reviev of the details of

the training program itself,

Deficiencies were found at a few units because the licencee did not provide ar
SPDS users' manual in the contrel room. These were plants in which interviewees/
users showed some confusion concerninc operation of the SPUS that could have been

resolved if an easy-to-uce reference manual had been available in or near the
control room.

The requirement for having precedures and training for accident response both
with and without SPDS evolved from the staft's concern that, because of the
SPDS's convenience and usefulness, operators could become over-reliant on the
SPLS. The SPDS 15 intended as an aid to eopecrators, toc be used ir 2ddition to
existing control room instrumertation, and should, generally, not be used in
place of existing instrumentation. An excepticr is when the SPDS displeys
processed information that is not available elsewhere -- in any casc,
operators should not teke actior based on the SPDS alone.




SELECTION OF INFORMATION FOR DISPLAY

There is a wide rance of useful informatior that can

be provided by various SPDPS. This irnformation 1is
reflected in cuch staff documents us PUREG-069€, NUREG-
0835, and Regulatory Guide 1.97. Prompt implementetion

of an SPUS can pruvide an importent contribution to plant
cafety, The selection of cpecitic information that should
be provided for a particular plant shall be based on
engineering judament of individual plant licensees, teking
inte account the importance of prompt implementation
(NUREG=0737, Supplement 1, Section 4.1.d.)

Thie requirement includes two essential elements:

0 selection of informetion for display
0 prompt implementatior,

111.D.1 Selection of Irformation for Display

As indicated in Supplement 1 to NUREG-0737, licersees should define the content
of SPDS displays. Two restrictions tc this general principle were applied:

(1) the minimum acceptable set of informatior must be sufficient to represent
the status of plant safety functions (this item is discussed in detail in
Section 111.F below), and (2) the information set must not be so large that
meaningfulness, accessibility, or other human factors are negatively affected.

Most plante acceptably satisfiec this requirement by providing evidence that
the design ot the content of SPDS displays was reascnable, systematic, and

based on credible analyses. Typically, acceptable pregrams included the
following elements:

0 a definition of system requirements and thc needs of defined users

0 coordination with tasks identified in thc systems/task analysis
performed during the development of upgreded EOPs and/or performance
of the detailed contrel room design review (DCRDR)

censideration of any new instrumentation needs identified during the
implemertatior of Regulatory Cuide 1.97

0 coordination with the content of training prograns
0 consideraticn of user preferences.

Seventeen SPDS designs were judged unacceptable because of the information that
wae selected for display. The most common deficiency was omissions in the
information set, i.e., insufficient information to adequately represent plant
safety ctatus (see 111.F below for further details). A few suffered from the
opposite problem--information overloed. These latter systems provided too
much information in relaticn to the presentation format, e.g., too many
variables on a single primary display led tc readability problems, or too many
"pages" of information with a poorly desioncd access system caused cperators tc
become "lost" in a maze of irrelevant displays.




The basic intent that under)ies this requirement s that licensees are best
: qualified to Judge what critice) information needs to be gathered together into
;! the concise display called SFDS. Mowever, the staff defined the basic plant
! safety functions that should be represented in a minimelly eftective SPDS,

111.0.2 Prompt Implementation

E

] Thus far, the staff has not rejected any reasonable implementation schedule tor
; SPDS. In order to allow licensees to implement promptly, the staff's review
; and approva) process was not placed in the critice) path. Unless requested to
: do so by the licensee, the staff docs not review and epprove an SPOS prior to
: 1ts implementation, The staff has given as much early guidance as possible to
3 Ticensees, but the SPDS review 15 generally ¢ post-impiementation evaluation,

. The staff has also attempted to expedite the implementation process by relaxing
{ some of ite earlier positions on SPDS, For example, the recuirement for Class
i 1€ qualificetion or a Class 1E backup was deleted in favor of simply requiring
| a highly reliable system, Also, the staff't review regarding selection of
T perameters was tempered by the consideration that the staff would not require
b additiona) information that wou'd necessitate the installation of new sensors

and instrumentation loops, but rather would 1imit its requirements 10 exicstiig
instrumentation, In these and other ways, the staff has tried to accommodate
licensees in the prompt implementation of SPDS,

Although no plant has specifically been cited for delays in implementation, the
record of the industry is not good on this point, By the staff's estimate,
: approximetely 75 percent of all plants stil) do rot have & fully operational
; €PDS in their contre) rooms, more than 5 years after the issuance of Generic
Letter B2-33 which called for prompt implementation ot SPDS.

‘w | 111, HUMAN FACTORS AND SPDS DISPLAYS

The SPDS display shal) be desioned to incorporate accepted
human factors principles so that the displayed information
can be readily perceived and comprehended by SPDS users
(NUREG-0737, Supplement 1, Section 4,1.e).

This reouirement is rooted in the human factors problems that contributed to

, the accident at TMI.2. The staff, through this requirement erphasized the need
k to incorporate good humer factors principles in the design of equipment rather
' than attempting to backfit the principles in 2 cuperficial way. Properly
designed systems incorporated the needs ar< ‘imitations of users into the
‘ design from the very start of the gesign process. This resulted ir systems that

| do the job, are easy to use and understand, do not cause confusion, frustration,
‘1 or errors, en¢ thai users can rely on when making critical decisions during an

emergency.

Of the &7 units reviewed, only 12 have fully satisfied this requirement, Staff
review of this requirement included an eveluation of the design process and
‘ portions of the verification and validetion (VAV) program, as well as an audit
® of the SPDS displeys, interfeces, and environment,




Plants that satisfied the recuirement to incorporate human factors principles
into their SPDS desic “1d sc by providing evidence thet user needs were
identified during the .nitia) design phases, that specifications and acceptance
criteria for optimizing the display and control intevfaces were established,
that cperators were involved in the design procest either as members of the
design team or as reviewers, end that the VAV pregram included appropriate

human factors reviews and "man-in-the-locp" testing. The effectiveness of these
programmatic efforts was confirmed by the staff through an avdit of the SPDS in
its operating environment, Those tystems that were found to have few and minor
human factors discrepancies saticfied this requirement. CGuidance and information
in thie ares can be found in NUREG-0700, “Guidelines for Control Room Design
Reviews", (Ref, 10) and NUREG-0B00, Chapter 18.2 “Standard Review Plan, Safety
Parameter Display Syctem; Appendix A-Mumar Factors Review Guidelines for

Safety Parameter Display System," (Ref, 6).

Cystems found unaccepteble regarding this reouirement cften suffered from
ceficiencies in the SPDS interface that were not the result of random over-
sight., These tystems lacked proper design input from human fectors specielists
and operators, Standards, specifications, and acceptance criterie for human
fectors considerations, such as system response time, operator feedback,
control room standards and conventions, ond operator preferences were generally
not established and, therefore, not incorporated into the design., More often
then not, these systems were not subjected to "men-in-the-lcop" testing and
operator acceptance was poor.

Numerical meonitudes of SPDS parameters and time-history plots should be displayed
te resolutions useable by the operator. One time-history plot the staff
reviewed could resolve data only to a value equivalent to the height of a CRY

character resulting in very poor trerd plot resolution, For example, reactor
pressure vessel (RPV) pressure could only be resolved to 125 psi from the trend
plot., Thus, one to 125 psi eppeared as 125 psi, and 12€ psi appeared as 250 psi.

Another case was reviewed in which the ordinate divisions of all trend plots
were ectablished automatically by dividing the full range by three. Thus,
percentage plots appeared as O, 33.33, 66,67, 100%, An Auxiliery Fee.water
system (AFW) flow plot appeared as 0, 3333,.32, 1.67E+06, 2.50E+05 gallons per
nour, Not only is it difficult to estimate volume between the major graduations
but the two decimal point accuracy Just adds useless visual "noise" to the
display.

111.F, MINIMUM PLANT PARAMETERS FOR DISPLAY

The minimun information to be provided shall be sufficient
to provide information tc plant operators about:

Reactivity Contro)

Peactor Core Cooling and Heat Removal from
the Primary System

Reactor Coolant System Integrity
Radioactivity Control

Cortainment Conditions




The specific perameters to be displaved shall be cetermined
by the licersee (NUPEG-0737, Supplement 1, Section 4.1.f),

0f the 57 units reviewed, 2% were found to have a sufficient set of SPDS
parameters to monitor the five defined safety functione,

The tebles that follow show sample variable sets for PURS and BWRe which have
been found acceptible.

While the samples illustrate tets of varisbles which have been found acceptatle,
SPDS systems contair inputs from many additione! variables. There have also
been numerout alternatives and subcstitute variables approved for SPDS systems,
Staff eveluations of the parameters selected for SPDS systems have bee
corducted on @ plant-specific basis, and take nte consideration plant

gesion, [mergency Operating Procedures (ECPs), Emergency Plan luplementing
Procedures (EPIPs), and stetus of NRC approval of R.G. 1.97 varisbles,

Examples are provided below for some of the more frecuently approved
alternatives to the sample variables.

Pressurized Woter Reactors

Mot leg temperature (T-hot) 1s included in Table 2 as an acceptable parameter
beceuse, when combined with other variables, it provides ar ircdication of the

viability of natural circulatior Other variables that acceptably satisfy the

seme functicna) requirement are: loop delta temperature, core exit temperature
énd T-average,

Emergency cere cooling system (ECCS) recirculation flow (e.g., residual heat
renoval (RHR) or decay heot removal (DHR) systen flow) is desirable as an
indication of remova) ot heat from the primary coclant system and containment,
bhere RHR (DHE) flow was not evailable, combinaticns of the Tollowing para-
reters have been approved: RHR (DHR) pump run status, delta T across PHR (DHR)
heat exchangers, delta T across service water systems supplying the RHR heat
exchangers, and RHR (DHR) service water system flow., The combination must be
ecdequate to monitor, with a degree of confidence, the adequacy of heat removal
from the primary system when the steam generators are not available for this
purpose,

Conta‘rment sumn level 1s a detirable indicator for the onset of & coclant
system leak or break. !n the absence ot sump level, parameters such as the
following have Leen approved: sump high level alarm, sump pump run time, sump
pump flow totalizer, sump pump run status. In order te be satisfactory, the
tvpes of substitutes listed should have ar alarm function on the top level
display (e.g., excessive sump pump run time,.




Table 2. Safety Parameters for Pressurized Water Reactors

Safety Furction

Representative Peremeters for Display

1,

w

Reactivity control

Reactor core cooling and heet
renoval from the primary
system

Reactor coolant systen
integrit)

Radioectivity control

Containment corditions

Fower range irstrumentation
Intermeciate range instrumentation
Source range inttrumentation

RCS level

Subcooling margin

Mot leg temperature

Cold leg temperature
Core €11 temperature
Steam generator pressure
RMR (DMK, flow

PCS pressure

(old leg temperature

Contairment sump Teve!

Steam genergtor oressure

Steam generator ievel

Steam generator blowdown radiation

A1l effluent stack monitors
Steamline radiation
Containment radiotion

Conta‘.ment pressure
containment isolation status

23




Table 3, Safety Parameters tor Boiling Water Peactors

Safety Function Representative Parameters for Display

1., Reactivity control Average power range monitors
Source range monitors

Reactor core covling and heat RPY water level
removal from the primary Drywell temperature
system

Reactur coolant system RPV pressure
integrity

Radioactivity control A1l effluent stack monitors
Offgas monitor
Containmert radiation monitor

Containment corditions Drywel ! pressure
Drywel] temperature
Suppression pool temperature
Suppression pool leve)
Containment isolation scatus
Drywell hydrogen concentration
Drywell oxygen concentration




The redioactivity control cafety function ot SPDS should include all major
monitored effluert pathways points (stucks and vents) which are petential
release points for fuel gap activity., Separate ventiletion exheusts for areac
such as hot machine shops and radwaste need not be included. Computed release
rates (Ci/sec, ULi/sec, etc.) are the desirable SPDS tog leve)l variable, but
releese concentrations and rew monitor readings (CPM, MR/HR, etc.) are
accepteble (i.e., not using a flow rate input).

Because the mair cteam line (or steam gererator) rediation monitors on PWRs
are usuilly located upstream of the main steom isolation valves (MEIVS), they
can be used both to assess radioactivity within the tecondary system when the
MSTV, are closed, and to monitor releases to the environment through the
atmospheric dump and safety volves. In a few cases main steam line wonitoring
wes not availeble, In thouse cates the rtlaff accepted less preferred methods
of satisfying this aspect of the radioactivity contro) tefety function,

Containment hydroger concentration is alse a desirable perameter for SPDS.
llowever, in the rare inttences wherc NRC has previously approved an off-line
hydrogen monitoring system in a safety eveluatior report (SER) under Regulatory
Gggge 1.97 review, the SPDS reviewers have found these systems acceptable for

S use.

Boiling Water Reactors

Guidance for the irput of radicactive naterial effluent pointe are essentiaily
the same for BWRs as those discussea above for PWRs. EWRs that have incorporated
a secondary containnert contro) guideline in their EOPs Trequently use several
veactor building area radiation wenitors (ARMs) and process radiation monitors
(PRMs) as inputs to the SPPS top level displays. These inputs provide early
in¢ication of problems cutside the drywell (containment),

Because BWR safety relief valves (SRVs) exit the main steam lines upstream of
the MS1Vs and the MSL racdiation monitors, and because they discharge to the
suppression pool or terus, BWR MSL radiation meritors are @ desirable, but not
mandatory, input to SPDS.

Drywell (corntainment) hydrogen and oxygen concentrations are both desirable
inputs to the SPDS. However, with most BWR drywells now being rendered inert
with nitrogen, oxygen concentration becomes the more important parameter,
therefore, in some ceses, BWRe vith inert drywells are not required to use
hydrogen concentration as an input to SPPS, but are required to ute oxygen
corcentration,

A close review of Tables 2 and 3 reveals that intermediate range nuclear
instrumentation (Nlg) is listed for PWRs, but not for BWRs, A staff survey of
licensee computer systems input, showed that 61 percent of the reactor sites had
not included intermediate range instrumentatior on their computer systems. The
intermediate range parameter is cesireble, but the difficulty of programming the
rarce switch position input ‘0 create a veaningfu) parameter overrides the bene-
fit of using the intermediate range. Only 2 or 3 reactor sites have & computer
systen which ha¢ been programmed to make real use of intermediatc range NI ceta.
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Neutrcn flux can be cirectly menitored by control roor ‘nstrumentition for th
entire range (0-100%+) of reactor power 'm a PHR, this range is typically
reprecented with three monitors: the source range monitor, the nicrmediate
range monitor, end the power range moritor.

Other parameters (e.g., red-in positiorn indicaters, reactor trip indicators,
borononeters) may proevide usceful information; however, they are lets direct
indicators of the overall status of the reectivity control furction in that
they may provide information thet is inconclusive or potsibly misleading

111.F.1.b. Core Cooling and Heat Removal

There is no one measured parametler that directly indicates the status of the

core cooling and heat rercve!l safety function Instead, severe!l indicators

are cited which when used in conjunction, do provide a strong inference of the
statuc of core cooling removal for the breed spectrun ¢f scenarioc and conditions,

The first of thesc parameters s subcooling. During subcooied heet removal,
this variable provides a direct verification of the vistility of cere cooling
as well as some quentification of the core cooling naroin, Subcooling is used
in the emergency guidelines as a key criterion to deterrnine the status of the
core cocling function, RCS level 1¢ &r indicator of primary cystem invertory,
¢ necessary heat trancfer medium for core cooling and heat removal, It is used
in the quidciines to monitor for an inedequate core cooling (1CC) condition,
Lore exit temperature 15 en importart indicater bLecause it ¢ used to determine
the viabiTity of the natural circvlation mode of heat removal, Together witl
P»LASV}!_'_Q'SS.UAY"P, core exit temperature 1¢ alse an input to the subcoviing moniter,

Love exit temperature i1s & key parameter used in ewmcrcency quidelines to moritor
tor the erect of ICC conditions. Mot ‘% temperature and cc'd leg temperature

-

are key indicetors uced in determininc the viabiiity of natural circulaetion as
@ rede of heat removal., For cevtain subcooled conditions, these parameters nay
indicate natural circulation status when core exit temperature nay not, In
this case, the hot an¢ cold leg temperatures would be relied upon to ensure
edequate natural circulation (per PWR guidelines)., Steam generator level is ar
indicator of the aveilability and proper control of The seconcary svstem heat
sink for the heat removal critical safety furction, S6 pressure is a key
indicator of the vicbility and integrity of the secondary system. Steam
gencrate. (or steamline) pressure is also an indicutor used in cwergency
oricelines to getermine the viability of natural circulation ¢c a mode of hedt
remove’ (not applicable to combustion engireering (CE) plants). RFR (DHR) flow
a key indicator to determine the vizbility o1 the heat remcvel system used
when the secordary system is not the principal heat removing system (1,€,, large
LOCA, ECCS; normel shutdowr. RHR), Other parameterc nay be considered, such as
RCS average temperiture and fecowater flow. These paraweters, however, are not
considered as versctile over a spectrum of plant conditions, 2¢ direct ar
indication of status of the function being monitored, and/or necessary since
the paremeters suggested above provide the same rapid functional information.




111.F.1.¢c. PCS Integrity

perhaps the single most informative parameter to be monitored in a PWR is RCS
ressure. Its RCS integrity epplications are: (1) it is a principel indicator
of RCS Inteority, anc (2) it is @ key parameter used for brittle fracture
considerations. 1In coniunction with RCS pressure, cold leg temperature is also
» key parameter for brittle fracture considerztions. Con{c!nmeng suﬁ?’?eve1 is
2 key indicator to identify a LOCA-type breach of RLS integrity, perticu ariy
for smaller leaks during which RCS pressure may not be changing., It also is &n
indicator of the viebility of the ECCS recirculation mode of heut removal.
Steam generator stetus (some combination of pressure, level, radiation) is &
kcy (and usue 1y the most rapid) ingicator of a stcam generatcr tube ruture
type breach of RCS integrity.

Parameters contributing to this status indication &re also propesed as key
monitors of other critica!l safety functions,

111.F.1.d. Radioactivity Control

Three variables 2re gencrally consid red acceptable for the nonitoring cf radio-
activity control for SPDS: stack monitors, steamline ronitors, and containment
ronitors. These tnree monitors.allow & rapiu asccssment of radiation status

for the most likely radioactive release paths,

For PWRs, radiation can be relesced directly to the atmeephere through two
paths, One is through stacks, which are monitored by stack monitors, ard the
other is through the mair steam safety valves, which is monitored by the cteam
line monitor. The stack monitors are normelly used during pever operaticr to
measure ficsion products (such as fodine, cesium and the nohle gases), which
may be vented to the atmosphere., These monitere will also measure the radia-
tio? released to the atmosphere during an accidert if the containment 15 not
1svleted,

The steam line monitor also measures radiation releasce te the atmosphere when
the main steam safety valves are open auring plant transients and on turbinc
trip. The steam line monitor is elso important in measuring the racioactivity
on the secondary side during & steam cencrator tubc rupture if it is locatec
upstream of the atmospheric dump valves and sefety valves,

The conteinment monitor is essertial for meesuring the rodioactivity in the
containment atmosphere, especially when the conteinment it icolated following
an accident. 1f for any reacon containment inteority is breached, an estimate
of the offsite doses can be made basea on containment radiation readings. The
monitor can also provide an indicator of the amount of fuel damage to the
reactor core.

Cther aveilsble radiation monitors may be used but are not corsidered cosential
to SFDS. These secondary consideratiors include vitel control area monitors,
such as the control room, to which access mey be necessery after en accident,
Monitoring primary coolart radioactivity levels s presently performed b)
sampling and analyeis in the sampling room. The continuous activity monitors

-
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presenily evailable are of limited value beceuse of their isolation on contain-
ment isclation signal. Althouoh<the post-accident sampling system cventually
provides a representative sample for evaluation, direct, continuous monitoring
is not presently part of the SPDS cesign. Such 2 new PWR design requirement

is considered outside the scope of the current SPDS review.

111.F.1.e. Containment Conditions

The following three kev parameters should be moritored by the SPDS to previde a
rapid 2ssessment of containment conditions:

Cortainment pressure,
" Containmert isolation, &nd
y Containment hydrogen concentration,

(Containment pressure is & direct indication that containment integrity may oe
threatcred by overpressurization, Also, as the containment pressure increases,
it provides the ariving force that can cause the containment environment to
escepe to the atmosphere through leaks ir the containment structure,

For the more likely accigent scenarics that cause the containment pressure to
increase, the containment envirorment is at saturated ¢ nditions. Hence, if

the contzinment pressure is known, the containment temperature can be determired:
therefore, it would not be necessary tc measure containment temperature, For

the few less probable accident scenarios in which the containment pressure
increases but the containment environment 1s superheated, the superheated
conditions only exist unti) the contairment sprays are activated (shortly after
the start of the accident). HBecause of the short period durimg the containment
envirerment is superheated, there is little need to know the amount of superheat
in the containmert environment by monitoring the containment temperature, Equally
important, generic emergency technical guidelines do not require operator actions
based upon a rapid assessment of containment superheating.

A primary function of the containment is to prevent release of radicactive gases
and particuletes to the environment. By monitoring the demend signal and actual
status of all isolation valves, there is assurance that when demanced, the known
process systems pathways penetrating certainment have been secured, Also, by
monitoring the status of 211 isolaticrn valves, the containment purge and/or vent
systen's supgly and exhaust Tine valves will also be monitored. Hence, & separate
display ot the statue of these valves on the SPLS is not a requirement,

Containment hydrogen concentration is a key parameter te monitor for
containment combustible yas control. For some accident scenarios, hydrogen can
be produced ana released to the conteinment. Combustion of large amourts of
such hydrocer has the potential for ceusing the containment structure to fail,
The menitoring of the oxygen concentration is not necessary for large dry
containments since thesc containments have an oxygen-rich atmosphere during
rormal opsrations.




Acceptib ie Parameters for BWPR:
Reactivity Contro?

The rate of change in nevtron production (neutron flux) is & fundamenta)
neutronice parameter tor monftorirg the status of the plant reactivity control,
The averaoe power range monitors (LPPMs) and source source rangé monitore
(SRMs ) represent the principel SPDS neutron flux indicaters for reactivity
control. APRMs calculate the neutron flux anc provide & sinole power level
represent ing the average value for 211 core regions, The plant Technical
Specifications require the APRM to be operable durire all modes of operatior
except cold shutdown, SRMs arc necessary to monitor the reactivity statys
during shutdown arnc startup.

Cther parameters considered for rezctivity control were control rod position

or control ro¢ status lights (“all in"). Control rod positicn indication is
useful but of limited value since ar indication cf partial insertion weuld
lcave the power leve ndetermirate, For some plants, identification ot the
control rod intertion level is an involved procedure requirire the use of a
computer console to call up rod bank positions, OUne specitic exception 1o

this 18 ar SPDS which incorpc "ates & scram event status target light on the
SPDS displey. This wat reviewed and accepted by the staft as ¢ substitute for
the SRMs basec on the condition that the scram status is continuously monitored
and receives input from the Sk¥s.

Boiline water reactors presertly use a stendby ligquid control system (SLCS) tc
inject boron inty the reactor coclant system. Its purpose 15 to shut down the
reactor and maintain shutdown in the event the control rod drive system is
inoperable. Unlike Pwks, BWRs dc not contain boron under nornal operating
conditione, and boronometers are not part of the BWR desigr. The injection of
boror would be sufficiently identified through the APEM instrumentation alrcady
part ¢f the SPDS., Since boronometer instrumentation is not part of the BWR
design, we consider such @ new desior requirement %o be outside che scope of
SPDS reviews,

Core Cooling and Heat Kemoval

The primary parameter for indicating of core cooling is reactor pressure

vesse) water level. General Electric (GE) enalyses show That 1t 1 unTikely
That fuel demace will occur as long as the core i¢ twu-thirds covered, Also,
the Emergency Procedure Guidelines (EPG) arve keyed to important operator
acticrs at various water levels, A knowledge of total core flow, &lthough
useful information, is not considered an essential parameter for a rapid
assessment of core cooling and heat remcoval safety function since an adequate
water level is sufficient for this purpnse. Aiso, the EPGs do not address core
flow a5 a key indicator, which is consistent with this conclusion,

Heat removal monitoring under conditions other than cmergency CoOiiitions
(e.9., shutdown cocling) is previded by variables associated with the shutdewr
cooling mode of the residuz) heat remove) system (RHR)., Also, for containment
cooling and low pressure coolant injection (LPCI1) modes of the RHR, water 1is

circulated from the suppression pool through the RHP heat exchangers to the <pray




hescers and the reactor pressure vesse) back to the suppression pool, Since the
csuppression pool provides & heat sink when the méin condenser is isolated, the
suppress on pool temperatures anc water leve) should be monitored to indicate
the stefus of heat reroval capebi11ty,

Consideration wes ofven to the status uf the core spray systen flow as a
perameter for the heat removal safety function., Lither the low pressure spray
system or hioh pressure spray system are capabie of autometically grcviding
adequate core cooling “o prevent fuel damage. HMowever, since the EPGs have
keyed operator actions to vessel water level (such actions es verificatien of
system actuation), it is water level that still remains the essentiz) core
cooling indicator. Aithough ECCS injection status is important as follow-up
verification of a response to a rapid initial determination of inedecuate water
level, the first assccsment of @ potential core cooling problem throuoh water
level serves the purpose of SHDS.

111.F.2.¢c. Pressure Vesse) Integrity

Feactor pressure vessel pressure 15 & fundamental paramcter for monitoring
reactor coovant fystem integrity since a sudden decrease could be indicative of
a breach of the coolent system. Increasing reactor presture could incicate &
leet of adequate heat removal, and a subscquent chéllenge to KCS integrity.
(Drywel] Fressure 1s considered of secondary interest reletive to vecse)
integrity: an increase in drywell pressure results trom a ccolant system break,
However, since drywel) pressure i¢ & fundamental parameter for containment
integrity, it wae included as part of the SPLS.)

111.F.c.d, Radioactivity Cortrol

Three radiocactivity monitors are considered essential for the radioactivity
control safety function, The station vent stack monitor is importart since it
measures noble gas radiaticr and allows Tor decay of the short-lived nitrogen

16 isotope. The vent stack rele2sc rate is also an important parameter used in
the generic [PCs. A containment activity monitor is essential since it provides
the status under containment fsolaticr conditions (station vent stack monitor is
unavailable). An oft-gas post-treatment ettluent monitor also measures noble
gas actfvity and 1s considered cssential 17 7° represertc a sepavate effluent
point from the station vent stack monitor. Like the station vert stack monitor,
it 1s not continuously availeble following containment isolation.

Cther uscfu) monitors may be proposed but are not considered essentiel for
SPDS. The monitors ¢elected should measure cdelayed activity to avoid N-16
interference (7-sec half 1ife). The performance of fonizaticn .hambers makes
them leact preferred for this epplication; therefore, the HVAC (exhaust)
monitors are nct considered essentia) for SPDS. The nain stear Yine monitor is
a gamme ion chamber which measures N-16 and ¢ not considerrd essenrtial for
SPDS. The stanuby gas treatment monitor, located between he HVAL monitoure ard
the plant stack vent, 1s considered o secondary parameter (not essential for
SPDS). Monitoring the radioactivity reator vessel water level is presently
performed by sampiine from the recirculatior cvstem loops and analysis in the
cample roon. The continvous sampling system activity monitors prescntly used
are not usetul following iscletion, Although the post-accident campling system
eventually provides & reprecentative senple for evaluation, direct, continuous
monitering is not presently pert of the SPDS design, Such & new BWK cesign
requirement s censidered cutside the scope of the current SPLS review.
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111.F.2.e. Containment Conditions

Several essential parameters are tundamenta’ to the containment concditions
safety function, Drywel) pressure is cornsidered ¢ primary variable for status
indication ¢ince a r‘se Tn arywel] pressure eventually results in 2 reactor
trip end ‘s the primary threst to contairment integrity. Other primary
variables related to containmecrt integrity are monitered to determine the |
status of the suppression pool heat absorption cepebility and containment
environmenta) conditiens, These are drywel) tempera‘ure, suppression poo)
tempcrature, suppressior pool water level, and corteinment tenperature (Mark
\

only). 1In adgition, rogen* and oxygen r nitors shou e included on
the SPDS to mcnitor the pofenfia1 Tor ﬁyarogen TeTYagratior, Containment
isolation valve status 1is also & primary indicator of & potential release path,
provices necessery assurance that these paths are closed, and is therefore
considered essential for SPDS parameter cieplay.

1V, DEFINITICH OF AN OPERATIONAL SPDS

In the staff's past reviews, controversy has cccasionelly 2 isen over the staff's
interpretation of orders or license conditions that require the licensee or
applicant to have a fully operational/cperable/operating/furctional SPUS in-
etalled in the contro) roerm by a certain, negotiated date. A'though different
terms were used to define the concept of operability, the staff's intert is that
the contro) room be provicded with a safety parameter display as required by
Supplement 1 to NUREG-0737. The staff has corsidered an SPDS operational, if it
is described as follows:

i Has been fully' tested, irstallec, accepted, eénd turned over to plant
operations for use.

v Provide¢ the defined function of SPDS, i.e., disyley the minirwn
information sufficient to &1low operaters to assess plant safety status;
specifically, display sufficient informetion to monitor the five safety
functions cefined in Supplement 1 to NUREG-0737,

. Provided valid, reliable information in a continuous dicplay.

" Functions as a system that includes clearly written procedures for
its use and operators that have been fully trained to operate éend
interpret its displays.

The steff discovered severa) SPPSs that hac been declared operational, but

were in fact, so unreliehle that operators woulc nout or could not use them.
Cenerally, these systeme were not fully tested ard were undergoing significent
de-bugging and mocification., These systeme ¢1so exhibited chronic system-wide
or furctional feilures, often without adequate warring to alert operators that
the SPDS disploys were invalid, inaccurate, or outdated, These problens were
compounded by lack of adequate operator training regardine SPDS,

* rot necessary for inerted containments




The stafi's practice to determine whether ir SPDS 1s operational has been that,
if operators cannot routinely use the SPPS to determine the status of all five
safcty functions, for whatever reason, it is not operational. For example, if
there is not enough valid information being displayed (as defined by the
licensee's 1ist of approved SPDS parametere) to allow operators Lo 2fsess one
or more of the safety functions (as cefined in Supplement 1 to NUREG-0737,
Section 4.1.f), the SPDS is not operational,

Unreliable hardware and software, arcd lack of adequete training are commor

reasons that SPDSs do not functior properly even after being declared operatiore]l,
The staff proctice gencrelly has ret challenged licensees' claims that their

SFDS is operationa) unless the SPDS has chronic reliability problems, the opera-
tors are poorly treined or net trained at #1), and the SFDS is providing invelid
information for sionificant periods of time (i.e., Yorger than nceessary for
norme) mainterance or software prograrming work orders to be executed).

In summary, the statt finds acceptable an SPDS that fully provides 1ts required
tunction as evidenced by the ability of operators to determine the status of 81)
Five safety furctions identified 1n Supplement 1 to NUREG-07o7.

V. SUMMARY

The c¢taft hes provided examples of SPDS features eond characteristics thet
acceptably satisfy the requirements for an SPDS. Definitions, assumptions,

and general prirciples that are basic tc staft practice during evaluations of
SPDS were also provided. This discussion should clarify some ot the confusion
that surrouncs implementation of the requirenents for the SPDS, and provide a
conmon conceptiil framework for the pest-implementation reviews, audits, and
inspections that lie ahead. The SPDS is an important initiative in the
industry's effort to improve emergency respense. The purpose of this report is
to communicate to the industry acceptable waye of implementing the SPDS require-
ments so that deficient systems may be impreved as necessery, that systems still
under development may be optimized, anc that the reculatory review process may
be streamlined by providing licensees with sufficient infernation to torewarn
them of 1ikely problem areas,
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