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NPPD STTE AVAILABILITY TEST REPORT

07 Apri 1 1986

1.0 Purpose

The purpose of this report is to describe the results of the 1000 hour
Availability Test. Included with this Test Report will be the foliowing
Attachments:

a. Revised Availability Test Plan (2/20/86)
b. Test Logs
i. PMIS Availability Test Log (PATL)
ii. PMIS Availability Test Problem Report (FATFR)
c Problem reports written during Availability
d. A list of spare parts used
e. A list of accumulated outage time (included on the PMIS Availability Test Log)
£. A list of accumulated hold time (included in the PMIS Availability Test Log)
g. A calculation of system availability.

The Availability Test took place on 21 February 1986 through 04 April 1986 at
Cooper Nuclear Station (CNS) Brownsville, Nebraska.

2.0 Test Objectives

The objective of the NPPD Availability Test was to have at least 99.5
percent system availability for the 1000 hour test. The purpose of the
Availability Test is to demonstrate that the svstem, as installed, provides
a high degree of availability in a normal plant operating environment.
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Test Environment

The Availability Test was performed at the Cooper Nuclear Station, using
the DEC Computers and other associated hardware in their final configuration.

4.0 Test Tools

No special tools or test equipment were used during the Availability Test.
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Test Results

During the Availability Test, the total run time was 1005.73 hours. This
includes 5 hours 1l minutes of accumulated hold time and 33 minutes of
accumlated outage time. Two problem reports were written during the test.
These are PATPR 1 and PATPR 2 which are attached to this test report.

The System Availability Test was completed successfully on 04 April 1986
with an availability of 99.94572.

6.0 Spare Parts

No spare parts were drawn from the DISTRICT's inventory; however Digital
Equipment Company provided two disk packs under the maintenance agreement.

Disks DULO and DUL1l were replaced on the "B" svstem.
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K.

.

Alterarion to SAIC supplied software shall not be permitted unless

required to correct an error. These alterations must be approved
by SAIC prior toO implexmentation.

Alterations to the hardware shall not be perzitted unless
required to correct a failure, or in the copinion of SAIC,

14+

such changes will izprove system reliability.

Availability test logs and records as defined in this test
procedure will be maintained by DISTRICT personnel.

During the availability test the DISTRICT or its authorized
agents will operate and maintain the PMIS svstem in accordance
with SAIC supplied documentation and procedures. The DISTRICT
or its authorized agents will supply qualified service engineers
or agents to perform all required system maintenance, both
preventative and remedial.

SAIC shall support the DISTRICT by providing a service representative
on-call 24 hours/day, 7 days/week for duration of the availability

test.

Outages resulting from causes external to the computer system,
caused by negligence, misoperation, or misuse or abuse of the
computer system by employees or ageats of NPPFD, or due to exceeding
environmental and input specifications applicable to the equipment,
shall not be charged as accumulated outage tige but shall be accrued

as holdtixe.
All accuzmulated outage time, holdtize; and systea operating time shall
be mutually agreed upon by the DISTRICT and SAIC.

All spare parts used during the availabilicy test will be drawn
from the DISTRICT inventery purchased with the systes. SAIC will
repair or replace all spares used during the test. If a part

is required which is not in inventory, due to the failure of SAIC

to recommend appropriate spare parts, the svsteam will be considered
down until the part is obtained. The part will be repaired/replaced
and an additional unit placed into the inventory at ne cost to the

DISTRICT.

SAIC will have ready access to the DISTRICT's Availability Test log

at all times.

TEST DEFINITION

A.

shall be at least

SYSTEM AVAILABILITY - The system availabilicy
lated

99.5 percent for the 1000-hr test. Availability is calecu
as follows:

AVAILABILITY (PERCENT) = ((TDT-AOT)/TDT)*100

TEST DURATION TIME (TDT) =~ Total elapsed tize from start of
test to cempletion of test excluding holdtime. This tice

shall be a minimum of 1000 hours.

,1/24, o



0T = Tt - Th

Tt = time the PMIS system is undergoing the test
Th = time declared as holdtize

peT AA Ko
ACCIMULATED OUTAGE TIME (WBFY /= Accumulated Outage Time occurs
whenever any system function, hardware or software, is unavailable
in the Control Room, TSC or EOF. AOT is not accumulated when the
function unavailability is caused by holdtime except as defined
in this test plan. In the event of sultiple failures, the total
elasped time required for the DISTRICT or its authorized agents
to repair all problems, per—the—deitartion—ia—Ttem S—of—Ehts,, 277./{’
Geesien, will be counted as AOT regardless of the number of T
maintenance personnel available. .
AOT will emiw accumulate under the following circumstances® A Saele D

A Come’ e
ks Loss of any z:;i:ical inputs" required for SPDS displavs _57174

due to the failure of any SAIC-specified equipment.

Critical inputs are defined to include:

BOCO FO85 NO26 NO38 NO79 N797
BOO1 G032 NO27 NO4O NO82 N798
BOO2 G033 K028 NO&41 NOE3 N799
BOO3 NOL1 K029 NQ42 NO84 N800
BOO4 NO12 NO30 NO43 NO85 K801
BOOS %013 NO31 NO6 1 N276 N802
BO21 NOl4& NO32 NO62 N277 N803
D530 NO17 NO33 K063 N627 N804
D531 NO18 NO34 NO6S N628 N8oé6
D554 NO23 NO35 NO69 N629 N8Q7
D555 NO24 NO36 NO73 N630
FO84 NO25 NO37 NO74 N631

NOL19 KOzl N632

NO20 NO22 N633

L3
.

Loss of entire multiplexor, both IRCU's not communicating
with HBost Computer.

x Loss of both host processors or data concentrators. The loss
of a single processor or data concentrator will not require
downtize since automatic failover of all functions and
peripherals is provided.

4. Loss of the ability for an operator or engineer to be able
to access the system from at least one terminal in either
the Control Room, Technical Support Center, or Emergency
Operations Facility due to failure of a disk drive or other
peripheral device. This itea is further azplified in
Item 6, below.
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ATTACHMENT B

PMIS AVAILABLITY TEST LOG (PATL)
COOPER NUCLEAR STATION (CNS)

race / OF 4f
-4
AMUUNT | AMOUNT | AMOUNT | .
TIME T oT SOT AMOUNT | AMOUNT | AMOUNT
START STOP CODE* THIS THIS THIS ANT TO | AOT 10 | SOT TO CONCURRENCE
DATE TIME TIME (SEE OCCUR OCCUR OCCUR DATE DATE DATE COMMENT OR
(MM/DD/YY) (HH:MM) (HH:MM) | BELOW) (MIN) (MIN) \HR) (HR) (HR) (HR) SAIC - CNS PATPR NUMBER
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226 86 V2242 \r2. 038 o7 - ‘or 2t . r0F [/RY S0 37"/ 2U 7 %/
22046 2. 47 |HL-¢o A7 cd P - o ‘7 201 |\ v so| BadP |77 7¢ |2y
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37 8¢ leco'oo | c®o0 | SoT — - y:oo 127 Lo2 |28 20 | o | P
PATL = PMIS AVATLABILITY TEST LOG PATPR = PMIS AVAILABILITY TEST PROBLEM KEPORT
*TIME CODFS:
AOT = ACCUMULATED OUTAGE TIME HT = HOLD TIME THIS OCCURRENCE SOT = SYSTEM OPERATING TIME

AHT = ACCUMULATED HOLD TIME OT = OUTAGFE TIME THIS OCCURENCE
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PMIS AVAILABRILITY TEST PROBLEM REPORT (PATPR) NO. z

(Continuation Sheet)
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PMIS AVAILABILITY TEST PROBLEM REPORT (PATPR) NO. Z PAGE / OF I

NOTE: ALL times to be in 24 “our format - use PMIS time if available. VUse
continuation sheet if necessary.

DATE & TIME DETECTED 2-» /¢ o P DETECTED o (/7 VT

peTECTED BY (NAME) (- _é,/h/ PRIMARY = __~ BACKUP =
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NPPD CONCURRANCE (NAME / DATE) 7777 all | 220 -F¢
SAIC CONCURRANCE (NAME / DATE) 22_4_"&: / ﬂ Kff /1 3 -Zﬂ—fé
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PMIS AVAILABILITY TEST PROBLEM REPORT (PATPR) N\O.

(Continuation Sheet)
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START/STOP
TIME & DATE INITIALS ; CORRECTIVE ACTION TAKEN
/ Ve taol tvonend oo Uy 22T L
K (BI0 dtsiioely A7 #i) olioae oo I8 tip—
) JA@A it s B /417_64/ ZZ? 0. Ce
/ ] o ot m..#,_,/ Lone T2 IO 2 ‘_/\4./4, ” ”14;
/ &J#—/ngu (g 7. Mg_é‘{gﬂ
[ M_,b.Aj beodund, e Lo o Tibid ook
\ 4o £ o 4/ 24t aoat o Urrge. copde/
\ ru (0115 2 ﬁ(‘éﬁyblﬁ/ faad B ANk
.} QZ&A Ll tyillns <ot 2ol cittcatlin The
/ S Lo Au.llumuhq&/&n vl
/ (}/l/f" {44741th7 ;42 J/Z’" Za‘z" Pk il
[ 4&,{“&“&"_0@ Least -
‘ /4_' ﬁ 14‘ : i" é@
l /J-/% ,/r,,., L .M@sﬁa{_a__{z_
/ V24 Ao stzte tinng el Lo Lovuio
/ stk 2l chobosnd ol ihuniidid tnnd
\ w22V F e W
/ ) 2be 7t orbas dlley thoiedd 602 C
/ sidegs A l A ”’/ pasco 4.4.“'4 4.w4ui.~z/
/Z dboad aege sl Leiose EL1O ‘l((é [/u ;M“,A,
[ A )
\'// 'D A X yea JLA«:'«;// p 2 .ZgAL#L;/
/0015”2 2-gi 70 2C. ) 292
7944 17 Pé 290 7 ,L/ Al o W oo







\ 3-MAR-1986|
SELECT M'IIT. KEY OR TURM-0OM CODE l‘-'lh/ 88:34:12 EM £

.
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O S B ARCHIVE FILE IS
UTILIZATLION

100 I<E Tt SYSTEM STRHTUS

THE BACKUP SYSTEM HAS FAILED
20 FRILOVER HAS OCCURED
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NUMBER OF DIGITRHRL PTS-SEC
NUMBER OF PULSE PTS-SEC
NUMBER OF PR PTS-SEC
NUMBER OF BOOLEAN PTS-SEC
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NUMBER OF RO PTS-SEC
NMUMBER OF DO PTS~SEC
NUMBER OF ARCHIVE TRAMN LAST SEC
NUMBER OF ALARM TRANM GEN LAST SEC
NUMBER OF SOE'S PROC LAST SEC
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DATA COMCENTRATOR "“A" STATUS MO
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MAN-IN-THE-LOOP TESTING
FOR THE
SAFETY PARAMETER DISPLAY SYSTEM
AT THE COOPER NUCLEAR STATION

January 17, 1986

Prepared by:

Science Applications International Corporation

SAIC-86/3006



1. INTRODUCTION

< -~ - ' > 1 ’ { f rha mancinctha laor
his document describes the procedur d 1 s of the man-in-the-loop

for the Safety Parameter Display System (SPDS) at the Cooper Nuclear Station,
owned and operated by the Nebraska Public Power District (NPPD). The SPDS is an
integral segment of the Plant Management Information System (PMIS) recently installed at
the Cooper Station, and is intended to function as an aid to control room personnel dunng
abnormal, and emergency conditions in determining the safety status of the plant. The
PMIS and SPDS were designed and built by Science Applications International
Corporation (SAIC). The SPDS is described in detail in SAIC document no. 503-
8500000-78 (Ref. 1)
A considerable amount of attention has gone into the design of the SPDS to
nsure consistency with accepted human factors principals and maximum usefulness to
control room personnel. An extensive human factors plan was prepared and used in
* 4 -

esigning the system (Ref. 2). Also, input from NPPD operators was solicited in the early

L 4
=

e project, and incorporated into the design of the SPDS displays. The purpose

of man-in-the-loop testing is to serve as an additonal check to ensure a smooth integration

of the SPDS with the rest of the control room environment, the Emergency Operating

Procedures (EOPs), and the training of control room personnel




METHOD

PROCEDURE

Man-in the loop testing of the Cooper SPDS consisted of having plant operating

Taped, time-dependent transient data was utilized to drive the displays in a real ume mode,
with the transient daa displayed on the actual SPDS terminals installed in the Technical
Support Center (TSC) at the Cooper nuclear station. The transient scenano is described in
greater detaul later.

During the evaluation, each operating crew completed a two page "Display
Characteristics Questionnaire” for each display they observed (not all crews observed every
display). This questionnaire solicited operator opinions regarding the usefulness of the
display, as well as any observed deficiencies, and recommendations for improvement. A
copy of the questionnaire is provided as Attachment A. A copy of the test procedure, and
the instructions to the operators is provided as Attachment B

Five operating crews (including a training crew) were involved in the testing,
generating five sets of questionnaires. Test sessions were conducted over the peniod of
November 7, 1985 through December 3, 1985. Questionnaire responses were quantified

and reviewed by SAIC human factors staff during January, 1986.

TRANSIENT SCENARIO
The transient scenario utilized to exercise the SPDS displays was a "loss of
cooling accident” (LOCA), which lasts approximately 22 minutes. During the transient, the
following malfunctions occur:
1. Loss of feedwater flow
2. Reactor core i1solation cooling tnp
High radiation in reactor building
Turbine bypass valves fail shut
Core spray trip
Residual heat removal tnp

Loss of coolant (recirculation pump suction line break)

This transient scenario tape was compiled from transient data previously

obtained from the Brown's Ferry (BWR) simulator as part of the BWR Graphics Display

System Dynamic Screening Program (Ref. 3) which was conducted by SAIC for the BWR

Owner's Group, the EPRI Nuclear Safety Analysis Center, and the U.S. Department of




o~ L ad
¢
A.\\‘\.AA.\xa

Energy. The data was subsequently
in-the-loop testing at the Cooper

| rh N - ar ' ~ a4 A rtarhhen \ .
instrument readings depicting the transient scenano 1s provided as Attachment (




3. RESULTS

Questionnaire responses from the five operating crews were summarized and
reviewed in order to obtain overall ratings of the displays, identify problem areas, and
identify potential system/display enhancements. A summary of the questionnaire responses
is provided below.

3.1 DISPLAY DESIGN

Operating crews were asked to evaluate each display in terms of five specific
design criteria. In every case, display design was rated favorably by the majority of the
operating crews. In no case did any display receive an unfavorable rating from more than
one (out of five) crews for a given design related category. Approximately 92% of all crew
responses related to display design were positive.

3.2 AMOUNT OF INFORMATION

Operating crews were asked to evaluate the adequacy of the amount of
information presented in each display. For 22 of 24 displays, the majority of operating
crews rated the amount of information provided as being appropriate. In two instarces, the
majority of responders indicated that they would like additonal information provided. No
displays were rated as providing too much information. Eighty percent of all crew
responses received indicated that displays provided the appropnate amount of information.

3.3 USABILITY OF INFORMATION

rews were also asked to evaluate the information provided in the displays in
terms of being directly useable versus requiring transformation. In every case, information
was determined to be directly useable by the majority of responding crews. Overall,
approximately 88 percent of all crew responses were favorable.

34 RELATION TO EOPs

Crews were also asked to evaluate displays in terms of how well they related to
the new, symptom-oriented EOPs. Approximately 70 percent of the displays were rated as
being "related” to the EOPs with the remaining 30 percent rated as being "somewhat
related” by the majority of the responding crews. There were three instances in which a
single crew (out of five) did not feel the display was related to the EOPs. It should be
noted that some SPDS displays were not intended to be closely related to the EOPs. The
"Level 2" displays provide information on the five key safety functions identified by the




NRC in NUREG-0737 (Ref. 4). The BWR Emergency Procedure Guidelines (Ref. 5) and
the related Cooper EOPs are not closely tied to these safety functions. An additonal factor
related to the man-in-the-loop test was that information from recently updated EOPs had not
yet been incorporated into the displays at the time that man-in-the-loop testing was
conducted. This has since been done, which should strengthen the perceived relauonship
been the SPDS displays and the EOPs.

3.5 USEFULNESS OF DISPLAYS

Operating crews were also asked to rate the usefulness of the displays on a scale
from "detrimental” to "very useful”. Twenty-three of the twenty-four displays were rated
as "useful" by the majority of the responding crews. One display was rated as "not
useful”, and there were no displays rated as being "detrimentai”. The single display rated
as "not useful” was a static display, and it was recommended that some dynamic features
be added to increase its usefulness to the operator.

3.6 OPERATOR COMMENTS

Operators were also asked to provide comments and specific recommendations
for improvements to the various displays. Overall, some 60 distinct recommendations
were received. The majority of these recommendations suggested minor (potential)
enhancements to the system rather than corrective actions that were required due to
significant deficiencies. Many of the recommendations (primarily related to inclusion of
updated EOP information) had already been incorporated into the system before the
questionnaire data had even been reviewed. Other recommendations will be reviewed by
SAIC and NPPD for possible future enhancement of the Cooper SPDS.



SUMMARY

man-in-the-loop testing were quite positive. No

serious deficiencies were o in the system he majonity of comments anc

recommendations suggested minor enhancements which are currently being evaluated as to

their potential value. 1S cipated that as operators become more familiar with the

1 th

system, through training and experience, their perceptions of the SPDS system, and the

usefulness of individual displays will become even more favorable.
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COOPER NUCLEAR STATICN
DISPLAY CHARACTERISTICS QUESTICNNAIRE

Display Title

1. 1ls the display

Yes
Understandable?
Logically organized?
Uncluttered?
Readable?

Updated data at a
reasonable rate?

Suggestions for improvements (1f necessary, attach additional
with comments).

1s the amount of information presented
Too little? Too much? Adequate?

Suggestions for improvements.

The information in the display

s directly usable as s _ Requires transformation

Suggestions for improvements.




Page 2 of 2
QUESTIONNAIRE (Continued)

Does the information in this display relate well to the information
needs of an operator who is using the new, symptom-oriented Emergency
Operating Procedures?

Yes Somewnat NG Oon't know

e ——

pPlease explain:

How do you rate the usefulness of this display?

Detrimental Not useful Useful Yery useful

Please explain:

How do the features and data content of this display compare with
similar displays?

Additional comments.

Keviewer
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ACHMENT B
erAP BARPPRIAL
ca "QU’-'V'.-"L,

Following the classroom training instruction on the Cooper Nuclear Station (CNS) SPDS,
an operator evaluation of all of the CNS SPDS displays should be conducted. All raining
attendees should participate. The formal procedures follow. During the evaluation, no
more than three people should be stationed at an [DT termunal. If necessary, the simulated
transient should be repeated a number of times. The two page questionaire used during the
evaluation is attached.

l. Instruct the trainees as follows:

"A twenty-two minute transient will be run using the CVT simulator on the PMIS.
During this time, please view all of the 25 SPDS displays in any order or manner
you desire. At the end of the transient you will be asked to evaluate each display
individually. A two-page questionaire will be filled out for each display. Before
starting the transient, you will be given the display questionaire to see what type of
information is required from you. The only requirement during the testing is to
view each SPDS display at least once during the transient.”

2. Start the NUCVTZ simulator on a VT100-compatible terminal. When prompted for
a tran_ient name, enter

LOCA4
. % The transient will last approximately 22 minutes. At the end the output on the
terminal will say
'END OF LOCA4 TRANSIENT
4. Instruct the trainees as follows:

"Fill out the two-page display questionaire for each of the 25 SPDS displays.
Before filling out the questionaire, call up the appropriate SPDS display on the IDT
display. When finished, retumn the questionaires to the instructor.”
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