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UALITATIVE FUNCTIONAL DIVERSITY ASSESSMENT

EXECUTIVE SUMMARY

On April 21, 1992, AEPSC representatives had a meeting with the NRC on the

' replacement of existing analog reactor protection process instrumentation with

digital Foxboro Spec 200/Spec 200 Micro Electronics instrumentation. During this
meeting, AEPSC was asked to assume a common mode failure (CMF) of the software
of the new digital equipment during a postulated accident and then provide
details as to whether operators could mitigate the consequences of the accident.

In response to this request, a functional diversity assessment of each updated
FSAR (UFSAR) event assuming a common mode failure of the software has been
performed. In this assessment, all the events for both Units 1 and 2 of the Cook
Nuclear Plant given in the UFSAR were considered. A review was performed to
divide events into potentially affected and not affected. Table-1 lists these
events and indicates whether they would be potentially affected or not affected
if a CMF were to occur, The potentially affected transients were then
individually evaluated qualitatively in light of the FSAR analysis.

Each event evaluation was recorded on a form of the type shown in Appendix A.
This form outlines the thought process employed. The first column in Appendix
A contains the UFSAR transient number listed in Table-l., The second column
includes the name of the transient. The third column depicts the trip/safeguard
function for reactor trip. This information was obtained from the UFSAR. The
fourth column includes the information on the impact of common mode failure on
the reactor trip function. If the trip function is processed outside of the new
digital reactor protection system, then the trip is available, e.g., trip on
nuclear instrumentation system high flux., If the trip is processed by a function
that is a part of the new digital equipment, then the trip/ESF function is
assumed to be lost. However, for some functions, alternate indications and/or
diverse alarms are available. The alarm/alternate indications that are available
to the operator to mitigate the transient are given in the next column. The
sixth column lists pertinent diagram numbers. The seventh column summarizes the
consequences of the umavailability of diverse alarm. The last column provides
the evaluation of the event. In this column, we have discussed the consequences
of the operator'’s response on reactor safety.

Based on this evaluation, we have concluded that the CMF of the new digital
equipment has no significant adverse impact on the public safety. Some reactor
trips are not affected by the installation of the new digital equipment. Among
these trips are neutron high flux and high rate trips, undervoltage and
underfrequency trips and reactor trip on turbine trip. However, for events
protected by trip actuations affected by the CMF, the operator will be alerted
to the event by an alarm. ' He will then provide the appropriate actuations
manually and enter the emergency operating procedures. For some accidents, such
as locked rotor, the consequences could be more severe than currently analyzed
due to the longer response time for the required actuation. However, our
evaluation indicates that the affected unit can be brought to a safe condition
and the current LOCA offsite dose evaluation will remain bounding. From these
results, it is believed that a CMF of the new digital system would have no
adverse effect on the health and safety of the public. ’




UFSAR

TRANSIENT #

Table-1

TRANSIENT

POTENTIALLY
AFFECTED (A)/
NOT AFFECTED(NA)

14.1.1 Uncontrolled RCCA Withdrawal from a Subcritical Condition A
14.1.2 Uncontrolled RCCA Withdrawal at Power A
14.1.3 Rod Cluster Control Assembly Misalignment A
14.1.4 RCCA Drop A
14.1.5 Chemical Volume and Control System Malfunction A
14.1.6 Loss of Reactor Coolant Flow A
14.1.7 Startup of an Inactive Reactor Coolant Loop A
14.1.8 [Loss of External Electrical Load A
14,1.9 Loss of Normal Feedwater Flow A
14.1.10 Excessive Heat Removal due to Feedwater System Malfunction A
14.1.11 [Excessive Load Increase Incident A
14.1.12 |Loss of All A.C. Power to the Plant Auxiliaries A
14,1.13 [Turbine-Generator Safety Analysis A
14.2.1 Fuel Handling Accident A
14,2.2 lAccidental Release of Radioactive Liquids A
14,2.3 Accidental Waste Gases Release A
14.2.4 Steam Generator Tube Rupture A
14.2.5 Rupture of a Steam Pipe A
14.2.6 Rupture of a Control Rod Drive Mechanism Housing (RCCA A
Ejection)
14.2.7 Secondary System Accidents Dose Consequences A
14.2.8 Major Rupture of a Main Feedwater Pipe A
14.3.1 |Large Break LOCA Analysis A
14.3.2 Loss of Reactor Coolant from Small Ruptured Pipes or from A
Cracks in Large Pipes which Actuates the Emergency Core
Cooling System
14,3.3 Core and Internals Integrity Analysis NA
14.3.4 Containment Integrity Analysis A
14.3.5 Environmental Consequences of a Loss of Coolant Accident - A
14.3.6 Hydrogen in the Containment After a Loss of Coolant A
Accident
14.3.7 Long Term Cooling NA
14.3.8 Nitrogen Blanketing NA
14.4.2 Postulated Pipe Failure Analysis Outside Containment NA
14.4.3 Analysis of Emergency Conditions NA
14.4.4 Stress Calculations ' NA
14.4.5 Description of Pipe Whip Analysis NA
14.4.6 Compartment Pressures and Temperatures - NA
14.4.7 Description of Jet Impingement Load Analysis NA .
14.4.8 Containment Integrity : NA -
14.4.9 Plant Modifications NA
14.4.10 Environment . NA
14.4.11 Electrical Equipment Environmental.Qualification A
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URIT 1 and UNIT 2

FSar
TRANSIERT #

TRANSIENT

TRIP/SAFEGUARD FUNCTION FOR
RX TRIP FSAR

IMPACT OF COMMON HODE
FAILURE (CHF) OH TRIP
FUNCTION

ALARM/ALTERNATE IXDICATION
SYSTEM AVAILABLE

DIAGRAN #

CONSEQUENCES OF
UNAVAIRASILITY OF
DIVERSE ALAXN

EVALUATION OF EVENT




Other_fndications
Pressurizer pressure panel

frdication

Pressurlzer pressure
recorder

Pressurizer pressure
cocputer indication
Pressurizer level panel
{ndication

pressurfzer level recorder
pressurizer level cccputer
fndication

Uide range tecperature
records

Other Alares

Pressurizer high pressure
deviation via control
systea

Four high pressure alares
via control systea
Pressurizer high level
deviation via control
systea

Hlsh tevel via control
systen

Acoustic monitor flow
detected

is a ropld Increase In
the coolant
tecperature shich s
pagnified by a
positive NIC. This
incresse could result
{n DN with subsequent
odverse effects to the
fuel, 1f the Rx Is not
tripped procptly.
(FSAR, page 14.1.6°1)
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UNIT 1 and WNIT 2
L]
l‘ FSAR TRARSIENT TRIP/SAFEGUARD FUNCTION FOR THPACT OF COMMON MOOE ALARM/ALTERNATE INDICATION DIAGRAM # CONSEQUENCES OF EVALUATION OF EVENT
TRANSIENT # RX IRIP LFSM “{.l-L.l) FAILURE (CHF) ON TRIP SYSTEM AVAILABLE UNAVAILASILITY OF
FUNCTJON DIVERSE ALARM
14.1.6.1 Loss of Forced Reactor | 1. Rx trip on reactor Not Affected Reactor Coolant Purmp None The Rx teip on reactor coolant purp power supply
Cootant Flow coolant pump power supply underfrequency and N undervoltage and underfrequency resains
udervoltage or undervoltage slam . unsffected by a coomon mode failure (CHF) of the
underfrequency (Procedure 1, 2-CHP, 4024, new digital instrumentation.
107, 207) The resctor trip on loss of flow in a coolent
loop s lost on CHF for each loop. These are mo
Diverse Alares avallable; however, panel
2. Rx trip on low reactor tow flow Rx teip lost (for Indlcstion Avaltable F0-2101 1f the Rx is at power Indication and corputer lndlcnlon sre svailable
. coolent loop flow. all four loops) Panel indication Sheet 3 st the time of the for the low coolant loop flow.
cocputer Indicstion ard & sccident, the *
Diverse Alarm Available {emediate effect of a Two cases of loss of flow are discussed In FSAR
None loss of coolant flow (14.1.6). The sirultaneous loss of power to all

4 RCPs can occur due to elther underfrequency or
undervoltage, shich is not irpscted by Qif. This
situation fs highly untikely, since esch purp is
connected to a separate bus, vhich s suwplied
by one of two transformers.,

The consequences of the loss of flow Include an
fncrease in Tavg, pressurizer pressure, and
peessurizer water tevel, WUlde range RCS
tecperature recorders (meoo dated 972792 {roa M,
G. Sotos to V. D. VanderBurg) sre availsble to
the operator to Indicate sn Incresse In Tavg,
There s no Rx trip on high Tavg. The
pressurfzer pressure will continue to rise until
the operator gets s high pressure deviation
alara st 2325 psfa (2-OHP 4024.208 Drop 7) for
tnit 2 and 2175 psia for Unit 1. The Rx trip on
high pressure (setpoint < 2400 psia) Is lost due
to CHF. Homever, diverse alares (meco dated
972/92 froa W, G. Sotos to V. D. VanderBurg) are
availsble. It s evident that the high pressure
deviation slsrm uitl draw the operator’s
attention, and he will trip the Rx manually.

The operator uill slso be likely to see the high
Level deviation alarn at 5X above progras. 1lhe
consequences of this manusl Rx trip are
discussed below,

Crude extrspolations of DNBR for these events
suggest that MONBR could be reached within #16
to =18 seconds for loss of flow In one loop.
sinilar extrspolations suggest that the high
pressure deviation alara would first be received
«5 seconds Into the transient although the «
operation of pressurizer sprays witl increase
this estimate. Allowing «50 seconds for
operation response it Is clesr that DN could




UNIT 1 and INIT 2
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FSAR - | YRANSIENT TRIP/SAFEGUARD FUNCTION FOR IMPACT OF COMMON MOOE ALARN/ALTERNATE INOICATION DIAGRAN # CONSEQUENCES OF EVALUATION OF EVENT
TRANSIENT ¥ RX TRIPCFSAR Iq .|.c,|) FAILURE (CMF) ON TRIP SYSTEXR AVAILABLE UNAVAILABILITY OF
fUNCTION DIVERSE ALARM
16.1.6.1 oceur resulting In clad damsge. Since a massive
(cont’d) .« sultiple failure Is assumed for this event, this

{s belfeved to be scceptable. With a loss of
flow In one locp total core flow should remaln
»30X removing the bulk of the heat from the
cofe, liniting the deterloration of the core
prior to manusl resctor trip. The portion of
the core that experiences DNB s expected to
hest up until the Doppler coefficient shuts it
down, Fuel {s not expected to melt but clad
burst and oxidation ere anticipated. 1t should

.also be noted that this event was analyzed with

a positive soderstion coefficient (KIC) of 45
pee/*F. This value {s oore Liniting than the
Technical Specification linft at 100X RTP. It
is conservative and provides substantial sargin
throughout eost of the tife. This causes power
to Increase as the coolant tecperature
Increases, A more realistic assurption for
beginning of cycle fs o-4pe/oF. A negative NIC
uill tend to shutdown the core as tecpersture
increases nitigating the event. The HIC becoces
substantially more negative as burrep
progresses. The Cook Units are base loaded and
cperste ulith control rods in the all ocut
posfition at full power. Therefore, the
possibility that sutomatfc rod control might
withdrew rods will have no Topsct becsuse rods
are essentially fully withdrawn, After reactor
teip, the emergency operating peocedures provide
for nitigation activities to bring the machine
to a safe condition. .
In the evaluation of the previous parsgraph, an
operator response time of »50 seconds was
assumed, Uithout a reactor trip, pressuclzer
pressure and level are expected to continue to
increase after the first alarms sre recelved.
Uhen pressure resches 2250 psfs, the PORVs will
open resulting in an scoustic nonltor flow
detected alarm. Extrapolating the snalysis
curves, vhich do not model pressurizer spray,
this could occur before KOKBR {s resched.
Therefore, It {s Likely that an sceumstation of
alarms will occur before 60 seconds have
elapsed. Therefore, the operators response time
zay be less than 60 seconds for this event,
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UNIT 1 and UNIT 2
FSAR TRANSIENT TRIP/SAFEGUARD FUNCTION FOR TKPACT OF COMMON MOOE ALARM/ALTERNATE IKDICATION | DIAGRAM # CONSEQUENCES OF EVALUATION OF EVENT
TRANSIENT ¥ RX TRIP CFSAR tu.1.¢ ,‘) FAILURE (CHF) ON TRIP SYSTEX AVAILABLE UNAVAILABILITY OF
3 FUNCTION DIVERSE ALARH
14.1.6.1 The post tikely csuse of an event of this type,
* (cont?d) -~ Is a fallure of the resctor coolant purp (RCP)

or its motor. The operator is provided with a
significant muber of alares to glve hin
information regsrding the RCP's and motors.
These alares Include RCP motor differential
trip, RCP motor overload trip, and RCP motor
overheated, therefore, 1t is Likely that the
operator witll have Information available which
will altow hin to anticipate and, therefore,
substantially mitigste the event.
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UNIT 1 and UXIT 2 . "

FSAR TRANSIENT TRIP/SAFEGUARD FUNCTION FOR IMPACT OF COMMON MODE ALARM/ALTERNATE INODICATION DIAGRAM # CONSEQUENCES OF EVALUATION OF EVENT .
TRANSIENT # RX TRIP QSAR 4.1.¢. 2) FAILURE (CMF) ON IRLP SYSTEN AVAILABLE UNAVAILABILITY OF

FUNCTION DIVERSE ALARM
16.1.6.2 Locked Rotor/Shaft Resctor trip on low flow Low flow resctor teip lost Indications Availsble Fp-2101 1f the Rx {s at power The FSAR enalysls for this event assumes sn

Bresk Accident signal (meo0 9/2/92 peco frea U, Panel indication * Sheet at the tize of instantaneous selzure of a resctor coolant purp
G. Sotos to V. D. Cocputer Indication Jandd secident, the rotor. For this event, the resctor trips on low
Vendergurg) Diverse Atarm Avaftsble {roediate effect of a flow signal. The cocrmon mode fallure (CMF) of

None

Other Indications
Pressurizer pressure panel
trdication

Pressurizer pressure..
recorder

Pressurizer pressure
cooputer Indication
Pressurizer level panel
fndication

Pressurizer level recorder
Pressurizer level cocputer
indication

Vide range terperature
records

Sound of pressurizer
safety valves

Other Alares

Pressurizer high pressure
devistion via control
systea

Four high pressure alarms
via control systea
Pressurizer high level
deviation via controt
systea

Kigh level via control
systea

Acoustic monitor flow
datected

toss.of flow (selzure
of a RCP rotor) {s sn
increase In the
coolent tecpersture.
This increase could
result In DXB with
subsequent adverse
effects to fuel, {f
the Rx {s not tripped
procptly (FSAR, Page
14.1,6-1)

the new digital Instrumentation would result in
a loss of low flow Rx teip signal, ‘

The loss of flow will Increase the coolent
terperature and an Incresse in pressurizer
pressure due to a reduction In hest recoval.
The ulde renge RCS terperature recorders (oemo
dated 9/72/92 froa W. G. Sotos to V. D.
VanderBurg) are svallable to the operstor. the
pressurizer pressure will continue to rise, and
the operator uilt get a high pressurlzer
deviation alarn at 2325 psia (Procedure 2-OKP
4024.208 Drop 7) for Unit 2 and 2175 psis for
Unft 1. The resctor trip on high pressure
(<2400 psfa) s lost due to CHF. Kowever, high
pressure diverse alerss are availeble (oo
dated 972/92 froa W. G. Sotos to V. D.
VanderBurg). Therefore, the high pressure
deviation slam uill draw the operator’s
attention to trip the reactor manuatly.

4
This event {5 very much Uike the loss of forced
reactor coolant flow In one loop, MHowever, it
is more severe In that totel core flow is
reduced pore rapidly to a lower value, The
total core flow s reduced to »70% within »2
seconds. As the coolent heats up, a significant
Incresse In pressure occurs, The pesk snalyzed
pressure for both units is #2590 psia. This
peak occurred at o2 seconds after the resctor
trip at 1 second. This pressure Is less than
110X of the design pressure, l.e. 2750 psis.
However, f resctor trip s delsyed ~50 seconds,
ft cannot be stated uith certainty that this
pressure would not be exceeded, HKowever, the
snalysis takes no credit for pressurizer sprey
or the pressurizer PORV’s, " It Is also the case
as uith the loss of forced resctor coolant flom
that the analysis was performed with a positive
moderator tesperature coefficient (NIC) of +5
pea/*F.  This velue Is more {imiting than the
Technical Specification Linft at 100X RIP. It
s conservative and provides substantial margin
throughout the core life.




d UNIT 1 and UNIT 2

FSAR TRANSIENT TRIP/SAFEGUARD FUNCTION FOR THPACT OF COMMON MOOE ALARMJALTERNATE INODICATION | DIAGRAM ¥ | CONSEQUENCES OF EVALUATION OF EVENT
TRANSIENT # RX TRIP LFSAR 14get. 6,2) FAILURE (CHF) ON TRIP SYSTEM AVAILABLE UNAVAILABILITY OF .
FUNCTION DIVERSE ALARM '

14.1.6.2 . - Therefore, as Tavg §s increased, power fncresses
(con’t) . In the snalysis. As Indicated in the loss of
forced reactor coolent flow, a more realistic
beginming of cycle HIC, would be
s~4pcey/*f. Throughout core life the HIC would
. decrease to the «-20pco/*F. The feedback frea

4 the NIC would therefore tend to shut the rescter
o down rather than Increase power in sn actuat
h event. The Cook units sre base losded and
operate uith controt rods in the all out
position at full power. The possibility that
sutocatic rod control might withdraw rods witl
R have no frpact becsuse rods sre essentially
fully uithdrewn, These considerations lead us
. to conclude that it {s unlikely that pressurizer
pressure would exceed 2750 psfa and virtually
{spossible to exceed 3200 psig, the ASKE Bofler
. and Pressure-Vessel Code Level C critericn,
shich was used for AMSAC design.

In the snalysls, ONB {s expected to occur. In
the event of a delay of reactor trip by -0

seconds, this situation can only be exscerbated.

The operation of pressurizer sprays end PORV'S

shich mere not modeled In the snatlysis will also
result In 2n Increase in fuel rods fn ONS.

. Rowever, It is believed that the availeble flow
will prevent the core from degrading to
condition shere ft cannot be cooled after trip.
The portion of the core that experiences DX8 s
expected to heat wp until the Doppler

- coefficient shuts it down. Fuel is not expected || !
to pelt but clad burst and oxidation are
anticipated. Substantisl core damage is
acceptable for this event shich is an ANS
condition 1Y event with massive multiple
failures.

In the evatuation of the previous two .
paragraphs, an operator response time of &0

. - . seconds was assumed. However, this event is

expected to be very dramatic. Several

pressurizer alarms can be expected within

Lo seconds of the start of the event including the

scoustic monitor flow detected alarm, The

pressurizer safety valves can be expected to

Lift shich creates an frpressive sound in the

control room, Therefore, the operators resporise

may be less than 60 seconds for this event.




UNIT 1 and INIT 2

FSAR TRANSIENT TRIP/SAFEGUARD FUNCTION FOR IMPACT OF COMMON MOOE ALARM/ALTERNATE INOICATION DIAGRAN # CONSEQUENCES OF EVALUATION OF EVENT
TRANSIENT # RX TRIP LFSAR j9.1.0.2) FAILURE (CMF) ON TRIP SYSTEM AVAILASLE UNAVAILABILITY OF
FUXCTION DIVERSE ALARM
14.1.6.2 ’ As In the case of loss of forced reactor coolant
(con’t)

flow, the post likely csuse of event of this
type, is the fallure of the reactor coolant pup
(RCP) or potor. The operator Is provided uith a
significant mucber of starms to give hia
information regarding the RCP’'s and motors.

These slares Include bearing tecp high, lower
bearing seal water tecpersture high, lower
bearing cooling water flow low, upper ofl pot
tevel high or low, snd lower ofl pot level high
or low, Therefore, it s likely that the
operator will have Information svaileble svhich
will allow hin to anticipate end therefore,
substantially mitigate the event.

for Unit 2 sn offsfte dose caleutation was
performed 8s 8 part of the transition to
Westinghouse Vantage S fuel. Jhe site boundary
doses were 3 rea, thyrofd and 0.3 rea shole
body. These sre very szall fractions of the
10CFR100 criterfa, MHowever, uith a delay in
reactor trip of +60 seconds, it {s anticipated
that core dsnsge uill be {ncreased
significently. Nevertheless, the 10CFR100
criteria are expected to be satisfied for this
cordition IV event. In section 14.3.5, an
offsite dose snalysis for LOCA vhich s
{dentified 83 the maxienm hypothetical accident
s described. For this snalysis, it §s assuved
that 50X of the core {nventory of halogens and
100X of the core inventory of nobel gases sre
relessed to containment stmosphere, Table
14.3.5-10 of the Unit 2 UFSAR and Table 14.3.5-7
of the Unit 1 UFSAR display the doses for this
snalysis. They sstisfy the criteria of
10CFR100. Since the RCS is anticipated to be

fntact after a locked rotor event, it is
expected that the doses for the eaximn
hypothetical accident will substantially bound
the locked rotor event doses.
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. Attachment to AEP:NRC:1159E

RESPONSE TO RAY ITEM 2

This item requested information pertaining to a) the need to perform a pre-
operational end-to-end check of the new equipment, and b) information related
to the effect of resistor tolerance on equipment calibration.

Regarding item a, as discussed with your staff during the December 20, 1993
meeting, a pre-operational end-to-end loop check is not necessary, based on the
pre-operational test methodology that will be employed. Pre-operational testing
is comprised of the following elements:

1. Electrical wiring and basic functional checks of the racks, using
standard plant installation procedures. ‘

2. Electrical wiring and basic functional checks, f£from the rack
bistable output to driven devices external to the racks, using
project-specific installation procedures.

3. Calibration+from the transmitter to the first rack test point,
using standard plant calibration procedures.

4, Calibration from the rack test jack/first test point to the end
panel or control device, using standard plant calibration
procedures.

It is important to note that the first rack test point is the key overlap point,
and that loop current is monitored at each calibration test segment (via test
point resistors). This test program results in a total end-to-end loop check
through. overlapping. This methodology is the current practice at the
Donald C. Cook Nuclear Plant and is common for the industry. The test
methodology adequately complies with IEEE Standard 338-1977.

Regarding Item b, as discussed during the December 20, 1993 meeting, the
calibration methodology adequately compensates for test resistor tolerance
effects. Test point resistor tolerances do not impact loop accuracy or
performance. There are no effects caused by test point resistor tolerances
because these effects are calibrated out per the system design and the
calibration methods. This is accomplished by calibration of the field device
and the rack components using a common reference test point as the key overlap-
point. Use of this common test point allows the technician to adjust the
calibration of the rack components so that test point resistance tolerance
effects are eliminated.







