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4.0 INTRODUCTION

To address inadvertent feedwater related trips associated with
Tow-low steam generator water level, the protection system may be
modified, in accordance with 1ECE Std. 279-1871, with the addition of
the Environmental Allowance Modifier (tAM) and the Trip Time Delay
(TTD) circuftry. The EAM will distinguish between normal and adverse
containment environments and enable an adverse environment steam
generator low-low level trip setpoint only when an adverse
containment environment is present. The TTD will reduce inadvertent
reactor trips by delaying the trip, providing time for leve)
transients to stabilize and for water level to be restored. The
Celay 1s determined according to the power level of the plant and the
number of steam generators with fnventories below the low-low leve)
trip setpoint.
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2.0 SAFETY ANALYSIS DESIGN BAS!
2.1 Introduction

The Steam Generator Low-low Level Reactor Trip Environmental
Allowance Kodifier (EAM) and Trip Time Delay (TTD) conceptual designs
are the result of the Westinghouse Owners Group Trip Reduction and
Assessment Projram (WOG-TRAP) to develop a means to reduce the
frequency of unnecessary feedwater-relate” reactor trips. The
development of these concepts is documented in WCAP-11342-P-A
(Reference 1) and WCAP-11325-P-A (Reference 2), respectively. In
January 1988, the NRC issued Safety Evaluation Reports (SERs)
approving TTD/EAM conceptual designs of WCAP-11325-P-A and
WCAP-11342-P-A for Westinghouse FWds. As documented in the SERs, NRC
approval ’s based on the review ¢f & conceptual design for each
system, representative functiona) reqirements, description of the
safety aralysis methodology and generiz safety analysis results. The
SERs alsc 11st the licensing submittals that wil) be required by the
NRC for review of plant-specific designs.

As described in detai) in Section 3 of this report, the Callaway
Plant design 1s a Westinghouse analog implementation of the TTD/EAM
logic located in each S/G Low-Low Level protection set, upstream of
the SSPS logic. The purprse of this report is to provide safety
analysis support, consistent with the requirements specified in the
SERs, for the implementation of the TTD/EAM concepts in the Callaway
Plant. This report provides:

1. Basic functional description of the Callaway Plant
TTD/EAM design

2. Results of calculations performed, consistent with the
WCAP-11327-P-A approved methodology, to develop the
Safety Analysis Limits (SALs) for the S/G Low-Low
Level, power level dependent trip time delays
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Results of calculations performed to develop the SALs for
the S/G Low-Low Level normal and harsh (high temperature)
containment environment trip setpoints

Evaluation of the impacts of the SALs specified above on
the following non-LOCA safety analysis design bases:

FSAR Chapter 15 (excluding S/G Tube Rupture)

FSAR Chapter 6 Steamline Break Mass/Energy Releases
Inside Containment

Steamline Break Mass/Energy Releases Outside
Containment

Evaluation of the impact of the SALs specified above on the
following LOCA safety analysis design bases:

FSAR Cheapter 15

Rod Ejectiun Mass/Energy Releases for Dose

Calculations

nd Loop Blowdown Forces

Post-LOCA Long-term Core Cooling Subcriticality
Requirement

Post-LOCA Hotleg Switchover Time




2.2 TTD/EAM Basic Functional Description

The conceptual design of WCAP-11342.P-A (EAM) may be described as an
automatic switch that raises the Steam Generator Low-Low Level trip
setpoint (to increase the environmental error allowance in the
setpoint) whenever a harsh environment 1s indicated by detection of
an elevated containment pressure. The EAM can reduce the frequency
of unnecessary feedwater-related reactor trips by increasing the
difference between the nominal steam generator water level and the
Tow-Tow level trip setpoint during normal operation. The S/G Low-Low
Level trip setpoint is automatically raised to include the full
efivironmental error allowance for protection during accidents which
produce a harsh containment environment.

Once the Tow-low water level trip setpoint (either the norma)
environment setpoint or the harsh environment setpoint) is reachec,
the TTD acts to delay reactor trip, main feedwater fsolation and
auxiliary feedwater system actuation to allow time for operator
corrective action or for natural stabilization of shrink/swell water
Teve)l transients. The TTD i designed for low power ¢r startup
operations. The corceptual design of WCAP-11325-P-A (TTD) may be
generally described as a system of pre-determined programmed 4rip
delay times that are based upon (1) the prevailing power level at the
time a low-low leve) trip setpoint is reached, and by (2) the number
of steam generators that are affected.

The Callaway TTD design s based on the introduction of two unique

nominal power bistable setpoints of 10% and 20% Rated Therma) Power
(3565 MwWt) and the addition of a 2/4 stean generator trip logic to

the existing 1/4 loop logic. The delta-T channels, uted for therma)
overpower and overtemperature protection, will provide a correlation
to power level and will be compared to the 10% and 20% nominal power
bistable setpoints. These bistables will enable the transmission of
the low-Tow level signal at the expiration of the enabled TTD delays

2-3



if steam generator water level has not been recovered. These 10% and
20% nominal power level bistable setpoints are well within the power
leve]l range defined by the NRC in the WCAP-11325-P-A SER for plant
specific applications. Consistent with the WCAP-11325-P-A
methodology, appropriate Safety Analysis Limits will therefore be
determined for:

1/4 Steam Generator Logic
Indicated Power < 10% of Rated Thermal Power (RTP)

1/4 Steam Generator Logic
Indicated Power < 20% of RTP and > 10% of RTP

2/4 Steam Generator Logic,
Indicated Power < 10% of RTP

2/4 Steam Generatur Logic,
Indicated Power < 20% of RTP and > 10% of RTP

No time aelays are considered in this report for indicated power

levels greater than 20% of RTf

when the low-Tow level trip setpoint, as determined via the EAM
logic, is reached, all trip delay timers are actuated. As indicated
above, the magnitude of the trip delay for each timer is pre-set
according to the power range with which 1t 1s interlocked and with
the lTow-Tow Tevel Togic path in which it 1s placed (e.g., Tow-low
level in a single steam generator or low-low level in more than one
steam generator).

If a low-low level condition {s detected in one steam generator, ther
only the timer that 1s in the single low-low leve) logic path and

interlocked in the appropriate power range can satisfy the logic for
transmission of the trip signa) at the expiration of 1ts trip delay
If, at any time during this trip delay, a low-low leve! condition is




detected in a second steam generator, then the timer that is in the
multiple Tow-low level logic path and interlocked in the appropriate
power range can also satisfy the logic for transmission of the trip
signal at the expira*fon of its trip delay. Since, at any given
power level, the irip c2lay setpoint for two or more low steam
generators will be shorter than the trip delay setooint for one iow
steam generator, reactor trip will occur at the end of the shorter
effective trip delay, thus providing timely protective actior for the
more severe transfent. Since all timers are actuated (at the same
instant) by a single low-Tow level trip signal, 1t s possible for a
second steam generator to reach fts low-low ievel trip setpoint after
the appropriate multiple low-low level trip delay has expired, In

that cise, the reactor trip signal would be transmitied without
further delay.

If the power level decreasos during a trip celay interval, this logic
does not permit the lengtheniny of effective trip delays, which could
re.ult from switching to timers interlocked with lower power racges.
If power level increases, which may occur for a positive moderator
temperature coefficient, the effcctive trip delays are shortaned as
higher interlocking power ranges become effective. If the water
Tevels in all steam generators are not restored before the expiration
of the shortest enabled trip delay, then the EAM/TTD logic routes the
Tow-Tow level trip signal into the SSPS channel logic.

This system of (1) pre-determined trip setpoints which are dependent
on containment environment conditions, (2) power latches, (3)
pre-determined trip delay setpoints tnat are interlocked with power
Tevel and protection logic paths, and (4) simultaneous start of al)
trip delay timers, 1s consistent with the approved conceptual designs
and methodology for plant-specific implementation presented in
WCAP-11325-P-A and WCAP-11342-P-A, A detailed description of the
specific hardware modifications and protection system logic upstream
of the SSPS {s provided in Section 3.
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2.3 Safety Analyses and Evaluations

Analysis/Evaluation Basis:

The safety analyses and evaluztions discussed in this report were
performed with respect to the most recent design and licensing basis
documentation prepared by Westinghouse for the Callaway Plant. The
associated references are Rev. OL-2 of the Callaway FSAR and
WCAP-10861-P (References 3 and 4, respectively). Safety analysis
methodology used for new analyses and sensitivity studies is
consistent with that applied for References 3 and 4, unless otherwise

noted in this report.

0 100% Core Rated Thermal Power = 3565 MWt
100% NSSS Power = 3579 MWt

0 A maximum positive moderator temperature coefficient of +5
pem/*F for power levels below 70% Rated Thermal Power,

ramping linearly to 0 pem/*F from 70% to 100% Rated Thers

nthalpy Rise Hot Channel Facto
V5 Fuel =

OFA Fuel =

OFA/Y-5 Transition Cores and Ful) V-5 Cores

15% maximum plant total steam generator tube plugging, not to

exceed 15% in any single steam generator,




2.3.1 S/G Low-Low Level Trip Setpoint and Time Delay Safety Analysis
Limit Determination

Implementation of the TTD/EAM 1in the Callaway Plant will require
mcdification of the existing S/G Low-Low Leve) protection system
setpoints and the introduction of time delays. Consistent with the
approved analysis methodology of WCAP-11325-P-A, analyses have been
done to determine revised SALs for input to the S/G Low-Low Level
Technical Specification 1imits.

As described in Section 2.2, 10% and 20% RTP interlock time delays
are introduced for the Callaway Plant TTD design. Associated with
these fnterlocks will be a maximum allowable delay on the
transmission of the S/ Low-Low Leve! tr’p signal, Callaway-snecific
Loss of Normal Feedwater analyses have been performed to provide the
safety analysis limits for 1/4 and 2/4 logic time delays at the
specified power interlocks. Additionally, the FSAR salety snalyses
which assume protective functions vesulting from the S/G Low-Low
Level signal have been analyzed assuming a S/G Low-Low Level setpoint
of 0% of span. The following cases were analyzed to determine S/G
Low-Low Level trip setpoint and time delay SALe:

Case 1: Loss of Norma)l Feedwater to Four Steam Generators
for 10% RTP Interlcck Time Delay,
5/G Luw-Low Level Trip Setpoint = 0% of Span

Case I1: Loss of Norma) Feedwater to One Steam Genc-ator
for 10% RTP Interlock Time Dalay,
5/G Low-Low Level Trip Setpoint « 0% of Span

Case 111: Loss of Norma) Feedwater to Four Steam GCenerator:

for 20% RTP interlock Time Delay,
$/6 Low-Low Leve! Trip Setpoint « 0% of Span

27



Case 1V: Loss of Normal Feedwater to One Steam Generator
for 20% RTP Interlock Time Delay,
S/G Low-Low Level Trip Setpoint = 0% of Span

Full Power Loss of Non-Emergency AC Power to the
Station Puxiliaries,
S/6 Low-Low Level Trip Setpoint = 0% of Span

Case VI: Full Power Loss of Norma) Feedwater
to Four Steam Steam Generators,
S/G Low-Low Level Trip Setpoint « 0% of Span

Case VII: Feed)ine Break with Offsite Power,
20% RTP Interlock Time Delay for 2/4 Logic.
S/G Low-Low Level Trip Setpoint = 0% of Span

Note: FSAR Chapter 15.2.8 (Reference 3) Full Power Feedwater System
Pipe Break with and without offsite power, the remaining FSAR
transient which assumes protective functions from the S/G Low-Low
Level signal, 1s already analyzed for a trip setpoint of 0% of span
(See FSAR Section 15.2.8.2.1 and Table 15.0-4),

Cases | through IV Analysis Assumptions

Cases 1 through IV are Loss of Normal Feedwater transients analyzed
to determine the Safety Analysis Limits for the S/G Low-Low Level
trip time delays and trip setpoints. These cases are analogrus to
the generic studies performed for WCAP-11325-P-A to arrive at 1/4 and

2/4 10gic curves of time delay versus power leve) Cases | through
IV are performed specifically for the 10% and 20% RTP interlock time
delays The key analysis assumptions used for these cases are as

follows, Analysis results are discussed in Seztion 2.3.13,




Inftia) Conditions

Consistent with the WCAP-11325-P-A analysis methodology,
appropriate power level dependent initial conditions were assumed
for Cases I through IV. See Table 2.3.1.

Decay Heat

Consistent with the WCAP-11325-P-A analysis methodology, all
cases have used the ANS 1979 Decay Heat mode) (Reference 5). The
analyses assumption considers a power rampdown rate from full
power of 5% per minute prior to the initiation of the loss of
rormal feedwater transients. This assumption is consistent with
the maximum power coastdown rate documented in the Callaway FSAR
Sections 7.7.2.4 and 10.4.7.2.3 (Reference 3).

Uncertainties

Of particular importance to Cases 1 through IV {s the uncertainty
in power level indication since this function {is integral to the
TTD design. Cases I, II, 111 and IV, performed to arrive at time
delay SALs for the 10% and 20% RTP interlocks, assumed fnitial
power levels of 19% and 29% of 3565 Mwt, respectively. This
dssumption accounts for a maximum uncertainty in power level
indication of 9% of RTP. Power level indication errors and
uncertainties are discussed 1n Section 4.

§/G Low-Low Leve) Trip Setpoint

The 5/G Low-Low Leve) trip setpoint assumed in these analyses 1s
0% of span,
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S/G Low-Low Lavel Trip Time Delays

The total S/G Low-Low Level trip time delays assumed in Cases |
through IV include the SAL for the power interlock time delays
and an additional 2 second allowance for the time betuveen receipt
of the signal and when the contro) rods are free to dr

1/4 Loop Loss of Normal Feedwater

Cases Il and IV assume a loss of normal feedwater to one steam
generator. The loss of normal feedwater to one steam generator
is not explicitly analyzed for the current Callaway FSAR since it
is not necessary for any setpoint determinat and its
consequence~. given the current plant automatic protect

system, are bounded by thos» shown in the FSAR for 1«

feedwater to all four steam generators. WCAP-11325-f

introduced the analysis of loss of feedwater to one steam
generator to support the concept of using 2/4 loop protectior

logic ‘4 loc stection logic to respond to low leve)

support ne 4 f jsumptions of the

Ticensing basis analyses One of these design assumptions 1s the

maximum nositive MTC as a functd of power leve)

Characteristic of a loss of normal feedwater event analyzed
assuming a positive MTIC 1s an increase in nuclear power prior tc
reactor trip, which aggravates the consequences of the event As
previously described, the Callaway TTD design 1s intended for
application at or below 20% indicated power. At these power
levels, the design Yimit for most positive MIC 1s +5%.0

pem/*F.  Therefore, the TTD safety analysis design basir mus
consider the effects of the most 1imiting MTC assumpt




)l,c

Consistent with the WCAP-11325-P-A approved analysis methodology,
Cases | through IV assume an essentially constant power transient
up to the time of reactor trip. The assumed powe: levels
correspond to the two TTD bisteb'e setpoints plus the 9%
allowance for uncertainties and errors.

[

ll.C
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2.3.1.2 Cases V and VI Analysis wscumptions

Cases V anu VI were performed to undate the faliaway FSAR analyses to

include the reviied S/C Low-Low Leve) trip setpoint of 0% of span.
The results of these analyses are discussed in Sections 2.3.2 and
2.3.3. Key assumptions mad> in these an.lyses are discussod be.uw,

Inftial _onditions

Tnese transients were perfoimed at the same fu)) power {1t
conditions as tra FSAR Chapter 1% 2.6 and 15.2.7 analyses. See
Table 2.3.1.

Decay Heat

Cases ¥ and VI have incorporated *he ANS 1979 Decay

assuming long-term full power oper

Uncertzinties and Al

To support the minioum setpoint Wudy determination of & S/C
Low-Low Level trip satpoint for rorme’ co  tainmer envireamenta
conditions, the safety analye«! twdmption for cases V and VI 1s
0% of span The associated 10" System Setpoint Study

revisions are orovided in Sertis.. 9




$/C Low-L*w Level Trip Time Delay

Full powar safety analyses do rot incorporate a S/G Luw-Low Leve)
irip time delay other tian the 2 second delay tpecified in FSAR
Table 15.0-4 to account foi the time from receipt of the signal
to the time when contro! rods are free to drop.

Moderstor Temperature Coefficient (MVC)
Cases V and VI, consistent with the design assumptions 1isted in

the forward to Section 2.3, have assumed a most positive MTC at
full power conditions to be 0 pem/*F,

2.3.1.3  Case VII Analysis Assumptions

Case VII was performed to verify that the SALs for the S/G Low-Low
Leve) power interlock time delays do not fnvalidate the conclusions
stated in FSAR Chapter 15.2.8 regarding the limiting Feed’ine Break
transient results. The resuits of this Case are discusced in
Sectfons 2.3.2 and 2.3.3. Key analysis assumptions are discussed
below.

Initial Conditions

Consistent with the WCAP-11325.P-A analysis methodolugy,
appropriate power level dependent initial conditions were assumed
for Case VI1. See Tadble 2.3.).



Decay Heat

Consistent with the WCAP-11325 P-A analysis methodology, Case VII
used che ANS 1979 Decay Heat Mode) (Reference 5). The analysis
assumption considers a power rampdown rate from full power of 5%
per winute prior to the fnitiation of the feedline break
transient. This assumption is consistent with the maximum power
coastdown rate documented in the Callaway FSAR Sections 7.7.2.4
and 10.4.7.2.3 (Reference 3).

Uncertainties

As with Cases 111 and IV, the initia) core power level assumption
for Case VII 1s 29% of 3565 MWt. This assumption accounts for a
maximum uncertainty in power level indication »f 9% of Rated
Thermal Power (RTP),

$/G Low-Low Level Trip Setpoint

The S/G Low-Low Leve) trip setpoint assumed in Case VII is 0% of
span.  This assumption 1s consistent with the FSAR Chapter 15.2.8
Feedline Break analysis assumption. Tne FSAR feedline break trip
setpoint assumption of 0% of span accounts for the possibility of
3 harsh containment environment resulting from the feed)ine break
accidant,

$/G Low-Low Level Trip Time Delay

The total S/ Low-Low Level trip time delay assumed in Case VII
includes the SAL for the 20% RTP interlock time delay and an
additional 2 second allowance for the time between receipt of the
signal and when the control rods are free to drop. “he tota)
time delay for Case VIl corresponds to that assumed for Cases 111
and IV,
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6. Moderator Temporaturs Coefficient (MTC)

Case VI assumes a moderator temperature coefficient of +%
pem/*F.

€.3.2 Xerification of Design Basis Safety Analyses

The analyses described in Section 2.3.) established Safety Analysis
Limits for the S/G Low-Low Level signa) delay times ano trip
setpoint. The purpose of this section is to document the evaluation
of these Safety Analysis Limits on the design basis safety anelyses
outlined in Section 2.1,

Safety analyses affected by the SALs determined in the Sectfon 2.3.!
analyses ere those which assume reactor trip, main feedwater
isolation, and auxiliary fescvater initiation to result from reaching
the 5/G Low-Low Level trip setpoint. For Callaway, these are:

FSAR Chapter 15.2.6
Loss of Non-emergency AC Power to the Station Auxiliaries

FSAR Chapter 15.2.7
Loss of Normal Feedwater Flow

FSAR Chapter 15.2.8
Feedwater System Pipe Break

NCAP-10961-P (Reference §)
Steamline Break Mass/Energy Releases Outside Containment

Evaluations of the effects of the S/G Low-Low Level time delay and
trip setpoint SALs on these transients follow.



2.3.2.1 loss of Non-emergency AL Power to the Station Auxiliaries

Loss of non-emergency AC power to the station auxiliaries is analyzed
for the Callaway Plant FSAR in Chaprer 15.2.6. The Condition 1!
accident postulates the loss of all power to the station auxiliaries
due to a complete loss of the offsite grid accompanied by a turbine
generator trip or due to Joss of the onsite AC distribution system.
Two consequences of this event are loss of forced reactor coolant
flow and loss of normal feedwater due to the loss of power to the
reactor coolant pumps and the condensate pumps, respectively. The
FSAR Loss of Non-emergency AC Power analysis 1: performed to
demonstrate the adequacy of the reactor protection system, the
engineered safeguards systems (e.g., the auxiliary feedwater system)
and natural circulation to remove long term decay heat and prevent
rotessive heatup of the RCS with Lo°cible resultant RCS
overpressurization or loss of RCS water inventory,

The FSAR safety analysis assumrcions for loss of non-emergency AC
power are conservatively chrsen to maximize the resulting primary
side heat-up transient ary, therefore, the dependency on the
auxiliary feedwater sy.tem to ader 1ately remove decay heat. For this
reason, no credit {1~ taken for the immediate control rod insertion
which would occu” upon loss of power to the contro’ rod drive
mechanisms or the initiation of auxiliary feedwater from two diese)
powered motor-driven auxiliary feedwater pumps within 1 minute of the
receipt of a Yoss of power signal. [Instead, actuation of these
safety features s assumed to occur due to the eventua) receipt of
the §/G Low-Low Level trip signa) as a result of the loss of norma)
feedwater to the steam generators.

The TTD/EAM logic is designed to avoid unnecessary feedwater-related
reactor trips on S/G Low-Low Level. Since, in the event of an actual
loss of non-emergency AC power, plant protection design provides for
& reactor trip in advance of reaching the S/6 Low-Low Leva) setpoint,



WESTINGHOUSE PROPRIETARY CLASS ?

the TTD/EAM would not delay reactor trip upon loss of AC power to the
station auxilfarifes. However, since the FSAR conserviiively assumes
reactor trip to occur on 5/G Low-Low Level, 1t {1s appropriate to
evaluate the effects of the irtroduction of the TTD/EAM logic on the
FSAR Chapter 15.2.6 transient under the same analysis assumptions,

The 1imiting loss of AT power case presented in the FSAR s performed
at full power. Case Y was analyzed at fu)l power {nitial conditions
to provide FSAR transient results wnich incorporate a safety analysis
trip setpoint assumption of 0% of span. The assumed total trip tirme
delay 1s 2 seconds wh.ch 1s consistent with the assumption documented
fn FSAR Table 15.0-1 (Reference 3) and is appropriate for initia)
condition prwer levels atove the maximum TTD power level interlock.
Therefore, there is no erfect on the FSAR case due to the TTD logic.
The results of this case are shown in Table V and Figures V.1 through
V.3 of Section 2.3.3. The transient results indicate that the
natural civculation and auxiliary feedwater heat removal capacity are
cufficient to offset the core decsy heat and that the pressurizer
does not fiil, These transient characteristics ensure that the
applicable Condition Il acceptance criteria yre met.

The effect of the TTD/EAM logic on postulated part-power loss of AC
cases must be evaluated as well. Case V sufficiently addresses the
effect of the EAM on part-power cases since, for the same trip
setpoint, assuming ne additional time delays, the full power FS5AR
case bounds cases initiated at lower power levels. The remaining
required verification fnvolves the time delay enabled by the TTD
Togic at indicated power levels below the maximum power TTD interlock
setpoint, |

]l.c
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2.3.2.2 Loss > Kormal Feedwater Flow

Loss of normal feeCwater {s analyzed for the Callaway Plant in FSAR
Chapter 15.2.7. This Condition 11 accident postulates a loss of
normal feedwater tu all steam generators. The FSAR loss of norma’
feedwater analysis is performed %o demonstrate the adequacy of the
reactor protection system and engineered safeguards systems (e.9.,
the auxiliary feedwaier Jystem) in resoving long-iarm decay he>t and
preventing excessive heatup of the RCS with possible ro: " .ant
ovirpressurization or loss of RCS water inventory. The FSAR satety
analysts assumptions are conservitively chosen to maximize the
resulting primary side heat-up transient and, therefore, the
dependency on the auxiliary feedwater system to adequately remove
decay heal. The FSAR transient assumes full powar fnitia) conditicns
and accident protection Aue to receipt of the S/G Low-Low Level trip
sigral.

Case VI was analyzed at full power initial conditions to provide FSAR
Chapter 15.2.7 transient results which incorporate a safety analysis
trip setpoint assumption of 9% of span. The assumed tota) trip time
delay is 2 soconds which is consistent with the assumption documented
in FSAF Table 15.0-4 and 1s appropriate for initial condition power
Tevels above the maximum TTU power leve) interlock. The resi’ts of
this case ace shown in Table VI and Figures VI.) through VI.3 uf
Section 2.3.3. The transient results incicate that the auxiliary
feedwater heat removal capacity is sufficient to offset the core
decay heat and that the pressurizer does not fi1). These transient
characteriLtics ensure that the applicable Condition Il acceptance
criteria are met,
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Consistent with the WCAP.11325-P-A safety analysis meth 0%y,

explicit analysis of part-power loss of norma) feedwater cases with
S/G Low-Low Level trip time delays are performed. Thess are Cases |
through 1V as described in Section 2.3.1. The safety analysis
acceptance criteria applied to complete loss of normal feedwater
transients are applied to partial loss of norma) feedwater. Case !
analyzes the mart-power 1oss of normal feedwater to four steam
generators to determine the safety analysis Yimit for the TTD 2/4
steam generator ‘ogic, 10% KTP interlock time delay. The analysis
assumed a trip time delay, in addition to the 2 second time delay
documented in FSAR Table 15.0-4, of 240 seconds. The safety analysis
assumption for total trip time delay is, therefore, 242 seconds. The
results of Case I are provided in Table I and Figures i.] through 1.3
tion 2.3.3. The results indicate that the auxiliary feedwater
hest remcval capability 1s sufficient remive the decay heat and
the pressurizer doss not fil) The "arsient characteristics
ensure that all ap;licable Conditio safuty analysis acceptanc

criteria are met

Case 11 analyzes the part-power loss of norma) feedwater to one stean
generator to determine the safety #nalysis 1imit for the T7I 4
steam generator logic, 10% RTP power interlock time delav. The

analysis assume 'p time delay, in addition to the 2 second time

jelay ducumented S al ] 0 second The safety

analysis assumptic ot ip ti elay 1s, therefore, 242
seconds. The results of Case JI are provided in Tadle 11 and Figures
I1.1 through 11.3 of Section 2.3.3. The results indicste that Case
Il 1s bounded by Case | and; therefore. al) applicable Condition 11
safety analysis acceptance criteria are met




Case 111 analyzes the part-power loss of norma)l feedwater to four
steam generators to determine the safety analysis 1imit for the TTD
2/4 steam generator logic, 20% RTP interlock time delay. The
analysis assumed a trip time delay, in addition to the 2 second time
delay documented in FSAR Table 15.0-4, of 130 seconds. The safety
analysis assumption for total trip time delay 1s, therefore, 132
seconds. The results of Case 111 are provided in Table 11] and
Figures 111.1 through 111.3 of Section 2.3.3. The results indicate
that the auxiliary feedwater heat removal capability 1s sufficient to
remove the decay heat and the pressurizer does not fill. These
transient characteristics ensure that all applicable Conditior Il
safety analysis acceptance criteria are met,

Case IV analyzes the part-power loss of normal feedwater to one steanr
generator to determine the safety analysis limit for the TTD 1/4
steam generator logic, 20% RTP interlock time delay. The trip time
delay assumed in Case II] was also assumed in Case 1V The safety
analysis assumption for total trip time delay 1s, therefore, 132
seconds The results of Case IV are provided in Table IV and Figures
through IV.3 of Section 2.3.3 The results indicate that Case

by Case IIl and; therefore, all applicable Condition 11

a.ceptance criteria are met.

Assuming the TTD/EAM protection system logic, Cases | and 11,
perfirmed at 19% RTP, bound corresponding cases initiated at lower

power levels. Cases Il] and 1V, performed at 29% RTP, bound

corresponding cases between 19% and 29% RTP. Case VI, the limiting

loss of normal feedwater transient, performed at ful) power, bounds

cases inftiated at power levels areater than 29% of RTP,




2.3.2.3  Feedwater System Pipe Break

A Reactor Coolant System heatup caused by a main feedwater 1ine
rupture s a Conditfon IV transient 2nalyzcd fer the Callaway Plant
In FSAR Chapter 15.2.8. Results of the Feedline Break transient,
with and without offsite power, are presented in the FSAR to assure
that the primary system remains intact, no core damage nccurs due to
overheating, and conssquently, the radiation release 1imits of 10 CFR
100 are not exceeded. The FSAR transients are performed assuming
full power initia) conditions. For the present protection system,
this assumptizn maxinizes the resulting hert-up transient,

Acceptable FSAR transient results demonstrate that:

1. Peak trarsignt RCS and Steam Generator pressures are less
than 110% of design yressures,

f1. Sufficifent Yiguid in the RCS is maintained so that the core
remains in place and geometrically intact with no loss of
core cooling capability. This critcrion 1s met by ensuring
hot leg saturation does not occur.

The Feedline Break trinsients presented in the Calleway FSAR yssume
reactor trip, main feedwater isolation and actuatien of auxiliary
feedwater to occur due to recv.pt of 2 5/G Low-Low Leve) trip

signal. Each uf these safety feeture actuatinng fs essentia) for the
successful mitigation of the accident consequences as cunservetively
predicted by the safety analyses. Rod insertion due to automa“ic
reactor trip terminates the nuclear power contribution to the primary
heatup. Automatic main feedwater Ysolation is necessary, due *u tne
feedline check valve location downstream of the auxiifary feedwater
connection, to insure delivery of auxiliary feedwiter to the intact
loop steam generators. The delivery of auxiliary feedwater is
essential for the removal of core Cecay heat and, therefore, the
prevention of fuel damage and core uncovery.
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The F3AR Feed)line Break safety analysis assumption for the $/G
Low-Low Level trip setpoint 1s O% ¢f span. Unlike loss of
non-eaergency AC power and loss (f normal feedwater, the FSAR
feedline break transfent is postilated to result in harsh containment
environment conditions. The current Technical Specification $/6
Lrw-Low Level trip setpoint 1s based on the feedline break SAL and
includes the full environmental allowance. With in*roduction of the
EAM, the barsh environment trip setpoint will continue to be
determinad on this basis. The trip time delay assumed in the FSAR
Feedlisc Break analyses is 2 seccnd . as documented in Table 15.0-4.
Because the FSAR cases are performed at full power conditicns, no
additional delays are imposed by the TVD. Therefore, reanalysis of
tha Feedline Break cases (with and without offsite power) presented
in the FSAR 15 not necessary.

It must also be verified, however, that imposition of trip delays at
part power ao not invalidate the FSAR conclusions regarding the
consequences of the feedline break transient. Case VII assumed power
dependen! inftial conditions, trip time delay consistent with Cases
I11 and IV and the availabiiity of offsite power. The results of
this case are shown in Tatle VII and Figures VII.1 through Vil.S of
Section 2.3.3. The transiznt results indicate that the auxiliary
feedwater heat removal capacity is sufficient to ensure that the
Condition IV acceptance criteria are met, assuming the applicable
trip time delay.
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1€ The limiting FSAR analysis
results for the feedline break transient remain the full power cases
provided for FSAR Chapter 15.2.8 ‘n Reference 3.

2.3.2.4 Steamline Broak Mass/Energy Releases Outside Containment

The Westinghouse Sleam)ine Break mass/energy releases outside
containment, documented in WCAP-10961-P (Reference 4), were
calculated assuming the availability of the $/G Low-Low Leve)

signal. The cases app)icable to the Callaway Plant are designated as
"Category 1" in Reference . The power levels examined in Reference
4 are 70% and 100% of 3411 MWt core power (the results bave been
verified to be app'icable for Callaway uprateu to 3565 MWt core
power). Analyses of lower power levels were not performed in
WCAP-10961-P since, for the same protection system assumptions, lower
initial power levels yield less limiting mass/energy releases. Given
thit the implementation of thc TTD in the Callaway (lant introduces
no time delays at indicated power levels greater than 20% RTP an(
that the Reference 4 analyses are applicable for a trip setpoint SAL
of 0% of span, the results of the 100% and 70% cases presented in
Reference 4 for Category 1 plants remain applicable for the Callaway
$/G Low-Low Level SALs determined in Section 2.3.1.

]I.C

Therefore, the information provided in Reference 4 applicable to the
Callaway plant remains valid for the Callaway S/6 Low-Low Leve) SALs
determined in Section 2.3.].
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2.3.2.5 Balance of the Safety Analysis Design Basis Calculations

Safety analysis design basis calculations which do not assume the
actuation «f automatic protection features by means of the S/G
Low-Low Leval trip signal are unaffected by the S/G Low-Low Level

setpoint SAis.

For these accidents, the conclusions in the FSAR are

unaffected as are the FSAR predicted transient behaviors. The FSAR
transfents ‘n this category are listed below.

ESAR SECTION  ACCIDENT

15.1.1

15.1.2

15.1.
15.1.

i

15.1.
15.2.
15.2.
15.2.

a W N

15.2.5

15.3.1
15.3.
15.3.

w ™~

15.3.
15.4.1

-

Feedweter System Malfunctions that Kesult in a
Decrease in Fesdwater Temperature

Feedwater System Malfunctions that Result in an
increase in Feedwater Flow

Excessive increase in Secondary Steam Flow

Inadvertent Opening of a Steam Generator Relief
or Safety Valve

Steam System Piping Failure
Loss of External Electrical Load
Turbine Trip

Inadvertent Closure of Main Steam Iso'ation
Valves

Loss of Condenser Vacuum and Other Events
Resulting in Turbine Trip

Partial Loss of Forced Reactor Coolant Flow
Complete Loss of Forced Reactor Coolant Flow

Reactor Coolant Pump Shaft Seizure (Locked
Rotor)

Reactor Coolant Pump Shaft Break

Uncontrolled RCCA Bank Withdrawa) from a
Subcritical or Low Power Startup Condition
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15.4.2
15.4.3
15.4.4

15.4.6

15.4.7

15.4.8
15.5.1

15.5.2

15.6.1

15.8.5

5.2.1.4

Uncontrolled RCCA Bank Withdrawal at Power
RCCA Misoperation

Startup of an Inactive Reactor Coolant Pump at
an Incorrect Temperature

CVCS Malfunction that Results in a Decrease in
Boron Concentration of the Reactor Coolant

Inadvertent Loading and Operation with a Fue)
Assembly in Improper Position

Spectrum of RCCA Ejection Accidents

Inaiverteat Operation of the Emergency Core
Cooling System During Power Operation

CVCS Malfunction that Increases Reactor Coolant
Inventory

Inadvertent Opening of a Pressurizer Safety or
Relief Valve

Loss-of -Coolant Accidents Resulting from a
Spectrum of Pestulated Piping Breaks within the
Reactor Coolamt Pressure Boundary

Mass and Energy Release Analysis for Postulated
Secoadary Pipe Ruptures Inside Containment
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Additional safety aralysis design basis calculations which do not
assume actuation of protection features to result from the $/6
Low-Low Level trip signal include the following:
Rod Ejection Mass/Energy Releases for Dose Calculations
Reactor Vessel and Loop Blowdown Forces

Post LOCA Long-term Core Cooliny

Hot Leg Switchover Time to Prevent Post-LOCA Boron Precipitation

In conclusion, evaluations and analyses of the safety analysis design
basis transfents listed in Section 2.1 support the acceptability of
the fc)lowing S/G Low-Low Leve)l trip setpoint and time delay safety
analysis limits:

Trip Setpoint 0% .f Span

2/4 Steam Generator Logic,
10% RTP Interlock Time Delay 240 seconds

1/4 Steam Generator Logic,
10% RTP Interlock Time Delay 240 seconds

2/4 Steam Generator Logic,
20% RTP Interlock Time Delay 130 seconds

1/4 Steam Generator Logic,
20% RTP Interlock Time Delay 130 seconds
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2.3.3 Aralysis Results

Sequence of Events Tables
and

Transient Behavior vs. T:ue Plots
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TABLE 1|

TIME SEQUENCE OF EVENTS FOR CASE I:

LOSS OF NORMAL FLEOWATER TO FOUR STEAM GENERATORS
FOR 10% RTP INTERLOCK

Event Time (sec)
Main feedwater flow stops 10.0
S/G Low-Low Leve) setpoint reached 337.9%

Low-Low Level trip signal transmitted §77.9
Rods begin to drop 579.9

First peak water level in
pressurizer occurs 582.0

One motor driven auxiliary
feedwater pump starts §37.9

Ferdwater 1ines are purged and
cold auxiliary feedwater is
delivered to two steam generators 872

Core decay heat plus pump
heat decreases to auxiliary
feedwater heat remuva) capacity -300

Second peak water leve! in
pressurizer occurs 29%2



TIME SFOUENCE OF EVENTS FOR CASE 11

LOSS OF NORMAL FEEOWATER TO ONE STEAM GENERATOR
FOR 10% ¢ INTERLOCK

Event Iime (sec)

Main feedwater flow stops
to one steam generator

5/G Low-Low Level setpoint rea
in the faulted loop

Low-Low Level trip sig

First peak water leve) ir
pressurizer occurs

One motor driven auxiliary
feedwater pump starts

Feedwater 1ines are purged &

cold auxiliary feedwater 1s
delivered to two steam generators

Core decay heat generation plus
pump heat 1s exceeded by auxiliary
fecdwaler heat removal capacity

Second peak water leve) ir
pressurizer occurs




TABLE 111

TIME SEQUENCE OF EVENTS FOR CASE 111:

LOSS OF NORMAL FECDWATER TO FOUR STEAM GENERATORS
FUR 20% RTP INTERLOCK

Event Iime (sec)
Main feedwater flow stops 10.0

$/6 Low-tow Leve) setpoint reachad 218.2%

in al) $/Gs

First peak water leve! in
pressurizer occurs 286.0

Low-Low Level trip signal transmitted 348.25
Rods begir to drop 350.25

One motor driven auxiliary
feedwater pump starts 408.25

Feedwater 1ines are purged and
cold auxiliary feedwi'er is
delivered Lo two steam generators 642.0

Core decay heat generation plus
:unp heat is exceeded by auxiliary
eeuwater heat removal capacity 642.0

Second peak water level in
pressurizer occurs 2816




TABLE 1V
{CE OF EVENTS FOR CASE 1V:
LOSS OF NORMAL FEEDWATER TO ONE STEAM GBENERATOR

FOR 20% RTP INTERLOCK

Event Iime (se¢)

Main feedwater flow stops

S$/¢ v-Low Level setpoint
1 .

n faulted steam generator

Low-Low Level tri

Rods begin to drog

First peak water level in
pressurizer occurs

One motor driven auxiliary
feedwater pump starts

Feedwater lines are purged &
cold auxiliary fecdwater 1is
Ceiivered to two steam generators

Core decay heat generation plus
pump heat 15 exceeded by auxiliary
feedwater heat removal capacity

Second peak water leve) in
presrurizer occurs




TABLE V

TIME SEQUENCE OF EVENTS FOR CASE V:

FSAR CHAPTER 15.2.6 LOSS OF NON-EMERGENCY AC POWER
TO THE STATION AUXILIARIES

Event Time (sec)
Main feedwater flow stops 10.0
féc.%?ugjz: Leve) setpoint reached 61.3
Low-Low Level trip signal transmitted 61.3
Rods begin to drop 63.3

AC power is lost and reactor
coolant pumps begin cuastdown 65.3

First peak water level in
pressurizer occurs 740

One motor driven auxiliary
feedwater pump starts 121.3

Feedwater lines are purged and
cold auxiliary feedwater is
delivered to two steam generators 358.0

Core docay heat plus pump
heat decreases to auxiliary
feedwater heat removal capacity -1630

Second peak water leve!l in
pressuriler occurs 1670



TABLE VI

FIME SEQUENCE OF EVENTS fne SF V]I

FSAR CHAPTER 15.2.7 LOSS OF NOAMAL FEEDWATER
Lvent lime
Main feedwater flow stops
S/G Low-Low Leve) setpoint reached
Low-Low Leve)l *rip signal transmitted

Rods begin to drop

rst peak water level f{r

essuriZer occurs

One motor driven auxiliary
feedwater pump starts

Feedwater lines are purged and
cold auxiliary feedwater s
delivered to tw téam Qenerators

Core decay heat generation plus
pump heat 1s exceeded by aux ary
feedwater heat removal capacity

second peak water level fir
pressurier occurs




TABLE Vi1

TIME SEQUENCE OF EVENTS FOR CASE V11:

FEEOLINE BREAX WITH OFFSITE POWER
20% RTP INTERLOCK TIME DELAY FOR 2/4 LOGIC

Event

EAM enables harsh environment $/C
Low-Low Level trip setpoint

Feedwater contro) system
malfunction occurs due to harsh
environment

Steam generator safety valve
setpoint reache” (first occurrence)

S$/C Low-Low Leve) setpoint reached
In ruptured steam generater

Low Low Level trip signal transmittad

Rods begin to drop. Doudle ended
foefwiier 1ine rupture biowdown
15 assumed to begin

Low Steamline Pressure setpoint
reached 1n ruptured steam gerorator

AT main steam)ine and feed)ine
fsolation valve: close on Low
Steamline Pressure

Lime (sec)

<10.0

10.0

7.0

203.9

333.9

318.9

345.9

LI



TABLE VII (cont.)

ENCE OF EVENTS FOR

V1

FEEDLINE BREAK WITH OFFSITE POWER
20% RTP INTERLUCK TIME DELAY FOR 2/4 LOGIC

Pressurizer water relief begins

Cold auxiliary feedwater 15 de)ivered
to Intact steam generators

steam generator safety valve setpoint
reached in intact steam generators
(second occurrence)

Core deca eat plus pump heat
Cecreases 1o auxilfary feedwzte:
heat removal cagacity

Iime (sec)

624.0

war
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2.4 Conclustions

Safelv analysis support for the implementation of the TTD/EAM in the
Callaway Plant s provided by anzlyses and evaluations, as described
in Section 2.3.1, of the following S/G Low-Low Level trip setpoint
and time delay safety analysis 1imits:

Trip Setpoint 0% of Span

2/4 Steam Generater Logic,
10% RTP Interlock Time Delay 240 seconds

1/4 Steam Generator Logic,
10% RTP Interlock Time Delay 240 seconds

2/4 Steam Genorator Logic,
20% RTP Interlock Time Delay 130 seconds

1/4 Steam Generator Logic,
20% RTP Interlock Time Delay 130 seconds

Safety analysis design basis calculations which do not assume
sctuation of protectien features to result from the $/G Low-Low Leve)
trip setpoint are unaffected by these SALs. These calculations are
discussed 1n Section 2.3.2.5. Transients which do rely on the $/G
Low-Low Level trip were analyzed and evaluated in Sections 2.3.2.1 -
2.3.2.4. A summary of results follows,

Loss of Normal Feedwater:

Cases I, I1, 111 and IV were analyzed to support Technica)
Specification time delays for the S/6 Low-Low Level TTD protection
logic power interlocks of 10% and 20% RT}. These part-power cases
assumed loss of normal feedwater to one steam generater and four
steam generators at transient initfal conditions which account for a
9% uncertainty in power leve! indication.
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As the results indicate, the loss of normal feedwater to four steam
generator cases (I and IIl) have incorporated time delays which
utilize analysis margin made available by the reduced power
assumption and the ANS 1979 Decay Heat Model, without violating the
applicable Condition Il accceptance criteria. The delays assumed in
these analyses, above the 2 second: allocated from the time of signa)
transmissfon to when the rods are free to drop, are as follows:

Case 1: LONF to 4 S/Gs for 10% RTP Interlock Delay = 240 sec.
Case III: LONF to 4 S/Gs for 20% RTP Interlock Delay = 130 sec.

Analyses assuming power Tevels and time delays corresponding to Cases
I and 111 were performed in Cases Il and IV, respectively for the
loss of norma) feedwater to one steam generator. The results for
Cases II and IV 11lustrate the additional margin to the safety
analysis acceptance criteria of the partial loss of normal feedwater
transient relative to the complete loss of morma) feedwater
transient,

herefore, a conservative safety analysis 1imit for the 10% RTP
interlock for efither the 1/4 or 2/4 logic would be 240 (econds and a
conservative safety analysis 1imit for the 20% RTP intarlock for
either the 1/4 or 2/4 Togic would be 130 seconds. These safety
analysis limits are incorporated into the Protection System Setpoint
Study in order to account for instrument and measurment uncertainties
and to determine the associated maximum allowabla Technical
Specification time delays for the 10% and 20% RTP fnterlocks. The
safety analyses will support any 1/4 or 2/4 logic tine delays far the
10% and 20% RTP interlocks which are less than or equal to the 240
and 130 second safety analysis Vimits, minus setpoint study
adjustments, raspactively. The Protection System Setpoint Study
revision {s found in Section 4. The full power completw loss of



normal feedwater transient was also an2lyzed. Case VI provides revised
results for the FSAR transient incorporating the S/G Low-Low Level trip
setpoint SAL of 0% of span and the ANS 1979 Decay Meat Mode).

The balance of the safety analysis support for thy trip setpoint and time
delay SALs is provided by evaluation nf other transieats which assume
protection from S/G Low-Low Level. These transients are identified in
Section 2.3 as Loss of Non-emergency AC Power, Feedline Break, and
Steamline Break Mas:/Energy Release Outside Containment. The impact of
the proposed TTD on these transients is discussed in Section 2.3.2 and is
summarized below.

Loss of Non-emargency AC Power:

Lase V provides revised FSAR results for the full power Loss of
Non-emergency AC Power transient assuming the trip setpoirt of 0% of span
and ANS 1979 Cecay Heat. (Consistent with the approved safety analysis
methodolngy of WCAP-11321-P-A, the impact uf trip time delays at
part-power conditions has been evaluated and found to be acceptable.

Steamline Break Mass/Energy Rilease:

Results of a sensitivity study discussed in Section 2.3.2.4 indicate that
the Roference 4, Category 1 stea~line break mass/energy release data
continues to be applicable to the Callaway Plant assuming the above S/G
Low-Low Level trip setpoint and time delay SALs. '

Feedling Break:

Conclustons regarding feedline break are made on the basis of the Case VI
analysis results and the FSAR Chapter 15.2.8 Feed)ine Break cases. The
FSAR cases assume O% span and, therefore, do not require reanalysis. Case
VII provides confirmation that introduztion of the S/G Low-Low Leve! time
gelay at part-power does not invalidate the conclusions presented in the
FSAR for the Feed)ine Break transient. Case VI] analyzed the feed)ine
break transient at 29% RTP {ncorporating the associated TTD safety

2-30



analysis 1imit for trip delay time of 130 seconds. The analysis
results indicate that all applicable safety analysis acceptance
criteria are met. Case VII is a sample case which illustrates that
acceptable feediine Break transient resuits are achieved at
part-powers using the time delays determined through analysis of the
complete loss of normal feedwater transient. No further part-power
analyses are performed for verification. ihis case confirms the
conclusions presented in WCAP-11325-P-A and WCAP-11342-P-A that
acceptable part-power feedline Break transient results support the
TTD/EAM modifications to the S/G Low-Low Leve) protection system,

In summary, the safety analysis design basis calculations outlined in
Section 2.1 have been evaivated or reperformed to support the
Callaway implementation of the TTD ard EAM concepls as reviewed and
approved by the NRC fn WCAP-11325-P-A and WCAP-11332-P-A,
respectively. Analyses and evaluations were performed to provide the
safety analysis basis for Technical Specifica*ion 1imits on the TTD
time delays and the FAM normal environment trip setpoint. The
applicable safety analysis 1imits are 1isted at the beginning of this
section. The resulting Prutection System Setpoint Study revisions
are provided in Section 4,
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3.0 14C DESIGN INFORMATION

Two design modifications established by WCAP-11342-P-A, "Modification
of the Steam Generator Low-Low Level Trip Setpoini to Reduce
Feedwater-Related Trips" (Ref. 1), and WCAP-11325-P-A, "Steam
Generator Low Water Level Protection System Modifications to Reduce
Feeduater-heiated Trips" (Ref. 2), to address inadvertent reactor
trips due to steam generator low-low level are, as shown in Figure 1,
the Environmental Allowance Modifier (EAM) and the Trip Time Delay
(TTD). The following 1s, on a protecticn set basis, a functional and
fmplemantaticn description of each.

3.1 EAM Functional Implemen.ation
J.1.1 Functional Description

The EAM distinguishes between a normal (containment pressure below
the EAM setpoint) or an adverse containment environment (containment
rressure above the EAM setpoint) and enables a nigher adverse

e vironmert steam generator low-low level trip setpoint when an
advaerse containment condition is sensed by elevated containment
pressure. The adverse environment level setpoint is higher due to
the inclusion of instrument uncertainties related to the harsh
environment, Otherwise, a lower setpoint is used in conjunction with
a normal anvironment. Consequentl;, the frequency of unnecussary
steam generator low-low level related trips will be decreased by
increasing the operating margin, the distance between the nomina)
steam generator level and the nurmal environment low-low level trip
setpoint,

3.1.2 Implementation Puscription

As shown in Figure 2, the EAM utilizes fnput signals from the
existing containment pressure and steam generator level
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transmitters. A single parator card is added to each of the four
existing containment pressure channels to enable the steam generator
low-low level setpoint c¢ sponding to an adverse environment. The
EAM circuitry is designe latch-in feature that will ensurse

that this setpoint remains enabled once an adverse environment has

been detected. In order to disable the adverse environment setpoint,

it is required that containment pressure decrease below its setpoint
and that the switch be manually reset. In additicn, the latch-in
feature has been interlocked with the £AM comparator channel test

switch (Figure 5)

cards operate
E\‘,‘" new

;'(;'\v’




ger.erator level anomalies such as shrink/swell transients may
naturally stabilize.

3.2.2 Implementation Description

As shown in Figure 1, the input to the TTD circu‘try is the EAM logic
output and power level. In order to deterrine power level, the TTD
utilizes the Delta-1 signal from the Thermal Overpower and
Overtemperature protection channels. Four new dual comparator cards
(one per protection set), with setpoints corresponding to two power
levels (10% and 20%), are added to the existing Delta-T channel.
These dual comparator cards enable the appropriate timer associated
with the power level at the time a steam generator luw-low level
conditfon s detected.

As shown in Figure 4, once the TTD receives a steam geverator low-low
level signal from the EAM circuitry, ail four timers are started.
The timer that determines the gelay of the trip actuation signal
depends on the applicable logic tulfilled for each timer (:an enabled
condition). The effecti.e time delay of the trip signal will be the
shortest delay of all the enabled timers. Timer A is the effective
timer with the conditions of a low-low level signal in any one steam
genarator and the power level below the low power setpoint of 10%.
Timer P is the effective timer with power levels between the ow
power (10%) and high power (20%) setpoints coincident with a low-low
Tevel signal in any one steam generator. Timer C is the effective
timer at power levels less than 10% with a low-low level signal in
two or more steam generators. Finally, timer D is the etfective
timer with Tow-low level signals in two or more steam generators
coincident with the power leve) between 10% and 20%. For power
Tevels above the 20% power setpoint, all time delays are bypassed,
thus, the latched-in reactor trip signal is not delayed by t'e TTD
circuitry.
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Note that, since a(] timers are started by a single low-low level

trip signal, it is possible for a second steam generator to reach its
%
!

P
Uw

ow level trip setpoint after tne appropriate multiple low-low

Jevel trip delay has expired. In that case, the reactor trip signal

would be transmitted without further delay.

Timers, once enabled, must be latched in until all steam generator
level signals in & protection set are restored to levels above the
low-low level setpoint. Restoration of all steam generator levels to
levels above the low low Jevel setpoin. will terminate the timing,
reset the timers to their predetermined values, and reset the trip

. {p snale
luaic signals,

low power setpoim
jr steam generator

tu. Qu
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After the EAM/TTD modification has been installed, all of the

existing alarms, annunciators, and status lights will continue to

function as described. Howeve-, since these signals originate al che
SSPS vot circuitry, they wi'' not be actuated until a:l1 applicahle

de 5 nave expire

alarms ar atrrs § v {ded h the AM/TTD
modificat o #oary m t operator that an
low-low level nas
provided for each
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3.4 Hardware Description
3.4.1 Printed Circuit Card Descriptions
Presented below is a 1ist of the printed circuit cards tnat are

required for the EAM/TTD modification. A description of each card
will follow.

1. NCT - Channe)l Test Card

2. NMT - Master Test Card

3, NAL - Comparator Card (single, double, and
dual comparator cards)

4. NAl - Annunciator Interface Card

5. NPL - PROM Logic Card

wiT - Channe) Test Card

Each process protection instrument channel can be tested while the
plant is operating and en-1ine. This is accomplished with the
channel test card by means of switching the outputs of the measuring
device to monitoring points and disconnecting the associzted trip
outputs. This card has test jacks (for signal injection), test
prints, and proving lamps to verify bistable operation when the
charnel is in the test mode.

NMT - Master Test Card
ihe NMT card is used in cor‘unction with the NCT card to provide far
specialized test features. Specifically, this card allows for

various testing modes which include on-line testing, transmitter
calibration, time rasponse, and RTD cross-calibration,
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NAL Comparator Card (siugl { ., and dual comparate

The NAL card receives an f{: signal a rovides an outg

tho in 4 ” . “ ar intarmal)

Yy @8

point voltage. Provision : 4t either an increasing

igh) or decreasing (low) ve¢ cd Ca {tiate action, A deadband
range of 0.5 percer o 20 percent ot

sset action

r Interface (

minyger of the desired Lt 1C s } Limer . ug into

1

the PROM sockets on the NPL card and provides an adjustable range of

time delays from 20 mil'iseconds to 2] minutes and 12 seronds




.2 Reliability

The orimary element of the availability of each modul. in the systen
is 1ts Mean Time Betwcen Failures (MTBF). MTBF data is derived

from the sum of the failurr rates of all the individual components
that make up the printed circuit card. It ctan also be measured by
observing actual failure histories of modules in service or test

set-ug

Rel+ability is addressed for the active nrinted circuit cards which

are used to proviCe for a protective action. The follcwing are the

active cards 10 be added for EAM/TTD i the corresponding MTBFs




Progran

A1l new hardware utilized for ths SAM/TTD modification was previously
qualified as part of the 7300 Series Process Protection Systen The
qualification testing of the 7300 Series Process “rotection System, per
Westinghouse WCAP-8587 methodology, has demonc<trated the equipment’s
capability to perform its designate safety-reluted functicns when
subjected to the seismic and environmental conditicns specified in the
WCAP-B587 supplements tor the 7300 Series Process Protection System

nental Testing (IEEE 5td. 323-1974)

hardware was tested under both "normal®™ and * Snormal® environmenta)

3.5.1.2 Seismic Testing (JEEE Std. 344-1975)

(he 7300 Series Prucess Protection Equipment was subjected to multi-axis,

\

muiti-frequency inputs in accordance with Regulatory Guide 1.100. The

> . o) i1 +he 8 ' -
seismic testing demonstrated e capability of the 7300 Pr

OCess

Protection System to relfably and accurately perfo fts safetyv-related

functions before, during and after a seismic event The equipment was
subjected to bo Op¢ g Basis Earthquakes (OBEs) and Safe Shutdowr

Earthquaky (¢




3.5.2 EQ Documentation

The overall equipment qualification documentation consists of three
sets of documents:

1. WCAP-B587, “Methodology for Qualifying Westinghouse WRD
Supplied NSSS Safety Related Electrica) Equipment”
(Non-Proprietary), describes the Westinghouse program for
addressing the requirements of JEEE Std. 323-1974, *IEEE
Standard for Quaiifying Class 1E Equipment for Nuclear Power
Generating Stations™. The NRC has reviewed and approved
WCAP-B587 per the SFR dated November 30, 1983, Revision 6-A
of WCAP-8587 includes the cover letter of the SER which
specifically references the individua) WCAP supplements also
approved by the SER.

2. WCAP-8587, Supplement i, “Equipment Qualification Data
Packages (EQDPs)"™, is a compilation of the individual EQLPs
providea for each item of equipment qualified per a
WCAP-3587 program. Westinghouse developed the EQDP format
in order to comply with Section 8 of IEEE Std. 323-1974.
Each EQDP sunmarizes the equipment performance requirements
and accertance criteria (Section 1) and qual:ification
program plans to be employed, whether by test (Section 2),
experience (Section 3), by analysis (Section 4) or by some
combination of these methods. Upon completion of the
equipment’s qualification program, the EQDP is issued to
summarize the specific test/analysis procedures and results.

The EQDP addressing the qualification of the 7300 Series
Process Protection Svstem is ESE-13. A)) EQDPs are
designated “Westinghouse Class 3%; these serve as the
non-proprietary “versions® of the EQTRs.
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WCAP-BE87 1s the compilation of the individual Equipment
Qualification Test Reports (EQTRs) and 1s supplement 2 to
WCAP-8587. Each EQTR details the qualification testing
and/or analvsis procecures and results. A1) EQTRs are
designated "Westinghouse Proprietary Class 2" and are
considered proprietary to Westinghouse The EQTRs for the
7300 Process Protection System are referenced as WCAP-BER7,
Supglement 2- :

1. EI13A, “"Process Protection System (Seismic Testing)*,

2. E13B, “Process Protection System (Environmental and
Supplemental Sefsmic Testing)*,

3. E)3C, “Process Proto.tion System (Seismic and
Environmental Testing of Printed Circuit Cards)",

4. k13D, "Process Protection System (Supplementa) Testing
of Power Supplies anc Circuit Breakers)".
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3.6 Surveillance Testing

3.6.1 Test Capability

The 7300 System EAM/TTD modification has been configured to provide
surveiilance test capability (Figure §). The EAM/TTD steam generator
level protection channels receive input signals from the steam
generator level, Delta-T (from Therma)l Cverpower and Overtemperature
protection) and containment pressure channels. The test scheme has
been designed such that the EAM/TTD steam generator level channels

may be removed from service, one at a time, and tested |

The steam generator level portion of the EAM/TTD steam
generator level channel 1s removed from service for test
purposes by fercing a trip output simnal for every comparator
assocfated with a particular level transmitter., This is done
via card edge test switches on an NCT printed cir.uit card

The test circuitry 1s designed such that tripping the

dppropriate comparator test switch outputs wi



disconnect the associated leve)l transmitters, insert test
signal injection points, and insert proving 1ights downstream
of all level comparators. Operation of the level comparators
fs verified by varying the test injection sigrils and observing
cperation . f the comparator proving 1i1ghts located on NCT card
edges.

The EAM portion of the EAM/TTD steam generator level channel is
removed from service for test purposes by enabling the EAM test
fnterlock. The EAM test interlock will [

1€ and insert
a test signal injection point and a proving light for the EAM
comparator. Operation of the EAM comparator is verified by
varying the test injection signal and observing operation of
the comparator proving 1ight lccated on the NCT card edge. It
should also be noted that the latch-in function for the EAM
comparator has been incorporated into the EAM test interlock.

(

]a,c

Through ad» nistrative contro) of an NMT card and the 7300
syster "breekout box", an additicnal variation of the EAM test
nterlock is possible. ihis testing scheme may be used to
inject a test signa) to the comparator [

)I‘C

The TTD portion of the EAM/TID .team genrator lev2) channe) is
removed from service for test purposas by eradbling the TTD test



interlock, The TTD te<t interlock will [

J3:€ and insert test sigral injection
peints and proving lights for the Delta-T comparators.
Operation of the Delta-T comparators is verified by varying the
test injection signal and observing operation of the comparator
proving 1ights located on NCT card edges.

Through administrative control of an NMT card and the 7300
system “breakout box", an additional varfation of the TTD test
interlock is possitla. This testing scheme, again, may be used
to inject test signals to these comparators [

]a.c

Containment rressure

A containment pressure transmitter is automitically removed
from service for test purposes by 1) forcing a trip outpu®
signal for every comparator associated with a particular
pressure transmitter except for containment spray actuation, 2)
forcing a bypass condition for the containment spray actuation
comparator, and 3) enabling tne EAM test interlock. The EAM
test interlock will [

1%:€ and insert a test signa)
injection point and a proving 1ight for the EAM comparator.

Relta-T

The narrow ringe hot leg and cold leg RTDs used to determine
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Colta-T are automatically removed from the therma) overpower and
oveértemperature protection channels whenever 1) a trip output
signal is forced for all of the comparators in that chunnel and
2) the TTC test interlock is enabled., The TTD tes! interlock
will [ 1€ and insert
test signal injection points and proving 1ights for the Delta-T
comparators in the TTD circuitry,

3.6.2 Test Methodology
3.6.2.1 Monthly Tests

As required in the Callaway Technica) Specifications, periodic tests
for the steam genarator low-low leve)l channels are carried out on a
quarteriy basis in accordance with the Reactor Trip System (RTS)
Instrumentation Surveillance Requirements and on a monthly basis
consistent with the Enyineered Safety Feature: Actuation System (ESFAS)
Instrumentation Surveillance Requirements. Since the ESFAS
surveillance requirements are more restrictive than those for the RTS,
the EAM/TTD steam generator level channels will be tested on a monthly
basis.

In order to test the EAM/TTD steam generator leve) channels, [

1€ The level channels may now be
testaC one-at-a-time to verify one-out-of-four operation, and with
various combinations of two-at-a-time to verify two-out-of-four
ope-ation. The EAM and Delta-T comparators will also be tested at this
tide.



13C After the norma)
environment comparators have been tested, monthly testing of the
EAM/TTD timers {s required for the surveillance testing to be complete.

Through the use of an NMT card and the 7300 Series System "breakout
box", a varfation of the (TD test interlock will be performed. This
aforementioned test variation will allow injecting test signals to the
Delta-T comparators [ 1M Upon
simulation of a steam generator low-low level, as previously described,
the operability and accuracy of the PROM logic timer modules are
verified. The timer operability test is necessary due to the failure
modes of the NPL card; 411 but one of the failure modes were evaluated
to be immediately detectable by the operator. The one exception is the
fatlure of a timer chip which could prevent a required trip signal \rom
being actuated. The timer accuracy test is necessary due to the
Technical Specification corresponding to the testing of the process
racks in the plant. The Callaway Technica® Spa-ifications require the
analog channel operational testing of the steam generator low-low level
channel on a monthly basis. This test fs the injection of a simulated
signal into the channel as ¢lose to the sensor as practicable to verify
operability of an alarm, interlock and/or trip functions. itis test
shall include adjustments as necessary of the alarm, interlock and/or
trip setpoint such that the setpoints are within the required range and
accuracy. Since the time delay of the TTD timers is considered to be a
setpoint, the TTC timers will also be tested for accuracy as part of
the monthly channel tests,

3.6.2.2 Outage Tests

]l.c
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3.7 Applicable 14C Criteria
The following criteria apply to this system.
3.7.1 Nuclear Regulatory Commissior

3.7.1.1 1OCFRS0, Appendix A General Design Criteria for
Nuclear Power Plants

Criterion 1 Quality Standards and Records

Criterion 2 Design Bases foi Protection
Against Natural Phenomena

Criterion 3 Fire Protection

Criterion 4 Environmental and Dynamic
Effects Design Bases

Criterion 10 Reactor Design

Criterion 13 Instrumentation and Control
Criterion 1§ Reactor Coolant Sy.tem Design
Criterion 19 Control Room

Criterion 20 Protection System Functions
Criterion 21 Protection System Reliability

and Testadbility

-



Criterion

Criterion

Criterion

Criterion

Criterion

Regulatory Guides

Regulatory Guide 1.22

Regulatory Cuide 1.38

Prote.tion System independence

Protection System Failure Modes

Separation of Protection and
Control >ystems

Protection Against Anticipated
Operational Occurrences

Residual Heat Removal

Guality dssurance Criteria for

Nuclear Power Plants and Fue)

Reprocessing Plants
» b

Periodic Testing of Protectior

System Actuation Functions

Quality Assurance Regquiremen:s

for Packaging, Shipping,

Receiving, Storage, and
Handling of ltems for Water
Cooled Nuclear Power Plants




Regulatory Guide

Reguiatory Guide

Regulatory Guide

Regulatory Guide

Regulatory Guide

Regulatory Guide

Regulatory fuide

Regulatory Guide

1.47

1.53

lu‘z

1.7%

1.89

1.100

1.108

1.118

3-19

Bypassed and Inoperable Status
Indication for Nuclear Power
Plant Safety Systems

Application of the
Single-Failure Criterion to
Nuclear Power Plant Protection
Systems

Manual Initifation of Protective
Actions

Physical Independence of
Electric Systems

Qualification of Class 1E
Equipment for Nuclear Power
Plants

Seismic Qualification of
Electric Equipment for Nuclear
Power Plants

Instrument Setpoints

Periodic Testing of Electric
Power and Protection Systems



Institute of Electrical and Electronic Engineers (IEEE)

Standards

1EEE Std. 279-1971

323-1974

3381977

Criteria for Protection Systems
for Nuclear Power Generatina
Stations

Qualifying Class 1E Cquipnent
for Nuclear Power Generating

Stations

Criteria for Periodic Testing

of Nuclear Power Generating

Station safety Systems

Recommended Practices for
Seismic Qualification of Class
1€ Equipment for Nuclear Power
Generating Stations

Application of the Single
Failure Critericn to Nuclear
Power Generating Station Class

1E Systems

Criteria for [ndependence of
Class 1E Equipwe 't and Circuits




Complianci

The referenced criterfa establish the minimum requirements for the
safety-related functional performance and reliability of the EAM//TD
in the protection system The following 1s a discussion of the
EAM/TTD compliance with Section 4 of JEEE Standard 275-1971,
*Criteria fur Protection Systems for Nuclear Power Generating
Stations®.

General Fur
ection systen
rotective actior

es a preset leve)

For the EAM the protection system single failure
criterion is fulfi j *ough the use of a level input for each
he four protection sets yhould a single
,V‘O":- b v a(r Y ,‘ a
or occur, redundant hardware is available to provide the

protective action at the system level

3.7.3.3 Qual

.

The quality of the ecuipment associated with EAM/TTD 1s consistent

with the quality of the current protection system equipment. The

. A

reliability of the equipment {s discussed in Section 3.4.2.




3.7.3.4 Equipment Qualification

Tho EAM/TTD equipment 15 environmentally and seismically qualified in
accordance with the current Westinghouse qualification program. The
methodology of this prog=am {s contained in WCAP-8527, Rev. 6-A,
*Methodology for Qualifying Westinghouse WRD Supplied NSSS Safety
Related Electrical Equipment®, This program has been developed and
ifmplemented in accordance witn the requirements of 1EEE Std.
344-1975, "Recommended Practices for Sefsmic Nualification of Class
JE Fquipment for Nuclear Power Generating Stations®, and JEEE Std
323-1974, *"Qualifying Class 1E Equipment for Nuclear Power Generating
Stations®. More background {s presented in Section 3.5,

3.7.3.5 Channel Integrity

With the addition of the EAM/TTD components, the existing channel
integrity continues to maintain necessary functional capadbility under
extreme conditions (as applicable) relating to environment, ene) gy

supply, malfuctions, and accidents.

3.7.3.5

Channel Independence
With the addition of the EAM/TTD haruware, independence and physira)
separation between the four protection tets and train-oriented
signals continve to be maintained as :scrited in Callaway FSAR
Section 7.1.2.2. Channel {ndependence 1s maintainec throughout the
process protectinn system, extending from the sensor up to the Solid
State Protection System at which point two independent Engineered
Sefety Feature Actuation System and Reactor Trip trains are
maintained. Physica) separation 1s used 1o achieve separation of
redundant transmitters. Separation of wiring 15 achieved using
separate wireways, cable trays, conduit runs, and containment



penetrations for cach redundant channel, Redundant process
esuipment, including the EAM/TTD hardware, is separated dy locating
modules in divferent protection cabinets. Each redundant protection
channel set 1s energized from a separate ac power feed.

3.7.3.7 Controi and Protection System Interaction

For the EAM/TTD modification, there 1s no control and protection
system interaction (1.e., only protection channels used for the
EAM/TTD modification). A1l existing interfaces between the
protection and contro) systems remain intact and are not affected by
the modification.

3.7.3.8 Derivation of System Inputs

The steam generator level, containment pressure, and narrow range
temperature inputs continue to be derived from direct measures of the
desired variable. There are no new protection system inputs required
for the EAM/TTD modification,

3.7.3.9 Capability for Sensor Checks

Means are provided for checking the operational availability of each
system input sensor during reactor operation. The operationa’
availability of each system fnput sensor during reactor operation Is
accomplished by cross checking between channels that bear a known
relationship to each other and that have readouts available. The
EAM/TTD modification will mot impact existing schemes for verifying
sensor avatlability,
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3.7.3.10 Capability for Test and Calibration

Capability for test and calibration of the steam generator level
channels including the EAM/TTD modification is provided. These
channels have been configured to provide for uverlap testing to
verify total system operability. Testing is performed at the 7300
system instrumentation racks by individually introducing dummy input
signals into the instrumentation channels and observing the tripping
of the appropriate output bistables. Process analog output to the
logic circuitry 1s interrupted during individual channel test by a
test switch which, when thrown, inserts a proving lamp in the
bistable output, and deenerngizes the associated Solid State

ptection System (SSPS) 11¢ pu Each channel contains those

and test points necessary to test the channel Before
lant at

the funct

val from QOperatic

or channel bypass, woul ; y the

intent cf this requirment The protection system, including the

AM/TTD modification, 1s designed so as to permit periodic testing of
the steam generator level channels during reactor power operation
without initiating a protective action, unless a trip condition
actually exists., The coincidence logic in the Solid State Protection
System (SSPS; required to inftiate a reactor trip fulfills the first
option The second option, operation with a channel {n the bypass
mode, 1s not anticipated and thus, not provided for in the protection

system




3.7.3.12 Operating Bypasses

Operating bypasses in the existing protection system are not impacted
by the addition of the EAM/TTD medification.

3.7.3.13 Indication of Bypesses

Indication of the bypasses in the existing protection system 15 not
‘mpacted by the addition of the EAM/TTD modification,

3.7.3.14 Access to Means of Bypassing

Access to means for bypassing in the existing protection system is
not impacted by the addition of the EAM/TTD medification,

3.7.3.15 Multiple Setpoints

By incorporating the EAM'TTD circuitry, there s a necd for
additional setpoints. The EAM modification requires four additiona)
level bistables {(one per steam generator) per protection set. These
bistables are for the low-low steam generator level setpaint
associated with a normal containment environment. The existing
bistable setpoints include an environmental allowance vncertainty and
will be used for the steam generator low-low leve) corresponding to
an adverse containment envircament, For an adverse environment &
contafnment pressurc alarm and annunciator is provided to indicate
the more restrictive setpoint 15 to be enabled. Other positive means
of assuring that the more restrictive setpoint 1s used when necessary
1s provided by design verification, equipment qualification,
installation testing, and periodic surveillance testing.
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3.7.3.15 Cowpletion of Protective Action Once It Is Initiated

The existing protection system {s designed so that, once initiated,
the protective action at tne system level (SSPS) shall go to
completion. Return to normal operation requires subsequent
deliberate nperator action., These design features remain unaffectad
with the addition of the EAM/TTD circuitry.

3.7.3.17 HManual Inftiation

The existing protection system design for manual initiation of each
protective action at the syster level (for example, reactor trip,
main feedwater isolation, auxiliary feedwater actuation, ete,) is
unaffected by the addition of the EAM/TTD circuitry,

3.7.3.18 Access to Setpoint Adjustuents, Calibration, and Test
Points

The EAM/TTD as part of the protectio system is designed to allow
administrative control of access to all setpaint adjustments, module
calibration adjustments, and test points.

3.7.3.19 ldentification of Protective Actions

The EAM/TTD modification 1s a part of the existing protection system
design which provides for the indication and identification of
protective actions down to the channel Yevel through the use of
annunciators, indicators, and status lighis.
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3.7.3.20 Intormation Read-Out

The existing protection system s designed to provide the operator
with accurate, complete, and timely information pertinent to its own
status and generating station safety. The EAM/TTD design provides
for alarms and annurciators in a manner which is consistent with the
existing protection system design.

3.7.3.21 System Repair

The EAM/TTD circuitry, consistent with the existing protection
system, i designed to Tacilitate the recognition, location,
replacement, repair, or adjustment of malfunctioning cumponents or
mocules.

3.7.3.22 ldentification

A1 printed circuit cards utilized for the EAM/TID modification are
provided with labels which identify the proper protection cabinet,
card frame, and card slot locations for installation. This is in
accordance with the existing protection system technique for
fdentification of equipment,

B



3.8 Conclusions

The incorporation of the Environmental Allowance Modifier (EAM) and
the Trip Time Delay (TTD) into the Callaway 7300 Process Protection
System satisfies al) applicable I&C safety requirements. A1l of the
components to be added in the EAM/TTD are commensurable with those
used in the existing process protection system. Therefore, based on
the information presented in this report, the proposed EAM/TTD
modification, as implemented in the 7300 Process Protection System,
is deemed to be an acceptable means for reducing unnececessary
reactor trips assocfated with the condition of & steam generater
Tow-low water level.
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Figure 1: EAM/TTD Logic Diagram
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4.0 PROTECTION SYSTEM SETPOINT STUDY

Insirumant loop uncertainty calculations were performed to confirm
necessary Technical Specification values. The methodclogy used is
essentially the same as that noted in ro?ort. "Westinghousc Setpoint
Methodalogy for Protection Systems - Cal away." Some minor
differences can be noted in the treatment ¢f RTD and R/E
uncertainties which reflect the latest methods for use of Delta-T
instead of Tavg. The implementa’ion of the TTD requires that two
sets of Vessel Delta-T and Time Delay setpoints be noted in the
Technical Specifications, one set (Power - 1) for Vessel Delta-T less
than or equal to the equ.valent of 10.0 % Rated Thc ‘mal Power (RTP)
and one set sPower - 24 for Vessel Delta-T less than or equal to the
equivalent of 20.0 % RTP. The inclusion of the EAM results in two
trip setpoints for Steam Generator Water Low-Low Level, one for a
maximum containment ambient temperature of 230 °F {Normal) and a
second that reflects a maximum containment arbient temperature of 320
CF (Adverse). The uncertainty analyses performed refiect these
ambient concitions.

Changes are required in t'ie Technical Specifications to reflect the
agdition of the EAM/TTD. Uncertainty caleylations were performed and
are documented in the following tables for:

Steam Generator Water Low-Low stol == Normal (containment
ambient temperatures 80 to 230 °F),

Steam Generator Kater Low-Low Level -- Adverse (containment
ambient temperatures 230 to 320 °F),

Containment Pressure - EAM (uncertainties used in coincidence
with Steam Generator Water Low-Low Level -- Adverse)

Delta-T (Power - 1 and Power - 2) (Ves.e) Delta-T used in
coincidenc: with Steam .enerator Wacer Low-Low Level -- Norma)
or Adverse).

It should be noted that the Reactor Protection §) . and ESFAS time
responses noted on Tables 3.3-2 and 3.3-5 for Ste.m Generator Water
Low-Low Level veflect the coincidence with Vessel Delia-T greater
than the equivalent of 20 % KTP. The time delays associate” with the
use of the TTD are noted on Tables :.2-1 and 3.3-4. The Trip
Setpoints noted reflect the uncertainties associated with the
generation ¢ the time delays.
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TABLE 4-1

STEAM GENERATOR WATER LEVEL - LuW-LOW -- "NORMAL"®

Parameter

Process Measurement Accuracy
Density variations with lo . **

Primary Element Accuracy

Sensor Calibration Accuracy
Measurement & Test Equipment Accuracy

Sensor Pressure Effects

Sensor Temperature E7fects

Sen.or Drift

Environmental Allowante
Transmitter

Reference Leg Heatuo (corresponds te 218 °F)
Loop Insulation Resistance

Rack Zalibratior
Rack Accuracy
Measurement & Test Equipmen( Accuracy

Rack Comparator Setting Accuracy
One irput

Ravk Temperature Effects
Rack Drift

* In % span (100 % span)
** Table 3-27 "Westinghouse Setpoint Methodology for
Protection Systems - Callaway".

Channel Statistical Allowsrnce =
P

- +a,C

— —]4I,C




TA4BLE 4-2
STEAM GENERATOR WATER LEVEL - LOW-LOW -- "ADVERSE"
Parameter

vYrocess Measurement Accuracy
Der.ity variatiens with load **

Primary Element Accuracy

Sensor Calibration Accuracy
Measuremsnt & Test Equipment Accuracy

Sensor Pressure Effects
Senscr Temperature Effects
Sensor Drift
Environmental Allowance
Transmitter
Reference Leg F2atup (corresponds to 265 °F)
Loop Insulation Resistance
Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Comparator Setting Accuracy
One input

Rack Temperature Effects
Rack Dritt

* In % span (100 % span)
*+ Table 3-27 “Westinghouse Sotgo1nt Methodology
for Protection Systems - Callaway"®.

Channel Statistical A)llowance =

Allowance*
o = +4,C
L o



TABLE 4-3
CONTAINMENT PRESSURE - EAM
Parames.r

Process Measurement Accuracy
Primary Element Accuracy

S.nsor Ca'ibration Accuracy
Measurement & Test Equipment Accuracy

Sensor Pressure Effects
Sensor Temperature Effects
Sensor Drift
Environmental Allowance
Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Comparator Setting Accuracy
One input

Rack Temperature Effects

Rack Drift
(0.7 psig)

* In % span (69 psig)

Channe) Statistica’ Allowance =




TABLE 4-4
DELTA-T (POWER - 1 & POWER - 2)

Barameter
Process Measurerant Accuracy
Primary Element Accuracy
Sensor Calibration Accuracy
]+I.C

Measurement & lest tquipment Accuracy
Sensor Pressure Effects
Sensor Temperature Effects

Sonior Drift l"'c

Environmental Allowance
Loop Insulation Resistance (+ 0.7 °F)(100/87.0)

Rack Calibration

r OI’C

I

Measurement & Tcsg Equipment Accuracy
[£ 0.1 % of 120 °F span - R/E converter)*®¢

Rack Accuracy

[ I

Rack Comparator Setting Accuracy
One input

Rack Temperature Effects
Rack Drift

* In % Delta-T Span = 87 OF « 150 % RTP

- —-+a,cC




TABLE 4-4 (Continued)
DELTA-T (POWER - 1 & POWER - 2)

Channel Statistical Allowarce =
- —42,C
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(1)

(2)

(3)

(4)

(5)

(6)

WESTINGHOUSE PROPPIETARY CLASS 2

NOT®S FOR TABLE 4-6

A= (Aa)? + (PEA)? + (sPE)2 + (STE)? + (RTE)?

S =5CA + 8D

[ =

T, = RCA + RMTE + RCSA + RD

T, = TA = (A + (5,)? + (8,)%)V/2 - ga

Ty = ((RCAy + RMTE; + RCSA, *+ RD,)? +
(RCA; + RMTE, + RCSA, + RD,)2)1/2

i = minimum of Ty, T, or T,

z = (A)Y/2 4 Ea
All values in % Span

This column provides the maximum value for a bistable assuming
that the transmitter is not evaluated and the values for S, 2
and TA from this table are used in the following equation:
R=TA -2 - 8. This implies that the transmitter is assumecd
to be at its maximum allowed calibration and drift deviation
in the non-conservative direction. With a bistable's Trip
Setpoint found in excess of the value noted in this column, it
is possible (but not known absolutely) that a channel would be
considerad inoperable. This must be tempered by the
transmitter assumptior noted above, i.e., the transmitter is
assumed to be at its worst acceptable condition.

Acronyms as defined in "Westinghouse Setpoint Methodology for
Protection Systems ~ Callaway."
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