Duke POweEr COMPANY
PO, BOX 33189
CHARLOTTE, N.O, 28242

HAL B. TUCKER

TELEPHONE
(704) 373-4531

November 27, 1985

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Attention: Mr. B. J. Youngblood, Project Director
PWR Project Directorate No. 4

Re: Catawba Nuclear Station
Docket Nos. 50-413 and 50-414

Dear Mr. Denton:

By letter dated September 10, 1985, Duke proposed an amendment to
the Technical Specification for the reactor trip setpoint on lo-lo
steam generator water level for Catawba Unit 1. This letter
provides supplemental information with respect to the earlier
submittal.

As a result of discussions with the NRC staff the following
additional information is being provided.

1. The previous Justification and Analysis of No Significant
Hazards Consideration discussed changes to the analysis
of Loss of Normal Feedwater and Loss of AC Power analyses.
These analyses have been further revised to update the
decay heat assumption rather than revise the auxiliary
feedwater assumption.

2. FSAR pages which will be revised as a result of the pro-
posal Technical Specification changes are attached.

3. The September 10, 1985 amendment request also requested
that the proposed changes be incorporated into the
proposed Catawba Units 1 and 2 combined Technical
Specifications which were previously submitted on March
15, 1985. Because Catawba Unit 2 has Model D-5 steam
generators vs. Model D-3 for Unit 1, the reduced low-low
level trip setpoint is not needed for Catawba Unit 2.
Marked up pages for the Catawba Units 1 and 2 Technical
Specifications are attached.
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Mr. Harold R. Denton, Director
November 27, 1985
Page Two

This letter contains information which supplements that which was
provided by my letter of September 10, 1985. As such no additional
license fees are necessary.

Very truly yours,

Sz 4

Hal B. Tucker
ROS:slb
Attachment

cc: Dr. J. Nelson Grace, Regional Administrator
U. S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323

NRC Resident Inspector
Catawba Nuclear Station

Dr. K. Jabbour

Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatcry Commission
Washington, D. C. 20555

Mr. Heyward Shealy, Chief

Bureau of Radiological Health

S. C. Department of Health &
Environmental Control

2600 Bull Street

Columbia, South Carolina 29201



JUSTIFICATION AND ANALYSIS OF NO SIGNIFICANT HAZARDS CONSIDERATION

The steam generator low-low water level trip function protects the
reactor from a loss of heat sink in the event of a sustained

steam/feedwater flow mismatch. Analyses were performed to justify
lowering the grogrammed steam generator low-low level setpoint for

Catawba Unit This setpoint chan?e, along with the addition of a
filter to the channel circuitry, will help prevent unnecessar{l

reactor trips as a result of load rejections. This change will
also prevent unnecessary actuation of the turbine-driven auxiliary

feedwater pump due to spurious steam generator low-low level
hi £ "

indications which result from "ringing" in the level transmitters.
This benefit has been verified by observation of McGuire reactor

trips since implementation of this setpoint modification.

To verify the acceptability of the proposed changes, Westinghouse
has reanalyzed the Loss of Normal Feedwater, Loss of AC Power, and
Feedwater System Pipe Break transients, which rely on the steam

generator low-low level reactor trip for protection. The responses
of various system garameters to the above analyzed accidents are

iven in the attached FSAR pages. Results of these analyses
indicate that all applicable safety criteria are met using the
revised setpoint and the increesed instrument delay time.

For the loss of Normal Feedwater and Loss of AC Power analyses, it
was necessary to revise the original FSAR assumption for residual

decay heat in order to compensate for the lower low-low level
setpoint. For these two analyses, core decay heat generation is

based on ANSI/ANS-5.1 1979, "American National Standard for Decay
Heat Power in Light Water Reactors," August 1979. The FSAR will be
revised to reflect the new assumptions.

The Feedwater Malfunction accident is the only other accident
analyzed in the FSAR which takes credit for a rector trip on steam

generator low-low level. During this accident a malfunction is
postulated which causes an incréase in feedwater flow. When the

steam generator level in the faulted loop reaches the high-high
level setpoint, all feedwater isolation valves and feedwater pump

discharge valves are automatically closed and the main feedwater
gum s are tripped. This prevents a continuous addition of

eedwater and 1nitiates a turbine trip. The analysis does not take
credit for a reactor trip on turbine trip. Consequently following

the turbine trip, core power stabilizes at a reduced level
consistent with the reactivit parameters assumed to maximize the

initial increase in power. The reactor is trigped on steam
generator low-low level if no action is taken by the operator to

terminate the reduced power operation. The revised steam generator
low-low level setpoint will only delay the time of reactor trip at

the reduced power level. Even assuming a delayed reactor trip,
the DNBR limit is not exceeded at any time during the accident.

This evaluation has examined the impact of the proposed steam
generator low-low level setpoint on the accident analyses performed
in the FSAR. All accidents which take credit for a reactor trip on

steam generator low-low level were analyzed. The results of these
analyses indicate that all safety criteria are met using the
revised setpoint.
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10 CFR 50.92 states that a proposed amendment involves no
significant hazards considerations if operation in accordance with
the proposed amendment would not:

(1) Involve a significant increase in the probability or
consequences of an accident previously evaluated; or

(2) Create the possibility of a new or different kind of
accident from any accident previously evaluated; or

(3) Involve a significant reduction in a margin of safety.

The proggsed amendment does not involve an increase in the

robability or consequences of any previously evaluated accident.
he accident analyses have been reviewed and all acceptance

criteria has been satisfied.

The proposed amendment does not create the possibilit¥ of a new or
different kind of accident than any previously evaluated since

there will be no physical changes made to any plant system other
than the reduction of the trip setpoint and the addition of the
filter to the channel circuitry.

The proposed amendment does not involve a significant reduction in
a margin of safety. All applicable safety analyses have been

reviewed and all acceptance criteria will be met with the revised
setpoint.

The Commission has provided guidance concerning the application of

standards of no significant hazards determination by providing
certain examples (48 FR 14870). This change is simlilar to example

(vi).

For the reasons stated above, it is concluded that the proposed
amendment does not involve significant hazards considerations.



FUNCTIONAL UNIT

Z ONV T SLINN ~ VBMYLVD

14.

15.

16.

17.

¥RTP = RATED THERMAL POWER

13. Steam Generator Water

a. Unit 1
Level Low-Low

b. Unit 2

Undervoltage - Reactor
Coolant Pumps

Underfrequency - Reactor

Coolant Pumps
Turbine Trip
a. Low Control Valve E}
Pressure
b. Turbine Stop Valve
Closure

Safety Injection Input
from ESF

TABLE 2.2-1 (Continued)

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

TOTAL SENSOR
ALLOWANCE ERROR
(TA) z (5)

17 M2 1.5

40.0

17 M2 L5
8.57 0 1.0
4.0 0 1.0
N.A NA. N
N.A. NAA. N
N.A. ‘NA NA

TRIP SETPOINT

>17X of span
from 0X to 30X
RTP* increasing
linearly to

549X of span
from 30X to 100X
RTP*

>17% of narrow
range span

>77X of bus
voltage (5082
volts) with a

0.7s response time

>56.4 Hz with a
D.2s response time

>550 psig
>1X open

N.A.

ALLOWABLE VALUE

>15.3X of span from
0X to 30X RTP*
increasing linearly

o >53-#% of span
’rou 30% to 100X RTP*

38.3

>15.3%X of narrow
range span

>76X (5016 volts)
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TABLE 3.3-2 (Continued)

REACTOR TRIP SYSTEM INSTRUMENTATION RESPONSE TIMES

FUNCTIONAL UNIT

12.

14.
15.
16.

17.
18.
19.

Low Reactor Coolant Flow
a. Single Loop (Above P-8)

b. Two Loops (Above P-7 and below P-8)
Steam Generator Water Level-Low-Low

Undervoltage-Reactor Coolant Pumps

Underfrequency-Reactor Coolant Pumps

Turbine Trip

a. Low Control Valve EH Pressure
b. Turbine Stop Valve Closure

Safety Injection Input from ESF
Reactor Trip System Interlocks
Reactor Trip Breakers

Automatic Trip and Interlock Logic

RESPONSE_TIME

N.A.
N.A.

N.A.
N.A.
N.A.
A,

Ad0J M3IA3Y B J004d
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TABLE 3.3-4 (Continued)
ENGINEERED SAFETY FEATURES ACTUATION SYSTEM INSTRUMENTATION TRIP SETPOINTS

VEMYLYD

' SENSOR
" TOTAL ERROR
FUNCTIONAL UNIT ALLOWANCE (TA) 2 (S) TRIP SETPOINT ALLOWABLE VALUE
3 8. Auxiliary Feedwater (Continued)
w
ot c. Steam Generator Water
g Level - Low-Low
1) Unit 1 17 14.2 1.5 > 17X of span > 15.3X of
~ from 0% to span from 0X to
30% RTP 30X RJP increasing
increasing line 32.3
linearly to > of span .
40.0 T mema of Trom 30% to 100X
span from 30X RTP
to 100X RTP
w
3 2) Unit 2 17 14.2 1.5 > 17X of > 15.3% of narrow
- narrow range range instrument
é., span span 1
Safety Injection See Item 1. above for all Safety Injection Setpoints and Allowable Values.
. Loss-of-Offsite Power N.A. N.A. N.A. > 3500 v > 3200 v
f. Trip of All Main Feedwater
Pumps N.A. NA. NA NA N.A. g
g. Auxiliary Feedwater Suction =
Pressure-Low Qo
1) CAPS 5220, 5221, 5222 N.A. N.A. N.A. > 10.5 psig > 9.5 psig 3
2) CAPS 5230, 5231, 5232 N.A. N.A. N.A. > 6.2 psig > 5.2 psig ==
89. Containment Sump Recirculation : g
=~ a. Automatic Actuation Logic N.A. N.A. N.A. N.A. N.A. %
o and Actuation Relays -
b. Refueling Water Storage N.A. N.A. N.A. > 177.15 inches > 162.4 inches
E Tank Level-Low '

Coincident With Safety .
Injection See Item 1. above for all Safety Injection Setpoints and Allowable Values.
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events, the essumed for these cortlicients,
ahalyses—such as*loss of reactor coolant from cracks or ruptures in the Reactor
Coolant Syst 0 not depend on reactivity feedback effects. The values re \
given in Tahle 15.0.3-2. Reference is made in that table to Figure 15.0.4-1 \
which shows’the upper and lower bound Doppler power coefficientghoi-a—iuactuum ‘
used in the transient analysis. The justification fg;

“use of con- \
servatively large versus smal) reactivity coefficient values are treated on an \
event-by-event basis. In some cases conservative combinations of parameters are \
used to bound the effects of core life, -£on-oxanpln,_in_a_load_iacanasa.Lzans:

ONTROL ASSEMBLY INSERTION CHARACTERISTICS
G.»i versus #ime characteristc

('he negative reactivity Tnsertion following a reactor ip is a function of the |
> 0y the rod cluster control assemblies and*the variation in rod worth /
as a functior of rod position. With respect to accidentes. the critica)

|

\

efficient. -Nho-a‘\ these combinabon s may not represent ,oss,'blc realis e Situadyong . \\
|
|

parameter ic the time of insertion up to the dashpot ent approximately 8%
perc~nt of~£ng“59d clqg}er trav 1. The rod cluster controT assembly position
versus time*assumed in‘accident analyses is shown in Figure 15.0.5-1. The rod /
cluster control assembly insertion time to dashpot entry7$3 taken as 3.05 seconds. ¥

. Drop time testing requirements are
—and-are specified twufhe E}ant Technical Specifications,, and +he inidial stariup

dest veribied 4hat either s edy oaralyss “ssumplion IS comservadsye.

.
Figure 15.0.5-2 shows the fraction of total negative reactivity insertion versus (:
normalized rod position for a core where the axial distribution is skewed to the
lTower region of the core. An axial distribution which is skewed to the lower
region of the core can arise from an unbalanced xenon distribution. This curve
is used to compute the negative reactivity insertion versus time following a
reactor trig, which is input to all point kinetics core models used in transient

analyses, bottom skewed power distribution itself is not input into the
point kinetics core model.

There is inherent conservatism in the use of Figure 15.0.5-2 in that it is based
on a skewed flux distribution which would ex st relatively infrequently., For
cases other than those associated with unbalanced xenon distributions, signi-
ficant negative reactivity would have been inserted due to the more favorable
axial distribution existing prior to trip.

ak/k

The normalized rod cluster contrp? assembly negative reactivity insertion versus
time is shown in Figure 15.0.5 The curve shown in this figure was obtained
from Figures 15.0.5-1 and 15. .5=2. A total negative reactivity insertion fol-
lTowing a trip of 4 percent is assumed in the transient analyses except where
specifically noted otherwise. This assumption is conservative with respect to
the calculated trip reactivity worth available as shown in Table 4.3.2-3. For
Figures 15.0.5-1 and 15.0.5-2, the rod cluster control assembly drop time is nor-
malized to 3.05 seconds, unless otherwise noted for a particular event.

The normalized rod cluster control assembly negative reactivity insertion versus
time curve for an axial power distribution skewed to the bottom (Figure 15.0.5-3) <E

is used in those transient analyses for which a point kinetics core model is used,

5.0-8
1 ‘M
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% . and +he loss of normal teedwater, Secdion 15.2.77, core reua‘l.“/ heat aeneraton /&
based on Retevence 5. For +he loss of coolant accident,Sechon 165.6.5, residual heat
,enenh’on

CNS

C

15.0.10 RESIDUAL DECAY HEAT
15.0.10.1 Total Residual Heat

-

is calculated for—theloss—of-coolant ac-.
-¢4dent per the requirements of Appendix K of 10CFR50.46 (Reference 6) as des-
cribed in References 7 and 8. These requirements include assuming infinite
irradiation time before the core goes subcritical to determine fission product

decay energy. For all other accidents, the models are,used except that
fission product decay energy is based on cor average exposaiq\gz\:tf end of

the equilibrium cycle. Secdon /5.6. 8 albe
15.0.10.2 Distribution of Decay Heat Following Loss of Coolant
A cident

During a loss of coolant accident, the core is rapidly shut down by void for-
mation or rod cluster contro) assembly insertion, or both, and a large frac-
tion of the heat generation to he considered comes from fission product de-
cay gamma rays. This heat is not distributed in the same manner as steady
state fission power. Local peaking effects which are important for the neu-
tron dependent part of the heat generation do not apply to the gamma ray con-
tribution. The steady state factor of 97.4 percent which represents the frac-
tion of heat generated within the clad and pellet drops to 95 percent for the
hot rod in a loss of coolant accident.

( For example, consider the transient resulting from the postulated couble ended
break of the largest Reactor Coolant System pipe; 1/2 second after the rupture
about 30 percent of the heat generated in the fuel rods is from gamma ray absorp-
tion. The gamma power shape is less peaked than the steady state fission power
shape, reducing the energy depocited in the hot rod at the expense of adjacent
colder rods. A conservative estimate of this effect is a reduction of 10 percent
of the gamma ray contribution or 3 percent of the total. Since the water density
is considerably reduced at this time, an average of 98 percent of the available
heat is deposited in the fue) rods, the remaining 2 percent being absorbed by
water, thimbles, sleeves and grids. The net effect is a factor of 0.95 rather
than 0.974, to be applied to the heat production in the hot rod.

15.0.11 COMPUTER CODES UTILIZED

Summaries of some of the principal computer codes used in transient analyses are
given below. Other codes, in particular very specialized codes in which the
modeling has been developed to simulate one given accident, such as those used
in the analysis of the Reactor Coolant System pipe rupture (Section 15.6), are
summarized in their respective accident analyses sections. The codes used in
the analyses of each transient have been listed in Table 15.0.3-2.

15.0.11.1 FACTRAN
FACTRAN calculates the transient temperature distribution in a cross section

of a metal clad U0, fuel rod and the transient heat flux at the surface of the
clad using as input the nuclear power and the time-dependent coolant parameters

15.0-11
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Chclcmer, H., Boman, L.H., 5"‘"’. D.R., ‘Imrfwd Thermal Deg

ign Proceduves”,
WCAP -25¢7 , July . 1975,

REFERENCES FOR SECTION 15.0

10.

11.

DiNunno, J. J., et al., "Calculation for Distance Factors for Power and
Test Reactor Sites," TID-14844, March 1962.

ORNL-4628, "ORIGEN - The ORNL Isotope Generation and Depletion Code,"
M. J. Bell, May 1973.

RSIC-DLC-38, "ORIGEN Yields and Cross Sections = Nuclear Transmutation
and Decay Data From END F/B-1V," Radiation Shielding Information Center,
Oak Ridge National Laboratory, September 1975.

"Acceptance Criteria for Emergency Core Cooling Systems for Light Water
Cooled Nuclear Power Reactors," 10CFR50.46 and Appendix K of 10CFRS0.
Federal Register, Volume 39, Number 3, January 4, 1974.

)
Bordelon, F. M., et al., "SATAN-VI Program: Comprehensive Space-Time ;
Dependent Analysis of Loss of Coolant," WCAP-8302 (Proprietary), and

WCAP-8306 (Non-Proprietary), June 1974.

Bordelon, F. M., et al., "LOCAT-1V Program: Loss of Coolant Transient
Analysis," WCAP-8301 (Proprietary) and WCAP-8305 (Non-Proprietary),
June 1574,

Hargrove, H. G., "FACTRAN - A Fortran-IV Code for Thermal Transients
in a UO? Fuel Rod," WCAP-7908, June 1972.

Burnett, T. W. T., et al., "LOFTRAN Code Description," WCAP-7307,
June 1972.

Risher, D. H., Jr. and Barry, R. F., "TWINKLE - A Multi-Dimensional Neutron
Kinetics Computer Code," WCAP-7979-p-A (Proprietary), and WCAP-8028-A
(Non-Proprietary), January 1975.

ANSI/AN‘*S‘I-”'T?. " American Nabenal Standard tor bery Heat  Fower in

Light Wader Reacdors ", Auaust /171

>
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Table 15.0.6-1

Table 15.0.¢-1

Trip Points and Time Delays To Trip

Assumed In Accident Analyses

Trip
Function

Power range high neutron

Limiting Trip
Point Assumed
in Analysis

Time Delays

gSecondsz

flux, high setting 118% 0.5
Power range high neutron
flux, low setting 35% 0.5
High neutron flux, P-8 85% 0.5
Overtemperature AT Variable see 6.0*
Figure 15.0.3-1
Overpower AT Variable see 6.0*
Figure 15.0.3-1
o -
High pressurizer pressure 2410 psig 2.0
. ',2, " e
Low pressurizer pressure +836- psig 2.0 .
Low reactor coolant flow
(from Toop flow detectors) 87% loop flow 1.0
Undervoltage trip 68% nominal
Turbine trip Not applicable 2.0
Low-low steam generator - 4.0
Tevel
26 %
High steam generator level 87-4% of narrow range 2.0

feedwater pump trip,

feedwater isolation,

and turbine t

*Total time delay (including RT
bypass loop piping thermal capacity,
channel electronics delay) from the
the coolant loops exceeds the

fall.
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even if a loss of all non-emergency AC power occurs simultaneously with loss of
normal feedwater. The turbine exhausts the secondary steam to the atmosphere.
The pumps take suction from the auxiliary feedwater storage tank for delivery
to the steam generators.

Upon the loss of power to the reactor coolant pumps, coolant flow necessary for
core cooling and the removal of residual heat is maintained by natural circu-
lation in the reactor coolant loops

A loss of non-emergency AC power to the station auxiliaries is classified as
an ANS Condition II event, fault of moderate frequency. See Section 15.0.1 for
a discussion of Condition II events.

A loss of AC power event, as described ibove, is a more limiting event than the
turbine-trip-initiated decrease in secendary heat removal without loss of AC
power, which was analyzed in Section 15.2.3. However, a loss of AC power to
the plant auxiliaries as postulated above could result in a loss of normal
feedwater if the condensate pumps lose their power supply.

Following the reactor coolant pump coastdown caused by the loss of AC power,
the natural circulation capability of the RCS will remove residual and decay
heat from the core, aided by auxiliary feedwater in the secondary system. An
analysis is presented here to show that the natural circulation flow in the
RCS following a loss of a-c power event is sufficient to remove residual heat
from the core.

The plant systems and equipment available to mitigate the consequences of a loss
of AC power avent are discussed in Section 15.0.8 and listed in Table 15.0.8-1.

15.2.6.2 Analysis of Effects and Consequences

Method of Analysis

A detailed analysis using the LOFTRAN Code (Reference 3) is performed to obtain
the natural circulation flow following a station blackout. The simulation
describes the plant thermal kinetics, Reactor Coolant System (RCS) including
the natural circulation, pressurizer, steam generators and feedwater system.
The digital program computes pertinent variables including the steam generator
level, pressurizer water level, and reactor coolant average temperature.

The assumptions used in the analysis are as follows:

1. The plant is initially operating at 102 percent of the Engineered Safety
Features design rating.

2.

at-the initial power level precedingthe trip.

3. A heat transfer coefficient in the steam generator associated with RCS
natural circulation.

Core residual heat aenerabien 5 based on +he (979 version of ANS-5.1 ( Reference ¢).

This rethod i8 a ” conservative rOfresenfM/ar\ ol Jhe dec‘a/ enerj/ release rates.

15.2-10



CNS 5% below the nomh.s’el/zah#.

— A
%\ quwﬂeo‘ dp be at HrE% 3
4. Reactor trip occurs on steam generator low-low levell No credit is taken

for immediate release of the control rod drive mechanisms caused by a loss
of offsite power.

5. The worst single failure in the auxiliary feedwater system occurs. 49/ Jf"':fb

']}£7:5E;;i3iary feedwater is delivered to two steam generators.

é Yf Secondary system steam relief is achieved through the steam generator
safety valves.

The assumptions used in the analysis are essentially identical to the loss of
normal feedwater flow incident (Section 15.2.7) except that power is assumed
to be lost to the reactor coolant pumps at the time of reactor trip.

Plant characteristics and initial conditions are further discussed in Section
39.0. 3. -

Results +‘|r.7‘\ ‘5.2."‘"’

The transient response/of the RCS following a loss of ac power is shown in
|Figures 15.2.6-1 £ . The calculated sequence of events

for this event is listed in Table 15.2.3-1.

|The first few seconds after the loss of power to the reactor coolant pumps
will closely resemble a simulation of the complete loss of flow incident (see
Section 15.3.2), i.e., core damage due to rapidly increasing core tempera-
tures is prevented by promptly tripping the reactor. After the reactor trip,
stored and residual decay heat must be removed to prevent damage to either
the RCS or the core.

The LOFTRAN code results show that the natural circulation flow available is

sufficient to provide adequate core decay heat removal following reactor trip
and RCP coastdown.

15.2.6:3 Environmental Consequences

The postulated accidents involving release of steam from the secondary system
will not result in a release of radicactivity unless there is leakage from the
Reactor Coolant System to the secondary system in the steam generator. A con-
servative analysis of the potential offsite doses resulting from this accident
is presented assuming primary to secondary leakage. This analysis incorporates
assumptions of 1 percent defective fuel and existence of a 1 gpm steam generator
leak rate prior to the postulated accident for a time sufficient to establish

equilibrium specific activity levels in the secondary system. Three postulated
cases are analyzed:

Case 1 (No icdine spike)
Case 2 (With pre-existing iodine spike)

Case 3 (With coincident iodine spike)

15.2-11 Rev— K14
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15.2.7.2 Analysis of Effects and Consequences

Method of Analysis

A detailed analysis using the LOFTRAN Code (Reference 3) is performed in order
to obtain the plant transient following a loss of normal feedwater. The simu-
lation describes the plant thermal kinetics, RCS including the natural circy-
lation, pressurizer, steam generators and feedwater system. The digital program
computes pertinent variables including the steam gener itor level, pressurizer
water level, and reactor coolant average temperature.

Assumptions made in the analysis are:

1. The plant is initially operating at 102 percent of the Engineered Safety
Features design rating.

2. A conservative core residual heat generation based upon long term operation
at the initial power level precEgin the trip.

l 5% belew the nominal seJrv,'nf‘
3, Reactor trip occurs on steam generator low-lo?‘level, assumed fo be at ypeet

The worst single failure in the auxiliary feedwater system occurs. 49/ gpn-gfj

4.
-
.:FS:§§;E9&iliary feedwater is delivered to two steam generators.
5 K

Secondary system steam relief is achieved through the steam generator
safety valves.

of the reactor protection and engineered safeguards systems (e.g., the Auxiliary
Feedwater System) in removing long term decay heat and preventing excessive
heatup of the RCS with possible resultant RCS overpressurization or loss of RCS

For the loss of normal feedwater transient, the reactor coolant volumetric flow
remains at its normal value and the reactor trips via the low-low steam generator
level trip. The reactor coolant pumps may be manually tripped at some later

time to reduce heat addition to the RCS.

that only the pressurizer safety valves are assumed to function normally.
Operation of the valves maintains peak RCS pressure at or below the actuation
setpoint (2500 psia) throughout the transient.

Plant characteristics and initial conditions are further discussed in Section
15.0. 3.

15.2-14 —Rev X 7Y~
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Plant systems and equipment which are necessary to mitigate the effects of a
loss of normal feedwater accident are diccussed in Section 15.0.8 and listed in
Table 15.0.8-1. Normal reactor control systems are not required to function.
The Reactor Protection System is required to function following a loss of nor-
mal feedwater as analyzed here. The Auxiliary Feedwater System is required to
deliver a minimum auxiliary feedwater flowrate. No single active failure will
prevent operation of any system required to function. A discussion of ATWT con-
siderations is presented in Reference 2.

Results
-H!ron}/\. 15 2. 7-%3

Figures 15.2.7-1, 36272 —and-16-2-7=3 show the significant plant parameters
following a loss of normal feedwater.

Following the reactor and turbine trip from full load, the water level in the
steam generators will fall due to the reduction of steam generator void fract-
tion and because steam flow through the safety valves continues to dissipate
the stored and generated heat. One minute following the initiation of the low-
low level trip, at least one auxiliary feedwater pump is automatically star-
ted, reducing the rate of water level decrease.

| The capacity of th<;:;xilia dwate(fé;ltem is such that the water level in

the steam generator3 being feéd“does not-recede below the lowest level at which
sufficient heat transfer area is available to dissipate co 1
without water relief from the RCS safety valves. Figure 452 shows that
at no time is there water relief from the pressurizer.

The calculated sequence of events for this accident is listed in Table 15.2.3-1.
As shown in Figures 15.2.7-1 and 15.2.7-2, the plant approaches a stabilized
condition following reactor trip and auxiliary feedwater initiation. Plant
procedures may be followed to further cool down the plant.

15.2.7.3 : Environmental Conseguences

If steam dump to-the condenser is assumed to be lost, heat removal from the sec-
ondary system would occur through the steam generator power relief valves or
safety valves. Since no fuel damage is postulated to occur, radiological con-
sequences resulting from this transient would be less severe than the steam-
line break accident anaiyzed in Section 15.1.5.3.

15.2.7.4 Conclusions

Results of the analysis show that a loss of normal feedwater does not adversely
affect the core, the RCS, or the steam system since the auxiliary feedwater
capacity is such that reactor coolant water is not relieved from the pressurizer
relief or safety valves. ; : i

%MM i i e
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10.

11.

12.
13.

14.

15.

eNs

Initial pressurizer level is at the nominal programmed value plus 5 per-
cent (error); initial steam generator water level is at the nomipaT Vvalue
plus 5 percent in the faulted steam generator and at the nomina inus
5 percent in the intact steam generators.

No credit is taken for the high pressurizer pressure reactor trip.

Main feedwater flow to all steam generators is assumed to be lost at the
time the break occurs (all main feedwater spills out through the break).

The worst possible break area is assumed. This maximizes the blowcown dis-
charge rate following the time of trip, which maximizes the resultant heatup
of the reactor coolant.

# until
A conservative feedline break discharge quality is assumeg/ﬁcior to the
time the reactor trip occurs, thereby maximizing the time¥the tri;z setpoint
is reached. After the trip occurs, a saturated liquid discharge is assumed
until all the water inventory is discharged from the affected steam genera-

- tor. This minimizes the heat removal capability of the affected steam gen-

erator.

mitiated
Reactor trip is assumed tol be initiated whe the, low-low level trip set-
point mint - : w=Fange—span- in the faulted steam gen-
erator. is—reached.

The Auxiliary Feedwater System is actuated by the low-low steam generator
water level signal. The Auxiliary Feedwater System is assumed to supply a
total of 492 gallons per minute (gpm) to the two unaffected steam gen-
erators, including allowance for possible spillage through the main feed-
water line break. A 60 second delay was assumed following the low-Tlow
level signal to allow time for startup of the emergency diesel generators
and the auxiliary feedwater pumps. An additional 115 seconds was assumed
before the feedwater lines were purged and the relatively cold (134°F) aux-
iliary feedwater entered the unaffected steam generators.

No credit is taken for heat energy deposited in RCS metal during the RCS
heatup.

No credit is taken for charging or letdown.

Steam generator heat transfer area is assumed to decrease as the shell
side liquid inventory decreases.

Conservative core residual heat generation is assumed based upon long term
operation at the initial power level preceding the trip.

No credit is taken for the following potential protection logic signals to
mitigate the consequences of the accident:

15.2-18 Rev. By
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CNS

( ’ . High pressurizer pressure.
Overtemperature AT.

High pressurizer level.
High Containment pressure.

an ?ﬂo

Receipt of a low-low steam generator water level signal in at least one steam
generator starts the motor driven auxiliary feedwater pumps, which then deliver
auxiliary feedwater flow to the steam generators. The turbine driven auxiliary
feedwater pump is initiated if the low-low steam generator water signal is
reached in at least two steam generators. Similarly, receipt of a low steam
line pressure signal in at least one steam line initiates a steam line isola-
tion signal which closes the main steam line isolation valves in all steam
lines. This signal also gives a safety injection signal which initiates flow
of borated water into the RCS. The amount of safety injection flow is a func-
tion of RCS pressure.

Emergency operating procedures following a secondary system line rupture call
for the following actions to be taken by the reactor operator:

1. Isolate feedwater flow spilling out the break of ruptured stead generator
and align system so level in intact steam generators recovers,

+he
’ & @top Hhigh—heead safety injection charging pumps if:

stable or ;hcreusin,,

(: a. Wide range reactor coolant pressure is

on
b. Pressurizer water level is

span.

A RCS is adequately subcooled. )
sufficient ek
d. Steam generator narrow{ange level indicatj{n exists in at least
one steam generator or‘auxiliary feedwater¥being injected into -at f4e
steam generat te ,rm‘dc an adeguate heat sink.

Subsequent to recovery of level in the intact steam generators, the -h4
} } t : plant operating procedures will
be followed in cooling the plant to hot shutdown conditions.

Plant characteristics and initial conditions are further discussed in Section
15.0.3.

No reactor control systems are assumed to function. The Reactor Protection
System is required to function following a feedwater line rupture as analyzed
here. No single active failure will prevent operation of this system. A4 Ais-
CHSSion @ ATWT congi/derabions is pPresented in Ee Ference 2.
The engineered safety systems assumed to function are the Auxiliary Feedwater
System and the Safety Injection System. For the Auxiliary Feedwater System,
| the worst case configuration has been used, i.e., two intact steam generators
i[b receive auxiliary feedwater following the break.‘_gne motor driven auxiliary

Trlvt turbine olriven anxiliary {ee dwater PP is assumed Jo -ﬁn'l,*‘
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—

spill *s entive flow out +he breaj. (
feedwater pump has been assumed to cd@iéifﬂl second motor driven pump tegether
.}u4th—ehe—turb+ﬂe-du4ucn-puaa delivers gpm to the two intact steam gener-
ators, Y = Only one train of safety injec-
tion has been assumed to be available.

For the case without offsite power there will be a flow coastdown until flow in
the loops reaches the natural circulation value. The natural circulation cap-
ability of the RCS has been shown in Section 15.2.6, for the loss of AC non-
emergency power transient, to be sufficient to remove core decay heat following
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Table 15.2.3-1 (Page X of=#)

Time Sequence Of Events For Incidents Which Cause A Decrease

In Heat Removal By The Secondary System

Accident Event

Loss of Non-Emergency
AC Power

Main feedwater flow stops

Low-Tow steam generator
level reactor trip

Rods begin to drop

Reactor coola umps

begin to coa@en

Peak water level in

pressurizer occurs

M-i.h‘u’ feedwater prmpe start
Twe Four steam generators

begin to receiveﬁguxiliary
feedwater from W motor

grivon aweHtary—feedwater

Core decay heat decreases
to auxiliary feedwater
heat removal capacity

Loss of Normal Main feedwater flow stops
Feedwater Flow
Low-low steam generator

level reactor trip

Rods begin to drop

Time (sec

10
B pe 54

B8 PL 5%
p(.)q. o

BY L8 62
128 Ire 110

~ 59 #9500

10
B MC 54

BE 34 53

Peak water level in
ressurizer occurs

& m)
¥4

‘ut‘iﬁr' feedwater pumps shart

Two Four steam generators
begin to receive auxiliary

feedwater from 4we motor-

driven, dusiiiaryfeedwatanr

Core decay heat plus pump
heat decreases to auxiliary
feedwater heat removal
capacity

e Y

2L 2eF /190

~ 000 ¥395_ 2300
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Table 15.2.3-1 (Page X of-%)

Time Sequence Of Events For Incidents Which Cause A Decrease

In Heat Removal By The Secondary System

Accident Event
Feedwater System Pipe Break

1. With offsite power Main feedline rupture occurs
available
Low-low steam generator level
reactor trip setpoint reached
in ruptured steam generator

Rods begin to drop
A...u.‘.o, feedwater pumps start

Two steam generators : ’ v

begin to receive auxslia delivered—to—intact
feecdwater Evom one motor sLleam—generators
driven Pump

Low steam line pressure
setpoint reached in rup-
tured steam generator

All main steam line
isolation valves close

Steam generator safety
valve setpoint reached
in intact steam generators

Pressurizer water relief
begins

Core decay heat plus pump
heat decreases to auxiliary
feedwater heat removal
capacity

2F :

Time (sec)
W 10
KW
w P 32
> o4
PR 164

39((;»4: 24¢é
m M 253
Wﬁ‘ Y& 1

m)ﬂ. 196/
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Table 15.2.3-1 (Page X of40

Time Sequence Of Events For Incidents Which Cause A Decrease

In Heat Removal By The Secondary System

Accident Event Time (sec)
Feedwater System Pipe Break
2. Without offsite power Main feedline rupture occurs .8 o
Low-Tow steam generator KN 2¢
level reactor trip set-
point reached in ruptured
steam generator
> 32
(Rods begin to droﬁ)@ter 2K 3 3¢
ost to the reactor cool-
ant pumps
- Auxiliary Ceedwatey pumps start .S £
Twe steam yenerators S ili : 3 ipE 164
begin b receive aunxiliary detiveret—to—intact—
fYeedwater from one motor Sleamgoneparane
driven fump )
. Low steam line pressure 3 26 295
setpoint reached in rup-
tured steam generator
All main steam line 85€ o8~ 255
isolation valves close
Steam generator safety Jeq Ber o35
valve setpoint reached
in intact steam generators
Core decay heat decreases X 006 pag /580
to auxiliary feedwater
heat removal capacity



INIL

Q3%

(241) 1-2z's big

NUCLEAR POWER (FRAC OF NOM) -

- 00002
|- 0000+
+ 00009°
} 00008
00001
0002}

-aAA A L A 2 A
Y YY Y YOVY L4

AAAA A A 4 4 -
TEYY Y Y OY Y v

ALAAA 2 4 4 e
LAAL AL 2R L

TTYY Y YV OY v

F
|
%
;
}
e



INIL

23%)

(z34°2) |-92's b1y

STEAM CENERATOR PRESSURE (PSIA)

o ~N wn -~ — —
w.% 52 5 K B 3
e 8 8 = <

1.000 - - >
2.0000+ 4
3.00004 ¥
Eﬁgggt ::
18 HEEEE 3
20-000" 4
30. 000+ 4
. p 4
186: BHEE ¥
200. 004 +
300. 00+ +
ngEE 3
2000.04 4
3000.0~t 4
ngE 3 + + + + + 3




INIL

Q3%

(z31) z-9°z'st bi

PRESSURIZER PRESSURE (FSIA)

[ - - ~ ~n n ~n
[+ ] o~ o
PR3 ¥ .8 3
o o o o o o o
2.0000+ i
3.0000+4 1
,3E§BE 3
20. 000+ +
30. 000+ 4
. p -
jEEEE E 3
200. 00+ |
300. 004 4
jgggg E 3
2000. 04 {
3000.0¢ {
SEEgE E i
(HHHE: B




(z #02)

INIL

3%

00 008

2-9'2'sl 5!:l

PRESSURIZER WATER VOLUME (FT3)

+ 00°000%
+ 00021
+ 0°00%}
+ 0°0031
0°0002

1 0°0081

1.000

2. 00004
3. 00004

1l

20. 000+
30. 0004

il

200. 00H
300. 00

il

2000. 04
3000. 04

i

LA A L L 8 ae oa aome o LA A A

LA

TEFY Y Y OY . &

ol

“AA A LA A
LASA R 2 d

YT Y Y OY O OTY v

AAAA A A

AAA A 4 2 A
TrTYYYYT Y Y v

A
LA AR L

.

4
$
ﬁ»



(z#1) £-922'51 Big

LOOP 1 TEMPERATURE (F)

wn w w [+2] (2] o ~4
8 % 8 5 8 8 8 5 &
8 & 8|8 8 8 8 8

1.000 e S CE— S— —
2.00004 )
3.0000" S
jBEEE $
20. 0004 4
3°o0000 B
- - -
188: BHEF 1
= 200.004 1
= 300.004 i
1888 B8F 1
2000. 04+ 4
3000-0‘: 4+
35835 : !
1555 - + . — -+ - - i




(z4°2) §-9°2'5 b4

WL

Q3%

LOOP 3 TEMPERATURE (F)

w wn o0

g 3 8 §
8

. .
o adbe e
v L T

L

+ 00°S2S
+ 00°0S9
+ 00°SL9

00 '00¢

1.000

2.0000¢+
3. 0000+

it

20. 000+
30. 0004

i

200. 004
300. 00H

il

2000. 04
3000. 04

.
'
'
‘BT
l . B e ol ok o e v ok
~ . v v v L LA L v .

.

L

L i e o L

L b amm e

LA

POy VY v L




(Z#21) 1-L2'5) big
NUCLEAR PO?ER (FRAC OF NOM)

ol N

T 0000%
+ 00009

0002’

INIL
amEroo

J3%)
n
o
o
S

A A . A A
AA AL e . v

e
TV Y Y Y L4

A A A
Yy r L




(z42) I-L°25 biy

STEAM CENERATOR PRESSURE (PSIA)

8

8

00
¥ 0°0S21

¥ 00°0S¢L

~n

)

8
—

?-00

1.000

o

2.000
3.000
1%?553
20.00
30. 00
138 EE
200.0
ggg o
2000.

3000

= _—

L

J3%)




(z4o1) z-L'2°sl big

PRESSURIZER PRESSURE (PSIA)

1 0°0091
1 0°0081
+ 0°0002
+ 0°0022
1 0°00%¢2

r 2092

AAA A A A A A '
v L

L

LA . ___&

LAA LA 20 e e 2

- AAL

TTrYyrT VY v

AAALA LA A A

.

S b b A 4 .
rTFrYTT VY

.
4
+
+

-




(z#2) 2-L2'Si b1 4

PRESSURIZER WATER VOLUME (FT3)

2000.0 -t -t it e e
1800.0 + 4
1600.0 + 4
1400.0 ¢+ 4
_NS 0+ / +
1000.00 +4 4
800.00 S SEEEHD & boah & ottt —++

o O O OCInmxD O O OCxKInxD O O OCxxmxD - * ® o esnes

TIME  (SEC)



2!
O
”
N
-J
'
W
~~
o
'.QJ
N
7

LOOP { TEMPERATURE (F)

700.00

675.00

1

v

650.00

625.00

600.00

575.00

v

A
+

e
v

550.00

525.00

500.00

-
-

A b A AAAAL

o
+

"
T

v
+

o
L4

1.000

TIME

- 200.004
300.0
,SQEE

© Ocoxmzb

(SEC)

2000.0¢4




(z2#2) g-L2°5 b4

LOOP 3 TEMPERATURE (F)

00°S2s
1 00°0SS
- 00°SS
1+ 00°009

+ 00°0S9
00°S29

1 00°629

- 00 °00¢

N

Q3%




L B'Z'SL by

NOILVLS HV3TONN VYEMVYLYD
3|qejieAy Jamog a11sy0

UM aumdny aulpaa4 ulep ioy
lUaisuel | mO|yxealg aul|paa 4 pue
‘luaisues | Auanoeay as09 |e10)
‘ludIsuR) | JamOyg Jeajanp

y0! &

(23S) an1L

0l 8 01 g 0
e Illl”lf I [ll”lr‘f I LLLRRB N B )

e

ALl 1 llllllll 1 ljllllll 1

_ﬁ

lllllll Ll

[ 4 ]

S0~

§°0
LO0°0-

900~

600~

*0°'0~

£0°0-

20°0~

1070~

10°0

20

Yo

90

8'0

MO4 MV3HE
3NIT0334

(WON 40 Owud)

(W¥-v17130)
ALIAILOV3Y WiOL

(MON 4O Ovid) H3MOd HYITONN



PRESSURIZER

;
3
:
:
E

RELIEF
(FT3/SEC)

Tfllllll[ l”lll"[ ll””ﬂ[ LT

ACGRR R ez W

corod o cod 1

§ 10 5 10° s 103 5 104
TIME (SEC)

Pressurizer Pressure, Water Volume,
and Relief Transients for Main Feedline
Rupture with Offsite Power Available
CATAWBA NUCLEAR STATION
Figure 15.2.8.2




REACTOR COOLANT
TEMPERATURES FOR INTACT

LOOP NOT RECEIVING
AUXILIARY FEEDWATER (°F)

REACTOR COOLANT
TEMPERATURES FOR
INTACT LOOPS RECEIVING
AUXILIARY FEEDWATER (°F)

TEMPERATURES FOR

FAULTED LOOP (°F)

14429 9

700 — TTTTmT

67S -
650 |~

HOT LEG
625

UL L L) A

600 |-

575 |~ COLD LEG

700

675 |~

50 b
. HOT LEG

625

. |

600

575 |- COLD LEG

550
700
675 -~
650 |}~
HOT LEG
625 F
600 p-
575 | COLD LEG
550 Lol ool o cowd
| 5 10 5 10° 5 0%
TIME (SEC)

Reactor Coolant Temperature
Transients for the Faulted and

the Intact Loops for Main Feedline
Rupture with Offsite Power
Available

CATAWBA NUCLEAR STATION
Figure 16,283



| Tl”lll[ TIIIHII' | ll”lll[ IR

| GeNERaToR

:
b
s
5
2
$
g

Coooowd aum
5 10 5 102 5 103 5 |04

TIME (SEC)

Steam Generator Pressure and
Core Heat Flux Transients for
Main Feedline Rupture with
Offsite Power Available
CATAWBA NUCLEAR STATION
Figure 16,284




NUCLEAR POWER (FRAC OF NOM)

TOTAL REACTIVITY
(DELTA-K/K)

FEEDLINE
BREAK FLOW

(FRAC OF NOM)

14429 -1

.2 I UT""II I llllm] I ll”l"l LT

1.0 B ﬁ

0.8~

0.01

-0.01 =

.OQM e

-0.04 P~

~0.08 -

-0.07

0 I

~_-:‘+
-0.8 L] lllllll ¥ | :L‘llllll 1l lllllll L LU

| s 10 5 107
TIME (SEC)

5 10° 5 10*

Nuclear Power Transient,

Total Core Reactivty Transient,

and Feedline Breakflow Transient for
Main Feed!ine Rupture without
Offsite Powar Available

CATAWBA NUCLEAR STATION
Figure 16,285




PRESSURE
(PSIA)

PRESSURIZER

WATER

VOLUME (FT3)

PRESSURIZER

RELIEF

(FT3/SEC)

PRESSURIZER

14429 .12

2600

2400 — \,

2200 -

2000
1400

1200 =

600

10.0

0.0 i N

czos bt ol el ol
| 5 10 5 10° 5 10° 5 104

TIME (SEC)

Pressurizer Pressure, Water Volume,
and Relief Rate for Main Feedline
Rupture without Offsite Power
Available

CATAWBA NUCLEAR STATION
Figure 15,2.8-6




REACTOR COOLANT

TEMPERATURES FOR INTACT

-
Z
%
O
14
O
—
Q
W
x

P
:
3
:

o
Z
—
>
w
O
w
[+
U
Q
o
O
-
-
O
<
-
Z
—

REACTOR COOLANT
TEMPERATURES FOR

LOOP NOT RECEIVING
AUXILIARY FEEDWATER (°F)

AUXILIARY FEEDWATER (°F)

FAULTED LOOP (°*F)

BLANLELIL L L B 011 01 e

HOT LEG

—

COLD LEG

COLD LEG

COLD LEG

Lol

Ll Lol g LIt

5 10

5 1 5

TIME (SEC)

0> 5 0%

Reactor Coolant Temperature
Transients for the Faulted

and Intact Loops for Main
Feedline Rupture without

Offsite Power Available
CATAWBA NUCLEAR STATION
Figure 15.2.8-7




14429 4

1500 T T T T T T 1T

1250 |~

INTACT STEAM
750 GENE

AUXILIARY
FEEDWATER

S00 -

250 FAULTED STEAM
L GENERATOR

STEAM GENERATOR PRESSURE (PSIA)
A
8
~
&

o
®
|

Q
»
1

o
N
I

CORE HEAT FLUX (FRAC OF NOM)
o
)]
|

oLt vl 1yl )
| 5 10 s 102 5 105 5 o4

TIME (SEC)

Steam Generator Pressure

and Core Heat Flux Transients
for Main Feedline Rupture
without Offsite Power Available
CATAWBA NUCLEAR STATION
Figure 15.2.8-8



