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A.

0BJECTIVE

The objective of this report is threefold as described below:

1)

2)

3)

To provide an update of the NSSS documentation and analyses to
reflect a net reactor coolant pump (RCP) heat input of 12 MWt.
8ased on analysis performed subsequent to the original license, the
net RCP heat input to the NSSS is 12 MWt. The license presently
reflects 10 Mit.

To provide a description of the proposed change in the North Anna
Unit 1 and 2 reactor coolant system average temperature (i.e.,
580.3°F-» 587.8°F) and to assess the associated impact on the NSSS.
This information is to be utilized by the Virginia Electric and
Power Company in their request for amendment of the plant operating
licenses in accordance with the requirement of 10CFR50.90.

To provide a technical basis for the determination that the proposed
change in reactor coolant system average temperature and updating of
the net reactor coolant pump heat input does not inwolve an
unreviewed safety questior in accordance with the requirement of
10CFRS50.59.
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CONCLUSION

The proposed change in reactor coolant system average temperature and
updating of net reactor coolant pump heat input have been reviewed and
evaluated in detail with respect to the following:

1)
2)
3)
4)
5)

NSSS Accident Analyses

NSSS System Adequacy

NSSS Component Integrity
NSSS/Balance of Plant Interfaces
Technical Specification Impact

Based on the fact that the proposed change does not result in violation
of any NSSS system or equipment design criteria, and that it is not
necessary to revise any of the plant operating procedures it was con-
¢luded that:

1)

2)

3)

4)

The probability of accidents or malfunctions of equipment previously
evaluated in the FSAR is not increased.

The possibility of an accident or equipment malfunction of a differ-
ent type than any previously evaluated in the FSAR is not created.

The consequences of accidents or malfunctions of equipment eveluated
in the FSAR are not increased.

The margins of safety as defined in the bases to the plant Technical
Specifications are not reduced.

Therefore this change does not reduce the plant safety margins and
involves no unreviewed safety question as defined by 1OCFRS0.59.
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1 INTRODUCTION

The Virginia Electric and Power Compary (VEPCO) is pursuing a perfor-
mance optimization program to maximize the electrical output uf North
Anna Units 1 and 2. One of the areas being investigated is the impact
of increased Niclear Steam Supply System (NSSS) steam generator outlet
steam pressure on the electrical generation of the units. Increasing
the NSSS steam generator outlet steam pressure at the full thermal load
of 2785 MWt is accomplished by increasing the NSSS reactor coolant sys-
tem average temperature.

A test was conducted at North Anna Unit 2 on October 29, 1980, to deter-
mine the effect of varying steam generator outlet steam pressure on
gross eiectrical generation.' The test revealed that at 2785 MWt a 7°F
variation in NSSS reactor coolant system average temperature resulted in
a 50 psi change in steam generator outlet pressure and a 5 MVA variation
in gross electrical generation. This increase in gross electrical gen-
eration was solely attributable to the additional energy contained in
the higher pressure steam. There was no increase in the thermal output
of the NSSS.

In addition to increasing the RCS average temperature by 7.5°F to
587.8°F rerification and/or confirmatory analyses were performed to
demonstrate that a net reactor coolant pump heat input of 12 MWt to the
NSSS does not result in any safety concerns. By incorporating the addi-
tional 2 MWt of net RCP heat input the NSSS rating is increased to 2787
MWt (currently 2785 MWt) with reactor power remaining unchanged (2775
MWt). This results in an additional 0.6 MVA of gross electrical genera-
tion.

Changing the North Anna 1 and 2 NSSS documentation to reflect a 587.8°F
reactor coolant system average temperature and updating the net reactor
coolant pump heat input would result in approximately 5.6 MVA increased
electrical generation from each unit with no hardware modifications to
the NSSS. The effort required to implement the change is to perform the

wn
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accident analy:ies and verify the adequacy of the NSSS systems and compo-
nents relative +: tha regulatory codes, standards and design criteria in
effect at the cime of the original license.

The Westinghouse scope of effort in this report is as follows:

1)

2)

3)

4)

5)

Verify margins for NSSS accident analyses.

Confirm NSSS systems adequacy.

Confirm NSSS component integrity.

Identify any Balance of Plant (BOP) interface revisions.

Cite recommended revisions to the North Anna 1 and 2 Technical
Specifications.
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2 COMPARISOM OF PARAMETERS

The NSSS steam generator outlet steam pressure is determined by the
temperatures and temperature differentials between the primary and sec-
ondary side of the steam generator tubes. The control systems of the
plant are based on producing essentially "dry" steam for input to the
turbine, therefore, the steam pressure for practical purposes is fixed
by the temperatures on the primary side of the steam generator tubes.
The steam generator steam flow is primarily dependent on the NSSS ther-
mal power. The reactor thermal rating will remain at its currently
licensed value of 2775 MWt. However, the NSSS rating would be increased
from 2785 MWt to 2787 MWt to reflect the actual net reactor coolant pump
heat input. At rated thermal load, increasing the average temperature
on the primary side of the steam generator tubes by 7.5°F will increase
the temperature of the steam on the secondary side by approximately
6.8°F, which corresponds to a 50 psi increase in steam pressure.

Table 2.1 contains a comparison of the current and proposed Ra2actor
Coolant System (RCS) temperatures and flow rates at rated thermal

power. From the table it can be seen that the RCS thermal rating,
pressure and "no 17ad" temperature remain at the current values. The
core inlet volumetric flow rate has been increased to reflect the actual
performance of the reactor coolant pumps. The total core inlet thermal
flow rate is a conservatively low design flow utilized for thermal and
hydraulic analyses (e.g., DNB evaluations). Based on North Anna Unit 1
and 2 calorimetric data the measured core inlet volumetric flow rate is
302,100 gpm with 2.8 percent of the steam generator tubes plugged. If
the steam generator tube plugging level was increased to 5 percent, the
measured flow would decrease by less than 1 percent. The North Anna
Units employ a calorimetric - aT method to determine the core inlet flow
rate. For this flow measurement technique the maximum uncertainty in
the total flow measurement is + 1.75 percent. Accounting for a 5 per-
cent steam generator tube plugging level and the maximum flow measure-
ment error of 1.75 percent, a total core inlet thermal flow rate of
235,000 gpm is conservatively low. Therefora, a flow of 285,000 gpm can
be utilized as a design thermal flow rate for the proposed RCS average
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temperature increase. The RCS average temperature has been increased
from 580.3°F to 587.8°F. The variations in inlet temperature and tem-
perature rises are attributable to the thermodynamic properties of com-
pressed 1iquid water -nd the increased core inlet volumetric flow rate.
Figure 2-1 graphically depicts the reactor vessel cold leg, average and
hot leg fluid temperatures as a function of power level for both the
current and proposed operating conditions. The variations in tempera-
ture between operation at the proposed and current parameters decreases
to zero as power is reduced from rated thermal load to no load condi-
tions.

The information presented in Table 2.1 and Figure 2-1 represent only the
first level of impact on the plant parameters and operating characteris-
tics. The remainder of this report reviews the impact of the 7.5°F
increase in RCS average temperature on NSSS accident analyses, NSSS
systems, NSSS components, NSSS/BOP interfaces and Technical Specifica-
tions.

The impact of the additional 2 MWt of net reactor coolant pumps heat
input was reviewed in conjunction with the 7.5°F temperature increase.
In all instances, it was determined that the additional 2 MWt of pump
heat had an insignificant effect and did not result in any reduction in
safety margin. The impact of the increased Reactor Coolant System aver-
age temperature constitutes essentially the entire change. Therefore,
all subsequent discussions in this report will only refer to the average
temperature increase. However, all evaluations performed included both
the increased net pump heat and the 7.5°F increase in RCS temperature.
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TABLE 2.1

COMPARISON OF REACTOR COOLANT SYSTEM PARAMETERS

Therma! and Hydraulic Design Parameters Design Conditions
Current Proposed

NSSS Power, MWt 2785 2787
Net Reactor Coolant Pump Heat Input, MWt 10 12
Reacto~ Core Heat Output, MWt 2775 2775
System Pressure, Nominal psia 2250 2250
System Pressure, Min., Steady State, psia 2220 2220
Total Core Inlet Thermal Flow Rate, gpm 278,400 285,000
Total Core Inlet Thermal Flow Rate, lbm/hr 105.1 x 106 106.3 x 106
Core Effective Flow Rate for Heat Transfer,

1bm/hr 100.4 x 106 101.5 x 106

Reactor Coolant System Temperatures, °F

Nominal Reactor Vessel/Core Inlet 546.9 555.5
Average Rise in Vessel 66.9 64.5
Average Rise in Core 69.7 67.2
Average in Core 583.6 591.1
Average in Vessel 580.3 587.8
No Load 547.0 547.0
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3 NSSS ACCIDENT ANALYSES

Evaluations and analyses were performed to assess the impact of a 7.5°F
increase in RCS average temperature (i.e., 580.3°F to 587.8°F) on the
docketed North Anna Unit 1 and 2 postulated accident analyses. In con-
junction with the RCS average temperature increase the impact of a net
reactor coolant pump heat inmput of 12 MM, (currently 10 MWy

reflected in the FSAR) was assessed. A safety evaluation has been per-
formed to address the safety considerations in allowing North Anna Units
1 and 2 to operate at an RCS average temperature of 587.8°F with an NSSS

power of 2787 MW, and a corresponding reactor power of 2775 . In
t
this study, several transients which were determined to be sensitive to

an increase in Tavg were reanalyzed assuming a 900 psia secondary steam
pressure, 12 MW, net reactor pump heat, a thermal design flow of
285,000 gpm. (plant total) and a 7.5°F increase in Tavg. The reanalysis
and evaluation techniques used are consistent with the methods detailed
in the FSAR and subsequent safety analysis. The results of this study
demonstrate that the proposed Tawg increase and revised reactor coolant
pump heat input can be accommodated with margin to applicable FSAR
safety limits. An assessment of the impact of these changes on the
Chapter 15 FSAR transients is presented in the following discussions.

3.1 Transients Not Reanalyzed

For a. number of the Chapter 15 postulated transients it was not
deemed appropriate to perform a reanalysis. Each of these tran-
sients is discussed and the justification for not reanalyzing for
the 7.5°F RCS average temperature increase are provided below:

A. Spurious SIS Operation at Power

The spurious operation of the safety injection system at power could
be caused by operator error or a false electrical actuating signal.
Following the actuation signal, the igh-head safety injection pumps
force highly concentrated boric acid solution in the cold legs of
each loop.
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Previous analytical results have shown that, because of the power
and temperature reduction during the transient, operating conditions
do not approach the core limits. Thus, this accident is not a
limiting event.

Although reactivity feedback parameters affect the time at which
reactor trip occurs, the increased steam pressure has not affected
these parameters. The results of this transient show that the DNBR
continues to increase from its initial value. Thus, the conclusions
presented in the North Anna FSAR remain valid.

B. Startup of an Inactive Loop

An inadvertent startup of an idle reactor coolant pump with Toop
stop valves open results in the injection of cold water into the
core. This accident need not be addressed due to Technical Specifi-
cation restrictions which prohibit power operation with a loop out
of service. However, startup of an inactive loop is not a limiting
transient.

C. Uncontrolled Boron Dilution at Power

The Boron Dilution transient is analyzed to ensure that adequate
time is available for the operator to terminate the inadvertent
addition of unborated makeup water to the RCS before losing all
shutdown margin. If a boron dilution event should occur while the
reactor is at power in manual control, an overpcwer transient may
result. However, the consequences of the overpower portion of the
event are bounded by those of the RCCS Bank Withdrawal at Power
transient.

D. Partial Loss of Flow
A partial loss of flow accident can result from a mechanical or
electrical failure in a reactor coolant pump, or from a fault in the

power supply to the pump or pumps supplied by a <ingle reactor cool-
ant pump bus.
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The results of this analyses are less 1imiting and therefore are
bounded by the analysis of the Complete Loss of Flow transient which
results from the simultaneous loss of electrical supplies to all
reactor coolant pumps.

Single RCCA Withdrawal at Power

The single rod withdrawal accident can occur due to multipie fail-
ures of the control equipment. The result is both a positive reac-
tivity insertion tending to increase core power and coolant tempera-
ture, and an increase in the local power density in the core region
covered by the RCCA. A trip will ultimately ensue on overtempera-
ture aT, however the power distribution may be sufficiently worse
than the design value such that DNB will occur.

Evaluation of the transient at the power and coolant conditions at
which the overtemperature aT trip would be expected to trip the
plant shows that the upper limit for the number cf rods with a DNBR
less than 1.30 remains below the 5 percent assumed for the docketed
analysis.

Small LOCA

A loss of coolant accident is the result of a rupture of the Reactor
Coolant System (RCS) piping or of any line connected to the system.
Ruptures of small cross section (less than 3/8 inch di ameter) will
cause expulsion of the coolant at a rate which can be accommodated
by the charging pumps. These pumps maintain an operational water
level in the pressurizer pemmitting the operator to execute an
orderly shutdown.

The small break LOCA need not be reanalyzed since it is not the
limiting accident. Also, rapid pressurization of the steam genera-
tor secondary side up to the safety valve setpoint occurs in small
break LOCA's, well before core uncovery. Therefore, the effect of a
50 psi increase in the initial pressure would be ncgligible.




3.2

Steam Generator Tube Rupture

The accident examined is the complete severance of a single steam
generator tube. The accident is assumed to take place at power with
the reactor coolant contaminated with fission products corresponding
to continuous operation with one percent of the fuel rods defec-
tive. The accident leads to an increase in contamination of the
secondary system due to leakage of radioactive coolant from the
Reactor Coolant System. In the event of a coincident loss of off-
site power, or failure of the condenser dump system, discharge of
activity to the atmosphere takes place via the steam generator
safety and/or power operated relief valves.

Steam generator tube rupture need not be reanalyzed. Studies per-
formed and reported in engineering calculations indicate a slight
benefit for an increase in initial steam pressure for steam genera-
tor tube rupture LOCA's.

Zero Power Transients

The following transients were not analyzed for the pr-osed 7.5°F
Tavg increase because they are initiated at zero power conditions
{which have not changed):

- Uncontrolled RCCA Bank Withdrawal from Subcritical

- Steamline Rupture

- Rod Ejection (HZP cases)

- Feedwater System Malfunctions (zero power case)

- Uncontrolled Boron Dilution during refueling, hot and cold shut-
down

Non-LOCA Accident Reanalyses

As mentioned previously several non-LOCA transients which were
determined to be sensitive to the proposed 7.5°F increase in RCS
average temperature were reanalyzed. Tne following is a summary of
those transients.
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A. Reactivity and power distribution anomalies

1. Rod Withdrawal at Power
2. Dropped Rod(s)
3. Rod Ejection

B. Decrease in heat removal by the secondary (heat-up transients)
1. Loss of Load
2. Loss of Normal Feedwater/Station Blackout
3. Feedline rupture

C. Increase in heat removal by the secondary (cooldown transients)

1. Feedwater system malfunctions
2. Excessive load increase

D. Decrease in RCS flowrate

1. Complete Loss of flow
2. Locked Rotor

E. Decrease in Reactor Coolant Inventory
1. Accidental Depressurization of the RCS

These transients were analyzed to determine their sensitivity to the
changes in NSSS conditions associated with the 7.5°F RCS average tem-
perature increase.

In the appendix to this enclosure, details »f the analyses are presented
via proposed page changes to the FSAR. In all cases, the conclusions pre-
sented in the FSAR remain valid. Note that the proposed changes do not
reflect the recent FSAR update. Page revisions reflecting changes from
these reanalyses will be formally incorporated in the FSAR during the next

update.
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In addition, the following pages of the North Anna FSAR Chapter 15
will be deleted due to the reanalysis performed for the 50 psi steam

pressure increase:

Figure 15.1-8 Nuclear Power Following Trip for Input to the
BLKOUT Code

Table 15.2-3 (page 15.2-92) Natural Circulation Flow
Figure 15.2-11
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PAGE 17

3.3 Large Break LOCA Accident Reanalysis

3.3.1 INTRODUCTION

A reanalysis of the ECCS performance for the postulated large break
Loss of Coolant Accident (LOCA)' has been performed which is in
compliance with Appendix K to 10 CFR 50. The results of this
reanalysis are presented herein and are in compliance with 10 CFR
50.46, Acceptance Criteria for Emergency Corxe Cooling Systems for
Light Water Reactors. This analysis was performed with the NRC
approved (Ref. 2 , 11) 1981 version of the Wesinghouse LOCA- ECCS
evaluation model. The analytical techniques wused arxe in full

compliance with 10 CFR 50, Appendix K.

As required by Appendix K of 10 CFR 50, certain conservative
assumptions were made for the LOCA-ECCS analysis. The assumptions
pertain to the conditions of the reactor and associated safety
system equipment at the time that the LOCA is assumed to occur and
include such items as the core peaking factors, the containment
pzessure, and the performance of the emergency ccre cooling system
(ECCS). All assumptions and initial operating conditions used in
this reanalysis were the same as those used in the previously
docketed LOCA-ECCS analysis (Ref. 3) with the following exceptions:
1) zreactor coolant system conditions corresponding to a Tavg of
587.8°F; 2) a Thermal Design Flow of 95,000 gpm per loop was used;

and 3) 5 percent steam generator tube plugging was assumed.

‘The reanalysis of the small break LOCA is not necessary and
therefore the analysis of this accident submitted by Reference 1
remains applicable.
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3.3.2 DESCRIPTION OF POSTULATED MAJOR REACTOR COOLANT PIPE RUPTURE
(LOSS OF COOLANT ACCIDENT - LOCA)

A LOCA is the zresult of a rupture of the reactor coolant system
(RCS) piping or of any line connected to the system. The system
boundaries considered in the LOCA analysis are defined in the FSAR.
Sensitivity studies (Reference 4) have indicated that a double-end
cold leg guillotine (DECLG) pipe break is limiting. In the unlikely
event of a DECLG break, a rapid depressurization of the RCS will
result. The <reactor trip signal subsequently occurs when the
pressurizer low pressure trip setpoint is reached. A safety
injection system (SIS) signal is actuated when the appropriate
setpoint is <reached and the high head safety injecticn pumps are
activated. The actuation and subsequent activation of the ECCS,
which occurs with the SIS signal, assumes the most limiting single
failure event. These countermeasures will limit the consequences of
the accident in two ways:

1. Reactor trip and borated water injection complement void
formation in causing rapid reduction of power to a
residual level corresponding to fission product decay
heat. (It should be noted, however, that no credit is
taken in the analysis for the insertion of control rods

to shut down the reactor).

2. Injection of borated water provides heat transfer from
the core and prevents excessive clad temperatures.

Before the break occurs, the unit is in an equilibrium condition,
i.e., the heat generated in the <core 1is being removed via the
secondary system. During blowdown, heat from decay, hot internals
and the vessel continues to be transferred to the reactor coolant
system. At the beginning of the blowdown phase, the entire RCS

contains subcooled liquid which transfers heat from the coxe by
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forced convection with some fully developed nucleate boiling. After
the break develops, the time to departure from nucleate boiling is
calcuated, consistent with Appendix K of 10 CFR 50. Thereaftex, the
core heat transfer is based on local conditions with transition
boiling and forxced convection to steam as the major heat transfer
mechanisms. During the refill period, it is assumed that rod-to-rod
radiation is the only core heat transfer mechanism. The heat
transfer between the reactor coolant system and the secondary side
may be in either direction depending on the relative temperatures.
For the case of continued heat addition to the secondary side,
secondary side pressure increases and the main safety valves may
actuate to reduce the pressure. Makeup to the secondary side 1is
automatically provided by the auxiliary feedwater system.
Coincident wi*h the safety injection signal, normal feedwater flow
is stopped by «closing the main feedwater control valves and
tripping the main feedwater pumps. Emerxgency feedwater flow is
initiated by starting the auxiliary feedwater pumps. The secondary
side flow aids in the zcduc@ion of reactor coolant system pressure.
When the reactor coolant system depressurizes to 600 psia, the
accumulators begin to inject borated water into the reactor coolant
loops. A conservative assumption is then made that the injected
accumulator water bypasses the core and goes out through the break
until +the termination of bypass. This conservatism is again
consistent with Appendix K of 10 CFR 50. In addition, the reactor

coolant pumps are assumed to be tripped at the initiation of the
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accident and effects of pump coastdown are included in the blcwdoun

analysis.

The water injected by the accumulatoxrs cools the core and
subsequent operation of the low head safety injection pumps
supplies water for 1long term cooling. When the RWST is nearly
empty, long term cooling of the core is accomplished by switching
to the recirculation mode of core cooling, in which the spilled
borated water is drawn from the containment sump by the low head

safety injection pumps and returned to the reactor vessel.

The containment spray system and the recirxculation spray system
oprrates to return the containment environment to a subatmospheric

pressure.

The large break LOCA transient is divided, for analytical purposes,
into three phases: blowdown, refill, and reflood. There are three
distinct transients analyzed in each phase, including the
thermal-hydraulic transient in the RCS, the pressure and
temperature transient within the containment, and the fuel clad
temperature transient of the hottesc¢ fuel rod in the core. Based on
these considerations, a system of inter-related computer codes has

been developed for the analysis of the LOCA.

The description of the various aspects of the LOCA analysis
methodology is given in WCAP-8339(Ref. 5). This document describes
the major phenomena modeled, the interfaces among the computerx

codes, and the features of the codes which ensure compliance with
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10 CFR 50, Appendix K. The SATAN-VI, WREFLOOD, COCO, and LOCTA-IV
codes, which are used in the LOCA analysis, are described in detail
in WCAP-8306 (Ref, 6), WCAP-8326(Ref. 7), WCAP-8171(Ref. 8), and
WCAP-8305(Ref. 9), zrespectively. These codes arxe able %o assess
whether sufficient hoaf transfer geometry and core amenability to
cooling are preserved during the time spans applicable to the
blowdowun, refill, and zreflood phases of the LOCA. The SATAN-VI
computer code analyzes the thermal-hydraulic transient in the RCS
during blowdown and the COCO computer code is used to calculate the
containment pressure transient during all three phases of the LOCA
analysis. Similarly, the LOCTA-IV computer code is used to compute
the thermal transient of the hottest fuel rod during the three

phases.

SATAN-VI is wused to determine +the RCS pressure, enthalpy, and
density, as well as the mass and energy flow rates in the RCS and
steam generator secondary, as a function of time durxing the
blowdoun phase of the LOCA. SATAN-VI also calculates the
accumulator mass and pressure and the pipe break mass and energy
flow rates that are assumed to be vented to the containment during
blowdown. At the end of the blowdown, the mass and energy release
rates during blowdown are transferrxed to the COCO code for use in
the determination of the containment pressure response during this
first phase of the LOCA. Additional SATAN-VI output data from the
end of blowdown, including the core inlet £flow rate and enthalpy,
the core pressure, and the core power decay transient, are input to

the LOCTA-IV code.
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With input from the SATAN-VI code, WREFLOOD uses a system
thermal-hydraulic mode! to determine the core floodinyg rxate (i.e.,
the rate at which coolant enterxs the bottom of the core), the
coolant pressure and temperature, and the quench front height
during thae refill and reflood phases of the LOCA. WREFLOOD also
calculates the mass and enexgy flow rates that are assumed to ke
vented to the containment. Since the mass £flow rates to the
containment depends upon the core pressure, which is a function of
the containment backpressure, the WREFLOOD and COCO codes are
interactively linked. WREFLOOD is also linked to the LOCTA-IV code
in that thermal-hydraulic parameters from WREFLOOD are used by

LOCTA-IV in its calculation of the fuel temperature.

LOCTA-IV is used throughout the analysis of the LOCA transient to
calculate the fuel and clad temperature of the hottest rod in the
core. The input to LOCTA-IV consists of appropriate
thermal-hydraulic output from SATAN-VI and WREFLOOD and
conservatively selected initial RCS operating conditions. These
initial conditions are summarized in Table 1 and Figure 1. (The
axial power shape of Figure 1 assumed for LOCTA-IV is a cosine
curve which has been previously verified(Ref. 10) to be the shape

that produces the maximum peak clad temperature).

The COCO code, which is also used in the LOCA analysis, calculates
the containment pressure. Input to COCO is obtained from the mass
and energy flow rates assumed to be vented to the containment as

calculated by the SATAN-VI and WREFLOOD codes. In addition,
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conservatively chosen initial containment conditions and an assumed
mode of operation for the containment cooling system are input to
COCO. These initial containment conditions and assumed modes of

speration are provided in Table 2.
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3.3.3 DISCUSSION OF SIGNIFICANT INPUT

Significant differences in input Dbetuwecen ttis analysis and the
previously docketed analysis arxe delineated 1in Section 1.0 «ad
discussed in more detail belocw. The changes made in the analysis
are consistent with those made in pexforming the Reference 3
analysis with the 1981 model. Additional changes were made to
reflect system conditions associated with an increase Jn plant
Tavg. The steam generatox tube plugging level was changed to 5
percent in order to be consistent with the assumptions icxr the
non-LOCA analyses and to reduce the impact on tectal peaking factozx.

FQ.

The notable change for this analysis is the use oi the plant
conditions correspending to operation with a Tavg of 587.8°F. The
appropriate changes in initial plant £fluid sysiem conditions input
were incorporated in the @#nalysis. This includes an incruase 1in
assumed Thermal Design Flow to 95,000 gpm per loop, and an increase
in steam generator secondary side steam pressure resulting from the

increased Tavg.

When the above changes were incorporated into the analysis, it was
found that the assumed heat flux hot channel factor could be Kept
at the 2.20 value used in the Reference 3 analysis and still ensure

compliance with the 10 CFR 50.46 acceptance criteria.
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3.3.4 RESULTS

Tahles 1 and 2 @ad Figure 1 present the initial conditions and
modes of cyeration +that were assumed in the analysis. Table 3
presen%ts tle time sequence of events and Table 4 presents the
zc;ultn for the doulle-ended cold leg guillotine break (DECLG) for
the CD=0.4% discharge coefficient. All previous LOCA-ECCS submittals
for the MNorth Anra units have resulted in the CD=0.4 discharge
coefficient beiny the limiting break size. The applicability of
this conclusion (i.e. CD=0.4 is the limiting break size) for this
analysis was explicitly verified. Consequently, only the rasults of
the most limiting break size are presented in the figures and
remaining tables in this submittal. The current analysis resulted
in a limiting peak clad temperature of 2174.8°F, a maximum local
cladding oxidation level of 7.60%, and a total core metal-water
reaction of less than 0.3%. The detailed results of the LOCA
rearalysis are provided in Tables 3 through 6 and Figures 2 through

18.
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3.3.5 CONCLUSIONS

For breaks up to and including the double-ended severance of a
reactor coolant pipe and for the operating conditions specified in
Table 1 and 2, the Emergency Core Cooling System will meet the

Acceptance Criteria as presented in 10 CFR 50.46. That is:

1. The calculated peak fuel rod clad temperature is below
the requirement of 2200°F.

2. The amount of fuel element cladding that reacts
chemically with water or steam does not exceed 1 percent
of the total amount of Zircaloy in the reactor.

3. The clad temperature transient is terminated at a time
when the core geometry is still amenable to cooling.
The localized cladding oxidation limits of 174 are not
exceeded during or after quenching.

4. The core remains amenable to cooling during and afterx
the break.

5. The core temperature is reduced and the long-term decay
heat is removed for an extended period of time.
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TABLE 1

INITIAL CORE CONDITIONS ASSUMED FOR THE
DOUBLE-ENDED COLD LEG GUILLOTINE BREAK (DECLG)

CALCULATIONAL INPUT

Core Power (MWt, 102% of)

Peak Linear Pouer (Kusft, 102% of)

Heat Flux Hot Channel Factor (FQ)
Enthalpy Rise Hot Channel Factor (FAH )
Accumulator Water Volume (£t? , each)

Reactor Vessel Upper Head Temperature Equal

to Thot
LIMITING FUEL REGION AND CYCLE CYCLE
Unit 1 ALL
Unit 2 ALL

PAGE 28

2775
11.98
2.20
1.85

1025

RECION

ALL Regions

ALL Regions



NET FREE VOLUME

INITIAL CONDITIONS'

Pressure
Temperatuze

RWST Temperature

TABLE 2

CONTAINMENT DATA

OQutside Temperature

SPRAY SYSTEM'

Number ¢f Pumps Operating
Runout Flow Rate (per pump)
Time in which spray is effective

STRUCTURAL HEAT SINKS'

Thickness (In)

6
12
18
24
27
36
.378
379
.500
26.4
. 407
T id
.882
.059

'See the response to Comment S6.106 of the FSAR for a detailed
breakdowun of the containment heat sinks and for justification

Concrete
Concrete
Concrete
Concrete
Concrete
Concrete
Steel, 54
Steel, £4
Steel, 30
Concrete,
Stainless
Steel
Steel
Steel

Concrete

Concrete

Concrete

.25 Steel, 120 Concrete
Steel

Area (Ft2),

9.5 psia
90°F
35y

-10°F

2
2000 gpm

PAGE

1.916 x 106 £¢t?

59 secs

8,393
62,271
55,365
11,591

9,404

3,636
22,039
28,933
25,673
12,110
10,527

160,328

9,894
60,875

of the other input parameters used to calculate containment
pressure.

w/uncertainty

29



TIME SEQUENCE OF EVENTS

Start

Reactor Trip

S. I. Signal

Acc. Injection

Pump Injection

End of Bypass

End of Blowdown

Bottom of Core Recovery

Acc. Empty

TABLE 3

DECLG
CD=0.4
(Sec)

16.

27.

3

3.
44.

58.

.75

+ 18

20

15

.00

00

55

0s

PAGE

30



Peak Clad Temp.,

TABLE 4

RESULTS FOR DECLG

4

Peak Clad Location, Ft.
Local Zxrs/H20 RXN (max), %
Local Zx/H20 Location, Ft.
Total Zr/H20 RXN, %

Hot Rod Burst Time, sec.

Hot Rod Burst Location, Ft.

PAGE 31

CD=0.4

2174.8



TIME(SEC.

TABLE 5

REFLOOD MASS AND ENERGY RELEASES

DECLG (CD= 0.4)

TOTAL MASS

FLOWRATE (LB/SEC)

.23
.19
.33
.20
.28
.28

.83

PAGE

TOTAL LNERGY

FLOWRATE (10 BTU/SEC)

0.0088
0.4603
0.9428
1.174%

1.38%

1.301
1.196
1.089

0.8803

(=
~



TABLE 6

BROKEN LOOP ACCUMULATOR FLOW TO CONTAINMENT

DECLG.,

TIME(SEC)

10.

18.

20.

25.

30.

.00

.01

.01

.01

.01

01
01
01
01

01

*For energy flowrate multiply mass flowrate by a constant of 59.60

BTU/1bm.

**For energy flowrate at this time multiply mass flouzate by 54.00

BTU/1bm.

Cp=0.4

MASS FLOWRATE* (LBM/SEC)

4010.

3622

3105.
2762.
2510.
2225.
1897.
1673.
1518.

1589.

1

.4

PAGE
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