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A. OBJECTIVE

The objective of this report is threefold as described below:

1) To provide an update of the NSSS documentation and analyses to

reflect a net reactor coolant pump (RCP) heat input of 12 MWt.
Based on analysis performed subsequent to the original license, the
net RCP heat input to the NSSS is 12 MWt. The license presently
reflects 10 P4dt.

2) 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.

3) 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 pumo heat input does not involve an
unreviewed safety question in accordance with the requirement of

10CF R50.59.

:

|
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B. 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) NSSS Accident Analyses

2) NSSS System Adequacy

3) NSSS Component Integrity

4) NSSS/ Balance of Plant Interfaces
5) 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-
cluded that: ..

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

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

3) The consequences of accidents or malfunctions of equipment evaluated
in the FSAR are not increased.

4) 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 10CFR50.59.

l
|

1
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1 INTRODUCTION

The Virginia Electric and Power Company (VEPCO) is pursuing a perfor-

mance optimization program to maximize the electrical output of North
Anna Units 1 and 2. One of the areas being investigated is the impact
of increased Nuclear 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 themal load
of 2785 MWt is accomplished by increasing the NSSS reactor coolant sys-

! tem average temperature.
1

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 electrical 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 tq the additional energy contained in
the higher pressure steam. There was no increase in the themal output
of the NSSS.

In addition to increasing the RCS average temperature by 7.5*F to
587.8'F verification and/or confimatory analyses were perfomed 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-
tio n.

! 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 fmm each unit with no hardware modifications to
the NSSS. The effort required to implement the change is to perfom the

:
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accident analyses and verify the adequacy of the NSSS systems and compo-
nents relative to the regulatory codes, standards and design criteria in
effect at the time of the original license.

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

1) Verify margins for NSSS accident analyses.

2) Confirm NSSS systems' adequacy.

3) Confirm NSSS component integrity.

4) Identify any Balance of Plant (BOP) interface revisions.
.

5) Cite recommended revisions to the North Anna 1 and 2 Technical

Specifications.

1163Q:1 6
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2 COMPARIS010? 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 i

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
Itcensed 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 i nput. 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.

.

l

|
Table 2.1 contains a comparison of the current and proposed Reactor

! Coolant System (RCS) temperatures and flow rates at rated thermal
l power. From the table it can be seen that the RCS thermal rating,

pressure and "no load" 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
i 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 f1'ow
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
285,000 gpm is conservatively low. Therefore, 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 liquid water and 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.i

I

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-
tic s. The remainder of this report reviews the impact of the 7.5*F

| increase in RCS average temperature on NSSS accident analyses, NSSS
I systems, NSSS components, NSSS/ BOP interf aces and Technical Specifica-

tions.
|

l

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 perfonned included both
the increased net pump heat and the 7.5'F increase in RCS temperature.

1163Q:1 8
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I
I TABLE 2.1 l
|

-

I
' :

l COMPARISON OF REACTOR COOLANT SYSTEM PARAMETERS |
!
!

Thermal 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,

lbm/hr 100.4 x 106 101.5 x 106

Reactor Coolant System Temperatures, *F

l
'

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

|
| l

I

i

|

|
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FIGURE 2-1
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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 input of 12 MWt (currently 10 MWt
reflected in the FSAR) was assessed. A safety evaluation has been per-
fomed 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 Wt and a corresponding reactor power of 2775 MW . Int
this study, several transients which were detemined to be sensitiva to
an increase in Tavg were reanalyzed assuming a 900 psia secondary steam

pressure, 12 MWt net reactor pump heat, a themal design flow of
285,000 gps. (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 Tavg increase and revised reactor coolant
pump heat input can be accoismodated 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
desned appropriate to perfom 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 dperation 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 high-head safety injection pumps
force highly concentrated boric acid solution in the cold legs of
each loop.

I

i
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|

l

l
l

!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 loop
stop valves open results in the injection of cold water into the
core. This accident need not be addressed due to Technical Speciff-
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 teminate 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

resul t. 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
l

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 single reactor cool-

;

ent pump bus.

I2
1163Q:1
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. . .

The results of this analyses are less ifmiting 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.

E. Single RCCA Withdrawal at Power:

The single rod withdrawal accident can occur due to multiple 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 of rods with a DNBR
less than 1.30 remains below the 5 percent assmed for the docketed
analysi s.

F. 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 diameter) will
cause expulsion of the coolant at a rate which can be accommodated
by the charging paps. These pumps maintain an operational water
level in the pressurizer pemitting 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 af a
50 psi increase in the initial pressure would be negligible.

2

i
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G. 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 pen:ent 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 posed 7.5*F
Tavg increase because they are initiated at zero power conditions
(which have not changed):

Uncontrolled RCCA Bank Withdrawal from Suberitical-

Steamline Rupture-

Rod Ejection (HZP cases)-

Feedwater System Malfunctions (zero power case)-

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

| down
\

3.2 Non-LOCA Accident Reanalyses

As mentioned previously several non-LOCA transients which were
detennined to be sensitive to the proposed 7.5*F increase in RCS
average temperature were reanalyzed. The following is a sumary of

those transients.

1163Q:1 14
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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 of 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.

15
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I

i

!
,

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
BLK0UT Code

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

:

:

(

|
r

!

|
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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)1 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 Core Cooling Systems for

Light Water Reactors. This analysis was performed with the NRC

approved (Ref. 2 11) 1981 version of the Wesinghouse LOCA- ECCS,

ovaluation model. The analytical techniques used are 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

! pressure, and the performance of the emergency core cooling system
i

(ECCS). All assumptions and initial operating conditions used in
j

f this reanalysis were the same as those used in the previously

i
docketed LOCA-ECCS analysis (Ref. 3) with the following exceptions:

,
1) reactor coolant system conditions corresponding to a Tavg of

}
; 587.8'F; 2) a Thermal Design Flow of 95,000 gpm per loop was used:
t

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.
I

!

l
!

.
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PAGE 18

3.3.2 DESCRIPTION OF POSTULATED MAJOR REACTOR COOLANT PIPE RUPTURE
(LOSS OF COOLANT ACCIDENT - LOCA)

A LOCA is the result 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.

Sonsitivity 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 injectien 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 is 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 core by



. - - - - - .
_
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PAGE 19

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. Thereafter, the

core heat transfer is based on local conditions with transition

boiling and forced convection to steam as the major heat transfer
I

l. machanisms. During the refill period, it is assumed that rod-to-rod,

! radiation is the only core heat transfer mechanism. The heat
4

transfer between the reactor coolant system and the secondary side

cay be in either direction depending on the relative temperatures.

; For the case of continued heat addition to the secondary side,

cocondary side pressure increases and the main safety valves may

cctuate to reduce the pressure. Makeup to the secondary side is

automatically provided by the auxiliary feedwater system.

Coincident with the safety injection signal, normal feedwater flow

is stopped by closing the main feedwater control valves and

tripping the main feeduater pumps. Emergency feeduater flow is

initiated by starting the auxiliary feeduater pumps. The secondary

side flow aids in the reduction of reactor coolant system pressure.
i

|
*

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

I
accumulator uater 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

- - _ _ . . - . _ . . - ,_. , _ _ _ . _ - , . . , _ _ _ _



PAGE 20

accident and effects of pump coastdown are included in the bloudoun

enalysis.

The water injected by the accumulators cools the core and

subsequent operation of the low head safety injection pumps

cupplies water for long term cooling.' When the RWST is nearly

ompty, 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 recirculation spray system

oparates to return the containment environment to a subatmospheric

i 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

temperatu're transient within the containment, and the fuel clad

tamperature transient of the hottes t fuel rod in the core. Based on

these considerations, a system of inter-related computer codes has

bsen developed for the analysis of the LOCA.

The description of the various aspects of the LOCA analysis

methodology is given in WCAp-8339CRef. 5). This document describes
|

|

| the major phenomena modeled, the interfaces among the computer

codes, and the features of the codes which ensure compliance with

i
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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), respectively. These codes are able to assess

whether sufficient heat transfer geometry and core amenability to
,

cooling are preserved during the time spans applicable to the

blowdown, refill, and reflood 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

cnalysis. 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 used 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 during the

blowdown 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 transferred 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

and 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.

i
i
!
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With input from the SATAN-VI code, WREFLOOD uses a system

thermal-hydraulic mode 3. to determine the core flooding rate (i.e.,
|

the rata at which coolant enters the bottom of the core), the

coolant pressure and temperature, and the quench front height

during the refill and reflood phases of the LOCA. WREFLOOD also

calculates the mass and energy flow rates that are assumed to-be

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

oxial 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 C0C0 code, which is also used in the LOCA analysis, calculates

the containment pressure. Input to COCO is obtained from the mass

cnd 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

code of operation for the containment cooling system are input to

Coco. These initial containment conditions and assumed modes of

operation are provided in Table 2.

I

!

l
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3.3.3 DISCUSSION OF SIGNIFICANT IMPUT 'c i
'

._ s
.

-

l'

- ,

'

Significant differences in input betueen tr.is analysis' and the -

'

previously docketed analysis are delineatid in Section 1.0' cad -c

'I

discussed in more detail below. The changes made in the analysis
~~

,

cre consistent with those made in. performing the Reference 3'

cnalysis with the 1981 model. Additional changes were made to'

,

reflect system conditions associated with an increase in plant -

Tavg. The steam generator tube plugging level was changed to 5
' '

-
,

percent in order to be consistent with the assumptions fer,the'
. ,

.

non-LOCA analyses and to reduce the impact on total peaking factor.
a

IFS.
i

'

The notable change for this analysis is the use of the plant

'

conditions correspcnding to operation with a Tavg of 587.8'F. The ,.

cppropriate changes in initial plant fluid system conditions input

were incorporated in the analysis. This includes an increase in

cssumed Thermal Design Flow to 95,000 gym per loop, and an increase

in steam generator secondary side steam pressure resulting from the

increased Tavg.

When the abone 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
'

t compliance with the 10 CTR 50.46 acceptance criteria.
.

|
;

i

.

% - - - - - - - -- _- ., , _ _ _ .
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3.3.4 RES L*LTS ,
'

-. -

Tables 1 and 2' and Figure 1 present the initial conditions and
s

# nodes of ^charation .that were assumed in the analysis. Table 3

presents'' the time sequence of events and Table 4 presents the
*

, ,

results fo'r the double-ended cold leg guillotine break (DECLG) for.

~ the CD= 0'. 4 discharge coefficient. All previous LOCA-ECCS submittals
'

'

for the North Anna ' unit s have resulted in the CD=0.4 discharge

coefficient being the limiting break size. The applicability of

this conclusion (i.e. CD=0.4 is the limiting break size) for this

enalysis was explicitly varified. Consequently, only the results 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
s

_ c_ladding oxidation level of 7.60%, and a total core metal-water

reaction of less than' O.3%. The detailed results of the LOCA

reanalysis 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 17% are not
exceeded during or after quenching.

4. The core remains amenable to cooling during and after
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
l

INITIAL CORE CONDITIONS ASSUMED FOR THE
DOUBLE-ENDED COLD LEG GUILLOTIME BREAK CDECLG)

CALCULATIONAL INPUT

Core Power (MWt, 102% of) 2775

Peak Linear Power (kw/ft, 102% of) 11.98

Heat Flux Hot Channel Factor (Fg) 2.20

Enthalpy Rise Hot Channel Factor (ThH) 1.55

Accumulator Water Volume (ft3 each) 1025,

Reactor Vessel Upper Head Temperature Equal

to Thot

,

LIMITING FUEL REGION AND CYCLE CYCLE REGION

Unit 1 ALL ALL Regions

Unit 2 ALL ALL Regions

|

|

|

l

|
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s

TABLE 2

COMTAIMMENT DATA

MET FREE VOLUME 1.916 x 10' ft3

IMITIAL CONDITIONS 1 -

Pressure 9.5 psia
,

Temperature 90'F1

RWST Temperature 35'T
Outside Temperature -10'T

SPRAY SYSTEM

Mumber of Pumps Operating 2

Runout Flow Rate (per pump) 2000 gym
Time in which spray is effective 59 sacs

STRUCTURAL HEAT SINKS 1

Thickness (In) Area (Ft2), W/ uncertainty

6 Concrete 8,393

12 Concrete 62,271

18 Concrete 55,365

24 Concrete 11,591

27 Concrete 9,404

36 Concrete 3,636

.375 Steel, 54 Concrete 22,039

! .375 Steel, 54 Concrete 28,933

.500 Steel, 30 concrete 25,673

26.4 concrete, .25 Steel, 120 concrete 12,110

.407 Stainless Steel 10,527

.371 Steel 160,328

.882 Steel 9,894

.059 Steel 60,875

1 5ee the response to comment 56.106 of the FSAR for a detailed
breakdown of the containment heat sinks and for justification
of the other input parameters used to calculate containment
pressure.

.. -. . _ - _ _ _ . . . - _ - _ - - _ _ , _ , .
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TABLE 3

TIME SEQUENCE OF EVENTS

DECLG
CD=0.4
(Sec)

Start 0.0

Reactor Trip 0.75

*

S. I. Signal 2.15

Acc. Injection 16.20

Pump Injection 27.15

End of Bypass 31.00

End of Blowdown 31.00

Bottom of Core Recovery 44.55

Acc. Empty 55.05

J

J
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TABLE 4

:

RESULTS FOR DECLG

CD=0.4 .

t

{ Peak Clad Temp, *T 2174.8 j

i '

|
Peak Clad Location, Ft. 7.25

Local Zr/H2O RXM (max), X 7.60

Local Zr/H20 Location, Ft. 7 '. 5

Total Zr/H2O RXM, X <0.3

Hot Rod Burst Time, sec. 39.20

Hot Rod Burst Location, Ft. 6.0

.

I

(

|

|

|

<

w ,,- --
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TABLE 5

REFLOOD MASS AND EMERGY RELEASES

DECLG (CD= 0.4)

TIME (SEC, TOTAL MASS TOTAL ENERGY

FLOWRATE (LB/SEC) FLOWRATE (10 BTU /SEC)

44.552 0.0 0.0.

45.677 0.675 0.0088

51.353 35.37 0.4603

61.396 75.51 0.9428

77.596 162.23 1.174

97.296 263.19 1.384

119.696 276.33 1.351

144.496 283.20 1.301

202.496 296.28 1.196

280.496 315.28 1.089

477.646 353.53 0.8803

|

|
1

_ _ _ _ _ _ _ _ _ . _ _ _ _ _
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TABLE 6

BROKEN LOOP ACCUMULATOR TLOW TO CONTAINMENT

DECLG, CD=0.4

TIME (SEC) MASS FLOWRATE* (LBM/SEC)

0.00 4010.1

*

1.01 3622.4

3.01 3105.5

5.01 2762.4

7.01 2510.0

10.01 2225.6

15.01 1897.5

20.01 1673.8

25.01 1518.8

30.01 1559.4 **

rFor energy flourate multiply mass flourate by a constant of 59.60
BTU /lbm.

**For energy flourate at this time multiply mass flowrate by 54.00
BTU /lbm.

|

|

4
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VRA, 900 PSI SECONDARY PRESSURE
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FIGURE 12: PUMPED ECCS FLOW (REFl.000)
DECLG(CD = 0.4)
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VRA, 900 PSI SECONDARY PRESSURE
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3.4 Accident Analyses - Conclusions

To assess the impact on the accident analysis of operation at North
Anna with an increased RCS average temperature and 12 MWt net

' reactor coolant pump heat input, safety analyses of transients sen-
sitive to the increase were perfomed. These transients included
rod withdrawal at power, dropped rod, rod ejection, loss of load,
loss of normal feedwater/ station blackout, feedline rupture, feed-
water system malfunctions, excessive load increase, accidental !

depressurization of the RCS, complete loss of flow, locked rotor, I

and large 1.0CA. This study has indicated that the 7.5*F increase in .

!

Tayg increase (and the resulting 50 psi steam pressure increase does '

,

not result in any violations of safety limits for the transients
analyzed.

1163Q:1
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4 NSSS SYSTEMS IMPACT

An evaluation was performed to determine tne influence of increasing the
Rea: tor Coolant System average temperature by 7.5*F to 587.8'? on the
11SSS systems. The systems reviewed were:

I

Reactor Coolant System

Chemical and Volume Control System

Residual Heat Removal System

Safety Injection System
Rector Control and Protection System

Each system evaluation verified the adequacy of the system design during )

normal and postulated transient operating conditions. In addition any

revisions to system furctional requirements and/or design :riteria asso-
,

Oiated with the increased temperature were identified and reviewed by
the cognizant component design function.

1

The 7.5'F temperature ircrease has no impact on either the Residual Heat
Removal or Safety Injection Systems. These systems are not functional
during normal operation. The furction of the 2HR system is to cool the
MSSS from approximately 350*F to a cold shutdown condition. The prime
furetion of the SI system is to provide cooling flow to the core in the
event of severe transients. The :ooldown and ECCS furctional require-
ments and design criteria are not impacted by this normal operating
temperature change.

With resp 6ct to the Chemical and Volume Control System (CG) the 7.5*F
increased temperature has a minor impact on the opersting temperatures
of the CVCS heat exchangers. The need for revised furctional require-
ments was evaluated relative to the existing heat ex: hangers (i.e.,
regenerative, non-regenerative, excess letdown and seal water). It was
determined that the installed North Anna CVCS heat ex: hangers are in

compliarce with the original system design bases when operated at the
elevated temperatures. Operation of the CVCS heat ex: hangers. with an
RCS average temperature of 587.8'F will result f r. minor increases in
heat load to the Component Cooling Water System (CCWS) relative to

1163Q: 1
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current operation at 580.3*F. The increased CCWS heat loads are dis-

cussed in Section 6. The components downstream of the CVCS heat
Iexchangers (e.g., piping, tanks, filters, pumps) are unaffected by the

increased temperatures,

l

Evaluation of the Reactor Coolant System at the increased temperature
revealed that no significant revisions in functional requirements and
design bases are necessary. For example, with respect to postulated
Reactor Coolant System transients for systems and equipment design
(e.g., heat-up, ccoldown, reactor trip, etc.) the original design bases j

reflected temperatures and c' ore thermal power in excess of those asso- |
ciated with the proposed change. The revised nominal operating tempera- f
tures were forwarded to the cognizant RCS systems and component design
functions for review. The result of the equipment evaluation is presen-

ted in Section 5. Based on this evaluation the increased RCS average
temperature was found to be within the original design envelope of the i

Reactor Coolant System. j

'

In addition to the evaluation of the increased temperatures on the Reac-
tor Protection System setpoints which is discussed in Section 7, the
Reactor Control System was reviewed to provide a summary of recommended

~ |revisions to control functions. An example of this type of review is ;
'

the development of the RCS average temperature as a function of thermal
power based on the increased full thermal load temperature with the j

no-load temperature remaining at the current value of 547*F. The major-

ity of the control system information is contained in the North Anna
Precautions, Limitations and Setpoints (PLS) document. Recommended
modifications to the Reactor Control System software will be
accomplished via revisions to the North Anna PLS. The North Anna
Reference Operating Instructions were reviewed and it was determined
that no revisions were required for an RCS average terrperature of

587.8'F.

In summary, review of the NSSS systems indicates that the proposed

Reacter Coolant System average temperature of 587.8*F is envelopeo by
the original design bases, criteria and functional requirements. Where
appropriate, revisions to the North Anna Precautions Limitations and
Setpoints document and Balance of Plant interfaces will be prepared
prior to implementation of the 587.8'F RCS average temperature.

1163Q:1/102982
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5 NSSS COMPONENT IMPACT
I
:

The cognizant NSSS component design functions determined the impact of a

587.8'F RCS average temperature on the NSSS equipment. The evaluation
assumed that the standards and design criteria applied to the original
license were applicable for the proposed change. The system information
of prime importance to the equipment designer is the design conditions f
(temperature, pressure, etc.), seismic response, LOCA loadings, tran- 1

sient events and cominal temperatures. The proposed increase in RCS

average temperature has no impact on the design conditions and the
seismic response. An increase in fluid temperature results in a |

decrease in LOCA loadings, and therefore the original LOCA loads are ,

I
conservative for the proposed 587.8'F RCS average temperature. This is
because the decompression wave which hydraulically loads the vessel
internals, loop and component supports is proportional to the difference
between normal operating pressure and saturation pressure. Operation at
higher temperatures causes a reduction in this differential pressure and
thus reduced loads.

1
i

During the original design an evaluation was performed to determine the
type and nisaber of occurences of plant operational transients which
constitute the bases for analyzing and evaluating the cyclic behavior of
the NSSS components. A description of these transient events is pro-
vided in Section 5.2 of the FSAR. The transient evaluation was per-
formed based on temperatures, pressures and power levels in excess of
the actual plant rating. The transient analyses provide each component
design group with information regarding variations in temperature,

| power, pressure and flow rate of the unit for use in structural inte-
grity evaluations of the NSSS components. As discussed in Section 4,
review of the transients applicable to North Anna revealed that the
original design basis transients remain conservative for an RCS average
temperature of 587.8'F.

The nominal operating cold leg, hot leg and average temperature of the
RCS have increased. As a result it was necessary to verify that each
installed component and the associated analyses are in compliance with

.

I

1163Q:1
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the design codes, standards and criteria in effect at the time of the
original license for the revised nominal operating conditions. In a few
instances it was necessary to revise the documented analyses to account
for the increased RCS temperatures. Three levels of effort were util-
ized for this review. Each of the three levels and the components in

each level are discussed below.

A. The first level of effort was to identify for which NSSS systems and
associated components no change in the original design bases and
functional requirements was required. For these components and/or
systems, which are listed below, no additional effort was required
with respect to the RCS average temperature increase.

.

*

1) Residual Heat Removal System

2) Safety Injection System
3) Pressurizer Spray, Power Operated Relief and Safety Valves

4) Chemical and Volume Control System except for Heat Exchangers

B. The second level of effort was to identify for which NSSS components
the increased RCS temperatures were bounded by analyses performed

for a generic design or where a unit with the identical component
'

was evaluated at duty ratings equal to or greater than those asso-
ciated with the proposed change. The components in this category

are:

1) Reactor Coolant Pumps

2) Control Rod Drive Mechanisms
3) Reactor Coolant Loop Piping
4) Reactor Coolant Loop Isolation Valves
5) CYCS Heat Exchangers

6) Pressurizer
7) Upper Reactor Internals Asserably

C. The third level of effort was to confirm analytically compliance
with the applicable design codes, standards and criteria for speci-
fic instances where the increased RCS temperatures were riot bounded

by analyses performed for a generic design or for a unit with the
identical components at duty ratings equal to or greater than

1163Q:1
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those associated with the proposed change. The three components in
this category and a description of the associated effort is dis-
:ussed below:

1) Reactor Vessel

Review of the reactor vessel documentation revealed that the
existing analyses bound the proposed change with the exception
of the unit loading transient. For this particular transient
the proposed temperature change (TH0T minus TNO LOAD) from
no load to full load conditions is approximately 6*F greatar
than originally evaluated. Analyses were performed for an even
greater temperature change than proposed. These gnalyses indi-
cate that the change has an insignificant impact on the stress
range and fatigue life of the vessel, and therefore is accept-
abl e.

2) Lower Reactor Internals Assembly

~

The North Anna 1 and 2 lower reactor internals assembly were
reviewed relative to other 3 loop internals at duty ratings in
excess of those associated with the subject temperature

inc rease. With the exception of the item discussed below, the
North Anna Unit 1 and 2 lower reactor internals are geometri-
cally identical to higher duty rated structures. Therefore,
with tha exception of the item in the following discussion, the
analyses performed for nigher duty 3 loop plants bound the pro-
posed North Anna 1 and 2 increased temperatures. Wi th re spec t
to the one geometrical variation, the following dis:ussion
demonstrates that the increased temperatures have no significant
impact on either the existing component or the associated analy-
ses.

Thermal Shield - The higher duty rated structures whi:h were
reviewed all utilize neutron panels in lieu of the thermal
shield employed. on the North Anna design. The prime concerns
relative to the thennal shield are related to flow loadings and

1153Q: 1
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i the potential for flow induced vibrations. An 8.6*F increase in
|

| temperature has an insignificant impact on the flow rate, and
therefore creates no haMware concern. In addition, an 8.6*F
variation in temperature is within the accuracy of the existing

,

themal analyses. Therefore, the installed North Anna 1 and 2
lower reactor internals assemblies are in compliance with the
design codes, standaMs and criteria applied at the time of the
original license.

3) Steam Generator

Review of the steam generator documentation revealed that the
current documentation bounds the proposed pressure and tempera-
ture changes with the exception of specific evaluations for the
steam generator shell in the vicinity of the upper lateral sup-
ports and the feedwater nozzle. For these exceptions it was
necessary to perfom detailed analyses to verify compliance with
design criteria for the increased pmssure loading at NSSS full
themal power. These analyses consider loads imparted simultan-
eously to the components due to supports, weight, temperature,
flow, prissure and seismic. The analyses perfcmed assumed the

1 original design basis loadings on the component remain
unchanged, with the exception of the pressure loadings. A pres-
sure value of 1020 PSIA was assumed with full themal load steam
flow in the generator. This pressure corresponds to the no load
value and represents an upper bound value for the evaluation.
The results of the analyses demonstrate that the steam genera-
tors remain in compliance with the applicable design criteria.

I In su:enary, review of the majority of the RSSS components indicates that
the proposed Reactor Coolant System average temperature of 587.8'F is
enveloped by eithe. the original North Anna analyses or analyses for
other 3 loop plants with identical structures at a higher duty rating. *

|

|

|

!
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For specific components where additional analyses were necessary, it was,

determined that the structures remain in compliance with the design
codes, standards and criteria applied at the time of the original
license.

.

.

..

i

.
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5 NSSS/30P INTERFACE

In an effort to coordinate the NSSS review with the related review of
the 3alance of Plant (30P), a program was established to identify areas
in which the 7.5*F increase in Reactor Coolant System (RCS) average

temperature could have an impact on the 30? design. This temperature

increase corresponds approximately to a 50 psi in:rease in steam gen -
srator outlet steam pressure at the full thermal loading of 2787 MWt.

During the course of the evaluation it was detennined that a number of
NSSS/80P interfaces were not impacted by the 7.5'F increase in RCS aver-

age temperature. The interfaces in this category and a brief explana-
tion of why the existing interface data is not impacted are dis:ussed

,

below:

1) Mass and Energy Release Data - The original !.oss of Coolant
Accident data for containment integrity evaluations was based on
an NSSS rating of 2910 MWt/850 psi steam pressure. This data
bounds the proposed temperature imrease on the RCS at 2787

MWt. The Main Steamline Break data was based on the event
occurring at the no load condition which is un: hanged by the
increased nominal operating temperatures.

2) Auxiliary Feedwater System - The original auxiliary feedwater
system requirements were based on an NSSS rating of 2910 MWt/850

psi steam pressure. The 7.5'F RCS average temperature imrease
at 2787 MWt is bounded by the original analyses. Therefore, the
auxiliary feedwater system requirements are unchanged.

3) Source Terms for Offsite Dose Evaluations - The data currently
in the FSAR are based on a core power of 2900 MWt. These source
terms are essentially a function of core power and burnup only.
The impact of the 7.5*F temperature in:rease on burnup is negli-
gibl e. Therefore, the current FSAR data remain un: hanged.

1163Q: 1
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4) Spent Fuel Pit Decay Heat Loads - The decay heat of the fuel in
the spent fuel pit is a function of core power and burnup and is
independent of the 7.5*F average temperature increase. The data
employed in the original design evaluation remain unchanged.

5) Steam System Design Transient - The steam system transients
provided in the Westinghouse Steam Systems Design Manual are

unchanged.

6) RCS Loop Pipe Loads, Themal Displacements and Desit . Data -
Based on a detailed review it was detennined than any changes in |

Iloadings and piping / support themal displacements and other
design data are within the bounds of the original evaluation.

7) Flux Mapping System - It was detemined that the effect of the
increased temperature is within the accuracy of the original
design data.

A number of areas have been identified for which it is recorumended that
the Balance of Plant systems be reviewed to evaluate the effects of the

proposed change. These areas are:

1) Condensate and'Feedwater Systems - Review the system perfonnance

and component adequacy at the increased pressure to ensure
satisfactory operation.

2) Main Steam System - Perfom the same review as outlined for the

i condensate and feedwater system.

3) Component Cooling Water System - The increased RCS inlet tem-

perature does increase the heat loadings on the Component Cool-
ing Water System (CCWS) due to the Chemical and Volume Control

System heat exchangers. Table 6.1 provides a sununary of the
heat loadings on the CCWS for the current RCS cold leg

11630:1
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temperature of 546.8'F and a value of 555.5'F. The heat loads
are based on a maximum CCWS inlet temperature of 105'F to each

heat exchanger. The impact of the increased CVCS heat exchanger
heat loads on the CCWS should be reviewed to assure that the
maximum inlet temperature of 105'F remains unchanged.

An additional area of review was the Westinghouse supplied turbine
generators. Based on a detailed review, it was detennined that the

assumptions, analyses and evaluations (e.g., turbine missiles) per-

| fonned to verify the operating characteristics and structural inte-
! grity of the turbine generator at the current operating paramaters

bound the conditions resulting from the 7.5'F RCS average

| temperature increase to 587.8'F.
i

|

|

1

l
i

t

.
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TABLE 6.1

INCREASED CCWS HEAT LOADS RESULTING FROM CVCS OPERATION

UNDER INCREASED RCS TEMPERATURES

Heat Exchanger / Condition Heat Transfer Rate (BTU /HR x 106)

KL5 Golo leg temp. KL5 Golo Leg temp.

546.8'F 555.5'F

i

Non-Regenerative:

Normal Operation 5.10 5.28

Maximum Purification 11.1 11.1

Heat Up (Design) 16.1 16.1

|

Excess Letdown:

Design 3.08 3.26

Seal Water Return:

Normal Operation 0.92 1.02

Design 1.25 1.37

i
I

;

1163Q:1
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7 TECHNICAL SPECIFICATION REVISIONS

A review of the North Anna Unit 1 and 2 Technical Specifications was
performed to establish revisions necessary to reflect the 7.5*F increase
in Reactor Coolant System average temperature to 587.8'F at full thermal
load of 2787 MWt. The required revisions are identified in Enclosure 3.

f

e

1163Q:1/102982

.
_ _ _ _ _ _ . . .. .

_-



Appendix

to

Enclosure 1
.

North Anna FSAR Changes

for

Tavg of 587.80F

!

|

{



.

are concerned, the " Engineered Safety Features design rating" plus allowance
for error is assumed. The thermal power values used for each transient
analyzed are given in Table 15.1-16.

15.1.2.2 Initial conditions

For accident evaluation, the initial conditions are obtained by adding
maximum stesdy state errors to rated values. The following steady state
errors are considered:

,

a) Core power j; 2 percent allowance for calori-
metric error

b) Average Reactor Coolant + 40F allowance for deadband
,

and measurement errorSystem temperature
..

c) Pressurizer pressure j; 30 psi allowance for steady
state fluctuations and measure-
ment error

15.1-5
6995A:1

. - . - ,



TABLE 15.1-1

*
NUCLEAR STEAM SUPPLY SYSTEM POWER RATINGS

Guaranteed Nuclear Steam Supply System
|thermal power output 2787 MWt

The Engineered Safety Features design

rating (maximum calculated turbine rating) 2910 MWt

Thermal power generated by the
12 MWt |reactor coolant pumps

Guaranteed Core Thermal Power 2775 MWe

..

15.1-29

6995A:1
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TABLE 15.1-2

TRIP POINTS AND TIME DELAYS TO TRIP ASSUMED IN ACCIDENT ANALYSES-

Limiting Trip

Trip Point Assumed Time Delay

Function In Analyses (Seconds)

Power Range High Neutron

Flux, High Setting 118% 0.5

Power Range High Neutron

Flux, Low Setting 35% 0.5

Overtemperature a? Variable see 6.0*

Figure 15.1-1

Overpower AT Variable see 6.0*

Figure 15.1-1

High pressurizer pressure 2410 psig 2.0

|

Low pressurizer pressure 1845 psia 2.0

Low reactor coolant flow
(from loop flow detectors) 87% loop flow 1.0

Undervoltage Trip 68% nominal 1.2

* Total time delay (including RTD bypass loop fluid transport delay, ef fect

bypass loop piping thermal capacity, RTD time response, and trip circuit

channel electronics delay) from the time the temperature difference in the
coolant loops exceed the trip setpoint until the rods are free to fall.

.
-

15.1-30
6995A:1/100882
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TASI.E 15.1-6

SipetARY OF INITI AL CONORTIONS AND COMPUTER CODES USED

REACTIVITY COEFFICIENTS

ASSUHED INITIAL NSSS
III NODERATOR( }H00ERATOR THERMAL POWER OlffrUTi

COMPUTER TEMPERATURE DENSITY ASSUMED
II

FAULTS CODES UTILIZE 0 fak/*F) (&K/se/cc) DOPPLER (HWT)

CONDITION II

Uncont rolled RCC Assembly Bank Withdrawal WIT-6, FACTRAN +1 x 10- lower 0---

fr m a Subcritleal Conditton

uncontrolled RCC Assembly Rank Withdrawal LOFTRAN --- O and 0.43 lower and 2787

.i t Power upper

RCC Assembly Himalignment THINC TURTLE, --- 0 uppe r 2185

LOFTRAN

Uncontrolled Roron titution NA NA NA NA 0 and 2185

Ptrt ial loss of Forced Reactor Coolant Flow PHOENIX, LOFTRAN --- 0 upper 1810 and 2785

Sta t-up of an Inactive Reactor Coctant Loop HARVEL, THINC --- 0.43 lower 1810

Loss of External Electrical I,oad and/or LOFTRAN --- O and 0.43 lower and 2187

Turbine Trip upper

|Loss of Normal Feedwater IDFTRAN --- 0 upper 2910

1.oss of Of f -Site Power to the Plant LOFTRAN --- 0 upper 2910

Antillaries (Plant Riackout)

15.I-36

6995 Art /100M82
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TARLE 15.1-6 (Coatinued)

SLMtARY OF INITI AL COIR)lTIONS AND COMPUTER CDDES USED

REACTIVITY COEFFICIElfTS

ASSUMED INITIAL NSSS

MODERATOR ('} MODERATOR THERMAL POWER OUTPUTII

COMPUTER TEMPERATURE DENS ITY ASSUMED

II
FAULTS CODES UTILIZED (ak/'F) ( aK/gn/cc ) DOPPLER (HWT)

CONDITION 11 (Cont 'd . )

Fxe vsulve lleat Hemoval Due to Feedwate r RAFTRAN -- 0.43 lower 0 and 2787

System Malf unct f uns

I:n. e n si ve Imad increase 12FTRAN --- O and 0.43 lower and 2787

upper ,

Acc l. lent al Depressurizat ion of the IDFTRAN --- 0 upper 2787

Reac t or Coolant System

Accistent al Depressurisat ion of the MARVEL --- Function of -2.2 pcm/lF 0

flai n St =am System Moderator Den- (Sube r t t ica l )

sity. See

Sec. 15.2.33

(Fig. 15.2-41)

I nadve r t e nt Operation of 200S During IDFTRAN --- O lower

Powe r Ope rat ion
*

CONDITION lil

I.oss of Reac tor Cooiant From Small Ruptured WFLASil,l.oCTA-IV 27165

Pipes ur f rom Cracks in Large Pipe whicle
Actuate Emergency Core Cooling

15.1-17

69954:I/100H82
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TABLE 15.14 (Continued)

SLMlARY OF INITI AL CONDITIONS AND COMPUTER CODES USED

REACTIVITY COEFFICIErfS

ASSLMED INITIAL taSSS
III MODERATOR (I THERMAL POWER tsttTPUTMODERATOR

(XIMPUTER TEMPERATURE DENS ITY ASSLMED

II
FAULTS CODES UTILIZED (Ak/*F) (AK/gs/cc) DOPPLER (HWT)

CONDITION III (Cont 'd. )
t

1

Inadvertent Imading of a Fuel Assembly LEOPARD TURTLE --- NA NA 2785

Into an Inproper Position

Complete Loss of Forced Reactor Coolant IDFTRAN. TNINC, --- 0 upper 1810 and 2787

Flow FACTRAM

Waste Gas Decay Tank Rupture NA -- NA NA 2910

Single RCC Assembly Withdraust at Full Pouer TURTLE THINC, -- NA NA 2785

LEOPARD

CONDITION IV

Hajor Rupture of Pipes Containing Reactor SATAN Function of Function cf 2787

Coolant up to and inclimling Double-Ended (DCO Moderator Fuel Temp.

Rupt ure of the Largest Pipe in the Reactor REFLOOD Density See See Section

Coolant System (Lass of Coolant Acc ident ) LOCTA Section 15.4.1 15.4.1

Major Secondary System Pipe Rupture up to MARVEL, THINC Function of -2.2 pen /*F 0

and Inc luding Double-Ended Rupture Moderator (Subcritical)
(Rupture of a Steam Pipe) Denalty See

Section 15.2.13
( Fi g . 15.2-4 8 )

(Major Rupture of a Feeduater Pipe) LOFTRAN .43 upper 2910

I .1 -18
6995Ast/800882

.
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TARLE 15. l-6 (Cott inued)

StDMART OF INITI AL CONDITIONS AND COMPUTER Col]ES USED

,

BEACTIVITV COEFFICIENTS
!

ASSIDGED INITIAL NSSS'

III IIMODERATOR MOOLRATOR THERNAL Polder OUTPUT
t

COMPUTER TEMPERATURE OfNSITY ASSUMED

II
FAULTS CODES IfflLIZED (&k/*F) ( &KJ am/cc ) DOPPLER (lesT)

'
CONDITION 1% (Cont'd.)

Steam Generat or Tube Rupture NA NA NA NA 2910

$1ngle Reactor coolant Pissp locked Rotor IDFTRAN, TNINC, -- 0 upper 1810 and 2787

FACTRAN

Fuel llanilling Accident NA IIA NA 2910

Nupt ure of a Cont rol Rod Mechanism TWINKLE, FACTRAM -1 pca/*F BOL --- Constatent with 0 and 2787

Inousing (RCCA Election) -26 pcm/*F EOL lower limit shown

Fig. 15.1-5

NOTES:

(1) Only one is used in an analyste i.e., either moderator temperature er W erator density coefficient.

(2) Re f e re nce Figure 15.l-5

15.1-39
6995A:I/llM1882
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a) Initial conditions of maximum core power and reactor coolant averaga

temperatures and minimum reactor coolant pressure, resulting in the

minimum initial margin to DNB.

b) Reactivity coefficients - Two cases are analyzed:

1. Minimum reactivity feedback. A sero moderator coefficient of

reactivity is assumed corresponding to the beginning of core life.

A least negative Doppler power coefficient is used in the analysis.

*

2. Maximum reactivity feedback. A conservatively large positive

moderator density coefficient and a large (in absolute magnitude)

negative Doppler power coe fficient are assumed.

c) The reactor trip on high neutron flux is assumed to be actuated at a

conservative value of 118 percent of nominal full power. The AT trips

include all adverse instrumentation and setpoint errors, while the

delays for the trip signal actuation are assumed at their maximum values.
..

d) The rod cluster control assembly trip insertion characteristics is based

on the assumption that the highest worth assembly it stuck in its fully

withdrawn position.

15.2-13
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e) The maximum positive reactivity insertion rate is greater than that for

the sbaultaneous withdrawal of the combination of the two control banks

having the maximum combined worth at maximum speed.

The effects of rod cluster control assembly movement on the axial core power

distribution is accounted for by causing a decrease in overtemperature and

overpower AT trip setpoints proportional to a decrease in margin to DNB.

Results
.

.

Figures 15.2-4 and 15.2-5 show the response of neutron flux, pressure,

average coolant temperature, and DNB ratio to a rapid rod cluster control

assembly withdrawal incident starting from full power. Reactor trip on high

neutron flux occurs shortly after start of the accident. Since this is

rapid with respect to the thermal time constants of the plant, small changes

in T, and pressure result and a large margin to DNB is maintained.

The response of neutron flux, average coolant temperature, pressure and DNB

ratio for a slow rod assembly withdrawal from full power is shown in Figures

15.2-6 and 15.2-7. Rasctor trip on overtemperature AT occurs after a

longer period and rise in temperature and pressure is consequently larger

than for rapid rod cluster control assembly withdrawal.

|

f

)
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6995A:1

. _ _ . - - . _ _ . -- - -. ._ -. -. - _-



Figure 15.2-8 shows the minimum DNBR as a function of reactivity insertion

rate from initial full power operation for the minimum and maximum

reactivity feedback. It can be seen that two reactor trip channels provide

protection over the whole range of reactivity insertion rates. These are

the high neutron flux and overtemperature AT trip channels. The mini =nm

DNBR is never less than 1.30.

Figures 15.2-9 and 15.2-10 show the minimum DNBR as a function of reactivity

insertion rate for rod cluster control assembly withdrawal incidents

starting at 60 and 10 percent power respee,tively. The results are similar

to the 100 percent power case, except as the initial power is decreased, the

range over which the overtemperature AT trip is effective is increased.

In neither case does the DNBR fall below 1.30.

15.2.2.3 Conclusions
:

.

The high neutron flux and overtemperature AT trip channels provide

adequate protection over the entire range of possible reactivity insertion

rates, i.e., the minimum value of DN3R is always larger than 1.30.

15.2.3 Rod Cluster Control Assembly Misalignment

.

15.2.3.1 Identification of Causes and Accident Description

Rod cluster control assembly misalignment accidents include:

a) Dropped full-length assemblies;

b) A dropped full-length assembly bank;

c) Statically misaligned full length assembly (See Table 15.2-2). ;

6995A:1 ,
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Mkthod of Analysis

Steady state power distributions are analyzed for this event using the

TURTLE (5) code. The peaking factors calculated by TURTLE are then used by

the THINC code to calculate the DNBR. For the transient response to a

dropped RCCA or RCCA bank the LOFIRAN(4) code is used. The code simulates

the neutron kinetics, Reactor Coolant System, pressurizer, pressurizer

relief and safety valve, pressurizer spray, steam generator, and steam

generator safety valves. The code computes pertinent plant variables

including temperatures, pressures, and power level.

.

Results

A dropped rod cluster control assembly typically results in a reactivity

insertion of -0.15 percent Ak/k. Extensive analyses were performed to

show that in manual control the minimum DNBR occurs near the end of the

transient when the systen has essentially returned to a new steady state

equilibrium condition. Without automatic rod centrol, the system will

return to a new equilibrium condition at a reduced primary temperature as a

result of the moderator reactivity feedback. As typical of a PWR

uncontrolled response, the return to power is monotonic and therefore power

overshoot is not a condition for this case.

15.2-18
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A power overshoot after a dropped rod cluster assembly incident can only

result from ths action of the automatic rod controller. For a given PWR

system, the power overshoot is essentially a function of the rod controller

characteristics. As a result of the unreviewed safety issue which

identified the potential for dropped rod events leading to power overshoots,

resulting in calculated DNB ratios lower than those reported in the current

licensing documents, the following interim procedural solution has been

instituted:

a)* In manual reactor control, there is no change from current procedures.

b) In autematic control above 90% reactor power, Bank D aust be withdrawn

to greater than or equal to 215 steps.

By using this restricted operating strategy, the potential for large

overshoots is minimized. ,

i

Sensitivity studies have confirmed that the maximum power overshoot occurs
;

for the following conditions:

|

a) Minimum moderator reactivity feedback corresponding to beginning of core ,

1

Ilife conditions.

b) Least negative doppler only power coefficient.
I
1

l
1

|

Figure 15.2-11 illustrates the transient for the following limiting '

conditions:

a) Initial Power: 92 percent of rated power.

b) Zero Moderator Reactivity Coefficient.

c) Control Bank Reactivity Worth: 6 pem/ step.

6995A: 1 15.2-19



The DNBR was computed along the transient assuming constant hot channal

factors to illustrate that limiting DNB conditions occur at the point of

maximum return to power. There fore, only the peak power conditions need to

be analyzed with the penalty associated for a dropped rod cluster control

assembly condition.

A dropped rod cluster control assembly group typically results in a

reactivity insertion of -1.2 percent Ak/k which will be detected by the

power range negative neutron flux rate trip circuitry. The reactor is

tripped within approximately 2.5 seconds following the drop of a rod cluster

assembly group. The core is not adversely affected during this period,

since power is decreasing rapidly.

The most severe misalignment situations with respect to DNBR at significant

power levels arise from cases in which group D is inserted to its insertion

limit with one assembly fully withdrawn. The insertion limits in the

Technical Specifications are chosen based on a number of limiting criteria.

One of these criteria is that control bank D may be inserted to its low-low

insertion limit at full power with any one assembly fully withdrawn without

the DNER following below 1.30. This is demonstrated in Table 15.2-2.

Multiple independent alarms, including a bank insertion limit alarm, alert

the operator before the postulated conditions are approached.

15.2-20
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DNB calculations have not been performed specifically for assemblies missing

from other banks, however, power shape calculations have been done as

required for the rod cluster control assembly ejection analysis. Inspection

of the power shapes shows that the DNB and peak kw/ft situation is less

severe than the group D case discussed above assuming insertion limits on

the other groups.

15.2.3.3 Conclusions
;

It is shown that in all cases of dropped assemblies, the DNBR remains

greater than 1.30 and, consequently, dropped assemblies do not cause core

i damage.

For all cases of dropped groups, the reactor is tripped by the powar range

negative neutron flux rate trip and consequently dropped banks do not cause

core damage.

For all cases of any group inserted to its rod insertion limit with any

single rod cluster control assembly in that group fully withdrawn, the DNBR

remains greater than 1.30. Thus, rod misalignments do not result in core

damage.

15.2.4 Uncontrolled Boron Dilution
!

|
|

|
|

|

|

15.2-21

6995A:1

.



. .

|

| |

pressurizer spray, steam generator, and steam generator safety valves. The|
I
i

|
program computes pertinent plant variables including temperatures, i

pressures, and power level.

In this analysis, the behavior of the unit is evaluated for a complete loss
;

| of stesa loaId from 102 percent of full power without a direct reactor trip

primarily to show the adequacy of the pressure relieving devices and also to

demonstrate core protection margins.

Assumptions are:

|
a) Initial Operating Conditions - the initial reactor power and Reactor

!
l Coolant System temperatures are assumed to their maximum values
|

| consistent with the steady state full power operation including
I

allowances for calibration and instrument errors (See Section 15.1.2).

The initial Reactor Coolant System pressure is assumed at a minimum

value consistent with the steady state full power operation including

allowances for calibration and Dnstrument errors. , These assumptions
,

result in the maximum power

l
|

|

|
|

|
l

|
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difference for the load loss, and the minimum margin to core protection

ILaits at the initiation of the accident.

b) Moderator and Doppler Coefficients of Reactivity - the total loss of

load is analyzed for both beginning of life and end of life conditions.

Moderator temperature coefficients of zero at beginning of life and a

large (absolute value) negative value at end of life are used. A

conservatively large (absolute value) Doppler power coefficient is used

for beginning of life and a least negative value is used for end of life.

c) Reactor Control - from the standpoint of the maximum pressures attained

it is conservative to assume that the reactor is in manual control.

d) Steam Release - no credit is taken for the operation of the steam dump

system or steam generator power operated relief valves. The steam

generator pressure rises to the safety valve setpoint where steam

release through safety valves Ibaits secondary steam pressure at the

setpcint value (~1100 psia).

e) Pressurizer Spray and Power Operated Relief Valves - two cases for both

the beginning and end of life are analyzed:
)
i

1. Full credit is taken for the effect of pressurizer spray and power

operated relief valves in reducing or limiting the coolant pressure.

|
|

|

15.2-44
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2. No credit is taken for the effect of prescurizer spray and power

operated * elief valves in reducing or limiting the coolant

pre ssure . Pressurizer heater operation is assumed since heater

operation on high pressurizer water level will tend to increase the

maximum surge rate through the pressurizer safety valves.

f) Feedwater Flow - main feedwater flow to the steam generators is assumed

to be lost at the time of turbine trip. No credit is taken for

auxiliary flow since a stabilized plant condition will be reached before

auxiliary feedwater initiation is normally assumed to occur. The

auxiliary feedwater flow would remove core decay heat following plant

stablilization.

Reactor trip is actuated by the first Reactor Protection System trip

setpoint reached with no credit taken for the direct reactor trip on the

turbine trip.

Results

The transient responses for a total loss of load from 102 percent full power

operation are shown for four cases; two cases for the beginning of core life

and two cases for the end of core life, in Figures 15.2-23 through 15.2-30.
,

1
1

Figures 15.2-23 and 15.2-24 show the transient response for the total loss

i of load at beginning of life with zero moderator temperature coefficient

assuming full credit for the pressurizer spray and pressurizer power

operated relie f valves. No credit is taken for steam dump. The reactor is

tripped by the overtemperature AT trip channel. The minimum DNBR is well
l

| above the 1.30 design value.
r

|
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Figures 15.2-25 and 15.2-26 show the response for the total loss of load at

end of life assuming a large (absolute value) negative moderator temperature

coefficient and a least negative doppler only power coefficient. All other

plant parameters are the same as the case above. The reactor is tripped by

the overtemperature AT trip channel. The DNBR increases throughout the

transient and never drops below its initial value.

The pressurizer safety valves are not actuated in the transients shown in

Figures 15.2-23 through 15.2-26.

The total loss of load accident was also studied assuming the plant to be

initially operating at 102% of full power with no credit taken for the

pressurizer spray, pressurizer power operated relief valves, or steam dump.

The reactor is tripped on the high pressurizer signal. Figures 15.2-27 and

15.2-28 show the beginning of life transient with zero moderator

coefficient. The neutron flux remains constant at 102% of full power until

the reactor is tripped. The DNBR increases throughout the transient. In

this case the pressurizer safety valves are actuated.
,

l
!

| Figures 15.2-29 and 15.2-30 show the transient at the end of life with the
!

| other assumptions being the same as in Figures 15.2-27 and 15.2-28. Again,

1
' the DNBR increases throughout the transient and the pressurizer safety

valves are actuated.

1

i

|

|
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d) One turbine driven auxiliary feedwater pump (capable of delivering at

least 700 gpm) which is started on the same signals as the motor driven

pumps.

The motor driven auxiliary feedwater pumps are supplied by the diesels if a

loss of offsite power occurs and the turbine-driven pump utilizes steam from

the secondary system. Both types of pumps are designed to start within one

minute even if a loss of all AC power occurs simultaneously with loss of
I

| normal feedwater. The turbine exhausts the secondary steam to the

atmosphere. The auxiliary pumps take suction from a condensate water

storage tank for delivery to the steam generators.

|

The analysis shows that following a loss of normal feedwater, the auxiliary|

,

!
feedwater system is capable of removing the stored and residual heat thus'

preventing either overpressurization of the Reactor Coolant System or loss

I of water from the reactor core.

15.2.8.2 Analysis of Effects and Consequences

Method of Analysis

A detailed analysis using the LOFIRAN code is performed in order to {

i obtain the plant transient following a loss of normal feedwater. The

simulation

15.2-49
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t ,

describes the plant thermal kinetics, Reactor Coolant System including the
|

natural circulation, pressurizer, steam generators and feedwater system.

The digital program ccmputes pertinent variables including the steam

generator level, pressurizer water level, and reactor coolant average

temperature.

Assumptions:

a) The initial steam generator water level (in all steam generators) at the

time of reactor trip is at the narrow range low level tap, i.e., a

conservatively low level.
1

b) The plant is initially operating at 102 percent of 2910 MWt the

engineered safeguards design rating.

c) A conservative core residual heat generation based upon long term

operation at the initial power level preceding the trip.

d) Only two motor driven auxiliary feedwater pumps are available one minute

after the accident.

e) Auxiliary feedwater is delivered to two steam generators. 1

f) Secondary system steam relief is achieved through the self-actuated

safety valves. Note that steam relief will, in fact, be through the

i
i

!

|
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power operated relief valves or condenser dump valves for most cases of

loss of normal feedwater. However, for the sake of analysis these have

been assumed unavailable.

g) The initial reactor coolant average temperature is 40F higher than the

nominal value since this results in a greater expansion of Reactor

Coolant System water during the transient and, thus, in a higher water

level in the pressurizer.

.

Results

Figure 15.2-31a shows plant parameters foll6 wing a loss of normal feedwater

with offsite power available.

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

fraction 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, the auxiliary feedwater pumps are

l

| automatically started, redue,ing the rate of water level decrease.
[

The capacity of the auxiliary feedwater pumps are such that the water level

j in the feed steam generators does not recede below the lowest level at which

sufficient heat transfer area is available to dissipate core residual heat
,

( without water relief from the Reactor Coolant System relief or safety valves.'

I

i
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The auxiliary feedwater system is started automatically as discussed in the

loss of normal feedwater analysis. The steam driven auxiliary feedwater

pump has a capacity of 700 gpm and utilizes steam from the secondary system,

exhausting directly to the atmosphere. The two motor driven auxiliary

feedwater pumps have a capacity of 340 gpm each and are supplied by power

from the diesel generators. The pumps take suction directly from a

condensate 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

circulation in the reactor coolant loops.

15.2.9.2. Analysis of Effects and Consequences
i

Method of Analysis

A detailed analysis using the LOFTRAN code is done to obtain the plant

transient following a station blackout. The simulation describes the plant

thermal kinetics, Rasctor Coolant System including the natural circulation,

pressurizer, steam gencrators and feedwater system. The digital program

computes pertinent variables including the steam generator level,

pressurizer water level, and reactor coolant average temperature.

The first few seconds of the transient will closely resemble a simulation of

the complete loss of flow incident (See Section 15.3.4), i.e., core

15.2-54
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damage due to rapidly increasing core temperatures is prevented by promptly

tripping the reactor. Af ter the reactor trip, stored and residual heat must

be removed to prevent damage to either the Reactor Coolant System or the

core. The assumptions used in the analyses are similar to the loss of

normal feedwater flow incident, except that power is assumed to be lost to

the reactor coolant pumps at the time of reactor trip.

!

|
' Results

Figure 15.2-31 shows plant parameters following a station blackout.

The LOFTRAN results show that natural circulation flow available is

suf ficient to provide adequate core decay heat removal following a reactor

trip and RCP coastdown.

15.2.9.3 Co nclusions

i Analysis of the natural circulation capability of the RCS has demonstrated
l

that sufficient heat removal capability exists following reactor coolant

pump coastdown to prevent fuel or clad damage. The DNBR is maintained above
,

|

1.30. The Reactor Coolant System is not overpressurized and no water relief

will occur through the pressurizer relief or safety valves. Thus there will

be no cladding damage and no release of fission products to the Reactor
!

Coolant System.

!

!
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|

|

'
I

|

l 15.2.10 Excessive Heat Removal Due to Feedwater System Malfunctions i

|

2.10.1 Identification of Causes and Accident Description
;

Reductions in feedwater temperature or additions of excessive feedwater are
1

means of increasing core power above full power. Such transients are

attenuated by the thermal capacity of the secondary plant and of the Reactor

Coolant System. The overpower - overtemperature protection (neutron ,

1
.

! overpower, overtemperature and overpower AT trips) prevents any power

increase which could lead to a DNBR less than 1.30.

|

|

!

I

l

|

I

|
|

|
r

|

|
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15 .2 . 10 .2 Analysis of Ef fects and Consequences

Method of Analysis

The excessive heat removal due to a feedwater system malfunction transient

I) Thisis analyzed by using the detailed digital computer code LOFTRAN .

code simulates a multi-loop system, neutron kinetics, the pressurizer,

pressurizer relief and safety valves, pressurizer spray, steam generator,

and steam generator safety valves. The code computes pertinent plant

variables including temperatures, pressures, and power level.

The system is analyzed to evaluate plant behavior in the event of feedwater

system malfunction. Feedwater temperature reduction due to f eedwater heater

bypass valve actuation in conjunction with an inadvertent trip of the heater

drain pump is considered.

Excessive feedwater addition due to a control system malfunction or operator

error which allows a feedwater control valve to open fully is considered.

Two cases are analyzed as follows:

a) Accidental opening of one feedwater control valve with the reactor just

critical at zero load conditions assuming a conservatively large

negative moderator temperature coefficient.

b) Accidental opening of one feedwater control valve with the reactor in

automatic control at full power.

The reactivity insertion rate following a feedwater system malfunction is

calculated with the following assumptions:

15.2-58
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|

with the power unbalance during the transient. The time at which reactor

trip occurs is of no concern for this accident. At lighter loads coolant

contraction will be slower resulting in a longer time to trip.

15.2.14.2 Analysis of Effects of Consequences

,

l
iMethod of Analysis

4

'

The spurious operation of the SIS system is analyzed by employing the

detailed digital computer program LOFTRAN(4). The code simulates the I

i

neutron kinetics, Reactor Coolant System, pressurizer, pressurizer relief

and safety valves, pressurizer spray, steam generator, steam generator

safety valves, and the effect of the safety injection system. The program

computes pertinent plan variables including temperatures, pressures, and

power level.

Because of the power and temperature reduction during the transient,

operating conditions do not approach the core limits. Analysis of several

cases shows the results are relatively independent of time to trip.

A typical transient is presented representing conditions at beginning of

core life. Results at end of life are similar except that moderator

feedback effects result in a slower transient.

The assumptions are:

15.2-76
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TABLE 15.2-1 (Continued)

TIME SEQUENCE OF EVENTS FOR

CONDITION II EVENTS

Accident Event Time (sec.)

Uncontrolled RCCA Bank

Withdrawal at Power

1. Case A Initiation of uncontrolled RCCA
withdrawal at a high reactivity

I insertion rate (70 pcm/sec) 0

Power range high neutron flux
,

,,

high trip peint reached 1.7

Rods begin to fall into core 2.2
,

I

|
'

Minimum DNBR occurs 3.0

2. Case 3 Initiation of uncontrolled RCCA
t

l withdrawal at a small reactivity

insertion rate-(-3.0 pem/sec) 0

Overtemperature AT reactor trip
signal initiated 24.7

l

Rods begin to drop into core 26.7

Minimum DNBR occurs 26.8

|

|

i
:

(

|

15.2-80a
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| TABLE 15.2-1 (Continued)
!
!

TIME SEQUENCE OF EVENTS FOR

CONDITION II EVENTS

| Accident Event Time (sec.)
,

i

Loss of External

Electrical Load
I

|

1. With pressurizer
j

control (BOL) Loss of electrical load 0

Initiation of steam

| release from steam generator

safety valves 6.5

overtemperature AT Reactor

Trip Point Reached 6.9

t

|

Rods begin to drop 8.9

Minimum DNBR occurs 10.0
l

| Peak pressurizer pressure
I
' occurs 9.5

2. With pressurizer
control (EOL) Loss of electrical load 0

Initiation of steam release ;

| from steam generator safety
t

l valves 6.5 !

Overtemperature ST Reactor

|
Trip Point Reached 6.9

i

Rods begin to drop 8.9 |

6995A:1 15.2-83
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TABLE 15.2-1 (Continued)

TIME SEQUENCE OF EVENTS FOR

CONDITION II EVENTS

Accident Event Time (sec.)

Minimum DNBR occurs (1)

Peak pressurizer pressure
7.5occurs

3. Without pressurizer
control (BOL) Loss of electrical load 0

Initiation of steam release
from steam generator safety

valves 6.5

|
High pressurizer pressure

! reactor trip point reached 5.1

Rods begin to drop 7.1

Minimum DNBR occurs (1)

Peak pressurizer pressure
8.0occurs

1 t

|(1) DNBR does not decrease below its initial value.
|
l

:
|

|
|

|

|

|

|

|

|
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TABLE 15.2-1 (Continued)

TIME SEQUENCE OF EVENTS FOR

CONDITION II EVENTS

Accident Event Time (sec.)

4. Without pres-

surizer control

(EOL) Loss of electrical load 0

Initiation of steam release
from steam generator

valves 6.5

High pressurizer pressure
reactor trip point reached 5.1

Rods begin to drop 7.1

Minimum DNBR occurs (1)

Peak pressurizer pressure
7.5occurs

.

(1) DNBR does not decrease below its initial value.

15.2-85
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TABLE 15.2-1 (Continued)

TIME SEQUENCE OF EVENTS FOR

CONDITION II EVENTS

Accident Event Time (sec.)

Loss of Normal
Feedwater

(With offsite
power available) Main feedwater flow stops 10.0

Low steam generator water

level trips 48.0

Rods begin to drop 50.0

Peak water level in pressurizer

occurs 52.0

Two steam generators begin to
receive auxiliary feed from two

motor driven auxiliary f eedwater

108.0pumps
W

Core decay heat plus reactor
,

coolant pump heat decreases to

auxiliary f eedwater heat removal
capacity s400.0

15.2-86
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TABLE 15.2-1 (Coninued)

TIME SEQUENCE OF EVENTS FOR

CONDITION II EVENTS

Accident Event Time (sec.)
.

Loss of offsite power Main feedwater stops 10.0

.

Low steam generator water

level trip 48.0

Rods begin to drop 50.0

Reactor coolant pumps begin

to coast down 50.0

Peak water level in pressuri-

zation occurs 52.0

Two steam generators begin to

receive auxiliary feed from

two motor driven auxiliary
|

feedwater pumps 108.0

Core decay , heat decreases

to auxiliary feedwater heat

removal capacity #256.0

15.2-86a
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TABLE 15.2-1 (continued)

TIME SEQUENCE OF EVENTS FOR

CONDITION II EVENTS

Accident Event Time (sec.)

Excessive feedwater .

at full load One main feedwater control ,

valve fails fully open 0

Minimum DNBR occurs 21.0

Feedwater flow isolated 23.0

due to high-high steam

generator level -

.

I
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TABLE 15.2-1 (Continued)

TIME SEQUENCE OF EVENTS FOR

CONDITION II EVENTS

Accident Event Time (sec.)

,

i Excessive Load Increase
|

.

1. Manual Reactor

[ Control (BOL) 10% step load increase 0

I Equilibrium conditicu:'

reached (approximate

times only) 200

2. Manual Reactor

Control (EOL) 10% step load increase O

Equilibrium conditions
reached (approximate

times only) 100

3. Automatic Reactor

| Control (BOL) 10% step load increase 0

I
.

Equilibrium conditions
reached 200

4. Automatic Reactor
Control (EOL) 10% step load increase 0

! Equilibrium conditions
reached (approximate

l times only) 200

15.2-88
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i

TABLE 15.2-1 (Continued)

TIME SEQUENCE OF EVENTS FOR

CONDITION II EVENTS

Accident Events Time (sec.)

Accidental depressuri-

zation of the Reactor
Coolant System Inadvertent Opening of

one RCS Safety Valve 0
'

Reactor Trip 22.2*

Minimum DNBR occurs 22.8*.

Accidental depressuri-
zation of the Main
Steam System Inadvertent Opening of

one main steam safety

or relief valve O

Pressurizer Empties 168

20,000 ppa boron reaches

RCS loops 237

* Includes two second delay from reaching trip setpoint to beginning of rod
motion.

.

15.2-89
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Permissive 8 a breaker open signal from any two pumps will actuate a reactor ;

trip.

Normal power for the reactor coolant pumps is supplied through busses from a

transformer connected to the generator. Each pump is on a separate bus.

When generator trip occurs, the busses are automatically transferred to a

transformer supplied from external power lines, and the pumps will continue
,

to supply coolant flow to the core.

Following any turbine trip, where there are no electrical faults which re-

quire tripping the generator from the network, the generator remains con-

nected to the network for approximately 30 seconds. The reactor coolant

pumps remain connected to the generator thus ensuring full flow for 30

seconds after the reactor trip before any transfer is made.

15.3.4.2 Analysis of Effects and Consequences

Method of Analysis

This transient is analyzed by three digital-computer codes. First the

LOFTRAN(0} code is used to calculate the loop and core flow during the

transient, the time of the reactor trip, and the nuclear power transient

|
following reactor trip. The FACTRAN code is then used to calculate the

1

heat flux transient based on the nuclear power and flow from LOFTRAN.

Finally, the THINC code is used to calculate the minimum DNBR during the

transient based on the heat flux from FACTRAN and flow from LOFTRAN. The R
,

|
grid spacer factor is applied to the W-3 correlations. The transients

| presented represent the minimum of the typical or thimble cell.

6995A:1
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|
The following loss of flow cases are analyzed:

!

a) Loss of P.hree pumps from a nominal Reactor Coolant System heat output of

( 100% (2787 Wt) with three loops operating.

b) Loss of two pumps from a nominal Reactor Coolant System heat output of

i
60% (1671 Et) with two loops operating; no loops stop valves closed.

l

c) Loss of two pumps from a nominal Reactor Coolant System heat output of

65% (1810 Wt) with two loops operating; loop stop valves closed in one

loop.

he method of analysis and the assumptions made regarding initial operating

conditions and reactivity coefficients are identical to those discussed in

Section 15.2.5, except that, following the loss of supply to all pumps at
!

power, a reactor trip is actuated by either bus undervoltsge or bus under-
i

frequency.

|
f

Results

ne calculated sequence of events is shown in Table 15.3-2 for the three

cases analyzed. Figures 15.3-23 through 15.3-31 show the loop coastdowns,

the reactor vessel coastdowns, the nuclear power coastdowns and the average

and hot channel heat flux coastdowns for each of the three cases. He

reactor is assumed to trip on the undervoltage signal. The DNBR curve for

each of the cases is not less than 1.30.

15.3.4.3 Conclusions

he analysis performed has demonstrated that for the complete loss of

15.3-22| _ _ - - - - - ._.



TABLE 15.3-2

TIME SEQUENCE OF EVENTS FOR CONDITION III EVENTS

Accident Event Time (sec.)

1. Complete loss of
forced reactor

coolant flow all 3
loops operating,

all 3 pumps coasting

down

Coastdown begins O

Rod Motion begins 1.2

|Minimum DNBR occurs 3.1

2. Two out of three pumps

operating, two pumps coasting

down, loop stop valves open
,

Coastdown begins O

Rod Motion begins 1.2

Minimum DNBR occurs 2.3

3. Two out of three pumps

! operating, two pumps

coasting down, loop
stop valves closed

Coastdown begins O

Rod Motion begins 1.2
1

1 Minimum DNBR occurs 2.3
|

15.3-31
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I

(Refer to Chapter 7 for a description of the actuation system.)
;

b) An auxiliary feedwater system to provide an assured source of feedwater
to the steam generators for decay heat removal. ,

(kefer to chapter 10 for description of the auxiliary feedwater system.) {

15.4.2.2.2 Analysis of Effects and Consequences |

Method of Analyis

A detailed analysis using the LOFIRAN(4) code is performed in order to
determine the plant transient following a feedline rupture. The code des-
cribes the plant thermal kinetics, reactor coolant system including natural
circulation, pressurizer, steam generators and feedwater system, and com-
putes pertinent variables including the pressurizer pressure, pressurizer
water level, and reactor coolant average temperature.

Major assumptions are:

a) The plant is initially operating at 102 percent of the engineered safe-
guards design rating.

b) Initial reactor coolant average temperature is 40F above the nominal
value, and the initial pressurizer pressure is 30 psi above its nominal
value.

c) No credit is taken for the pressurizer power-operated relief valves or
pressurizer spray.

d) Initial pressurizer level is at the nominal progranssed value +2 percent
|

(error); initial steam generator water level is at the nominal value +5
| percent in the faulted steam generator and at the nominal -5 percent in

the intact steam generators.

e) No credit is taken for the high pressurizer pressure reactor trip.
Note: This assumption is made for calculational convenience. Pres-

-

surizer power-operated relief valves and spray could act to delay the
[
| high pressure trip. Assumptions 3 and 5 permit evaluation of one hypo-
f

thetical, limiting case rather than two possible cases: one with a higt
pressure trip and no pressure control; and one with pressure control but:

no high pressure trip.

f) Main feed to all steam generators is assumed to stop at the time the
break occures (all main feedwater spills out through the break).

j
1

I g) A conservative feedwater line break discharge quality is assumed prior
to the time the reactor trip occurs, thereby maximizing the time the
trip setpoint is reached. After the trip occurs, a saturated liquid
discharge is assumed until all the water inventory is discharged from

,

I

j the affected steam generator. This minimizes the heat removal capabi-
j lity of the affected steam generator.

h) No credit is taken for the low-low water level trip on the affected
steam generator until essentially all liquid is discharged from the
steam generator shell.

1) The worst possible break area is assumed; i.e., one that empties the
affected steam generator (and causes a reactor trip on low-low steam
generator water level as assumed above) at the same time as the fluid
inventory in the unaffected steam generators drops to the trip point

15.4-56
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l

for low steam generator level. This assumption minimizes the steam ;
'generator fluid inventory at the time of trip, and thereby maximizes the

resultant heatup of the reactor coolant. The reactor trip was assumed
to be actuated when the water level in the unaffected steam generator
decreases to the low-low level trip setpoint minus 10% of narrow range
span.

j) No credit is taken for heat energy deposited in reactor coolant system
metal during the reactor coolant system heatup.

k) No credit is taken for charging, letdown, or safety injection.

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

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

,

( n) The auxiliary feedwater is assumed to be actuated by the low-low steam
generator water level signals with the feed rate of 340 gpa, the'

capacity of one motor driven auxiliary feed pump. A 60 second delay was
assumed following the low-low level signal to allow time for startup of

; stand by diesel generators and auxiliary feedwater pumps.
!

Results

Figure 15.4.2-7a and b show the calculated plant parameters following a
feedline rupture. Results for the case with offsite power available are
presented on Figure 15.4.2-7a. Results f or the case where offsite power is

lost are presented on Figure 15.4.2-7b. The reactor core remain covered
with water throughout the transient, as water relief due to thermal expan-
sion is limited by the heat removal capability of the AFW.

:

l
|

|

15.4-57
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The time sequence of events for both cases is shown on Table 15.4.2-3

15.4.2.2.3 Conclusion

Results of the analysis show that for the postulated feedline rupture, the
assumed auxiliary feedwater system capacity is adequate to remove decay
heat, to prevent overpressurizing the reactor coolant systen, and to prevent

,

uncovering the reactor core.

i

|

|

|
,

(

i

|
,

l

15.4-58 j

6995A:1

- - - - . .. . . 4



_ _ _ _ _ _ _ ___ -____________-__________-___ _ ___ _ - _ _ _ - __ _ _-___ __-__ ______ __ _ _ _ - _ -__

,

'
.

I

TABLE 15.4.2-3 i
4

I'

i I

! TIME SEQUENCE OF EVENTS FOR POSTULATED FEEDLINE RUPTURE

(Sheet 1 of 2)

Accident Event Time (sec.)

Feedwater System Pipe Break

1. With offsite power Main feedline rupture occurs 10

available

1

Low-low steam generator level 14.5

j trip setpoint reached in rup-

I tured steam generator
.

Rods begin to drop 16.5

,

i Low steamline pressure setpoint 73
1

l reached in ruptured steam generator
i

Auxiliary feedwater is delivered 74.5

to intact steam generators

i

All main stenaline isolation 80'

| valves close
|

I

! Steam generator safety valve set- 226

point reached in intact steam
generators

| Pressurizer safety valve setpoint 367

reached

Core decay heat plus pump heat >4500

decreases to auxiliary feedwater

heat removal capacity

15.4-61
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|

| TABLE 15.4.2-3
,

.

TIME SEQUENCE OF EVENTS FOR POSTULATED FEEDLINE RUPTURE

(Sheet 2 of 2)

Accident Event Time (sec.)

i

Feedwater System Pipe Break

2. Without offsite Main feedline rupture occurs 10

power available
Low-low steam generator level 14.5

1

reactor trip setpoint reached'

in ruptured steam generator

i

Rods begin to drop, power lost 16.6

to the reactor coolant pumps

Low steamline pressure setpoint 42

reached in ruptured steam generator

! All main steaaline isolation valves 49

close

!

Auxiliary feedwater is delivered to 74.5

intact steam generators

Steam generator safety valve set- 82

point reached in intact steam
generators

|
Pressurizer safety valve setpoint 225

| reached

(

Core decay heat decreases to auxil- s2900

iary feedwater heat removal capacity

f 15.4-61a
|
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| 15 .4 .4 .2 Analysis of Effects and Consequences
!

[ Method of Analysis

i Two digital-computer codes are used to analyze this transient. The

i
LOFIRAN(35) code is used to calculate the resulting loop and core coolant

flow following the pump seizure, the time of reactor trip based on the loop

f flow transients, the nuclear power following reactor trip, and to determine

the peak pressure. The thermal behavior of the fuel located at the core hot

is investigated using the FACTRAN(23) code, using the core flow andspot

the nuclear power calculated by LOFTRAN. The FACTRAN code includes the use

of a film boiling heat transfer coe fficient.

The following cases are analyzed:

a) Locked Rotor Accident from a nominal Reactor Coolant System heat output

of 100% (2787 MWt) with three loops operating.
I
|
|

b) Locked Rotor Accident from a nominal Reactor Coolant System heat output

of 60% (1671 MWt) with two loops operating, no loop stop valves closed.

c) Locked Rotor Accident from a nominal Reactor Coolant System heat output

of 65% (1810 MWt), loop stop valves in one loop closed.

|
|

|

15.4-75
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TABLE 15.4.4-1

SUMMARY OF RESULTS FOR
LOCKED ROTOR TRANSIENTS

2 Loops Operating 2 Loops Operating
3 Loops Operating Initially, No Initially, One

Initially Isolated Loops Isolated Loop

Maximum Primary 2642 2690 2734
Coolant System
Pressure (psia)

! Maximum Clad 2165 * *

Temperature (oF)
Core Hot Spot

Amount of Zr-H O 0.6% * *
2

at Core Hot Spot *

(% by weight)

*Substantially lower than for all loops operating

|

|

..

|
!

15.4-82
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15 .4 .6 .2 .3 Results

The values of parameters use in the analysis, as well as the results of the

analysis, are presented in Table 15.4.6-1 and discussed below.

Beginning of Cycle Full Power

Control bank D was assumed to be inserted to its insertion limit. The worst

ejected rod worth and hot channel factor were 0.20%aK and 7.07 respec-

tively. The peak hot spot, clad average temperature was 2562 F. The peak

hot spot fuel center temperature exceeded the beginning of life melt tem-

perature of 4900 F. However, melting was restricted to less than 10% of

the pellet.

Beginning of Cycle, Zero Power

|
|

For this condition, control bank D was assumed to be fully inserted and C

was at its insertion limit. The worst ejected rod is located in control

bank D and has a worth of 0.785%aK and a hot channel f actor of 13.0. The

peak hot spot clad temperature reached only 2270 F.

End of Cycle, Full Power

Control bank D was assumed to be inserted to its insertion limit. Conserva-

tive values of ejected rod worth and hot channel factor, 0.21% AK and 7.88

respectively, were used. This resulted in a peak clad temperature of
02562 F.

\
15.4-106
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TABLE 15.4.6-1

PARAMETERS USED IN THE ANALYSIS OF THE ROD CLUSTER CONTROL ASSEMBLY

EJECTION ACCIDENT

Time in Life Beginning Beginning End End

f Power Level 102% 0% 102% 0%
,

Ejected Rod Worth %Ak O.20 0.785 0.21 0.98

Delayed neutron fraction % 0.52 0.52 0.44 0.44

Feedback reactivity weighting 1.30 2.40 1.60 3.55

Trip Reactivity % Ak 4.0 2.0 4.0 2.0
.

2.55F before rod ejection 2.55 ----

F after rod ejection 7.07 13.0 7.88 18.7
4

Number of operational pumps 3 2 3 2

Max. fuel pellet average temperature, F 4053 3055 4067 3495

Max. fuel center temperature, F 4900 3560 4800 3985

|

|
Max. clad average temperature, #F 2562 2270 2562 2670

Max. fuel stored energy, cal /gm 177.1 127 178 148

i

| 15.4-110
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