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adjacent to the revised information.
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UFSAR changes that were made prior to September 1, 2014 to reflect SONGS Units 2 and
3 being in a permanently defueled condition.
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15. ACCIDENT ANALYSES

15.0 TRANSIENT ANALYSES

This chapter presents analytical evaluation of the response of the plant to postulated disturbances
in process variables and to postulated malfunctions of failures of equipment. These incidents are
postulated and their consequences analyzed despite the many precautions which are taken in the
design, construction, quality assurance, and plant operation to prevent their occurrence. The
potential consequences of such occurrences are then examined to determine their effect on the
plant, to determine whether plant design is adequate to minimize consequences and to assure that
the health and safety of the public and plant personnel are protected from the consequences of
even the most severe of the hypothetical incidents analyzed.

The structure of this section is based on the eight by three matrix specified in Reference 1.
Initiating events are placed. in one of eight categories of process variable perturbation specified in
Reference I and are discussed in subsection 15.0.1. The frequency of each incident(a) was
estimated, and each incident was placed in one of three frequency categories specified in
Reference 1 and discussed in subsection 15.0.1.

In addition, a miscellaneous events category is established in section 15.9. This category was
established specifically to include the Asymmetric Steam Generator Transient (ASGT). The
ASGT does not conveniently fit into any of the other categories and was not specified by
Reference 1.

( Incidents are defined in this section as either the initiating event or initiating event in
combination with one or more coincident component or system malfunction and the resulting
transient.
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15.0.1 IDENTIFICATION OF CAUSES AND FREQUENCY CLASSIFICATION

15.0.1.1 Safety Analyses Applicable after Permanent Cessation of Power Operation

Per References 4 and 5, SONGS has permanently ceased operation and removed all nuclear fuel
from both units reactor vessels. The irradiated fuel will be stored in the spent fuel pool (SFP) and
in the Independent Spent Fuel Storage Installation (ISFSI) until it is shipped offsite. In this
configuration, the SFP and its systems are dedicated only to spent fuel storage. In this condition,
the number of credible accidents/transients is significantly smaller than for a plant authorized to
operate the reactor or emplace or retain fuel in the reactor vessel.

Accident/transients that are no longer applicable in a permanently defueled condition are labeled
as HISTORICAL throughout UFSAR Chapter 15, where appropriate. Other sections of the
UFSAR may still reference to historical Chapter 15 analyses; any such references should also be
considered historical. With irradiated fuel being stored in the SFP and the ISFSI, the reactor,
Reactor Coolant System (RCS) and secondary system are no longer in operation and have no
function related to storage of irradiated fuel. With the permanent cessation of power operation
and the permanent removal of the fuel from the reactor core, the accident/transient initial
conditions/initial reactor power level of the reactor core cannot be achieved and, as such, most of
the accident/transient scenarios are not possible. Therefore, the postulated UFSAR Chapter 15
accidents/transients involving failure or malfunction of the reactor, RCS or secondary system are
no longer applicable. UFSAR Chapter 15 accidents/transients that are applicable include:

* Radioactive Waste Gas System Leak or Failure.
* Radioactive Waste System Leak or Failure (Release to Atmosphere).
* Postulated Radioactive Release Due to Liquid Tank Failures.
* Design Basis Fuel Handling Accident Inside Fuel Building.
* Spent Fuel Cask Drop Accidents.
* Spent Fuel Pool Boiling Accident.
* Use of Miscellaneous Equipment Under 2000 lbs.

The analysis of incidents considered in this chapter are presented according to the format
explained by table 15.0-1 and illustrated in the Table of Contents for this section. The initiating
events are each placed in one of the categories of process variable perturbations listed in table
15.0-1. The initiating events for which analyses are presented are listed in table 15.0-2 along
with their respective section designations.

Certain initiating events which are suggested for consideration in reference 1 have not been
explicitly analyzed. These initiating events, along with the reasons for omission of their
analyses, are provided in the appropriate paragraphs in this chapter.

The frequency of each incident has been estimated and each incident has been placed in one of
the frequency categories listed in table 15.0-1. These frequency categories are defined as follows:
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A. Moderate Frequency Incidents

These are incidents, any one of which may occur during a calendar year for a particular
plant.

B. Infrequent Incidents

These are incidents, any one of which may occur during the lifetime of a particular plant.

C. Limiting Faults

These are incidents that are not expected to occur but are postulated because their
consequences would include the potential for the release of significant amounts of
radioactive material.

Certain malfunctions such as a stuck control element assembly (CEA) and coincident loss of
normal AC power and coincident iodine spiking have been analyzed without explicit
consideration of their effect on the incident frequency. The extremely low probability of these
occurrences, combined with the probability of the initiating event, would produce an incident
probability greatly less than that of the initiating event alone.

15.0.2 SYSTEMS OPERATION

During the course of any incident, various systems may be called upon to function. These
systems are described in chapter 7 and include those systems designed to perform a safety
function (see sections 7.2 through 7.6); i.e., the operation of which is necessary to mitigate the
consequences of the incident, and those systems not required for safety (see section 7.7).
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Table 15.0-1
CHAPTER 15 SUBSECTION DESIGNATION

Each subsection is identified as 15.W.X.Y.Z with trailing zeros omitted where:

W = 1 Increase in heat removal by the secondary system (turbine plant)

2 Decrease in heat removal by the secondary system (turbine plant)

3 Decrease in reactor coolant system flowrate

4 Reactivity and power distribution anomalies

5 Increase in reactor coolant inventory

6 Decrease in reactor coolant inventory

7 Radioactive release from a subsystem or component

8 Anticipated transients without scram

9 Miscellaneous

X = 1 Moderate frequency incidents

2 Infrequent incidents

3 Limiting faults

Y = Initiating event (see subsection 15.0.1)

Z = 1 Identification of causes and frequency classification

2 Sequence of events and systems operation

3 Core and system performance

4 Barrier performance

5 Radiological consequences
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Table 15.0-2
CHAPTER 15 INITIATING EVENTS (Sheet 1 of 3)

Paragraph Event

Moderate Frequency Incidents

15.1.1.1 Decrease in feedwater temperature

15.1.1.2 Increase in feedwater flow

15.1.1.3 Increased main steam flow

15.1.1.4 Inadvertent opening of a steam generator atmospheric dump valve

15.2.1.1 Loss of external load

15.2.1.2 Turbine trip

15.2.1.3 Loss of condenser vacuum

15.2.1.4 Loss of normal AC power

15.3.1.1 Partial loss of forced reactor coolant flow

15.4.1.1 Uncontrolled CEA withdrawal from a subcritical or low power

condition

15.4.1.2 Uncontrolled CEA withdrawal at power

15.4.1.3 CEA misoperation

15.4.1.4 CVCS malfunction (inadvertent boron dilution)

15.4.1.5 Startup of an inactive reactor coolant system pump

15.5.1.1 CVCS malfunction

15.5.1.2 Inadvertent operation of the ECCS during power operation

15.9.1.1 Asymmetric steam generator transient
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Table 15.0-2
CHAPTER 15 INITIATING EVENTS (Sheet 2 of 3)

Paragraph Event

Infrequent Incidents

15.1.2.1 Decrease in feedwater temperature(a)

15.1.2.2 Increase in feedwater flow(a)

15.1.2.3 Increased main steam flow(a)

15.1.2.4 Inadvertent opening of a steam generator atmospheric dump valve(a)

15.2.2.1 Loss of external load(a)

15.2.2.2 Turbine trip(a)

15.2.2.3 Loss of condenser vacuum(a)

15.2.2.4 Loss of normal AC power(a)

15.2.2.5 Loss of normal feedwater flow

15.3.2.1 Total loss of forced reactor coolant flow

15.3.2.2 Partial loss of forced reactor coolant flow(a)

15.5.2,1 CVCS malfunction(a)

Limiting Faults

15.1.3.1 Steam system piping failures

15.2.3.1 Feedwater system pipe breaks

15.2.3.2 Loss of normal feedwater flow(b)

15.3.3.1 Reactor coolant pump shaft seizure

15.3.3.2 Single reactor coolant pump sheared shaft

15.3.3.3 Complete loss of forced reactor coolant flow(b)

15.4.3.1 Inadvertent loading of a fuel assembly in an improper position
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Table 15.0-2
CHAPTER 15 INITIATING EVENTS (Sheet 3 of 3)

Paragraph Event

15.4.3.2 CEA ejection

15.6.3.1 Primary sample or instrument line break

15.6.3.2 Steam generator tube rupture

15.6.3.3 Loss of coolant accident

15.6.3.4 Inadvertent opening of a pressurizer safety valve

15.7.3.1 Radioactive waste gas system leak or failure

15.7.3.2 Radioactive waste system leak or failure (release to atmosphere)

15.7.3.3 Postulated radioactive releases due to liquid tank failures

15.7.3.4 Design Basis fuel handling accident inside fuel building

15.7.3.5 Spent fuel cask drop accidents

15.7.3.6 Spent fuel pool gate drop accident

15.7.3.7 Test equipment drop

15.7.3.8 Spent fuel pool boiling accident

15.7.3.9 Design basis fuel handling accident inside containment

15.7.3.10 Spent fuel assembly drop

15.7.3.11 Use of miscellaneous equipment under 2000 lbs

15.8 Anticipated transient without scram (ATWS)

TABLE NOTES

(a These incidents involve the same initiating event as the corresponding moderate frequency

incidents but include either a concurrent single active component failure or single operator
error.

(b) These incidents involve the same initiating event as the corresponding infrequent incidents

but include either a concurrent single active component failure or single operator error.

The engineered safety feature system (ESF) and systems required for safe shutdown are described
in section 7.3 and 7.4, respectively. The manner in which these systems function during
incidents is discussed in each incident description.
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The instrumentation which is required to be available to the operator to assist in evaluating the
nature of the incident and in determining the required action is described in section 7.5. The use
of this instrumentation by the operator during each incident is discussed in each incident
description.

Systems which are not required to perform safety functions are described in section 7.7. No credit
is taken in the analysis for any operator action prior to initiation of the event which could
normally mitigate the consequences of the transient; however, the analyses are performed on the
basis that the plant is being operated within all limiting conditions for operation at the initiation
of all events.

The effects of malfunctions of single active components or system and/or operator errors are

considered as noted in the discussions of specific incidents.

15.0.3 CORE AND SYSTEM PERFORMANCE

15.0.3.1 Mathematical Model

The nuclear steam supply system. (NSSS) response to various incidents was simulated using
digital computer programs and analytical methods, most of which are documented in reference 2
and have been approved for use by the NRC in reference 3. Most of those programs and methods
not documented in reference 2 are documented in topical reports which have been submitted to
the NRC for review, and are referenced herein.

15.0.3.1.1 DELETED

15.0.3.1.2 DELETED

15.0.3.1.3 DELETED

15.0.3.1.4 DELETED

15.0.3.1.5 DELETED

15.0.3.1.6 DELETED

15.0.3.1.7 DELETED

15.0.3.1.8 DELETED
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15.0.3.1.9 Reactor Physics Computer Programs

Numerous computer programs are used to produce the input reactor physics parameters required
by the NSSS simulation and reactor core program previously described. These reactor physics
computer programs are described in chapter 4.

15.0.3.1.10 DELETED

15.0.3.1.11 DELETED

15.0.3.2 Initial Conditions

The incident discussed in this section have been analyzed over a range of values for the principal
process variables.

15.0.3.3 Input Parameters

The ranges of input parameters considered in the analysis are reflected in chapter 15.

In some event analyses, parameter values outside the ranges specified herein, or more
conservative than the values specified herein, were used. This has the effect of introducing
additional conservatism into the results.

15.0.3.3.1 DELETED

15.0.3.3.2 DELETED

15.0.3.3.3 DELETED

15.0.3.3.4 DELETED

15.0.3.3.5 DELETED

15.0.3.3.6 DELETED

15.0.3.3.7 DELETED

15.0.3.3.8 DELETED

15.0.3.3.9 DELETED

15.0.4 BARRIER PERFORMANCE

15.0.4.1 Mathematical Model
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The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.0.3.1.

15.0.4.2 Initial Conditions
The initial conditions used for evaluation of barrier performance are identical to those described

in paragraph 15.0.3.2.

15.0.4.3 Input Parameters

The input parameters used for evaluation of barrier performance are identical to those described
in paragraph 15.0.3.3.

15.0.5 RADIOLOGICAL CONSEQUENCES

This subsection summarizes the assumptions, parameters, and calculational methods used to
determine the doses that result from postulated accidents.

San Onofre Units 2 and 3 are licensed for full implementation of the Alternative Source Term
(AST) methodology for radiological consequence analyses. All radiological analyses performed
to show compliance with regulatory requirements shall address all characteristics of the AST and
the Total Effective Dose Equivalent (TEDE) criteria of IOCFR50.67.

Appendix 15G identifies the models used to calculate offsite and control room radiological doses
due to postulated accidents evaluated in accordance with the AST dose analysis methodology of
Regulatory Guide 1.183. A list of the accidents modeled using AST methodology is provided in
section 15G.1.

The definition of a limiting fault, as provided in subsection 15.0.1, is an incident that is not
expected to occur but is postulated because its consequences include the potential for the release
of significant amounts of radioactive materials. For the design basis case, very conservative
assumptions are made regarding the event parameters. The parameters that have been modified
for the realistic analyses are presented in the description of each limiting fault.

Information used repetitively throughout the section is provided in appendix 15G for AST
radiological calculations. These appendices contain information on dose models, atmospheric
dispersion factors, control room parameters, and activity release models.

15.0.6 DELETED

15.0.7 DELETED

15.0.8 DELETED
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15. ACCIDENT ANALYSES

15.1 INCREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM (TURBINE
PLANT)

15.1.1 MODERATE FREQUENCY INCIDENTS

15.1.1.1 Decrease in Feedwater Temperature

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.1.1.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a decrease in feedwater temperature classifies it as a moderate
frequency incident as defined in reference 1 of section 15.0. A decrease in feedwater temperature
is caused by loss of one of several feedwater heaters. The loss could be due to interruption of
steam extraction flow or to an opening of a feedwater heater bypass line. The high-pressure
heaters increase the feedwater enthalpy by 76 Btu/lb. The loss of any of the low-pressure heaters
upstream of the feedwater pumps will produce a smaller effect; i.e., less than 70 Btu/lb, due to
the compensating effect of the high-pressure heater in that train,

15.1.1.1.2 Sequence of Events and Systems Operation

A decrease in feedwater temperature causes a decrease in the temperature of the reactor coolant,
an increase in reactor power due to the negative moderator temperature coefficient, and a
decrease in the reactor coolant system (RCS) and steam generator pressures. Detection of these
conditions is accomplished by the RCS and the steam generator pressure alarms and the high
reactor power alarm. If the transient were to result in an approach to specified acceptable fuel
design limits, trip signals generated from information provided by the core protection calculators
would assure that low departure from nucleate boiling ratio (DNBR) or fuel centerline
temperature limits are not exceeded.

A comparison of the RCS temperatures shows that the maximum RCS temperature decrease rate
for the decrease in feedwater temperature event is less than 30% of that for the increased main
steam flow event. This smaller cooldown rate results in less power increase and, consequently,
in less DNBR decrease during the transient. Therefore, the systems' operations described above
and the resulting sequence of events would produce consequences no more adverse than those
following an increased main steam flow which is described in paragraph 15.1.1.3. The
consequences of a single malfunction of a component or system concurrent with a decrease in
feedwater temperature is discussed in paragraph 15.1.2.1.
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15.1.1.1.3 Core and System Performance

The core and system performance parameters following a decrease in feedwater temperature
would be no more adverse than those following an increased main steam flow which is described
in paragraph 15.1.1.3.

15.1.1.1.4 Barrier Performance

The barrier performance parameters following a decrease of feedwater temperature would be less
adverse than those following increased main steam flow (see paragraph 15.1.1.3).

15.1.1.1.5 Radiological Consequences

The radiological consequences of this event are less severe than results of the inadvertent
opening of a steam generator atmospheric dump valve discussed in paragraph 15.1.1.4.5.

15.1.1.2 Increase in Feedwater Flow

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.1.1.2.1 Identification of Causes and Frequency Classification

The estimated frequency of an increase in feedwater flow classifies it as a moderate frequency
incident as defined in reference 1 of section 15.0. An increase in feedwater flow is caused by:

A. Further opening of a feedwater control valve or an increase in feedwater pump speed.
The maximum flow increase at full power is approximately 10% above nominal.

B. Startup of auxiliary feedwater with normal feedwater in the manual mode: The
auxiliary feedwater system supplies relatively cold water from the condensate storage
tank to the steam generators; the starting of this system would simultaneously increase
feedwater flow and decrease feedwater temperature. If normal feedwater were in the
automatic mode, the feedwater control valves would compensate for the increase in
feedwater flow, and startup of the auxiliary feedwater would only result in a reduction
in the feedwater enthalpy of no more than 20 Btu/lb.

15.1.1.2.2 Sequence of Events and System Operation

An increase in feedwater flow causes a decrease in the temperature of the reactor coolant, an
increase in reactor power due to the negative moderator temperature coefficient, a decrease in the
RCS and steam generator pressures, and an increase in steam generator water level. Detection of
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these conditions is accomplished by the RCS and steam generator low-pressure alarms, high
reactor power alarm, and high steam generator water level alarm. Protection against the violation
of specified acceptable fuel design limits, as a consequence of an increase in feedwater flow, is
provided by the low DNBR and high local power density trips. Protection against steam
generator high water level is provided by the high steam generator water level trip.

A comparison of the RCS temperature shows that the maximum RCS temperature decrease rate
for the increase in feedwater flow event is no more than 20% of that for the increased main steam
event. The smaller cooldown rate results in less power increase and, consequently, in less DNBR
decrease during the transient. Therefore, the systems operations described above and the
resulting sequence of events would produce consequences no more adverse than those following
an increased main steam flow which is described in paragraph 15.1.1.3. The consequences of a
single malfunction of a component or system following an increase in feedwater flow are
discussed in paragraph 15.1.2.2.

15.1.1.2.3 Core and System Performance

The core and system performance parameters following an increase in feedwater flow would be
no more adverse than those following an increased main steam flow which is described in
paragraph 15.1.1.3.

15.1.1.2.4 Barrier Performance

The barrier performance parameters following an increase in feedwater flow will be no more
adverse than those following in increased main steam flow (see paragraph 15.1.1.3).

15.1.1.2.5 Radiological Consequences

The radiological consequences of this event are less severe than results of the inadvertent
opening of a steam generator atmospheric dump valve discussed in paragraph 15.1.1.4.5.

15.1.1.3 Increased Main Steam Flow

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.1.1.3.1 Identification of Causes and Frequency Classification

The estimated frequency of an increased steam flow incident classifies it as a moderate frequency
incident as defined in reference 1 of section 15.0. The increased main steam flow incident results
in the most adverse consequences as a result of the closest approach to the specified acceptable
fuel design limits (SAFDL).
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The increase in heat removal by the steam generators as a result of increased main steam flow is
defined as any rapid increase in steam generator steam flow, other than a steam line rupture,
without the accompaniment of a turbine trip. Such rapid increases in steam flow result in a
power mismatch between core power and steam generator load demand. Consequently, there is a
decrease in reactor coolant temperature and pressure. In the presence of a negative moderator
temperature coefficient of reactivity, the decrease in reactor coolant temperature causes an
increase in core power.

The high power level and Core Protection Calculators (CPC) trips provide primary protection
during this event. Additional protection is provided by other trip Signals including low steam
generator water level and low steam generator pressure. The approach to the Fuel Centerline
Melt (CTM) limit is terminated by CPC low DNBR trip, CPC Local Power Density (LPD) trip,
CPC low DNBR Variable Overpower Trip (VOPT) trip, or the high level power trip. For this
analysis, no credit was taken for either the CPC LPD trip, or the high power level trip. Since this
event was not reanalyzed after the installation of the CPC low

DNBR (VOPT) trip this analysis shows no credit for the CPC low DNBR (VOPT) trip. If the
CPC low DNBR (VOPT) trip had been credited, the results would have been less severe.

Paragraph 15.1.2.3 describes the analysis of the increased main steam flow, plus a single failure.
Paragraph 15.1.2.3 includes the effect of the CPC low DNBR (VOPT) trip.

An increase in main steam flow may be caused by any one of the following incidents of moderate
frequency:

A. An inadvertent increased opening of the turbine admission valves caused by operator
error or turbine load limit malfunction. This can result in an additional 10% flow.

B. Failure in the turbine bypass control system which would result in an opening of one or
more of the turbine bypass valves. The flowrate of each valve is approximately 11% of
the full power turbine flowrate. There are four turbine bypass valves for a total of 45%
flow.

C. An inadvertent opening of an atmospheric dump valve or steam generator safety valve
(for a discussion of this occurrence and presentation of results see paragraph 15.1.1.4)
caused by operator error or failure within the valve itself. Each atmospheric dump and
safety valve can release approximately 5% of the full power turbine flowrate.

As indicated by the possible increases in steam flow, the most severe of these incidents is case
"B", the inadvertent opening of all of the turbine bypass valves at full poWer. This case results in
the closest approach to the SAFDL since this case will release, initially, approximately 145% of
full main steam flow. The steam, flow during the transient is proportional to the steam generator
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pressure until the main steam isolation signal (MSIS) results in the isolation of the steam
generators and termination of the flow out of the turbine bypass valves and to the turbine. This
case results in the most rapid cooldown and, consequently, largest power increase.

15.1.1.3.2 Sequence of Events and Systems Operations

Upon turbine trip, the steam bypass control system (SBCS) generates a quick opening signal to
all of the turbine bypass valves resulting in the quick opening of these valves. The most severe
excess heat removal is caused by a spurious generation of a quick open signal with no turbine
trip. It is assumed that the failure in the SBCS results in these valves remaining open, even in the
presence of closure signals generated by the SBCS due to adverse generator; e.g., low pressure,
and low level, or condenser conditions until the operator takes action to close these valves or
until the main steam isolation valves close. The increased main steam flow will result in an
increase in core power and heat flux and a decrease in RCS temperature and pressure. The low
DNBR trip will prevent the violation of fuel thermal limits. The initiation of the auxiliary
feedwater system in conjunction with the low steam generator water level trip signal will act to
maintain adequate inventory in the steam generators. The closure of the main steam isolation
valves, following the low steam generator pressure signal, will stop the steam flow from the TBS
valves. The increased main steam flow incident results in the most adverse consequences of any
of the moderate frequency incidents, considered in the increase in heat removal, as a result of the
closest approach to the SAFDLs.

Table 15.1-1 presents a step-by-step sequence of events from the generation of a "quick open"
signal to the final stabilized condition.

15.1.1.3.3 Core and System Performance

15.1.1.3.3.1 Mathematical Model

The NSSS response to an increased main steam flow was simulated using the CESEC computer
program described in section 15.0. The thermal margin on DNBR in the reactor core was
simulated using the TORC computer program described in section 15.0 with the CE-I CHF
correlation described in chapter 4. Although spatial dependence of the core power is not
considered in determining the transient response of the NSSS, the power distribution is
considered for calculation of the DNBR in the core hot channel through the time of reactor trip.
The DNBR through reactor trip is calculated by the TORC computer code. Input to the TORC
computer code includes the core axial power distribution and the maximum radial peaking factor.
The axial power distribution was determined by selecting the most negative axial shape index
(ASI) allowed by the core operating limit supervisory system. These axial shapes were
calculated by the QUIX computer code. The maximum radial peaking factor for the most
negative ASI was selected so that a power operating limit (POL) was not exceeded. The axial
power distributions are assumed to remain constant through reactor trip. The value of the
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maximum radial peaking factor was 1.3. Table 15.1-2 presents the normalized axial distribution
used in the TORC calculations.

The specific methodologies used in the analysis of the NSSS response to the steam line break
events are described in appendix 15E.

15.1.1.3.3.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used to analyze the NSSS response to an increased
main steam flow are discussed in section 15.0. In particular, those parameters which were
unique to the analysis discussed below are listed in table 15.1-3.

Table 15.1-1
SEQUENCE OF EVENTS OF THE INCREASED MAIN STEAM

FLOW INCIDENT (Sheet 1 of 2)

•Time(Seconds) Event Setpoint or Value

0.0 A postulated spurious quick open signal generated ----

by the steam bypass control system, all of the
turbine bypass valves begin to open

1.0 All of the turbine bypass valves fully open ----

13.2 Low DNBR trip signal generated 1.31
calculated

13 .91a) Trip breakers open
14.2(a) Shutdown CEAs begin to drop into core
14.6 Maximum core power, % of rated power 112
15.0 Maximum core average heat flux occurs, % of full 109

power average channel heat flux
15.0 Minimum hot channel DNBR >1.31
16.7 Turbine admission and stop valves closed
33.2 Feedwater control valves fully closed, main ----

feedwater reaches 5% of full flow
45.6 Low pressurizer pressure alarm, psia 1,648
51.6 Pressurizer empties
51.6 Lower pressurizer pressure trip signal, psia 1,560
83.2 Low steam generator level alarm, feet above 28.5

tubesheet
90.0 Low steam generator pressure trip signal, psia 675
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Table 15. 1 -1
SEQUENCE OF EVENTS OF THE INCREASED MAIN STEAM

FLOW INCIDENT (Sheet 2 of 2)

Time Event Setpoint or Value

90.01b) Main steam isolation valves begin to close,
feedwater isolation begin to close

92.0 Low steam generator level trip signal, feet above 27.0
tubesheet

92.4 Minimum steam generator pressure, psia 666

9 5 .0 (b) Main steam and feedwater isolation valves closed
113.5 Minimum pressurizer pressure, psia 751
134.0 Auxiliary feedwater enters steam generator

1,800.0 Operator initiates cooldown procedures if the
malfunction has not already been corrected.

ial

(b)

Present analysis methods allow up to 1.01 second coil delay time as a part of the maximum
average 3.4 second CEA drop time.

Technical Specification 3.7.2 and 3.7.3 values for MSIV and MFIV closure times differ from
those assumed in the original analysis. The change in MSIV and MFIV closure times has
been evaluated and has no impact on event consequences.

15.1-7 Rev: 28



San Onofre 2&3 FSAR
Updated

INCREASE IN HEAT REMOVAL BY THE
SECONDARY SYSTEM (TURBINE PLANT)

Table 15.1-2
NORMALIZED AXIAL DISTRIBUTIONS

USED IN TORC CALCULATION

Axial Location Z/L I Local/Average Heat Flux
1.00 - 0.95 (Top) 1.15

0.95 - 0.90 1.85
0.90 - 0.85 2.10
0.85 - 0.80 2.09
0.80 - 0.75 1.95
0.75 - 0.70 1.77
0.70 - 0.65 1.59
0.65 -0.60 1.41
0.60 - 0.55 1.22
0.55 - 0.50 1.04
0.50 - 0.45 0.87
0.45 - 0.40 0.71
0.40 - 0.35 0.56
0.35 - 0.30 0.44
0.30 - 0.25 0.34
0.25 - 0.20 0.27
0.20 - 0.15 0.22
0.15-0.10 0.18
0.10-0.05 0.15

0.05 - 0.00 (Bottom) 0.09

Table 15.1-3
ASSUMPTIONS FOR THE INCREASED MAIN STEAM FLOW ANALYSIS

Parameter Units Value
Total RCS Power MWt 3,478
(Core Thermal Power + Pump Heat)
Initial Core Coolant Inlet Temperature F 560
Initial Reactor Coolant System Pressure psia 2,200
Initial RCS Vessel Flow Rate gpm 396,000
Moderator Temperature Coefficient x 104Ap/F -3.3

CEA Worth at Trip %Ap -6.0
Doppler Coefficient Multiplier 1.25
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The initial conditions for the principal process variables monitored by the core operating limit
supervisory system (COLSS) were varied within the reactor operating space given in table 15.0-5
to determine the set of conditions that would produce the most adverse consequences following
an increased main steam flow. Various combinations of initial core inlet temperature, core inlet
flowrate, and pressurizer pressure were considered. Varying the RCS pressure or core flowrate
had very little effect on the transient. Increasing the core inlet temperature resulted in a more
rapid approach to the SAFDL, and also maximized the steam generator pressure, thereby
resulting in greater steam releases. Various combinations of power level, moderator temperature
coefficient, and peaking factors, each set of which represents a COLSS limit, were also
considered. Since the results of all of these cases are essentially the same; i.e., a low DNBR trip
with the minimum transient DNBR no less than 1.31, except for the time at which various events
occur; e.g., the low DNBR trip could occur up to 3 seconds earlier as the core power is decreased
and the peaking factors are increased, only the full power case is shown. The moderator
coefficient of reactivity was chosen to be the least negative at end of cycle (EOC) conditions,
since this resulted in the most rapid approach to the SAFDL.

15.1.1.3.3.3 Results

The dynamic behavior of important NSSS parameters following an increased main steam flow
are presented in figures 15.1-1 through 15.1-11.

The excess heat removal that occurs as a result of the opening of all of the turbine bypass valves
results in the decrease in steam generator pressure and temperature. This decrease causes an
increase in the RCS steam generator temperature difference, which results in more heat being
transferred to the steam generator than is produced in the RCS, thus causing a decrease in the
RCS temperature and pressure. The core power, and consequently the heat flux, increase due to
the negative moderator coefficient of reactivity. The decreasing RCS pressure along with the
increasing core heat flux results in a decreasing DNBR so that at 13.2 seconds the core protection
calculators (CPC DNBR calculation) generates a trip signal which acts to prevent violation of the
SAFDL. At 13.7 seconds, the turbine stop valves begin to close and are fully closed in 3
seconds. The feedwater control valves also begin to close and are fully closed in 20 seconds.
Whereas, this analysis assumes that at 14.2 seconds, the CEAs begin to enter the core and the
peak core power of 112% is reached; present measurement methods indicate this is delayed by
0.3 seconds. This-additional 0.3 second delay before CEA motion occurs results in additional
margin degradation. Thus, a power penalty of 1.005 will be applied to the CPC addressable
constant, BERR1, to ensure that a low DNBR will be generated sufficiently early to compensate
for the increased holding coil delay time. The conclusions of this analysis are unaffected.

The resulting decrease in heat flux, due to CEAs entering the core, arrests the decrease in hot
channel DNBR at 15.0 seconds at a value greater than 1.31 (CE-I).

The peak average core heat flux of 109% of full power heat flux also occurs here.
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The cooldown continues as a result of more energy being released by the turbine bypass valves
than is produced by the core until at 90 seconds the low steam generator pressure trip signal is
reached. This initiates a main steam isolation signal, which closes the main steam isolation
valves and isolates closing the main steam line upstream of the turbine bypass valves, thus
terminating flow. RCS cooldown continues, however, since more energy is required to heat the
auxiliary feedwater to saturation conditions than is produced by the core. At 1800 seconds the
operator initiates normal cooldown procedures, if the malfunction has not been corrected.
The analysis presented conservatively assumes that operator action is delayed until 30 minutes
after the first indication of the event.

The maximum RCS and main steam system pressures do not exceed 110% of design pressures
following an increased main steam flow, thus assuring that the integrity of the RCS and main
steam system is maintained. The minimum DNBR of greater than 1.31 and no fuel centerline
melt indicate no violation of the fuel thermal limits.

15.1.1.3.4 Barrier Performance

15.1.1.3.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.1.1.3.3.

15.1.1.3.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are
identical to those described in paragraph 15.1.1.3.3.

15.1.1.3.4.3 Results

After 30 minutes, the steam generator safety valves and pressurizer safety valves have not
discharged any mass. The operator will then open the main steam isolation valve bypass lines
and cool the plant via the condenser.

The radiological releases for this case will therefore be less severe than the radioactivity releases
from the inadvertent opening of a steam generator atmospheric dump valve (see paragraph
15.1.1.4).

15.1.1.3.5 Radiological Consequences

The radiological consequences of this event are less severe than results of the inadvertent
opening of a steam generator atmospheric dump valve discussed in paragraph 15.1.1.4.5.
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15.1.1.4 Inadvertent Opening of a Steam Generator Atmospheric Dump Valve

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.1.1.4.1 Identification of Causes and Frequency Classification

The estimated frequency of an inadvertent opening of a steam generator atmospheric dump valve
(IOSGADV) classifies it as a moderate frequency incident as defined in reference 1 of section
15.0. This incident will result in the greatest radioactivity release.

An atmospheric dump valve may be inadvertently opened by the operator or may open due to
failure in the control system that opens the valve. A steam generator safety valve may be opened
only as a result of a valve failure.

The inadvertent opening of either valve will result in the same consequences because they relieve
steam at the same flowrate (5% of full power turbine flowrate).

15.1.1.4.2 Sequence of Events and Systems Operation

The inadvertent opening of a steam generator atmospheric dump valve is analyzed at a power
level of 1 MWt. The initial conditions of the most adverse radiological consequences occur at
this condition for the following reasons:

A. Turbine load controller is in manual, this results in the maximum steam generator
pressure throughout the transient and subsequently greatest amount of steam released.

B. Feedwater controller in manual.

C. Greatest steam generator water mass.

D. Least rapid Doppler feedback effects.

The turbine controller is positioned in manual mode and remains closed throughout the incident.
The main feedwater valves remain closed throughout the incident. No credit is taken for the
action of the auxiliary feedwater system, which normally would have been activated as a result of
the low steam generator level trip signal generation that occurs during the transient.

In addition, following actuation of MSIS, differential pressure between the affected and
unaffected steam generator will isolate auxiliary feedwater to the affected steam generator
through the EFAS control logic circuitry. This incident will result in the greatest radioactivity
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release of the moderate frequency incidents which result in an increase in heat removal by the
secondary side,

Table 15.1-4 gives a step-by-step sequence of events from the opening of a steam generator
atmospheric dump valve to the time when the operator takes control of the plant. The analysis
presented conservatively assumes that operator action is delayed until 30 minutes after the first
indication of the event.

15.1.1.4.3 Core and System Performance

15.1.1.4.3.1 Mathematical Model

The NSSS response to an inadvertent opening of a steam generator atmospheric dump valve was
simulated with the CESEC computer program described in section 15.0.

15.1.1.4.3.2 Input Parameters and Initial Conditions

The assumptions and initial conditions given in table 15.1-5, in addition to the parameters
described in section 15.0, are used for this analysis. COLSS does not monitor process variables
at 1 MW, so initial conditions were chosen to maximize steam release. The response of the RCS
during an IOSGADV is insensitive to RCS initial conditions; therefore, these conditions were
chosen as design conditions at zero power. The secondary conditions chosen to maximize steam
release were the following:

A. One MW -- the steam generator pressure is the highest at this power level.

B. The steam generator water level is just below the high steam generator water level trip
setpoint; this will maximize the time until the low water level trip setpoint is reached.

C. One gal/min primary-to-secondary leak -- this will maximize the radioactivity in the
steam generator.

15.1.1.4.3.3 Results

The dynamic behavior of important NSSS parameters for the inadvertent opening of a steam
generator atmospheric dump valve, are presented in figures 15.1-12 through 15.1-19. The
inadvertent openiog of the steam generator atmospheric dump valve results in an excessive heat
removal from the steam generator. The mass released from the valve is not made up by the
feedwater, which is in the closed manual mode, so that the steam generator water level begins to
decrease. The affected steam generator pressure begins to decrease due to the excessive heat
removal. The decreasing pressure and hence temperature in the affected steam generator results
in a greater temperature difference between the RCS and the steam generator and hence more
heat being transferred from the RCS to the steam generator. This action lowers the RCS
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temperatures and results in an increase in reactor power due to the negative moderator coefficient
of reactivity. At 104 seconds, the core power and heat flux reach their maximum value of 11%
of rated power. This increase in power results in the heatup of the RCS since the heat entering
the RCS is greater than that extracted by the steam generator. The pressurizer pressure and RCS
temperatures begin to increase so that at 126 seconds the peak pressurizer pressure reaches its
maximum value of 2289 psia. The increase in RCS temperatures results in a greater
RCS-to-steam generator temperature difference, resulting in more heat being transferred to the
steam generator and causing the steam generator temperatures and pressure to increase. As the
power increases, the fuel temperatures increase, and as a result, the Doppler contribution
increases. This decreases the positive reactivity and results in a decrease in core power and heat
flux. At 200 seconds, a quasi-steady state is reached at about 4% of rated core power. At 886.5
seconds the affected steam generator water level has reached the low water level trip setpoint and
initiates a reactor trip. The RCS and steam generators cool at a faster rate as a result of the
lessened core power. At 1169.0 seconds, the low steam generator pressure alarm is triggered
when the affected steam generator pressure reaches 800 psi. At 1800 seconds, the operator takes
control of the plant and begins an orderly cooldown using the condenser.

Table 15.1-4
SEQUENCE OF EVENTS FOR THE INADVERTENT OPENING OF

A STEAM GENERATOR ATMOSPHERIC DUMP VALVE

Time Event Setpoint or Value
(sec) ________________________________________
0.0 One atmospheric dump valve opens fully ----

71.0 Local minimum pressurizer pressure, psia 2,202
84.0 Minimum steam generator pressure, psia 903.5 affected steam

generator 979.0 intact
steam generator

102.5 Peak core power, % of rated power 11.2
104.0 Peak average core heat flux, % of full power heat flux 11
126.0 Maximum pressurizer pressure, psia 2,289
201.5 Maximum pressure in affected steam generator, psia 959.5
225.8 Maximum pressure in the intact steam generator, psia 1,033
812.0 Low steam generator level alarm, feet above tubesheet 28.5
886.5 Low steam generator level trip signal, feet above 27

tubesheet
886.9 Trip breakers open
887.2 Shutdown CEAs begin to enter core

1,800.0 Operator takes control of plant
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As described in Section 15.1.1.3, the transient response for the increased Main Steam Flow event
bounds the Inadvertent Opening of a Steam Generator Atmospheric Dump Valve event.

Table 15.1-5

ASSUMPTIONS FOR THE INADVERTENT OPENING OF A STEAM GENERATOR
ATMOSPHERIC DUMP VALVE

Parameter I Assumption
Initial core power level, MWt I
Core inlet coolant temperature, F 544
Core mass flowrate, 106 lbm/hr 141.5
Reactor coolant system pressure, psia 2,250
Steam generator pressure, psia 995
Total nuclear heat flux factor 2.37
Moderator temperature coefficient with -3.75
Uncertainties, 104 Ak/k/F
Doppler coefficient multiplier 0.85
CEA worth on trip, %Ap -4.45
Steam bypass system Fails
Feedwater regulating system Manual
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15.1.1.4.4 Barrier Performance

15.1.1.4.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.1.1.4.3.

15.1.1.4.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are
identical to those described in paragraph 15.1.1.4.3.

15.1.1.4.4.3 Results

Figure 15.1-18 gives the steam generator atmospheric dump valve flowrate versus time for the
IOSGADV. At 30 minutes after the atmospheric steam dump valves are opened, no more than
289,300 pounds of steam will have been discharged. The operator will then cool the plant via the
condenser, resulting in very little additional radioactivity release to the environment.

15.1.1.4.5 Radiological Consequences

15.1.1.4.5.1 Physical Model

To evaluate the radiological consequences of the inadvertent opening of a steam generator
atmospheric dump valve, it is assumed that the atmospheric dump valve remains open for 30
minutes (1800 seconds) until the operator takes control of the plant. The sequence of events and
system operations is presented in paragraph 15.1.1.4.2. The secondary mass flowrate and
integration mass release from the affected steam generator is presented in table 15.1-6.

15.1.1.4.5.2 Assumptions, Parameters, and Calculational Methods

The major assumptions, parameters, and calculational methods used to evaluate the radiological
consequences of the inadvertent opening of a steam generator atmospheric dump valve are
presented in table 15.1-7. Additional clarification is provided as follows:

A. The RCS equilibrium activity is based on long-term operation at 105% of the ultimate
core power level of 3390 MWt (3390 MWt x 1.05 = 3560 MWt) with 1% failed fuel.
Refer to table 11.1-2 for the isotopic distribution of RCS activity.

B. The steam generator equilibrium activity for the affected steam generator is assumed to
be 0.1 ptCi/g dose equivalent iodine-131 (1-131) prior to the accident. This is the
Technical Specification limit for steam generator activity.
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C. Offsite power is available. At 1800 seconds, the operator(s) takes control of the plant
and conducts an orderly cooldown using the main condenser. Consequently there are
no steam releases after 1800 seconds.

D. Only one steam generator is affected.

E. The primary-to-secondary leakage of 1 gallmin (Technical Specification limit) is
assumed to continue to the affected steam generator for 1800 seconds. At 1800
seconds, the operator(s) is assumed to shut the affected steam generator atmospheric
dump valve.

F. No credit is assumed for auxiliary feedwater flow. This allows the affected steam
generator to blowdown; i.e., dry, prior to 1800 seconds. A post-accident PF of 1 was
used for steam releases between the steam and water phase.

G. Calculated secondary mass releases are presented in table 15.1-6.

Table 15.1-6
MASS RELEASE - INADVERTENT OPENING OF A

STEAM GENERATOR ATMOSPHERIC DUMP VALVE

Time Rate Mass Flowrate Out Integrated Mass Flow Water Mass Remaining in
(Se of Steam Generators Steam Generators
(ons- Out (1( lbm) (10' Ibm)

onds) Affected Unaffected Affected Unaffected Affected Unaffected
0.0 0.0 0.0 0.00 0.0 2.92 2.92
50.0 199.5 0.0 1.02 0.0 2.82 2.92
100.0 198.2 0.0 2.00 0.0 2.71 2.92
200.0 208.7 0.0 4.06 0.0 2.50 2.92
741.2 205.5 0.0 15.21 0.0 1.33 2.92

1,000.0 174.9 0.0 20.14 0.0 0.85 2.92
1,500.0 126.2 0.0 27.60 0.0 0.13 2.92
1,608.5 0.0 0.0 28.93 0.0 0.00 2.92
1,800.0 0.0 0.0 28.93 0.0 0.00 2.92
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H. The activity released from the affected steam generator is immediately vented to the
atmosphere. No credit for radioactive decay in transit to dose point is assumed.

1. The mathematical model used to analyze the activity released during the course of the
accident is described in appendix 15B.

J. The atmospheric dispersion factors used in this analysis, which are based on
meteorological conditions assumed present during the course of the accident, are
calculated according to the model described in subsection 2.3.4. The 5% level X/Q
presented in table 15B-4 were used.

K. The potential thyroid inhalation doses and beta-skin and whole body gamma
immersion doses to an individual exposed at the exclusion area boundary (EAB) or
outer boundary of the low population zone (LPZ) are analyzed using the models
described in appendix 15B.
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Table 15.1-7
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A POSTULATED IN ADVERTENT OPENING OF A STEAM
GENERATOR ATMOSPHERIC DUMP VALVE (Sheet 1 of 3)

Parameter Assumption
Data and assumptions used to estimate radioactive source

General
Power level, Mwt 1
Burnup EOC

(Equilibrium)
Fuel perforated, % 0
Reactor coolant system activity Table 11.1-2
Steam generator activity before accident, p.Ci/g dose
equivalent 1-131

Affected steam generator 0.1
Unaffected steam generator 0

Activity release from steam generators
Unaffected steam generator, Ci 0
Affected steam generator(a), Ci

Isotope (duration - 0 to 30 minutes)
1-131 10.0
1-132 1.5
1-133 11.6
1-134 0.4
1-135 4.3
Kr-85M 0.2
Kr-85 0.5

Ud) Release activity from the affected steam generator includes contribution due to
primary-to-secondary leakage of 1 gal/min for the thirty minute duration of the accident.
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Table 15.1-7
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A POSTULATED INADVERTENT OPENING OF A STEAM
GENERATOR ATMOSPHERIC DUMP VALVE (Sheet 2 of 3)

Parameter Assumption
Isotope (duration - 0 to 30 minutes)

Kr-87 0.1
Kr-88 0.4

Xe-131M 0.2
Xe-133 32.4
Xe-135M 0.1
Xe-135 0.9
Xe-138 0.1

Data and assumptions used to estimate activity released
General

Loss of offsite power No
Credit for radioactive decay in transit to dose point after No
release
Auxiliary feedwater flow No

Affected steam generator
Primary-to-secondary leakage rate, gal/min 1
Mass of primary-to-secondary (leakage integrated for 180
1,800 seconds), Ibm
Secondary mass release to atmosphere, 105 lbm 2.89

(refer to table 15.1-6)
Steam generator partition factor between steam and 1
water phase
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Table 15.1-7
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A POSTULATED IN ADVERTENT OPENING OF A STEAM
GENERATOR ATMOSPHERIC DUMP VALVE (Sheet 3 of 3)

Parameter Assumption
Unaffected steam generator

Primary to secondary leakage rate, gal/min 0
Secondary mass release to atmosphere, ibm 0

Dispersion data
Distance to EAB, meters 576
Distance to LPZ outer boundary, meters 3,140
Atmospheric dispersion data 5% level X/Qs

(refer to table 151B-4)
Dose data

Method of dose calculation Refer to appendix 15B
Dose conversion assumptions Refer to appendix 15B

15.1.1.4.5.3 Identification of Uncertainties and Conservatisms in the Evaluation of the Results

The uncertainties and conservatisms in the assumptions used to evaluate the radiological
consequences of IOSGADV are as follows:

A. The RCS equilibrium activity is based on 1% failed fuel, which is greater by a factor of
two to eight than that normally observed in past PWR operation.

B. The steam generator equilibrium activity for the affected steam generator is assumed to
be equal to the Technical Specification limit (0.1 p.Ci/g dose equivalent 1-13 1). This
specific activity is greater by a factor of approximately 1300 than the normal expected
steam generator activity (refer to table 11. 1-21).

C. The assumption that the primary-to-secondary leakage of 1 gal/min (Technical
Specification limit) in the affected steam generator is conservative because:

1. The 1 gal/min limit is applicable to both steam generators.

2. Operation with a 1 gal/min primary-to-secondary leak is not expected.

D. The assumption of no auxiliary feedwater flow is conservative as allows the affected
steam generator to blowdown; i.e., dry. Consequently, all of the activity present in the
affected steam generator is assumed to be released (PF of 1 between steam and water
phases).
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E. The atmospheric dump valve is assumed to be inadvertently opened to the full open
position. Inadvertent opening of this valve to any other position results in less severe
offsite doses. Additionally, this valve is administratively controlled from the control
room to prevent inadvertent operation.

F. The meteorological conditions assumed to be present at the site during the course of
the accident are based on 5% level x/Qs. Meteorological conditions will be less severe
95% of the time. This results in the poorest values of atmospheric dispersion
calculated for the EAB or LPZ outer boundary. Furthermore, no credit has been taken
for the transit time required for activity to travel from the point of release to the EAB
or LPZ outer boundary.

G. The assumption of no operator action for 1800 seconds (30 minutes) is a conservative
assumption.

15.1.1.4.5.4 Conclusions.

A. Filter Loading

The only ESF filtration system considered in the analysis which limits the
consequences of the inadvertent opening of a steam generator atmospheric dump valve
(IOSGADV) is the control room filtration system. Activity loading on the control
room filter was based on the more serious loss-of-coolant accident. Since the control
room filters are capable of accommodating the potential design-basis LOCA fission
product iodine loadings, more than adequate design margin is available with respect to
the postulated IOSGADV accident releases.

B. Dose to an Individual at the EAB and the Outer Boundary of the LPZ

The potential radiological consequences resulting from the occurrence of a postulated
IOSGADV were conservatively analyzed, using assumptions and models described in
previous sections.

The thyroid inhalation dose and the beta skin and whole body gamma doses due to
immersion were analyzed for the 0 to 2-hour period at the EAB and for the duration of
the accident at the outer boundary of the LPZ. These results are listed in table 15.1-8.

Although no specific dose criteria are provided for this event, the doses presented in
Table 15.1-8 meet the 0.5 rem whole body dose criterion of Regulatory Guides 1.26
and 1.29 for systems that contain radioactive material and whose failure could result in
potential offsite doses.
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Table 15.1-8
RADIOLOGICAL CONSEQUENCES DUE TO A POSTULATED INADVERTENT OPENING

OF A STEAM GENERATOR ATMOSPHERIC DUMP VALVE

Result Offsite dose
1. Exclusion Area Boundary Dose (0 to 2 hours), rem

Thyroid 1.9
Whole-body gamma 1.7 x 10-'
Beta skin 9.3 x 104

II. LPZ Outer Boundary Dose (duration), rem
Thyroid 5.4 x 10-2

Whole-body gamma 4.8 x 105
Beta skin 2.6 x 10-5

15.1.2 INFREQUENT INCIDENTS

15.1.2.1 Decrease in Feedwater Temperature with a Concurrent Single Failure of an Active
Component

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.1.2.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a decrease in feedwater temperature with a concurrent single failure
of an active component classifies it as an infrequent incident as defined in reference 1 and section
15.0. A decrease in feedwater temperature is caused by the possibilities described in paragraph
15.1.1.1.1.

15.1.2.1.2 Sequence of Events and Systems Operation

The systems operations following a decrease in feedwater temperature with a concurrent single
failure of an active component are similar to those described in paragraph 15.1.1.1.2. The single
malfunction of a component or system is a concurrent partial opening of the steam bypass valves.
The smaller cooldown rate and, therefore, the resultant sequence of events would produce

consequences no more adverse than those following an increased main steam flow with a
concurrent single failure of an active component which is described in paragraph 15.2.2.3.
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15.1.2.1.3 Core and System Performance

The core and system performance parameters following a decrease in feedwater temperature with
a concurrent single failure of an active component would be no more adverse than those
following an increased main steam flow with a concurrent single failure of an active component
which is described in paragraph 15.2.2.3.

15.1.2.1.4 Barrier Performance

The barrier performance parameters following a decrease in feedwater temperature with a
concurrent single failure of an active component would be less adverse than those following an
increased main steam flow event with a concurrent single failure of an active component (see
paragraph 15.1.2.3).

15.1.2.1.5 Radiological Consequences

The radiological consequences of this event are less severe than the results of the increased main
steam flow event with a concurrent loss of offsite power discussed in paragraph 15.1.2.3.5.

15.1.2.2 Increase in Feedwater Flow with a Concurrent Single Failure of an Active Component

The following information is HISTORICAL and describes a design basis transient or accident

event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.1.2.2.1 Identification of Causes and Frequency Classification

The estimated frequency of an increase in feedwater flow with a concurrent single failure of an
active component classifies it as an infrequent incident as defined in reference 1 of section 15.0.
An increase in feedwater flow is caused by the possibilities described in paragraph 15.1.1.2.1.

15.1.2.2.2 Sequence of Events and Systems Operation

The systems operations following an increase in feedwater flow with a concurrent single failure
of an active component are similar to those described in paragraph 15.1.1.2.2. The limiting
single malfunction of a component or system is a concurrent partial opening of the steam bypass
valves. Because of the smaller cooldown rate, the resultant sequence of events would produce
consequences no more adverse than those following an increased main steam flow event with a
concurrent single failure of an active component which is described in paragraph 15.1.2.3.
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15.1.2.2.3 Core and System Performance

The core and system performance parameters following an increase in feedwater flow with a
concurrent single failure of an active component would be no more adverse than those following
an increased main steam flow event with a concurrent single failure of an active component
which is described in paragraph 15.1.2.3.

15.1.2.2.4 Barrier Performance

The barrier performance parameters following an increase in feedwater flow with a concurrent
single failure of an active component would be less adverse than those following an increased
main steam flow event with a concurrent single failure of an active component (see paragraph
15.1.2.3).

15.1.2.2.5 Radiological Consequences

The radiological consequences of this event are less severe than results of the increased main
steam flow event with a concurrent loss of offsite power discussed in paragraph 15.1.2.4.5.

15.1.2.3 Increased Main Steam Flow with a Concurrent Single Failure of an Active Component

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.1.2.3.1 Identification of Causes and Frequency Classification

The estimated frequency of an increased main steam flow with a concurrent single failure of an
active component classifies this incident as an infrequent incident as defined in reference 1 of
section 15.0. The cause of the increased main steam flow is discussed in paragraph 15.1.1.3.1.

A review of potential active component single failures to determine which failure would have the
most adverse effect following an increased main steam flow indicates that the following single
failures are most limiting: (1) loss of all ac power at any time during the transient; and (2) failure
or unavailability of all of the condenser circulating water pumps that could result in
overpressurization of the condenser. Parametric analysis has determined that the loss of all ac
power, when a reactor trip condition exists, produces the most adverse consequences following
an increased main steam flow. This failure is an independent loss of all normal onsite and offsite
power.
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15.1.2.3.2 Sequence of Events and System Operation

The increased main steam flow event plus a single failure (loss of ac power) resulted in both the
CPC low DNBR (VOPT) trip and the CPC low DNBR (RCP speed) trip occurring
simultaneously at 9.75 seconds. The timing of the loss of ac power, and subsequent reactor
coolant pump coast down was chosen specifically such that these two trips are coincident. This
assumed timing maximizes both the degradation in DNBR, and the quantity of predicted fuel
failure. The loss of all ac power, when a reactor trip condition exists, will result in the closure of
the turbine bypass valves since power is removed to the solenoids that act-to keep the turbine
bypass valve lines open. Also, in order to maximize steam release from the steam generators, no
credit is taken for auxiliary feedwater flow until the operator initiates cooldown.

Table 15.1-9 gives a sequence of events that occur following an increased main steam flow with
concurrent loss of all ac power, when a reactor trip condition exists.

The sequence of events past 28.05 seconds shown in table 15.1-9 are from cycle 1. They are
representative of the system response for the latest cycle (see section 15.0.7).

15.1.2.3.3 Core and System Performance

15.1.2.3.3.1 Mathematical Model

The mathematical model used for evaluation of core and system performance is identical to that
described in paragraph 15.1.1.3.3 except the thermal margin calculation on DNBR. The thermal
margin on DNBR in the reactor core was simulated using the CETOP-D computer program
described in section 15.0, with the CE-1 CHF correlation described in chapter 4.

15.1.2.3.3.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of core and systems performance
are identical to those described in paragraph 15.1.1.3.3 except those listed below.

A moderator temperature coefficient (MTC) of -3.3 x 10-4 Ak/k/F was used in the analysis. This
MTC, in conjunction with the decreasing coolant inlet temperature, results in an increase in the
core heat flux. The most negative fuel temperature coefficient (FTC) with a bias of 25%, was
used in the analysis. The minimum, CEA worth for shutdown at the time of reactor trip for full
power operation is -6.0 %Ap. The pressurizer pressure control system was assumed to be
inoperable to minimize the RCS pressure during the event and reduce the calculated DNBR.

The initial conditions and system response characteristics for the analyses were chosen to
minimize the DNBR during the transient. This was accomplished by using the maximum radial
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power peaking the highest core inlet coolant temperature allowed by the COLSS. Conservatism
is also ensured in the scram reactivity calculations through the following assumptions.

A. The minimum shutdown reactivity allowed by the Technical Specifications is assumed.

B. The most reactive CEA is assumed to be stuck in the fully withdrawn position.

C. The slowest average CEA insertion time allowed by Surveillance Requirement 3.1.5.5
is assumed.

D. The top peaked axial power distribution used in the DNBR calculations is assumed to
have scram reactivity characteristics of a more bottom peaked axial power distribution.

Table 15.1-9
SEQUENCE OF EVENTS OF THE INCREASED

MAIN STEAM FLOW INCIDENT WITH CONCURRENT SINGLE FAILURE

Time Event Setpoint or Value
(sec) ___________________________
0.0 Quick Open Signal Generated, Four Bypass Valves

Start to Open
1.0 Four Bypass Valves Full Open 145% of full steamflow

8.95 Loss of All On and Offsite Power, Turbine ---
Admission Valves and Bypass Valves Start to Close,
Feedwater Begins to Coast Down, Reactor Coolant
Pumps Begin to Coast Down

9.75 CPC VOPT Trip/Low Flow, Signal Generated 116% of 3410 MWt,
95% of shaft speed

10.0 Reactor Trip Breakers Open, Turbine Trip
10.6 CEAs Begin to Drop in the Core
10.7 Maximum Core Power 117.6% of 3410 MWt
12.1 Maximum Core Heat Flux 110.6% of 3410 MWt
12.3 Minimum; DNBR Occurs (CE-1) 1.21
12.75 Turbine Admission Valves and Bypass Valves

Closed
16.7 Steam Generator Safety Valves Open 1100 psia

28.05 Feedwater Flow Reaches 5% of Full Power
73.6 Minimum Pressurizer Pressure 1900 psia

206.0 Low Steam Generator Level Alarm 28.5 ft
417.2 Low Steam Generator Level Trip Signal 27.0 ft
1800.0 Operator Takes Control of Plant
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15.1.2.3.3.3 Results

The dynamic behavior of important NSSS parameters following an increased main steam flow
with concurrent loss of all ac power, is presented in figures 15.1-20 through 15.1-31. Figures
15.1-24 and 15.1-26 through 15.1-31 are from cycle 1.

The increased main steam flow event, plus a single failure (loss of ac power), results in a CPC
low DNBR (VOPT/RCP speed) trip at 9.75 seconds. At 10.7 seconds, the core power reaches its
maximum value of 117.6% rated power, and at 12.1 seconds, the core heat flux reaches its
maximum value of 110.6% of full-power heat flux. The steam generator pressure begins to
increase due to the closure of the turbine, the turbine bypass valves, and main feedwater valves.
The decreasing forced reactor coolant flow results in minimum DNBR of 1.21 at 12.3 seconds.
At 12.75 seconds the turbine stop valves and turbine bypass valves have fully closed, resulting in
a cessation of steam flow. The steam generator pressure increases much more rapidly, until at
16.7 seconds the steam generator safety valves open when the steam generator pressure reaches
1100 psia. The cooldown continues as a result of more energy being released by the steam
generator safety valves than is produced by the core. At 1800 seconds the operator takes control
of the plant and begins an orderly cooldown. The analysis presented conservatively assumes that
operator action is delayed until 30 minutes after the first indication of the event.

The peak RCS and main steam system pressures are within 110% of design, assuring that the
integrity of the RCS and NSSS is maintained following an increased main steam flow with loss
of all ac power when a reactor trip condition exists.

The minimum DNBR calculated for the event was 1.21 compared to the design limit of 1.31.
The radiological consequences analysis is conservatively based on the assumption that all fuel
pins with a DNBR value below the DNBR limit fail (the statistical convolution technique to
determine fuel failure may also be used, as in References 7 and 8 the NRC approved the use of
the statistical convolution technique to determine fuel failure for events that assume a loss of
flow and that fail fuel). A DNBR propagation evaluation is performed to ensure that a coolable
geometry is maintained.

A maximum, allowable initial linear heat generation rate of 16.0 kW/ft could exist as an initial
condition before the transient begins, without exceeding the fuel centerline temperature limit
during this transient. This amount of margin is assured by setting the linear heat rate LCO based
on the more limiting allowable linear heat rate for LOCA (13.0 kW/ft).
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15.1.2.3.4 Barrier Performance

15.1.2.3.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.1.1.3.3.

15.1.2.3.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are
identical to those described in paragraph 15.1.1.3.3.

15.1.2.3.4.3 Results

Figure 15.1-30 gives representative steam generator safety valve flowrates versus time following
an increased main steam flow, with loss of all ac power when a reactor trip condition exists.
Until the operator takes action at 30 minutes, the total steam release to the atmosphere through
the steam generator safety valves is 226,400 pounds. The operator would then begin a controlled
NSSS cooldown at 75F/hr by opening the atmospheric dump valves. After 3 hours, the RCS will
have reached a temperature of 350F, at which point the shutdown cooling system may be placed
in operation. About 668,000 pounds of steam are released during the cooldown. The total steam
release to the atmosphere during the course of this transient is approximately 894,000 pounds.

15.1.2.3.5 Radiological Consequences

The radiological consequences of this event result in offsite doses of less than 7 Rem thyroid and
a whole body dose of less than 2 Rem, which are well within the 1OCFR100 limits.

15.1.2.4 Inadvertent Opening of a Steam Generator Atmospheric Dump Valve with a
Concurrent Single Failure of Active Component

The following information is HISTORICAL and describes a design basis transient or accident

event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.1.2.4.1 Identification of Causes and Frequency Classification

The estimated frequency of a IOSGADV with a concurrent single failure of an active component
classifies it as the infrequent frequency incident, as defined in reference I of section 15.0.
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15.1.2.4.2 Sequence of Events and System Operation

The system operations following a IOSGADV with a concurrent single failure of an active
component are the same as those described in paragraph 15.1.1.4.2. The single malfunction of a
component or system is loss of offsite power at 30 minutes. The resultant sequence of events
would produce consequences no more adverse than those following an increased main steam
flow with a concurrent single failure of an active component, which is described in paragraph
15.1.2.3.

15.1.2.4.3 Core and System Performance

The core and system performance parameters following an IOSGADV with a concurrent single
failure of an active component would be no more adverse than those following an increased main
steam flow with a concurrent single failure of an active component, which is described in
paragraph 15.1.2.3.

15.1.2.4.4 Barrier Performance

The barrier performance parameters following an IOSGADV with a concurrent single failure of
an active component would be less adverse than those following a loss of condenser vacuum
with a concurrent single failure of an active component (see paragraph 15.2.2.3) because RCS
and steam generator pressures are effectively decreasing throughout the event.

15.1.2.4.5 Radiological Consequences

15.1.2.4.5.1 Physical Model

To evaluate the radiological consequences of the inadvertent opening of a steam generator
atmospheric dump valve (IOSGADV) with loss of offsite power, it is assumed that the
atmospheric dump valve on the affected steam generator remains open for a duration of the
accident, Table 15.1-4 presents the sequence of events for the IOSGADV. The accident is
considered to be terminated when shutdown cooling is initiated.

The affected steam generator boils dry in approximately 1600 seconds. Subsequent to boiling
dry, steam releases from the affected steam generator are from a primary-to-secondary leak of 1
gal/min which is assumed to be present in the affected steam generator for the duration of the
accident.

At 1800 seconds, cooldown of the plant is initiated by releasing steam from the unaffected steam
generator. This cooldown continues until shutdown cooling is initiated at approximately 18,750
seconds.

15.1-29 Rev: 28



San Onofre 2&3 FSAR
Updated

INCREASE IN HEAT REMOVAL BY THE
SECONDARY SYSTEM (TURBINE PLANT)

Integrated mass releases from the affected and unaffected steam generators are presented in table
15.1-10.

15.1.2.4.5.2 Assumptions, Parameters, and Calculational Methods

The major assumptions, parameters, and calculational methods used to evaluate the radiological
consequences of the IOSGADV are presented in table 15.1-11. Additional clarification is
provided as follows:

A. The RCS equilibrium activity is based on long-term operation at 105% of the ultimate
core power level of 3390 MWt (3390 MWt x 1.05 = 3560 MWt) with 1% failed fuel.
Refer to table 11. 1-2 for the isotopic distribution of RCS activity.

B. The steam generator equilibrium activity for the affected and unaffected steam
generators is assumed to be 0.1 ý.Ci/g dose equivalent Iodine- 131 (1-13 1) prior to the
accident. That is the Technical Specification limit for steam generator activity.

C. Loss of offsite power occurs at 1800 seconds concurrent with the operator(s) taking
control of the plant and conducting a cooldown using the atmospheric dump valve on
the unaffected steam generator.

D. The atmospheric dump valve on one steam generator is assumed to be inadvertently
opened.

E. The primary-to-secondary leakage of 1 gallmin (Technical Specification limit) is
assumed to continue to the affected steam generator for the duration of the accident.

F. 1. No credit is assumed for auxiliary feedwater flow to the affected steam generator.
This allows the affected steam generator to blow down; i.e., dry, prior to 1800

seconds. A post-accident PF (partition factor) of 1 (iodines) was used for steam
releases between the steam and water phase in the affected steam generator.

2. A post-accident PF of 0.1 (iodines) was used for steam releases between the steam
and water phase in the unaffected steam generator.

G. Calculated secondary mass releases are presented in table 15.1-10.

H. The activity released from the affected and unaffected steam generators is immediately
vented to the atmosphere. No credit for radioactive decay in transit to dose point is
assumed.

1. The mathematical model used to analyze the activity released during the course of the
accident is described in appendix 15B.
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J. The atmospheric dispersion factors used in the analysis, which are based on
meteorological conditions assumed present during the course of the accident, are
calculated according to the model described in subsection 2.3.4. The 5% level x/Qs
presented in table 155B-4 were used.

K. The potential thyroid inhalation doses and beta-skin and whole body gamma
immersion doses to an individual exposed at the EAB or outer boundary of the LPZ are
analyzed using the models described in appendix 15B.

Table 15.1-10
MASS RELEASE - INADVERTENT OPENING OF

STEAM GENERATOR ATMOSPHERIC DUMP
VALVE (IOSGADV) WITH CONCURRENT LOSS OF OFFSITE POWER

Time Affected Steam Unaffected Steam Primary-to-Secondary
(seconds) Generator (Ibm) Generator (Ibm) Leakage (Ibm)

0 0 0 0
7,200 (2 hours) 2.893 x 10' 4.1 x 10 893

18,750 2.893 x 105 8.66 x 105 2,325

Table 15.1-11
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A POSTULATED INADVERTENT OPENING OF A STEAM
GENERATOR ATMOSPHERIC DUMP VALVE (Sheet 1 of 3)

Parameter Assumptions
Data and assumptions used to estimate radioactive source

General
Power level, MWt I
Percent of fuel perforated 0
Reactor coolant system activity Table 11. 1-2
Steam generator activity before accident (paCi/g dose
equivalent 1-13 1)

Affected steam generator 0.1
Unaffected steam generator 0.1
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Table 15.1-11
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A POSTULATED INADVERTENT OPENING OF A STEAM
GENERATOR ATMOSPHERIC DUMP VALVE (Sheet 2 of 3)

Parameter Assumptions
Activity release from steam generators (duration of Affected Unaffected
accident), curies Steam Steam

Generator(a) Generator
Isotope
1-131 14.6 2.9
1-132 2.8 0.4
1-133 17.3 3.3
1-134 0.9 0.1
1-135 6.8 1.2
Kr-85M 2.5 0.1
Kr-85 5.5 0.2
Kr-87 1.4 0.1
Kr-88 4.4 0.2
Xe-131M 2.6 0.1
Xe-133 357.0 15.3
Xe-135M 1.2 0.1
Xe-135 9.9 0.4
Xe-138 0.6 0

Data and assumptions used to estimate activity released
General

Loss of offsite power Yes
Credit for radioactive decay in transit to dose point No
after release
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Table 15.1-11
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A POSTULATED INADVERTENT OPENING OF A STEAM
GENERATOR ATMOSPHERIC DUMP VALVE (Sheet 3 of 3)

Parameter Assumptions

Auxiliary feedwater flow

Affected steam generator
Primary-to-secondary leakage rate, gal/min
Mass of primary-to-secondary leakage (integrated for
accident duration, lbm)
Secondary mass release to atmosphere, ibm
Steam generator partition factor between steam and water
phase

Unaffected steam generator
Primary-to-secondary leakage rate, gal/min
Secondary mass release to atmosphere, Ibm
Steam generator partition coefficient (iodines) and partition
factor (noble gases) between steam and water phases

Dispersion data
Distance to EAB, meters
Distance to LPZ outer boundary, meters
Atmospheric dispersion data

Not to affected steam
generator

1
Refer to table 15.1-10

Refer to table 15.1-10
1 (iodines)
1 (noble gases)

0
Refer to table 15.1-10
0.1 (iodines)
1 (noble gases)

576
3,140
5% level x/Qs
(refer to table 15B-4)

Refer to appendix 15B
Refer to appendix 15B

Dose data
Method of dose calculation
Dose conversion assumptions

Released activity from the affected steam generator includes contribution due to
primary-to-secondary leakage of 1 gal/min for the duration of the accident.
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15.1.2.4.5.3 Identification of Uncertainties and Conservatisms in the Evaluation of the Results

The uncertainties and conservatisms in the assumptions used to evaluate the radiological
consequences of an IOSGADV are as follows:

A. The RCS equilibrium activity is based on 1% failed fuel, which is greater by a factor of
two to eight than that normally observed in past PWR operation.

B. The steam generator equilibrium activity for the affected steam generator is assumed to
be equal to the Technical Specification limit (0.1 jtCi/g dose equivalent 1-131). This
specific activity is greater by a factor of approximately 1300 than the normal expected
steam generator activity (refer to table 11.1-21).

C. The assumption that the primary-to-secondary leakage of I gal/min (Technical
Specification limit) is in the affected steam generator is conservative because:

1. The 1 gal/min limit is applicable to both steam generators.

2. Operation with a 1 gal/min primary-to-secondary leak is not expected.

D. The assumption of no auxiliary feedwater flow is conservative as it allows the affected
steam generator to blowdown;'i.e., dry. Consequently, all of the activity present in the
affected steam generator is assumed to be released (PF of 1 between steam and water
phases for iodines).

E. The atmospheric dump valve is assumed to be inadvertently opened to the full open
position. Inadvertent opening of this valve to any other position results in less severe
offsite doses. Additionally, this valve is administratively controlled from the control
room to prevent inadvertent operation.

F. The meteorological conditions assumed to be present at the site during the course of
the accident are based on 5% level x/Qs. Meteorological conditions will be less severe
95% of the time. This results in the poorest values of atmospheric dispersion
calculated for the EAB or LPZ outer boundary. Furthermore, no credit has been taken
for the transit time required for activity to travel from the point of release to the EAB
or LPZ outer boundary.

G. The assumption of no operator action for 1800 seconds (30 minutes) is a conservative
assumption.
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H. The assumption that the atmospheric dump valve on the affected steam generator
remains open for the duration of the accident is a conservative assumption. The
atmospheric dump valve is provided with a manual operator and can therefore be shut
independently from a electro-pneumatic malfunction.

15.1.2.4.5.4 Conclusions

A. Filter Loadings

The only ESF filtration system considered in the analysis which limits the
consequences of the IOSGADV is the control room filtration system. Activity loading
on the control room filter has been based on the more serious loss-of-coolant accident.
Since the control room filters are capable of accommodating the potential design-basis
LOCA fission product iodine loadings, more than adequate design margin is available
with respect to the postulated IOSGADV accident releases,

B. Dose to an Individual at the EAB and the Outer Boundary of the LPZ

The potential radiological consequences resulting from the occurrence of a postulated
IOSGADV with a concurrent loss of offsite power have been conservatively analyzed,
using assumptions and models described in previous sections.

The thyroid inhalation dose and the beta skin and whole body gamma doses due to
immersion have been analyzed for the 0 to 2-hour period at the EAB and for the
duration of the accident at the outer boundary of the LPZ. These results are listed in
table 15.1-12.

The doses presented in table 15.1-12 are well within the guidelines of 1OCFR100.
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Table 15.1-12
RADIOLOGICAL CONSEQUENCES DUE TO A POSTULATED INADVERTENT

OPENING OF A STEAM GENERATOR ATMOSPHERIC DUMP VALVE
WITH CONCURRENT LOSS OF OFFSITE POWER

Result Offsite Dose

Exclusion Area boundary Dose
(0 to 2 hours), rem

Thyroid 2.5
Whole-body gamma 2.9 x 10-3
Beta skin 2.3 x 10-3

LPZ Outer Boundary Dose
(duration), rem

Thyroid 9.5 x 10-2
Whole-body gamma 1.4 x 104

Beta skin 1.4 x 104
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15.1.3 LIMITING FAULTS

15.1.3.1 Steam System Piping Failures

15.1.3. 1.1 Pre-Trip Power Excursion Analysis

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.1.3.1.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a steam line break classifies it as a limiting fault as defined in
reference 1 of section 15.0. A steam line break is defined as a pipe break in the main steam line.

15.1.3.1.1.2 Sequence of Events and Systems Operation

A rupture in the main steam System piping increases steam flow from the steam generators. This
increase in steam flow increases the rate of RCS heat removal by the steam generators and causes
a decrease in core coolant inlet temperature. In the presence of a negative moderator temperature
coefficient of reactivity (MTC), this decrease in temperature causes core power to increase.

The excursion in core power is terminated by the action of one of the following reactor protection
system (RPS) trips: core protection calculators (CPCs), low steam generator pressure (LSGP),
high linear power level, or high containment pressure.

Steam line breaks (SLBs) inside the containment may be postulated to have break areas up to the
cross section of the largest main steam pipe (7.41 ft2). Those SLBs occurring outside the
containment building have break areas limited by the areas of the flow restrictors (4.13 ft2) which
are located upstream of the containment penetrations.

Inside containment SLBs may cause environmental degradation of sensor input to the CPCs and
pressure measurement systems. Additionally, the high linear power level trip undergoes
temperature decalibration due to RCS cooldown. The only credit taken for CPC action during
this event is the CPC VOPT. The required input into the VOPT includes output from the
resistance temperature detectors (RTDs) and ex-core reactor flux power detectors. The
qualification of these sensors for degraded environmental conditions is discussed in reference 3.
Trips which are also credited for inside containment SLBs are: LSGP, high linear power level, or
high containment pressure. Additionally, the environmentally degraded value of the delta
pressure low flow trip is used to determine the most adverse timing of a loss of ac power
(LOAC).
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Outside containment SLBs are not subject to the same environmental effects as the inside
containment breaks. Therefore, the full array of RPS trips including the CPC low DNBR trip are
credited for these breaks.

The pre-trip SLB event was reanalyzed in cycle 3 to accommodate a more adverse pin census.
Changes in other key parameters for cycle 3 are within the ranges used for the cycle 2 parametric
study. The cycle 2 results (heat flux, RCS temperatures, pressure, and flow rate) were combined
with the pin census to yield a value for predicted fuel failure. Consideration of the VOPT was
also included by cycle 3.

The analysis for cycle 2 identified the limiting break location to be inside containment. The
analysis for cycle 3 indicates that the limiting break in terms of radiological consequences is
located outside of the containment building. This is because crediting the action of the CPC Low
DNBR (VOPT) reduced the amount of calculated fuel failure for the inside containment SLB
relative to that in cycle 2. In addition, the radiological consequences of the inside containment
SLB were calculated using a steam generator iodine decontamination factor (DF) of 100, as
specified in reference 6.

Table 15.1-13 summarizes the sequence of events for a steam line break resulting in a pre-trip
power excursion.

15.1.3.1.1.3 Core and System Performance

15.1.3.1.1.3.1 Mathematical Model

The NSSS response to a steam line break was simulated using the CENTS computer program
described in section 15.0. Thermal-hydraulic response to the transient was evaluated with the
CETOP program described in section 15.0 with the CE-1 CHF correlation described in chapter 4.
Per Reference 7 (as clarified by Reference 8), the NRC approved the use of the statistical

convolution technique to determine fuel failure for events that assume a loss of flow and that fail
fuel. Therefore, the statistical convolution technique may be applied to this event.

15.1.3.1.1.3.2 Input Parameters, Initial Conditions and Analysis Assumptions

Table 15.1-14 lists those important parameters and initial conditions which were determined to
result in the most severe pre-trip power excursion event.

The bases for this set of initial conditions and the remainder of plant parameters are discussed in
appendix 15E.
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15.1.3.1.1.3.3 Results

The dynamic response of salient NSSS parameters for the pre-trip power excursion SLB outside
containment is shown in figures 15.1-33 through 15.1-38. This case represents the most adverse
case in terms of the degradation in fuel performance and fuel failure related radiological
consequences.

The most adverse outside containment SLB results in the blowdown flow being limited by the
venturi flow restrictors.

Table 15.1-13
SEQUENCE OF EVENTS FOR THE STEAM SYSTEM PIPING FAILURE

OUTSIDE CONTAINMENT PRE-TRIP POWER EXCURSIONS

Time (sec) Event Setpoint or Value
0.0 Outside Containment Break in the Main Steam Line 7.41 ft

2

3.43 CPC VOPT Trip Setpoint Reached ---

3.47 Main Steam Isolation Signal (MSIS) 675 psia
3.83 RPS Trip Breakers Open on VOPT ---

LOAC Occurs ---
Reactor Coolant Pumps Begin to Coastdown ---

4.11 Maximum Core Power 122% of 3390 MWt
4.37 Main Steam Isolation Valves (MSIVs) Begin to ---

Close
4.64 CEAs Begin to Drop ---

5.40 Minimum DNBR Occurs < 1.31
12.37 Main Steam Isolation Valves Closed ---

21 Safety Injection Signal 1,560 psia
1800 Plant Cooldown Initiated by Manual Operation of ---

ADV on the Intact Steam Generator
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Table 15.1-14
KEY PARAMETERS ASSUMED FOR THE STEAM PIPING FAILURES EVENT

OUTSIDE CONTAINMENT PRE-TRIP POWER EXCURSIONS

Parameter Assumptions
Core Power (MWt) 3,458
Initial Core Coolant Inlet Temperature (F) 560
Initial Reactor Coolant System Pressure (psia) 2,300
Initial Reactor Coolant System Flow (gpm) 443,520
Moderator Temperature Coefficient -3.7 x 104 Ap/F
Delayed Neutron Fraction 0.00412
Break Flow Area (ft2) 7.41

15.1.3.1.1.4 Barrier Performance

15.1.3.1.1.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in section 15.1.3.1.2.4.

15.1.3.1.1.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are
identical to the worst case described in section 15.1.3.1.2.4.

15.1.3.1.1.4.3 Results

The contents of the affected steam generator, along with the primary-to-secondary leakage is
assumed to be released directly to the atmosphere as a result of the outside containment break
location until isolated by the affected steam generator main steam isolation valve. Additional
steam releases are calculated as those required to cool the RCS coolant and metal mass from
operating temperatures to conditions to enter shutdown cooling (350F) at a rate of 75F per hour.
No credit is taken in this calculation for the cooling effect due to the steam generator blowdown
related to the accident.

The radiological consequences analysis is conservatively based on the assumption that all fuel
pins with a DNBR value below the DNBR limit fail. A DNBR propagation evaluation is
performed to ensure that a coolable geometry is maintained.
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15.1.3.1.1.5 Radiological Consequences

A MSLB may occur either inside or outside containment. A steam line break inside containment
will release contaminated steam via the break location to the containment air space, where it will
be diluted within the containment net free air volume and then slowly leaked to the outside
environment at the design basis containment leakage rate. A more severe scenario is that of a
steam line break outside containment (SLB-OC) that will release contaminated steam via the
break location directly to the environment.

This section presents the assumptions, design input, methodology, and radiological consequences
of a SLB-OC, based on the alternative source term (AST) guidance of Regulatory Guide (RG)
1.183.

Regulatory Guide 1.183 Appendix E provides assumptions for use in evaluating the radiological
consequences of a PWR main steam line break accident using the AST methodology. These
assumptions supplement the guidance provided in the main body of RG 1.183.

The characteristics of the SLB-OC model are summarized in table 15.1-14(a). A supplemental
description of the SLB-OC model source term, and control room and offsite dose receptors, is
presented in appendix 15G.
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Table 15.1-14a (Sheet 1 of 2)
PRE-TRIP SLB-OC RADIOLOGICAL ANALYSIS PARAMETERS

PRE-TRIP SLB-OC PARAMETER MODELED VALUE]
Dose acceptance criteria, Rein TEDE

Control Room 5
EAB 25
LPZ 25

SLB-OC source term
Core isotope inventory at reactor shutdown, curies per Appendix 15G,

Section 15G.2
Failed Fuel (clad damage), percent of core 10
Radial peaking factor 1.75

Core fission product fractions in fuel rod gaps
Iodine- 131 0.08
Krypton-85 0.10
Other noble gases (Krypton, Xenon) 0.05
Other Halogens (Iodine, Bromine) 0.05
Alkali Metals (Cesium, Rubidium) 0.12

Initial Primary Coolant Activity Profile per appendix 15G,
section 15G.2

Initial Secondary Coolant Activity Profile per appendix 15G,
section 15G.2

Dilution Volumes and Masses
Reactor Coolant dilution volume, cubic feet 10,179
Reactor Coolant dilution mass, grams 2.015 x 10'
Secondary dilution water mass, Ibm 1.59 x 105

Primary-to-Secondary leakage rate, gpm per SG 0.5
Steam Generator Water to Steam flashing fractions and partition coefficients

Steam generator tube uncovery period, seconds 0 to 6,621
Iodine flashing factor during SG tube uncovery, percent 20
Iodine partition coefficient 100
Noble gases (Xe, Kr) partition coefficient I x 10.6
Particulate isotopes partition coefficient 500

Steam Line Break Mass Release, Ibm
0 to 16.3 seconds 115,103
16.3 seconds to shutdown cooling at 13,659 seconds 0

Main Steam Safety Valve (MSSV) Mass Release, Ibm
0 to 30 minutes 47,553
30 minutes to 2 hours 555.5
2 hours to shutdown cooling at 13,659 seconds 0
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Table 15.1-14a (Sheet 2 of 2)
PRE-TRIP SLB-OC RADIOLOGICAL ANALYSIS PARAMETERS

PRE-TRIP SLB-OC PARAMETER MODELED
VALUE

Atmospheric Dump Valve (ADV) Mass Release, ibm
0 to 30 minutes 0
30 minutes to 2 hours 374,719
2 hours to shutdown cooling at 13,659 seconds 356,610

Auxiliary Feedwater (AFW) Steam Turbine Mass Release, Ibm
0 to 30 minutes 8,078
30 minutes to 2 hours 64,522
2 hours to shutdown cooling at 13,659 seconds 78,944

Iodine composition released to the environment, percent of iodine
Elemental iodine 97
Organic iodide 3

Offsite model per appendix 15G,
section 15G.3

Control Room model per appendix 15G,
section 15G.4

SLB-OC Release Points to Control Room
Atmospheric Dispersion Factors, seconds/m3 per section 2.3.4.2.2

15.1.3.1.1.5.1 Pre-Trip SLB-OC Source Term

The pre-trip SLB-OC transient analysis is characterized by fuel failure (i.e., clad damage). The
pre-trip SLB-OC AST dose analysis conservatively assumes 10 percent fuel failure to bound
future operating cycle fuel failure predictions. Consistent with RG 1.183 Appendix E Section 2,
because more than minimal fuel damage is postulated, the pre-trip SLB-OC AST activity release
model does not address primary coolant iodine spiking.

The 10 percent fuel failure estimate is applied to the reactor core fission product inventory
presented in appendix 15G, section 15G.2. Consistent with the guidance of RG 1.183 Regulatory
Position 3. 1, to account for differences in power level across the core, a radial peaking factor of
1.75 is also applied.

Consistent with RG 1.183 Appendix E Section 1, the fission product release from the breached
fuel is based on RG 1.183 Regulatory Position 3.2. Consistent with RG 1.183 Footnote 11, the
release fractions are acceptable for use since the fuel has a peak burnup of less than 62,000
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MWD/MTU, and a maximum linear heat generation rate that does not exceed 6.3 kw/ft peak rod
average power for burnups exceeding 54 GWD/MTU.

Consistent with RG 1.183 Appendix E Section 3, the activity released from the fuel is
instantaneously released into the reactor coolant system. Radionuclides that are considered
include xenons, kryptons, iodines, bromines, cesiums, and rubidiums.

Consistent with Regulatory Guide 1.183 Appendix E Section 2, the initial reactor coolant
concentration prior to the introduction of the fission product release from the breached fuel is
assumed to be at the maximum Technical Specification LCO 3.4.16 limiting condition as
specified in appendix 15G, section 15G.2.

Consistent with RG 1.183 Appendix E Section 4, the chemical form of radioiodine released from

the steam generators to the environment is 97 percent elemental and 3 percent organic.

15.1.3.1.1.5.2 Pre-Trip SLB-OC Activity Release Model

Activity is introduced into the secondary side via steam generator tube leakage. Consistent with
RG 1.183 Appendix E Section 5.1, the pre-trip SLB-OC AST dose analysis models a primary-to-
secondary leak rate into any single steam generator of 0.5 gallon/minute as specified in Technical
Specification Section 5.5.2.1 1.b.2 (conservatively greater than 150 gallon/day [approximately
0.1 gallon/minute] as specified in TS LCO 3.4.13).

The initial secondary side activity concentration prior to the introduction of the primary-to-
secondary leakage is assumed to be at the maximum Technical Specification LCO 3.7.19 3.4.19
limiting condition.

Consistent with RG 1.183 Appendix E Sections 5.5.1 and 5.6, the primary-to-secondary leakage
is assumed to mix with the secondary water without flashing during periods of total tube
submergence. The pre-trip SLB-OC AST dose analysis conservatively assumes that the tubes in
both steam generators are uncovered from 0 seconds to 6,621 seconds.

Consistent with RG 1.183 Appendix E Sections 5.5.1 and 5.6, during periods where the tubes are
uncovered, a portion of the primary-to-secondary leakage flashes to vapor based on the
thermodynamic conditions in the reactor and the secondary coolant. Conservatively, the pre-trip
SLB-OC AST dose analysis models a bounding flashing fraction of 20% during periods of steam
generator tube uncovery.

Consistent with RG 1.183 Appendix E Section 5.5.2, the portion of primary-to-secondary
leakage that flashes to steam enters the steam generator steam space, with no credit taken for
iodine scrubbing.
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Consistent with Regulatory Guide 1.183 Appendix E Section 5.5.3, the unflashed portion of
primary-to-secondary leakage mixes with the bulk water. Consistent with RG 1.183 Appendix E
Section 5.5.4, an iodine partition coefficient (i.e., liquid concentration divided by gas
concentration) of 100 is modeled when evaluating the vaporization of the secondary side water
(steam generator liquid). Consistent with RG 1.183 Appendix E Section 5.4, all noble gases
released from the primary coolant are released to the environment without reduction or
mitigation.

The steam generators have a maximum full-power moisture carryover (steam quality) of
0.20 percent. The pre-trip SLB-OC AST dose analyses address this carryover by modeling a
particulate isotope partition coefficient of 500 when evaluating the vaporization of the secondary
side water.

Activity is released to the environment via the steam line break location, the main steam safety
valves (MSSVs), the atmospheric dump valves (ADVs), and the auxiliary feedwater (AFW)
turbine exhaust.

Consistent with the guidance in Branch Technical Position (BTP) MEB 3-1 Section B. .b, the
steam line break outside containment is modeled downstream of a main steam isolation valve
(MSIV). A break upstream of a MSIV is not postulated since the SONGS Units 2 & 3 design
complies with the BTP MEB 3-1 ASME Section II1 and design stress and fatigue limit
requirements for crediting break exclusion zones.

The release through the break begins at time zero and is terminated when the MSIVs are fully
closed. The total mass release through the break predicted by the pre-trip SLB mass release
analysis is increased by 10 percent to provide margin for any potential increased mass release
that may be determined in future cycle-specific transient analysis.

The main steam safety valve and atmospheric dump valve mass releases are as shown in
table 15.1-14a. The pre-trip SLB AST dose analysis increased the MSSV and ADV mass release
predicted by the pre-trip SLB mass release analysis by 10 percent to provide margin for any
potential increased mass release that may be determined in future cycle-specific transient
analysis. The MSSV mass release begins when the MSSVs open and terminates when the
MSSVs close. The ADV mass release begins when the ADVs are opened (by operator action) at
30 minutes, and stay open for the duration of the event. The pre-trip SLB-OC AST dose analysis
models the mass releases as being from the MSSV from 1,200 seconds to 1,800 seconds and
from the ADVs from 1,800 seconds until the end of the event. This is conservative since, as
shown in Section 2.3.4.2.2.3, the ADV atmospheric dispersion factors are greater than the MSSV
atmospheric dispersion factors, thus resulting in higher doses.

The duration during which Auxiliary Feedwater is on for different intervals and mass released
during those periods are as shown in table 15.1-14a. Two AFW operations are modeled. The
first is from 89 seconds to 748 seconds. The second is from 1,921 seconds to the end of the
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event. The pre-trip SLB AST dose analysis increased the AFW steam turbine mass release
predicted by the pre-trip SLB mass release analysis by 10 percent to provide margin for any
potential increased mass release that may be determined in future cycle-specific transient
analysis.

The pre-trip SLB-OC event is terminated when shutdown cooling is initiated. After this time all
steam releases from both steam generators cease.

Activity released during the pre-trip SLB-OC event is transported by atmospheric dispersion to
the control room HVAC intake and to the offsite EAB and LPZ dose receptors. The 95th
percentile meteorology atmospheric dispersion factors for the pre-trip SLB-OC release pathways
are discussed in appendix 15G, sections 15G.3 and 15G.4 for the offsite and control room dose
receptors, respectively. No credit is taken for plume rise dispersion associated with the ADV
release pathway. No credit is taken for radioactive decay of the isotopes during atmospheric
dispersion transit to the control room or offsite dose locations. Consistent with RG 1.183
Regulatory Positions 4.1.7 and 4.2.2, no correction is made for depletion of the effluent plume by
deposition on the ground.

15.1.3.1.1.5.3 Pre-Trip SLB-OC EAB and LPZ Model

Regulatory Guide 1.183 Regulatory Position 4.1 provides guidance to be used in determining the
total effective dose equivalent for persons located at or beyond the boundary of the exclusion
area, including the outer boundary of the low population zone. Appendix 15G, section 15G.3
addresses the applicability of this guidance to the AST pre-trip SLB-OC dose analysis as it
relates to the offsite dose exposure parameters.

As discussed in appendix 15G, section 15G.3, the pre-trip SLB-OC dose analysis considers the
dose consequences of inhalation and immersion.

Consistent with RG 1.183 Regulatory Positions 4.1.5, 4.1.6 and 4.4 and Table 6, the SLB event
radiological criterion for the EAB and for the outer boundary of the LPZ is 25 Rem TEDE for an
event scenario with fuel damage.

15.1.3.1.1.5.4 Pre-Trip SLB-OC Control Room Model

Regulatory Guide 1.183 Regulatory Position 4.2 provides guidance to be used in determining the
total effective dose equivalent for persons located in the control room. Appendix 15G, section
15G.4 addresses the applicability of this guidance to the AST pre-trip SLB-OC dose analysis as it
relates to the control room dose exposure parameters.

The control room emergency air cleanup system (CREACUS) Emergency mode of operation can
be actuated either manually or automatically following a Control Room Isolation Signal (CRIS).
The CRIS may be generated automatically by a Safety Injection Actuation Signal (SIAS) or by
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the detection of high radioactivity concentrations in the control room outside air inflow. Per
appendix 15G, section 15G.4.2, the pre-trip SLB-OC model credits CREACUS Emergency mode
of operation initiation 3 minutes following the start of the event, due to detection of high
radioactivity concentrations in the control room outside air inflow.

As discussed in appendix 15G, section 15G.4, the pre-trip SLB-OC dose analysis considers the
dose consequences of inhalation, immersion, and radiation shine from the environmental (or
outside) cloud, and the control room emergency HVAC filters.

Consistent with RG 1.183 Regulatory Position 4.4, as an AST dose analysis acceptance criterion
the postulated control room dose is evaluated to ensure that that it does not exceed the 5 Rem
TEDE criterion established in 10 CFR 50.67.

15.1.3.1.1.5.5 Pre-Trip SLB-OC Dose Consequences

The resulting pre-trip SLB-OC offsite and control room operator doses are listed in table
15.1-14b. The analysis demonstrates that the SLB event 25 Rem TEDE radiological criterion for
the EAB and for the outer boundary of the LPZ is met. The analysis also demonstrates that the
SLB event 5 Rem TEDE radiological criterion for the control room is met.

TABLE 15.1-14b
PRE-TRIP SLB-OC DOSE CONSEQUENCES

ACCEPTANCE
PRE-TRIP SLB-OC CRITERION

DOSE RECEPTOR DOSE (REM TEDE) (REM TEDE)
Control Room (30-day accident duration) 2.2 5
EAB (Maximum 2-hour dose -- 0.0 to 2.0 hours) 4.1 25
LPZ (30-day accident duration) 0.1 25

15.1.3.1.2 Post-Trip Return-To-Power Analysis

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.1.3.1.2.1 Identification of Causes and Frequency Classification

The estimated frequency of a steam line break classifies it as limiting fault as defined in reference
1 of section 15.0. A steam line break is defined as a pipe break in the main steam line.
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15.1.3.1.2.2 Sequence of Events and System Operation

The increased steam flow resulting from a pipe break in the main steam system causes an
increased energy removal from the affected steam generator, and subsequently the RCS, which
results in a reduction of the reactor coolant temperature and pressure. In the presence of a
negative moderator temperature coefficient, this cooldown causes an increase in core reactivity.
The reactor trips which may occur due to a steam line break, assuming no loss of offsite ac
power, are low steam generator pressure, low steam generator water level, high linear power
level, and high containment pressure. For cases that assume a concurrent loss of offsite ac
power, a reactor trip may also be caused by a steam generator AP low flow trip or by a low
DNBR trip initiated by the core protection calculators. For any reactor trip, the control rod
assembly of maximum worth is conservatively assumed to be held in the fully withdrawn
position. In all cases, a low steam generator pressure signal would also initiate a main steam
isolation signal (MSIS) which begins closure of the main steam isolation valves (MSIV) and
main feedwater isolation valves (MFIV). The reduction of the RCS pressure empties the
pressurizer and initiates a safety injection actuation signal (SIAS). The emptying of the steam
generator associated with the ruptured steam line and the initiation of safety injection boron
causes the core reactivity to decrease. A parametric review of the single failures that could occur
during the SLB transient has determined that the failure of one of the high-pressure safety
injection (HPSI) pumps to start subsequent to the SIAS has the most adverse effect.
Consequently, one HPSI pump is assumed to fail. The operator, via the appropriate emergency
procedure, may initiate plant cooldown by manual control of the atmospheric steam dump valves,
or the MSIV bypass valves associated with the intact steam generator, anytime after reactor trip
occurs. This analysis assumes operator action is delayed until 30 minutes after first indication of
the event. The plant is then cooled to 350F at which point shutdown cooling is initiated.

Five return-to-power event scenarios are examined to determine their consequences. These
scenarios are:

A. Inside containment, hot full power, double ended steam line break with concurrent loss
of offsite ac power.

B. Inside containment, hot full power, double ended steam line break with no loss of
offsite ac power.

C. Inside containment, hot zero power, double ended steam line break with concurrent
loss of offsite ac power.

D. Inside containment, hot zero power, double ended steam line break with no loss of
offsite ac power.
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E. Outside containment, hot zero power, double ended steam line break with concurrent
loss of offsite ac power.

Case A (inside containment, hot full power with LOAC) results in the most severe cooldown and
thus the greatest potential for a return-to-power. This case was reanalyzed for cycle 3. The other
cases were evaluated using cycle 3 data and, as expected, were found to be less limiting than
Case A, so that new analyses were not required. Thus, Cases B through D presented below use
cycle I data.

Case E (outside containment, hot zero power, with LOAC) results in the greatest mass release to
atmosphere, and so is the most adverse in terms of radiological release. The mass release for this
case bounds cycles 2 and 3. The SLBs occurring outside containment have break areas limited
by the area of flow restrictors (4.13ft2) which are located upstream of containment penetrations.

The sequence of events following a steam line break until stabilization of the plant for five cases
representing the most adverse potential for core damage due to post-trip return-to-power and the
most adverse radiological consequences, are presented in tables 15.1-15 through 15.1-19.

15.1.3.1.2.3 Core and System Performance

15.1.3.1.2.3.1 Mathematical Model

The NSSS response to a steam line break was simulated using the CESEC In computer program
described in section 15.0. The thermal margin to DNB was calculated using the TORC and
CETOP computer program described in section 15.0, with the CE-I CHF correlation described in
chapter 4. Additionally, the MacBeth correlation (reference 4) as expended by Lee (reference 5)
was used to evaluate low flow steam line break thermal margins (see appendix 15E).

15.1.3.1.2.3.2 Input Parameters, Initial Conditions and Analysis Assumptions

The input parameters and initial conditions used to analyze the NSSS response to a steam line
break representing the most adverse potential for core damage due to post-trip return-to-power
are listed in tables 15.1-20 through 15.1-23. Table 15.1-20 reflects the cycle 3 analysis, and thus
is based on cycle 3 data. Tables 15.1-21 through 15.1-23 are based upon cycle 1 data. The text
following describes the assumptions utilized in the cycle 3 analysis, but are generally the same
assumptions as utilized in cycle 1. The initial conditions for the principal process variables
monitored by the COLSS were varied within the reactor operating space given in table 15.0-4 to
determine the set of conditions that produces the most adverse consequences following a steam
line break. Various combinations of initial core inlet temperature, core inlet flowrate, pressurizer
pressure, and axial power distribution were considered. Variation of the initial RCS pressure and
axial power distribution had only minor affects upon the transient. Decreasing the core inlet flow
initiates the transient at a higher average coolant temperature and produces a larger cooldown of
the reactor coolant; consequently, causing a larger reactivity increase due to the moderator
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reactivity function. Increasing the core inlet temperature produces a moderator cooldown over a
more adverse portion of the moderator reactivity function, resulting in a larger reactivity increase
during cooldown. Previous parametric analyses performed for the Arkansas Nuclear One Unit 2
FSAR steam line break accident indicate that variations in the decay heat rate assumed as large as
20% have an insignificant effect on the initial consequences. (See the Arkansas Nuclear One
Unit 2 FSAR, Amendment 32, and the response to Arkansas FSAR Question 214.32.)

Table 15.1-15
SEQUENCE OF EVENTS FOR A STEAM LINE BREAK AT HOT FULL POWER

INSIDE CONTAINMENT WITH DOUBLE-ENDED RUPTURE OF THE STEAM LINE
AND CONCURRENT LOSS OF OFFSITE AC POWER

(CASE A)

Time
(Seconds) Event

0.0 Double-ended guillotine break in a main steam line with concurrent LOAC,
reactor coolant pumps begin to coast down

2.4 Reactor trip signal generated on low steam generator pressure, main steam
isolation signal

2.8 Trip breakers open
3.1 CEAs begin to drop
3.3 MSIVs begin to close
13.3 MSIVs closed(')
17.3 Pressurizer empties
17.7 Safety injection actuation signal generated on low pressurizer pressure
48.9 Safety injection pumps reach full speed
109.8 Affected steam generator empties
132.6 Maximum post-trip power
139.1 Minimum post-trip McBeth DNBR
141.2 Maximum post-trip reactivity

1800.0 Plant cooldown initiated by manual control of the atmospheric steam dump
valves for the intact steam generator

(a) See Table 15.1-16, Note (a).
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Table 15.1-16
SEQUENCE OF EVENTS FOR A STEAM LINE BREAK AT HOT FULL POWER

INSIDE CONTAINMENT WITH DOUBLE-ENDED RUPTURE OF THE STEAM LINE
AND NO LOSS OF OFFSITE AC POWER

(CASE B)

Time Event
(Seconds)

0.0 Steam line break upstream of the main steam isolation valve initiated
2.2 Low steam generator pressure trip signal and MSIS initiated; main steam

isolation valves begin to close; feedwater isolation valves begin to close
2.7 Trip breakers open
2.9 Shutdown CEAs begin dropping into the core
7.2 MSIVs closed(a)

7.4 Pressurizer empties
12.7 Low RCS pressure initiates SIAS
22.2 MFIVs closed
23.7 High-pressure safety injection pump reaches full speed
50.0 Safety injection boron begins to reach core
52.4 Affected steam generator empties

1,800.0 Plant cooldown initiated by manual control of the atmospheric steam dump
valves for the intact steam generator

13,240.0 Reactor coolant system temperature has dropped to point of initiation of
shutdown cooling system

(a) The MSIV closure time of 5 seconds, shown in this table and in Tables 6.2-16, 15.1-1,
15.1-17, 15.1-18, and 15.1-19, was assumed in the original analyses for main steam flow
under accident conditions. The analyses for the worst case steam line break scenarios inside
and outside containment were evaluated as part of the Cycle 2 and 3 Reload Analyses
Reports (RARs) for effects of these scenarios on the RCS. These evaluations
conservatively assumed a 10 second MSIV closure time. The 10 second closure time is
shown in Tables 15.1-13 and 15.1-15. However, the MSIV closure time is limited to 8
seconds from receipt of the closure signal by the Chapter 6 containment pressure analysis
associated with the worst case main steam line break (see note (a) to Table 6.2-16). The
Technical Specifications, therefore, require full MSIV closure within 8 seconds.
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Table 15.1-17
SEQUENCE OF EVENTS FOR A STEAM LINE BREAK AT HOT ZERO POWER

INSIDE CONTAINMENT WITH DOUBLE-ENDED RUPTURE OF THE STEAM LINE
AND CONCURRENT LOSS OF OFFSITE AC POWER

(CASE C)

Time Event
(Seconds)

0.0 Steam line break upstream of the main steam isolation valve initiated; loss
of offsite ac power occurs.

2.4 Low steam generator pressure trip signal and MSIS initiated; main steam
isolation valves begin to close; feedwater isolation valves begin to close.

2.8 Trip breakers open.
3.1 Shutdown CEAs begin dropping into the core.
7.4 MSIVs closed.(a)

8.6 Pressurizer empties.
10.2 Low RCS pressure initiates SIAS.
21.2 High-pressure safety injection pump reaches full speed.
22.4 MFIVs closed.
44.9 Safety injection boron begins to reach the core.
147.8 Affected steam generator empties.
187.2 Pressurizer liquid level re-established.

1,800.0 Plant cooldown initiated by manual control of the atmospheric steam dump
valves for the intact steam generator.

(a) See Table 15.1-16, Note (a).
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Table 15.1-18
SEQUENCE OF EVENTS FOR A STEAM LINE BREAK AT HOT ZERO POWER

INSIDE CONTAINMENT WITH DOUBLE-ENDED RUPTURE OF THE STEAM LINE
AND NO LOSS OF OFFSITE AC POWER

(CASE D)

Time Event
(Seconds)

0.0 Steam line break upstream of the main steam isolation valve initiated.
2.4 Low steam generator pressure trip signal and MSIS initiated; main steam

isolation valves begin-to close; feedwater isolation valves begin to close.
2.8 Trip breakers open.
3.1 Shutdown CEAs begin dropping into the core.
7.4 MSIVs closed.(a)
7.9 Pressurizer empties.
9.3 Low RCS pressure initiates SIAS.

20.3 High-pressure safety injection pump reaches full speed.
22.4 MFIVs closed.
29.2 Safety injection boron begins to reach the core.
173.2 Affected steam generator empties.
173.5 Pressurizer liquid level re-established.

1,800.0 Plant cooldown initiated by manual control of the atmospheric steam dump
valves for the intact steam generator.

(a) See Table 15.1-16, Note (a).
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Table 15.1-19
SEQUENCE OF EVENTS FOR A STEAM LINE BREAK AT HOT ZERO POWER

OUTSIDE CONTAINMENT WITH DOUBLE-ENDED RUPTURE OF THE STEAM LINE,
CONCURRENT LOSS OF OFFSITE AC POWER, AND BLOWDOWN RESTRICTED

BY FLOW VENTURI IN THE MAIN STEAM LINE
(CASE E)

Time Event
(Seconds)

0.0 Steam line break upstream of the main steam isolation valve initiated; loss
of offsite ac power occurs

4.3 Low steam generator pressure trip(a) signal and MSIS initiated; main steam
isolation valves begin to close; feedwater isolation valves begin to close

4.7 Trip breakers open
5.0 Shutdown CEAs begin dropping into the core
9.3 MSIVs closed(b)

15.4 Pressurizer empties
17.8 Low RCS pressure initiates SIAS
24.3 MFIVs closed
28.8 High-pressure safety injection pump reaches full speed
50.0 Safety injection boron begins to reach the core

539.4 Affected steam generator empties
1,800.0 Plant cooldown initiated by manual control of the atmospheric steam dump

valves for the intact steam generator
16,920.0 Reactor coolant system temperature has dropped to point of initiation of

shutdown cooling system
23,635.0 Reactor coolant system temperature reaches 212F

(a) Steam generator AP low flow trip would also have occurred.

(b) See Table 15.1-16, Note (a).
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Table 15.1-20
ASSUMPTIONS FOR A STEAM LINE BREAK AT HOT FULL POWER INSIDE

CONTAINMENT WITH DOUBLE-ENDED RUPTURE OF THE STEAM LINE AND
CONCURRENT LOSS OF AC POWER

(CASE A)

Parameter I Assumption
Initial core power level, MWt
Core inlet coolant temperature, F
Core mass flowrate, gpm
Reactor coolant system pressure, psia
Steam generator pressure, psia
Doppler coefficient multiplier
Moderator coefficient multiplier, 104 Ak/k/F
CEA worth for trip, %Ap
Steam bypass control system
Pressurizer pressure control system
High pressure safety injection pumps
Core burnup
Blowdown fluid
Break area, ft

2

3,478
560

356,400
2,300
976
1.15
-3.3

-8.28
Inoperative
Inoperative

One pump inoperative
End of third cycle

100% steam
7.41
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TABLE 15.1-21
ASSUMPTIONS FOR A STEAM LINE BREAK AT HOT FULL POWER INSIDE

CONTAINMENT WITH DOUBLE-ENDED RUPTURE
OF THE STEAM LINE AND NO LOSS OF AC POWER

(CASE B)

Parameter Assumption
Initial core power level, MWt 3,478
Core inlet coolant temperature, F 560
Core mass flowrate, 106 Ibm/hr 132.2
Reactor coolant system pressure, psia 2,000
One pin radial peaking factor, with uncertainty 1.3
Initial core minimum DNBR 1.29
Steam generator pressure, psia 949
Doppler coefficient multiplier 1.15
Moderator coefficient multiplier, 104 Ak/k/F 1.10
CEA worth for trip, %Ap -8.55
Steam bypass control system Inoperative
Pressurizer pressure control system Inoperative
High pressure safety injection pumps One pump inoperative
Core burnup End of first cycle
Blowdown fluid 100% steam
Break area, ft2 7.41
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Table 15.1-22
ASSUMPTIONS FOR A STEAM LINE BREAK AT HOT ZERO POWER INSIDE

CONTAINMENT WITH DOUBLE-ENDED RUPTURE OF THE STEAM LINE
(CASES C AND D)

Parameter i Assumption
Initial core power level, MWt
Core inlet coolant temperature, F
Core mass flowrate, 106 ibm/hr
Reactor coolant system pressure, psia
Steam generator pressure, psia
Doppler coefficient multiplier
Moderator coefficient multiplier, 104 Ak/k/F
CEA worth for trip, %Ap
Pressurizer pressure control system
High pressure safety injection pumps
Core burnup
Blowdown fluid
Blowdown area, ft2

Decay heat

1.0
545

129.6
2000
1003
1.0
1.1

-4.45
Inoperative

One pump inoperative
End of first cycle

100% steam
7.41

Zero power
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Table 15.1-23
ASSUMPTIONS FOR A STEAM LINE BREAK AT HOT ZERO POWER OUTSIDE

CONTAINMENT WITH DOUBLE-ENDED RUPTURE OF THE STEAM LINE,
CONCURRENT LOSS OF OFFSITE AC POWER, AND BLOWDOWN

RESTRICTED BY FLOW VENTURI IN THE MAIN STEAM LINE
(CASE E)

Parameters Assumption
Initial core power level, MWT
Core inlet coolant temperature, F
Core mass flowrate, 106 ibm/hr
Reactor coolant system pressure, psia
Initial core minimum DNBR
Steam generator pressure, psia
Doppler coefficient multiplier
Moderator coefficient multiplier, 10.4 Ak/k/F
CEA worth for trip, %Ap
Pressurizer pressure control system
High-pressure safety injection pumps
Core burnup
Blowdown fluid
Blowdown area, ft2

Decay heat

1.0
542

132.2
2,000
1.29

1,003
0.85
1.10

-4.45
Inoperative

One pump inoperative
End of first cycle

100% steam
4.13

Full power
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A. Conservative assumptions regarding initial plant conditions and postulated system
failures include:

1. End-of-cycle core conditions to yield the most negative moderator temperature
coefficient, void coefficient, and Doppler coefficient.

2. Loss of offsite ac power to the plant at the most adverse time. The most adverse
time for the loss of offsite ac power to occur was found to be coincident with the
steam line break. The main effect of loss of offsite ac power is reactor coolant
pump coastdown. The consequences of the resultant reactor coolant flow
coastdown are discussed in more detail under item I, following.

3. The CEA of maximum worth stuck in the fully withdrawn position after reactor
trip.

4. A failure of one HPSI pump as the worst single active component failure.

5. Feedwater flow at the start of the transient corresponds to initial steady-state
operation.

B. Feedwater flow is automatically reduced from 100% to zero% in 20 seconds following
the low steam generator pressure trip by closure of the feedwater isolation valves.

C. Conservative assumptions regarding parameters used in the analysis include:

1. 100% quality steam with no moisture carryover during the steam generator
blowdown to yield the maximum energy removal.

2. A 15% increase for the slope of the Doppler reactivity versus fuel temperature
function to assure that the calculation of the reactivity increase due to cooldown of
the fuel from its nominal temperature is conservative.

3. A 10% increase for the scope of the moderator reactivity versus coolant
temperature function to assure that the calculation of the reactivity increase due to
cooldown of the moderator is conservative.

4. Moderator reactivity based upon the coldest of the coolant temperatures entering
the core after a conservatively small amount of mixing in the lower plenum.

5. Only a fraction of the predicted negative reactivity feedback due to voiding in the
core is credited in the reactivity balance.
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D. Assumptions considered as to the worst single active component failure include:

I Single Failures Which Might Prevent Closure of the Main Steam Isolation Valves
or the Main Feedwater Isolation Valves After MSIS

The design features of these valves and their actuation systems reduce the
probability of failure to close to a level which precludes consideration of failure to
close during a steam line break. Nevertheless, should either MSIV fail, isolation
of the intact steam generator is provided by the downstream main steam system
piping and valves. All branch lines downstream of the MSIVs to and including
the turbine stop valves have valves which are either normally closed or which will
close on a turbine trip.

2. Failure of the Turbine Stop Valves to Close after Reactor Trip

This failure does not have a significant effect because main steam isolation valve
closure begins within 2 seconds following reactor trip for all cases. The isolation
valves are fully closed within 10 seconds after MSIS.

3. Failure of One Diesel Generator to Start after Loss of Offsite AC Power

The main effect of one diesel generator failure on the steam line break post-trip
return to power analysis is that the associated HPSI pump will be lost. Therefore,
diesel generator failure is covered by the assumed failure of a HPSI pump.

4. Failure of a Steam Generator Relief Valve to Close

Failure of a steam generator relief valve was considered as a possible failure that
would cause increased blowdown following a steam line break. The only credible
single active component failure that can be postulated is failure of a relief valve
connected to the intact steam line to close after the valve has opened due to high
pressure in the steam line. However, high pressure in the steam line does not
occur during the blowdown portion of the transient. Therefore, this failure does
not increase blowdown and will have no impact on results presented here.

5. Failure of a High-Pressure Safety Injection Pump to Start Following a Safety
Injection Actuation Signal

Failure of a high-pressure safety injection pump increases the potential for a
post-CEA insertion return-to-power during the steam line break transient. Note
also the discussion under item J, following.

15-1-60 Rev: 28



San Onofre 2&3 FSAR
Updated

INCREASE IN HEAT REMOVAL BY THE
SECONDARY SYSTEM (TURBINE PLANT)

6. Single Failure Which Might Cause the EFAS to Send Emergency Feedwater to the
Wrong Steam Generator

Based on the design of the engineered safety features actuation system (ESFAS -
EFAS portion) described in paragraph 7.3.1.1.6, the failure modes and effects
analysis provided in table 7.2-5, no single credible failures will cause the EFAS to
send emergency feedwater to the wrong steam generator.

Single failures that could potentially contribute to an increase in the steam
generator blowdown are discussed in items 1, 2, and 4. During the time interval
from the postulated rupture of the main steam line to when the main steam
isolation valves close, steam is released from both steam generators. However, no
credible single failure concurrent with the rupture of a main steam line will result
in the complete blowdown of both steam generators, or a greater steam release
than that considered for the analyses presented here.

The worst single active component failure was the failure of one HPSI pump to
start, delaying the time for safety injection boron to reach the reactor core.

E. Borated water due to safety injection is pumped into the RCS at the cold legs. The
borated water flow is assumed to mix homogeneously with the cold leg flow, and the
two cold leg flows are assumed to mix homogeneously in the reactor vessel lower
plenum.

F. For loss of offsite power cases, the flow coastdown during the initial phases is
calculated by CESEC based upon pump inertia and system resistance. The flow during
the return-to-power phase of the transient is determined by the establishment of natural
circulation based upon heat generation in the core, removal in the steam generators and
primary system resistances.

G. Flow from the affected steam generator for outside containment breaks is limited by
either steam flow restrictor venturi FE 1011 or FE 1021 in the main steam lines. These
venturis are designed in accordance with Seismic Category I, ASME Section III, Class
2, and Quality Class 2 requirements. The placement of the venturis is shown on figures
3.6A-6 and 3.6A-7.

H. The steam line break power transient is insensitive to the changes in initial steam
generator inventory from the nominal value. This was determined by a parametric
study performed during cycle 1 which is discussed below. Figure 15.1-39 shows the
core power transient at full power with concurrent loss of ac power, initiated at steam
generator water mass inventories of 198,700 ibm, 176,000 Ibm, and 106,900 Ibm.
These masses correspond to steam generator levels associated with high-level trip,
nominal full-power operating conditions, and low-level alarm, respectively. Figure
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15.1-40 presents the maximum post trip reactivity as a function of initial steam
generator mass inventory for the zero power steam line break cases (nozzle break),
with failure of one high-pressure safety injection pump both with and without loss of
offsite power. The endpoints of the curves are masses corresponding to the low steam
generator level alarm setpoint and the high steam generator level trip setpoint. The
negative slope of the curves arises from the increase in negative safety injection
reactivity with increasing initial steam generator mass. The figure demonstrates that a
subcritical margin is maintained for all steam line breaks initiated from zero power.
The steamline break cases presented in this section were initiated at steam generator
water mass inventories corresponding to the nominal operating values of 176,000 Ibm
and 270,000 Ibm for full power and zero power, respectively.

The effects of shutting off reactor coolant pumps at various times were studied. This
was determined by a parametric study performed during cycle 1 which is discussed
below. The effect of reactor coolant pumps shutoff following SIAS is illustrated for a
large SLB initiated at full load conditions by the reactivity and heat flux transients
presented in figures 15.1-41 and 15.1-42, respectively. In each figure, the transients
presented in this section--no reactor coolant pumps coastdown (solid line) and reactor
coolant pumps coastdown at time zero (dotted line)-- are provided together with the
transient (dashed line) resulting from reactor coolant pumps coastdown initiated at the
time which causes the maximum post-trip return to power: 20 seconds after initiation
of the transient (SIAS occurs at 13 seconds). Figure 15.1-41 shows that the transient
total reactivity is bounded by the case presented in this section: reactor coolant pumps
coastdown initiated at time zero. The timing of the reactivity peak causes the
maximum, post-trip heat flux (figure 15.1-42) to be slightly higher for the transient
resulting from reactor coolant pumps coastdown initiated at 20 seconds than for either
of the cases presented in the FSAR. This difference in post-trip heat flux is not
sufficient to alter the conclusions presented in this section.

J. The effect of all valves and pumps which have their power locked out during the plant
startup or cooldown was considered. The hot leg injection valves HV-9420 and
HV-9434 and the spare HPSI pump are the only ECCS components that may have their
power locked out during plant startup or cooldown operations. The spare HPSI pump
serves no safety function and no credit is taken for the operability of the spare pump in
the safety analysis. Therefore, the spare pump does not require restoration of power to
mitigate the consequences of a steam line break. The hot leg injection valves require
restoration of power 2 to 4 hours after a steam line break, as discussed in paragraph
6.3.1.4.2.
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15.1.3.1.2.3.3 Results

A. Case A Results

The dynamic behavior of the salient NSSS parameters following a double ended steam
line break inside containment at hot full power with a concurrent loss of offsite ac
power is presented in figures 15.1-43 through 15.1-48. This case, presented in the
Cycle 3 reload analysis report, represents the closeout approach to the SAFDLS for the
current cycles.

The action of the CPCs to trip the reactor is not credited due to the inside containment
break location. At 2.4 seconds a low steam generator pressure trip condition exists.
The reactor trip breakers open at 2.8 seconds and the CEAs begin to drop into the core
at 3.1 seconds. By 3.3 seconds, the main steam isolation valves (MSIVs) begin to
close and they are fully closed by 13.3 seconds. The pressurizer has emptied by 17.3
seconds and pressurizer pressure has fallen to the safety injection actuation signal
setpoint by 17.7 seconds. It is conservatively assumed at this point that diesel
generators, in response to the LOAC at time zero, have not already sequenced the HPSI
pumps, and so those pumps do not reach full speed until 48.9 seconds.

The affected steam generator is predicted to empty at 109.8 seconds. Due to the
excessive cooling of the tubes in the affected generator, the overall RCS cooling
continues until the 135 second time frame. The maximum post-trip return-to-power is
seen to occur at 132.6 seconds. The value of this maximum power is 8.3% of rated.
The minimum post-trip MacBeth DNBR occurs at 139.1 seconds with a value greater
than the 1.30 SAFDL. The closest approach to criticality occurs at 141.2 seconds with
the core remaining subcritical by -.078% Ap.

Plant recovery from the hot full power, inside containment steam line break with
concurrent loss of offsite ac power is similar to the other post-trip return-to-power
cases presented.

The maximum RCS pressure does not exceed 110% of design pressure following a
steam line break, thus assuring the integrity of the RCS. The steam generator tube
design differential pressure is 2500 psia. The primary-to-secondary differential
pressure does not exceed 110% of the design value during the first 30 minutes. After
30 minutes, it is assumed that the operator will initiate cooldown of the RCS, thereby
decreasing the primary-to-secondary differential pressure. The primary-to-secondary
differential pressure in the affected and unaffected steam generators with respect to
time is presented in figure 15.1-49. No fuel damage occurs as a result of post-trip
return to power.
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The first 15 seconds of the dynamic behavior of the salient nuclear and
thermal-hydraulic parameters, following a double-ended steam line break inside
containment at full power with a concurrent loss of offsite ac power, is presented in
figures 15.1-50 through 15.1-62 for BOC and figures 15.1-63 through 15.1-75 for
EOC. At no time during the transient does the RCS pressure exceed 110% of design
pressure, thus assuring the integrity of the RCS.

B. Case B Results

The dynamic behavior of the salient NSSS parameters following a double-ended steam
line break inside containment at full power with no loss of offsite ac power is presented
in figures 15.1-76 through 15.1-87. The plots of the core coolant density and average
fuel temperature are presented in figures 15.1-88 and 15.1-89. The densities are for the
cold edge of the core for consistency with the steam line break moderator reactivity
calculation. The case represents the most adverse potential for fuel damage due to a
possible return-to-power after reactor trip.

At 2.2 seconds after initiation of the steam line break, the affected steam generator
pressure drops below the low steam generator pressure trip setpoint of 675 psia and
initiates a MSIS. The MSIVs close at 7.2 seconds. (See Note provided for Table
15.1-16) At 7.4 seconds the pressurizer empties. At 12.7 seconds the RCS pressure
drops below the low pressurizer pressure trip setpoint of 1560 psia and initiates a
SIAS. At 22.2 seconds the MFIVs close. The HPSI pump reaches full speed at 23.7
seconds and safety injection boron begins to reach the core at 50.0 seconds. At 55
seconds, a peak return-to-power of 9.9%, which is only 5% above the power level that
would have existed if the total reactivity had not increased during the transient. At
52.4 seconds the steam generator associated with the ruptured steam line empties. At
55.8 seconds the core reactivity begins to decrease. At a maximum of 30 minutes the
operator, via the appropriate emergency procedures, initiates plant cooldown by
manual control of the MSIV bypass valves associated with the intact steam generator.
At approximately 4 hours the RCS reaches 350F at which time shutdown cooling is
initiated.

The maximum RCS pressure does not exceed 110% of design pressure following a
steam line break, thus assuring the integrity of the RCS. The steam generator tube
design differential pressure is 2500 psia. The primary-to-secondary differential
pressure does not exceed 110% of the design value during the first 30 minutes. After
30 minutes, it is assumed that the operator will initiate cooldown of the RCS, thereby
decreasing the primary-to-secondary differential pressure. The primary-to-secondary
differential pressure in the affected and unaffected steam generators with respect to
time is presented in figure 15.1-90. No fuel damage occurs as a result of post-trip
return to power.
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The first 15 seconds of the dynamic behavior of the salient nuclear and
thermal-hydraulic parameters, following a double-ended steam line break inside
containment at full power with no loss of offsite ac power are presented in figures
15.1-91 through 15.1-103 for BOL conditions and in figures 15.1-104 through
15.1-116 for EOC 1.

At no time during the transient does the RCS pressure exceed 110% of design pressure,
thus assuring the integrity of the RCS. Likewise the minimum value of the DNBR is
not less than the DNBR limit of 1.31.

C. Case C Results

Dynamic behavior of the salient NSSS parameters following a hot zero power steam
line break inside containment with a concurrent loss of offsite ac power is presented in
figures 15.1-117 through 15.1-129.

The RCS pressure does not exceed 110% of design pressure, thus assuring the integrity
of the RCS. Posttrip criticality does not occur, thus assuring that the minimum DNBR
does not violate the DNBR limit of 1.31.

D. Case D Results

Dynamic behavior of the salient NSSS parameters following a hot zero power steam
line break inside containment without loss of offsite ac power is presented in figures
15.1-130 through 15.1-142.

The RCS pressure does not exceed 110% of design pressure, thus assuring the integrity
of the RCS. Posttrip criticality does not occur, thus assuring that the minimum DNBR
does not violate the DNBR limit of 1.31.

E. Case E Results

Dynamic behavior of the salient NSSS parameters following a hot zero power steam
line break outside containment with a concurrent loss of offsite power as well as
radiological consequences are discussed in section 15.1.3.1.2.4, Barrier Performance.

15.1.3.1.2.4 Barrier Performance

15.1.3.1.2.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.1.3.1.2.3.
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15.1.3.1.2.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are
identical to those described in paragraph 15.1.3.1.2.3 with the exception of any assumptions
listed below.

The most adverse mass release and radiological consequences following a steam line break occur
for a double-ended steam line break outside containment at hot zero power conditions with a
concurrent loss of offsite ac power where the transient is initiated shortly after a shutdown from
full power. The hot zero power conditions assure the maximum water inventory in the steam
generators, and the shutdown from full power assures the maximum decay heat which must be
removed by manual control of the atmospheric steam dump valves associated with the intact
steam generator, assuming that offsite ac power cannot be restored before or during the cooldown
period. For the outside containment steam line break case, the blowdown rate of the steam
generators is restricted by the presence of flow venturis located in the main steam lines.

Assumptions regarding initial plant conditions different from those of paragraph 15.1.3.1.2.3
include: (1) no load on the steam turbine and consequently a larger initial mass inventory in the
steam generators; and (2) feedwater flow is assumed to match energy input by the reactor coolant
pumps and the 1 MWt core power.

Conservative assumptions regarding the hot zero power steam line break analysis different from
those of paragraph 15.1.3.1.2.3 include the use of a full power decay heat versus time curve for
calculation of the energy to be removed from the RCS during plant cooldown.

15.1.3.1.2.4.3 Results

The dynamic behavior of the salient NSSS mass release parameters following a double-ended
steam line break outside of containment at hot zero power, shortly after shutdown from full
power, with a concurrent loss of offsite ac power and blowdown of the steam generators
restricted by a flow venturi in each main steam line, is presented in figures 15.1-143 through
15.1-152. Figures 15.1-147 through 15.1-149 provide the limiting mass releases and figures
15.1-153 and 15.1-154 provide the coolant density and average fuel temperature. A DNBR vs.
time curve is not provided since the heat flux does not exceed 3.1% of full power heat flux
during the transient. This case maximized the mass releases and radiological consequences to
the environment.

At a maximum 30 minutes after initiation of the steam line break, the operator, via the
appropriate emergency procedures, begins plant cooldown by manual control of the atmospheric
steam dump valves, assuming that offsite ac power has not been restored. At this time, no more
than 308,600 pounds of steam with a decontamination factor (DF) of 1.0 will have been
discharged through the steam line break. Approximately 1,120,000 pounds of steam with a DF
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of 10 will have been discharged through the atmospheric steam dump valves associated with the
intact steam generator during the 4.2-hour cooldown of the plant to a reactor coolant temperature
of 350F. The primary-to-secondary leakage to the steam generator associated with the ruptured
steam line is conservatively assumed to be the entire 1 gal/min; i.e., the Technical Specification
value. The total steam released to the environment will have been approximately 1,430,000
pounds.

The steam generator tube design differential pressure is 2500 psid. The primary-to-secondary
differential pressure does not exceed 110% of the design value during the first 30 minutes.
Therefore the integrity of the RCS remains intact. The RCS pressure also does not exceed 110%
of design criteria thus further assuring the integrity of RCS. After 30 minutes it is assumed that
the operator will initiate cooldown of the RCS, thereby decreasing the primary-to-secondary
differential pressure.

During this transient, post-trip criticality does not occur, thus assuring that the minimum DNBR
does not violate the DNBR limit of 1.31.

15.1.3.1.2.5 Radiological Consequences

The steam line breaks examined for cycle 1 have no predicted fuel rod failures, and therefore the
radiological consequences for these events are dominated by the release of initial secondary and
primary activities. This section presents the radiological releases calculated with: (1) no iodine
spike during the event; (2) a pre-existant iodine spike; (3) an event induced iodine spike; and (4)
a realistic calculation.

15.1.3.1.2.5.1 Design Basis - Method of Analysis - No Iodine Spike

A. Design Basis - Physical Model (No Iodine Spike)

To evaluate the radiological consequences due to a postulated main steam line break
(outside containment), it is assumed that there is a complete severance of a main steam
line outside the containment with the plant in a hot zero power condition where the
transient is initiated shortly after full-power operation. It is also assumed that there is a
simultaneous loss of offsite power. The hot zero power condition assures the
maximum water inventory in the steam generators and the shutdown from full power
(in conjunction with the loss of offsite power) assures the maximum decay heat which
must be removed by manual control of the atmospheric dump valve associated with the
intact steam generator.

The main steam isolation valves are installed in the main steam lines from each steam
generator downstream from the safety relief valves and atmospheric dump valves
outside containment. The severance of the main steam line is assumed to be upstream
of the main steam isolation valve. A reactor trip is actuated by a low steam generator
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pressure signal. A main steam isolation signal (MSIS) is actuated to shut the main
steam isolation valves from both steam generators. The affected steam generator
(steam generator connected to the severed steam line) blows down completely. The
steam is vented directly to the atmosphere. The atmospheric dump valve of the
unaffected steam generator is used to initiate a 75F/h cooldown of the reactor coolant
system 1800 seconds after initiation of the accident. The steam is vented directly to the
atmosphere. Mass release from the unaffected steam generator is terminated when the
shutdown cooling system is initiated at a reactor coolant system temperature of 350F.

The sequence of events for this accident is presented in table 15.1-19.

B. Design Basis (No Iodine Spike) - Assumptions, Parameters, and Calculational Methods

The major assumptions, parameters, and calculational methods used in the design basis
analysis are presented in table 15.1-24. Additional clarification is provided as follows:

1. Reactor coolant activity

The reactor coolant equilibrium activity is based on long term operation at 105%
of the ultimate core power level of 3390 MWt (3390 MWt x 1.05 = 3560 MWt)
and 1% failed fuel. Source terms are listed in table 11.1-2. Reactor coolant
activity does not increase after the accident.

2. Secondary system activity

The activity in both steam generators is conservatively assumed to be equal to
0.1 j.Ci/g dose equivalent Iodine-131 (1-131). This activity is the limit presented
in the Technical Specifications.

3. Primary-to-secondary leakage

The primary to secondary leakage of 1 gal/min (Technical Specification limit) was
assumed to continue through the affected steam generator at a constant rate until
the reactor coolant system temperature reaches 212F. The calculated time until
this temperature is reached is 23,635 seconds.

4. Secondary releases to atmosphere

The calculated steam releases from the affected and unaffected steam generators
are presented in table 15.1-25.

C, Design Basis - Identification of Uncertainties and Conservatisms in the Evaluation of
the Results (No Iodine Spike)
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1. Reactor coolant equilibrium activities are based on 1% failed fuel, which is
greater by a factor of two to eight than that normally observed in past PWR
operation.

Table 15.1-24
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A MAIN STEAM LINE BREAK ACCIDENT (MSLBA) (Sheet 1 of 7)

Parameter Design Basis Realistic
Assumptions Assumptions

Data and assumptions used to estimate
radioactive source

General
Power level, MWT 1 1
Burnup End of cycle End of cycle
Percent of fuel perforated by the 0 0
accident

Reactor coolant activity before accident
No iodine spike Table 11.1-2 Table 11.1-3
Coincident (existing) iodine spike 60 p.Ci/g dose No spike

equivalent 1- 131
Iodine spike caused by accident Table 11.1-2 No spike

Reactor coolant activity after accident
No iodine spike Table 11.1-2 Table 11.1-3
Coincident (existing) iodine spike 60 pICi/g dose No spike

equivalent 1- 131
Iodine spike caused by accident Figure 15.1-155 No spike

Steam generator activity before accident 0.1 pCi/g dose Table 11.1-21
equivalent 1-131 (normal case)
(technical

I specification limit)
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Table 15.1-24
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A MAIN STEAM LINE BREAK ACCIDENT (MSLBA) (Sheet 2 of 7)

Parameter Design Basis Realistic
Assumptions Assumptions

Secondary mass inventory
ibm per S.G.

Liquid 260,380 260,380
Steam 9,814 9,814

Activity release
No iodine spike, Ci

0-2 8-hour 0-2 8-hour
Isotope hours duration hours duration
1-131 24.79 30.82 1.66x 10-' 5.07x 10-'
1-132 4.31 5.72 3.74x10 2  1.18x10-'
1-133 23.7 30.48 1.88x 10' 5.82x 10-'
1-134 0.48 0.933 1.61 x10-2  5.26x 10-2

1-135 6.51 9.05 7.79x 10-2  2.46x 10-'
Xe-131m 0.84 2.66 3.60x10-2  1.18x10l'
Xe-133 118 373.73 5.89 19.3
Xe-135m 0.39 1.23 4.25xl 0-3  1.40x10-2

Xe-135 3.26 10.32 1.15x 10' 3.76x 10-'
Xe-138 0.20 0.63 1.44x1 0-2  4.72x10-2

Kr-85m 0.83 2.62 7.20x 10-2  2.36x 10l
Kr-85 1.81 5.74 4.91x10-2  1.61x10'-
Kr-87 0.44 1.4 1.96x 10-2  6.44x 10-2

Kr-88 1.44 4.55 6.54x 10-2 2.15x10 1
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Table 15.1-24
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES OF

A MAIN STEAM LINE BREAK ACCIDENT (MSLBA) (Sheet 3 of 7)

Design Basis
Parameter Assumptions Realistic Assumptions

Coincident (existing) iodine
spike, Ci

Isotope 0-2 hour
1-131 37.29 No iodine spike
1-132 7.84 No iodine spike
1-133 39.43 No iodine spike
1-134 2.01 No iodine spike
1-135 13.42 No iodine spike
Xe-131m 0.84 No iodine spike
Xe-133 118 No iodine spike
Xe-135m 0.39 No iodine spike
Xe-135 3.26 No iodine spike
Xe-138 0.20 No iodine spike
Kr-85m 0.83 No iodine spike
Kr-85 1.81 No iodine spike
Kr-87 0.44 No iodine spike
Kr-88 1.44 No iodine spike
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Table 15.1-24
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES OF

A MAIN STEAM LINE BREAK ACCIDENT (MSLBA) (sheet 4 of 7)

Parameter Design Basis Realistic
Assumptions Assumptions

Iodine Spike cause by accident,
Ci

Isotope 0-2 hour
1-131 52.7 No iodine spike
1-132 12.2 No iodine spike
1-133 59.0 No iodine spike
1-134 3.90 No iodine spike
1-135 22.0 No iodine spike
Xe-131m 0.84 No iodine spike
Xe-133 118 No iodine spike
Xe-135m 0.39 No iodine spike
Xe-135 3.26 No iodine spike
Xe-138 0.20 No iodine spike
Kr-85m 0.83 No iodine spike
Kr-85 1.81 No iodine spike
Kr-87 0.44 No iodine spike
Kr-88 1.44 No iodine spike
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Table 15.1-24
PARAMETERS USED IN EVALUATION THE RADIOLOGICAL CONSEQUENCES

OF A MAIN STEAM LINE BREAK ACCIDENT (MSLBA) (Sheet 5 of 7)

ParmeerDesign BasisParameter Aesiguptsios 1 Realistic AssumptionsI AssumptIon

Data and assumptions used to
estimate activity released

General
Loss of offsite power
Credit for radioactive
decay in transit to dose
point

Affected steam generator
Primary-to-secondary
leakage rate, lb/d hot
conditions
Secondary mass release to
atmosphere (through
severed line), lbm
Mass of
primary-to-secondary
leakage (integrated for
23,635 seconds when
RCS temperature reaches
212F), lbm
Steam generator
decontamination factor
between steam and water
phase

Unaffected steam generator
Primary-to-secondary
leakage rate, lb/d

Yes
No

8,640 (1 gal/min)

270,287

2,363.5

1

0

Yes
No

100

270,287

2,363.5

1

0
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Table 15.1-24
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A MAIN STEAM LINE BREAK ACCIDENT (MSLBA) (Sheet 6 of 7)

Design Basis Realistic AssumptionsParameter Assumptions Is

Secondary mass release
to atmosphere, Ibm

Through severed line 38,284 38,284
before main steam
isolation valve is shut
Through steam dump 1,120,392 1,120,392
(integrated for 16,920
seconds when
shutdown cooling
initiated)

Steam generator
decontamination factor
between steam and water
phases

Through severed line
Noble gases 1 1
lodines 1 1

Through steam dump
Noble gases 1 1
lodines 10 100

Dispersion data
Distance to EAB, meters 576 576
Distance to LPZ outer 3,140 3,140
boundary, meters
Atmospheric dispersion factors 5% level X/Qs (table 50% level X/Qs (table

15B-4) 15B-4)
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Table 15.1-24
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A MAIN STEAM LINE BREAK ACCIDENT (MSLBA) (Sheet 7 of 7)

Parameter Design Basis Assumptions Realistic Assumptions
Dose data

Method of dose calculation Refer to appendix 15B Refer to appendix 15B
Dose conversions Refer to appendix 15B Refer to appendix 15B
assumptions

Table 15.1-25
MASS RELEASE - STEAM LINE BREAK ACCIDENT (Sheet 1 of 2)

Unaffected Steam Generator Affected Steam Generator
Steam Dump Valve Release Through Break Release Through Break

Time Release
(seconds) Flow Integrated Flow Integrated Flow Integrated

(Ibm/s) (Ibm) (Ibm/s) (Ibm) (Ibm/s) (Ibm)
0 0 0 7,008.0 0 8,026.0 0.0
2 0 0 5,758.0 12,813.8 6,417.7 14,495.3
4 0 0 4,862.1 23,426.0 5,305.2 26,202.2
6 0 0 3,346.3 32,305.6 4,516.8 36,106.2
8 0 0 1,247.3 37,209.2 3,941.1 44,640.2
10 0 0 0 38,284.1 3,509.9 52,149.5
20 0 0 0 38,284.1 2,372.8 80,853.8
30 0 0 0 38,284.1 1,789.4 101,561.9
40 0 0 0 38,284.1 1,409.5 117,500.7
50 0 0 0 38,284.1 1,138.3 130,232.1
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Table 15.1-25
MASS RELEASE - STEAM LINE BREAK ACCIDENT (Sheet 2 of 2)

Affected Steam
Unaffected Steam Generator Geneat

Generator

Time Steam Dump Valve Release Through Break Release Through Break(secnds)Release

Flow Integrated Flow Integrated Flow Integrated
(Ibm/s) (lbm) (Ibm/s) (Ibm) (Ibm/s) (Ibm)

60 0 0 0 38,284.1 925.9 140,554.6
70 0 0 0 38,284.1 748.5 148,941.2
80 0 0 0 38,284.1 588.5 155,647.4
90 0 0 0 38,284.1 469.2 160,904.5
100 0 0 0 38,284.1 397.7 165,224.7
200 0 0 0 38,284.1 241.8 193,883.0
300 0 0 0 38,284.1 219.4 216,752.6
400 0 0 0 38,284.1 197.5 237,621.7
500 0 0 0 38,284.1 177.9 256,323.1
540 0 0.0 0 38,284.1 0 270,287.0

1,800 74.1 0.0 0 38,284.1 0 270,287.0
2,000 74.1 14,820.0 0 38,284.1 0 270,287.0
5,000 74.1 237,120.0 0 38,284.1 0 270,287.0
10,000 74.1 607,620.0 0 38,284.1 0 270,287.0
15,000 74.1 978,120.0 0 38,284.1 0 270,287.0

16,920(a) 74.1 1,120,392.0 0 38,284.1 0 270,287.0
(aJ) Time at which reactor coolant system temperature reaches 350F and shutdown cooling

initiates

2. An 8640 lbm/d (1 gal/min at hot conditions) steam generator primary-to-
secondary leakage is assumed, which is greater by a factor of 50 to 200 than that
normally observed in past PWR operation.

3. The steam generator equilibrium activity for both steam generators is assumed to
be equal to the Technical Specification limit (0.1 pCi/g dose equivalent 1-13 1) for
the duration of the accident. This specific activity is greater than the normal
steam generator equilibrium activity (refer to table 11.1-21) by a factor of
approximately 1300.
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4. The meteorological conditions assumed to be present at the site during the course
of the accident are based on X/Q values which are expected to be conservative
95% of the time. This condition results in the poorest values of atmospheric
dispersion calculated for the exclusion area boundary or LPZ outer boundary.
Furthermore, no credit has been taken for the transit time required for activity to
travel from the point of release to the EAB or LPZ outer boundary. Hence, the
radiological consequences evaluated under these conditions will be conservative.

5. A conservative steam generator decontamination factor (DF) of 10 is used in the
cooldown phase (release to atmospheric dump valve).

D. Design Basis - Conclusions (No Iodine Spike)

1. Filter Loadings

The only ESF filtration system considered in the analysis which limits the
consequences of the main steam line break is the control room filtration system.
Activity loadings on the control room charcoal filter are based on the flowrate
through the filter, the concentration of activity at the filter inlet, and the filter
efficiency.

Activity loading on the control room filter has been designed for the more serious
LOCA. Since the control room filters are capable of accommodating the potential
design-basis LOCA fission product iodine loadings, more than adequate design
margin is available with respect to postulated main steam line break accident
releases.

2. Dose to an Individual at the Exclusion Area Boundary and the Outer Boundary of
the Low Population Zone

The potential radiological consequences resulting from the occurrence of a
postulated main steam line break have been conservatively analyzed, using
assumptions and models described in previous sections.

The beta-skin and the total body gamma dose due to immersion and the thyroid
dose due to inhalation have been analyzed for the 0 to 2 hour dose at the EAB and
for the duration of the accident at the outer boundary of the LPZ. The results are
listed in table 15.1-26. The resultant doses are small fractions of the guideline
values of 10CFRI00.
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15.1.3.1.2.5.2 Design Basis - Coincident (Existing) Iodine Spike and Main Steam Line Break

In this evaluation, a case with a coincident iodine spike which already exists due to a previous
power transient was considered. The mathematical models, assumptions, and parameters used in
this analysis were identical with the design basis main steam line break accident without an
iodine spike as described in paragraph 15.1.3.1.2.5.1 with the following exception:

The RCS inventory was assumed to be 60 ýiCi/g dose equivalent Iodine 131 vice the reactor
coolant inventory shown in table 11.1-2 which is based on 105% of design core power and 1%
failed fuel. This 60 ViCi/g is the Technical Specification limit for full power operation following
an iodine spike for periods of up to 48 hours. Radiological consequences are presented in table
15.1-26.

15.1.3.1.2.5.3 Design Basis - Iodine Spike Caused by the Main Steam Line Break

In this evaluation, a case with an iodine spike caused by the main steam line break accident was
evaluated for radiological consequences. The mathematical models, assumptions, and
parameters used in this analysis were identical with the design basis main steam line break
accident without an iodine spike as described in paragraph 15.1.3.1.2.5.1 with the following
exception:

Prior to the main steam line break accident, the RCS activity is based on 105% of design power
and 1% failed fuel.

This reactor coolant inventory is the same as used in paragraph 15.1.3.1.2.5.1, item B, listing 1.
However, at the initiation of the MSLB accident, the 1-131 equivalent source term (released from
fuel) is assumed to increase as shown in figure 15.1-155. This figure is based on the methods
described in reference 1. The iodine release rate is assumed to increase by a factor of 500.

Radiological consequences are presented in table 15.1-26.

15.1.3.1.2.5.4 Realistic Analysis

A realistic analysis of the radiological consequences of a postulated main steam line break
accident was performed. This historical realistic analysis is identical with the evaluation
presented in paragraph 15.1.3.1.2.5.1 with the following exceptions:

A. Reactor coolant system inventory is based on 0.12% failed fuel vice 1% failed fuel.
Isotopic inventory is presented in table 11.1-3.

B. An iodine spike, pre-existing or caused by the accident, does not occur.

15.1-78 Rev: 28



San Onofre 2&3 FSAR
Updated

INCREASE IN HEAT REMOVAL BY THE
SECONDARY SYSTEM (TURBINE PLANT)

C. Steam generator equilibrium activity prior to the accident is based on a 100 lb/d and
0.12% failed fuel versus the technical specification limit. Steam generator activity is
presented in table 11. 1-21 (normal case).

D. 50% level x/Qs are used instead of 5% level X/Qs.

E. A post-accident DF of 100 was used between the water and steam phases versus 10 for
the design basis case for the unaffected steam generator.

Major assumptions and parameters used in the historical realistic analysis are presented in table
15.1-24. The radiological consequences are presented in table 15.1-26.

A main steam line break accident is classified as a limiting fault. This accident is not expected to
occur during the life of the plant but is postulated because the consequences of a main steam line
break accident include the potential for the release of significant amounts of radioactive
materials. The term "realistic analysis" as used in this section does not imply that the accident is
expected to occur during the life of the plant. The term "realistic analysis" signifies that more
realistic assumptions and parameters have been used to evaluate the radiological consequences of
a limiting fault as defined by Revision 2 of Regulatory Guide 1.70.

15.1.3.1.2.6 RCS Voiding

The consequences due to potential void formation in the RCS during design basis transients are
discussed in reference 2. The conclusions are that the void formation, if any, in the RCS is not
great enough to impair reactor coolant circulation or core coolability, and that the impact of RCS
voiding will not result in violation of NRC Standard Review Plan acceptance criteria. The
conclusions reached in reference 2 are valid for the steam line break events presented in this
section.
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Table 15.1-26
RADIOLOGICAL CONSEQUENCES DUE TO A POSTULATED MAN STEAM LINE BREAK

Design Basis Value Realistic Value

Result No Iodine Spike Coincident (Existing) Iodine Spike Caused by No Iodine Spike
ResultNo__odineSpike Iodine Spike Accident

Exclusion Area Boundary
Dose (0 to 2 hours), rem:

Thyroid 4.46 6.9 10.1 4.16 x 1 0 4

Beta-skin 2.44 x 10-' 3.36 x 103 4.57 x 10-3 9.11 X 10-7

Total-body gamma 3.78 x 10.' 6.35 x 10.3 9.71 x 10-3 8.13 x 10-7

LPZ Outer Boundary Dose
(duration), rem:

Thyroid 1.59 x 10-' 3.27 x 10-4

Beta-skin 1.53 x 10' 7.6 x l0-7

Total-body gamma 1.78 x 10-4 1 1 6.7 x 10-7
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15. ACCIDENT ANALYSES

15.2 DECREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM TURBINE
PLANT

15.2.1 MODERATE FREQUENCY INCIDENTS

15.2.1.1 Loss of External Load

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.2.1.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a loss of external load classifies it as a moderate frequency incident
as defined in reference 1 of section 15.0. A loss of external load is caused by abnormal events in
the electrical distribution network.

15.2.1.1.2 Sequence of Events and Systems Operation

A loss of external load produces a reduction of steam flow from the steam generators to the
turbine due to closure of the turbine stop valves. A loss of external load would generate a turbine
trip which normally produces an immediate reactor trip signal from the turbine master trip relay.
The steam bypass control system is normally in automatic mode and would be available upon
turbine trip. In the event that the turbine stop valves were to close and the steam bypass control
system were in the manual mode, and credit is not taken for reactor trip on turbine trip, reactor
trip would occur as a result of high pressurizer pressure. If the bypass system is in the manual
mode and no credit is taken for immediate operator action, the steam generator safety valves
open to relieve steam and provide an ultimate heat sink for the nuclear steam supply system
(NSSS). Following a loss of external load, offsite power is available to provide ac power to the
auxiliaries. The case of loss of all normal AC power is presented in paragraph 15.2.1.4. The
operator can initiate a controlled system cooldown using the turbine bypass valves any time after
reactor trip occurs.

The systems operations described above and the resulting sequence of events would produce
consequences no more adverse than those following a loss of condenser vacuum, which is
described in paragraph 15.2.1.3, since the condenser is available to cool the plant for the loss of
external load transient when operator action is assumed after 30 minutes. The consequences of a
single malfunction of an active component or system following a loss of external load are
discussed in paragraph 15.2.2.1.

15.2.1.1.3 Core and System Performance
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The core and system performance parameters following a loss of external load would be no more
adverse than those following a loss of condenser vacuum, which is described in paragraph
15.2.1.3.

15.2.1.1.4 Barrier Performance

The barrier performance parameters following a loss of external load would be less adverse than
those following a loss of condenser vacuum (see paragraph 15.2.1.3) because the steam bypass
control system would be available to remove steam to the condenser rather than using the
atmospheric dump valves.

15.2.1.1.5 Radiological Consequences

The radiological consequences due to steam releases from the secondary system are less severe
than the consequences of the inadvertent opening of the atmospheric dump valve discussed in
paragraph 15.1.1.4.

15.2.1.2 Turbine Trip

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.2.1.2.1 Identification of Causes and Frequency Classification

The estimated frequency of a turbine trip classifies it as a moderate frequency incident as defined
in reference 1 of section 15.0. A turbine trip can be produced by any of the signals identified in
10.2.2.3.2.

15.2.1.2.2 Sequence of Events and Systems Operation

A turbine trip produces a reduction of steam flow from the steam generators to the turbine due to
closure of the turbine stop valves. A turbine trip normally produces an immediate reactor trip
signal from the turbine stop valves (through unitized actuator pressure monitors). The steam
bypass control system is normally in automatic mode and would be available upon turbine trip.
In the event that the turbine stop valves were to close and the steam bypass control system were
in the manual mode, and credit is not taken for reactor trip on the turbine trip, reactor trip would
occur as a result of high-pressurizer pressure. If the bypass system is in the manual mode and no
credit is taken for immediate operator action, the steam generator safety valves will open to
relieve steam and provide an ultimate heat sink for the NSSS. Following a turbine trip, offsite
power is available to provide ac power to the auxiliaries. The case of loss of all normal AC
power is presented in paragraph 15.2.1.4. The operator can initiate a controlled system cooldown
using the turbine bypass valves any time after reactor trip occurs.
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The systems operations described above, and the resulting sequence of events, would produce
consequences no more adverse than those following a loss of condenser vacuum, as described in
paragraph 15.2.1.3, since the condenser is available to cool the plant for the turbine trip transient
when operator action is assumed after 30 minutes. The consequences of a single malfunction of
an active component or system following a turbine trip are discussed in paragraph 15.2.2.2.

15.2.1.2.3 Core and System Performance

The core and system performance parameters following a turbine trip would be no more adverse
than those following a loss of condenser vacuum, as described in paragraph 15.2.1.3.

15.2.1.2.4 Barrier Performance

The barrier performance parameters following a turbine trip would be less adverse than those
following a loss of condenser vacuum (see paragraph 15.2.1.3) because the steam bypass control
system would be available to remove steam to the condenser rather than using the atmospheric
dump valves.

15.2.1.2.5 Radiological Consequences

The radiological consequences due to steam releases from the secondary system are less severe
than the consequences of the inadvertent opening of the atmospheric dump valve discussed in
paragraph 15.1.1.4.

15.2.1.3 Loss of Condenser Vacuum

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.2.1.3.1 Identification of Causes and Frequency Classification

The estimated frequency of a loss of condenser vacuum classifies it as a moderate frequency
incident, as defined in reference 1 of section 15.0. A loss of condenser vacuum may occur due to
failure of the circulating water system to supply cooling water, failure of the main condenser
evacuation system to remove noncondensible gases, or excessive leakage of air through a turbine
gland packing.

15.2.1.3.2 Sequence of Events and Systems Operation

The turbine generator trip that occurs due to a loss of condenser vacuum would normally
generate an immediate reactor trip signal from the turbine stop valves (through unitized actuator
pressure monitors). If credit is not taken for reactor trip on turbine trip, reactor trip would occur
as a result of high-pressurizer pressure or low steam generator level. The turbine bypass valves
are unavailable following a loss of condenser vacuum due to the actuation of the condenser
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vacuum interlock on the turbine generator trip. The feedwater pumps would trip on low suction
pressure soon after turbine trip. It is conservatively assumed that feedwater flow is terminated
immediately after turbine trip. The pressure increases in the primary and secondary systems
following reactor trip are limited by the pressurizer and steam generator safety valves. Following
turbine trip, offsite power is available to provide AC power to the auxiliaries. The case of loss of
all normal AC power is presented in paragraph 15.2.1.4. The operator may cool the NSSS using
manual operation of the auxiliary feedwater system and the atmospheric steam dump valves any
time after the reactor trip occurs.

The analysis presented herein conservatively assumes that operator action is delayed until 30
minutes after the first indication of the event.

The consequences of a Loss of Condenser Vacuum are no more adverse than those following a
Loss of Condenser Vacuum with a single failure, which is described in 15.2.2.3. Therefore, refer
to the sequence of events and results of the LOCV with Single Failure (Section 15.2.2.3) for
event sequence details.

Table 15.2-1

DELETED

Table 15.2-2

DELETED

15.2.1.3.3 Core and System Performance

The core and system performance parameters following a Loss of Condenser Vacuum are no
more adverse than those following a Loss of Condenser Vacuum with Single Failure, which is
described in paragraph 15.2.2.3.3.

15.2.1.3.4 Barrier Performance

The barrier performance parameters following loss of condenser vacuum would be less adverse
than those following loss of condenser vacuum with single failure, which is described in
paragraph 15.2.2.3.4.

15.2.1.3.5 Radiological Consequences
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The radiological consequences due to steam releases from the secondary system are less severe
than the consequences of the inadvertent opening of the atmospheric dump valve discussed in
paragraph 15.1.1.4.
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15.2.1.4 Loss of Normal AC Power

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.2.1.4.1 Identification of Causes and Frequency Classification

The estimated frequency of a loss of normal AC power classifies it as a moderate frequency
incident, as defined in reference 1 of section 15.0. The loss of normal AC power is assumed to
result in the loss of all power to the station auxiliaries and a concurrent turbine generator trip.
This situation could result either from a complete loss of external grid (offsite) or a loss of the
onsite AC distribution system. As a result, electrical power would be unavailable for the reactor
coolant pumps, main feedwater pumps, main circulating water pumps, turbine steam bypass
valves, and pressurizer pressure and level control systems. Under such circumstances, the plant
would experience a simultaneous loss of load, feedwater flow, and forced reactor coolant flow.

15.2.1.4.2 Sequence of Events and System Operation

At time zero, when all normal AC power is assumed to be lost to the plant, the turbine stop
valves close and it is assumed that the area of the turbine control valves is instantaneously
reduced to zero. Also, the steam generator feedwater flow to both steam generators is assumed
to instantaneously go to zero. The reactor coolant pumps coast down and the reactor cooldown
flow begins to decrease. A turbine generator trip which occurs would normally generate an
immediate reactor trip signal from the turbine master trip relay. Since credit is not taken for a
reactor trip due to a turbine trip a CPC low DNBR (RCP speed) reactor trip will occur. The trip
will ensure that the minimum DNBR will not be less than 1.36. In addition, the pressure
increases in the RCS and steam generator, following the reactor trip, are limited by the
pressurizer and steam generator safety valves.

The loss of all normal AC power is followed by automatic startup of the standby diesel
generators, the power output of which is sufficient to supply electrical power to all necessary
engineered safety features systems and to provide the capability of maintaining the plant in a safe
shutdown condition. Subsequent to the reactor trip, stored and fission product decay energy must
be dissipated by the RCS and main steam system. In the absence of forced reactor coolant flow,
convective heat transfer into and out of the reactor core is supported by natural circulation reactor
coolant flow. Initially, the residual water inventory in the steam generators is used as a heat sink
and the resultant steam is released to atmosphere by the spring-loaded steam generator safety
valves. It is conservatively assumed that the steam driven auxiliary feedwater pump fails to start
so that emergency feedwater flow, is delayed until the availability of standby diesel power to one
of the motor- driven auxiliary feedwater pumps, with automatic initiation of emergency
feedwater on low steam generator water level. Since loss of normal AC power is also postulated
as a coincident failure during events which result in SIAS (see section 15.6 for a discussion of
events in this category), it is further assumed that loading of the motor-driven auxiliary feedwater
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pump on the emergency bus is delayed 30 seconds as described in Table 8.3-1. Additional
equipment required to operate to maintain conditions is provided in table 8.3-1. Plant cooldown
is operator controlled by the atmospheric steam dump valves if normal AC power cannot be
restored within 30 minutes (based on emergency procedures). The analysis presented herein
conservatively assumes that operator action is delayed until 30 minutes after first indication of
the event.

The consequences of a single malfunction of a component or system following a loss of normlal
AC power are discussed in paragraph 15.2.2.4.

Table 15.2-3 gives a sequence of events that occur following a loss of normal AC power to the
final stabilized condition.

Table 15.2-3
SEQUENCE OF EVENTS FOR THE LOSS OF NORMAL AC POWER

Time, sec Events Setpoint
___or Value

0.0 Loss of all normal AC power -_-_-
0.8 CPC Low Reactor Coolant Pump Speed 0.95

Condition Occurs
1.3 Trip Breakers Open ---

2.3 CEAs Begin to Drop -_-_-
3.6 Main Steam Safety Valves Open 1133 psia(a)

4.7 Pressurizer Safety Valves Open 2550 psia
Maximum RCS Pressure Occurs 2568 psia

6.0 Maximum Pressurizer Liquid Volume Occurs 926 ft3

6.1 Pressurizer Safety Valves Close 2422 psia
7.9 Peak Secondary Pressure Occurs 1188 psia
19.9 Emergency Feedwater Actuation Signal 26.27 ftb)

102.6 Auxiliary Feedwater Enters the Steam 250 gpm/SG
Generators

550.0 Minimum Steam Generator Inventory > 82,600 Ibm
1800.0 Operator Activates the Remotely Operated

Atmospheric Dump Valves
11,741.0 Shutdown Cooling Initiated

(a) This analysis assumes 15% blowdown on the MSSVs.

(b) Water level above the tube sheet.
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Table 15.2-4
ASSUMPTIONS FOR THE LOSS OF ALL NORMAL AC POWER

Parameter Assumption
Initial core power level, MWt 3,478
Initial core inlet coolant temperature, F 560
Initial Core mass flowrate, 106 Ibm/hr 141.9
Initial RCS pressure, psia 2,300
Initial steam generator pressure, psia 976
Moderator temperature coefficient, 10-4 Ap/F 0.0
Doppler coefficient multiplier 0.75
CEA worth for trip, %Ap -6.0
Steam bypass control system Inoperative
Feedwater regulating system Manual
Pressurizer level control system Inoperative
Auxiliary Feedwater flow, gpmla) 500

(al Equivalent to one pump operating.
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15.2.1.4.3 Core and System Performance

15.2.1.4.3.1 Mathematical Model

The NSSS response to a loss of normal AC power was simulated using the CESEC computer
program described in section 15.0. The thermal margin on DNBR in the reactor core was
simulated using the TORC computer program described in section 15.0 with the CE-1 CHF
correlation described in chapter 4. During the first 1.0 seconds, the reactor coolant pump
coastdown is calculated by the digital computer code COAST described in section 15.0. After
this time, the reactor coolant flowrate is extrapolated to an estimated natural circulation flow of
5.0% of nominal full power flow.

15.2.1.4.3.2 Input Parameters and Initial Conditions

In general, the input parameters and initial conditions used to analyze the NSSS response to a
loss of normal AC power are discussed in section 15.0. In particular, the loss of all normal AC
power was initiated at the conditions shown in table 15.2-4. This combination of parameters
results in the most adverse NSSS response to the event.

The current analysis assumes auxiliary feedwater flow equivalent to that provided by only one
auxiliary feedwater pump. The capacity of 500 gpm was assumed. The auxiliary feedwater flow
delivered to the steam generators considers pump capability, flow diversions, single failure
criteria, and operational flexibility which could include a main steam safety valve of the lowest
setting being out of service. The auxiliary feedwater system and its performance are described in
Section 10.4.9. The credited auxiliary feedwater pump can be either one of the electric-driven
pumps or the steam-driven pumps. Since the electric-driven pump delay is 52.7 seconds during a
loss of normal AC power versus the 42.7 seconds delay for the steam-driven pump, the longer
delay time was selected for conservatism. Since loss of normal AC power is also postulated as a
coincident failure during events which result in SIAS (see section 15.6 for a discussion of events
in this category), it is further assumed that loading of the auxiliary feedwater pump on the
emergency bus is delayed an additional 30 seconds by the presence of a SIAS at the pump
breaker logic.

The analysis also assumed that the upper tolerance limit on the pressurizer safety valves (PSVs)
and the main steam safety valves (MSSVs) are +2% and +3%, respectively. These relief valve
tolerances conservatively bound ranges of allowable lift values in the Technical Specifications.

For conservatism, the engineered safety feature actuation system analysis setpoint for the
initiation of auxiliary feedwater was reduced from 5% to 0% of the steam generator narrow range
level tap span.

For this analysis, the MTC was reduced from 0.5 x 104 Ap/°F to zero which is the most positive
limit for initial core power above 70%.
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15.2.1.4.3.3 Results

The dynamic behavior of important parameters following a loss of all normal AC power is
presented in figures 15.2-10 through 15.2-21. The DNBR versus time is bounded by that
presented in subsection 15.3.1.1.2.

The loss of all normal AC power from an operating limit results in an immediate DNBR trip
condition. The control element assemblies (CEAs) begin to drop at 2.3 seconds. The negative
reactivity provided by the CEAs rapidly reduces the reactor core power. The steam generator
pressure increases rapidly due to the closure of the turbine control valve and the nonavailability
of the steam bypass control system. The steam generator safety valves open at 3.6 seconds with
the pressure reaching a maximum of 1188 psia at 7.9 seconds after initiation of the event. The
RCS pressure increases to 2568 psia at 4.7 seconds due to the decreased heat removal of the
steam generators. Afterwards, the reduced reactor power following the reactor trip causes the
RCS pressure and temperatures to decrease. Due to the loss of feedwater flow at the initiation of
the event, the steam generator water level decreases. At 19.9 seconds, a low steam generator
water level signal is generated. The emergency feedwater, which reaches the steam generators at
102.6 seconds, will lower the steam generator pressure and will provide a heat sink for the decay
heat from the RCS. The emergency feedwater flow plus the steam generator safety valves
continue to remove decay heat until standby ac power is again available or until operator action is
taken. There is sufficient emergency feedwater available to give adequate time to cooldown the
plant and initiate shutdown cooling. It is conservatively assumed that standby ac power is not
available and that at 30 minutes the atmospheric steam dump valves are opened by the operator
to cool down the plant. The primary system is then cooled at a nominal rate of 75 'F/hr to 350 'F,
at which point shutdown cooling is initiated.

Therefore, for the loss of all-normal AC power, the CPC low DNBR (RCP speed) trip assures
that the DNBR will not decrease below 1.31. The results of this event also demonstrate that the
reduced auxiliary feedwater flow rate of 500 gpm is sufficient to remove decay heat such that a
secondary system heat sink is maintained and the primary and secondary pressures do not exceed
110% of their respective designs. The RCS and secondary pressure values are bounded by the
results of the loss of condenser vacuum event.

15.2.1.4.4 Barrier Performance

15.2.1.4.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.2.1.4.3.
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15.2.1.4.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are

identical to those described in paragraph 15.2.1.4.3.

15.2.1.4.4.3 Results

Figure 15.2-21 gives the steam generator safety valve flowrate versus time for the loss of all
normal AC power. At 30 minutes when the atmospheric steam dump valves are conservatively
assumed to be opened, the secondary safety valves will have discharged no more than 189,000
pounds of steam. Approximately 804,000 pounds of steam will be released through the
atmospheric steam dump valves during the 2 hour and 46 minute cooldown to 350 'F. Therefore,
the total steam released to the atmosphere prior to initiation of shutdown cooling is 993,000
pounds.

15.2.1.4.5 Radiological Consequences

The radiological consequences due to steam releases for the secondary system are less severe
than the consequences of the inadvertent opening of the atmospheric dump valve discussed in
paragraph 15.1.1.4.

15.2.2 INFREQUENT INCIDENTS

15.2.2.1 Loss of External Load with a Concurrent Single Failure of an Active Component

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.2.2.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a loss of external load with a concurrent single failure of an active
component classifies it as an infrequent incident as defined in reference 1 of section 15.0. A loss
of external load is caused by abnormal events in the electrical distribution network.

15.2.2.1.2 Sequence of Events and Systems Operation

The systems operations following a loss of external load with a concurrent single failure of an
active component are the same as those described in paragraph 15.2.1.1.2. The single
malfunction, of a component or system is discussed in paragraph 15.2.2.3.1 for the loss of
condenser vacuum with a concurrent single failure of an active component. The resultant
sequence of events would produce consequences no more adverse than those following a loss of
condenser vacuum with a concurrent single failure of an active component, which is described in
paragraph 15.2.2.3.
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15.2.2.1.3 Core and System Performance

The core and system performance parameters, following a loss of external load with a concurrent
single failure of an active component, would be no more adverse than those following a loss of
condenser vacuum with a concurrent single failure of an active component which is described in
paragraph 15.2.2.3.

15.2.2.1.4 Barrier Performance

The barrier performance parameters following a loss of external load with a concurrent single
failure of an active component would be less adverse than those following a loss of condenser
vacuum with a concurrent single failure of an active component (see paragraph 15.2.2.3) because
the steam bypass control system would be available to remove steam to the condenser rather than
using the atmospheric dump valves.

15.2.2.1.5 Radiological Consequences

The radiological consequences of this event are less severe than the consequences of the
inadvertent opening of an atmospheric dump valve with a concurrent single failure of an active
component discussed in paragraph 15.1.2.4.

15.2.2.2 Turbine Trip with A Concurrent Single Failure of an Active Component

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.2.2.2.1 Identification of Causes and Frequency Classification

The estimated frequency of a turbine trip with a concurrent single failure of an active component
classifies it as an infrequent incident defined in reference 1 of section 15.0. The conditions that
can produce a turbine trip are listed in paragraph 15.2.1.2.1.

15.2.2.2.2 Sequence of Events and Systems Operation

The systems operations following a turbine trip with a concurrent single failure of an active
component are the same as those described in paragraph 15.2.1.2.2. The single malfunction of a
component or system is discussed in paragraph 15.2.2.3.1 for the loss of condenser vacuum with
a concurrent single failure of an active component. The resultant sequence of events would
produce consequences no more adverse than those following a loss of condenser vacuum with a
concurrent single failure of an active component, as described in paragraph 15.2.2.3.
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15.2.2.2.3 Core and System Performance

The core and system performance parameters following a turbine trip with a concurrent single
failure of an active component would be no more adverse than those following a loss of
condenser vacuum with a concurrent single failure of an active component as described in
paragraph 15.2.2.3.

15.2.2.2.4 Barrier Performance

The barrier performance parameters following a turbine trip with a concurrent single failure of an
active component would be less adverse than those following a loss of condenser vacuum with a
concurrent single failure of an active component (see paragraph 15.2.2.3) because the steam
bypass control system would be available to remove steam to the condenser rather than using the
atmospheric dump valves.

15.2.2.2.5 Radiological Consequences

The radiological consequences of this event are less severe than the consequences of the
inadvertent opening of an atmospheric dump valve with a concurrent single failure of an active
component discussed in paragraph 15.1.2.4.

15.2.2.3 Loss of Condenser Vacuum with a Concurrent Single Failure of an Active Component

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.2.2.3.1 Identification of Causes and Frequency Classification

The estimated frequency of a loss of condenser vacuum with a concurrent single failure of an
active component classifies this incident as an infrequent incident as defined in reference 1 of
section 15.0. The cause of the loss of condenser vacuum is discussed in paragraph 15.2.1.3.1.
Various active component single failures were considered to determine which failure had the
most adverse effect following a loss of condenser vacuum. The single failures considered were
(1) a loss of all AC power on turbine trip, and (2) failure of a pressurizer level measurement
channel associated with the pressurizer level control system. The failure of a pressurizer level
measurement channel produces the most adverse effect following a loss of condenser vacuum.
This failure is assumed to produce a false low level signal, resulting in activation of both standby
charging pumps and the closing of the letdown control valve to its minimum flow area.
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15.2.2.3.2 Sequence of Events and System Operation

The systems and reactor trip which operate following a loss of condenser vacuum with failure of
a pressurizer level measurement channel are the same as those described in paragraph 15.2.1.3.2
following a loss of condenser vacuum.

Table 15.2-5 and Table 15.2-7 give a sequence of events that occur following a loss of condenser
vacuum with concurrent failure of a pressurizer level measurement channel for peak RCS
pressure and peak secondary pressure cases.

15.2.2.3.3 Core and System Performance

15.2.2.3.3.1 Mathematical Model

The NSSS response to a loss of condenser vacuum with concurrent single failure was simulated
using the CESEC or CENTS computer program described in section 15.0.

15.2.2.3.3.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of core and systems performance
are listed in Table 15.2-6 and Table 15.2-8 for peak RCS pressure and peak secondary pressure
cases.

15.2.2.3.3.3 Results

The results presented below are for the peak RCS pressure and peak secondary pressure cases
which assumed a MSSV setpoint tolerance of +2%. The dynamic behavior of important NSSS
parameters following a loss of condenser vacuum with a concurrent failure of the pressurizer
level control system is presented in figures 15.2-22 through 15.2-30 for the peak RCS pressure
case.

The loss of steam flow due to closure of the turbine stop valves produces a rapid increase in the
secondary pressure. This produces a rapid decrease in the primary-to-secondary heat transfer,
which causes a rapid heatup of the primary coolant. The insurge to the pressurizer increases the
pressurizer pressure producing a high-pressurizer pressure reactor trip condition.

The opening of the steam generator safety valves and the pressurizer safety valves combined with
the decreasing core power due to reactor trip rapidly reduce the primary and secondary pressures
after reaching a maximum pressurizer pressure less than 2750 psia.

Peak pressurizer water volume is calculated to be less than the volume which would release
liquid through the pressurizer safety valves.

15.2-14 Rev: 27



San Onofre 2&3 FSAR
Updated

DECREASE IN HEAT REMOVAL BY THE
SECONDARY SYSTEM (TURBINE PLANT)

Peak secondary pressure is calculated in a separate case to be less than 1210 psia.

The steam generator valves continue to relieve steam to the atmosphere until the atmospheric
steam dump valves are opened by operator action at 30 minutes. The plant is then cooled to 350
'F at which time shutdown cooling is initiated.

The detailed sequence of events for the peak primary pressure and the peak secondary pressure
cases are presented in Tables 15.2-5 and 15.2-7 respectively.

The maximum RCS and secondary pressures do not exceed 110% of design pressure following a
loss of condenser vacuum with concurrent failure of the pressurizer level control system, thus
assuring that the integrity of the RCS and main steam system is maintained.

Table 15.2-5
SEQUENCE OF EVENTS FOR THE LOSS OF CONDENSER VACUUM EVENT

WITH CONCURRENT SINGLE FAILURE - PEAK RCS PRESSURE CASE

Time (sec) Event Setpoint or Value
0.0 Closure of turbine stop valves on turbine trip

due to loss of condenser vacuum
8.6 High pressurizer pressure trip condition 2410 psia

occurs
9.5 Trip breakers open, pressurizer safety valves

open
10.3 Pressurizer safety valves begin to open 2575 psia
10.5 Main steam safety valves open 1122 psia

10.51 CEAs begin to drop into core

11.3 Maximum RCS pressure occurs 2744 psia
15.2 Peak secondary pressure occurs <1210 psia

15.67 Pressurizer safety valves close 2459 psia
1800 Operators begin plant cooldown through

atmospheric dump valves.
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Table 15.2-6
KEY PARAMETERS ASSUMED IN THE LOSS OF CONDENSER VACUUM ANALYSIS

WITH CONCURRENT SINGLE FAILURE - PEAK RCS PRESSURE CASE

PARAMETER, UNIT VALUE
Initial Core Power, MWt 3,478
Initial Inlet Coolant Temperature, 'F 537(*)
Initial Volumetric Flow Rate, gpm 376,200
Initial RCS Pressure, psia 2,000
Initial Steam Generator Pressure, psia 796
Moderator Temperature Coefficient, 104 Ap/°F -0.3(**)
Fuel Temperature Coefficient Multiplier 0.75
Minimum CEA Worth at Trip, % Ap -6.0
Pressurizer Safety Valve Opening Setpoint Tolerance +3%
Main Steam Safety Valve Opening Setpoint Tolerance +2%
Steam Bypass Control System Inoperative
Reactor Trip on Turbine Trip Inoperative
Pressurizer Pressure Control System Inoperative
Pressurizer Level Control System Single Failure is Assumed

(*) The initial core inlet temperature (Tcold) was varied from 532 'F to 560 'F to determine the
(Tcold) which maximizes peak RCS pressure.

(**) This analysis supports a most positive MTC of-0.3 x 104 Ap /F at HFP.
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Table 15.2-7
SEQUENCE OF EVENTS FOR THE LOSS OF CONDENSER VACUUM EVENT

WITH CONCURRENT SINGLE FAILURE PEAK SECONDARY PRESSURE CASE
ALL MSSVS OPERABLE

Time (sec) Event Setpoint or Value
0.0 Closure of turbine stop valves on turbine trip

due to loss of condenser vacuum
0.1 Maximum core power (% of 3438 MWt) 101%
4.3 Main Steam Safety Valves Open 1122 psia
10.7 High pressurizer pressure trip condition 2,410 psia

occurs
11.6 Trip breakers open

12.6 CEAs begin to drop into core

14.8 Peak secondary pressure occurs <1183 psia
1800 Operators begin plant cooldown through

atmospheric dump valves.
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Table 15.2-8
KEY PARAMETERS ASSUMED IN THE LOSS OF CONDENSER VACUUM ANALYSIS

WITH CONCURRENT SINGLE FAILURE - PEAK SECONDARY PRESSURE CASE
ALL MSSVS OPERABLE

PARAMETER, UNIT VALUE
Initial Core Power, MWt 3,458
Initial Inlet Coolant Temperature, 'F 560
Initial Core Volumetric Flow Rate, gpm 443,520
Initial RCS Pressure, psia 2,000
Moderator Temperature Coefficient at Full Power, 10-4 -0.3
Ap/'F
Fuel Temperature Coefficient Multiplier 0.85
Minimum CEA Worth at Trip, % Ap -6.0
Pressurizer Safety Valve Opening Setpoint Tolerance +3%
Main Steam Safety Valve Opening Setpoint Tolerance +2%
Steam Bypass Control System Inoperative
Reactor Trip on Turbine Trip Inoperative
Pressurizer Pressure Control System Automatic
Pressurizer Level Control System Automatic
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15.2.2.3.4 Barrier Performance

15.2.2.3.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.2.2.3.3.

15.2.2.3.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are listed
in Table 15.2-6 and Table 15.2-8.

15.2.2.3.4.3 Results

Figures 15.2-29 and 15.2-30 give the pressurizer and steam generator safety valve flowrate
versus time following a loss of condenser vacuum with concurrent failure of the pressurizer level
measurement channel. Until operator action is taken at 30 minutes, the total steam release to
atmosphere discharged through the steam generator safety valves has been no more than 100,000
pounds. The operator would then begin a controlled NSSS cooldown at 75 'F/hr by opening the
atmospheric steam dump valves. After the 3-hour cooldown, the primary system will have
reached an average temperature of 350 'F at which point the shutdown cooling system may be
placed in operation. The total steam release to atmosphere during the course of this transient is
760,000 pounds.

15.2.2.3.5 Radiological Consequences

The radiological consequences of this event are less severe than the consequences of the
inadvertent opening of an atmospheric dump valve with a concurrent single failure of an active
component discussed in paragraph 15.1.2.4.

15.2.2.4 Loss of all Normal AC Power with a Concurrent Single Failure of an Active
Component

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

Any credible single failure of an active component with loss of all normal AC power produces a
primary pressure less than that following a loss of condenser vacuum with a single failure, which
is described in paragraph 15.2.2.3. No credible single failure with a loss of all normal AC power
will result in a minimum DNBR lower than 1.31 and thus no fuel failures occur. The
radiological consequences of the loss of all normal AC power with a single failure of an active
component are less severe than the consequences of the inadvertent opening of an atmospheric
dump valve with a single failure discussed in paragraph 15.1.2.4.

15.2-19 Rev: 27



San Onofre 2&3 FSAR
Updated

DECREASE IN HEAT REMOVAL BY THE
SECONDARY SYSTEM (TURBINE PLANT)

15.2.2.5 Loss of Normal Feedwater Flow

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.2.2.5.1 Identification of Causes and Frequency Classification

The estimated frequency of a loss of normal feedwater flow classifies it as an infrequent incident
as defined in ANSI N18.2.(Reference 1).

A loss of normal feedwater flow is defined as a reduction in feedwater flow to the steam
generators when operating at power without a corresponding reduction in steam flow from the
steam generators. The result of this flow mismatch is a reduction in the steam generator water
inventory and a subsequent heatup of the primary coolant. The complete loss of normal
feedwater case is analyzed since this condition requires the most rapid response from the plant
protection system (PPS). Due to several failures, a complete loss of normal feedwater flow can
result from the loss of both main feedwater pumps or the loss of four condensate pumps. In
manual feedwater control, closing the feedwater control or isolation valves can also result in a
complete loss of normal feedwater flow.

15.2.2.5.2 Sequence of Events and Systems Operation

The complete loss of normal feedwater flow case is analyzed by assuming an instantaneous
stoppage of feedwater flow to both steam generators. The PPS provides protection against the
loss of the secondary heat sink by the steam generator low water level trip and the automatic
initiation of the emergency feedwater system. The emergency feedwater consists of two
motor-driven and one turbine-driven emergency feedwater pump. The high-pressurizer pressure
trip provides protection in the event the RCS pressure limit is approached. The steam bypass
control system is assumed to be in the automatic mode, which maximizes the decrease in steam
generator water inventory. Table 15.2-9 presents the sequence of events for the complete loss of
normal feedwater from initiation of the event until termination at a cold shutdown condition.

The consequences of a single malfunction of a component or system following a loss of normal
feedwater flow are discussed in paragraph 15.2.3.2.

15.2.2.5.3 Core and System Performance

15.2.2.5.3.1 Mathematical Model

The NSSS response to a loss of normal feedwater flow was simulated using the CESEC
computer program described in section 15.0. The thermal margin on DNBR in the reactor core
was simulated using the TORC computer program described in section 15.0 with CE- 1 CHF
correlation described in chapter 4.
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15.2.2.5.3.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used to analyze the NSSS response to a complete loss
of normal feedwater are discussed in section 15.0. In particular, the loss of normal feedwater
flow was initiated at the conditions shown in table 15.2-10. This combination of parameters
result in the most adverse NSSS response to the event.

The initial conditions for the principal process variables monitored by the COLSS system were
varied within the reactor operating space given in table 15.0-4 to determine the set of conditions
that would produce the maximum decrease in steam generator water inventory following a
complete loss of normal feedwater flow. The basis for this criterion is that this event is limiting
in this frequency classification with respect to minimizing the steam generator secondary
inventory necessary to maintain an adequate heat sink. If the initial conditions for this event are
adjusted within the reactor operating space to maximize RCS pressure, maximize radiological
releases, or minimize DNBR, then other transients in this frequency classification are more
limiting. The RCS pressurization is less than that for the loss of condenser vacuum event
(paragraph 15.2.2.3). In addition, the minimum DNBR is greater than that for the increased main
steam flow event (paragraph 15.1.2.3), while radiological releases are lower than those for the
inadvertent opening of an atmospheric dump valve with a concurrent single failure of an active
component event (paragraph 15.1.2.4).

Various combinations of initial core inlet temperature, initial pressurizer pressure, and initial core
flowrate were considered. Increasing the initial core inlet temperature increases the secondary
side pressure. The increased initial steam generator pressure causes the turbine steam bypass
system to open sooner after the cessation of the feedwater flow. Therefore, an inlet temperature
of 560 OF was used in this analysis. Lowering the initial pressurizer pressure to 2000 psia
ensures that the reactor trip signal will not be generated from a high-pressurizer pressure signal.
A reactor trip on low steam generator water level will minimize the steam generator water
inventory during this transient. The initial core flowrate has little effect on the transient
minimum steam generator water inventory. Above 100% flow, the minimum Steam generator
water level increases slightly. At 90% flow, there is only a 1% change in the minimum steam
generator water inventory. Therefore, 100% of nominal flow was used for this analysis.

Another important parameter varied to minimize the steam generator water inventory during a
loss of normal feedwater flow was the initial steam generator water level. This parameter was set
at the high-level alarm setting. At this setting, the reactor trip on low steam generator water level
is delayed so that the primary coolant temperatures will be increased to the maximum possible
value. Increasing the primary coolant temperatures will increase the secondary pressure and
minimize the steam generator water inventory.
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Table 15.2-9
SEQUENCE OF EVENTS FOR THE LOSS OF NORMAL FEEDWATER

Time, sec Events Setpoint
or Value

0.0 Termination of all feedwater flow to Steam

Generators
5.7 Steam Bypass Control System Valves Open 950 psia

(header pressure)
45.1 Low Steam Generator Water Level Trip 27.03 ftla)

Condition Occurs
46.0 Trip Breakers Open

47.0 CEAs Begin to Drop

49.0 Maximum RCS Pressure Occurs 2224 psia
49.2 Emergency Feedwater Actuation Signal Occurs 26.27 ft
49.4 Main Steam Safety Valves Open 1133 psia(b)

53.0 Peak Secondary Pressure Occurs 1168 psia
72.4 Main Steam Safety Valves Close 963 psia (b)

92.8 Auxiliary Feedwater Enters the Steam 250 gpm/SG
Generators

625.0 Minimum Steam Generator Inventory > 18,500 Ibm
1800.0 Operator Activates the Remotely Operated

Atmospheric Dump Valves
10,232.0 Shutdown Cooling Initiated ---

(a) Water level above the tube sheet.

(b) This analysis assumes 15% blowdown on the MSSVs.
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Table 15.2-10
ASSUMPTIONS FOR THE LOSS OF NORMAL FEEDWATER ANALYSIS

Parameter Assumption
Initial core power level, MWt 3,478
Initial core inlet coolant temperature, OF 560
Initial core mass flowrate, 106 lbm/hr 141.0
Initial RCS pressure, psia 2,000
Initial steam generator pressure, psia 955
Moderator temperature coefficient, 10-4 Ap/°F 0.0
Doppler coefficient multiplier 0.75
CEA worth for trip, %Ap -6.0
Mainstream bypass control system, Automatic
Feedwater regulating system Malfunction
Pressurizer pressure control system Automatic
Pressurizer level control system Automatic

The current analysis assumes auxiliary feedwater flow equivalent to that provided by only one
auxiliary feedwater pump. The capacity of 500 gpm was assumed. The auxiliary feedwater flow
delivered to the steam generators considers pump capability, flow diversions, single failure
criteria, and operational flexibility which could include a main steam safety valve of the lowest
setting being out of service. The auxiliary feedwater system and its performance are described in
Section 10.4.9.

The analysis also assumed that the upper tolerance limits on the pressurizer safety valves (PSVs)
and the main steam safety valves (MSSVs) have increased from +1% to +2% and from +1% to
+3%, respectively. These relief valve tolerances conservatively bound ranges of allowable lift
values in the Technical Specifications.

For conservatism, the engineered safety feature actuation system analysis setpoint for the
initiation of auxiliary feedwater was reduced from 5% to 0% of the steam generator narrow range
level tap span.

For this analysis, the MTC was reduced from 0.5 x 10-4 Ap/0 F to zero which is the most positive
limit for initial core power above 70%.

Finally, a large bottom peaked axial shape was utilized to ensure conservative power reduction as
the CEAs are inserted on reactor trip.
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15.2.2.5.3.3 Results

The dynamic behavior of important parameters following a loss of normal feedwater are
presented in figures 15.2-31 through 15.2-41.

The complete loss of normal feedwater results in an increase in the secondary pressure and
temperature. Due to this increase, the RCS temperatures begin to increase. The turbine
continues to operate with a subsequent decrease in secondary side steam generator inventory.
The RCS pressure increases as the temperature and power increase. The reactor is tripped by a
low steam generator water level signal 45.1 seconds after initiation of the transient. The CEAs
begin to drop at 47.0 seconds. The reactor core power level has increased during the initial
stages of the event, however, the DNBR has not decreased below the initial value due to the
increase in RCS pressure. The negative reactivity provided by the CEAs rapidly reduces the
reactor core power. The steam bypass control system in combination with the steam generator
safety valves rapidly cool down the RCS following the reactor trip. The maximum pressures in
the RCS and main steam system are 2224 and 1168 psia respectively. Emergency feedwater
reaches the steam generators 47 seconds after actuation of low steam generator water level signal
trip. The total steam generator inventory reaches its minimum value at 625 seconds. The steam
bypass control system operates to remove decay heat until operator action is taken. This analysis
conservatively assumes that operator action is delayed until 30 minutes after initiation of the
event. The primary system is then cooled to 350 'F by use of the atmospheric steam dump
valves at which point shutdown cooling is initiated.

Therefore, for the complete loss of normal feedwater flow, the DNBR is not less than the initial
condition value. And the reduced auxiliary feedwater flow rate to 500 gpm is sufficient to
remove decay heat such that a secondary system heat sink is maintained and the primary and
secondary pressures do not exceed 110% of their respective designs.

15.2.2.5.4 Barrier Performance

15.2.2.5.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.2.2.5.3.

15.2.2.5.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are
identical to those described in paragraph 15.2.2.5.3.
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15.2.2.5.4.3 Results

Figure 15.2-36 gives the steam generator safety valve flowrate versus time for the loss of normal
feedwater. At 30 minutes, when the atmospheric steam dump valves are opened, the steam
generator safety valves will have discharged no more than 20,000 pounds of steam.
Approximately 715,000 pounds of steam will be released through the atmospheric steam dump
valves during the 2-hour and 21 -minute cooldown. The total steam released to the atmosphere
prior to initiation of shutdown cooling is 735,000 pounds, which is less than that released during
the loss of normal AC power incident. No liquid is released through the pressurizer safety valves
for this case.

15.2.2.5.5 Radiological Consequences

The radiological consequences of this event are less severe than the consequences of the
inadvertent opening of an atmospheric dump valve with a concurrent single failure of an active
component discussed in paragraph 15.1.2.4.

15.2.3 LIMITING FAULTS

15.2.3.1 Feedwater System Pipe Breaks

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.2.3.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a feedwater system pipe break classifies it as a limiting fault incident
as defined in Reference 1 of section 15.0. A feedwater system pipe break may occur due to a
pipe failure in the main feedwater system.

15.2.3.1.2 Sequence of Events and Systems Operation

A feedwater system pipe break may produce a total loss of normal feedwater and a blowdown of
one steam generator. If normal plant electrical power is lost, this superimposes a loss of primary
coolant flow, turbine load, pressurizer pressure and level control, and steam bypass control. The
culmination of these events is a rapid decrease in the heat transfer capability of both steam
generators and eventual elimination of one steam generator's heat transfer capability. The result
is an RCS heatup and pressurization. The NSSS is protected during this transient by the
pressurizer safety valves and the following reactor trips: (1) steam generator low water level, (2)
steam generator low pressure, (3) high pressurizer pressure, (4) low DNBR and (5) high
containment pressure. Depending on the particular initial conditions, any one of these trips may
terminate this transient. The NSSS is also protected by main steam isolation valves, the feedline
check valves, the steam generator safety valves, and the auxiliary feedwater system which serve
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to maintain the integrity of the secondary heat sink following reactor trip. In this analysis,
however, the most adverse single active failure assumed is equivalent to the failure of the electric
driven auxiliary feedwater pump associated with the intact steam generator. The operator can
initiate a controlled plant cooldown using the atmospheric steam; dump valves any time after
reactor trip occurs. The analysis presented herein conservatively assumes that operator action is
delayed until 30 minutes after the first initiating event. Table 15.2-11 gives the sequence of
events that occurs following a feedwater system pipe break to the final stabilized condition.

15.2.3.1.3 Core and System Performance

15.2.3.1.3.1 Mathematical Model

The NSSS response to a feedwater system pipe break was simulated using the CESEC-III
computer program described in section 15.0 along with the blowdown model described below. A
detailed description of the method of analysis, the initial conditions, and the input parameters is
presented in Appendix 15E. Using the core heat flux and core inlet conditions calculated by
CESEC-IUl, the thermal margin on DNBR in the reactor core was simulated using the CETOP-D,
the thermal margin on DNBR in the reactor core was simulated using the CETOP-D computer
program described in section 15.0 with the CE-1 CHF correlation described in Chapter 4.

Blowdown of the steam generator nearest the feedwater line break was modeled assuming
frictionless critical flow calculated by the Henry-Fauske correlation (Reference 2). The enthalpy
of the blowdown is assumed to be that of saturated liquid until no liquid remains, at which time
saturated steam discharge is assumed. This model conservatively underestimates the blowdown
energy and overestimates the discharge rate, thereby leading to a more rapid blowdown and thus
minimizing the steam generator heat removal capability.
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Table 15.2-11
SEQUENCE OF EVENTS FOR THE FEEDWATER SYSTEM PIPE BREAK EVENT

Time, (sec) Event Setpoint or Value
0.0 Rupture of the Main Feedwater Line ---

36.9 High Pressurizer Pressure Trip Condition, psia 2434
37.8 Trip Breakers Open, ---

Normal Onsite Power Lost ---
38.1 Emergency Feedwater Actuation Signal, ft 26.27
38.5 Affected Steam Generator Empties, Ibm remaining in 5000

SG
38.8 CEAs Begin to Drop ---

39.6 Pressurizer Safety Valves Start to Open, psia 2575
41.1 Peak RCS Pressure Occurs, psia 2832.2
45.1 Peak Steam Generator Pressure Occurs, psia 1156.8
47.5 Maximum Pressurizer Liquid Volume Occurs, ft3  < 1465.7
48.2 Pressurizer Safety Valves Close, psia 2356.1
92.0 Auxiliary Feedwater Enters Intact Steam Generator ---

212.2 Steam Generator Low Pressure Trip Condition and 675
MSIS Initiated, psia

213.1 Main Steam Isolation Valves Begin to Close ---
223.1 Complete Closure of Main Steam Isolation Valves ---

Terminating Blowdown from the Intact Steam
Generator

250.2 Minimum Liquid Mass in the Steam Generator 6990
Connected to Intact Feedline, Ibm

414.4 Main Steam Safety Valves Open on the Intact Steam 1133
Generator, psia

1800.0 Operator begins plant cooldown to Shutdown Cooling ---
10,728 Shutdown Cooling Initiated
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A sensitivity study was performed to determine the influence on peak RCS pressure of the rate of
decrease of effective heat transfer area in the ruptured steam generator. The effective heat
transfer area is assumed to decrease linearly (from design value to zero) as the steam generator
mass decreases (from selected value to zero). Thus, decreasing the mass interval over which the
rampdown is assumed to occur implies a more rapid loss of heat transfer in the ruptured steam
generator. This study showed that maximizing the rate of decrease of heat transfer area
maximizes the peak RCS pressure. Therefore, a conservatively high rate of loss of heat transfer
is assumed.

15.2.3.1.3.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used to analyze the NSSS response to a feedwater
pipe break are discussed in Section 15.0. In particular, those parameters which were unique to
the analysis discussed below are listed in Table 15.2-12.

The initial conditions for the principal process variables monitored by the COLSS were varied
within the reactor operating space given in Table 15.0-4 to determine the set of conditions that
would produce the most adverse consequences following a feedwater system pipe break. The
full spectrum of break areas was considered up to a break size of the combined area of the flow
distributing nozzles in the feedwater ring. For each break, the initial steam generator liquid
inventory and the initial pressurizer pressure were adjusted within the plant operating space to
maximize the mismatch between core power and steam generator heat removal capacity prior to
the CEAs dropping into the core. This mismatch will thus maximize the peak RCS pressure and
pressurizer volume. In order to eliminate any impact of uncertainty in the calculated water level
in the ruptured steam generator, no credit was taken for low water level trip in the ruptured steam
generator. This delays the reactor trip, prolonging the RCS heatup and increasing the peak RCS
pressure. Loss of AC is assumed to occur at the time of turbine trip. This causes the RCS pumps
to coastdown, resulting in higher peak RCS pressure. In addition, in response to loss of
non-emergency ac power upon trip, turbine stop valves are assumed to close immediately.

Core inlet temperature and flow had negligible effects on the peak RCS pressure for a given
blowdown rate. However, maximizing the core inlet temperature also maximizes the steam
generator pressure, which increases the maximum blowdown rate. The maximum inlet
temperature of 560 'F also maximizes the RCS energy content and thereby increases the
radiological releases associated with steam generator safety valve and atmospheric steam dump
valve flows. The pressurizer control system is maintained in the automatic mode so that it
suppresses the pressure transient before trip. This delays the time of reactor trip, prolonging the
RCS heatup and increasing the over-pressurization. However, this control system mode had a
small impact on peak RCS pressure.
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Table 15.2-12
KEY PARAMETERS ASSUMED IN THE FEEDWATER SYSTEM PIPE BREAK

Parameter, Unit Value
Initial Core Power, MWt 3478
Initial Inlet Coolant Temperature, 'F 560
Initial Volumetric Flow Rate, gpm 356,400
Initial RCS Pressure, psia 2150
Initial Steam Generator Pressure, psia 961.6
Moderator Temperature Coefficient, 104 AP /'F 0.0
Fuel Temperature Coefficient Multiplier 0.75
Minimum CEA Worth at Trip, %Ap -6.0
Steam Bypass Control System Inoperative
Pressurizer Pressure Control System Automatic Mode
Pressurizer Level Control System Automatic Mode
Feedwater Line Break Area, ft2  0.2
Initial Intact Steam Generator Inventory, Ibm 180,000
Auxiliary Feedwater Flow assuming 1 Pump Only, gpm 500 gpm @1097 psia
Number of U-tubes Assumed Plugged per Steam Generator 1000
PSV Setpoint, psia 2575
Initial Pressurizer Volume, ft3 913.9
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Of those systems and components called upon to mitigate the consequences of a feedwater
system pipe break; i.e., pressurizer and steam generator safety valves, feed line check valves,
auxiliary feedwater system, and reactor protective system, failure of the pressurizer or steam
generator safety valves, or the feed line check valves, is not considered credible. With respect to
the reactor protective system, the most reactive CEA is conservatively assumed to be stuck in the
fully withdrawn position. Therefore, the worst active single failure, in addition to the stuck CEA,
is the failure of one out of the two electric-driven auxiliary feedwater pumps. This failure leads
to larger radiological releases through the steam generator safety with only one-half the auxiliary
feedwater flow available.

15.2.3.1.3.3 Results

The dynamic behavior of important parameters following a feedwater system pipe break for a
break size of 0.2 ft.2, which gives the maximum of the peak pressure, is presented in figures
15.2-37 through 15.2-50.

The rupture of the main feedwater line is assumed to instantaneously terminate feedwater flow to
the steam generators. Critical flow is assumed to be instantaneously established from the steam
generator connected to the ruptured feedline due to the break location between the steam
generator and the check valve. Check valve closure prevents flow from the intact steam
generator to the break. The first portion of the event is characterized by a gradual heatup of the
primary and secondary systems due to the absence of subcooled feedwater flow to the steam
generators. During this stage, the steam generator connected to the ruptured line loses its heat
transfer capability due to the depleted inventory. This initiates an RCS-to-steam generator power
mismatch, producing a large insurge to the pressurizer, causing its pressure to exceed the high
pressure trip setpoint. A decrease in the steam generator water level initiates a reactor trip on
low steam generator water level simultaneously. Reactor trip followed by turbine trip occurs.
Loss of normal onsite and offsite electrical power is assumed to occur simultaneously with the
turbine trip, causing the reactor coolant pumps to coast down. Pressurizer pressure continues to
increase, passing the pressurizer safety valve setpoint. The pressure turns around after the
pressurizer safety valves open.

The core heat flux has decayed sufficiently by this time to reduce the RCS-to-steam generator
power imbalance. The steam generator safety valves open, limiting the steam generator pressure.
Due to the reactor trip, the power imbalance reverses, with the steam generator removing more

energy than the core produces. The pressurizer safety valves close as the primary coolant
temperature decreases. The auxiliary feedwater flow reaches the intact steam generator. Reverse
steam flow from, the intact to the ruptured steam generator and to the break causes the secondary
pressure to decrease below the main steam isolation signal (MSIS) setpoint, closing the main
steam isolation valves (MSIVs). Closure of the MSIVs causes the secondary pressure and
temperature in the intact steam generator to rise, decreasing the differential temperature
(RCS-to-steam generator) and reducing the heat transfer rate. This causes the core average
temperature and RCS pressure to rise and reach a steady state upon the PSVs reopening. The
steam generator safety valves open again and continue to relieve steam to the atmosphere until
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the atmospheric dump valves are opened by the operator at 30 minutes. The plant is then cooled
to 350 OF at which time shutdown cooling is initiated.

The results indicate that the feedwater system pipe break event will not result in a peak RCS
pressure which exceeds the faulted stress pressure limit of 3,000 psia. No liquid is released
through the pressurizer safety valves for this case. The peak secondary pressure criteria of
<1210 psia is not exceeded and the secondary system heat sink is maintained.

15.2.3.1.4 Barrier Performance

15.2.3.1.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.2.3.1.3.

15.2.3.1.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are
identical to those described in Paragraph 15.2.3.1.3.

15.2.3.1.4.3 Results

Figures 15.2-48 and 15.2-49 are steam generator and pressurizer safety valve flowrates versus
time for the feedwater system pipe break transient. By 30 minutes, when the atmospheric dump
valves are opened, the steam generator safety valves will have discharged no more than 74,800
pounds of steam. Approximately 934,000 pounds of steam would be discharged through the
atmospheric dump valves during the 3.2 hours of cooldown, giving total steam release to the
atmosphere of 1,008,800 pounds. The steam generator connected to the ruptured feedwater line
discharges 151,033 pounds of fluid to containment. The pressurizer safety valves release less
than 3000 pounds of steam to the quench tank.

15.2.3.1.5 Radiological Consequences

The radiological consequences of this event are less severe than the consequences of the main
steam line break discussed in Paragraph 15.1.3.1 .B.

15.2.3.2 Loss of Normal Feedwater Flow with an Active Failure in the Turbine Steam Bypass
System

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.
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15.2.3.2.1 Identification of Causes and Frequency Classification

The estimated frequency of a loss of normal feedwater flow with a concurrent single failure of an
active component classifies this incident as a limiting fault as defined in reference 1 of section
15.0. The causes of a loss of normal feedwater flow are discussed in paragraph 15.2.2.5.1.
Various active component single failures were considered to determine which failure had the
most adverse effect following a loss of normal feedwater flow. The single active failures
considered were: (1) a loss of all normal AC power on reactor trip, (2) failed open steam bypass
control system valves, and (3) loss of 50% of emergency feedwater. Failed open turbine steam
bypass control system valves produce the minimum steam generator inventory in the shortest
period of time following a loss of normal feedwater flow. This failure could be caused by an
electrical signal malfunction. This malfunction results in a quick opening signal to all the turbine
bypass valves. It is assumed that the failure in the steam bypass control system results in these
valves remaining open, even in the presence of closure signals generated by the steam bypass
control system due to the adverse steam generator or condenser conditions; e.g., low pressure and
low level, until a MSIS is generated.

15.2.3.2.2 Sequence of Events and Systems Operation

The systems and reactor trip which operate following a loss of normal feedwater flow with
failure of the steam bypass control system open are the same as those described in Paragraph
15.2.2.5.2, except for the operation of the bypass system and the generation of an MSIS. The
MSIS is generated due to low steam generator pressure and provides protection against emptying
the steam generators.

Table 15.2-13 gives a sequence of events that occur following a loss of normal feedwater flow
with the turbine steam bypass system failed open.

15.2.3.2.3 Core and System Performance

15.2.3.2.3.1 Mathematical Model

The mathematical model used for evaluation of core and system performance is identical to that
described in paragraph 15.2.2.5.3.
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Table 15.2-13
SEQUENCE OF EVENTS FOR THE LOSS OF FEEDWATER FLOW WITH AN ACTIVE

FAILURE IN THE TURBINE STEAM BYPASS SYSTEM

Time, sec Events Setpoint
or Value

0.0 Termination of all Feedwater flow to Steam
Generators

5.7 Steam Bypass Control System Valves Open (high 950 psia
pressure)

38.6 Low Steam Generator Water Level Trip Condition 27.03 fta)

Occurs
39.5 Trip Breakers Open
40.5 CEAs Begin to Drop, and ---

Maximum Core Power Occurs 115.3% of 3410 MWt
42.7 Emergency Feedwater Actuation Signal Occurs 26.27 ftla)

72.8 Safety Injection Actuation Signal Occurs 1560 psia
84.5 Pressurizer Empties ---

86.3 Auxiliary Feedwater Enters the Steam Generators 250 gpm/SG
90.6 Main Steam Isolation Signal Occurs 675 psia
91.5 Main Steam Isolation Valves Begin to Close ---

101.5 Main Steam Isolation Valves are Closed

104.0 High Pressure Safety Injection Pumps Reach Full ---

Speed
130.0 Minimum Steam Generator Inventory > 18,700 Ibm

.171.3 Pressurizer Refills ---
1800.0 Operator Activates the Remotely Operated

Atmospheric Dump Valves
10,520.0 Shutdown Cooling Initiated

(a) Water level above the tube sheet.
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15.2.3.2.3.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of core and systems performance
are identical to those described in paragraph 15.2.2.5.3 and table 15.2-7 except for moderator
temperature coefficient (MTC). A parametric analysis was performed on MTC values between
0.0 and -3.3 x 10-4Ap/°F to determine a value such that a high linear power trip will be generated
simultaneously with the steam generator low water level trip. This procedure is utilized in order
to delay reactor trip and therefore maximize pre-trip steam generator water inventory depletion.
This ensures a transient which will result in the minimum steam generator water inventory.

15.2.3.2.3.3 Results

The dynamic behavior of important parameters following a loss of normal feedwater flow with
failure of the turbine steam bypass system failed open is presented in figures 15.2-54 through
15.2-64.

The complete loss of normal feedwater flow results in an increase in the steam generator pressure
and temperature. When the header pressure exceeds 950 psia, 5.7 seconds after cessation of
feedwater flow, the steam bypass control system signals and the bypass valves open. This results
in an increased main steam flow incident concurrent with a loss of feedwater. As the RCS begins
to cool down due to the increased steam flow, the negative moderator temperature coefficient
causes the reactor power to increase. The steam generator inventory is decreasing rapidly due to
the full-open turbine steam bypass valves and the operating turbine. The primary coolant
temperature and pressure are decreasing rapidly when the reactor is tripped at 38.6 seconds due
to a low steam generator water level signal coincident with high linear power trip. The CEAs
begin to drop at 40.5 seconds. The reactor power has increased to 115.3% of full power at this
time. After the reactor trip, the turbine will trip, but the turbine bypass valves remain open. The
RCS will continue to cool down and the RCS pressure and temperature will decrease.
Emergency feedwater reaches the steam generators 48 seconds after actuation of the low steam
generator water level trip. A safety injection actuation signal (SIAS) is initiated at 72.8 seconds
due to the low pressurizer pressure. The pressurizer empties at 84.5 seconds. A low steam
generator pressure signal is generated at 90.6 seconds. The main steam isolation valves fully
close at 101.5 seconds. At 130 seconds, the total steam generator water inventory reaches its
minimum value. The steam generator inventory will increase as the emergency feedwater
continues to operate. In addition, the RCS pressure remained high enough such that no reactor
coolant pump cavitation would occur. Thus, no flow coastdown was initiated. The pressure in
the steam generators begins to increase due to the isolation of the steam generators. It is
conservatively assumed that no operator action will be taken until 30 minutes after the initiation
of the event. At this time, the operator will take control of the atmospheric dump valves and will
begin cooldown of the plant in accordance with appropriate emergency procedures. The RCS is
then cooled to an average temperature of 350 'F, at which point shutdown cooling is initiated.
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In summary, for the complete loss of normal feedwater flow with an active failure in the turbine
steam bypass system, an auxiliary feedwater flow rate of 500 gpm is sufficient to remove decay
heat such that a secondary system heat sink is maintained and the primary and secondary pressure
do not exceed 110% of their respective designs.

15.2.3.2.4 Barrier Performance

15.2.3.2.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.2.2.5.4.

15.2.3.2.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are
identical to those described in paragraph 15.2.2.5.4.

15.2.3.2.4.3 Results

There are no releases to atmosphere until the operator begins cooldown of the plant 30 minutes
after the cessation of feedwater flow. The cooldown at 75 °F/hr is controlled by opening the
atmospheric dump valves. After a 2-hour and 20-minute cooldown, the primary system will have
reached an average temperature of 350 'F, at which time the shutdown cooling system will be
placed in operation. The approximate total steam release to atmosphere during the course of this
transient is 700,000 pounds.

15.2.3.2.5 Radiological Consequences

The radiological consequences of this event are less severe than the consequences of the main
steam line break discussed in paragraph 15.1.3.1 .B.
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15. ACCIDENT ANALYSES

15.3 DECREASE IN REACTOR COOLANT FLOWRATE

15.3.1 MODERATE FREQUENCY INCIDENTS

15.3.1.1 Partial Loss of Forced Reactor Coolant Flow

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.3.1.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a partial loss of forced reactor coolant flow classifies it as a moderate
frequency incident as defined in reference 1 of section 15.0. A partial loss of forced reactor
coolant flow is caused by loss of power from one pump or the loss of power from one pump bus.

The loss of power from one pump bus is more severe since it causes a more rapid reduction of
the reactor coolant flow.

15.3.1.1.2 Sequence of Events and Systems Operation

A loss of electric power from one pump bus produces a decrease in flow in one cold leg of each
coolant loop. This, in turn, produces a reduction of coolant flow through the reactor core. Since
the remaining pumps continue to produce a positive flow head, the core flowrate decreases more
slowly than during a total loss of forced reactor coolant flow. The reduced coolant flowrate
through the core causes an increase in the average coolant temperature in the core and a decrease
in the margin to departure from nucleate boiling. A low departure from nucleate boiling ratio
(DNBR) reactor trip is generated by the core protection calculators to prevent the minimum
DNBR calculated with the CE-1 CHF correlation from decreasing to 1.31 at any time during the
transient.

Since the power operating limit calculated by the core operating limit supervisory system
(COLSS) and reactor trip signal generated by the core protection calculators (CPCs) are based on
the more rapid loss of thermal margin resulting from a total loss of forced reactor coolant flow
(see appendix 15A), the consequences of a partial loss of forced reactor coolant flow are no more
adverse than those following a total loss of forced reactor coolant flow, which is described in
paragraph 15.3.2.1. The consequences of a single malfunction of an active component or system
following a partial loss of forced reactor coolant flow are discussed in paragraph 15.3.2.2.

15.3.1.1.3 Core and System Performance

The core and system performance parameters following a partial loss of forced reactor coolant
flow are no more adverse than those following a total loss of forced reactor coolant flow, which
is described in paragraph 15.3.2.1.
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15.3.1.1.4 Barrier Performance

The barrier performance parameters following a partial loss of forced reactor coolant flow would
be less adverse than those following a total loss of forced reactor coolant flow, which is
described in paragraph 15.3.2.1.

15.3.1.1.5 Radiological Consequences

The radiological consequences due to steam releases from the secondary system are less severe
than the consequences of the inadvertent opening of the atmospheric dump valve discussed in
paragraph 15.1.1.4.

15.3.2 INFREQUENT INCIDENTS

15.3.2.1 Total Loss of Forced Reactor Coolant Flow

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.3.2.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a total loss of forced reactor coolant flow classifies it as an infrequent
incident as defined in ANSI N18.2."i) A total loss of forced reactor coolant flow is caused by a
simultaneous loss of electric power to all four reactor coolant pumps. During normal power
operation, electrical power is supplied by the unit main generator. Power is provided through
two buses so that each bus supplies power to two diametrically opposed pumps. In the event of a
loss of the unit main generator power, automatic fast transfer to offsite ac power is actuated and
no significant change in reactor coolant flow is produced. However, no credit is taken for the
action of the automatic transfer to offsite ac power, and the transient is postulated to occur as a
result of a loss of the unit main generator power.

15.3.2.1.2 Sequence of Events and Systems Operation

A loss of electric power to all reactor coolant pumps produces a reduction of coolant flow
through the reactor core. The reduction in coolant flow-rate causes an increase in the average
coolant temperature in the core and a decrease in the margin to DNB. A CPC low DNBR (RCP
speed) trip is initiated due to the reduction in reactor coolant pump shaft speed. For a loss of
flow at full power operating conditions, a trip will be initiated when the RCP speed drops to 95
percent of its initial speed. For conservation, the safety analysis assumes that the CPC initiate a
reactor trip when the reactor coolant flow reaches 95%. The reduction in core flow lags the
decrease in RCP shaft speed. The reactor trip produces an automatic turbine trip. Following a
turbine trip, offsite power is available to provide ac power to the auxiliaries. The case of loss of
all normal AC power is discussed in paragraph 15.2.1.4.

If the turbine bypass system is in the manual mode, and no credit is taken for immediate operator
action, the secondary safety valves open to relieve steam and provide an ultimate heat sink for the
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nuclear steam supply system (NSSS). Even if the turbine bypass valves open automatically, the
steam generator safety valves also open to limit the pressure in the secondary steam system. The
operator can initiate a controlled system cooldown using the turbine bypass valves any time after
reactor trip. The steam release to the atmosphere, even if operator action is delayed, for 30
minutes following the first indication of the event, would be no more than that following a loss
of all normal AC power, which is discussed in paragraph 15.2.1.4, since the turbine bypass
system may be used after 30 minutes and since main feedwater is available throughout the total
loss of forced reactor coolant flow transient.

The consequences of a single malfunction of an active component or system following a total
loss of forced reactor coolant flow are discussed in paragraph 15.3.3.2.

Table 15.3-1 gives the sequence of events that would occur during a total loss of reactor coolant
flow for a representative set of initial conditions that cause the most adverse consequences.

Table 15.3-1
SEQUENCE OF EVENTS FOR TOTAL LOSS OF
FORCED REACTOR COOLANT FLOW EVENT

Time (sec) Event Setpoint or Value
0.0 Loss of Power to all Four Reactor Coolant --

Pumps
0.80 Low Reactor Coolant Pump Shaft Speed 95% of shaft speed

Trip Signal Generated
1.02(a) Trip Breakers Open --
1.32(a) CEAs Begin to Drop Into Core --

2.70 Minimum CE-1 DNBR > 1.31
4.7 Maximum RCS Pressure 2523 psia

(a Original accident analysis assumed a 0.3 second delay between the time the reactor trip is

generated and the CEAs begin to drop. Present analyses allow up to 1.01 second holding coil
delay time as part of the overall average 3.4 second CEA drop time. Both SONGS Units 2
and 3 CEA drop time measurements have very little margin to the current technical
specification limit of 3.2 seconds. As discussed in Section 15.0.2, three (3) CEA drop time
curves were used for the safety analysis with the longest delay time of 1.01 seconds for a drop
time of 3.4 seconds. Core operating limit supervisory system'(COLSS) and core protection
calculator system (CPCS) are to be modified to accommodate any loss or gain in thermal
margins based on the measured average CEA drop time in accordance with the revised
Technical Specification 3.1.5. The conclusions of this event are unchanged.
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15.3.2.1.3 Core and System Performance

15.3.2.1.3.1 Mathematical Models

The method used to analyze the total loss of forced reactor coolant flow is the method described
in Appendix 15F. The thermal margin to DNB was calculated using the CETOP-D computer
code, which is described in section 15.0, with the CE- I CHF correlation described in chapter 4.
The CETOP-D/CE- 1 method was used to calculate both the time of occurrence and the value of
the minimum DNBR during the transient.

15.3.2.1.3.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used to analyze the NSSS response to a total loss of
forced reactor coolant flow are discussed in section 15.0. These parameters, which are unique to
the analysis discussed below, are listed in table 15.3-2.

The principal process variables that determine thermal margin to DNB in the core are monitored
by the COLSS. The COLSS computes a power-operating limit which ensures that the thermal
margin available in the core is equal to or greater than that needed to cause the minimum DNBR
to remain greater than 1.31 during the event. The COLSS is described in section 7.7. The input
to the COLSS to account for the loss of thermal margin during a total loss of forced reactor
coolant flow is described in appendix 15A. The initial conditions chosen for the analysis
presented in this section are one of a very large number of combinations within the reactor
operating space given in table 15.0-5 and are simply a representative set. The consequences
following a total loss of forced reactor coolant flow initiated from any one of these combinations
of conditions would be no more adverse than those presented herein. The influence of variations
in each of the individual process variables is discussed in appendix 15A.

15.3.2.1.3.3 Results

The dynamic behavior of the relevant NSSS parameters following a total loss of forced reactor
coolant flow is presented in figures 15.3-1 through 15.3-6.

The reduced primary coolant flowrate causes:

Ul A reduction in margin to DNB

El An increase in average reactor coolant temperature in the core

El An increase in primary system pressure
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Table 15.3-2

KEY PARAMETERS ASSUMED FOR THE TOTAL LOSS OF
FORCED REACTOR COOLANT FLOW EVENT

Assumed
Parameter Units

Value
Total RCS Power (Core Thermal Power + Pump MWt 3478
Heat)
Initial Core Coolant Inlet Temperature F 560
Initial RCS Vessel Flow Rate gpm 396,000
Initial Reactor Coolant System Pressure psia 2325
Moderator Temperature Coefficient xl04 Ak/k/°F +.5
Doppler Coefficient Multiplier -- .75
Low Pump Speed Trip Setpoint (Reactor Coolant 0.95
Pump Shaft Speed Setpoint)
Low Pump Speed Trip Response Time sec 0.22
CEA Holding Coil Delay sec 0.35a)

CEA Time to 90% Insertion (Including Holding Coil sec 3.0(a)

Delay)
CEA Worth at Trip (all rods out) %Ap -6.0

(a) Original accident analysis assumed a 0.3 second delay between the time the reactor trip is
generated and the CEAs begin to drop. Present analyses allow up to 1.01 second holding
coil delay time as part of the overall average 3.4 second CEA drop time. Both SONGS
Units 2 and 3 CEA drop time measurements have very little margin to the current
technical specification limit of 3.2 seconds. As discussed in Section 15.0.2, three (3)
CEA drop time curves were used for the safety analysis with the longest delay time of
1.01 seconds for a drop time of 3.4 seconds. Core operating limit supervisory system
(COLSS) and core protection calculator system (CPCS) are to be modified to
accommodate any loss or gain in thermal margins based on the measured average CEA
drop time in accordance with the revised Technical Specification 3.1.5. The conclusions
of the event are unchanged.

A CPC low DNBR (RCP speed) trip signal is generated at 0.80 seconds and the control element
assemblies (CEAs) begin dropping into the core at 1.32 second.

The minimum DNBR in the core reaches a minimum value greater than 1.31 at 2.70 seconds.

The maximum RCS and secondary pressures do not exceed 110% of the design pressures
following a total loss of forced reactor coolant flow, thus ensuring the integrity of the RCS and
main steam system. The minimum DNBR is greater than 1.31, which ensures that the specified
acceptable fuel design limit is not violated.
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15.3.2.1.4 Barrier Performance

15.3.2.1.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.3.2.1.3.

15.3.2.1.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are
identical to those described in paragraph 15.3.2.1.3.

15.3.2.1.4.3 Results

The maximum RCS pressure reached during the transient is 2523 psia, therefore, a minimal
amount of steam is released from the RCS. If the turbine bypass system were in the manual
mode at the beginning of the transient, and no credit were taken for immediate operator action,
the steam release through the secondary safety valves to the atmosphere would be no greater than
that following a loss of all normal AC power, which is discussed in paragraph 15.2.1.4.

15.3.2.1.5 Radiological Consequences

The radiological consequences due to steam releases from the secondary system, are less severe
than the consequences of the inadvertent opening of the steam generator atmospheric dump valve
with a concurrent single failure of an active component discussed in paragraph 15.1.2.4.

15.3.2.2 Partial Loss of Forced Reactor Coolant Flow With a Concurrent Single Failure of an
Active Component

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

It is not possible to identify any credible single failure of an active component which would
cause the partial loss of forced reactor coolant flow to produce consequences more severe than
those following a single reactor coolant pump sheared shaft, which is presented in paragraph
15.3.3.2.

15.3.3 LIMITING FAULTS

15.3.3.1 Single Reactor Coolant Pump Shaft Seizure

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.
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Plant response to the single reactor coolant pump shaft seizure event is almost identical to the
single reactor coolant pump sheared shaft event. Both events cause a rapid drop in core flow to
the three pump RCS flow level. The only significant difference in the events is that the shaft
seizure event trips on the low CPC DNBR (reactor coolant pump speed) while the sheared shaft
event trips on low steam generator delta pressure. Since the sheared shaft event trip response
time is longer, it is considered slightly more severe. Therefore, the results of the single reactor
coolant pump shaft seizure are bounded by the single reactor coolant pump sheared shaft event.

15.3.3.2 Single Reactor Coolant Pump Sheared Shaft

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.3.3.2.1 Identification of Causes and Frequency Classification

The estimated frequency of a single reactor coolant pump sheared shaft classifies it as a faulted
condition incident as defined in ANSI N18.2"'. A single reactor coolant pump sheared shaft is
caused by mechanical failure of the pump shaft. This could result from a manufacturing defect in
the shaft.

15.3.3.2.2 Sequence of Events and Systems Operation

Following the shearing of a reactor coolant pump shaft, the core flowrate rapidly decreases to the
value that would occur with only three reactor coolant pumps operating. The reduction in
coolant flowrate causes an increase in the average coolant temperature in the core and may
produce a DNB in some portions of the core. A reactor trip is generated when the rapid flow
reduction across the steam generator in the affected loop decreases the delta-pressure below the
trip setpoint. The reactor trip produces an automatic turbine trip. Following turbine trip, offsite
power is available to provide ac power to the auxiliaries. Due to the turbine trip, the turbine
bypass valves would normally open. If the steam bypass control system is in the manual mode
and no credit is taken for immediate operator action, the steam generator safety valves will open
to relieve steam and provide an ultimate heat sink for the NSSS. The operator can initiate a
controlled system cooldown using the turbine bypass valves any time after reactor trip. The
steam release to the atmosphere, even if operator action is delayed for 30 minutes following first
indication of the event, would be no more than that following a loss of all normal AC power
which is discussed in paragraph 15.2.1.4. This is due to the fact that the steam bypass system is
unavailable for the loss of normal AC power. This results in significantly higher releases for the
loss of normal AC power.

Table 15.3-5 gives the sequence of events that would occur following the shearing.of a single
reactor coolant pump shaft. The sequence of events is from cycle I and is representative of the
latest cycle. Only the minimum DNBR value has been modified to incorporate latest cycle
results.

15.3.3.2.3 Core and System Performance
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15.3.3.2.3.1 Mathematical Models

The method used to analyze the single reactor coolant pump sheared shaft is the static method
described in reference 4 of section 15.0. The only deviation from that method was in the
calculation of thermal margin. The thermal margin to DNB was calculated using the TORC
computer code, which is described in section 15.0, with the CE-I CHF correlation described in
chapter 4. The TORC/CE- 1 method was used to calculate both the time and value of the
minimum DNBR during the transient.

Table 15.3-5

SEQUENCE OF EVENTS FOR THE SINGLE
REACTOR COOLANT PUMP SHEARED SHAFT

Time (sec) Event Setpoint or Value
0.0 Single reactor coolant pump sheared shaft
1.2 Low steam generator deltaP trip signal 90% deltaP across either

generated steam generator
1.65 CEAs begin to drop
1.8 Minimum DNBR 1.12

4.25 Maximum RCS pressure, psia 2,118
12.3 Unaffected loop steam generator safety 1,100

valves open, psia
12.5 Affected loop steam generator safety valves 1,100

open, psia
20.0 Maximum steam, generator pressure, psia 1,127

(a) The analysis used has sufficient conservatism to compensate for the increased holding coil
delay time (see Section 15.0.2). The conclusions of the analysis are unchanged.

15.3.3.2.3.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used to analyze the NSSS response to a single reactor
coolant pump sheared shaft are discussed in section 15.0. Those parameters that are unique to
the analysis discussed below are listed in table 15.3-6.

The initial conditions chosen for the analysis presented in this section are one of an infinite
number of combinations within the reactor operating space in table 15.0-5 which would provide
the minimum thermal margin required by the COLSS power operating limit. The case presented
was chosen to maximize calculated fuel damage. The consequences following a single reactor
coolant pump sheared shaft initiated from any one of these combinations of conditions would be
no more adverse than those presented herein.
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15.3.3.2.3.3 Results. The dynamic behavior of the relevant NSSS parameters following a
reactor coolant pump sheared shaft are shown in figures 15.3-7 through 15.3-13. These figures
are from cycle 1 and are representative of the latest cycle.

The rapid reduction in primary coolant flowrate causes an increase in the average coolant
temperature in the core, a corresponding reduction in the margin to DNB, and an increase in the
primary system pressure. The original analysis assumed that the CEAs begin to drop into the
core in response to the trip at 1.65 second. The transient minimum DNBR in the core of 1.12
occurs at 1.8 second. Present analyses allow for a holding coil delay time of up to 1.01 seconds
rather than the delay assumed in the event analysis. The simplified analysis method used has
sufficient conservatism to compensate for the increased delay. The conclusions of this analysis
are unchanged.

All fuel rods that experience DNB are assumed to fail for the purpose of radiological release
calculations. A DNB propagation evaluation is performed to ensure that a core coolable
geometry is maintained.

The percentage of pins experiencing DNB is calculated using the convolution method explained
in reference 9 of section 15.0.

The turbine trip, which occurs as a result of the reactor trip, rapidly reduces the steam flow to the
turbine and increases the steam generator pressures. At 12.3 seconds, the steam generator safety
valves open in the steam generator in the unaffected loop (loop not containing the sheared shaft).
At 12.5 seconds, the steam generator safety valves open in the steam generator in the affected
loop. This difference in the time of opening of the steam generator safety valves is due to the
reduced heat transfer capability in the affected loop, which results in a slower pressure increase.
The maximum steam generator pressure of 1127 psia occurs at 20.0 seconds.

Table 15.3-6

ASSUMED INITIAL CONDITIONS FOR THE SINGLE
REACTOR COOLANT PUMP SHEARED SHAFT

Parameter Assumed
Value

Initial core power level, MWt 3,478
Core inlet coolant temperature, F 560
Core mass flowrate, 106 ibm/hr 136.8
Reactor coolant system pressure, psia 2,000
Steam generator pressure, psia 951
Moderator temperature coefficient, 10' Ak/k/0 F +0.5
Doppler Coefficient multiplier 0.85
CEA worth for trip, %Ap -8.15
Steam bypass control system Manual
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The maximum RCS and secondary pressures do not exceed 110% of the design pressures
following a single reactor coolant pump sheared shaft, thus assuring the integrity of the RCS and
main steam system.

15.3.3.2.4 Barrier Performance

15.3.3.2.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that described
in paragraph 15.3.3.3.3.

15.3.3.2.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are
identical to those described in paragraph 15.3.3.1.3.

15.3.3.2.4.3 Results

Even if the transient was initiated from the highest allowable operating pressure of 2300 psia
(table 15.0-5), there would be no steam release from the RCS since the primary safety valves
would not open. Figure 15.3-13 shows the total steam flowrate through the steam generator
safety valves versus time with the steam bypass control system in manual. If the steam bypass
control system was in the manual mode at the beginning of the transient, and no credit was taken
for immediate operator action, the steam release would be no greater than that following a loss of
all normal AC power which is discussed in paragraph 15.2.1.4. This is due to the fact that the
operator can eventually utilize the steam bypass system in a controlled plant cooldown which is
not possible following a loss of all normal AC power event. The radiological releases are
calculated assuming all fuel rods that experience a DNBR of less than or equal to 1.31 fail and
the steam releases are calculated for the loss of all normal AC power.

15.3.3.2.5 Radiological Consequences

The radiological consequences due to steam releases from the secondary system result in offsite
doses of 14 Rem thyroid and 1.0 Rem whole body which are a small fraction of 10 CFR 100
guidelines.

The original accident analysis assumed 4% main steam safety valve blowdown. Blowdown for
current valve ring settings is bounded by 15% (see Section 15.0). The increased blowdown
affects the MSSV steam releases during the first 30 minutes of the accident. However, the
existing evaluation of radiological consequences can accommodate the increased MSSV
blowdown and the conclusions of the analysis remain unaffected.
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15.3.3.3 Total Loss of Forced Reactor Coolant Flow with Concurrent Single Failure of an
Active Component

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

It is not possible to identify any credible single failure that would cause the total loss of forced
reactor coolant flow with a concurrent single failure of an active component to produce
consequences more severe than those following a single reactor coolant pump sheared shaft,
which is described in paragraph 15.3.3.2.
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15. ACCIDENT ANALYSES

15.4 REACTIVITY AND POWER DISTRIBUTION ANOMALIES

15.4.1 MODERATE FREQUENCY INCIDENTS

15.4.1.1 Uncontrolled CEA Withdrawal from a Subcritical or Low Power Condition

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.4.1.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a control element assembly (CEA) withdrawal from subcritical or
low power conditions classifies it as a moderate frequency incident as defined in reference 1 of
section 15.0. An uncontrolled withdrawal of CEAs is assumed to occur as a result of a single
failure in the control element drive mechanism (CEDM), control element drive mechanism
control system (CEDMCS), or as a result of operator error.

An analysis of the uncontrolled CEA withdrawal, both from a subcritical and low power
conditions, is presented here.

15.4.1.1.2 Sequence of Events and Systems Operation

The withdrawal of CEAs from subcritical or low power conditions adds reactivity to the reactor
core, causing both the core power level and the core heat flux to increase together with
corresponding increases in reactor coolant temperatures and reactor coolant system (RCS)
pressure. The withdrawal motion of CEAs also produces a time-dependent redistribution of core
power. These transient variations in core thermal parameters result in the system's approach to
the specified fuel design limits and RCS and secondary system pressure limits, thereby requiring
the protective action of the reactor protection system (RPS).

The reactivity insertion rate accompanying the uncontrolled CEA withdrawal is dependent
primarily upon the CEA withdrawal rate and the CEA worth since, at subcritical and lower
power conditions, the normal reactor feedback mechanisms do not occur until power generation
in the core is large enough to cause changes in the fuel and moderator temperatures. The
reactivity insertion rate determines the rate of approach to the fuel design limits. Depending on
the system initial conditions and reactivity insertion rate, the uncontrolled CEA withdrawal
transient is terminated by either a high logarithmic power trip (for the subcritical initial
condition), a high power level trip, high pressurizer pressure trip, a low departure from nucleate
boiling ratio (low DNBR/VOPT), or a high local power density trip. The secondary system
pressure increases following reactor trip and is limited by the steam generator safety valves.

Table 15.4-1 and 15.4-2 give the sequence of events for the limiting CEA withdrawal transient
from subcritical (10.8% Power) and low power (105% power) conditions, respectively.
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Table 15.4-1

SEQUENCE OF EVENTS FOR THE UNCONTROLLED CEA WITHDRAWAL
FROM SUBCRITICAL CONDITIONS

Time (sec) Event Setpoint or Value
0.0 Initiation of Uncontrolled Sequential CEA ---

Withdrawal
33.8 Reactor Reaches Critically ---
58.3 Reactor Reaches High Logarithmic Power Trip 4%

Setpoint
58.7 Reactor Trip Generated

59.7 CEAs Begin to Drop ---
59.7 Peak Reactor Core Power Reached 122%
59.8 Peak Reactor Core Heat Flux Reached 45.2%
59.8 Minimum DNBR Occurs > 1.31

Table 15.4-2
SEQUENCE OF EVENTS FOR THE UNCONTROLLED CEA WITHDRAWAL

FROM LOW POWER CONDITIONS

Time (sec) Event Setpoint or Value
0.00 CEAW Initiated

34.40 VOPT Trip Condition 35%
34.80 Reactor Trip Occurs
35.81 Scram CEAs Begin to Drop
35.82 Peak Core Power 107.19%

Fuel Centerline Temperature < 4706 OF
35.98 Peak Core Heat Flux 47.66 %
35.98 Minimum DNBR > 1.31
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15.4.1.1.3 Core and System Performance

A. Mathematical Model

The nuclear steam supply system (NSSS) response to a CEA withdrawal from
subcritical or low power conditions was simulated using the CESEC II computer
program described in section 15.0. The thermal margin on DNBR in the reactor core
was simulated using the CETOP-D computer program described in section 15.0 with
the CE-I CHF correlation described in chapter 4.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used to analyze the NSSS response to a
CEA withdrawal from subcritical and low power conditions are discussed in section
15.0. In particular, those parameters which were unique to the analysis for each event
discussed below are listed in tables 15.4-3 and 15.4-4 for a CEA withdrawal from
subcritical and low power conditions, respectively.

1. CEA Withdrawal Event From Low Power-Conditions

The initial conditions and NSSS characteristics assumed in this analysis have been
determined to be the limiting set of conditions allowed by the limiting conditions
for operation (LCOs) in terms of providing the closest and fastest approach to the
fuel design limits for a CEA withdrawal from low power level. The initial
conditions which provide the closest and most rapid approach to the fuel design
limits correspond to a zero power core inlet temperature of 560 'F, a core inlet
flow of 95% of design flow, and the minimum RCS pressure of 2000 psia. The
initial RCS pressure is chosen to be the lowest allowed pressure within the LCOs
since this is more limiting for minimum DNBR. The initial core average axial
power distribution assumed in the analysis corresponds to an axial shape index
(ASI) of -0.86. Studies have shown that this initial shape undergoes a significant
and rapid shift to the top of the core during the transient. A one pin radial peaking
factor of 2.3, including uncertainties, is also conservatively assumed for this
analysis. The radial peaking factor is the highest radial peak expected for any
CEA configuration and time in core lifetime.

Parametric analyses have indicated that the lowest initial power level, 3.809 x 10-'
MWt, results in the closest and fastest approach to the fuel design limits during
the CEA withdrawal transient. Initially subcritical, zero power CEA withdrawal
transients are terminated by the high logarithmic power level trip while those
initiated from a power level just above the high logarithmic power level trip
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Table 15.4-3

ASSUMPTIONS FOR THE UNCONTROLLED CEA WITHDRAWAL
FROM SUBCRITICAL CONDITIONS

Parameter Value
Initial Core Power Level, MWt 3.809 x 10-'
Initial Inlet Coolant Temperature, 'F 560
Initial Core Mass Flow Rate (90% of nominal), gpm 356,400
Initial RCS Pressure, psia 2000
Moderator Temperature Coefficient, 10-4Ap/OF 0.5
Fuel Temperature Coefficient Multiplier 0.86
Maximum Reactivity Insertion Rate, x 104Ap/sec 2.96

Table 15.4-4
ASSUMPTIONS FOR THE UNCONTROLLED CEA WITHDRAWAL

FROM LOW POWER CONDITIONS

Parameter Value
Initial Core Power Level, MWt 33.9x 105

Initial Inlet Coolant Temperature, 'F 560
Initial Core Mass Flow Rate (95% of nominal), gpm 376,200
Initial RCS Pressure, psia 2000
Moderator Temperature Coefficient, 104Ap/°F 0.5
Fuel Temperature Coefficient Multiplier 0.86
Minimum CEA Worth at Trip, %Ap -5.15
Maximum Reactivity Insertion Rate, x 104 Ap/sec 2.0
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bypass setting (Analytical Limit of Dl 10-5% power) are terminated by a high
pressurizer pressure trip, CPC low DNBR (VOPT) trip, or high local power
density trip at a much later time into the transient. At power levels above 10-5%,
reactivity feedback mechanisms prevail and provide a dampening effect on the
severity of the transient.

The regulating CEAs are initially in the fully inserted position when the CEA
withdrawal is initiated. Based on calculated CEA worths and the maximum CEA
withdrawal rate of the CEA drive system, the assumed rate is conservative.

For those transients classified under the category of reactivity and power
distribution anomalies, the uncontrolled CEA withdrawal at low power conditions
has been shown to be the most limiting transient for maximum RCS pressure.
The initial conditions and NSSS characteristics used for this particular analysis
are essentially identical to the above analysis. In addition, no credit is taken for
the turbine bypass valves, thereby maximizing the peak RCS pressure reached
during the course of the transient. The initial parameters used in this analysis are
shown in table 15.4-4.

2. CEA Withdrawal Event from Subcritical Conditions

An uncontrolled CEA withdrawal event from subcritical conditions was initiated
at the power level of 3.809 x 10-5% MWt. The input parameters and initial
conditions used to analyze this event were similar to those of the low power CEA
withdrawal analysis.

The input parameters used in this analysis are shown in table 15.4-3.

C. Results

The dynamic behavior of important NSSS parameters following a CEA withdrawal
from subcritical and low power conditions is presented in Figures 15.4-1 through
15.4-10.

1. CEA Withdrawal from Subcritical Conditions

The uncontrolled CEA withdrawal from subcritical conditions resulted in a reactor
trip on high logarithmic power at approximately 58.7 seconds. The minimum
DNBR calculated for this event initiated from the conditions of table 15.4-3 was
greater than the design limit of 1.31; and the fuel centerline temperature was less
than 4706'F. Thus, the fuel is not predicted to melt.

The design melting point of new fuel with no burnable poison is 5080'F. The
melting point is adjusted downward from this temperature depending on the
amount of burnup and amount and type of burnable poison in the fuel. The 58°F
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per 10,000 MWD/MTU adjustment for burnup was accepted by the NRC in
Topical Report CEN-386-P-A, Reference 7. Adjustments for burnable poisons
are established based on NRC approved Topical Report CENPD-382-A,
Reference 6.

The fuel cycle length extensions approved by the NRC for SONGS 2 and 3
required core designs containing erbia (Er203) integral burnable absorber in place
of the traditional boron (B4C) discrete burnable absorber to control the MTC at
the beginning of the cycle and the pin peaking factor throughout the cycle.

For the core design with Erbia integral burnable absorber rods, the maximum
approved Erbia concentration is 2.5 wt% fuel, and the maximum assembly burnup
is 60 GWD/MTU. Accordingly, the adjusted fuel center line melting temperature
is 4706'F.

Additionally, the peak RCS pressure is less than the design limit of 2750 psia.
Table 15.4-1 presents the sequence of events for this event. Figures 15.4-1
through 15.4-5 present the NSSS response for core power, core heat flux, RCS
temperatures, RCS pressure and steam generator pressure.

2. CEA Withdrawal from Low Power Conditions

The low power CEAWs were analyzed to maximize the RCS pressure increase
and to maximize the potential for the fuel degradation. The initial conditions for
the low power CEAW that maximizes peak RCS pressure and fuel degradation
are listed in table 15.4-4. For fuel degradation, the CPC low DNBR (VOPT) trip
is credited to mitigate the consequences of this event. The sequence of events is
presented in table 15.4-2. Figures 15.4-6 through 15.4-10 present the NSSS
response for this event. A parametric study on the reactivity addition rate was
performed to yield a coincident CPC low DNBR (VOPT) and high pressurizer
pressure trip in order to maximize the peak RCS pressure.
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15.4.1.1.4 Barrier Performance

A. Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that
described in paragraph 15.4.1.1.3.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance
are identical to those described in paragraph 15.4.1.1.3.

C. Results

Figures 15.4-3 and 15.4-8 show the NSSS response for RCS pressure for a CEA
withdrawal from subcritical and low power conditions. The peak RCS pressure for a
CEA withdrawal from subcritical conditions is less than that of the CEA withdrawal
from lower power. The most limiting case of RCS pressure for the CEA withdrawal at
low power is 2655 psia which is less than the design limit of 2750 psia.

15.4.1.1.5 Radiological Consequences

The radiological consequences due to steam releases from the secondary system are less severe
than the consequences of the inadvertent opening of the atmospheric dump valve discussed in
paragraph 15.1.1.4.

15.4.1.2 Uncontrolled CEA Withdrawal at Power

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.4.1.2.1 Identification of Causes and Frequency Classification

The estimated frequency of a CEA withdrawal at power classifies it as a moderate frequency
incident as defined in reference 1 of section 15.0. A CEA withdrawal is assumed to occur as a
result of a single failure in the CEDM or CEDMCS.

15.4.1.2.2 Sequence of Events and Systems Operation

An uncontrolled CEA withdrawal results in an increase in core power and a corresponding
increase in reactor coolant temperatures and RCS pressure; further, the withdrawal of CEAs
produces a time-dependent redistribution of core power. These transient variations in core
thermal parameters result in a rapid approach to the fuel design limits on DNBR and fuel
centerline temperature thereby requiring the protective action of the RPS.
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The net reactivity insertion rate accompanying the uncontrolled CEA withdrawal is dependent
upon the CEA withdrawal rate and reactivity feedback mechanisms present at the time of the
uncontrolled CEA withdrawal. The net reactivity insertion rate determines the rate of approach
to the fuel design limits. Depending on the initial conditions and reactivity insertion rate, the
uncontrolled CEA withdrawal transient is terminated by: achieving steady-state condition or by a
high power level trip; high-pressurizer pressure trip; low DNBR trip or high local power density
trip. The secondary system pressure increases following reactor trip are limited by the turbine
bypass and steam generator safety valves.

Table 15.4-5 gives the sequence of events for the limiting CEA withdrawal at power transient
identified in paragraph 15.4.1.2.3.

15.4.1.2.3 Core and System Performance

A. Mathematical Model

The NSSS response to a CEA withdrawal at power was simulated using the CESEC
computer program described in section 15.0. The thermal margin on DNBR in the
reactor core was simulated using the TORC computer program described in Section
15.0 with the CE- I CHF correlation described in Chapter 4.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used to analyze the NSSS response to a
CEA withdrawal at power are discussed in Section 15.0. In particular, those
parameters which were unique to the analysis discussed below are listed in table
15.4-6.

Parametric studies were performed to define a set of initial conditions for the principal
process variables monitored by core operating limit supervisory system (COLSS) for
the CEA withdrawal transient. The ranges of initial conditions examined are shown in
table 15.4-7.

The criterion for selecting the set of limiting initial conditions for the analysis was to
select a set initial conditions that simultaneously produced a reactor trip due to a
calculated minimum DNBR of 1.31, a high-pressurizer pressure, and a high power
level. The initial conditions would allow the transient to proceed for the longest time
interval prior to trip and would produce the fastest rate of decrease of DNBR at the
time of trip.
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Table 15.4-5
SEQUENCE OF EVENTS FOR THE CEA WITHDRAWAL

Setpoint or
Time (s) Event Value

0 Withdrawal of CEA bank is initiated ---
1.50 Turbine bypass valves open, secondary system 947

pressure, psia
43.35 CPCs generate a reactor trip signal 1.31 (a)

43.60(b) Reactor trip breakers open ---
43.90(b) CEAs begin to fall into core ---

44.40 Maximum core power, %, of full power 108.6
45.4 Minimum DNB ratio >1.31
47.24 Maximum RCS pressure, psia 2,518
48.76 Steam generator safety valves open, psia 1,100

(a) CPC conservatively calculated

(b) Original accident analysis assumed a 0.3 second delay between the time the reactor trip is

generated and the CEAs begin to drop. Present analyses allow up to 1.01 second holding coil
delay time as part of the overall average 3.4 second CEA drop time. Both SONGS Units 2
and 3 CEA drop time measurements have very little margin to the current technical
specification limit of 3.2 seconds. As discussed in Section 15.0.2, three (3) CEA drop time
curves were used for the safety analysis with the longest delay time of 1.01 seconds for a drop
time of 3.4 seconds. Core operating limit supervisory system (COLSS) and core protection
calculator system (CPCS) are to be modified to accommodate any loss or gain in thermal
margins based on the measured average CEA drop time in accordance with the revised
Technical Specification 3.1.5. The conclusions of the analysis remain valid.
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Table 15.4-6
ASSUMPTIONS FOR THE CEA WITHDRAWAL ANALYSIS

Parameter Assumption
Initial core power level, MWt 2,658
Core inlet temperature, 'F 560.0
Core mass flow, 106 lbm/hr 127.0
Reactor coolant system pressure, psia 2,000
One pin radial peaking factor, with uncertainty 1.71
Steam generator pressure, psia 948
Moderator temperature coefficient, 104Ak/k/°F +0.5
Doppler coefficient multiplier 0.85
CEA worth at trip, %Ap -8.55

Table 15.4-7
RANGE OF VALUES USED IN PARAMETRICS TO DETERMINE THE FSAR

WORST CASE (INITIAL CONDITIONS) FOR THE CEA WITHDRAWAL AT POWER

Parameter Values
Temperature, 'F 540 - 560
Pressure, psia 2000 - 2400
MTC (+.5 to -3.3) x 104Ak/k/°F

Power, % of full power 60 - 102
Core Flow, % of full power 90-110
Axial Power Distribution (ASI)(a) o.6

(a) ASI (Axial Shape Index) =

Power in Lower Core Half - Power in Utnter Core Half
Total Core Power
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These parametric studies have shown that the rate of approach to the fuel design limits is
relatively insensitive to initial values of core inlet temperature and core inlet flow. However,
these parameters are assumed to be at the upper limit of the reactor operating space. The core
flow was assumed to be 90% of design flow (which is outside the lower bound specified in table
15.0-4). These conditions provide assurance of the closest approach to the fuel design limits.
The initial reactor coolant system pressure is chosen to be the lowest allowed since this produces
a CEA withdrawal transient which has the closest and fastest approach to the fuel design limits
relative to higher values of initial RCS pressure. This is because a lower initial RCS pressure
delays actuation of the high-pressurizer trip (nominal setpoint of 2400 psia) until after a low
DNBR trip is encountered. Furthermore, the accelerating characteristics of the transient, that is
the increasing rate of change of heat flux and DNBR with increasing time, produce a faster
approach to the fuel design limits at later times in the transient. Based on parametric analyses
covering a range of initial core power levels, the initial core power level was chosen to be 78.4%
of full power. This initializes the DNBR at a value such that a DNBR trip is actuated just prior
to the high-pressurizer pressure trip and a high power level trip thereby maximizing the rate of
approach to the fuel design limits and producing the most severe consequences. The initial core
average axial power distribution for this analysis is a bottom peaked (axial shape index = +0.04)
shape characteristic of end of core lifetime. This shape resulted from simulations of the CEA
withdrawal transient using a wide range of initial axial power distributions and rod insertions
covering the range of initial conditions permitted by COLSS (table 15.0-4). The method for
determining the worst axial shape was to select the axial shape which, during the course of the
CEA withdrawal, caused the fastest rate of shift in axial peak towards the top of the core. This
shift in power distribution produces the most rapid approach to the fuel design limits.

The regulating CEA positions from which the CEA withdrawal is initiated corresponds
to 25% insertion of the first regulating group (group 6). Withdrawal from this CEA
position causes a large shift in the axial power distribution with very little reduction in
radial power peaking factor, thereby tending to maximize the rate of approach to the
fuel design limits.

Other input parameters important to this analysis include the moderator and fuel
temperature coefficients of reactivity. Values corresponding to beginning of cycle
condition were conservatively assumed for each with appropriate uncertainties applied.
Table 15.4-6 gives the moderator temperature coefficient and Doppler coefficient
multiplier assumed for this analysis. A reactivity insertion rate of 0.55 x 104 Ap/s was
assumed for this analysis. Based on calculated CEA worths and the maximum CEA
withdrawal rate capable of the CEA drive system, the assumed rate, which includes a
50% uncertainty, results in the most severe consequences. The reactivity feedbacks
and insertion rate assumed in this analysis provide the most rapid approach to the fuel
design limit relative to the expected or calculated values.

C. Results
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The dynamic behavior of important NSSS parameters following a CEA withdrawal at
power are presented in figures 15.4-11 through 15.4-22.

The withdrawal of CEAs produces a reactivity addition and a corresponding increase in
core power. The power transient causes an increasing temperature and pressure
transient which, together with the power distribution shift to the top of the core, causes
a rapid approach to the fuel design limits. In the presence of a positive moderator
temperature coefficient with a constant secondary load, the moderator reactivity
feedback accelerates the transient toward the fuel design limits. At 43.45 seconds into
the transient, a reactor trip on low DNBR is actuated and at 43.60 seconds the trip
breakers are open. The original analysis assumed that the CEAs begin dropping into
the core at 43.9 seconds, which terminated the transient with a hot channel minimum
DNBR of 1.31 as computed with the TORC (computer code) based on the CE-1 critical
heat flux correlation. Present measurement methods indicate this is delayed by 0.3
second. The additional 0.3 second delay does not affect the conclusion of this transient
analysis. Application of the space-time scram curve is sufficient to compensate for the
increased delay.

The peak linear heat generation rate reached during this transient is 15.0 kW/ft, which
produces fuel temperatures well below that of fuel centerline melt temperature. The
peak fuel centerline temperatures for any CEA withdrawal transient at power is no
worse than those attained for the CEA misoperation transient discussed in paragraph
15.4.1.3. The CEA misoperation incident characterized by a transient increase in the
radial power peaking factors and accompanied by automatic CEA motion produces a
more rapid approach to the fuel centerline melt limit than the CEA withdrawal at
power.

Table 15.4-5 gives the sequence of events for the CEA withdrawal at power transient.

15.4.1.2.4 Barrier Performance

A. Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to that
described in paragraph 15.4.1.2.3.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance
are identical to those described in paragraph 15.4.1.2.3.

C. Results

Figure 15.4-22 gives the steam generator safety valves flows vs. time for the
uncontrolled CEA withdrawal at power. The limiting CEA withdrawal transient in
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terms of secondary releases is one initiated from a lower power level since a greater
primary power to secondary system load mismatch results. The maximum secondary
system releases for a CEA withdrawal at lower power levels are discussed in paragraph
15.4.1.1. The RCS pressure vs. time for this transient is shown in figure 15.4-14. The
limiting CEA withdrawal in terms of peak RCS pressure is one initiated from a low
power level since the low power cases are characterized by a greater overshoot in
pressure above the high-pressurizer pressure trip setpoint.

15.4.1.2.5 Radiological Consequences

As discussed in paragraph 15.4.1.2.4, the limiting CEA withdrawal in terms of secondary
releases is one initiated from a lower power. The radiological consequences of this event are less
severe than the consequences of the inadvertent opening of the atmospheric dump valve
discussed in paragraph 15.1.1.4.

15.4.1.3 Control Element Assembly Misoperation

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.4.1.3.1 Identification of Causes and Frequency Classification

The estimated frequency of a CEA misoperation incident classifies it as a moderate frequency
incident as defined in reference 1 of section 15.0.

A CEA misoperation is defined as any event which could result from a single malfunction in the
reactivity control system, with the exception of sequential group withdrawals which are
considered in paragraphs 15.4.1.1 and 15.4.1.2. A list of the events which could be caused by a
single malfunction in the reactivity control system is included in paragraph 7.2.2.1.1. CEA
misalignment may be caused by a malfunction of the CEDM, CEDMCS, or by operator error. A
stuck CEA may be caused by mechanical jamming of the CEA fingers or of the gripper.
Inadvertent withdrawal of a single CEA may be caused by a single malfunction of the CEDMCS
or by operator error. A dropped CEA may be caused by the opening of the electrical circuit of
the CEDM holding coil for a full-length CEA or part-length CEA. A dropped CEA subgroup
could be caused by an electrical failure in the CEA coil power programmers. A CEA subgroup is
defined as any one set of four symmetrical CEAs which is moved by the same CEDMCS. The
single full length CEA drop is the limiting CEA misoperation event as discussed in the following
section.

15.4.1.3.2 Sequence of Events and Systems Operation

The effect of any misoperated CEA on the core power distribution will be accommodated by
appropriate CEAC penalty factors, thermal margin preserved by LCOs, and restrictions on PDIL.
Both the downward and upward full length and part length single CEA deviations will be
accommodated by the thermal margin preserved by the LCOs. For CEA subgroup drops, the
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CEA position related penalty factors for inward deviations are used by the CPCs to provide a trip
when necessary. The part length PDIL restricts the part length CEA insertion to less than 25%
for power levels greater than 50%. From these initial conditions the part length single and
subgroup drop inserts only negative reactivity, and so are similar to the full length single and
subgroup drop. Since sufficient initial margin is maintained by LCOs for single and part length
CEA drop events, no trip is required.

The results for the CEA subgroup drop events are less adverse than the single CEA drop, and the
results for the single part length CEA drop are bounded by the single full length CEA drop.
Results are therefore presented for the single full length CEA drop event.

15.4.1.3.3 Core and System Performance

A. Mathematical Model

The NSSS response to a CEA misoperation was simulated using the CESEC III
computer program described in section 15.0. The thermal margin on DNBR in the
reactor core was calculated using the CETOP-D computer program described in section
15.0 with the CE-1 CHF correlation described in chapter 4.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used to analyze the NSSS and hot channel
response to a CEA misoperation are discussed in section 15.0. In particular, those
parameters which were unique to the analyses discussed below are listed in table
15.4-8.

The sets of initial conditions (power, pressure, temperature, coolant flowrate radial
peaking factor, and axial power distribution) that produce the most adverse
consequences following the full length CEA drop event misoperation events were
determined by performing parametric analyses of each incident over the ranges of
reactor operating space given in table 15.0-5.

Additional conservative assumptions include:

1. The turbine load is not reduced, but is assumed to remain constant after the CEA
drop. This results is power mismatch between the primary and secondary
systems, which leads to a cooldown of the RCS. Moderator temperature
feedbacks then cause core power to return to its initial value.

2. The most negative moderator and fuel temperature coefficients of reactivity are
used because these coefficients produce the minimum RCS coolant temperature
decreases upon return to 100 percent power and thus minimize DNBR.
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3. Charging pumps and proportional heater systems are assumed to be inoperable
during the transient. This maximizes the pressure drop during the event and
minimizes DNBR.

4. All other systems are assumed to be in manual mode of operation and have no
impact on this event.

The event is initiated by dropping a full length CEA over a period of 1.0 second. A
value of 9.2 percent is used for the radial peaking factor increase. The axial power
shape in the hot channel remains unchanged and, hence, the increase in the 3-D peak
for the maximum power is directly proportional to the maximum increase in radial
peaking factor of 9.2 percent. Since there is no trip assumed, the peaks will stabilize at
these asymptotic values after a few minutes as the secondary side continues to demand
100 percent power.

Parametric analyses were performed to determine which full-length CEA, when
dropped, would result in the most rapid approach to the SAFDL on DNB. Calculations
were performed to determine the increase in radial power peaking and the associated
reactivity insertion for a spectrum of full-length CEA locations. Detailed calculations
of the resulting heat flux transient were performed for the power peaking and reactivity
insertion sets using the methods described in paragraph 15.4.1.3.3, item A. The results
of these calculations were used to determine the maximum heat flux that could be
reached. The largest calculated increase in radial peak-to-average power density factor
is 9.2% for any dropped CEA. The location of this dropped CEA is shown in figure
15.4-23. A conservative reactivity worth for this case is -0.05% Ap.
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Table 15.4-8
ASSUMPTIONS FOR THE FULL LENGTH CEA DROP

Parameter Units Value
Total RCS Power (Core Power + Pump Heat) MWt 3410 *

Initial Core Coolant Inlet Temperature OF 553 *

Initial Reactor Coolant System Pressure psia 2250 *

Initial RCS Vessel Flow Rate gpm 396,000
Moderator Temperature Coefficient 10-4Ap/°F -3.3
Doppler Coefficient Multiplier 1.15
CEA Insertion at Maximum Allowed Power % Insertion of 28

Bank 6
% Insertion of 25

Part-Length
Dropped CEA Worth %Ap -.05
Integrated and Planar Radial Peaking Distortion 1.092
Factor
Xenon Redistribution Distortion Factor for 15 1.032
Minutes

* Nominal parameters are used to illustrate the transient responses for this event.
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C. Results

Table 15.4-15 presents the sequence of events for the full-length CEA drop event
initiated at the conditions described in table 15.4-8. Figures 15.4-24 through 15.4-28
show the NSSS response for core power, core heat flux, RCS temperatures, and RCS
pressure and steam generator pressure.

A minimum CE-I DNBR of greater than 1.31 is obtained at 900 seconds as determined
from the CEA distortion factor plus 15 minutes of Xenon redistribution at the final
coolant conditions. At this time, the operator will take action to reduce power in
accordance with the COLR, if the misaligned CEA has not been realigned. A
maximum allowable initial linear heat generation rate of 17.0 kw/ft could exist as an
initial condition without exceeding the fuel centerline temperature limit during this
transient. This amount of margin is assured by setting the linear heat rate related LCOs
based on the more limiting allowable linear heat rate for LOCA (13.0 kw/ft).

As shown on figures 15.4-25 and 15.4-26, the RCS and MSS pressures remain below
110% of design throughout the event.

Therefore, the results of the CEA misoperation analysis show that during the most
limiting CEA misoperation events, no violations of the specified acceptable fuel design
limits on DNBR, centerline fuel temperature, and RCS or MSS pressure occur.

15.4.1.3.4 Barrier Performance

The barrier performance parameters following a CEA misoperation would be less adverse than
those following a CEA withdrawal at low power incident (see paragraph 15.4.1.1.4) since,
following a CEA misoperation, the only release of steam to the atmosphere occurs through the
secondary safety valves which open for only a short time after reactor and turbine trip.

15.4.1.3.5 Radiological Consequences

The radiological consequences of this event are less severe than the consequences of the
inadvertent opening of the atmospheric dump valve in paragraph 15.1.1.4.
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Table 15.4-15
SEQUENCE OF EVENTS FOR FULL-LENGTH CEA DROP

Time Event Setpoint or Value

0.0 CEA Begins to Drop into Core
1.0 CEA Reaches Full Inserted Position 100% Inserted
1.1 Core Power Level Reaches Minimum and Begins to 92.5% of Initial

Return to Power due to Reactivity Feedbacks
27.9 Core Power Returns to its Maximum Value 100% of Initial

250.0 Core Inlet Temperature Reaches a New Steady State 552 OF
Value

250.0 Reactor Coolant System Pressure Reaches New Steady 2235 psia
State Value

900.0 Minimum DNBR is Reached > 1.31
901.0 Operator Action - Core Power is Reduced if Dropped

CEA has not been Realigned

15.4.1.4 CVCS Malfunction (Inadvertent Boron Dilution)

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.4.1.4.1 Identification of Causes and Frequency Classification

The estimated frequency of a chemical and volume control system (CVCS) malfunction resulting
in inadvertent boron dilution classifies it as a moderate frequency incident as defined in reference
1 of section 15.0. The CVCS malfunction which results in unborated water being pumped at the
maximum possible rate into the RCS by the demineralized water supply system is assumed to
occur. For this to occur, all three CVCS charging pumps must be on, the primary plant makeup
tank pumps must be on, and the demineralized water supply system must be aligned to supply
water directly to the charging pump suction. Since at least three simultaneous equipment
malfunctions would be required to produce the above conditions, the incident could only be the
result of operator action accompanied by a single equipment malfunction.

Since boron dilution is conducted under strict procedural controls which specify limits on the rate
and magnitude of any required change in boron concentration, the probability of a sustained or
erroneous dilution is very low. Analyses of boron dilution incidents initiated during each of the
six plant operational modes defined in the Technical Specifications were performed. These
analyses show, that mode 5 (cold shutdown) results in the least time available for detection and
termination.
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A. Six plant operational modes:

1. Power operation

2. Startup

3. Hot standby

4. Hot shutdown

5. Cold shutdown

6. Refueling

B. A detailed analysis of inadvertent boron dilution during cold shutdown is presented in
this subsection.

15.4.1.4.2 Sequence of Events and Systems Operation

The core is initially subcritical with all CEAs in and with shutdown margin at the minimum
value consistent with the Technical Specification limit for cold shutdown. A CVCS malfunction
occurs which causes unborated water to be pumped into the RCS. The resulting decrease in RCS
boron concentration causes core reactivity to increase. Assuming dilution continues at the
maximum possible rate, more than 60 minutes would elapse before all the shutdown margin is
lost.

A. The indications and/or alarms available to alert the operators that a boron dilution
event is occurring in each of the operational modes are outlined as follows:

1. The following control room indications and corresponding pretrip alarms are
available for modes 1 and 2: a high power or, for some set of conditions, a
high-pressurizer pressure trip in mode 1 or a high logarithmic power level trip in
the lower portion of mode 2. Furthermore, a high T avg alarm may also occur
prior to trip.

2. In modes 3, 4, and 5 with CEAs withdrawn, the high logarithmic power level trip
and pre-trip alarm and the boron dilution event alarm will provide an indication to
alert the operator of an inadvertent boron dilution.

3. In modes 3, 4, and 5 with CEAs fully inserted, boron dilution event annunciator
alarms will provide indication of any boron dilution event.

4. In mode 5 with the RCS partially drained for system maintenance and in mode 6,
the boron dilution annunciator alarms will provide indication of any boron
dilution event. In these plant conditions, administrative controls would allow
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operation of only one charging pump at a maximum rate of 44 gal/min. Plant
operating procedures will require that the power to the other two charging pumps
be removed and their breakers locked out. This mode 5 drained down case is less
limiting than the mode 5 event presented below.

B. Thus, the operator will have numerous indications that the CVCS is malfunctioning.
The operator will terminate the boron dilution process by any one of the following
actions:

1. Turn off charging pumps.

2. Turn off primary plant makeup tank pump.

3. Isolate reactor makeup water supply.

4. Isolate volume control tank.

5. Actuate safety injection.

15.4.1.4.3 Core and System Performance

A. Mathematical Model

Assuming complete mixing of boron in the RCS, the rate of change of boron
concentration during dilution is described by the following equation:

dCM = - WC
dt

where:

M = RCS mass

C = RCS boron concentration

W = charging mass flowrate of unborated water

The magnitude of dC/dt is maximized by maximizing W and minimizing M.
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Assuming:

W = constant equal to the maximum possible value, and choosing:

M = constant equal to the minimum value occurring during the boron dilution
incident,

the solution of equation 15.4.1.5-1 can be written:

C(t) = C(o)e-t/

where:

-c = M/W = boron dilution time constant

C(o) = initial boron concentration

The time T required to dilute to criticality is given by

T--r×en[ C()
T = r f n I Cc(,oi t)

where:

Ccrit = critical boron concentration

B. Input Parameters and Initial Conditions

Since, at a minimum, a flow of 2200 gal/min will be circulated through the RCS by the
shutdown cooling system, complete mixing of boron within the RCS is assumed.

The initial conditions and analysis parameters are chosen for the cold shutdown
operational mode to minimize the time interval from initiation of dilution to loss of
shutdown margin:

1. The Technical Specification lower limit on shutdown margin for cold shutdown is
assumed, 3.0% Ap.

2. The Technical Specification upper limit on Koff for cold shutdown is 0.99.
However, the most adverse initial condition would be for an initial Keff
corresponding to 3.0% Ap subcritical, since this would result in the core reaching
criticality with no shutdown CEAs available at time of trip. Therefore, Kcff = 0.97
is assumed.
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In the definitions section of the Technical Specifications, the reactivity condition,
Keft for mode 5 is defined to be to <.99; however, a shutdown margin of at least
3%, is required by the Technical Specifications to ensure that the inadvertent
boron dilution incident can be mitigated by operator action within time intervals
acceptable for such action. This 3% LCO shutdown margin has been referred to
as the lower limit on shutdown margin for mode 5.

3. The cold reactor coolant volume, excluding pressurizer and surge line, is 10,256
ft 3. A conservatively low reactor coolant mass was assumed by using the cold
volume. Assuming the coolant temperature is 200 'F, the Technical Specification
upper limit for cold shutdown, the resulting mass is 616,300 Ibm. In modes of 4
and 5 when the shutdown cooling system (SCS) is in operation, a larger coolant
volume is available. Therefore, use of only the RCS is conservative.

By the definition given in paragraph 15.4.1.4.3, - is the ratio of the RCS mass to
the changing mass flowrate of the unborated water. It is assumed that the
charging mass flowrate is at the maximum, possible value, so that z is then
proportional to the RCS mass. With the RCS volume fixed, the mass varies
directly as the density of the coolant. The density in turn decreases with
increasing coolant system temperature. Since 200 'F is the maximum allowable
coolant temperature in mode 5 by the definition of the modes in the Technical
Specifications, it therefore is the most conservative reactor coolant temperature to
assume for the boron dilution incident.

4. All three charging pumps are assumed to be on at their maximum rate, 44 gal/min
per pump, for a total of 132 gal/min. The corresponding mass flowrate, assuming
cold liquid flow, is 18.36 lb/s. Beginning of cycle (BOC) concentration is
conservative since the boron concentration is highest at this time.

5. The BOC boron concentration is used for conservatism. The critical boron
concentration for cold shutdown with all rods out is 2050 ppm. The inverse boron
worth for cold conditions is 80 ppm/%Ap, not including uncertainties. Applying
uncertainties to this number in the most conservative direction, the initial
subcritical boron concentration for the cold shutdown mode is found by adding
the product of the inverse boron worth and the minimum shutdown margin
required; i.e., 3%Ap, to the critical boron concentration. The resulting minimum
initial boron concentration in mode 5 is 2290 ppm.

The parameters discussed above are summarized in table 15.4-18.
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Table 15.4-18

ASSUMPTIONS FOR THE INADVERTENT BORON DILUTION ANALYSIS

Parameter Assumption
Cold RCS volume (excluding pressurizer and surge line), ft3  10,256
RCS mass (excluding pressurizer and surge line), lbm 616,300
Volumetric charging rate, gal/min 132
Mass charging rate, W, lbm/s 18.36
Dilution time constant, T, s 33,570
Initial boron concentration C(o), ppm 2290
Critical boron concentration Ccrit, PPM 2050

C. Results

Using the above conservative parameters in equation (15.4.1.5-3), the minimum
possible time interval to dilute from 3%Ap subcritical to loss of all shutdown margin is
greater than 60 minutes. The high neutron flux alarm on the startup and wide range
channel instrumentation will alert the operator of a boron dilution with a minimum of
15 minutes remaining before the core loses all shutdown margin (30 minutes during
refueling). The boron dilution will be terminated before complete loss of shutdown
margin by any one of the five operator actions discussed in paragraph 15.4.1.4.2.

A unique plant condition exists in mode 5 when the RCS is partially drained to permit
system maintenance. With the system partially drained, the minimum RCS liquid
volume is 4262 ft3 corresponding to a system water mass of 256,130 lbm. Plant
operating procedures will permit a maximum of one charging pump operating (44
gal/min maximum flow) during this plant condition, with the remaining two pumps
turned off and in the manual mode. A boron dilution event initiated during this plant
condition will result in loss of all shutdown margin at least 60 minutes after initiation.
The operator will be alerted to this event with a minimum of 15 minutes remaining
before loss of all shutdown margin by the alarm on the startup and wide range channel
instrumentation.

15.4.1.4.4 Barrier Performance

The barrier performance parameters during an inadvertent boron dilution would be less adverse
than those during uncontrolled CEA withdrawal at power (paragraph 15.4.1.2) because there is
no associated power transient.
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15.4.1.4.5 Radiological Consequences

There are no radiological consequences associated with this event.

15.4.1.5 Startup of an Inactive Reactor Coolant System Pump

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

No specific analysis of this event is provided since the Technical Specifications require that the
reactor be subcritical when less than four reactor coolant pumps are operating. The degree of
subcriticality is sufficient to preclude obtaining criticality due to startup of an idle reactor coolant
pump as discussed below.

The minimum possible water temperature in the NSSS when critical is given in table 15.0-3 as
the saturation temperature associated with the low steam generator pressure trip of 675 psia; i.e.,
489 'F. The maximum core inlet temperature is given in table 15.0-4 as 560 'F. The maximum
possible temperature difference, assuming the idle loop coolant is in thermal equilibrium with the
secondary coolant, is thus 71 'F. In any other condition, the temperature difference between the
core inlet and secondary coolant will decrease to less than this upper limit; therefore, startup of
an idle reactor coolant pump can never result in a decrease in local moderator temperature of
more than 71 F. From the EOC MTC of-3.3 x 104 Ak/k/F given in paragraph 15.0.3.3.2, it is
seen that this maximum moderator temperature decrease could never produce more than a 2.3%
Ap positive reactivity insertion.

At hot standby, the fuel temperature is essentially the moderator temperature; thus the-maximum
credible decrease in fuel temperature is also 71 'F. From the maximum EOC Doppler coefficient
of-1.9 x 10-5 Ap/0 F given in figure 4.3-34, it is seen that this maximum fuel temperature
decrease could never produce more than a 0.13% Ap positive reactivity insertion.

If it is assumed that both the fuel and moderator can simultaneously experience this maximum
temperature decrease, then startup of an idle reactor coolant pump can never result in a positive
reactivity insertion of more than 2.5%Ap. From the Technical Specifications, it is seen that the
shutdown margin must always be more than twice this maximum hypothetical positive insertion;
e.g., 5.15%Ap, whenever the average reactor coolant temperature exceeds 200 'F. It is
concluded that startup of an idle reactor coolant pump cannot produce a return to power from the
hot standby condition.

15.4.2 INFREQUENT EVENTS

There are no infrequent events resulting from reactivity and power distribution anomalies.
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15.4.3 LIMITING FAULTS

15.4.3.1 Inadvertent Loadina of a Fuel Assembly into an Improper Position

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.4.3.1.1 Identification of Causes

Two accidents are considered in this subsection; first, the erroneous loading of fuel pellets or fuel
rods of different enrichment in a fuel assembly; and second, the erroneous placement or
orientation of fuel assemblies.

The likelihood of an error in assembly, fabrication, or core loading is considered to be extremely
remote because of the extensive quality control and quality surveillance programs employed
during the fabrication process as well as the strict procedural control used during core loading.
However, even if the core were to have incorrectly placed fuel rods or assemblies, these would
either be detectable from the results of the startup or would lead to a minimal number of rods
with excessive power during full power operation.

15.4.3.1.1.1 Erroneous Loading of Fuel Pellets or Fuel Pins of Different Enrichment in a Fuel
Assembly

The probability of manufacturing a fuel assembly with an incorrect enrichment is considered an
unlikely event. The extensive quality control and quality surveillance programs in effect during
the manufacture of the fuel pellets, in the loading of the fuel rods, and in the assembly of the fuel
bundles preclude the possibility of manufacturing a fuel bundle with an incorrect enrichment(s).

During the manufacture and assembly of the fuel rods, numerous check points and assay tests
ensure that the enrichment is as specified and that the fuel rods and fuel assemblies are properly
loaded and assembled. An assay is made of each lot of U0 2 powder to ensure that the enrichment
is as required by the fuel specification. During the manufacture of the pellets, each powder lot is
isolated during processing. In addition to batch identification, each pellet is identified with an
imprinted number or letter identifying the enrichment. After sintering, an additional enrichment
check of the fabricated pellets is made by random sampling. Assembly of the fuel rods is
performed by loading the fuel pellets into cladding onto which one end cap has been welded.
The end cap is marked prior to welding, thereby identifying the enrichment to be loaded into the
fuel rod.

During assembly of the fuel bundle, the quality control procedures require verification of each
fuel rod in the assembly. Each fuel assembly is identified by a serial number which is engraved
on the upper assembly plate in a prominent location.

15.4-25 Rev: 25 1



San Onofre 2&3 FSAR
Updated

REACTIVITY AND POWER
DISTRIBUTION ANOMALIES

A record of all operations performed on each fuel rod up to and including final assembly into the
fuel bundle is recorded on a computer punch card, one for each fuel rod. This procedure permits
a rapid check at completion of fabrication to ensure that each rod within the fuel assembly has
completed all of the required steps within the fabrication process. The computerized record
keeping system also has the advantage of providing a mechanism by which an accurate record of
all fuel rods within a fuel assembly can be defined as well as the enrichment, weight of U-235,
U-238, and U0 2, and lot number of the fuel within each fuel rod.

If, however, it is assumed that an assembly is fabricated with some fuel rods made up entirely of
the wrong enrichment pellets, then assumptions must be made as to the location and enrichments
of these pins.

15.4.3.1.1.2 Erroneous Placement or Orientation of Fuel Assemblies

Subsection 9.1.4.2.3.4 details precautions taken when moving fuel within the reactor core.

If, however, in spite of these precautions it is assumed that an assembly is placed in the wrong
core position, then many possibilities exist. The worst situation would be the interchange of two
assemblies of different enrichments.

15.4.3.1.2 Analysis of Effects and Consequences

15.4.3.1.2.1 Erroneous Loading of Fuel Pellets or Fuel Pins of Different Enrichments in a Fuel
Assembly

If the enrichment loaded into an assembly is lower than expected, or if the misloaded rod or
pellet is in an assembly that is not near the peak power density, then the core performance would
not be adversely affected.

A credible, though very unlikely situation, would be the replacement of A-fuel rods by C-fuel
rods.

The magnitude of the local peaking factor increase would depend on several conditions that must
be postulated arbitrarily, such as the number of A-fuel rods replaced by C-fuel rods, and the
location of these rods with respect to water holes. At one end of the scale of postulated
situations, the increased local peaking would be too small to adversely affect core performance
during conditions of normal operation or under accident conditions. These may go undetected.
Fuel loading errors that cause local power peaking increases large enough to adversely affect core
performance under normal or accident conditions will be detectable during startup testing by
means of the incore instruments.

15.4.3.1.2.2 Erroneous Placement or Orientation of Fuel Assemblies

If, in spite of the extreme precautions described above, it is postulated that a fuel assembly is
misloaded, several situations may be postulated. The misloading of a fuel assembly may affect
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the core power distribution only slightly; for example, if assemblies of similar enrichments and
reactivities are misloaded. Alternatively, the core power distribution may be affected enough so
that core performance would be affected if assemblies having different enrichments or
reactivities are misloaded.

In the unlikely event that two assemblies of different reactivities were interchanged, the
misloading would be detected during post refueling startup testing by using the incore detector
system. Results of the detailed analysis are compared against predictions to detect any
anomalous reactivity conditions prior to increasing reactor power above 30%. Detailed power
distribution analyses are repeated during power ascension to 100%.

For example, figures 15.4-64 and 15.4-65 show the core power distributions for an unrodded core
misloaded by interchanging a batch A and a batch C fuel assembly near the core periphery and a
misload by interchanging a batch A and batch B assembly near the core center, respectively.
These figures clearly show that differences in core power distributions exist for each misloading
and therefore demonstrate the detectability of the misloading using this test methodology.

15.4.3.2 Control Element Assembly (CEA) Ejection

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.4.3.2.1 Identification of Causes and Frequency Classification

The estimated frequency of a CEA ejection classifies it as a limiting fault as defined in reference
1 of section 15.0. For a CEA ejection to occur, a mechanical failure of the control element drive
mechanism (CEDM) housing or of the CEDM nozzle must be postulated such that the reactor
coolant system pressure ejects the CEA and drive shaft to the fully withdrawn position. For this
analysis, it was assumed that a complete and instantaneous circumferential rupture of the CEDM
housing or of the CEDM nozzle resulted in the ejection of a CEA.

The analysis presented in the section is consistent with the recommendations of Regulatory
Guide 1.77; however exceptions are taken to several items. These exceptions are discussed in
appendix 3A.

15.4.3.2.2 Sequence of Events and Systems Operation

The transient behavior following a CEA ejection accident is as follows. The reactor core power
rises rapidly for a short period of time. This increase is terminated by Doppler feedback
(predominant at zero power) or delayed neutron effects (predominant at full power). Following
this, a reactor shutdown is initiated by a reactor trip on high neutron power and the power
transient is terminated. The potential for fuel damage from a CEA ejection is minimized by
restrictions on CEA patterns and/or power dependent insertion limits (PDIL) during operation,
and by a reactor trip, all of which combine to limit the fuel enthalpy, fuel and clad temperatures,
and RCS pressure during the transient to acceptable values.

15.4-27 Rev: 25 I



San Onofre 2&3 FSAR
Updated

REACTIVITY AND POWER
DISTRIBUTION ANOMALIES

The consequences of the loss of coolant resulting from the RCS rupture are similar to those for
small RCS breaks as discussed in subsection 6.3.3. Protection from a postulated missile
resulting from a CEA ejection is discussed in section 3.5.

Tables 15.4-20 to 15.4-23 give a sequence of events which occur during a CEA ejection accident.

15.4.3.2.3 Core and System Performance

A. Mathematical Model

The NSSS response to a CEA ejection was simulated using the method of analysis
described in reference 1. The procedure outlined in figure 2-1 of reference 1 was used
to determine the energy deposition in the fuel rod. The number of fuel pins predicted
to experience DNB was calculated using the STRIKIN-11 computer program described
in section 15.0 with the CE-I correlation described in section 4. The procedure used to
calculate the number of fuel pins which experience DNB is as follows:

(1) the minimum transient DNBR is determined from STEP 7 of the C-E Synthesis
Method)' for various combinations of initial and ejected radial fuel pin peaking
factors (that is, each initial radial fuel pin peaking factor which resulted in a
minimum CE- 1 DNBR of 1.31, was determined).

(2) a matrix relating the initial and ejected peaking factors to a pin census edit is
obtained from STEP 6 of the C-E synthesis method (that is, each pin is traced
from its initial to its ejected value);

(3) the number of fuel pins with ejected peaking factors greater than the threshold
peaking factors determined in (1) for each initial peaking factor is found from the
matrix in (2);

(4) this number is then conservatively equated to the number of fuel pins
experiencing clad failure due to DNB.

The time-dependent energy deposition in the RCS was determined for each CEA
ejection transient from the above analysis and input into the CESEC-ATWS computer
program described in section 15.0 to determine the RCS pressure transient.

B. Input Parameter and Initial Conditions

The input parameters and initial conditions used to analyze the NSSS response to a
CEA ejection are discussed in section 15.0. In particular, those parameters which were
unique to the analysis discussed below are listed in tables 15.4-24 and 15.4-25.
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Table 15.4-20

SEQUENCE OF EVENTS FOR THE CEA EJECTION
(Full Power Beginning of First Cycle Initial Conditions)

Time (sec) Setpoint or
Event Value

0.0 Mechanical failure of CEDM causes CEA to eject
0.05 CEA fully ejected
0.05 High power trip condition, % of full power 130

0.45 a, Trip breakers open
0.75la, CEAs begin to drop into core
0.80 Maximum core power, % of full power 133.7
2.80 Maximum clad surface temperature in hot node, 'F 1,202
3.2 Maximum fuel centerline temperature in hot node, 'F 5,144

3.8 Maximum RCS pressure, psia 2,647
4.25 CEAs fully inserted; core power reduced to below 10% of full - -

power

(a) Original accident analysis assumed a 0.3 second delay between the time the reactor trip is

generated and the CEAs begin to drop. Present analyses allow up to 1.01 second holding coil
delay time as part of the overall average 3.4 second CEA drop time. Both SONGS Units 2
and 3 CEA drop time measurements have very little margin to the current technical
specification limit of 3.2 seconds. As discussed in Section 15.0.2, three (3) CEA drop time
curves were used for the safety analysis with the longest delay time of 1.01 seconds for a drop
time of 3.4 seconds. Core operating limit supervisory system (COLSS) and core protection
calculator system (CPCS) are to be modified to accommodate any loss or gain in thermal
margins based on the measured average CEA drop time in accordance with Technical
Specification 3.1.5. The conclusions of this event are unchanged.
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Table 15.4-21

SEQUENCE OF EVENTS FOR THE CEA EJECTION
(Full Power End of First Cycle Initial Conditions)

Time Event Setpoint or
(sec) Value
0.0 Mechanical failure of CEDM causes CEA to eject

0.05 CEA fully ejected --

0.05 High power trip condition, % of full power 130
0.10 Maximum core power, % of full power 139.2

0. 4 5 a, Trip breakers open --
0.75(a) CEAs begin to drop into core --
2.80 Maximum clad surface temperature in hot node, OF 1,160
2.81 Maximum fuel centerline temperature in hot node, 'F 5,074

3.0 Maximum RCS pressure, psia 2,500
4.25 CEAs fully inserted; core power reduced to below 10% of full --

power

(a) Original accident analysis assumed a 0.3 second delay between the time the reactor trip is

generated and the CEAs begin to drop. Present analyses allow up to 1.01 second holding coil
delay time as part of the overall average 3.4 second CEA drop time. Both SONGS Units 2
and 3 CEA drop time measurements have very little margin to the current technical
specification limit of 3.2 seconds. As discussed in Section 15.0.2, three (3) CEA drop time
curves were used for the safety analysis with the longest delay time of 1.01 seconds for a drop
time of 3.4 seconds. Core operating limit supervisory system (COLSS) and core protection
calculator system (CPCS) are to be modified to accommodate any loss or gain in thermal
margins based on the measured average CEA drop time in accordance with Technical
Specification 3.1.5. The conclusions of this event are unchanged.
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Table 15.4-22

SEQUENCE OF EVENTS FOR THE CEA EJECTION
(Zero Power Beginning of First Cycle Initial Conditions)

Time Setpoint or
(sec) Event Value
0.0 Mechanical failure of CEDM causes CEA to eject

0.05 CEA fully ejected --
0.24 High power trip condition, % of full power 130
0.30 Maximum core power, % of full power 243

0. 64(a) Trip breakers open --

0.94(a) CEAs begin to drop into core --
1.40 Maximum clad surface temperature in hot node, 'F 1,544
3.60 Maximum fuel centerline temperature in hot node, 'F 5,328

4.44 CEAs fully inserted; core power reduced below 10% of full --
power

7.0 Maximum RCS pressure, psia 2,387

(a) Original accident analysis assumed a 0.3 second delay between the time the reactor trip is

generated and the CEAs begin to drop. Present analyses allow up to 1.01 second holding coil
delay time as part of the overall average 3.4 second CEA drop time. Both SONGS Units 2
and 3 CEA drop time measurements have very little margin to the current technical
specification limit of 3.2 seconds. As discussed in Section 15.0.2, three (3) CEA drop time
curves were used for the safety analysis with the longest delay time of 1.01 seconds for a drop
time of 3.4 seconds. Core operating limit supervisory system (COLSS) and core protection
calculator system (CPCS) are to be modified to accommodate any loss or gain in thermal
margins based on the measured average CEA drop time in accordance with Technical
Specification 3.1.5. The conclusions of this event are unchanged.
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Table 15.4-23

SEQUENCE OF EVENTS FOR THE CEA EJECTION
(Zero Power End of First Cycle Initial Conditions)

Time Event Setpoint or
(sec) Value
0.0 Mechanical failure of CEDM causes CEA to eject --

0.05 CEA fully ejected --

0.10 High Power trip condition, % of full power 130
0.14 Maximum core power, % of full power 1,675
0.48 Maximum clad surface temperature in hot node, 'F 1,434

0.50(a) Trip breakers open --

0.80(1a CEAs begin to drip into core node, 'F --
3.30 Maximum fuel centerline temperature in hot node, 'F 4,697

4.30 CEAs fully inserted; core power reduced to below 10% of full
power

6.0 Maximum RCS pressure, psia 2,530

(al Original accident analysis assumed a 0.3 second delay between the time the reactor trip is

generated and the CEAs begin to drop' Present analyses allow up to 1.01 second holding coil
delay time as part of the overall average 3.4 second CEA drop time. Both SONGS Units 2
and 3 CEA drop time measurements have very little margin to the current technical
specification limit of 3.2 seconds. As discussed in Section 15.0.2, three (3) CEA drop time
curves were used for the safety analysis with the longest delay time of 1.01 seconds for a drop
time of 3.4 seconds. Core operating limit supervisory system (COLSS) and core protection
calculator system (CPCS) are to be modified to accommodate any loss or gain in thermal
margins based on the measured average CEA drop time in accordance with Technical
Specification 3.1.5. The conclusions of this event are unchanged.
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Table 15.4-24

ASSUMPTIONS FOR THE CEA EJECTION ANALYSIS
FULL POWER INITIAL CONDITIONS

Initial Conditions Beginning of First End of First Cycle
Cycle

Initial core power level, MWt 3,478 3,478
Delayed neutron fraction, 3 0.007234 0.005295
Moderator temperature coefficient, 10-4 Ak/k/°F +0.5 -1.3
Ejected CEA worth, %Ap 0.1639 0.1463
Doppler weighting factor, Wr 1.0 1.0
Initial three-dimensional fuel pin peaking factor 3.50 3.55
Ejected three-dimensional fuel pin peaking 4.73 4.87
factor
Total CEA worth available for insertion on -6.4 -6.55
reactor trip, %Ap
Postulated CEA ejection time, s 0.05 0.05
Core inlet coolant temperature, OF 534 530
Core mass flowrate, 106 lbm/hr 143.0 143.0
Reactor coolant system pressure, psia 2,250 2,250
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Table 15.4-25
ASSUMPTIONS FOR THE CEA EJECTION ANALYSIS

ZERO POWER INITIAL CONDITIONS

Initial Conditions Beginning of First End of First
Cycle Cycle

Initial core power level, MWt 1.0 1.0
Delayed neutron fraction, 3 0.007234 0.005295
Moderator temperature coefficient, 10-4 Ak/k/0 F +0.2 -1.0
Ejected CEA worth, %Ap 0.7986 0.8250
Doppler weighting factor, Wr 1.57 2.15
Initial three-dimensional fuel pin peaking factor 5.75 5.96
Ejected three-dimensional fuel pin peaking factor 24.02 21.90
Total CEA worth available for insertion on reactor -3.25 -3.45
trip, %Ap
Postulated CEA ejection time, s 0.05 0.05
Core inlet coolant temperature, OF 545 545
Core mass flowrate, 106 lbm/hr 128.7 128.7
Reactor coolant system pressure, psia 2,000 2,000

In the hot channel, the increase in heat flux is such that DNB is calculated to occur, resulting in:

1. A rapid decrease in the surface heat transfer coefficient

2. A rapid decrease in heat flux

3. A rapid increase in clad temperature.
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The CEA ejection is assumed to occur at steady-state initial conditions. Four analyses
were performed: at beginning of first cycle (BOL) and end of first cycle (EOC) for both
102% of full power (3478 MWt) and zero power (1 MWt). These cases represent
boundary conditions with respect to reactor operation.

For each of the above boundary cases, maximum radial fuel pin peaking factors were
chosen along with maximum ejected CEA worths. All calculated ejected CEA worths
and radial fuel pin peaking factors were increased by 10% to account for calculational
uncertainties. Comparisons between measurements and calculations of power
distributions indicate that values lower than 10% can be justified. Data being acquired
from operating C-E reactors will form the basis for the continuing appraisal of data
allowances and of the need for less conservative calculational methods. A comparison
between the data being acquired from operating reactors and the results obtained using
present C-E calculational methods is given in reference 2 and in paragraph 4.3.3.1.

Ejected CEA worths and peaking factors for several representative cases at full power
are shown in table 15.4-26. Table 15.4-27 shows representative cases at zero power.
The CEA locations corresponding to the lettering scheme used in these tables is shown
in figure 15.4-33.

The initial conditions for the principal process variables monitored by the COLSS were
varied within the operating space given in table 15.0-4 to determine the set of
conditions which would produce the most adverse consequences following a CEA
ejection. Various combinations of core inlet temperature, core inlet flowrate,
pressurizer pressure, and axial shape were considered. The initial pressurizer level was
chosen to be consistent with full power steady-state operating conditions. The initial
pressurizer and steam generator water level and pressure, as controlled within the
operating limit, have an insignificant effect on the consequences of the CEA ejection
analyses.

For full power BOL and EOC initial conditions, an axial shape was chosen to
maximize the energy content in the hottest fuel pellet. The radial fuel pin peaking
factor was chosen as the maximum initial pin peak. The remaining parameters were
chosen based on the results shown in chapter 4 of reference 1. These parameters were
varied in the most adverse direction until a COLSS limit was achieved.

For zero power BOL and EOC initial conditions, an axial shape was again chosen to
maximize the energy content in the hottest fuel pellet. The radial fuel pin peaking
factor was chosen as the maximum initial pin peak. The remaining parameters were
chosen based on the results shown in Chapter 4 of reference 1. These parameters were
varied in the most adverse direction until the limits of the operating space given in
table 15.0-4 were reached. The core inlet coolant temperature chosen was outside the
range given in table 15.0-4 for zero power conditions.
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Table 15.4-26
CEA EJECTION CASES AT FULL POWER INITIAL CONDITIONS

Ejected Radial
Ejected CEA Ejected Worth, %Ap Fuel Pin

Location (Figure Peaking Factor
15.4-33) With PLR Without PLR With PLR Without PLR

Inserted Inserted Inserted Inserted
Beginning of First Cycle

H 0.141 0.149 2.04 1.90
End of First Cycle

H 0.125 0.133 2.10 1.98

Table 15.4-27
CEA EJECTION CASES AT ZERO POWER INITIAL CONDITIONS

Ejected Radial
Ejected CEA Location Ejected Worth, %Ap Fuel Pin

Ejectred CEA4-) LPeaking Factor
(Figure 15.4-66) With PLR Without PLR With PLR Without PLR

Inserted 7 Inserted Inserted Inserted
Beginning of First Cycle

A 0.128 0.123 1.82 1.66
B 0.172 0.176 2.16 2.05
C 0.265 0.292 2.76 2.88
D 0.154 0.134 2.69 2.31
E 0.259 0.172 4.54 3.29
F 0.269 0.308 2.93 3.22
G 0.550 0.448 7.14 5.88
H 0.570 0.538 5.48 4.81

1(a) 0.726 0.545 8.18 6.67
End of First Cycle

F 0.210 0.258 2.93 3.08
G 0.514 0.419 6.46 5.41
H 0.690 0.636 6.20 5.55

1(a) 0.750 0.684 7.46 6.10

(a) Cases analyzed
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Initial conditions for the RCS pressure calculation are identical to those presented
above except for the initial RCS pressure. To obtain the maximum hypothetical RCS
pressure, an initial RCS pressure of 2400 psia was used, without taking credit for the
increased pressure in the energy deposition calculation. This RCS pressure is outside
the limits of table 15.0-4 and results in a conservative evaluation of the maximum RCS
pressure reached. In addition, the CEA ejection was assumed to produce a break of
0.041 ft2 in the top of the reactor vessel head. To obtain a conservative estimate of the
effect of the break size on the magnitude of the overpressurization, the analysis
considered the initial pressure response without taking credit for any coolant flow
through the break area.

C. Results

Figures 15.4-34 through 15.4-41 show the reactor power, heat flux, and clad and fuel
temperatures during the significant portion of the transient for full power BOC and
EOC conditions. Tables 15.4-20 and 15.4-21 give a sequence of events that occur
during the full power CEA ejection accidents.

Both full power CEA ejection accidents show similar trends. The core power increases
rapidly from the approximate step change in reactivity due to the ejected CEA.
However, the rapid increase in core power is terminated by the combination of delayed
neutron and Doppler feedback effects. The increased core power results in a high
power trip and the reactor power begins to decrease as the shutdown CEAs enter the
reactor core.

The rapid increase in clad temperature is sufficient to override the decreased surface
heat transfer coefficient, resulting in a second peak in the hot channel heat flux. At this
time the shutdown CEAs are nearly fully inserted, resulting in a rapid reduction in the
core power level, and the heat flux decreases for the remainder of the transient.

Figure 15.4-40 shows the RCS pressure transient for the full power BOC case. This
case resulted in the maximum hypothetical peak RCS pressure during a CEA ejection
for full power initial conditions of 2735 psia. The initial pressure was assumed to be
2400 psia as explained in paragraph 15.4.3.2.3, item B. It was conservatively assumed
that there was no break in the reactor vessel head. Results of the RCS pressure
calculations for full power initial conditions with and without the break are shown in
table 15.4-28.

Figures 15.4-47 through 15.4-58 show the reactor power, heat flux, and clad and fuel
temperatures and reactivity components during the significant portion of the transient
for zero power BOC and EOC conditions. Tables 15.4-22 and 15.4-23 give the
sequences of events which occur during the zero power CEA ejection accidents.

Both zero power CEA ejection accidents show similar trends. The core power
responds almost instantaneously to the prompt critical reactivity added by the ejected
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CEA. The fuel temperature increases rapidly due to the prompt critical power
excursion and the increased fuel temperature terminates the power increase via Doppler
feedback. In response to the rapid increase in the fuel temperature, there is a rapid
increase in the heat flux with a lag time between the heat flux and power excursion
which is much smaller than in the full power cases. The average channel heat flux
increases to a maximum of 25% of the full power heat flux for BOC conditions and
36% of full power heat flux for EOC conditions. The hot channel heat flux is such that
DNB is calculated to occur. This is similar to the results presented above for full
power initial conditions. However, the almost instantaneous increase in clad surface
temperature significantly reduces the time span over which the heat flux is depressed
by the reduced surface heat transfer coefficient. Following this, both the average and
hot channel heat flux remain near their maximum values until the shutdown CEAs
reduce the reactor power level.

Figure 15.4-59 shows the RCS pressure transient for the zero power EOC case. This
case resulted in the maximum hypothetical peak RCS pressure during a CEA ejection
for zero power initial conditions of 2680 psia. The initial pressure was assumed to be
2400 psia as explained in paragraph 15.4.3.2.3, item B. It was conservatively assumed
that there was no break in the reactor vessel head. Results of the RCS pressure
calculations with and without the break are shown in table 15.4-28.

The calculated average enthalpy and total centerline enthalpy of the hottest fuel pellet
for the cases analyzed are shown in tables 15.4-29 and 15.4-30. These results show
that the CEA ejection accident will not result in a radial average fuel enthalpy greater
than 280 cal/gm at any axial location in any fuel rod.

The results of the RCS pressure calculation given in table 15.4-28 show that the
maximum pressure during any portion of the assumed transient will be less than the
value that will cause stresses to exceed the faulted condition stress limits as defined in
Section IEl of the ASME Boiler and Pressure Vessel Code.

Regulatory Guide 1.77 recommends that the onset of DNB be used as the basis for
predicting clad failure. C-E does not equate onset of DNB with cladding failure.
Nevertheless, this criterion was used to determine the fraction of pins that suffer clad
damage. These fractions are given in tables 15.4-29 and 15.4-30 and are used to
determine the source term for the radiological consequences of a CEA ejection
discussed in paragraph 15.4.3.2.5.

The threshold value for incipient centerline melting is given in references 3, 4, and 5 as
250 cal/gm. The fraction of fuel having at least incipient centerline melting was
determined based on this threshold value. These fractions are given in tables 15.4-29
and 15.4-30 and will add a contribution to the source term for paragraph 15.4.3.2.5.
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Table 15.4-28

CEA EJECTION ACCIDENT MAXIMUM RCS PRESSURES

Maximum RCS Pressures. nsia

Conditions With Break(a) Without Break
Full Power BOC 2,445 2,735
Full Power EOC 2,415 2,687
Zero Power BOC 2,400 2,620
Zero Power EOC 2,410 2,680

(a) Initial RCS Pressure = 2,400 psia
Break size = 0.041 ft2

Table 15.4-29

FULL POWER CEA EJECTION ACCIDENT RESULTS

Beginning of End of
Results First Cycle First Cycle

Total average enthalpy of hottest fuel pellet, cal/gm 154.2 146.4
Total centerline enthalpy of hottest fuel pellet, 271.0 263.0
cal/gm
Fraction of rods that experience CE-I DNBR less 0.0912 0.0350
than 1.19*
Fraction of fuel having at least incipient centerline 0.0179 0.0043
melting (centerline enthalpy > 250 cal/gm)
Fraction of fuel having radially averaged enthalpy > 0.0 0.0
280 cal/gm

*See discussion in Section 15.0.7.
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Table 15.4-30

ZERO POWER CEA EJECTION ACCIDENT RESULTS

Beginning End of
Results of First Cycle First Cycle

Total average enthalpy of hottest fuel pellet, cal/gm 193.1 154.7
Total centerline enthalpy of hottest fuel pellet, cal/gm 289.1 228.7
Fraction of rods that experience CE-I DNBR less 0.0517 0.0854
than 1.19*
Fraction of fuel having at least incipient centerline 0.0034 0.0
melting (centerline enthalpy > 250 cal/gm)
Fraction of fuel having radially averaged enthalpy > 0.0 0.0
280 cal/gm

*See discussion in Section 15.0.7.

15.4.3.2.4 Barrier Performance

The consequences of the loss of coolant resulting from the RCS rupture are less severe than those
for small breaks as discussed in subsections 6.3.3 and 15.6.3. However, the overpower transient
caused by the ejected CEA results in a secondary system response which is more adverse than
small break loss of coolant events of the same break size. Therefore, only the performance of the
secondary system is considered here.

A. Mathematical Model

The evaluation of the barrier performance was performed with the CESEC-ATWS
computer program described in section 15.0. The power and core average heat flux
from paragraph 15.4.3.2.3 were used as input to the CESEC-ATWS computer program
to determine the primary and secondary responses.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance
are identical to those described in paragraph 15.4.3.2.3. The full power BOL initial
conditions case, which results in the most adverse radiological consequences, was
chosen for this analysis. The secondary releases were maximized by assuming a loss of
offsite power at the time of turbine trip. It is also assumed that there was no break in
the reactor vessel head. Thus, all heat must be removed through the steam generators,
resulting in a longer period before initiation of shutdown cooling. The analysis
presented herein conservatively assumes that operator action is delayed until 30
minutes after first indication of the event.

15.4-40 Rev: 25 I



San Onofre 2&3 FSAR
Updated

REACTIVITY AND POWER
DISTRIBUTION ANOMALIES

C. Results

The RCS pressure, steam generator pressures, and steam generator safety valve
flowrates following a CEA ejection with loss of offsite power at the time of turbine trip
are presented in figures 15.4-60 through 15.4-62. A sequence of events for the barrier
performance of the NSSS is shown in table 15.4-3 1. The transient behavior of the
NSSS is similar to that for the loss of offsite power described in paragraph 15.2.1.3.
This is due to the fact that a reactor trip occurs for both events within the first second
of the transient. The maximum RCS pressure of 2657 psia occurs at 3.8 seconds
causing the release of 175 lbs of steam through the pressurizer safety valves. A low
steam generator level signal occurs at 235 seconds which initiates emergency feedwater
of 95 Ibm/s at 100 Btu/lbm to each steam generator at 288 seconds. This feedwater
remains constant for the duration of the transient. This addition of emergency
feedwater causes the secondary pressures to decrease until the safety valves close at
803 seconds. The total steam released through the steam generator safety valves is
approximately 103,129 pounds. Approximately 17,000 pounds of steam will have
discharged through the steam-driven emergency feedwater pump turbine during the
first 30 minutes. Approximately 645,500 pounds of steam would be discharged
through the atmospheric steam dump valves and steam-driven emergency feedwater
pump turbine during the 2-hour and 50-minute cooldown, giving a total steam release
to the atmosphere of 749,000 pounds.

15.4.3.2.5 Radiological Consequences

15.4.3.2.5.1 Design Basis - Method of Analysis

A. Design Basis - Physical Model

The evaluation of the radiological consequences of a postulated CEA ejection accident
assumes a loss of offsite power at time of turbine trip. It is assumed that, prior to the
accident, the plant operated with 1% failed fuel and a 1 gal/min primary to secondary
leak for a time sufficient to establish equilibrium levels of activity in the RCS and the
secondary system.

Following a postulated CEA ejection accident, activity is released from the fuel into
the reactor coolant as a result of 9.12% of the fuel which is calculated to experience a
DNBR < 1.19* and 1.79% of the fuel which is calculated to experience incipient
centerline melting.

*See discussion in Section 15.0.7.
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Table 15.4-31
SEQUENCE OF EVENTS FOR THE BARRIER PERFORMANCE OF THE NSSS DURING

A CEA EJECTION WITH LOSS OF OFFSITE POWER AT TIME OF TURBINE TRIP

Setpoint or
Times (s) Event Value

0.0 Mechanical failure causes CEA to eject

0.05 High power trip condition, % of full power 130
0.45 Trip breakers open
0.75 Turbine trip occurs; loss of offsite power occurs

3.0 Pressurizer safety valves begin to open, psia 2,525
3.8 Maximum RCS pressure, psia 2,657
5.0 Steam generator safety valves begin opening, psia 1,085
5.2 Pressurizer safety valves closed, psia 2,525
9.5 Maximum steam generator pressure, psia 1,150
235 Low steam generator level signal, % of span 5
288 Emergency feedwater initiated

803 Steam generator safety valves closed, psia 1,056
1,800 Operator opens atmospheric steam dump valves to

begin plant cooldown to shutdown cooling
11,801 Shutdown cooling initiated ------
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The activity released to the containment (from the reactor coolant discharged through
the ruptured CEA drive mechanism pressure housing) is assumed to be mixed
instantaneously throughout the containment and is available for leakage to the
atmosphere. The only removal process considered in the containment is radioactive
decay and leakage from the containment. Iodine removal due to the use of the iodine
removal system is not assumed.

The activity released from the secondary system is the activity released to the
atmosphere from the main steam safety valves, from the atmospheric dump valves, and
from the steam driven auxiliary feedwater turbine during the cooldown phase until the
shutdown cooling system is placed in operation. The leakage of reactor coolant to the
secondary side of the steam generator (1 gal/min total) continues until shutdown
cooling is initiated.

B. Design Basis - Assumptions, Parameters, and Calculational Methods

The major assumptions, parameters, and calculational methods used in the design basis
analysis are itemized in table 15.4-32. In the evaluation of the CEA ejection accident,
recommendations listed in Appendix B of Regulatory Guide 1.77 were utilized.
Additional clarification of the assumptions and parameters listed in table 15.4-32 is
provided.

1. Reactor Coolant Activity before Accident

The reactor coolant equilibrium activity is based on longterm operation at 105%
of the ultimate core power level of 3390 MWt (3390 MWt x 1.05 = 3560 MWt)
and 1% failed fuel. Source terms are listed in table 11.1-2.

2. Secondary System Activity before Accident

The activity of liquid in both steam generators is conservatively assumed to be
equal to 0.1 1aCi dose equivalent Iodine -131 (1-13 1). This activity is the
Technical Specification limit.

3. Activity Available for Release from Containment at Time Zero

The activity available for leakage from containment are based on the following
Regulatory Guide 1.77, Appendix B assumptions:

(a) The activity in the fuel clad gap is 10% of the iodines and 10% of the
noble gases accumulated in the fuel at the end of core life, assuming
continuous maximum full power operation. All of the activity in the fuel
gap for fuel rods that are calculated to experience a DNBR < 1.19* is
assumed to be instantaneously available for release from containment.
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Table 15.4-32
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A CEA EJECTION ACCIDENT (Sheet 1 of 6)

Design Basis Realistic
Parameter Assumptions Assumptions

A. DATA AND ASSUMPTIONS USED TO
ESTIMATE RADIOACTIVE SOURCE
1. General

a. Power level, MWt 3,478 3,478
b. Bumup EOC (Equilibrium) EOC (Equilibrium)
c. Percent of fuel calculated to 9.12 9.12

experience DNBR < 1.19*
d. Percent of fuel calculated to reach 1.79 1.79

or exceed melting temperature, %
e. Reactor coolant activity before Table 11.1-2 Table 11.1-3

accident
f. Secondary system activity before 0.1 :Ci dose Table 11.1-21

accident equivalent 1- 13 1 (normal case)
(technical

specification limit)
g. Primary system liquid inventory, 543,000 543,000

Ibm
h. Steam generator.

1. Liquid Ibm per steam 164,010 164,010
generator

2. Steam, Ibm per steam 12,944 12,944
generator

*See discussion on page 15.0-25A.
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Table 15.4-32
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A CEA EJECTION ACCIDENT (Sheet 2 of 6)

Design Basis Realistic Assumptions
Parameter Assumptions

2. Activity release due to Consistent with data Consistent with data
containment leakage, Ci and assumptions and assumptions

presented in B. 1 of presented in B. 1 of this
this table. table.

3. Activity release from secondary
system, Ci

Isotope 0-2 hour Duration 0-2 hour Duration
1-131 2.82E+2 3.26E+0
1-132 4.19E+2 4.85E+O
1-133 6.49E+2 7.5 1E+0
1-134 7.55E+2 8.74E+O
1-135 5.97E+2 6.91E+O
Kr-85 4.28E+1 4.95E-1

Kr-85m 1.95E+3 2.26E+1
Kr-87 3.64E+3 4.21E+1
Kr-88 5.34E+3 6.18E+l

Xe-131m 3.01E+l 3.48E-1
Xe-133 9.67E+3 1.12E+2
Xe-135 8.69E+3 3.11E+I

Xe-135m 2.25E+3 2.60E+ I
Xe-138 8.78E+3 1.02E+2

B. DATA AND ASSUMPTIONS USED
TO ESTIMATE ACTIVITY
RELEASED
1. Containment leakage

a. Containment volume, ft3 2.305 x 106 2.305 x 106
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Table 15.4-32
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A CEA EJECTION ACCIDENT (Sheet 3 of 6)

Design Basis Realistic
Parameter Assumptions Assumptions

b. Containment leak rate
(1) 0-24 hour, vol %/d 0.10 0.10
(2) 1 day - 30 days, vol %/d 0.05 0.05

c. Activity available for release from
containment at time zero, Ci

Isotope
1-131 1.53(+6) 1.53(+6)
1-132 2.27(+6) 2.27(+6)
1-133 3.52(+6) 3.52(+6)
1-134 4.09(+6) 4.09(+6)
1-135 3.23(+6) 3.23(+6)
Kr-85 3.23(+4) 3.23(+4)

Kr-85m 1.47(+6) 1.47(+6)
Kr-87 2.75(+6) 2.75(+6)
Kr-88 4.03(+6) 4.03(+6)

Xe-131m 2.28(+4) 2.28(+4)
Xe-133 7.29(+6) 7.29(+6)
Xe-135 1.70(+6) 1.70(+6)

Xe-135m 2.03(+6) 2.03(+6)
Xe-138 6.62(+6) 6.62(+6)
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Table 15.4-32
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A CEA EJECTION ACCIDENT (Sheet 4 of 6)

Design Basis Realistic
Parameter Assumptions Assumptions

d. Percent of core fission products (a) (a)
assumed released to containment

e. Iodine removal system parameters Not utilized Not utilized
f. Credit for radioactive decay

(1) Holdup in containment Yes Yes
(2) In transit to dose point No No

2 Activity release from secondary system
a. Primary to secondary leak rate, lb/d 8,640 (1 gal/min) 100
b. Secondary mass release to

atmosphere
(1) safety valves, Ibm 103,129 103,129
(2) Dump valves and 645,500 645,500

steam-driven auxiliary
feedwater turbine, ibm

c. Mass of primary to secondary 1,180.3 1,180.3
leakage, ibm

(a) Refer to paragraph 15.4.3.2.5.1, Item B.
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Table 15.4-32
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A CEA EJECTION ACCIDENT (Sheet 5 of 6)

Design Basis Realistic
Parameter Assumptions Assumptions

b. Reactor coolant system activity
after accident, Ci

Isotope
1-131 1.13(+6) 1.13(+6)
1-132 3.16(+6) 3.16(+6)
1-133 4.90(+6) 4.90(+6)
1-134 5.69(+6) 5.69(+6)
1-135 4.50(+6) 4.50(+6)
Kr-85 3.23(+4) 3.23(+4)

Kr-85m 1.47(+6) 1.47(+6)
Kr-87 2.75(+6) 2.75(+6)
Kr-88 4.03(+6) 4.03(+6)

Xe-131m 2.27(+4) 2.27(+4)
Xe-133 7.29(+6) 7.29(+6)
Xe-135 1.70(+6) 1.70(+6)

Xe-135m 2.03(+6) 2.03(+6)
Xe-138 6.62(+6) 6.62(+6)

e. Percent of core fission products (a) (a)
assumed released to reactor
coolant

f. Steam generator decontamination 10 100
factor between steam and water
phase

(a) Refer to paragraph 15.4.3.2.5.1, item B.
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Table 15.4-32
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A CEA EJECTION ACCIDENT (Sheet 6 of 6)

Design Basis Realistic
Parameter Assumptions Assumptions

g. Credit for radioactive decay in No No
transit to dose point

h. Loss of offsite power Yes Yes
C. DISPERSION DATA

1. Distance to EAB, m 576 576
2. Distance to LPZ outer boundary, m 3,140 3,140
3. Atmospheric dispertion factors, 5% level X/Qs 50% level X/Qs

sec/m 3  (Table 15B.4) (Table 15B.4)

D. DOSE DATA
1. Method of dose calculation Appendix 15B Appendix 15B
2. Dose conversion assumptions Appendix 15B Appendix 15B
3. Control room design parameters Table 15B-5 Table 15B-5
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(b) The nuclide inventory of the fraction of fuel which reaches or exceeds the
initiation temperature of fuel melting at any time during the course of the
accident was calculated, and 100% of the noble gases and 25% of the
iodines were assumed to be instantaneously available for release from
containment.

(c) The cumulative source terms from a and b above are presented in table
15.4-32 (item B.l.c).

4. Containment Leak Rate

The activity available for leakage from containment is assumed to be
instantaneously mixed in the containment free volume. Activity is assumed to
leak out at the Technical Specification limit for the first day (0.10 vol/%) and at
half this rate for the duration of the accident (1 - 30 days).

5. Iodine Removal System and Radioactive Decay

No credit for iodine removal system operation was taken. The activity in
containment was assumed to decay due to holdup. After leaking from
containment, no radioactive decays or ground deposition were assumed during
transit to the dose point.

6. Reactor Coolant System (RCS) Activity after Accident

The RCS activity was calculated to determine the total amount of activity
transmitted into the secondary system during the duration of the accident due to a
1 gal/min primary to secondary leak. The RCS activity was not used to determine
containment release (see item 3 above). RCS activity was based on the following
assumptions:

(a) The activity in the fuel clad gap is 10% of the iodines and 10% of the
noble gases accumulated in the fuel at the end of core life, assuming
continuous full power operation. All of the activity in the fuel gap for fuel
rods that are calculated to experience DNBR < 1.19* is assumed to be
uniformly mixed with the reactor coolant.

(b) The nuclide inventory of the fraction of fuel which reaches or exceeds the
initiation temperature of fuel melting at any time during the course of the
accident was calculated, and 100% of the noble gases and 50% of the
iodines were assumed to be uniformly mixed with the reactor coolant.

*See discussion in Section 15.0.7.
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(c) The cumulative source terms for items a and b above are presented in table

15.4-32 (item B.2.d).

7. Secondary Mass Release to Atmosphere

The duration of mass release was 11,801 seconds until the RCS temperature
reached 35 F and the shutdown cooling system was placed in operation. Table
15.4-33 presents the integrated mass releases from the secondary safety valves,
atmospheric dump valves and steam driven auxiliary turbine, and the total primary
to secondary leakage.

C. Design Basis - Uncertainties and Conservatisms

1. Reactor coolant equilibrium activities prior to the accident are based on 1% failed
fuel, which is a factor of two to eight greater than that normally observed in past
PWR operation. Assumption of long-term operation at 105% of the ultimate core
power level is also conservative.

2. Steam generator equilibrium activity for both steam generators is assumed to be
equal to the Technical Specification limit. The Technical Specification limits are
conservatively derived based on acceptable offsite doses from accidents such as
the CEA ejection accident.

3. Loss of offsite power is a conservative assumption.

4. The containment leakage rate is taken to be the leakage rate at maximum peak
pressure for the first 24 hours and 50% of this value thereafter.

5. No credit for the iodine removal system was assumed. The operator could
"initiate" containment sprays at a nominal time of 1800 seconds after the accident
to mitigate the consequences of the accident.

6. The secondary system mass release was maximized by assuming: 1) all heat must
be removed through the steam generators, and 2) a full power beginning-of-cycle
case. This is conservative as (1) mass (and heat) removal actually occurs due to
coolant flow through the break to containment and (2) because the full power
beginning-of-cycle case results in the worse power transient with regard to
secondary system releases.
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Table 15.4-33
SECONDARY MASS RELEASE TO ATMOSPHERE

Secondary Dump Valves and Primary to
Safety Valves Steam-Driven Auxiliary Secondary

(Seconds) (ibm) Feedwater Pump Leakage (lbn,)
Turbine (lbm)e

0 0 0 0
5 0 0 0.5
6 67 0 0.6
8 3,162 0 0.8
10 8,314 0 1
20 29,433 0 2
40 46,017 0 4
70 54,641 0 7
100 60,120 0 10
200 70,205 0 20
300 81,996 -- 30
500 86,920 50
800 103,129(a) -- 80

1,800 103,129 16 ,5 0 0(b) 180
7,200 103,129 330,700 720

11,801(c) 103,129 645,500 1,180

(a) Secondary safety valves shut

(b) This value is the total release from the exhaust of the auxiliary feedwater pump turbine after
initiation at 288 seconds. After 1800 seconds, release valves also include discharge from
operator-controlled atmospheric dump valves.

(c) Time at which RCS temperature reaches 350 'F; shutdown cooling initiated.
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7. The source terms available for containment leakage and from secondary releases
were determined separately, such that the sources are accounted for twice.
Regulatory Guide 1.77 assumptions were used to determine the source available
from containment leakage, and similarly conservative assumptions were used to
determine sources available from secondary releases. For example, Regulatory
Guide 1.77 recommends that 100% of the noble gases contained in the fuel which
is estimated to reach initiation of centerline melting be available for release from
containment. For releases through the secondary system, 100% of the noble gases
contained in that fuel which is estimated to reach initiation of centerline melting
was assumed to be released to the primary coolant, thereby becoming available for
secondary releases through primary to secondary leaks. lodines were similarly
accounted for twice.

8. The meteorological conditions assumed to be present at the site during the course
of the accident are based on X/Q values which are expected to be conservative
95% of the time. This condition results in the poorest values of atmospheric
dispersion calculated for the exclusion area boundary or LPZ outer boundary.
Furthermore, no credit is taken for the transit time required for activity to travel
from the point of release to the exclusion area boundary or LPZ outer boundary.
Hence, the radiological consequences evaluated under these conditions are
conservative.

9. A 1 gal/min steam generator primary-to-secondary leakage is assumed for the
duration of the accident until shutdown cooling is initiated. This leakage rate (1
gal/min) is greater by a factor of 50 to 200 than that normally observed in past
PWR operations. Additionally, this leakage rate would be expected to decrease as
primary system pressure is decreased during the cooldown following the accident.

E. Design Basis - Conclusion

1. Filter Loadings

The only ESF filtration system considered in this analysis which limits the
consequences of a control rod ejection accident is the control room filtration
system. Activity loadings on the control room carbon adsorber are based on the
flowrate through the filter, the concentration of activity at the filter inlet, and the
filter efficiency.

The activity loading on the control room carbon adsorber has been designed for
the more severe loss-of-coolant accident. Since the control room filters are
capable of accommodating the design-basis LOCA fission product iodine
loadings, more than adequate design margin is available with respect to a
postulated control rod ejection accident.
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2. Dose to an Individual Exposed at the Exclusion Area Boundary and Outer
Boundary of the Low Population Zone

The potential radiological consequences resulting from the occurrence of a
postulated control rod ejection accident have been conservatively analyzed, using
assumptions and models described in the preceding subsections.

The total-body gamma dose due to immersion and the thyroid dose due to
inhalation have been analyzed for the 2-hour dose at the exclusion area boundary
and for the duration of the accident (0 to 30 days) at the LPZ outer boundary. The
results are listed in table 15.4-34. The resultant doses are within the guidelines of
10CFR100.

15.4.3.2.5.2 Realistic Analysis(a)

A realistic analysis of the radiological consequences of a postulated CEA ejection accident was
performed. This historical analysis is identical with the evaluation presented in paragraph
15.4.3.2.5.1 with the following exceptions:

A. Reactor coolant system inventory is based on 0.12% failed fuel vice 1% failed fuel.
The isotopic inventory is presented in table 11.1-3.

B. Steam generator equilibrium activity prior to the accident is based on a 100 lb/d leak
and 0.12% failed fuel versus the Technical Specification limit. Steam generator
activity is presented in table 11.1-21 (normal case).

C. 50% level X/Qs are used instead of 5% level X/Qs.

D. A post-accident steam generator DF of 100 was used between the water and steam
phases versus 10 for the design basis case.

Major assumptions and parameters used in the historical realistic analysis are presented in table
15.4-32. The radiological consequences are presented in table 15.4-34.

(a) A CEA ejection accident is classified as a limiting fault, per Revision 2 of Regulatory Guide

1.70. This accident is not expected to occur during the life of the plant but is postulated
because the consequences of a CEA ejection accident include the potential for the release of
significant amounts of radioactive materials. The term "realistic analysis" as used in this
section does not imply that the accident is expected to occur. "Realistic Analysis" signifies
that more realistic assumptions and parameters have been used to evaluate the radiological
consequences of a limiting fault.
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Table 15.4-34
RADIOLOGICAL CONSEQUENCES OF A POSTULATED CEA

EJECTION ACCIDENT

Containment Leakage Secondary System TOTAL
Leakage TOTAL

Result Design Realistic Design Realistic Design Realistic
Basis Basis Basis

Value Value Value Value Value Value

Exclusion Area Boundary
Dose (0 to 2 hours), rem:

Thyroid 32.42 0.429 74.64 1.14E-02 107.1 0.4
Total-body gamma 0.142 1.88E-03 1.87 2.87E-04 2.0 <0.1

LPZ Outer Boundary
Dose (duration), rem:

Thyroid 12.88 1.52 3.47 0.4161 16.4[
Total-body gamma 1.53E-02 1.83E-03 8.70E-02 1.04E-021 0.11 <0
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15. ACCIDENT ANALYSES

15.5 INCREASE IN REACTOR COOLANT SYSTEM INVENTORY

15.5.1 MODERATE FREQUENCY INCIDENTS

15.5.1.1 Chemical and Volume Control System Malfunction

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.5.1.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a Chemical and Volume Control System (CVCS) malfunction
classifies it as a moderate frequency incident as defined in Reference 1 of section 15.0. A CVCS
malfunction that produces an unplanned increase in reactor coolant inventory may be caused by
equipment or electrical malfunction or operator error that erroneously activates one or more
standby charging pumps or decreases letdown flow. The CVCS malfunction is assumed to occur
without increasing or diluting the primary coolant initial boron concentration. The case of a
CVCS malfunction that produces a boron dilution is presented in paragraph 15.4.1.4.

15.5.1.1.2 Sequence of Events and System Operation

Under normal operating conditions at power, the Pressurizer Level Control System (PLCS)
responds to an increase in pressurizer level by increasing the letdown flow to maintain the
programmed level. There are two pressurizer level measurement and control channels, each
having a process signal indicator and a low-level and high-level alarm associated with it. Only
one channel at a time, selected by the operator, is in control of the PLCS. The PLCS can be
operated either in manual or automatic to maintain programmed pressurizer level. Usually at
least one charging pump is running, matched by letdown and reactor coolant pump seal bleedoff.

Several faults or errors can be postulated that will lead to a mismatch between charging and
letdown flow and in turn result in an increasing pressurizer level and pressure. For example,
with the PLCS in manual, the letdown valve could close, reducing letdown flow to zero, while
charging flow remains constant. In the same mode, a standby charging pump could start as the
result of a single equipment fault or operator error; in this event, with constant letdown flow,
pressurizer level would increase.

The limiting moderate frequency incident, (i.e., the event that would lead to the most rapid
increase in RCS inventory) occurs in the automatic mode. This incident causes the pressurizer
level controller to fail and transmit a signal to start both non-operating charging pumps
(assuming that both are in standby) and close the letdown control valve.

A low level alarm will be annunciated immediately by the defective level instrument channel,
and low-low level alarm will be annunciated if the failure was off-scale low or sufficiently on-
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scale low. A high level and then a high-high level alarm will be annunciated by the alternate
channel as actual level increases. In this discussion the alternate channel refers to the level
control channel that has not been selected for control. The initial pressurizer level is assumed to
be just below the high level alarm setpoint such that the alarm is present shortly after the
beginning of the event. Indications include the second channel of pressurizer'level, charging and
letdown flow rate and all charging pumps running.

The operator is expected to respond to the alarms and indications either by switching to the
second level channel for control, or by stopping the charging pumps manually, or by restoring
letdown.

The primary pressure is limited by the High Pressurizer Pressure (HPP) trip and pressurizer
safety valves, or by operator action to terminate the event.

The secondary pressure is limited by the steam bypass control system (SBCS) valves, or by the
steam generator safety valves if SBCS is not available.

The consequences of a single component or system malfunction on this event are discussed in
paragraph 15.5.2.1.

15.5.1.1.3 Core and System Performance

A. Mathematical Model

The NSSS response to the CVCS malfunction was simulated using the CESEC-III
computer program described in Section 15.0.

A bounding calculation was done for the CVCS malfunction to determine if the
potential existed for filling the pressurizer before operator action can terminate the
charging-letdown flow imbalance. The total volume added by the charging-letdown
flow imbalance over a 15-minute period, which is the conservative time assumed for
operator action, was determined. Finally, a liquid volume increase is produced by
condensing the steam in the pressurizer due to the proportional sprays. This volume
was conservatively assumed to be the liquid volume that would result from
condensing the total initial steam region in the pressurizer. The sum of these two
volumes, plus the initial pressurizer liquid volume, produces the pressurizer liquid
volume based on initial conditions that could be produced during a CVCS
malfunction.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used to analyze the NSSS response to the
CVCS malfunction are discussed in Section 15.0. In particular, those parameters
unique to this analysis are listed in Table 15.5-1.
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Table 15.5-1

ASSUMPTIONS FOR THE CVCS MALFUNCTION ANALYSIS

Parameter Assumption

Initial core power level, MWT 3,478
Core inlet coolant temperature, OF 533
Core mass flow rate, E+6 lbmihr 143.7
Reactor coolant system pressure, psia 2,300
Moderator temperature coefficient, E-4 (delta K/K)/ 'F 0.0
Doppler coefficient multiplier 1.25
CEA worth on trip, %Ap -6.0
SBCS, mode Manual
PPCS mode Manual
CVCS flow mismatch,

Charging, gpm 135
Letdown + RCP bleedoff, gpm 4

Mismatch 131
Initial Pressurizer Volume, ft3  913
Pressurizer Safety Valve Tolerance +3%/-2%
Main Steam Safety Valve Tolerance +2%
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Since the primary coolant pressure transient before the reactor trip is caused by an
increase in primary coolant inventory and not by reactor power increase, no power,
coolant temperature, or DNB transient is produced before the trip.

Minimizing the initial RCS pressure results in the longest time possible for filling
the pressurizer, which makes the pressure spike worse on a trip. However,
maximizing initial RCS pressure causes an earlier trip and allows enough time for
the charging pumps to raise RCS pressure again before operator action is credited.
The peak RCS pressure on repressurization is worse than on the trip.

C. Results

The following scenario describes the sequence of events that would occur during the
limiting CVCS malfunction.

The increase in reactor coolant inventory initiated by the startup of the CVCS
charging pumps and loss of letdown produces an over pressurization of the reactor
coolant system (RCS). The increasing pressurizer pressure activates the proportional
sprays which slow the pressure increase by condensing steam in the pressurizer.

The addition of water to the RCS by both sprays and charging increases the
pressurizer liquid volume and hence raises the water level in the pressurizer. The
rate of filling is slow enough so that operator action in 15 minutes to terminate the
charging-letdown flow imbalance is sufficient to prevent filling the pressurizer. The
total increase of water level in the pressurizer during the first 15 minutes of the
transient is approximately 80% of the available steam volume.

If pressurizer sprays were not available the RCS pressure increases so that a high-
pressurizer pressure reactor trip is required. The RCS coolant contraction on trip
decreases the rate of liquid level rise in the pressurizer so that operator action in 15
minutes is sufficient to prevent filling and produces an immediate reduction of the
RCS pressure.

The maximum RCS pressure is limited by the high-pressurizer pressure reactor trip
and the pressurizer safety valves to 110% of design pressure. Also, the steam
generator safety valves limit the main steam system pressure to within 110% of
design. Therefore, the integrity of the RCS and main steam system is maintained.

The CVCS malfunction transient is slow enough so that the core protection
calculators will assure there is no violation of the fuel thermal limits.

The dynamic behavior of the significant NSSS parameters following a CVCS
malfunction are shown in Figures 15.5-1 through 15.5-12, and the sequence of
events is given in Table 15.5-2.

15.5-4 Rev: 24 I



San Onofre 2&3 FSAR
Updated

INCREASE IN REACTOR COOLANT
SYSTEM INVENTORY

15.5.1.1.4 Barrier Performance

A. Mathematical Model

The mathematical model used for evaluation of barrier performance is identical to
that described in paragraph 15.5.1.1.3.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluating barrier performance
are identical to those described in paragraph 15.5.1.1.3.

C. Results

Any steam discharged by the primary (pressurizer) safety valves is completely
condensed in the quench tank and not released to the atmosphere. The steam
releases to atmosphere through the steam generator safety valves and maximum RCS
pressure reached during the CVCS malfunction transient are not worse than those of
the loss of condenser vacuum shown in paragraph 15.2.1.3. This is due to the less
severe primary and secondary transient with a CVCS malfunction.

15.5.1.1.5 Radiological Consequences

The radiological consequences due to steam releases from the secondary system are less severe
than those due to the inadvertent opening of the atmospheric dump valve discussed in paragraph
15.1.1.4.

15.5.1.2 Inadvertent Operation of the ECCS During Power Operation

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.5.1.2.1 Identification of Causes and Frequency Classification

The estimated frequency of an inadvertent operation of the emergency core cooling system
(ECCS) classifies it as a moderate frequency incident as defined in Reference 1 of section 15.0.
An inadvertent operation of ECCS that produces an unplanned increase in reactor coolant
inventory may be caused by operator error that erroneously actuates a safety injection actuation
signal (SIAS). The inadvertent SIAS activates all three charging pumps, isolates letdown flow,
starts the boric acid makeup (BAMU) pumps, shifts charging pump suction to the highly borated
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Table 15.5-2

SEQUENCE OF EVENTS FOR THE CVCS MALFUNCTION EVENT

Time, Sec Event Setpoint or
Value

0.0 Charging flow maximized, 135
letdown + RCP bleedoff flow minimized, gpm 4

147.6 High pressurizer pressure trip generated, psia 2410
148.6 CEAs begin to drop
240.8 Steam Generator Safety Valves begin to open, psia 1122
242.9 Pressurizer Safety Valves open, psia 2575
242.9 Peak RCS pressure, psia 2644
246.3 Pressurizer Safety Valves Close 2222
298.2 Steam Generator Peak Pressure, psia 1129
569.3 Pressurizer Safety Valves open, psia 2575
569.3 Peak RCS pressure, psia 2644
572.5 Pressurizer Safety Valves Close 2222
836.9 Pressurizer Safety Valves open, psia 2575
836.9 Peak RCS pressure, psia 2644
839.7 Pressurizer Safety Valves Close 2222
900.0 Maximum Pressurizer Liquid Volume, ft3  <1465.7
901.0 Operator takes control of plant ---_d

15.5-6 Rev: 24 I



San Onofre 2&3 FSAR
Updated

INCREASE IN REACTOR COOLANT
SYSTEM INVENTORY

BAMU tanks, starts the safety injection pumps, and isolates instrument air to containment.
Primary coolant boron concentration increases by the injection of highly borated water from the
charging pumps. During power operation the pressure of the RCS (2250 psia) exceeds the
shutoff head of the safety injection pumps and the opening pressure of the safety injection tanks,
so this equipment has no effect on this analysis.

15.5.1.2.2 Sequence of Events and System Operation

The limiting moderate frequency incident, (i.e., the event that would lead to the most rapid
increase in pressurizer level) is an inadvertent actuation of SIAS. Since charging flow exceeds
letdown flow, pressurizer level (liquid volume) begins to increase. The charging pump suction
line will be cleared of low boron makeup water after a short time and then will supply highly
borated water. The borated water injects negative reactivity into the core, causing a power
decrease and resulting RCS temperature decrease which causes shrinkage of the RCS volume.
This shrinkage tends to counteract the effect of the increase in RCS inventory from charging and
makes the event less adverse than the CVCS malfunction event.

The consequences of a single component or system malfunction following this event are
discussed in paragraph 15.5.2.2.

15.5.1.2.3 Core and System Performance

The core and system performance parameters following an inadvertent operation of the ECCS
during power operation would be less adverse than those following a CVCS malfunction which
is described in paragraph 15.5.1.1.

15.5.1.2.4 Barrier Performance

The barrier performance parameters following an inadvertent operation of the ECCS during
power operation would be less adverse than those following the loss of condenser vacuum event
discussed in paragraph 15.2.1.3.

15.5.1.2.5 Radiological Consequences

The radiological consequences due to steam releases from the secondary system are less severe
than those due to the inadvertent opening of the atmospheric dump valve discussed in
paragraph 15.1.1.4.
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15.5.2 INFREQUENT INCIDENTS

15.5.2.1 Chemical and Volume Control System Malfunction with a Concurrent Single Failure
of an Active Component

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.5.2.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a CVCS malfunction with a concurrent single failure of an active
component classifies this incident as an infrequent incident as defined in reference 1 of
Section 15.0. The cause of the CVCS malfunction is discussed in paragraph 15.5.1.1.1. Various
active component single failures were considered to determine which failure has the most
adverse effect following a CVCS malfunction. The worst single active failure is the loss of
offsite power at the time of reactor trip.

15.5.2.1.2 Sequence of Events and System Operation

The systems and reactor trip that operate following a CVCS malfunction with single active
failure are the same as those described in paragraph 15.5.1.1.2.

15.5.2.1.3 Core and System Performance

A. Mathematical Model

The mathematical model used for evaluating core and system performance is
identical to that described in paragraph 15.5.1.1.3.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of core and system
performance in response to the CVCS malfunction with a single active failure are
discussed in paragraph 15.0. Those parameters unique to this analysis are listed in
Table 15.5-3. The single active failure is the loss of offsite power at the time of
reactor trip. Minimizing initial RCS pressure delays the high pressure trip and
causes a higher peak RCS pressure.
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Table 15.5-3

ASSUMPTIONS FOR THE CVCS MALFUNCTION ANALYSIS
WITH SINGLE FAILURE

Parameter Assumption

Initial core power level, MWT 3,478
Core inlet coolant temperature, OF 533
Core mass flow rate, E+6 Ibm/hr 143.7
Reactor coolant system pressure, psia 2,300
Moderator temperature coefficient, E-4 (delta K/K)/ 'F 0.0
Doppler coefficient multiplier 1.25
CEA worth on trip, %Ap -6.0
SBCS, mode Manual
PPCS mode Manual
CVCS flow mismatch,

Charging, gpm 135
Letdown + RCP bleedoff, gpm 4

Mismatch 131
Initial Pressurizer Volume, ft3  913
Pressurizer Safety Valve Tolerance +3%_/_-2%
Main Steam Safety Valve Tolerance +2%
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C. Results

The dynamic behavior of the NSSS following a CVCS malfunction with loss of
offsite power at the time of trip is similar to that following a CVCS malfunction,
which is described in paragraph 15.5.1.1.3. Operator action will correct the CVCS
malfunction and prevent filling the pressurizer even if such action is delayed until 15
minutes after first indication of the event.

The peak RCS and main steam system pressures are within 110% of design ensuring
that the integrity of the RCS and main steam system is maintained following a
CVCS malfunction with loss of offsite power at the time of reactor trip. The
minimum DNBR is greater than 1.31 indicating no violation of the fuel thermal
limits.

The dynamic behavior of the significant NSSS parameters following a CVCS
malfunction with single failure is shown in Figures 15.5-13 through 15.5-24 and the
sequence of events is given in Table 15.5-4.

15.5.2.1.4 Barrier Performance

A. Mathematical Model

The mathematical model used for evaluating barrier performance is identical to that
described in paragraph 15.5.1.1.3.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluating barrier performance
are identical to those described in paragraph 15.5.2.1.3.

C. Results

As in the CVCS malfunction, described in paragraph 15.5.1.1.4, the steam released
to containment or atmosphere and maximum RCS pressure reached are no worse
than that released in the loss of condenser vacuum discussed in paragraph 15.2.1.3.

15.5.2.1.5 Radiological Consequences

The radiological consequences of this event are less severe than the consequences of the
inadvertent opening of a steam generator atmospheric dump valve as discussed in paragraph
15.1.2.4.
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Table 15.5-4

SEQUENCE OF EVENTS FOR THE CVCS MALFUNCTION EVENT
WITH SINGLE FAILURE

Time, Sec Event Setpoint or
Value

0.0 Charging flow maximized, 135
letdown + RCP bleedoff flow minimized, gpm 4

500.3 High pressurizer pressure trip generated and loss of offsite 2410
power, psia

501.3 CEAs begin to drop ---

503.7 Pressurizer Safety Valves open, psia 2575
503.9 Peak RCS pressure, psia 2625
507.6 Pressurizer Safety Valves close, psia 2220
531.7 Seam generator safeties begin to open, psia 1122
567.7 Steam generator peak pressure, psia 1133
900.0 Maximum Pressurizer Liquid Volume, ft3  <1465.7
901.0 Operator takes control of plant
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15.5.2.2 Inadvertent Operation of the ECCS During Power Operation with a Concurrent Single
Failure of an Active Component

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.5.2.2.1 Identification of Causes and Frequency Classification

The estimated frequency of an inadvertent operation of the ECCS with concurrent single failure
classifies it as an infrequent event incident as defined in Reference 1 of section 15.0. The single
failure is the loss of offsite power at the time of reactor trip.

15.5.2.2.2 Sequence of Events and System Operation

The systems and subsequent reactor trip that operate following an inadvertent operation of the
ECCS during power operation with a concurrent single active failure are the same as those
described in paragraph 15.5.2.1.2.

15.5.2.2.3 Core and System Performance

The core and system performance parameters following an inadvertent operation of the ECCS
during power operation with a concurrent single active failure would be less adverse than those
following a CVCS malfunction with a single active failure as described in paragraph 15.5.2.1.

15.5.2.2.4 Barrier Performance

The barrier performance parameters following an inadvertent operation of the ECCS during
power operation with a single active failure would be no greater than those for the loss of
condenser vacuum as described in paragraph 15.2.1.3.

15.5.2.2.5 Radiological Consequences

The radiological consequences due to steam releases from the secondary system are less severe
than those due to the inadvertent opening of the atmospheric dump valve discussed in
paragraph 15.1.1.4.

15.5.3 LIMITING FAULTS

There are no limiting faults resulting from an increase in RCS inventory.
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15. ACCIDENT ANALYSES

15.6 DECREASE IN REACTOR COOLANT INVENTORY

15.6.1 MODERATE FREQUENCY INCIDENTS

There are no moderate frequency incidents resulting from a decrease in reactor coolant inventory.

15.6.2 INFREQUENT INCIDENTS

There are no infrequent incidents resulting from a decrease in reactor coolant inventory.

15.6.3 LIMITING FAULTS

15.6.3.1 Primary Sample or Instrument Line Break

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.6.3.1.1 Identification of Causes and Frequency Classification

The estimated frequency of a primary sample or instrument line rupture classifies it as a limiting
fault incident as defined in reference 1 of section 15.0. A primary sample or instrument line
break incident represents a violation of the primary system piping outside the containment
building. The line break chosen for analysis is the reactor coolant system (RCS) letdown line
(2-inch Schedule 160 pipe) which penetrates the containment. This is the largest penetration
whose failure results in an incident in this event category. The letdown line was chosen for the
analysis for the following reasons:

A. None of the instrument sensing lines which connect to the RCS penetrate the
containment. In addition, the mass released from a break in the letdown line would be
maximized relative to a break occurring in any smaller instrument line.

B. The RCS sample lines (3/4 inch) which penetrate the containment are provided with
flow restricting orifices (as discussed in paragraph 9.3.2.2.2.1) to limit blowdown in
the event of a sample line rupture. However, a break in these lines, with or without
restriction, will result in a minimum blowdown when compared to the blowdown from
a break in the larger letdown line.

C. The charging lines (2 inches) which penetrate the containment are provided with check
valves to prevent blowdown of reactor coolant resulting from a break outside the
containment.
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The location of the break in the letdown line was assumed to be at the outer surface of the
containment wall upstream of the letdown penetration valve (HV9205).

The analysis assumes critical flow through the break, but accounts for letdown line losses and for
operation of the pressurizer pressure control system (PPCS) and pressurizer level control system
(PLCS), and uses the CESEC-ATWS and TORC computer codes. The letdown line break with
PPCS and PLCS operation is of interest because these systems can act to delay the isolation of
the ruptured line.

15.6.3.1.2 Sequence of Events and Systems Operation

Following a break in the letdown line, the RCS pressure begins to decrease due to the loss of
primary liquid. As the pressurizer level and pressure decrease, the pressurizer heater and the
charging pumps are assumed to respond normally. At approximately 800 seconds, the
pressurizer pressure attains a quasi-steady-state value at the primary coolant saturation pressure.
At 1800 seconds, the operator trips the reactor and isolates the ruptured line. High-pressure
safety injection flow replenishes the reactor coolant inventory.

With the high-pressure pumps operating and leak flow terminated, core uncovery is precluded
and, since the minimum DNBR does not decrease below 1.31 (using the CE-I correlation), no
clad damage occurs.

Table 15.6-1 presents a sequence of events following a letdown line break.

15.6.3.1.3 Core and System Performance

15.6.3.1.3.1 Mathematical Model

The NSSS response to a letdown line break was simulated using the CESEC-ATWS and TORC
codes described in paragraphs 15.0.3.1.5 and 15.0.3.1.8, respectively.

15.6.3.1.3.2 Input Parameters and Initial Conditions

The initial conditions and input parameters of the NSSS assumed in the analysis are listed in
table 15.6-2.

15.6.3.1.3.3 Results

The behavior of the NSSS following a letdown line break was analyzed accounting for the
operation of the PPCS and PLCS, and utilizing a blowdown flowrate that includes the effects of
the letdown line losses. The RCS depressurization is gradual enough so that no reactor trip
occurs for 30 minutes. After 30 minutes, the operator is assumed to trip the reactor and isolate
the ruptured line. The manual reactor trip causes a rapid RCS depressurization, SIAS generation,
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and an increase in secondary system pressure. The minimum DNBR does not decrease below a
value of 1.31, using the CE-I correlation, at any time during this transient.

The HPSI pumps, activated on SIAS, replenish the RCS with borated water from the refueling
water storage tank. With the leak flow terminated and the HPSI pumps activated, there is no
potential for core uncovering or a clad temperature excursion. Plant cooldown by the operator is
assumed to begin after 30 minutes and follows the emergency procedure.

15.6.3.1.4 Barrier Performance

15.6.3.1.4.1 Mathematical Model

The mathematical model used for evaluation of barrier performance is described in paragraph
15.6.3.1.3.

15.6.3.1.4.2 Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance are the
same as those described in paragraph 15.6.3.1.3.

15.6.3.1.4.3 Results

At 30 minutes into the transient resulting from a letdown line break with PPCS and PLCS
operation, the ruptured line is isolated. The total primary coolant released outside the
containment building is 94,510 pounds maximum.

Table 15.6-1
SEQUENCE OF EVENTS FOR A LETDOWN LINE BREAK

OUTSIDE CONTAINMENT

Time
(seconds) Event Setpoint or Value

0.0 Line rupture occurs ---
163 Turbine bypass valves open ---

1800 Letdown line manually isolated ---
1800 Manual reactor trip initiated _ _ ---

-1800 Operator initiated plant cooldown
1805 SG safety valves lift ---
1816 Safety injection actuation, psia 1,560

-18,750 Shutdown cooling initiated, *F 350
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Table 15.6-2
ASSUMPTIONS FOR LETDOWN LINE BREAK

OUTSIDE OF CONTAINMENT

Parameter Assumption
Initial core power, MWt 3,478
Core inlet coolant temperature, OF 560
Initial system flowrate, lbm/hr 1.47 x 108
Initial RCS pressure, psia 2300

15.6.3.1.5 Radiological Consequences

The radiological consequence calculations are provided for the letdown line break. Dose
calculations are also provided for this case assuming an iodine spike is caused by the accident.
The iodine spike function, which is discussed in paragraph 15.1.3.1B.5.3, is very conservative for
application to this transient due to the gradual pressure transient which occurs.

15.6.3.1.5.1 Design Basis, No Iodine Spike

A. Design Basis - Physical Model (No Iodine Spike)

A break in fluid-bearing lines which penetrate the containment could result in the
release of radioactivity to the environment. There are no instrument lines connected to
the RCS which penetrate the containment. There are, however, other piping lines from
the RCS to the chemical and volume control system (CVCS) and the process sampling
system which penetrate the containment.

The most severe pipe rupture with regard to radioactivity release during normal plant
operation is a rupture of the CVCS letdown line at a point outside the containment.
For such a break, the reactor coolant letdown flow would have passed sequentially
from the cold leg and through the regenerative heat exchanger.

A pipe rupture outside of containment is indicated by an auxiliary building sump level
increase coincident with a high radiation alarm in the plant vent stack. At 30 minutes,
operator action is taken to manually isolate the broken line, and trip the reactor. The
reactor coolant mass released to the auxiliary building is 94,510 lbm.
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B. Design Basis - Assumptions and Parameters (No Iodine Spike)

The major assumptions and parameters assumed in the analysis are itemized in table
15.6-2 and are listed below:

1. The reactor coolant equilibrium activity is based on long-term operation at 105%
of the ultimate core power level of 3390 MWt with 1% failed fuel. These
activities are given in table 11.1-2.

2. A total of 94,510 pounds of reactor coolant is spilled (based on a release for 1800
seconds).

3. All the noble gases in spilled reactor coolant are released to the atmosphere.

4. The fraction of water flashing to steam was calculated and taken as the fraction of
iodines in the water that becomes airborne. The reactor coolant temperature was
assumed to be 550'F. The fraction of iodines calculated to become airborne was
0.4.

5. No credit is taken for mixing or holdup of the activity released to the auxiliary
building atmosphere.

6. The activity released from the ruptured letdown line is assumed to be released
directly to the environment during the 2-hour period immediately following the
accident.

7. No credit is taken for ground deposition or decay in transit to the exclusion area
boundary or outer boundary of the low population zone (LPZ).

8. The radiological consequences of the secondary safety valve and atmospheric
dump valve releases during the accident and subsequent cooldown to shutdown
cooling conditions are taken into account.

9. The control room doses for this event are less severe than the results of the loss of

coolant accident (Sections 15.6.3.3.5. .F and 6.4.4.3).

C. Design Basis - Mathematical Model (No Iodine Spike)

Mathematical models used in the analysis are described in the following list:

1. The mathematical models used to analyze the activity released during the course
of the accident are described in appendix 15B.
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2. The atmosphere dispersion factors used in the analysis are based on
meteorological conditions assumed to be present during the course of the accident.

Calculational methods for X/Qs are presented in subsection 2.3.4. For the design
basis accident, 5% level X/Qs were used (table 15B-4).

3. The potential thyroid inhalation dose and the beta-skin and total-body gamma
immersion dose to an individual exposed at the exclusion area boundary or LPZ
outer boundary are analyzed using the models described in appendix 15B.

D. Design Basis - Identification of Leakage Pathways and Resultant Leakage Activity (No
Iodine Spike)

The reactor coolant spilled in the auxiliary building is collected in the floor drain
sumps. From there, it is pumped to the radwaste treatment system. Thereafter, the
only release paths that present a radiological hazard involve the volatile fraction of
spilled coolant.

E. Design Basis - Uncertainties and Conservatisms in the Evaluation of the Results (No
Iodine Spike)

The principal uncertainties and conservatisms in the calculation of the resultant doses
following a letdown line rupture arise from the unknown extent of reactor coolant
contamination by radionuclides, the quantity of coolant spilled, the fraction of
radionuclides that become airborne, the fraction of the spilled activity that escapes the
auxiliary building, and the meteorological conditions at the time of the accident. Each
of these uncertainties is treated by taking worst-case or conservative assumptions.

1. Reactor coolant equilibrium activities are based on 1% failed fuel, which is much
greater than that normally observed during operation.

2. The PPCS and PLCS are assumed to be in operation, to delay isolation of the
broken line.

3. The fraction of iodines calculated to become airborne is based on a reactor coolant
temperature of 550'F. This temperature does not take credit for cooling that may
be provided by the regenerative heat exchanger. The resulting fraction of iodines
released (40%) would decrease as the reactor coolant temperature decreased.

4. No credit is taken for the effects of retention of radioactivity which could occur
within the auxiliary building and which would reduce the amount of activity
released to the environment.
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5. The meteorological conditions assumed to be present at the site during the course
of the accident are based on X/Q values which are expected to be conservative
95% of the time. This condition results in the poorest values of atmospheric
dispersion calculated for the exclusion area boundary or LPZ outer boundary.
Furthermore, no credit has been taken for the transit time required for activity to
travel from the point of release to the exclusion area boundary or LPZ outer
boundary. Hence, the radiological consequences evaluated under these conditions
are conservative.

F. Design Basis-Results (No Iodine Spike)

I. Filter Loadings

No filter system is credited with the collection of halogens in this accident
analysis. The buildup on the control room carbon adsorbers, which may be
expected to adsorb some of the released iodine, is very small compared with the
design capacity of these filters.

2. Dose to an Individual Exposed at the Exclusion Area Boundary and Low
Population Zone Outer Boundary

The radiological consequences resulting from the occurrence of a postulated
letdown line rupture have been conservatively analyzed using assumptions and
models described in the preceding subsections. The thyroid inhalation dose and
the betaskin and total-body gamma immersion dose have been analyzed for the 0
to 2-hour dose at the exclusion area boundary and for the duration of the accident
at the LPZ outer boundary. The results are listed in table 15.6-4. The resultant
doses are small fractions of the guidelines of 10CFR100.

15.6.3.1.5.2 Design Basis - Iodine Spike Caused by the Accident

In this evaluation, the radiological consequences of the letdown line rupture were evaluated
assuming that the accident causes an iodine spike to occur. The mathematical models,
assumptions, and parameters used in this analysis are identical with the design basis evaluation
without an iodine spike presented in paragraph 15.6.3.1.5.1 with the following exception:

The initial reactor coolant inventory is identical to the activity used in the design basis evaluation
without an iodine spike. However, at the initiation of the letdown line break, the 1-131
equivalent source term is assumed to increase as shown in figure 15.1-155. This figure is based
on a factor of 500 increase in the iodine release rate.

Radiological consequences are presented in table 15.6-4. The resultant offsite doses are a small
fraction of the guidelines of 10CFR100.
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15.6.3.1.5.3 Realistic Analysis

A realistic analysis of a small line break outside of containment was performed. The historical
realistic analysis was identical with the design basis evaluation (no iodine spike) presented in
paragraph 15.6.3.1.5.1 with the following exceptions:

A. The RCS equilibrium activity prior to the accident was assumed to be based on 3390
MWt and 0.12% failed fuel versus the 3560 MWt and 1% failed fuel used for the
design basis case.

B. The atmospheric dispersion factors (X/Q) used were the 50% level factors presented in
table 15B-4.

C. The relatively small doses due to the secondary safety valve and atmospheric dump
valve steam releases were neglected.

Assumptions and parameters of the historical realistic analysis are presented in table 15.6-3.
Results are presented in table 15.6-4.
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Table 15.6-3
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES

OF A LETDOWN LINE RUPTURE

Design Bases Realistic
Parameter Assumptions Assumptions

Source Data
Power level, MWt 3,560 3,390
Fraction failed fuel, % 1 0.12
Assumed decay time, seconds 65 65
Reactor coolant equilibrium activities Table 11. 1-2 Table 11.1-3
Mass of coolant released, lb 94,510 94,510
Duration of spill, seconds 1800 1800

Activity Release Data
Release assumptions

Fraction of noble gases immediately released, % 100 100

Fraction of iodines immediately released, %
40 40

Dispersion Data

Distance to exclusion area boundary, m 576 576

Distance to LPZ outer boundary, m 3,140 3,140

Atmospheric dispersion factors, s/mi3  5% level X/Qs 50% level X/Qs
(Table 15B-4) (Table 15B-4)
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Table 15.6-4
RADIOLOGICAL CONSEQUENCES OF A LETDOWN LINE RUPTURE

IN THE AUXILIARY BUILDING

Design Basis
Value

With Iodine
Spike Caused Realistic

Result No Iodine Spike by Accident Value
Exclusion area boundary dose
(0 to 2 hours), rem

Thyroid 18.6 96.4 <0.1

Beta-skin <0.1 0.1 <0.1

Whole-body gamma <0.1 0.2 <0.1
LPZ outer boundary dose
(duration), rem

Thyroid 0.6 2.8 <0.1

Beta-skin <0.1 <0.1 <0.1

Whole-body gamma <0.1 <0.1 <0.1
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15.6.3.2 Steam Generator Tube Rupture

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.6.3.2.1 Identification of Causes and Frequency Classification

The estimated frequency of a steam generator tube rupture with or without a concurrent loss of
normal AC power (LOAC) classifies it as a limiting fault incident as defined in reference 1 of
section 15.0. The worst case of an SGTR with LOAC is presented below. The steam generator
tube rupture accident is a penetration of the barrier between the RCS and the main steam system
and results from a failure of a steam generator U-tube. In terms of break size, the worst case is a
postulated double-ended tube rupture. Experience with nuclear steam generators indicates that
the probability of complete severance of the Inconel vertical U-tubes is remote. No such
double-ended rupture has ever occurred in a steam generator of this design. The more probable
modes of failure result in considerably smaller penetrations of the pressure barrier. They involve
the formation of etch pits or small cracks in the U-tubes or cracks in the welds joining the tubes
to the tube sheet.

15.6.3.2.2 Sequence of Events and Systems Operations

Integrity of the barrier between the RCS and main steam system is significant from a radiological
standpoint since a leaking steam generator tube would allow transport of reactor coolant into the
main steam system. Radioactivity contained in the reactor coolant would mix with shellside
water in the affected steam generator. During normal plant operations, some of this radioactivity
would be transported through the turbine to the condenser where the noncondensible radioactive
materials would be released via the condenser air ejectors.

Since the plant is operating at 100% power for approximately 16 minutes before the effects of the
primary-to-secondary leak cause the reactor trip, the radioactivity concentration in the steam
generators is allowed to increase before the steam generator safety valves open releasing
radioactive materials to the atmosphere.

Following the tube rupture, the RCS pressure would gradually decrease. The
primary-to-secondary leak rate and drop in RCS pressure would result in all CVCS charging
pumps being brought on line and reactor trip due to low pressurizer pressure. Following reactor
trip, the main steam system pressure would increase to the point where the turbine bypass valves
would open to control the main steam system pressure. If turbine bypass is unavailable, the
steam generator safety valves would open to control the main steam system pressure. The
operator can isolate the damaged steam generator and cool the NSSS using manual operation of
the auxiliary feedwater and the atmospheric steam dump valve of the unaffected steam generator
any time after reactor trip occurs. The analysis presented herein conservatively assumes that
operator action is delayed until 30 minutes after first indication of the event.
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Diagnosis of this accident would be facilitated by radiation monitors in the blowdown sample
lines from each steam generator, in the blowdown processing system neutralization sump
discharge sea line which processes blowdown from both steam generators, in the condenser air
ejector discharge line, and adjacent to the main steam lines. These monitors would initiate
alarms in the control room and inform the operator of abnormal activity levels and that corrective
action is required.

Behavior of the systems varies depending upon the size of the rupture. For leak rates up to the
capacity of the charging pumps in the CVCS, reactor coolant inventory can be maintained and an
automatic reactor trip would not occur. During the first 30 minutes of the accident, a reactor trip
is not necessary because the safety limits are not approached and there is no danger of violating
dose limits. The 30-minute interval is a conservative time period based on the availability of
alarms and indications. The Technical Specifications specify plant shutdown within 40 hours of
detection for leaks greater than 1 gal/min. In addition, the plant emergency procedures will
provide for rapid plant shutdown based on operator action in the event of a tube failure.
Assuming a 30-minute operator action interval, the operator can then take action to ramp down
the plant or to manually trip the reactor and place the plant in cold shutdown. Under these
operating conditions, the gaseous fission products would be released from the main steam system
at the condenser air ejector discharge until the shutdown cooling system is initiated.

For leaks that exceed the capacity of the charging pumps, pressurizer water level and pressurizer
pressure decrease and a reactor trip results.

Table 15.6-5 gives a sequence of events which occur following a steam generator tube rupture

with concurrent loss of normal AC power.

15.6.3.2.3 Core and System Performance

A. Mathematical Model

The NSSS response to a steam generator tube rupture with concurrent loss of normal
AC power was simulated using the CESEC computer program described in section
15.0. The thermal margin on DNBR in the reactor core was simulated using the TORC
computer program described in section 15.0 with the CE-i CHF correlation described
in chapter 4.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used to analyze the NSSS response to a
steam generator tube rupture with concurrent loss of normal AC power are discussed in
section 15.0. In particular, those parameters which were unique to the analysis
discussed below are listed in table 15.6-6.
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The initial conditions for the principal variables monitored by the core operating limit
supervisory system (COLSS) were varied over the reactor operating space given in
table 15.0-5 to determine the set of conditions which would produce the most adverse
consequences following a steam generator tube rupture with a concurrent loss of
normal AC power. Various combinations of initial core inlet temperature, core inlet
flowrate, and pressurizer pressure were considered. In addition, the scram reactivity
used was consistent with the axial power distribution used. Decreasing the initial core
inlet temperature increases the primary-to-secondary leak rate and integrated leak, but
reduces the releases via the steam generator safety valves. Since the steam generator
pressure and temperature are initialized at lower values, a point is reached where the
steam generator can increase and peak without opening the steam generator safety
valves. Decreasing the RCS pressure hastens the low pressurizer pressure reactor trip,
but results in lower releases due to a lower leak rate. Therefore the initial RCS
pressure assumed, which is in fact outside the space given in table 15.0-5, ensures that
the results are conservative. Increasing the core inlet flowrate produces faster energy
transport through the RCS and results in an increased leak rate and higher releases
from the steam generator safety valves. Varying the primary-to-secondary break size
can produce a case showing higher offsite dose for a break size smaller than that
equivalent to a double-ended rupture. For break sizes resulting in a reactor trip during
the first 30 minutes of the incident (see emergency procedures), the initial leak rate
decreases from that value equivalent to a double-ended rupture, and the offsite dose
also decreases due to the drop in the integrated leak. The decrease in break size also
delays the time of reactor trip. As the break size is decreased further, the integral leak
is reduced for the 30-minute operator action interval, and, therefore, the radiological
consequences will be less severe. For the smaller breaks sizes, the following
information is still available to the operator:

1. Radiation monitors

2. Difference in steam generator water levels or feedwater flowrates if the automatic
steam generator control is being used

3. All CVCS charging pumps on

4. Drop in RCS pressure
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Table 15.6-5
SEQUENCE OF EVENTS FOR THE STEAM GENERATOR TUBE RUPTURE

WITH CONCURRENT LOSS OF NORMAL AC POWER

Time Setpoint
(seconds) Event or Value

0.0 Tube rupture occurs ....

520.6 Pressurizer heaters de-energized, ft3(8.9 ft below 100% power 334
operating level)

985.1 Low pressurizer pressure boundary trip signal generated by the 1,785
CPC, turbine stop valves close, loss of normal AC power, psia

985.5 CEAs begin to drop into core ....
991.3 No. 2 steam generator safety valves begin to open, psia 1,089
991.6 No. 1 steam generator safety valves begin to open, psia 1,089
995.3 Maximum No. 1 steam generator pressure, psia 1,131
995.3 Maximum No. 2 steam generator pressure, psia 1,131

1,000.0 Pressurizer empties ----

1,010.2 Safety injection actuation signal, psia 1,560
1,020.9 Low steam generator level signal, lbs (27.027 ft. above 134,540

tubesheet)
1,073.8 Auxiliary feedwater flow initiated ----

1,305.6 No. 2 steam generator safety valves close, psia 926_la,

1,305.6 No. 1 steam generator safety valves close, psia 926_la_

1,800.0 Operator isolates damaged steam generator and opens ----

atmospheric steam dump valve to the unaffected steam
generator to begin plant cooldown to shutdown cooling

11,242.0 Shutdown cooling initiated, 'F 350
[a) The original accident analysis assumed 4% main steam safety valve blowdown. Blowdown

for current valve ring settings is bounded by 15% (see Section 15.0). The increased
blowdown affects the MSSV steam releases during the first 30 minutes of the accident. The
evaluation of radiological consequences was revised to include the effect of increased
MSSV blowdown. The conclusions of the analysis remain valid. The doses are a small
fraction of 1OCFR100 exposure guidelines.
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Table 15.6-6
ASSUMPTIONS FOR THE STEAM GENERATOR TUBE RUPTURE WITH

CONCURRENT LOSS OF NONEMERGENCY AC POWER ANALYSIS

Parameter Assumption
Initial core power level, MWt 3,478
Core inlet coolant temperature, OF 553
Core mass flowrate, 106 lbm/hr 154.3
Reactor coolant system pressure, psia 2,400
Steam generator pressure, psia 900
Moderator temperature coefficient, 10.4 Ak/k/0 F -3.3
Doppler coefficient multiplier 0.85

CEA worth for trip, %Ap -6.0
Steam bypass control system Inoperative
Feedwater regulating system Inoperative

5. Rapid drop in the volume control tank level

Based on this information, the operator can ramp down or manually trip the reactor if a
trip has not occurred within the initial 30 minutes. In so doing, releases to the site
boundary will be limited because of the relatively lower concentration in the steam
generators.

The following assumptions and parameters are used to calculate the activity releases and
offsite doses for a steam generator tube rupture (SGTR):

(a) The RCS equilibrium activity is based on long-term operation at 105% of the ultimate
core power level of 3390 MWt (3390 MWt x 1.05 = 3560 MWt) with 1% failed fuel.
These activities are given in table 11.1-2. See paragraph 15.6.3.2.5 items B and C for a
discussion on iodine spikes.

(b) The steam generator equilibrium activity for both steam generators is assumed to be
0.1 :Ci/g dose equivalent 1-131 (Technical Specification limit) prior to the accident.

(c) Offsite power is lost; the main condenser is not available for steam relief via the
turbine bypass system.

(d) Following the accident, no additional steam and radioactivity are released to the
environment when the shutdown cooling system is placed in operation (3.12 hours).
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(e) There is no main condenser evacuation system release and no steam generator
blowdown during the accident.

(f) Only one steam generator is affected.

(g) The amount of noble gas activity released is equal to the amount present in the reactor
coolant discharged into the secondary side following the tube rupture. The amount of
noble gas activity contained in the secondary system is negligible in comparison.

(h) Iodine activity released is based on the equilibrium activity present in the steam
generators (0.1 :Ci/g dose equivalent 1-131) and the amount of activity present in the
reactor coolant discharged into the affected steam generator.

(i) Thirty minutes after the accident, the affected unit is isolated. No steam and fission
product activities are released from the affected steam generator thereafter.

(j) The total amount of discharge of reactor coolant into the secondary system through the
rupture is 75,672 pounds (in 30 minutes).

(k) The post-accident partition coefficient of 0.1 was used in the steam generator between
the water and steam phases.

(1) The primary-to-secondary leakage of 8640 lbm/d (1.0 gal/min) is assumed to be
applicable to the unaffected steam generator. The portion of the noble gas activity
from the primary-to-secondary leakage attributed to the unaffected steam generator is
assumed to be released during the course of the accident (3.12 hours).

(m) The amount of discharge of steam from the unaffected steam generators is calculated to
be 6.33 x 105 pounds and, from the affected steam generator, 5.52 x 104 pounds.

(n) The activity released from the affected and unaffected steam generators is immediately
vented to the atmosphere. The release point is assumed to be the safety valve nearest
the control room air intake. No credit is taken for radioactive decay for isotopes in
transit to dose points.

C. Results

The dynamic behavior of important NSSS parameters following a steam generator tube
rupture with a concurrent loss of normal AC power are presented in figures 15.6-1
through 15.6-14.

The primary-to-secondary leakage due to a steam generator tube rupture results in a
gradual decrease in the reactor coolant inventory and a gradual drop in the pressurizer
level and pressure. As the level drops in the pressurizer, all charging pumps are
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brought on line while the letdown flow is reduced to a minimum. At approximately 15
minutes after initiation of the tube rupture, the reactor trips due to a low pressurizer
pressure trip signal. The reactor trip results in the steam generator pressure rapidly
increasing and opening the steam generator safety valves, since no credit is taken for
the turbine bypass system. As a result of the low RCS pressure, a SIAS is also
generated. As the safety injection system returns water to the RCS, the rate of RCS
pressure drop decreases.

The primary system pressure and the pressurizer level in terms of water volume during the
transient are shown as functions of time in figures 15.6-3 and 15.6-5, respectively. The steam
generator pressure and steam generator levels in terms of liquid mass are shown as functions of
time in figures 15.6-6 and 15.6-10, respectively.

On reactor trip, the loss of normal AC power is assumed to occur. As the reactor coolant pumps
coast down, transfer of energy to the main steam system is reduced and the RCS pressure
increases rapidly for approximately 60 psi before peaking out and commencing a more gradual
drop. On reactor trip, the steam generator pressure rapidly increases, opening the steam
generator safety valves. With the loss of feedwater, the steam generator pressure remains above
the reseat pressure of the steam generator safety valves. The residual water inventory in the
steam generators drops and initiates a low steam generator water level trip signal, which, in turn,
automatically initiates an auxiliary feedwater flow signal. With the initiation of auxiliary
feedwater flow, the steam generator pressure again drops gradually and the steam generator
safety valve closes. Both the primary and secondary pressure continue to drop for the remainder
of the transient.

After 30 minutes, the operator has identified the steam generator with the tube rupture based on
information supplied relative to the steam generator water level and has closed the main steam
isolation valve and stopped auxiliary feedwater flow to the damaged steam generator and
terminated atmospheric releases from that steam generator. Plant cooldown is initiated by
dumping steam from the intact steam generator. After the temperature of the reactor coolant is
reduced to 350'F, the operator activates the shutdown cooling system and isolates both steam
generators.

The maximum RCS and secondary pressures do not exceed 110% of design pressure following a
steam generator tube rupture with concurrent loss of normal AC power, thus assuring that the
integrity of the RCS and main steam system is not further degraded. The minimum DNBR of
greater than 1.31 indicates no violation of the fuel thermal limits.

15.6.3.2.4 Barrier Performance

A. Mathematical Model

The mathematical model used for elevation of barrier performance is identical to that
described in paragraph 15.6.3.2.3.
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B. Input Parameters and Initial Conditions

The input parameters and initial conditions used for evaluation of barrier performance
are identical to those described in paragraph 15.6.3.2.3.

C. Results

Figure 15.6-11 gives the steam generator safety valves flowrates versus time for the
steam generator tube rupture with concurrent loss of normal AC power transient. At
30 minutes when the atmospheric steam dump valve is opened, the steam generator
safety valves will have discharged no more than 101,830 pounds of steam; and during
the first 30 minutes while the auxiliary feedwater pumps are operating, an additional
8510 pounds of steam will have been vented to the atmosphere via the steam-driven
auxiliary feedwater pump. The operator then begins a 750 F/hr cooldown requiring a
steam release rate of 61.3 lbm/s through the atmospheric dump valve and the auxiliary
feedwater steam turbine. Approximately 578,210 pounds of steam would be
discharged through the atmospheric steam dump valve and the auxiliary feedwater
steam turbine during the 2.62-hour cooldown, giving a total steam release to the
atmosphere of 688,550 pounds. For the first 2 hours, the combined steam release to the
atmosphere is 440,120 pounds.

15.6.3.2.5 Radiological Consequences

A. Design Basis, Method of Analysis, No Iodine Spike

1. Physical Model

The evaluation of the radiological consequences of a postulated steam generator
tube rupture assumes a complete severance of a single steam generator tube while
the reactor is operating at full rated power and a coincident loss of offsite power at
the time of reactor trip. Occurrence of the accident leads to an increase in
contamination of the secondary system due to reactor coolant leakage through the
tube break. A reactor trip occurs automatically as a result of low pressurizer
pressure at approximately 985 seconds after the tube rupture occurs. The reactor
trip automatically trips the turbine.

The resulting increase in radioactivity in the secondary system is detected by
radiation monitors (refer to section 11.5). The coincident loss of offsite station
power causes closure of the turbine bypass valves to protect the condenser. The
steam generator pressure will increase rapidly, resulting in steam discharge as well
as activity release through the main steam safety valves. Venting from the
affected steam generator; i.e., the steam generator, which experiences tube
rupture, continues until the secondary steam pressure is below the main steam
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safety valve setpoint. At this time, the affected steam generator is effectively
isolated, and, thereafter, no steam or activity is assumed to be released from the
affected steam generator. The remaining unaffected steam generator removes core
decay heat by venting steam through the atmospheric dump valve and
steam-driven auxiliary turbine until cooldown can be accomplished with the
shutdown cooling system.

The analysis of the radiological consequences of a steam generator tube rupture
considers the most severe release of secondary activity as well as reactor activity
leaked from the tube break. The inventory of iodine and noble gas fission product
activity available for release to the environment is a function of the
primary-to-secondary coolant leakage rate, the percentage of defective fuel in the
core, and the mass of steam discharged to the environment. Conservative
assumptions are made for all these parameters.

The sequence of events for this accident is presented in Table 15.6-5.

2. Assumptions and Conditions

The major assumptions and parameters assumed in the analysis are itemized in
Table 15.6-6.

3. Mathematical Models Used in the Analysis

Mathematical models used in the analysis are described in the following items:

(a) The mathematical model used to analyze the activity released during the
course of the accident is described in appendix 15B.

(b) The atmospheric dispersion factors used in the analysis, which are based on
meteorological conditions assumed present during the course of the accident,
are calculated according to the model described in subsection 2.3A. For the
design basis analysis, the 5% level X/Qs presented in table 15B-4 were used.

(c) The potential thyroid inhalation dose and beta-skin and total-body gamma
immersion dose to an individual exposed at the exclusion area boundary or
outer boundary of the low population zone (LPZ) are analyzed using the
models described in appendix 15B.

(d) The buildup of activity in the control room and the potential integrated dose
to control room personnel are analyzed based on models described in
appendix 15B.
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4. Identification of Leakage Pathways and Resultant Leakage Activity

For the purposes of evaluating the radiological consequences of a postulated
steam generator tube rupture, the activity released from the affected steam
generator is assumed to be released directly to the environment by the safety
valves until the steam generator is isolated by the operator 30 minutes after the
initiation of the accident. The activity released from the unaffected steam
generator is from the safety valves until the safety valves shut, and then from the
auxiliary feedwater pump turbine and atmospheric dump valve during the
cooldown phase until the shutdown cooling system is placed in operation. Since
the activity is released directly to the environment with no credit for plateout,
retention, or decay, the results of the analysis are based on the most direct leakage
pathway available. Therefore, the resultant radiological consequences represent
the most conservative estimate of the potential integrated dose due to the
postulated steam generator tube rupture.

5. Identification of Uncertainties and Conservatisms in the Evaluation of the Results

The uncertainties and conservatisms in the assumptions used to evaluate the
radiological consequences of a steam generator tube rupture are as follows:

(a) Reactor coolant equilibrium activities are based on 1% failed fuel, which is
greater by a factor of two to eight than that normally observed in past
pressurized water reactor (PWR) operation.

(b) Steam generator equilibrium activity for both steam generators is assumed to
be equal to the Technical Specification limit. The Technical Specification
limits are conservatively derived based on accidents such as the SGTR.

(c) Tube rupture of the steam generator is assumed to be a double-ended
severance of a single steam generator tube. This is a conservative
assumption since the steam generator tubes are constructed of highly ductile
materials. The more probable mode of tube failure is one of minor leaks of
undetermined origin. Activity in the secondary steam system is subject to
continual surveillance, and the accumulation of activity from minor leaks
that exceed the limits established in the Technical Specifications would lead
to reactor shutdown. Therefore, it is unlikely that the total amount of activity
considered available for release in this analysis would ever be realized.
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(d) The coincident loss of offsite power with the occurrence of the reactor trip
following the steam generator tube rupture is a conservative assumption. In
the event of availability of offsite power, the turbine bypass valves will open,
relieving steam to the main condenser. This will reduce the amount of steam
and entrained activity discharged directly to the environment from the
unaffected steam generators.

(e) The meteorological conditions assumed to be present at the site during the
course of the accident are based on X/Q values which are expected to be
worse 5% of the time. This condition results in the poorest values of
atmospheric dispersion calculated for the exclusion area boundary or LPZ
outer boundary. Furthermore, no credit has been taken for the transit time
required for activity to travel from the point of release to the exclusion area
boundary or LPZ outer boundary. Hence, the radiological consequences
evaluated under these conditions are conservative.

(f) A conservative steam generator partition coefficient (PC) of 0.1 is used in the
cooldown phase (release to atmospheric dump valve).

B. Design Basis, Coincident (pre-existing) Iodine Spike and SGTR

In this evaluation, a case of coincident iodine spike which already exists due to a
previous power transient was considered. The mathematical models, assumptions, and
parameters are described in paragraph 15.6.3.2.5, item A with the following exception:

The RCS inventory was assumed to be 60 [tCi/g dose equivalent Iodine 131 vice the
reactor coolant inventory shown in table 11. 1-2 which is based on 105% of design core
power and 1% failed fuel. This 60 gtCi/g is the Technical Specification limit for full
power operation following an iodine spike for up to 48 hours.

C. Design Basis, Spike Caused by the SGTR

In this evaluation, a case with an iodine spike which was caused by the reactor trip
following the SGTR was evaluated for radiological consequences. The mathematical
models, assumptions, and parameters used are described in paragraph 15.6.3.2.5 with
the following exception:

Prior to the SGTR, the RCS activity is based on 105% of design power and 1% failed
fuel. This reactor coolant inventory is the same as that used in paragraph 15.6.3.2.5.
However, at the initiation of the SGTR accident, the 1- 131 equivalent source term
(released from fuel) is assumed to increase as discussed in paragraph 15.1.3.1B.5.3.
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D. Realistic Analysis, Method of Analysis

A steam generator tube rupture (SGTR) is classified as a limiting fault. This accident
is not expected to occur during the life of the plant but is postulated because the
consequences of a SGTR include the potential for the release of significant amounts of
radioactive materials. The term "realistic analysis" as used in this section does not
imply that the accident is expected to occur during the life of the plant. The term
"realistic analysis" signifies that more realistic assumptions and parameters have been
used to evaluate the radiological consequences of a limiting fault as defined by
Revision 2 of Regulatory Guide 1.70. Major assumptions and parameters used in the
realistic analysis are presented in Table 15.6-8. The radiological consequences are
presented in Table 15.6-7.
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Table 15.6-7
RADIOLOGICAL CONSEQUENCES OF A POSTULATED STEAM

TUBE RUPTURE W/LOAC (Sheet 1 of 2)
GENERATOR

Design Basis Realistic
Results Assumptions Assumptions

Exclusion Area Boundary Dose (0 to 2-hour), rem
No iodine spike

Thyroid 3.4 3.9 x 104

Beta-skin 11.8 x 10-2  8.2 x 10-5

Total-body gamma 7.0 x 10-2 4.5 x 10-5

Coincident (pre-existing) iodine spike

Thyroid 29.4 No spike

Beta-skin 12.8 x 10-2 No spike

Total-body gamma 9.7 x 10-2 No spike
Iodine spike caused by accident

Thyroid 18.4 No spike

Beta-skin 12.4 x 10.2 No spike

Total-body gamma 8.5 x 10-2 No spike
LPZ Outer Boundary Dose (duration), rem

No iodine spike

Thyroid 10.2 x 10-2 10.1 X 10-5

Beta-skin 3.4 x 10-3  2.1 x 10-5

Total-body gamma 2.0 x 10-3 11.7 x 10-6
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Table 15.6-7
RADIOLOGICAL CONSEQUENCES OF A POSTULATED STEAM GENERATOR

TUBE RUPTURE W/LOAC (Sheet 2 of 2)

Design Basis Realistic
Results Assumptions Assumptions

Control Room Dose (duration), rem
No iodine spike

Radiation External to the Control Room

Total-body gamma 5.3 x 104 6.0 x 10-6

Radiation Internal to the Control Room

Thyroid 1.2 x 10-2  2.5 x 10-5

Beta-skin 10.1 x 101 1.4 x 10-2

Total-body gamma 2.2 x 10-2 2.9 x 104

A realistic analysis of the radiological consequences of a postulated SGTR was performed.
This analysis is identical with the evaluation presented in paragraph 15.6.3.2.5 with the
following exceptions:

1. Reactor coolant system inventory is based on 0. 12% failed fuel vice 1% failed fuel and
100% (3390 MWt) via 105% (3560 MWt) of the ultimate core power level
respectively. Isotopic inventory is presented in table 11. 1-3.

2. An iodine spike, pre-existing or caused by the accident, does not occur.

3. Steam generator equilibrium activity prior to the accident is based on 100 lbm/d and
0.12% failed fuel versus the Technical Specification limit for steam generator activity.
Steam generator activity is presented in table 11.1-21 (normal case).

4. 50% level x/Qs are used instead of 5% level X/Qs.

5. A post-accident partition coefficient of 0.01 was used between the water and steam
phases versus 0.1 for the design basis case.
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Table 15.6-8
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES OF

A STEAM GENERATOR TUBE RUPTURE, W/LOAC (Sheet 1 of 4)

Design Basis Realistic
Parameter Assumption Assumption

Source Data
Power level, MWt 3,560 3,390
Fraction failed fuiel, % 1 0.12
Steam generator tube leakage, lbm!d 8,640 (1 gal/min) 100
Table of equilibrium reactor coolant
activity

1. No iodine spike Table 11.1-2 Table 11.1-3

2. Coincident (pre-existing) 60 No spike
iodine spike jCi/g dose
equivalent I 131

3. Iodine spike caused by accident Section 15.1.3.1B.5.3(a) No spike
Table of equilibrium secondary 0.1 ItCi/g dose equivalent Table 11.1-2
system activity 1-131 (technical (average case)

specification limit)
Activity Release Data

Steam discharge, lb
Affected steam generator

Reactor coolant leakage to 75,672 75,672
steam generator (0 to 30 min)

Mass of steam released 5.52 x 104 5.52 x 104

(a) Prior to accident, reactor coolant activity assumed to be based on 1.0% failed fuel (table

11. 1-2). Following SGTR, activity assumed to increase as discussed in section
15.1.3.1B.5.3. Iodine release terms increase by a factor of 500.
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Table 15.6-8
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES OF

A STEAM GENERATOR TUBE RUPTURE, W/LOAC (Sheet 2 of 4)

Design Basis Realistic
Parameter Assumption Assumption

Unaffected steam
generator

6.33 x 105  6.33 x 10'
Duration of accident
(3.12 hours)

Iodine partition coefficients for 0.1 0.01
steam generators (between water
and steam phase)
Activity released from steam
generators, Ci

No iodine spike
Isotope 0-2 hour Duration 0.2 hour Duration
1-131 1.8(+1) 1.9(+I) 1.6(-1) 1.6(-1)

1-132 4.8(0) 5.0(0) 3.8(-2) 3.8(-2)
1-133 2.2(+1) 2.3(+1) 1.8(-1) 1.8(-1)
1-134 2.0(0) 2.0(0) 1.7(-2) 1.7(-2)
1-135 9.3(0) 9.6(0) 7.8(-2) 7.9(-2)
Xe-131m 8.3(+1) 8.4(+1) 3.8(0) 3.8(0)
Xe-133m 0 0 0 0
Xe-133 11.6(+3) 11.7(3) 6.2(+2) 6.3(+2)
Xe-135m 3.8(+1) 3.8(+1) 4.5(-1) 4.5(-1)
Xe-135 3.2(+2) 3.2(+2) 12.2(0) 12.2(0)
Xe-137 0 0 0 0
Xe-138 1.9(+1) 2.0(+1) 1.5(0) 1.5(0)
Kr-83m 0 0 0 0
Kr-85m 8.2(+1) 8.2(+1) 7.6(0) 7.7(0)
Kr-85 1.8(+2) 1.8(+2) 5.2(0) 5.2(0)
Kr-87 4.4(+1) 4.4(+1) 2.1(0) 2.1(0)
Kr-88 1.4(+2) 1.4(+2) 6.9(0) 7.0(0)
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Table 15.6-8
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES OF

A STEAM GENERATOR TUBE RUPTURE, W/LOAC (Sheet 3 of 4)

Design Basis Realistic
Parameter Assumption Assumption

Coincident (Pre-existing) iodine spike
Isotope 0 to 2 hours No iodine spike
1-131 1.5(+2) No iodine spike
1-132 4.2(+1) No iodine spike
1-133 1.9(+2) No iodine spike
1-134 1.8(+1) No iodine spike
1-135 8.3(+1) No iodine spike
Xe- 131 m 8.3(+1) No iodine spike
Xe-133m 0 No iodine spike
Xe-133 11.6(+3) No iodine spike
Xe-135m 3.8(+1) No iodine spike
Xe-135 3.2(+2) No iodine spike
Xe- 137 0 No iodine spike
Xe-138 1.9(+1) No iodine spike
Kr-83m 0 No iodine spike
Kr-85m 8.2(+1) No iodine spike
Kr-85 1.8(+2) No iodine spike
Kr-87 4.4(+1) No iodine spike
Kr-88 1.4(+2) No iodine spike

Iodine spike caused by accident
Isotope 0 to 2 hours
1-131 9.4(+1) No iodine spike
1-132 2.6(+1) No iodine spike
1-133 11.7(+1) No iodine spike
1-134 10.6(0) No iodine spike
1-135 5.1(+1) No iodine spike
Xe- 131 m 8.3(+1) No iodine spike
Xe-133m 0 No iodine spike
Xe-133 11.6(+3) No iodine spike
Xe-135m 3.8(+1) No iodine spike
Xe-135 3.2(+2) No iodine spike
Xe-137 0 No iodine spike
Xe-138 1.9(+1) No iodine spike
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Table 15.6-8
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES OF

A STEAM GENERATOR TUBE RUPTURE, W/LOAC (Sheet 4 of 4)

Design Basis Realistic
Parameter Assumption Assumption

Isotope (continued) 0 to 2 hours
Kr-83m 0 No iodine spike
Kr-85m 8.2(+1) No iodine spike
Kr-85 1.8(+2) No iodine spike
Kr-87 4.4(+1) No iodine spike
Kr-88 1.4(+2) No iodine spike

Dispersion data

Distance to exclusion area boundary, 576 576
meters

Distance to LPZ outer boundary, 3,140 3,140
meters

Atmospheric dispersion factors, s/m 3  5% level X/Q 50% level x,/Q
(table 15B-4) (table 15B-4)

Control room design parameters Refer to Refer to
table 15B-5 table 15B-5

Table 15.6-9
DELETED

Table 15.6-10
DELETED
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15.6.3.2.6 Conclusions

A. Filter Loadings

The only ESF filtration system considered in the analysis which limits the
consequences of the SGTR is the control room filtration system. Activity loadings on
the control room carbon adsorber are based on flowrate through the filter,
concentration of activity at the filter inlet, and filter efficiency.

Activity loading on the control room carbon adsorber has been designed for the LOCA,
paragraph 15.6.3.3.5.1. Since the control room filters are capable of accommodating
the potential design basis LOCA fission product iodine loadings, more than adequate
design margin is available with respect to postulated steam generator tube rupture
accident releases.

B. Dose to an Individual Exposed at the Exclusion Area Boundary and the Outer
Boundary of the Low Population Zone.

The potential radiological consequences resulting from the occurrence of a postulated
steam generator tube rupture were analyzed, using assumptions and models described
in preceding subsections for both the design basis and realistic analyses.

The direct beta-skin and total-body gamma dose due to immersion and the thyroid dose
due to inhalation were analyzed for the 0 to 2-hour dose at the exclusion area boundary
and for the duration of the accident at the LPZ outer boundary. The results are listed in
Table 15.6-8. The resultant doses are a small fraction of 1OCFR100 for the design
basis evaluation without iodine spike and are within 1OCFR 100 limits for cases
considering an iodine spike.

C. Dose to Control Room Personnel

Radiation doses to control room personnel following a postulated steam generator tube
rupture are based on the same shielding, ventilation, cavity dilution, and dose model
assumptions as those given in appendix 15B. Buildup of activity in the control room is
based on the 3.12-hour release of activity following the accident. Control room
personnel are subject to total-body gamma dose due to immersion in the cloud
concentrations internal to the control room. The thyroid inhalation dose is based on
immersion in cloud concentrations internal to the control room.

The thyroid, beta-skin, and total-body gamma doses to control room personnel are
listed in Table 15.6-8. The resultant doses are within the limits of 1OCFR50, Appendix
A, General Design Criterion 19.
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15.6.3.2.7 RCS Voiding

The consequences due to potential void formation in the RCS during design basis transients are
discussed in reference 2. The conclusions are that the void formation, if any, in the RCS is not
great enough to impair reactor coolant circulation or core coolability, and that the impact of RCS
voiding will not result in violation of NRC Standard Review Plan acceptance criteria. The
conclusions reached in reference 2 are valid for the non-LOCA events, namely the steam
generator tube rupture and the letdown line break presented in this section.

15.6.3.3 Loss-of-Coolant Accident (LOCA)

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.6.3.3.1 Identification of Causes and Frequency Classification

The estimated frequency of a LOCA classifies it as a limiting fault as defined in reference 1 of
section 15.0. A LOCA is defined as a hypothetical break in a pipe in the reactor coolant pressure
boundary resulting in the loss of reactor coolant at a rate in excess of the capability of the coolant
makeup system.(3) For this analysis, the particular breaks assumed are described in paragraphs
6.3.3.2.3 and 6.3.3.3.3.

15.6.3.3.2 Sequence of Events and Systems Operations

The transient behavior during a LOCA is as follows. During the blowdown phase, the primary
system depressurizes as primary coolant is ejected through the break into the containment, and
the nuclear reaction is terminated either by moderator voiding or by CEA insertion for small
breaks. Following depressurization, emergency cooling water is injected into the cold legs, flows
into the downcomer, fills the lower plenum, and refloods the core. When the core has been
completely recovered, the long-term cooling mechanisms described in paragraph 6.3.3.4 will
maintain acceptable core temperatures until the plant is secured. Single failures are addressed in
paragraph 6.3.3.2.1 and 6.3.3.3.1.

The sequence of important events which occur in the short term is given in table 15.6-11 for a
large-break LOCA and in table 15.6-12 for a small-break LOCA. The sequence of events for
long-term cooling is discussed in paragraph 6.3.3.4.
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Table 15.6-11
TIME SEQUENCE OF IMPORTANT EVENTS FOR A LARGE BREAK LOCA

(Seconds after Break)

Break")12 )1 SI Tanks End of Start of HPSFLPSI SI Tanks Hot Rod
On Bypass Reflood Pumps On Empty Rupture

ZIRLOTM Clad Fuel

1.0 DEG/PD 9.9 18.2 33.3 44.3/54.3 91.7 52.5

0.8 DEG/PD 11.1 19.3 34.3 44.3/54.3 93.0 51.0

0.6 DEG/PD 13.3 21.1 36.0 44.4/54.4 95.1 50.7

0.4 DEG/PD 17.4 25.3 40.0 44.7/54.7 99.7 61.5

Zircaloy-4 Clad Fuel

1.0 DEG/PD 8.8 17.8 32.4 44.3/54.3 85.5 38.2

0.8 DEG/PD 9.9 18.9 33.4 44.3/54.3 86.8 41.2

0.6 DEG/PD 12.0 20.4 34.8 44.4/54.4 88.9 42.2

0.4 DEG/PD 15.4 23.8 37.8 44.7/54.7 93.0 50.3
/1

(2)
(2) DEG/PD = Double-Ended Guillotine Break in Pump Discharge Leg

1.0, 0.8, 0.6, and 0.4 are multipliers (or discharge coefficients) applied to the
double-ended break.

100%
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Table 15.6-12
TIME SEQUENCE OF IMPORTANT EVENTS FOR A SMALL BREAK LOCA

(Seconds after Break)

HPSI Flow LPSI Flow SIT Flow
Break Size Tr SIAS Delivered Delivered Delivered OcT

Trip to RCS to RCS to RCS Occurs

0.03 ft2/PD 231 231 267 (1) (2) 2427

0.04 ft2/PD 159 159 195 (1) 2160(31 1959

0.05 ft2/PD 126 126 162 (1) 1601131 1587
(I)
(2)

Calculation terminated before initiation of LPSI flow to the RCS.
Calculation terminated before initiation of SIT flow to the RCS.

(3) Injection from the SITs is not credited. The value is the time injection would have
begun had it been credited.
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15.6.3.3.3 Core and System Performance

15.6.3.3.3.1 Large Break LOCA

A. Mathematical Model

The LBLOCA ECCS performance analysis used the 1999 EM version of the
Westinghouse large break LOCA evaluation model for Combustion Engineering
pressurized water reactors (Supplement 4 of reference 4). NRC approval of the 1999
EM for use in licensing applications of Combustion Engineering pressurized water
reactors, including reference in plant technical specifications and core operating limits
reports, is contained in reference 27.

Several computer codes are used in the 1999 EM. The computer codes are described in
the references cited below with additional descriptive information provided in the 1999
EM topical report (Supplement 4 of reference 4). The CEFLASH-4A computer code
(reference 1) is used to perform the blowdown hydraulic analysis of the reactor coolant
system (RCS) and the COMPERC-II computer code (reference 6) is used to perform
the RCS refill/reflood hydraulic analysis and to calculate the minimum containment
pressure. It is also used in conjunction with the methodology described in reference 5
to calculate the FLECHT-based reflood heat transfer coefficients used in the hot rod
heatup analysis. The HCROSS (reference 25) and PARCH (references 8 and 25)
computer codes are used to calculate steam cooling heat transfer coefficients. The hot
rod heatup analysis, which calculates the peak cladding temperature and maximum
cladding oxidation, is performed with the STRIKIN-I1 computer code (reference 7).
Core-wide cladding oxidation is calculated using the COMZIRC computer code
(Appendix C of Supplement 1 of reference 6). The 1999 EM uses the models for
ZIRLOTM cladding that are described in Section 6 of reference 28. The initial steady
state fuel rod conditions used in the large break LOCA analysis are determined using
the FATES3B computer code (reference 24).

B. Input Parameters and Initial Conditions

The break sizes evaluated are listed in table 15.6-13. The important input parameters
and initial conditions used in the large break analysis are listed in table 15.6-14.

The results of the large break LOCA analysis are applicable over the range of initial
conditions for the parameters listed in table 15.0-5. In addition, they are applicable to
U0 2 and erbia burnable absorber fuel rods clad with ZIRLOTM or Zircaloy-4 cladding.
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C. Results

The important results of this analysis are summarized in table 15.6-15. The transient
behavior of the important parameters (listed in tables 15.6-16 and 15.6-17) are shown
in the figures listed in table 15.6-13. Peak cladding temperature versus break size is
shown in figure 15.6-102.

As shown in table 15.6-15, the limiting large break LOCA is the 0.6 DEG/PD break.
The resulting peak cladding temperature, maximum cladding oxidation percentage, and
maximum core-wide oxidation percentage do not exceed the stated Section 6.3.3.1
Acceptance Criteria of 2200 * F, 17%, and 1%, respectively. Coolable geometry and
long term cooling are maintained as discussed in Section 6.3.3.1. Based on these
results, it is concluded that the San Onofre 2&3 ECCS design satisfies the Acceptance
Criteria of 10 CFR 50.46 for a spectrum of large break LOCAs.
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Table 15.6-13

BREAK SPECTRUM
FOR THE LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS

Break Size, Type, and Location Abbreviation(1 )(
2

) Figure No.

ZIRLO TM Clad Fuel

1.0 Double-Ended Guillotine 1.0 DEG/PD 15.6-16 through
Break in Pump Discharge Leg 15.6-23

0.8 Double-Ended Guillotine 0.8 DEG/PD 15.6-24 through
Break in Pump Discharge Leg 15.6-31

0.6 Double-Ended Guillotine 0.6 DEG/PD 15.6-32 through
Break in Pump Discharge Leg 15.6-50

0.4 Double-Ended Guillotine 0.4 DEG/PD 15.6-51 through
Break in Pump Discharge Leg 15.6-58

Zircaloy-4 Clad Fuel

1.0 Double-Ended Guillotine 1.0 DEG/PD 15.6-59 through
Break in Pump Discharge Leg 15.6-66

0.8 Double-Ended Guillotine 0.8 DEG/PD 15.6-67 through
Break in Pump Discharge Leg 15.6-74

0.6 Double-Ended Guillotine 0.6 DEG/PD 15.6-75 through
Break in Pump Discharge Leg 15.6-93

0.4 Double-Ended Guillotine 0.4 DEG/PD 15.6-94 through
Break in Pump Discharge Leg 15.6-101

(i)

(2)
DEG/PD = Double-Ended Guillotine Break in Pump Discharge Leg
1.0, 0.8, 0.6, and 0.4 are multipliers (or discharge coefficients) applied to

the 100% double-ended break.
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Table 15.6-14
IMPORTANT PARAMETERS AND INITIAL CONDITIONS

FOR THE LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS

Quantity Value Units

Reactor Power (including measurement uncertainty) 3458 MWt

Peak Linear Heat Generation Rate (PLHGR) of the Hot 12.8 kW/ft
Rod

PLHGR of the Average Rod in Assembly with Hot Rod 12.07 kW/ft

Gap Conductance at the PLHGR(' 1703 / 2559 BTU/hr-ft2 -OF

Fuel Centerline Temperature at the PLHGR•') 3215 / 3051 OF

Fuel Average Temperature at the PLHGR(') 2043 / 1894 OF

Hot Rod Gas Pressure•') 1002 / 1875 psia

Moderator Temperature Coefficient at Initial Density 0.0x10 4  Ap/°F

RCS Flow Rate 144.9x10 6  ibm/hr

Core Flow Rate 140.6x 106 lbm/hr

RCS Pressure 2250 psia

Cold Leg Temperature 530.0 OF

Hot Leg Temperature 592.7 OF

Number of Plugged Tubes per Steam Generator 2000

Low Pressurizer Pressure SIAS Setpoint 1560 psia

Safety Injection Tank Pressure (min / max) 595 / 675 psia

Safety Injection Tank Water Volume (min / max) 1650 / 1825 fW3

LPSI Pump Flow Rate (min / max) 3700 / 4500 gpm/pump

HPSI Pump Flow Rate (min / max) 800 / 968 gpm/pump

Refueling Water Tank Temperature (min / max) 35 / 110 OF

I Values are for the rod average burnups of the hot rod that yield the limiting results for
ZIRLO TM / Zircaloy-4 cladding (500 MWD/MTU and 33000 MWD/MTU, respectively).
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Table 15.6-15
PEAK CLADDING TEMPERATURES AND OXIDATION PERCENTAGES

FOR THE LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS

Peak Cladding Maximum Cladding Maximum Core-Wide
Temperature (°F) Oxidation (%) Oxidation (%)

ZIRLO® Clad Fuel

1.0 DEG/PD 2094 14.09 < 0.99

0.8 DEG/PD 2103 14.43 < 0.99

0.6 DEG/PD 2116 15.30 < 0.99

0.4 DEG/PD 2087 14.07 < 0.99

Zircaloy-4 Clad Fuel

1.0 DEG/PD 2146 8.50 < 0.99

0.8 DEG/PD 2164 9.01 < 0.99

0.6 DEG/PD 2170 9.16 < 0.99

0.4 DEG/PD 2157 8.87 <0.99
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Table 15.6-16
VARIABLES PLOTTED AS A FUNCTION OF TIME

FOR EACH LARGE BREAK LOCA

Variable

Core Power

Pressure in Center Hot Assembly Node

Break Flow Rate

Hot Assembly Flow Rate

Hot Assembly Quality

Containment Pressure

Mass Added to Core during Reflood

Peak Cladding Temperature'l)

For the limiting break, the temperature
of the rupture node is also shown.
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Table 15.6-17
ADDITIONAL VARIABLES PLOTTED AS A FUNCTION OF TIME

FOR THE WORST LARGE BREAK LOCA

Variable

Mid Annulus Flow Rate

Qualities Above and Below the Core

Core Pressure Drop

Safety Injection Flow Rate into Intact Discharge Legs

Water Level in Downcomer During Reflood

Hot Spot Gap Conductance

Maximum Local Cladding Oxidation Percentage

Fuel Centerline, Fuel Average, Cladding, and Coolant Temperature at the Hot Spot

Hot Spot Heat Transfer Coefficient

Hot Pin Pressure

Core Bulk Channel Flow Rate
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15.6.3.3.3.2 Small Break LOCA

A. Mathematical Model

The small break LOCA ECCS performance analysis was performed with the
Supplement 2 version (referred to as the S2M or Supplement 2 Model) of the
Westinghouse small break LOCA evaluation model for Combustion Engineering
pressurized water reactors (Supplement 2 of reference 22). NRC approval of the S2M
for use in licensing applications of Combustion Engineering pressurized water
reactors, including reference in plant technical specifications and core operating limits
reports, is contained in reference 26.

In the S2M evaluation model, the CEFLASH-4AS computer code (Supplements 1 and
3 of reference 1) is used to perform the hydraulic analysis of the RCS until the time the
safety injection tanks begin to inject. After injection from the safety injection tanks
begins, the COMPERC-ll computer code (reference 6) is used to perform the hydraulic
analysis in conjunction with CEFLASH-4AS. The hot rod cladding temperature and
maximum cladding oxidation are calculated by the STRIKIN-II computer code
(reference 7) during the initial period of forced convection heat transfer and by the
PARCH computer code (reference 8 and Supplement 2 of reference 22) during the
subsequent period of pool boiling heat transfer. Core-wide cladding oxidation is
conservatively calculated as the rod average cladding oxidation of the hot rod. The
S2M evaluation model uses the models for ZIRLOTM cladding that are described in
Section 6 of Reference 28. The initial steady state fuel rod conditions used in the
analysis are determined using the FATES3B computer code (reference 24).

COMPERC-ll was not run for the small break LOCA analysis because injection from
the SITs was not credited for the breaks sizes that were analyzed. As is typical of S2M
analyses, the limiting break size was determined to be a break in the range of break
sizes for which the peak cladding temperature is calculated to occur at approximately
the same time that injection from the SITs starts. In this case, the peak cladding
temperature for the limiting break (0.04 ft2 break) occurred approximately 200 seconds
before injection from the SITs would have started and, for the 0.05 ft

2 break, the peak
cladding temperature occurred 14 seconds after SIT injection would have started.

15.6-40 Rev: 31



San Onofre 2&3 FSAR
Updated

DECREASE IN REACTOR
COOLANT INVENTORY

B. Input Parameters and Initial Conditions

The important input parameters and initial conditions used in the small break LOCA
analysis are listed in table 15.6-18. The results of the small break LOCA analysis are
applicable over the range of initial conditions for the parameters listed in table 15.0-5.
In addition, they are applicable to U0 2 and erbia burnable absorber fuel rods clad with
ZIRLO TM or Zircaloy-4 cladding.

C. Results

The important results of the small break LOCA analysis are summarized in table
15.6-19. Table 15.6-20 lists the variables plotted versus time. The plots are presented
in figures 15.6-103 through 15.6-126. A plot of peak cladding temperature (PCT)
versus break size is presented in figure 15.6-127.

For none of the break sizes analyzed does the maximum cladding temperature,
maximum cladding oxidation, or core-wide cladding oxidation exceed the limits
established by the acceptance criteria for ECCS performance listed in Section 6.3.3.1.
Coolable geometry and long term cooling are maintained as discussed in Section
6.3.3.1. Based on these results, it is concluded that the San Onofre Units 2&3 ECCS
design satisfies the acceptance criteria of 10 CFR 50.46 for a spectrum of small break
LOCAs.
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Table 15.6-18
IMPORTANT PARAMETERS AND INITIAL CONDITIONS

FOR THE SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS

Quantity Value Units

Reactor Power (including measurement uncertainty) 3458 MWt

Peak Linear Heat Generation Rate (PLHGR) of the Hot 13.5 kW/ft
Rod

Gap Conductance at the PLHGR("' 1787 BTU/hr-ft2 -OF

Fuel Centerline Temperature at the PLHGR(') 3376 OF

Fuel Average Temperature at the PLHGR(1) 2124 OF

Hot Rod Gas Pressure () 1079 psia

Moderator Temperature Coefficient at Initial Density 0.0x104  Ap/°F

Axial Shape Index -0.3 ASI units

RCS Flow Rate 139.4x 106 ibm/hr

Core Flow Rate 135.2x 106 lbmihr

RCS Pressure 2250 psia

Cold Leg Temperature 560 OF

Hot Leg Temperature 621 OF

Number of Plugged Tubes per Steam Generator 2805

Main Steam Safety Valve First Bank Opening Pressure 1122 psia

Low Pressurizer Pressure Reactor Trip Setpoint 1560 psia

Low Pressurizer Pressure SIAS Setpoint 1560 psia

Time Delay for Actuation of HPSI Flow (with loss of 36.2
offsite power)

HPSI Pump Flow Rate Versus RCS Pressure see Table 6.3-5 gpm vs. psia

Safety Injection Tank Pressure 595 psia

'ý' Values are for the rod average burnup of the hot rod (1000 MWD/MTU) that yields the
maximum initial fuel stored energy.
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Table 15.6-19
PEAK CLADDING TEMPERATURES AND OXIDATION PERCENTAGES

FOR THE SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS

Peak Cladding Maximum Cladding Maximum Core-Wide
Temperature (°F) Oxidation (%) Oxidation (%)(')

0.03 ft2/PD 1676 5.14 <0.34

0.04 ft2/PD 2077 14.11 <0.74

0.05 ft2/PD 1900 10.96 <0.61

(l) Rod-average oxidation of the hot rod is given as a conservative representation
of the maximum core-wide oxidation.

Table 15.6-20
VARIABLES PLOTTED AS A FUNCTION OF TIME

FOR EACH SMALL BREAK LOCA

Variable

Normalized Total Core Power

Inner Vessel Pressure

Break Flow Rate

Inner Vessel Inlet Flow Rate

Inner Vessel Two-Phase Mixture Level

Heat Transfer Coefficient at Hot Spot

Coolant Temperature at Hot Spot

Cladding Temperature at Hot Spot
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15.6.3.3.4 Barrier Performance

This section is not applicable for the spectrum of postulated reactor coolant system pipe breaks.

15.6.3.3.5 Radiological Consequences

The loss of coolant accident is characterized by the following activity release paths:

* Containment leakage
* Engineered Safety Feature (ESF) recirculation loop leakage
* Refueling Water Storage Tank (RWST) release
* Post Accident Sampling System (PASS) leakage

The LOCA is also characterized by the following gamma radiation shine dose contributors which
are discussed in appendix 15G section 15G.4.2:

* Environmental cloud gamma radiation shine
" Control room filter gamma radiation shine
* Containment building gamma radiation shine
* Post-LOCA piping gamma radiation shine

This section presents the assumptions, design input, methodology, and radiological consequences
of a LOCA, based on the alternative source term (AST) guidance of Regulatory Guide (RG)
1.183.

Regulatory Guide 1.183 Appendix A provides assumptions for use in evaluating the radiological
consequences of a LOCA using AST methodology. These assumptions supplement the guidance
provided in the main body of RG 1.183.

The characteristics of the LOCA model are summarized in table 15.6-21. A supplemental
description of the LOCA model source term, and control room and offsite dose receptors, is
presented in appendix 15G.
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TABLE 15.6-21
LOCA DOSE ANALYSIS PARAMETERS

LOCA Parameter Modeled Value

Dose acceptance criteria, Rem TEDE
Control Room 5
EAB 25
LPZ 25

Containment leakage parameters per table 15.6-21 A
ESF system leakage parameters per table 15.6-21D
RWST release parameters per table 15.6-21E
PASS leakage parameters per table 15.6-21F
Offsite dose evaluation model per Appendix 15G section 15G.3
Control Room dose evaluation model per Appendix 15G section 15G.4

15.6.3.3.5.1 Containment Leakage Contribution

Regulatory Guide 1.183 Appendix A provides assumptions for use in evaluating the radiological
consequences of the containment leakage pathway for a LOCA. These assumptions supplement
the guidance provided in the main body of RG 1.183.

This section presents the assumptions, design input, and methodology employed in evaluating the
radiological consequences of LOCA containment leakage path. The characteristics of the LOCA
containment leakage model are summarized in table 15.6-21A.

The control room and offsite doses associated with containment leakage are summarized in
section 15.6.3.3.5.7.
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TABLE 15.6-21A (Sheet 1 of 2)
LOCA Containment Leakage Analysis Parameters

LOCA Containment Leakage Parameter Modeled Value

LOCA source term
Per Appendix 1 5G

Reactor core isotope inventory at shutdown, curies table 1 5G-2

Timing of core activity release into containment
Gap release phase 0.5 to 30 minutes
Early in-vessel phase 0.5 to 1.8 hours

Core inventory fraction released into containment, gap release phase
Noble gases (Xe, Kr) 0.05
Halogens (I, Br) 0.05
Alkali Metals (Cs, Rb) 0.05
Other Elements 0.00

Core inventory fraction released into containment, early in-vessel phase
Noble gases (Xe, Kr) 0.95
Halogens (I, Br) 0.35
Alkali metals (Cs, Rb) 0.25
Tellurium metals (Te, Sb, Se) 0.05
Barium, Strontium (Ba, Sr) 0.02
Noble metals (Ru, Rh, Pd, Mo, Tc, Co) 0.0025
Cerium group (Ce, Pu, Np) 0.0005
Lanthanides (La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am) 0.0002

Chemical form of Iodine released into containment, percent of iodine
Cesium iodide (CsI) (particulate iodine) 95.00
Elemental iodine 4.85
Organic iodide 0.15

Containment net free volume, cubic feet
Total 2.284E+06
Sprayed volume 1.907E+06
Unsprayed volume 3.770E+05

Containment mechanical air mixing
Number of operating emergency cooling unit trains 1 ECU train
Number of operating emergency cooling units per train 2 ECUs
Emergency cooling unit flow rate, ft3/minute per ECU 31,000
Number of operating dome air circulator unit trains Not credited
Number of operating dome air circulator units per train Not credited
Dome air circulator unit flow rate, ft3/minute per DACU Not credited
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TABLE 15.6-21A (Sheet 2 of 2)
LOCA Containment Leakage Analysis Parameters

LOCA Containment Leakage Parameter Modeled Value

Natural deposition (plateout) removal of airborne radionuclides Per section 6.5.3.1
Containment spray removal of airborne radionuclides Per section 6.5.2.3.1
Containment leakage rate, ft3/minute

0 to 1 day, Total leakage 1.6
0 to 1 day, Sprayed volume leakage 1.34
0 to 1 day, Unsprayed volume leakage 0.26
1 to 30 days, Total leakage 0.8
1 to 30 days, Sprayed volume leakage 0.67
1 to 30 days, Unsprayed volume leakage 0.13

Atmospheric Dispersion Factors for the Containment Leakage release Per section 2.3.4.2.2
via the Containment Shell to Control Room, seconds/mi3

15.6.3.3.5.1.1 CONTAINMENT LEAKAGE SOURCE TERM

Regulatory Guide 1.183 Appendix A Section 1 states that acceptable assumptions regarding core
inventory and the release of radionuclides from the fuel are provided in RG 1.183 Regulatory
Position 3.

Consistent with RG 1.183 Regulatory Position 3.4 and its Table 5, the core isotopes released into
the containment are grouped into chemically similar groups. The elements of each group are as
listed in table 15.6-21A. Consistent with RG 1.183 Regulatory Position 3.2, the core inventory
release fractions, by radionuclide groups, for the gap release and early in-vessel phases for design
basis accident LOCAs are as listed in table 15.6-2 IA.

Consistent with RG 1.183 Regulatory Position 3.2, the core inventory release ftactions are
applied to the equilibrium reactor core isotope inventory at shutdown as described in
Appendix 15G section 15G.2.

Consistent with RG 1.183 Regulatory Position 3.3 and its Table 4, the onset and duration of the
sequential gap release and early in-vessel release phases for the LOCA are as specified in
table 15.6-21A. The gap release phase begins at 30 seconds and the early in-vessel release phase
begins at 30 minutes. Although the gap release duration is to be 30 minutes, it is conservatively
assumed to end at 30 minutes so that there is no overlap with the start of the early in-vessel
release phase (i.e., the gap release phase is modeled with a duration of 29 minutes and
30 seconds). The activity released from the core during each release phase is modeled as
increasing in a linear fashion over the duration of the phase.
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Consistent with RG 1.183 Appendix A Section 2, an evaluation of post-LOCA containment
sump pH has considered the effect of acids and bases created during the LOCA event (e.g.,
radiolysis products). As discussed in section 6.5.2.3.2, the containment sump pH is at a value
of 7 or greater at the start of the LOCA when iodine evolution from the containment sump is a
concern, and for worst case conditions the containment sump pH is not lower than approximately
6.9 at the end of 30 days. Consistent with RG 1.183 Appendix A Section 2, since the
containment sump pH is controlled at a value of 7 or greater (i.e., greater than 6.9), the chemical
form of radioiodine released to the containment is assumed to be 95% cesium iodide (CsI), 4.85
percent elemental iodine, and 0.15 percent organic iodide.

Consistent with Regulatory Guide 1.183 Appendix A Section 2, with the exception of elemental
and organic iodine and noble gases, fission products are assumed to be in particulate form (i.e.,
subject to particulate spray and deposition removal as well as by HEPA filtration).

15.6.3.3.5.1.2 CONTAINMENT LEAKAGE ACTIVITY RELEASE MODEL

Consistent with RG 1.183 Appendix A Section 3.1, the radioactivity released from the fuel is
assumed to mix instantaneously and homogeneously throughout the free air volume of the
primary containment. The activity release is terminated at the end of the early in-vessel phase.

Consistent with RG 1.183 Appendix A Section 3.2, reduction in containment airborne
radioactivity by natural deposition within the containment is credited. Details of the models used
to calculate the removal of iodines and aerosols by natural processes are discussed in section
6.5.3.1.

Consistent with RG 1.183 Appendix A Section 3.3, reduction in containment airborne
radioactivity by the containment spray system is credited. Details of the models used to calculate
the removal of iodines and aerosols by containment sprays are discussed in section 6.5.2.3.1.

Consistent with RG 1.183 Appendix A Section 3.3, the containment building atmosphere is not
considered a single, well-mixed volume because the containment sprays cover less than 90% of
the containment net free air volume. The total primary containment net free air volume of
2,284,000 cubic feet consists of a sprayed volume of 1,907,000 cubic feet (83.5 percent) and an
unsprayed volume of 377,000 cubic feet (16.5 percent).

Consistent with RG 1.183 Appendix A Section 3.7, the containment is assumed to leak at the
peak pressure technical specification leak rate of 0.1 percent of the containment air weight per
day for the first 24 hours of the LOCA event. Consistent with RG 1.183 Appendix A
Section 3.7, after the first 24 hours, the containment leak rate is halved to 0.05 percent of the
containment air weight per day.

The containment leakage is assumed to originate from the containment sprayed and unsprayed
regions in flow rates that are proportional to the total volume of each region. A well-mixed
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containment is necessary to justify this modeling. The Containment Emergency Cooling Units
(ECUs or air coolers) and the Containment Dome Air Circulator Units (DACUs) provide the
necessary air mixing action. Due to an assumed failure, only one of the two Containment ECU
trains is modeled as being operational. The DACUs are not credited. The containment ECUs are
assumed to start operation one minute after the start of the LOCA. Assuming that the air mixing
removal of containment unsprayed region activity can be approximated by an exponential
relationship, 99 percent of the contaminated air in the containment unsprayed region will be
replaced with air from the sprayed region within 28 minutes, ensuring well-mixing of the
containment air with approximately 4 change-outs of the containment unsprayed region activity
prior to the cessation of activity releases at the conclusion of the early in-vessel phase.

The containment mini-purge represents a potential containment airborne activity release path to
the environment. Per Technical Specification LCO 3.6.3 Surveillance Requirement 3.6.3.2, the
8-inch mini-purge valves are closed except when the valves are open for pressure control,
ALARA or air quality considerations for personnel entry, or for surveillances that require the
valves to be open. Consistent with the guidance of RG 1.183 Appendix A Section 3.8, since the
containment is not routinely purged with the mini-purge system, activity releases through the
containment 8-inch mini-purge valves are not analyzed.

The containment purging system represents another potential containment airborne activity
release path to the environment. Per Technical Specification LCO 3.6.3 Surveillance
Requirement 3.6.3.1, the 42-inch purge valves are sealed closed. Consistent with the guidance of
RG 1.183 Appendix A Section 7, since the installed containment purging system is maintained
for purposes of severe accident management and are not credited in any design basis analysis, the
activity releases through the containment 42-inch purge valves are not evaluated.

The activity released from the containment is transported by atmospheric dispersion to the
control room HVAC intake and to the offsite EAB and LPZ dose receptors. Section 2.3.4.2.2
and table 2.3-29 present the site-specific 95th percentile meteorology atmospheric dispersion
factors used for the containment shell to control room release pathway. No credit is taken for
radioactive decay of the isotopes during this atmospheric dispersion transit to the control room or
offsite dose locations. Consistent with RG 1.183 Regulatory Positions 4.1.7 and 4.2.2, no
correction is made for depletion of the effluent plume by deposition on the ground.

15.6.3.3.5.1.3 Containment Aerosol and Elemental Iodine Removal

Consistent with RG 1.183 Appendix A Sections 3.2 and 3.3, reductions in containment airborne
radioactivity by natural deposition within the containment and by the containment spray system
are credited.

Natural deposition of aerosols, including particulate iodine (i.e., cesium iodide) is discussed in
section 6.5.3.1.1. Natural deposition of elemental iodine is discussed in section 6.5.3.1.2.
Natural deposition is not considered for the removal of organic iodide and noble gases.
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Spray removal of aerosols, including particulate iodine is discussed in section 6.5.2.3.1.1. Spray
removal of elemental iodine is discussed in section 6.5.2.3.1.2. Spray removal is not considered
for the removal of organic iodide and noble gases.

The individual rates are combined into total containment removal rates for use in the dose
calculation program. Individual removal rates as a function of time for four groups are
determined: elemental iodines, particulate iodines including other halogens, alkali metals, and all
other particulates.

The total removal rate is calculated by combining the individual removal rates from the
following sources:

1. The aerosol natural deposition rates per section 6.5.3.1.1
2. The elemental iodine natural deposition rate per section 6.5.3.1.2
3. The aerosol spray removal rates per section 6.5.2.3.1.1
4. The elemental iodine spray removal rates per section 6.5.2.3.1.2

Removal rates are determined for the sprayed and the unsprayed containment regions. In the
sprayed containment region the total removal rate consists of a combination of natural deposition
and spray removal. In the unsprayed containment region the total removal rate consists only of
the natural deposition rates. The resultant total containment removal rates are shown in
tables 15.6-2 1B and 15.6-21C.

Aerosol natural deposition removal is assumed to begin coincident with the start of the gap
release phase at 30 seconds.

CSS injection phase aerosol and elemental iodine removal are assumed to begin with the onset of
full flow containment spray, which is conservatively modeled as beginning one minute after the
start of the LOCA.

The CSS recirculation phase is entered when the ESF recirculation system begins operation. The
ESF recirculation system circulates containment sump liquid via the High Pressure Safety
Injection, Low Pressure Safety Injection, and Containment Spray System pumps following a
Recirculation Actuation Signal. This analysis assumes that the CSS recirculation mode of
operation begins 42 minutes after the start of the LOCA. This assumption is conservative since
the CSS injection phase spray removal rates for elemental iodine are much lower than the
removal rates during CSS recirculation phase. Therefore, a longer CSS injection phase results in
slower removal of elemental iodines from the containment atmosphere.

The containment spray is assumed to operate for four hours after the onset of the LOCA. This
ensures that a significant portion of the aerosol and elemental iodine releases are removed from
the containment atmosphere. Since there is no Decontamination Factor (DF) cut-off for spray
removal of aerosols, limiting the spray operation to a maximum of four hours results in
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conservative estimates of the airborne activity in the containment. The elemental iodine DF
cutoff values are reached prior to four hours.

After four hours, the sprayed region is modeled with the unsprayed region natural deposition
removal rates.

TABLE 15.6-21B
CONTAINMENT SPRAYED REGION REMOVAL RATES

Elemental Elemental Particulate Alkali Other
Iodine Iodine Iodine and Metals Particulates

Time Period Removal Decon. Halogens Removal Removal
Rate Factor Removal Rate Rate

Rate
(1/hour) (unitless) (1/hour) (1/hour) (1/hour)

0 to 0.5 minutes 0 N/A 0 0 0
0.5 to 1 minute 4.26 110 0.0294 0.0294 0
1 to 5 minutes 5.28 110 5.18 5.18 5.15

5 to 20 minutes 5.28 110 5.18 5.18 5.15
20 to 30 minutes 5.28 110 5.18 5.18 5.15
30 to 42 minutes 5.28 110 5.19 5.19 5.18

42 minutes to 1 hour 24.26 170 5.19 5.19 5.18
1 to 1.8 hours 24.26 170 5.19 5.19 5.18
1.8 to 2 hours 24.26 170 3.88 3.88 3.88
2 to 3.8 hours 24.26 160 1.41 1.41 1.41
3.8 to 4 hours 24.26 160 0.91 0.91 0.91
4 to 8 hours 4.26 140 0.116 0.116 0.116

8to 13.8 hours 4.26 110 0.116 0.116 0.116
13.8 to 22.2 hours 4.26 84 0.086 0.086 0.086
22.2 to 24 hours 4.26 84 0 0 0

1 to 2 days 4.26 64 0 0 0
2 to 4 days 4.26 48 0 0 0

4 to 30 days 4.26 25 0 0 0

15.6-51 Rev: 31



San Onofre 2&3 FSAR
Updated

DECREASE IN REACTOR
COOLANT INVENTORY

TABLE 15.6-21C
CONTAINMENT UNSPRAYED REGION REMOVAL RATES

Elemental Elemental Particulate Alkali Other
Iodine Iodine Iodine And Metals Particulates

Time Period Removal Decon. Halogens Removal Removal
Rate Factor Removal Rate Rate

Rate
(1/hour) (unitless) (1/hour) (1/hour)

0 to 0.5 minutes 0 N/A 0 0 0
0.5 to 1 minute 4.26 110 0.0294 0.0294 0
1 to 5 minutes 4.26 110 0.0294 0.0294 0

5 to 20 minutes 4.26 110 0.0294 0.0294 0
20 to 30 minutes 4.26 110 0.0294 0.0294 0
30 to 42 minutes 4.26 110 0.0395 0.0417 0.0312

42 minutes to 1 hour 4.26 170 0.0395 0.0417 0.0312
I to 1.8 hours 4.26 170 0.0395 0.0417 0.0312
1.8 to 2 hours 4.26 170 0.0893 0.0893 0.0893
2 to 3.8 hours 4.26 160 0.0893 0.0893 0.0893
3.8 to 4 hours 4.26 160 0.116 0.116 0.116
4 to 8 hours 4.26 140 0.116 0.116 0.116

8 to 13.8 hours 4.26 110 0.116 0.116 0.116
13.8 to 22.2 hours 4.26 84 0.086 0.086 0.086
22.2 to 24 hours 4.26 84 0 0 0

1 to 2 days 4.26 64 0 0 0
2 to 4 days 4.26 48 0 0 0

4 to 30 days 4.26 25 0 0 0
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15.6.3.3.5.2 ESF Recirculation Loop Leakage

The Engineered Safety Feature (ESF) recirculation loop circulates containment sump water
outside of the containment via the Safety Injection System (SIS) and Containment Spray System
(CSS) pumps following receipt of a Recirculation Actuation Signal. Per RG 1.183 Appendix A
Section 5, ESF systems that recirculate sump water outside of the primary containment are
assumed to leak during their intended operation. This release includes leakage through valve
packing glands, pump shaft seals, flanged connections, and other similar components.

Regulatory Guide 1.183 Appendix A provides assumptions for use in evaluating the radiological
consequences of the ESF recirculation loop leakage pathway for a LOCA. These assumptions
supplement the guidance provided in the main body of RG 1.183.

This section presents the assumptions, design input, and methodology employed in evaluating the
radiological consequences of LOCA ESF recirculation loop leakage path. The characteristics of
the LOCA ESF recirculation loop leakage model are summarized in table 15.6-21D.

The control room and offsite doses associated with ESF leakage are summarized in section
15.6.3.3.5.7.
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TABLE 15.6-21D
LOCA ESF RECIRCULATION LOOP LEAKAGE ANALYSIS PARAMETERS

LOCA ESF Recirculation Loop Leakage Parameter Modeled Value

Timing of core activity release into containment sump

Gap release phase instantaneous at time
zero

Early in-vessel phase instantaneous at time
zero

Core inventory fraction released into containment sump
Noble gases (Xe, Kr) 0
Halogens (I, Br) 0.40
Alkali metals (Cs, Rb) 0.30
Tellurium metals (Te, Sb, Se) 0.05
Barium, Strontium (Ba, Sr) 0.02
Noble metals (Ru, Rh, Pd, Mo, Tc, Co) 0.0025
Cerium group (Ce, Pu, Np) 0.0005
Lanthanides (La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am) 0.0002

ESF recirculation loop dilution volume, cubic feet 46,647
ESF recirculation loop leakage rate to the environment, ft3/minute

0 to 20 minutes 0
20 minutes to 30 days 7.OOE-03

ESF recirculation loop leakage flashing fractions and partition coefficients
Iodine isotopes flashing fraction, percent 10
Noble gases (Xe, Kr) partition coefficient 1.OE-06
Particulate isotopes partition coefficient 1E+06

Chemical form of Iodine released to environment, percent of iodine
Cesium iodide (CsI) (particulate iodine) 0
Elemental iodine 97
Organic iodide 3

ESF Leakage release point (Main Plant Vent) to Control Room
Atmospheric Dispersion Factors, seconds/m3 Per section 2.3.4.2.2
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15.6.3.3.5.2.1 ESF Leakage Source Term

Regulatory Guide 1.183 Appendix A Section 1 states that acceptable assumptions regarding core
inventory and the release of radionuclides from the fuel are provided in RG 1.183 Regulatory
Position 3.

Consistent with RG 1.183 Regulatory Position 3.4, the core isotopes released into the
containment are grouped into chemically similar groups in accordance with RG 1.183 Table 5.
The elements of each group are as listed in table 15.6-21D. Consistent with RG 1.183
Regulatory Position 3.2, the core inventory release fractions are applied to the equilibrium reactor
core isotope inventory at shutdown as described in Appendix 15G section 15G.2.

Consistent with RG 1.183 Appendix A Section 5.1, all fission products, with the exception of
noble gases, released from the fuel to the containment during the gap and early in-vessel activity
release phases are assumed to instantaneously and homogeneously mix in the primary
containment sump coincident with the start of the LOCA. The dose analysis conservatively
assumes that all fission product activity is released to the containment sump prior to the start of
ESF recirculation operation at 20 minutes, which is sooner than the conclusion of the in-vessel
activity release phase at 1.8 hours.

The ESF leakage dose analysis assumes that the ESF recirculation loop dilutes the core activity
release into a volume of 348,946 gallons (about 46,647 cubic feet). This volume represents the
minimum containment emergency sump volume available at the start of the post-LOCA SIS and
CSS recirculation mode of operation. The modeling of the minimum sump volume
conservatively maximizes the ESF recirculation loop activity concentration.

Consistent with Regulatory Guide 1.183 Appendix A Section 2, with the exception of elemental
and organic iodine and noble gases, fission products are assumed to be in particulate form (i.e.,
subject to HEPA filtration).

15.6.3.3.5.2.2 ESF LEAKAGE ACTIVITY RELEASE MODEL

Consistent with RG 1.183 Appendix A Section 5.2, the ESF leakage is assumed to start at the
earliest time the recirculation flow starts in the ESF recirculation system, and end at the latest
time the releases from these systems are terminated. Per the containment pressure/temperature
response analysis for the LOCA event, the CSS and SIS recirculation mode of operation begins
as early as 20.2 minutes after the start of the LOCA for a two-train recirculation mode. This start
time has been conservatively rounded down to 20 minutes after the start of the LOCA for use in
the AST ESF leakage dose analysis. The ESF leakage is assumed to continue for the duration of
the 30-day LOCA event.

The maximum expected leakage rates from all components in the recirculation systems are
1,770 cc/hr from the High Pressure Safety Injection system, 3,000 cc/hr from the Low Pressure
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Safety Injection system, and 1,180 cc/hr from the Containment Spray System. Consistent with
RG Guide 1.183 Appendix A, Section 5.2, the modeled ESF recirculation loop leakage rate of
11,900 cc/hr (7.00 x 10-3 cfm) represents two times the sum of the simultaneous maximum
expected leakage from these systems.

The ESF leakage dose analysis assumes that 10 percent of the iodine in the ESF Recirculation
Loop leakage flashes to vapor and is therefore capable of migrating to the outside environment.
The ten percent flashing fraction is consistent with the guidance of RG 1.183 Appendix A
Section 5.5, which states that if the water temperature is less than 212 'F, then 10 percent of the
iodine in the leakage is assumed to become airborne unless a smaller amount is justified based on
actual sump pH history and ventilation rates. Per the containment pressure/temperature response
analysis for the LOCA event, the temperature of the containment sump liquid has been reduced
to below 212 'F when the CSS and SIS recirculation mode of operation begins at 20 minutes.

Consistent with RG 1.183 Appendix A, Section 5.6, the composition of iodine available for
release to the environment is assumed to be 97% elemental iodine, 3% organic iodide, and
0% particulate iodine.

Consistent with RG 1.183 Appendix A Section 5.3, all particulate isotopes in the recirculating
liquid are retained in the liquid phase. Radioactive decay of some particulate isotopes in the
recirculating liquid yields noble gas isotopes. In the dose program model, a particulate partition
coefficient (i.e., liquid concentration divided by gas concentration) of 1.0 x 106 is used in order to
retain particulates within the recirculating liquid where noble gas daughters are then formed by
decay.

Per RG 1.183 Appendix A Section 5.3, with the exception of iodine, all radioactive materials in
the recirculating liquid are retained in the liquid phase. This guidance implies that a release of
noble gases (krypton and/or xenon) via the ESF leakage need not be considered. However, noble
gas isotopes are formed by the decay of other isotopes that are present in the ESF recirculating
liquid. Therefore, the ESF leakage AST dose analysis conservatively assumes that 100 percent
of the noble gases in the ESF Recirculation Loop leakage will become airborne. Once airborne,
the noble gases can migrate to the outside environment.

The activity released from the ESF leakage into the Penetration Areas and Safety Equipment
Building is exhausted to the environment via the main plant vent, and transported by atmospheric
dispersion to the control room HVAC intake and to the offsite EAB and LPZ dose receptors.
Section 2.3.4.2.2 and table 2.3-29 present the site-specific 95th percentile meteorology
atmospheric dispersion factors used for the main plant vent to control room release pathway. No
credit is taken for radioactive decay of the isotopes during this atmospheric dispersion transit to
the control room or offsite dose locations. Consistent with RG 1.183 Regulatory Positions 4.1.7
and 4.2.2, no correction is made for depletion of the effluent plume by deposition on the ground.
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15.6.3.3.5.3 RWST Release

The ESF recirculation loop circulates containment sump water outside of the containment via the
Safety Injection System (SIS) and Containment Spray System (CSS) pumps following receipt of
a Recirculation Actuation Signal. Per RG 1.183 Appendix A Section 5, ESF systems that
recirculate sump water outside of the primary containment may leak through valves isolating
interfacing systems, including a refueling water storage tank (RWST).

Regulatory Guide 1.183 Appendix A provides assumptions for use in evaluating the radiological
consequences of ESF leakage to the RWST and its subsequent release pathway to the
environment. These assumptions supplement the guidance provided in the main body of
RG 1.183.

This section presents the assumptions, design input, and methodology employed in evaluating the
radiological consequences of the LOCA RWST release path. The characteristics of the LOCA
RWST release model are summarized in table 15.6-21E.

The control room and offsite doses associated with the RWST release are summarized in
section 15.6.3.3.5.7.
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TABLE 15.6-21E (Sheet 1 of 2)
LOCA RWST RELEASE ANALYSIS PARAMETERS

LOCA RWST Release Parameter Modeled Value

Timing of core activity release into containment sump
instantaneous at

Gap release phase time zero

Early in-vessel phase instantaneous at
time zero

Core inventory fraction released into containment sump
Noble gases (Xe, Kr) 0
Halogens (I, Br) 0.40
Alkali metals (Cs, Rb) 0.30
Tellurium metals (Te, Sb, Se) 0.05
Barium, Strontium (Ba, Sr) 0.02
Noble metals (Ru, Rh, Pd, Mo, Tc, Co) 0.0025
Cerium group (Ce, Pu, Np) 0.0005
Lanthanides (La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am) 0.0002

ESF recirculation loop dilution volume, cubic feet 46,647
RWST dilution volumes, cubic feet per tank

RWST air region volume 35,880
RWST water region volume 7,345

RWST inflow due to ESF pump mini-flow isolation valve leakage
Mini-flow valve leakage flashing fraction, percent 10
Mini-flow valve leakage rates, cfm

Total mini-flow leakage rate to the RWST
0 to 20 minutes 0
20 minutes to 30 days 0.4010

Mini-flow valve leakage rate to the RWST water region
0 to 20 minutes 0
20 minutes to 30 days 0.3609

Mini-flow valve leakage rate to the RWST air region
0 to 20 minutes 0
20 minutes to 30 days 0.0401

RWST water region inflow due to RWST discharge check valve leakage, cfm
0 to 1.08 hours 0
1.08 to 2 hours 1.2859
2 to 8 hours 1.2778
8 to 24 hours 0.9622
24 to 96 hours 0.5103
96 to 119.72 hours 0.1078
119.72 to 720 hours 0
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TABLE 15.6-21E (Sheet 1 of 2)
LOCA RWST RELEASE ANALYSIS PARAMETERS

LOCA RWST Release Parameter Modeled Value

Partition coefficients between ESF recirculation loop and RWST air region
Iodine 1.0
Particulates 1E+06

Mixing and partition coefficients between RWST air and water regions
Mixing rate between RWST air and water regions, cfm 0.4010
Iodine partition coefficient 200
Noble gases (Xe, Kr) partition coefficient 1E-06
Particulates partition coefficient 1 E+06

RWST air region release rate to the environment, cfm
0 to 20 minutes 0
20 minutes to 1.08 hours 0.4010
1.08 to 2 hours 1.6869
2 to 8 hours 1.6788
8 to 24 hours 1.3632
24 to 96 hours 0.9113
96 to 119.72 hours 0.5088
119.72 to 720 hours 0.4010

Chemical form of Iodine released to environment, percent of iodine
Cesium iodide (CsI) (particulate iodine) 0
Elemental iodine 97
Organic iodide 3

RWST release via RWST vent to Control Room Atmospheric Dispersion Per section
Factors, seconds/mi3 2.3.4.2.2
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15.6.3.3.5.3.1 RWST Release Source Term

The RWST release source term is the same as the ESF leakage source term described in section
15.6.3.3.5.2.1.

ESF back-leakage into the RWST occurs after the RWST water level has drained down, and a
recirculation actuation signal (RAS) has been generated. In evaluating the post-LOCA RWST
release AST dose consequences, the most conservative scenario for leakage out of the RWST is
when the RWST air volume is minimized (and the water volume is maximized). Minimizing the
air volume will minimize dilution of the activity entering the RWST air space prior to its release
to the atmosphere.

The minimum RWST air volume and the maximum RWST water volume occur when RAS is
quickly initiated at the upper tolerance of the RWST level setpoint for a RAS.

15.6.3.3.5.3.2 RWST ACTIVITY RELEASE MODEL

During the ESF recirculation operation, ESF leakage may enter the RWST via various pathways.
The pathways are dependent on whether the LOCA occurs with or without a failure of a diesel
generator. The RWST release dose analysis evaluated the two leakage scenarios and determined
that the variable 2-hour window EAB dose and the event duration control room and LPZ doses
are more severe for the scenario of the post-LOCA RWST release without a failure of a diesel
generator rather than with a failure of a diesel generator. The characteristics of the RWST
release without a coincident SBO results are detailed in this section.

Two ESF leakage pathways to the RWST characterize the scenario of a RWST release without a
failure of a diesel generator. The first pathway is RWST air region inflow due to ESF pump
minimum flow (mini-flow) isolation valve leakage. The second pathway is RWST water region
inflow due to RWST discharge check valve leakage. ESF leakage to the RWST for potential
release paths with three or more normally closed isolation valves in series is assumed to be
negligible.

15.6.3.3.5.3.2.1 RWST Inflow Due to ESF Pump Mini-Flow Isolation Valve Leakage

The SIS and CSS pumps minimum flow return paths to the RWST are isolated following a RAS
by two sets of two mini-flow isolation valves. The maximum allowable leakage rate for each of
the valves is 0.75 gpm. Consequently, for either path with its two valves in series, the maximum
allowable path leakage rate is also 0.75 gpm. For the scenario of a LOCA without a failure of a
diesel generator, the total leakage rate past the valves in the two parallel flow paths is 1.5 gpm.
Consistent with RG Guide 1.183 Appendix A, Section 5.2, the modeled ESF recirculation loop
leakage rate of 3.0 gpm (0.4010 cfm) represents two times the sum of the simultaneous
maximum allowable leakage from these systems. The 0.4010 cfm leakage past the mini-flow
isolation valves is released into the RWST air space.
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Consistent with RG 1.183 Appendix A Section 5.2, ESF leakage to the RWST is assumed to start
at the earliest time the recirculation flow starts in the ESF recirculation system, and end at the
latest time the releases from these systems are terminated. Per the containment
pressure/temperature response analysis for the LOCA event, the CSS and SIS recirculation mode
of operation begins as early as 20.2 minutes after the start of the LOCA for a two-train
recirculation mode. This start time has been conservatively rounded down to 20 minutes after
the start of the LOCA for use in the AST RWST release dose analysis. The ESF leakage and
coincident RWST release to the environment are assumed to continue for the duration of the
30-day LOCA event.

The RWST release dose analysis assumes that 10 percent of the iodine in the ESF Recirculation
Loop leakage into the RWST air space flashes to vapor. The ten percent flashing fraction is
consistent with the guidance of RG 1.183 Appendix A Section 5.5, which states that if the water
temperature is less than 212 'F, then 10 percent of the iodine in the leakage is assumed to
become airborne unless a smaller amount is justified based on actual sump pH history and
ventilation rates. Per the containment pressure/temperature response analysis for the LOCA
event, the temperature of the containment sump liquid has been reduced to below 212 'F when
the CSS and SIS recirculation mode of operation begins at 20 minutes.

To address the 10 percent ESF leakage flashing, 10 percent of the ESF pump mini-flow leakage
is modeled as entering the RWST air region, and 90 percent of the ESF pump mini-flow leakage
is modeled as entering the RWST water region.

15.6.3.3.5.3.2.2 RWST Inflow Due to RWST Discharge Check Valve Leakage

Following a Recirculation Actuation Signal (RAS), each of the two RWSTs is isolated from the
ESF recirculation loop by an RWST isolation valve located near the RWST. In the event that the
isolation valve remains open following a RAS, an RWST discharge check valve is the only
barrier between the containment and the RWST.

The maximum allowable leakage rate through both check valves is 5 gpm. Consistent with RG
Guide 1.183 Appendix A, Section 5.2, the modeled ESF recirculation loop leakage rate of 10
gpm represents two times the maximum allowable leakage. The leakage past the check valves is
released into the RWST water space.

Should the check valve leak, a certain amount of sump water will enter the line and start moving
toward the RWST. The flow rate is simply the leak rate of the check valve, but the speed at
which the hot water from the sump moves toward the RWST depends the pressure differential
between the post-LOCA containment and the RWST and on the temperature difference between
the cold RWST water and the hot sump water.

Valve seat leak analysis has determined that with the RWST isolation valve open and the check
valve leaking at 10 gpm, the sump water will reach the RWST isolation valve in approximately
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1.08 hours after the start of the LOCA. Neglecting the effect of thermal buoyancy (i.e., assuming
instant cooling of the leaking sump water to the RWST temperature) would extend the travel
time to approximately 8.7 hours.

As the LOCA event progresses, the containment pressure decreases, and the leakage rate past the
check valve decreases. Table 15.6-21 E summarizes the time-dependent RWST water region
inflow due to RWST discharge check valve leakage. The RWST water region inflow due to
RWST discharge check valve leakage is maximized by modeling the post-LOCA containment
pressure and temperature history that yields the highest containment pressure. Eventually, the
driving force for the check valve leakage ends.

15.6.3.3.5.3.2.3 Mixing of RWST Water and Air Activity Inventories

Because the iodine concentrations in the RWST air space and water space are not at their
equilibrium values at the onset of ESF recirculation loop leakage, the mixing rate between the
RWST water and air regions will impact the dose consequences.

At equilibrium conditions, the ratio of the iodine concentration in the RWST water space to the
iodine concentration in the RWST air space is defined by an iodine partition coefficient (i.e.,
liquid concentration divided by gas concentration). Per NUREG/CR-0009 (Reference 20), the
partition coefficient is numerically determined by the physical sorption of 12 and by rapid
ionization reactions that occur in solution. Per NUREG/CR-0009 page 61, for borated solutions
(such as the RWST) a partition coefficient of 200 is achievable. Therefore, a partition coefficient
of 200 can be used to establish the equilibrium between the iodine concentrations in the RWST
air and water spaces.

As RWST water and air region mixing occurs, the ratio of the iodine concentration in the RWST
water space to the iodine concentration in the RWST air space tends to a partition coefficient of
200. Mixing is facilitated by the turbulence added to the RWST water by the RWST discharge
check valve leakage into the RWST water space, by the turbulence added to the RWST water by
the mini-flow valve leakage into the RWST air space that drops down into the RWST water, and
by the thermal gradients associated with the RWST water warmed by the introduction of the hot
ESF leakage fluid relative to colder RWST air. Per NUREG/CR-0009 page 64, very small
thermal sources are sufficient to mix a large vessel.

The higher the mixing rate between the air space and water space, the more rapid the approach to
equilibrium. Initially the RWST air activity concentration is greater than when at equilibrium
conditions. Minimizing the mixing rate delays the transfer of iodine activity from the RWST air
region to the RWST water region, thereby conservatively maximizing the RWST air activity
available for leakage to the environment. In the RWST leakage AST analysis, the mixing rate
between the RWST air and water spaces is conservatively modeled as the mini-flow valve
leakage rate into the RWST. No credit is taken for RWST air and water space mixing associated
with the RWST inflow due to RWST discharge check valve leakage. No credit is taken for
mixing by thermal gradients.
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Consistent with RG 1.183 Appendix A Section 5.3, all particulate isotopes in the recirculating
liquid are retained in the liquid phase. Radioactive decay of some particulate isotopes in the
RWST liquid space yields noble gas isotopes. A particulate partition coefficient (i.e., liquid
concentration divided by gas concentration) of 1.0 x 106 is used in order to retain particulates
within the RWST liquid space where noble gas daughters are then formed by decay.

Per RG 1.183 Appendix A Section 5.3, with the exception of iodine, all radioactive materials in
the recirculating liquid are retained in the liquid phase. This guidance implies that a release of
noble gases (krypton and/or xenon) via the RWST release need not be considered (most likely
because noble gas isotopes present in the containment sump water would be released into the
containment air prior to being recirculated). However, noble gas isotopes are formed by the
decay of other isotopes that are present in the RWST liquid. Therefore, the RWST release AST
dose analysis conservatively assumes that 100 percent of the noble gases formed by the decay of
the isotopes in the RWST liquid will become airborne (i.e., a noble gas partition coefficient of
1.0 x 10-6). Once airborne, the noble gases can migrate to the outside environment.

15.6.3.3.5.3.2.4 RWST Releases to the Environment

Consistent with RG 1.183 Appendix A, Section 5.6, the composition of iodine available for
release to the environment from the RWST air space is assumed to be 97% elemental iodine, 3%
organic iodide, and 0% particulate iodine.

The activity released from the RWST is exhausted to the environment via the RWST vent, and
transported by atmospheric dispersion to the control room HVAC intake and to the offsite EAB
and LPZ dose receptors. Section 2.3.4.2.2 and table 2.3-29 present the site-specific 95th
percentile meteorology atmospheric dispersion factors used for the RWST vent to control room
release pathway. No credit is taken for radioactive decay of the isotopes during this atmospheric
dispersion transit to the control room or offsite dose locations. Consistent with RG 1.183
Regulatory Positions 4.1.7 and 4.2.2, no correction is made for depletion of the effluent plume by
deposition on the ground.

15.6.3.3.5.4 PASS Leakage

Post Accident Sampling System (PASS) licensing requirements were deleted from the Technical
Specifications per Unit 2 License Amendment 178 and Unit 3 License Amendment 169.
Currently, the PASS is maintained at for severe accident management only. The PASS is capable
of analyzing samples of containment air, containment sump water, and reactor coolant.

Until such time that the PASS is isolated from post-LOCA radiation sources, portions of the
PASS that are outside of the containment present the potential for a release path due to leakage
through valve packing glands, pump shaft seals, flanged connections, and other similar
components. Should a design modification be implemented to isolate PASS and thereby
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eliminate the potential release paths, the dose contribution from PASS leakage will be removed
from the LOCA dose analysis.

Although RG 1.183 Appendix A does not provide a specific requirement to evaluate PASS
leakage, the AST dose analysis has applied related RG 1.183 Appendix A ESF leakage guidance
to an evaluation of the radiological consequences of the PASS leakage activity release path for a
LOCA.

This section presents the assumptions, design input, and methodology employed in evaluating the
radiological consequences of the LOCA PASS leakage path. The characteristics of the LOCA
PASS leakage model are summarized in table 15.6-2 IF.

The control room and offsite doses associated with PASS leakage are summarized in section
15.6.3.3.5.7.
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TABLE 15.6-21F
LOCA PASS LEAKAGE ANALYSIS PARAMETERS

LOCA PASS Leakage Parameter Modeled Value

Timing of core activity release into reactor coolant system

Gap release phase instantaneous at time
zero

Early in-vessel phase instantaneous at time
zero

Core inventory fraction released into reactor coolant system
Noble gases (Xe, Kr) 1.00
Halogens (I, Br) 0.40
Alkali metals (Cs, Rb) 0.30
Tellurium metals (Te, Sb, Se) 0.05
Barium, Strontium (Ba, Sr) 0.02
Noble metals (Ru, Rh, Pd, Mo, Tc, Co) 0.0025
Cerium group (Ce, Pu, Np) 0.0005
Lanthanides (La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am) 0.0002

Reactor coolant system dilution volume, cubic feet 10,179
PASS leakage rate to the environment, ft3/minute

0 to 30 minutes 0
30 minutes to 30 days 4.12E-04

PASS leakage partition coefficients and flashing fractions
Iodine isotopes flashing fraction, percent 10
Noble gases (Xe, Kr) partition coefficient 1.OE-06
Particulate isotopes partition coefficient 1E+06

Chemical form of Iodine released to environment, percent of iodine
Cesium iodide (CsI) (particulate iodine) 0
Elemental iodine 97
Organic iodide 3

PASS Leakage release point (Main Plant Vent) to Control Room
Atmospheric Dispersion Factors, seconds/m3 Per section 2.3.4.2.2
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15.6.3.3.5.4.1 PASS Leakage Source Term

The Post-Accident Sampling System samples containment sump liquid, reactor coolant, and
containment air. The PASS leakage dose analysis assumes that reactor coolant is the PASS fluid
leaking during the LOCA. Reactor coolant has been modeled since the reactor coolant iodine
activity concentration is greater than the containment sump liquid or containment air iodine
activity concentration.

Regulatory Guide 1.183 Appendix A Section 1 states that acceptable assumptions regarding core
inventory and the release of radionuclides from the fuel are provided in RG 1.183 Regulatory
Position 3.

Consistent with RG 1.183 Regulatory Position 3.4, the core isotopes released into the reactor
coolant are grouped into chemically similar groups in accordance with RG 1.183 Table 5. The
elements of each group are as listed in table 15.6-21F. Consistent with RG 1.183 Regulatory
Position 3.1, the core inventory release fractions are applied to the equilibrium reactor core
isotope inventory at shutdown as described in Appendix 15G section 15G.2.

All fission products released from the fuel to the reactor coolant are assumed to instantaneously
and homogeneously mix in the reactor coolant coincident with the start of the LOCA.

The PASS leakage dose analysis assumes that the reactor coolant dilutes the core activity release
into a volume of 10,179 cubic feet. This volume has conservatively omitted the primary side
volume that is present in an assumed 2,000 plugged U-tubes in each of the two original steam
generators.

Consistent with Regulatory Guide 1.183 Appendix A Section 2, with the exception of elemental
and organic iodine and noble gases, fission products are assumed to be in particulate form (i.e.,
subject to HEPA filtration).

15.6.3.3.5.4.2 PASS Leakage Activity Release Model

Consistent with RG 1.183 Appendix A Section 5.2, the PASS leakage is assumed to start at the
earliest time that PASS sampling could start, and end at the latest time the releases from the
PASS are terminated. Although the PASS is currently maintained for severe accident
management only, this analysis assumes the PASS leakage begins 30 minutes after the start of
the LOCA. The actions to initiate PASS should require more than the 30 minute delay assumed
prior to PASS operation. The PASS leakage is assumed to continue for the duration of the 30-
day LOCA event.

The maximum expected leakage rate from all components in the PASS is 350 cc/hr. Consistent
with RG Guide 1.183 Appendix A, Section 5.2, the modeled PASS leakage rate of 700 cc/hr
(4.12 x 104 cfm) represents two times the maximum expected leakage from the PASS.

15.6-66 Rev: 31



San Onofre 2&3 FSAR
Updated

DECREASE IN REACTOR
COOLANT INVENTORY

The PASS leakage dose analysis assumes that 10 percent of the iodine in the PASS leakage
flashes to vapor and is therefore capable of migrating to the outside environment. The ten
percent flashing fraction is consistent with the guidance of RG 1.183 Appendix A Section 5.5,
which states that if the water temperature is less than 212 'F, then 10 percent of the iodine in the
leakage is assumed to become airborne. PASS is designed to cool the sample to allow for low
temperature (120 'F) sample analysis. The bulk of the PASS reactor coolant leakage from PASS
sample station fittings will be at a low temperature.

Consistent with RG 1.183 Appendix A, Section 5.6, the composition of iodine available for
release to the environment is assumed to be 97% elemental iodine, 3% organic iodide, and
0% particulate iodine.

Consistent with RG 1.183 Appendix A Section 5.3, all particulate isotopes in the reactor coolant
are retained in the liquid phase. Radioactive decay of some particulate isotopes in the reactor
coolant yields noble gas isotopes. In the dose program model, a particulate partition coefficient
(i.e., liquid concentration divided by gas concentration) of 1.0 x 106 is used in order to retain
particulates within the reactor coolant where noble gas daughters are then formed by decay.

The PASS leakage dose analysis conservatively assumes that 100 percent of the noble gases
(krypton and/or xenon) either initially present or formed by the decay of the isotopes in the PASS
reactor coolant leakage will become airborne (i.e., a noble gas partition coefficient of 1.0 x 10-6)
and migrate to the outside environment.

The activity released from the PASS leakage into the Radwaste Building is exhausted to the
environment via the main plant vent, and transported by atmospheric dispersion to the control
room HVAC intake and to the offsite EAB and LPZ dose receptors. Section 2.3.4.2.2 and
table 2.3-29 present the site-specific 95th percentile meteorology atmospheric dispersion factors
used for the main plant vent to control room release pathway. No credit is taken for radioactive
decay of the isotopes during this atmospheric dispersion transit to the control room or offsite
dose locations. Consistent with RG 1.183 Regulatory Positions 4.1.7 and 4.2.2, no correction is
made for depletion of the effluent plume by deposition on the ground.

15.6.3.3.5.5 LOCA EAB and LPZ Model

Regulatory Guide 1.183 Regulatory Position 4.1 provides guidance to be used in determining the
total effective dose equivalent for persons located at or beyond the boundary of the exclusion
area, including the outer boundary of the low population zone. Appendix 15G section 15G.3
addresses the applicability of this guidance to the LOCA dose analysis as it relates to the offsite
dose exposure parameters.

As discussed in Appendix 15G section 15G.3, the LOCA dose analysis considers the dose
consequences of inhalation and immersion. Radioactive material contained in a plant structure is
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assumed to be a negligible radiation shine source to the offsite dose receptors relative to the dose
associated with immersion in the radioactive plume released from the facility.

Consistent with RG 1.183 Regulatory Positions 4.1.5, 4.1.6 and 4.4 and Table 6, the LOCA event
radiological criterion for the EAB and for the outer boundary of the LPZ is 25 Rem TEDE.

15.6.3.3.5.6 LOCA Control Room Model

Regulatory Guide 1.183 Regulatory Position 4.2 provides guidance to be used in determining the
total effective dose equivalent for persons located in the control room. Appendix 15G section
15G.4 addresses the applicability of this guidance to the LOCA dose analysis as it relates to the
control room dose exposure parameters.

The control room emergency air cleanup system (CREACUS) Emergency mode of operation can
be actuated either manually or automatically following a Control Room Isolation Signal (CRIS).
The CRIS may be generated automatically by a Safety Injection Actuation Signal (SIAS) or by
the detection of high radioactivity concentrations in the control room outside air inflow. Per
Appendix 15G section 15G.4.2.1.1, the LOCA model credits CREACUS Emergency mode of
operation initiation at time zero (i.e., prior to the arrival of any contaminated air reaching the
control room outside air intakes) due to a SIAS induced CRIS.

As discussed in Appendix 15G section 15G.4, the LOCA dose analysis considers the dose
consequences of inhalation, immersion, and radiation shine from the environmental (or outside)
cloud, the control room emergency HVAC filters, the post-LOCA piping, and the containment
building.

Consistent with RG 1.183 Regulatory Position 4.4, as a dose analysis acceptance criterion the
postulated control room dose is evaluated to ensure that that it does not exceed the 5 Rem TEDE
criterion established in 10 CFR 50.67.

15.6.3.3.5.7 LOCA Dose Consequences

The resulting LOCA offsite and control room operator doses are listed in tables 15.6-21G and
15.6-21 H. The analysis demonstrates that the LOCA event 25 Rem TEDE radiological criterion
for the EAB and for the outer boundary of the LPZ is met. The analysis also demonstrates that
the LOCA event 5 Rem TEDE radiological criterion for the control room is met.
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TABLE 15.6-21G
LOCA RELEASE PATH DOSE CONSEQUENCES

Containment ESF RWST PASS Piping
Shine

Dose Receptor Leakage Leakage Release Leakage Dose

(rounded-off doses) Dose Dose Dose Dose (Re

(REM TEDE) (REM TEDE) (REM TEDE) (REM TEDE) (REM
1 ___ _1__ ___1__ 1 TEDE) I

Control Room
(30-day accident duration)

Immersion and Inhalation 0.8 0.5 0.9 0.1
Control Room Filter Shine 0.2 < 0.1 0.1 < 0.1
Environmental Cloud Shine < 0.1 < 0.1 < 0.1 < 0.1
Containment Building Shine < 0.1 - - - -

Piping Shine - - - - 0.1
TOTAL 0.9 0.6 1.0 0.2 0.1

Exclusion Area Boundary 3.7 0.3 1.1 0.1
(Maximum 2-hour dose) (0.6 to 2.6 hrs) (0.4 to 2.4 hrs) (94 to 96 hrs) (0.5 to 2.5 hrs)
Low Population Zone 0.2 0.2 1.3 < 0.1
(30-day accident duration) 0. 0.2-1.3-<0.1i

TABLE 15.6-21H
LOCA DOSE CONSEQUENCES

Dose Receptor LOCA Acceptance

(totaled with all significant digits, then rounded-off) Dose Criterion
(ttaedwihllsiniicndgisthnoude-of (REM TEDE) (REM TEDE)

Control Room (30-day accident duration) 2.8 5

EAB (Maximum 2-hour dose) 5.2 25

LPZ (30-day accident duration) 1.9 25

Table 15.6-22
DELETED

Table 15.6-23
DELETED
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Table 15.6-23A
DELETED

Table 15.6-24
DELETED

15.6.3.4 Inadvertent Opening of a Pressurizer Safety Valve.

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.6.3.4.1 Identification of Causes and Frequency Classification

The estimated frequency of an inadvertent opening of a pressurizer safety valve classifies it as a
faulted condition event as defined in reference 1 of section 15.0. The frequency of occurrence of
an inadvertent opening of a pressurizer safety valve was determined from the combined operating
experience of 34 pressurized water reactors. There has not been a single inadvertent opening of a
pressurizer safety valve in the more than 260 pressurizer safety valve years of operation. The
corresponding frequency of occurrence for this event is consistent with the definition of the
limiting fault category in ANSI N18.2(Reference 21). The inadvertent opening of a pressurizer
safety valve at normal primary coolant system operating pressures could only be caused by a
passive mechanical failure of the valve.

15.6.3.4.2 Sequence of Events and Systems Operation

Following an inadvertent opening of a pressurizer safety valve, the RCS pressure decreases due
to loss of primary fluid. When the RCS pressure has dropped sufficiently, a low pressurizer
pressure signal initiates reactor trip. The trip quickly reduces core power to decay heat. The
main coolant pumps and steam generators are shutdown at the same time as reactor trip due to
assumed simultaneous loss of offsite power.

The low pressurizer pressure also generates the SIAS which initiates the startup of the two
redundant diesels and their associated safety injection pumps. In this analysis it was assumed
that one of these redundant trains incurred a single failure and hence only one HPSI and LPSI
pump is available.

The HPSI pump replenishes the RCS with borated water from the refueling water storage tank.
At 3900 seconds the HPSI pump injection surpasses the leak flowrate and the RCS begins to
refill. Since the core never uncovered, there is no potential for a clad temperature excursion.
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The peak clad temperature was calculated to be 748°F. Plant cooldown by the operator is
assumed to begin at one hour post-LOCA and follows the LOCA emergency procedure as
described in paragraph 6.3.3.4.

Table 15.6-27 lists the figures that illustrate the results of this analysis. A summary of the
analysis results is shown in table 15.6-28. These results indicate that the ECCS response to an
inadvertent opening of a pressurizer safety valve is acceptable and well within the performance
criteria of 1OCFR50.46.

15.6.3.4.3 Core and System Performance

15.6.3.4.3.1 Mathematical Model

The C-E small break model was employed as described in reference 22. The NSSS response to
an inadvertent opening of a pressurizer safety valve was simulated using the CEFLASH-4AS
blowdown code described in reference 1, Supplement 1. The temperature transient in the hottest
fuel rod in the core was calculated using the STRIKIN-Il code described in reference 7,
Supplement 4.

15.6.3.4.3.2 Input Parameters and Initial Conditions

The initial conditions and input parameters of the NSSS assumed in the analysis are listed in
table 15.6-26.

15.6.3.4.3.3 Results

The behavior of the NSSS following an inadvertent opening of a pressurizer safety valve begins
with a decrease in reactor coolant which causes the RCS pressure to drop as shown in figure
15.6-134. At approximately 195.2 seconds after the break, the RCS pressure drops sufficiently to
initiate a reactor trip on a low pressurizer pressure signal (1550 psia). The reactor trip is assumed
to occur simultaneously with a loss of offsite power, which results in isolation of the steam
generators. This assumption gives a conservative representation of the heat removal capacity of
the steam generators.

The low RCS pressure also generates an SIAS, which initiates the startup of one diesel generator
and one safety injection train (assumes a single failure of the second diesel generator). The HPSI
pump replenishes the RCS with borated water from the refueling water storage tank. At 3900
seconds the HPSI pump injection surpasses the leak flowrate and the RCS begins to refill. Since
the core never uncovered, there is no potential for a clad temperature excursion. The peak clad
temperature was calculated to be 748°F. Plant cooldown by the operator is assumed to begin at
one hour post-LOCA and follows the LOCA emergency procedure as described in paragraph
6.3.3.4.
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Table 15.6-27 lists the figures that illustrate the results of this analysis. A summary of the
analysis results is shown in table 15.6-28. These results indicate that the ECCS response to an
inadvertent opening of a pressurizer safety valve is acceptable and well within the performance
criteria of 1OCFR50.46.

15.6.3.4.4 Barrier Performance

This section is not applicable for the inadvertent opening of a pressurizer safety valve.

15.6.3.4.5 Radiological Consequences

The radiological consequences of the primary releases and the secondary safety valve and
atmospheric dump valve steam releases during the event, and subsequent cooldown to shutdown
cooling conditions, are less severe than the consequences of the small break loss of coolant
accident (paragraph 15.6.3.3).

Table 15.6-25
SEQUENCE OF EVENTS FOR AN INADVERTENT
OPENING OF A PRESSURIZER SAFETY VALVE

Time Setpoint
(seconds) Event or Value

0.0 Valve opens ----

195.2 Low pressurizer pressure trip condition, psia SIAS is 1550.0
simultaneous

196.1 CEAs begin to drop into core ----

199.4 CEAs fully inserted ----

225.2 HPSI flow initiated ----

3600.0(a) Operator initiated plant cooldown ----
3900.0 HPSI flow surpasses leak flow
6-hours Shutdown cooling initiated, 'F 350

(a) It should be noted that this analysis and, hence, system response, did not include
cooldown initiation at 3600.0 seconds. This cooldown initiation time is included here
to maintain consistency with the LOCA emergency procedures. Had cooldown been
credited in this analysis, the HPSI flow would have surpassed the leak flow earlier than
the 3900.0 seconds time given in table 15.6-25 as a result of system depressurization.
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Table 15.6-26
SYSTEM PARAMETERS AND INITIAL CONDITIONS FOR AN

INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE

Quantity Value
Reactor power level, MWt (104% of nominal) 3,525.
Average linear heat rate, kW/ft (102% of nominal) 5.7
Peak linear heat rate, kW/ft 13.9
Gap conductance at peak linear heat rate (a), Btulhr-ft-0 F 1,415.
Fuel centerline temperature at peak linear heat rate (a), OF 3,641.
Fuel average temperature at peak linear heat rate (a), OF 2,355.
Hot rod gas pressure"a), psia 1,177.
Moderator temperature coefficient at initial density, Ak/k/0 F +0.5 x IF -
System flowrate (total), Ibm/hr 148.0 x 106
Initial system pressure, psia 2,250.
Core inlet temperature, OF 558.1
Core outlet temperature, 'F 617.0
Active core height, ft 12.5
Fuel rod OD, in. 0.382
Number of cold legs 4
Number of hot legs 2
Cold leg diameter, in. 30
Hot leg diameter, in. 42
Safety injection tank pressure, psia 615
Safety injection tank gas/water volume, ft3  572/1,679

(a) These quantities correspond to the burnup (674.0 MWD/MTU, hot rod average) yielding the
highest peak clad temperature.
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Table 15.6-27
VARIABLES PLOTTED AS A FUNCTION OF TIME FOR AN

INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE

Variable Figure
Normalized Core Power 15.6-133
Inner Vessel Pressure 15.6-134
Leak Flowrate 15.6-135
Vessel Inlet Flowrate 15.6-136
Two Phase Mixture Volume in Inner Vessel Region 15.6-137
Heat Transfer Coefficient at Hot Spot 15.6-138
Coolant Temperature at Hot Spot 15.6-139
Clad Temperature at Hot Spot 15.6-140

Table 15.6-28
RESULTS OF LOCA ANALYSIS FOR AN

INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE

Parameters Values
Break Size, ft

2  0.0273
Maximum Clad Temperature at Hot Spot, OF 748.0
Elevation of Hot Spot from Bottom of Core, ft 11.25
Local Clad Oxidation at Hot Spot, % <0.06
Hot Rod Average Clad Oxidation, % <0.06
Clad rupture is not predicted to occur. 0
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15. ACCIDENT ANALYSES

15.7 RADIOACTIVE RELEASE FROM A SUBSYSTEM OR COMPONENT

15.7.1 MODERATE FREQUENCY INCIDENTS

Incidents in this category are postulated as limiting faults. Moderate frequency incidents will
have radiological consequences less severe than the corresponding limiting fault described
below.

15.7.2 INFREQUENT INCIDENTS

Incidents in this category are postulated as limiting faults. Infrequent incidents will have
radiological consequences less severe than the corresponding limiting fault described below.

15.7.3 LIMITING FAULTS

15.7.3.1 Radioactive Waste Gas System Leak or Failure

The evaluation of the radiological consequences for a Radioactive Waste Gas System leak or
failure assumes a minimum of 17 months since the shutdown of Units 2 and 3.

This event is modeled with the Alternative Source Term (AST). Additional assumptions
associated with AST modeling are provided in Appendix 15G.

15.7.3.1.1 Identification of Causes and Frequency Classification

The most limiting waste gas accident is defined as an unexpected and uncontrolled release to the
atmosphere of the radioactive xenon and krypton fission gases and iodines that are stored in one
waste gas decay tank. The gaseous radwaste system (GRS) is described in section 11.3.

Waste gas decay tanks are constructed to ASME III Class 3 requirements and are designed for
350 psig. When the waste gas decay tank pressure reaches 330 psig, an alarm is actuated and
compressor operation is terminated manually. In addition, the GRS is located in the Seismic
Category I auxiliary building, and the waste gas decay tanks, compressors, surge tank, piping,
and valves up to, but not including the first system isolation valve are Seismic Category II
Quality Class III. This accident is considered a limiting fault, and a rupture of a waste gas decay
tank is analyzed to define the worst consequences of a gaseous release that could result from any
malfunction in the gaseous radwaste system.
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15.7.3.1.2 Sequence of Events and System Performance

15.7.3.1.2.1 Design Basis Sequence of Events and System Performance

It is assumed that the plant has been operating at 3560 MWt (105% of the originally licensed
power level of 3390 MWt) with 1% failed fuel for an extended period sufficient to achieve
equilibrium radioactive concentrations in the reactor coolant. The maximum gas activity release
from either plant would occur after shutdown and coolant degasification. One reactor coolant
inventory stored in a single tank would provide an upper limit for stored gas activity. This tank
is assumed to rupture and all of the noble gases and iodines are assumed to be released to the
atmosphere in a 2-hour period, consistent with Regulatory Guide 1.24. Tables 15.7-1 and 15.7-2
list the conservative assumptions for waste gas decay tank rupture and waste gas decay tank
inventory prior to release, respectively.

No credit is taken for Control Room Isolation Signal (CRIS) or the Control Room Emergency
Air Cleanup System (CREACUS). For conservatism the control room dose is calculated for an
individual at the control room outside air intake location. The total effective dose equivalent
(TEDE) dose at this location is conservatively greater than it would be inside the Control Room.
The activity concentration inside the control room would be smaller since only a portion of the
outside cloud would enter the control room envelope via ventilation system inflow or inleakage.

15.7.3.1.2.2 DELETED

15.7.3.1.3 Core and System Performance

This paragraph is not applicable for a waste gas system leak or failure.

15.7.3.1.4 Barrier Performance

This paragraph is not applicable for a waste gas system leak or failure.

15.7.3.1.5 Radiological Consequences

15.7.3.1.5.1 Design Basis Assumptions and Calculational Model

Assumptions and methods used in this analysis are consistent with those of Regulatory Guide
1.24, except as discussed in appendix 3A.

The X/Q value (5% level) used is representative of the meteorology for the 0- to 2-hour interval
at the location of the dose point; i.e., at the actual site boundary and at the outer boundary of the
LPZ. The leak rate from the auxiliary building is such that the total leakage is equal to the total
release of activity from the tank. The Alternative Source Term (AST) models used to calculate
doses are discussed in appendix 15G.
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15.7.3.1.5.2 DELETED

Table 15.7-1
ASSUMPTIONS FOR WASTE GAS DECAY TANK RELEASE ACCIDENT

Design Basis Assumption

Source Data Power level prior to accident is 3,560 MWt.

RCS radioactive concentrations are maximum values based on 1%
failed fuel.
All gases stripped from processing a RCS volume are immediately
passed to the gas decay tank which fails. Gas stripper partition factor
is 1 for noble gases, 10-3 for iodines. Tank activity is presented in
table 15.7-2.
A decontamination factor of 10 is assumed for the CVCS purification
ion-exchanger for iodine.
Accident occurs immediately following a cold shutdown in both units.
No credit taken for radioactive decay during transit.
Number of holdup comnonents and cavacitv as shown in table 11.3-1.

Source Data Gas surge tank, compressors, waste gas decay tanks, and
interconnecting piping up to and including first normally closed
isolation valves are Seismic Category II.
For primary coolant volume refer to section 11.1.

Activity Release All gases released from tank leak from auxiliary building at ground
level within a 2-hour period.

Meteorological 5% level X/Qs per Appendix 15G Section 15G.3.
Data
Dose Data Doses calculated using the model discussed in appendix 15G.
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Table 15.7-2
RADIOLOGICAL RELEASES AS A RESULT OF A WASTE

GAS DECAY TANK RELEASE ACCIDENT

Activity Release to Atmosphere
(Ci)

Design Basis Decay For
Isotopes Assumptions 17 Months

1-131 1.178 x 10-' 9.4615 x 10-21

1-132 3.329 x 10-2  0.0
1-133 1.483 x 10-' 0.0
1-134 1.445 x 10-2  0.0
1-135 6.505 x 10-2 0.0

Kr-85m 5.925 x 102 0.0
Kr-85 1.294 x 10 3  1.1823 x 10 3

Kr-87 3.178 x 102  0.0
Kr-88 1.029 x 103 0.0

Xe-131m 6.030 x 102 0.0
Xe-133 8.425 x 104  0.0
Xe-135 2.331 x 10' 0.0

Xe-135m 2.774 x 102 0.0
Xe-138 1.408 x 102 0.0
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15.7.3.1.5.3 Results and Conclusions

The results of a postulated waste gas decay tank rupture are presented in table 15.7-2A. In the
unlikely event of rupture of a waste gas decay tank resulting in a release of stored gaseous
activity from the reactor coolant system (RCS), the doses at the exclusion area boundary (EAB)
and low population zone (LPZ) are less than the 100 mRem TEDE offsite dose criterion per
Regulatory Issue Summary 2006-04. The dose at the Control Room is less than the 5 Rem TEDE
criterion per 10 CFR 50.67.

Table 15.7-2A
RADIOLOGICAL EXPOSURES AS A RESULT OF A WASTE

GAS DECAY TANK RELEASE ACCIDENT

ACCEPTANCE
DOSE RECEPTOR DE CRITERION

(mkem TEDE) (mRem TEDE)

Control Room (30-day accident duration) 520 5,000
EAB (Maximum 2-hour dose -- 0.0 to 2.0 hours) 0.14 100
LPZ (30-day accident duration) 0.00 100

15.7.3.2 Radioactive Waste System Leak or Failure (Release to Atmosphere)

The evaluation of the radiological consequences for a liquid Radioactive Waste System leak or
failure (with release to atmosphere) does not assume any post-shutdown decay time. The doses
would be less if a minimum decay time of 17 months since the shutdown of Units 2 and 3 was
assumed.

This event is modeled with the Alternative Source Term (AST). Additional assumptions

associated with AST modeling are provided in Appendix 15G.

15.7.3.2.1 Identification of Causes and Frequency Classification

Liquid releases considered include rupture of radwaste tanks, refueling water storage tanks,
primary ion-exchangers, and the blowdown demineralizer neutralization sump line. The most
limiting of these is defined as an unexpected and uncontrolled release of the radioactive liquid
stored in a radwaste secondary tank. The radwaste secondary tanks are Seismic Category II,
Quality Class III tanks at atmospheric pressure. Rupture of these tanks is considered a limiting
fault. A radwaste secondary tank rupture would release the liquid contents in the auxiliary
building (radwaste area).

The radiological consequences of the release to the atmosphere of radioactive iodine and fission
gases are considered in this evaluation.
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15.7.3.2.2 Sequence of Events and System Operation

15.7.3.2.2.1 Design Basis Sequence of Events and System Operation

It is assumed that radwaste secondary tank activity is based on 1% failed fuel. The basis of this
maximum radwaste secondary tank activity is presented in paragraph 11.2.2.1.2. Design basis
assumptions are presented in table 15.7-3. Source terms are shown in table 15.7-4.

A radwaste secondary tank is assumed to rupture, releasing the contents of the tank to the
auxiliary building. All of the radioactive fission gases and iodines are assumed to be released to
the outside atmosphere in 2 hours.

15.7.3.2.2.2 DELETED

15.7.3.2.3 Core and System Performance

This paragraph is not applicable for a radioactive waste system leak or failure.

15.7.3.2.4 Barrier Performance

This paragraph is not applicable for a radioactive waste system leak or failure.

15.7.3.2.5 Radiological Consequences

The assumptions used to evaluate the rupture of a radwaste secondary tank are listed in table
15.7-3 and the radioactive inventory in the tanks is listed in table 15.7-4. The Alternative Source
Term (AST) models used to calculate doses are discussed in appendix 15G.

Offsite doses due to the rupture of a radwaste secondary tank are presented in table 15.7-4A. As
shown, they are less than the 100 mRem TEDE offsite dose criterion per Regulatory Issue
Summary 2006-04.
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Table 15.7-3
ASSUMPTIONS FOR LIQUID TANK RUPTURE (RELEASE TO ATMOSPHERE)

Design Basis Assumption
Source Data RCS radioactive concentrations are maximum values based on 1% failed

fuel and 3560 MWt (105% of the originally licensed power level of
3390 MWt).
Tank activity basis as described in paragraph 11.2.2.1.2.
Decontamination factors for coolant radwaste system components as
described in table 11.2-9.
Iodine partition factor after tank failure (1.0).

Activity Release Gases and iodines are released from auxiliary building at ground level
within a 2-hour period.

Meteorological 5% level X/Qs per Appendix 15G Section 15G.3.
Data
Dose Data Doses calculated using the model discussed in appendix 15G.

Table 15.7-4
RADIOLOGICAL RELEASES AS A RESULT OF LIQUID TANK RUPTURE

(RELEASE TO ATMOSPHERE)

Radioactivity Released
(Ci)

Design Basis
Isotopes Assumptions

1-131 2.010 x 10-1
1-132 2.875 x 10.'
1-133 1.662 x 10-l
1-134 1.868 x 10-4

1-135 3.024 x 10-2

Kr-85m 1.570 x 10'
Kr-85 2.33 x 100
Kr-87 8.506 x 10-3
Kr-88 1.281 x 10'

Xe-131m 1.047 x 100
Xe-133 1.399 x 102

Xe-135m 3.171 X 10-4

Xe-135 1.501 x 100
Xe-138 1.316 x 10-4
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Table 15.7-4A
RADIOLOGICAL EXPOSURES AS A RESULT OF LIQUID TANK RUPTURE

(RELEASE TO ATMOSPHERE)

ACCEPTANCE
DOSE RECEPTOR DE CRITERION

(mRem TEDE) (mRem TEDE)

EAB (Maximum 2-hour dose -- 0.0 to 2.0 hours) 7.1 100
LPZ (30-day accident duration) J 1.4 100

15.7.3.3 Postulated Radioactive Releases Due to Liquid Tank Failures

15.7.3.3.1 Identification of Causes and Frequency Classification

Accidents involving release of radioactive liquids from tanks may involve rupture of tanks inside
the containment, inside the auxiliary building, or of the refueling water or condensate storage
tanks located outside. Tanks inside the containment include the reactor coolant drain tank and
quench tank, which are designed to Seismic Category II criteria. The volume control tank and
all liquid radwaste processing tanks, located in the Seismic Category I auxiliary building, are
designed to Seismic Category I and II criteria, respectively. The Seismic Category I refueling
water and Seismic Category II condensate storage tanks located in the yard area are surrounded
by retention basins. The Seismic Category I Condensate Storage Tank is administratively
controlled to ensure that any overflow will be within 10 CFR 20 limits. An accident involving a
liquid tank failure is considered a limiting fault.

15.7.3.3.2 Sequence of Events and System Operations

A hypothetical rupture of a tank inside the containment would release radioactive liquid to the
containment sump where it would be collected and processed through the radioactive waste
disposal system. The containment has a steel-lined interior structure; therefore, there is no
pathway for leaked fluids to affect water in unrestricted areas.

Radioactive tanks in the auxiliary buildings are contained in separate, concrete-walled rooms.
These rooms are provided with water stops at the construction joints and seals wherever piping
penetrates through the concrete walls to the tanks. Drain lines from the rooms are routed to the
radwaste area sump. Spilled leakage would be collected in the sump and processed through the
radioactive waste disposal system. Radioactive liquids released from a RWST or the Seismic
Category II condensate storage tank would be contained in the concrete retention basins
surrounding each tank. The Seismic Category I condensate storage tank is subject to
administrative controls described in section 2.4.12 for outdoor, unprotected tanks that ensure any
uncontrolled release of tank contents would be within 10 CFR 20 limits.

The liquid waste disposal system is designed to minimize or preclude discharge of
plant-originated radioactive liquid wastes to the surrounding environment. Liquids are normally
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processed and retained onsite for reuse, or are solidified and shipped offsite by an NRC-licensed
disposal contractor after solidification. However, the system has optional capability of discharge
to the circulating water system outfall within the limits of 1OCFR20. As discussed in subsection
2.4.12, the radioactive waste discharge line is the only release path for radioactive effluent
discharges into the surface water in an unrestricted area. Section 11.2 discusses the
administrative controls and automatic interlocks, together with the fail-safe design of the
instrumentation and control devices, which provide assurance against unauthorized or excessive
releases of radioactive liquids.

15.7.3.3.3 Core and System Performance

This paragraph is not applicable for a liquid tank failure.

15.7.3.3.4 Barrier Performance

This paragraph is not applicable for a liquid tank failure.

15.7.3.3.5 Radiological Consequences

No credible accident exists based on the scenarios showing that there would be no liquid release
exceeding 10 CFR 20 limits. Therefore, no formal radiological consequence evaluation of an
accident is warranted.

Refer to subsections 2.4.12 and 2.4.13 for a discussion of the effects of a postulated radioactive
liquid tank failure on surface water and groundwater.

15.7.3.4 Design Basis Fuel Handling Accident Inside Fuel Building

15.7.3.4.1 Identification of Causes and Frequency Classification

The possibility of a fuel handling accident is remote because of the many administrative controls
and physical limitations imposed on the fuel handling operations (refer to subsection 9.1.4). All
refueling operations are conducted in accordance with prescribed procedures under direct
surveillance of a supervisor technically trained in nuclear safety and fuel handling.

Design of the fuel storage racks and handling facilities in the fuel storage area is such that fuel
will always be in a subcritical geometrical array, assuming zero boron concentration in the fuel
pool water. Refer to subsection 9.1.3 for a discussion of spent fuel racks. The spent fuel pool
and refueling pool water contain boron at the refueling water boron concentration. Natural
convection of the surrounding water provides adequate cooling of fuel during handling and
storage. Adequate cooling of the water is provided by forced circulation in the spent fuel pool
cooling system. At no time during the transfer from the reactor core to the spent fuel storage
rack is a fuel assembly removed from the water. Fuel failure during refueling, as a result of
inadvertent criticality or overheating, is not possible.
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In accordance with the direction given in Sections 15.0 & 15.0.7, additional information which
completes the presentation of this event is provided in Section 15.10.7.3.4.

In the fuel building, a fuel assembly could be dropped in the fuel transfer canal or in the spent
fuel pool. In addition to the area radiation monitor located in the spent fuel cask area, portable
radiation monitors capable of emitting audible alarms are located in this area during fuel
handling operations. Doors in the fuel building are closed to maintain controlled leakage
characteristics in the spent fuel pool region during refueling operations involving irradiated fuel.
Should a fuel assembly be dropped in the fuel transfer canal or in the spent fuel pool and release

radioactivity above a prescribed level, the airborne radiation monitors sound an alarm, alerting
personnel to the problem. Airborne radiation monitors in the exhaust ducts from the fuel
handling building isolate the normal fuel handling building ventilation system and automatically
initiate the recirculation and filtration systems. HVAC Plan Drawings 40341 and 40342 show
the location of the isokinetic probes in the exhaust ducts and the general arrangement of the
exhaust ducts in the fuel handling building. Interlocks and mechanical stops prevent the spent
fuel cask handling crane from moving the cask over stored irradiated fuel and limit cask
movement (refer to subsection 9.1.4). The probability of a fuel handling accident is very low
because of the safety features, administrative controls, and design characteristics of the facility
as previously mentioned. However, since the fuel handling accident is considered a limiting
fault, it is postulated that a fuel assembly is dropped during refueling operations in the fuel
building, breaching the cladding of the fuel pins and releasing the volatile fission products
contained in the gap region of the fuel pin.

15.7.3.4.2 Sequence of Events and System Operation

15.7.3.4.2.1 Design Basis Sequence of Events and System Operation

A description of the refueling procedure appears in subsection 9.1.4. The earliest anticipated
time at which a spent fuel assembly would be handled is 3 days after shutdown.

For the design basis accident, the failure of 472 fuel rods was evaluated. The failure of 472 fuel
rods is the largest number of fuel rods that could fail from the worst postulated assembly drop as
described in paragraph 15.7.3.4.2.2.

The resultant release of radioactivity, after escaping from the spent fuel pool, is exhausted from
the fuel handling building during a 2 hour period.

15.7.3.4.2.2 Structural Evaluation of Fuel Assembly

The analysis assumes that a fuel assembly is dropped during fuel handling. Interlocks and
procedural and administrative controls make such an event highly unlikely; however, if an
assembly were damaged to the extent that one or more fuel rods were broken, the accumulated
fission gases and iodines in the fuel rod gaps would be released to the surrounding water.
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Release of the solid fission products in the fuel would be negligible because of the low fuel
temperature during refueling.

The fuel assemblies are stored within the spent fuel rack at the bottom of the spent fuel pool.
The top of the rack extends 13.2 inches above the tops of the stored fuel assemblies. A dropped
fuel assembly could not strike more than one fuel assembly in the storage rack. Impact could
occur only between the ends of the involved fuel assemblies, the bottom end fitting of the
dropped fuel assembly impacting against the top end fitting of the stored fuel assembly. The
maximum drop distance for this event is 74 inches from the bottom of a fuel assembly residing in
the spent fuel handling machine to the top of a fuel assembly in the spent fuel storage racks. For
the 74-inch drop, the fuel assembly impact velocity is 215 in./s and the impact stress in the fuel
rod cladding is 20,100 psi. Criticality is not a concern for this postulated event, since the rack
configuration remains intact.

Two cases were considered for the accidental drop of a fuel assembly onto or into the racks.
These were:

A. Westinghouse 14 x 14 standard fuel assembly with control rods, total dry weight of
1260 pounds, dropped from a conservative height of 24.9 feet above the pool floor.

B. Combustion Engineering 16 x 16 fuel assembly with control rods, total dry weight
of 1540 pounds, dropped from a conservative height of 21.17 feet above the pool
floor.

The drop orientations considered were a drop of an assembly onto the top of the racks with the
assembly in a vertical position, drop of an assembly onto the top of the racks with the assembly
in an inclined position, and a drop of a fuel assembly through an empty cell to the bottom of the
pool.

The results of these analyses show that with 1800 ppm boron in the fuel pool water, fuel
criticality does not occur. Thus, the acceptance criterion of no fuel criticality is met for all
credible fuel drop accidents. Further, each of these three drop orientations was evaluated to
determine the velocity of impact with the pool liner. In each case the structure at the lower end
of the assembly had enough strain energy capacity to absorb the drop kinetic energy. When
consideration was given to the "footprint" of the dropped assembly, the stresses imposed on the
pool liner were determined not to perforate the pool liner for any of the drop accidents.

The maximum possible drop distance for a fuel assembly in the spent fuel pool is 254 inches.
This is the distance from the bottom of a fuel assembly in the spent fuel handling machine to the
spent fuel pool floor. For this worst case drop, the velocity of the fuel assembly at impact with
the fuel pool floor is 362 in./s and the impact stress in the fuiel rod cladding is 34,000 psi.
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The analyses of the fuel assembly vertical drops reported above were performed with a
calculational model that incorporates skin friction and form drag of the fuel assembly into a
mathematical formulation of the fuel assembly motion which is given below:

S+ [(Fs + FD)/M] k2 -W/M = 0 (1)

where:

Fs = skin friction coefficient

FD = form drag coefficient

M = mass of a fuel assembly

W = net weight of a fuel assembly

) = net velocity

j = acceleration

The equation employed in calculating the impact stresses in the fuel rod clad is as follows:

, = p (2)

where:

Cm = impact stress

ý1, I = impact velocity

E = modulus of elasticity

p = mass density

The allowable stress in the fuel rod cladding, a yield is 49,000 psi. This is the minimum yield
stress value for unirradiated Zircaloy-4 and is conservative for irradiated fuel. Thus, for the
worst case fuel assembly vertical drop, the impact stresses which result from absorbing the
kinetic energy of the drop are below the yield stress of the clad and no fuel rod failures will
occur.

The original design basis structural analysis postulated that the worst case fuel assembly
horizontal impact results from a vertical drop of the maximum possible distance (254 inches) to
the fuel pool floor, followed by rotation of the fuel assembly to the horizontal position. During
this rotation, it is postulated that the assembly strikes a protruding structure. The fuel storage
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pool is designed without such protruding structures and hence the shape and nature of the
assumed member is indeterminate. For this analysis, therefore, a line load has been assumed for
the most severe accident.

The original design basis structural analysis of this fuel assembly drop has revealed that the most
severe impact location is between the top two spacer grids due to the relatively higher impact
velocity of the top of the fuel assembly. Since the impact area is within the fuel rod upper
plenum region, the fuel pellets do not provide clad support and do not enter into the failure
analysis. To obtain an estimate of the number of fuel rods which might fail, the fuel assembly
was modeled and calculations performed with the SHOCK(2) computer code. The SHOCK code
allows modeling of the fuel assembly to include consideration of localized deformations about
the impact point as well as general bending of the fuel assembly. The code's input data
describing fuel material properties and pool conditions were kept consistent with the
circumstances of the accident; i.e., irradiated fuel assembly material properties, water and fuel
rod cladding temperatures corresponding to spent fuel pool conditions. For this worst case fuel
assembly drop accident, no more than four rows of fuel rods (60 rods) would fail due to the
combined bending and localized deformation which results from absorbing the kinetic energy at
impact. For conservatism, fuel rod cladding failure was assumed to occur if the stress
distribution across the fuel rod tube reached a uniform value equal to the yield stress of irradiated
Zircaloy. The use of irradiated fuel rod properties for the horizontal impact is conservative
because of the greater energy absorbing capability of unirradiated Zircaloy.

The current structural evaluation was originated to determine the extent of fuel rod damage
produced by a fuel assembly (i.e., fuel bundle) being dropped from the fuel handling device and
impacting one or more fuel bundles in the spent fuel rack during fuel handling operations. The
structural evaluation addresses increases in the fuel bundle weight and to include the weights of
components, handling grapples, and discretionary margin. Fuel rod damage is limited to
236 rods per bundle (two bundles are considered, dropped and impacted) regardless of the
type(s) or number(s) of impact.

In the current structural evaluation, energy balance theory is employed to determine the number
of damaged fuel rods resulting from the postulated events. The methodology used in the current
structural evaluation is in keeping with the original structural analysis.

Due to the design of the spent fuel rack, each spent fuel bundle is placed in a separate rack with
very small gaps between the full assembly and the rack. Moreover, the height of the rack
exceeds the height of the spent fuel bundle. Therefore, the spent fuel bundle may be impacted
only by a vertically falling fuel assembly hitting the bundle symmetrically, i.e. the axis of the
dropped fuel assembly must coincide with the axis of the impacted bundle (asymmetrical contact
is practically non-achievable, and a horizontally dropped assembly cannot hit a fuel bundle). No
more than one impacted fuel bundle may be affected, and no tipping of the impacted fuel bundle
is achievable. Therefore, the only loading on an impacted fuel bundle in the spent fuel rack is the
result of a symmetrical impact with the vertically dropped fuel bundle. In addition, the structural
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evaluation considers that the vertically dropped fuel bundle could tip over after impact with the
spent fuel rack and come to rest with a horizontal impact.

For the fuel handling accident inside the fuel handling building, the current structural evaluation
for the bundle drop scenario at the spent fuel rack location determines that a maximum of
472 fuel rods will fail as a result of a vertical drop of the fuel assembly for a dropped weight up
to 2065 pounds. The drop weight of 2065 pounds represents a bundle dry weight of
1495 pounds, plus 120 pounds of components (e.g., control element assembly [CEA], neutron
sources, etc.) plus 400 pounds of grapples, plus 50 pounds discretionary margin.

15.7.3.4.3 Core and System Performance

This paragraph is not applicable for a fuel handling accident.

15.7.3.4.4 Barrier Performance

This paragraph is not applicable for a fuel handling accident.

15.7.3.4.5 Radiological Consequences

This section presents the assumptions, design input, methodology, and radiological
consequences of a fuel handling accident inside the fuel handling building (FHA-FHB), based on
the alternative source term (AST) guidance of Regulatory Guide (RG) 1.183.

Regulatory Guide 1.183 Appendix B provides assumptions for use in evaluating the radiological
consequences of an FHA-FHB using AST methodology. These assumptions supplement the
guidance provided in the main body of RG 1.183.

The characteristics of the FHA-FHB model are summarized in table 15.7-5. A supplemental
description of the FHA-FHB model source term, and control room and offsite dose receptors, is
presented in appendix 15G.
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Table 15.7-5
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES OF A

FUEL HANDLING ACCIDENT IN THE FUEL HANDLING BUILDING

FHA-FHB PARAMETER MODELED VALUE

Dose acceptance criteria, Rem TEDE
Control Room 5
EAB 6.3
LPZ 6.3

FHA-FHB source term
Maximum decay time after reactor shutdown, hours 12,240 (17 months)
Average fuel rod isotope inventory at 12,240 hours, curies/rod per Appendix 15G Table 15G-4
Radial peaking factor applied to all failed fuel rods 1.75
Number of failed fuel rods 472

Core fission product fractions in fuel rod gaps
Iodine-131 0.08
Krypton-85 0.10
Other noble gases (Krypton, Xenon) 0.05
Other Halogens (Iodine, Bromine) 0.05
Alkali Metals (Cesium, Rubidium) 0.12

Fraction of gap activity released to the fuel storage pool 1.00
Minimum water depth above damaged fuel rods, feet 23
Fuel storage pool decontamination factors

Jodines (effective DF) 200
Noble Gases I
Particulates Infinite

Iodine composition above the fuel storage pool, percent of iodine
Elemental iodine 57
Organic iodide 43

Fuel Handling Building model
ESFAS - fuel handling [building] isolation signal (FHIS) not modeled
Post-Accident Cleanup Units (PACUs) not modeled
Activity release duration from FHB, hours 2
FHB net free volume, cubic feet 365,305
FHB air exhaust flow rate, ft3/minute 22,000

Offsite dose evaluation model per Appendix 15G Section 15G.3
Control Room dose evaluation model per Appendix 15G Section 15G.4
FHA-FHB Release Points to Control Room per Section 2.3.4.2.2 and
Atmospheric Dispersion Factors, seconds/m3 Figure 6.4-3
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15.7.3.4.5.1 FHA-FHB Source Term

The fuel handling accident inside the fuel handling building involves the inadvertent dropping of
a fuel assembly during fuel handling operations, and the consequent rupture of fuel pins in the
dropped assembly. Consistent with RG 1.183 Appendix B Section 1.1, the number of fuel rods
damaged during the accident is based on a conservative analysis that considers the most limiting
case. Section 15.7.3.4.2.2 presents a structural evaluation which determined that a maximum of
472 fuel rods will fail as a result of the drop of a fuel assembly on to the fuel assemblies stored in
fuel storage pool fuel racks.

Table 15G-4 presents the fission product inventory of an average fuel rod in the reactor core.
Consistent with the guidance of RG 1.183 Regulatory Position 3.1, to account for differences in
power level across the core, a radial peaking factor of 1.75 is applied to the Table 15G-4 average
fuel rod isotope inventory to determine the activity inventory in each of the 472 failed fuel rods.
Consistent with RG 1.183 Appendix B Section 3.1, the FHA-FHB dose analysis models
12,240 hours of radioactive decay prior to the event, which is also consistent with the minimum
decay time required by SONGS administrative controls prior to movement of irradiated fuel in
the reactor vessel.

Consistent with RG 1.183 Appendix B Section 1.2, the fission product release from the breached
fuel is based on RG 1.183 Regulatory Position 3.2. Consistent with RG 1. 183 Footnote 11, the
release fractions are acceptable for use since the fuel has a peak burnup of less than 62,000
MWD/MTU, and a maximum linear heat generation rate that does not exceed 6.3 kw/ft peak rod
average power for burnups exceeding 54 GWD/MTU.

All gap activity in the damaged rods is instantaneously released into the fuel storage pool.
Radionuclides that are considered include isotopes of xenon, krypton, iodine, bromine, cesium,
and rubidium. Cesium and rubidium are particulates that are retained in the spent fuel pool
water. Therefore, these radionuclides do not contribute to the FHA doses.

Consistent with RG 1.183 Appendix B Section 1.3, the chemical form of radioiodine released
from the fuel to the fuel storage pool is assumed to be 95% cesium iodide (CsI), 4.85 percent
elemental iodine, and 0.15 percent organic iodide. The CsI released from the fuel is assumed to
completely dissociate in the fuel storage pool water and instantaneously re-evolve as elemental
iodine. Consequently, the chemical form of radioiodine in the fuel storage pool, prior to
application of a decontamination factor, is 99.85 percent elemental iodine and 0.15 percent
organic iodide.

Per Units 2 & 3 Technical Specification LCO 3.7.16, during movement of irradiated fuel
assemblies in the fuel storage pool, the fuel storage pool water level shall be at least 23 feet over
the top of the irradiated fuel assemblies seated in the storage racks. As noted in the LCO 3.7.16
Bases, there would be less than 23 feet of water above the top of a dropped single bundle lying
horizontally on top of the spent fuel racks. However, as also noted in the LCO 3.7.16 Bases,
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when the potential of a dropped fuel assembly exists (which is when fuel is being moved) a
water level is maintained that would ensure that there would be greater than 23 feet above the
fuel assembly laying on top of the racks. This increased water level is required by Units 2 & 3
Technical Specification LCO 3.9.6 when the fuel storage pool is connected to the refueling
cavity and by station procedures whenever fuel is being moved.

Consistent with RG 1.183 Appendix B Section 2, the 23 foot water depth requirement allows for
elemental and organic iodine decontamination factors of 500 and 1, respectively, giving an
overall effective decontamination factor of 200 (i.e., 99.5% of the total iodine released from the
damaged rods is retained by the water). This difference in decontamination factors for elemental
(99.85%) and organic iodine (0.15%) species results in the iodine above the water being
composed of 57% elemental and 43% organic species.

Consistent with RG 1.183 Appendix B Section 3, the retention of noble gases in the water in the
fuel storage pool is negligible (i.e., decontamination factor of 1). Particulate radionuclides are
assumed to be retained by the water in the fuel storage pool (i.e., infinite decontamination
factor).

15.7.3.4.5.2 FHA-FHB Activity Release Model

Consistent with RG 1.183 Appendix B Section 4.1, the radioactive material that escapes from the
fuel storage pool to the fuel handling building is released to the environment over a 2-hour time
period (i.e., FHB closure is not modeled during the FHA-FHB event).

Consistent with the 2-hour release model requirement, the FHA-FHB AST dose analysis does
not model the generation of an ESFAS fuel handling [building] isolation signal (FHIS). The
FHB normal ventilation exhaust is assumed to remain operational throughout the FHA-FHB
event.

The FHB air volume dilutes the gaseous activity released from the damaged fuel rods.

The FHA-FHB AST dose analysis does not model a reduction in the amount of radioactive
material available for release from the FHB by the fuel handling building post-accident cleanup
unit (PACU) filter system. The FHB PACU system consists of two independent, redundant
trains that each consists of charcoal and HEPA filters for the removal of airborne gaseous and
particulate activity following a fuel handling accident.

The release of activity to the environment within the required 2-hour time period is established
by specifying a FHB air exhaust flow rate that ensures that at least 99.9 percent of the gaseous
activity will be released to the environment.

Activity released during the FHA-FHB event is transported by atmospheric dispersion to the
control room HVAC intake and to the offsite EAB and LPZ dose receptors. Activity may be
released to the environment via the FHB normal ventilation exhaust system through the main
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plant vent, or as leakage through FHB penetrations (e.g., doors). Table 15.7-5A presents the San
Onofre site-specific 95th percentile meteorology atmospheric dispersion factors for these release
pathways as discussed in Section 2.3.4.2.2. Since one set of atmospheric dispersion factors does
not consistently yield less dispersion than the others over time, a composite maximum of the two
release points is utilized for assessing control room dose consequences. No credit is taken for
radioactive decay of the isotopes during atmospheric dispersion transit to the control room or
offsite dose locations. Consistent with RG 1.183 Regulatory Positions 4.1.7 and 4.2.2, no
correction is made for depletion of the effluent plume by deposition on the ground.

Table 15.7-5A
FHA-FHB CONTROL ROOM ATMOSPHERIC DISPERSION FACTORS

FHA-FHB to CR 95th Percentile
Atmospheric Dispersion Factors (seconds/m13

FHB Main Plant Vent ModeledTime Interval Release Point Release Point Value

0 to 2 hours 9.48E-04 1.15E-03 1.15E-03
2 to 8 hours 7.61E-04 6.23E-04 7.61E-04

8 to 24 hours 1.92E-04 2.14E-04 2.14E-04
1 to 4 days 2.65E-04 2.22E-04 2.65E-04

4 to 30 days 2.43E-04 2.02E-04 2.43E-04

15.7.3.4.5.3 FHA-FHB EAB and LPZ Model

Regulatory Guide 1.183 Regulatory Position 4.1 provides guidance to be used in determining the
total effective dose equivalent for persons located at or beyond the boundary of the exclusion
area, including the outer boundary of the low population zone. Appendix 15G Section 15G.3
addresses the applicability of this guidance to the SONGS Units 2 & 3 AST FHA-FHB dose
analysis as it relates to the offsite dose exposure parameters.

As discussed in Appendix 15G Section 15G.3, the FHA-FHB dose analysis considers the dose
consequences of inhalation and immersion. Radioactive material in the fuel handling building is
assumed to be a negligible radiation shine source to the offsite dose receptors relative to the dose
associated with immersion in the radioactive plume released from the facility.

Consistent with RG 1.183 Regulatory Positions 4.1.5, 4.1.6 and 4.4 and Table 6, the FHA-FHB
event radiological criterion for the EAB and for the outer boundary of the LPZ is 6.3 Rem
TEDE.

15.7.3.4.5.4 FHA-FHB Control Room Model

Regulatory Guide 1.183 Regulatory Position 4.2 provides guidance to be used in determining the
total effective dose equivalent for persons located in the control room. Appendix 15G Section
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15G.4 addresses the applicability of this guidance to the SONGS Units 2 & 3 AST FHA-FHB
dose analysis as it relates to the control room dose exposure parameters.

The control room emergency air cleanup system (CREACUS) Emergency mode of operation can
be actuated either manually or automatically following a Control Room Isolation Signal (CRIS).
The CRIS may be generated automatically by a Safety Injection Actuation Signal (SIAS) or by

the detection of high radioactivity concentrations in the control room outside air inflow.

The Control Room (CR) dose during a design basis FHA-FHB following permanent
shutdown of SONGS Units 2 and 3 is based on:

(a) No credit for CREACUS and CRIS and no gamma radiation shine from
CREACUS charcoal and HEPA filters.

(b) CR doses are evaluated at various CR unfiltered inflow (including inleakage)
flow rates. The flow rates were varied from 500 cfm to 15,000 cfm, but only the
bounding CR dose is reported.

As discussed in Appendix 15G Section 15G.4, the FHA-FHB dose analysis considers the dose
consequences of inhalation, immersion, and radiation shine from the environmental (or outside)
cloud. Radiation shine from contaminated air in the fuel handling building is considered
negligible due to the presence of numerous intervening concrete walls and the geometric
attenuation due to the distance between the FHB and the control room.

Consistent with RG 1.183 Regulatory Position 4.4, as an AST dose analysis acceptance criterion
the postulated control room dose is evaluated to ensure that that it does not exceed the 5 Rem
TEDE criterion established in 10 CFR 50.67.

15.7.3.4.5.5 FHA-FHB Dose Consequences

The resulting FHA-FHB offsite and control room operator doses are listed in Table 15.7-6. The
analysis demonstrates that the FHA-FHB event criteria are met.

Table 15.7-6
FHA-FHB DOSE CONSEQUENCES
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FHA-FHB ACCEPTANCE
DOSE RECEPTOR DOSE CRITERION

(REM TEDE) (REM TEDE)

Control Room (30-day accident duration) 0.06E3 5(0.06 mRem TEDE)

EAB (Maximum 2-hour dose -- 0.0 to 2.0 hours) 0.20Em3 6.3
(0.20 mRem TEDE)_________

0.01E-3 .LPZ (30-day accident duration) (0.01 mR TEDE)

15.7.3.5 Spent Fuel Cask Drop Accidents

This section analyzes spent fuel cask drop events. Three situations are considered: a spent fuel
cask drop into the spent fuel pool, a spent fuel cask dropped by the Cask Handling Crane onto a
flat surface, and a spent fuel transfer cask drop (due to a seismic event) from the upper shelf in
the cask pool back into the lower portion of the cask pool. The spent fuel transfer cask may be
loaded with up to 32 fuel assemblies.

The spent fuel cask drop events are evaluated based on the ability of the cask drops to cause the
release of radioactive materials. This includes consideration of the allowed travel paths of the
casks, their lift heights, and the items onto which they can be dropped.

15.7.3.5.1 Cask Drop Into Spent Fuel Pool

As discussed in subsection 9.1.4, the cask handling crane is prohibited from traveling over the
spent fuel pool or any unprotected safety-related equipment. Thus, an accident resulting from
dropping a cask or other major load into the spent fuel pool is not credible. In addition, single-
failure-proof cranes will be used at Units 2 and 3 to lift a spent fuel transfer cask out of a cask
pool.

15.7.3.5.2 Cask Drop to Flat Surface

As discussed in subsection 9.1.4, the potential drop of a spent fuel cask is limited to less than an
equivalent 30-foot drop onto a flat, essentially unyielding, horizontal surface. Thus, the
radiological consequences of this accident are not evaluated. In addition, single-failure-proof
cranes will be used at Units 2 and 3 to lift a spent fuel transfer cask out of a cask pool.

15.7.3.5.3 Cask Drop from Upper Shelf in the Cask Pool

Even though single-failure-proof cranes will be used at Units 2 and 3 to lift a spent fuel transfer
cask out of a cask pool, a drop can be postulated when the cask is placed on the upper shelf (i.e.,
step) of a cask pool for lifting yoke change-out, prior to the transfer cask being welded closed.
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During this evolution, the transfer cask is not restrained and could fall back into the lower
portion of the cask pool if an earthquake occurs.

It is assumed that a minimum of 17 months have elapsed since permanent discharge from the
core for Unit 2 or 3 fuel assemblies that are loaded into a transfer cask. The fuel rods from all
32 fuel assemblies that may be present in a transfer cask are conservatively assumed to rupture
on impact with the bottom of the cask pool. All of the radioactive iodine and noble gases present
in the gap volumes of the decayed fuel rods are assumed to be released from the unwelded
transfer cask.

Other than the number of fuel assemblies considered to fail, the cask drop accident is modeled
identically to that of the fuel handling accident in the fuel handling building (FHA-FHB), as
addressed in UFSAR Section 15.7.3.4. No ESF system is used to mitigate the Control Room,
Exclusion Area Boundary (EAB) or Low Population Zone (LPZ) dose consequences of the cask
drop accident event. This includes no credit for the Fuel Handling Isolation Signal (FHIS), the
fuel handling building post accident cleanup unit (PACU) filtration system, the Control Room
Isolation Signal (CRIS) and the control room (CR) emergency air cleanup system (CREACUS).
Doses are evaluated for various control room unfiltered intake plus unfiltered inleakage inflow
rates.

The release of radioactive material to the atmosphere represents a potential exposure hazard to
control room personnel and the general public at the Exclusion Area Boundary (EAB) and Low
Population Zone (LPZ). The CR, EAB and LPZ doses are calculated using the dose evaluation
model described in Section 15.7.3.4 and Appendix 15G. Consistent with the FHA-FHB event,
the cask drop accident radiological criteria are 5 Rem TEDE for the control room dose and
6.3 Rem TEDE for the EAB and LPZ doses. The resulting cask drop accident offsite and control
room operator doses are listed in Table 15.7-6A. The analysis demonstrates that the cask drop
accident criteria are met.

Table 15.7-6A
CASK DROP ACCIDENT DOSE CONSEQUENCES

CASK DROP ACCEPTANCE
DOSE RECEPTOR DOSE CRITERION

(REM TEDE) (REM TEDE)

Control Room (30-day accident duration) 0.89E-3 5_____________________________ (0.89 mRem TEDE) _______

EAB (Maximum 2-hour dose -- 0.0 to 2.0 hours) 3.09E-3 6.3
0_(3.09 Rem TEDE)-

LPZ (30-day accident duration) 0.09E-3 6.3
______________________________(009 mZm TEDE)6.
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15.7.3.6 Spent Fuel Pool Gate Drop Accident

Table 15.7-7
DELETED

The spent fuel pool gates consist of the transfer pool gate and the cask pool gate. During normal
opening and closing, the gates operate on rails and are not subject to being dropped. The gates
are periodically removed from the rails to perform maintenance on the gate seals. During
removal and reinstallation, the gates are temporarily moved over the high density spent fuel
storage racks. A gate drop accident is postulated where a gate is accidentally dropped while
being carried over the racks.

Evaluation of a pool gate drop was based on a drop height of 30 inches (elevation 36' 4") above
the top of the rack. This height is administratively controlled by permitting a maximum vertical
clearance of 10 inches between the bottom of the gate and the bottom edge of the gate opening
until the gate is laterally moved clear of the SFP. The dimensions of the gate are 41.0 x 343.5 x
0.75 inches. The weight of the gate is 4500 pounds.

The maximum penetration occurs for the case when the gate impacts the rack at 45'. The
resulting penetration depth is 21.2 inches. This results in potential fuel damage in six cells.

The amount of penetration was determined from "conservation of energy"; i.e., the energy
absorbed through plastic deformation of the rack was equated to the change in potential energy
of the gate. Because all the deformation was assumed to occur in the rack and drag due to water
was ignored, a conservative upper bound on the penetration was determined.

Energy absorbed by the rack was based on a "knife-edge" penetration of the cell wall. Because
the gate thickness is only 0.75 inches, the force to initiate this type of penetration is significantly
less than any other mode of penetration. The absorbed energy was calculated by conservatively
assuming perfectly plastic deformation at a load which results in a shear stress equal to 57% of
the minimum compressive yield strength of the cell wall. The impact location was selected such
that the maximum number of fuel assemblies was affected.

These calculations were done for a Region II rack. This region is limiting because it has only
one cell wall between adjacent storage locations, whereas Region I has two cell walls between
adjacent storage locations.

The results of the radiological analysis show that, with no credit taken for the FHB filters, the
doses at the exclusion area boundary would exceed the dose critiera of well within (less than
25% of) the lOCFR100 limits. The Control Room doses would also exceed the limits of
IOCFR50 Appendix A, General Design Criterion 19.
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To eliminate the potential for adverse radiological consequences, the following administrative
controls provide assurance that the cask pool and transfer pool gates will not impact fuel
assemblies stored in the impact zone or while reconstitution activities are in progress:

A. The spent fuel pool gates shall not be removed from the installed position while
reconstitution activities are in progress. Normal operation of opening and closing the gates
is permitted.

B. Prior to and during rigging for removal and reinstallation of the cask pool and transfer pool
gates, all fuel assemblies shall be located outside the potential primary impact zones:

1. The primary impact zone for the transfer pool gate is located within storage racks Nos.
1 and 2, which are Region 1 type racks. Cells in rows F through P and 1 through 3 are
included (30 cells total).

2. The primary impact zone for the cask pool gate is located within storage racks Nos. 7
and 8, which are Region II type racks. Cells in rows HH through SS and 51 through
54 are included (44 cells total).

15.7.3.7 Test Equipment Drop

In order to assure that excessive radiological consequences do not occur due to a test equipment
skid drop, an analysis was performed that assumes a drop of a 4500 lb. piece of equipment from
a height of 47 feet above the pool floor. The assumed equipment consists of a 4-foot by 6-foot
base with a 200-inch long vertical H-beam attached to the base at one of the 4-foot edges.
Conservative drag calculations made for this piece of equipment indicated that the equipment
would impact the top of the racks with a velocity of approximately 206 in/s. The kinetic energy
of the equipment is then converted into strain energy in the rack structure.

Calculations were made to determine the load required to compress a fuel rack cell. When the
yield point of the cell is reached, local buckling increases rapidly as the cell is compressed. The
penetration into the rack top if the equipment base is conservatively assumed to be at an angle
with the horizontal of 45E when it impacts the rack was calculated. The maximum penetration
in this case is approximately 16 inches.

The top of the Unit 1 fuel assembly is approximately 51.5 inches below the top of the rack.
Therefore, this drop will not result in damage to Unit 1 fuel assemblies. The top of the Units 2
and 3 fuel assemblies is approximately 13.2 inches below the top of the rack and this drop would
result in damage to 14 Units 2 and 3 fuel assemblies. An additional analysis was made to
determine the maximum drop height under which no fuel assembly damage results. It was
determined that for a drop height of 72 inches above the top of the rack the test equipment will
impact the top of the rack with a velocity of 177 in/s. The penetration into the rack top if the
equipment base is conservatively assumed to be at an angle with the horizontal of 45E when it
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impacts the rack was calculated. The maximum penetration in this case is 13.0 inches below the
top of the rack. Given the drop penetration of 13 inches no fuel damage occurs.

Control rods stored integrally with fuel assemblies extend above the top of the fuel assembly
upper end fitting about 1.4 inches for a SONGS 1 fuel assembly and 11.1 inches for a SONGS 2
and 3 fuel assembly. Control rods inserted into a SONGS 1 assembly do not increase the
potential for fuel damage because a dropped test equipment skid can not penetrate the racks far
enough to impact the top of the control rod. For a SONGS 2 or 3 assembly containing a CEA,
analysis shows that the CEA will not be impacted during a potential drop if the test equipment
skid is maintained below 11.2 inches above the tops of the racks.

These calculations were done for a Region II rack. Since this type of rack has only one cell wall
between adjacent storage locations and the Region I rack has two cell walls between adjacent
storage locations, the Region II rack is the limiting case.

Administrative controls will be implemented to provide assurance that the radiological
consequences of these drops are acceptable. The administrative controls include the following:

A. The height above the pool floor that the skid may be carried over rack cells which
contain Unit 1 fuel assemblies shall be limited to 47 feet (elevation 64 feet 6 inches).

B. When the skid is lowered, it shall be lowered over empty racks or rack cells containing
Unit 1 fuel assemblies only.

C. The maximum height that the skid may travel horizontally over the racks containing
Unit 2 or 3 fuel assemblies without CEAs shall be 72 inches (elevation 39 feet 10
inches). A drop from this height will not damage Units 2 and 3 fuel assemblies.

D. All Unit 2 or 3 fuel assemblies are to be removed from the test equipment skid impact
zone, 10 by 12 cells, prior to lifting or lowering the skid over the high density spent
fuel storage racks.

E. The test equipment skid shall be maintained 11 inches or less above the top of the
racks when passing over CEA bearing SONGS Units 2 and 3 spent fuel assemblies in
the high density spent fuel storage racks.

With these controls in place, it will ensure that the fuel assemblies are not damaged, since the
depth of penetration will not impact the racks at the level where the fuel assemblies are located.
Since no fuel assemblies are damaged, there are no radiological consequences for the test
equipment drop.
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15.7.3.8 Spent Fuel Pool Boiling Accident

The postulated loss of all spent fuel pool (SFP) cooling is assumed to result in SFP boiling and
the release of a portion of the radionuclide inventory contained in the stored spent fuel
assemblies and the SFP water.

The evaluation of the radiological consequences for the SFP boiling event assumes a minimum
of 17 months since the shutdown of Units 2 and 3. Appendix 15G identifies the isotopes present
in spent fuel after this period of shutdown decay.

Following a loss of SFP cooling, activity releases from the spent fuel due to evaporation and
boiling disperse to the Control Room, Exclusion Area Boundary (EAB) and Low Population
Zone (LPZ) locations.

The radiological consequence analysis conservatively does not differentiate between the activity
release rates before and after the onset of SFP boiling. Noble gas, iodine and tritium activity
present in the failed fuel rod gap spaces of fuel rods stored within the SFP is released to the SFP
water at the noble gas, iodine and tritium escape rate coefficients listed in UFSAR Table 11.1-1,
with the added conservatism of an assumed spiking factor of 100. The noble gas and iodine fuel
rod gap fractions are consistent with Alternative Source Term (AST) methodology. The tritium
fuel rod gap fraction is assumed to be the same as that for the majority of noble gas and iodine
isotopes. Both before and after the onset of SFP boiling, spent fuel noble gases, iodine and
tritium gas escaping from the failed fuel rod gap spaces are assumed to be instantaneously
released with no hold up or iodine partitioning in the SFP water.

Tritium activity present in the SFP water prior to the loss of SFP cooling is assumed to be
released at the SFP boiling rate for the duration of the event. The SFP boiling rate is
conservatively greater than the SFP evaporation rate present prior to the onset of SFP boiling.
The SFP boiling rate is a function of the decay heat load, and the heat of vaporization of water.

No credit is taken for activity retention within the fuel handling building air. No credit is taken
for Fuel Handling [Building] Isolation Signal (FHIS) or filtration by the Fuel Handling Building
Post-Accident Cleanup Units (PACUs). All activity escaping from the SFP is assumed to be
instantaneously released to the environment and atmospherically dispersed to the control room
and offsite dose receptors.

No credit is taken for Control Room Isolation Signal (CRIS) or the Control Room Emergency
Air Cleanup System (CREACUS). For conservatism the control room dose is calculated for an
individual at the control room outside air intake location. The total effective dose equivalent
(TEDE) dose at this location is conservatively greater than it would be inside the Control Room.
The activity concentration inside the control room would be smaller since only a portion of the
outside cloud would enter the control room envelope via ventilation system inflow or inleakage.

15.7-25 Rev: 30



San Onofre 2&3 FSAR
Updated

RADIOACTIVE RELEASE FROM
A SUBSYSTEM OR COMPONENT

Table 15.7-7A lists the parameters used for performing the dose analysis for the postulated SFP
boiling event. Additional assumptions associated with Alternative Source Term (AST) modeling
are provided in Appendix 15G.

The offsite radiological doses for the postulated SFP boiling accident do not exceed 25% of the
10 CFR Part 50.67 exposure guidelines. The radiological consequences of this event are
presented in Table 15.7-8.
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Table 15.7-7A
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES OF A

SPENT FUEL POOL BOILING EVENT

SFP BOILING PARAMETER MODELED VALUE
Number of Stored Spent Fuel Assemblies in Spent Fuel Pool 1542
(SFP) (= total available spaces)
SFP Decay Heat Load (17 months post-shutdown), BTU/hr 3.879E6
SFP Boiling Rate, ft3/hour 66.84
Failed Fuel, % 1
Failed Fuel Escape Rate Coefficients, sec-'

Noble Gases 6.5E-8
Iodine 1.3E-8
Tritium 1.4E- 11

Spiking Factor for Noble Gases, Iodine and Tritium Releases 100
from Failed Fuel
Fuel Rod Gap Release Fractions
Iodine- 131 0.08
Krypton-85 0.10
Other noble gases (Krypton, Xenon) 0.05
Other Halogens (Iodine, Bromine) 0.05
Tritium 0.05

SFP Water Iodine Decontamination Factor 1
Fuel Handling [Building] Isolation Signal (FHIS) not modeled
Fuel Handling Building Post-Accident Cleanup Units (PACUs) not modeled
Activity Release from FHB SFP Activity Release

instantaneously dispersed
to dose receptor

Offsite Dose Evaluation Model per Appendix 15G
Section 15G.3

per Appendix 15G
Section 15G.4

Control Room Dose Evaluation Model (no credit for CRIS or
CREACUS operation)

FHB Release Points to Control Room Atmospheric Dispersion per Section 2.3.4.2.2 and
Factors, seconds/mr3 Figure 6.4-3
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Table 15.7-8
RADIOLOGICAL CONSEQUENCES OF SPENT FUEL POOL BOILING

SFP BOILING ACCEPTANCE
DOSE RECEPTOR DOSE CRITERION

(REM TEDE) (REM TEDE)

Control Room (30-day accident duration) 11.96E-03 5
(11.96 mRem TEDE)

EAB (Maximum 2-hour dose -- 0.0 to 2.0 hours) 0.08E-03 6.3
(0.08 mRem TEDE)

LPZ (30-day accident duration) 0.25E-03 6.3______________________ 1__ (0.25 mRemTEDE) _______

15.7.3.9 Design Basis Fuel Handling Accident Inside Containment

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.7.3.9.1 Identification of Causes and Frequency Classification

The possibility of a fuel handling accident is remote because of the many administrative controls
and physical limitations imposed on the fuel handling operations (refer to subsection 9.1.4). All
refueling operations are conducted in accordance with prescribed procedures under direct
surveillance of a supervisor technically trained in nuclear safety and fuel handling.

In accordance with the direction given in Sections 15.0 & 15.0.7, additional information which
completes the presentation of this event is provided in Section 15.10.7.3.9.

Before refueling operations start, the boron concentration of the reactor is increased so that the
core will be more than 5% Ap subcritical with all control element assemblies (CEAS) removed
from the reactor. Prior to the removal of the reactor vessel head, verification of complete
insertion of all CEAs is obtained from a visual check of the control board mounted CRT which
displays the control element drive assembly (CEDM) positions. During head removal, the
audible count-rate signals from the startup channels are monitored as additional assurance that
CEAs are not being inadvertently removed.

Following head removal, the upper guide structure lift rig is installed and all five finger CEAs
are uncoupled from their drive shafts using remote tooling. Positive indication of uncoupling is
obtained by weighing each drive shaft. Satisfactory uncoupling is determined by proper weight
indication. The CEDM drive shafts are removed with the upper guide structure: the CEAs
remain in the core. During upper guide structure removal, the audible count rate signals from the
startup channels are monitored as additional assurance that CEAs are not being inadvertently
removed.
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The refueling pool water contains boron at the refueling water boron concentration. Natural
convection of the surrounding water provides adequate cooling of fuel during handling and
storage. Adequate cooling of the spent fuel pool water is provided by forced circulation in the
spent fuel pool cooling system. Adequate cooling of the reactor cavity water is provided by
forced circulation in the shutdown cooling system. At no time during the transfer from the
reactor core to the spent fuel storage rack is a fuel assembly removed from the water. Fuel
failure during refueling, as a result of inadvertent criticality or overheating, is not possible.

During fuel handling operations, the containment is kept in an isolatable condition, with all
penetrations to the outside atmosphere either closed or capable of being closed. In addition to
the area and airborne radiation monitors in the containment, portable monitors capable of
sounding audible alarms are located in the fuel handling area during refueling. Should a fuel
assembly be dropped and release activity above a prescribed level, the radiation monitors sound
an audible alarm, and personnel are evacuated.

15.7.3.9.2 Sequence of Events and System Operation

15.7.3.9.2.1 Design Basis Sequence of Events and System Operation

A description of the refueling procedure appears in subsection 9.1.4. The earliest anticipated
time at which a spent fuel assembly would be handled is 3 days after shutdown.

As discussed in Section 15.7.3.9.2.2, for the design basis accident, the failure of 472 fuel rods
was evaluated.

The resultant release of radioactivity, after escaping from the refueling fuel pool, is exhausted
from the containment during a 2-hour period.

A Control Room isolation occurs when high radiation is sensed at the Control Room outside air

intake.

15.7.3.9.2.2 Structural Evaluation of Fuel Assemblies

Section 15.7.3.4.2.2 documents the original design basis structural analysis methodology for a
dropped fuel assembly (i.e., fuel bundle).

The current structural evaluation was originated to determine the extent of fuel rod damage
produced by a fuel bundle being dropped from the fuel handling device and impacting one or
more fuel bundles in the reactor core vessel during fuel handling operations. The structural
evaluation addresses increases in the fuel bundle weight and to include the weights of
components, handling grapples, and discretionary margin. Fuel rod damage is limited to 236
rods per bundle (two bundles are considered, dropped and impacted) regardless of the type(s) or
number(s) of impact.
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In the current structural evaluation, energy balance theory is employed to determine the number
of damaged fuel rods resulting from the postulated events. The methodology used in the current
structural evaluation is in keeping with the original structural analysis.

For the fuel handling accident inside containment, the structural evaluation examines the case of
a fuel assembly (i.e., fuel bundle) being dropped from the fuel handling device and impacting
one or more fuel bundles in the reactor core vessel. Fuel bundles located in the reactor core
vessel may be struck by a vertically dropped fuel bundle with the impacting configuration being
either symmetrical or asymmetrical. In addition, the impacted fuel bundle may be tipped over
after being struck and may rotate and collide with the walls of the Core Shroud Assembly (the
impacted fuel bundle in a partial core is too tall to be able to tip over and rotate to a full
horizontal position). The dropped bundle can also tip over after impact with a bundle in the core.
The dropped bundle is assumed to rotate before impacting the Core Shroud Assembly wall.

The structural evaluation determines that another impact model involves the case when a
dropped fuel bundle impacts several (maximum of 4, and minimum of 2) fuel bundles in the
reactor core vessel. In such an event, the impact force will be distributed between the impacted
fuel bundles proportionally to the area of each fuel bundle subjected to the impact. However, the
total number of the subjected fuel rods will be essentially 236, since the gap between the fuel
bundles in a fairly complete core is minimal. Therefore, the fuel rods will experience practically
the same stress as in the case of the symmetrical vertical impact mode.

The structural evaluation also determines that for the case of a horizontally dropped bundle
falling into the reactor core, the fuel bundle cannot physically fit into the core support barrel in
the full horizontal position. The vertical drop and tipping scenario is sufficient to bound any
damage due to possible non-vertical drops.

For the fuel handling accident inside the reactor core vessel, the current structural evaluation for
the bundle drop scenario at the reactor core location determines that a maximum of 472 fuel rods
will fail as a result of a vertical drop of the fuel assembly for dropped weight up to 1865 pounds.
The drop weight of 1865 pounds represents a bundle dry weight of 1495 pounds, plus 120

pounds of components (e.g., control element assembly [CEA], neutron sources, etc.) plus
200 pounds of grapples, plus 50 pounds discretionary margin.

15.7.3.9.3 Core and System Performance

This paragraph is not applicable for a fuel handling accident.
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15.7.3.9.4 Barrier Performance

This paragraph is not applicable for a fuel handling accident.

15.7.3.9.5 Radiological Consequences

This section presents the assumptions, design input, methodology, and radiological
consequences of a fuel handling accident inside containment (FHA-IC), based on the alternative
source term (AST) guidance of Regulatory Guide (RG) 1.183.

Regulatory Guide 1.183 Appendix B provides assumptions for use in evaluating the radiological
consequences of an FHA-IC using AST methodology. These assumptions supplement the
guidance provided in the main body of RG 1.183.

The characteristics of the FHA-IC model are summarized in table 15.7-9. A supplemental
description of the FHA-IC model source term, and control room and offsite dose receptors, is
presented in appendix 15G.

In accordance with the direction given in sections 15.0 and 15.0.7, additional information which
completes the presentation of this event is provided in section 15.10.7.3.9.
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Table 15.7-9
PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES OF A

FUEL HANDLING ACCIDENT INSIDE CONTAINMENT

FHA-IC PARAMETER MODELED VALUE
Dose acceptance criteria, Rem TEDE

Control Room 5
EAB 6.3
LPZ 6.3

FHA-IC source term
Maximum decay time after reactor shutdown, hours 72
Average fuel rod isotope inventory at 72 hours, curies/rod per Appendix 15G Table 15G-4
Radial peaking factor applied to all failed fuel rods 1.75
Number of failed fuel rods 472

Core fission product fractions in fuel rod gaps
Iodine- 131 0.08
Krypton-85 0.10
Other noble gases (Krypton, Xenon) 0.05
Other Halogens (Iodine, Bromine) 0.05
Alkali Metals (Cesium, Rubidium) 0.12

Fraction of gap activity released to the refueling water 1.00
Minimum water depth above reactor vessel flange (and above 23
the damaged fuel rods), feet
Refueling water decontamination factors

lodines (effective DF) 200
Noble Gases I
Particulates Infinite

Iodine composition above the refueling water, percent of iodine
Elemental iodine 57
Organic iodide 43

Containment model
Containment dome air circulators not modeled
ESFAS - contaimnent purge isolation signal (CPIS) not modeled
ESFAS - containment isolation actuation signal (CIAS) not modeled

Containment personnel airlock closure not modeled
Containment equipment hatch closure not modeled

Activity release duration from containment, hours 2
Containment net free volume without dome, cubic feet 1.422E+06
Containment air exhaust flow rate, ft3/minute 82,000

Offsite dose evaluation model per Appendix 15G Section 15G.3
Control Room dose evaluation model per Appendix 15G Section 15G.4
FHA-IC Release Points to Control Room per Section 2.3.4.2.2
Atmospheric Dispersion Factors, seconds/ni 3 and Figure 6.4-3
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15.7.3.9.5.1 FHA-IC Source Term

The fuel handling accident inside containment involves the inadvertent dropping of a fuel
assembly during fuel handling operations, and the consequent rupture of fuel pins in both the
dropped and impacted fuel assemblies. Consistent with RG 1.183 Appendix B Section 1.1, the
number of fuel rods damaged during the accident is based on a conservative analysis that
considers the most limiting case. Section 15.7.3.9.2.2 presents a structural evaluation which
determined that a maximum of 472 fuel rods will fail as a result of the drop of a fuel assembly on
to the fuel assemblies remaining in the partially loaded core.

Table 15G-4 presents the fission product inventory of an average fuel rod in the reactor core.
Consistent with the guidance of RG 1.183 Regulatory Position 3.1, to account for differences in
power level across the core, a radial peaking factor of 1.75 is applied to the Table 15G-4 average
fuel rod isotope inventory to determine the activity inventory in each of the 472 failed fuel rods.
Consistent with RG 1.183 Regulatory Position 3.1, the FHA-IC dose analysis models 72 hours of
radioactive decay prior to the event, which is consistent with the minimum decay time required
by SONGS administrative controls prior to movement of irradiated fuel in the reactor vessel.

Consistent with RG 1.183 Appendix B Section 1.2, the fission product release from the breached
fuel is based on RG 1.183 Regulatory Position 3.2. Consistent with RG 1.183 Footnote 11, the
release fractions are acceptable for use since the fuel has a peak burnup of less than 62,000
MWD/MTU, and a maximum linear heat generation rate that does not exceed 6.3 kw/ft peak rod
average power for burnups exceeding 54 GWD/MTU.

All gap activity in the damaged rods is instantaneously released into the refueling water.
Radionuclides that are considered include isotopes of xenon, krypton, iodine, bromine, cesium,
and rubidium. Cesium and rubidium are particulates that are retained in the refueling pool water.
Therefore, these radionuclides do not contribute to the FHA doses.

Consistent with RG 1.183 Appendix B Section 1.3, the chemical form of radioiodine released
from the fuel to the refueling water is assumed to be 95% cesium iodide (CsI), 4.85 percent
elemental iodine, and 0.15 percent organic iodide. The CsI released from the fuel is assumed to
completely dissociate in the refueling water and instantaneously re-evolve as elemental iodine.
Consequently, the chemical form of radioiodine in the refueling water, prior to application of a
decontamination factor, is 99.85 percent elemental iodine and 0.15 percent organic iodide.

Per Units 2 & 3 Technical Specification LCO 3.9.6, during movement of irradiated fuel
assemblies within containment, the refueling water level above the top of the reactor vessel
flange shall be greater than or equal to 23 feet. Since the damaged fuel assemblies would be
lower than the reactor vessel flange, the water depth above the damaged fuel would be greater
than 23 feet. Consistent with RG 1.183 Appendix B Section 2, the 23 foot water depth
requirement allows for an overall effective decontamination factor of 200 (i.e., 99.5% of the total
iodine released from the damaged rods is retained by the water). This difference in
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decontamination factors for elemental (99.85%) and organic iodine (0.15%) species results in the
iodine above the water being composed of 57% elemental and 43% organic species.

Consistent with RG 1.183 Appendix B Section 3, the retention of noble gases in the refueling
water is negligible (i.e., decontamination factor of 1). Particulate radionuclides are assumed to
be retained by the refueling water (i.e., infinite decontamination factor).

15.7.3.9.5.2 FHA-IC Activity Release Model

The containment personnel airlock or equipment hatch may be open during Mode 6 core
alterations and movement of irradiated fuel in containment. Consistent with RG 1.183 Appendix
B Section 5.3, since the containment is open during fuel handling operations, the radioactive
material that escapes from the refueling water to the containment is released to the environment
over a 2-hour time period (i.e., containment closure is not modeled during the FHA-IC event).

Consistent with the 2-hour release model requirement, the FHA-IC AST dose analysis does not
model the generation of an ESFAS containment purge isolation signal (CPIS) or containment
isolation actuation signal (CIAS). The containment purge is assumed to remain operational
throughout the FHA-IC event. The containment personnel airlock and the containment
equipment hatch are assumed to remain open throughout the FHA-IC event.

The containment air volume dilutes the gaseous activity released from the damaged fuel rods.
During Mode 6 refueling operations there is no SONGS Units 2 & 3 Technical Specification
requirement for the containment dome air circulators or containment cooling train fans to be
operable. Therefore, no credit is taken for activity dilution within the air of the containment
dome space.

The FHA-IC AST dose analysis does not model a reduction in the amount of radioactive material
available for release from the containment by any containment engineered safety feature (i.e.,
containment purge filters are not credited).

The release of activity to the environment within the required 2-hour time period is established
by specifying a containment air exhaust flow rate that ensures that at least 99.9 percent of the
gaseous activity will be released to the environment.

Activity released during the FHA-IC event is transported by atmospheric dispersion to the
control room HVAC intake and to the offsite EAB and LPZ dose receptors. Activity may be
released to the environment via the containment purge system or as leakage through containment
penetrations, including the containment personnel airlock or the containment equipment hatch.
Leakage from the containment personnel airlock would be exhausted via the main plant vent.
Table 15.7-10 presents the San Onofre site-specific 95th percentile meteorology atmospheric
dispersion factors for these release pathways as discussed in Section 2.3.4.2.2. Since one set of
atmospheric dispersion factors does not consistently yield less dispersion than the others over
time, a composite maximum of the three release points is utilized for assessing control room
dose consequences. No credit is taken for radioactive decay of the isotopes during atmospheric
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dispersion transit to the control room or offsite dose locations. Consistent with RG 1.183
Regulatory Positions 4.1.7 and 4.2.2, no correction is made for depletion of the effluent plume
by deposition on the ground.

Table 15.7-10
FHA-IC Control Room Atmospheric Dispersion Factors

FHA-IC to CR 95th Percentile
Atmospheric Dispersion Factors (seconds/mi3)

Containment Equipment Main Plant Vent Modeled
Time Interval Shell Hatch

Release Point Release Point Release Point
0 to 2 hours 1.01E-03 8.01E-04 1.15E-03 1.15E-03
2 to 8 hours 6.41E-04 6.35E-04 6.23E-04 6.41E-04

8 to 24 hours 1.77E-04 1.78E-04 2.14E-04 2.14E-04
I to 4 days 2.36E-04 2.23E-04 2.22E-04 2.36E-04

4 to 30 days 2.20E-04 2.03E-04 2.02E-04 2.20E-04

15.7.3.9.5.3 FHA-IC EAB and LPZ Model

Regulatory Guide 1.183 Regulatory Position 4.1 provides guidance to be used in determining the
total effective dose equivalent for persons located at or beyond the boundary of the exclusion
area, including the outer boundary of the low population zone. Appendix 15G Section 15G.3
addresses the applicability of this guidance to the SONGS Units 2 & 3 AST FHA-IC dose
analysis as it relates to the offsite dose exposure parameters.

As discussed in Appendix 15G Section 15G.3, the FHA-IC dose analysis considers the dose
consequences of inhalation and immersion. Radioactive material in the containment is assumed
to be a negligible radiation shine source to the offsite dose receptors relative to the dose
associated with immersion in the radioactive plume released from the facility.

Consistent with RG 1.183 Regulatory Positions 4.1.5, 4.1.6 and 4.4 and Table 6, the FHA-IC
event radiological criterion for the EAB and for the outer boundary of the LPZ is 6.3 Rem
TEDE.

15.7.3.9.5.4 FHA-IC Control Room Model

Regulatory Guide 1.183 Regulatory Position 4.2 provides guidance to be used in determining the
total effective dose equivalent for persons located in the control room. Appendix 15G Section
15G.4 addresses the applicability of this guidance to the SONGS Units 2 & 3 AST FHA-IC dose
analysis as it relates to the control room dose exposure parameters.
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The control room emergency air cleanup system (CREACUS) Emergency mode of operation can
be actuated either manually or automatically following a Control Room Isolation Signal (CRIS).
The CRIS may be generated automatically by a Safety Injection Actuation Signal (SIAS) or by

the detection of high radioactivity concentrations in the control room outside air inflow. Per
Appendix 15G Section 15G.4.2.1.1, the FHA-IC model credits CREACUS Emergency mode of
operation initiation 3 minutes (180 seconds) following the start of the event, due to detection of
high radioactivity concentrations in the control room outside air inflow.

As discussed in Appendix 15G Section 15G.4, the FHA-IC dose analysis considers the dose
consequences of inhalation, immersion, and radiation shine from the environmental (or outside)
cloud, the control room emergency HVAC filters, and the containment building.

Consistent with RG 1.183 Regulatory Position 4.4, the postulated control room dose is evaluated
to ensure that that it does not exceed the AST dose analysis acceptance criterion of 5 Rem TEDE
established in 10 CFR 50.67.

15.7.3.9.5.5 FHA-IC Dose Consequences

The resulting FHA-IC offsite and control room operator doses are listed in Table 15.7-11. The
analysis demonstrates that the FHA-IC event criteria are met.

Table 15.7-11
RADIOLOGICAL CONSEQUENCES OF A POSTULATED
FUEL HANDLING ACCIDENT INSIDE CONTAINMENT

ACCEPTANCE
FHA-IC DOSE ACPAC

DOSE RECEPTOR (RAI DE CRITERION
(REM TEDE) (REM TEDE)

Control Room (30-day accident duration) 0.6 5
EAB (Maximum 2-hour dose - 0.0 to 2.0 hours) 1.7 6.3
LPZ (30-day accident duration) < 0.1 6.3

15.7.3.10 Spent Fuel Assembly Drop

15.7.3.10.1 Spent Fuel Assembly Drop onto Reconstitution Station

Introduction

As discussed in subsection 9.1.2.2, a spent fuel assembly will be placed atop a rack spacer during
fuel reconstitution. As a result, the spacer will raise the top of the spent fuel assembly above the
top of the high density spent fuel storage racks. In the reconstitution station when the rack
spacers are used, there is a greater potential for damage to spent fuel assemblies than in locations
where the spacers are not used, if a spent fuel assembly is accidentally dropped.
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Summary of Methods

Current procedures restrict the number of spent fuel assemblies in the reconstitution station to
six. A situation could exist during fuel reconstitution where five spent fuel assemblies are placed
atop rack spacers and the sixth one is being moved towards the reconstitution station and is
therefore above one or all of these elevated spent fuel assemblies. The drop of a spent fuel
assembly onto the reconstitution station could damage the dropped assembly, as well as some of
the spent fuel rods in the assemblies located on spacers within the reconstitution station.

To prevent such an accident in the reconstitution station during fuel reconstitution, the following
two administrative controls are implemented:

A. No spent fuel assembly shall be moved over any spent fuel assembly in the reconstitution
station or over adjacent storage locations when spent fuel assemblies are in the reconstitution
station on the rack spacers.

B. No CEA bearing spent fuel assemblies shall be placed atop rack spacers in the reconstitution
station.

Additionally, a fuel assembly dropped onto the spent fuel storage racks could have the potential
to topple over onto a fuel assembly located on a spacer in the reconstitution station. In this event
the fuel assembly in the reconstitution station is not damaged. The damage to the dropped fuel
assembly is addressed in section 15.7.3.4.

Table of Results

Analyses were completed which evaluated the potential for damage to spent fuel assemblies
located on reconstitution spacers in a reconstitution station. Results concluded that damage to
spent fuel could occur if a spent fuel assembly is moved and subsequently dropped onto fuel
located in the reconstitution station.

Conclusion

The administrative controls stated above will preclude damage to spent fuel assemblies during
reconstitution.

15.7.3.10.2 Spent Fuel Assembly Drop onto CEA Bearing Spent Fuel Assemblies

Control Element Assemblies (CEAs) which have been replaced are stored in the spent fuel pool
inserted into spent fuel assemblies. The top of a CEA comes within 2.11 inches of the top of the
high density spent fuel storage rack when stored integrally with a SONGS Units 2 and 3 spent
fuel assembly. The maximum potential damage occurring in the event of a spent fuel assembly
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drop onto a CEA bearing spent fuel assembly, would be failure of all fuel rods in the dropped
fuel assembly and all fuel rods in the impacted CEA bearing spent fuel assembly.

The radiological consequences for the failure of two fuel assemblies is addressed by the
postulated fuel handling accident inside the fuel handling building in UFSAR section 15.7.3.4.

15.7.3.11 Use of Miscellaneous Equipment Under 2000 lbs

Introduction

Several miscellaneous pieces of equipment weighing less than 2000 lbs (e.g., equipment used for
ultrasonic testing, gamma spectrometer, eddy current testing, periscope, oxide measurement
devices, tools and work platforms used for fuel reconstitution, temporary underwater pumps,
skimmers) are required to be located or moved over the spent fuel storage racks during refueling
operations and normal spent fuel pool maintenance. Administrative controls are currently placed
on the movement of loads in excess of the nominal weight of a fuel assembly, CEA, and
associated handling tool over other fuel assemblies in the storage pool. Hence, this evaluation is
based on the potential for damaging fuel assemblies, if it is postulated that equipment which does
not exceed the weight of a fuel assembly, CEA, and associated handling equipment (i.e., less
than 2000 lbs) is dropped onto other spent fuel assemblies.

Summary of Methods

The restrictions on movement of loads in excess of the nominal weight of a fuel assembly, CEA,
and associated handling tool over other fuel assemblies in the storage pool ensure that, if this
load is dropped, this event is bounded by other load drop events. Specifically, the activity
release would be less than a fuel handling accident inside the fuel handling building, which
analyzes a drop weight of 2065 pounds, which represents a bundle dry weight of 1495 pounds,
plus 120 pounds of components (e.g., control element assembly [CEA], neutron sources, etc.)
plus 400 pounds of grapples, plus 50 pounds discretionary margin. Moreover, any possible
distortion of fuel contained in the racks would not result in a critical array.

The restrictions on movement of loads in excess of 2000 pounds, the nominal weight of a fuel
assembly, CEA, and associated handling tool are administratively controlled.

Since this event is bounded by another more limiting event, there are no principal assumptions,
inputs, or sequence of events to present.

Table of Results

The administrative controls relative to moving loads less than 2000 lbs minimize the potential
for radiological release or criticality events. However, the dose consequences of load drops on
spent fuel contained in storage pool racks are bounded by the postulated fuel handling accident
inside the fuel handling building in UFSAR section 15.7.3.4.
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Conclusion

The dose consequences of load drops on spent fuel contained in storage pool racks are bounded
by the postulated fuel handling accident inside the fuel handling building in UFSAR section
15.7.3.4.
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WITHOUT SCRAM

15. ACCIDENT ANALYSES

15.8 ANTICIPATED TRANSIENTS WITHOUT SCRAM (ATWS)

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.8.1 REQUIREMENTS

The Anticipated Transients Without Scram events are analyzed to determine the response of the
NSSS following expected operational transients accompanied by a failure of the reactor trip
system to shut down the reactor. The ATWS analysis was used to identify postulated transients
which produce the most adverse conditions relative to the limiting criteria in WASH- 1270.

The analysis performed for SONGS is part of a generic analysis done for the Combustion
Engineering 3410 MWt class plants. The analysis was performed for the Loss of Feedwater
event. Details of the analysis are described in CENPD-158 and CENPD-263.

The NRC concluded that the SONGS 2 & 3 ATWS design modification conform to the
requirements of 10CFR 50.62 as described in Section 7.6. The complete Loss of Feedwater flow
ATWS analysis was found to be the limiting ATWS event for RCS pressure criteria and was
used to demonstrate compliance to 10CFR 50.62. Sensitivity studies were performed which
identified the dependence of the limiting process parameters on certain controllable plant
variables for the most severe transients, and, thus, identified design modifications for diverse
SCRAM and Emergency feedwater actuation systems. These systems along with the analytic
evaluations are employed to show SONGS meets the ATWS limiting criteria. The references for
the SONGS analytic work are:

WASH-1270,

Kokajko, L.E.,

Kokajko, L.E.,

"Technical Report on Anticipated Transients Without Scram for Water-
Cooled Power Reactors@, September, 1973

"Safety Evaluation Report Regarding Compliance with the ATWS Rule,
10CFR 50.62 for San Onofre Nuclear Generating Station, Unit Nos. 2 and 3",
NRC to Mr. Harold Ray and Mr. Gary D. Cottom, January 30, 1990.

"Safety Evaluation on Compliance with 10CFR 50.62 (ATWS Rule)
Regarding Diverse Emergency Feedwater Actuation System for San Onofre
Nuclear Generating Station, Unit Nos. 2 and 3", NRC to Mr. Harold Ray and
Mr. Gary D. Cottom, May 29, 1990.
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CENPD- 158,

CENPD-263-P

CENPD-319-P

CENPD-380-P

"ATWS Analyses, Analysis of Anticipated Transients Without Reactor Scram
in Combustion Engineering NSSS=s", Rev. 0, Rev. 1, and Sup. 1 to Rev. 1,
October 1974, May 1976 and May 1976.

"ATWS Early Verification: Response to NRC Letter of February 15, 1979, for
Combustion Engineering NSSS=s" Rev. 0, November, 1979.

"Results from CEOG Program to Comply with 10CFR 50.62 (The ATWS
Rule), Task 494 Subtasks 1-3, Final Report," Rev. 0, July, 1986.

"ATWS Rule 10CFR 50.62 Request for Exemption for ANO Unit 2, SONGS
Units 2 and 3 and Waterford Unit 3," Rev. 0 and Supplement 1, September,
1988.

15.8-2 Rev: 22 1



San Onofre 2&3 FSAR
Updated

MISCELLANEOUS

15. ACCIDENT ANALYSES

15.9 MISCELLANEOUS

15.9.1 MODERATE FREQUENCY INCIDENTS

15.9.1.1 Asymmetric Steam Generator Transient

The following information is HISTORICAL and describes a design basis transient or accident
event that is no longer applicable in a permanently defueled condition. Refer to Section 15.0.

15.9.1.1.1 Identification of Causes and Frequency Classification

The transients resulting from the malfunction of one steam generator are analyzed to determine
the initial margins that must be maintained by the LCO's such that in conjunction with the RPS
(CPC DNBR (high differential cold leg temperature)) the DNBR and Fuel Centerline Melt
(CTM) limits are not exceeded.

The four events which affect a single generator are identified below:

a) Loss of Load to One Steam Generator (LL/1 SG)

b) Excess Load to One Steam Generator (EL/1 SG)

c) Loss of Feedwater to One Steam Generator (LF/ 1 SG)

d) Excess Feedwater to One Steam Generator (EF/1 SG)

Of the four events described above, it has been determined that the loss of Load to One Steam
Generator (LL/ISG) Event is the limiting asymmetric event. Hence, only the results of this
transient are reported. The LL/1SG is an event of moderate frequency.

15.9.1.1.2 Sequence of Events and Systems Operation

The event is initiated by the inadvertent closure of a Single Main Steam Isolation Valve (MSIV),
which results in a loss of load to the affected steam generator. Upon the loss of load to the single
steam generator, its pressure and temperature increase to the opening pressure of the secondary
safety valves and its water level decreases. The core inlet temperature of the loop with the
affected steam generator increases resulting in an asymmetric temperature tilt across the core.
The intact steam generator "picks up" the lost load, which causes its temperature and pressure to
decrease, and its water level to increase, thus causing the intact loop core inlet temperature to
decrease thereby enhancing the asymmetry in the reactor inlet temperatures. In the presence of a
negative moderator temperature coefficient the radial peaking increases in the cold side of the
core, resulting in a condition which potentially could cause an approach to DNB and CTM limits.
The CPC DNBR (high differential cold leg temperature) trip serves as the primary means of
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mitigating this transient. Additional protection is provided by the steam generator low level trip.
Table 15.9-1 presents the sequence of events.

15.9.1.1.3 Core and System Performance

15.9.1.1.3.1 Mathematical Model

The NSSS response is generated with the CESEC code. The resulting core parameters (core
flow, RCS inlet temperature, RCS pressure, and reactor trip time) are the input into a 2-D
simulation of the core using the HERMITE code. HERMITE is used to model both the effects of
the temperature tilt on radial power distribution and the space-time impact of the scram. The
thermal margin changes are evaluated with the CETOP code. Information from both HERMITE
and CESEC is used to determine the resultant DNBR.

15.9.1.1.3.2 Input Parameters and Initial Conditions

The LL/1 SG is initiated at the initial conditions presented in table 15.9-2 and is analyzed
parametric on axial shape index to determine the maximum initial margin needed to ensure the
SAFDLs are not violated. The most negative value of the moderator temperature coefficient is
assumed to maximize the calculated severity of the asymmetry.

15.9.1.1.3.3 Results

Figures 15.9-1 to 15.9-2 show the NSSS response for core power, core heat flux, RCS
temperatures, RCS pressure, and steam generator pressure. A reactor trip is generated by the
CPC's at 6.0 seconds based on high differential cold leg temperature between the cold legs
associated with the steam generators. The minimum transient DNBR calculated for the LL/1 SG
Event is greater than 1.31. A maximum allowable initial linear heat generation rate of 17.0
kW/ft could exist as a initial condition without exceeding the fuel centerline temperature limit
during this transient. This amount of margin is assured by setting the linear heat rate LCO based
on the more limiting allowable linear heat rate for LOCA. The required margin for this event is
less than that required for the full length CEA drop event as discussed in appendix 15A.

15.9.1.1.4 Barrier Performance

This section is not applicable because there are no significant releases from this event.
Moreover, as explained in paragraph 15.9.1.1.1, the sole purpose for analyzing this transient is to
ensure that the initial margins maintained by the LCOs are sufficient to prevent the DNBR and
fuel centerline temperature limits from being exceeded.
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Table 15.9-1

SEQUENCE OF EVENTS FOR THE LOSS OF
LOAD TO ONE STEAM GENERATOR EVENT

Time (sec) Event Setpoint or Value
0.0 Spurious Closure of a Single Main Steam ---

Isolation Valve (MSIV)
0.1 MSIV on Affected Steam Generator is

Closed
0.1 Steam Flow from Unaffected Steam

Generator Increases to Maintain Turbine
Power

6.0 CPC Delta-T Setpoint Reached (Differential 18EF
Cold Leg Temperature)

6.1 Safety Valves Open on Isolated Steam 1100 psia
Generator

6.25(a) Trip Breakers Open ---

6.55(a) CEAs Begin to Drop into Core ---

7.15 Minimum DNBR Occurs >1.31
10.9 Maximum Steam Generator Pressure 1135 psia

a. Original accident analysis assumed a 0.3 second delay between the time the trip breakers
open and CEAs begin to drop. Present analysis methods allow up to 1.01 second coil
delay time as part of the maximum average 3.4 second CEA drop time (see Section
15.0.2). The Core Operating Limit Supevisory System (COLSS) margins accommodate
the increase in required thermal margin without change. The conclusion of this event are
unchanged.
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Table 15.9-2

KEY PARAMETERS ASSUMED FOR THE
LOSS OF LOAD TO ONE STEAM GENERATOR EVENT

Parameter Units Value
Total RCS Power (Core Thermal Power + MWt 3478
Pump Heat)
Initial Core Inlet Temperature EF 553
Initial Reactor Coolant System Pressure psia 2250
Moderator Temperature Coefficient x10 4 Ap/EF -3.3
Doppler Coefficient Multiplier 0.75
Radial Distortion Factor for a 18EF Core 1.130
Inlet Temperature Asymmetry
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SPECIFICATION OF LIMITING CONDITION FOR REACTOR OPERATION
ON REQUIRED MARGIN TO DEPARTURE FROM NUCLEATE BOILING

The following information is HISTORICAL and describes a method that is no longer applicable
in a permanently defueled condition. Refer to Section 15.0.

15A.1 INTRODUCTION

This appendix discusses the methodology used to compute the Power Operating Limit (POL) to
Departure from Nucleate Boiling (DNB). There are two methods used by the Core Operating
limits Supervisory System (COLSS) to derive the Departure from Nucleate Boiling Ratio
(DNBR) POL to assure that the DNBR thermal margin Limiting Condition for Operation (LCO)
accommodates Anticipated Operation Occurrences (AOOs) without violating the fuel design
limit. These two methods are Required Over Power Margin (ROPM) and Under Flow Protection
(UFF).

15A.2 REQUIRED OVER POWER MARGIN (ROPM) METHODOLOGY

ROPM, also called required margin, is calculated for anticipated operation occurrences which
consume a significant amount of the margin to DNB during the event. Before discussing ROPM,
it is helpful to discuss over-power margin (OPM, also called Power to a DNBR limit and
available overpower margin). OPM is the amount of "margin" that exists between the current
conditions and the SAFDL on DNBR. This margin is expressed in units of reactor power for a
given set of initial conditions. This margin represents the amount that reactor power could be
raised prior to reaching the DNBR SAFDL.

The required margin is the margin consumed during the event and is defined as:

ROPM = OPM' 0) initial conditions x 100%
OPM' @ most adverse time
during transient

Where OPM' is the OPM expressed as a fraction of actual power at the point in time of the
transient under consideration.

The most limiting event is the full length CEA drop. For this event, the ROPM is calculated as a
function of reactor power level and at the most limiting ASI. Previously, the total loss of forced
reactor coolant flow was the most limiting event at high power levels. Changes in the fuel
management pattern have caused the calculated required margin for the loss of flow event to
become less limiting than that for the full length CEA drop event.
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The methodology for calculating the ROPM for a CEA drop event is described as follows. The
most adverse CEA radial power distortion factor is calculated by a neutronics code. The
distortion factor is defined as the ratio of post-drop to pre-drop radial peaking factor. This
distortion factor is used to calculate the ROPM at different power levels. CEA drop has been
shown to be insensitive to other initial conditions except power. The ROPM for the CEA drop
typically increases as initial power level decreases.

15A.3 APPLICATION OF ROPM TO LCO AND POL

The LCO on DNBR margin is normally monitored by COLSS using its online calculation of a
thermal margin power operating limit (POL). A POL is defined to be the maximum initial power
which is permitted in order to ensure no violation of the SAFDL on DNB on linear heat rate
should any anticipated operational occurrence take place. DNB is typically the limiting criteria.
The calculation of the thermal margin POL includes allowances for the thermal margin required
by the LCOs for AOOs. The ROPM calculated from transient analysis is used to derive these
allowances. A more detailed description of the design and operation of COLSS is given in
chapter 7. The generic methodology for determining COLSS constants based on results of
transient analysis, including the ROPM, is discussed in reference 1.

Use of COLSS allows the operator to vary the operating conditions within the LCO space
provided the POL remains greater than the power. This flexibility in operation requires that
transients be analyzed over the entire LCO space. Thus, the chapter 15 analyses are typically
initiated from the point in the LCO space which maximizes the impact of the transient.

When COLSS is out of service, the core protection calculators (CPCs) are used to monitor the
DNBR margin LCO. The COLR COLSS out of service DNBR limit which is used in such
monitoring includes allowances for the ROPM calculated from transient analyses discussed
above. A typical example of the DNBR limit with one or both CEACs operable is presented in
figure 15A-1. A typical example of the DNBR limit with both CEACs inoperable is presented in
figure 15A-2.
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15A. REFERENCES

1. "Overview Description of the Core Operating Limit Supervisory System," CEN-312-P
Rev. 01, November, 1986.
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APPENDIX 15 B

DOSE MODELS USED TO EVALUATE THE CONSEQUENCES OF ACCIDENTS
ANALYZED WITH THE TID-14844 METHODOLOGY

The following information is HISTORICAL and describes a method that is no longer applicable
in a permanently defueled condition. Refer to Section 15.0.

15B. 1 INTRODUCTION

San Onofre Units 2 and 3 are licensed for full scope implementation of the Alternative Source
Term (AST) methodology for radiological consequence analyses. All future radiological
analyses performed to show compliance with regulatory requirements shall address all
characteristics of the AST and the Total Effective Dose Equivalent (TEDE) criteria of
lOCFR50.67. Appendix 15G identifies the models used to calculate offsite and control room
radiological doses due to postulated accidents evaluated in accordance with the AST dose
analysis methodology of Regulatory Guide 1.183.

This appendix identifies the pre-AST models used to calculate offsite and control room
radiological doses that would result from releases of radioactivity due to various postulated
accidents. The pre-AST models are in accordance with the Technical Information Document
(TID)-14844 dose analysis methodology (Reference 9).

The postulated accidents that have been analyzed using the TID- 14844 methodology are:

A. Steam generator tube rupture (including an evaluation of control room doses)

B. Primary sample or instrument line break

C. Waste gas system failure

D. Radioactive liquid waste system leak or failure

15B.2 ASSUMPTIONS

The following assumptions are basic to both the model for the whole body dose due to
immersion in a cloud of radioactivity and the model for the thyroid dose due to inhalation of
radioactivity:

A. All radioactive releases are treated as ground level releases regardless of the point of
discharge.
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B. The dose receptor is a standard man, as defined by the International Commission on
Radiological Protection. ()

C. No credit is taken for cloud depletion by ground deposition and radioactive decay during
transport to the exclusion area boundary or the outer boundary of the low-population
zone.

D. Isotopic data, including decay constants and decay energies presented in tables 15B-1,
15B-2 and 155B-6 are taken from references 2 through 9.

15B.2.1 REFERENCES

1. "Report of ICRP Committee II, Permissible Dose for Internal Radiation (1959)," Health
Physics, 3, p. 30, 146-153, 1960.

2. Martin, M. J. and Blichert-Toft, P. H., Radioactive Atoms, Auger-Electron, a-, P3-, y-, and
X-Ray Data, Nuclear Data Tables A8, 1, 1970.

3. Martin, M. J., "Radioactive Atoms - Supplement 1," ORNL-4923, August 1973.

4. Bowman, W. W. and MacMurdo, K. W., "Radioactive Decay Gammas, Ordered by Energy
and Nuclide," Atomic Data and Nuclear Data Tables 13, Nos. 2-9, 1974.

5. Meek, M. E. and Gilbert, R. S., "Summary of Gamma and Beta Energy and Intensity Data,"
NEDO-12037, January 1970.

6. Lederer, C. M., Hollander, J. M., and Perlman, I., Table of the Isotopes, 6th edition, March
1968.

7. Regulatory Guide 1.109, Rev. 1, October 1977, Calculation of Annual Doses to Man from
Routine Releases of Reactor Effluents for the Purpose of Evaluating Compliance with 10
CFR Part 50, Appendix I.

8. TID-14844, "Calculation of Distance Factors for Power and Test Reactor Sites," AEC, 1962.

9. ICRP Publication 30, Supplement to Part 1, "Limits for Intakes of Radionuclides by
Workers," International Commission on Radiological Protection, adopted July 1978.
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15B.3 WHOLE BODY GAMMA AND BETA SKIN DOSE

The whole body dose delivered to an offsite receptor is obtained by considering the dose receptor
to be immersed in a radioactive cloud that is infinite in all directions above the ground plane; i.e.,
an infinite hemispherical cloud. The concentration of radioactive material within this cloud is
uniform and equal to the maximum centerline ground level concentration that would exist in the
cloud at the appropriate distance from the point of release.

The gamma dose due to gamma radiation, equation (1), and the beta dose due to beta radiation,
equation (2), are as follows:

Dwb = X/Q Y- (Qi • DCFwbi) (1)

D, X/Q Z (Qi DCFsi) (2)

where:

Dwb = whole body dose from gamma radiation (rem)

D, = skin dose from beta radiation (rem)

X/Q = Site atmospheric dispersion factor during time period (s/m 3 )

Qi = Total activity of isotope i released during time period (Ci)

DCFwbi = Whole body dose conversion factor for isotope i (rem-m 3/Ci-Sec)

DCFsi = Beta skin dose conversion factor for isotope i (rem-m 3/Ci-Sec)

The atmospheric dispersion factors used in the analysis of the environmental consequences of
accidents are given in chapter 2 of this report. The offsite receptor whole-body gamma and
beta-skin dose conversion factors used are calculated from the average gamma and beta energies
given in Table 15B- 1, using the following equations from Regulatory Guide 1.4:
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Dwb = 0.25 • X/Q I (Qj •l) (4)

D, = 0.23 ./Q.I(Q, .Ej) (5)

where:

Dwb = whole body dose from gamma radiation (rem)

DS = skin dose from beta radiation (rem)

X/Q = Site atmospheric dispersion factor during time period (s/m3)

Qj = total activity of isotope i released during time period (Ci)

Ei = average gamma or beta decay energy from isotope i
(MeV/disintegration)

The isotopic data are given in table 15B- 1. The atmospheric dispersion factors used in the
analysis of the environmental consequences of accidents are given in chapter 2 of this report.

15B.4 THYROID INHALATION DOSE

The thyroid dose for a given time period is obtained from the following expression:0)

D = 7/Q" B. Z (Qi " DCFi) (3)
i

where:

D = thyroid inhalation dose (rem)

X/Q = site atmospheric dispersion factor during the time period (s/mi3)

B = breathing rate during the time period (m3/s)

Qj = total activity of isotope i released during time period (Ci)

DCFi = dose conversion factor for isotope i (rem/Ci inhaled)

The atmospheric dispersion factors used in the analysis of the environmental consequences of
accidents are given in chapter 2 of this report.
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Dose conversion factors for radioactive iodines and breathing rates required for computing
thyroid inhalation dose are tabulated in tables 15B-6 and 15B-3, respectively. Some previous
analyses used the thyroid dose conversion factors listed in Table 15B-2.

15B.4.1 REFERENCES

1. DiNunno, J. J., et al., Calculation of Distance Factors for Power and Test Reactor Sites, TID
14844, March 1962.
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Table 15B-1

ISOTOPIC PARAMETERS

Average
MeV/Disintegration MeV/Disintegration

Isotope Half-Life(aL (gamma) (beta)
1-131 8.06 D 0.381 0.194
1-132 2.28 H 2.333 0.519
1-133 21 H 0.608 0.403
1-134 52 M 2.529 0.558
1-135 6.7 H 1.635 0.475

Kr-83m 1.86 H 0.002481 0.03708
Kr-85m 4.48 H 0.159 0.253
Kr-85 10.73 Y 0.00221 0.251
Kr-87 76.31 M 0.793 1.324
Kr-88 2.80 H 1.950 0.375

Xe-131m 11.9 D 0.020 0.143
Xe-133m 2.25 D 0.0416 0.190
Xe-133 5.29 D 0.0454 0.135

Xe-135m 15.65 M 0.432 0.095
Xe-135 9.15 H 0.247 0.316
Xe-138 14.17 M 1.183 0.606

H-3 12.3 Y None 0.006

(a) D [days], H [hours], M [minutes], Y [years]

Table 15B-2

IODINE DOSE CONVERSION FACTORS
USED IN EARLIER ANALYSES(a)

Isotope Inhalation Thyroid DCF(b) Inhalation Thyroid DCF(C)
(rem/Ci) (rem/Ci)

1-131 1.48 x 106  1.49 x 106

1-132 5.35 x 104  1.43 x 104

1-133 4.00 x 10' 2.69 x 105

1-134 2.50 x 10 4  3.73 x 103

1-135 1.24 x 10' 5.60 x 104

(a' Earlier analyses refer to analyses completed prior to January 1, 1999. See Table 151B-6 for

values used in current dose analyses.
(b) From Table Ell of TID- 14844, AEC, 1962.
(c) From Table E-7 of Regulatory Guide 1.109, Revision 1, October 1977.
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Table 15B-3
OFFSITE BREATHING RATES

Time After Accident m3/s

0 to 8 hours 3.47 x 104

8 to 24 hours 1.75 x 10'

I to 30 days 2.32 x 1 0 -4

15B.5 CONTROL ROOM DOSE

During the course of an accident, control room personnel may receive doses from the following
sources:

A. Direct whole body gamma dose from the radioactivity present in the containment

building.

B. Direct whole body gamma dose from the radioactive cloud surrounding the control room.

C. Whole body gamma, thyroid inhalation, and beta skin doses from the airborne
radioactivity present in the control room.

D. Direct whole body gamma dose from the radioactivity present in piping.

E. Direct whole body gamma dose from emergency HVAC intake charcoal filters.

In calculating the exposure to control room personnel, occupancy factors were obtained from
reference 1 as follows:

• 0-24 hours: occupancy factor = 1
• 1-4 days: occupancy factor = 0.6
* 4-30 days: occupancy factor = 0.4

These occupancy factors are embedded in the Table 15B-4 control room atmospheric dispersion
factors.

The dose model for each of the radiation sources is discussed below:

A. Direct whole body gamma dose from the radioactivity present in the containment building
(direct containment dose).
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Time integrated (0 to 30 days) isotopic concentrations in the containment are calculated.
For conservatism, no credit is taken for reduction of the containment activity by means
other than radioactive decay. The containment is modeled by an equivalent volume
cylindrical source having a diameter of 150 feet and height of 130 feet. The radioactivity
present in the containment is assumed to be uniformly distributed in the cylindrical
source.

Shielding is assumed to be provided by a 3-foot 9-inch concrete containment walls, 180
feet of air separating the containment building from the control building, and 2-foot thick
control room walls. No credit is taken for attenuation between the containment building
and the control building.

No credit is taken for any shielding that could be provided by the penetration building.

B. Direct whole body gamma dose from the radioactive cloud surrounding the control room
(outside cloud dose).

Leakage from the containment building, or any building, will result in the formation of a
radioactive cloud. For conservatism it is assumed that this cloud surrounds the control
room. Gamma radiation from this cloud can penetrate the control room roof and walls
resulting in a whole body gamma dose to control room personnel. The radius of the cloud
is computed using a mass balance of the radioactivity released due to leakage and the
volume of the cloud; therefore, the radioactive cloud is time variant and expands for the
duration of the accident.

Radioactivity concentrations (Ci/m 3) in the radioactive cloud surrounding the control
room is the product of the building leak rate (Ci/s) and the control room atmospheric
dispersion factor, X/Q (s/m 3). Calculations used to compute atmospheric dispersion
factors using Murphy-Campe methodology are presented in subsection 2.3.4. A
tabulation of control room X/Qs is presented in table 15B-4.

Meteorological parameters are given in section 2.3, while the calculated x/Q values, for
those accidents for which control room dose calculations were performed, are presented
in table 15B-4.

The calculational model for the control room is an equivalent volume hemisphere of
radius 52 feet. Credit is taken for 2 feet of concrete shielding provided by the control
room walls, and 3 feet of concrete shielding provided by the ceiling.

C. Dose from the airborne radioactivity present in the control room (occupancy dose).

Airborne radioactivity will be drawn into the control room due to the intake of outside air
required to maintain a positive pressure in the control room. This contributes to the
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whole body gamma, thyroid inhalation, and beta skin doses. The major parameters of the
control room ventilation system are presented in table 15B-5.
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Table 15B-4
ATMOSPHERIC DISPERSION FACTORS FOR THE SAN ONOFRE SITE

(a) The atmospheric dispersion factors calculated using Murphy-Campe methodology include a Control Room Occupancy (CRO)
factor of:

0-8 hours
8-24 hours
1-4 days
4-30 days

1
1

0.6
0.4
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Table 15B-5

CONTROL ROOM EMERGENCY VENTILATION SYSTEM PARAMETERSlal

Parameter I Assumption
Number of emergency ventilation system

operating
Intake rate, standard ft3/min (8+ hours)

(0-8 hours)
Intake cleanup filter efficiency

Iodine, elemental, %
Iodine, organic, %
Iodine, particulate, %
Others, %

Recirculation rate, standard ft3/min (8+ hours)
(0-8 hours)

Recirculation cleanup filter efficiency
Iodine, elemental, %
Iodine, organic, %
Iodine, particulate, %
Others, %
Unfiltered inleakage, standard ft3/min
Exhaust flow, standard ft3/min

2 (c)

2,200
4,400

(b)

31,900
63,800

95
95
99
99
10

sum of inflow and
inleakage
244,398Control room volume, standard ft3

(a) There are two completely redundant emergency control room ventilation systems.

For a more detailed description of this system, refer to subsection 9.4.2.

The technical support center is located within the control room emergency HVAC envelope.
The doses to technical support center personnel will be lower than that for the control room
due to the concrete floor attenuating the radiation from the HVAC charcoal filter.

(b) No credit is taken for this filter removing radioactivity when calculating control room

infiltration doses. However, a filter efficiency of 100% is assumed when evaluating the filter
as a direct whole body gamma source. Note that the intake flow passes through the
recirculation filter prior to entering the control room.

(c) Control room emergency intake air filtration unit will not operate if its associated

recirculating system is off. Includes operator action to deactivate one train of emergency
intake and recirculation units within eight hours if both trains are operating.
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Meteorological parameters are given in section 2.3, while the control room atmospheric
dispersion factors calculated using Murphy-Campe methodology, for those accidents for
which control room dose calculations were performed, are presented in table 15B-4.

The whole body gamma dose is computed using a finite cloud model.

The gamma dose to the control room personnel is calculated assuming a finite cloud model. The
gamma dose due to gamma radiation in the control room for a given time period is:

(CRVOL)°0.33 (IQ)(3600)(CRO)
D,,b = 1173 - DCFwbi (CRVOL)(0.02832)

where:

Dwb = whole body gamma dose to control room personnel
from gamma radiation, (rem)

CRO = the control room occupancy factor <1

3600 = conversion factor, s/h

0.02832 = conversion factor, m 3/ft 3

CRVOL = control room volume, ft3

IQi = total integrated activity for nuclide i in control
room for the time period, (Ci-hr)

DCFwbi = the semi-infinite cloud whole body gamma
dose conversion factor for nuclide i,
(rem-m 3/Ci-s). (See table 1513-6).

The expression (CRVOL)° 338/1 173 is a geometrical correction factor to ratio a finite cloud to
infinite cloud (reference 1).

The beta skin dose to control room personnel is calculated assuming a tissue depth of 7 mg/cm2 .
The beta skin dose to control room personnel for a given time period is:

CRO
Dfl, (CRVOL)(0.02832) i Dli,'IQ,'3600
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where:

Dp~I = the beta skin dose conversion factor for nuclide i,
(rem-m 3/Ci-sec). (See table 15B-6)

and all other parameters are as previously defined.

An inhalation thyroid dose results from the radioactive iodine present in the control room.

The inhalation thyroid dose is given by the following expression:

Dthy (B)(CRO)(3600) Z DCFthy "A3  (3)
(CRVOL)(0.02832)

where:

Dthy = inhalation thyroid dose (rem)

B = control room operator breathing rate for duration of accident (3.47 x
10"4 m3/sec)

DCFIIy = thyroid dose conversion factor for nuclide i, (rem/Ci inhaled) (see table
15B-6)

A 3  = integrated activity in control room (Ci-hr)

NOTE: The CRO factor is already included in the x/Q's listed in Table 15B-4,
which are used to calculate the integrated activity (A 3).

All other parameters are as previously defined.

D. Direct whole body gamma dose from radioactivity present in piping.

Direct radiation from piping used in the post-accident mode of operation will contribute
to the control room whole body gamma dose.

This piping is modeled as a finite length shielded cylinder. Credit is taken for concrete
shield floors and walls of the penetration, control and radwaste buildings, as well as the
control room shield door.
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Table 15B-6

WHOLE BODY GAMMA, BETA SKIN
AND INHALATION THYROID DOSE CONVERSION FACTORS

Whole Body
Beta Skin DCF(a) Gamma DCF(a) Inhalation Thyroid

Radionuclide (rem - m 3/ci - s) (rem-m 3/Ci-s) DCF d) (rem/Ci)

1-131 3.170E-02 8.720E-02 1.07E+06
1-132 1.320E-0 1 5.130E-01 6.29E+03
1-133 7.350E-02 1.550E-01 1.81E+05
1-134 9.230E-02 5.320E-01 1.07E+03
1-135 1.290E-01 4.210E-01 3.15E+04

Kr-83m O.OOOE+00 2.396E-06
Kr-85m 4.626E-02 3.708E-02
Kr-85 4.246E-02 5.102E-04
Kr-87 3.083E-01 1.876E-01
Kr-88 7.510E-02 4.658E-01
Kr-89 3.200E-01 5.260E-01

Xe-131m 1.508E-02 2.899E-03
Xe-133m 3.150E-02 7.954E-03
Xe-133 9.697E-03 9.316E-03

Xe-135m 2.253E-02 9.887E-02
Xe-135 5.894E-02 5.736E-02
Xe-137 3.866E-01 4.500E-02
Xe-138 1.309E-01 2.798E-01

H-3 0.OOOE+00 O.OOOE+00 O.OOOE+00(b)
Non-gaseous O.OOOE+00('c 0.000E+00(c) 0.000E+00(b)(c)

isotopes

(a) From Regulatory Guide 1.109, Revision 1, October 1977.
(b) Per lOCFR § 100.1 l(a)(1) the thyroid dose is based only on iodine exposure.
(c) Non-gaseous isotopes are assumed to plate-out or deposit prior to reaching the offsite or

control room dose receptors.
(d) From ICRP-30, Supplement to Part 1, pages 192-212, Tables titled, "Committed Dose

Equivalent in Target Organs or Tissues per Intake of Unit Activity."
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E. Direct whole body gamma dose from radioiodine buildup on control building emergency
HVAC filter.

The quantity of iodine entering the filter, following a postulated accident, is determined in
a manner identical to that described in item C. The dose in the control room is
determined by numerical integration of a distributed source model. Filter self-attenuation
and dose buildup is modelled. Attenuation by interposed equipment is conservatively
neglected. For the direct dose calculation, the filter efficiency is conservatively assumed
to be 100%.

15B.5.1 REFERENCES

1. Murphy, K. G. and Campe, K. M. , Dr., "Nuclear Power Plant Control Room Ventilation
System Design for Meeting General Design Criterion 19," Proceedings of the 13th AEC Air
Cleaning Conference held August 12-15, 1974, CONF. 740807, Vol. 1, pp. 401-430.
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15B.6 ACTIVITY RELEASE MODELS

15B.6.1 ACCIDENT RELEASE PATHWAYS

The release pathways for the major accidents are given in table 15B-7 and shown schematically
in figure 15B-1. The letters (A-D, B-C-D, etc.) refer to the labels used in figure 15B-I. The
accident and their pathways are as follows.

155B.6. 1.1 Direct Filtered

No accident release pathways involve direct filtered leakage. The release pathway is B-C-D, as
shown on figure 15B-i. The applicable equation for calculating activity release for offsite doses
is equation (5). Control room internal doses are based on activity release calculated using
equation (6).

15B.6.1.2 Direct Unfiltered

The accident release pathways for the accidents listed in paragraph 15.B. 1, less those accidents
described in paragraph 15B.6. 1.1, involve direct unfiltered leakage. The release pathway is A-D,
as shown on figure 15B-1. The applicable equation for calculating activity release for offsite
doses is equation (5). Control room internal doses are based on activity release calculated using
equation (6).

15B.6.2 SINGLE REGION RELEASE MODEL

A single region release model was used for all accident activity offsite release calculations.

The single region release model is based on two release paths to the environment; (1) direct
unfiltered, and/or (2) direct filtered.

It is assumed that any activity released to a region instantaneously diffuses to uniformly occupy
the region volume.

The following equations are used to calculate the integrated activity released from postulated
accidents.

15B-16 Rev: 26 1



San Onofre 2&3 FSAR
Updated

APPENDIX 15 B
DOSE MODELS

Table 15B-7
ACCIDENT LEAKAGE PATHWAYS

(Refer to figure 15B-1)

Accident Pathway Legend
A. Steam generator tube rupture Steam dump and Safety Valves --+ Atm -- Control Room A-D-E
B. Primary sample or instrument

line break

1. Primary release Reactor coolant system -- Atm(a) A-D
C. Waste gas system failure Auxiliary building (radwaste area) - Atm(a) A-D
D. Radioactive liquid waste system Auxiliary building (radwaste area) -- Atm(a) A-D

leak or failure

(a) End of release path for offsite doses
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AM(t) A,(O)e

where:

A1(O) = initial source activity at time t = 0, Ci

A1(t) = source activity at time t, Ci

K, = total removal constant from primary holdup system

APPENDIX 15 B
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(1)

2,1

where:

kd

Xnr

From this

Rj(t)

where:

a

Ru(t)

SXd +X11 + X

= decay removal constant

= primary holdup leak or release rate

= internal removal constant (i.e., sprays, plateout, etc.)

we get the direct release rate to the atmosphere from the primary holdup system.

= a X1, A1(t) (2)

= direct unfiltered fraction of leak

= unfiltered release rate (Ci/sec)

and

R,(t)

where:

b

F,

R,{t)

= b kilF, AI(t) (3)

= direct filtered fraction of leak

= filter nonremoval efficiency

= filtered release rate (Ci/sec)
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The total release rate is then the sum of the two release pathways.

R,(t) = Ro(t) + Rt(t) (4)

or

Rt(t) = a X1, A1(t) = b k11 FIA1 (t) (4a)

The total integrated activity release is then the integral of the above equation.

IAR(t) = f R. (t) + f Rf (t)

This yields

IAR(t) - (a,%1 + bAyF1) A (O) 6 - e-t) (5)

where:

IAR(t) total integrated activity release at time t, (Ci)
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15B.7 INTEGRATED ACTIVITY IN CONTROL ROOM

The integrated activity in the control room during each time interval is found by multiplying the
release by the appropriate x/Q to give a concentration of the control room intake. This activity is
brought into the control room through the filtered intake valves and by unfiltered inleakage and is
subjected to the control room ventilation system of recirculation through charcoal filters and
exhaust to the atmosphere.

INTAKE
>JFILTER I CONTROL v > FILTER I

RELEASES ROOM
RECIRCULATION

UNFILTERED LEAKAGE EXHAUST

(a) Credit is not taken for the intake filter.
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15B.7.1 ACTIVITY RELEASE MODEL FOR CONTROL ROOM

15B.7.1.1 General Equation

The activity released from a postulated accident is calculated by using the following matrix
equation for each isotope and each specie of iodine:

d + C A = S; initial condition A(to) = Ao (6)

A• = L.AI

where:

A(t) (ai(t))

a• = the activity in the ith node, (Ci)

C = (Cij) matrix

Cij = the transfer rate from the ith node to the jth node, (sj)

S = (Si) vector

S = the production rate in the ith node (Ci/sec)

A, = the activity released to the environment over the time period (Ci)

E = (I j) matrix

1i = the leak rate from the ith node to environment (Ci/sec)

--- tt --

AI = J A(t)dt(Ci/sec)
tý

Each node represents a volume where activity can be accumulated. The environment and the
control room are each represented by a node. To ensure that the system of differential equations
has constant coefficients, the time scale is broken up into time intervals over which all
parameters are constant. Thus, all coefficients and sources are assumed to be representable by
step functions.
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The matrix equation is solved using matrix techniques. The particular solution is obtained by
Gaussian elimination. The homogenous solution is obtained by solving for the eigenvectors and
the eigenvalues of the coefficient matrix C. They are determined by using QR transformation
techniques.

The following section describes how the coefficient matrix and the source vector are calculated
for the different accident calculations.

15B.7.1.2 The Model for Containment Leakage

The model for containment leakage is shown in figure 151B-1. The system of differential
equations for estimating the released activity is as follows:

dA_ 
(7a)

--- L2 1A 2 =0
dt

dA2 + 0-d -4- + L2 i) A2 = 0 (7b)

dt

dA3 X. (L. + [1_- fc] LF) L21 A, (7c)

dt Q

+±.L, + L,J/[JVc .(0.02832)]+ fRRc +±2QA3 =0

where:

A1(t) = activity in the environment, (Ci)

Ar(t) = activity in the containment, (Ci)

A3(t) = activity in the control room, (Ci)

kd = radioactive decay constant, (s"1)

L2 1  = T 2 1 (s')

(100%)(24)(3600)'

T, I = leak rate from the containment to the environment (%/day)

k, -= the spray removal constant, (s-)
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Lu Tu"- (0.0 2 83 2), (m 3/s)

60

Tu unfiltered inleakage into the control room, (ft3/min)

Lf - Tf (0.02832), (m3/sec)
60

Tf = filtered air intake rate into the control room, (ft3/min)

fL = filter efficiency of the filters on the intake units

X/Q = atmospheric dispersion factor for the control room, (s/mi3)
(NOTE: The X/Q's calculated using Murphy-Campe methodology for the control
room in Table 155B-4 contain a Control Room Occupancy factor.)

-c T, ~ 4

(V,)(60)

Tr -- filtered recirculation rate in the control room, (ft3/min)

VC = control room free volume, (ft3)

fR = filter efficiency of the filter on the recirculation unit

60 = conversion factor, s/min

3600 = conversion factor, s/hr

24 = conversion factor, hr/day

0.02832 = conversion factor, m3/ft3

The coefficient matrix is:

0-L 21  0
C= (.Zd + A, + L 2 1 ) 0

-0 z/Q (L+ [1 - fL ] Lf)L 21  (Lf+L,)/[(VC)(0.02 83 2)]+ fRRC+ 2ýd_

After solving for A(t), the integrated activity in each node can then be calculated.
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From the integrated activity, the doses to the operators in the control room can be calculated
using the dose models given in section 15B.5.
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INFORMATION REQUIRED BY NRC FOR DOSE CALCULATIONS

The following infonmation is HISTORICAL AND is no longer applicable in a permanently
defueled condition. Refer to Section 15.0.

15C.l GENERAL

The following general information is historical in nature. This information was provided to the
Nuclear Regulatory Commission for performing independent dose calculations for FSAR
paragraphs 15.4.3.2 (Control Element Assembly Ejection), and 15.6.3.2 (Steam Generator Tube
Rupture). Although the general information provided in this appendix has evolved since being
originally submitted to the NRC, it continues to represent typical parameters defining these
events.

This appendix previously contained information related to the Steam Line Break event. The
radiological consequences of this event have been re-evaluated using Alternative Source Term
methodology. The information supporting the Steam Line Break dose evaluation is provided in
section 15.1.3.1 and appendix 15G.

A. Approximate mass of metal in contact with the reactor coolant system (RCS) water:
3.155 x 106 lbm (total mass of RCS metal = 4.79 x 106 lbm)

B. Steam generator secondary side volume: 9985 ft3 each

C. Air ejector flowrate for normal operation: 180 LBM/HR with 19.4 LBM/HR entrained
water vapor

D. Letdown rate during normal operation: 40 gal/min

E. Amount of water in RCS during normal operation: 560,000 Ibm

F. Volume fraction of water in the steam generators under normal Operating conditions:

Liquid Fraction Vapor Fraction

Full Power 0.344 0.656
Hot zero power 0.563 0.437

G. Auxiliary feedwater system: initiation time and time-dependent liquid volume fractions

in each steam generator after the appropriate accident for a duration of 2 hours.

Refer to the following tables:
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1. CEA ejection: table 15C-2

2. Steam generator tube rupture: table 15C-3

H. Curves showing pressure changes inside the reactor vessel, the intact steam generator
and the failed steam generator, for a duration of 2 hours after the appropriate accident.

Refer to the following figures:

1. CEA ejection: figures 15C-3 and 15C-4

2. Steam generator tube rupture: figures 15C-5 and 15C-6
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Table 15C-1
(Deleted)

Table 15C-2

PARAGRAPH 15.4.3.2 CEA EJECTION
(FULL POWER BOL WITH LOSS OF NORMAL AC POWER

AT THE TIME OF TURBINE TRIP)

Auxiliary Feedwater Flowrate to Liquid Volume Fraction for both
Time (sec) each Steam Generator Steam Generators

(LBM/SEC)
0 0.00 0.35

100 0.00 0.28
200 0.00 0.27
300 0.00 0.26
313 94.9(a) 0.26
400 94.9 0.27
500 94.9 0.29
600 94.9 0.31
700 94.9 0.33
800 94.9 0.35
900 94.9 0.37

1,000 94.9 0.39
1,100 94.9 0.42
1,200 94.9 0.44
1,400 94.9 0.48
1,600 94.9 0.52
1,800 94.9 0.56
1,801 30.94 0.56
2,400 30.94 0.56
3,000 30.94 0.55
3,600 30.94 0.54
4,200 30.94 0.53
4,800 30.94 0.53
5,400 30.94 0.52
6,000 30.94 0.51
6,600 30.94 0.51
7,200 30.94 0.50

(a) Auxiliary feedwater flow is initiated automatically at 313 seconds.
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Table 15C-3

PARAGRAPH 15.6.3.2 STEAM GENERATOR TUBE RUPTURE
(WITH CONCURRENT LOSS OF NORMAL AC POWER)

Auxiliary Feedwater Flowrate
Time (LBM/SEC) Liquid Volume Fraction
(sec) No. 1 Steam No. 2 Steam No. 1 Steam No. 2 Steam

Generator Generator Generator Generator
0 0.0 0.0 0.347 0.347

50 0.0 0.0 0.352 0.346
200 0.0 0.0 0.365 0.345
500 0.0 0.0 0.392 0.342

985'c' 0.0 0.0 0.429 0.334
1,000 0.0(a) 0.0(a) 0.424 0.318

1,0201d) 83.8 83.8 0.398 0.295
1,050 83.8 83.8 0.378 0.275
1,100 83.8 83.8 0.363 0.260
1,200 83.8 83.8 0.370 0.264
1,800 83.8 83.8 0 .51 0 1b) 0.374
3,600 0.0 62.3 0.357
5,400 0.0 62.3 0.338
7,200 0.0 62.3 0.309

(a) Auxiliary feedwater flow is initiated at 1073.8 seconds to both steam generators and is

secured to the damaged steam generator at 1800 seconds. Also, at 1800 seconds the
auxiliary feedwater to the intact steam generator is ramped to 62.3 LBM/SEC
(equivalent flow for residual heat removal).

(b) Since No. 1 steam generator is isolated at 1800 seconds, the liquid mass has no

additional impact on the analysis.

(c) Low pressurizer pressure trip signal reached at 985.1 seconds.

(d) Low steam generator level signal reached at 1020.9 seconds.
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RESPONSES TO IE BULLETINS 79-27 AND 80-06,
IE INFORMATION NOTICE 79-22, AND

MULTIPLE CONTROL SYSTEM FAILURE EVALUATION

15D.0 INTRODUCTION

The following information is HISTORICAL AND is no longer applicable in a permanently
defueled condition. Refer to Section 15.0.

This appendix contains the evaluation of a loss of non-Class lE instrumentation and control
power bus during power operation (IE Bulletin 79-27), the engineered safety feature (ESF) reset
controls (IE Bulletin 80-06), qualification of control systems (IE Information Notice 79-22), and
multiple control system failures.

Note: The information contained in this section is designated as historical reference material and
will not be routinely updated.

15D.1 LOSS OF NON-CLASS IE INSTRUMENTATION AND CONTROL POWER BUS
DURING POWER OPERATION (IE BULLETIN 79-27)

The following information is HISTORICAL AND describes a design basis that is no longer
applicable in a permanently defueled condition. Refer to Section 15.0.

The effects of loss of non-Class 1E instrument and control power during operation of San Onofre
Units 2 and 3 were reviewed. The scope and results of this review respond to Actions 1 and 2 of
IE Bulletin 79-27.

A three-part approach was used to systematically review the effect of loss of non-Class 1 E
power:

* System analyses

* Testing and modifications

* Procedures review

The results of each part of the review are discussed below.

15D.l.1 SYSTEM ANALYSES

A review was performed on every safety-related elementary circuit for possible Class
l E/non-Class 1E interactions. All modes of system operation were considered (i.e., automatic,
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manual, etc.). The objective of this part of the analysis was to identify unacceptable interactions
and propose necessary corrective action.

In addition, individual non-Class 1E bus failures were reviewed to identify and list all plant
equipment and instrumentation that would be affected, and their modes of failure. The objectives
of this portion of the analyses were to determine the effect on control room displays and to
establish a basis for subsequent procedure changes and training. In all cases, after completion of
the modifications described below, it was verified that the plant could safely achieve a cold
shutdown condition.

It should be noted that the FSAR addresses, as part of the plant design basis, single failure of any
safety-related component or any train of safety-related power including any Class 1 E bus failure.
This is documented in existing failure mode and effects analyses. Existing procedures to bring
the plant to a safe cold shutdown condition are consistent with this design. Consequently, Class
1 E bus failures were not addressed in the above review.

15D.1.2 TESTING AND MODIFICATIONS

As a result of the safety-related elementary circuit review, two areas of unacceptable interaction
with non-Class 1 E components were identified. The charging pump controls will be changed to
incorporate a four-position switch to ensure that the non-Class 1 E control system components are
bypassed when operating in the manual mode. The pressurizer Class IE heater controls were
similarly modified to provide a bypass of the non-Class 1E control system components when
these heaters are operated in the manual mode.

These two changes ensure that the charging pumps and Class I E-powered pressurizer heaters can
be manually-operated to reach cold shutdown using diesel power in the event offsite power is
lost.

To provide an additional level of confidence that the analyses described above identified all areas
where non-Class 1E power interacted unacceptably with the Class lE systems, the startup
acceptance test procedure to verify safety load group independence (per Regulatory Guide 1.41)
was reviewed to confirm that this test would be performed in a manner to also verify each load
group's independence of non-Class 1E power. This test was performed with applicable
non-Class 1E buses deenergized and acceptable safety system performance was verified.

15D.1.3 PROCEDURES REVIEW

As a result of the non-Class 1 E instrument bus failure review described in subsection 15D. 1.1,
the plant operating instructions were reviewed to verify that the operators were directed to the
appropriate control room indications to bring the plant to safe cold shutdown condition in the
event of non-Class 1E power failure. For San Onofre Units 2 and 3, non-Class 1E power is
supplied from a 4 kV source to three separate instrument buses (Q065, Q0611 & Q0612).
Section 8.3.1.1.6 describes the non-Class-lE Instrument Bus Power Supply. The loss of the 4
kV source is annunciated in the control room. These non-Class- 1 E Instrument Buses are backed
up by UPS. To summarize, there are three events of interest:
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A. Complete Loss of Offsite Power

In this case, Instrument Bus I and the Turbine Building Instrument Bus will continue
to operate from the battery of the non-Class-i E UPS which provides backup power to
the inverter in a loss of all offsite power event. Also Instrument Bus 2 can be manually
transferred to the emergency source which is supplied by non-Class-1E UPS. Hence
complete loss of offsite power does not result in the loss of any non-Class-1E
Instrument Bus.

B. Loss of Non-Class lE Instrument Bus 1

In this case, the feedwater control system will continue to be powered from Instrument
Bus 2. Also, Instrument Bus 2 will serve as a backup source to ensure power
availability to CEDMS and turbine Electric Governor. No tripping of the Turbine or
the Reactor occurs.

C. Loss of Non-Class 1E Instrument Bus 2

In this case, upon determination that power has been lost, the procedures will direct the
operator to manually transfer to the emergency source supplied by non-Class-1E UPS.
Hence loss of non-Class-1E Instrument Bus 2 will not result in tripping of the turbine
or the reactor.

The Abnormal Operating Instructions (S023-13-19) is considered adequate for safe plant
operation. The information from the detailed bus failure analysis described in subsection
15D. 1.1 above can be used in operator training exercises to define balance of plant recovery
paths for expected failed instrument responses.

In response to Action 3 of EE Bulletin 79-27, IE Circular 79-02 was rereviewed to include both
Class 1E and non-Class 1E power supply inverters. Our original review regarding the Class 1E
vital bus power supply (VBPS) inverters concluded that the VBPS inverters have a manual
transfer switch and as such perform acceptably and are not subject to the Circular's concerns. No
modifications or additional administrative controls are required for the VBPS inverters.

15D.2 ENGINEERED SAFETY FEATURE RESET CONTROLS (IE BULLETIN 80-06)

The following information is HISTORICAL AND describes a design basis that is no longer
applicable in a permanently defueled condition. Refer to Section 15.0.

An evaluation determined that no protective system action is compromised following reset of an
emergency actuation signal. The review consisted of an evaluation of component elementary
diagrams to identify circuit designs that would cause components to change position on safety
signal reset. Table 15D-I provides a listing of components which change position upon
engineered safety feature actuation signal (ESFAS) reset. All changes in component operating
mode are consistent with the desired operating mode of the system following safety signal reset.
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Table 15D-1
OF ESFAS ACTUATED DEVICES WHICH CHANGE OPERATING MODE UPON RESET OF ESFAS (Sheet 1 of 3)IDENTIFICATION

Action
Actuated Tag Elementar Actuation Initial ESFAS Upon
Device Number di Signal Condition Condition ESFAS

(d) RESET
Safety HV-9340 30658 SIAS Open Open Open None
injection HV-9350 30659 (Modes 1,
tank outlet HV-9360 30660 2,3(a))
valves HV-9370 30661 Shut Open Shut In the event of a LOCA, safety injection actuation signal

(Modes 3 ,(b) (SIAS) will cause the safety injection tank (SIT) outlet
4,5,6) valves to open and the SITs will inject into the reactor

coolant system (RCS) if the nitrogen pressure in the
SITs is greater than RCS pressure at the time of the
event. When the high pressure safety injection (HPSI)
throttle/ stop criteria have been met in accordance with
the applicable emergency operating instruction (EOI)
attachment, then the operator will reset SIAS in
accordance with the applicable operating instruction. In
addition, the SIT outlet valves can then be closed by the
operator if RCS pressure requirements for closure are
met. If the SIT outlet valves are still in the open position
when SIAS is reset, the valves will remain in their open
position (emergency position) until the operator takes
action to remote manually close them. If the operator
chooses to close the SIT outlet valves prior to resetting
SIAS, then the SIAS override for each SIT outlet valve
must be selected prior to closing each valve. When
SIAS is, subsequently, reset, the SIT outlet valves will

I_ not reopen.
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Table 15D-1
OF ESFAS ACTUATED DEVICES WHICH CHANGE OPERATING MODE UPON RESET OF ESFAS (Sheet 2 of 3)IDENTIFICATION

Action
Actuated Tag Elementary Actuation Initial ESFAS Upon Remarks
Device Number Diagram Signal Condition Condition ESFAS

RESET
ECCS HV-9306 30551 RAS Open Shut Open (e) The recirculation actuation signal (RAS) is generated
pump HV-9307 30552 (Modes 1,2, during a LOCA when refueling water storage tank (RWST)
recircu- HV-9347 30664 3,4) level drops below the low level alarm setpoint and
lation HV-9348 30623 sufficient water has been added to the containment
valves (to emergency sump to initiate the recirculation mode of the
RWSTs) ECCS. The above conditions required for RAS actuation

ensure adequate NPSH to the HPSI pump(s) from the
containment emergency sump. The ECCS pump combined
minimum flow valves to the RWST close on a RAS signal
and cannot change position while a RAS signal is present as
long as the containment emergency sump level remains
above the high-high level permissive setpoint. RAS
provides the post-LOCA long term cooling mode for the
reactor and will not be reset by the operator for at least 120
days. The ECCS pump combined minimum flow valves
cannot be reopened manual remotely until the RWST is
refilled above the low level alarm setpoint and the RAS is
subsequently reset. If the containment emergency sump
level remains above the RAS permissive setpoint, the
ECCS combined minimum flow valves will remain closed
after RAS is reset until the operator remote manually opens
the valves. If the containment emergency sump is pumped
down below the high-high level alarm, then the ECCS
combined minimum flow valves will automatically open
whether or not RAS is reset.
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Table 15D-1
OF ESFAS ACTUATED DEVICES WHICH CHANGEIDENTIFICATION OPERATING MODE UPON RESET OF ESFAS (Sheet 3 of 3)

Action
Actuated Tag Elementary Actuation Initial ESFAS UponDevice Number Diagram Remarks

(d) Signal Condition Condition ESFAS
RESET

Auxiliary HV-4731 30946 MSIS Shut (Modes Shut Shut System functions automatically to perform emergency
feedwater HV-4714 30920 EFAS 1, 2,3,4,5,6) feedwater actuation signal (EFAS) function per section
isolation 7.3.
valves Open Shut Open Although these valves reopen upon main steam isolation

(Manual signal (MSIS) reset, the upstream auxiliary feedwater
Operation, control valves remain shut preventing flow. All
Modes 2, auxiliary feedwater system components, including these

3,4) valves, remain available to perform their EFAS function.
Volume LV-0227 30753 SIAS Open Shut Open(c) SIAS causes the tank outlet valve to shut thus isolating
control B the nonseismically designed volume control tank from
tank outlet the Seismic Category I charging system. Low level in
valve the volume control tank also closes this valve. Valve

does not change position following SIAS reset.

(a) Safety injection tank outlet valves are open in mode 3 when pressurizer pressure is greater than or equal to 515 lb/in. 2a.

(b) Safety injection tank outlet valves are shut in mode 3 when pressurizer pressure is less than 460 lb/in.2a.

(c) The volume control tank outlet valve will open upon manual reset of SIAS only if level is present in the volume control tank.

0d1 Elementary diagrams listed are for Unit 2 only. Corresponding elementary diagrams for Unit 3 are identical in their functions.

(e) Upon reset, valve does not change state (remains shut). An operator action is required to open the valve.
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15D.3 QUALIFICATION OF CONTROL SYSTEMS (IE INFORMATION NOTICE 79-22)

The following information is HISTORICAL AND describes a design basis that is no longer
applicable in a permanently defueled condition. Refer to Section 15.0.

This section describes the high-energy line break (HELB)/control system interaction analysis
performed to address the concern raised in IE Information Notice 79-22 with regard to the impact
on the safety analysis of certain nonsafety grade control equipment subjected to the adverse
environment of a high energy line break.

15D.3.1 HIGH ENERGY LINE BREAK/CONTROL SYSTEM INTERACTION ANALYSIS
PROCESS

The high energy line break (HELB)/control system interaction analysis process employed in the
review of the San Onofre Unit 2 and 3 design is illustrated by the logic diagram of figure 15D-1.
The events considered are those defined in chapter 15 of the FSAR. The process consists of the
following steps.

A. Identification of all nonsafety grade systems or control systems of significance to the
chapter 15 analyses.

B. Identification of potential adverse control system malfunctions induced by HELB
events.

C. Detailed system design reviews of control systems with a potentially significant impact
on the course of chapter 15 events to determine which, if any, failure modes can be
postulated to cause the adverse malfunctions.

D. Resolution of unresolved HELB/control system interaction issues through the use of
backup systems and/or quantitative analyses to determine if the malfunction effects are
acceptable, and through detailed evaluations of the qualification status of control
system components.

E. Identification of the physical locations of control system components whose
malfunction effects could not be resolved via the above mentioned approaches to
determine whether or not they are impacted. If they are determined to be impacted,
then either the impactees need to be protected via design modifications to prevent
interactions, or revisions to the operating procedures need to be made to account for the
effects of HELB interactions.

15D.3.2 RESULTS OF THE HIGH ENERGY LINE BREAK/CONTROL SYSTEM
INTERACTION ANALYSIS
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The HELBs considered in this analysis are: loss-of-coolant accident (LOCA) steam line break
(SLB), feedwater line break (FWLB) and chemical volume control system (CVCS) breaks which
occur outside of the containment. A qualitative review of the control systems disclosed seven
potential HELB/control system interactions which could exacerbate event consequences. These
are:

A. Failure of the pressurizer level control system (PLCS) such that the letdown flow is not
set to its minimum values. This malfunction is of concern during a LOCA because the
peak clad temperature may be impacted.

B. Failure of the pressurizer pressure control system (PPCS) to deenergize pressurizer
heaters when the low-level cutout signal is given. This malfunction is of concern
during a LOCA because of the energy addition to the RCS above that considered in the
FSAR, and in a LOCA, or SLB due to the potential for the heater failure mode to
impact the RCS pressure boundary.

C. Failure of the PPCS such that the spray valves do not isolate during a spray line break
LOCA. This malfunction could yield a communication path between the two cold legs
diverting greater quantities of safety injection fluid to the break than assumed in the
chapter 15 analyses.

D. (Deleted)

E. Failure of the main feedwater control system (MFWCS) such that feedwater flow is
increased above the flow considered in the chapter 15 analyses. This malfunction is of
concern during LOCAs because of the delay in reaching shutdown cooling entry
conditions, and in SLBs because of the potential for a post-trip return to power. For
LOCAs, SLBs, or FWLBs inside containment, events with a malfunction of the
MFWCS resulting in increased feedwater flow are bounded by the limiting LOCA,
SLB, or FWLB inside containment, respectively. For these accidents and events, CIAS
will initiate isolating containment when containment pressure rises above 3.4 psig.
Main feedwater will be isolated from containment mitigating any potential cooldown
of the RCS from overfeeding the steam generators. FWLBs outside containment will
not be affected by MFWCS malfunctions because feedwater will be lost out the pipe
break prior to entering containment and is bounded by FSAR section 15.2.3.1,
"Feedwater System Pipe Breaks." SLBs outside containment is bounded by FSAR
section 15.1.2.2., "Increase in Feedwater Flow with a Concurrent Single Failure of an
Active Component" which analyzes the effect of the SBCS failing, resulting in partial
turbine bypass control valves opening concurrently to the increased feedwater flow.
UFSAR section 15.6.3.1, APrimary Sample or Instrument Line Break,@ determines the
limiting fault outside containment is a CVCS letdown line break. In this event the
operator manually trips the reactor 30 minutes after the break. At that time operator
action would be credited for mitigating any MFWCS malfunction. MFWCS
malfunctions during the CVCS letdown line break are bounded by the CVCS letdown
line break analysis.
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F. Failure of the steam bypass control system (SBCS) such that the steaming rate is
increased. This malfunction is of concern during SLBs because of the potential for a
post-trip return to power.

G. Failure of the turbine-generator control system (TGCS) such that the steaming rate is
increased. This malfunction is a concern for a SLB because of the potential impact on
pre-trip fuel performance.

H. Failure of the PLCS such that the RCS inventory is increased. This malfunction is of
concern during FWLB events where a potential to fill the pressurizer could exist.

The designs of the control systems of concern were reviewed to determine if there exists a
mechanism by which the malfunctions identified above could occur.

The impacts of the assumed malfunctions were determined through quantitative analyses. The
results of these analyses demonstrate that the HELB/control system malfunction event
consequences are bounded by the event consequences presented in the FSAR. Therefore, no
design modifications or operator procedure revisions are needed to mitigate the consequences of
HELB/control system interactions.

15D.4 MULTIPLE CONTROL SYSTEM FAILURES

The following information is HISTORICAL AND describes a design basis that is no longer
applicable in a permanently defueled condition. Refer to Section 15.0.

This section provides the identification of those control systems whose failure may impact plant
safety. It also provides the justification that the consequences of any simultaneous malfunctions
of the control systems are bounded by the design basis event analysis and that they would not
require action or response beyond the capability of operators or safety systems.

15D.4.1 IDENTIFICATION OF CONTROL SYSTEMS

The failures or malfunctions of the following control systems may impact plant safety.

* Feedwater control system (FWCS)

* Turbine generator control system (TGCS)

* Steam bypass control system (SBCS)

* Control element drive mechanism control system (CEDMCS)

* Pressurizer pressure control system (PPCS)
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" Pressurizer level control system (PLCS)

" Anticipated transient without scram system/diverse scram system (ATWS/DSS)

* Anticipated transient without scram system/diverse emergency feedwater actuation
system (ATWS/DEFAS)

15D.4.2 IDENTIFICATION OF COMMON POWER SOURCES

The following power sources of each SONGS unit have been identified as supplying power to
multiple control systems listed in subsection 15D.4.1. Panel Q061 1 supplies power to TGCS,
only, and will not be considered further.

A. 208/120V-ac distribution panel Q0612
Supplies power to CEDMCS, TGCS, PPCS, FWCS, ATWS/DDS, ATWS/DEFAS and
PLCS

B. 208/120V-ac distribution panel Q065
Supplies power to CEDMCS, FWCS, SBCS, TGCS, PPCS, ATWS/DSS,
ATWS/DEFAS and PLCS

C. 480-volt motor control center (MCC) BO (Unit 2 only), 3BN Supplies power to
208/120V-ac distribution panel Q0612

D. 480-volt MCC
2 BX AND 3BX
Supply power to 208/120V-ac distribution panels 2Q065 and 3Q065, respectively.

E. 480-volt bus B 10
Supplies power to 480-volt MCC BO (Unit 2 only)

F. 480-volt bus 3B09
Supplies power to 480-volt MCC 3BN

G. 480-volt bus
2B16 and 3B16
Supply power to 480-volt MCCs 2BX and 3BX, respectively

H. 4.16 kV switchgear bus 2A08
Supplies power to 480-volt bus 2B 16 and load center B 10 (breaker for B 10 normally
closed)

I. 4.16 kV switchgear bus 3A08
Supplies power to 480-volt bus 3B 16 and load center B 10 (breaker for B 10 normally
open)
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J. 4.16 kV switchgear bus 3A09
Supplies power to 480-volt bus 3B09

K. 125V-dc distribution panel D5P4

Supplies control power to TGCS and SBCS

L. 4.16 kV switchgear bus 2A04 supplies power to Unit 2 120V non-Class-1E UPS.

M. 4.16 kV switchgear bus 3A04 supplies power to Unit 3 120V non-Class-lE UPS.

N. 4.16 kV switchgear bus 2A03 supplies power (alternate) to Unit 2 120V non-Class- 1 E
UPS via 480 volt bus B12.

0. 4.16 kV switchgear bus 3A03 supplies power (alternate) to Unit 3 120V non-Class-1E
UPS via 480 volt bus B12.

15D.4.3 IDENTIFICATION OF COMMON SENSORS AND INSTRUMENT TAPS

The common sensors and common instrument taps/lines that have been identified for the control
systems listed in paragraph 15D.4.1 are given in table 15D-2.

Table 15D-2

COMMON SENSORS AND INSTRUMENT LINES/TAPS
FOR CONTROL SYSTEMS

Tap Location Instrument System Input
Pressurizer PT-0 1 00-X (Pressure) PPCS, SBCS PLCS

LT-0 110-1 (Level-upper tap)
Pressurizer PT-0100-Y (Pressure) PPCS, SBCS PLCS

LT-0 110-2 (Level-upper tap)
Main Steam Line FT-10 11 (Flow) FWCS, SBCS
Main Steam Line FT-1021 (Flow) FWCS, SBCS

15D.4.4 EVALUATION OF THE CONSEQUENCES OF MULTIPLE FAILURES OF

CONTROL SYSTEMS

A. Impact of Loss of Common Power Sources

The control systems identified in paragraph 15D.4. 1 that receive power from common
power sources are identified in paragraph 15D.4.2. The effect of losing the power
sources and an evaluation of plant response are discussed below. The results of this
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evaluation provide justification that any simultaneous malfunctions of control systems
identified herein resulting from common power supply malfunctions are bounded by
the analyses of chapter 15.

1 Loss of 120V-ac from Distribution Panel Q0612

This power loss will impact the control element drive mechanism control
system (CEDMCS), the turbine-generator control system (TGCS), the
feedwater control system (FWCS), the pressurizer pressure control system
(PPCS), anticipated transient without scram system/diverse scram system
(ATWS/DSS), anticipated transient without scram system/diversified
emergency feedwater actuation system (ATWS/DEFAS), and the pressurizer
level control system (PLCS). The loss of power to the CEDMCS will not cause
the CEAs to drop, since the CEDMCS is also powered by distribution panel
Q065. The TGCS is also redundantly powered by panel Q061 1 and, therefore,
the turbine control valves will not be impacted by the loss of power from panel
Q0612. FWCS, ATWS/DSS and ATWS/DEFAS are also redundantly powered
by panel Q065. The PPCS, and PLCS will lose control power if their
instrument channel selector switches are on the channels powered by this
distribution panel. Otherwise, they will be unaffected as their instrument
channel selector switches will be on the channels powered by distribution panel
Q065. If power is lost to the PPCS, the backup heater control and pressurizer
high-pressure heater cutoff capability will be lost. However, motive power to
the heaters will be available for manual control. The loss of power to the PLCS
will result in the loss of automatic control of the standby charging pumps, but
motive power to the charging pumps will be available for manual control.

Evaluation of Plant Response

The loss of the CEDMCS, TGCS, PPCS, ATWS/DSS, ATWS/DEFAS, and PLCS
due to the loss of 120V-ac from power panel Q0612 will not impact plant safety.
The loss of backup heater control (due to loss of power to the PPCS) and control
power to the standby charging pumps (due to loss of power to the PLCS) will not
significantly impact the plant response. Should the turbine load decrease, there
will be a mismatch between primary system heat generation and secondary system
heat removal, which will eventually result in a reactor trip (on high pressurizer
pressure). The consequences of this scenario are bounded by the loss of
condenser vacuum event described in paragraph 15.2.1.3. For this event scenario,
the reactor trips on a high pressurizer pressure trip signal. The radiological
releases and RCS pressure increase are maximized for this event. Therefore, the
consequences of a loss of power to the CEDMCS, TGCS, PPCS, ATWS/DSS,
ATWS/DEFAS, and PLCS are less limiting than those for the loss of condenser
vacuum event.

2. Loss of 120V-ac from Distribution Panel Q065
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This power loss will impact the control element drive mechanism control system
(CEDMCS), the feedwater control system (FWCS), the steam bypass control
system (SBCS), the turbine-generator control system (TGCS), the pressurizer
pressure control system (PPCS), anticipated transient without scram
system/diverse scram system (ATWS/DSS), anticipated transient without scram
system/diversified emergency feedwater actuation system (ATWS/DEFAS), and
the pressurizer level control system (PLCS).

As indicated earlier, redundant power is supplied to the CEDMCS, FWCS,
ATWS/DSS, ATWS/DEFAS and TGCS from panel Q0612. The PPCS, and
PLCS will lose control power if their instrument channel selector switches are on
the channels powered by this distribution panel. Otherwise control power will be
unaffected, as the instrument channel selector switches will be on the channels
powered by distribution panel Q0612. Additionally, power to control the main
pressurizer spray valves of the PPCS and the letdown control valves of the PLCS
will be lost.

Evaluation of Plant Response

The analysis of the loss of condenser vacuum event with a concurrent single
failure of an active component provided in paragraph 15.2.1.3 assumes a loss of
feedwater flow, unavailability of the SBCS on turbine trip, PLCS inoperative, and
PPCS inoperative. The assumed failure of the ATWS-DSS and ATWS-DEFAS
for ATWS mitigation do not increase the consequences of this event because the
High Pressurizer Pressure Reactor Trip is assumed to be functional and trips the
reactor to assist in mitigating the rapidly rising primary system pressure. Loss of
power to CEDMCS only affects manual CEA control; it does not prevent any
reactor protection system trip from occurring. The primary and secondary system
pressures increase rapidly for this event until the auxiliary feedwater system is
actuated on low steam generator level and the main steam safety valves are
opened on high steam generator pressure. Subsequently, the atmospheric dump
valves are opened when the operator takes manual actions to control RCS heat
removal. Radiological releases and RCS pressure increase are maximized for this
event. The consequences of a power loss to the FWCS, SBCS, CEDMCS, PPCS,
ATWS/DSS, ATWS/DEFAS, and PLCS would be no more limiting than those
for the loss of condenser vacuum event described in paragraph 15.2.1.3.
Therefore, the FSAR analysis for this event bounds the consequences of a power
loss to these control systems.

3. Loss of 480-volt common MCC BO (Unit 2 only), 3BN (Unit 3 only)

The impact of losing these MCC=s is similar to the loss of 120V-ac from panel
Q0612 since power panel Q0612 receives power from this MCC.
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Evaluation of Plant Response

The plant response for loss of power panel Q0612 applies.

4. Loss of 480-volt MCC BX

The impact of losing this MCC is similar to the loss of 120V-ac from power panel
Q065 since panel Q065 receives its power from this MCC.

Evaluation of Plant Response

The plant response for loss of power panel Q065 applies.

5. Loss of 480-volt Bus B10

The impact of losing this bus is similar to the loss of 120V-ac from power panel
Q0612 since this panel receives power from MCC BO which is powered from bus
BIO.

Evaluation of Plant Response

The plant response for the loss of power panel Q0612 applies.

6. Loss of 480-volt Bus 3B09

The impact of losing this bus is similar to the loss of 120V-ac from power panel
Q0612 since panel 3Q0612 receives power from MCC 3BN which is powered
from bus 3B09.

Evaluation of Plant Response

The plant response for the loss of power panel Q0612 applies.

7. Loss of 480-volt Bus B316

The impact of losing this bus is similar to the loss of 120V-ac from power panel
Q065 since this panel receives power from MCC BX which is powered from bus
B16.

Evaluation of Plant Response

The plant response for the loss of power panel Q065 applies.

7a. Loss of 480-volt Bus B12
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The impact of losing this bus is similar to the loss of 120V-ac from power panel
Q065 since this panel receives power from power panel Q069 which is powered
from the non-Class IE UPS.

8. Loss of 4.16 kV Switchgear Bus 2A08 (Normal B10 alignment)

The impact of losing this Unit 2 switchgear bus is the loss of 120V-ac from power
panel 2Q0612 when the 480-volt bus B 10 is powered from this switchgear bus.
The loss of 120V-ac to power panels 2Q065 and 2Q0612 will not occur
simultaneously since power panel 2Q065 is normally supplied from non-Class-1E
UPS. (See paragraph 15.D.4.4, item A.2 for effects of loss of panel 2Q065.)

Evaluation of Plant Response

The plant response to a loss of power to power Panel 2Q0612 is described in
paragraph 15D.4.4, item A.2 above.

9. Loss of 4.16 kV Switchgear Bus 3A08 (Abnormal B10 alignment)

The impact of losing this Unit 3 switchgear bus is the loss of 120V-ac from power
panel 2Q0612 when the 480-volt bus B 10 is powered from this switchgear bus.
The loss of 120V-ac to power panels 3Q065 and 2Q0612 will not occur
simultaneously since power panel 3Q065 is normally supplied from non-Class-1E
UPS. Panel 3Q0612 is powered from bus 3A09. Therefore the impact of losing
this Unit 3 switchgear bus does not result in loss of 120V-ac from power panel
3Q065 or 3Q0612 and does not result in the loss of 120V-ac from both 3Q065 and
2Q0612 when the 480-volt bus BIO is powered from switchgear bus 3A08. (See
paragraph 15D.4.4, item A.2 for effects of loss of panel 3Q065.)

Evaluation of Plant Response

The plant response to a loss of power to panel 2Q0612 is provided in paragraph
15D.4.4, item A.1 above.

10. Loss of 4.16 kV Switchgear Bus 3A09

The impact of losing this bus is similar to the loss of 120V-ac from power panel
3Q0612 since panel 3Q0612 receives power from bus 3B09, which is powered by
this switchgear bus.

Evaluation of Plant Response

The plant response for the loss of power panel Q0612 is provided in paragraph
15D.4.4, item A. I above.
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11. Loss of 125V-dc Distribution Panel D5P4

The impact of losing this distribution panel is a loss of control power to the
TGCS. The power loss to the TGCS will result in a turbine trip.

Evaluation of Plant Response

The loss of power to the TGCS will result in a turbine trip. The turbine trip will
produce a reduction in steam flow from the steam generators to the turbine due to
closure of the turbine stop valves. The turbine trip will result in a reactor trip
signal from the turbine stop valves through unitized actuator pressure monitors.
In the absence of a reactor trip on turbine trip, the reactor will trip on high
pressurizer pressure due to the heat removal imbalance between the primary and
secondary systems. This scenario is bounded by the turbine trip event described
in paragraph 15.2.1.2.

B. Impact of Failure in Common Sensors

Descriptions of the effect of malfunctions of the common sensors identified in table
15D-2 on the control systems are provided below. Additionally, an evaluation of plant
response is provided. A knowledge of system design and transient analysis was used to
develop these descriptions. The results of this evaluation provide justification that any
simultaneous malfunctions of control systems identified herein, resulting from
common sensor malfunctions, are bounded by the analyses of chapter 15.

1. Malfunction of Pressurizer Pressure Signal to SBCS, and PPCS

a. Pressurizer Pressure Signal Fails Low to SBCS, and PPCS

If a malfunction causes a low pressurizer pressure signal to be transmitted,
the PPCS effect would be that the pressurizer heaters will be turned on and
the pressurizer spray valves will be shut. The SBCS will not be impacted
since the pressurizer pressure input is employed only as a "bias" signal for
this system.

Evaluation of Plant Response

The effect of turning on the pressurizer heaters would be an increase in the
RCS pressure. The reactor would eventually trip on high pressurizer
pressure, if the operator did not take any mitigating actions. This scenario is
bounded by the loss of condenser vacuum event analysis provided in
paragraph 15.2.1.3. This analysis assumes a loss of feedwater flow and
unavailability of the SBCS. The above scenario would cause a primary to
secondary heat removal imbalance and a RCS pressure rise no more limiting
than the loss of condenser vacuum. Radiological consequences and RCS
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pressure increase are maximized for the loss of condenser vacuum event and
remain well within the acceptance criteria.

b. Pressurizer Pressure Signal Fails High to SBCS, and PPCS

If a malfunction causes a high pressurizer pressure signal to be transmitted,
the PPCS effect would be that the pressurizer sprays would come on and the
pressurizer heaters would be deenergized. Additionally, the SBCS will not
modulate the turbine bypass valves, since the pressurizer pressure signal is
employed as a "bias" signal for determining the extent of the valve
modulation required.

Evaluation of Plant Response

The reactor would trip on a low pressurizer pressure setpoint and an SIAS
may result. This scenario is bounded by the analysis presented in paragraph
15.6.3.4 for the inadvertent opening of a pressurizer safety valve. Reactor
coolant system depressurization is more rapid for this event. The reactor
trips on a low pressurizer pressure trip setpoint, and no fuel pins experience a
departure from nucleate boiling ratio (DNBR) less than 1.19 (CE-I CHF
correlation), thus preventing any violation of the fuel thermal limits.
Additionally, there are no event-related offsite doses since the integrity of the
primary and secondary system is maintained.

2. Malfunction of Main Steam Flow Signal to FWCS and SBCS

a. Main Steam Flow Signal Fails Low to FWCS and SBCS

If a malfunction causes a low steam flow signal to be transmitted, the FWCS
will reduce the feedwater flow. The SBCS will not open the turbine bypass
valves, since the steam flowrate is perceived by this control system as being
smaller than what can be accommodated by the turbine.

Evaluation of Plant Response

The mismatch between feedwater flow and turbine demand may produce a
reactor trip on either a high pressurizer pressure or low steam generator level.
The auxiliary feedwater system and manual control of the SBCS (and/or
atmospheric dump valves) is available to achieve a stabilized plant condition.
The loss of condenser vacuum event described in paragraph 15.2.1.3 bounds
this scenario as it results in a more severe secondary side transient prior to
reactor trip on high pressurizer pressure.
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b. Main Steam Flow Signal Fails High to FWCS and SBCS

If a malfunction causes a high steam flow signal to be transmitted, the FWCS
will increase the feedwater flow and the SBCS may open the turbine bypass
valves due to its perception of a high steam flow through the turbine.

Evaluation of Plant Response

The mismatch between feedwater flow and turbine demand may result in an
increase in the steam generator level and pressure. A high steam generator
level signal would close the feedwater regulating valves and trip the turbine.
A reactor trip on turbine trip or high steam generator level would follow with
actuation of auxiliary feedwater on steam generator low level signal.
Auxiliary feedwater and manual operation of the SBCS (and/or atmospheric
dump valves) provide a mechanism for RCS heat removal to stabilize the
plant.

The increase in feedwater flow (with a loss of offsite power) event analyzed
in paragraph 15.1.2.2 bounds the above scenario. This analysis assumes
maximum increase in feedwater flow due to a failure in the FWCS. This
maximizes the increased heat removal aspects of the transient and, therefore,
results in a more adverse fuel performance transient. A turbine trip signal is
generated on a high steam generator level and no credit is taken for the SBCS
so that steam is released through the main steam safety valves and the
atmospheric dump valves.

C. Impact of Failure in Common Instrument Lines/Taps

Table 15D-2 identifies the common instrument lines/taps that feed the sensors for the
control systems identified in paragraph 15D.4.1 above. The malfunctions of these
sensors due to this failure may affect the performance of the SBCS, PPCS, and PLCS.

1. Evaluation of Pressure and Level Signals Failing Low Due to Instrument Tap
Damage on Plant Response

This event can only be caused by the occurrence of a broken process sensing line
coincident with rupture of the level transmitter diaphragm. The following
analysis of this event is provided.

If the failure causes low pressure and level signals to be transmitted, the
pressurizer heaters would turn on and the pressurizer spray valves would decrease
flow. The PLCS would decrease letdown flow and increase charging flow.

The low pressurizer pressure input to the SBCS would not cause the turbine
bypass valves to open since a low primary pressure would indicate overcooling of
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the primary. Due to increased charging flow and actuation of the pressurizer
heaters, the reactor may trip on high pressurizer pressure. The chemical and
volume control system malfunction (PLCS malfunction) event described in
paragraph 15.5.2.1 bounds this scenario.

2. Evaluation of Pressure and Level Signals Failing High Due to Instrument Tap
Damage on Plant Response

Failure high of the pressurizer level signal due to instrument tap damage is a
credible event. Failure high of the pressurizer pressure signal is considered
unlikely since a process sensing line break causes pressure to fail low and a
perfect line crimp would not in itself result in a high pressure. Nevertheless, the
following analysis is provided.

If the failure causes high pressure and level signals to be transmitted then the
pressurizer heaters would de-energize and the spray valves would increase flow.
The SBCS will not open the turbine bypass valves since the pressurizer pressure is
employed as a "bias" signal. The PLCS would increase letdown flow and
decrease charging flow. As a result of these control system actions, a low
pressurizer pressure situation may result, leading to a possible reactor trip and
SIAS on low pressurizer pressure.

The reactor trip on low pressure would prevent any fuel rods from experiencing a
DNBR less than 1.19 (CE-I CHF correlation) and there is no over-pressurization.
Since there is no fuel failure and release of primary fluid to the atmosphere, the
letdown line break event of paragraph 15.6.3.1 clearly bounds the radiological
consequences.

3. Evaluation of Pressure Signal Failing High and Level Signal Failing Low Due to
Instrument Tap Damage on Plant Response

This event is considered unlikely since it requires the process sensing line to be
perfectly crimped coincident with a high-pressure transient. Nevertheless, the
following analysis is provided:

The plant response is similar for the PPCS, and SBCS as discussed above for the
pressure signal failing high. The PLCS, however, would increase charging and
decrease letdown. The increases in charging and pressurizer spray flows with no
pressurizer heaters will lead initially to a low pressure condition, and subsequently
to a steadily increasing pressurizer level. During the initial time period when a
low pressure condition exists, the conclusions stated for the pressure and the level
signals failing high also apply to this scenario.
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4. Evaluation of Pressurizer Pressure Signal Failing Low and Level Signal Failing
High Due to Instrument Tap Damage on Plant Response

As discussed in the evaluation of both signals failing low, the PPCS, and SBCS
response will be similar. The PLCS, however, would increase letdown flow and
decrease charging flow. A reactor trip may occur as a result of low pressure,
brought about by the increased letdown flow. The conclusions stated for the
pressure and level signals failing high also apply to this scenario.
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METHODOLOGIES USED IN THE ANALYSIS OF
LARGE STEAM LINE BREAKS AND FEEDWATER LINE BREAKS

15E.1 STEAM SYSTEM PIPE BREAK ANALYSIS METHODOLOGY

The following information is HISTORICAL and describes a method that is no longer applicable
in a permanently defueled condition. Refer to Section 15.0.

15E.1.1 INTRODUCTION

This appendix provides a description of methods used in the analysis of nuclear steam supply
system (NSSS) response to the steam line break (SLB) events presented in Section 15.1.3.
Computer codes and supporting calculational methods used in the analysis are discussed in
Section 15E. 1.2. Analysis assumptions which were used to maximize the potential for
degradation in fuel cladding performance and to maximize radiological releases are discussed in
Section 15E.1.3.

In accordance with the direction given in Sections 15.0 and 15.0.7, additional information which
completes the presentation of this appendix is provided in Section 15.1OE.

15E. 1.2 MATHEMATICAL MODELS

15E.1.2.1 Primary and Secondary System Thermal-Hydraulic Model

The NSSS response to the steam line break was simulated using the CESEC computer program
version described in Reference 4. Major model changes relative to versions of CESEC used for
earlier FSAR analyses include: (1) a more detailed reactor coolant system (RCS)
thermal-hydraulic model to include the effect of temperature tilt in the reactor core during
asymmetric transients add an explicit representation of the reactor vessel upper head region, (2) a
reactor coolant pump model which, in combination with an RCS loop momentum model,
explicitly calculates the time dependent reactor coolant mass flow rate, (3) a safety injection tank
model, (4) an RCS metal heat transfer model, and (5) a three-dimensional reactivity feedback
model.

The explicit representation of the reactor vessel upper head region, which nominally receives
only about one percent of the total reactor vessel flow, produces a more accurate RCS pressure
calculation for those transients which result in steam formation in the reactor vessel. In this
region the RCS metal heat transfer model accounts for heat transfer between the upper head
region fluid and metal (including the vessel wall and cladding, the upper guide structure and the
control element assembly (CEA) guide tube shrouds).
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The effect of decreasing reactor vessel downcomer fluid temperature on ex-core neutron detector
response during a steam line break is explicitly modeled in CESEC through the use of a
decalibration factor. Ex-core detector decalibration, which is caused by increased neutron
attenuation, delays the occurrence of the high core power reactor trip signal during steam line
breaks.

Other reactor trip functions which are credited for SLBs and which are directly modeled in
CESEC include low steam generator pressure, low pressurizer pressure, and the low reactor
coolant flow on steam generator differential pressure. A trip on high containment pressure may
be simulated for inside containment SLBs by manually tripping CESEC at the time indicated by
a conservative study of break size vs. containment pressure.

Recent analyses (Cycle 3 and later) credit the variable overpower CPC trip (VOPT) function.
This trip is based on the ex-core power signals compensated for by the downcomer temperature
decalibration effects mentioned above. Crediting of this trip in the safety analysis requires
performing a CESEC SLB simulation without trip which creates a file containing the information
necessary to run a CPC FORTRAN simulation code. (The functional description of this
simulation code is identical to that of the CPCs as given in reference 1.) The VOPT trip time
determined by the CPC FORTRAN simulation code is then used as the manual trip time in a
second CESEC SLB simulation.

15E.1.2.2 Nuclear Model

Core power as a function of time is calculated in CESEC using a six delayed group point kinetics
model. Moderator, Doppler, boron, and scram rod reactivity contributor are explicitly modeled.
The moderator and Doppler reactivity functions are based on two-dimensional ROCS
calculations. Moderator and Doppler reactivities are parameterized as functions of average
moderator density and effective fuel temperature, respectively, for use by CESEC. Values used
for scram rod worth (with one stuck CEA) as a function of scram rod insertion and for reciprocal
boron worth were also calculated using ROCS. Reactivity coefficients corresponding to
end-of-cycle operation were used for the steam line breaks appearing in Section 15.1.3 to
maximize post-trip reactivity insertion. Calculational uncertainty in the ROCS calculations was
accounted for through the use of conservative multipliers on the CESEC reactivity functions.

The CESEC three-dimensional reactivity feedback option incorporates the capability of
three-dimensional reactivity feedback effects associated with core inlet plane temperature
distribution, stuck CEA, and changes in core power distribution. The 3-D reactivity contribution
is based on HERMITE (reference 2) calculations, and is parameterized in CESEC as a function
of core inlet plane temperature tilt (difference between hot and cold edge temperatures), core
flow, and core fission power.

15E. 1.2.3 DNBR Evaluation Methodology

For steam line breaks initiated from full power conditions, pre-trip DNBR in the hot channel was
calculated using the CETOP computer code discussed in Subsection 15.0 and the CE-1 critical
heat flux correlation described in CENPD-162. The initial axial core power distribution was
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determined by selecting the most adverse axial shape index (ASI) allowed by the limiting
conditions for operation (LCOs) for steady-state conditions. The allowed axial shapes for
steady-state full power conditions were calculated using the QUIX computer program. The
initial power distribution was used from beginning of the transient until reactor trip. Average
core heat flux, reactor coolant flowrate, RCS pressure, and core inlet temperature from CESEC
are provided as input to CETOP. The planar radial peaking factor provided as input to CETOP
corresponds to the most adverse radial peak at the ASI for which the power operating limit
(POL) is not exceeded.

The determination of DNBR for post-trip steam line break conditions requires methods which
differ from those described above. This is due to the fact that the verified range of the CE-1
correlation does not cover low pressures and low flow rates. Therefore, the Macbeth DNBR
correlation (References 3 and 5) has been selected to represent margin to DNB during periods of
return-to-power.

Macbeth correlates critical heat flux to mass flux, inlet subcooling, pressure, heated diameter,
and channel length. Application of a channel heat balance allows the correlation to be converted
to a "local conditions" form. Using this local conditions form of the correlation, critical heat flux
as a function of height in the hot channel (which is located near the stuck CEA location) is
calculated, where the effect of non-uniform axial heating is incorporated using the method
applied by Lee (Reference 5).

Open core calculations indicate that local quality in the hot channel during steam line break
post-trip return-to-power conditions seldom exceeds a few percent, regardless of fission power
rate or core average mass flux. This occurs due to the assembly cross-flow, effects. The
presence of low density liquid or of voids at the top of the hot channel causes post-trip power
generation to occur near the bottom, of the core. For return-to-power DNBR calculations, an
integrated radial peaking factor, chosen to be conservative relative to HERMITE calculations, is
used.

Enthalpy as a function of height is computed by performing a closed channel heat balance. Hot
channel inlet enthalpy is set equal to the average enthalpy predicted by CESEC for the fluid at
the core inlet for that half of the core on the side associated with the affected steam generator.
Maximum enthalpy is limited to that corresponding to 8% quality at the system pressure, to
account for the cross-flow effect.

15E.1.3 INPUT PARAMETERS AND INITIAL CONDITIONS

15E.1.3.1 General

The consequences of steam line breaks are evaluated with respect to criteria on:

A. Overpressure,

B. fuel performance, and
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C. radiological releases

Steam line breaks are initially depressurization events. During the portion of the transient after
steam generator dryout and before operator action, some repressurization can occur due to safety
injection pump flow, decay heat addition, and heat transfer from the hotter walls and structure of
the RCS. However, the emergency feedwater system and the primary and secondary system
safety valves are designed to relieve in excess of the energy available from these sources while
maintaining primary and secondary pressures at, or below, design pressure. Therefore, input
parameters and initial conditions were not chosen to maximize over-pressure for the analyses of
SLB initiated transients.

Degradation in fuel performance can occur during SLB initiated events either during the portion
of the transient prior to and during reactor trip (henceforth referred to as the pre-trip portion) or
during the post-trip return-to-criticality, or approach-to-criticality, portion of the transient
(henceforth referred to as the post-trip portion). Input parameters and initial conditions which
maximize the potential for pre-trip degradation in fuel performance are discussed in Section
15E. 1.3.2. Input parameters and initial conditions which maximize the potential for post-trip
degradation in fuel performance are discussed in Section 15E. 1.3.3. The departure from nucleate
boiling ratio (DNBR) provides a measure of fuel performance. Therefore, the discussions of
potential for degradation in fuel performance will be in terms of those parameters which can
decrease local DNBR (i.e., degrade fuel performance) for the conditions present in a PWR
during SLBs:

A. increase in local heat flux,

B. decrease in coolant flow,

C. decrease in coolant pressure, and

D. increase in coolant temperature.

If there is a potential for degradation in fuel performance such that more than a very small
fraction (on the order of 0.1%) of the fuel pins in the core must be assumed to fail, then offsite
doses are sufficiently dominated by the contribution from primary system, activity that
assumptions which maximize the potential for degradation in fuel performance also maximize
the radiological releases. Otherwise, offsite doses are sufficiently dominated by the contribution
from secondary system activity and assumptions which affect the contribution of the secondary
system activity to the offsite dose must be considered. The input parameters and initial
conditions which maximize the contribution of the secondary system activity to the offsite dose
are discussed in Section 15E.1.3.4.

15E.1.3.2 Parameters and Conditions for Maximizing Pre-Trip Degradation in Fuel
Performance

Initial plant conditions and event initiators (break size, time in life, etc.) are varied in the pre-trip
analysis to obtain the most adverse power excursion and fuel performance degradation event.

15E-4 Rev. 24



San Onofre 2&3 FSAR
Updated

APPENDIX 15E

As the initialing break size is varied from a small break to a large break, the trip actions of the
high containment pressure and low steam generator pressure trips occur earlier in the event to
terminate the power excursion. However, the actions of the high linear power trip and natural
event turnaround due to the Doppler feedback in response to the power increase are delayed.
The assumed value of the moderator temperature coefficient of reactivity also affects the peak
core power prior to trip.

The addition of the CPC VOPT trip (CPC low DNBR (VOPT) trip) has provided an early trip for
smaller steam line break sizes. However, for larger breaks and more negative MTC values, a
sufficient power overshoot may occur prior to event turnaround to still result in fuel pins falling
below the DNBR limit. The most adverse case is the combination of break size and MTC which
produces the highest power level prior to reactor trip.

Other plant and core characteristics are chosen to be conservative with either the time in life (as
indicated by the most adverse MTC) or with initial conditions required to be at a power
operating limit as determined by COLSS.

Having determined the worst case in terms of the break area time in life and initial conditions,
the most adverse timing of the loss of offsite ac power is determined by varying the time of
LOAC about the time of reactor trip to obtain the minimum transient DNBR. Fuel failure is
predicted on the basis that all pins whose DNBR falls below the SAFDL are assumed to fail.

15E. 1.3.3 Parameters and Conditions for Maximizing Post-Trip Degradation in Fuel

Performance

15E.1.3.3.1 Background

Degradation in fuel performance during the post-trip portion of SLB initiated transients can only
occur if there is a return-to-power (R-t-P). Therefore, the primary consideration for maximizing
post-trip degradation in fuel performance is to select those parameters and conditions which will
maximize R-t-P. The magnitude of R-t-P is primarily determined by the value of the maximum
post-trip reactivity, the timing of this reactivity, and the duration of the reactivity peak. (Other
parameters which can affect the R-t-P, such as delayed neutron fraction, have a minor effect
within the range of values of the parameters. These other parameters are therefore chosen to be
appropriate to the core burnup which yields the maximum transient post-trip total reactivity.)
The timing of the maximum post-trip reactivity has an important effect on the post-trip R-t-P; the
same reactivity will produce less R-t-P later in a transient since: (a) fission power will have
decreased to a lower value prior to R-t-P, requiring more multiplication to reach a given power
level, and (b) the delayed neutron background will be lower, requiring more reactivity to produce
a given, positive rate of change of power. The duration of the reactivity peak is important in that
this parameter determines how long the post-trip power will continue to rise (if a R-t-P occurs)
before being turned around by decreasing reactivity.
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For the range of pressure and temperature involved, the direct effect of pressure and temperature
upon post-trip DNBR is small compared with the impact of these parameters upon fuel
performance through their effect on the magnitude of the R-t-P via the reactivity feedbacks.

Initial conditions which impact the R-t-P are discussed in Section 15E. 1.3.3.2. This is followed
by a discussion of postulated single failures in Section 15E. 1.3.3.3.

15E.1.3.3.2 Plant Initial Conditions

The impact of initial conditions on the potential for post-trip degradation in fuel performance is
through their effect on R-t-P determined by the magnitude, timing, and duration of the post-trip
total reactivity peak. These effects act through their contributions to the moderator reactivity,
the Doppler reactivity, and the safety injection boron reactivity.

The ranges of the parameters given in Table 15.0-5 were considered in establishing the most
adverse initial plant state for R-t-P. The radial peaking factors given in Table 15.0-5 are not
used for post-trip analysis. The most adverse state has been found to be the maximum core
power, maximum core inlet coolant temperature, maximum reactor coolant system pressure, and
water level in both steam generators.

High initial RCS pressure will delay both the safety injection actuation signal and the point at
which system pressure falls below the shut-off head of the high pressure safety injection pumps.
This minimizes the negative activity added by the HPSI pumps prior to dryout and cooldown
termination. Maximizing RCS (core) average temperature also causes the cooldown to occur
over a more adverse portion of the moderator reactivity function, i.e., the portion having the
greatest rate of change of reactivity with temperature. Maximizing core outlet temperature
maximizes the energy stored in the water and metal of the upper head region of the reactor vessel
and also maximizes the saturation pressure of the water in this region. As the RCS pressure falls
below the saturation pressure of the liquid in the upper head region, the stored energy provides
the energy necessary to vaporize this liquid, resulting in a low rate of decrease of RCS pressure
below the saturation pressure of the liquid in the upper head. This in turn minimizes the safety
injection boron reactivity at the time of R-t-P, since the safety injection actuation signal is
delayed and the safety injection pump flow is impeded by the higher transient pressures.

Since the rate of negative reactivity insertion following the reactor trip has little effect on the
return-to-power, the initial axial power distribution is of little importance. The axial power
distributions for thermal-hydraulic evaluation are the results of 3-D calculations and are severely
bottom peaked.

Initial steam generator water level causes competing effects with respect to the return-to-power.
A higher liquid inventory would cause a slightly greater temperature decrease and positive
reactivity addition. This additional positive reactivity is however, quite small as it occurs at the
end of the cooldown where the moderator reactivity vs. temperature functions is quite flat. This
effort is compensated by the fact that the additional cooldown would cause a larger pressure
decrease resulting in an earlier safety injection. The result is that the R-t-P cases are relatively
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insensitive to initial steam, generator inventory. Initial liquid gasses are then chosen to be
consistent with the normal water level at the initial power under evaluation.

A number of conservative analysis assumptions which affect the magnitude of the R-t-P are
used:

A. The CEA of maximum worth stuck in the fully withdrawn position after reactor trip.

B. End of equilibrium burnup cycle core conditions to yield the most negative moderator
coefficient.

C. Saturated steam blowdown with no moisture carryover from the steam generators to
yield the maximum energy removal.

D. Only a fraction of the predicted negative reactivity due to voiding in the hot channel is
credited in the analysis.

E. A 15 percent increase in the slope of the Doppler reactivity versus fuel temperature
function to assure that the calculation of the reactivity increase due to cooldown of the
fuel is conservative.

F. The steam line breaks were initiated by a postulated doubled-ended rupture upstream,
of the MSIV. This break location results in an initial blowdown area for the unaffected
steam generator (until the MSIVs close) equivalent to the flow restrictor area. As the
MSIVs close, steam blowdown from the unaffected steam generator terminates.

G. Moderator reactivity was determined as a function of the lowest cold leg temperature
to account conservatively for the effect of uneven temperature distribution on the
moderator reactivity. Asymmetric heat removal causes unequal cold leg temperatures
at the reactor vessel inlets for the two steam generator loops. Unequal reactor vessel
inlet temperatures in combination with incomplete mixing of coolant in the reactor
vessel downcomer and lower plenum results in a temperature distribution at the core
inlet plane. The effect of this temperature distribution is included by basing moderator
reactivity on core cold edge moderator density.

15E.1.3.3.3 Single Failures

Only the failure of one MSIV to close and failure of one HPSI pump can affect the potential for
post-trip R-t-P and consequent possible degradation in fuel performance. (The failure of the
most reactive CEA to insert and a loss of offsite power are assumed, additionally, for SLB
analyses). Whether the additional cooldown provided by the failure of an MSIV on the
unaffected steam generator or the decreased safety injection boron reactivity resulting from the
failure of a HPSI pump is more adverse for a transient depends upon a number of factors. In
general, the failure of a HPSI pump will be more adverse unless transient characteristics (e.g.,
RCS pressure, time of R-t-P) are such that little or no safety injection boron reaches the core
before R-t-P, even when both. HPSI pumps are assumed to be operative.
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15E.1.3.4 Parameters and Conditions for Maximizing Secondary System Contribution To
Radiological Releases

The contribution of the secondary system to radiological releases is maximized by (a) the
maximum initial steam generator inventory in the affected steam generator, (b) a loss of
condensor availability, and (c) the maximum amount of post-accident heat to be removed.

(a) Assuming that the initial steam generator water level is at the highest permissible
operating level maximizes the potential for radiological release due to the discharge to
atmosphere of the contents of the affected steam generator. Further, cases initiated
from zero power operating conditions will have the maximum initial steam generator
water inventory for a given water level.

(b) A loss of condensor availability (e.g., due to loss of offsite power) requires that the
plant be cooled down by use of the atmospheric dump valves. This causes additional
radiological releases due to the discharge to atmosphere of water from the unaffected
steam generator.

(c) Maximizing the amount of post-accident heat to be removed maximizes the amount of
liquid from the unaffected steam generator that must be vaporized and released to the
atmosphere (in the absence of condenser availability of(b) above) to achieve cold
shutdown. The amount of post-accident heat to be removed is maximized by assuming
the maximum initial plant temperature and by assuming that the decay heat to be
removed is that appropriate to full power operation, even for cases initiated at zero
power. It is assumed that the event occurred at zero power, but that within the
previous half hour the plant had been at equilibrium full power conditions.

15E.2 FEEDWATER LINE BREAK ANALYSIS METHODOLOGY

The following information is HISTORICAL and describes a method that is no longer applicable
in a permanently defueled condition. Refer to Section 15.0.

This section provides a description of the methods used in the analysis of nuclear steam supply
system response to the feedwater line break events presented in subsection 15.2.3. The method
of analysis, the initial conditions, and the input parameters used in the analysis are discussed in
paragraphs 15E.2.1.1.1 and 15E.2.1.2, respectively.

15E.2.1 CORE AND SYSTEM PERFORMANCE

15E.2.1.1 Method of Analysis

The CESEC III NSSS simulation code was used to determine the NSSS response following a
feedwater line break. A description of CESEC calculational methods is presented in paragraph
15.0.3.1.5. Input to the CESEC code, such as moderator reactivity as a function of moderator
density, Doppler reactivity as a function of effective fuel temperature, and shutdown rod worth
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with a stuck CEA, were calculated using the two-dimensional ROCS code discussed in
paragraph 4.3.3.1.1.

The DNBR for the core hot channel through the reactor trip was calculated using the CETOP
computer code and the CE- 1 correlation for critical heat flux. A description of CETOP
calculational methods is presented in paragraph 15.0.3.1.8. Transient dependent input to the
CETOP code for pressure, coolant flowrate through the core, core inlet temperature, and core
average heat flux are obtained from the CESEC-generated transient response.

In the barrier performance evaluation the CESEC-II code was used during the first 30 minutes
of the transient, with hand calculations based on the overall NSSS mass and energy balance used
for the remaining time interval (operator controlled cooldown). The flow diagram identifying
the primary system components considered in the feedwater line break accident analysis is
provided in figure 15E- 1, while the flow diagram identifying the secondary system, components
considered is shown in figure 15E-2.

The feedwater line break transient is analyzed as a reactor coolant system heatup transient.
Therefore, all the conservatisms discussed below are biased so as to maximize the reactor
coolant heatup.

The feedwater line break location is between the steam generator and the last feedwater check
valve, such that the valve is ineffective in terminating the blowdown flow from the steam
generator connected to the ruptured feedwater line. In addition, at the time of the rupture in the
feedwater line, main feedwater flow is assumed to instantaneously terminate.

Blowdown of the steam generator nearest the feedwater line break was maximized by assuming
frictionless critical flow calculated by the Henry-Fauske correlation (reference 6). The enthalpy
of the blowdown is underestimated by assuming that the downcomer level does not drop below
the break location, thereby minimizing the heat removal. In other words, the enthalpy of
discharge is assumed to be that of saturated liquid until no liquid remains, at which time
saturated steam discharge is assumed. This model conservatively underestimates the blowdown
energy and overestimates the discharge rate, thereby leading to a more rapid blowdown, and thus
minimizing the steam generator heat removal capability.

The low steam generator water level trip is conservatively delayed until the steam generator
connected to ruptured steam line dries out, thereby minimizing the steam generator heat removal
capability. In addition to the delayed low steam generator water level trip, a simultaneous
reactor trip on high pressurizer pressure is assumed. The purpose of the coincident trips is to
maximize the RCS pressure at the time of trip, thereby maximizing the RCS pressure of the
event.

The feedwater line break analysis assumes a constant heat transfer area during reduction of
steam generator water inventory, followed by a rapid decrease of heat transfer area as the steam
generator dries out. This assumption is based on a study of the sensitivity of peak RCS pressure
to break size and to steam generator mass interval (AM) over which heat transfer area ramps to
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zero. The results of this sensitivity study for a 3800 MWt C-E NSSS (reference 7) are shown in
figure 15E-3.

The figure demonstrates that decreasing the value of AM results in higher values of peak
transient RCS pressure. The maximum peak transient RCS pressure occurs for AM = 0 (i.e., the
heat transfer area ramps instantaneously to zero at the time the liquid inventory in the ruptured
steam generator is depleted). This is because the initial operating conditions were chosen to
result in the coincident occurrence of the low steam generator water level trip (which is assumed
to occur at the time of dryout) and the high pressurizer pressure trip.

Nonzero values of AM result in a higher rate of pressure increase prior to reactor trip. However,
since the ruptured steam generator contains part of its liquid inventory and is, therefore,
available as a heat sink for a period following trip, the resulting post-trip pressure increase is less
severe than for the feedwater line break analysis presented in paragraph 15.2.3.1.

A sensitivity study for the feedwater line break accident was performed for the San Onofre plant,
by analyzing a spectrum of break areas up to the combined area of the flow distributing nozzles
in the feedwater ring, to determine the influence of break size on maximum, RCS pressure. In
this study, the rate of decrease of the heat transfer area was maximized by assuming that M = 0.
A graph of peak RCS pressure versus break area is given in figure 15E-4. As can be seen from
this figure, a maximum peak RCS pressure of 2870 lb/in.2a occurs for a break size of 0.2 ft2.

The loss of offsite power (LOAC) is the limiting single failure with respect to reactor coolant
system pressurization for the feedwater line break event. With the evaluation method discussed
in the previous paragraphs, the only mechanisms for the mitigation of the RCS pressurization are
the pressurizer safety valves, the reactor coolant flowrate, and the main steam safety valves (the
last two influence the RCS to steam generator heat transfer rate). There are no credible failures
which can degrade pressurizer or main steam, safety valve capacity. A decrease in the RCS
transfer to offsite power or a loss or offsite power following turbine trip; i.e., a two or four
reactor coolant pump coastdown, respectively. Therefore, another conservatism assumed in the
feedwater line break analysis is that the LOAC is assumed to occur at the time of the turbine-
generator trip.

15E.2.1.2 Initial Conditions and Input Parameters

Input variables to the CESEC III code are listed in table 15E. 1. These variables have been
categorized as: (1) NSSS design parameters, (2) initial operating conditions, and (3) protective
system parameters. Parameters for which nominal design values were used, are indicated in the
table. A discussion follows for each category of parameters for the feedwater line break case
presented in subsection 15.2.3.

A. NSSS Design Parameters

1. Reactor Core
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Gap conductivity is specified for beginning of cycle (BOC) core conditions (cold
and zero burnup).

2. Neutron Kinetics

Neutron lifetime delayed neutron parameters, and reactivity inputs are specified
for BOC core conditions. The reactivity inputs are modified from BOC design
values calculated by the ROCS code to ensure conservative prediction of transient
reactivity. As discussed in subsection 15.2.3, the magnitude of this modification
is 15% for Doppler reactivity. In order to maximize core power during moderator
heatup, a conservative upper limit was chosen for the moderator temperature
reactivity coefficient, 0.0 Ap/EF.

3. Steam Generators and Main Steam System

Nominal design values are used. It should be noted, as discussed in subsection
15.2.3, that no credit is taken for reduction of the heat transfer area with reducing
steam generator liquid mass in the feedwater line break analysis. This assumption
causes a conservatively high rate of introduction of heat imbalance in the reactor
coolant system and consequently results in conservatively high reactor coolant
system pressure. Instantaneous closure of the turbine stop valves was assumed on
turbine trip.

4. Reactor Coolant System

The pressurizer and primary system component water volumes are used in the
CESEC III thermal-hydraulic calculations which are based on the nodalization
shown in figure 15E-5. The correspondence of coolant nodes to component water
volumes is also provided in this figure.

The effective hydraulic length of the pressurizer surge line accounts for friction
losses, pipe bends, and entrance and exit losses in the surge line.

5. Control Systems

While offsite power was available, pressurizer pressure (sprays and heaters)
control system design parameters were specified at nominal values. Following
loss of offsite power, the pressurizer pressure control system parameters were
specified to represent the "off' condition.

6. Design Operating Conditions

The design operating conditions are a set of steady-state NSSS parameters which
allow consistent specification by the CESEC code of the steam generator tube
heat transfer coefficient, the steam line pressure loss coefficient, and the design
turbine admission valve effective area.
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B. Initial Operating Conditions

The initial values of core power, core inlet moderator temperature, reactor coolant
system pressure, reactor coolant flowrate and steam generator water mass are
identified in table 15.2-9. The values chosen for these parameters are discussed in
paragraph 15.2.3.1.3.2.

C. Protective System Parameters

1. Reactor Trip

The reactor trip analysis setpoints and delay times are discussed in subsection
15.0.2. These values were used except for the high pressurizer pressure trip
analysis setpoint which was increased to 2474 lb/in.2 a. The CEA worth versus
insertion is discussed in paragraph 15.0.3.3.3 and is graphed in figure 15.0-1.

2. Pressurizer Safety Valves

The pressurizer safety valves open at a nominal setpoint of 2500 lb/in.2a; 2525
lb/in.2a setpoint was input.

3. Main Steam Safety Valves

The main steam safety valves open at a nominal setpoint of 1090 lb/in. a; 1100
lb/in.2 a setpoint was input.

4. Auxiliary Feedwater

Maximum times to auxiliary feedwater pump startup are input including, for the
loss of offsite power, time delays for standby diesel generator startup. Failure of
one auxiliary feedwater pump to start was included as a single failure in the cases
presented in the FSAR and, therefore, minimum single pump flow of 700 gal/min
was input.

5. Main Steam Isolation

The main steam, isolation valves close on receipt of a main steam isolation signal.

Output variables from, the CESEC III code represent the dynamic NSSS response to the
feedwater line break accident, as discussed in subsection 15.2.3 and as illustrated in figures
15.2-40 through 15.2-56.

Table 15E- I
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INPUT VARIABLES TO CESEC III FOR THE FEEDWATER LINE BREAK ANALYSIS
(Sheet 1 of 3)

Nominal
Input Variable Yes No NA a)

1. NSSS DESIGN PARAMETERS
A. Reactor Core

Number of fuel pins X
Fuel pin length X
Fuel pin radius X
Fuel pin separation X
Pellet-to-clad gap width X
Gap conductivity X
Clad thickness X
Volume of core coolant channels X
Fractions of power deposited in fuel, clad, and moderator X

B. Neutron Kinetics
Neutron life time X
Delayed neutron precursor fractions and delay constants X
Doppler reactivity X
Moderator reactivity X

C. Steam Generators and Main Steam System
Total volume of steam and water on shell side X
Total volume of water inside U-tubes X
U-tube ID X
U-tube surface area X
U-tube heat capacity X
Steam line flow resistance X
Time for closure of turbine stop valves on turbine trip X

(a) NA = Not applicable. Either a nominal value of this input variable does not exist (e.g.,

due to burnup dependence of core parameters) or the status is case dependent (e.g.,
control system status depends on whether loss of offsite power is assumed).
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Table 15E-1

INPUT VARIABLES TO CESEC III FOR THE FEEDWATER LINE BREAK ANALYSIS
(Sheet 2 of 3)

Nominal
Input Variable Yes No NA a,

D. Reactor Coolant System
Pressurizer volume X
Pressurizer cross-sectional area X
Core bypass flow fraction X
Primary System component water volumes X
Reactor coolant flow versus time X
Effective hydraulic length of pressurizer surge line X

E. Control Systems
Charging pump control X
Letdown pump control X
Pressurizer spray control X
Pressurizer heater control X

F. Design Operating Conditions
Core power X
Core inlet moderator temperature X
Reactor coolant flowrate X
Reactor coolant system pressure X
Steam generator pressure X
Full power flowrate X
Full power steam line pressure drop X

2. INITIAL OPERATING CONDITIONS
A. Core Power X
B. Core Inlet Moderator Temperature X
C. Reactor Coolant System Pressure X
D. Reactor Coolant Flowrate X
E. Feedwater Enthalpy versus Power X
F. Steam Generator Water Mass versus Power X
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Table 15E-1

INPUT VARIABLES TO CESEC III FOR THE FEEDWATER LINE BREAK ANALYSIS
(Sheet 3 of 3)

Nominal
Input Variable Yes No NA(a)

3. PROTECTIVE SYSTEM PARAMETERS
A. Reactor Trip

Trip setpoint X
Trip delay time X
CEA holding coil flux delay time X
CEA worth versus insertion X
CEA insertion versus time X

B. Pressurizer Safety Valves
Flow area versus pressurizer pressure X

C. Main Steam Safety Valves
Flow versus pressure for each bank of valves X

D. Auxiliary Feedwater
Setpoint for actuation on low steam generator level X
Time delay to initiation of auxiliary feedwater to steam
generator
Auxiliary feedwater flowrate X
Auxiliary feedwater enthalpy X I

E. Main Steam Isolation
MSIV flow area X
MSIV closure rate following MSIS X
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APPENDIX 15F

LOSS OF PRIMARY COOLANT FLOW METHODOLOGY DESCRIPTION

The following information is HISTORICAL and describes a method that is no longer applicable
in a permanently defueled condition. Refer to Section 15.0.

15F. 1 INTRODUCTION

This appendix describes the analytical methods used to determine the NSSS response to a loss of
primary coolant flow (LOF) which could occur as a result of a loss of electrical power to the four
reactor coolant pumps. This method, referred to hereafter as the Space-Time Kinetics LOF
(ST-LOF) method, is used to support the conclusions and results in Section 15.3.1.

The computer codes used in the ST-LOF method are: COAST, CESEC, HERMITE and
CETOP-D. These codes are described in References 1-4, respectively. The principal
time-dependent parameters calculated are the primary coolant flow rate, reactor core power, hot
assembly heat flux and limiting channel departure from nucleate boiling ratio (DNBR).

In accordance with the direction given in Sections 15.0 and 15.0.7, additional information which
completes the presentation of this appendix is provided in Section 15.1 OF.

15F.2 COMPUTER CODES

15F.2.1 DATA TRANSFER

Given the postulated initiating event, the COAST code is used to compute the core inlet
volumetric flow rate as a function of time. (CESEC III contains a model equivalent to COAST.
Thus, when CESEC III is utilized the flow coastdown is calculated internally.) This data is input
to the CESEC code which is used to predict the overall system response. CESEC calculates
plant protection system responses to valve actuations for assessing the long term consequences
of the LOF. CESEC also computes the time dependent core inlet mass flux, core inlet coolant
temperature, and reactor coolant system pressure (however, no credit is taken for pressure
increases in computing the DNBR transient) which can be used for input to HERMITE. For
those cases where a reactor trip occurs so rapidly that only the coolant flow rate changes,
CESEC is bypassed and the flow coastdown is input directly to HERMITE.

HERMITE is used to predicate the reactor core response during a LOF. HERMITE calculates
the transient core power, core average heat flux, and hot assembly heat flux. The
time-dependent core average and hot assembly heat fluxes along the core inlet coolant mass flux,
core inlet coolant temperature and reactor coolant system pressure are input to the CETOP-D
computer code. CETOP-D computes the core average and limiting channel coolant conditions
and the limiting channel DNBR. Figure 15F-1 depicts the transfer of data between the computer
codes.
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15F.2.2 COAST

The COAST code is used in the same manner as described in CENPD-183 (section 15.0
Reference 9). COAST analyzes reactor coolant flow under any combination of active and
inactive pumps in a two-loop, four-pump plant. The equation of conservation of momentum is
written for each of the flow paths of the COAST model assuming unsteady, one-dimensional
flow of an incompressible fluid. The equation of conservation of mass is written for the
appropriate nodal points. Pressure losses due to friction, bends, and shock losses are assumed
proportional to the flow velocity squared. Pump dynamics are modelled using a head-flow curve
for a pump at full speed and using four quadrant curves, which are parametric diagrams of pump
head and torque on coordinates of speed versus flow, for a pump at other than full speed.

The COAST code has been verified by measurements of the flow coastdown during startup
testing at the many CE Plants, including SONGS. A further description of COAST is contained
in CENPD-98 (Section 15.0 Reference 17).

15F.2.3 CESEC

The CESEC code is used to determine the long term response of the NSSS to primary coolant
flow reductions resulting from postulated LOF events. Also, CESEC may be used to predict the
change in core inlet coolant temperature if this parameter changes before the time of minimum
DNBR.

CESEC computes key system parameters during a transient, including core heat flux, pressures,
temperatures, and valve actions. A partial list of the dynamic functions for this NSSS simulation
includes: point kinetics neutron behavior, Doppler and moderator reactivity feedback, boron and
CEA reactivity effects, multinode average channel reactor core thermal hydraulics, reactor
coolant pressurization and mass transport, reactor coolant system safety valve behavior, steam
generation, steam generator water level, main steam bypass, secondary safety and turbine valve
behavior, as well as alarm, control, protection, and engineered safety feature system actions.
The steam turbine and its associated controls are not included in the simulation. Steam generator
feedwater enthalpy and flow rate are provided as input to CESEC. For a further description of
CESEC see Section 15.0.

15F.2.4 HERMITE

One application of the HERMITE code is to determine the reactor core response during
postulated LOF events. HERMITE can accept as input the transient boundary conditions of
coolant flow rate, inlet coolant temperature, reactor coolant system pressure, and CEA position.
In this application, HERMITE solves the few-group, space and time-dependent neutron diffusion
equation, including feedback effects of fuel temperature, coolant temperature, coolant density
and control rod motion for a one-dimensional average fuel assembly. The fuel temperature
model explicity represents the pellet, gap, and clad regions of an average fuel pin and
representative hot assembly fuel pin. The hot assembly fuel pin power density is related to the
average fuel pin Power density by time-dependent planar radial power peaking factors, which are
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discussed in more detail below. For the calculation of heat flux, heat conduction equations are
solved by a finite difference method. Continuity and energy conservation equations are solved
in order to determine the coolant temperature and density for the average and hot assemblies. A
further description of HERMITE is contained in CENPD-188-A (Section 15.0, Reference 22).

The hot assembly fuel pin power density is equal to the core average fuel pin power density
multiplied by the planar radial power peaking factor, Fr(Z). For times prior to the insertion of
CEAs and for regions of the core that the CEAs have not penetrated, the Fr(Z) is equal to a
conservatively chosen initial value. As the CEAs pass a plane of the core, the radial power
peaking factor of that plane is increased as a function of time from the initial value to a final
maximum value. This final maximum value of Fr(Z) has been at least a factor of 5 greater than
that predicted by 2-D transient HERMITE calculations assuming the worst stuck CEA, over the
time of interest. The radial peaking factor representation leads to the nonphysical, but
conservative, result that the local hot channel power density rises as the CEAs pass each plane.

The synthesis of the axial power distribution and the planar radial power peaking factors provide
a conservative representation of the hottest fuel assembly during the LOF transient including the
maximum 3-D power peaking effects. This technique yields a conservative prediction of the
minimum DNBR which can occur as a result of the LOF transient.

15F.2.5 CETOP-D

The code is used to calculate the limiting channel DNBR transient. CETOP-D receives the core
average fuel assembly beat flux, hot assembly heat flux, core inlet coolant mass flux, core inlet
coolant temperature, and reactor coolant system pressure at selected times during the LOF
transient. The code is used to perform static calculations of the axial coolant enthalpy
distribution and DNBR at these times. No credit is taken for reactor coolant system pressure
increases in calculating the DNBR. CETOP-D solves the conservation of mass, energy and
momentum equations for a 3-dimensional representation of the open-lattice core to determine the
local coolant conditions at points in the core average fuel assembly and hot fuel assembly.
Lateral transfer of mass, momentum, and energy between neighboring flow channels (open-core
effects) are accounted for in the calculations of local coolant conditions. These coolant
conditions and the HERMITE calculated hot assembly heat flux are then used with the CE-I
critical heat flux correlation to compute the minimum DNBR value. A further description of
CETOP-D is contained in Reference 21 of Section 15.0.

15F.3 COMPARISON WITH PREVIOUS METHODS

CENPD-183, Appendix A described the methodology used to predict the consequences of
postulated LOF events for many Combustion Engineering NSSS designs. This section
summarizes the fundamental differences between the ST-LOF method and that described in
CENPD- 183.

The primary difference between these methods is in the calculation of the core power during
insertion of the CEA after trip. The CENPD- 183 method uses the QUIX code to compute
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reactivity as a function of CEA position assuming the neutron flux and delayed neutron
precursors are in equilibrium. Combining CEA position versus time data with the reactivity
versus CEA position data produces the time dependent scram reactivity function which is input
to the CESEC point kinetics equations.

The ST-LOF method uses HERMITE to calculate core power directly from CEA position versus
time. HERMITE calculates the time-dependent neutron flux in one dimension (axial) with the
few group diffusion equation explicitly accounting for fission, absorption, and transport cross
section variations.

Other differences exist in the calculation of the hot channel heat flux. In the CENPD- 183
methodology, it is assumed that the hot channel normalized heat flux decay is equivalent to the
core average normalized heat flux decay for computing the time of minimum DNBR.
Furthermore, it is assumed that the axial heat flux distribution is constant in time. The minimum
DNBR value calculated with the CENPD-183 methodology assumes no decay of the hot channel
heat flux.

In the ST-LOF method it is assumed that the hot assembly normalized power decay is equivalent
to the core average normalized power decay; however, the hot assembly power decay is modified
upon the insertion of CEAs, in that the planar radial power peaking factors are increased as the
CEAs enter the core. The hot assembly and core average axial heat flux distributions are each
time-dependent. The minimum DNBR value calculated with the ST-LOF method is based on the
decayed heat flux calculated by HERMITE at the time of minimum DNBR.

The ST-LOF method uses the static method for calculating the DNBR as described in
CENPD-183, Appendix A, except that CETOP-D is used in place of COSMO.
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APPENDIX 15 G

DOSE MODELS USED TO EVALUATE THE CONSEQUENCES OF ACCIDENTS
ANALYZED WITH THE ALTERNATIVE SOURCE TERM METHODOLOGY

15G. 1INTRODUCTION

San Onofre Units 2 and 3 are licensed for full scope implementation of the Alternative Source
Term (AST) methodology for radiological consequence analyses. All future revisions to
radiological analyses performed to show compliance with regulatory requirements shall address
all characteristics of the AST and the Total Effective Dose Equivalent (TEDE) criteria of
10CFR50.67.

This appendix 15G identifies the models used to calculate offsite and control room radiological
doses that would result from releases of radioactivity due to various postulated accidents that are
credible following permanent cessation of power operations. The models are in accordance with
the AST dose analysis methodology of Regulatory Guide (RG) 1.183 and with the ARCON96
control room atmospheric dispersion methodology provided in RG 1.194.

The following postulated accidents have been analyzed using the Alternative Source Term
methodology. These accidents are applicable in a permanently defuel condition:

- Fuel handling accident inside the fuel handling building (FHA-FHB)
- Spent fuel cask drop accident
- Spent fuel pool boiling
- Waste gas system failure (release to atmosphere)
- Radioactive liquid waste system leak or failure (release to atmosphere)

The following postulated accidents have been analyzed using the Alternative Source Term
methodology. These accidents are historical in that they are no longer applicable in a
permanently defueled condition:

- Loss of coolant accident (LOCA)
- Fuel handling accident inside containment (FHA-IC)
- Pre-trip steam line break outside containment (SLB-OC)
- Post-trip steam line break (return-to-power)
- Control Element Assembly (CEA) ejection accident
- Increased Main Steam Flow with a Concurrent Single Failure of an Active Component

(IMSF/SF)
- Inadvertent opening of a steam generator atmospheric dump valve (IOSGADV)
- IOSGADV with a single failure (IOSGADV/SF)
- Reactor coolant pump sheared shaft (RCPSS)

Section 15G.2 summarizes the AST core and fuel rod fission product inventories calculated
using the guidance in RG 1.183. Section 15G.2 also presents the AST activity profiles
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associated with operation at the primary and secondary activity concentration limits, with and
without iodine spiking, as specified in Technical Specification Limiting Conditions For
Operation (LCOs) 3.4.16 and 3.7.19.

Section 15G.3 summarizes the model used in evaluating offsite dose consequences at the
exclusion area boundary (EAB) and at the outer boundary of the low population zone (LPZ).
This model is generic to the dose analyses evaluating offsite dose consequences.

Section 15G.4 summarizes the model used in evaluating control room dose consequences. This
model is generic to the dose analyses evaluating control room dose consequences.

15G.2 ACTIVITY INVENTORIES AND TECHNICAL SPECIFICATION ACTIVITY
PROFILES

The core and fuel rod fission product inventories were calculated using the guidance in RG
1.183. Activity profiles were calculated for operation at the primary and secondary activity
concentration limits, with and without iodine spiking.

15G.2.1 CORE AND AVERAGE FUEL ROD ACTIVITY INVENTORIES

Table 15G- 1 summarizes the parameters modeled in the evaluation of the reactor core activity
inventory. The core inventory of fission products is based on the maximum full-power operation
of the core with, as a minimum, currently licensed values for fuel enrichment, fuel burnup, and
an assumed core power equal to the current licensed rated thermal power times the emergency
core cooling system (ECCS) evaluation uncertainty. These parameters were examined
parametrically to maximize the fission product inventory. The period of irradiation is of
sufficient duration to allow the activity of dose significant radionuclides to reach equilibrium or
to reach maximum values. The core inventory was developed using the SAS2H and ORIGEN-S
modules of the SCALE code package. As discussed in RG 1.183, the NRC staff finds the use of
isotope generation and depletion computer codes such as ORIGEN acceptable for developing the
core inventory of fission products.
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Table 15G-1
ACTIVITY INVENTORY MODEL PARAMETERS

PARAMETER IF MODELED VALUE
Maximum Core Average Burnup 40.0 GWD/T
Maximum Core Average Enrichment 4.8 w/o U-235
Maximum Core Uranium Loading 95.5 MTU
Core Rated Thermal Power 3,438 MW-t
Core Thermal Power Uncertainty 0.58% actual, 2.0% modeled
Analyzed Core Thermal Power 3,507 MW-t
Minimum Number of Fuel Rods per Core 51,132 rods/core

The ORIGEN-S code was executed for various combinations of core average burnups and
enrichments. Each ORIGEN-S code run evaluated the activity inventory in a single fuel
assembly. In any code run, the maximum curie value of an isotope represents the sum of the
ORIGEN-S code output identified as "Light Elements", "Fission Products", and "Actinides".
For each isotope, the maximum curie value from the ORIGEN-S code runs was chosen to
represent the inventory of that isotope in the composite fuel assembly. Activity inventories were
originated for various isotopes of the elements listed in RG 1. 183 Table 5. The maximum full
core accident source term was determined by multiplying the composite maximum fuel assembly
activity inventory by 217 fuel assemblies per core.

Table 15G-2 summarizes the full core accident source term. The original list of isotopes was
reduced to the table 15G-2 listing of isotopes that are included in the Bechtel LocaDose code
isotope library. Per the guidance of RG 1.183 Regulatory Position 4.1.1, the isotope libraries
contain all radionuclides, including progeny from the decay of parent radionuclides that are
significant with regard to dose consequences and the released radioactivity. The isotopes include
all but one of the isotopes listed in the RADTRAD code isotope library as identified in
NUREG/CR-6604 Table 1.4.3.3-2 (Reference 1). The missing isotope is Niobium-97m, which is
a short-lived daughter of Zirconium-97, and which does not have a dose conversion factor in
Federal Guidance Report 11 (Reference 2). Niobium-97m decays to Niobium-97. The code
used for the AST analyses conservatively assumes that Zirconium-97 decays directly to
Niobium-97.
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Table 15G-2 (sheet 1 of 2)
REACTOR CORE ISOTOPE INVENTORY AT SHUTDOWN

CORE CORE CORE CORE
ISOTOPE INVENTORY ISOTOPE INVENTORY ISOTOPE INVENTORY ISOTOPE INVENTORY

[curies] [curies] [curies] [curies]

XE-131M 1.22E+06 BR-82 3.43E+05 TE-131M 1.92E+07 SR-94 1.63E+08

XE-133M 6.05E+06 BR-83 1.42E+07 TE-131 7.90E+07 SR-95 1.46E+08

XE-133 1.93E+08 BR-84 2.73E+07 TE-132 1.34E+08 RU-103 1.55E+08

XE-135M 4.06E+07 BR-85 3.12E+07 TE-133M 9.20E+07 RU-105 1.12E+08

XE-135 7.05E+07 BR-87 5.1OE+07 TE-133 1.11E+08 RU-106 6.08E+07

XE-137 1.80E+08 BR-88 5.1OE+07 TE-134 1.92E+08 RH-103M 1.55E+08

XE-138 1.79E+08 CS-134M 4.56E+06 SB-124 8.79E+04 RH-105 1.02E+08

KR-83M 1.43E+07 CS-134 1.87E+07 SB-125 1.03E+06 RH-106 6.73E+07

KR-85M 3.12E+07 CS-135 5.97E+01 SB-126M 5.13E+04 PD-107 1.32E+01

KR-85 1.09E+06 CS-136 5.58E+06 SB-126 4.37E+04 PD-109 4.06E+07

KR-87 6.38E+07 CS-137 1.25E+07 SB-127 8.57E+06 MO-99 1.80E+08

KR-88 8.98E+07 CS-138 1.90E+08 SB-129 3.06E+07 TC-99M 1.59E+08

KR-89 1.15E+08 CS-139 1.79E+08 SE-79 7.86E+00 TC-99 1.55E+03

1-129 3.62E+00 RB-86 1.90E+05 BA-136M 6.36E+05 TC-101 1.59E+08

1-130 2.50E+06 RB-87 2.54E-03 BA-137M 1.19E+07 CO-57 O.OOE+00

1-131 9.37E+07 RB-88 9.20E+07 BA-139 1.82E+08 CO-58 2.21E+05

1-132 1.36E+08 RB-89 1.22E+08 BA-140 1.81E+08 CO-60 4.60E+05

1-133 1.98E+08 RB-90 1.14E+08 BA-141 1.66E+08 LA-140 1.90E+08

1-134 2.26E+08 TE-125M 2.23E+05 SR-89 1.24E+08 LA-141 1.67E+08

1-135 1.87E+08 TE-127M 1.44E+06 SR-90 9.48E+06 LA-142 1.66E+08

1-136 9.20E+07 TE-127 8.48E+06 SR-91 1.53E+08 LA-143 1.63E+08

1-137 9.46E+07 TE-129M 5.95E+06 SR-92 1.55E+08 ZR-93 1.56E+02

1-138 4.73E+07 TE-129 2.91E+07 SR-93 1.68E+08 ZR-95 1.78E+08
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Table 15G-2 (sheet 2 of 2)
REACTOR CORE ISOTOPE INVENTORY AT SHUTDOWN

CORE CORE CORE CORE
ISOTOPE INVENTORY ISOTOPE INVENTORY ISOTOPE INVENTORY ISOTOPE INVENTORY

[curies] [curies] [curies] [curies]

ZR-97 1.69E+08 SM-153 5.01E+07 CE-143 1.64E+08 TH-230 O.OOE+00

ND-144 O.OOE+00 Y-89M 1.33E+05 CE-144 1.29E+08 TH-232 O.OOE+00

ND-147 6.55E+07 Y-90M 5.82E+02 PU-236 5.34E+01 TH-234 O.OOE+00

EU-152 9.37E+02 Y--90 9.94E+06 PU-237 7.05E+02 U-233 O.OOE+00

EU-154 7.68E+05 Y-91M 8.85E+07 PU-238 3.56E+05 TH-229 O.OOE+00
EU-155 3.12E+05 Y--91 1.51E+08 PU-239 3.60E+04

EU-156 2.65E+07 Y--92 1.56E+08 PU-240 5.16E+04

NB-93M 2.16E+02 Y--93 1.13E+08 PU-241 1.53E+07

NB-95M 2.05E+06 Y--94 1.75E+08 PU-242 2.50E+02

NB-95 1.79E+08 Y--95 1.77E+08 PU-243 4.95E+07

NB-97 1.70E+08 CM-242 5.08E+06 PU-244 O.OOE+00

PM-147 1.87E+07 CM-243 2.26E+03 NP-236 1.24E-03

PM-148M 3.30E+06 CM-244 3.91E+05 NP-237 4.04E+O1

PM-148 1.84E+07 CM-245 3.06E+OI NP-238 4.67E+07

PM-149 5.97E+07 CM-246 8.05E+00 NP-239 2.03E+09

PM-151 1.95E+07 CM-247 4.34E-05 GD-152 O.OOE+00

PR-143 1.58E+08 CM-248 1.97E-04 U-232 O.OOE+00

PR-144M 1.8 1E+06 AM-241 1.57E+04 U-234 O.OOE+00

PR-144 1.30E+08 AM-242M 1.06E+03 U-236 O.OOE+00

SM-147 1.97E-04 AM-242 9.20E+06 U-237 O.OOE+00

SM-148 O.OOE+00 AM-243 2.93E+03 U-238 O.OOE+00
SM-149 O.OOE+00 CE-141 1.67E+08 PA-233 O.OOE+00

SM-151 5.14E+04 CE-142 3.19E-03 TH-228 0.00E+00
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Consistent with the guidance of RG 1.183 Regulatory Position 3.1, for events that do not involve
the entire core, table 15G-3 summarizes the average fission product inventory of each damaged
fuel rod as determined by dividing the table 15G-2 total core inventory by the minimum number
of fuel rods in the core.

Per RG 1.183 Regulatory Positions 3.2 and 3.4, the only elements to be considered in design
basis analyses for non-LOCA events, including fuel handling accidents, are xenon, krypton,
iodine, bromine, cesium, and rubidium.

Table 15G-3 (sheet 1 of 2)
AVERAGE FUEL ROD ISOTOPE INVENTORY AT SHUTDOWN

AVG. ROD AVG. ROD AVG. ROD AVG. ROD
ISOTOPE INVENTORY ISOTOPE INVENTORY ISOTOPE INVENTORY ISOTOPE INVENTORY

[curies] [curies] [curies] [curies]

XE-131M 2.38E+01 BR-82 6.71E+00 TE-131M 3.76E+02 SR-94 3.19E+03

XE-133M 1.18E+02 BR-83 2.78E+02 TE-131 1.54E+03 SR-95 2.86E+03

XE-133 3.78E+03 BR-84 5.35E+02 TE-132 2.62E+03 RU-103 3.04E+03

XE-135M 7.94E+02 BR-85 6.11E+02 TE-133M 1.80E+03 RU-105 2.19E+03

XE-135 1.38E+03 BR-87 9.97E+02 TE-133 2.17E+03 RU-106 1.19E+03

XE-137 3.52E+03 BR-88 9.97E+02 TE-134 3.76E+03 RH-103M 3.03E+03

XE-138 3.50E+03 CS-134M 8.91E+01 SB-124 1.72E+00 RH-105 2.OOE+03

KR-83M 2.79E+02 CS-134 3.67E+02 SB-125 2.01E+01 RH-106 1.32E+03

KR-85M 6.11E+02 CS-135 1.17E-03 SB-126M 1.00E+00 PD-107 2.58E-04

KR-85 2.13E+01 CS-136 1.09E+02 SB-126 8.55E-01 PD-109 7.94E+02

KR-87 1.25E+03 CS-137 2.44E+02 SB-127 1.68E+02 MO-99 3.52E+03

KR-88 1.76E+03 CS-138 3.71E+03 SB-129 5.98E+02 TC-99M 3.1OE+03

KR-89 2.25E+03 CS-139 3.50E+03 SE-79 1.54E-04 TC-99 3.03E-02

1-129 7.09E-05 RB-86 3.72E+00 BA-136M 1.24E+01 TC-101 3.11E+03

1-130 4.88E+01 RB-87 4.97E-08 BA-137M 2.32E+02 CO-57 0.OOE+00
1-131 1.83E+03 RB-88 1.80E+03 BA-139 3.56E+03 CO-58 4.33E+00

1-132 2.67E+03 RB-89 2.38E+03 BA-140 3.54E+03 CO-60 9.OOE+00

1-133 3.87E+03 RB-90 2.24E+03 BA-141 3.24E+03 LA-140 3.72E+03

1-134 4.41E+03 TE-125M 4.37E+00 SR-89 2.42E+03 LA-141 3.26E+03

1-135 3.65E+03 TE-127M 2.81E+01 SR-90 1.85E+02 LA-142 3.24E+03

1-136 1.80E+03 TE-127 1.66E+02 SR-91 2.98E+03 LA-143 3.19E+03

1-137 1.85E+03 TE-129M 1.16E+02 SR-92 3.03E+03 ZR-93 3.04E-03

1-138 9.25E+02 TE-129 5.69E+02 SR-93 3.28E+03 ZR-95 3.48E+03
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Table 15G-3 (sheet 2 of 2)
AVERAGE FUEL ROD ISOTOPE INVENTORY AT SHUTDOWN

AVG. ROD AVG. ROD AVG. ROD AVG. ROD
ISOTOPE INVENTORY ISOTOPE INVENTORY ISOTOPE INVENTORY ISOTOPE INVENTORY

[curies] [curies] [curies] [curies]

ZR-97 3.31E+03 SM-153 9.80E+02 CE-143 3.21E+03 TH-230 O.OOE+00

ND-144 O.OOE+00 Y-89M 2.61E+00 CE-144 2.52E+03 TH-232 O.OOE+00
ND-147 1.28E+03 Y-90M 1.14E-02 PU-236 1.04E-03 TH-234 O.OOE+00

EU-152 1.83E-02 Y--90 1.94E+02 PU-237 1.38E-02 U-233 O.OOE+00
EU-154 1.50E+01 Y-91M 1.73E+03 PU-238 6.96E+00 TH-229 O.OOE+00

EU-155 6.11E+00 Y--91 2.95E+03 PU-239 7.04E-0I

EU-156 5.18E+02 Y--92 3.06E+03 PU-240 1.01E+00

NB-93M 4.23E-03 Y--93 2.22E+03 PU-241 2.98E+02

NB-95M 4.02E+01 Y--94 3.42E+03 PU-242 4.88E-03

NB-95 3.50E+03 Y--95 3.47E+03 PU-243 9.68E+02

NB-97 3.32E+03 CM-242 9.93E+01 PU-244 O.OOE+00

PM-147 3.65E+02 CM-243 4.41E-02 NP-236 2.42E-08

PM-148M 6.45E+01 CM-244 7.64E+00 NP-237 7.89E-04

PM-148 3.60E+02 CM-245 5.98E-04 NP-238 9.12E+02

PM-149 1.17E+03 CM-246 1.57E-04 NP-239 3.97E+04

PM-151 3.81E+02 CM-247 8.49E-10 GD-152 O.OOE+00

PR-143 3.1OE+03 CM-248 3.85E-09 U-232 0.00E+00

PR-144M 3.54E+01 AM-241 3.06E-01 U-234 O.OOE+00

PR-144 2.53E+03 AM-242M 2.07E-02 U-236 O.OOE+00

SM-147 3.85E-09 AM-242 1.80E+02 U-237 O.OOE+00

SM-148 O.OOE+00 AM-243 5.73E-02 U-238 O.OOE+00

SM-149 O.OOE+00 CE-141 3.26E+03 PA-233 O.OOE+00

SM-151 I.OE+00_iO CE-142 6.24E-08 TH-228 9.00E+00

Consistent with RG 1.183 Section 3.1, the fuel handling accident, spent fuel cask drop accident,
and spent fuel pool boiling dose analyses model 17 months of radioactive decay prior to an
event. Table 15G-4 summarizes the average fuel rod isotope inventory for use in these AST
dose analyses. Table 15G-4 determines the fission product inventory of an average fuel rod
cessation of power operations by decaying the table 15G-3 average rod inventory for 17 months.

Per RG 1.183 Regulatory Positions 3.2 and 3.4, the only elements to be considered in design
basis analyses for fuel handling accidents are xenon, krypton, iodine, bromine, cesium, and
rubidium. The limited number of elements listed in table 15G-4 is consistent with RG 1.183
Appendix B Section 3, which indicates that particulate radionuclides (i.e., cesium and rubidium)
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are retained by the water in the fuel handling building fuel storage pool or the water in the
containment building refueling pool.

TABLE 15G-4: AVERAGE FUEL ROD ISOTOPE INVENTORY
AT 17 MONTHS POST-SHUTDOWN

AVERAGE FUEL ROD INVENTORY
ISOTOPE 17 MONTHS AFTER SHUTDOWN

[curies]

BR-82 0.0
BR-83 0.0
1-129 7.09E-05
1-130 0.0
1-131 1.49E-16
1-132 0.0
1-133 0.0
1-134 0.0
1-135 0.0

KR-83m 0.0
KR-85m 0.0
KR-85 1.95E+01
KR-87 0.0
KR-88 0.0

XE-131m 2.16E-12
XE-133m 0.0
XE-133 2.17E-26
XE-135 0.0

In addition to the average fuel rod isotope inventory listed in Table 15G-4, the spent fuel pool
boiling dose analysis considers a release of tritium from damaged fuel rods. The tritium content
in a single fuel rod at 17 months post-shutdown is 1.49 curies.

15G.2.2 PRIMARY AND SECONDARY COOLANT ACTIVITY PROFILES

The following information in this section is HISTORICAL and describes input to a design basis
transient or accident event that is no longer applicable in a permanently defueled condition.
Several of the AST dose analyses model primary and secondary activity profiles, with and
without iodine spiking, associated with operation at the concentration limits specified in
Technical Specification Limiting Conditions For Operation 3.4.16 and 3.7.19. These activity
profiles have been recalculated for use in AST dose analyses to address changes in the maximum
core activity profile specified in section 15G.2.1.

15G-8 Rev: 5



San Onofre 2&3 FSAR
Updated

APPENDIX 15 G
DOSE MODELS

Table 15G-5 summarizes the primary side equilibrium (no iodine spike) activity concentration
profile determined for the conditions of 1.0 pCi/gram Iodine- 131 dose equivalency and
100/E ptCi/gram average activity concentration for other non-iodine isotopes, including tritium.
These activity limits are consistent with LCO 3.4.16, "Reactor Coolant System Specific
Activity". The primary side iodine activity concentration profile is based on the Technical
Specification Section 1.1 definition for DOSE EQUIVALENT 1-131 (DE 1-131), using ICRP-30
thyroid inhalation dose conversion factors. The primary side non-iodine activity concentration
profile is based on the Technical Specification Section 1.1 definition for E - AVERAGE
DISINTEGRATION ENERGY, using total gamma and average beta disintegration energies
provided in NUREG/CR-1413 (Reference 3).

Table 15G-5 summarizes the primary side iodine activity concentration profile determined for
the conditions of 60 ptCi/gram DE 1-131 at full power operations (i.e., a pre-accident iodine
spike). This activity limit is permitted by LCO 3.4.16. The primary side pre-accident iodine
spike activity concentration profile is a factor of 60 greater than the table 15G-5 profile for the
normal operation (equilibrium) conditions of 1.0 pCi/gram DE 1-131.

Table 15G-5 summarizes the secondary side water iodine activity concentration profile
determined for the condition of 0.1 [tCi/gram Iodine-131 dose equivalency. This activity limit is
consistent with LCO 3.7.19, "Secondary Specific Activity". The secondary side iodine activity
concentration profile is based on the Technical Specification Section 1.1 definition for DOSE
EQUIVALENT 1-131, using ICRP-30 thyroid inhalation dose conversion factors. Table 15G-5
also summarizes the secondary side water non-iodine activity concentration profile. No
Technical Specification limit exists for the secondary side water non-iodine activity
concentration profile. The secondary side water non-iodine activity concentration profile was
determined using a steady-state activity balance. Primary side activity at LCO 3.4.16
concentrations was introduced into the steam generator liquid at a total primary-to-secondary
leakage rate of 1.0 gallon/minute. This modeled primary-to-secondary leakage rate into both
steam generators is greater than twice the 150 gallons/day (i.e., approximately
0.1 gallons/minute) primary-to-secondary leakage rate into any one steam generator as specified
in LCO 3.4.13, "Reactor Coolant System Operational Leakage". Secondary side water activity
was removed via partitioning into the secondary steam, demineralization by the full-flow
condensate polisher demineralizer and the blowdown demineralizer, secondary side leakage, and
radioactive decay. The concentration of noble gases in the secondary side water is negligible
since all noble gas activity is assumed to be released to the steam generator gas space.

Table 15G-5 summarizes the secondary side steam activity concentration profile. No Technical
Specification limit exists for the secondary side steam activity concentration profile. The
secondary side steam iodine and particulate activity concentrations were determined by
considering partitioning and moisture carryover from the secondary side water activity
concentration profile. The secondary side steam noble gas activity concentrations were
determined using a steady-state activity balance and the assumption of a steam generator liquid
to steam noble gas partition coefficient (i.e., liquid concentration divided by gas concentration)
of 0.0. Primary side activity at LCO 3.4.16 concentrations was introduced into the steam
generator water at a total maximum primary-to-secondary leakage rate of 1.0 gallon/minute (i.e.,
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greater than twice the 150 gallons/day primary-to-secondary leakage rate into any one steam
generator as specified in LCO 3.4.13). Secondary side steam noble gas activity was removed at
the total main steam flow rate.
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TABLE 15G-5 (sheet 1 of 2)
ACTIVITY CONCENTRATIONS AT TECH. SPEC. LIMITS

ISOTOPE PRIMARY SIDE PRIMARY SIDE SECONDARY SIDE SECONDARY SIDE

EQUILIBRIUM PRE-ACCIDENT WATER STEAM

(NO SPIKING) IODINE SPIKE CONCENTRATION CONCENTRATION

CONCENTRATION CONCENTRATION

[1 Ci /GM] [iCi /GM] [1ICi /GM] [IACi /GM]

1-131 8.24E-0I 4.95E+01 8.33E-02 8.33E-04

1-132 2.28E-0I 1.37E+01 1.55E-02 1.55E-04

1-133 9.54E-0I 5.72E+01 9.19E-02 9.19E-04

I-134 9.15E-02 5.49E+00 4.04E-03 4.04E-05

1-135 4.31E-0I 2.59E+01 3.73E-02 3.73E-04

H-3 1.80E+00 3.62E-02 3.62E-02

Br-84 3.81 E-02 2.85E-05 2.85E-07

Kr-85m 1.84E+00 O.OOE+00 6.52E-05

Kr-85 6.41 E+00 O.OOE+00 2.27E-04

Kr-87 1.08E+00 O.OOE+00 3.82E-05

Kr-88 3.36E+00 O.OOE+00 1..19E-04

Rb-88 3.40E+00 _ 1.81 E-03 3.63E-06

Sr-89 9.16E-03 _ 3.38E-05 6.76E-08
Sr-90 5.93E-04 _ 2.19E-06 4.38E-09

Y-90 1.53E-03 _ 5.51E-06 1.1OE-08

Sr-91 5.29E-03 __1.65E-05 3.30E-08

Y-91rm 3.25E-03 _ 3.85E-06 7.69E-09

Y-91 4.09E-02 __1.51E-04 3.02E-07

Zr-95 1.1OE-02 _ 4.05E-05 8.09E-08

Mo-99 2.13E+00 _ 7.69E-03 1.54E-05

Ru-103 1.45E-02 _ 5.39E-05 1.08E-07

Ru-106 3.79E-03 1.41 E-05 2.82E-08

Te-129 4.41E-02 6.48E-05 1.30E-07

Xe-131rm 4.74E+00 O.OOE+00 1.67E-04

Te-132 6.53E-01 2.37E-03 4.73E-06

Xe-133 3.27E+02 O.OOE+00 1.16E-02

Cs-134 2.78E+00 1.04E-02 2.07E-05
Xe-135m 8.11 E-01 O.OOE+00 2.87E-05

Xe-135 1.41E+OI O.OOE+00 4.99E-04
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TABLE 15G-5 (sheet 2 of 2)
ACTIVITY CONCENTRATIONS AT TECH. SPEC. LIMITS

ISOTOPE PRIMARY SIDE PRIMARY SIDE SECONDARY SIDE SECONDARY SIDE

EQUILIBRIUM PRE-ACCIDENT WATER STEAM
(NO SPIKING) IODINE SPIKE CONCENTRATION CONCENTRATION

CONCENTRATION CONCENTRATION

[pCi /GM] [pCi /GM] [DtCi /GM] [ptCi /GM]

Cs-136 8.28E-01 3.07E-03 6.14E-06

Cs-137 1.87E+00 6.96E-03 1.39E-05

Xe-138 5.58E-01 O.OOE+00 1.97E-05

Ba-140 1.19E-02 4.38E-05 8.76E-08

La-140 1.20E-02 4.25E-05 8.50E-08

Pr- 143 9.87E-03 3.63E-05 7.26E-08

Ce-144 8.01E-03 2.96E-05 5.92E-08

Cr-51 3.36E-03 1.24E-05 2.48E-08

Mn-54 1.60E-03 5.92E-06 1.18E-08

Co-60 3.54E-03 1.31 E-05 2.62E-08

Fe-59 1.76E-03 6.50E-06 1.30E-08

Co-58 2.82E-02 1.04E-04 2.08E-07

In addition to the condition of a pre-accident iodine spike, AST dose analyses may model an
accident induced (i.e., coincident or concurrent) iodine spike. Per RG 1.183 Appendices E and
F, the concurrent iodine spike assumes that the iodine release rate from the fuel rods to the
primary coolant increases to a value of 335 or 500 times greater than the release rate
corresponding to the iodine concentration at the equilibrium value of 1.0 pCi/gram DE 1- 131
specified in the Technical Specifications. The calculation of the concurrent iodine spike release
rate conservatively assumed maximum letdown flow, maximum allowable identified and
unidentified primary coolant leak rates, maximum allowable primary-to-secondary leak rate,
maximum reactor coolant pump seal controlled bleed-off flow rate, 100 percent removal of all
iodine from the letdown stream by the purification ion exchanger, and minimum reactor coolant
system mass. Table 15G-6 summarizes the concurrent iodine spike release rate in terms of
escape rate coefficients that are to be modeled with the AST reactor core iodine inventory and an
assumed 0.62 percent failed fuel. As an example, when the iodine spike release rate for the
equilibrium case of 1.3E-08 sec1 is modeled with the AST reactor core iodine inventory and
0.62 percent fuel failure, the resultant equilibrium primary coolant iodine activity concentration
is 1.0 p.Ci/gram DE 1-131.
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Table 15G-6:
CONCURRENT IODINE SPIKE ESCAPE RATE COEFFICIENTS

IODINE ESCAPE RATE IODINE ESCAPE RATE
COEFFICIENT COEFFICIENT

CONDITION [1/SECOND] [1/HOUR]

Equilibrium (no spike) 1.3E-08 4.7E-05
Spiking Factor of 500 6.5E-06 2.4E-02
Spiking Factor of 335 4.4E-06 1.6E-02

15G.2.3 RADIAL PEAKING FACTOR

Consistent with the guidance of RG 1.183 Regulatory Position 3.1, to account for differences in
power level across the core, radial peaking factors (RPFs) are applied to the tables 15G-3 and
15G-4 average fuel rod isotope inventories in determining the activity inventory of the damaged
fuel rods when only a portion of the core is damaged.

Per RG 1.183 Regulatory Position 3.1, the RPFs should be values from the facility's core
operating limits report (COLR) or technical specifications. SONGS Units 2 & 3 do not report
RPFs in the facility's COLR or in the technical specifications. SONGS Units 2 & 3 calculate
RPFs in unit and cycle specific reload physics analyses.

The RPFs modeled in the FHA, spent fuel cask drop accident, and SFP Boiling events are noted
in the event-specific UFSAR sections.

15G.2.4 FUEL DAMAGE IN NON-LOCA DESIGN BASIS ACCIDENTS

The following information in this section is HISTORICAL and describes input to a design basis
transient or accident event that is no longer applicable in a permanently defueled condition.

Per RG 1.183 Regulatory Position 3.6, the amount of fuel damage caused by non-LOCA design
basis events should be analyzed to determine the fraction of the fuel that reaches or exceeds the
initiation temperature of fuel melt and the fraction of fuel elements for which the fuel clad is
breached.

Consistent with the NRC approved SONGS Units 2 & 3 reload analysis methodology
(Reference 5), the control element assembly (i.e., rod) ejection event will consider fuel damage
due to enthalpy deposition.
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15G.3 OFFSITE DOSE MODEL

Regulatory Guide 1.183 Regulatory Position 4.1 provides guidance to be used in determining the
total effective dose equivalent for persons located at or beyond the exclusion area boundary,
including the outer boundary of the low population zone. This section addresses the applicability
of this guidance to the dose analyses as it relates to the offsite dose exposure parameters.

The characteristics of the offsite dose exposure parameters as modeled in the AST dose analyses
are summarized in tables 15G-7 and 15G-8 for the EAB and LPZ dose receptors, respectively.
The dose conversion factors are consistent with those documented in Federal Guidance Reports
(FGR) 11 and 12.

TABLE 15G-7
EAB DOSE EXPOSURE PARAMETERS

EXCLUSION AREA BOUNDARY PARAMETER [MODELED VALUE
EAB dose acceptance criterion, Rem TEDE Varies by event
EAB dose exposure duration, hours 2-hour window
Committed effective dose equivalent (CEDE) dose conversion factors Per FGR- 11
Effective dose equivalent (EDE) dose conversion factors Per FGR-12
EAB breathing rate, event duration, m 3/second 3.5E-04
EAB atmospheric dispersion factor, event duration, seconds/mi3  2.72E-04

TABLE 15G-8
LPZ DOSE EXPOSURE PARAMETERS

LOW POPULATION ZONE PARAMETER MODELED VALUE
LPZ dose acceptance criterion, Rem TEDE Varies by event
LPZ dose exposure duration, hours Event Duration
Committed effective dose equivalent (CEDE) dose conversion factors Per FGR- 11
Effective dose equivalent (EDE) dose conversion factors Per FGR-12
LPZ breathing rates, m3/second

0 to 8 hours 3.5E-04
8 to 24 hours 1.8E-04
1 day to end of event 2.3E-04

LPZ atmospheric dispersion factors, seconds/m 3

0 to 8 hours 7.72E-06
8 to 24 hours 4.74E-06
1 to 4 days 3.67E-06
4 days to end of event 2.67E-06
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Consistent with RG 1.183 Regulatory Position 4.1.1, the offsite dose calculations determine the
total effective dose equivalent (TEDE), which is the sum of the committed effective dose
equivalent (CEDE) from inhalation and the deep dose equivalent (DDE) from external exposure.
Consistent with RG 1.183 Regulatory Position 4.1.4, the effective dose equivalent (EDE) from
external exposure is used in lieu of DDE in determining the contribution of external dose to the
TEDE. The calculation of the CEDE and EDE components of the TEDE consider all
radionuclides identified in section 15G.2, including progeny from the decay of parent
radionuclides, that are significant with regard to dose consequences and the released
radioactivity.

Consistent with RG 1.183 Regulatory Position 4.1.2, the AST analyses model CEDE inhalation
dose conversion factors taken from the column headed "effective" in Table 2.1 of Federal
Guidance Report 11 (Reference 2).

Consistent with RG 1.183 Regulatory Position 4.1.3, for the first 8 hours, the breathing rate of
persons at the outer boundary of the LPZ is assumed to be 3.5E-4 cubic meters per second. From
8 to 24 hours following the accident, the breathing rate is assumed to be 1.8E-4 cubic meters per
second. After that and until the end of the accident, the rate is assumed to be 2.3E-4 cubic
meters per second. The breathing rate for persons at the EAB is assumed to be 3.5E-4 cubic
meters per second for the event duration.

Consistent with RG 1.183 Regulatory Position 4.1.4, the AST analyses model EDE external
exposure dose conversion factors taken from the column headed "effective" in Table 111. 1 of
Federal Guidance Report 12 (Reference 4).

Consistent with RG 1.183 Regulatory Positions 4.1.5, 4.1.6 and 4.4, the radiological criteria for
the EAB and for the outer boundary of the LPZ are in I OCFR50.67. These criteria are stated for
evaluating reactor accidents of exceedingly low probability of occurrence and low risk of public
exposure to radiation (e.g., a large-break LOCA). For events with a higher probability of
occurrence, postulated EAB and LPZ doses should not exceed the criteria tabulated in RG 1.183
Table 6.

Consistent with RG 1.183 Regulatory Position 4.1.5, the maximum EAB TEDE for any two-hour
period following the start of the radioactivity release is determined and used in determining
compliance with the dose criteria. The dose code used in the AST dose analyses determines the
maximum two-hour TEDE at the EAB by calculating the postulated dose for a series of small
time increments and performing a "sliding" sum over the increments for successive two-hour
periods. The time increments appropriately reflect the progression of the accident to capture the
peak dose interval between the start of the event and the end of radioactivity release.

The AST dose analyses for exposure to individuals at the EAB and LPZ consider immersion of
the individual in the radioactive plume released from the facility. Consistent with RG 1.183
Regulatory Position 5.3, the atmospheric dispersion values for the EAB and the LPZ that were
approved by the NRC staff during initial facility licensing are used in performing the AST
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radiological analyses. These atmospheric dispersion factors for the EAB and LPZ are presented
in tables 15G-7 and 15G-8 for the EAB and LPZ, respectively. Consistent with RG 1.183
Regulatory Position 4.1.7, no correction is made for depletion of the effluent plume by
deposition on the ground.

Radioactive material contained in a plant structure is assumed to be a negligible radiation shine
source to the offsite dose receptors relative to the dose associated with immersion in the
radioactive plume (i.e., environmental cloud) released from the facility.

15G.4 CONTROL ROOM DOSE MODEL

SONGS Units 2 & 3 share a combined control room. Regulatory Guide 1.183 Regulatory
Position 4.2 provides guidance to be used in determining the total effective dose equivalent for
persons located in the control room. Section 15G.4.1 addresses the applicability of this guidance
to the AST dose analyses as it relates to the control room dose exposure parameters. Section
15G.4.2 addresses the applicability of the RG 1.183 guidance as it relates to the control room
response to radiation sources that may cause exposure to control room personnel.

15G.4.1 CONTROL ROOM DOSE EXPOSURE PARAMETERS

The characteristics of the control room dose exposure parameters as modeled in the AST dose
analyses are summarized in table 15G-9.

TABLE 15G-9
CONTROL ROOM DOSE EXPOSURE PARAMETERS

CONTROL ROOM PARAMETER MODELED VALUE
CR dose acceptance criterion, Rem TEDE 5
Committed effective dose equivalent (CEDE) dose conversion factors Per FGR- 11
Effective dose equivalent (EDE) dose conversion factors Per FGR- 12
CR occupancy factors, percent of time present in CR

0 to 1 day 100
1 to 4 days 60
4 to 30 days 40

CR breathing rate, event duration, m3/second 3.5E-04

Control Room atmospheric dispersion factors Per Section 2.3.4.2
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Consistent with RG 1.183 Regulatory Position 4.2.2, the radioactive material releases and
radiation levels modeled in the control room dose analyses are determined using the same source
term, transport, and release assumptions used for determining the EAB and LPZ TEDE values.
These parameters are detailed in the UFSAR sections that describe the various accident
scenarios. These parameters do not result in non-conservative results for the control room.

Consistent with RG 1.183 Regulatory Position 4.2.7, the control room doses are calculated using
the dose conversion factors identified in RG 1.183 Regulatory Position 4.1 for use in offsite dose
analyses. The control room dose calculations determine the total effective dose equivalent,
which is the sum of the committed effective dose equivalent from inhalation and the deep dose
equivalent from external exposure. Consistent with RG 1.183 Regulatory Position 4.1.4, the
effective dose equivalent from external exposure is used in lieu of DDE in determining the
contribution of external dose to the TEDE. The calculation of the CEDE and EDE components
of the TEDE consider all radionuclides identified in section 15G.2, including progeny from the
decay of parent radionuclides, that are significant with regard to dose consequences and the
released radioactivity.

Consistent with RG 1.183 Regulatory Position 4.1.2, the AST analyses model CEDE inhalation
dose conversion factors taken from the column headed "effective" in Table 2.1 of Federal
Guidance Report 11 (Reference 2).

Consistent with RG 1.183 Regulatory Position 4.1.4, the AST analyses model EDE external
exposure dose conversion factors taken from the column headed "effective" in Table III. 1 of
Federal Guidance Report 12 (Reference 4).

The majority of the credible events following permanent cessation of power operations
conservatively model the control room personnel as present at the control room ventilation
outside air intake louvers, which eliminates the need to evaluate control room finite cloud
geometry. As described in Section 15.7.3, the fuel handling accident inside the fuel handling
building (FHA-FHB) and spent fuel cask drop accident AST dose analyses explicitly model
contaminated air inflow into the control room envelope. Consistent with RG 1.183 Regulatory
Position 4.2.7, the DDE from photons (i.e., the EDE) is corrected for the difference between
finite cloud geometry in the control room and the semi-infinite cloud assumption used in
calculating the dose conversion factors. The dose code used in this analysis employs the
following Regulatory Guide 1.183 Equation 1 to correct the semi-infinite cloud dose, DDEC•, to a
finite cloud dose, DDEfinite, where the control room is modeled as a hemisphere that has a
volume, V, in cubic feet, equivalent to that of the control room:

DDEfinite = (DDEý, x V0338) / 1173

Consistent with RG 1.183 Regulatory Position 4.4, as an AST dose analysis acceptance criterion
the postulated control room dose is evaluated to ensure that that it does not exceed the 5 Rem
TEDE criterion established in 1OCFR50.67.
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Consistent with RG 1.183 Regulatory Position 4.2.6, the control room dose receptor for the AST
analyses is the hypothetical maximum exposed individual who is present in the control room for
100% of the time during the first 24 hours after an event, 60% of the time between 1 and 4 days,
and 40% of the time from 4 days to 30 days.

Consistent with RG 1.183 Regulatory Position 4.2.6, for the duration of any event, the breathing
rate of the hypothetical maximum exposed individual who is present in the control room is
assumed to be 3.5E-4 cubic meters per second.

Consistent with RG 1.183 Regulatory Position 4.2.5, credit is not taken for the control room
personnel use of personal protective equipment (e.g., protective beta radiation resistant clothing,
eye protection, or self-contained breathing apparatus [SCBA]) or prophylactic drugs (i.e.,
potassium iodide [KI] pills).

15G.4.2 CONTROL ROOM RESPONSE TO RADIATION SOURCES

Consistent with RG 1.183 Regulatory Position 4.2.3, the models used to transport radioactive
material into and through the control room, and the shielding models used to determine radiation
dose rates from external sources, are structured to provide suitably conservative estimates of the
exposure to control room personnel. The control room response to these radiation sources is
discussed in this section.

Consistent with RG 1.183 Regulatory Position 4.2.1, the AST dose analyses consider the
following sources of radiation that may cause exposure to control room personnel:

- Contamination of the control room atmosphere by the intake or infiltration of radioactive
material contained in the radioactive plume released from the facility,

- Contamination of the control room atmosphere by the intake or infiltration of airborne
radioactive material from areas and structures adjacent to the control room envelope,

- Radiation shine from the external radioactive plume released from the facility,

- Radiation shine from radioactive material in the reactor containment building,

- Radiation shine from radioactive material in systems and components inside or external
to the control room envelope.

The majority of the credible events following permanent cessation of power operations
conservatively model the control room personnel as present at the control room ventilation
outside air intake louvers, which eliminates the need to model control room parameters.
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As described in Section 15.7.3, the fuel handling accident inside the fuel handling building
(FHA-FHB) and spent fuel cask drop accident AST dose analyses explicitly model contaminated
air inflow into the control room envelope.

The characteristics of the control room as historically modeled in the AST dose analyses are
summarized in table 15G- 10. The characteristics of the control room that are modeled
differently in the FHA-FHB and spent fuel cask drop accident AST dose analyses are described
in Section 15.7.3.

TABLE 15G-10
CONTROL ROOM MODEL PARAMETERS

CONTROL ROOM PARAMETER MODELED
VALUE

CR net free volume, cubic feet 266,920
CR unfiltered outside air inleakage, event duration

ingress and egress, cfm 10
boundary and system inleakage, cfm 990
total unfiltered inleakage, cfm 1,000

CR Normal mode of operation
unfiltered outside air makeup, cfm 6402
filtered outside air makeup, cfrn 0
filtered CR air recirculation, cfm 0

Control Room Emergency Air Cleanup System (CREACUS) initiation time
SIAS induced CRIS, seconds 0
High CR HVAC intake radiation induced CRIS, seconds 180

CREACUS Emergency mode of operation, one train operation
filtered outside air makeup, cfm 2,200
filtered CR air recirculation, cfm 29,934

CREACUS Emergency mode of operation, two train operation
filtered outside air makeup, cfm 4,400
filtered CR air recirculation, cfm 59,869

CREACUS Emergency mode of operation, EVS filter efficiencies
elemental iodine, percent removal 0
organic iodide, percent removal 0
Particulate iodine and aerosols, percent removal 0

CREACUS Emergency mode of operation, EAC filter efficiencies
elemental iodine, percent removal 95
organic iodide, percent removal 95
Particulate iodine and aerosols, percent removal 99
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15G.4.2.1 Control Room Intake and Infiltration of Contaminated Air

The majority of the credible events following permanent cessation of power operations
conservatively model the control room personnel as present at the control room ventilation
outside air intake louvers, which eliminates the need to evaluate control room intake and
infiltration of contaminated air.

As described in Section 15.7.3, the fuel handling accident inside the fuel handling building
(FHA-FHB) and spent fuel cask drop accident AST dose analyses explicitly model contaminated
air inflow into the control room envelope.

Only the west side of the control room envelope is exposed to the radioactive plumes released
from the facility. The adjacent areas and structures to the north, south, and east of the control
room envelope, and the adjacent areas and structures above and below the control room
envelope, do not contain activity release points. These adjacent areas and locations can only
become contaminated with air introduced via intake or infiltration of radioactive material
contained in the radioactive plumes released from the facility. Consequently, the resultant
activity concentrations in the adjacent areas and structures will be less contaminated than any
radioactive plume. For this reason, the AST dose analyses conservatively assume that all intake
and infiltration (i.e., inleakage) into the control room envelope is from the radioactive plumes
released from the facility as they pass west of the control room envelope.

The control room Normal Mode Heating, Ventilation, and Air Conditioning (HVAC) outside air
intake is located near the northwest comer of the control room envelope, and the control room
emergency air cleanup system (CREACUS) Emergency Mode HVAC outside air intakes are
located near the northwest and southwest comers of the control room envelope. Per the
ARCON96 atmospheric dispersion analysis detailed in section 2.3.4.2.2, the maximum
atmospheric dispersion factor for any activity release location to any of these three outside air
intakes is modeled in the evaluation of contaminated air intake and infiltration (i.e., inleakage).

15G.4.2.1.1 Control Room Isolation Signal

None of the credible events following permanent cessation of power operations conservatively
credit a control room isolation signal (CRIS) or the Control Room Emergency Air Cleanup
System (CREACUS).

As described in Section 15.7.3, the fuel handling accident inside the fuel handling building
(FHA-FHB) and spent fuel cask drop accident AST dose analyses explicitly model contaminated
air inflow into the control room envelope, with no credit taken for a CRIS or the CREACUS.

The following information in this section is HISTORICAL and describes input to a design basis
transient or accident event that is no longer applicable in a permanently defueled condition.
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Consistent with RG 1.183 Regulatory Position 4.2.4, the AST analyses credit engineered safety
features (ESF) that mitigate airborne radioactive material within the control room, such as
control room isolation actuated by ESF signals and radiation monitors.

The control room Normal Mode HVAC systems can be shifted to CREACUS Emergency Mode,
which is an operational mode in which the control room is isolated and pressurized to protect
operational personnel from radiation exposure. The CREACUS Emergency mode of operation
can be actuated either manually or automatically following a Control Room Isolation Signal
(CRIS). The CRIS may be generated automatically by a Safety Injection Actuation Signal
(SIAS) or by the detection of high radioactivity concentrations in the control room outside air
inflow.

A SIAS induced CRIS is credited in the evaluation of the loss of coolant accident (LOCA). A
SIAS induced CRIS is capable of initiating CREACUS Emergency mode of operation within
10 seconds. The SIAS is generated in response to high containment pressure within seconds of
the onset of the LOCA event. Since the gap release phase activity is not released into the
containment until 30 seconds after the onset of the LOCA event, and since a SIAS induced CRIS
is capable of initiating CREACUS Emergency mode of operation in less than 30 seconds, the
AST LOCA model credits CREACUS Emergency mode of operation initiation at time zero (i.e.,
prior to the arrival of any contaminated air reaching the control room outside air intakes) due to a
SIAS induced CRIS.

Per SONGS administrative controls, a high radiation induced CRIS is to be generated and the
normal HVAC outside air dampers are to be closed, within 120 seconds. The non-LOCA and
FHA dose analyses conservatively assume that a high radiation induced CRIS initiates the
CREACUS Emergency mode of operation at 180 seconds.

15G.4.2.1.2 Control Room Unfiltered Inleakage

The majority of the credible events following permanent cessation of power operations
conservatively model the control room personnel as present at the control room ventilation
outside air intake louvers, which eliminates the need to evaluate control room unfiltered
inleakage.

As described in Section 15.7.3, the fuel handling accident inside the fuel handling building
(FHA-FHB) and spent fuel cask drop accident AST dose analyses explicitly model control room
unfiltered inleakage that maximizes the dose to control room personnel.

The following information in this section is HISTORICAL and describes input to a design basis
transient or accident event that is no longer applicable in a permanently defueled condition.

The AST dose analyses model the introduction of an assumed 1,000 cfm of unfiltered outside air
into the control room envelope beginning at time zero and continuing for the event duration.
This inleakage rate includes 10 cfm as a reasonable estimate for ingress and egress, and an
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assumed 990 cfm for inleakage via other paths. The 10 cfm estimate for ingress and egress
inleakage is consistent with guidance provided in RG 1.197 Regulatory Position 2.5. Control
room envelope tracer gas testing has shown that the actual inleakage via other paths, including
uncertainty, is less than 990 cfm.

15G.4.2.1.3 Control Room HVAC Flow Rates and Filtration

None of the credible events following permanent cessation of power operations conservatively
credit a control room isolation signal (CRIS) or the Control Room Emergency Air Cleanup
System (CREACUS).

The majority of the credible events following permanent cessation of power operations
conservatively model the control room personnel as present at the control room ventilation
outside air intake louvers, which eliminates the need to evaluate control room HVAC flow rates
and filtration.

As described in Section 15.7.3, the fuel handling accident inside the fuel handling building
(FHA-FHB) and spent fuel cask drop accident AST dose analyses explicitly model control room
unfiltered inflow that maximizes the dose to control room personnel. The FHA-FHB and spent
fuel cask drop accident AST dose analyses do not credit control room filters.

The following information in this section is HISTORICAL and describes input to a design basis
transient or accident event that is no longer applicable in a permanently defueled condition.

During the control room Normal Mode of HVAC operation, there is no filtered outside air
makeup flow nor is there filtered control room air recirculation flow.

During the control room Normal Mode of HVAC operation, the AST dose analyses model an
outside air makeup flow rate that is conservatively greater than the nominal outside air makeup
flow rate. The outside air introduced into the control room during the normal mode of operation
is unfiltered. The total unfiltered inleakage rate of 1,000 cfm is added to this Normal mode of
operation unfiltered outside air makeup flow rate.

Consistent with RG 1.183 Regulatory Position 4.2.4, the AST dose analyses credit engineered
safety features that mitigate airborne radioactive material within the control room. Such features
include control room pressurization, and intake and recirculation filtration.

The CREACUS Emergency mode of operation is facilitated by two 100% redundant subsystems.
As shown in the following flow path diagram, for each CREACUS Emergency mode of
operation flow path, the control room outside makeup air passes through intake filters of an
emergency ventilation supply (EVS) unit and then through recirculation filters of an emergency
air conditioner (EAC) unit prior to being discharged into the control room envelope.
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CREACUS EMERGENCY MODE OF OPERATION FLOW PATHS

OUTSIDE EVS EA CONTROL
EFILTERS FILTERS ROOM

During the CREACUS Emergency mode of operation, the AST dose analyses model an outside
air makeup flow rate that is conservatively greater than the nominal outside air makeup flow rate.
The outside air introduced into the control room is filtered. Filtration credit is not taken for
outside air iodine and particulate removal by the EVS unit filters. Filtration credit is only taken
for outside air makeup iodine and particulate removal by the EAC unit filters. The total
unfiltered inleakage rate of 1,000 cfm is added to this CREACUS Emergency mode of operation
flow rate.

During the CREACUS Emergency mode of operation, the AST dose analyses model a control
room recirculation flow rate that is conservatively smaller than the nominal recirculation flow
rate. This flow rate is calculated by subtracting the maximum outside air inflow rate entering the
EAC unit from the minimum total flow rate (i.e., outside air inflow rate plus control room
recirculation air flow rate) through the EAC unit.

Filtration credit is taken for iodine and particulate removal by the EAC filters. The EAC
charcoal filters are credited with the removal of 95 percent of the elemental iodine and organic
iodide in the HVAC air flow. The EAC HEPA filters are credited with the removal of 99 percent
of the particulate iodine and other aerosols in the HVAC air flow.

In the AST dose analyses the potential exists for one or two trains of HVAC to function during
the CREACUS emergency mode of operation. The post-LOCA containment leakage path was
evaluated for three scenarios: (1) one CREACUS train operating throughout the event, (2) two
CREACUS trains operating throughout the event, and (3) two CREACUS trains operating for the
first eight hours, and a single CREACUS train operating for the remainder of the event. The first
scenario with its operation of a single CREACUS train throughout the event results in the largest
control room dose. For this reason, the AST dose analyses conservatively assume the failure of
one CREACUS train and model single CREACUS train operation throughout an event.

15G.4.2.2 Environmental Cloud Gamma Radiation Shine Model

Consistent with RG 1.183 Regulatory Position 4.2.1, the AST dose analyses consider dose
exposure to control room personnel due to radiation shine from the external radioactive plume
(i.e., environmental or outside cloud shine).

Activity releases to the environment from post-accident sources will result in the formation of a
radioactive cloud. Radioactivity concentrations in the radioactive cloud surrounding the control
room are the product of the building leak rate and the control room atmospheric dispersion
factor.
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The majority of the credible events following permanent cessation of power operations
conservatively model the control room personnel as present at the control room ventilation
outside air intake louvers. The immersion dose at this location is calculated addresses exposure
to the environmental cloud gamma radiation shine.

As described in Section 15.7.3, the fuel handling accident inside the fuel handling building
(FHA-FHB) and spent fuel cask drop accident AST dose analyses explicitly model contaminated
air inflow into the control room envelope. The FHA-FHB and spent fuel cask drop accident
AST dose analyses consider environmental cloud gamma radiation shine to control room
personnel.

For conservatism it is assumed that this cloud surrounds the control room, entering adjacent
areas that are not part of the control room envelope. Gamma radiation from this cloud can
penetrate the control room ceiling and walls resulting in a whole body gamma dose to control
room personnel. The cloud radius and height dimensions ensure that dose contributions from the
outer portions of the cloud are considered. The radioactivity present in the outside cloud is
assumed to be uniformly distributed.

The environmental cloud radiation shine dose is the maximum dose calculated at one of several
dose receptors modeled within the control room board area.

Shielding modeled between the control room dose receptors and the outside cloud include the
concrete containment structures that lie within the cloud, the concrete safety equipment building
wall adjacent to the control building, the control room concrete walls, floor and ceiling, the
auxiliary/radwaste building outer concrete walls, floors and roof, several of the internal control
room fire partition walls, and the air spaces between these walls, floor and ceilings.

15G.4.2.3 Control Room Filter Gamma Radiation Shine Model

The following information in this section is HISTORICAL and describes input to a design basis
transient or accident event that is no longer applicable in a permanently defueled condition. The
AST dose analyses evaluated in a defueled condition do not credit control room filters. In the
absence of filter contamination, there is no control room filter gamma radiation shine.

Consistent with RG 1.183 Regulatory Position 4.2.1, the AST dose analyses consider dose
exposure to control room personnel due to radiation shine from radioactive material in the
CREACUS filters inside the control room envelope (i.e., control room filter shine).

The activity released to the environment during an event and dispersed to the CREACUS outside
air intake is assumed to accumulate onto the CREACUS filters for the duration of an activity
release. For those events in which the release terminates prior to 30 days (e.g., fuel handling
accident), the activity accumulated on the charcoal filter is allowed to decay for the remainder of
the 30-day event duration to facilitate determination of a 30-day control room dose.
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As previously described in section 15G.4.2.1.3, for each CREACUS Emergency mode of
operation flow path, the control room outside makeup air passes through intake filters of an
emergency ventilation supply intake unit and then through recirculation filters of an emergency
air conditioner unit prior to being discharged into the control room envelope. Per section
15G.4.2. 1, the AST dose analyses conservatively assume the failure of one CREACUS train and
model single CREACUS train operation throughout an event.

In determining the filter shine dose, the charcoal and HEPA filters of the EVS intake units are
assumed to be 100 percent efficient at removing iodine and particulates from the incoming air,
thereby maximizing the shine dose from the EVS intake unit filters. In reality, iodine and
particulates that are not trapped on the intake filters (such as the activity present in the 1000 cfm
of unfiltered air inleakage) will eventually be trapped on the charcoal and HEPA filters of the
downstream EAC recirculation unit. The EAC recirculation units are located in the vicinity of
the EVS intake units, with an EAC recirculation unit filter direct shine to control room pathway
geometry that is similar to that of the EVS intake unit filters. Consequently, the results of the
EVS intake unit filter shine dose calculation address the EAC recirculation unit filter shine.

To address the potential shine from unfiltered inleakage that is eventually trapped on the EAC
recirculation unit filters, the filter shine model includes an additional 1000 cfm of contaminated
outside air inflow to the CREACUS air intake flow rate.

The CREACUS filter shine dose is the maximum dose calculated at one of several dose receptors
modeled within the control room board area.

Shielding modeled between the control room dose receptors and the CREACUS filter units
include the control room fire partition walls and the air spaces between these walls.

15G.4.2.4 Containment Building Gamma Radiation Shine Model

The following information in this section is HISTORICAL and describes input to a design basis
transient or accident event that is no longer applicable in a permanently defueled condition.

Consistent with RG 1.183 Regulatory Position 4.2.1, the AST dose analyses consider dose
exposure to control room personnel due to radiation shine from radioactive material in the
reactor containment building (i.e., direct containment shine).

The containment is modeled by an equivalent volume cylindrical source having a diameter of
150 feet and a height of 129.25 feet. The radioactivity in the containment is modeled as being
uniformly distributed in the cylindrical source.

The containment radiation shine dose is the maximum dose calculated at one of several dose
receptors modeled within the control room board area.
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Shielding modeled between the control room dose receptors and the containment air includes the
1/4-inch steel containment liner, the 4-foot concrete containment wall and the 3-foot 9-inch
concrete containment dome. No credit is taken for shielding afforded by the internal
containment concrete structure. The penetration building lies between the containment and the
control building. Modeled shielding includes the 2-foot penetration building concrete wall and
the adjacent 2-foot 6-inch control building concrete wall, a 2-inch fire partition wall that
separates the control room from the cable riser gallery adjacent to the penetration building, and
the air spaces between these walls.

15G.4.2.5 Post-LOCA Piping Gamma Radiation Shine Model

The following information in this section is HISTORICAL and describes input to a design basis
transient or accident event that is no longer applicable in a permanently defueled condition.

Consistent with RG 1.183 Regulatory Position 4.2.1, the AST dose analyses consider dose
exposure to control room personnel due to radiation shine from radioactive material in
recirculation loop piping outside the control room envelope (i.e., piping shine).

This piping is modeled as a series of finite length shielded cylinders filled with post-LOCA
containment sump recirculation liquid radiation source. The piping shine model considers those
pipes in the Auxiliary Building Penetration Area that are outside the containment penetration
area shield walls at plant elevation 30-foot (i.e., at the same plant elevation as the control room).
The dose contributions from other pipes that are either behind the shield walls or below the 30-
foot concrete floor are much less than the dose contributions from the modeled pipes.

The piping shine dose is the maximum dose calculated at one of several dose receptors modeled
within the control room board area.

Shielding modeled between the control room dose receptors and the piping includes Auxiliary
Building walls and floor slabs, the concrete wall separating the control room from the cable riser
gallery, the steel door in the concrete wall separating the cable riser gallery from the Penetration
Area, and the air spaces between these walls, floor and ceilings.
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INITIAL STEAM GENERATOR MASS INVENTORY
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FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER CORE POWER VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER CORE HEAT FLUX VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER REACTOR COOLANT SYSTEM PRESSURE VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER MODERATOR DENSITY VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER REACTOR COOLANT TEMPERATURE VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER PRESSURIZER WATER VOLUME VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER STEAM GENERATOR PRESSURE VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER STEAM MASS RELEASE FROM BREAK VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER FEEDWATER FLOW VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER FEEDWATER ENTHALPY VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER STEAM GENERATOR LIQUID INVENTORY VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER REACTIVITY VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER-INTEGRATED STEAM MASS RELEASE FROM BREAK VS. TIME BOL
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER CORE POWER VS. TIME EOCI
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER CORE HEAT FLUX VS. TIME EOCI
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER REACTOR COOLANT SYSTEM PRESSURE VS. TIME EOCI
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER MODERATOR DENSITY VS. TIME EOCI
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER REACTOR COOLANT TEMPERATURE VS. TIME EOC I
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER PRESSURIZER WATER VOLUME VS. TIME EOCI
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER STEAM GENERATOR PRESSURE VS. TIME EOCI
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER STEAM MASS RELEASE FROM BREAK VS. TIME EOCI
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER FEEDWATER FLOW VS. TIME EOCI
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER FEEDWATER ENTHALPY VS. TIME EOCI
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER STEAM GENERATOR LIQUID INVENTORY VS. TIME EOCI
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FULL POWER STEAM LINE BREAK STEAM GENERATOR PRESSURE VS. TIME BOL
FULL POWER STEAM LINE BREAK STEAM MASS RELEASE FROM BREAK VS. TIME BOL
FULL POWER STEAM LINE BREAK FEEDWATER FLOW VS. TIME BOL
FULL POWER STEAM LINE BREAK FEEDWATER ENTHALPY VS. TIME BOL
FULL POWER STEAM LINE BREAK STEAM GENERATOR LIQUID INVENTORY VS. TIME BOL
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FULL POWER STEAM LINE BREAK CORE POWER VS. TIME EOCI
FULL POWER STEAM LINE BREAK CORE HEAT FLUX VS. TIME EOCI
FULL POWER STEAM LINE BREAK REACTOR COOLANT SYSTEM PRESSURE VS. TIME EOCI
FULL POWER STEAM LINE BREAK MODERATOR DENSITY VS. TIME EOCI

FULL POWER STEAM LINE BREAK REACTOR COOLANT SYSTEM TEMPERATURE VS. TIME EOCI
FULL POWER STEAM LINE BREAK PRESSURIZER WATER VOLUME VS. TIME EOCI
FULL POWER STEAM LINE BREAK STEAM GENERATOR PRESSURE VS. TIME EOCI

FULL POWER STEAM LINE BREAK STEAM MASS RELEASE FROM BREAK VS. TIME EOCI
FULL POWER STEAM LINE BREAK FEEDWATER FLOW VS. TIME EOCI
FULL POWER STEAM LINE BREAK FEEDWATER ENTHALPY VS. TIME EOCI
FULL POWER STEAM LINE BREAK STEAM GENERATOR LIQUID INVENTORY VS. TIME EOCI
FULL POWER STEAM LINE BREAK REACTIVITY VS. TIME EOCI
FULL POWER STEAM LINE BREAK INTEGRATED STEAM MASS RELEASE FROM BREAK VS. TIME EOCI
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER CORE POWER VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER CORE HEAT FLUX VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER RCS PRESSURE VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER MODERATOR DENSITY VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER REACTOR COOLANT TEMPERATURE VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER PRESSURIZER WATER VOLUME VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER STEAM GENERATOR PRESSURE VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER STEAM MASS RELEASE FROM BREAK VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER FEEDWATER FLOW VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER STEAM GENERATOR LIQUID INVENTORY VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER REACTIVITY VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER-INTEGRATED STEAM MASS RELEASE FROM BREAK VS. TIME

HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER AVERAGE FUEL TEMPERATURE VS. TIME
HOT ZERO POWER STEAM LINE BREAK CORE POWER VS. TIME
HOT ZERO POWER STEAM LINE BREAK CORE HEAT FLUX VS. TIME
HOT ZERO POWER STEAM LINE BREAK RCS PRESSURE VS. TIME
HOT ZERO POWER STEAM LINE BREAK MODERATOR DENSITY VS. TIME
HOT ZERO POWER STEAM LINE BREAK REACTOR COOLANT TEMPERATURE VS. TIME
HOT ZERO POWER STEAM LINE BREAK PRESSURIZER WATER VOLUME VS. TIME
HOT ZERO POWER STEAM LINE BREAK STEAM GENERATOR PRESSURE VS. TIME
HOT ZERO POWER STEAM LINE BREAK STEAM MASS RELEASE FROM BREAK VS. TIME
HOT ZERO POWER STEAM LINE BREAK FEEDWATER FLOW VS. TIME
HOT ZERO POWER STEAM LINE BREAK STEAM GENERATOR LIQUID INVENTORY VS. TIME
HOT ZERO POWER STEAM LINE BREAK REACTIVITY VS. TIME
HOT ZERO POWER STEAM LINE BREAK INTEGRATED STEAM MASS RELEASE FROM BREAK VS. TIME

HOT ZERO POWER STEAM LINE BREAK AVERAGE FUEL TEMPERATURE VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH CONCURRENT LOSS OF OFFSITE POWER CORE POWER VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH CONCURRENT LOSS OF OFFSITE POWER CORE HEAT FLUX VS. TIME

HOT ZERO POWER STEAM LINE BREAK WITH CONCURRENT LOSS OF OFFSITE POWER REACTOR COOLANT SYSTEM PRESSURE VS. TIME

HOT ZERO POWER STEAM LINE BREAK WITH CONCURRENT LOSS OF OFFSITE POWER REACTOR COOLANT TEMPERATURE VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH CONCURRENT LOSS OF OFFSITE POWER PRESSURIZER WATER VOLUME VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH CONCURRENT LOSS OF OFFSITE POWER STEAM GENERATOR PRESSURE VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH CONCURRENT LOSS OF OFFSITE POWER FEEDWATER FLOW VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH CONCURRENT LOSS OF OFFSITE POWER FEEDWATER ENTHALPY VS. TIME

HOT ZERO POWER STEAM LINE BREAK WITH CONCURRENT LOSS OF OFFSITE POWER STEAM GENERATOR LIQUID INVENTORY VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH CONCURRENT LOSS OF OFFSITE POWER REACTIVITY VS. TIME
HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER MODERATOR DENSITY VS. TIME
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HOT ZERO POWER STEAM LINE BREAK WITH LOSS OF AC POWER AVERAGE FUEL TEMPERATURE VS. TIME
REACTOR COOLANT SYSTEMS DOSE EQUIVALENT IODINE CONCENTRATION VS. TIME FOLLOWING REACTOR TRIP (SPIKING FACTOR - 500)

LOSS OF CONDENSER VACUUM NEUTRON POWER VS. TIME
LOSS OF CONDENSER VACUUM CORE AVERAGE HEAT FLUX VS. TIME
LOSS OF CONDENSER VACUUM REACTOR COOLANT SYSTEM PRESSURE VS. TIME
LOSS OF CONDENSER VACUUM REACTOR COOLANT TEMPERATURE VS. TIME
LOSS OF CONDENSER VACUUM PRESSURIZER WATER VOLUME VS. TIME
LOSS OF CONDENSER VACUUM STEAM GENERATOR PRESSURE VS. TIME
LOSS OF CONDENSER VACUUM SECONDARY LIQUID MASS VS. TIME
LOSS OF CONDENSER VACUUM PRIMARY SAFETY VALVE FLOWRATE VS. TIME
LOSS OF CONDENSER VACUUM STEAM GENERATOR SAFETY VALVE FLOWRATE VS. TIME
LOSS OF ALL NORMAL AC POWER CORE POWER VS. TIME
LOSS OF ALL NORMAL AC POWER CORE AVERAGE HEAT FLUX VS. TIME
LOSS OF ALL NORMAL AC POWER REACTOR COOLANT SYSTEM PRESSURE VS. TIME
LOSS OF ALL NORMAL AC POWER REACTOR COOLANT TEMPERATURES VS. TIME
LOSS OF ALL NORMAL AC POWER PRESSURIZED WATER VOLUME VS. TIME
LOSS OF ALL NORMAL AC POWER STEAM GENERATOR PRESSURE VS. TIME
LOSS OF ALL NORMAL AC POWER TOTAL STEAM FLOWRATE VS. TIME
LOSS OF ALL NORMAL AC POWER FEEDWATER FLOWRATE PER STEAM GENERATOR VS. TIME
LOSS OF ALL NORMAL AC POWER FEEDWATER ENTHALPY VS. TIME
LOSS OF ALL NORMAL AC POWER LIQUID MASS PER STEAM GENERATOR VS. TIME
LOSS OF ALL NORMAL AC POWER CORE FLOWRATE VS. TIME
LOSS OF ALL NORMAL AC POWER SECONDARY SAFETY VALVE FLOWRATE PER STEAM GENERATOR VS. TIME
LOSS OF CONDENSER VACUUM WITH CONCURRENT SINGLE FAILURE CORE POWER VS. TIME
LOSS OF CONDENSER VACUUM WITH A CONCURRENT SINGLE FAILURE CORE AVERAGE HEAT FLUX VS. TIME
LOSS OF CONDENSER VACUUM WITH A CONCURRENT SINGLE FAILURE REACTOR COOLANT SYSTEM PRESSURE VS. TIME
LOSS OF CONDENSER VACUUM WITH A CONCURRENT SINGLE FAILURE COOLANT TEMPERATURE VS. TIME
LOSS OF CONDENSER VACUUM WITH A CONCURRENT SINGLE FAILURE PRESSURIZER WATER VOLUME VS. TIME
LOSS OF CONDENSER VACUUM WITH A CONCURRENT SINGLE FAILURE STEAM GENERATOR PRESSURE VS. TIME
LOSS OF CONDENSER VACUUM WITH A CONCURRENT SINGLE FAILURE SECONDARY LIQUID MASS VS. TIME
LOSS OF CONDENSER VACUUM WITH A CONCURRENT SINGLE FAILURE PRESSURIZER SAFETY VALVE FLOWRATE VS. TIME
LOSS OF CONDENSER VACUUM WITH A CONCURRENT SINGLE FAILURE MAIN STEAM SAFETY VALVE FLOWRATE VS. TIME
LOSS OF NORMAL FEEDWATER FLOW CORE POWER VS. TIME
LOSS OF NORMAL FEEDWATER FLOW CORE AVERAGE HEAT FLUX VS. TIME
LOSS OF NORMAL FEEDWATER FLOW REACTOR SYSTEM COOLANT PRESSURE VS. TIME
LOSS OF NORMAL FEEDWATER FLOW REACTOR SYSTEM COOLANT TEMPERATURES VS. TIME
LOSS OF NORMAL FEEDWATER FLOW PRESSURIZER WATER VOLUME VS. TIME
LOSS OF NORMAL FEEDWATER FLOW STEAM GENERATOR PRESSURE VS. TIME
FEEDWATER SYSTEM PIPE BREAK: CORE POWER VS. TIME
FEEDWATER SYSTEM PIPE BREAK: CORE AVERAGE HEAT FLUX VS. TIME
FEEDWATER SYSTEM PIPE BREAK: REACTOR COOLANT SYSTEM PRESSURE VS. TIME
FEEDWATER SYSTEM PIPE BREAK: COOLANT TEMPERATURE VS. TIME
FEEDWATER SYSTEM PIPE BREAK: PRESSURIZER WATER VOLUME VS. TIME
FEEDWATER SYSTEM PIPE BREAK: STEAM GENERATOR PRESSURE VS. TIME
FEEDWATER SYSTEM PIPE BREAK: STEAM NOZZLE FLOW VS. TIME
FEEDWATER SYSTEM PIPE BREAK: FEEDWATER FLOW VS. TIME
FEEDWATER SYSTEM PIPE BREAK PRESSURIZER PRESSURE VS. TIME
FEEDWATER SYSTEM PIPE BREAK: SECONDARY LIQUID MASS VS. TIME
FEEDWATER SYSTEM PIPE BREAK: CORE AVERAGE INLET FLOW VS. TIME
FEEDWATER SYSTEM PIPE BREAK; STEAM GENERATOR SAFETY VALVE FLOW VS. TIME
FEEDWATER SYSTEM PIPE BREAK: PRESSURIZER SAFETY VALVE FLOW VS. TIME
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No. Figure Document Number Title

205.
206.
207.
208.
209.
210.
211.
212.
213.
214.
215.

Figure 15.2-50
Figure 15.2-51
Figure 15.2-52
Figure 15.2-53
Figure 15.2-54
Figure 15.2-55
Figure 15.2-56
Figure 15.2-57
Figure 15.2-58
Figure 15.2-59
Figure 15.2-60

216. Figure 15.2-61
217. Figure 15.2-62
218. Figure 15.2-63
219. Figure 15.2-64
220. Figure 15.3-1
221. Figure 15.3-2
222. Figure 15.3-3
223. Figure 15.3-4
224. Figure 15.3-5
225. Figure 15.3-6
226. Figure 15.3-7
227. Figure 15.3-8
228. Figure 15.3-9
229. Figure 15.3-10
230. Figure 15.3-11
231. Figure 15.3-12
232. Figure 15.3-13
233. Figure 15.3-19
234. Figure 15.3-20
235. Figure 15.3-21
236. Figure 15.3-23
237. Figure 15.3-24
238. Figure 15.3-25
239. Figure 15.3-26
240. Figure 15.4-1
241. Figure 15.4-2
242. Figure 15.4-3
243. Figure 15.4-4
244. Figure 15.4-5
245. Figure 15.4-6
246. Figure 15.4-7
247. Figure 15.4-8
248. Figure 15.4-9
249. Figure 15.4-10
250. Figure 15.4-11
251. Figure 15.4-12
252. Figure 15.4-13
253. Figure 15.4-14
254. Figure 15.4-15
255. Figure 15.4-16
256. Figure 15.4-17

UFSAR 2/3-15.02-50
UFSAR 2/3-15.02-5 I
UFSAR 2/3-15.02-52
UFSAR 2/3-15.02-53
UFSAR 2/3-15.02-54
UFSAR 2/3-15.02-55
UFSAR 2/3-15.02-56
UFSAR 2/3-15.02-57
UFSAR 2/3-15.02-58
UFSAR 2/3-15.02-59
UFSAR 2/3-15.02-60
UFSAR 2/3-15.02-61
UFSAR 2/3-15.02-62
UFSAR 2/3-15.02-63
UFSAR 2/3-15.02-64
UFSAR 2/3-15.03-01
UFSAR 2/3-15.03-02
UFSAR 2/3-15.03-03
UFSAR 2/3-15.03-04
UFSAR 2/3-15.03-05
UFSAR 2/3-15.03-06
UFSAR 2/3-15.03-07
UFSAR 2/3-15.03-08
UFSAR 2/3-15.03-09
UFSAR 2/3-15.03-10
UFSAR 2/3-15.03-11
UFSAR 2/3-15.03-12
UFSAR 2/3-15.03-13
UFSAR 2/3-15.03-19
UFSAR 2/3-15.03-20
UFSAR 2/3-15.03-21
UFSAR 2/3-15.03-23
UFSAR 2/3-15.03-24
UFSAR 2/3-15.03-25
UFSAR 2/3-15.03-26
UFSAR 2/3-15.04-01
UFSAR 2/3-15.04-02
UFSAR 2/3-15.04-03
UFSAR 2/3-15.04-04
UFSAR 2/3-15.04-05
UFSAR 2/3-15.04-06
UFSAR 2/3-15.04-07
UFSAR 2/3-15.04-08
UFSAR 2/3-15.04-09
UFSAR 2/3-15.04-10
UFSAR 2/3-15.04-11
UFSAR 2/3-15.04-12
UFSAR 2/3-15.04-13
UFSAR 2/3-15.04-14
UFSAR 2/3-15.04-15
UFSAR 2/3-15.04-16
UFSAR 2/3-15.04-17

FEEDWATER SYSTEM PIPE BREAK; PRESSURIZER SURGE INLET FLOW VS. TIME
THIS FIGURE DELETED
THIS FIGURE DELETED
THIS FIGURE DELETED
LOSS OF NORMAL FEEDWATER FLOW WITH TURBINE BYPASS VALVES OPEN CORE POWER VS. TIME
LOSS OF NORMAL FEEDWATER FLOW WITH TURBINE BYPASS VALVES OPEN CORE HEAT FLUX VS. TIME
LOSS OF NORMAL FEEDWATER FLOW WITH TURBINE BYPASS VALVES OPEN REACTOR COOLANT SYSTEM PRESSURE VS. TIME
LOSS OF NORMAL FEEDWATER FLOW WITH TURBINE BYPASS VALVES OPEN CORE TEMPERATURE VS. TIME
LOSS OF NORMAL FEEDWATER FLOW WITH TURBINE BYPASS VALVES OPEN PRESSURIZER WATER VOLUME VS. TIME
LOSS OF NORMAL FEEDWATER FLOW WITH TURBINE BYPASS VALVES OPEN STEAM GENERATOR PRESSURE VS. TIME
LOSS OF NORMAL FEEDWATER FLOW WITH TURBINE BYPASS VALVES OPEN SECONDARY STEAM FLOWRATE VS. TIME
LOSS OF NORMAL FEEDWATER FLOW WITH TURBINE BYPASS VALVES OPEN FEEDWATER FLOWRATE VS. TIME
LOSS OF NORMAL FEEDWATER FLOW WITH TURBINE BYPASS VALVES OPEN FEEDWATER ENTHALPY VS. TIME
LOSS OF NORMAL FEEDWATER FLOW WITH TURBINE BYPASS VALVES OPEN SECONDARY LIQUID MASS VS. TIME
LOSS OF NORMAL FEEDWATER FLOW WITH TURBINE BYPASS VALVES OPEN CORE MASS FLOW VS. TIME
TOTAL LOSS OF FORCED REACTOR COOLANT FLOW CORE POWER VS. TIME
TOTAL LOSS OF FORCED REACTOR COOLANT FLOW CORE AVERAGE HEAT FLUX VS. TIME
TOTAL LOSS OF FORCED REACTOR COOLANT FLOW REACTOR COOLANT SYSTEM PRESSURE VS. TIME
TOTAL LOSS OF FORCED REACTOR COOLANT FLOW MINIMUM DNBR VS. TIME
TOTAL LOSS OF FORCED REACTOR COOLANT FLOW REACTOR COOLANT SYSTEM TEMPERATURE VS. TIME
TOTAL LOSS OF FORCED REACTOR COOLANT FLOW CORE AVERAGE INLET FLOWRATE VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT CORE POWER VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT CORE AVERAGE HEAT FLUX VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT REACTOR COOLANT SYSTEM PRESSURE VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT CORE TEMPERATURE VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT STEAM GENERATOR PRESSURE VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT CORE FLOWRATE VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT TOTAL STEAM GENERATOR SAFETY VALVE FLOWRATE VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT CORE POWER VS TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT CORE AVERAGE HEAT FLUX VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT REACTOR COOLANT SYSTEM PRESSURE VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT CORE TEMPERATURE VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT STEAM GENERATOR PRESSURE VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT CORE FLOWRATE VS. TIME
SINGLE REACTOR COOLANT PUMP SHEARED SHAFT TOTAL STEAM GENERATOR SAFETY VALVE FLOWRATE VS. TIME
CEA WITHDRAWAL FROM SUBCRITICAL POWER FRACTION VS. TIME
CEA WITHDRAWAL FROM SUBCRITICAL HEAT FLUX FRACTION VS. TIME
CEA WITHDRAWAL FROM SUBCRITICAL RCS PRESSURE VS. TIME
CEA WITHDRAWAL FROM SUBCRITICAL RCS TEMPERATURES VS. TIME
CEA WITHDRAWAL FROM SUBCRITICAL STEAM GENERATOR PRESSURE VS. TIME
CEA WITHDRAWAL AT LOW POWER POWER FRACTION VS. TIME
CEA WITHDRAWAL AT LOW POWER HEAT FLUX FRACTION VS. TIME
CEA WITHDRAWAL AT LOW POWER RCS PRESSURE VS. TIME
CEA WITHDRAWAL AT LOW POWER RCS TEMPERATURES VS. TIME
CEA WITHDRAWAL AT LOW POWER STEAM GENERATOR PRESSURE VS. TIME
CEA WITHDRAWAL AT POWER CORE POWER VS. TIME
CEA WITHDRAWAL AT POWER CORE AVERAGE HEAT FLUX VS. TIME
CEA WITHDRAWAL AT POWER PEAK LINEAR HEAT GENERATION RATE VS. TIME
CEA WITHDRAWAL AT POWER REACTOR COOLANT SYSTEM PRESSURE VS. TIME
CEA WITHDRAWAL AT POWER REACTOR CORE COOLANT TEMPERATURES VS. TIME
CEA WITHDRAWAL AT POWER PRESSURIZER WATER VOLUME VS. TIME
CEA WITHDRAWAL AT POWER STEAM GENERATOR PRESSURE VS. TIME
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257. Figure 15.4-18
258. Figure 15.4-19
259. Figure 15.4-20
260. Figure 15.4-21
261. Figure 15.4-22
262. Figure 15.4-23
263. Figure 15.4-24
264. Figure 15.4-25
265. Figure 15.4-26
266. Figure 15.4-27
267. Figure 15.4-28
268. Figure 15.4-30
269. Figure 15.4-31
270. Figure 15.4-32
271. Figure 15.4-33
272. Figure 15.4-34
273. Figure 15.4-35
274. Figure 15.4-36
275. Figure 15.4-37
276. Figure 15.4-38
277. Figure 15.4-39
278. Figure 15.4-40
279. Figure 15.4-41
280. Figure 15.4-42
281. Figure 15.4-43
282. Figure 15.4-44
283. Figure 15.4-45
284. Figure 15.4-46
285. Figure 15.4-47
286. Figure 15.4-48
287. Figure 15.4-49
288. Figure 15.4-50
289. Figure 15.4-51
290. Figure 15.4-52
291. Figure 15.4-53
292. Figure 15.4-54
293. Figure 15.4-55
294. Figure 15.4-56
295. Figure 15.4-57
296. Figure 15.4-58
297. Figure 15.4-59
298. Figure 15.4-60
299. Figure 15.4-61
300. Figure 15.4-62
301. Figure 15.4-63
302. Figure 15.4-64

303. Figure 15.4-65
304. Figure 15.5-1
305. Figure 15.5-2
306. Figure 15.5-3
307. Figure 15.5-4

UFSAR 2/3-15.04-18
UFSAR 2/3-15.04-19
UFSAR 2/3-15.04-20
UFSAR 2/3-15.04-21
UFSAR 2/3-15.04-22
UFSAR 2/3-15.04-23
UFSAR 2/3-15.04-24
UFSAR 2/3-15.04-25
UFSAR 2/3-15.04-26
UFSAR 2/3-15.04-27
UFSAR 2/3-15.04-28
UFSAR 2/3-15.04-30
UFSAR 2/3-15.04-3 I
UFSAR 2/3-15.04-32
UFSAR 2/3-15.04-33
UFSAR 2/3-15.04-34
UFSAR 2/3-15.04-35
UFSAR 2/3-15.04-36
UFSAR 2/3-15.04-37
UFSAR 2/3-15.04-38
UFSAR 2/3-15.04-39
UFSAR 2/3-15.04-40
UFSAR 2/3-15.04-41
UFSAR 2/3-15.04-42
UFSAR 2/3-15.04-43
UFSAR 2/3-15.04-44
UFSAR 2/3-15.04-45
UFSAR 2/3-15.04-46
UFSAR 2/3-15.04-47
UFSAR 2/3-15.04-48
UFSAR 2/3-15.04-49
UFSAR 2/3-15.04-50
UFSAR 2/3-15.04-51
UFSAR 2/3-15.04-52
UFSAR 2/3-15.04-53
UFSAR 2/3-15.04-54
UFSAR 2/3-15.04-55
UFSAR 2/3-15.04-56
UFSAR 2/3-15.04-57
UFSAR 2/3-15.04-58
UFSAR 2/3-15.04-59
UFSAR 2/3-15.04-60
UFSAR 2/3-15.04-61
UFSAR 2/3-15.04-62

UFSAR 2/3-15.04-64

UFSAR 2/3-15.04-65
UFSAR 2/3-15.05-01
UFSAR 2/3-15.05-02
UFSAR 2/3-15.05-03
UFSAR 2/3-15.05-04

CEA WITHDRAWAL AT POWER STEAM FLOW VS. TIME
CEA WITHDRAWAL AT POWER FEEDWATER FLOW VS. TIME
CEA WITHDRAWAL AT POWER FEEDWATER ENTHALPY VS. TIME
CEA WITHDRAWAL AT POWER STEAM GENERATOR LIQUID MASS VS. TIME
CEA WITHDRAWAL AT POWER STEAM GENERATOR SAFETY VALVE FLOW VS. TIME
CEA MISOPERATION, FULL-LENGTH CEA DROP, LOCATION OF DROPPED FULL- LENGTH CEA
SINGLE FULL LENGTH CEA DROP CORE POWER VS. TIME
SINGLE FULL LENGTH CEA DROP CORE HEAT FLUX VS. TIME
SINGLE FUL LENGTH CEA DROP RCS TEMPERATURES VS. TIME
SINGLE FULL LENGTH CEA DROP RCS PRESSURE VS. TIME
SINGLE FULL LENGTH CEA DROP STEAM GENERATOR PRESSURE VS. TIME
UFSAR 2/3-15.04-30 (DELETED)
UFSAR 2/3-15.04-31 (DELETED)
UFSAR 2/3-15.04-32 (DELETED)
CEA EJECTION IDENTIFICATION OF EJECTED CEA LOCATIONS
CEA EJECTION CORE POWER VS. TIME
CEA EJECTION PEAK CORE POWER VS. TIME
CEA EJECTION CORE HEAT FLUX VS. TIME
CEA EJECTION PEAK HEAT FLUX VS. TIME
CEA EJECTION HOT AND AVERAGE CHANNEL FUEL AND CLAD TEMPERATURES VS. TIME
CEA EJECTION REACTIVITY COMPONENTS VS. TIME
CEA EJECTION REACTOR COOLANT SYSTEM PRESSURE VS. TIME
CEA EJECTION CORE POWER VS. TIME
CEA EJECTION PEAK CORE POWER VS. TIME
CEA EJECTION CORE HEAT FLUX VS. TIME
CEA EJECTION PEAK HEAT FLUX VS. TIME
CEA EJECTION HOT AND AVERAGE CHANNEL FUEL AND CLAD TEMPERATURES VS. TIME
CEA EJECTION REACTIVITY COMPONENTS VS. TIME
CEA EJECTION CORE POWER VS. TIME
CEA EJECTION PEAK CORE POWER VS. TIME
CEA EJECTION CORE HEAT FLUX VS. TIME
CEA EJECTION PEAK HEAT FLUX VS. TIME
CEA EJECTION HOT AND AVERAGE FUEL AND CLAD TEMPERATURES
CEA EJECTION REACTIVITY COMPONENTS VS. TIME
CEA EJECTION CORE POWER VS. TIME
CEA EJECTION PEAK CORE POWER VS. TIME
CEA EJECTION CORE HEAT FLUX VS. TIME
CEA EJECTION PEAK HEAT FLUX VS. TIME
CEA EJECTION HOT AND AVERAGE CHANNEL FUEL TEMPERATURE VS. TIME
CEA EJECTION REACTIVITY COMPONENTS VS. TIME
CEA EJECTION REACTOR COOLANT SYSTEM PRESSURE VS. TIME
CEA EJECTION REACTOR COOLANT SYSTEM PRESSURE VS. TIME
CEA EJECTION STEAM GENERATOR PRESSURE VS. TIME
CEA EJECTION SECONDARY SAFETY VALVE FLOWRATE VS. TIME
NOT USED
UNRODDED POWER DISTRIBUTION FOR A CORE MISLOADED BY INTERCHANGING A TYPE A AND TYPE C ASSEMBLY NEAR CORE PERIPHERY

UNRODDED POWER DISTRIBUTION FOR A CORE MISLOADED BY INTERCHANGING A TYPE A AND TYPE B NEAR THE CORE CENTER
CVCS MALFUNCTION CORE POWER VS. TIME
CVCS MALFUNCTION CORE HEAT FLUX VS. TIME
CVCS MALFUNCTION PRESSURIZER PRESSURE
CVCS MALFUNCTION RCS COLD LEG DISCHARGE PRESSURE
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308. Figure 15.5-5
309. Figure 15.5-6
310. Figure 15.5-7
311. Figure 15.5-8
312. Figure 15.5-9
313. Figure 15.5-10
314. Figure 15.5-11
315. Figure 15.5-12
316. Figure 15.5-13
317. Figure 15.5-14
318. Figure 15.5-15
319. Figure 15.5-16
320. Figure 15.5-17
321. Figure 15.5-18
322. Figure 15.5-19
323. Figure 15.5-20
324. Figure 15.5-21
325. Figure 15.5-22
326. Figure 15.5-23
327. Figure 15.5-24
328. Figure 15.6-1
329. Figure 15.6-2
330. Figure 15.6-3

331. Figure 15.6-4

332. Figure 15.6-5
333. Figure 15.6-6
334. Figure 15.6-7
335. Figure 15.6-8

336. Figure 15.6-9
337. Figure 15.6-10

338. Figure 15.6-11

339. Figure 15.6-12

340. Figure 15.6-13

341. Figure 15.6-14

342. Figure 15.6-15

343. Figure 15.6-16
344. Figure 15.6-17

345. Figure 15.6-18
346. Figure 15.6-19
347. Figure 15.6-20
348. Figure 15.6-21

Document Number

UFSAR 2/3-15.05-05
UFSAR 2/3-15.05-06
UFSAR 2/3-15.05-07
UFSAR 2/3-15.05-08
UFSAR 2/3-15.05-09
UFSAR 2/3-15.05-10
UFSAR 2/3-15.05-11
UFSAR 2/3-15.05-12
UFSAR 2/3-15.05-13
UFSAR 2/3-15.05-14
UFSAR 2/3-15.05-15
UFSAR 2/3-15.05-16
UFSAR 2/3-15.05-17
UFSAR 2/3-15.05-18
UFSAR 2/3-15.05-19
UFSAR 2/3-15.05-20
UFSAR 2/3-15.05-21
UFSAR 2/3-15.05-22
UFSAR 2/3-15.05-23
UFSAR 2/3-15.05-24
UFSAR 2/3-15.06-01
UFSAR 2/3-15.06-02
UFSAR 2/3-15.06-03

UFSAR 2/3-15.06-04

UFSAR 2/3-15.06-05
UFSAR 2/3-15.06-06
UFSAR 2/3-15.06-07
UFSAR 2/3-15.06-08

UFSAR 2/3-15.06-09
UFSAR 2/3-15.06-10

UFSAR 2/3-15.06-11

UFSAR 2/3-15.06-12

UFSAR 2/3-15.06-13

UFSAR 2/3-15.06-14

UFSAR 2/3-15.06-15

UFSAR 2/3-15.06-16
UFSAR 2/3-15.06-17

UFSAR 2/3-15.06-18
UFSAR 2/3-15.06-19
UFSAR 2/3-15.06-20
UFSAR 2/3-15.06-21

Title

CVCS MALFUNCTION CORE REACTIVITY VS. TIME
CVCS MALFUNCTION RCS TEMPERATURE VS. TIME
CVCS MALFUNCTION PRESSURIZER LIQUID VOLUME VS. TIME
CVCS MALFUNCTION PRESSURIZER SAFETY FLOW RATE VS. TIME
CVCS MALFUNCTION CHARGING AND LETDOWN/RCP BLEEDOFF FLOW RATE VS. TIME
CVCS MALFUNCTION STEAM GENERATOR PRESSURE VS. TIME
CVCS MALFUNCTION STEAM GENERATOR STEAM FLOW RATE VS. TIME
CVCS MALFUNCTION FEEDWATER FLOW VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE CORE POWER VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE CORE HEAT FLUX VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE PRESSURIZER PRESSURE VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE RCS COLD LEG DISCHARGE PRESSURE VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE CORE REACTIVITY VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE RCS TEMPERATURE VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE PRESSURIZER LIQUID VOLUME VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE PRESSURIZER SAFETY FLOW RATE VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE CHARGING AND LETDOWN/RCP BLEEDOFF FLOW RATE VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE STEAM GENERATOR PRESSURE VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE STEAM GENERATOR STEAM FLOW RATE VS. TIME
CVCS MALFUNCTION WITH SINGLE FAILURE FEEDWATER FLOW VS. TIME
STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER CORE POWER VS. TIME
STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER CORE AVERAGE HEAT FLUX VS. TIME
STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER REACTOR COOLANT SYSTEM PRESSURE VS. TIME

STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER REACTOR COOLANT SYSTEM TEMPERATURES VS.
TIME
STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER PRESSURIZER WATER VOLUM E VS. TIME
STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER STEAM GENERATOR PRESSURE VS. TIME
STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER SG STEAM FLOWRATE PER SG VS. TIME
STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER FEEDWATER FLOWRATE PER STEAM GENERATOR
VS. TIME
STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER FEEDWATER ENTHALPY VS. TIME
STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER STEAM GENERATOR LIQUID MASS VS. TIME

STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER STEAM GENERATOR SAFETY VALVE FLOWRATE VS.
TIME
STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER REACTOR COOLANT SYSTEM INVENTORY VS. TIME

STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER PRIMARY-TO-SECONDARY LEAK RATE VS. TIME

STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER PRIMARY-TO-SECONDARY INTEGRATED LEAK
FLOW VS. TIME

STEAM GENERATOR TUBE RUPTURE WITH A CONCURRENT LOSS OF NORMAL AC POWER CORE AVERAGE INLET MASS FLOWRATE VS. TIME

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 1.0 DEG/PD BREAK, ZIRLOTM CLADDING CORE POWER
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 1.0 DEG/PD BREAK, ZIRLOTM CLADDING PRESSURE IN CENTER HOT ASSEMBLY NODE

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 1.0 DEG/PD BREAK, ZIRLOTM CLADDING BREAK FLOW RATE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 1.0 DEG/PD BREAK, ZIRLOTM CLADDING HOT ASSEMBLY FLOW RATE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 1.0 DEG/PD BREAK. ZIRLOTM CLADDING HOT ASSEMBLY QUALITY

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 1.0 DEG/PD BREAK, ZIRLOTM CLADDING CONTAINMENT PRESSURE
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349. Figure 15.6-22

350. Figure 15.6-23
351. Figure 15.6-24
352. Figure 15.6-25

353. Figure 15.6-26
354. Figure 15.6-27
355. Figure 15.6-28
356. Figure 15.6-29
357. Figure 15.6-30

358. Figure 15.6-31
359. Figure 15.6-32
360. Figure 15.6-33

361. Figure 15.6-34
362. Figure 15.6-35
363. Figure 15.6-36
364. Figure 15.6-37
365. Figure 15.6-38

366. Figure 15.6-39
367. Figure 15.6-40
368. Figure 15.6-41

369. Figure 15.6-42
370. Figure 15.6-43

371. Figure 15.6-44

372. Figure 15.6-45
373. Figure 15.6-46

374. Figure 15.6-47

375. Figure 15.6-48

376. Figure 15.6-49
377. Figure 15.6-50
378. Figure 15.6-51
379. Figure 15.6-52

380. Figure 15.6-53
381. Figure 15.6-54
382. Figure 15.6-55
383. Figure 15.6-56
384. Figure 15.6-57

385. Figure 15.6-58
386. Figure 15.6-59

Document Number

UFSAR 2/3-15.06-22

UFSAR 2/3-15.06-23
UFSAR 2/3.15.06-24
UFSAR 2/3-15.06-25

UFSAR 2/3-15.06-26
UFSAR 2/3-15.06-27
UFSAR 2/3-15.06-28
UFSAR 2/3-15.06-29
UFSAR 2/3-15.06-30

UFSAR 2/3-15.06-31
UFSAR 2/3-15.06-32
UFSAR 2/3-15.06-33

UFSAR 2/3-15.06-34
UFSAR 2/3-15.06-35
UFSAR 2/3-15.06-36
UFSAR 2/3-15.06-37
UFSAR 2/3-15.06-38

UFSAR 2/3-15.06-39
UFSAR 2/3-15.06-40
UFSAR 2/3-15.06-41

UFSAR 2/3-15.06-42
UFSAR 2/3-15.06-43

UFSAR 2/3-15.06-44

UFSAR 2/3-15.06-45
UFSAR 2/3-15.06-46

UFSAR 2/3-15.06-47

*UFSAR 2/3-15.06-48

UFSAR 2/3-15.06-49
UFSAR 2/3-15.06-50
UFSAR 2/3-15.06-51
UFSAR 2/3-15.06-52

UFSAR 2/3-15.06-53
UFSAR 2/3-15.06-54
UFSAR 2/3-15.06-55
UFSAR 2/3-15.06-56
UFSAR 2/3-15.06-57

UFSAR 2/3-15.06-58
UFSAR 2/3-15.06-59

Title

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 1.0 DEG/PD BREAK, ZIRLOTM CLADDING MASS ADDED TO CORE DURING REFLOOD

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 1.0 DEG/PD BREAK. ZIRLOTM CLADDING PEAK CLADDING TEMPERATURE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK, ZIRLOTM CLADDING CORE POWER
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.8 DEG/PD BREAK. ZIRLOTM CLADDING PRESSURE IN CENTER HOT ASSEMBLY NODE

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK, ZIRLOTM CLADDING BREAK FLOW RATE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK, ZIRLOTM CLADDING HOT ASSEMBLY FLOW RATE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK, ZIRLOTM CLADDING HOT ASSEMBLY QUALITY
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK, ZIRLOTM CLADDING CONTAINMENT PRESSURE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK, ZIRLOTM CLADDING MASS ADDED TO CORE DURING REFLOOD

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK, ZIRLOTM CLADDING PEAK CLADDING EMPERATURE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING CORE POWER
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING PRESSURE IN CENTER HOT ASSEMBLY NODE

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING BREAK FLOW RATE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING HOT ASSEMBLY FLOW RATE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING HOT ASSEMBLY QUALITY
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING CONTAINMENT PRESSURE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING MASS ADDED TO CORE DURING REFLOOD

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING PEAK CLADDING TEMPERATURE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.6 DEG/PD BREAK, ZIRLOTM CLADDING MID ANNULUS FLOW RATE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.6 DEG/PD BREAK, ZIRLOTM CLADDING QUALITIES ABOVE AND BELOW THE CORE

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.6 DEG/PD BREAK, ZIRLOTM CLADDING CORE PRESSURE DROP
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDINGS AFETY INJECTION FLOW RATE INTO INTACT
DISCHARGE LEGS
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING WATER LEVEL IN DOWNCOMER DURING
REFLOOD
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK. ZIRLOTM CLADDING HOT SPOT GAP CONDUCTANCE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.6 DEG/PD BREAK. ZIRLOTM CLADDING MAXIMUM LOCAL CLADDING OXIDATION
PERCENTAGE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING FUEL CENTERLINE, FUEL AVERAGE,
CLADDING, AND COOLANT TEMPERATURE AT THE HOT SPOT
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING HOT SPOT HEAT TRANSFER COEFFICIENT

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK. ZIRLOTM CLADDING HOT PIN PRESSURE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRLOTM CLADDING CORE BULK CHANNEL FLOW RATE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK, ZIRLOTM CLADDING CORE POWER
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK, ZIRLOTM CLADDING PRESSURE IN CENTER HOT ASSEMBLY NODE

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.4 DEG/PD BREAK. ZIRLOTM CLADDING BREAK FLOW RATE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.4 DEG/PD BREAK. ZIRLOTM CLADDING HOT ASSEMBLY FLOW RATE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK, ZIRLOTM CLADDING HOT ASSEMBLY QUALITY
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK, ZIRLOTM CLADDING CONTAINMENT PRESSURE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK, ZIRLOTM CLADDING MASS ADDED TO CORE DURING REFLOOD

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK, ZIRLOTM CLADDING PEAK CLADDING TEMPERATURE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 1.0 DEG/PD BREAK, ZIRCALOY-4 CLADDING CORE POWER
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387. Figure 15.6-60 UFSAR 2/3-15.06-60 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 1.0 DEG/PD BREAK, ZIRCALOY-4 CLADDING PRESSURE IN CENTER HOT ASSEMBLY
NODE

388. Figure 15.6-61 UFSAR 2/3-15.06-61 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 1.0 DEG/PD BREAK, ZIRCALOY-4 CLADDING BREAK FLOW RATE
389. Figure 15.6-62 UFSAR 2/3-15.06-62 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 1.0 DEG/PD BREAK, ZIRCALOY-4 CLADDING HOT ASSEMBLY FLOW RATE
390. Figure 15.6-63 UFSAR 2/3-15.06-63 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 1.0 DEG/PD BREAK, ZIRCALOY-4 CLADDING HOT ASSEMBLY QUALITY
391. Figure 15.6-64 UFSAR 2/3-15.06-64 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 1.0 DEG/PD BREAK. ZIRCALOY-4 CLADDING CONTAINMENT PRESSURE
392. Figure 15.6-65 UFSAR 2/3-15.06-65 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 1.0 DEG/PD BREAK, ZIRCALOY-4 CLADDING MASS ADDED TO CORE DURING REFLOOD

393. Figure 15.6-66 UFSAR 2/3-15.06-66 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 1.0 DEG/PD BREAK, ZIRCALOY-4 CLADDING PEAK CLADDING TEMPERATURE
394. Figure 15.6-67 UFSAR 2/3-15.06-67 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.8 DEG/PD BREAK. ZIRCALOY-4 CLADDING CORE POWER
395. Figure 15.6-68 UFSAR 2/3-15.06-68 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.8 DEG/PD BREAK, ZIRCALOY-4 CLADDING PRESSURE IN CENTER HOT ASSEMBLY

NODE
396. Figure 15.6-69 UFSAR 2/3-15.06-69 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.8 DEG/PD BREAK. ZIRCALOY-4 CLADDING BREAK FLOW RATE
397. Figure 15.6-70 UFSAR 2/3-15.06-70 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK. ZIRCALOY-4 CLADDING HOT ASSEMBLY FLOW RATE
398. Figure 15.6-71 UFSAR 2/3-15.06-71 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK, ZIRCALOY-4 CLADDING HOT ASSEMBLY QUALITY
399. Figure 15.6-72 UFSAR 2/3-15.06-72 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK, ZIRCALOY-4 CLADDING CONTAINMENT PRESSURE
400. Figure 15.6-73 UFSAR 2/3-15.06-73 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK, ZIRCALOY-4 CLADDING MASS ADDED TO CORE DURING REFLOOD

401. Figure 15.6-74 UFSAR 2/3-15.06-74 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.8 DEG/PD BREAK, ZIRCALOY-4 CLADDING PEAK CLADDING TEMPERATURE
402. Figure 15.6-75 UFSAR 2/3-15.06-75 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK. ZIRCALOY-4 CLADDING CORE POWER
403. Figure 15.6-76 UFSAR 2/3-15.06-76 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING PRESSURE IN CENTER HOT ASSEMBLY

NODE
404. Figure 15.6-77 UFSAR 2/3-15.06-77 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK. ZIRCALOY-4 CLADDING BREAK FLOW RATE
405. Figure 15.6-78 UFSAR 2/3-15.06-78 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING HOT ASSEMBLY FLOW RATE
406. Figure 15.6-79 UFSAR 2/3-15.06-79 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK. ZIRCALOY-4 CLADDING HOT ASSEMBLY QUALITY
407. Figure 15.6-80 UFSAR 2/3-15.06-80 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK. ZIRCALOY-4 CLADDING CONTAINMENT PRESSURE
408. Figure 15.6-81 UFSAR 2/3-15.06-81 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING MASS ADDED TO CORE DURING REFLOOD

409. Figure 15.6-82 UFSAR 2/3-15.06-82 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK. ZIRCALOY-4 CLADDING PEAK CLADDING TEMPERATURE
410. Figure 15.6-83 UFSAR 2/3-15.06-83 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.6 DEG/PD BREAK. ZIRCALOY-4 CLADDING MID ANNULUS FLOW RATE
411. Figure 15.6-84 UFSAR 2/3-15.06-84 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING QUALITIES ABOVE AND BELOW THE CORE

412. Figure 15.6-85 UFSAR 2/3-15.06-85 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING CORE PRESSURE DROP
413. Figure 15.6-86 UFSAR 2/3-15.06-86 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING SAFETY INJECTION FLOW RATE INTO

INTACT DISCHARGE LEGS
414. Figure 15.6-87 UFSAR 2/3-15.06-87 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING WATER LEVEL IN DOWNCOMER DURING

REFLOOD
415. Figure 15.6-88 UFSAR 2/3-15.06-88 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING HOT SPOT GAP CONDUCTANCE
416. Figure 15.6-89 UFSAR 2/3-15.06-89 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING MAXIMUM LOCAL CLADDING OXIDATION

PERCENTAGE
417. Figure 15.6-90 UFSAR 2/3-15.06-90 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK. ZIRCALOY-4 CLADDING FUEL CENTERLINE, FUEL AVERAGE,

CLADDING, AND COOLANT TEMPERATURE AT THE HOT SPOT
418. Figure 15.6-91 UFSAR 2/3-15.06-91 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING HOT SPOT HEAT TRANSFER COEFFICIENT

419. Figure 15.6-92 UFSAR 2/3-15.06-92 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING HOT PIN PRESSURE
420. Figure 15.6-93 UFSAR 2/3-15.06-93 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.6 DEG/PD BREAK, ZIRCALOY-4 CLADDING CORE BULK CHANNEL FLOW RATE

421. Figure 15.6-94 UFSAR 2/3-15.06-94 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK. ZIRCALOY-4 CLADDING CORE POWER
422. Figure 15.6-95 UFSAR 2/3-15.06-95 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK. ZIRCALOY-4 CLADDING PRESSURE IN CENTER HOT ASSEMBLY

NODE
423. Figure 15.6-96 UFSAR 2/3-15.06-96 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK, ZIRCALOY-4 CLADDING BREAK FLOW RATE
424. Figure 15.6-97 UFSAR 2/3-15.06-97 LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK, ZIRCALOY-4 CLADDINGHOT ASSEMBLY FLOW RATE
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425.
426.
427.

Figure 15.6-98
Figure 15.6-99
Figure 15.6-100

428. Figure 15.6-101
429. Figure 15.6-102
430. Figure 15.6-103
431. Figure 15.6-104
432. Figure 15.6-105
433. Figure 15.6-106
434. Figure 15.6-107
435. Figure 15.6-108
436. Figure 15.6-109
437. Figure 15.6-110
438. Figure 15.6-111
439. Figure 15.6-112
440. Figure 15.6-113
441. Figure 15.6-114
442. Figure 15.6-115
443. Figure 15.6-116
444. Figure 15.6-117
445. Figure 15.6-118
446. Figure 15.6-119
447. Figure 15.6-120
448. Figure 15.6-121
449. Figure 15.6-122
450. Figure 15.6-123
451. Figure 15.6-124
452. Figure 15.6-125
453. Figure 15.6-126
454. Figure 15.6-127
455. Figure 15.6-128
456. Figure 15.6-129
457. Figure 15.6-130
458. Figure 15.6-131
459. Figure 15.6-132
460. Figure 15.6-133
461. Figure 15.6-134
462. Figure 15.6-135
463. Figure 15.6-136
464. Figure 15.6-137
465. Figure 15.6-138
466. Figure'15.6-139
467. Figure 15.6-140
468. Figure 15.9-1
469. Figure 15.9-2
470. Figure 15.9-3
471. Figure 15.9-4
472. Figure 15.9-5
473. Figure 15.10-1
474. Figure 15A-I
475. Figure 15A-2

UFSAR 2/3-15.06-98
UFSAR 2/3-15.06-99
UFSAR 2/3-15.06-100

UFSAR 2/3-15.06-101
UFSAR 2/3-15.06-102
UFSAR 2/3-15.06-103
UESAR 2/3-15.06-104
UFSAR 2/3-15.06-105
UFSAR 2/3-15.06-106
UFSAR 2/3-15.06-107
UFSAR 2/3-15.06-108
UFSAR 2/3-15.06-109
UFSAR 2/3-15.06-110
UFSAR 2/3-15.06-111
UFSAR 2/3-15.06-112
UFSAR 2/3-15.06-113
UFSAR 2/3-15.06-114
UFSAR 2/3-15.06-115
UFSAR 2/3-15.06-116
UFSAR 2/3-15.06-117
UFSAR 2/3-15.06-118
UFSAR 2/3-15.06-119
UFSAR 2/3-15.06-120
UFSAR 2/3-15.06-121
UFSAR 2/3-15.06-122
UFSAR 2/3-15.06-123
UFSAR 2/3-15.06-124
UFSAR 2/3-15.06-125
UFSAR 2/3-15.06-126
UFSAR 2/3-15.06-127
UFSAR 2/3-15.06-128
UFSAR 2/3-15.06-129
UFSAR 2/3-15.06-130
UFSAR 2/3-15.06-131
UFSAR 2/3-15.06-132
UFSAR 2/3-15.06-133
UFSAR 2/3-15.06-134
UFSAR 2/3-15.06-135
UFSAR 2/3-15.06-136
UFSAR 2/3-15.06-137
UFSAR 2/3-15.06-138
UFSAR 2/3-15.06-139
UFSAR 2/3-15.06-140
UFSAR 2/3-15.09-01
UFSAR 2/3-15.09-02
UFSAR 2/3-15.09-03
UFSAR 2/3-15.09-04
UFSAR 2/3-15.09-05
UFSAR 2/3-15. 10-01
UFSAR 2/3-15A-I
UFSAR 2/3-15A-2

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK, ZIRCALOY-4 CLADDING HOT ASSEMBLY QUALITY
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK, ZIRCALOY-4 CLADDING CONTAINMENT PRESSURE
LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS. 0.4 DEG/PD BREAK, ZIRCALOY-4 CLADDING MASS ADDED TO CORE DURING REFLOOD

LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS, 0.4 DEG/PD BREAK, ZIRCALOY-4 CLADDING PEAK CLADDING TEMPERATURE
PEAK CLADDING TEMPERATURE VERSUS BREAK SIZE FOR THE LARGE BREAK LOCA ECCS PERFORMANCE ANALYSIS
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.05 FT2/PD BREAK NORMALIZED TOTAL CORE POWER
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.05 F'22/PD BREAK INNER VESSEL PRESSURE
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.05 FT2/PD BREAK BREAK FLOW RATE
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.05 F'2/PD BREAK INNER VESSEL INLET FLOW RATE
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.05 FT2/PD BREAK INNER VESSEL TWO-PHASE MIXTURE LEVEL
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.05 FT2/PD BREAK HEAT TRANSFER COEFFICIENT AT HOT SPOT
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.05 FT2/PD BREAK COOLANT TEMPERATURE AT HOT SPOT
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.05 Ff2/PD BREAK CLADDING TEMPERATURE AT HOT SPOT
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.04 FF2/PD BREAK NORMALIZED TOTAL CORE POWER
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.04 FT2/PD BREAK INNER VESSEL PRESSURE
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.04 FT2/PD BREAK BREAK FLOW RATE
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.04 FF2/PD BREAK INNER VESSEL INLET FLOW RATE
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.04 FT2/PD BREAK INNER VESSEL TWO-PHASE M IXTURE LEVEL
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.04 FF2_/PD BREAK HEAT TRANSFER COEFFICIENT AT HOT SPOT
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.04 FF2/PD BREAK COOLANT TEMPERATURE AT HOT SPOT
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.04 FFr2/PD BREAK CLADDING TEMPERATURE AT HOT SPOT
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.03 FT2/PD BREAK NORMALIZED TOTAL CORE POWER
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.03 FT2/PD BREAK INNER VESSEL PRESSURE
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.03 FFr2/PD BREAK BREAK FLOW RATE
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.03 FT2/PD BREAK INNER VESSEL INLET FLOW RATE
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.03 FT2/PD BREAK INNER VESSEL TWO-PHASE MIXTURE LEVEL
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.03 FT2/PD BREAK HEAT TRANSFER COEFFICIENT AT HOT SPOT
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.03 FT2/PD BREAK COOLANT TEMPERATURE AT HOT SPOT
SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS 0.03 FT2/PD BREAK CLADDING TEMPERATURE AT HOT SPOT
PEAK CLADDING TEMPERATURE VERSUS BREAK SIZE FOR THE SMALL BREAK LOCA ECCS PERFORMANCE ANALYSIS
DELETED
DELETED
DELETED
HPSI SEAL ASSEMBLY
LPSI CONTAINMENT SPRAY PUMP SEAL ASSEMBLY
INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE NORMALIZED CORE POWER
INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE INNER VESSEL PRESSURE
INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE LEAK FLOWRATE
INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE VESSEL INLET FLOWRATE
INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE TWO PHASE MIXTURE VOLUME IN INNER VESSEL
INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE HEAT TRANSFER COEFFICIENT AT HOT SPOT
INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE COOLANT TEMPERATURE AT HOT SPOT
INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE CLAD TEMPERATURE AT HOT SPOT
ASYMMETRIC STEAM GENERATOR EVENT CORE POWER VS. TIME
ASYMMETRIC STEAM GENERATOR EVENT CORE HEAT FLUX VS. TIME
ASYMMETRIC STEAM GENERATOR EVENT RCS PRESSURE VS. TIME
ASYMMETRIC STEAM GENERATOR EVENT RCS TEMPERATURES VS. TIME
ASYMMETRIC STEAM GENERATOR EVENT STEAM GENERATOR PRESSURE VS. TIME
(DELETED)
DNBR OPERATING LIMIT WITH COLSS OUT OF SERVICE
DNBR OPERATING LIMIT WITH COLSS OUT OF SERVICE
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476. Figure 15B-I
477. Figure 15C-1
478. Figure 15C-2
479. Figure 15C-3
480. Figure 15C-4
481. Figure 15C-5
482. Figure 15C-6
483. Figure 15D-1
484. Figure 15E-I
485. Figure 15E-2
486. Figure 15E-3
487. Figure 15E-4
488. Figure 15E-5
489. Figure 15E-5A
490. Figure 15E-6
491. Figure 15E-7
492. Figure 15E-8
493. Figure 15E-9
494. Figure 15E-10
495. Figure 15E-II
496. Figure 15E-12
497. Figure 15E-13
498. Figure 15E-14
499. Figure 15E-15
500. Figure 15E-16
501. Figure 15E-17
502. Figure 15F-I

UFSAR 2/3-151B- I
UFSAR 2/3-15C-I
UFSAR 2/3-15C-2
UFSAR 2/3-15C-3
UFSAR 2/3-15C-4
UFSAR 2/3-15C-5
UFSAR 2/3-15C-6
UFSAR 2/3-15D-I
UFSAR 2/3-15E-1
UFSAR 2/3-15E-2
UFSAR 2/3-15E-3
UFSAR 2/3-15E-4
UFSAR 2/3-15E-5
UFSAR 2/3-15E-5A
UFSAR 2/3-15E-6
UFSAR 2/3-15E-7
UFSAR 2/3-15E-8
UFSAR 2/3-15E-9
UFSAR 2/3-15E-10
UFSAR 2/3-15E-I I
UFSAR 2/3-15E-12
UFSAR 2/3-15 E- 13
UFSAR 2/3-15E-14
UFSAR 2/3-15E-15
UFSAR 2/3-15E-16
UFSAR 2/3-15E-17
UFSAR 2/3-15F-I

ACCIDENT RELEASE PATHWAYS
UFSAR 2/3-15C-I (DELETED)
UFSAR 2/3-15C-2 (DELETED)
FULL POWER BOL CEA EJECTION WITH LOSS OF NORMAL AC POWER REACTOR COOLANT SYSTEM PRESSURE VS. TIME
FULL POWER BOL CEA EJECTION WITH LOSS OF NORMAL AC POWER STEAM GENERATOR PRESSURE VS. TIME
STEAM GENERATOR TUBE RUPTURE WITH CONCURRENT LOSS OF NORMAL AC POWER STEAM GENERATOR PRESSURE VS. TIME
STEAM GENERATOR TUBE RUPTURE WITH CONCURRENT LOSS OF NORMAL AC POWER RCS PRESSURE VS. TIME
HIGH ENERGY LINE BREAK ANALYSIS PROCESS
PRIMARY SYSTEM COMPONENTS CONSIDERED FOR FEEDWATER LINE BREAK ACCIDENT ANALYSIS
SECONDARY SYSTEM COMPONENTS CONSIDERED FOR FEEDWATER LINE BREAK ACCIDENT ANALYSIS
SENSITIVITY OF MAXIMUM RCS PRESSURE TO BREAK AREA AND RATE OF REDUCTION OF HEAT TRANSFER AREA
FEEDWATER LINE BREAK AREA (SQUARE FEET)
SCHEMATIC DIAGRAM OF PRIMARY COOLANT NODES
PHYSICAL DESCRIPTION OF NODES
HOT ZERO POWER STEAM LINE BREAK CORE BORON CONCENTRATION VS. TIME
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER CORE POWER VS. TIME
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER CORE HEAT FLUX VS. TIME
FULL POWER STEAM LINE BREAK WITH LOSS OF AC POWER REACTIVITY VS. TIME
FULL POWER STEAM LINE BREAK CORE PRESSURE DROP VS. TIME
STEAM LINE BREAK WITHOUT LOSS OF OFFSITE POWER FISSION POWER VS. HEIGHT
STEAM LINE BREAK WITHOUT LOSS OF OFFSITE POWER QUALITY VS. HEIGHT
STEAM LINE BREAK WITHOUT LOSS OF OFFSITE POWER MACBETH DNBR VS. HEIGHT
STEAM LINE BREAK WITH LOSS OF OFFSITE POWER MINIMUM MACBETH DNBR VS. TIME
STEAM LINE BREAK WITH LOSS OF OFFSITE POWER FISSION POWER VS. HEIGHT
STEAM LINE BREAK WITH LOSS OF OFFSITE POWER QUALITY VS. HEIGHT
STEAM LINE BREAK WITH LOSS OF OFFSITE POWER MACBETH DNBR VS. HEIGHT
DATA TRANSFER BETWEEN COMPUTER CODES FOR THE SPACE-TIME KINETICS METHOD
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Commitment One-Time Sustainable Scheduled Completion
Action Action Date

Submit a revision of the SONGS Units January 31, 2015
2 and 3 UFSAR that will incorporate all
UFSAR changes that were made prior X
to September 1, 2014 to reflect
SONGS Units 2 and 3 being in a
permanently defueled condition


