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15.0 ACCIDENT ANALYSES

15.0  GENERAL

In this chapter the effects of anticipated process disturbances and postulated
component failures are examined to determine their consequences and to
evaluate the capability built into the plant to control or accommodate such

failures and events.

The scope of the situations analyzed includes anticipated (expected)
operational occurrences (e.g., loss of electrical load), off-design abnormal
(unexpected) transients that induce system operations condition disturbances,
postulated accidents of low probability (e.g., the sudden loss of integrity of
a major component), and finally hypothetical events of extremely low
probability (e.g., an anticipated transient without the operation of the

entire control rod drive system).
15.0.1 ANALYTICAL OBJECTIVE

The spectrum of postulated initiating events is divided into categories based
upon the type of disturbance and the expected frequency of the initiating
occurrence; the limiting events in each combination of category and frequency
are quaatitatively analyzed. The plant safety analysis evaluates the ability
of the plant to operate within regulatory guidelines, without undue risk to

the public health and safety.
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15.0.2 ANALYTICAL CATEGORIES

Transient and accident events contained in this report are discussed in

individual categories as required by Regulatory Guide 1.70. The resuits of

the events are summarized in Table 15.0-1. Each event evaluated is assigned

to one of the following applicable categories:

d.

Decrease in Core Coolant Temperature:

Reactor vessel water (moderator) temperature reduction results in an

increase in core rveactivity. This could lead to fuel-cladding damage.
Increase in Reactor Pressure:

Nuclear system pressure increases threaten to rupture the reactor coolant
pressure boundary (RCPB). Increasing pressure also collapses the voids
in the core-moderator thereby increasing core reactivity and power level

which threaten fuel cladding due to overheating

Decrease in Reactor Core Coolant Flow Rate:

A reduction in the core coolant flow rate threatens to overheat the
cladding as the coolant becomes unable to adequately remove the heat
generated by the fuel.

Reactivity and Power Distribution Anomalies:

Transient events included in this category are those which cause rapid
increases in power which are due to increased core flow disturbance

events. Increased core flow reduces the void content of the moderator

increasing core reactivity and power level.

15.0-2



e. Increase in Reactor Coolant Inventory:

Increasing coolant inventory could result in excessive moisture

carryover to the main turbine, feedwater turbines, etc.

. Decrease in Reactor Coolant Inventory:

Reductions in coolant inventory could threaten the fuel as the coolant

becomes less able to remove the heat generated in the core.
8- Radioactive Release from a Subsystem or Component:
Loss of integrity of a radioactive containment component is postulated.
h. Anticipated Transients Without Scram:
In order to determine the capability of plant design to accommodate an
extremely low probability event, a multi-system maloperation situation
is postulated.

15.0.3 EVENT EVALUATION

15,0.3.1 Identification of Causes and Frequency Classification

Situations and causes which lead to the initiating event analyzed are
described within the categories designated above. The frequency of occurrence
of each event is summarized based upon currently available operating plant
history for the transient event. Events for which inconclusive data exists

are discussed separately within each event section.
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Each initiating event within the major groups is assigned to one of the

following frequency groups:

Incidents of moderate frequency - these are incidents that may occur
during a calendar year to once per 20 years for a particular plant. This
event is referred to as an "anticipated (expected) operational

transient."

Infrequent incidents - these are incidents that may occur during the life
of the particular plant (spanning once in 20 years to once in 100 years).
This event is referred to as an "abnormal (unexpected) operational

transient."

Limiting faults - these are occurrences that are not expected to occur
but are postulated because their consequences may result in the release
of significant amounts of radioactive material. This event is referred

to as a "design basis (postulated) accident.”

Normal operation - operations of high frequency are not discussed here
but are examined along with (1), (2), and (3) in the nuclcai systems

operational analyses in Appendix A to Chapter 15.

15.0:3. 5.1 Unacceptable Results for Incidents of Moderate Frequency

(Anticipated (Expected) Operational Transients)

The following are considered to be unacceptable safety results for incidents

of moderate frequency (anticipated operational transients):

a.

A release of radioactive material to the environs that exceeds the limits
of 10 CFR 20,

Reactor operation induced fuel cladding failure.

Nuclear system stresses in excess of that allowed for the transient

classification by applicable industry codes.
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d. Containment stresses in excess of that allowed for the transient

classification by applicable industry codes.

15.0.3.1.2 Unacceptable Results for Infrequent Incidents (Abnurmal
(Unexpected) Operational Transients)

The following are considered to be unacceptable safety results for infrequent

inciaents (abnormal operational transients):

a. Release of radioactivity which results in dose consequences that exceed a

small fraction of 10 CFR 100.

b. Fue! damage that would preclude resumption of normal operation after a

normal restart.

£ Generation of a condition that results in consequential loss of function

of the reactor coolant system.

d. Generation of a condition that results in a consequential loss of

function of a necessary containment barrier.

10 3+0:3 Unacceptable Results for Limiting Faults (Design Basis
(Postulated) Accideats)

The following are considered to be unacceptable safety results for limiting

faults (design basis accidents):

a. Radioactive material release which results in dose consequences that

exceed the guideline values of 10 CFR 100.

b. Failure of fuel cladding which would cause changes in core geometry such

that core cooling would be inhibited.

e Nuclear system stresses in excess of those allowed for the accident

classification by applicable industry codes.
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d. Containment stresses in excess of those allowed for the accident

classification by applicable industry codes when containment is required.

€, Radiation exposure to plant operations personnel in the main control room

in excess of 5 Rem whole body, 30 Rem inhalation, and 75 Rem skin.

15.0.3.2 Sequence of Events and Systems Operations

Fach transient or accident is discussed and evaluated in terms of:

a. i step-by-step sequence of events from initiation to final stabilized
condition.
b. The extent to which normally operating plant instrumentation and controls

are assumed to function.

8. The extent to which plant and reactor protection systems are required to
function.

d. The credit taken for the functioning of normally operating plant systems.

e. The operation of engineered safety systems that is required.

f. The eftfect of a single failure cr an operator error on the event.

15.0.3.2.) Single Failures or Operator Errors

£3:9.3.4.1.1 General

This paragraph discusses a very important concept pertaining to the
application of single failures and operator errors analyses of the postulated
events. Single active component failure (SACF) criteria have been required
and successfully applied on past NRC approved docket applications to design

basis accident categories only. Regulatory Guide 1.7 infers that a "single
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failures and operator errors" requirement shouid be applied to transient
events (both high, moderate, and low probability occurrences) as well as

accident (very low probability) situations.

Transient evaluations have been judged against a criteria of one single
equipment failure "or" one single operator error as the initiating event with
no additional single failure assumptions to the protective sequences although
a great majority of these protective sequences utilized safety systems which
can accommodate SACF aspects. Even under these postulated eveots, the plant
damage allowances or limits were very much the same as those for normal

operation.

Regulatory Guide 1.7 suggests that the transient and accident scenarios
should now include "and" (multi-failure) event sequences. The information
requested by the format for multi-failure events for initiating occurrence,
single equipment failure, and/or operator error analysis is an equipment
failure or an operator error, another equipment failure or failures and/or

another operator error or errors.

This is considered a new requirement and the impact will need to be completely
evaluated. While this 1s under consideration GE has evaluated and presented

the transients and accidents in this chapter in the above new requirement

manner .,

Event categorization relative to transient and accident analysis is discussed
in this section. If the evaluation is done per the new multi-failure methods,

the event frequency categories should be modified.

The original categorization of events was based on frequency of the initiating
event alone and thus the allowance or limit was accordingly established based
on that high frequency level. With the introduction of additional assumptions
and conditions (initial event and SACF and/or SOE), the total event would now
tall into a lower frequency/probability category. Thus, less restrictive
limits or allowances should be applied in the analysis of transients and

accidents. This needs to be considered and evaluated.
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GE has evaluated and presented the transients and accidents in this chapter by
the more restrictive old allowances and limits of the event categorization

presently in effect.

Most events postulated for consideration are already the results .f single
equipment tailures or single operator errors that have been postulated during
any normal or planned mode of plant nperations. The types of operational
single failures and operator errors considered as initiating events and
subsequent protective . quence challenges are identified in the following

paragraphs:

i O e TS R e Initiating Event Analysis

Initiating event analysis cousists of the following:

a. The undesired opening or closing of any single valve (a check valve is

not assumed to close against normal flow), or

b. the undesired starting or stopping of any single component, or
L. the malfunction or maloperation of any single control device, or
d. any single electrical component failure, or

e. any single operator error.

Operator error is defined as an active deviation from written operating
proceaures or nuclear plant standard operating practices. A single operator
error 18 the set of actions that is a direct consequence of a single erroneous

decision. The set of actions 1s limited as follows:

a. Those actions that could be performed by one person.

b. Those actions that would have constituted a correct procedure had the

initial decision been correct.
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€,

Those actions that are subsequent to the initial operator error and have
an effect on the designed operation of the plant, but are not necessarily

directly related to the operator error.

Examples of single operator errors :re as follows:

d.

An increase in power above the established flow control power limits by

control rod withdrawal in the specified sequences.

The selection and complete withdrawal of a single control rod out of

sequence,

An incorrect calibration of an average power range monitor.

Manual isolation of the main steam lines as a result of operator

misinterpretation of an alarm or indication.

15.0.3.2:1.3 Single Active Component Failure or Single Operator Failure

Analysis

Single active component failure or single operator failure analysis is as

follows:

4.

b.

The undesired action or malopetation of a single active component, or

Any single operator error where operator errors are defined as in

section 15.0.3.2.1.2.
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15.0.3.3 Core and System Performance
15.0.3.3.% Introduction

Section 4.4, "Thermal and Hydraulic Design," describes the various fuel
failure mechanisms. Avoidance of unacceptable results 1 and 2

(Section 4.4.1.4) for incidents of moderate frequency is verified
statistically with consideration given to date, calculation, manufacturing,
and operating uncertainties. An acceptable criterion was determined to be
that 99.9 percent of the fuel rods in the core would not be expected to
experience boiling transition(l). ‘'his criterion is met by demonstrating

that incidents of moderate frequency do not result in a minimum critical power
ratio (MCPR) less than 1.06. The reactor steady-state CPR operating limit is
derived by determining the decrease in MCPR for the most limiting event. All
other events result in smaller MCPR decreases and are not reviewed in depth in
this chapter. The MCPR during significant abnormal events is calculated using
a transient core heat transfer analysis computer program. The computer
program is based on a multinode, single channel thermal-hydraulic model which
requires simultaneous solution of the partial differential equations for the
conservation of mass, energy, and momentum in the bundle, and whicli accounts
for axial variation in power generation. The primary inputs to the model
include a physical description of the bendle, and channel inlet flow and

enthalpy, pressure and power generation as functions of time.

A detailed description of the analytical model may be found in Aopendix C of
Reterence 1. The initial condition assumed for all full power transient MCPR
calculations is that the bundle is operating at or above the MCPR limit
(1.20). Maintaining MCPR greater than the safety MCPR limit is a sufficient,
but not necessary, condition to assure that no fuel damage occurs. This is

discussed in Section 4.4, "Thermal and Hydraulic Design."
For situations in which fuel damage 1s sustained, the extent of damage is

determined by correlating fuel energy content, cladding temperature, fuel rod

internal pressure, and cladding mechanical characteristics.
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These correlations are substantiated by fuel rod failure tests and are
discussed in Section 4.4, "Thermal and Hydraulic Desigu," and Section 6.3,

"Emergency Core Couling System."”

15:0,3.3.2 Input Parameters and Initial! Conditions for Analyzed Events

In general the events analyzed within this section have values for input
parameters and initial conditions as specified in Table 15.0-1. Analyses
which assume wata inputs different than these values are designated

accordingly in the appropriate event discussion.

15.0.3.3:3 Initial Power/Flow Operating Constraints

The analyses basis for most of the transient safety analyses is the thermal
power at rated core flow (100 percent) corresponding to 105 percent Nuclear
Boiler Rated steam flow. This operating point is the apex of a bounded
operating power/flow map which, in response to any classificd abnormal
operational transients, will yield the minimum pressure and thermal margins
of any operating point within the bounded map. Referring to Figure 15.0-1,
the apex of the bounded power/flow map is point A, the upper bound is the
design flow control line (104.2 percent rod line A-D), the lower bound is the
zew0 power line H=J, the right bound is the rated valve position line A-H,
and the left boond is either ti* low pump speed, minimum valve position line

D-J or the natural circulation we D=J.

The power/flow map, A-D-J-H=A, repr~sents the acceptable operational

constraints for abnormal operation transient evaluations.

Any other constraint which may truncate the bounded power/flow map must be
observed, such as the recirculation valve and pump cavitation regions, the
licensed power limit and other restrict.ons based on pressure and thermal
margin criteria. For instance, if the licensed power is 100 percent nuclear
boiler rated (NBR), the power/flow map is truncated by the line B- C and

reactor operation must be confined within the boundary B- C- D- J- L- K- B.
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I1f the maximum operating power level has to be limited, such as point F, to
satisfy pressure margin criteria, the upper constraint on power/flow is
correspondingly reduced to the rod line, such as line F G, which intersects
the power/flow coordinate of the new operating basis. In this case, the
operating bounds would be F- G- J- L- K- F. Operation would not be allowed at
any point along line F- M, removed from point F, at the derated power but at
reduced flow. If, however, operating limitations are imposed by GETAB derived
from transient data with an operating basis at point A, the power/flow
boundary for 100 percent NBR licensed power would be B- C- D- J- L- K- B.

This power/flow boundary would be truncated by the MCPR operating limit for
which there is no direct correlation to a line on the power/flow map.
Operation is allowed within the defined power/flow boundary and within the
constraints imposed by GETAB. If operation is restricted to point F by the
MCPR operating limit, operation at point M would be allowed provided the MCPR

limit is not violated.

Consequently, the upper operating power/flow limit of a reactor is predicated
on the operating basis of the analysis and the corresponding constant rod
pattern line. This boundary may be truncated by the licensed power and the
GETAB operating limit.

Certain localized events are evaluated at other than the above mentioned
conditions. These conditions are discussed pertinent to tne appropriate

event.

15.0.3.3. & Results

The results of analytical evaluations are provided for each event. In
addition critical parameters are shown in Table 15.0-2. From the data in
Table 15.0-2 an evaluation of the limiting event for that particular category
and parameter can e made. In Table 15.0-3 a summary of applicable accidents
is provided. This table compares the GE calculated amount of failed fuel to

that used in worst case radiological calculations.

15.0-12



15.0.3.4 Barrier Performance

This section primarily evaluates the performance of the reactor coolant
pressure boundary (RCPB) and the containment system during transients and

accidents.,

During transients that occur with no release of coolant to the containment
only RCPB performance is considered. If release to the containment occurs as
in the case of limiting faults, then challenges to the containment are

evaluated as well.

15.0.3.5 Radiclogical Consequences

In this chapter, the coasequences of radioactivity release during the three
types of events: incidents of moderate frequency (anticipated operational
transients), infrequent incidents (abnormal operational transients), and
limiting faults (design basis accidents) are considered. For all events whose
consequences are limiting a detailed quantitative evaluat n is presented.

For non-limiting events a qualitative evaluation is presented or results are

referenced from a more limiting or enveloping case or event.

For limiting faults (design basis accidents) two quantitative analyses are

considered:

a. The tirst is based on conservative assumptions considered to be
acceptable to the NRC for the purposes of worst case bounding the event
and determining the adequacy of the plant design to meet 10 CFR 100

guidelines. This analysis is referred to as the "design basis analysis".
b. The second is based on realistic assumptions considered to reflect
expected radiological consequences. This analysis is referred to as the

"realistic analysis".

Results for both are shown to be within NRC guidelines.
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Doses resulting from the events in Chapter 15 are determined either manually
or by computer code. Time dependent releases are evaluated with the Tact 38

(2)

computer code Instantaneous or "puff" type releases are evaluated by
methods based on those presented in Regulatory Guide 1.3. Dose conversion

factors and breathing rates are presented in Table 15.0-4.
15.0.4 NUCLEAR SAFETY OPERATIONAL ANALYSIS (NSOA) RELATIONSHIP

Appendix 15A is a comprehensive, total plant, system-level, qualitative
failure modes and effects analysis, relative tc all the Chapter 15 events
considered, the protective sequences utilized to accommodate the events and

their effects, and the systems involved in the protective actions.

Interdependency of analysis and cross-referral of protective actions is an

integrai part of this chapter and the appendix.

Contained in Appendix 15A is a summary table which classifies events by
frequency only (i.e., not just within a given category such as decrease in
core coolant temperature).

15.0.5 REFERENCES FOR SECTION 15.0

1. "General Electric BWR Thermal Analysis Basis (GETAB): Data, Correlation,
and Design Application,” November 1973 (NEDO-10959 and NEDE-10958).

- U.S. Nuclear Regulatory Commission Computer Code Tact 35S, Computer Code

for Calculating Radiological Consequences of Time Varying Radioactive

Releases, Feb. 1975, Accident Analysis Branch, personal communication.
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TABLE 15.0-1

INPUT PARAMETERS AND INITIAL CONDITIONS FOR TRANSIENTS

10.

b

13.

14.

15,

16 .

Thermal Power Level, MWt

Rated Value 3,579
Analysis Value 3,729
Steam Flow, lbs per hr 6
Warranted Value (1) 15.40 x 10
Analysis Value (nominal) 16.17 x 10
Core Flow, lbs per hr 104 x ]06
Feedwater Flow Rate, 1b per sec
Rated Value (1) 4,269
Analysis Value (nominal) 4,483
Feedwater Temperature, °F 425
Vessel Dome Pressure, psig 1,045
Vessel Core Pressure, psig 1,056
Turbine Bypass Capacity, % NBR 35
Core Coolant Inlet Enthalpy,
Btu per 1b 929.9
Turbine Inlet Pressure, psig 960
Fuel Lattice 8 x 8
Core Average Gap Conductance,
Btu/sec~-ft~-°F . 1546
Core Leakage Flow, % 11
Required MCPR Uperating Limit
First Core 1.20
Reload Core 1.20
MCPR Safety Limiu
First Core 1.06
Reload Core 1.07
Doppler Coefficient (=)¢/°F
Nominal (EOC-1)
Analysis Data 0.132
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17.

18.

19.

20,

o

2.

23

24,

26.

al.

28.

29,

30,

TABLE 15.0-1 (Continued)

Void Coefficient (-)¢/% Rated Voids
Analysis Data for Power
Increase Events
Analysis Data for Power
Decrease Events

Core Average Rated Void
Fraction, %

Scram Reactivity, 34K
Analysis Data

Control Rod Drive Speed,
Position versus time

Jet Pump Ratio, M

Safety/Relief Valve Capacity, % NBR
@ 1,210 psig
Manufacturer
Quantity Installed

Relief Function Delay, seconds

Relief Function Response
Time Constant, seconds

Safety Function Delay, seconds

Satety Function Response
Time Constant, seconds

Set Points for Saftety/Relief Valves
Safety Function, psig
Relief Function, psig

Number of Valve Groupings Simulated
Satety Function, No.
Relief Function, No.

High Flux Trip, % NBR
Analysis set point (122 x 1.042)

High Pressure Scram Set Point, psig

Vessel Level Trips, Feet Above Bottom
of Separator Skirt 3ottom
Level 8 - (L8), feet
Level 4 - (L4), feet
Level 3 - (L3), feet
Level 2 - (L2), feet

15.0-16

14.0

4.0

42.91

Figure 15.0-2

Figure 15.0-3
2.257

111.4

Dikker

19

0.4

0.1

0.0

0.2

1,175, 1,185, 1,195, 1,205, 1,215

1525, 1,335, 1,045, 3;:155

12r.2

1,095

5.89
4.04
2.165

=) 3. 339



32. APRM Thermal Trip, %NBR

TABLE 15.0-1 (Continued)

(1)

Analysis Set Point (114 x 1.04) 118.8
33. Recirculation Pump Trip Delay,
seconds 0.14
34. Recirculation Pump Trip Inertia Iiye
Constant for Analysis, seconds 5
35. Total Steamline Volume, ft3 3850
NOTES
ks Actual analysis value is within *.2%.
2. The inertia time constant is defined by the expression:
2 n JOn
t = ——
g To
where t = inertia time constant (sec).
.J0 = pump motor inertial (lb-ftz).
n = rated pump speed (rps).
g = gravitational constant (ft/secz).
T = pump shaft torque (lb-ft).
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TARIE 15.0-2

RESULTS SUMMARY OF TRANSIENTS EVENTS APPLICABLE TO BwRs

81-0°¢T

Max imom
Core Duration ol
Average Blowdown
Hax 1 mom Surface
Moax 1 meun Max imum Maximum Steam Heat Ne . of uration
Newl ron Dome Vessel Line Flux Valves of
Section Figure Flux Pressure Pressure Pressure (% of frf-quemrn First Blowdown
ko No Description (% NBR) {psig) (psig) (psig) Initial) ACPR Category Blowdown (sec)
5.1 DECHEASE IN CORFE COOLANT
TEMPERATURE
15 1.1 15 11 Loss of Feedwater Heater, 112 1,045 1,087 1,034 106 006 » 0 0
Automat ic Flow Contral
15.1.1 15.3-2 lLoss of Freduwater Heater, 122 1,059 1,101 1,046 114 0.12 a 0 0
Manual Flow Control
15.1.2 15.1-3 Feedwatey Control Fairlure, 157 1,164 1,194 1,158 07 0.08 a 19 5
Max Demand
15.1.3 15.1-4 Pressure Regulator Fail - 104 1,138 1,162 1,116 100 (2) a 10 5
Open
191 4 Inadvertent Opening of Safely See Text »
or Relief Valve
15 1.6 RUR Shutdown Cooling See Text a
Maltunctron Decreasing Temp
15.2 INCREASE IN REACTOR PRESSURE
15.2.1 15.2-1 Pressuie Regulation Downscale 158 1,185 1,220 1,180 104 0.07 a 19 7
Farlure
15.2.3 15.2-2 Generator Load Rejection, 139 1,158 1,187 1,15% 100 2) a 19 5
Bypass-(m
5.2.23 15.2-3 Genevrator Load Rejection, 259 1,200 1,231 1,19 106 010 I 19 R
Bypass-0f1
15.2.3 15.2-6 Turbine Trip, Bypass On 120 1,156 1,184 1,152 160 (2) a 19 5
.23 15 2-% Turbyne Trip, Bypass Off 212 1,197 1,227 1,12 103 0n.06 I 19 7
15.2.4 15.2-6 ALl MSEV Closure 104 1,112 1,206 1,170 100 (2) a 149 5

5.2.% 15.2-7 Loss of Condenser Vacuum 120 1,154 1,182 1,150 100 (2) a i 5
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TABLE 15.0-3

SUMMARY OF ACCIDENTS

Failed Fuel Pins

GE
Calculated
Title __Value
Seizure of One Recirculation Pump None
Recirculation Pump Shaft Break None
Rod Drop Accident <770
Instrument Line Break None
Steam System Pipe Break Outside None
Containment
LOCA Within RCPB None
Feedwater Line Break None
Main Condenser Gas Treatment N/A
System Failure
Liquid Radwaste Tank Failure N/A
Fuel Handling Accident Outside 101
Containment
Cask Drop Accident None
Fuel Handling Accident Inside <124
Conta’nment
ATWS SPEC1AL EVENT

NRC Worst
Case

Assumption

770
None
None

100%
None
N/A

N/A
101

None
124

STILL UNDER NEGOTIATION
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TABLF 15.0-4

DOSE CONVERSION FACTORS

Thyroid Whole Body
Isotope (Rem/Ci) 0.25xMeV/dis
I[-131 1.49+6 8.72-2
1-132 5.35+4 5.13~1
I-133 3.9745 1.59~]
I[-134 2.54+4 5.32~1
1-135 1.24+5 4.21-1
Kr=83m 5.02-6
Kr-85 3.72-2
Kr-85m 5.25-4
Kr-87 1.87-1
Kr-88 4.64~-1
Kr-89 5.25=]
Xe-131m 2.92-3
Xe=133m 8.00-3
Xe-133 9.33-3
Xe=135m 9.92-2
Xe-135 5.72-2
Xe-137 4.53-2
Xe-138 2.81-1
Breathing Rates
Time Period Breatging Rate
\ar) _ (m"/sec)

0-8 3.47x107,

8-24 1.75x10_,

24~-720 2.32x10
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15.1  DECREASE IN REACTOR COOLANT TEMPERATURE

15.1.1 LOSS OF FEEDWATER HEATING
15.1.1.1 Identification of Causes and Frequency Classification
15.1.1.1.1} ldentification of Causes

A feedwater heater can be lost in at least two ways:

a. Steam extraction line to heater is closed,

b. Feedwater is bypassed around heater.

The first case produces a gradual cooling of the feedwater. In the second
case, the feedwater bypasses the heater and no heating of that feedwater occurs.
[n either case the reactor vessel receives cooler feedwater. The maximum
number of feedwater heaters which can be tripped or bypassed by a single event
represents the most severe transient for analysis considerations. This event
has been conservatively estimated to incur a loss of up to 100°F of the
feedwater heating capability o: the plan* and causes an increase in core inlet
subcooling. This increases core power due to the negative void reactivity
coefficient., The event can occur with the reactor in either the automatic or
manual control mode. In automatic control, some compensation of core power is
realized by modulation of core flow, so the event is less severe than in

manual control.

13:id.3:1.2 Frequency Classification

The probability of this event is considered low enough to warrant it being
categorized as an infrequent incident. However, because of the lack of a

sufficient frequency data base, this transient disturbance is analyzed as an

incident of moderate frequency.
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This event is analyzed under worst case conditions of a 100°F loss and full

power. The probability of occurrence of this event is, therefore, regarded

as small.
15.1.1.2 Sequence of Events and Systems Operation
O Sequence of Events

Tables 15.1-1 and 15.1-2 list the sequence of events for this trausient and

its effect on various parameters is shown in Figures 15.1-1 and 15.1-2.
13:;1.3.2:1.3 Identification of Operator Actions

In the automatic flux/flow control mode, the reactor settles out at a lower
recirculation flow with no change in steam output. An asverage power range
munitu; (APRM) neutron flux or thermal power alarm will alert the operator
that he should insert control rods to get back down to the rated flow control
line, or that he should reduce flow if in the manual mode. Operating
procedures describe T-G operation with feedwater heaters out of service. If
reactor scram occurs, as it does in manual flow control mode, the operator
should monitor the reactor water level and pressure controls and the T-G

auxiliaries during coastdown.

19:0.1:2.:2 Systems Operation

In establishing the expected sequence of events and simulating the plart
performance, 1t was assumed that normal functioning occurred in the plant

instrumentation and controls, plant protection and reactor protection systems.

The thermal power monitor (TPM) is the primary protection system trip in

mitigating the consequences of this event,
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Required operation of Engineered Safeguard Features (ESF) is not expected for

either of these transients.
- S T The Effect of Single Failures and Operator Errors

These two events geperally lead to an increase in reactor power level. The
TPM mentioned in Sertion 15.1.1.2.2 is ihe mitigating system and is designed
to be single failure proof. Therefore, single failures are not expected to

result in a more severe event than analyzed. See Appendix 15A for a detailed

discussion of this subject.
15.1.1.3 Core and System Performance
o al.t.3.2 Mathematical Model

The predicted dynamic behavior has been determined using a computer simulated,
analytical model of a generic direct-cycle BWR. This model is described in
detail in Reference 1. This computer model has been verified through

extensive comparison of its predicted results with actual BWR test data.

The nenlinear, computer-simulated, analytical model is designed to predict
associated transient behavior of this reactor. Some of the significant

teatures of the model are:

a. A point kinetic model is assumed with reactivity feedbacks from control

“ods (absorption), voids (moderation) and Doppler (capture) cffects.

b. The fuel is represented b, three four-node cylindrical elements, each
enclosed in a cladding node. One of the cylindrical elements is used to
represent core average power and fuel temperature conditions, providing
the source of Doppler teedback. The other two are used to represent "Hot

Spots” in the core, to simulate peak fuel center temperature and cladding

temparature.
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£ Four primary system pressure nodes are simulated. The nodes represent
the core exit pressure, vessel dome pressure, steam line pressure (at a
point representative of the safety/relief valve location) and turbine

inlet pressure.

d. The active core void fraction is calculated from a relationship between
core exit quality, inlet subcooling, and pressure. This relationship is
generated from multinode core steadystate calculations. A secoad-order
void dynamic model with the void boiling sweep time calculated as a

function of core flow and void conditions is also utilized.

e. Principal controller functions such as feedwater flow, recirculation
flow, reactor water level, pressure and load demand are represented

together with their dominant nonlinear characteristics.

i The ability to simulate necessary reactor protection system functions is
provided.
15 101032 Input Parameters and Initial Conditions

These analyses have been performed, unless otherwise noted, with plant

conditions tabulated in Table 15.0-1.

The plant is assumed to be operating at 105 percent of NB rated steam flow and
at thermally limited conditions Both automatic and manual modes of flow

control are considered.

The same void reactivity coefficient conservatism used for pressurization
transients is applied since a more negative value conservatively increases the
severity of the power increase. The values for both the feedwater heater time
constant and the feedwater time volume between the heaters and the spargers
are adjusted to reduce the time delays since they are not critical to the
calculation of this transient. The transient is simulated by programming a
change 1n feedwater enthalpy corresponding to a 100°F loss in feedwater

heating.
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decreases with lower initial power ccnditions. Therefore, transients from

lower power levels will be less severe.

15.1.1.3.4 Considerations of Uncertainties

Important factors (such as reactivity coefficient, scram characteristics,
magnitude of the feedwater temperature change) are assumed to be at che worst
configuration so that any deviations seen in the actual plant operation reduce

the severity of the event.

15.1.1.4 Barrier Performance

As noted above and shown in Figures 15.1-1 and 15.1-2, the consequences of
this event do not result in any temperature or pressure transient in excess of
the criteria for which the fuel, pressure vessel or containment are designed;

therefore, these barriers maintain their integrity and function as designed.
15.1.1.5 Radiological Consequences
Since this event does not result in any additional fuel failures or any

release of primary coolant to ejther the secondary containment or to the

environment there are no radiological consequences associated with this event.

15.1.2 FEEOWATER CONTROLLER FAILURE - MAXIMUM DEMAND
13.1:¢.1 Identification of Causes and Frequency Classification
18.5: 2. %3 Identification of Causes

This event is postulated on the basis of a single failure of a control device,
specifically one which can directly cause an increase in coolant inventory by
increasing the feedwater flow. The most severe applicable event is a feedwater
controller failure during maximum flow demand. The feedwater controller is

forced to its upper limit at the beginning of the event.
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15.1.2:.3:2 Frequency Classification

This event is considered to be an incident of moderate frequency.

15.1.2.2 Sequence of Events and Systems Operation

15:1:.2.21 Sequence of Events

With excess feedwater flow the water level rises to the high-level reference
point at which time the feedwater pumps and the main turbine are tripped and a
scram is initiated. Table 15.1-3 lists the sequence of events for

Figure 15.1-3. The figure shows the changes in important variables during

this transient,.

5. k2. 2.1 [dentification of Operator Actions

The operator should:

a. Observe that high feedwater pump trip has terminated the failure event.

b. Switch the feedwater controller from auto to manual control in order to

try to regain a correct output signal.

g. Identify causes of the failure and report all key plant parameters during

the event.

1) .2.0:2 Systems Operation

In order to properly simulate the expected sequence of events, the analysis of
this event assumes normal functioning of plant instrumentation and controls,
plant protection and reactor protection systems. Important system operational
actions for this event are high level scram and tripping of the main turbine

and feedwater pumps, recirculation pump trip (RPT), and low water level
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initiation of the reactor core isolation cooling system and the high pressure
core spray system to maintain long term water ievel control following tripping

of feedwater pumps.

39:0,2:.3:3 The Effect of Single Failures and Operator Errors

In Table 15.1-3 the first sensed event to initiate corrective action to the
transieut is the vessel high water level (LB) scram. Scram trip signals from
Level 8 are designed such that a single failure will neither initiate nor
impede a reactor scram trip initiation. Therefore, single failures zre not
expected to result in a more severe event than analyzed. See Appendix 15A for

a detailed discussion of this subject.

15.1.2.3 Core and System Performance

15.1.2.3.1 Mathematical Model

The computer model described in Section 15.1.1.3.1 was used to simulate

this event.

- % . Input Parameters and Initial Conditions

These analyses have been performed, unless otherwise noted, with the plant

conditions tabulated in Table 15.0-1,

The void reactivity coefficient used for power increase events is applied
since a more negative value conservatively increases the apparent severity of
the power increase. End of equilibrium cycle (all rods out) scram
characteristics are assumed. The safety-relief valve action is conservatively
assumed to occur with higher than nominal set points. The transient is
simulated by programming an upper limit failure in the feedwater svstem such
that 130 percent NBR feedwater flow occurs at a system design pressure of

1,005 psig.
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5. 1.2:3.3 Results

The simulated feedwater controller transient is shown in Figure 15.1-3. The
high water level turbine trip and feedwater pump trip are initiated at
approximately 12 seconds. Scram occurs simultaneously, and limits the neutron
flux peak and fuel thermal transient so that no fuel damage occurs. MCPR
remains above safety limit and peak fuel center temperature increases less
than 77°F. The turbine bypass system opens to limit peak pressure in the
steam line near the safety/relief valves to 1,158 psig and the pressure at the

bottom of the vessel to about 1,194 psig.

The level will gradually drop to the low level reference point (Level 2),

activating the RCIC/HPCS systems for long term level control.
15%:.1:2.3.% Consideration of Uncertainties

All systems utilized for protection in this event were assumed to have the
most conservative allowable response (e.g., relief set points, scram s‘roke
time and reactivity characteristics). Expected plant behavior is, therefore,

expected to lead to a less severe transient.

15.1.2.4 Barrier Performance

As noted above the consequences of this event do not result in any temperature
or pressure transient in excess of the criteria for which the fuel, pressure
vessel or coutainment are designed; therefore, these barriers maintain their
integrity and function as designed.

15.1.2.5 Radiological Consequences

While the consequences of this event do not result in any fuel failures

radioactivity is nevertheless discharged to the suppression pool as a result

of SRV actuation. However, the mass input, and hence activity input, for this
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event is much less than those consequences identified in Section 15.2.4.5 for
Type 2 events. Therefore, the radiological exposures noted in

Section 15.2.4.5 cover the consequences of this event.

15.1.3 PRESSURE REGULATOR FAILURE - OPEN
$5.1.3.1 Identification of Causes and Frequency Classification
15.1.3.1:1 Identification of Causes

The total steam flow rate to the main turbine resulting from a pre ssure
regulator malfunction is limited by a maximum flow limiter imposed at the
turbine controls. This limiter is set to limit maximum steam flow to

approximately 130 percent NB rated

If either the controlling pressure regulator or the backup regulator fails to
the open position, the turbine admission valves and the turbine bypass valves
can be opened until the maximum steam flow is established.

1 T S R Frequency Classification

This transient disturbance 1s categorized as an incident of moderate

frequency.

39 1. 3.4 Sequence of Events and Systems Operation

15:1:3.2-1 Sequence of Events

Table 15.1-4 lists the sequence of events for Figure 15.1-4,

15.1.3.2.1.1 Identification of Operator Actions

When regulator trouble 1is preceded by spurious or erratic behavior of the
controlling device, it may be possible for the operator to transfer operation

to the backup controller in time to prevent the full transient. If the

reactor scrams as a result of the isolation caused by the low pressure at the
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turbine inlet (825 psig) in the run mode, the following is the sequence of
operator actions expected during the course of the event. Once isolation
occurs the pressure will increase to a point where the relief valves open.

The operator should:

a. Monitor that all rods are in.

b. Monitor reactor water level and pressure.

( Observe turbine coastdown and break vacuum before the loss of steam
seals. Check turbine auxiliaries.

d. Observe that the reactor pressure relief valves open at their set point.

e. Observe that RCIC and HPCS initiate on low-water level.

A Secure both HPCS and RCIC when reactor pressure and level are under

control and it is verified that the initiation is not due to a LOCA.

g. Monitor reactor water level and continue cooldown per the normal

l)[u\ 0'«'!“".

h. Complete the scram report and initiate a maintenance survey ot pressure

regulator before reactor restart.
19-1.3.2.2 Systems Operation
In order to properly simulate the expected sequence of events, the analysis of

this event assumes normal functioning of plant instrumentation and controls,

plant protection and reactor protection systems except as otherwise noted.

Initiation of HPCS and RCIC system functions will occur when the vessel water
level reaches the L2 set point. Normal startup and actuation can take up to

W seconds before effects are realized. If these events occur, they will
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follow sometime after the primary concerus of fuel thermal margin and
overpressure effects have occurred, and are expected to be less severe than

those already experienced by the system.

1ol 323 The Effect of Single Failures and Operator Errors

This transient leads to a loss of pressure control such that the increased
steam flow demand causes a depressurization. Instrumentatic:. for pressure
sensing of the turbine inlet pressure is designed to be single failure proof

for initiation of MSIV closure.

Reactor scram sensing, originating from limit switches on the main steam line
isolation valves, is designed to be single failure proof. It is thercfore
concluded that the basic phenomenon of pressure decay is adequately

terminated. See Appendix 15A for a detailed discussion of this subject.

15.1.3.3 Core and System Performance

105303 Mathematical Model

The nonlinear dynamic model described briefly in Section 15.1.1.3.1 is used

to simulate this event,

0.3 5.2 Input Parameters and Initial Conditions

This transient is simulated by setting the controlling regulator output to a
high value, which causes the turbine admission valves and the turbine bypass
valves te open. Since the controlling and backup regulator outputs are gated
by a high value gate, the effect of such a failure in the backup regulator
would bte exactly the same. A regulator failure with 130 percent steam flow
was simulated as a worst case since 115 percent is the normal maximum flow

limit.
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A 5-second isolation valve closure instead of a 3-second closure is assumed
when the turbine pressure decreases below the turbine inlet low pressure set
point for main steam line isolation initiation. This is within the

specification limits of the valve and represents a conservative assumption.

Reactor scram is initiated when the isolation valves reach the 10 percent
closed position. This is the maximum travel from the full open position

allowed by specification.

This analysis has been performed, unless otherwise noted, with the plant
conditions listed in Table 15.0-1.

15.1.3:3:3 Results

Figure 15.1-4 shows graphically how the isolation valve closure stops vessel

Jepressurization and produces a normal shutdown of the isolated reactor.

The main steam line isolation valves automatically close at approximately

28 seconds when pressure at the turbine decreases below 825 psig.
Depressurization results in formation of voids in the reactor coolant and
causes a rapid decrease in reactor power almost immediately. Reactor vessel
isolation limits the duration and severity of the depressurization so that no
significant thermal stresses are imposed on the reactor coolant pressure
boundary. After the rapid portion of the transient is complete and the
isolation effective, the nuclear system safety/relief valves operate
intermittently to relieve the pressure rise that results from decay heat
generation. No significant reductions in €uel thermal margins occur. Because
the rapid portion of the transient results in only momentary depressurization
of the nuclear system and because the safety/relief valves need operate on.y
to relieve the pressure increase caused by decay heat, the reactor coolant

pressure boundary is not threatened by high internal pressure.
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15.1.3.3.4 Considerations of Uncertainties

If the maximum flow limiter were set higher or lower than normal, there would
result a faster or slower loss in nuclear steam pressure. The rate of

depressurization may be limited by the bypass capacity, but it is unlikely.

For example, the turbine valves will open to the valves-wide-open state
admitting slightly more than the rated steam flow and with the limiter in this
analysis set to fail at 130 percent we would expect something less than

23 percent to be bypassed. This is therefore not a limiting factor on this
plant. If the rate of depressurization does change it will be terminated by

the low turbine inlet pressure trip set point,

Depressurization rate has a proportion: . effect upon the voiding action of the
core. If it is large enough, the sensed vessel water level trip set point
(L8) may be reached initiating scram and turbine and feedwater pump trip early
in the trznsient. Reactor scram will shut down the reactor. 3ince main

turbine is tripped, the depressurization will be terminated.

15.1.3.4 Barrier Performance

Barrier performance analyses were not required since the consequences of this
event do not result in any temperature or pressure transient in excess of the
criteria for which fuel, pressure vessel or containment are designed. Peak
pressure in the bottom of the vessel reaches 1,162 psig which is below the ASME
code limit of 1,375 psig for the reactor coolant pressure boundary. Min rum

vessel dome pressure of 803 psig occurs at about 30 seconds.
15.1.3.5 Radiological Consequences
While the consequences of this event do not result in any fuel failures,

radioactivity is nevertheless discharged to the suppression pool as a result

of SRV actuation. However, the mass input, and hence activity input, for this
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eveut is much less than those consequences identified in Section 15.2.4.5 for
Type 2 events. Therefore, the radiological exposures noted in

Section 15.2.4.5 cover the consequences of this event.

15.1.4 INADVERTENT SAFETY/RELIEF VALVE OPENING
15.1.4.1 Identification of Causes and Frequency Classification
15.1.4.1.1 Identification of Causes

Cause of inadvertent opening is attributed to malfunction of the valve or an
operator initiated opening. Opening and closing circuitry at the individual
valve level (as opposed to groups of valves) is subject to a single failure.
It is thereftore simply postulated that a failure occurs and the event is

analyzed accordingly. Detailed discussion of the valve design is provided in

Chapter 5.
35.1.6.1.2 Frequency Classitication

This transient disturbance i1s categorized as an infrequent incident but due to

a lack of a comprehensive data basis, it is being analyzed as an incident of

moderate frequency.

153.b.&.2 Sequence of Events and Systems Operation

b2 kol ded Sequence of Events

Tavle 15.1-5 lists the sequence of events for this event.

15.1.4.2.1.1 Identification of Operator Actions

Ihe plant operator must reclose the valve as soon as possible and check that

reactor and T-G output return to normal. If the valve cannot be closed, plant

shutdown should be initiated.
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19+ 1:4:2.2 Systems Operation

This event assumes normal functioning of normal plant instrumentation and
controls, specifically the operation of the pressure regulator and level

control systems.

15.15%.2.3 The Effect of Single Failures and Operator Errors

Failure of additional components (e.g., pressure regulator, feedwater flow
controller) is discussed elsewhere in Chapter 15. In addition a detailed

discassion of such e¢ffects is given in Appendix 15A.

15:1.4.3 Core and System Performance

15.1.4.3.1 Mathematical Model

The reactor model briefly described in Section 15.1.1.3.1 was previously used
to simulate this event in earlier FSARs. This model is discussed in detail in
Reference 1. It was determined that this event is not limiting from a core
pertormance standpoint. Therefore a qualitative presentation of results is

described below.

15.1.4.3.2 Input Parameters and Initial Conditions

It is assumed that the reactor is operating at an initial power level
corresponding to 105 percent of rated steamflow conditions when a safety/relief
valve is inadvertently opened. Manual recirculation flow control is assumed.
Flow through the valve at normal plant operating conditions stated above is

approximately 7 percent of rated steam flow.
0 P P Qualitative Results
The opening of a safety/relief valve allows steam to be discharged into the

suppression pool. The sudden increase in the rate of steam flow leaving the

reactor vessel causes a mild depres-urization transient.
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The pressure regulator senses the nuclear system pressure decrease and within
a few seconds closes the turbine control valve far enough to stabilize reactor
vessel pressure at a slightly lower value and reactor power settles at nearly
the initial power level. Thermal margins decrease only slightly through the

transient, and no fuel damage results from the transient. MCPR is essentially

unchanged and therefore the safety limit margin is unaffected.

15.1.4.4 Barrier Performance

As discussed above, the transient resulting from a stuck open relief valve is
a mild depressurization which is within the range of normal load following and
therefore has no significant effect on RCPB and containment design pressure

limits.
15.1.64.5 Radiological Consequences

While the consequence of this event does not result in fuel failure it does
result in the discharge of normal coolant activity to the suppression pool via
SRV peration. Since this activity is contained in the primary containment
there will be no exposures to operating personnel. Since this event does not
result in an uncontrolled release to the environment the plant operator can
choose to leave the activity bottled up in the containment or discharge it to
the environment under controlled release conditions. If purging of the
containment 1s chosen the release will be in accordance in the established
technical specifications; therefore, this event, at the worst, would only

result in a small increase in the yearly integrated exposure level.

15:4.5 SPECTRUM OF STEAM SYSTEM PIPING FAILURES INSIDE AND OUTSIDE OF
CONTAINMENT IN A PWR

This event is not applicable to BWR plants.
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15.1.6 INADVERTENT RHR SHUTDOWN COOLING OPERATION

13.1.8.) Identification ot Causes and Frequency Classification

15.3.56.1.} Identification of Causes

At design power conditions wo conceivable malfunction in the shutdown cooling

system could cause temperature reduction.

In startup or cooldown operation, if the reactor were critical or near
critical, a very slow increase in reactor power could result. A shutdown
cooling malfunction leading to a moderator temperature decrease could result
from misoperation of the cooling water controls for the RHR heat exchangers.
The resulting temperature decrease would cause a slow insertion of positive
reactivity into the core. If the operator did not act to control the power
level, a high neutron flux reactor scram would terminate the transient without
violating fuel thermal limits and without any measurable increase in nuclear

system pressure.,

55 8,0 5.2 Frequency Classification

Although no single failure could cause this event, it is conservatively

categorized as an event of mocderate frequency.

15.1.6.2 Sequence of Events and Systems Operation

15:1:6:2.1 Sequence of Events

A shutdown cooling malfunction leading to a moderator temperature decrease
could result from misoperation of the cooling water controls for RHR heat
exchangers. The resulting temperature decrease causes a slow insertion of
positive reactivity into the corc. Scram will occur before any thermal limits
are reached if the operator does not take action. The sequence of events for

this event is shown in Table 15.1-6

15.1-18



35.1.0.2.2 System Operation

A shutdown cooling malfunction causing a moderator temperature decrease must
be considered in all operating states. However, this event is not considered
while at power operation since the nuclear system pressure is too high to

permit operation of the RHE system shutdown cooling.

No unique safety actions are required to avoid unacceptable safety results for
transients as a result of a reactor coolant temperature decrease induced by
misoperation of the shutdown cooling heat exchangers. In startup .r cooldown
operation, where the reactor is at or near critical, the slow power increase
resulting from the cooler moderator temperature would be controlled by the
operator in the same manner normally used to control power in the source or

intermediate power ranges.

19 1:6:2-3 Effect of Single Failures and Operator Action

No single failures can cause this event tu be more severe. If the operator
takes action, the slow power rise will be controlled in the normal manner. If
no operator action is taken, scram will terminate the power increase before

therma! limits are reached. (See Appendix 15A for details.)

15.1.6.3 Core and System Perform.nce
The increased subcooling caused by misoperation of the RHR shutdown cooling
mode could result in a slow power increase due to the reactivity insertion.
This power rise would be terminated by a flux scram bei. e fuel thermal limits

are approached. Therefore, only qualitative description is provided here.
15.1.6.4 Barrier Performance

As noted above, the consequences of this event do not result in any
temperature or pressure transient in excess of the criteria for which the

fuel, pressure vessel or containment are designed, therefore, these barriers

maintain their integrity and function as designed.
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15.1.6.5 Radiological Consequences

Since this event does not result in any fuel failures, no analysis of

radiological consequences is required for this event,

3aki7 REFERENCES FOR SECTION 15.1

ks R. B. Linford, "Analytical Methods of Plant Transient Evaluations for

the General Electric Boiling Water Reactor,” April 1973 (NEDO-10802).
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Time-sec

0

100

TABLE 15.1-1

SEQUENCE OF EVENTS FOR FIGURE 15.1-1

Event
Initiate a 100°F temperature reduction in the feedwater system.

Initial effect of unheated feedwater starts to raise core power
level but AFC system automatically reduces core flow to
maintain initial steam flow.

Reactor variables settle into new steady state.



TABLE 15.1-2

SEQUENCE OF EVENTS FOR FIGURE 15.1-2

Time-sec Event
0 Initiate a 100°F temperature reduction into the feedwater system.
5 Initial effect of unheated feedwater starts to raise core power

level and steam flow.

] Turbine control valves start to open to regulate pressure.
37 APRM initiates reactor scram on high thermal power.
53 Wide Range (WR) sensed water level reaches Level 2 (L2) set
point.
53 Recirculation pump trip initiated due to Level 2 trip. (Not

inciuded in simulaton).

83 HPCS/RCIC flow enters vessel (not simulated).
(est)

>90 Reactor variables settle into limit cycle.
(est)

15.1-2

ro



Time-sec

i

12.2

i
13.6
18.6
37.0

67.0
(est)

TABLE 15.1-3

SEQUENCE OF EVENTS FOR FIGURE 15.1-3

Event

Initiate a simulated failure of 130% upper limitation feedwater
flow

L8 vessel level set point initiates reactor scram and trips main
turbine and feedwater pumps.

Recirculation pump trip (RPT) actuated by stop valve position
switches.

Main turbine bypass valves opened due to turbine trip.
Safety/relief valves open due to high pressure.
Safety/relief valves close.

Water level dropped to low water level setpoint (L2).

RCIC and HPCS flow into vessel (not simulateaq).
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TABLE 15.1-4

SEQUENCE OF EVENTS FOR FIGURE 15.1-4

Simulate maximum limit on steam flow to main turbine.

Vessel water level (L8) trip initiates reactor scram and main
turbine and feedwater turbine trips.

Turbine trip initiates bypass operation to full flow.

Main turbine stop valve reaches 90% open position and initiates
recirculation pump trip (RPT).

Turbine stop valves closed. Turbine bypass valves spening
to full flow.

Recirculation pump motor circuit breakers open causing
decrease in core flow to natural circulation.

Group 1 pressure relief valves actuated.

Group 1 pressure relief valves close.

Vessel water level reaches L2 setpoint.

Main steam line isolation on low turbine inlet pressure (825).

MSIV closed. Bypass valves remain open, exhausting steam in
steamlines downstream of isolation valves.

RCIC and HPCS systems flow enters vessel (not simulated).

Group 1 pressure relief valves actuated.
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;EQUENCE OF EVENTS FOR INADVERTENT SAFETY/RELIEF VALVE

Event
Initiate opening of 1 safety/relief valve

Relief fiow reaches full flow.

System establishes new steady state operation.

OPENING



TABLE 15.1-6
SEQUENCE OF EVENTS FOR INADVERTENT RHR SHUTDOWN COOLING OPERATION
Approximate
Elapsed Time Event

0 Reactor at states B or D {of Appendix 15A) when RHR
shutdown cooling inadvertently activated.

0-10 min Slow rise in reactor power.

+ 10 min Operator may take action to limit power rise. Flux scram
will occur if no action is taken.
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15.2 INCREASE IN REACTOR PRESSURE

15.2.1 PRESSURE REGULATOR FAILURE - CLOSED
35.2.5:1 Identification of Causes and Frequency Classification
15.2.1.).} Identitication of Causes

Two identical pressure regulators are provided to maintain primary system
pressure control. They independently sense pressure just upstream of the main
turbine stop valves and compare it to two separate set points to create
proportional error signals that produce each regulator output. The output of
both regulators feeds in a high value gate. The regulator with the highest
output controls the main turbine control valves. The lowest pressure set
point gives the largest pressure error and thereby largest regulator output.
The backup regulator is set 5 psi higher giving a slightly smaller error and a

slightly smaller effective output of the controller.

It 1s assumed for purposes of this transient analysis that a single failure
occurs which erroneously causes the controlling regulator to close the main
turbine control valves and thereby increases reactor pressure. If this

occurs, Lpe backup regulator is ready to take control.

It is also assumed for purpose of this transient analysis that a single
tailure occurs which causes a downscale failure of the pressure regulation
demand to zero (e.g., high value gate downscale failure). Should this occur,
it could cause full closure of turbine control valves as well as an inhibit of
steam bypass flow and thereby increase reactor power and pressure. When this
occurs, reactor scram will be initiated when high neutron flux scram set point

is reached.



}5.2.1.1.2 Frequency Classification

2. 2:3.0.2:1 One Pressure Regulator Failure - Closed

This event is treated as a mode-ate frequency event.

15:2.3.1.2.2 Pressure Regulation Downscale Failure

This event is treated as a moderate frequency event.

15.2.1.2 Sequence of Events and System Operation
15.2.1.2.1 Sequence of Events
15.2.1.2.1.1 One Pressure Regulator Failure - Closed

Postulating a failure of the primary or controlling pressure regulator in the
closed mode as discussed in Section 15.2.1.1.1 will cause the turbine control
valves to close momentarily. The pressure will increase, because the reactor
is still generating the initial steam flow. The backup regulator will reopen
the valves and reestablish steady-state operation above the initial pressure

equal to the set point difference of 5 psi.

15 4. 3:2:%.2 Pressure Regulation Downscale Failure

Table 15.2-1 lists the sequence of events for Figure 15.2-1.

L R N 2 ldentification of Operator Actions

o 0 W 3 Y TR One Pressure Regulator Failure - Closed

The operator should verify that the backup regulator assumes proper control.

However these actions are not required to terminate the event as discussed in

Section 15.2.1.2.3.2,

15.2-
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15:2,3-2.3 The Effect of Single Failures and Operator Errors

15.2.1.2.3.] One Pressure Regulation Failure - Closed

The nature of the first assumed failure produces a slight pressure increase in

the reactor until the backup regulator gains control, since no other action is
significant in restoring normal operation. [f we fail the backup regulator at
this time, the control valves will start to close causing reactor pressure to
increase, a flux scram trip would be initiated to shut down the reactor. This
event is similar to that described in Section 15.2.1.2.1.1. Detailed

discussions on this subject can be found in Appendix 15A.

53:2:1:2:3:3 Pressure Regulation Downscale Failure

This transient leads to a loss of pressure control such that the zero steam
flow demand causes a pressurization. The high neutron flux scram is the
mitigating system and is designed to be single failure proof. Therefore,
single failures are not expected to result in a more severe event than
analyzed. Detailed discussions on this subject can be found in Appendix 15A.
15.2.1.3 Core and System Performance

3. 2.3.3.1 Mathematical Model

The nonlinear, dynamic model described briefly in Section 15.1.1.3.1 is used

to simulate this event
G 0 O Input Parameters and Initial Conditions

These analyses have been performed, unless otherwise noted, with plant

conditions tabulated in Table 15.0-2.

15.2-4



35:2.3.9.3 Results

35.2.1.3:3:1 One Pressure Regulator Failure - Closed

Qualitative evaluation provided only.

Response of the reactor during this regulator failure is such that pressure at
the turbine inlet increases quickly, less than 2 seconds or so, due to the
sharp closing action of the turbine control valves which reopen when the
backup regulator gains control. This pressure disturbance in the vessel is

not expected to exceed flux or pressure scram trip set points.

40 P . e A Pressure Regulation Downscale Failure

A pressure regulation downscale failure is simulated at 105 percent NB rated

steam flow condition in Figure 15.2-1.

Neutron flux increases rapidly because of the void reduction caused by the
pressure increase. When the sensed neutron flux reaches the high neutron flux
scram set point, a reactor scram is initiated. The neutron flux increase is
limited to 158 percent NB rated by the reactor scram. Peak fuel surface heat
flux does not exceed 104 percent of its initial value. MCPR for this
transient is still above the safety MCPR limit. Therefore, the design basis

is satisfied,

154138 Consideration of Uncertainties

All systems utilized for protection in this event were assumed to have the
most conservative allowable response (e.g., relief set points, scram stroke

time, and worth characteristics). Expected plant behavior is, therefore,

expected to reduce the actual severity of the transient.
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15.2.1.4 Barrier Performance

15:%.1.8.1 One Pressure Regulator Failure - Closed

As noted above, the consequences of this event do not result in any
temperature or pressure transient in excess of the criteria for which the
fuel, pressure vessel or containment are designed; therefore, these barriers

maintain their integrity and function as designed.

15.2.1.4.2 Pressure Regulation Downscale Failure

Peak pressure at the safety/relief valves reaches 1,180 psig. The peak nuclear
system pressure reaches 1,220 psig at the bottom of the vessel, well below the

nuclear barrier transient pressure limit of 1,375 psig.

15.2.1.5 Radiological Consequences

While the consequences of this event do not resvlit in any fuel failures,
radioactivity is nevertheless discharged to the suppression pool as a result
of SRV actuation. However, the mass input, and hence activity input, for this
event is wuch less than those consequences identified in Section 15.2.4.5 (for
a Type 2 event). Therefore, the radiological exposures noted in Section

15.2.4.5 cover the consequences of this event.

15.2.2 GENERATOR LOAD REJECTION
15.2.2.1 Identification of Causes and Frequency Classificatior
19.2.2.1.1 fdentification of Causes

Fast closure of the turbine control valves (TCV) is initiated whenever
electrical grid disturbances occur which result in significant loss of
electrical load on the generator. The turbine control valves are required to

close as rapidly as possible to prevent excessive overspeed of the

15.2-6



turbine-generator (T-G) rotor. Closure of the main turbine control valves
initiates a scram trip signal and will cause a sudden reduction in steam flow

which results in an increase in system pressure.

| o M S Frequency Classification

15.2:2:1.2.) Generator Load Rejection

This event is categorized as an incident of moderate frequency.

15.2.2.3.2.2 Generator Lvuad Rejection with Bypass Failure

This event is categorized as an infrequent incident with the following

characteristics:

Frequency: 0.0036/plant year

Mean time between events (MTBE): 278 years

Frequency Bssis: Thorough searches of domestic plant operating records have
revealed three instances of bypass failure during 628 bypass system
operations. This gives a probability of bypass failure of 0.0048. Combining
the actual frequency of a generator load rejection with the failure rate of
the bypass yields a irequency of a generator load rejection with bypass

failure of 0.0056 event/plant year.

15.2.2.2 Sequence of Events and System Operation
13:2:2:2-1 Sequence of Events
182,452, 1,1 Generator Load Rejection - Turbine Control Valve

Fast Closure

A loss of generator electrical lead from high power conditions produces the

sequence of events listed in Table 15.2-2.
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15,2:2:3-1:2 Generator Load Rejection with Failure of Bypass

A loss of generator electrical load at high power with bypass failure produces

the sequence ~f events listed in Table 15.2-3.
15:2.2.2.1.3 Identification of Operator Actions
The operator should:

a. Verify proper bypass valve pertormance.

b. Observe that the feedwater/level controls have maintained the reactor

water level at a satisfactory value.

P Observe that the pressure regulator is controlling reactor pressure at

the desired value.
d. Record peak power and pressure.
e. Verify relief valve operation.
33 . 2222 System Operation
15.2.2.2.2.1 Generator Load Rejection with Bypass
In order to properly simulate the expected sequence of events, the analysis of
this event assumes normal functioning of piant instrumentation and controls,
plant protection and reactor protection systems unless stated otherwise.
Turbine control valve (TCV) fast closure initiates a scram trip signal for
power levels greater than 40 percent NB rated. In addition, recirculation pump

trip (RPT) is initiated. Both of these trip signals satisfy single failure

criterion and credit is taken for these protection features.



The pressure relief system which operates the relief valves independently when
system pressure exceeds relief valve instrumentation set points 1s assumed to

function normally during the time period analyzed.

19.2:.2.2.2.2 Generator Load Rejection with Failure of Bypass

The sequence of events for this failure is the same as in Section 15.2.2.2.2.1
except that failure of the main turbine bypass valves is assumed for the

entire transient.

15.2.2.2.3 The Effect of Single Failures and Operator Errors

Mitigation of pressure increase, the basic nature of this transient, is
accomplished by the reactor protection system functions. Turbine control
valve trip scram and RPT are designed to satisfy the single failure criterion.
An evaluation of the most limiting single failure (i.e., failure of the bypass
system) was considered in this event. Details of single failure analysis can

be found in Appendix 15A.

15.2.2.3 Core and System Performance

15.2.2.3.1 Mathematical Model

The computer mocel described in Section 15.1.1.3.1 was used to simulate this

event .

L 0 I S [ Input Parameters and Initial Conditions

These nalyses have been performed, unless otherwise noted, with the plant

cond.’ ions tabulated in Table 15.0-1.

Ihe turbine electrohydraulic control system (EHC) detects load rejection

belors a measurable speed change takes place.
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The closure characteristics of the turbine control valves are assumed such
that the valves operate in the full arc (FA) mode and have a full stroke

closure time, from fully open to fully closed, of 0.15 seconds.

Auxiliary power is independent of any T-G overspeed effects and is
continuously supplied at rated frequency, assuming automatic fast transfer to

auxiliary power supplies.

The reactor is operating in the manual flow-control mode when load rejection
occurs. Results do not significantly differ if the plant had been operating

in the automatic flow=-control mode.

The bypass valve opening characteristics are simulated using the specified
delay together with the specified opening characteristic required for bypass

system operation.

Events caused by low water level trips, including initiation of HPCS and RCIC
core cooling system functions are not included in the simulation. Should
these events occur, they will follow sometime after the primary concerns of
fuel thermal margin and overpressure effects have occurred, and are expected

to be less severe than those already experienced by the system.

15.2.2.3.3 Results

15.2.2.3.3.1 Generator Load Rejection with Bypass

Figure 15.2-2 shows the results of the generator trip from 105 percent NB

rated power. Peak neutron flux rises 35 percent above initial conditions.

The average surface heat flux shows no incrcase from its initial value and

MCPR does not significantly decrease below its initial value.
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15:2.2.3.3.2 Generator Load Rejection with Failure of Bypass

Figure 15.2-3 shows that, for the case of bypass failure, peak neutron flux
reaches about 259 percent of rated, average surface heat flux reaches 106
percent of its initial value. Since this event is classifiea as an infrequent
incident, it is not limited by the GETAB criteria and the MCPR limit is
permitted to fall below the safety limit for the incidents of moderate

frequency. MCPR stays above 1.10 four this eveat.

15.2.2.3.% Consideration of Uncertainties

The full stroke closure time of the turbine control valve of 0.15 seconds is
conservative. Typically, the actual closure time is more like 0.2 seconds.
Clearly the less time it takes to close, the more severe the pressurization

effect.

All systems utilized for protection in this event were assumed to have the
most conservative allowable response (e.g., reliet set points, scram stroke
time and worth characteristics). Expected plant behavior is, therefore,

expected to reduce the actual severity of the trans.ent.

15.2,2.4% Barrier Performance

15.2.2.8:1 Generator Load Rejection

Peak pressure remains within normal operating range and no threat to the

barrier exists.
15.2.2.4.2 Generator Load Rejection with Failure of Bypass
reak pressure at the safety/relief valves reaches 1,194 psig. The peak

nuclear system pressure reaches 1,231 psig at the bottom of the vessel, well

below the nuclear barricr transient pressure limit of 1,375 psig.
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15.2.2.5 Radiological Consequences

While the consequences of the events identified previously do not result in
any fuel failures, radioactivity is nevertheless discharged to the suppression
pool as a result of SRV actuation. However, the mass input, and hence
activity input, for this event is much less thar those consequences identified
in Section 15.2.4.5. Therefore, the radiological exposures noted in Section

15.2.4.5 for Type 2 exposure cover these consequences of this event.

15.2.3 TURBINE TRIP
15.2.3.1 Identification of Causes and Frequency Classification
15.2.3.1.1 Identification of Causes

A variety of turbine or nuclear system malfunctions will initiate a turbine
trip. Some examples are moisture separator high level and first stage reheater
drain tank high levels, ani feedwater heater high levels, high vibrations,
operator lock out, loss of control fluid pressure, low condenser vacuum and

reactor high water level.

15.2:3.1.2 Frequency Classification

19.2.3.1.2.1 Turbine Trip

This transient is categorized as an incident of mcderate frequencv. In
defining the frequency of this event, turbine trips which occur as a byproduct
of other transients such as loss of condenser vacuum or reactor high level
trip events are not included. However, spurious low vacuum or high level trip
signals which cause an unnecessary turbine trip are included in defining the
frequency. In order to get an accurate event-by-event frequency breakdown,

this type of division of initiating causes is required.
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13350524 Turbine Trip with Failure of the Bypass

This transient disturbance is categorized as an infrequert incident.

Frequency is expected to be as follows:

Frequency: 0.0064/plant year
M1BE: 156 years

Frequency Basis: As discussed in Section 15.2.2.1.2.2, the failure rate of the
bypass is 0,.0048. Combining this with the turbine trip frequency of 1.22
events/plant year yields the frequency of 0.0064/plant year.

15.2.3.2 Sequence of Events and Systems Operation
15.2.3.4:1 Sequence of Events
13.28:.3.2.13:1 Turbine Trip

Turbine trip at high power produces the sequence of events listed in Table
15.2~4.

15:2.3:2,1,8 Turbine Trip with Failure of the Bypass

Turbine trip at high power with bypass failure produces the sequence of events

listed in Table 15.2-5.

1%.2.3.2.58.3 Identification of Operator Actions

The operator should:

B, Verify auto transfer of buses supplied by generator to incoming power

if automatic transfer dees not occur, manual transfer must be made.

b. Monitor and maintain reactor water level at required level.
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€ Check turbine for proper operation of all auxiliari:s during coastdown.

d. Depending on conditions, initiate normal operating procedures for

cool-down, or maintain pressure for restart purposes.

e. Put the mode switch in the startup position before the reactor pressure

decays to <850 psig.

f. Secure the RCIC operation if suto initiation occurred due to low water
level.

B Monitor control rod drive positions and insert both the IRMs and SRMs.

h. Investigate the cause of the .rip, make repairs as necessary, and

complete the scram report.

i, Cool down the reactor per standard procedure if a restart is not

intended.

15.2.3.2.2 Systems Operation

TR . W S P Turbine Trip

All plant control systems maintain normal operation unless specifically

designated to the contrary.
Turbine stop valve closure initiates a reactor scram trip via position signals
to the protection system. Credit is taken for successful operation of the

reactor protection system.

Turbine stop valve closure initiates recirculation pump trip (RPT) thereby

terminating the jet pump drive flow.
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The pressure relief system which operates the relief valves independently when
system pressure exceeds relief valve instrumentation set points is assumed to

function normally during the time period analyzed.

It should be noted that below 40 percent NB rated power level, a main stop
valve scram trip inhibit signal derived from the first stage pressure of the
turbine is activated. This is done to elimy *“e the stop valve scram trip
signal from scramming the reactor provided the bypass system functions
properly. In other words, the bypass would be sufficient at this low power to
accommodate a turbine trip without the necessity of shutting down the reactor.
All other protection system functions remain functional as before and credit

1s taken for those protection system trips.

19.2.3.2.2.2 Turbine Trip with Failure of the Bypass

This sequence of events is the same as in Section 15.2.3.2.2.1 except that
failure of the main turbine bypass system is assumed for the entire transient
time period analyzed.

15.4£.3.2.3 The Effect of Single Failures and Operator Errors
15.2.3.2.3.1 Turbine Trips at Power Levels Greater Than 40 Percent NBR
Mitigation of pressure increase, the hasic nature of this transient, is
accomplished by the reactor protection system functions. Main stop valve
closure scram trip and RPT are designed to satisfy single failure criterion.
15.2.3.2.3.2 Turbine Trips at Power Levels Less Than 40 Percent NBR

This sequence is the same as in Section 15.2.3.2.3.1 except RPT and stop vaive
closure scram trip is normally incperative. Since protection is still

provided by high flux, high pressure, etc., these will also continue to

function and scram the reactor should a single failure occur.
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15.2.3.3 Core and System Performance

1S.%:3:3.1 Mathematical Model

The computer model described in Section 15.1.1.3.1 was used to simulate these

events.

L B S [ Input Parameters and Initial Conditions

These analyses have been performed, unless otherwise noted, with plant

conditions tabulated in Table 15.0-1.

Turbine stop valves full stroke closure time is 0.1 second.

A reactor scram is initiated by position switches on the stop valves when the
valves are less than 90 percent open. This stop valve scram trip signal is
automatically bypassed when the reactor is below 40 percent NB rated power

level.

Reduction in core recirculation flow is initiated by position switches on the
main stop valves, which actuate trip circuitry which trips the recircrlation
pumps. This recirculation pump trip signal is automatically bypassed when

the reactor is below 40 percent NB rated power level.

¥9.2:3.3.2 Results
15+ 23 3-3. 1 Turbine Trip
A turbine ! with the bypass system operating normally is simulated at 105

percent NB raicd steam flow conditions in Figure 15.2-4.

Neutron flux increases rapidly because of the void reduction caused by the
pressure increase. However, the flux increase is limited to 120 percent of
rated by the stop valve scram and the RFPT system. Peak fuel surface heat flux

dues not exceed i1ts initial value.
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o PP T . Turbine Trip with Failure of Bypass

A turbine trip with failure of the bypass system is simulated at 105 percent

NB rated steam flow conditions in Figure 15.2-5.

Peak neutron flux reaches 212 percent of its rated value, and peak fuel center
temperature increases approximately 102°F. Since this event is classified as
an infrequent incident, it is not limited by the GETAB criteria and the MCPR
limit is permitted to fall below the safety limit for incidents of moderate
frequency. However, the MCPR for this transient is 1.14 which is just above
the safety limit for incidents of moderate frequency and, therefore, the

design basis is satisfied.

19.2:3.3.3.3 Turbine Trip with Bypass Valve Failure, Low Power

This transient is less severe than a similar one at high power. Below 40
percent of rated power, the turbine stop valve closure and turbine control
valve closure scrams are automatically bypassed. At these lower power levels,
turbine first stage pressure is used to initiate the scram logic bypass. The
scram whi-h terminates the transient is initiated by high neutron flux or high
vessel pressure. The bypass valves are assumed to fail; therefore, system
pressure will increase until the pressure relief set points are reached. At
this time, because of the relatively low power of this transieant event,
relatively few relief valves will open to limit reactor pressure. Peak
pressures are not expected to greatly exceed the pressure relief valve set
points and will be significantly below the RCPB transient limit of 1,375 psig.
Peak surface heat flux and peak fuel center temperature remain at relatively

low values and MCPR remains well above the GETAB safety limit.



15-2.3.3.4 Considerations of Uncertaint.es

Uncertainties in these analyses involve protection system settings, system
capacities, and system response characteristics. In all cases, the most

conservative values are used in the analyses. For example:

a. Slowest allowable control rod scram motion is assumed.
b. Scram worth shape for all-rods-out conditions is assumed.
L. Minimum specified valve capacities are utilized for overpressure

protection.

d. Set points of the safety/relief valves are assumed to be 1 to 2 percent

higher than the valve's nominal set point.

15.2.3.4 Barrier Performance

15.2.3:6.1 Turbine Trip

Peak pressure in the bottom of the vessel reaches 1,184 psig, which is below
the ASME code limit of 1,375 psig for the reactor cooling pressure boundary.
Vessel dome pressure does not exceed 1,156 psig. The severity of turbine
trips from lower initial power levels ducreases to the point where a scram can
be avoided if auxiliary power is available from an external source and the

power level is within the bypass capability.

15.2.3.4.2 Turbine Trip with Failure of the Bypass

The safety/relief valves open and close sequentially as the stored energy is
dissipated and the pressure falls below the set points of the valves. Peak
nuclear system pressure reaches 1,227 psig at the vessel bottom, therefore,
the overpressure transient is clearly below the reactor coolant pressure
boundary transient pressure limit of 1,375 psig. Peak dome pressure does not

exceed 1,197 psig.



15:2.5:6.2.:1 Turbine Trip with Failure of Bypass at Low Power

Qualitative discussion is provided in Section 15.2.3.3.3.3.

15.2.3.5 Radiological Consequences

While the consequences of this event do not result in any fuel failures,
radioactivity is nevertheless discharged to the suppression pool as a result
of SRV actuation. However, the mass input, and hence activity input, for this
event is much less than those consequences identified in Section 15.2.4.5 for
a Type 2 event. Therefore, the radiological exposures noted in Section

15.2.4.5 cover the consequences of this event.

15.2.4 MSLIV CLOSURE
15.2.4.1 Identification of Causes and Frequency Classification
15.2.4.1.1 Identification of Causes

Various steam line and nuclear system malfunctions, or operator actions, can
initiate main steam line isclation valve (MSLIV) closure. Examples are low
steam line pressure, high steam line flow, high steam line radiation, low

water level or manual action.
15.2. 5. 1.2 Frequency Classification
15:2.6.1.2.1 Closure of All Main Steam Line Isolation Valves

This event is categorized as an incident of moderate frequency. To define the
frequency of this event as an initiating event and not the byproduct of
another transient, only the following contribute to the frequency: manual
action (purposely or inadvertent); spurious signals such as low pressure, low
reactor water level, low condenser vacuum and finally, equipment malfunctions
such as faulty valves or operating mechanisms. A closure of one MSLIV may

cause an immediate closure of all the other MSLIVs depending on reactor



conditions. If this occurs, it is also included in this category. During the
main steam line isolation valve closure, position switches on the valves
provide a reactor scram if the valves in three or more main steam lines are
less than 90 percent open (except for interlocks which permit proper plant
startup.). Protection system logic, however, permits the test clecsure of one

valve without initiating scram from the position switches.

£5.2.6.).2.2 Closure of One Main Steam Line Isclation Valve

This event is categorized as an incident of moderate frequency. One MSLIV may
be closed at a time for testing purpeses, this is done manually. Operator
error or equipment malfunction may cause a single MSLIV to be closed
inadvertently. If reactor power is greater than about 80 percent when this
occurs, a high flux scram or high steam lire flow isolation may result, (if
all MSLIVs close as a result of the single closure, the event is considered as

a closure of all MSLIVs).

15.2.4.2 Sequence of Events and Systems Operation

15.2.4.2.1 Sequence of Events

Table 15.2-6 lists the sequence of events for Figure 15.2-6.

15.2.4.2.1.1 Identification of Operator Actions

The following is the sequence of operator actions expected during the course

of the event assuming no restart of the reactor. The operator should:

4P Observe that all rods have inserted.

b.  Observe that the relief valves have opened for reactor pressure control.

&5 Check that RCIC/HPCS auto starts on the impending low reactor water level

condition.
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d. Switch the feedwater controller to the manual position.

e. Initiate operation of the RHR system in the steam condensing mode only.

f. When the reactor vessel level has recovered to a satisfactory level,

secure RCIC/HPCS.

g. When the reactor pressure has decayed sufficiently for RHR operation, put

it into service per procedure.

h. Before resetting the MSLIV isolation, determine the cause of valve
closure.
i. Observe turbine coastdown and break vacuum before the loss of sealing

steam. Check T-G auxiliaries for proper operation.

3. Do not reset and open MSLIVs unless conditions warrant and be sure the

pressure regulator set point is above vessel pressure.

k. Survey maintenance requirements and complete the scram report.
15.2.4.2.2 Systems Operation
15:.2.8:2:2.1 Closure of All Main Steam Line Isolation Valves

MSLIV closures initiate a reactor scram trip via position signals to the
proe’ ton system. Credit is taken for successful operation of the protection

syst
The pressure relief system which initiates opening of the relief valves when
system pressure exceeds relief valve instrumentation set points is assumed to

function normally during the time period analyzed.

All plant control systems maintain normal operation unless specifically

designated to the contrary
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18.2.8.2.2.2 Closure of One Main Steam Line Isolation Valve

A closure of a single MSLIV at any given time will not initiate a reactor
scram. This is because the valve position scram trip logic is designed to
accommodate single valve operation and testability during normal reactor
operation at limited power levels. Credit is taken for the operition of the

pressure and flux signals to initiate a reactor scram.

All plant contro! systems maintain normal operation unless specifically

designated to the contrary.
IN.3.0,.2:3 The Effect of Single Failures and Operator Errors

Mitigation of pressure increase is accomplished by initiation of the reactor
scram via MSIV position switches and the protection system. Relief valves
also operate to limit system pressure. All of these aspects are designed to
single failure criterion and additional single failures would not alter the

results of this analysis.

Failure of a single relief valve to open is not expected to have any
significant effect. Such a failure is expected to result in less than a 5 psi
increase in the maximum vessel pressure rise. The peak pressure will still
remain considerably below 1,375 psig. The design basis and performance of the

pressure relief system is discussed in Section 5.0.

15.2.4.3 Core and System Performance

15:2.%.3.1 Mathematical Model

The computer model described in Section 15.1.1.3.1 was used to simulate

these transient events.
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15.2.4.3.2 Input Parameters and Initial Conditions

These analyses have been performed, unless otherwise noted, with plant

conditions tabulated in Table 15.0-1.

The main steam isolation valves close in 3 to 5 seconds. The worst case, the

3 second closure time, is assumed in this analysis.

Position switches on the valves initiate a reactor scram when the valves are
less than 90 percent open. Closure of these valves inhibits steam flow to the

feedwater turbines terminating feedwater flow.

Because of the ioss of feedwater flow, water level within the vessel decreases
sufficiently to initiate trip of the recirculation pump and initiate the HPCS

and RCIC systems.
15.2.6:3.3 Results
15.2.6.3.3.1 Closure of All Main Steam Line Isolation Valves

Figure 15.2-6 shows the changes in important nuclear system variables for the
simultaneous isolation of all main steam lines while the reactor is operating
at 105 percent of NB rated steam flow. Peak neutron flux and fuel surface

heat flux show no increase.

Water level decreases sufficiently to cause a recirculation system trip and
initiation of the HPCS and RCIC system at approximately 17.1 seconds.
However, there is a delay up to 30 seconds before the water supply enters the

vessel. Nevertheless, there is no change in the thermal margins.
15.2.%.3:3.2 Closure of One Main Steam Line Isolation Valve
Only one isolation valve is permitted to be closed at a time for testing

purposes to prevent scram. Normal test procedure requires an initial power

reduction to approximately 75 to B0 perceut of design conditions in order to



avoid high flux scram, high pressure scram, or full isolation from high steam
flow in the "live" lines. With a 3 second closure of one main steam isolation
valve during 105 percent rated power conditions, the steam flow disturbance
raises vessel pressure and reacto power encugh to initiate a high neutron
flux scram. This transient is considerably milder than closure of all MSIV's
at full power. No quantitative analysis is furnished for this event.

However, no significant change in thermal margins is experienced and no fuel

damage occurs. Peuk pressure remains below SRV set points.

Inadvertent closure of one or all of the isolation valves while the reactor is
shut down (such as operating state C, as defined in Appendix 15A) will produce
no significant transient. Closures during plant heatup (operating state D)
will be less severe than the maximum power cases (maximum stored and decay

heat) discussed in Section 15.2.4.3.3.1.

15.2.4.3.4 Considerations of Uncertainties

Uncertainties in these analyses involve protection system settings, system
capacities, and system response characteristics. In all cases, the most
conservative values are used in the analyses. For examples:

a. Slowest allowable control rod scram motion is assumed.

b. Scram worth shape for all-rod-out conditions is assumed.

c. Minimum specified valve c2pacities are utilized for overpressure

protection.

d. Set points of the safety/relief valves are assumed to be 1 to 2 percent

higher than the valve's nominal set point.



15.2.4.4 Barrier Performance

15.2.4.4.1 Closure of All Main Steam Line Isolation Valves

The nuclear system relief valves begin to open at approximately 3 seconds
after the start of isolation. The valves close sequentially as the stored
heat is dissipated but continue to discharge the decay heat intermittently.
Peak pressure at the ve-ssel bottom rraches 1,206 psig, clearly below the
pressure limits of the reactor coolant pressure boundary. Peak pressure in

the main steam line is 1,170 psig.

15.2.64.4.2 Closure of One Main Steam Line Isolation Valve

No significant effect is imposed on the RCPB, since if closure of the valve
occurs at an unacceptably high operating power level, a flux or pressure scram
will result. The main turbine bypass system will continue ‘o regulate system

pressure via the other three "live" steam lines.

15.2.4.5 Radiological Consequences
15.2.%.5.1 General ubservations

The radiological impact of many transients and jocidents involves the
consequences: a) which do not iead to fuel rod damage as a direct result of
the event itself. b) Additionally, many events do not lead to the
depressurization of the primary system but only the venting of sensible heat
and energy via fluids at coolant loop activity through relief valves to the
suppression pool. «¢) In the case of previously defective fuel rods, a
depressurization transient will result in considerably more fission product
carry-over to the suppression pool than hot-standby transients; and, d) the

time duration of the transient varies from several minutes to four hours plus.
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The above observations (a) through (d) lead to the realization that

radiological aspects can involve a broad spectrum of results., For example:

a. Transients where appropriate operator action (seconds) results in quick
return (minutes) to planned operation, little radiological impact

results.

b. Where major RCPB equipment failure requires immediate plani shutdown and
its attendant depressurization under controlled shutdown time tables (4

hours), the radiological impact is greater.

In order to envelope the potential radiological impact a worst case like
example 2 is described below. However, it should be noted, that most
transients are like example 1 and the radiological envelope conservatively

over-predicts the actual radiological impact by a factor greater than 100.
528,502 Depressurization - Shutdown Evaluation
15.:2.5.9.2.1 Fission Product Release from Fuel

While no fuel rods are damaged as a consequence of this event, fission product
activity associated with normal coolant activity levels as well as that
released from previously defective rods will be released to the suppression
pool as a consequence cf SRV actuation and vessel depressurization. The
release of activity from previously defective rods is based in part upon

(1)

measurements obtained from operating BWR plants

Since each of those transients identified previously, which cause SRV
actuation will result in various vessel depressurization and steam blowdown
rates, the transient evaluated in this section is that one which maximizes the
radiological consequences for all transients of this nature. This transient
is the closure of all main steam line isolation valves. The specific models
and assumptions used in the evaluation are described in Reference 2. The
activity released to the environs is presented in Table 15.2-7 which was used

in evaluating the radiological dose consequences in this section.



i OO, T B Fission Product Release to Environment

Since this event does not result in the immediate need to purge the
containment, it is assumed that purging of the containment through the
containment vessel and purge system occ.rs under average annual meteorological
conditions and commences 8 hours after initiation of the event. The .nnulus

exhaust gas treatment system (AEGTS) efficiency for iodine is 99 percent.
15 2:6.5.2.3 Offsite Dose

As noted above, purging of the containment is assumed to occur under average
annual meteorological conditions. To simplify the radiological calculation,
it is assumed the radiological dose commitment is proportional to the average

annual x/Q value, which is 2.7 x 1()-6 sec/m3.

The breathing rate is assumed
to be 347 cc/sec and the dose recipient is located at one position for the
entire release period. The radiological doses for this event are presented in

Table 15.2-8.
15.2.4.5.2.4 Onsite Dose

The onsite radiological consequences of this event are presented in Section
12.2.2.

15.2.5 LOSS OF CONDENSER VACUUM
15:2.9.12 Identification of Causes and Frequency Classification
15.2.5.1.1 Identification of Causes

Various system malfunctions which can cause a loss of condenser vacuum due to

some single equipment failure are designated in Table 15.2-9.



P 1S T R Frequency Classification

This event is categorized as an incident of moderate frequency.

15.2.5.2 Sequence of Events and Systems Operation
19.2.5:.2.:1 Sequence of Events

Table 15.2-10 lists the sequence of events for Figure 15.2-7.

13.2:5:2:1:% Identification of Operator Actions

The operator should:

-

b.

d.

Verify auto transfer of buses supplied by generator to incoming power;

1f automatic transfer has not occurred, manual transfer must be made.

Monitor and maintain reacter water level at required level.

Check turbine for proper operation of all auxiliaries during coastdown.

Depending on conditions, initiate normal operating procedures for

cooldown, or maintain pressure for restart purposes.

Put the mode switch in the "startup" position before the reactor pressure

decays to <850 psig.

Secure the RCIC operation if auto initiation occurred due to low water

level.

Monitor control rod drive positions and insert both the IRMs and SRMs.

Investigate the cause of the trip, make repairs as necessary, and

complete the scram report.
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= Cool down the reactor per standard procedure if a restart is not

intended.

15.2.9+2:8 Systems Operation

In establishing the expected sequence of events and simulating the plant
performance, it was assumed that normal functioning occurred in the plant

instrumentation and controls, plant protection and reactor protection systems.

Tripping functions incurred by sensing ma‘n turbine condenser vacuum pressure

are designated in Table 15.2-11.

e e AR The Effect of Single Failures and Operator Errors

Tais event does not lead to a general increase in reactor power level.
Mitigation of power increase is accomplished by the protection system

initiation of scram.

Failure of the integrity of the condenser gas treatment system is considered

to be an accident situation and is described in Section 15.7.1.

Single failures will not effect the vacuum monitoring and turbine trip devices
which are redundant. The protective sequences of the anticipated operational

transient are shown to be single failure proof. See Appendix 15A for details.

15.2.5.3 Core and System Performance
15 .2:.5:3:1 Mathematical Model

The computer model described in Section 15.1.1.3.1 was used to simulate this

transient event.



15.2.,5:3.2 Input Parameters and Initial Conditions

This analysis was performed with plant conditions tabulated ir Table 15.0-1

unless otherwise noted.

Turbine stop valves full stroke closure time is 0.1 second.

A reactor scram is initiated by position switches on the stop valves when the
valves are less than 90 percent open. This stop valve scram trip signal is
automatically bypassed when the reactor is below 40 percent NB rated power

level.

The analysis presented here is a hypothetical case with a conservative 2
inches Hg per second vacuum decay rate. Thus, the bypass system is available
for several seconds since the bypass is signaled to close at a vacuum level of

about 10 inches Hg less than the stop valve closure.

15 %0353 Results

Under this hypothetical 2 inches Hy per second vacuum decay condition, the
turbine bypass valve and main steam line isolation valve closure would follow
main turbine and feedwater turbine trips about 5 seconds after they initiate
the transient. This transient, therefore, is similar to a normal turbine trip
with bypass. The effect of main steam line isolation valve closure tends to
be minimal since the closure of main turbine stop valves and subsequently the
bypass valves have already shut off the main steam line flow. Figure 15.2-7
shows the transient expected for this event. It is assumed that the plant is
initially operating at 105 percent of NB rated steam flow conditions. Peak
neutron flux reaches 120 percent of NB rated power while average fuel surface
heat flux shows no increase. Safety/relief valves open to limit the pressure

rise, then sequentially reclose as the stored energy is dissipated.
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15.2.5.3.4 Considerations of Uncertainties

The reduction or loss of vacuum in the main turbine condenser will
sequentially trip the main and feedwater turbines and close the main steam
line isolation valves and bypass valves. While these are the major events
occurring, other resultant actions will include scram (from stop valve
closure) and bypass opening with the main turbine trip. Because the
protective actions are actuated at various levels of condenser vacuum, the
severity of the resulting transient is directly dependent upon the rate at
which the vacuum pressure 1s lost. Normal loss of vacuum due to loss of
cooling water pumps or steam jet air ejector problem produces a very slow rate
of loss of vacuum (minutes, not seconds). See Table 15.2-9. If corrective
actions by the reactor operators are not successful, then simultaneous trips
of the main and feedwater turbines, and ultimately complete isolation by
closing the bypass valves (opened with the main turbine trip) and the MSLIVs,

will occur.

A faster rate of loss of the condenser vacuum would reduce the anticipatory
action of the scram and the overall effectiveness of the bypass valves since

they would be closed more quickly.

Other uncertainties in these analyses involve protection system settings,
system capacities, and system response characteristics. In all cases, the

most conservative values are used in the analyses. For example:

a. Slowest allowable control rod scram motion is assumed.
b. Scram worth shape for all-rods-out conditions is assumed.
e, Minimum specified valve capacities are utilized for overpressure

pretection.

d. Set points of the safety/relief valves are assumed to be 1 to 2 percent

higher than the valve's nominal set point.
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15.2.5.4 Barrier Performance

Peak nuclear system pressure is 1,182 psig at the vessel bottom clearly below
the reactor coolant pressure boundary transient pressure limit of 1,375 psig.
Vessel dome pressure does not exceed 1,154 psig. A comparison of these values
to those for turbine trip with bypass failure, at high power shows the
similarities between these two transients. The prime differences are the loss
of feedwater and main steam line isolation, and the resulting low water leve!

Lrips.

13:4.3.3 Radiological Consequences

While the consequences of the events identified previously do not result in
any fuel failures, radioactivity is nevertheless discharged to the suppression
pool as a result of SRV actuation. However, the mass input, and hence
activity input, for this event is much less than those consequences identified
in Section 15.2.4.5, therefore, the radiological exposures noted in Section

15.2.4.5 for Type 2 events cover these consequences of this event.

15.2.6 LO5SS OF A-C POWER

15.2.6.1 Identification of Causes and Frequency Classification
LI Ry Identification of Causes

182081} Loss of Auxiliary Power Transformer

Causes for interruption or loss of the auxiliary power transformer can arise
from normal operation or malfunctioning of transformer protection circuitry.
These can include high transformer oil temperature, reverse or high current

operation as well as operator error which trips the trarsformer breakers.



15:%:6.1.1.2 Loss of All Grid Connections

Loss of all grid connections can result from major shifts in electrical loids,
loss of loads, lightning, storms, wind, etc., which contribwte to edectiical
grid instabilities. These instabilities will cause equipment damage if
unchecked. Protective relay schemes automatically disconnect electrical
sources and loads to mitigate damage and regain electrical grid stability.
15.2.6.1.2 Frequency Classification

13:2.0.1.2.1 Loss of Auxiliary Power Transformer

This transient disturbance is categorized as an incident of moderate

frequency.
2.2:5.1.2-2 Loss of All Grid Connections

This transient disturbance is categorized as an incident of moderate

frequency.

13.2.6.2 Sequence of Events and Systems Operation
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Sequence of Events

15.2.6.2.1:1 Loss of Auxiliary Power Transformer

Table 15.2-12 lists the sequence of events for Figure 15.2-8.

15.2.6.2.1.2 Loss of All Grid Connections

Table 15.2-13 lists the sequence of events for Figure 15.2-9.
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L W Identification of Operator Actions

The operator should maintain the reactor water level by use of the RCIC or
HPCS system, control reactor pressure by use of the relief valves and steam
condensing mode of the RHR. Verify that the turbine d-c oil pump is operating
satisfactorily to prevent turbine bearing damage. Also, he should verify

proper switching and loading of the emergency diesel generators.

The tollowing is the sequence of operator actions expected during the course

of the events when no immediate restart is assumed. The operator should:

a. Following the scram, verify all rods in.
b. Check that diesel generators start and carry the vital loads.
c. “heck that relays on the reactor protection system (RPS) drop out.

d. Check that both RCIC and HPCS start when reactor vessel level drops to

the initiation point after the relief opens.
Break vacuum before the loss of sealing steam occurs.

4" Check T-G auxiliaries during coastdown.

g. when both the reactor pressure and level are under control, secure both
HPCS and RCIC as necessary and it has been verified that initiation is not
due to a LOCA.

fn. Continue cooldown per the normal procedure.

1. Complete the scrum rep.rt and survey the maintenance requirements.
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15.2.6.2.2 Systems Operation

15.2.6.2.2:% Loss of Auxiliary Power Transformer

This event, unless otherwise stated, assumes and takes credit for normal
functioning of plant instrumentation and controls, plant protection and

reactor protection systems.

The reactor is subjected to a complex sequence of events when the plant loses
auxiliary power. Estimates of the responses of the various reactor systems
(assuming loss of the auxiliary transformer) provide the following simulation

sequence:

a. Recirculation pumps are tripped at a reference time, t=0, with normal

coastdown times.

b. Within 8 seconds, the loss of main condenser circulating water pumps
causes condenser vacuum to drop to the main turbine and feedwater turbine
trip setting, causing stop valve closure and scram when the stop valves
are less than 90 percent open, assuming 0.5 in Hg/sec vacuum decay rate.
However, scram, main turhine, and feedwater turbine tripping may occur
earlier than this time, if water level reaches the high water level (L8)

set point before 8 seconds.

c. At approximately 28 seconds, the loss of condenser vacuum is expected to

Al

reach the bypass valves closure set point and main steam '‘ne isolation

set point.
Operation ot the HPCS and RCIC system functions are not simulated in this
analysic. Their operaticn occurs at some time beyond the primary concerns of

fuel thermal margin and overpressure effects of this analysis.

15.2:.0:2.2.2 Loss of All Grid Connections



The loss of all grid connections is another feasible, although improbable, way
to lose all auxiliary power. This event would add a generator load rejection

to the above sequence at time, t=0. The load rejection immedi-tely forces the
turbine control valves closed, causes a scram and initiates recirculation pump
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