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3.0. DEVELOPMENT OF OVERCOOLING SEQUENCES FOR

H. B. PCBINSON UNIT 2 NUCLEAR POWER PLANT

3.1. Introduction

The development of overcooling sequences that potentially could result in
pressurized thermal shock (PTS) to a reactor vessel is difficult due to the
complex interactions of the many systems comprising a nuclear power plant.
The first step in the development of these sequences for H. B. Robinson
Unit 2 was the analysis of plant systems to determine possible system
operating states, including failed states, which could affect an overcool~-
ing transient. The system state trees resulting from this analysis are
presented in Section 3.2. The second step was the identification of
specific initiating events which could lead to overcooling transients, fol-
lowed by a review of the events to evaluate whether they need be comsidered
with respect to PTS. A summary of the initiators determined to be applica~

"ble to the H. B. Robinson Unit 2 PTS analysis is presented in Section 3.3.

The third step in the development of the overcooling sequences was an exam—
ination of the system operating states with respect to the initiating
events and the development of initiator-specific transient sequences in an
event tree format. In each case the event tree includes pertinent operator
actions associated with each initiator that were determined from a review

of plant operating procedures. The resulting event trees are presented in

Section 3.4,

Finally, as described in Section 3.5, the expected frequency of each event

tree transient was calculated based on data from H, B, Robinson Unit 2 and



generic failure data. The calculated frequencies and engineering judgement
were then used to group the event tree sequences to develop a final list of
sequences to be considered in subsequent thermal-hydraulics and fracture-

mechanics analyses.

3.2, System State Trees

Each of the systems discussed in Chapter 2.0 was examined to identify those
system and subsystem functions which could have a significant effect on the
temperature or pressure in the reactor vessel downcomer region, and system
state trees were then developed for the pertiment systems., The headings
and the possible branches associated with these trees are described in this
section, but for brevity the system state trees themselves are not

included.

Svstem state trees represent possible system operating states in response
to an unspecified initiating transient. Since the systems were analyzed on
a functional basis, the branching on the state trees may be more complex
than simple binary success and failure branches. This will be noted by

qualifying conditions specified for some of the branches.

Thermal-hydraulic "conditioning events” are also included on the functionmal
system state trees, These events serve a dual purpose: (1) they limit the
number of potential end states for a given system state tree that must be
considered, and (2) they permit the coupling between the various functional
system state trees (due to the thermal-hydraulic interactions). The term

"conditioning events” is used since subsequent system responses are
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considered conditional on the thermal-hydraulic parameters which typically

comprise the event description.

3.2.1. Reactor Vessel and Its Internals

The components of the first system examined comsist of the pressure vessel
and its internals, or, more specifically, the reactor core and its support
structure. Since a reactor trip is assumed to occur following any initiat-
ing transient considered in the PTS analysis, the only "action" expected of
the reactor core is that it achieve subcriticality following the trip. The
power generated by the core following the trip is a known function of time
and past operation (i.e., it is not a function of an initiating event or

the system failure), and thus no system state tree was developed for the

pressure vessel and its internals.

3.2.2., Reactor Coolant System

As described in Chapter 2.0, the function of the reactor coolant system
(RCS) is to remove heat from the reactor core and transfer it to the secon~
dary system. This primary function is sccomplished by two subfunctions:
(1) maintaining reactor coolant loop flow from the core to the steam gen~
erators and (2) controlling the reactor coolant loop pressure to maintain
the reactor coolant in a subcooled liguid state, Thus, there is a poten—
tial need for two system state trees to describe this system. [Another
subfunction, control of reactor coolant inventory, is discussed in the sub-
sequent sections on the safety inmjection system (SIS) and the chemical and

volume control system (CVCS).]
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A review of reactor coolant system components revealed that the reactor
coolant pumps (RCPs) comprise the only set of active components required to
maintain forced circulation ¢f reactor coolant. For an overcooling event
of any consequence, the RCPs are expected to be manually tripped by the
operator,® an sct that increases the potential for loop flow stagnation,
which, in turn, could lead to reduced downcomer tc-pcrntntos.# Hence,
failure to trip the pumps would improve the situation from the PTS point of
view; however, as the procedures are presently written, this would consti-
tute a failure of the operator to comply with procedures. Since cred: !
should not be taken for a failure which could reduce the severity of a
transient, the assumption was made that the RCPs would always be tripped
within 30 seconds following a safety injection actuation signal (SIAS).I

Thus, the operation of the pumps was not considered in the system state

tree.

As discussed in Section 2.3.4, the reactor coolant loop pressure is con—
trolled by the pressurizer heaters, the pressurizer spray valves, two pres-
suri:er power-operated relief valves (PZR PORVs), and three pressurizer
safety valves (PZR SVs).

The operating mode of the pressurizer heaters has little effect on cooling

sequences and was not included in the system state tree., For any overcool~-

ing event of significance, the pressurizer will drain and the heaters will
automatically turn off. This assumed proper operation of the heaters need
not be addressed in the system state tree, Even if the heaters failed to
turn off with low pressurizer level, their continued operation would not

affect the RCS pressure (although heater damage could be expected).

-

As overcoolisg event of sny significance will canse primery system coolant
contraction, resulting in the resctor coolant system pressure being
lowered to the extent that it triggers the safely injection sctuation ltl’-
sal. According to procedures, the operators are required to trip the .
when this signal s gesersted,

.lon flow stagastion s dlscussed in detail in Chapter 4 of this report.

‘Ll should be noted that the procedures u‘.bo changed in the near futare,
is change wonld cavse the pump trip to based on subgooling criterie,
This could resnit in the pemps remaining o8 during cortain secondary side
events, such as steam-line breaks, Under these conditions the amalysin

ssented in this report would appesr to be an overprediction of the risk,
‘:- enlenlations made to quantify this condition ar. discussed later in
this report,

1&%”'
P
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Restoration of pressurizer water level would permit the heaters to turn
back on and function as required. The additional effect of the heaters is
considered to be small, and, in any case, the assumption that they will

operate as designed accounts for their effect.

The piressurizer spray valve operation was also eliminated from the system
state tree, since tripping the reactor coolant pumps stops the normal spray
flow regardless of spray valve position. This leaves only the auxiliary
spray from the CVCS., Even though the auxiliary pressurizer spray can have
a significant effect on repressurization, it can be initiated only manu-
ally, which makes it an operator action that is addressed on an event-

specific basis on the event trees and not on the system state trees.

Thus, the system state tree for the RCS is limited to the comtrol of the
coolant loop pressure, which, in turn, is limited to the potential states
of the PZR PORVs and the PZR SVs. The system state tree headings and the

.potontiul branches for each heading are described in Table 3.1,
3.2.3. Main Steam System

The main steam system was described in Section 2.3 as consisting of eight
major subsystems: (1) the steam generators (SGs), (2) the main turbine
stop valves and govermor valves, (3) the steam dump valves (SDVs), (4) the
steam power-operated relief valves (STM PORVs), (5) the main steam—line
isolation valves (MSIVs), (6) the main steam-line safety valves (SSVs),

(7) the steam—line flow restrictors, and (8) the mz2in steam check valves.



Table 3.1. Description of state tree hea‘hg; and poten(iai branches for

Ebi-3.8

-

reactor coolant system pressure control*

System State
Tree Heading

Heading Description
and Discussion

Descriptions of
Conditional Branches

PRt

L T —

Max RCS pressure

< lift pressure

for PZR PORYVs.

PZR PORVs open

on demand.

Max RCS pressure

< lift pressure
for PZR SVs.

PZR SVs open
on demand.

PZR SVs close

on low pressure.

This thermal-hydraulic
parameter identifies the
need for components in
this system to function.

If the pressure < lift

set point, no components
in this system are re-
quired to change state.

If the pressure > lift

set point, some components
will be required to change
state. Thus, two branches
are required under ihis
heading.

Given that the PZR PORVs
are required to open,

the potential exists for
one or both to fail to
open. A failure for a
PZR PORYV to open could
lead to the opening of a
PZR SV, which is not iso-
latable. The number of
branches required depends
on the initial thermal-
hydraulic branching.

This thermal-hydraulic
parameter identifies the
demand for PZR SVs. The
number of branches re-
quired depends on the
initial thermal-

hydraulic branching.

Given that the PZR SVs
are required to open,
the potential exists

for one, two or all

three to fail to open.

For those branches
involving the opening of
the PZR SVs, the failure
of the valves to close

on low press.re must be
considered. The number
of branches r:quired is
determined by ‘. number
of PZR SVs t!.! opened.

The two branches required are:

(1) Pressure < PZR PORYV lift set point.
(2) Pressure > PZR PORYV lift set point.

If the RCS pressure < PZR PORV lift
set point, no branches are
required under this heading.

If the RCS pressure 2 PZR PORYV lift
set point, three branches are
required:

(1) Both PZR PORVs open.
(2) One PZR PORY fails to onen.
(3) Both PZR PORVs fail to open.

If the RCS pressure < PZR PORYV lift
set point, it will be < PZR SV

lift set point, and no branches

are required.

If the RCS pressure > PZR PORYV lift
set point, two branches are required:

(1) PZR SV demand exists.
(2) PZR SV demand does not exist.

Four branches are required:

(1) All three PZR SVs open.

(2) One PZR SV fails to open.

(3) Two PZR SVs fail to open.

(4) All three PZR SV:s fail to open.

If only one PZR SV has opened,
two branches are required:

(1) PZR SV closes.
(2) PZR SV fails to close.

If only two PZF. SVs have opened,
three branches are required:

(1) Both PZR SVs close.
12) One PZR SV fails to close.
(3) Both PZR SVs fail to close.

If all three PZR SVs have opened,
four branches are required:

(1) All three PZR SVs close.

(2) One PZR SV fails to close.

(3) Two PZR SVs fail to close.

{4) All three PZR SVs fail to close.
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Table 3.1. (Continued)

System State
Tree Heading

Heading Description
and Discussion

Descriptions of
Conditional Branches

PZR PORVs close
on demand.

Block valves
close.

For those branches

involving the opening of

the PZR PORYVs, the failure
of the valves to close on
demand must be considered.
The number of branches
required is determined

by the number of PZR PORVs
that opened.

A block valve is provided
to isolate each PZR PORY
if it fails to close auto-
matically. The number of
branches is determined by
the number of valves
demanded.

If only one PZR PORYV has opened,
two branches are required:

(1) PZR PORYV closes.
(2) PZR PORY fails to close.

If both PZR PORYVs have opened, three
branches are required:

(1) Both PZR PORYVs close.
(2) One PZR PORY fails to close.
(3) Both PZR PORVs fail to close.

If only one block valve is demanded,
two branches are required:

(1) Block valve closes.
(2) Block valve fails to close.

If both block valves are demanded,
three branches are required:

(1) Both block valves close.
(2) One block valve fails to close.
(3) Both block valves fail to ciose.

*Acronyms used in this table are. RCS = reactor coolant system, PZR PORV = pressurizer
power-operated relief valve, and PZR SV = pressurizer safety valve.
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Of h. eight subsystems, the steam generators and the flow restrictors have
passive functions and are not included on the system state tree. The sys-

tem state tree headings used to define the condition of each of the remain-
ing subsystems, together with descriptions of the possible branches for

each heading, are presented in Table 3.2.
3.2.4 Feedwater and Condensate System

In Section 2.4 of this report the seven major subsystems of the feedwater
and condensate system were identified as: (1) the condensate storage tank,
(2) the condenser, (3) the condensate pumps, (4) the feedwater heaters,

(5) the main feedwater (MFW) pumps, (6) the MFW control valves and bypass

valves, and (7) the MFW isolation valves,

The condensate storage tank, the condenser, and the feedwater heaters have
passive funciions and thus are not considered in the system state tree.
"The active functions of the condensate pumps, the MFW pumps, and the MFW
control and isolation valves provide feedwater flow in their operating
(open) condition while stopping flow in their tripped (closed) condition.
These component functions have been grouped under the heading of "main

feedwater flow isolated on demand.”

Following any reactor trip, the MFW regulating valves are required to close
and the bypass valves are opened (manually) to about 5% flow, This action
is referred to as "main feedwater runback.” The question of whether run~

back occurs must be addressed in the system state tree.
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Table 3.2. Description of state tree headings and potential

branches for the main steam system*

System State Heading Description Descriptions of
Tree Heading and Discussion Conditional Branches
Turbine stop This step identifies whether The two branches required are:
valves and the turbine trips on demand
governor Closure of the turbine stop (1) Al stop valves or governor
valves close. valves of turbine governor valves close.
valves is the function con- (2) One or more stop valvels) and one
sidered. Thus, two branches o1 more governwr valvers) fail to
are required under this close.
heading.
SDVs opea. High T,,, or high steam Six branches are required

ST™M PORVs open.

SKVs close
on demand.

ST™M FORVs
close on

SDVs close
on demand.

MSIVs close
on demand.

pressure thermal-hydrauhic
condition could cause the
SDVs 10 the coadenser 1o
open.

High T, or high sicam
pressure thermal-hydraulic
condition could result in
the steam PORVs opening.

This thermal-hydraulic
function opens the 12 SRVs
(four on each of three
lines), which lift in pairs

8t various pressures. It is
assumed that even if some
SR Vs fail 10 open, one or
more SRV(s) will eventually
open on cach line if the
steam pressure > SSV Lift
pressure.

Given that one or more pairs
of SRVs open, the question
of whether or not they close
on d d must be ex d
Since both a single valve
faiiure and multipie valve
failyres are considered to be
small steam-line breaks,

they need not be treated
ndividually

Failure of a STM PORV 10
~lose is equivalent to a
“mall steam-line break up-
stream of the MSIVs.

Failure of the SDVs 1o close
is equivalent 1o a steam-

line break downstream of the
MSIVs.

Closure of the MSIVs on
demand can isolate [ailed-
open SDVs.

(1) AN five SDVs open.

(2) One SDV (ails to open.
(3) Two SDVs fail to open.
(4) Theee SDVs fail 1o open.
(5) Four SDVs fail to open.
(6 All five SDVs fail to open.

Four branches are required:

(1) All three STM PORVs open.

(2) One STM PORY fails to open.

(3) Two STM PORVs fail to open.
(4) All three STM PORVs fail 1o open.

Only one branch s required.
(1) SRVs open.

Four branches are required’

(1) All twelve SRVs close.

(2) One or more SRV fail to close on
one line.

(3) One or more SRV fail to close on
two lines.

(4) One or more SRVs (ail to close on
ull three lines.

Four branches are required:

(1) AN three STM PORVs close.

(2) One STM PORY fails to close.

(3) Two STM PORVs fail (o close.
(4) All three STM PORVs fail to close.

Six branches are required:

(1) ANl five SDVs close.

(2) Ome SDV fails to close.
(3) Two SDVs fail to close,
(4) Three SDVs fail to close.
(5) Four SDVs fail to close.
(6) All five SDVs fail to close.

Four branches are required:

(1) All three MSIVs close.

(2) Ome MSIV fails to close.

(3) Two MSIVs fail to close.

(4) ANl three MSIVs fail 1o close.

*Acronyms used in this table are SDV = steam dump valve, STM PORV = steam power-
operated retief valve, SRY = safety relief valve, and MSIV = main steam isolation valve.

- -
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The coupling of componments on a functional basis produces the system state

tree headings and possible branches identified and explained in Table 3.3.

3.2.5 Auxiliary Feedwater System

As described in Section 2.5, the principal active components of the auxili-
ary feedwater (AFW) system are: (1) the AFW pumps, (2) the AFW control

valves, and (2) the AFW block valves.

The control signals and functions of these components are used to comstruct
the system state tree headings and branches described in Table 3.4. It
should be noted that the AFW system state tree is constructed to consider
three flow conditions to the steam generators: maximum flow, normal flow,

and no flow.

3.2,6 Safety Injection System

The safety injection (SI) system consists of three types of coolant injec—
tion processes: (1) high-pressure injection, (2) coolant injection from

the accumulators, and (3) low-pressure injection. [As noted in Chapter 2,
two low-pressure injection (LPI) pumps also serve as residual heat removal

(RHR) pumps.]

On a first evaluation it appeared that failure of any of the injection
processes would be more of an undercooling conmcern that an overcooling
problem, and, therefore, the comservative perspective would be to assume

that all components would work when required and no system state tree would
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branches for main condensate and feedwater system*

System State Heading Description Descriptions of

Tree Heading and Discussion Conditional Branches
MFW regulating Following a reactor trip, Four branches are required:
valves close, the MFW system is required

to run back to prevent a
steam genera’~r overfeed.

(1) All three MFW regulating valves close.
(2) One MFW regulating valve fails to close.
The MFW regulating valves (3) Two MFW regulating valves fail to close.
will throttle to control the (4) All three MFW regulating vaives fail to
steam generator level. In close.

addition, a reactor trip and

low T, will close the

control valves. Rather than

identify several branches to

cover the various levels of

|
|
|
|
|
|
Table 3.3. Description of state tree headings and potential

valves close) or that no run-
back occurs (i.e., valves

fail to close).
MFW pumps Upon occurrence of an SI Three branches are required:
. trip. signal or a high SG level
signal, the MFW pumps (two) (1) Both MFW pumps trip.
trip. This is a redundant (2) Only one MFW pump trips.
mechanism to prevent steam (3) Both MFW pumps fail to trip.
" generator overfeed.
MFW isolated Upon occurrence of an SI Four branches are required:
on demand. signal, the MFIVs close,
stopping all flow in the MFW (1) All three MFW lines are isolated.
lines. (2) Two MFW lines are isolated.
(3) One MFW line is isolated.
(4) No MFW lines are isolated.
SI signal The SI signal trips the MFW Two branches are required:
generated pumps, closes the MFIVs and
on demand. the MFW regulating valves, (1) SI signal is generated.

and prevents the bypass
valves from opening.

(2) SI signal is not generated.

*Acronyms used in this table are: MFW = main feedwater, SI = safety injection, SG = steam

runback possible, the
branches under this heading
bound the potential
conditions by assuming that
complete runback occurs (i.e.,
generator, and MFIV = main feedwater isolation valve.
'



Table 3.4. Description of state tree headings and potential branches
for auxiliary feedwater system*

System State
Tree Heading

Heading Description
and Discussion

Descriptions of
Conditional Branches

AFW pump
breakers open.

Two of three
SGs give low-
level signal.

One of three
SGs gives low-
level signal.

Motor-driven

This signal will start the

two motor-driven AFW pumps.
Two branches are required

to describe this system

state.

A low-level signal of < 15%
volume from any two of the
three steam generators will

start the steam-driven AFW

pump.

A low-level signal of < 15%
volume from any one of the
three steam generators will

start the motor-driven AFW

pumps.

Given that the MFW pump
breakers open or that a low-
level signal from one SG
occurs, the two motor-driven
pumps should start and deliver
water to the steam generators.
The potential for failure of
the pumps to start must be
considered.

Given that low-level signals
from two SGs occur, the steam-
driven AFW pump should start
and deliver water to the steam
generators. The potential for
failure of the pump to start
must be considered.

For those sequences in which
flow occurs, the level of flow
must be considered. The flow
is controlled at each pump,
rather than to each steam gen-
erator. Nominal flow rate and
overfeed are the only options
considered. (A low flow can
be considered as no flow and
treated with the case in which
AFW flow does not occur; i.e.,
pumps do not start.)

The two branches required are:

(1) AFW pump breakers open.

(2) AFW pump breakers fail to open.
Two brunches are required:

(1) Signals from two SGs occur.

(2) Sigoals from two SGs do not occur.
Two branches are required:

(1) Signal from one SG occurs.

(2) Signal from one SG does not occur.
Three branches are required:

(1) Both motor-driven AFW pumps start.

(2) One motor-driven AFW pump fails to start.
(3) Both motor-driven AFW pumps fail to start.

Two branches are required:

(1) Steam-driven AFW pump starts,
(2) Steam-driven AFW pump fails to start,

Two branches are required:

(1) Nominal flow occurs.
(2) Overfeed occurs.

*Acronyms used in this table are: AFW = auxiliary feedwater, and SG = steam generator.
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be necessary. However, further evaluation of an SI failure revealed two

potential overcooling factors. First, an initial SI failure with recovery
at some later time could affect the loop flow characteristics and the cool-
down rate., Second, an SI failure during a loss-of-coolant accident (LOCA)
could result in low-pressure injection and accumulator tank flow at a con-
siderably earlier time. This, coupled with a potential repressurization
from the charging pumps and thermal expansion, could have PTS consequences.
Thus, an SI failure is considered on the system state tree. Although
failure of accumulators and low-pressure injection would most likely be of
greater concern for undercooling sequences than for overcooling sequences,
failure of these functions is retained in the system state tree for com-

pleteness. This results in the tree headings described in Table 3.5.

3.2.7. Chemical and Volume Control System

Four system functions were considered for the chemical and volume control
"system (CVCS) state tree: (1) letdown isolation, (2) letdown flow control,

(3) charging flow heating, and (4) charging flow.

Letdown isolation and letdown flow control can be coupled together as one
function: letdown flow. A letdown isclation signal occurs whenever a low
pressurizer level signal is generated and thus is expected to occur for any
overcooling trensient. When letdown isolation occurs, letdown flow is
stopped. Failure of both isolation valves to close or the failure of the
signal will cause failure of letdown isolation., In this case the flow con-
trol valves must be examined to identify the flow state. A low pressurizer

level will cause the flow control valves to stop the flow. Failure of
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Table 3.5. Description of state tree headings and potential sequence
branches for the safety injection system*

System State Heading Description Descriptions of
Tree Heading and Discussion Conditional Branches
RCS pressure This is a thermal-hydraulic The two branches required are:
> HPI pump test that determines whether
discharge or not HPI can physically (1) RCS pressure > 1500 psig.
pressure of occur. Two branches are used (2) RCS pressure < 1500 psig.
1500 psig. to examine this system state.
HPI occurs For those sequences in which Two branches are required:
on demand. reactor coolant pressure <
1500 psig, the question as to (1) HPI occurs.
whether or not HPI is acti- (2) HPI fails to occur.
vated must be addressed.
RCS This is a thermal-hydraulic Two branches are required:
pressure > test that determines whether
accumulator the accumulator water can (1) RCS pressure > 600 psig.
pressure of discharge into the RCS. (2) RCS pressure < 600 psig.
600 psig.
Accumulators For those sequences in which Two branches are required:
discharge. RCS pressure < 600 psig, the
question as to whether the (1) Accumulators discharge.
accumulators will actually dis- (2) Accumulators fail to discharge.
charge must be addressed.
RCS pressure This is a thermal-hydraulic Two branches are required:
> LPI pump test that determines whether
discharge or not LPI water can enter the (1) RCS pressure > 175 psia.
pressure of RCS. (2) RCS pressure < 175 psia.
175 psia.

LPI occurs For sequences in which the RCS Two branches are required:
on demand. pressure falls below the LPI

pump discharge pressare, the (1) LPI occurs.
question as to whether or not (2) LPI fails to occur.
cooiant is injected must be

addressed.

*Acronyms used in this table are: RCS = reactor coolant system, HPI = high-
pressure injection, and LPl = low-pressure injection.




these valves to run back will result in the normal letdown flow continuing.
Anvy intermediate flow rate is considered to be small both in size and in
consequence. Thus letdown flow is not considered for system state descrip-

tion.

Heating of the charging flow is performed by the regenerative heat
exchanger. The heat source for this heat exchanger is letdown coolant
downstream of the letdown stop valves, Thus, when letdown isolation
occurs, this heat source is asutomatically lost. The regenerative heat
exchanger is a passive component in either mode and is not considered on

the system state tree.

The low pressurizer level signal which isolates letdown also causes all
operating charging pumps to accelerate to full speed. Anything less than
full flow will result in less cold water entering the primary coolant sys-—
tem and a slower repressurization rate. Thus, failure of the charging
.pu-ps to start is not considered. However, runback of the charging flow
late in the transient is very important since failure to run back would
result in higher RCS pressures. Therefore, runback of charging pump flow
must be considered. But since this was the only heading to be addressed
under the CVCS system, no system state tree was generated for the CVCS.
Instead, the following two assumptions were made which define the system

for overcooling events:
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(1) Letdown isolation will occur whenever a pressurizer low-level

signal is generated.

(2) All operating charging pumps will accelerate to full speed and
provide full flow whenever a pressurizer low-level signal is gen-

erated.

Charging flow will be automatically controlled to maintain pressurizer
level when it is recovered. Failure of this control function is addressed,

as appropriate, in the initiator-specific event trees.

3.3. Potential Initiating Events

In the preceding section a set of system state trees was identified to
describe potential system responses to overcooling event imitiators. In
this section, specific initiating events considered to have a potential for
causing significant cooling of the reactor vessel are identified and dis-

cussed.

The first step in identifying potemtial initiating events was the examina-
tion of the RCS to determine what events would reduce the temperature in
the resctor vessel downcomer region. In gemeral, the temperature in the
downcomer region can be reduced by the injection of cold water into the
vessel inlet lines; by a net removal of emergy from the RCS via the steam
generators; or by a breach in the primary system, resulting in significant
RCS depressurization [a loss—of-coolant accident (LOCA)]. The initiating

events identified as potentially leading to onme of these cooling mechanisms



fall into eight classes as follows:

(1)

(2)

(3)

(4)

(5)

(6)

(n

(8)

Events causing a decrease in the charging water enthalpy.

Events causing an excess steam flow from the steam generators,

Events causing a decrease in the feedwater enthalpy.

Events causing feedwater overfeed.

Inadvertent safety injection (SI) events.

Loss~of-coolant accidents (LOCAs).

Events consisting of pressurizer pressure control failures.

Events leading to steam generator tube ruptures.

These classes of events were examined and initiator events specific to

H. B. Robinson Unit 2 were identified as described below.

3.5.1.

Events Causing a Decrease in the Charging Flow Enthalpy

The charging flow enthalpy cam be reduced by: (1) stopping the heat source

to the regenerative heat exchanger (that is, stopping the letdown flow).

(2) increasing the charging flow in excess of the letdown flow, or (3) both
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isolating the letdown flow and actuating (manually) the three charging

pumps.

The maximum enthalpy decrease would be caused by isolation of letdown and
manual actuation of the three charging pumps, but since this event is

addressed separately in Sectiom 3.3.5, it will not be discussed here,.

With the normal charging flow of 45 gpm, a loss of the regenerative heat
exchanger would result in a decrease of 363°F or more in the charging flow
temperature.®* If it is assumed that perfect loop flow mixing (see Section
4.4) and a simple mass-energy balance exist, which is the normal assump-
tion, the ioop flow temperature would be reduced by ~1°F, This is clearly
not an overcooling event and thus loss of the heat exchanger is not con-

sidered to be an initiating event,

An increase in the charging flow from nominal to maximum would increase the
"flow rate from 45 gpu to 105 gpm. The resulting water temperature would be
at 279°F rather than at the nominal temperature of 493°F, Again, if per-

fect loop flow mixing and a simple mass—energy balance are assumed, the
loop flow temperature would drop by only ~1°F, which is mot an overcooling
event. Thus increasing the charging flow is not considered to be an ini-

tiating event,

In summary, events decreasing the charging flow enthalpy will not lead to

overcooling transients in H., B, Robinson Unit 2.

*

363°F is the normal incresse in charging flow temperature scross the
regenerative hest exchanger, Direct injection of water from unheated
tenks (e.g., Radwaste Storsge Tank) would decresse the nn.u: flow tem
perature further. For this discussion, the emergy stored in the heat
exchenger, charging piping, ete. is neglected.
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3,3.2., Events Causing an Excess Steam Flow from the Steam Generators ;’40

Events causing an abnormally high steam flow from the steam generators
result in the depressurization of the steam generator(s) and an increased
energy removal rate from the primary system. This class of potemtial ini-
tiating events includes the following: (1) a large steam—line break, (2) a
small steam-line break, (3) the STM PORVs or SDVs opening and failing to
close, and (4) onme or more main steam-line SVs opening and failing to
close. In addition, after a reactor trip has occurred, the failure of some
pieces of equipment could also result in an excess steam flow. Thus, an
additional initiating event is (5) a reactor trip followed by the opening
of the STH PORVs or SDVs as required, but with one or more of the STM PORVs

or SDVs failing to close.
3.3.2.1. Large Steam-Line Break

Potential large steam—line break events are characterized by two vari-
ables: the location of the pipe break and the core decay heat level, which
is the primary heat source following the reactor trip accompanying all

steam-line pipe breaks.

The extent and duration of the steam blowdown depend on whether the break
is upstream or downstream of the main steam check valves and the main
steam-line isolation valves (MSIVs).* Because these valves are very close t y
together, the probability of a break betweer them is considered to be small
compared to the likelihood .f a break in the remainder of the steam piping.

Thus when reference is made in this report to upstream or downstream of the

MSIV, we are actually referring to upstream or downstream of both the MSIV

and the check valve on a line.

.

A bresk apstresm of the flow restrictor could resnlt in s somewhat faster
temperature drop than would sccompany a full pipe break downstresm of

the flow restrictor. However, the poteatisl for a pipe break in this

m:l l:cnn of piping was considered to be very smeil and thus was not

analyzed,
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The check valves are downstream of the MSIVs and are intended to prevent
the backflow steam from the unbroken steam lines to a steam—line break
inside the containment. A break upstream of the MSIV, however, is not
isolatable and one steam generator will blow down completely. The MSIVs
are designed to prevent blowdown of more than one steam generator and to

isolate the steam generators from breaks downstream of the valves.
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Exapination of the pipe configuration showed that pipe welds, pipe elbows,

extraction lines, etc. were about equally distributed upstream and down- <?
stream of the MSIVs, Since these are considered to be the most probable "af\
pipe break locations, it was assumed that a pipe break was equally likely "'

to be upstream or downstream of the MSIV.®*

The core decay heat source following the reactor trip cam impact the down-

comer temperature in two ways:

(1) It can promote natural loop circulation and mixing of the SI and

loop flows,

(2) It can increase the downcomer temperature. [Whenever loop flow
exists, the reactor coolant heated in tke core will be tran~

sported to the downcomer (vessel inlet) region.] }

The magnitude of the core decay heat source over the two~hour analysis |
'petiod used in this stndy‘ was determined by applying the ANS decay heat \
curve shown in Figure 3.1.i The curve shows that immediately following a {
reactor trip, the decay heat power would be ~7% of the preshutdown power,

decreasing to ~1.2% after two hours (7200 seconds). If it is assumed that

the plant has been operating at full power (2300 MWt), then 161 MWt would
be generated as decay heat immediately following a reactor trip and ~19 MWt
would be generated two hours after the trip (7200 seconds). Rased on a
review of the operaticg history of H. B. Robinson Unit 2 during 1980, 1981,

and 1982, this decay heat production would apply to 98.1% of the opera-

.

It should be soted that the grade of piping used spstream of the MSIVe
would imply & lower failure poteatisl thes thet wsed downstream of the
MS1IVs. ver, simce the stesm-lise pipe fallure mechanisms are pot
fully snderstood, the ef fect of the different grades of piping con not be
realistically gquantified. Therefore, the same follore probability is used
for both upstream and downstream of the NSIVs.

. oool‘-t- period Ls defined as two hours for ressons discussed in
apter 4,

IThe curve shown in Figare 3.1 sgsmmes infinite core operation time prior
(o shutdown. The affect of using this cUrve rAther than an operation”
specific enrsv. 18 included in the uncertainty of the temperature s
spplied in Chapter 7.
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Figure 3.1. Thermal power after reactor shutdown.
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tionmal time of the plant (i.e., 98.1% of the time excluding cold shutdown) .
' Thus this condition was deemed one for which the effects of a large

. steam-line break should be considered.

For the remaining 1.9% of its operational time, H. B. Pobinson Unit 2 is in

a hot 0% power or startup condition. Decay heat associated with a hot 0%

power condition depends upon the length of time since the previous reactor "
shutdown.® A review of the plant’s history revealed that in most cases

(~80% of the time) plant startups occur within four days (~100 hours) after

a reactor trip has occurred. Figure 3.1 shows that at 100 hours the decay

heat production would be ~§ 3 MWt over a two-hour transient pctiod.a This

was considered to be a second decay heat condition for which the effects of

a large steam-line break should be comsidered.

Finally, there are scheduled outages and lajor'lacidontl for which the time
between shutdown and startup would be as much as 100 days or more. The
.doc-y heat for this condition would be less than 1 MWt. Rather than per—
form an analysis for a third decay heat condition, it was decided to exam~
ine the sensitivity of the downcomer temperature to changes in decay heat
for the hot 0% power decay heat condition at 100 hours after shutdown. The
effects of potentially lower decay heat events would then be reflected as

part of the uncertainty.

On the basis of the above, two large jsteam~1line break initiating »

events were selected for examination for their potential importance:

B

Since B, B, Robinson Unit 2 is slready in operation and sisce full core f
replacement is oxtremely snvsoal, the initial startep with & full fresh

foel core s not considered,

.ll is sssumed that the plant was operating at full power prior to the
resctor trip or shutdows,
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¢ A large steam-lire break at full power with decay heat pro-

duction followed during the two-hour analysis period.

¢ A large steam~line break at hot 0% power with the decay heat
production based on the heat genmerated approximately 100 hours

after shutdown.
3.3.2.2. Smsll Steam-Line Break
As for the case of a large steam-line break, potential small

steam-line break events resulting in excess steam flow are characterized by

two variables: the location of the break and the core decay heat level.

Many of the same considerations for the large break also apply to the
small break.
The most probable small break locations are in the small steam extrac~

"tion lines that come off of the main steam lines. At H, B, Robinson
Unit 2, almost all of the steam extraction lines are in the 4~ to 6-inch
range. The lines to the STM PORVs are 6 inches, as are those for the 12
SRVs. Breaks upstream and downstream of the MSIVs are assumed to be

equally likely.

For the same reasons discussed above for the large break, two decay
heat levels are important for small breaks. Thus the small
steam-line break initiating events to be examined also fall in two

categories:



¢ A small steam-line break at full power with decay heat pro-

duction followed during the two—hour amalysis period.

¢ A small steam-line break at hot 0% power with the decay heat
production based on the heat generated approximately 100 hours

after shutdown,
3.3.2.3. Failed-Open STM PORVs or SDVs

ST PORVs and SDVs which open and fail to close are equivalent to small
steam-line breaks. Since their locations are already known, only the

decay heat level must be determined. For these events, the two decay heat
levels defined above were again assumed, that is, the decay heat level fol-

lowing full-power operation and at hot 0% power.

If during operation the reactor is tripped, the turbine is also tripped,
"and this causes the SDVs and, possibly, the STM PORVs to automatically open
for a brief period of time. Failure of one or more of these valves to sub~
sequently close has the same effect as a valve or valves spuriously oper'ng
at power, since the reactor is expected to trip soonm after the valves
open.* Thus those events involving STM PORVs or SDVs which spuriously open
and in which a reactor trip occurs have been grouped together with STM PORV
and SDV failures to close following a reactor trip. Thes: events are dis-

cussed in Section 3.3.2.5 below.

At hot 0% power, there is no requirement for the STM PORVs to operate (to

open). However, they will open periodically to control pressure and

B
The renctor trip may be either an antomatic trip or & mansal trip. For
single STM PORV spurions openings, the resctor trip may sot oeeur.
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potentially could fail open. This event was treated as a small steam-

line break initiator and was not analyzed separately.

3.3.2.4., Main Steam-Line Safety Valves Open and Fail to Close

A steam-line safety valve (SSV) that fails to close cannot be isolated.
Thus, SSV failures of this type will behave the same as the small
steam-line breaks upstream of the MSIV discussed in Section 3.3.2.2., As a
result, SSV failures of this type were grouped into the small steam-
line break category and were not examined separately. (Note: If multiple
breaks occur, they may be grouped into the large steam-line break

category.)

3.3.2.5. Reactor Trip

Although as noted in Section 3.3.2.3, a reactor trip is not an overcooling
'initllting event by itself, a reactor trip causes a turbime trip, which, in
turn causes the SDVs to open and may possibly cause the STM PORVs also to

open, Failure of the valves to close would result in excess steam flow.

Thus, an additional potential initiating event selected for examination is:

¢ A reactor trip from full power.

Failure of the main turbine to trip following a reactor trip (open path to

the condenser) is a special case of the reactor-trip-induced excess steam
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flow event. Owing to functional similarity of this event to a large
steam-line break occurring downstream of the MSIV at full power, the tur-
bine trip failure was grouped with the large steam—line pipe break cases

and was not examined separately.
3.3.3. Events Causing a Decrease in the Feedwater Enthalpy

Two initiating events can cause a decrease in the feedwater enthalpy:
(1) a loss of feedwater heaters, and (2) the initiation of auxiliary feed-

water flow to the steam generators.

A loss of feedwater heaters does not appear to result in an overcooling
event, since sufficient emergy is stored in the feedwater heaters and pip-
ing to prevent a rapid decrease in main feedwater temperature following a
resctor trip. This is exemplified by the fact chat the steam supply to the
feedwater heaters is isolated following every turbine trip and the result-
ing feedwater temperature change observed is small. Thus, the loss of
feedwater heaters is not considered to be an important initiating event.
However, the effects of the loss of steam supply to the feedwater heaters
which accompany other overcooling imitiator events will be considered along

with those initiator events.

Similarly, the effects of suxilinry feedwater flow will be minimal. While
the auxiliary feedwater temperature is lower than the main feedwater tem-
perature and thus feedwater enthalpy will decrease whenever auxiliary feed~
water flow is initiated, the auxiliary feedwater flow is small with respect

to main feedwater flow or steam generator (liquid) volume. The effects of
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auxiliary feedwater flow on the coolant temperature become more important
when main fecdwater flow is lcst and auxiliary feedwater flow is actuated.

Thus, another specific potemtial initiating evert to be comsidered is:

¢ Loss of maia feedwater flow.

3,3.4., Events Causing Feedwater Overfeed

Two types of feedwater overfeed events are of interest as potential over—
cooling initiating events: (1) main feedwater overfeed, and (2) auxiliary

feedwater overfeed.

A main feedwater overfeed is not considered a significant overcooling event
prior to a reactor trip; thus, only those main feedwater overfeed events
that follow a reactor trip need be comsidered. This type of event can be

" characterized by an overfeed resulting from a failure of the feedwater sys-
tem to run back following a reactor trip, The initiating event is a reac~
tor trip and the failure associated with the initiating event is a failure

of feedwater to run back on one or more lines.

The relatively low temperature of the suxiliary feedwater makes an overfeed
of suxiliary feedwater potentially significant even though the maximum flow
rate is small compared to the main feedwater flow rate. Spurious auxiliary
feedwater actuation is not considered as an initiating event. With a
spurious actuation, the high main feedwater flow rate with its relatively

high temperature and the large volume of water in the steam generator would
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minimize ‘e overcooling effects. Only those auxiliary feedwater overfeeds

following a required actuation of auxiliary feedwater (isolation of main
feedwater) will be considered.®* In these cases, the steam genmerator level
will be low and the overfeed will have the potential to cause & higher

cooldown rate.

The auxiliary feedwater overfeed condition can be reached only if some ini-
tiating event which leads to suxiliary feedwater actuation has occurred.
The sppropriste initiating events are a reactor trip and large and
small steam-1line breaks, which in themselves are overcooling events

but which also result in auxiliary feedwater actuation.

3.3.5. Inadvertent Safety Injection (SI) Events

With a maximum high-pressure safety injection (HPI) pump discharge pressure
of 1500 psia, an inadvertent safety injection (SI) actuation will not
,result in SI flow while the RCS is pressurized. The spurious signal will
cause a reactor trip and consequential reduction in pressurizer level. W
response to the reduced pressurizer level, the charging pump speed
increases and the letdown line is isolated. The resulting pressure is
expected to remain above the HPI flow pressure and thus the event will not
result in a significant decrease in the reactor coolant temperature (see
Section 3.3.1). Therefore, the inadvertent SI signal is not considered an

overcooling initiator. 1

.'nn is also the most probable occurrence of an sunilinry fesdwater
overfeed,
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3.3.6. Loss-of-Coolant Accidents (LOCAs)

The categories of potential loss-of-coolant accidents (LOCAs) which lead to
overcooling are the most difficult to define due to the potential for
repressurization and the importance of loop flow stagnation. A review of

potential LOCA sizes was therefore considered in defining LOCA categories.

The first category was composed of those breaks for which HPI could fully

compensate and thus the pressure would stabilize at some level slightly

|

below the HPI shutoff head. In terms of size, this corresponds with breaks
that are less than ~0,016 ft°, It should be noted that single PZR PORV or
SRV failures and reactor coolant pump seal fallures® are also included in

this category of "small-break LOCAs."”

The second category of LOCA sizes includes those for which HPI can not keep
up with the flow out the break but for which the pressure decrease is gra-
, dual owing to a partial compensation from the HPI flow, TIdentified as

"medium-break LOCAs,"” these break sizes run from ~g 016 gg’ to ~0.08 {'z..

the most probable size appearing to be a break of one of the many 2~inch
lines which come off of the primary piping.* This corresponds to a break
size of 9,02 !tz. However, based on analyses performed by Westinghouse,
it appea.ed that a 2.5-inch break would result in early loop flow stagna~

tion, Since this condition was considered to be potentially important, the

.n‘ lo"aﬂ brosk flows obsarved for pmmp sesl fallures have basn showt
al/min or ~160,000 In/kr. Thes the pamp seal fallures wonld be in
the first LOCA category.

"the 000047 Limie was shose 1o 19 (olloning sanasr. Prem o review of
geaeric parametri. studies o o At e felt that o flow ont the bresk
squivalent to twice the UPL flow would substantinlly reduce the sk
owing to the repid muuo nluun’ For sonservation, Srasks as large
A% thees times the flow, ~0.08 11", wore inclnded in this second

eategory.
‘ll ars Ghat breaks in this small ur range will seenr wost often &
small-line broaks o sxtraction or supply Lines rather than 4% & wmall

hole forming tn ¢ lange pipe.
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break size was also considered in the analysis of this group.*

The third category of LOCA sizes includes all breaks larger than 0.05 Itz,
Without isolation of the break, & rapid depressurization will severely

limit the potential for a vessel failure. Thus the only concern for breaks

of this size is whether or not there is a break larger than 0.0§ 2 which

at some later time cam be isolated. A review of the H. B, Robinson Unit 2
system reveale” several 4- and 12-inch lines, but no potential break loca~
tions that could be isolated were identified. Thus no LOCAs in this size w

category were considered as PTS imitiators,
In summary, it was determined that two LOCA sizes should be considered as
initiating events, and, as is the case for steam~line breaks, they each
must be considered for two power conditions. Thus, four LOCA initiating
events must be addressed as follows:

¢ Small-break LOCA at full power,

¢ Medium-break LOCA at full power,

¢ Small-break LOCA at hot 0% power.

¢ Medium-break LOCA at hot 0% power.

-
A dinenseed 1o Chaptor 4, thormal bydeanlie analpsin of this svent 4id
produce relstively sold ¢ ratares. er. the assompany | un:uo
wAe A0 low that provability of the goneretion of o throsgh-the-wall
Sraek in the prosancs vesssl wan very smell, Theare was some coneern that
the J-ineh bronk might alvo produce relatively eold ¢ Fatnres, bal st g
somawhat Righor prosanes.  As o reanlt, Tate 0 the anslpnis two addi-
tionel LOCA oanuuuo were porformed, sach of ohioh insorporated the 1
ineh broak. apnniion was prodicted with somewhat higher prevsnrs,

ru. ERE PEARANES (BEraass wab not Nt: te num‘ﬁunuo the

Shlure probabilition sasociated with the medinm-bresh '

.lonnl of Qor Lines oo be denlated. Mewaver, the Laolation valves are
wpatranm of multiple ohook walves,
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3.3.7. FEvents Consisting of Pressurizer Pressure Control Failures

The PZR PORV control signal failures and PZR SV failures have already been
identified. An additional pressure control failure of interest could be
the spurious actuation of the pressurizer sprays, which would decrease the
pressure and could eventually result in SI actuation and the tripping of
the reactor coolant pumps. A loss of pressurizer spray flow would follow
and the depressurization would be terminated. Thus, even though safety
injection actuation occurred, the actual SI flow would not be significant,

As & result, this is not considered a potential PTS event initiator,

3.3.8. Events Leading to Steam Generator Tube Rupture

A rupture of a steam generator tube has many of the characteristics of a
small-break LOCA that camnnot be isolated., With normal operator action, or
even without operator action, the effects of the rupture appear to be less
severe than those of the LOCAs that were analyzed and the consequences
associated with & steam generator tube rupture should be bounded by LOCA

,sequences, Nevertheless it was decided to address this event specifically
and the following was included as a potential initiating event to be

analyzed:

¢ A steam generator tube rupture.

3.3.9. Summary

In the preceding sections, 11 potential initiating events for overcooling

have been identified:
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(1) A large steam-1line break at hot 0% power.
(2) A small steam~line break at hot 0% power. /?)
4
¢
(3) A large steam-line break at full power.
(4) A small steam-line break at full power,

(5) A reactor trip from full power.

(6) Loss of main feedwater.

(7) A small-break LOCA at full power.

(8) A medium~break LOCA at full power.

(9) A small-break LOCA at hot 0% power.

(10) A medium~break LOCA at hot 0% power.

(11) Steam generator tube rupture.

3.4, lnitiator-Specific Event Ixees

Event trees have been develope” for each of the initiating events identi-
fied in Section 3.3, This development involved the identification of

applicable system functional conditions and potential operator sctions,

The system state trees desoribed in Section 3.2 were used to identify those
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systems or components that are required to function and whose failure will
have a potentially adverse effect on overcooling tramsients., It should be
noted, as discussed earlier, that since these trees are developed on a
functional basis, the branching on the trees associated with system or com-
ponent actions may be more cor nlex than binary success and failure

branches.

Operator actions were identified from a review of procedures associated
with each specific initiating event., These operator actions were grouped

into two categories:*®

(1) Actions involving recovery of a failed system fumction. (Exam~

ple: SI signal fails and the operator manually starts HPI injec~

tion,)

(2) Actions required by procedure following identification of an ini-
tiating event. (Example: Operator isolates AFW from the low-

pressure SG following a steam-line break.)

Category 1 actions were examined on the basis of the time available for
recovery and the effects of recovery. The results of tlhis analysis were
then used to adjust branch piobabilities. For example, if a PZR PORV
failure was isolated before SI actuation, the event would be very similar

to a resctor trip event and would be created as such.

Category 2 actions were treated directly on the event tree. These operator

.
It shonld b .’uo. . nguc in Chapter 1, that operator sctions whieh
are not part of the normal procedures but which conld either lead to or
add 1o the nnoull-lz effests are not addressad by this study, Tt i
unrno‘ that by fng this decision one catogory of potential over
sooling events, L. o., those which are operator initinted or operstor
anhanced, have boen ol iminnted,
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actions were defined as being performed during some time frame following

the procedural cues to perform the action.

3.4.1, Steam-Line Break at Hot 0% Power

Although the fregquencies of the small - and large steam—~line break
events at hot 0% power are different, the event tree structures as shown ir

Figure 3.2 are the same,

The first heading of the event tree is "SI signal generated on demand, " the
direct "demand” being an initiating event that is either high steam-ljne
differential pressure or high steam flow coincident with either low steam

pressure or low T.v.. The high steam flow signal will close the MSIVs,

while the high differential pressure signal will not, If the steam—line
break is ups.zeam of the MSIVs, the only function of the MSIVs is to iso-
late the break from the other steam lines, It is more likely, however,
that the check valve on the ruptured steam line will perform this function.
It should be noted that neither an STM PORV failure nor anm SDV failure was
considered for this initiating event. With the low steam—line pressures

accompanying the event, these valves would not be required to function.

The next heading on the event tree, "MFW isolated on demand, " comes from
the main feedwater and condensate syst 'm state tree and is concerned with
stopping the main feedwater flow. Among other things, the SI signal will
send a signal to trip the main feedwater pumps, rum back the MFW control

valves,® close the MFW pump discharge valves, and prevent the MFW bypass

It should be noted that for hot 0N pover conditions, the feedwater renback

Y



Figure 3.2. Event tree headings for steam-line breaks at hot 0% power.
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valves from opening. A second important signal is high water level in any
steam generator, which will do all of the above except close the MFW pump

discharge valves. The final signal is reactor trip coincident with low

T.v,. which only closes the MFW control valves.

The next heading, "SGs blow down,"” addresses the action of the main steam
check valve on the ruptured line and the possible closing of the MSIVs.
This branch considers whether an MSIV closure signal would be generated
owing to the break and whether the MSIVs would close if the signal is
given. The net system response to the break and MSIV closures is presented

in terms of the number of steam generators "blowing down."”

The next three headings are associated with defining auxiliary feedwater
flow conditions. The first, "AFW actuates on demand,"” defines whether the
auxiliary feedwater system is initiated. Once initiated, two potentijal
conditions are considered under the heading "AFW flow automatically con~
“trolled”: (1) flow controlled at & nominal flow rate or (2) & failure to
automatically control, resulting iu abnormally high flow rates (overfeed).
The third heading, "AFW isolated to low-pressure SG, " identifies whether
suxiliary feedwater flow is isolated from the depressurized steam genera™
tor. It should be noted that this requires an operator action and is very

important in minimizing the RCS overcooling.

The next branching, "HPI occurs on demand,” addresses the initiation of SI

flow as a result of an SI signal or an operator action.

Under the next heading, "Charging flow runs back on demand,” control of



repressurization via charging pump flow runback is addressed. Charging

flow is run back automatically when the pressurizer water level is
restored. Failure to run back automatically would result in challenging
the PZR PORVs. Because the charging flow is controlled on pressurizer
level rather than om pressure, it is conceivable that overpressurization
could occur with resultant opening of the PZR PORVs. At this point, the
operator can shut off the charging flow and monitor the repressurization
caused by the thermal expansion of the primary system water, but because

this sequence is extremely unlikely, no operator action was considered.

The second operator action of importance, included under the heading "AFW
throttled, ” is controlling auxiliary feedwater to maintain the steam gen~
erator level. Once the broken steam line is isolated, the initial cooldown
will be limited to the blowdown of the steam generator inventory. When
steam generator dryout occurs, the cooldown will then be dominated by the
conditions in the intact steam genmerators and steam limes. If the operator
'-nnnally controls the auxiliary feedwater flow to maintain level, the pri-
mary system temperature will begin to increase. If, on the other hand,
flow is not controlled, auxiliary feedwater overfeed will occur, which

could further reduce the primary system temperature.

The two operator actions, suxiliary feedwater isolation to a depressurized
steam generator and auxiliary feedwater throttling, are related. This cou~
pling between the two actions is addressed in the event trees. If the

operator fails to isolate the AFW when required, it is assumed that he will

also fail to control the AFW flow,
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The final tree heading, "PZR PORV reseats on demand,” is required becsuse

if the repressurization is not controlled (charging flow does not runm

back), the high pressure is assumed to lead to a PORV 1ift. Thus, the

potential for a PORV failure to close must be examined. This failure to

close includes mechanical failures to close and the failure of the operator !

to block the PORVs in a short period of time.®
3.4.2. Steam-Line Break at %ull Power 7

As shown in Figure 3.3, the event *ree headings for the steam-line break at
full power are the same as those for hot 0% power except that one branch
hay been added for the full-power steam~line break and ome has been modi~
fied. The additional branch comes from the main steam system state tree
and addresses the potential for a SDV failure to close following & small

break in which & momentary T _  jncrease occurs. The SDVs are not gon~

sidered to be of importance for large breaks because no increase in T.'.

will occur prior to MSIV closure.

The modified branch deals with the feedwater system runback and is taken
from the main feedwater system state tree, (Runback was not considered for
the hot 0% power case, because the valves are already closed.) All four

potential branches as identified in Table 3.3 are considered as potential

states.

The STM PORVs are not expected to open during the initial phases of either
" lot.o"or small steam~line break. Following break isolation and

steam generator blowdown (Af applicable), T.'. may ineresse to the normal

Cime for sarly isolation wae asommed 10 be  f minutes. If the PER
A8 hanlated wiahin thie time, the tharmal hydeonlio snalpsis shows
Chat the Fiok sanoniated with the initinl stenmcline brask will set be
Incranned. Hsu. fatlore 40 funlate for o fow minutes may sotoally
decrense the FAoh annncinted with the initial stoam-line bresk sines
::o Anitial offeoet of the PZR PORY failare will be & subatantinl teduetion
prescere,
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hot 0% power level unless plant cooldown is initiated. In this case, the
STM PORVs will be required to modulate to remove decay heat, STM PORY

failures in this situation have not been considered.
3.4.3. Reactor Trip

The event tree for a reactor trip initiator has the same basic structure as
the event tree for 4 steam-line break at full power (see Figure 3.3); how
ever, since there is no initial steam-line break, the closure of the STM

PORVs, in addition to the SDVs, must be considered.

In addition, whereas MFW runback and isolation are combined in & single
heading in Figure 3.3, they are treated as separate branchings in the event
tree for & reactor trip because the isolation signal will not necessarily
occur, Also, many of the implicit branchings used for the steam~line breask
will be used only in conjunction with additional failures. For example,
"the MSIVs will not be commanded to close following & resctor trip unless
there is an additional failure, such as SDVs failing te reseat, which may

eventually require closure of the MSIVs.
3.4.4, BSeall~Bresk LOCA at Full Power

Since any overcooling event of significance will involve a reactor trip, It
is sssumed that a LOCA event will be followed by » resctor trip. In this
ense, the renctor trip event tree headings apply for the LOCA event tree
with approprinte additions as shown in Figure 3.4, The additions are:

turbine trip, scoumulator discharge and low-pressure injection, PZR PORY

Y‘\



Figure 3.4 Event tree headings for small-break LOCAs at full power.
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reseat and LOCA isolation. In addition, main feedwater runback and main

feedwater isolation have been combined into a single branch.

An SI failure condition was considered for the LOCA event tree. However,
this condition can be considered as an overcooling situation only if loop

flow stagnation and subsequent recovery of SI flow occur,

3.4.5, Medium-Break LOCAs at Full Power

The event tree for a medium-break LOCA at full power is identical to that
for the small-break LOCA at full power except that the branches " Break not
isolated” (No. 12) and "Charging flow runs back on demand” (No. 13) are
deleted. RBRecause the break cannot be isolated, control of charging flow is

irrelevant,

3.4.6, Seall-Break LOCA at Hot 0% Power

The event tree for a small-break LOCA at hot 0% power was constructed from
the event tree for a small-break LOCA at full power by deleting the head~
ings "Turbine trips on demand” (No. 1), "STM PORVs close on demand”

(No. 2), "SDVs close on demand” (No. 3), "S8Gs blow down"” (No. 7), and "AFW
isolated to low-presure S5G" (No. 10), In addition heading No 5 should be
modified to read "MFW isolated on demand.” (MFW runback does not apply at

hot 0% power, but MFW jsolation is considered.)
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3.4.7. Medium-Break LOCA at Hot 0% Power

The event tree for a medium—break LOCA at hot 0% power was obtained by
deleting two branches from the tree for a small-break LOCA at hot 0% power:
"Break not isolated” and "Charging flow runs back on demand” (Nos. 12 and

14 in Figure 3.4). The resulting event tree headings are summarijzed in the

Section 3.5,




3.4.8,

Tube Rupture
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The tube rupture event tree was developed based on a review of tube rupture

procedures. It is composed of five branches:

(1)

(2)

(3)

(4)

Steam Dumps Close on Demand - This branch is required to examine
the potential combination of a tube rupture and a small-pipe

steam—line break.

OA: Number of Pressurizer PORV Lifts Performed - The Emergency
Operating Procedures require the operator to use the pressurizer
PORV to lower the primary system pressure, This adds an addi-
tional cooling effect to the system. The question arises as to
whether the initial PORV 1ift is enmough to keep the pressure at a
lower level. There is at least some argument that a second
manual opening of the PORV would be performed at some delayed
time following the initial opeming. This branch identifies

whether one or two PORV openings are performed.

PORV Reseat - Each time a PORV is opened, the potentiai for
failure of the PORV to close must be examined. This branch

determines whether closure is effected.

Oa: Close Block Valve - Each time a PORV fails to close. the
potential for operator isolation of the valve via the block valve

must be examined. This branch determines whether the operator
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T

(5) OA: Terminate SI - This final branch addresses whether or not

performs the action.

the operator terminates SI. Failure to terminate SI will lead to
a continuous feed and bleed situation where HPI feeds cold water
into the system and warmer water flows from the primary to the

secondary system,

3.4.9. Loss of Main Feedwater

The loss of main feedwater cvent was also considered to be a potential
overcooling initiating event because auxiliary feedwater flow will occur.
The effects of auxiliary flow and potential overfeed associated with other
evenis such as steam—line breaks, LOCAs, etc. are addressed by the event
trees defined in the previous sections. However, the loss ¢ main feedwa—
ter followed by auxiliary feedwater flow and potential auxil:ary feedwater
‘overfeed has not been addressed. Since there are only a 1iusited : amber of
these cases, no event tree was developed for the case of main fe-dwater

loss, Iunstead, each sequence is simply defined and quantified.
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3.5. Event Tree Quantification and Collapse

In this section probabilities are assigned to each of the branches of the
event trees identified in Section 3.4 aud the probabilities are then com—
bined with the frequencies of the corresponding initiating events identi-
fied in Section 3.3 to determine the frequency of each possible sequence om
each event tree. The resulting frequencies are then screened and collapsed
to determine which event tree sequences are important enough to undergo
subsequent thermal-hydraulic and fracture-mechanics analyses. In addition,
the importance of support system failures with respect to PTS events are
examined and sequences initiated by such failures are selected for further

analysis.

Tn determining the branch probabilities, the complete Licensee Event Report
(LER) data base for H. B. Robinson Unit 2 was reviewed for initiating
events and system failures, as well as for a general overview of the per—
formance of plant systems of interest. Although the H, B, Pobinson data
base did reflect some feilures and unavailability of components, it did not
reflect a significant number of failures on demand for the systems of
interest. Therefore, in lieu of relying solely on H. B, Robinson informa—
tion, Westinghouse-specific and PWR-specific operational information was
employed for the target event when available and when tlhe H, B. Pobinson
operational experience did not provide an adequate data base for that
event. Additional information was obtained from the national Reliability
Evaluation Program Generic Data Base, the Nuclear Power Plant Operating
Experience Summaries, and, when practical, from other sources. With the

constraints imposed by programmatic needs and the availability of
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operational data, only simplified approaches to frequency and probability
estimation were permitted, but these estimates were considered to be
acceptable for use as screening estimates. The estimates developed, the

rationale used, relevant information, and information sources are presented

in Appendix B,

A somewhat simplified approach was used to quantify the failure rates for
expected operator actions, The basis for this approach was a hierarchical
structure of performance shaping factors that was developed as part of the
current program and has since been labeled the STAHR approach®* (sce
Appendix C). The structure used in the STAHR approach allowed the human
error rate for a particular target event to be calculated from a network o{
related assessments by individuals who had some operational experience or
had been involved in human reliability analyses onm nuclear power plant
transient analyses. Some error rates were conditional probabilities, while
others reflected the weight of evidence concerning influences operating at
this particular nuclear power station. Generally, influencing events were
organized to reflect the potential effects of the operator’s physical and
social environment, as well as personal factors. Interactions among these
factors were also modeled. Once operator failure rates were quantified,
dependence or coupling factors taken from NUREG/CR-1278 were used to adjust
the operator action failure probabilities. These final probabilities were
then applied to the event tree branchings as necessary. The development of

these probabilities is discussed in Appendix D.

After the frequencies for all the sequences for each initiating event were

obtained, a frequency of 10'7/yr or greater was used as a screening

.
This type of metbodology was msed due to a lack of resources. including
the lack of task analysis information. Although the approsch appears to
have been successful for this application, the use of (his methodology
cannot be .condoned Lpr @ more gemeric usage at this time, Even though the
basic structure of the approsch has merit, a more brsic scientific
snalysis is pecessary to perfect s usable methodolopy.

V
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criterion to identify those sequences which should undergo thermal-
hydraulic and fracture-mechanics analyses on an individual basis. The
remaining sequences were combined into a set of "residual’ groups. These
groups were then further examined to identify sequences that were similar
enough to sequences above the 1077 screening level that their consequences
were bounded by the respective higher frequency sequences. Sequences fal-
ling into this category were removed from the residual group and their fre-
quencies added in with those of the appropriate bounding sequences. The
residual groups were also examined for additional sequences that should be
specifically evaluated because the combination of their frequency and
potential consequences identified them as being potentially important,

These were removed from the residual group and treated separately.

The basis for bounding residual consequences by other existing sequences is
tied to thermal-hydraulic and system state considerations. JIn genmeral,
sequences were bounded under the following conditions. Sequences which
involved the failure of the AFW to actuate and with no subsequent recovery
were considered bounded by sequences involving successful operation of AFW,
Sequences involving failure of the SI signal to generate were comsidered
bounded by failure of the HPI to occur on demand, since HPI would not occur
without an SI signal., For LOCA initiators at power, sl]l sequences involy—
ing failure of the SI signal or HPI were grouped with the top sequence
involving failure of HPI to occur on demand, regardless of the events
occurring on the secondary side, since the RCS could not be repressurized
without HPI. For steam—line break initiators, sequences with HPI failure
were considered of less consequence from a repressurization and overcooling

standpoint than their counterpart sequences with HPI success and were

- . .
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therefore bounded. Likewise, failure of LPI is of less consequence to PTS
than successful LPI. On the reactor trip tree, sequences with MFW isola~-
tion failure but with runback success were considered to be similar to
sequences with AFW overfeed. Likewise, sequences with SI signal failure
were considered to be similar to AFW overfeed sequences because MFW isola-
tion would not occur immediately without an SI signal, AFW overfeed
sequences were also considered to be similar to sequences with one MFW line

failing to run back.

For each event tree discussed below, three items are presented: a table
summarizing the branch headings and describing the branch probabilities
used; the event tree; and a table describing the sequences identified for
thermal-hydraulic and fracture-mechanics analyses. Sequence numbers and
associated sequences provided in the tables are consistent with those
included in the INEL analysis® and not necessarily consistent with the
order of presentation of the tables. Sequences that have been combined
with other sequences are indicated on the far right side of the event

trees.

It will be noted that event trees per se are not included for tube rupture
events or loss-of-feedwater (LOFW) events. However, potentijally important
sequences for these events are identified and quantified. In addition, as
noted earlier, sequences from the support system failures that vere identi-

fied as potential PTS sequence initiators are quantified.

.C. D, Fletcher, et al. Thermal Hydraulic Asalysis of Onuoolnk Sequences
for the N, B, Robinsos Unit 2 Pressurized Thermal Shock Study (Draft),
Idaho National Engineering Laboratory, August 1984,
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3.5.1. Reactor Trip U

The frequency for a reactor trip as an initiating event is 8.7/yr (see
development of initiating frequencies in Appendix B). This frequency combined
with the branch tree probabilities given in Table 3.6 resulted in a total

of 9773 sequences. Of this number, 112 had a frequency of 10'7/yr or

higher. The remaining 9661 residual sequences had a combined frequency of
3.63 x 10"/yr. The 112 sequences and the residual sequences are all shown

in Figure 3.5. {'

The 112 sequences with a frequency of 1077 or higher were investigated to
determine whether selected sequences could be combined. Where it was found
that the thermal-hydraulic RCS response of a sequence was similiar to and
bounded by that of another, the sequences were combined. The frequency of
the bounding sequence was calculated as the sum of the constituent
sequences. This process reduced the aumber of specific reactor trip

sequences from 112 to 95.

At about this time it was realized that a very important operator actionm
was missing from the analysis. It had initially been assumed that when
SDVs failed, the MSIVs would automatically close, thereby isolating the SDV
failures (except, of course, in the case where the MSIVs malfunction and
fail to close). Eowever, the initial thermal-hydraulic analysis revealed
that conditions necessary for automatic MSIV closure would not exist.

Thus, as stated in the procedures, the operator would be required to close
the MSIVs. Some delay is anticipated since it was felt that once diagnosed
there would be some attempt at closing the SDVs manually before isolating
the system by closing the MSIVs. Thus the time of closure was chosen to be

30 minutes after reactor trip. This led to two sequences for each case
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Table 3.6. Branch probabilities for a reactor trip*
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Tree Heading Branch Branch Probability
STM PORVs close (1) All three STM PORYs close. 097981 i
on demand (2) One STM PORY fails io close. 18 x lo_’

(3) Two STM POR Vs fail 10 close. 1.7 X 10
(4) Al three STM PORVs fail to -t
close 49 X 10
SDVs close on (1) All five SDVs close. 099768 L
demand. (2) One SDV fails to close. 16 x IO_‘
(3) Two SDVs fail to close. o x 10
(4) Theee or more SDVs fail to o
close. 42 x10
- - [ A
MFW runs back (1) All three lines run back » 09999940
(2) One line fails to run back. $3x 10”3
(3) Two lines fail 1o run back ? 50 X 10
(4) All three IPCS fail to -
run back. 14> 10
SI signal gene- (1) SI signal is generated 099997 5
rated on demand. (2) SI signal is not generated IX 10
MFW isolated If all lines run back,
on demand (1) no line overfeeds. 10
If one line fails to run back,
(1) No line overfeeds. 099 £
(2) One line overfeeds 1 X110
I two lines fail 10 run back,
(1) No line overfeeds. 0.97906 =3 J
(2) One line overfeeds. 20x lo_‘
(3) Two lines overfeed. 94 x 10
If three lines fail to run back,
(1) No line overfeeds. 096639
(2) One line overfeeds. 30 x IO‘,
(3) Two lines overfeed 28 x |o_‘
(4) All three lines cverfeed. 81 x 10
SGs blow down If one or two SDVs fail,
(1) All three SGs blow down 1.0
If three or more SDVs fail,
(1) No SGs blow down. °‘”°"‘—u
(2) One S blows down. 66 X 10
(3) Two $Gs blow down 20x10”M
(4) All three SGs blow down. SIx 0”4
If one, two, or three STM POR Vs fail,
then, respectively,
(1) One SG blows down 10
(2) Two SGs blow down 1.0
(3) Theee SGs blow down. 1.0
I MSIV closure signal is not generated,
(1) All three SGs blow down. 10
AFW actuates (1) AFW acruates. 0999
on demand. (2) AFW does not actuate 1% 10732
AFW flow (1) AFW flow is automatically con-
auvlomatically trolied at nominal rate 09925
controlled (2) Flow control failure leads 10
abnormally high AFW flow rate 75 % 107}
(overfeeds).
OA. AFW iso- (1) AFW isolation accurs. 09983
lated 10 low- (2) AFW isolation fails to oceur. L1 x 1077
pressure SG
HPI occurs on I SI signal is generated,
demand. (1) HPI occurs 099939
(2) HP1 fails 10 occur. 61 x 1074
If SI signal is not generated,
(1) Operator manually starts HPL 0o
(2) Operator fails to start HP] 1 x107?
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Table 3.6. Branch probabilities for a reactor trip® ¢comt.)

Tree Heading Branch Branch Probability
Charging fNow (1) Charging flow runs back, as
runs back on required (repressurization
demand. limited ). 099
(2) Charging flow fails to run back
(repressurization not hmited). 1 x 1072
OA AFW If operator isolates AFW,
throttied. (1) Operator throtties AFW flow. 09
(2) Operr tor fails to throitle
AFW flow. 1x 1072

If operator fails 10 isolate AFW,
(1) Operator fails to throttle

AFW fow. 10
(2) Operator throttles AFW flow. v
PZR PORV (1) PZR PORYV reseats if charging
rescals on flow fails to run back. 09988
on demand. (2) PZR PORYV fails 1o reseat if
charging flow fails 10
run back. 12x 107}

“The acronyms used in this table (‘n the order of their appearance) are STM
PORV = sicam power-operated relief valve, SDV = steam dump valve, MFW =
main feedwater, SI = safety injection, SG = steam generator, MSIV = main
steam solavon valve, AFW = gauxiliary feedwater, OA = operator action, HPl =
high-pressure injection, and PZR PORV = pressurizer power-operated relief valve.

®inciudes failure of MFW regulating valves 1o run back and failure of one or both MEW
pumps 10 trip 10 high level in any steam generator.

“Only one branch is carried for either one or two SDVs. In the case of the failure of one
SDV, it was felr that the operator would be very reluctant to close the MSIVs (o7 this
amount of excess steam flow and probably would allow the system to cool down as the
transient defines. Thus all three SGs would blow down slowly. For two SDV failures, it
15 assumed that the operator still would be reluctant to isolate the SGs, but more than
bikely he would close the MSIVs within )0!"-.0‘ But, since the operator action
failure probability used for this case (1 X 10 °) is higher than the valve for failure of
the MSIVs to close on demand, the MSIV failure branches are not considered. Thus,
with respest to the event trees, two SDV failures are presented as all three SGs blow
down since closure of the MSIVs by the operator is considered separate from the event
tree.

‘mmmnmuumxwmmwumummcm. Itis
anticipated that there will be times when a steam-line valve or pipe failure would not pro-
duce enough steam flow 10 cause automatic closure of the MSIVs. In this case, the
operator would be required to manually close these valves. Failure 1o close the valves
would result in the blowdown of all three steam generators. When applicable, "A* and
“B* sequences are identified 1o designate whether or not the operator closes the valves.
Probabilives associated with failure of the operator to close the valves vary with the cir-
cumstances and are discussed in Appendix D.
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involving a failure of SDV(s) to close: (1) SDV(s) fail and operator
closes MSIV(s) at 30 minutes, and (2) SDV(s) fail and operator fails to
close MSIV(s) in the two-hour time frame. The success and failure proba-
bilities associated with this operator action were perceived to vary with
conditions. (These probabilities are discussed in Appendix D.) The two

sequences are designated "A" and "B" respectively.

The use of the "A"™ and "B" designation increased the number of reactor trip
sequences to be analyzed from 95 to 110 (see Table 3.7). The bounding pro-
ces: performed on the residual sequences reduced the total frequency of the
residual group to 2.7 x 10'6lyr. The remaining residual sequences were

very diverse with respect to consequences; therefore, they were divided

into four different groups based on the nature of the event. The four

reridual classes can be characterized as:

(1) Equivalent to small-break LOCA (PZR PORV failed open).

(2) Equivalent to a small-break LOCA coupled with a small-pipe steam-

line break (PZR PORV and SDV or STM PCRV failed open).

(3) Equivalent to a small steam-line break with unisolated main or

suxiliary feedwater flow.

(4) Equivalent to a small steam-line break with full RCS repressuri-

VA

zation (unthrottled charging flow).
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Table 3.7. Sequences to be analyzed for reactor trip at full power*

STM PORVy SDVs MFW AFW Flow OA AFW Charging
Sequence Close Close MFW Isolates SGs Automatically Isolated to Flow OA AFW Frequency
Ne! on Demand on Demand  Rums Back  on Demand  Blow Dows Controtled LP SG Runs Back Throttied "
9.1 (0001) All close All close All hoes NA NA NA NA NA NA s
run back
92 (0177) All ciose One fails All lines No line All SGs Automatically NA Runs back Throtties 1JE~2
0 close run back overfeeds biow dows controtled as required pnot 1o SG
high-level
alarm
3018 All close One fails All lines No line All SGs Automatically NA Runs back Fails to 13E~4
0 close rua back owericeds b« down controlied as required throttie
24(0179) All close One fuls All bnes No line All SGs Astomatically NA Fauls 10 Throttles 1L4E~+
10 close run back overiceds blow down controlied run back pnor 10 SG
Digh-leve!
alarm
9.5 (0181) All close One fads All lines No line All SGs Automat:cally NA Fails o Fails 0 1.3E~6
to ciose run back overfeeds blow down controlled run back throttle
96 (018%) All close One fails All lines No hine All SGs Overfeeds NA Runs back Throttles 10E-4
0 close rua back owerfoeds biow down & required pror o SG
slarm
9.7(0188) All close One fails All lines No ke All SGs Overfoeds NA Runs back Fails 10 LOE~6
o close run back overfceds blow down ren back throttle
28(0187) All ciose Ome lails Al hines No line All SGs Owerfeeds NA Fails to Throtties 10E~6
10 close run back owerfeeds bice down run back pnier to G
hugh-level
larm
99A (0516} All close Two faul All hoes No hiae All SGs Automatcaliy NA Runs back Throtties 27E-3
o close run back overieeds biow down controted a3 required pnor 10 SG
for 30 min high-level
slarm
998 (0516) All ciose Two fail All lines No line Al SCs Automatcally NA Runs back Throttles 27E-5
w0 close rue back overfeeds blo~ down controlied as required pnor 10 SG
hgh-icvel
L alarm
9.10A (0517) All close Two fail All lines No line All SGs Astomatically NA Ruas back Fails 0 28E~%
to ciose run back overfeeds blow down controlied a8 required Wrottle
for 0 mun
9.108 (0517) All close Two fail Al lines No line Al SGa Automatically NA Runs back Fails 10 4E-6
o close run back owerieeds biow down coatrolied s required throttle
9.11A (0518) All ciose Two fuil All lises No line All $5s Automatically NA Fails 10 Throttles 28E-S
9 chose ren back overfeeds Blow down coatrolled rve back poor 0 SG
for 30 mn Digh-level



Table 3.7 (Cont'd)

STM PORVs SDVs MFW AFW Flow OA: AFW  Charging
Sequence Close Close MFW Isolates SGs Automatically  Isolated 1o Flow OA AFW anu_c:\ey
No.* on Demand  on Demand . Runs Back on Demand  Blow Down  Conurolied LPSG  Runs Back  Throttied yr )
9118 (0518) All close Two fad All hoer No line All 5Gs Automatically NA Fails 10 Throttles 23E-7
10 close run Dack overfoeds blow down controlled ren back proe 1o SG
hugh-level
alarm
9.12A (0520) All cicse Two (il All lines No line All SGs Astomatically NA Fails 0 Fails 0 19E-7
to close run back owerf{eceds blow down controlled run back throttle
\ for 30 min - e s
9.12B (05200 All ciose Two fail All lines No line All SGs Automatcally NA Fails 10 Fails o 44E-B
to close ren back overfoeds biow down controlied rus back throttie
9.13A (0524) All chase Two fail All lines No line All SGs Owerfoeds NA Runs back Throttles 20E~5
0 close e back overfeeds biow dowe & required pnor 1o SG
for 30 mia high-level
alarm
9.13B (0524) All close Two fail All lines No line All SGs Overfeeds NA Runs back Throttles 20E-7
10 close run back owerfeeds biow down a8 required pror to SG
2 bigh-ievel
alarm
§.14A (0855) (Included in Sequence 9 19A)
9.14B (0855) (Included 1o Sequence 9 198)
9.15A (0856) (Included in Sequence 9 20A)
9158 (0856) (Included in Sequence 9 208) '
9 16A (0857) (Inciuded in Sequence 9 21A)
9168 (0857) (locluded in Sequence $ 218)
9.17A (0859) {Inciuded in Sequence $ 22A)
9178 (0359)  (Inciuded in Sequence 9 22B) i
9.18A (086)) (Included in Sequence 9 2JA)
9.188 (086)) (lociuded mr Sequence 9 21B)
9.19A (0855) All close > Three fail All lines No line All SGs ~ Automatically NA Runs back Throtties J4E-)
o close rus back overfesds blow down controlied a8 required pror 1o SG
for 30 sun hugh-ievel
slarm
9 19B (0859) All close > Three fail All ines No line All SGs Automatically NA Runs back Throttles TE-6
to close run back overfeads blow dowa controlled s required prior to SG
bigh-level
alarm
9 20A (0856) All close > Three fail All ines No line Al SGs Automaticaily NA Runs back Fails 10 JSE~-S
0 close rus back blow down controlied as reguired throttle
for 30 mun
9.208 (0856) All close > Three fail All lines No line All 5Gs Awiomatically NA Ruas back Fails 0 1SE-6
o close rua back overfeeds biow down controtied as required throttle
9.21A (0057) All close > Three fail All Lnes No line All SGs Automaticaliy NA Fails Throtties 3SE-S
o close run back owerfeads blow dows coatrotied rus back pnior 1o SG
for 30 min Bigh-ievel
i alarm
9.21B (0837) All close > Three fail All ines No line All SGs Automaucally NA Fauls 10 Throtties TE~S
© close run back overfeads blow down controlied rus back prior to SG
bigd - ievel
. alarm
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Table 3.7 (Cont’d)
ST™M PORYs SDVs MFW AFW Flow OA AFW  Charging
Sequence Close Close MFw Isolates SCs Astomatically  lsolated to Flow OA. AFW  Frequency
No* oo Demand  on Demand  Runs Back on Demand  Blow Down  Controlied LPSG  RumsBack Throwled (yr ')
9.22A (0859) All close > Three fail  All Lines No hne All SGn Automaucally NA Fails 10 Fails 10 1SE-?
w0 close rua back overfeads blow down  controlied ren back throttle
for 30 mia
9.22B (0859) All close > Three fail Al lines No line All SGs Automatcally NA Fals o Fails 10 JSE-8
0 close run back overfeeds blow dowa  controiled rus back throttie
9.23A (0863) Al close > Three fail Al lines No line All SGs Overfoeds NA Runs back  Throttles 16E~S
o close ren back overfeeds blow dowa & required pmor 1o SG
for 30 min high-tevel
alarm
9.21B (0863) All close > Three fail Al lines No line All SGs Overfeeds NA Runs back  Throtties SIE-8
0 close run back owerfeeds biow down as required  pnor 10 SG
high-level
alarm
9.24 (0875) All close > Three fail Al lines No hioe One SG Automatically  lsolation Runs back  Throtties L4E-S
10 close run back overfeeds blows dowa  controlled eccurs & required  pnor 10 SG
Rugh-ievel
alarm
925 (2682) One fails All close All lines No line One SG Automatically NA Runs back  Throtles 1L.SE~-1
to close rus back overfeeds blows down  controtied a8 required  pnor 1o SG
hugh-level
slarm
926 (2683) Ooe fails All close All lines No line One SG Automatically NA Runs back  Fails 10 1.5E~)
10 close run back owerfeeds blows down  coetrotied & required throttle
9.27 (2684) One fails All close All ines No line One SG Automatically NA Runs back  Fails to LSE~-)
to close run back overfoeds biows down  costroiled run back throstie
9.28 (2636) One fails All close All lines No line One SG Automatically NA Fails 10 Fails 10 1LSE-S
& » 1o close run back owerfeads biows down  controlied ruo back throtue
9.29 (2690) One fails All close All hines No line Ooe SG Overfeeds NA Runs back  Throttles LIE=)}
to close e back owerfeeds biows dowr & required  pror o SG
Dugh-levei
slam
9.30 (2691) One fails Ali close All hnes No line One SG Overfeeds NA Rens tack  Fails o 1.2E~5
o close run back overfeeds  biows down s required  throttle
9.31 (2692) One fails All close All lines No line One SG Owerfoods NA Fails w0 Throtties 12E~5%
10 close run back owverfeeds blows dow . run back pror 10 SG
Bugh-leve!
tlarm
9.32 (26%4) One fuls All close Al lines No lise Oee SG Ovwerfeeds NA Fauls 10 Fails 0 1.2E-7
0 close run back owerfeads biows down run back throttle
9.3) (5550) Two fail All close Al hines No line Two SCa Automatically NA Rees back  Throtties 1L4E~2
10 close rus back overfeeds blow dows  costrolied s required  pmor 10 SG
Bigh-level
alarm
9.34 (5551) Two fail All close All lines No line Two SCs Automatically NA Runs back  Fuils 0 1AE~4
1o close e back overfeeds blow dowa  controlied as required  throttie
9.35 (5552) Two fail All close All lines No lne Two SGs Automatically NA Fails 1o Throttles I4E~4
o close run back overfoeds blow down  controlied run back prior to SG
bgh level
alarm
9.36 (5554) Two fail All close All hines No line Two SGs Automaticaily NA Fails 10 Fails 10 1SE~¢
0 close run back overfeeds biow dows  controlled rua back hrottie
9.37 (5558) Two fail All close All bines No line Two SGs Ovwerfeods NA Runs back  Throttles LIE~4
0 close run back owerfoeds blow dowa -t o required  pnor 10 SG

i
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Table 3.7 (Cont'd)
STM PORVs  SDVs MFW AFW Flow OA AFW  Charging
Sequence Close Close MFW wsolates SGs A lly Isolated to Flow OA AFW Frequency
No.* on Demand on Demand Runs Back on Demand Blow Down Controlied LP SG Runs Back Throttled (yr™ ")
938 (5559) Two fail All close All lines No line Two 5Gs Owerfoeds NA Runs back  Fails 1o 1IE~6
o close rus back owerfeeds blow down & required  throttle
9.3% ($560) Two lail All close All lines No line Two SGs Overfeeds NA Fails to Throtties LIE~¢
10 close . rus back owerfeeds biow down un back pror 0 SG
high-tevel
alarm
940 (Res 165)  Two fal All close All lines No line Two SGs Ovwerfoods NA Fauls 10 Fails o LIE-S
0 close | run back overfeeds biow down run back throttle
|
941 (3a1N) All fad All close | Al lines No line All SGs Astomatically NA Runs back  Throtties 41E-)
1o close | ren back overfeeds blow down  controlied as equired  pnor 10 SG
’ Bigh tevel
sarm
942 (3419) Al fail Al close All lines Neo hne All SGs Automaucally NA Runs back  Fail 1o 42E~S
10 close e back overioeds blow down  coatrotied run back throttie
9.4) (8420) Al fasd All close All isnes No line All SGs Astomatcally NA Fails to Throtties 42E-3
10 close s back overfeeds blow dows  controlied rea back pnor 1o SG
hegh-level
alarm
9 44 (8422) Al fail All close All hines No line All SGa Automatcally NA Fails 0 Fails 10 42E-
w0 close rus back overfeeds blow down run back throtiie
945 (R428) All fadl Al close Al lives No hine All $Gs Overfends NA Runs back  Throttles LIE~-S
10 close run back owerfeeds blow dcwn s required  pneor 10 SO
Digh-icvel
alarm
946 (3427) All Tad All close All hines No line All SGs Overfeeds NA Runs back  Fails 10 JIE-T
 close rus back overfeeds blow down as required  throttie
547 (8428) All fasi Al close Al unes No ine All SGy Overfeeds NA Fails 0 Throtties 3IE-7
16 close run dack overfoeds Blow down run back pnor o SG
high-ievei
alaie
9 48 (0002) All close All close One line No line No SO« Automaucally NA Runs back  Throttles 4IE~-S
fadls 10 overfeeds blow down  controlled s required  prior 10 SG
run back hugn-ievel
alarm
949 (0003) Al cose Al close Oveline  No line NoSGs  Automatically NA Rumsback  Failsto 49E-7
fauls o0 oweriseds biow dows  controlled a8 required  throttie
s back
9.50 (0004) All close All close | One e No line No SGs Automaticaily NA Fuils 10 Throttles 49k~
| faiis w0 owerfeeds blow dowa  controlied run back poor 0 SG
ren back - Digh-tevel
slarm
951 (Res 2) All close All close One Line No line No SGs Astomatically NA Fals 1o Fails 0 44E-S
fauls 10 overieeds biow dows  controlled ‘un back throttle
e back
9.52 (0019) Al close - All close One line No line No SGs Overfesds NA Runs back  Throttles 1 IE-?
fails 10 overfoeds blow down & requirsd  pror 1o SG
ren back Dugh-revel
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Table 3.7 (Cont'd)
STM POF vs SDvs MFW AFW Fiow  OA AFW  Charging
Sequence Close Close MFW Isolates SGs Automatically  lsolated to Flow OA AFW  Frequency
No* oo Demand  on Demand Runs Back oo Demand Biow Dows  Controlled LP SG Runs Back  Throtuled (ye™ ")
955 (Res 4) All close All close One line No line No SGs Overfeeds NA Runs back  Fails to JIE-9
faus w0 overfeeds blow down a3 required  throttie
run back
954 (Res 5) All close All close One line No line No SGs Overfeeds NA Fails 0 Throtties JIE~-Y
fauls 10 overfeeds biow down run back pnior to SG
run back high-level
alarm
9.55 (Res §) All close All close One line No line No SGs Overfeeds NA Fails o Fails to 1IE-9
fails 10 overfeeds blow down run back throttie
run back
9.56 (0022) All close All close One line One line No SGs Automaticaily NA Runs back  Throttles 48E~-7
fails w0 overfeeds blow down  coatrolied o required  prior 10 SG
run back high-level
alarm
9.57 (Res 46) Al close One fails One line No line All SGs Automatically NA Runs back  Throttles BIE~8
10 close fails w0 overfeeds blow down  controlied as required  pnor 1o SG
run back high-level
alarm
9.58 (Res 46) Al close One fails One line No hine All SGs Automatically NA Runs back  Fails 1o <8 IE-%
10 close fails 0 overfeeds blow down  coatroiied as required  throttie
run back
9.59 (Res 46) Al close One fails One line No line All SGs Automancalty NA Fails 1o Throttles <8 |E~8
10 close fails o overfeeds blow down  controlled © run back prior to SG
run back high level
alarm
960 (Res 46) Al close - One fails One line No line All $Gs Automatically NA Fails to Fails o <8 IE~0
to close fails 0 overfeeds blow down  controlled run back throttie
run back -
961 (Res 46} All Ciose One fuis One line No e All SGs Owerteeds NA Runs back  Throttles <S IE-8
10 close fauls 0 overfeeds blow down o required  prior 1o SG
run back high-level
alarm
962 (Res 57) Al close Two fad One line No line All $Gs Automatcally NA Runs back  Throtties 1.5E~%
10 close fails 1o overfeeds biow down  controliede as required  pnor to SG
rus back Bigh-level
alarm
9.6) (Res 57) Al close Two fail One line No line Al SGs Automatcally NA Ruas back  Fails 1o <1 SE~8
1o close fails 0 overfeeds bi.+ down  controlled as required  throttle
run back
964 (Res 57) Al close Two fail One line No line All SGs Avtomatcaily NA Fails 10 Throttles <|SE-8
10 close fails to overfeeds blow dowa  controlled run back o SG
run back agh level
alarm
965 (Res 57) Al close Two il One line No line All SGs Overfeeds NA Runs back  Throttles <| SE-8
to close fails 10 overfeeds blow down as required ot 1o $G
run back g-bd
alarm
9.66 (0047) Al close Al close Two lines  No line No SGs Automatically NA Rums back  Theottles 40E-¢
fail w0 overfeeds blow dowa  controlled as required to SG
run back mhvd
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Table 3.7 (Cont'd)

STM PORVs SDVs MFW AFW Flow OA AFW  Charging
Seguence Close Close MFW Isolates Automatically  Isolated 1o Flow
No® on Demand  on Demand  Runs Back  on Demand Controlied LP SG Runs Back

yol (Kes 14} AN cluse Al chose Two lines Nu hne 3 Automatically NA Runs buck
fail 10 avericeds conirolied as required
run back
968 (Res 15) Al close All close Two lines No hne Automatically NA Fauls 10
- fail 10 controiled
run back

969 (Res 15) Two lines Automatically to <4 1E-B
fail to overfceds conirolled
run back

970 (Res 17) Two lines Overfeeds

fal to
run back

971 (Res I7) <)IE-8

9.72 (Res 17) <3 IE-S

973 (Res I7)

974 (Res 19)

975 (Res 46)

9.76 (Res 46)

977 (Res 46)

978 (Res 46)

979 (Res 57)
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Table 3.7 (Cont'd)
STM PORVs SDVs MEW AFW Flow  OA AFW  Charging
s....’- Close Close MFwW Isolates SGs Automatically  lsolated to Flow OA AFW  Frequency
No on Demand  on Demand  Runs Back on Demand  Blow Down  Controlied LP SG Runs Back  Throttled ™)
980 (Res 57) Al close Two fad Two lines No line All SGs Overfeeds NA Runs back  Throtiles <) SE-8
10 close fail 10 overfeeds blow down & required  pnor 10 SO
run back high-ievel
alarm
981 (0112) All close All close All lines No line No SGs Automatically NA Runs back  Throttles 1LIE~6
fail 10 overfeeds blow down controlled as required  prior 10 SG
run back high-level
alarm
982 (Res 24) Al close All close All lines No line No SGs Overfeeds NA Runs back  Throtties $6E~-9
fail to overfoeds blow down a8 required  prior 10 SG
run back bigh level
slarm
983 (Res 22) Al close All close All lines No line No SGs Automatically NA Fails 1o Throttles 1LIE~8
fal to overfeeds blow down controlled run back o SG
ren back level
alarm
9.84 (Res 22) Al close All close All hnes No line No SGs Automatically NA Fails to Fails 0 <lIE~-8
fail 1o overfeeds blow down controlled run back throttle
un back
985 (Res 24) Al close All close All lines No line No SGs Overfeeds NA Ruas back  Throttles S6E~9
fuil to overfeeds blow down as required  prior to SG
run back Digh-level
alarm
G486 (Res 46)  All close One fais All lines No line Al SGs Automatically NA Runs back  Throttles LIE-%
0 close fail 10 overfeeds blow down controlied as required  pnor 10 SG
run back bigh-level
aslarm
987 (Res 57) Al close Two fail All lines No line All SGs Automatically NA Runs back  Throtties <| SE-8
10 close fail 10 overfo da " ow down controiled & required  prvor 10 SG
run back for 30 min high-leve!
alarm
V8 0825) All close Two fmil All lines No iine Al SGs Overfeeds NA Runs back  Fails 10 19E~7
10 close run back overfoeds blow down a8 required  throttle
for 30 min
949 (0526) All close Two fad All hines No hine All $Gs Overfeeds NA Faus to Throttles 13¢~?
10 close run back owerfeeds biow down run back prior 1o SG
for 30 mun hign ievel
alarm
§.90 (0864) All close > Three fail Al lines No line All S0s Overfoeds NA Runs back  Fails to 26E-7
10 ciose rue back overieeds blow down & required  throttie
: for 30 mun
991 (0865) All close > Three fadd Al lines No line All S5 Overfeeds NA Fails 1o Throttles 26E-7
1© close run back overfesds blow down rus back o SG
for 30 min mbu\
alarm
992 10878) All close > Three fail Al lines No line One SG Automatically  Isolation Runs back  Fails to JE~?
10 ciose run back overfeeds hiows down®  controlled oecurs o required  throttle
991 (0877) All close > Theee faill Al lines Mo line One 5G Automatically  lsolation Faiv to Throttles LIE~?
10 close run back werieeds biows down’  controlied occurs ren back w
alarm
994 (91 1) All close > Theee fail AN lines No line Two SGs Automatically  Isolation Runs back  Throttles 12E~6
w0 close run back overfeeds blow down’  controlied accury a8 required w
alarm
995 (0947) Al close > Theee fail Al lines No line All SGs Automatically NA Runs back  Throttles 19E~6
0 close ua back overfeeds blow down'  controlied a8 required mh”
slarm
996 Resdual  (Equivalent 10 2 small-break LOCA) 4IE-y
997 Residual  (Equivalent 10 o small-break LOCA coupled with a smali-pipe steam-line break) 126~
998 Resdual  (Equivalent 10 & smail steam-line break with continued Mlow 1o break) SIE~8
999 Revidual  (Equivalent 10 a small-pipe steam-hine break with full pressurization) 4)E-?

“The branches entitied “SI Signal Generated on Demand.* “AFW Actuzies on Demand.” *HP! Occurs on Demand * and “PZR PORY Reseats on Demand” were suc-
cessful in all soquences listed Therefore, these headings do not appear in this table  Tiere ware other sequences for which not all of the branches were sucuessiul, but
they did not survive the (requency screening  These sequences are included in the resdual groups

PAs stated in the text, the leiters “A" and *B" the sequence number signily whether or not the MSIVs are closed by the operstor  In the “A" saquences the
oovrator s assumed (o close (he valves 30 minutes into the transient. [n the *B" sequences, it is sssumed that the MSIVs remain open for the 2-howr period.

“All sieam generston blow down for 3O minutes, 8t Uhis tume, the operator closes the MSIVy, but ane, two, or all three of them (ail to close.

-d - ¢ v
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The frequencies of each of these residual groups, calculated as the sum of

the constituent sequence frequencies, are included in Table 3.7.
3.5.2. Large Steam-Line Break at Hot 0% Power

In Appendix B, the frequency for a large steam-line break as an initiator
is given as 1.2 x 10735, This frequency covers both full power and hot
0% power conditions., The fraction of operating time spent at hot 0% pover
(1.9%) was considered as a weighting factor for determining the frequency
of occurrence at hot 0% power. With this weighting factor, the initiator
frequency for this category was defined as (1,2 x 10'3/yr) £ 0,019 = 2,28 x

10'5/yt.

Combining the initiating frequency with the branch headings probabilities
given in Table 3.8 produced a total of 508 sequences. Of these, nine
sequences, three of which are residual groups, were identified for ena~
lyses. The event tree for this initiator is shown in Figure 3.6, and the
sequences are listed in Table 3.9. The bounding process did not reduce the

residual group frequency significantly,

The frequency associated with the residual group totaled approximately
2.3 x 1077 /gr, This total residual is indicative of the importance (or
lack thereof) of the sequences which were not selected for thermal-

hydraulic and fracture-mechanics analyses.
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Table 3.8. Branch probabilities for large and small  steam-line

breaks at hot 0% power”®
Branch Probability®
Large Pipe Smali Pipe ¥
Tree Heading Branch Break Break
SI signal (1) S1 signal is generated. 099997
generated (2) SI signal is not generated. Ix 107t
on demand.
MFW isolated (1) No line overfeeds. 099999
on demand. (2) One line overfeeds © 90 x 107¢
(3) Two hines overfeed © 84 x 107
(4) Al three lines overfeed. © 8.1 % 07"
SGs blow If MSIV closure is generated,?
down. (1) No 5Gs blow down. 05
(2) One SG blows down, 05
(1) Two SGs blow down. 99 x 1074
(4) All three SGs blow down. Ly x 107
If MSIV closure is not generated,’
(1) One SG blows down, 0s
(2) All three SGs blow down. 0s
AFW actuates (1) AFW actuates. 0999
on demand. (2) AFW does not actuate. 1 x 107}
AFW flow (1) AFW fNow is automatically
automatically controlled at nominal rate. 0.9925
controlied. (2) Flow control failure leads
to abnormaily high AFW flow
rate (overfeeds). 15 % 107}
OA AFW (1) AFW isolation occurs, 0 09933
| isolated to (2) AFW isolation fails 1o occur. 23% 107 o xi107? .
| low-pressure
| w
| HPI occurs I S1 signal is generated,
on demand (1) HPI occurs. 099939
; (2) HPI fails to occur. 61 x 107
If S1 signal is not generated,
(1) Operator manually starts HPL 09
(2) Operator fails 1o start HPL. 1x10°?
Charging Mow (1) Charging fMlow runs back
runs back as required (repressun-
on demand. zation hmited). 09988 0w
(2) Charging Now fails to
run back (repressurization
not limited). 12x107? 1xw?
OA. AFW If operator solates AFW,
throttied. (1) Operator throtties AFW flow. 09
(2) Operator fails 10 throttle
AFW fow. 1 %1072
If operator fails 1o isolate AFW,
(1) Operator fails 10 throttle
AFW Now 10
(2) Operator throttles AFW flow. 00
PZR PORV (1) PZR PORY reseats if charging
reseats on flow fails to run back. 09988
demand. (2) PZR PORY fails to reseat if
charging flow (ails 1o run
back. 12x 107}
“Acronyms used in this table (listed in the order of their appearsnce) are: Sl = safety
njection, MFW = main feedwater, SG = steam generator, MSIV = main steam isola-
ton valve, AFW = auxiliary feedwater, OA = operator action, HPl = high-pressure
mpection, PZR PORY = pressurizer power-operated reliel valve, and MFIV = main

*Probabilities centered beiween the two columns apply to both break sizes

“Includes failure of MFW valves 1o run back, failure of one or both MFW pumps
10 trip on high level in any SG, and of MF1Vs 1o close on SI signal.

“The MSIV closure signal may or may not be generated for a large-pipe steam-line break; it
will not be generated (or & small-pipe steam-line break at hot 0% power.
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Figure 3.6. Event tree for large

steam-line break at hot 0% power.
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Table 3.9. Sequences to be analyzed for small and large steam-line breaks at hot 0% power®

SI Sgnal Miw AFW AbW OA AFW Charging
S G d Isolated SGs Actustes Automatically lsolated o HPI Occuns Flow OA AFW Freguenc)
No on Demand on Demand  Blow Down  on Demand Controlied LP SG on Demand Runs Back Throttied ™"

Sema b Steam- Line Bread

7.1 (0001) Signal Neo line One SG AFW Automaticalty Iwlation WPl Runs back Theottles 24E-)
generated owerfoeds blows down sctuates controlied oaccurs occurn as requited pnor 1o 5G
hegh-level
slarm
7.2 (0003) Signal No line One SG AFW A utometicaily lsolation NPl Fails 10 Throtties 14E-S
gencraiod overfoeds Blows down sclunies cont rolied occurs occury run back prior 10 SG
Migh-level
alarm
7.3 (0002) Signal No hine One SG AFW Auiomatically Isolation HPI Runs bhack Fails 10 J4E-¢
grrcraled overfeeds blows down alusias cont rolled occun occun " required throttle
T4 (Res d) Signal s No hne One SG AFW A uiomatically Fails to HPI Runs back Throttles oo*
generaied overfeeds biows down actusies controlled occur occurs s required pnor 10 SG
highievel
slarm
75(Res 5) Signal s No hine One SG AFW Automatscally Fuils to HPI Fails 10 Throtties 42E-8
generated owerfeeds biows down actustes controlled occur occurs rus back priot 10 SG
hagh-leve!
alarm
7.6 (0009) Segnal s No hne One SG AFW Avtomatscally Fails 1o HPI Runs back Fais 10 42E-6
generated over{oeds blows down actustes controlled occur oocury a8 required throttle
1.7 (0017) Signal u No fine One SG AFW Overfeeds Isoiation HPI Runs back Throtties 18E-5$
generaied overfeads blowy down actuates oecurs occurs as required pnor 10 SG
hugh-level
slarm
78 (Res 10) Signal u No line One SG AFW Overfends Fails 10 HPI Runs back Throtties JE-D
generaied averfeeds biows down actustes oocur occun as required pror 1o SG
high-level
slarm
. (Ssmilar 10 Sequence 7.1)
1.0 (Samilar 1o Sequence 7 4)
AL (Semilar to Sequence 7.1)
712 (0037) Signal s No line All SGs AFW Automatically Na? HPY Runs back Throtties 24E-)
generated owericads blow down actuates controlled accury . required prioe 1o SG
high-level
7.13 (0038) Sigral s No hne All SGs AFW Automatscally NA HP! Runs back Fuils 10 23E-3
ger < {eed: blow down actusies controlled occurs as required throttie
7.14 (0039) Sigral No line Al SGs AFW Automaticatly NA HP! Fais 1o Throtties 14E-S
[ d feed: biow Jown actustes controlied occurs run back powr 1o SG
B B-level
alorm
715 (0041) Signal No line Al SGs AFW Automatscally NA HPI Fails to Fauis 10 15E-7
[ d feed biow down actuates controlied accury run back throttie
7 16 (000%) Siynal is No line One SG AFW Autumatically isolation HPI Fails 0 Fails 10 158+
gen d rfeed: blows down actuates conirotled occurs occurs run back throttie
717 (0046) Sigral i No line Al SGs AFW Overfeeds NA HPl Runs back Fails 10 19E-7
genersied overfeeds blow down actusies occury a8 required throttle
718 (0018) Signal s No hne One SG AFW Overfeeds Isolation HPI Runs back Fails to 19E-7
[ d {eed: biows down actuater occurs occury o required throttle
719 (0019) Sgnal » No line One SG AFW Owerfeods Isolation HP! Fails 10 Throttles 18E-Y
” fi iows down actuates occurs occurs run beck pnor 1o SG
hugh-level
alarm
10 Ressdual Group 25 7
- -s . g



Table 3.9. (Continued)

SI Signal MFwW AFW AFW OA AFW Charging
5 G d Isolated S Actust A ly lwlated 10 1IP1 Oxcurs Fhow OA AFW  Freyuemy
No on Demand on Demand  Blow Down  oa Demand Cootrolled LP SG on Demand  Rums Back Theotiled e )
Large- Stenm-Lime Break
1021 Signel No lime One S0 Arw Astometically Iaotatn "et Kuns back Theotties Lk
gencraied overloods biows down aclunics cont rolled eccurs accur - prax 10 SG
hugh-level
slarm
§200023) Segnal No lne Ome SG AbW Avtomaticaily Isolation Het Faids 1o Theotties 1LiE=-?
generated overfeeds biows down actuates controlled accurs oecun ren back pnor 10 SG
high-level
alarm
§1)(0022) Seganl w No line One SG ArwW Agtomatically Isolation " Muns back Fails 0 L1E=Y
generated overfoeds biows down sctusies conirolled ocurs ey s required ihrottle
84 (Res ®) Signal No line One SG AFW Automstically Fals 10 HP Runs back Fuils 10 16E-»
generated overfceds biows down actuates controlied acour axccuny o required throttie
55 (Res 10) Sgmal 8 No line One SG AFW Overfeeds Isolstion HPI Runs back Throtties L5E-2
generated owerfeeds biows down actuates occurs oocuny a8 requsred pror 10 SG
ugh-leve!
aiarm
56 (Res 10) Signal No fine One SG AFW Owerfoeds Fails 10 HP! Runs back Fails 1o <3 SE-8
® d rieeds biows down sctoates oecur occurs 8 required throttie
8.7 (0001) Segmal 15 No line No SGs AFW Automatically NA HPI Runs back Throttles LIE=-S
generated overfends biow dows actusies controlled occurs s requiced pnor 1o SG
hagh-leve! r
8.8 (0002) Sigral s No lioe SGs AFW Avtomatically NA HP! Rans back Fails 10 LIE=Y
genersted overfeeds biow down actustes controtied cecury s required throttie
&9 (0003) Signal » No line AFW Automaticaily NA HP1 Fails 10 Throtties LIE~?
overfeeds actusies controlied accurs ren back pnor o SG
Righ-level
slarm
810 Residual Group 1E-?
“PZR PORV) resest for il seq histed, fore, the heading PZR PORY Reseats on Demand” does not appear i table  In some other sequences the PZR POR V) dud nor
resest, but these sequences did not survive the | Y g and are included 10 the residual group
*s of the g factor on the thiottling of the AFW, given the failure 1o wolate the AFW, this sequence has o Irequency of 0.0: that . no credit is given for thror
ting the AFW if the operator failed to wolate the AFW.
“Sequences 79 710, and 711 involved fariure of the SDVs 10 wolste on demand S d that the SDVs probably would not open during this event. thus
failure of the SDVs to close was aot considered

INA = not spplicable

- . -
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3.5.3. Small Steam-Line Break at Hot 0% Power ﬂ I I

Historically, small steam—line breaks have involved single and multiple
open valves., The initiating frequency given in Appendix B for small steam—
line breaks independent of the reactor state is 2.0 x 10'2/,,' At hot 0%
power and during initial power increase, there is a constant need to match
feed flow and steam flow. This transient condition was believed to
increase the potential for a small break. The effect of this transient
condition is demonstrated by the fact that ~25% of the observed scrams
occurred during startup. Also, although the data base is small, one of the
four observed small breaks occurred during a startup condition. Thus,
based on this information, 25% of the small-break frequency was assumed to

occur at hot 0% power. This results in an initiating event frequency of

(2.0 x 1072/y¢) 5 0.25 = 5.0 x 107 /yr,

The branch headings and probabilities for the small break are presented in
Table 3.8. The event tree developed from these probabilities and the 1077
truncation frequency is presented in Figure 3.7. It shows that 19
sequences (out of the 192) survived the 1077 screening level., As shown in
Table 3.9, the sequence bounding process reduced this number to 16. The
frequency for the group composed of those residual sequences which are nei-
ther specifically analyzed nor grouped with a specifically amalyzed

sequence is 2.5 x 10'7/yr.

3.5.4, Large Steam-Line Break at Full Power

The initiating frequency of a large steam-line break at full power is based
on the overall frequency for a large steam-line break multiplied by the

fraction of time at full power: (1.2 x 10-3/yt) x 0,98 = 1,18 x 10'3/yt,
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This initiating event frequency was used, together with the branch headings

and probabilities given in Table 3.10, to produce the event tree shown in

Figure 3.8. [

Figure 3.8 shows that 21 sequences (out of the 1763) survived the 10~/
screening level for the large steam—line break at full power. This was

reduced to the 15 sequences presented in Table 3.11 to be specifically con-

\

sidered for further analysis. The frequency associated with the remaining

residual group totaled 4.4 x 10'7/yr.

3.5.5. Small Steam-Line Break at Full Power

The initiating frequency for small steam-line breaks at full power is based
on the overall frequency multiplied by the fraction of time spent at full

power: 2.0 x 10'2/yr £ 0,78 = 1,5 x 10'2/yt. The branch headings and pro~
babilities are given in Table 3.10, and the resulting event tree developed

for this initiating event is presented in Figure 3.9.

Table 3.11 presents the 29 sequences identified for thermal-hydraulic
analysis. It should be noted that several of these are sequences which
have frequencies less than 10'7/yr. Rased on our initial frequency
analysis, these sequences were supplied to INEL for thermal-hydraulic
analysis, and thus temperature, pressure and heat transfer coefficient data
were developed for these sequences. As a result, these sequences were
analyzed individually in order to reduce the size of the residual group.

The remaining residual group has a frequemcy of 6.6 x 10'7/yr.



‘.

Table 3.10. Branch probabilities for large and small - steam-line

HBR-3.80

breaks at full power?

Branch Probabiiy?

Large Pipe  Small Pipe
Break Break

Tree Heading Branch
SDVs close €1) All five SDVs close NAY 099768
on demand. (2) Ome SDV fails 10 close. NA 16x 107}
(3) Two SDVs fail 10 close. NA 30 x 107
(4) Three or more SDVs fail
1o close. NA a1 x 0t
SI uignal (1) S1 signal s generated 099%7
generated (2) S1 signal is not generated. yx 107t
on demand.
MFW runs back 11 S wgnal s generated, MFW
ad solates lines run back end solate
on demand. (1) All lines run back and MFW
s isolated. 0
(2) One line overfeeds ¢ 28 x 1077
(1) Two hnes overfeed ¢ 18 x 10°*
(4) Al three hoes overfesd ¢ 10 x 10710
if ST sugnal s not generated,
runback only occurs
(1) All hoes rus back. 0 9999940
(2) One hae overfeeds * 53 x107¢
(3) Two lines overfeed * 50 x 1077
(4] All three hines overfeed * 14 % 1077
SGs blow 1 MSIV closure signal s generated,
down (1) No SG blows down. 0s
(2) One SG blows down 0s
(1) Twa SGs blow down. 99 x 10™*
(4) All three SGs biow down. 17 x 107
i MSIVMWnum
(1) One SG biows 0s
) Al‘lhnt&(.‘nﬂnhn 0s
AFW actuates (1) AFW sctustes 0999
on cemand. (2) AFW does not » sctuste. 1 x 107!
AFW flow (1) AFW flow 15 automatically
sutomatically controlied st nominal Now
controlled rate 09925
(2) Fiow control failure leads
o ahnormally high AFW
flow rate (overfeeds) 7.5 x 107?
OA AFW (1) AFW isolation sccurs. a9 09983
nolated 10 (2) AFW isolation fails 1o occur 23%x1070 11 x 0!
low prevsure
SG
HP! occurs 11 S1 signal s generated,
on demand. (1) HPI occurs. 0V
(21 HPI fails 10 occur 6 x 07"
I S1 ugnal is not generated,
(1) Operator manualty stants HPI o
12) Operator farls 10 start HPL 1 x 0!
Chasging Mow (1) Charging Mow runs back as
runs back required (re ressurization
on demand. lamited) o
(2) Charging Now ails 1o run
back (repressunzation not
mited) 1 x 107}
OA AFW If operator nolates AFW,
throttied. (1) Operator throtties AFW flow. 0
(2) Operator fasls 1o throttle
AFW flow 1% 10!
If operator fails 10 molate AFW,
(1) Operator fails to throttle
AFW flow 10
(1) Operator theottles AFW flow 00
PZR PORV (1) PZR PORYV reseats if charging
reseals on flow fails to run dack. 09988
demand (2) PZR PORY fails 10 resest if

flow fails 1o
n-:: 12 %107

'lammndnci-uuhln|hmdn.wua)m SDV = seam dump vaive,
SI = safery impection. MFW = main feedwater, SG = steam generator, MSIV = man
sicam wolation valve, AFW = syuliary feed OA = action, HP! = high-
pressure ingection PllMV-mmmWNMuuuﬂv-m
feedwater isolation valve

*Probabilities centered beiween the 1wo columns apply (0 both break sizes

“NA = Not applicable

‘lnd-‘ru'miu"muh'm.-ﬂmwvuiul failure of one or both MFW pumps 1o trip
o6 hugh level in any SG. and fniture of MFIVs 1o close o0 S1 sgnel.

“Includes falure of MFW regulating vaives to run back, and failure of MFW pumps 10 trip on igh
level i any SG




HBR-3 .81

o T Th " TR A =Ty g EX 3 C b'
- ‘ o B e ® N e ' ey TEaAm T e ) 2
~ o~ ‘-;.8 .mu’-( - Y~ zv" wn o~ *'th

uence
.7%10 " 090 -
Be 0 S0
.:-:c‘ gc;
Lamin”?
a0’
o=1c” 0204 emo
&wic”’ coo >
s oooe
RN
LAwic”
2w
Bwiu’  COIA oeen
.9=16"
feiC "
10" ec2
618" 0027
.s-m‘: €02
910
RIUN
.5»18" 0824 s02)
6w18”" cos>

Blosdoue,

Qoo |

et eo2d
.C

.3ag”
"

g T [ sy B

.3w18"  0c¥
RGN
cA=10"
g’ B
.owiC" e
.8%18”" 0051 oeal'

’ oo=2

|
- co3\

.3=IC
Bm10
Linc® 005
,|-xc:

ocs?

YRS

'ﬂ.l"'" ooy
.emg™ eoq3

G=\0 veo )

mie” 0144 eoe

.
.enlC cona
g’ oooe
Pl ]

S
S
S
6
S
3
3
1
1
1
2
s
5
3
S
S
S
A
S
3
3
1
0
!
< love : s Ry Nk, e cviieee.  RES W B 2w 0

: : 1
1
1
2
|
S
S
3
1
1
i
7
2
8
i
)
-
2
1
1
2
3
3
9
9
9
5
2

“00
9 4=, 0 ooo | |

i



Cay

et

TR e R

Zlowd

Fisogd

HBR-3.82

8
9
9
S
2
7
9
9
9
9
S
&
7
S
I
S
S
I
|
i
I
1
1
i
|
i
1
I
1
I
I
3

1c.cx1c™

—-DN—&1:—'J'JN'J-U‘—'-'JN

.7%18
.10
_iwIC
. 4=IC
L’
Jawigt
.10
L7wl0

9=
Lo
L0’

=i’
2x1c"
g’

-
.
.

»

=10

L im0 -
AwD
7wt
L3wic
L7110
L7wiC’
7wl
7e10"
Lampn™
%10

313

6wiC

i
Jreic”
2w’
LInIC
.Oni0
3o
LG8

axi1c’

10"

=i’
»

LG

't
=10
Onis

7«10

3

Lawin’
.9»=10
RTIM

%

il
»

i

w10

7«0

»

wic”

"
oIS

0114 600 |

coox
cocl
oon |\

ocoo |
0457 o2y
0e2d
ool

1324

Figure 3.8. (Continued)




HBR-3,83

Table 3.11. Sequences to be analyzed for small- and large-pipe steam-line breaks at full power*

MFW Runs
SDVs Back and AFW OA: AFW Charging
Sequence Close Isolates SGs Automatically Isolated 0 Flow OA AFW  Frequency
No. on Den und on Demand  Blow Down Controlied LP SG Runs Back Throttied (yr ")
Small-Pipe Steam- Line Break
: 5.1 (0001) All close Runs back One SG Automatically Isolation Runs back Throttles 13E-)
[ and isolstes  blows down controlied occurs as required prior to SG
! high-level
| alarm
(5.2 (0003) All close Runs back One Automatically Isolation Fails to Throtties 1.3E-3
, and wolates biows down controlled occurs run back prior to SG
{ bigh-level
alarm
5.3 (0002) All close Runs back One SG Automatically Isolation Runs back Fauls 10 1.3E~-5
and isolates  blows down controlled occurs as required throttle
5.4 (0005) All close Runs back One SG Automatically Isolation Fails w0 Fails 10 T4E~?
and isolates blows down controlied occurs run back throttie
5.5 (Res 4) All close Runs back One SG Automatically Fails w Runs back Throttles 0.0
) and solates  blows down controlied occur as required prior 1o SG
high-level
alarm
5.6 (Res 6) All close Runs back  One SG Automatically Fails to Fails 1o Throtties 0o*
and solates  blows down controlied occur runback prior to SG
high-level
alarm
5.7 (0009) Al close Runs back One SG Automatically Fails to Runs back Fails 10 1.2E-$
and isolates blows down controlled accur as required throttle
58(0011) All close Runs back One SG Automatically Fails t0 Fails 10 Fails t0 1.JE-7
and wolates blows down controlied occur run back throttle
59 (0017) All close Runs back Overfeeds Isolation Runs back Throttles S.SE~$
and wolates blows down occurs as required prior to SG
high-level
alarm
510 (0019) All close Runs back One SG Overfeeds Isolation Fails 10 Throttles SSE-1
and isolates blows down occurs run back pror 10 SG
high-level
» siarm
S11(0018) All close Runs back One SG Overleeds Isolation Runs back Fails 10 SSE~?
and 1woiates blows down occurs as required throttle
S12(Res 11) Al close Rurs back  One SG Overfeeds Fails to Runs back Throttles oo
and solates biows down occur as reguired prior 1o G
high-ievel
alarm
S13(Res 1)) All close Runs back One SG Overfeeds Fails to Runs back Fails o 9SE~8
and isolates blows down occur as required throttle
S 14 (0279) One fails Runs back Al SGs Automatically NAY Runs back Throttles 23E~$
1o close and solates  blow down” controlied a8 required priot 10 SG
high-level
alarm
515 (0281) One lails Runs back All SGs Automatically NA Fails to Throttles 24E-7
1o close and isolates  blow down® controlied run back prior to SG
high-ievel
alarm
5.16 (0280) One s Runs back All SGs Automatically NA Runs back Fails 1o 24E~-7
o close and isolates  blow down’ controiled as required throttie
51 (Included in Sequence 5 14)
518 (0287) One fails Runs back All 5Gs Overfeeds NA Runs back Throttles I8E~?
1o close and wolates  blow down’ as required prior to G

hugh-level
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Table 3.11. (Continucd)

Table 3.11. (Continued)

MEW Runs
SDVs Back and AFW OA AFW Charging
Sequence Close Isolates SGs Automatically Isolated to Flow OA: AFW  Frequency
No. on Demand on Demand Blow Down Controlled LP SG Runs Back Throtled (yr "
$.19 (0382) Two fail Runs back All SGs Automatically NA Runs back Throttles 44E-6
to close and isolates  biow down® controlied as required prior 10 SG
high-level
alarm
520 (Included in Sequence 5.19)
5.21 (0037) All close Runs back All SGs Automatically NA Runs back Throttles 13E-3
and solates  Liow down® controlied as required prior to SG
d high-level
slarm
5.22 (0039) All close Runs back All SGs Automatically NA Fails 1o Throttles 73E-5S
and isolates  blow down® controlied run back priot to SG
bigh-level
alarm
5.23 (0038) All close Runs back All SGs Automatically NA “Runs back Fails to 13E~5
and solates blow down® controlled as required throttle
5.24 (0045) All close Runs back All SGs Overfeeds NA Runs back Throttles 558~
and isolates  blow down® as required prior to SG
high-level
alarm
5.25 (0041) Al close Runs back All SGs Automatically NA Fails 10 Fails 1o 14E-7
and isolates  blow down® controlied run back throttle
5.26 (0046) All close Runs back All SGs Overfeeds NA Fails to Fails to SSE-7
and isolates  blow down® run back throttie
5.27 (0047) All close Runs back All SGs Overfeeds NA Fails to Throttles SSE~?
and isolates  blow down® run back prior to SG 3
high-level
alarm
5.28 (0485) >Three fail Runs back All SGs Automatically Isolation Runs back Throttles JIE~-6
1o close and isolates  blow down controlied occurs as required prior to SG
for 30 haigh-ilevel
alarm
5.29 (0521) >Three fail Runs back One SG Automatically Isolation Runs back Throtties JIE-6
o ciose isolates biows down controlled occurs as required prior to SG
high-level
slarm
5.30 Ressdual Group 66E~7
Large-Fipe Steam-Line Break
6.1 (0021) All close Runs back One SG Automatically Isolation Runs back Throtties SIE~4
and isolates  blows down controlled occurs as required prior 1o SG
high-level
- alarm
6.2 (0023) All close Runs back One SG Automatically Isolation Fails 0 Throttles SBE~6
' and wolates  blows down controlled oocurs run back prior 1o SG
¢ high-level
slarm
6.3 (0022) All close Runs back One SG Automatically Isolavon Runs back Fails to SSE-6
wolates  blows down occurs as required throttle
. 6.4 (Res 10) All close Runs back One SG A cally Isol. Fails 10 Fails 10 SRE-S
and isolates biows down controlled oocurs run back throttle
6.5(Res 12) Al close Runs back  One SG Automatically  Fails 0 Runs back  Throitles 00*
and solales blows down controtled occur a8 required priot 10 SG
high-level
slarm
.
66(Resi3) Al close Runsback  One SG Automatically  Fails to Fails to Fails 10 1IE-8
and solates blows down controlied oocul rub back throttle
6.7 (0029) All close Runs back One SG Automatically Fails 0 Runs back Fails to 1.JE-6
and wolates  blows down conirolied our as required (hrottle
6.8 '0037) All close Runs back One SG Overfeeds Isolation Runs back Throtties 4JE-6
and solates  blows down ours &3 required prior :‘S‘G
high-

-




Table 3.11. (Continued)

. MEW Runs
SDvs Back and AFW OA w
Sequence Close Isolates SGs Aut ically Isol A‘Fu Ch;‘:,.‘sng OA:. AFW Frequency
No. on Demand on Demand  Biow Down Controlied LP SG Runs Back Throttled (ye™ ")
6.9 (Res 18) All close Runs back One SG Overfeeds Fails 1o Runs back Fails to 1.0E-8
and isolates blows down occur as required throttie
6.10 (0057) All close Runs back Two SGs Automatically Isolation Runs back Throttles LIE-6
and solates blow down controlied occurs as required wr 10 SG
high-level
alarm
6.11 (0093) All close Runs back All SGs Automatically NA Runs back Throttles 1.9E~7
and isolates  blow down controlled as required prior to SG
high-level
- alarm
6.12 (0001) All close Runs back No SGs Automatically NA Runs back Throttles STE—-4
and wolates biow down controlled &5 required prior to SG
high-level
alarm
6.13 (0002) All close Runs back Ne SGs Automatically NA Runs back Fails 1o S9E~-6
and 1solates blow down controlied as required throttle
6.14 (0003) All close Runs back No SGs Automatically NA Fuails 10 Throtiies S8E—-6
and isolates blow down controlied run back prior to SG
high-ieve:
alarm
6.15 (0009) Al close Runs back No SGs Overfeeds NA Runs back Throttles 43E-§
and solates blow down as required prior to SG
high-level
alarm
616 Residual Group 44E7
“The branches entitled *S! Signal Generated on Demand.” "AFW Actuates on Demand," “HPl Occurs on Demand.® and “PZR PORV Reseats on
Demand” were ful in all seq lisied Therefore, these headings do not appear in this table. There were sequences other than those included

mmuhklar-hm-uwdtummmwnLulluy“unmmlwm These sequences are included in the
residual groups

’MdlhmmlmeulhwﬁndlhAN.mtkfmuiﬁulhAN.&hmhulfmdo.tht
in.nendnu.ma!wlhmﬂin.tkA?Willumnuhmtommm~

'leuullmun-huhnndwnlmnedlhMSIVl.aoudnmnmlwdmndMSch.thamwulhwumummHul
have a major impact on the results.

“NA = not applicable.

'S-«misnb-wmbkn‘m-u on event tree, since would not be called 1o isolate if
e \ appear operator upon AFW if all steam generators

/Aunummmunmmnnmummmmmmuslv;ummumm«mmnm
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3.5.6, Small-Break LOCA at Full Power

The small-break LOCA includes pressurizer PORV and SRV single failures,
pump seal failures and small pipe breaks. The most probable failure is the
PORV failure, but there is a very high probability of isolating the PORV

early in the transient,

The initiating frequency for this event at full power is based on a fre-
queacy of 8.9 x 1073 /yr for small-break LOCAs under all operating condi-
tions times a factor of 0.91 to account for the fraction of full-power
operations. The resulting initiating frequency is 8.3 s lO"/yg, which,
when combined with the branch probabilities presented in Table 3.12, lead
to the event tree shown in Figure 3.10. Thirty-one sequences out of a
total 6,938 sequences remained for further analysis after the screening
process.® These are shown in Table 3.13, The frequency associated with

the residual group is 9.4 x 10'7/,g,
3.5.7. Medium-Break LOCA at Full Power

The initiating frequency for a medium-break LOCA at full power is 9.8 x
10"/7:. based on an overall estimate for a medium-break LOCA of 1.0 x
10-’/1: and 98.1% operation at full power. This event includes breaks
equivalent to 2 or 2.5-in.? lines which cannot be isolated. The branch
headings and srobabilities are shown in Table 3.12, and the resulting event
tree is shown in Figure 3.,11. Fourteen sequences out of a total of 6,824
sequences had frequencies of 21077 /yr and 12 were retained for thermal-

hydraulic and fracture-mechanics analyses, as shown in Table 3.13. The

‘II should be noted that of the J1 sequences, nine iscliuded o late isole~
tion o; the breaky These sequences are lebeled as Sequence Series 12 dn
Teble 3,15,
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Table 3.12. Branch probabilities for small- and medium-break LOCAs

at full power*
Branch Probabiluy’
Smail-Break  Medium- Break
Tree Heading Branch LOCA LOCA
Turbine (rips (1) Yurbine 1rips on Gemamd. 099996
on demand. (2) Turbine fails to trip ax 10!
-
STM PORVy (1) All three STM POR Vs close. 0998
close on (2) One STM PORY (uils (o close. 18 %107}
demand. (3) Two STM PORVs fail 1o close. 11 % 107}
' (4) Three STM POR Vs fail to close. a9 x 1074
SDVs close (1) All five SDVs close. 099768
on demand. (2) One SDV fails to close. 16 % 107}
(3) Two SDVs fail to close. 30 % 107
(4) Three or more SDVs fail to close @wxw
SIwgnal (1) S1 signal is generated. 0.99997
generated (2) S1 signal is not generated. yx 107!
| on demand.
' MFW runs back If S1 signal is generated, MFW
| and wolates lines run back and wolate
on demand (1) All lines run back and MFW
» solated 0 9999997
(2) One line overfeeds s x 107!
(1) Two lines overfeed 18 x10°*
(4) Three lines overfeed 10 % 107"
If S1 signal is not generated,
run back cnly oecurs
(1) All ines run back 0 9999940
(2) One line overfeeds s3I %107
(3) Two lines overfeed ¢ s0 x 10!
(4) Theee lines overfeed 1.4 % 107"
HPI occurs ISl llfldlm
on demand (1) HPI aocurs. 0999
(2) MPI fails 1o oeeur 61 x 107"
If S1 vignal i not generated.
(1) Operator manually siarts HPL 0o
(2) Operstor fails to start HPI 1 x 107}
S$Gs hlow If one or more SDVs fail,
(1) Three SGs blow down. 10
If three or more SDVs fail,
(1) No SGs blow down. 099087
(2) One SG blows down 66 x 107
(3) Two SGs blow down, 20 x 107!
(4) All three SGs blow down 3 x 107t
If one, two, or three STM POR Vs fuil,
then respectively,
(11 One SG blows down o
(2) Two SGs blow down 10
(3) All three SGs blow down 10
I MSIV closure signal is not
generated,
(1) All three SGs blow down. 10
AFW actuates (1) AFW sctustes 09
on demand (2) AFW does not sctuate I % 10!
AFW flow (1) AFW is sutomatically controlled
automatically at nominal rate. 0992
controlled (2) Flow control failure leads to
abnormally high AFW flow rate 18 % 10!
(overfeeds )
OA AFW (1) AFW isolation occurs o)
wolated 1o (2) AFW wsolation (il 10 oscur 11 x
low pressure



Table 3.12 (Cont'd)

Branch I'uhhnhy‘
Sme'! Break  Medium- Bresk

Tree Heading Branch LOCA LOCA
OA AFW (1) AFW wolation occurs. 099%)
sotated 1o (2) AFW isolation fails to oscur. 17 x 107!
low- pressure
SG.
Accumulators (1) Accumulators discharge when
ducharge. reguired 09999
(2) Accumuiators fail 10 discharge. 1% 107!
OA  Break ot (1) Break not isolatable
wolated * o operator fails o
wolate break. 09610 10
(2) Operator isolates break. 39 x 107! 10
flow H flow runs back as
runs (repressurnization
on demand limited ) 0 NA/

(2) Charging Now (ails 1o
run back (repressurization

ot limited). 1 x 10! NA
OA AFW If operator wolates AFW,
throttied. (1) Operator throtiles AFW flow oy
(2) Operator fails w throttle
AFW Mow 1 x 0!

If operator fails 10 wolate AFW,
(1) Operator fails to throttle

AFW Now 10
() Operator thrattles AFW flow. 00
LP1 occurs ""L?““m'
on demand (1] occurs e required. 099978
(2) LPI fasls to cocur 18 % 10°*
I S1 signal i not genersted,
(1) Operator manualiy starts LPL 0%
(2) Operator fails 1o start LPY 1 x 0!
10 SI uignal is not generated and
if aperator fadls 1o siant MP)
(1) Operator fails to start LPI 10
(2) Operator manuaily starts LPI (2]

*Acronyms wsed in this table (in he order of their appearsnce) are STM PORY = seam
poweroperaied reliel valve. SDV = geam pump valve, SI = safery injection, MFW =
main feedwater, HPI = highpressy ¢ imjection, S0 = steam generator, AFW = susilisry
feedwater, OA = operator sction, LPl = low.pressure injection, and MFEIV = main feed-
water salation valve

PPrababilities centered between the 1wo columns apply to both break sizes

“Includes failure of MFW regulating valves 1o run back, failure of one or both MFW pumps to
1rip on high level in any SG. and failure of MFIVs to close on S signal

“inciudes (ailure of MFW regulsting vaives 1o run back, and failure of MFW pumps to trip on
high level in any SG

“These headings apply only 1o small-break LOCAs and not 1o medium-break LOCAs

/NA = sot apphicable



Figure 3.10. Event tree for small-break LOCA at full power,
oo (continwed on next page, with overlap)

S SR LEES o 28 2 . [ -
~ F e - i <8 *i x -
et ik ] ki A R A IR M AT
7.=10 "' cobi ;
__: ?2.%#10" oop2
(e 3.0210 " 00} 3
s 3. 0010 0084
| — 3.0=10" ook
L ‘ .\b ' 3&']0.
. - l S.A«10 " cop?
—{ s.*-:o'oc*s
2.310° 003 eee?d
% ReE53. 2.3-10°
) RESS. 2.3m10°
- 7.5=10° 0o} 3
; o 110" 0of4 cee s
: b, AVESFRA WY,
- : 1.6%1C * 0o}s
I e T
: h——.:;'__"__—,_J o RESK. 4.5mp0”
G ‘  — 1.5«10" ocho
: : e RESY 1,9w10°
TR URTIRROR TGS G % 1
RS T . B
e AES 0 4 810" el b
ceeernnmsreresinnene BSOS 2. 2%10"
| pe— :..'-no“’om so e
&G . 1A 2.2»10
_r..__E’_.r—F e NS 9, w10
bepail™™ esrennrsenrn e msssees s NG 1, 80107
' : S . s B )8 2. 4w10™ -
e NIRRT Y eol e
0 SO T NPT |-y ST T
- 1.2w10" 03§5
r—'——'{:: l.z-m': 038
4.9%10" 03p7
oo REs Y 4,940"
Y - ) T
v Slniax s fibeagiodpdi ot .n m ‘.'1'10-.
AU | > T | T T ores |
AR Y R T cole
RER—— % W W T |
cnmisrnssincsessrsinnsirr B DONRIC B
2.2+10" o8} :
T e TR0 28 2, 810” !
— I e RS20 g 200" | 0907
_:ﬁu—’—r_ . REs 2. 1.9«10" l
™" , TR A ::;3: :.a-m': 0L
’ L
m:d ;:;::g" balk !
RES 31 7.4mi0™ | @ote
3.%10"° 09f2 ‘
1.510" 09}1 seeq
L a3 37 1. 3e10"
i B 1. 300"
AT 20"
......... e 30 3, 5.0 oAy
- fts 37 3.0a0"
ges M 2.0a0° ocl e
=y N ‘ ‘ fes 39 9. ami0™
corel cneriions L AES 40 1gosi0” | 0ot




3.=10" 0n}s
3.a=10"
1.3¢10 " 091 eceq
1.3«10"
1.3%10"
2.%10"
3.3«10" o419
3.0¢10"
2.c-|c“‘ eci L
9.4#10"
10.Ce10™ | @ot¢
1410 20} 2
1.4#10" 20}~
5.%10" 20} 4
5.Ae10"
N o T o — RES 4 s.a-xof:
A | 1.0+10" 2¢ls
[ TR 1om0”
: : B R R BU— AT
: 1.4#10" 20b4 asia
: : : e Y WO
oy : - SR .llt?_‘ig 5.7«10"
" : : bl s e it S — RES H7 5. )m10" eoit
e t Py e R T T RES 48 4.,=10"
RES ¥1 1.1-10: colt
.. pd 03eg
e e W, 2000 |
RE® S). 3.0%10" ,‘
........... Res 52 .7«106" |
RES §3 2. 3«10 |o ¥ |
RES SY | 4u10™ | ©@'¢
RES 55 6.5«10"
....... RES 54 7.0e10" |oore
............ AES 6] 1.0e10"
1.3=10" 33p0
"——":: t.s-lc'_: 33p1
S5.2%1C 332
L &6 58 = 10"
; ...RES 5), 5 .3«10°
L RES 60 | nag”
oo RS L 1.am0” | PP
. RE 62 5. 1wj0* | o¢'¢
RS $3 3 30"
,,,,, LRE b4 4, mi0™ |oett
BB LS 3.240" !
3.7410" 45fs n2ez
..... & b6 3.5e10"
19107 400 oner
L RES 4T 1 5mi0” ,'
e RES B8 1.%«10°
...RES 81 3.0w10"
............ REs 70 4.ce10” o 2eg
.................. RES T 2.4«10" bl
RSB g, w10"
S B 2a0™ ol
........................ fE5 M 9.2%10"
P Y s.o-no*'ss's
......... 3.~10
.;-_“' e X T 1. 2010°
Forb ot ! ' R Bt bt T e Lo T I m 2-"'0"
= : Al T P R e o : :ﬁ:”; 3.:-12': 50 %
: et ST IR o SN 1 L N, e , 3.0%1
BT Tl i, U - P i LT
ms 8 9. 10"
ges B 9.7¢10" | @i ¢

Figure 3.10. (Continued)

Y - » L4



-~

Table 3.13. Sequences (o be analyzed for small- and medium-break

MEW Runs
ST™M PORVs Back and AFW OA: AFW Charging
S-P Turbine Trips Close SDVs Close lsolates HPI Occurs SGs Automatically  [solates to OA: Break Flow OA AFW
No. on Demand on Demand oo Demand oo Demand oo Demand  Blow Down Controlled LP SG Not Isolated®  Runs Back®  Throttled tye ')
Seall-Break LOCA
L1(0001)  Trips All close Al close Runs back HPI No SGs Automatically NA? Fails to Runs back Throttles 1.5E-2
and isolates  occurs blow down  controlled isolate break  as required  prior 1o SG
high-level
slarm
1.2(0002)  Trips Al close All close Runs back HPI No SGs Automatically NA Fails o Runs back Fails 10 15E~-3
and isolates  occury blow down  controlled isolate break  as required  throttie
1L3(0007) Trps All close All close Runs back HP1 No SGs Overfeeds NA Fails to Runs back  Throttles S6E~S
and solates  occurs biow down isolated break  as required to SG
1izh-level
alarm
14(0008)  Trips Al close All close Runs back WPl No SGs Overfeeds NA Fails to Runs back Fails 1o STE-T
and isolates  occurs biow down isolate break as required  throttle
1.5 (0309%) Trips ANl close One fails Runs back HPE All SGs Automatically NA Fails 10 Runs back Throttles 1L.6E~S
to close and solates  occurs blow down  controlled solate break as required prior to SG
high-level
alarm
1.6 (0627) Trps All close Two fuil Runs back HP All SGs Automatically NA Fails 10 Runs back Throttles 212E-6
10 close and isolates  occurs blow down  controlied isolate break as required  prior to SG
high-level
alarm
1.7 (0%49) (Included in Sequence 1 8)
18(0949)  Trips All close > Three fail  Runs back HPt All SGs Automatically NA Fails to Runs back  Throttles JIE~-6
1o clase and isolates  oucurs down  controlled 1solate break as required  prior to SG
for 30 min high-level
alarm %
19(2012)  Trips One fails All close Runs back HPI One SG Automatically NA Fails 10 Runs back  Throttles 14E—-4
to close and isolates  occurs blows down  controlled isolate break  as required  prior 10 SG
high level
alarm
L10Q2013)  Trigs One fails Al close Runs back HP One SG Automatically NA Fails 1o Runs back Fails to 14E-6
10 close and solates  occury blows down  controlled solate break as required  throttle
P11 €2018)  Trps One fails All close Runs back HPL One SG Overfeeds NA Fails 10 Runs back Throttles 10E—-6
1o close and isolates  occurs blows down wolate break as required  prior to SG
high-level »
alarm .
112(3300) Trips Two fail Al close Runs back HFt Two SGs Automatically NA Fails to Runs back  Thrott'es 1.)E~-$
to close and solates  occurs blow down  controlled isolate break as required  prior o SG o
high-level '
alarm
113 {0001)  (Included in Sequence 1.1)"
114 (0002)  (Included in Sequence 1.2)"
L15(0007)  (Included in Sequence 1.3)°
116 (0305)  (Included in Sequence 1.5)"
117 (0001) (Included in Sequence 1.1)°
L% (0001) (Included in Sequence 1.1)"

£€6° £-ugy



119 (0016)

1.20 (0306)
L2101 (33N)

1.22 (587p)
.
111 (0003)
11.2 (0005)
.
11.3 (0002)
11 .4 (000S)
115 (0004)
116 (0020)
1.7 (0307)
118 (2014)

119 (3302)

Trips

Trps

Trips

Fails 10

Trips

Toips

(Included in Sequence 11 1)
{Included in Sequence 11.2)"

Trips

Trips

Trips

Trips

Trps

Residual Group

All close
Two fad
10 close
All close

All close

Al ciose

Ome fails
to close

Two fals
to close

All close

All close

Al close

All close

All close

Ome fails
to close

i
i

£f
1

Runs back
and isclates

Fails 10
occur

HP1
H™
ocours

HPL

HPY

HP1
oecurs

Z

SGs
blow down
No SGs
blow

Automatically

A icall
Automatically
controlled

Automatically
controlled

controlled
Automatically

Automatically
controlled
Automatically
coatrolled

Automancally
controlled

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Runs back
as required

Runs back
as required

Runs back
as required

Runs back
as required

Runs back
as required

Runs back
as required

Runs back
as required

Runs back
as required

Fails 1o
throttle

Mlb‘

SOE-6

1.28~7

1L3E-7

JOE~-T7

JOE~4

JOE~-6

JOE~6

18E~7

1.2E~7

SSE-6

S.28-17

¥6" ¢-uan
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Table 3.13 (Cont'd)

MFEW Runs
ST™M PORVs Back and AFW OA: AFW Charging
Turbine Trips Close SDVs Close Isolates HPI Occurs SGs Automatically  Isolates to OA Bresk Flow OA: AFW  Frequency
No ¢ on Demand on Demand on Demand  on Demand on Demand  Blow Down Controlled LP SG Not Isolated” Runs Back®  Theottled (yr ")
Medium-Break | OCA
21(0001)  Trips All close Al close Runs back HP1 No SGs Automatically NA - - Throttles 94E—-4
and solates  occurs blow down  controlled prior to SG
bigh-levei
alarm
22(0003)  Trps All close All close Runs back HP1 No SGs Automatically NA - - Fauls to 9SE~6
and isolates  occurs blow down  controlled throttie
2.3 (0008 Trps All close All close Runs back HP1 No SGs Overfeeds NA - - Throttles TIE-6
and solates  occurs blow down prior to SG
high level
alarm
24(Res4) Trips Al close Al close Runs back HPI No SGs Overfeeds NA - - Fails to 12E-8
and isolates  occurs blow down throttle
2500321)  Trips All close One fails Runs back HPIL All SGs Automatically NA . - Throtties 1L.SE~6
10 close and solates  occurs blow down  controlled prior to SG
high-level
alarm
26 (0665)  Trips All close Two fail Runs back HPI All SGs Automatically NA . - Throtiles 28E-7
1o close and solates  occurs blow down  controlied prior to SG
high-level
alarm
27(1009)  (Included in Sequence 2 8)
28(1009)  Trips All close > Three fadl  Runs back HP1 All SGs Automatically NA - - Throttles I9E~-7
to close and isolates  occurs blow down  controlled pnor 10 SG
for 30 min high-level
alarm
29 (185y) Trips Al close Al close Runs back HP1 One SG Automatically NA - - Throttles L7E~-$S
and isolates  occurs biows down  controlled prior to SG
high-level
alarm
210 (1856) Trips All close All close Runs back HPI One SG Automatically NA - - Fails 1o LIE~?
and isolates  occurs blows down  controlled throttie
2H(3229)  Trigs All close All close Runs back HP1 Two SGs Automatically NA - - Throttles * 16E—6
and wolates  occurs blow dows  conirolled pnor to SG
Nigh level
alarm
212(460%) Trips Al close All close Runs back HPI All SGs Automaticaily NA - - Throttles 4T7E-7
and solates  occurs blow down  controlled prior to SG .
bigh-level
slarm
213(0021) Tnps Al close All close Runs back Fails 1o No SGs Automatically NA - - Throttles 62E-7
and polates  occur biow down  controlled prior to SG
high-level &
alarm .
214 Rewdual Grouwp 21E-?
*The branches cntitled “SI Signai G d on Demand.” “AFW A on Demand,” “Accumulators Discharge,” and “LPI Occurs on Demand® ful in all seq listed Therefore,

these headings do not appear in thes table 'I'hnmn&wh-&buﬂdh%mmuhuwmmlhlmm These sequences are included

w the ressdual groups.

'o-qmuumawnumwfmmuuuummu-mmmmuu lated were wdentified as Segq Series 11, The onginal
bers are i here for casy cross reference

“These headings apply only 10 small-bresk LOCAs and not to mediem-bresk LOCAS
“NA = not applicable
’Tl-w-d-hh%ndmmw*&m-uh-lbh-.*mdom“w

§6° €-yan

{
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Figure 3.11. Event tree for medium-break LOCA at full power.

(continued on next page, with overlap)
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frequency associated with the residual group is 2.1 x 1077 /gy,
3.5.8, Small-Break LOCA at Hot 0% Power

An initiating frequency of 8.01 » 10-‘/1: was used for this event based on

the overall estimate for a small-break LOCA of 8.9 x lo"/yf and a factor i

of 0.09 to account for those ocourrences at hot 0% power. The branch head~ ’ 4
ings and probabilities for the event are shown in Table 3.14, and the | ;,“
resulting event tree is shown in Figure 3.12. Out of the nine sequences t/.

with frequencies of 21077 /yr (out of a total of 158 sequences), five <

sequences were ldentified for further analysis. These are shown in
Table 3.15. The frequency associated with the residual group is 1.1 x 8"

10-1/;:.
3.5.9, Medium-Break LOCA st Hot 0% Power
The initiating frequency used for a medium~break LOCA at hot 0% power was

1.9 x 10"173, based on 1.9% operation at hot O% power. The branch head~

ings and probabilities for the event are presented in Table 3.14, and the " %

-—

resulting event tree is shown in Figure 3.13., Three sequences out of a
total of 124 sequences survived the screening eriterion of 10‘7/yt. Two of
these were selected for thermal-hydraulic and fracture-mechanics analyses

as shown in Table 3,15, The residual group frequency totals 6.5 x lO"/yt.

3.5.10, Tube Rupture

Event tree branches for & steam generator tube rupture initiating event



Table 3.14. Branch probabilities for small- and medium-break LOCAs

at hot 0% power”
MMy‘
Small Break  Medium. Bresk

Tree Meading Branch LOCA LOCA
SI signal (1) S1 ugnal s generaied. nmg,
generated (2) S1 signal 15 not generated. 1% 0
on demand
MEW uatated (1) No line overfoeds. 0
n demand. (2) One line overfesds * 90 % 10”3

(3) Twe lines overfeed A X 10

(4) Al three lines overfeed * TR
HPI accun s " generated,
on demand (1] xcun 0999

(2) MPY fuls 10 ocour. o1 x 0t

I 51 wignal is not generated,

(1) Operator manually starts HPL 0w

(2) Operator fails 1o start HPL. P x 0!
AFW actustes (1) AFW sctustes 09
on demand. 12) AFW does not actuate. 1 x 10!
AFW Now (I)A'Uhhm‘

09928

automatically
controlied. mn—mmu-

high AFW flow rate 13 % 10!
(owerfends)

Accumulatars (1) Accumulators discharge when

required
(2) Accumulntors fail to
discharge 1wt

m’l- (1) Break not inolatable

or operstor fails 10
wwotate break 09610 i
(2) Operator wolates break 19 x 107? i

Now o Now runs back =
rums P (repressurization
wa demand vmaned ) 0w NA
(2) Charging Now falls 10 run
hack (repressurization

ot limited) rx? NA

OA AFW I operator isolates AFW,
throttied (1) Operator throtties AFW flow ow
(2) Operatan fails 1o throttie )
AFW I x W0

Al
(1) Operntor throtthes AFW Now. 00

LP1 oceurs s o groersted.
on demand (1] omcurs a8 required 0wy
() LP1 fails 1o ovewr. a0t

(2) Operster fuils to san LPY i x0!
1081 ugnal s not generated and

o operator (el to sart

(1) Oparator fails 10 sart LPL 10
(1) Oparwtor manwaity e LPL oo

weed i Dhin cable (lisied in the srder of thesr sppeurance) ae 81 =
-um.m-mmuv-m
o, OA = aperstor setion, LPL = low.prassure injection, and MPIV = mun fesdwatsr

Includes fallure of MFW valves (0 run Back, fatlure of one o both MFW pumps to
wn”“hmﬂ. of MFIVs 0 close on §1 wgnal

Mw*q--ﬂ-mmnu-wu LOCAs
INA = not applicable

.

.



SN

e F""'i il il e (e e lgj o el [ *
i‘
L_——_ I
S——
r——”—« Fesl
o -
s 2

r————I_-___I—_—_—‘ o Rt

._.___I'_"_ka . A

NS A e b AWMNNUNNMMDUVWMUWWHE W NN

7w10”

B . Pl AnlO‘

g=10"

PR e W T

— Al 4.7¢10"
__,___r—'—‘ At 1.9m10"
et 4.8w10™

Pale 3,7910"

bk 4,900

M 7, 9w10"

o By 2.4%10

ooy

00!

Figure 3.12. Event tree for small-break LOCA at hot 0% power,

Qao|

qoel
oo 2

TR

LT

o000 |



F B

Table 3.15. Sequences to be analyzed for small- and medium-break LOCAs at hot 0% power

Si Segnal MW AFW AFW Charging
e e Coemer sved Hud ated WPT Occans Actutes Avtomatally A smuiston Oa Flow OA AFW LP1 Occues 'w
et e (emand oo Demand  om Demand  on Demand € oot rodled D harge Not Runs Back Throttied oe Demand i ")
Senali- Scesh Lix A
31 (00 ) Sgnai s No lame HPY AFW Asromatic ally Not Fuils to Runback mot Theoithes LPI ot 17E-4
gencraied overfecds occuss asates contsolied demanded soiaie break requered '-:-d” required
L
alarm
32 o002} Segrai No lne ne AFwW Astomatually Not Fashs to Runback not Fails 10 LPT st T6E—6
gewerated ovcriceds acwry actestes cont rodled demanded isolate bresk reguired throttie equired
18 ] (Seguence mat appiscable |
12 1 (00S) Segaal No e HM AFW Astomatnally Not Isolates Fashs to Theotties LP1 sot LIE-Y
gencr sted oeerteeds ecowrs acleates comtrotied demanded break run back praw 1o SG required
Magh-level
alarm
12 2 (000s) Segaai @ No bne WPl AFW Automaisally Nt Isolates Runs back Fails o LP1 not LIE-T?
grner sied overlcods s actesies cont rolled dc manded break #s required theottle required
123 (0ees) Segmal 5 No hae HPL AFW Owericeds Not Isolates Runs back Throttles LPY not 257 g
generated awericeds occurs actuates demanded break s required prior 1o SG required w
hugh leve! -
alarm —
o
12 4 (000Y) Sgnal = No bae P AFW Astomatwally Nt Isolates Rums back Throttles LP1 not JE-S -
gencrated xcers actuates coatrolied demanded break as required poor 1o SG required
high-level
alarm
ns Reudoal Growp 1IE-T?
Medigmn- Beesk | OCA
45 (meon) Swgnal n No lane WP AFW Astomataily Drscharges - - Throttles LPloccurs 19E-S
geacrated oweriveds ccuers actuates conirulled when required priov 10 SG s required
high-level
alarm
42 (0% Segnal w No lne e AFW Astomatcally Drscharges - - Fails 10 LP1 occurs 19E-7
g ated owerleeds accurs aclaates controtied when reguired thrattle as required
4 Resudwal Geoun 6SE-9

“Durng the anabysis of sequences by o Nationsl Engincerng Laboratory (INEL), the LOCAs i which the bresk could be isoluted were identified a3 Sequence Series 3 and the LOCAS in which
the break could not be moluted were wdeatsiied as Sequence Seres 12 The onginal sequence aumbers are mamianed here for easy cross reference.

*These headings apply only to small-beeak LOCAs and not 1o medium-beeak LOCAs.

“AH SDVs are expected to remamn closed wnder hot 0% power conditions, Sequence 13 covered the possibility of the SDVs failing to close, and thus it is net applicable to this senves. [t s included only
s cross reference 1o the INEL serwes.
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Figure 3.13. Event tree for medium-break LOCA at hot 0% power.
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were described in Section 3.4.8. A review of this tree revealed the
sequence descriptions would be dominated by operator actions, which means
that the timing of the operator actions would be very important. Thus it
was felt that a series of tube rupture calculations would be more appropri-
ate than an analysis of the event tree, This‘led to the identification of
five tube rupture sequences, each of which represents a type of tube rup~
ture event. These five sequences are described in Table 3.16. It should (/‘L
be noted that in the interest of bounding the consequences associated with
the tube rupture sequences, all tube rupture calculations were performed

from the hot 0% power (low decay heat) initial condition.
Comments on the five tube rupture sequences are as follows:

Sequence 10.1: This sequence is representative of the nominal tube rupture
sequence. The frequerncy assigned to it is the tube rupture initiator fre-

quency of 5 x 103 /s jdentified in Appendix B,

Sequence 10.2: This sequence is identical to sequence 10.1, but the SDVs
fail to close for 10 minutes after the subcooling requirement is met, For
failure of any one of five valves to close on demand, Appendix B reports a
frequency of 1.6 x 1073, mjs frequency is used to represent one or more
SDVs failing to close. This gives a total frequency for this transient of

8 x 1076y,

Sequence 10.3: 1In this sequence a pressurizer PORV is assumed to stick
open for 10 minutes following the first opening. A value of 0.054 (0.027

for each valve as presented in Appendix B) is used as the frequency for
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Table 3.16. Sequences to be analyzed for steam generator
tube ruptures at hot 0% power”

Sequence Frequency
No. Description of Sequences (yr™)
10.1 (1) If SIAS is generated, operator trips RCPs when 5% 1073

RCS pressure reaches 1300 psig.

(2) Operator throttles AFW flow to maintain 40% SG
level.

(3) At 500 seconds, operator closes affected SG
MSIV,

(4) At 10 minutes, operator fully opens three SDVs
and cools primary system to 45°F. (Core
outlet temperature and saturation temperature
in the affected SG secondary are used to
measure subcooling.)

(5) When subcooling is attained, operator closes
SDVs.

(6) After waiting 260 seconds following Event §,
operator opens one PZR PORYV to depressurize
primary system.

(7) When pressures of pressurizer and affected SG
dome have equalized, operator closes PZR PORV.

(8) After waiting 500 seconds following Event 7
operator opens a second PZR PORYV to depressurize
primary system to 1000 psia.

(9) When depressurization is accomplished, operator
closes the second PZR PORV.

(10) After waiting 100 seconds following Event 8,
operator secures HPL.

10.2 Same as Szquence 10.1 except that SDVs fail to close g x107¢
for 10 minutes after subcooling has been achieved.

0.3 Same as Sequence 10.1 except that PZR PORV sticksopen 3 X 1074
for 10 minutes on first opening.

10.4 Same as Sequence 10.1 except that second PZR PORV sx107?
fails to open and operator throttles HPI and charging
flow when pressurizer set point level is attained.

10.5 Same as Sequence 10.4 except that operator does not X0
throttle flow.

“Acronyms used in this table are: SIAS = safety injection actuation signal, RCP =
reactor coolant pump, RCS = reactor coolant system, AFW = auxiliary feedwater,
SG = steam generator, MSIV = main steam isolaticn valve, PZR PORV = pres-
surizer power-operated relief valve, and HPI = high-pressure injection.

- - ® Ld
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either of two valves to fail to close once open. This gives a sequence

frequency of 0.005 x 0.054 = 3 x 10'4/y,,

Sequence 10.4: There was some concern expressed by Westinghouse represen—
tatives that ORNL's representation of a typical tube rupture (sequence
10.1) was incorrect and that omly one PORV 1lift might be more typical. To
address the potential effects of the different assumptions, sequence 10.1
was analyzed without the second PORV 1ift, The frequency used for the

sequence was the tube rupture initiating frequency of § x 10'3/yt.

Sequence 10.5: In thie sequence, HPI and charging flow are not throttled.

This is an action performed by the operator in an attempt to stabilize prij N
mary and secondary system pressure. For screening purposes, a 0.1 failure
frequency® was assigned to this operation, resulting in a frequency of 5 x

10-4/yr for this sequence.
3.5.11, Loss of Main Feedwater

As described in Section 3.3.4, a loss of feedwater (LOFW) with subsequent
auxiliary feedwater overfeed can result in sequences that potentially could
be of concern with respect to PTS. Event sequences are similar to those
identified for a reactor trip followed by main feedwater isolation (caused,
for example, by 2 high steam generator level feedwater trip or safety
injection), although the sequence fregquencies are different from those in
the reactor trip event tree. Six LOFW sequences have been identified.
Utilizing a LOFW initiating event frequency of 0.3/yr and the branch proba~

bilities given in Table 3.6 for "AFW automatically controlled,” "Charging

.
The feeling was that the failure frequency for this scticn should probably
be lower than the 0.1 value used. PFowever, sn early review of the ther
mohydraulics of this event revesled that s conservative frequency estima™
tion for this sequgnge would not impsct the oversll frequency for a
through-the-wall crack. Therefore, the 0.1 “alue was used.
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flow runs back on demand,” and "AFW throttled’” results in thz LOFW-related !

sequences and frequencies given in Table 3.17.
3.5.12., Support System Failures

Of the support system failures postulated ir Chapter 2 (Sectiom 2.9.3), 12
were identified as being of potential concern with respect to PTS, These
included loss of instrument sir; loss of component cooling water; loss of
service water; and several electrical bus failures, most of which involved

"

the 4KV bus 3 or the dc power supplies. The plant responses to these sup-

D)

port system failures are summarized in Table 3.18.

In this section, the selected support system failures are evaluated as ini-
tiators in potential PTS sequences. Initiator and sequence frequencies
were then developed for those feilures considered to be important. The
potential PTS sequences associated with the selected support system initia~

tors are discussed below.

Initiators 7, 8, and 9 (from Table 3.18), which involve the failure of
vital instrument buses while tied into the 4KV bus 3 for maintenance, are
effective loss of feedwater (LOFW) events. Main feedwater would isolate as
a result of the SI actuation caused by the bus failure. The support system
failure also results in charging flow runback. Sequences of potential PTS
concern include an effective LOFW with initiation of AFW, successful or
unsuccessful antomatic control of AFW, and failure of the operator to manu~

ally throttle AFW,
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Table 3.17. Sequences to be analyzed for loss of main feedwater

Thermal
Hydraulically
AFW AFW Charging Equivalent
Sequence Actuates Automatically Flow OA: AFW Frequency  Reactor Trip
No. on Demand Controlled Runs Back Throttled (yr—') Sequence
13.1 AFW Automatically Runs back Fails to 3E-) 9.49
actuates controlled as required throttle
13.2 AFW Automatically Fails to Fails to =3 9.51
actuates controlled run back throttle
133 AFW Overfeeds Runs back Throttles 2.1E~3 9.52
actuates as required prior to SG
high-level
alarm
13.4 AFW Overfeeds Runs back Fails to 2.1E-S 9.55
actuates as required throttle
13.5 AFW Overfeeds Fails to Throtties 21E~-5S 9.54
actuates run back prior to SG
high-level
alarm
13.6 AFW Overfeeds Fails to Fails to 21E~7 9.55
actuates run back throttle
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Table 3.18 (Cont’d)

System /Component lum_‘

Pressurizer
Postulated and PZR ST™ MFW MFW Safety Charging Letdown
No. Fadlure Reactor Turbine RCPs PORVs SDVs PORVs MSIVs Isolation Runback AFW Injection® Purp Flow Flow
. ? 4KV bus ) Trips Trips Operable RC.455C Closed Closed” Operable  Loop 2 Operable Actuated Actuated Low flowf Isolated
- with main- closed, block solated (only one S
tenance tie valves fail pump avail-
10 nstru- oupen able)
ment bus 2
fails®
K 4KV bus ) Trips Trips Operable PORYVs closed Closed Closed/ Operable  Loop 3 Operable Actuated Actuated Low fMowf Isolated
with main- isolated {only one SI
tenance tie pump avail-
10 instru- able)
! ment bus 3
fails”
9 4KV bus ) Trips Trips Operable PORVs closed Closed Closed’ Operable Loops 2 and Operable Actuated Actuated Low Now* Isolated
with main- 3 solated (only one SI
tenance tie pump avail-
1o instry- able)
ment buses 2 .
1 and ) faul”
Instrument Air System
10 Loss of Operable Operable Operabie POR Vs closed Operable Closed Closed Isolated NA Overfeed Operable Overfeed Isolated a
nstrument f turbine (loss of w
ar pump is speed con- \
actuated trol and w
throttle "
valve open) o
o
Component Conling Water System .
" Loss of Operable Operable Potential Operable Operable Operable Operable  Operable Operable Operable Pl and SI Pump seal Operabie
ccw RCP pump seal failure
fatlure
Service Water System
12 Loss of Operable Operable Potential POR Vs closed” Operahie Eventual Eventual Isolated NA Inoper- SI pumps Overfeed” Isolated”
Sws RCP closure” closure” able moperable {loss of
bearing speed con-
farlure trol and
throttle
valve open)

“ Acronyms used in this table are RCP = reactor coolant pump, PZR PORV -murimm-opumdmﬁdmwv-mduwvﬂn.mmv-mm—opu-.udnlid
valve, MSIV = main steam-line isolation valve, MFW = main feedwater, AFW = auxiliary feedwater, SI = safety injection, HPI = high-pressure injection, LPl = low-pressure injection,
CCW = coolant water system; and SWS = service water system.

® Accumulator discharge remains operable under all failures postulated.

INA = not applicable.

? Failure results in loss of SWS, which can fail the instrument air compressors.

“Includes unavailability of associated diesel generator.

/STM PORVs only fail closed if load reject signal from PM-447 exists.

#Manual recovery may be required.

&

L 4
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Initiator 1, loss of the 125V dc panel A, also results in main feedwater
isolation and SI actuation; however, charging pump flow remains fully oper
able. Sequences of potential PTS concern include those that would be ini-
tiated by an effective LOFW with the possibility of charging flow runback

failure and failure of tke operable pressurizer PORV to close.

Initiators 2, 3, 10, and 12 would also result in main feedwater isoletion
and, except for initiator 3, would also result in the pressurizer PORVs
failing closed. Modeling of the PTS sequences of potential concern
includes considering the closure of the pressurizer safety relief valves
(which would be demanded if charging flow runback failed) in those
sequences where the support system initiator would result in inopotnbility_

of the PORVs.

The failure of 4KV buses 1 and 2 and associated diesel gemerator (initiator
6) results in a reactor trip initiator with operable primary and secondary
side PORVs, closed SDVs, and operable MFW, AFW, MSIVs, SI, and charging
flow. The expected frequency of this support system failure, though, is

orders of magnitude smaller than that of an unspecified reactor trip.

Three of the support system initiators identified in Table 3.18 are con~
sidered to be benign from a PTS standpoint. Initiator 4, loss of dc buses
A and B, could be modeled as a steam—line break initiator owing to the
potential turbine trip failure induced. However, minimal cooldown would
occur since the dc bus failure would also cause MSIV closure and PI and
AFW failure. Loss of 4KV buses 2 and 3 and associated diesels (imitiator

5) is similar in that SI, AFW, and charging flow are inoperable while the
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secondary side is isolated. Failure of the component cooling water system
(initiator 11) could result in an RCP-seal-failure-type LOCA via loss of
seal water to the charging pumps. However, failure of all three charging
pumps would be required, as well as failure of the operator to trip the

RCPs. This evert is bounded by other LOCA initiators.

e AT

Table 3.19 summarizes the support system initiators modeled and the
sequences with estimated frequencies greater than 10'7/y:. The frequencies
of most of the PTS sequences that could be initiated by these support sys—
tem failures are bounded by the frequencies for sequences initiated by LOFW
and nonspecific reactor trip events. Of the support system failures
evaluated, three sequences resulting from support system initiators could
not be bounded in this manner. These sequences involve LOFW resulting from
failure of the instrument air system caused by failure of the service water
system. The sequences of con:tern require the normal recovery of service
water but not the consequently failed instrument air, failure to throttle
AFW, and, in one case, failure to manually run back charging flow, From a
thermal-hydraulics standpoint, the sequences are approximated by reactor
trip sequences 9.53 (for the sequences involving effective manual rumback
of charging flow) and 9.55 (for the remaining two sequences). These
sequences have been designated as sequences 14.1 and 14.2, respectively,

for analysis purposes (see footnotes e and f in Table 3.19).

3.5.13., Sequence Summary

The procedure described in this section to quantify and collapse the event

tres sequences produced 209 sequences for which thermal-hydraulic and



Table 3.19. PTS sequence modeling of support system initiators®

Support System Initiator

- -

Sequences > 1077 /yr

Estimated -
Frequency requency
No.!  Description (yr ") Impact Description (yr™ ")

I Loss of 125V dc 1.8E—3 LOFW with AFW and SI Since no overcooling or pressurization is forced  Bounded by LOFW
panel A and actuated; SDVs closed; STM by the initiator beyond what would be typically sequences
associated 4KV PORVs closed demanded in resulting transients, the associated
buses | and 2° sequences are bounded in frequency by those

associated with LOFW.

2  Lossof 125V dc 1.8E—3 LOFW with AFW actuated; PZR Same as No. |

panel B PORVs fail closed; STM PORVs
. operable; MSIVs closed

3 Lossof 125V dc 1.8E—3 LOFW with STM PORVs closed,; Same as No. |
auxiliary panel one PZR PORYV operable;
Sy MSIVs closed; AFW actuated

6  Loss of 3.5E—4 Reactor trip with Since no overcooling or pressurization is forced  Bounded by
4KV buses STM PORVs and SDVs by the initiator beyond what would be typically reactor trip
1 and 2 and closed demanded in resulting transients, the associated sequences
associated sequences are bounded in frequency by those of
D/G the reactor trip event tree.

7 Lossofl 4KV bus3 4.1E—S5 LOFW with AFW actuated; Same as No. |
with maintenance STM PORVs operable; SDVs
tie to instrument closed; charging flow
bus 2° at minimum

8 Lossof 4KVbus3 41E-S Same as No. 7 Same as No. |
with maintenance
tic to instrument
bus 3¢ %

9 Lossof 4KV bus3 4.1E—-6  Same as No. 7 Same as No. 1 :

with maintenance
tie to instrument
buses 2 and 3¢

II1" €-4dn



Table 3.19 (Cont’d)

Support System Imitiator

Sequences > 1077 /yr

Estimated
Frequency Frequency
No?  Description (yr ") Impact Description (yr™ 1)
10  Instrument air 1.0E—4 LOFW with STM PORVs 10a. [Initiator ith operator manually running Bounded by LOFW
system failure closed; MSIVs closed; AFW back charging flow but failing to throttle sequences
' auto-control failure; PZR AFW
POR Vs closed; loss of charging 10b. [Initiator with operator failing to manually Bounded by LOFW
flow control (overfeed) run back charging flow but successfully  sequences
throttling AF
10c. [Initiator with operator failinf to manually Bounded by LOFW
run back charging flow and failing to sequences
throttle AFW
12 SWS 0.01 LOFW with AFW inoperable; Initiator with recovery of service water but not
STM PORVs closed, MSIVs instrument air. Same three sequences as in
closed; loss of charging flow No. 10 above, but with initiator frequency
control (overfeed) based on the SWS failure and a probability of 0.9

for recovery of SSW; that is:

12a. [Initiator with ogcrator manually running 8.1E—4°
ba[-g‘l;’charging ow but failing to throttle
A

12b. Initiator with operator failing to manually 9.0E—4/
run back chalwng flow but successfully
throttling AF

12c. Initiator with operator failing to manually 9.0E—4"
run back charging flow and failing to
throttle AFW

Note: Without recovery of SWS, the event is
not an overcooling transient.

EIT" £-94H

“Acronyms used in this table are: LOFW = loss of feedwater, AFW = auxiliary feedwater, SI = safety i'ajection. SDV = steam dump valve,
PZR PORV = pressurizer power-operated relief valve, STM PORYV = steam power-operated relief valve; MSIV = main steam isolation valve;
SWS = service water system.

bFailures 4, S, and 11 listed in Table 3.18 are considered to be henign.

Includes unavailability of associated diesel generators. ‘§
.k

YRead; 1.8 X 107
“Initiator 12a is subsequently identified as Sequence 14.1. -~
S Initiators 12b and 12¢ are subscquently jointly identified as Sequence 14.2. 7

™
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fracture-mechanics analyses were performed. The number of sequences iden—

tified for analysis for each initiator and the frequencies of the associ- C}

ated residual groups are summarized in Table 3.20. Z
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Table 3.20. Summary of event tree sequence collapse

Number of Sequences Residual Gto“
Grouped with Other Seq e -
Iniviator To Be in Evemt Before After
(Event Tree) Analyzed  Tree  Above 107 7/yr  Below 10" "/yr  Analysis Analysis
Small-break LOCA® at full power 2 6938 s 7 13%107% 94 x 1077
Medium-break LOCA at full power 12 6824 2 n 261077 21 %1077
Small-break LOCA at hot 0% power 158 4 4 28 x 1077 Lix07?
Medium-break LOCA at hot 0% power 124 3 18xi0™" esx107*
5 S all-pipe steam-line brezk at full power 29 923 3 % 91X 107* 66x1077 -
6 Large-pipe steam-line break at full power 15 1763 10 4 46x 1077 4ax 07’
1 Small-pipe steam-line break at hot 0% power 16 292 4 7 s x 1077 25x 1077
] Large-pipe steam-line break at hot 0% power 9 s08 0 4 23%1077 23x 1077
9 Reactor trip 90 9773 54 174 x0Tt 2rxi10™*
0 Tube rupture 5 NA* NA NA NA NA
13 Loss of feedwater B NA NA NA NA NA
14 Support system failure 3 NA NA NA NA NA

®A screening frequency of 1077 /yr was used 1o initially identily sequences which shouid be analyzed on an individual basis.
*LOCA = loss-of-coolant accident.
“NA = not applicable.



