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An extensive Yankee Atomic Electric Company (YAEC) and New Hampshire
Yankee (NHY) program to address these stipulations has been completed, and the

results are documented in this report.

The computer codes and some of the assumptions employed in this
plant-gpecific analysis for Seabrook Station are different than those in the
methodology approved by the NRC. However, the methodologies are fundamentally

the same. Differences are described and justified within this report.
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and Main Steam Safety Valves (MSSVs) open. The MS8SVs will reseat shortly
after the trip, but the ASDVs will remain open until RCS loop temperatures are
reduced to below the saturation temperature of the 8C secondary side at the
ASDV setpoint. Condenser steam dumps are not available due to the loss of

condenser vacuum resulting from the loss of off-site power.

The combined action of the MSSVs, ASDVs, and the post-trip reduction in
core power causes the RCS fluid temperatures to decrease, shrinking the RCS

liquid volume, resulting in decreasing RCS pressure and pressurizer level.

The lose of off-site power results in the loss of motive power for the
Reactor Coolant Pumps (RCPs) which then coast down, resulting in decreasing
RCS flow rates until natural circulation is established. The loss of power

also causes a direct actuation of the Emergency Feedwater (EFW) pumps.

Safety Injection (SI) actuation causes the SI pumps to start and the
Centrifugal Charging Pumps (CCPs) discharge to be redirected from normal
charging to cold leg emergency core cooling injection., It also results in the
tripping of the steam-driven Main Feedwater Pumps (MFWPs) and closure of the

main feedwater isolation and control valves.

Immediately after the trip, the Unit Shift Supervisor will refer to the
E~Q, "REACTOR TRIP OR SAFETY INJECTION,'" Emergency Response Frocedure (ERP).
The E-0 procedure directs the operator to verify the automatic actions
discussed above and provides guidance for placing the plant in a stable
condition and diagnosing the cause of the reactor trip. The design basis tube
rupture scenario assumes that diagnosis of the event is based on observation
by the operators of an uncontrolled increase in the level of the ruptured §G
using SC Narrow~Range (NR) level instrumentation. No credit is taken for
operation of the Radiation Data Management System (RDMS), since the appliceble

portions of the RDMS are not safety related.

Emergency Core Cooling System (ECCS) flow causes the RCS pressure and
pressurizer level to increase very gradually, while the RCS temperatures drop
slightly due to the falloff in core decay heat level and cold temperature of

the injected water.
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A two-loop RETRAN model was used to perform the analyses presented in
this report. One loop in the model represents the single coolant loop
containing the ruptured 8G and the other model loop represents the three

lumped coolant loops with intact S§Gs.

"he nodalization used in the Seabrook SGTR RETRAN-02 model (see
Figures 4.1 and 4.2) is very similar to that used by INPO to model the Ginna
plant in Deference (9). The primary differences between the Seabrook and INPO
Ginna models are that the Seabrook model does not include the detailed
modeling of the core bypass and upper head regions used in the Ginna model and

does not model the surge line explicitly.

The core bypass and upper head flow paths were not modeled in detail
since the limiting SGTR event scenarios for minimum wargin to overfill and
maximum off-site mass release both assume loss of off-site power at the time
of reactor trip. Since the flow through these regions is negligible under
natural circulation conditions, the use of a "stagnant" upper head volume and
lumping of the core bypass region with the rest of the core region are

conservative modeling techniques that minimize computer run time.

The surge line is modeled as a junction. The jun~tion form loss
coefficients for forward and reverse flow appropriately account for the hot
leg tee junction and pressurizer inlet flow diffuser losses, and the volume of
the ligquid region of the presaurizer has been artificially increased by the
volume of the surge line. The purpose of using this technique is also to
minimize computer run time, since the surge line volume would otherwise be the
smallest volume in the model, and explicit modeling of this volume would
result in the need to use smaller time steps during times when the pressurizer
empties and refills than would otherwise be the case. The accuracy of
transient results is not affected because of the relatively small volume of

the surge line.

In the model descriptions which follow, numbers enclosed in curly
braces, e.g., {1}, designate volume numbers used in the model and

correspond to the numbers shown in Figures 4.1 and 4.2. Numbers enclosed in

]l
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vertical bars, e.g., |2|, designate heat conductors in the model. Numbers
enclosed in angled braces, e.g., ¢3>, designate junction numbers in the

model. Heat conductors are not shown in Figures 4.1 and 4.2,

4.2.1 Description of Reactor Vessel Model

The Reactor Vessel (RV) model consists of six volumes, five flow
junctions, and seven heat conductors. The six volumes represent the upper
{42} and lower {11} portions of the reactor vessel inlet and downcomer
annulus, the lower plenum {12}, core and lumped core bypass {1},
outlet plenum {Z) and upper head {3} regions. The upper head volume
is modeled using the nonequilibrium pressurizer option, since it is expected
that liquid in this region (which is stagnant after the loss of forced
recirculation flow accompanying the loop) will flash during the event
recovery, causing this volume to act as a second pressurizer. The values for
bubble rise velocity and void distritution parameters used in this volume are

those recommended by Moore and Rettig in Reference (11).

The seven heat conductors represent the fuel |1|, RV lower head
metal! |3/, RV downcomer outer wall |2,24|, lower and upper core barrel
|4,25|, and the portion of the upper guide structure |5| exposed to

liquid in the outlet plenum volume.

The RV upper closure head and other metal structures exposed to liquid
in the upper head region are not explicitly modeled due to the fact that the
upper head volume uses the RETRAN nonequilibrium pressurizer option, which
does not allow heat conductors to be specified as connected to this volume.
Since there is negligible flow through this volume under natural circulation
conditions, this metal would remain hot along with the liquid in the region.

Seabrook is a T upper head plant. This means that the design of

the RV internals is sugﬁL?hat a sufficient fraction of the cold leg fluid

entering the RV is diverted into the upper head to maintain the upper head
fluid and metal temperatures at TCOLD during normal operation with the RCPs
running. Under natural circulation conditions, however, flow direction in

this flow path reverses and fluid at THOT enters the upper head region.

18
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4.2.3 Description of the Ruptured Loop and Pressurizer Models

The modul of the single coolant loop containing the ruptured SGC

congists of thirteen volumes, seventeen junctions, fifteen heat conductors,

and three nonconducting heat exchangers.

The thirteen volumes represent the hot leg piping {6}, combined
pressurizer and surge line {4}, SC inlet plenum {36}, primary side of
the SG U-tubes {8,29,30,31,32,32}, SG outlet plenum {34}, crossover
piping &nd rsactor coolan:t pump {38,10) and discharge leg piping {40}.

The RETRAN ionequilibrium pressurizer option is used in volume {4},

Th: fifteen heat conductors are used to model the
U-tubes |18,19,20,21,22,23|, SG inlet and outlet plenum walls and
tubesheet |32,34,36,38|, and RC piping, pump casing and impeller
metal |7,10,11,28,31}.

The three nonconducting heat exchangers are used to represent the

normal and back-up pressurizer heaters.

The RCP is modeled, in <62>, using the RETRAN centrifugal pump model

and built-in quadrant curves for Westinghouse RCPs.
The SI flow to this loop is modeled via fill junction <49>.

As noted earlier, the pressurizer and surge line are represented by a
single volume, {4}. This volume is connected to the loop containing the
ruptured SG, rather than the model loop representing the lumped intact coolant

loops. The effect of this placement was judged to be negligible.

The hydraulic losses associated with the pressurizer surge line are
modeled via junction <4>., Pressurizer spray flow is modeled using fill

junction <30> and the pressurizer PORV is modeled using junction <31>. The

~15~
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TABLE 5.2
Operator Action Times Observed During Design-Basis
Tube Rupture Simulations at Seabrook Simulator

SIMULATION NUMBER 1 2 3 4 5 6
(DATE) (7/12/88) (7/23/88) (2/28/89) (3/07/89) (3/14/89) (3/21/89)

RUPTURED SG NARROW
RANGE LEVEL @ TIME ~ 17% ~ 42% ~ 25% - 30% ~ 32% ~ 52%

OF ISOLATION

-OE_

INTERVAL BETWEEN
MSIV CLOSURE AND 522 300 252 254 2:486 225
START OF COOLDOWN

INTERVAL BETWEEN
END OF COOLDOWN
AND START OF 103 0:30 e:15 0:17 135 020

DEPRESSURIZATION

INTERVAL BETWEEN
PORV CLOSURE AND 1:10 1:30 1:30 325 106 115
TERMINATION OF Si

INTERVAL BETWEEN
1ST PORV CLOSURE NA 1505 155 4:45 NA 9:15
AND 2ND OPENING







TARBLE £.1

Summary of Systems. Compenents, and Ilnstrumentation Credited for
Mitigation of the SGIR Event

A.  SXSTEMS

© Solid-State Protection

© Rod Control

© Reactor Coolant

© Main Steam, Note 1 )
© Main Steam Draine, Note |

0 Emergency Electrical Distribution

o Diesel Generator

© Service Water

0 Primary Component Cooling Water

o Safety Injection, including the Refueling Water Storsge Tank
0 Charging

[ Feedwater, Note |

n Condensate (Condensate Storage Tank)

© Turbine Generator (Turbine Stop Valves), Note 1

1. Includes non-nuclear safety-related components for backup of
safety-related components required for steam generator isolation.

B, COMPONENTS (Notee 1 and 2)

o Emergency Feedwater (EFW) Flow Control Valves (AC Motor), Note 3

o EFW Pumps

o Atmospheric Steam Dump Valves (ASDVs)(Pneumatic), Note &

o ASDV Block Valves (Manual)

¢ Main Steam Isolation Valves (MS1Vs)(Electrohydraulic/Pneumatic),
Note 5

¢ MSIV Bypass Valves (AC Motor), Note 6

© Turbine Generator Stop and Control Valves (Electrohydraulic), Notes 7
and 12

© Main Feedwater Pump Turbine Stop Valves (Electrohydraulic), Note 12

© Main Steam Drain Valves (MSDVe), Notes 11 and 12

0 Auxiliary Steam System Supply Valve (AC Mo'or), liote 12

0 Moisture Separator Reheater Steam Supplv Valves (AC Motor), Note 12

o Turbine-Driven EFW Pump Steam Supply Isoletion Valves (Pneumatic), Note 8

o Turbine-Driven EFW Pump Steam Supply Control Valve (Pneumatic)

o SG Blowdown Isolation Valves (Pneumatic)

0 Main Steam Safety Valves

o Feedwater Control Valves (Pneumatic), Note 9

o Feedwater Isolation Valves (Electrohydraulic), Note 9

o Pressurizer Power-Operated Relief Valves (PORV)(DC Solenoid-Operated
Pilot)

o PORV Block Valves (AC Motor)

o Safety Injection Reset, Note 10

(¢} Emergency Diesel Generaiors

o Safety Injection Pumps

0 Charging Pumps

-
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IARLE 6.1

Summary of Systems. Compouents. and lnstrumentation Credited for
Mitigation of the SCIR Event

(Continued)

Nonnuclear safety-related component used {.r backup isolation of ruptured
5G.

INSTRUMENTATION (Note 1)

Steam Generator Level, Note 2

EFW Flow, Note 3

§C Pressure

Core Exit Temperature, Note 4

Wide~Range Reactor Coolant Syetem (RCS) Pressure
Pressurizer Level

© RCS Subcooling Margin

[ Containment Pressure

0000090

Notes:

ro

7751R

Status indication ie provided for all required components and has the
same qualifications as the component. This indication is not listed
separately.

One, fully qualified narrow-range loop is provided for each SG. Backup
is provided by the safety-related wide-range loop that is redundant to
the safety-related narrow-range loop.

There is one qualified EFW flovw indication loop per 8G. Nonqualified
backup indication is orovided by the station computer.

The redundant average core exit temperature indication is displayed on
the nonqualified plasma display at the Shift Superintendent's Station.
The value can also be obtained from the station computer or the
maintenance panel on MM-CP-4R6B.

Slw



7.0 TRANSIENT ANALYSIS OF TEE CASE WITH MINIMUM MARCIN IO OVERFILL

The plant equipment relied upon to mitigate the effects of a design
basir tube rupture was identified in Section 6.0 of this report. The designs
of these systems were reviewed to identify pctential single failures of this |
equipment. The effects of these single failures were then evaluated in order
to determine the limiting single failure with respect to minimizing the margin
to overfill of the ruptured 8G. The single failure resulting in minimum
margin to overfill was found to be the failure of one of the intact SC ASDVs

to open. A summary of the analyeis of this single failure follows.

7.1 Description of Case Scenario

The initiating event for this scenario is a design basis tube rupture,
e.g., the instantaneous guillotine severance of a single 8§C tube in a single
8G. The operators are assumed to manually trip the reactor and initiate SI
approximately 2-1/2 minutes after the occurrence of the rupture (see
diecussion in Section 7.2.2). A loss of off-site power is assumed to occur

coincident with the reactor trip.

No further operator act! ns are aseumed or modeled until the level in
the ruptured SC ret.rng to &n indicated level of 33% NR, by which time it is
assumed that the operators will have identified the ruptured SG (based on an
uncontrolled level increase in the ruptured 8G), closed its associated MSIV,
and terminated EFW flow to it. These actions are simulateac in the RETRAN run
by closing the MSIV and terminating EFW flow to the ruptured SC precisely when
the predicted ruptured SC level returns to 33% NR.

From this point in time, the operators are assumed to implement the
actions specified in Seabrook ERP E-3. These actions are simulated in the
RETRAN analysis and are assumed to occur in accordance with the time intervals
determined to be bounding from the Seabrook SGTR simulations (see Table 5.1).
Five minutes after isolating the ruptured SG, the operators are assumed to
open the intact SG ASDVs to cool the plant down to the target average core

exit temperature specified in the E-3 procedure.

.-



EFW flow to the intact §Gs is assumed to be throttled to a
congervatively low value prior to the start of the cooldown, since level has

returned to the level restoration band specified in E-3 (5-50% NR level).

The assumed single failure for this case is the failure of one of the
ASDVg in a line from an intact §C to open., This is simulated in the RETRAN
analysis by reducing the area of the junction representing the three intact S8G
ASDVs by one-third. The reduction in steam relief flow slows the cooldown,

allowing leakage into the ruptured §G to occur for a longer pericd of time.

Once the target average core exit temperature has been reached, the
operators are assumed to control the intact 8C ASDVs to maintain the target
average core exit temperature, and after two minutes open a single pressurizer
PORV to reduce RCS pressure. The PORV ie closed when one of the three

conditions specified in the E-3 procedure for closing the valve is met.

Five minutes later, the operator is assumed to terminate S] flow per
piocedure. If the PORV is not reopened, RCS pressure will gradually decrease
due to continued break flow until it equalizes with the ruptured S8G pressure.

This action terminates the break flow and the analysis of the event.

7.2 Initiel Conditions and Conservative Assumptions

The event was initiated from conditions which were determined to be
conservative with respect to minimizing the resultant margin to overfill.

Table 7.1 provides a summary of these conditions.

Westinghouse performed a series of sensitivity studies in Reference (2)
to determine the most conservative direction for changes to the nominal
initial operating conditions with respect to reducing margin to overfill. In
order to determine the most conservative direction and parameter values for
the Seabrook plant-gpecific analysis, the logic behind Westinghouse's choices
in Reference (2) was reviewed to determine applicability to Seabrook in light
of any differences in plant systems or differences in assumed operator action

times.

w3b
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7.2.1 lnitial Power Level

The analysis assumes the plant to be initially operating at 100% RIP.
The Seabrook FSAR gives a power level uncertainty of 2% RTP. For the overfill
analysis, the most conservative direction for a change in power level with
respect to maximizing SC initial inventory is to reduce the nominal initial
power by the 2% RTP uncertainty. The initial SC liquid mass increases with
decreasing power level due to the lower void content in the tube bundle
region. However, this would also result ir less decay heat generation during
the cooldown phase of the SGTR recovery, and thus, would be nonconservative
from the viewpoint of prolonging the time to break flow termination. Hence,
rather than reducing the plant power level, the analysis congervatively
assumes an initial power level of 100% RTP, but usee an initial 8C inventory
in the RETRAN model corresponding to 98% RTP. Additional modifications in
initial SC inventory were made to bound operation at lower power levels and to
account for the effect of automatic turbine run back. These modifications are

discussed in Sections 7.2.4 and 7.2.17 below.

7.2.2 lnitial RCS Pressure and Time of Reactor Irip

The an~lysis assumes a conservativ.ly high initial operating pressure.

The reuson for assumin' a high initial RCS pressure follows.

Variations in aitial RCS pressure can influence the piant responge to
a tube rupture in two ways. First, the time of an automatic reactor trip
gignal on low pressurizer pressure is affected. A higher initial pressure
delays the low pressurizer pressure signal, Second, the break flow rate is
affected. A higher RCS pressure yields a greater differential pressure across

the rupture site. This, in turn, yields a higher leak flow rate.

“he impact of a delayed low pressure trip is discussed first. The time
of ruptured S5G igsolation or the Seabrook plant-specific analysis is assumed
to be the time of return of the ruptured SG level to 33% NR level. 8ince the
Steam Cenerator Water Level Control System (SGWLCS) compensates for the break
flow into the ruptured SC up until the time of main feedwater isolation and
the ruptured 5C is assumed to be isolated at a fixed SC level, the time of

reactor trip has negligible influence on margin to overfill for the Seabrook
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for a longer period of time. This reduces the maigin to SC overfill,

Therefore, the Seabrook plant-specific analysis assumed a conservatively high

initial pressurizer level.
7.2.4 lpitial Steam Cenerator Secondary Mass

Intuitively, one would expect a higher initiel 8C liquid mase reduces
the margin to overfill., Thue, as previously discussed, the analysis assumed
an initial SC mase consistent with operation at the 8G normal water level for
an initial power level of 98% RTP. The initial SC level was then increased to

the high level deviation alarm setpoint plus an allowance for uncertainty.

For the analysis of the case with minimum margin to overfill, the
initial 8G inventory was further increased by an additional 11,500 1b., per
§G, to bound the effects of operation at lower power levels (down to 70% rated

thermal power) or automatic turbine runback.

However, since the criterion used in the analysis for determining the
time of ruptured §C isolation is the time ruptured SG level returns to 33% NR
after the reactor trip, the SC inventory at the time of igolation is not
affected by this additional initial mass, only the time of isolation is
affected. Small variations in the initial SC inventory have negligible

influence on mergin to overfill.

The Seabrook plant-specific analysis assumes the locat’on of the
rupture to be on the cold leg side of the SG just above the §G outlet plenum
tubesheet., This yields a conservatively high leak flow rate.

7.2.6 Qff-Site Power Availability

The analysis assumes a loss of off-gite power to occur coincident with
the reactor trip. The loss of off-site power at reactor trip results in less

margin to SG overfill than continued off-gite power availability.

-39-
7751R









the

temperature

onservative wi

re assumed the




margin betwee

11y the automati

Lated, was




time req

availabil

agsgumes
id temperatu

results in a

Dreak

ial average




A higher initial RCS average temperature will increase the steam
release required to cool down the RCS to the post-trip temperature, thereby
increasing the integrated steam release and off-site dose. This effect
reduces the ruptured SGC inventory immediately after the reactor trip, but has
no effect on the ultimate margin to overfi.. since any additional mass release
must be made up before the ruptured SG is assumed to be isolated; i.e. before

ruptured SG level returns to 33% NR.

Since the SC relief valve setpoint determines both the post-reactor
trip RCS temperature and the lower bound of the RCS cooldown via the target
temperature table in the E-) procedure, the post-trip cooldown span is

independent of the assumed initial core average temperature.

7.3 Iraonsient Description

Table 7.2 provides the sequence of events for the case with minimum
margin to overfill., Figures 7-1 through 7-18 provide plots of the parameters

of major interest.

In the following discussion, letters enclosed within square brackets,

[A], indicate labeled points of interest on the plots.
7.3.1 RCS Response

7.3.1.1 PBreak Indtiation to Ruptured SC Identification

The rupture is assumed to occur at ten seconds into the RETRAN run,
After the tube ruptures, the flow of coclent out of the primary system results
in a gradual reduction in primary system pressure and pressurizer level,
causing the charging system to increase charging flow as the deviation between
the actual and the CVCS '"target" level setpoint slowly grows. Since the
leakage flow rate exceeds the maximum make-up flow capacity of the CVCS,

pressurizer level and pressure continue to decrease uncontrollably.

hS«
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The operators are assumed to initiate a manual reactor trip at
150 geconds [A] and to manually initiate SI1 ten seconds later at 160 seconds.

Coincident loss of off-gite power is assumed to occur at the reactor trip.

Core power level and primary system temperatures are nearly constant
until the reactor is tripped by the operator. The rapid decrease in core heat
production causes the core average and exit temperatures to drop rapidly.

This drop in coolant temperature results in a shrinkage of the coclant volume
and an accompanying drop in RCS pressure from approximately 2240 psia at the
time of the trip to 2020 psia shortly thereafter [A].

The resctor trip results in a turbine trip and the closing of the
turbine stop valves, bottling up the SG secondary side. As a result, primavy
to secondary heat transfer is reduced causing the cold leg temperatures to
begin to rise. Pressure in the main steam lines rises to the ASDV and MSSV
setpoints, causing these valves to open. Primary to secondary heat transfer
then increases, which results in a reduction of cold leg temperatures to close

to the saturation temperature of the SC secondary side.

The logs of off-site power results in the loss of motive power for the
RCPs which coast down, resulting in decreasing RCS flow rates until natural

circulation is established.

The lose of power also causes the Emergency Feedwater (EFW) pumps to be
actuated. No delay between start of the EFW pumps and actual feedwater

delivery to the SGs was assumed for this scenario.

The effects of the loss of forced reactor coolant flow on RCS
temperatures can be observed in Figure 7.2, which shows the resulting increase
in hot leg temperature between about 180 seconds and 300 seconds, during the
development of sufficient driving head for natural circulation to o~~ur.

As noted earlier, the operators were assumed to manually actuate SI
ten seconds after tripping the reactor trip. This action causes the SI pumns

to ster. and the CCP pumps discharge to be redirected to the cold legs. It

b=
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TABLE 7.2

(Continued)

Minimum Margin to Overfill

RETRAN Time Transient Time*
{Seconds) Event/Condition (minutes/seconds)
3122 Operator terminates SI flow 51:52
L4690 RCS and ruptured SG pressures equalized 78:00

(Maximum ruptured SG liquid volume = 5675 fr3d)

*Relative to break initiation.
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in pressure results in flashing of the hot fluid in the RV upper head and a

small steam bubble is formed.

The reactor trip results in a turbine trip and the closing of the
turbine stop valves, bottling up the SG secondary side. As a result, primary
to secondary heat transfer is reduced causing the cold leg temperatures to
begin to rise. Pressure in the main steam lines rises to the ASDV and MSSV
setpeints, causing these valves to open. Primary to secondary heat transfer
then increases, which results in a reduction of core inlet (and cold leg)
temperatures to approximately the saturation temperature corresponding to the

SG secondary side pressure shortly after the trip.

The loss of off-site power results in the loss of motive power for the
RCPe which coast down, resulting in decreasing RCS flow rates until natural
circulation is established. The effects of the loss of forced reactor coolant
flow on RCS temperatures can be observed in the intact loop temperature plot,
which shows the resulting increase in hot leg temperature between 900 and
1000 seconds, during the development of sufficient driving head for natural

circulation to occur.

The loss of power also causes the EFW pumps to be actuated. Steam
release to the atmosphere via the steam supply to the EFW pump turbine also
begins. EFW delivery to the SGs was assumed to begin after a 60-second delay
for this scenario. Total EFW flow is assumed to be throttled to 500 gpm by

immediate operator action.

SI is automatically actuated on low RCS pressure during the drop in
pressure following the reactor trip. This action causes the SI1 pumps to start
and the Centrifugal Charging Pump (CCP) discharge to be redirected to the cold
legs., It also results in the tripping of the steam~driven MFWPs and closure
of the main feed line isolation valves. The increase in primary system mass
inventory caused by the SI1 flow results in the RCS pressure increasing to
around 1900 psia by 1300 seconds and restoration of level in the pressurizer.
RCS temperatures drop slightly over this time period due to the combined
effect of the drop-off of decay heat and the relatively cold temperature of

the injected SI water.
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of the liquid in that region flashes to steam. The increase in the size of
this steam bubble causes a rapid displacement of coolant from the upper head
into the pressurizer during the depressurization. This phenomenon is the
cause of the "bump" in the plot of intact loop hot leg temperature during this

time interval, which shows the effect of the outsurge of hot fluid from the

upper head into the RV outlet plenum.

The venting of the pressurizer steam space results in RCS pressure
decreasing rapidly to 635 psia at 5831 seconds, whereupon the operator is
assumed t- close the PORV [F] since RCS pressure is less than the ruptured SC
pressure and the pressurizer level has reached 75%, two of the PORV closure

criteria in the £-3 procedure. The ruptured SG pressure is 750 psia at this

time.

Five minutes are then assumed to elapse before the operator completes
the termination of SI flow at 6131 seconds (G]. During this time interval,
the continuing safety injection flow repressurizes the RCS to around

1300 psia, causing renewed leakage from the RCS into the ruptured SGC.

The operators are assumed to not re-open the PORV since pressurizer
level remains above the 75% closure criteria. RCS pressure subsequently
decreases gradually due to the continuing break flow. At 7930 seconds, RCS

pressure equilizes with the ruptured SC pressure, terminating the leak.

PO

9.3, SG_and Secondary System Response

9.3.2.1 Break Initiation to Ruptured G Identificacion

SC pressures remain steady w: til the reactor trip [A]. The reactor
trip results in a turbine trip causing the pressure in the main steam lines to
rise to the ASDV and MSSV setpoints, causing these valves to open. Shortly
after the trip, the reduced heat input from the primary (due to the drop in
core po~er level and RCS temperatures) results in SC pressures falling to just

below the ASDV get pressure,.
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TABLE 9.1

summary of Conservative Assumptions and lpitial Conditior

T
Vawer
1 1
+ ¢

—~
o
>
)

o

Leam

B §+
notr
surliz
s SUrlise
dwatle

v Fee

for Cage With Most Severe Radiological Consequences
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RETRAN Time
_{Seconds)

0
10

904

908
917

918

2378

4178

LL78

5490

5610
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TARLE 9.2

Sequence of Events for Case With
Maximum Radiclogical Consequences

Event/Condition
Steady-state operation at 100% RTP
Complete severance of one U~tube
Reactor trip on low pressurizer pressure
with coincident loss of off-site
power (RCPs trip, EFW flow starts
after 60-second delay, turbine trips)
SG ASDVs open
8G MSSVs open

81 actuation on low pressurizer pressure
(CVCS and MFW isolated)

SG MSS8Ve close
Pressurizer empties
EFW flow commences

Ruptured SC level returns to 25% NR
EFW to ruptured SC isolated

Ruptured SG level returns to 33% NR
MSIV in associated steam line closed

Ruptured SG ASDV fails to full open position
Operator closes ruptured SG ASDV block valve

Operator opens intact ASDVs to start
RCS cooldown

E~3 target core exit temperature reached,
operator throttles intact 8G ASDVs

Operator opens one pressurizer PORV to
depressurize RCS
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Transient Time

(minutes/seconds)
-0:10
0:00

14:54

15:20
15:40
15:54

38:30

39:28

39:28
69:28

74:28

91:20

93:20
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The iodine removal efficiency for scrubbing of steam bubbles as
they rise from the leak site (assumed to be at the top of the tube
bundle) to the water surface was also determined based on
NUREG-0409 (Reference (15)) recommendations. The iodine removal
efficiency is a function of the bubble rise time, partition factor
for iodine, and the water level above the top of the tube bundle.
The iodine partition factor used was PFm = 100, A bubble rise
time of 30 cm/sec (rise time for largest stable bubble of 3.6 cm)
wvas used (Reference (15)). A conservative scrubbing efficiency of
0.0 is used from t=0 tc t=900 seconds while two-phase water exists
above the break location. The iodine ramoval efficiency used once
the collapsed steam generator water level is at a mini<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>