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15.5 INCREASE IN RCS INVENTORY

15.5.1 INADVERTENT OPERATION OF THE ECCS

15.5.1.1 Identification of Event and Causes

The inadvertent operation of the emergency core cooling system,
which is identified as Safety Injection System (SIS) for the
System 80+ Standard Design, is assumed to actuate the 4 Safety
Injection (SI) pumps and open the corresponding discharge valves.
This operation occurs as a result of a spurious signal to the
system or an operator error.

15.5.1.2 Sequence of Events and Systems Operation

Inadvertent operation of the SIS is only of consequence when it
occurs below the SI pump shutoff head pressure. Above that
pressure there will be no injection of fluid into the system.
Below the SI pump shutoff head pressure when the shutdown cooling
system is isolated the SI flow will increase RCS inventory and
pressure until the pressure reaches the pump shutoff head
pressure. During shutdown cooling system operation the increase
in RCS inventory and pressure will be mitigated by the shutdown
cooling system relief valves.

15.5.1.3 Analysis of Effects and Consequences

Plant operation above the SI pump shutoff head pressure will not
be impacted by the inadvertent operation of the SIS. Below the
SI pump shutoff head pressure when the shutdown cooling system is
isolated, there will be an RCS inventory and pressure increase. H
This increase will be terminated when the pressure rises above
the shutoff head pressure. Due to the pressure increase caused
by this transient at low RCS temperatures, there is an approach
to the brittle fracture limits of the RCS. Examination of

Figures 5.3-5a and 5.3-5b, RCS Temperature-Pressure Limitations,
shows that the brittle fracture limits will not be violated for

this transient. Should the SIS inadvertently actuate during
shutdown cooling operation, the shutdown cooling relief valves
will mitigate the pressure transient so that the limits in
Figures 5.3-5a and 5.3-5b are not exceeded.

15.5.1.4 Conclusions

The peak pressurizer pressure reached during the inadvertent
operation of the SIS is well within 110% of design pressure.
Additionally, the pressure-temperature limits for brittle
fracture of the RCS are not violated by this transient. The fuel
integrity is not challenged by this event.
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15.5.2 CVCS_CTION-PRESSURIZERLEVELCONTROL SYSTEM
MALFUNCTION WITH LOSS OF OFFSITE POWER

15.5.2.1 Identification of Event and Causes

All events and events plus single failures which cause an
increase in RCS inventory were examined with respect to the
Reactor Coolant System (RCS) pressure and fuel cladding
performance. A Pressurizer Level Control System (PLCS)
malfunction in combination with the loss of offsite power as a
result of the assumed grid failure 3 seconds after the turbine
trips was identified as the limiting event.

When in the automatic mode, the PLCS responds to changes in
pressurizer level by changing charging and letdown flows to
maintain the program level. Normally, one charging pump is
running. The second charging pump is manually operated and can
never be inadvertently actuated. If the pressurizer level
controller fails low or the level setpoint generated by the
reactor regulating system fails high, a low level signal can be
transmitted to the controller. In response, the controller will
operate the charging pump at the maximum flow rate and close the
letdown control valve to its minimum opening resulting in the
maximum rate of mass addition to the RCS.

The limiting single failure was determined with respect to its

impact on fuel performance and system pressure. H

Regarding the pressure criteria, the major factors which cause an
increase in RCS pressure are:

A. Increasing coolant temperature

B. Decreasing core flow

C. Decreasing primary to secondary heat transfer

The PLCS malfunction causes a reactor trip, on high pressurizer
pressure, resulting in the maximum RCS pressure in the first two
to five seconds following reactor trip. Therefore, any single
failure which would result in a higher RCS pressure during the
transient would have to affect at least one of the above

parameters during the first two to five seconds following reactor
trip.

The single failures that have been postulated are listed in Table
15.0-4. The failures which affect the RCS behavior during this
interval are:
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A. Loss of normal AC

B. Failure of the pressurizer pressure control system

C. Failure of the steam bypass control system

D. Failure of the reactor regulating system

E. Failure of the feedwater control system

The loss of normal AC power results in loss of power to the

reactor coolant pumps, the condensate pumps, the circulating
water pumps. In _ddition, the functions performed by the

pressurizer pressure and level control systems, the reactor

regulating system, the feedwater control system and the steam

bypass control system will be lost.

The effect of losing normal AC power on the PLCS malfunction is
as follows:

Loss of the reactor regulating system function will have no

appreciable effect on the transient in the first five seconds

following reactor trip. Loss of the steam bypass control system

and feedwater control system functions results in a rapid H
build-up in secondary pressure and temperature. This reduces

primary-to-secondary heat transfer and a further decrease in heat

transfer is experienced as the reactor coolant pumps coast down.

The resulting RCS pressure increase is further aggravated as the

pressurizer sprays are not available due to the loss of power to
the reactor coolant pumps.

An individual loss of one of the control systems is bounded by
the assumption of the loss of normal AC power with respect to RCS

pressure increase. Thus, none of the single failures listed in

Table 15.0-4 will result in a higher RCS pressure than that

predicted for a PLCS malfunction with a loss of offsite power 3

seconds after turbine trip.

Regarding the approach to the fuel design limit, the major

parameter of concern is the minimum hot channel DNBR. The major
factors which cause a decrease in local DNBR are:

A. Increasing coolant temperature

B. Decreasing coolant flow

C. Increasing local heat flux (including radial and axial power

distribution effects)

Amendment H
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No single failure was identified from Table 15.0-4 which would

have a significant effect on DNBR prior to the reactor trip.
Therefore, any single failure which would result in a lower DNBR

during the transient would have to affect at least one of the

above parameters during the first two to five seconds following
trip.

The single failures that have been postulated are listed in Table

15.0-4. The failures which affect the RCS behavior during this
interval are:

A. Loss of normal AC power

B. Failure of the pressurizer pressure control system

C. Failure of the reactor regulating system

The loss of normal AC power results in loss of power to the

reactor coolant pumps and the circulating water pumps. In

addition, the functions performed by the pressurizer pressure

and level control systems, the reactor regulating system, the

feedwater control system and the steam bypass control system will
be lost.

The effect of losing normal AC power on the PLCS malfunction is
as follows:

Loss of power to the condensate and circulating water pumps and H

loss of the steam bypass and the feedwater control system

functions initially affect only the secondary system and, thus,
do not affect DNBR in the first two to five seconds of the

transient. Loss of the reactor regulating system, pressurizer

level and pressure control system functions will have no

significant impact on DNBR during the first two to five seconds

following trip. Loss of power to the reactor coolant pumps is

the only significant failure with regard to DNBR which results

from a loss of normal AC power.

Failure of the pressurizer pressure control system or reactor

regulating system cannot appreciably affect any of the major

factors which determine DNBR during the first two to five seconds

following trip. Thus, none of the single failures listed in

Table 15.0-4 will result in a lower DNBR than that predicted for

the PLCS malfunction with a loss of offsite power 3 seconds after
turbine trip.

Amendment H
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15.5.2.2 Sequence of Events and Systems Operation

Table 15.5.2-1 presents a chronological sequence of events which
occurs during a PLCS malfunction in combination with loss of
offsite power until the operator stabilizes the plant and
initiates plant cooldown.

15.5.2.3 Analysis of Effects and Consequences

A. Mathematical Model

The Nuclear Steam Supply System (NSSS) response to PLCS
malfunction with loss of offsite power 3 seconds after the
time of turbine trip was simulated using the CESEC-III
computer program described in Section 15.0.3.

B. Input Parameters and Initial Conditions

Table 15.5.2-2 lists the assumptions and initial condition
used for this analysis in addition to those discussed in
Section 15.0. Additional clarification to the assumptions

and parameters listed in Table 15.5.2-2 is provided as H
follows:

Since the pressure transient is due to an increase in
primary coolant inventory for the significant portion of the
event and not to thermal expansion, no power, coolant
temperature, or DNB transient is produced prior to reactor
trip. Therefore, the initial conditions for the principal
process variables, with the exception of RCS pressure, have
no effect on the consequences. Minimizing the initial RCS
pressure maximizes time to reactor trip on high pressurizer
pressure and maximizes the increase in RCS inventory,
therefore minimizing the steam volume in the pressurizer
prior to trip. An initial pressure of 1905 psia was chosen
which is the lowest possible RCS pressure of the operating
range. Initial water volume in the pressurizer was chosen
to be 60% of the total volume.

Since the charging flow through the regenerative heat
exchanger exceeds the letdown flow, the temperature of the
makeup water added to the RCS by the charging pumps is
decreased significantly. Therefore, a negative value of MTC
was selected to maximize the positive reactivity addition
from injection of cold makeup water.

Total charging flow due to one operating pump is taken as
250 gpm, which is conservatively large; it exceeds the
design runout flow from one charging pump. Considering 16
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gpm for the control bleed takeoff and 30 gpm for the minimum

letdown flow, the net flow increase to the RCS is 204 gpm.

The Pressurizer Pressure Control System (PPCS) is assumed to

be in the manual mode with the proportional sprays off

preventing the PPCS from suppressing the resulting pressure
transient.

C. Results

The dynamic behavior of NSSS parameters following PLCS

malfunction with loss of offsite power at turbine trip is

presented in Figures 15.5.2-1 through 15.5.2-10.

Failure of the Pressurizer Level Control System (PLCS)

causes an increase in reactor coolant system inventory

initiated by maximum charging pump flow coupled with a
decrease in letdown flow to its minimum. With the PPCS in

the manual mode and the proportional sprays turned off,

increase in RCS inventory results in a pressurizer pressure

increase to the reactor trip analysis setpoint of 2475 psia

at 635.6 seconds. The trip breakers open at 636.75 seconds.

Since the steam bypass control system is unavailable due to

the loss of offsite power and the rate of closure of the
turbine stop valves is faster than the rate of control rod H

insertion, pressurizer pressure increases to 2525 psia which

opens the primary safety valves. Decreasing core heat flux

and the opening of the primary safety valves causes the

pressure to drop; however, the decrease in primary to

secondary heat transfer due to the four pump loss of flow

causes pressurizer pressure to again increase, reaching a

peak value of 1909 psia.

The unavailability of the steam bypass valves causes the

steam generator pressure to increase, causing the main steam

safety valves to open at 655 seconds. The decreasing core
power and the safety valves function to limit the steam

generator pressure to 1247 psia.

The 1580 ibs of steam discharged by the pressurizer safety
valve are contained within the in-containment refueling

water storage tank with no releases to the atmosphere. The

main steam safety valves discharge 94346 Ibs of steam to the

atmosphere prior to 1800 seconds. At 1800 seconds, the

operator stabilizes the plant and initiates plant cooldown,
using the atmospheric dump valves.

Amendment H
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15.5.2.4 Conclusions

The peak RCS and steam generator pressures reached during the

Pressurizer Level Control System malfunction with a loss of

offsite power at turbine trip are 2639 psia and 1247 psia,

respectively. These pressures are less than 110% of the design

pressures. Since this transient is due to an increase in primary

inventory which causes an increase in RCS pressure, the DNBR H

increases. Therefore, the acceptance criterion regarding fuel
performance is met.

A pressurizer absolute high level alarm at 65% of the pressurizer

volume will prevent water from being discharged out of the
pressurizer safety valves. An interval of 30 minutes is assured

between the alarm and required operator action. However, this
will require limiting the charging pump flow rate to a maximum

runout flow of 180 gpm. The analysis presented assumed a

conservatively large value of 250 gpm.

Amendment H
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TABLE15.5.2-1

SEQUENCEOF EVENTSFOP,THE PLCSMALFUNCTIONWITH A
LOSSOFOFFSITE POKIER3 SECONDSAFTER TURBINETRIP

Time Setpoint
(Sec) Event or Value

0.0 Charging Flow Maximized& Letdown --
Flow Minimized

635.6 PressurizerPressureReachesReactor 2475
Trip Analysis Setpoint,psia

636.6 High PressurizerPressureTrip --
Signal Generated,TurbineTrip Occurs

636.75 Trip BreakersOpen --

H

639.75 Loss of Offsite Power --

639.14 PressurizerSafety Valves open, 2525
psia

639.14 MaximumPressurizerPressure,psia 2525

651.1 PressurizerSafety Valves Close, 2058
psia

638.37 Main Steam SafetyValves Open, 1212
psia

655.03 MaximumSteam GeneratorPressure, 1247
psia

1800.0 Operator InitiatesPlant Cooldown --

Amendment H
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TABLE 15.5.2-2

ASSUMPTIONS AND INITIAL CONDITIONS FOR THE PLCS

MALFUNCTION WITH A LOSS OF OFFSITE

POWER 3 SECONDS AFTER TURBINE TRIP

Parameter Value

Initial Core Power Level, MWt 3876

Core Inlet Coolant Temperature, °F 558

Core Mass Flow, 106 ibm/hr 151.8

Pressurizer Pressure, psia 1905

Initial Pressurizer Water Volume, ft 3 1464
H

CEA Worth on Trip, 10 -2 A# -8.86

Amendment H
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15.6 DECREASE IN REACTOR COOLANT SYSTEM INVENTORY

15.6.1 INADVERTENT OPENING OF A PRESSURIZER SAFETY/RELIEF
VALVE

The Inadvertent Opening of a Pressurizer Safety Valve event as
described in SRP 15.6.1 is a non-limiting event in tle Safety
Injection System analyses, as shown in Section 6.3 of
Reference 2.

15.6.2 DOUBLE-ENDEDBREAKOF A LETDOWN LINE OUTSIDE
CONTAINMENT

15.6.2.1 Identification of Event and Causes

Direct release of reactor coolant may result from a break or leak
outside containment of a letdown line, instrument line, or sample
line. The double-ended break of the letdown line outside

containment, upstream of the letdown line control valve
(DBLLOCUS) was selected for this analysis because it is the
largest line and, thus, results in the largest release of reactor
coolant outside the containment.

The single active failure of an isolation valve was not
considered in the analysis because the letdown line includes two
isolation valves in series situated inside the containment. FI

Hence, failure of one isolation valve does not make the
consequences of the event more severe.

A letdown line break can range from a small crack in the piping
to a complete double-ended break. The cause of the event may be
attributed to corrosion which forms etch pits, or to fatigue
cracks resulting from vibration or inadequate welds.

15.6.2.2 sequence of Events and Systems Operation

A double-ended break of the letdown line outside containment,
upstream of the letdown line control valve releases primary fluid
to the auxiliary building at a rate of approximately 60 ibs/sec.
This is more than twice the maximum expected letdown flow. The
event will set off a number of alarms. Table 15.6.2.-1 lists the

alarms that would be noted by the reactor operator in the control
room.

Of the alarms listed in Table 15.6.2-1 the first two, that is,
the Regenerative Heat Exchanger (RHX) exit high temperature alarm
and the letdown line low pressure alarm, immediately alert the
operator of the event. The high temperature, high humidity and
high radiation level alarms in the auxiliary building are
expected to be triggered within a few seconds after the event
initiation. The pressurizer low level alarm is expected to alert

Amendment H
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the operator within one minute after the initiation of the event.

Finally, the auxiliary building sump high level alarm and the

volume control tank low level alarms are expected to be triggered
within a few minutes after the initiation of the event.

The analysis assumes that thirty minutes after the first two

alarms the operator isolates the letdown line, thereby

terminating any further release of primary flow to the auxiliary

building. Subsequently, the operator is assumed to take

appropriate steps for a controlled reactor shutdown. The

assumption of operator action within 30 minutes after the first

few alarms are triggered is based on EPRI's ALWR Requirements

Document (Reference 43).

Table 15.6.2-2 presents the chronological sequence of events

following a double-ended break of the letdown line until the

operator takes action to terminate the primary system fluid loss

30 minutes after the initiation of the event. The sequence

presented demonstrates that the operator can cool the plant down

to cold shutdown during the event.

15.6.2.3 Analysis of Effects and Consequences H

15.6.2.3.1 Core and System Performance

A. Mathematical Model

The Nuclear Steam Supply System (NSSS) response to a

double-ended break of a letdown line outside containment,

upstream of the letdown line control valve, was simulated

with the CESEC-III computer program described in Reference

27. The analysis assumes critical flow through the break

and accounts for letdown line losses and for operation of

the PPCS (Pressurizer Pressure Control System) and PLCS

(Pressurizer Level Control System). The model of the
letdown line break used is described in Reference 27 of

Section 15.0.

B. Input Parameters and Initial Conditions

Table 15.6.2-3 lists the assumptions and initial conditions

used for this analysis in addition to those discussed in
Section 15.0. Conditions were chosen to maximize the

primary system mass release for DBLLOCUS. This, in turn,

leads to the most conservative predictions of radiological
releases.

Amendment H
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The initial conditions and NSSS characteristics used in this

analysis of the maximum total radiological release for the

letdown line break were based on parametric studies. The

parameters evaluated were initial core inlet temperature,

initial power level, initial pressurizer pressure, initial

core inlet flow rate, initial pressurizer liquid inventory,
and break size.

The maximum total mass release is obtained when the

transient is initiated with the following parameters from
Table 15.0-3:

I. Maximum core power

2. Maximum allowed core inlet temperature

3. Low core flow

4. Maximum pressurizer pressure

5. High pressurizer level

All control systems are assumed to be in the automatic mode

to maximize the total primary mass release. The break is

assumed to be the full cross-sectional area (double-ended)
pipe break.

C. Results H

The dynamic behavior of important NSSS parameters following

a DBLLOCUS are presented in Figures 15.6.2-1 through

15.6.2-12. The decrease in the primary system mass causes

the pressurizer pressure to decrease from the initial 2375

psia to about 2030 psia at 1800 seconds. During the same

time period the _ressuriz_r volume decreases from an initial
value of 1350 ft to 0 ft .

Thirty minutes into the transient the operator isolates the

letdown line, terminating the release of primary fluid

outside the containment. During this time period no more

than 107,442 pounds of primary system fluid is released into

the auxiliary building. Some time shortly after the

termination of the primary system mass release, the operator

manually trips the reactor. The minimum DNBR does not

decrease below 1.3 (as calculated using the CE-I

correlation) at any time during the transient (see Figure
15.6.2-13).

Amendment H
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15.6.2.3.2 Radiological Consequences

A. Mathematical Model

The DBLLOCUS event is indicated by several alarms listed in

Table 15.6.2-1. Thirty minutes after the first three

alarms, which take place immediately following the

initiation of the event, the letdown line is isolated by the

reactor operator. During this time 107,442 pounds of

primary coolant is released into the auxiliary building.

The methodology used to calculate the inhalation doses at

the Exclusion Area Boundary (EAB) and the Low Population

Zone (LPZ) is discussed in Appendix 15A.

B. Assumptions and Parameters

The letdown line break outside containment results in the

discharge of radioactivity to the environment. There are
some uncertainties in the calculation of resultant radiation

doses. These principally arise from uncertainties in the

reactor coolant activity levels, the quantity of coolant

released, the fraction of radionuclides that become

airborne, the fraction of airborne activity that escapes the

auxiliary building, and meteorological conditions that
exists at the time of the accident. These uncertainties are

treated by taking worst case or conservative assumptions. H
These are:

i. An iodine activity spike with a spiking factor of 500
is assumed to occur coincident with the initiation of

the transient.

2. The quantity of coolant released outside containment is

maximized by assuming most adverse initial conditions

and by assuming critical flow through the break.

3. A blowdown Decontamination Factor (DF) of 2.5 is

assumed in the calculation. That is, 40% of all the

iodine contained in the released primary mass is
assumed to be airborne. This is based on the fraction

of primary fluid that flashes to steam in the auxiliary

building based on the enthalpy of the escaping fluid.

4. The auxiliary building DF is assumed to be 3. That is,

credit is taken for the retention within the auxiliary
building and filtration system of two-thirds of all the

radioactivity contained in the released primary mass.

Amendment H
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5. No credit is taken for ground deposition of the

activity that escapes the auxiliary building or of

decay in transit to the exclusion area boundary.

6. Other assumptions are contained in Appendix 15A.

C. Results

During the 1800-second duration of the transient no more

than 107,442 pounds of primary system coolant is released

outside the containment. The resulting radiological

consequences have been conservatively calculated using

assumptions and models described in the preceding

subsections and Appendix 15A. The thyroid inhalation and

whole-body doses for EAB and LPZ are presented in Table H
15.6.2-4.

15.6.2.4 Conclusions

The double-ended break of a letdown line outside containment

upstream of the letdown line control valve results in gradual
depressurization of the reactor coolant system. The minimum

Departure From Nucleate Boiling Ratio (DNBR) stays above the

value at which the fuel pins would be calculated to experience

DNB. The whole-body and thyroid inhalation doses are a small

fraction of I0 CFR i00 guidelines.

Amendment H
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TABLE 15.6.2-1

ALARMS THAT WILL BE

ACTUATED FOR THE DBLLOCUS EVENT

i. Regenerative Heat Exchanger high exit temperature alarm

2. Letdown line low pressure alarm (downstream of the break)

3. Auxiliary building high radiation alarm

H

4. Auxiliary building high temperature and high humidity alarms

5. Pressurizer low level alarm

6. Auxiliary building sump high level alarm

7. Volume control tank low level alarm

Amendment H
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TABLE ]5.6.2-2

SEQUENCEOF EVENTSFORA DOUBLE-ENDEDBREAK
OF THE LETDOWNLINE OUTSIDECONTAINMENT

UPSTREAHOF THE LETIX)MNCONTROLVALVE

Time Setpoint
(sec) Event or Value

0.0 Letdown Line Rupture Occurs --
Setting Off Alarms Listed in
Table ]5.6.2-]

]97 PressurizerBackup Heaters 2325
Turned On, psia

H
1210 All PressurizerHeatersOff, 297

PressurizerLiquid Volume,
ft_

1775 Minimum PressurizerLiquid 0
Level, ft

1800 Operator Isolatesthe Letdown --
Line And Takes Steps For A
ControlledShutdownOf The
Reactor
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TABLE15.6.2-3

ASSUREDINPUT PARAMETERSAND INITIAL CONDITIONSFOR
THE DOUBLE-ENDEDBREAKOF THE LETDOWNLINE

OUTSIDECONTAINMENTUPSTREAMOF THE LETDOWNLINE CONTROLVALVE

Parameters AssumedValue

Core Power Level,Mwt 3876

Core Inlet Temperature,°F 563

PressurizerPressure,psia 2375

Core Mass Flow, 106 Ibm/hr 151.9 H

PressurizerLiquid Volume, ft3 1350

Steam GeneratorPressure,psia 1057

DopplerCoefficientMultiplier I.15

CEA Worth at Trip, I0-2_p (most reactiveCEA -8.86
fully withdrawn)

Break Size (double-ended),ft2 0.01556
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TABLE15.6.2-4

RADIOLOGICALCONSEQUENCESOF A DOUBLE-ENDEDBREAK
OF THE LETDOWNLINE OUTSIDECONTAINMENT
UPSTREAHOF THE LETDOWNCONTROLVALVE

Doses From Primary
System

Location Release, rem H

A. ExclusionArea Boundary (0-2 hours)

Thyroid 22.0
Whole-body 0.5

B. Low PopulationZone (0-8 hours)

Thyroid 1.2
Whole-body 0.03

Amendment H
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15.6.3 STEAM GENERATORTUBE RUPTURE

15.6.3.1 Steam Generator Tube Rupture Without a Concurrent
Loss of Offsite Power

15.6.3.1.1 Identification of Event and Causes

The Steam Generator Tube Rupture (SGTR) accident is a penetration
of the barrier between the Reactor Coolant System (RCS) and the
main steam system and results from the failure of a steam
generator U-tube. Integrity of the barrier between the RCS and
main steam system is significant from a radiological release
standpoint. The radioactivity from the leaking steam generator
tube mixes with the shell-side water in the affected steam

generator. Prior to turbine trip, the radioactivity is
transported through the turbine to the condenser where the
noncondensible radioactive materials would be released via the

condenser air ejectors. Following a reactor trip and turbine
trip, the steam generator safety valves open to control the main
steam system pressure. The operator can isolate the damaged
steam generator any time after reactor trip occurs. The cooldown
of the NSSS can then be performed by manual operation of the
emergency feedwater and the atmospheric dump valves or the MSIV
and turbine bypass valves, and using the unaffected steam

generator. The analysis presented herein conservatively assumes H
that operator action is delayed until 30 minutes after initiation
of the event.

Experience with nuclear steam generators indicates that the
probability of a complete severance of the Inconel vertical
U-tubes is remote. No such double-ended rupture has ever
occurred in a steam generator of this design. The more probable
modes of failure result in considerably smaller penetrations of
the pressure barrier. They involve the formation of etch pits or
small cracks in the U-tubes or cracks in the welds joining the
tubes to the tube sheet.

The most limiting steam generator tube rupture event is for a
leak flow equivalent to a double-ended rupture of a U-tube at
full power conditions.

15.6.3.1.2 Sequence of Events and Systems Operation

Table 15.6.3-1 presents a chronological list of events which
occurs during the steam generator tube rupture transient, from
the time of the double-ended rupture of a steam generator U-tube
to the attainment of cold shutdown conditions...

Amendment H
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The sequence presented demonstrates that the operator can cool

the plant down to cold shutdown during the event.

15.6.3.1.3 Analysis of Effects and Consequences

15.6.3.1.3.1 Core and System Performance

A. Mathematical Model

The thermal-hydraulic response of the Nuclear Steam Supply

System (NSSS) to the steam generator tube rupture without a

concurrent loss of offsite power was simulated using the
CESEC III computer program described in Reference 27 of

Section 15.0. The thermal margin on DNBR in the reactor

core was determined using the CETOP computer program

described in Section 15.0.3 (Reference 18) with the CE-1
critical heat flux correlation described in CENPD-!62

(Reference 19).

B. Input Parameters and Initial Conditions

The initial conditions and parameters assumed in the

analyses of the system response to a steam generator tube

rupture without a concurrent loss of offsite power are
listed in Table 15.6.3-2. Additional discussion on the

input parameters and the initial conditions are provided in H
Section 15.0. Conditions were chosen to maximize the

primary releases to atmosphere during the SGTR transient.

This, in turn, leads to the most conservative predictions of

radiological releases.

The initial reactor operating conditions were varied over

the operating space given in Table 15.0-3 to determine the

set of conditions which would produce the most adverse

consequences following a steam generator tube rupture

without a concurrent loss of normal ac power. Various

combinations of initial operating conditions were

considered. These included, initial core inlet temperature,

initial power level, initial RCS pressure, initial core

coolant flow rate, initial pressurizer liquid level, initial

steam generator liquid level, and fuel rod gap thermal

conductivity. Decreasing the initial core inlet temperature

increases the primary to secondary leak rate and integrated

leak, but reduces the releases via the main steam safety
valves. Since the steam generator pressure and temperature

would be initialized at lower values compatible with the

lower core inlet temperature, the steam generator pressure

may not increase enough to challenge the main steam safety
valves. Decreasing the core inlet flowrate results in a

higher enthalpy for the fluid entering the steam generator,

Amendment H

15.6-8 August 31, 1990



CESSAR CERTIFICATION
i i i,i

resultant increased flashing fraction, and higher releases

from the main steam safety valves. Thus, the parametric

studies indicated that the maximum radiological release is
obtained when the transient is initiated with the maximum

allowed RCS pressure, maximum initial pressurizer liquid

volume, maximum initial steam generator liquid volume,
maximum core power, minimum core coolant flow, maximum core

coolant inlet temperature, and a low fuel rod gap thermal
conductivity.

The radiological consequences of the SGTR transient are also

dependent on the break size. As the break size is decreased

from that of a double-ended rupture, the integral leak is

reduced for the 30-minute operator action interval and the

radiological consequences will be less severe. Therefore

the most adverse break size is the largest assumed break of

a full double-ended rupture of a steam generator tube.

C. Results

The dynamic behavior of important NSSS parameters following

a steam generator tube rupture is presented in Figures
15.6.3-1 through 15.6.3-16.

For a double-ended rupture, the primary to secondary leak

rate exceeds the capacity of the charging pumps. As a

result, the pressurizer pressure gradually decreases from an

initial value of 2375 psia. The primary to secondary leak

rate and drop in pressurizer pressure cause the charging H

pump to increase the charging flow. It is conservatively

assumed that the charging flow remains at 250 gpm throughout

the transient. Even with this charging pump flow the

pressurizer pressure and level continue to drop. At the

secondary side, the steam generator liquid level increases

due to the break flow. At 0.4 second a reactor trip signal

is generated due to reaching the high steam generator water
level trip condition. The pressurizer heaters are

de-energized at 623 seconds due to the continued drop in the
pressurizer level.

Following the reactor trip and with the turbine bypass

assumed to be unavailable (i.e., in the manual mode), the
main steam system pressure increases until the main steam

safety valves open at 5.4 seconds to control the main steam

system pressure. A maximum main steam system pressure of

1273 psia occurs at 8.77 seconds. Subsequent to this peak

in the pressure, the main steam system pressure decreases,

resulting in the closure of the main steam safety valves
(MSSVs) temporarily. However, in the absence of feedwater

flow, due to an MSIS on high steam generator level at the

Amendment H
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initiation of the event, the MSSVs cycle open and close to

remove decay heat until operator action occurs at 30
minutes.

Prior to the reactor trip, the feedwater control system is

assumed to be in the automatic mode and supplies feedwater

to the steam generators to match the steam flow through the

turbine. Following the reactor trip, the feedwater flow

is terminated on the MSIS which is generated on the high
steam generator level at the initiation of the event.

After 1800 seconds, the operator identifies and completes

isolation of the affected steam generator by securing the

reactor coolant pumps in the affected loop. The operator

then initiates an orderly cooldown via the atmospheric dump

valves (ADVs), or by using the MSIV bypass valves associated

with the unaffected steam generator and the turbine bypass

valves. After the pressure and temperature of the reactor

coolant are reduced to 400 psia and 350°F respectively, the

operator activates the shutdown cooling system and isolates
the unaffected steam generator.

The maximum RCS and secondary pressures do not exceed 110%

of design pressure following a steam generator tube rupture

event without a concurrent loss of offsite power, thus,

assuring the integrity of the RCS and main steam system. No

violation of the fuel thermal limit occurs, since the

minimum DNBR remains above the 1.24 value throughout the
event (see Figure 15.6.3-16).

Figure 15.6.3-11 gives the main steam safety valve

integrated flow versus time for the steam generator tube

rupture event without a concurrent loss of offsite power.

At 1800 seconds, when operator action is assumed, no more

than 161,397 ibm of steam from the damaged steam generator

and 120,742 ibm from the intact steam generator are

discharged via the main steam safety valves. Also, during

the same time period, approximately 78,583 ibm of primary

system fluid is leaked to the damaged steam generator.

Subsequently, the operator begins a plant cooldown at the

technical specification cooldown rate (100°F/hr) using the

atmospheric dump valves of the unaffected steam generator,

or by using the MSIV bypass valves associated with the

unaffected steam generator and the turbine bypass valves.

For the first two hours fol_owing the initiation of the
event, a total of 1.219 x I0- ibm of steam Zlows from the

steam generator For th_ two to eight hour cooldown period,
an additional 11514 x iO ibm of steam is discharged.
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15.6.3.1.3.2 Radiological Consequences

A. Physical Model

The evaluation of the radiological consequences of a
postulated steam generator tube rupture without a coincident
loss of offsite power assumes a complete severance of a
single steam generator tube while the reactor is operating
at full rated power. Occurrence of the accident leads to an
increase in contamination of the secondary system due to
reactor coolant leakage through the tube break. A reactor
trip occurs automatically as a result of a high steam
generator level at approximately 0.4 second after the event
initiation. The reactor trip automatically trips the
turbine.

Subsequent to reactor trip the steam generator pressure will
increase rapidly, resulting in steam discharge as well as
activity release through the main steam safety valves.
Venting from the affected steam generator, i.e., the steam
generator which experiences tube rupture, continues until
the secondary system pressure is below the main steam safety
valve setpoint. Since the main feedwater flow is terminated
on an MSIS, the steam generator pressure fluctuates around

the MSSV opening setpoint resulting in the opening and H
closing of the MSSVs to remove the decay heat. After 1800
seconds the operator is assumed to initiate a plant cooldown
at the technical specification cooldown rate (100°F/hr)
using the ADVs of the unaffected steam generator.

The analysis of the radiological consequences of a steam
generator tube rupture considers the most severe release of
secondary system activity as well as primary system activity
leaked from the tube break. The inventory of iodine and
noble gas fission product activity available for release to
the environment is a function of the primary-to-secondary
coolant leakage rate, the percentage of defective fuel in
the core, and the mass of steam discharged to the
environment. Conservative assumptions are made for all
these parameters.

B. Assumptions and Conditions

The following assumptions and parameters are employed to
determine the activity releases and offsite doses for a
Steam Generator Tube Rupture (SGTR).
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I. Accident doses are calculated for two different

assumptions: (a) assumes a generated iodine spike

(GIS) coincident with the initiation of the event and

(b) assumes a pre-accident iodine spike (PIS).

2. Following the accident, no additional steam and

radioactivity are released to the environment when the

shutdown cooling system is placed in operation.

3. Thirty minutes after the accident, the affected steam

generator is isolated by the operator. No steam and

fission products activities are released from the
affected steam generator thereafter.

4. A spiking factor of 500 is employed for the

event-generated iodine spiking (GIS) calculations.

5. A fraction of the iodine in the primary-to-secondary

leak is assumed to be immediately airborne, if a path

is available, with a partition coefficient of 1

(Maximum fraction ~ 5%).

6. The total amount of primary-to-secondary leakage

through the rupture is 78,583 ibm.

7. The two hour steam flow through th_ ADV is 1.219 x 106
ibm, and an additional 1.514 x i0 ibm of steam flows

through the ADV during the two to eight hour time

period.

8. Other assumptions are contained in Appendix 15A.

C. Mathematical Model

The mathematical model employed to analyze the activity

released during the course of the transient is described in

Appendix 15A.

D. Results

The two-hour Exclusion Area Boundary (EAB) inhalation and

whole-body doses and the eight-hour Low Population Zone

(LPZ) boundary inhalation and whole-body doses are presented
in Table 15.6.3-3. The calculated EAB and LPZ doses are

well within the acceptance criteria.
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15.6.3.1.4 Conclusions

The radiological releases calculated for the SGTR event without a
concurrent loss of offsite power are a small fraction of the 10
CFR 100 guidelines. The RCS and secondary system pressures are
well below 110% of the design pressure limits, thus, assuring the
integrity of these systems. Additionally, no violation of the
fuel thermal limits occurs, since the minimum DNBR remains above
the 1.24 value throughout the duration of the event.

The plant is maintained in a stable condition due to automatic
actions, and after thirty minutes, the operator employs the plant
emergency procedure for the steam generator tube rupture event to
cool down the plant to shutdown cooling entry conditions.

15.6.3.2 Steam Generator Tube Rupture With a Concurrent
Loss of Offsite Power

15.6.3.2.1 Identification of Event and Causes

The significa, ce of a steam generator tube rupture accident is
described in 5 ction 15.6.3.1.1. As a result of the loss of

normal ac powel electrical power would be unavailable for the
station auxilia. _es such as the reactor coolant pumps. Under
such circumstances the plant would experience a loss of load, H
normal feedwater flow, forced reactor coolant flow, condenser
vacuum, and steam generator blowdown. The plant is operating at
full power initially before the assumed reactor trip. An early
reactor trip maximizes radiological releases, since the main
steam safety valves open more frequently prior to operator
action, releasing radioactive materials to the atmosphere.

15.6.3.2.2 Sequence of Events and Systems Operation

Table 15.6.3-4 presents a chronological list of events which
occur during the steam generator tube rupture event with a loss
of offsite power, from the time of the double-ended rupture of a
steam generator U-tube to the attainment of cold shutdown
conditions.

As a result of the reactor trip, the turbine/generator trips
within one second after the high steam generator level reactor
trip signal. Subsequently, offsite power is assumed to be lost
due to grid instability. A 3-second delay between the time of
turbine trip and the time of loss of offsite power is
conservatively assumed in the analysis, based on the discussion
that follows.

Amendment H
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The loss of a power generating unit causes frequency deviations
in the electrical power grid which normally operates at 60 Hz.
Under certain conditions the resulting grid instability will
cause loss of offsite power to that unit. The degree of
instability is characterized by the rate of grid frequency
degradation which is dependent on the magnitude of the load
mismatch and the physical parameters of the grid. The physical
response of the grid is dependent on the available spinning
reserve and the stiffness of the grid, i.e., the ability to damp
out frequency oscillations through load damping. Load shedding
is also utilized to restore the balance between load and power
generation and to return the grid frequency to 60 Hz. When the
corrective action is not sufficient to avert frequency
degradation, loss of off-site power to the plant can occur as a
result of that plant tripping off line.

Most plants are automatically disconnected from the grid between
56-58 Hz, to prevent underfrequency damage to the plant
components. For System 80+ plants, a frequency of 57.6 Hz is
taken as the setpoint at which a loss of offsite power occurs.

In order to determine the conservative lower bound for the time
delay between turbine trip and loss of offsite power, the grid
system for the Florida Peninsula was employed. This grid can tie
into only the Georgia and Alabama grid systems, which can make up
only 400 MWe through the transmission lines to Florida. H
Therefore, the Florida grid becomes an "electrical island" for a
generation deficiency caused by the loss of a 1300 MWe unit. On
the curves of grid frequency response for this grid system, the
effects of a generation deficiency caused by the tripping of a
System 80+ plant was superimposed. Based on this evaluation, a
3.1 seconds time lag between turbine trip and loss of offsite
power was calculated. This time delay is a conservative lower
bound since the evaluation assumed:

A. No credit for spinning reserve and load shedding.

B. The Florida grid "island" conditions (no support from
neighboring grid systems).

C. Loss of a System 80+ plant as a 10% generation loss which is
a much higher percentage than the actual loss (less than
3.5%).

D. Loss of offsite power at 57.6 Hz for all System 80 plants.

Subsequent to a reactor trip, stored and fission product decay
energy must be dissipated by the reactor coolant and main steam
systems. In the absence of forced reactor coolant flow,
convective heat transfer into and out of the reactor core is
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supported by natural circulation reactor coolant flow.
Initially, the residual water inventory in the steam generators

is used and the resultant steam is released to atmosphere via the

main steam safety valves. With the availability of standby

power, emergency feedwater is automatically initiated on a low

steam generator water level signal. The operator can isolate the

damaged steam generator and cool the NSSS using manual operation

of the emergency feedwater system and the atmospheric steam dump

valves of the unaffected steam generator any time after reactor

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

The primary source of the emergency feedwater is the emergency
feedwater storage tank. The minimum capacity of the storage tank

is 350,000 gallons which is more than enough to maintain the

plant at hot standby for 8 hours. The emergency feedwater

storage tank is provided with an atmospheric vent to maintain

atmospheric pressure inside the tank.

15.6.3.2.3 Analysis of Effects and Consequences

15.6.3.2.3.1 Core and System Performance

A. Mathematical Model

The mathematical model used for the evaluation of core and H

system performance is identical to that described in Section
15.6.3.1.3.1.

B. Input Parameters and Initial Conditions

The input parameters and initial conditions used for the

evaluation of core and systems performance are identical to

those described in Section 15.6.3.1.3 and are given in Table
15.6.3-5.

C. Results

The dynamic behavior of important NSSS parameters following

a steam generator tube rupture with a loss of normal AC

power are presented in Figures 15.6.3-17 through 15.6.3-32.

At 0.4 seconds after the initiation of the tube rupture a

reactor trip signal is generated due to a high steam

generator level condition.
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Subsequent to the reactor trip, the RCS pressure begins to

decrease rapidly, and the pressurizer empties at about

1090.4 seconds due to the continued primary-to-secondary

leak. After the pressurizer empties, the reactor vessel

upper head begins to behave like a pressurizer and controls

the RCS pressure response. Due to the loss of offsite

power, the reactor coolant pumps begin to coast down

reducing the core coolant flow rate, and the mass f_l_w into
the upper head region. This region becQme_ thermal-

hydraulically decoupled from the rest of the-Rcs, and due to

flashing caused by the depressurization and boiloff from the

metal structure to coolant heat transfer, voids form in this

region at about 894 seconds. The void formation is enhanced

by the decoupling effect, since the RCS pressure reduction

due to primary system cooling is felt in this region, while

the RCS temperature reduction is not. The significant

impact of voids in the upper head region is a slower RCS

pressure decay resulting in the generation of the Safety

Injection Actuation Signal (SIAS) at 1415.8 seconds and the

initiation of the safety injection flow.

Following turbine trip and loss of offsite power, the main

steam system pressure increases until the main steam safety
valves open at about 5.4 seconds to control the main steam

system pressure. A maximum main steam system pressure of

1275 psia occurs at about 9 seconds. Subsequent to this

peak in pressure, the main steam system pressure decreases

resulting in the closure of the safety valves temporarily.

However, in the absence of feedwater flow, the MSSVs cycle

open and close to remove decay heat until operator action at
30 minutes.

Prior to the turbine trip, the feedwater control system is

in the automatic mode, and supplies feedwater to the steam

generators. Following reactor trip and loss of offsite

power, the feedwater flow ramps down to zero. Consequently
the steam generator water levels decrease due to the steam

flow out through the main steam safety valves, and a low

steam generator level signal is generated at 1467 seconds

for the intact steam generator. Subsequently, at 1527

seconds, emergency feedwater flow is initiated, and the

intact steam generator water level begins to recover.

After 1800 seconds, the operator identifies the affected

steam generator. The operator then initiates an orderly

cooldown by means of the atmospheric dump valves and

emergency feedwater flow to the unaffected steam generator.

After the pressure and temperature are reduced to 400 psia

and 350°F, respectively, the operator activates the shutdown

cooling system and isolates the unaffected steam generator.
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The reduction in the RCS pressure due to the loss of primary

coolant through the ruptured steam generator tube results in

a reduction in the thermal margin to DNB. However, since

the RCS pressure decrease prior to the reactor trip is not

that large, the DNBR remains at an essentially constant

value before trip as shown in Figure 15.6.3-32. The

transient minimum DNBR, therefore, is the same as at the

start of the event. The DNBR shows an increasing trend

after reactor trip due to the rapidly decreasing heat flux.
The RCPs do not begin their normal coastdown until after the

loss of offsite power three seconds after turbine trip.

However, there is a slight decrease in the core flow during

the three seconds immediately after turbine trip and prior

to the loss of offsite power due to decreasing pump speed

caused by frequency degradation (approximately 1

Hertz) of the electrical grid. However, the DNBR
calculation demonstrates that no violation of the fuel

thermal limits occurs, since the minimum DNBR stays above

the value of 1.24 throughout the transiert.

The maximum RCS and secondary pressures do not exceed 110% H
of design pressure following a steam generator tube rupture

event with a concurrent loss of offsite power, thus,

assuring the integrity of the RCS and the main steam system.

Figure 15.6.3-27 gives the main steam safety valve

integrated flow rates versus time for the steam generator

tube rupture event with a loss of offsite power. At 1800

seconds, when operator action is assumed, no more than

147,657 ibm of steam from the damaged steam generator and

123,110 ibm from the intact steam generator are discharged

through the main steam safety valves. Also, during the same

time period approximately 71,715 ibm of primary system mass

is leaked to the damaged steam generator. Subsequently, the

operator begins a plant cooldown at the technical

specification cooldown rate (100°F/hr) using the intact

steam generator, atmospheric dump valves and emergency

feedwater system. For the first two h_urs following the
initiation of the event, about 1.033 x i0- ibms of steam are

released to the environment through the atmospheric dump

valves. For the tw_ to eight hour cooldown period an
additional 1.714 x I0 v ibms of steam are released via the

atmospheric dump valves.
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15.6.3.2.3.2 Radiological Consequences

A. Physical Model

The evaluation of the radiological consequences of a

postulated steam generator tube rupture assumes a complete

severance of a single steam generator tube while the reactor

is operating at full rated power and a loss of offsite power
three seconds after the turbine trip. Occurrence of the
accident leads to an increase in contamination of the

secondary system due to reactor coolant leakage through the

tube break. A reactor trip occurs automatically as a result

of a high level in the affected steam generator at
approximately 0.4 seconds after the event initiation. The

reactor trip automatically trips the turbine.

The steam generator pressure will increase rapidly,

resulting in steam discharge as well as activity release

through the main steam safety valves. Venting from the

affected steam generator, i.e., the steam generator which

experiences tube rupture, continues until the secondary
system pressure is below the main steam safety valve

setpoint. After 1800 seconds, the operator initiates a

plant cooldown at the technical specification cooldown rate

(lO0°F/hr) using the unaffected steam generator, atmospheric
dump valves, and the emergency feedwater system.

The analysis of the radiological consequences of a steam

generator tube rupture considers the most severe release of

secondary activity as well as primary system activity leaked

from the tube break. The inventory of iodine and noble gas
fission product activity available for release to the

environment is a function of the primary-to-secondary

coolant leakage rate, the percentage of defective fuel in

the core, and the mass of steam discharged to the

environment. Conservative assumptions are made for all

these parameters.

B. Assumptions and Conditions

The assumptions and parameters employed for the evaluation

of radiological releases are identical to those described in

Section 15.6.3.1.3.2 with the following exceptions and/or
additions.

I. For steam release through the atmospheric dump valves,

a Decontamination Factor (DF) of 1 is assumed.
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2. The total amount of primary-to-secondary leakage

through the rupture is 71,715 ibm.

3. The half hour to two hour steam flow 6through the
atmospheric dump va_es is 1.033 x i0 ibms. An
additional 1.714 x i0 V ibms of steam are discharged to

the environment through the atmospheric dump valves

during the two to eight hour time period. H

C. Mathematical Model

The mathematical model employed in the evaluation of the

radiological consequences during the course of the transient

is described in Appendix 15A.

D. Results

The two-hour Exclusion Area Boundary (EAB) and the

eight-hour Low Population Zone (LPZ) boundary inhalation and

whole body doses are presented in Table 15.6.3-6. The

calculated EAB and LPZ doses are well within the acceptance
criteria.

15.6.3.2.4 Conclusions

The radiological releases calculated for the SGTR event with a

loss of offsite power are a small fraction of i0 CFR i00

guidelines. The RCS and secondary system pressures are well

below the 110% of the design pressure limits, thus, assuring the

integrity of these systems. Additionally, no violation of the

fuel thermal limits occurs, since the minimum DNBR remains above

the 1.24 value throughout the duration of the event.

Voids form in the reactor vessel upper head region during the

transient, due to the thermal hydraulic decoupling of this region

from the RCS. The upper head region liquid level remains well

above the top of the hot leg throughout the transient.

Therefore, natural circulation cooldown is not impaired during

the transient. Furthermore, the upper head voids begin to

collapse upon actuation of the safety injection flow, indicative

of stable plant conditions. After thirty minutes, the operator

employs the plant emergency procedure for the steam generator

tube rupture event to cool down the plant to shutdown cooling

entry conditions.
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15.6.3.3 Steam Generator Tube Rupture with a Loss of

Offsite Power and Single Failure

15.6.3.3.1 Identification of Event and Causes

In addition to the tube rupture with a loss of offsite power, as

evaluated in Section 15.6.3.2, this event also assumes the most

limiting single failure with respect to radiological releases.

The systems used to mitigate the consequences of this event are:

A. Safety Injection System (SIS)

B. Pressurizer Pressure Control System (PPCS)

C. Pressurizer Level Control System (PLCS)

D. Emergency Feedwater System (EFWS)

E. Atmospheric Dump Valves (ADVs)

The single failures which may impact the radiological

consequences of the SGTR event are:

A. Failure of an ADV to close in the affected steam generator

after the operator initially opens it.

B. Failure of a diesel generator to start following the loss of

offsite power.

The failure of an ADV to close in the affected steam generator

will result in additional steam release until the operator is
able to isolate the ADV by closing the associated block valve.

The failure of the diesel generator to start will leave the

following components inoperable: two SI pumps, one charging pump,

one emergency feedwater pump, and one half of the pressurizer

backup heaters. The partial loss of the heat removal

capabilities of the safety injection flow and emergency feedwater

flow may require the operator to steam from the affected

generator in order to maintain the RCS in a subcooled state.

Steaming also would be required to prevent overfilling of the

affected steam generator. The excess steaming due to the failure

of the ADV to close is larger than that resulting from the

failure of a diesel generator. Therefore, the failure of an ADV

to close in the affected steam generator is the most limiting
single failure with respect to radiological releases.
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15.6.3.3.2 Sequence of Events and Systems Operation

Table 15.6.3-7 presents a chronological list of events which

occur during the steam generator tube rupture event with a loss

of offsite power and stuck open ADV, from the time of the

double-ended rupture of a steam generator U-tube to the

attainment of shutdown cooling entry conditions. The sequence

presented demonstrates that the operator can cool the plant down

to shutdown cooling entry conditions during the event. All

actions required to stabilize the plant and perform the required

repairs are not described here.

The operator actions assumed in this analysis are consistent with
the ABB C-E Emergency Procedure Guidelines (EPGs) documented in

Reference 35 of Section 15.0. The major operator actions assumed

in the analysis are summarized below and listed in Figure
15.6.3-48.

A. The operator opens one ADV in each steam generator in order
to cool the RCS at a cooldown rate of 100°F/hr. The initial

cooldown of the RCS is aimed at preventing reopening of the

MSSVs on the affected steam generator by cooling down the

RCS to 10°F below the saturation temperature corresponding

to the MSSV opening pressure setpoint. An additional 5°F is

employed to account for instrument uncertainties. The H

technical specification cooldown rate of 100°F/hr is used in

lieu of a plant procedure specific cooldown rate. This

rapid cooldown rate requires a larger valve opening area and

results in more steam flow out the stuck open ADV. The

100°F/hr cooldown rate translates into a 12% opening for one

ADV of each steam generator.

B. The time delay for the first operator action identified

above is consistent with the guidelines of Reference 36

which recommends a 5 minute operator action delay time for a

steam generator tube rupture, and an additional two minutes

for completion of a discrete operator manipulation. Thus, a

7 minute operator action time with reference to the reactor

trip time is assumed for completion of the first action,

namely, opening of the ADVs to cool down the RCS to 550°F

which is about 15°F below saturation temperature at the MSSV

opening pressure setpoint.

C. The operator attempts to isolate the affected steam

generator when the RCS temperature is below 550°F. At this
time it is assumed that the ADV in the affected steam

generator sticks open. The operator will be alerted to the

fact that the ADV has not closed by the following signals:
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i. Continued alarming from the stack radiation monitors.

2. Continued indication of steam flow through the flow

measuring venturis on the steam generator.

3. Decreasing steam generator level in spite of the

attempted isolation which should have caused the level
to increase.

D. The operator closes the block valve associate_ with the

stuck open ADV on the affected generator 30 minutes after

the attempted isolation. This delay is consistent with the

criteria for operator actions outside of the control room as

stated in Reference 36. The time delay includes the time it

takes to get to the location of the block valve, and the

time required to completely close the valve.

E. The operator opens the pressurizer gas vent in order to

regain pressurizer level two minutes after the block valve

is closed. The timing of this action is consistent with the

guidelines of Reference 36. The operator will use the SI

system, the pressurizer backup heaters, and the pressurizer

gas vent to control RCS inventory and subcooling.

F. The operator continues to cool down the RCS using the

unaffected generator at 20°F/hr. This analytical assumption

to reduce the cooldown rate from 100°F/hr to 20°F/hr

maximizes the radiological release during the long-term

cooldown by:

i. Delaying entry into shutdown cooling until 8 hours

after event initiation, thereby, maximizing the primary

heat to be removed through the ADVs within the 0-8 hour

time period.

2. Maximizing the primary-to-secondary leak, thereby,

increasing the operators' use of the operable ADV in

the affected steam generator to prevent its

overfilling.

3. Maintaining the primary-to-secondary leakage at a

higher enthalpy, thereby, maximizing the flashing
fraction of the leakage at the secondary side.

G. The operator maintains approximately a 20°F subcooling

margin as per Reference 35.

H. The operator will use the unisolated ADV on the affected SG

in order to prevent its overfilling due to the primary-

to-secondary leak.
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15.6.3.3.3 Analysis of Effects and Consequences

15.6.3.3.3.1 Core and System Performance

A. Mathematical Model

The thermal-hydraulic response of the Nuclear Steam Supply
System (NSSS) to the steam generator tube rupture with a
loss of offsite power and stuck open ADV was simulated using
the CESEC-III computer program up to the time the operator
takes control of the plant and a CESEC-III based cooldown
algorithm thereafter. The CESEC-III computer program is
described in Reference 27. The thermal margin on DNBR in
the reactor core was evaluated using the CETOP computer
program (Reference 29) as described in Section 15.0.3 with
the CE-1 critical heat flux correlation described in
CENPD-162 (Reference 19).

B. Input Parameters and Initial Conditions

The initial conditions and input parameters employed in the
analyses of the system response to a steam generator tube
rupture with a concurrent loss of offsite power and stuck

open ADV are listed in Table 15.6.3-8. Additional H
discussion on the input parameters and the initial
conditions are provided in Section 15.0. Conditions were
chosen to maximize the radiological releases.

The initial reactor operating conditions were varied over
the operating space given in Table 15.0-5 to determine the
set of conditions which would produce the most adverse
consequences following a steam generator tube rupture with a
loss of offsite power and stuck open ADV. Various
combinations of initial operating conditions were considered
in order to determine the reactor trip time which would
result in the most adverse radiological releases. The
parametric studies indicated that the maximum offsite mass
release is obtained when the transient is initiated with the

maximum allowed RCS pressure, maximum initial pressurizer
liquid volume, minimum initial steam generator liquid
volume, maximum core power, minimum core coolant flow, and
maximum core coolant inlet temperature. The minimum initial
steam generator liquid volume results in a delayed reactor
trip signal.

C. Results

The dynamic behavior of important NSSS parameters following
a steam generator tube is presented in Figures 15.6.3-33
through 15.6.3-47.
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For a double-ended rupture, the primary-to-secondary leak

rate exceeds the capacity of the charging pumps. As a

result, the pressurizer pressure gradually decreases from an

initial value of 2375 psia. Even with the maximum charging

pump flow of 180 gpm, the pressurizer pressure and level

continue to drop. In addition, the affected SG water level

continued to increase due to the primary to secondary

leakage. At 1758 seconds a reactor trip signal is generated

due to exceeding the high steam generator water level trip

setpoint. The pressurizer empties at approximately 1783

seconds (Figure 15.6.3-37). At 2418 seconds a safety

injection actuation signal is generated, and the safety

injection flow is initiated. After the pressurizer empties,

the reactor vessel upper head begins to behave like a

pressurizer, and controls the reactor coolant system

pressure until the pressurizer begins to refill at

approximately 5583 seconds. Due to flashing caused by the

depressurization, and the boil off due to the metal

structure to coolant heat transfer, the reactor vessel upper

head begins to void at about 1794 seconds (Figure
15.6.3.38). Consequently, the RCS pressure (Figure

15.6.3-34) begins to decrease at a lower rate at this time.

Following reactor trip and with turbine bypass unavailable,
the main steam system pressure increases until the MSSVs

open at 1762 seconds to control the main steam system

pressure. A maximum main steam system pressure of 1272 psia

occurs at 1765 seconds. Subsequent to this peak in the

pressure, the main steam system pressure decreases,

resulting in the closure of the Main Steam Safety Valves

(MSSVs) at 1849 seconds. The MSSVs cycle two additional

times in this manner prior to the operator taking control of

the plant.

Prior to reactor trip, the main feedwater control system is

assumed to supply feedwater to match flow through the
turbine. Following reactor trip, the main feedwater flow is

terminated due to the loss of offsite power. As the level

in the steam generators decrease an Emergency Feedwater

Actuation Signal (EFAS) is generated resulting in, emergency
feedwater flow which acts to restore the SG level.

At 2178 seconds the operator takes control of the plant and

opens one ADV on each SG to cool down the plant. This is
consistent with the EPGs. At 3663 seconds the RCS has been

cooled to 550°F. The operator then isolates the emergency
feedwater to the affected generator, closes the main steam

isolation valves of both steam generators, and attempts to

close the ADV of the affected generator. The operator
recognizes that the ADV did not close and has the
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appropriate block valve closed within 30 minutes. The

operator then initiates an orderly cooldown by means of the
atmospheric dump valves and the emergency feedwater flow to

the unaffected steam generator. Thereafter, the operator

will steam the affected steam generator in order to prevent

overfilling due to the leak flow. After the pressure and

temperature are reduced to 400 psia and 350°F, respectively,

the operator activates the shutdown cooling system and

isolates the unaffected steam generator.

Figure 15.6.3-46 gives the main steam safety valve

integrated flow rates versus time for the steam generator

tube rupture event with a loss of offsite power and a stuck

open ADV. At 2178 seconds, when operator action is assumed,

no more than 83,333 Ibm of steam from the damaged steam

generator and 40,490 ibm from the intact steam generator are

discharged via the main steam safety valves. Also, during

the same time period approximately 109,940 ibm of primary

system mass is leaked to the damaged steam generator.

Subsequently, the operator begins a plant cooldown at the

technical specification cooldown rate (lO0°F/hr) using both
steam generators, the atmospheric dump valves, and the H

emergency feedwater system. Once the affected steam

generator is isolated, it is assumed that the operator
reduces the cool down rate to 20°F/hr. For the first two

hours following the initiation of the event, 294,000 ibms of

steam are released to the environment through the

atmospheric dump valves. For the two to eight hour cooldown
period an additional 993,000 Ibms of steam are released via

the atmospheric dump valves.

15.6.3.3.3.2 Radiological Consequences

A. Physical Model

The evaluation of the radiological consequences of a

postulated steam generator tube rupture assumes a complete
severance of a single steam generator tube while the reactor

is operating at full rated power, a loss of offsite power

three seconds after turbine generator trip, and a stuck open
ADV. Occurrence of the accident leads to an increase in

contamination of the secondary system due to reactor coolant

leakage through the tube break. A reactor trip occurs

automatically as a result of approaching a high liquid level

condition in the affected steam generator at approximately

1758 seconds after the event initiation. The reactor trip
automatically trips the turbine generator.
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The steam generator pressure will increase rapidly,
resulting in steam discharge as well as activity release
through the main steam safety valves. Venting from the
affected steam generator, i.e., the steam generator which
experiences the tube rupture, continues until the secondary
system pressure is below the main steam safety valve
setpoint. After 2178 seconds, the operator initiates a
plant cooldown at the technical specification cooldown rate
(100°F/hr) using the steam generatorst atmospheric dump
valves, and the emergency feedwater system. The cooldown
rate of 100°F/hr is used in lieu of a plant procedure
specific cooldown rate. This rapid cooldown rate requires a
larger valve opening area and results in more steam flow
through the stuck open ADV. Upon isolation of the affected
generator the cooldown continues at 20°F/hr using the
unaffected generator. The operator may steam the affected
steam generator to prevent its overfilling.

The analysis of the radiological consequences of a steam
generator tube rupture considers the most severe release of
secondary activity as well as primary system activity leaked
via the tube break. The inventory of iodine and noble gas
fission product activity available for release to the
environment is a function of the primary-to-secondary
coolant leakage rate, th& percentage of defective fuel in
the core and the mass of steam discharged to the
environment. Conservative assumptions are made for all
these parameters.

B. Assumptions and Conditions

The assumptions and parameters employed for the evaluation
of radiological releases are:

i. Accident doses are calculated for two different

assumptions: (a) an event Generated Iodine Spike (GIS)
coincident with the initiation of the event, and (b) a
Pre-accident Iodine Spike (PIS).

2. Following the accident, no additional steam and
radioactivity are released to the environment when the
shutdown cooling system is placed in operation.

3. A spiking factor of 500 is employed for the GIS.

4. The tube leakage which flashes to steam is assumed to
be released to the atmosphere with a Decontamination
Factor (DF) of 1.0.
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5. The 0-2 hour and 2-8 hour primary-to-secondary leakage
through the rupture is 316,300 ibm and 671,300 ibm,
respectively.

6. Dilution of primary and secondary systems due to SI
flow and emergency feedwater flow is accounted for in
the dose calculation.

7. Other assumptions are contained in Appendix 15A.

C. Mathematical Model

The mathematical model employed in the evaluation _f the
radiological consequences during the course of the transient
is described in Appendix 15A.

D. Results

The two-hour Exclusion Area Boundary (EAB) and the H
eight-hour Low Population Zone (LPZ) inhalation and
whole-body doses are presented in Table 15.6.3-9. The
calculated EAB and LPZ doses are well within the acceptance
criteria.

15.6.3.3.4 Conclusions

The radiological releases calculated for the SGTR event with a
loss of offsite power and a stuck open ADV are well within the
10 CFR 100 guidelines. The RCS and secondary system pressures
are well below the 110% of the design pressure limits, thus,
assuring the integrity of these systems. Additionally, no
violation of the fuel thermal limits occurs, since the minimum
DNBR remains above the 1.24 value throughout the duration of the
event.

Voids form in the reactor vessel upper head region during the
transient, due to the thermal-hydraulic decoupling of this region
from the rest of the RCS. The upper head region liquid level
remains above the top of the hot leg throughout the transient.
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TABLE 15.6.3-]

s_EQUENCEOF EVENTSFORTHE
EANGENERATORTUBERUPTURE

Time Setpoint
(Sec) Event or Value

0.0 Tube Rupture Occurs --

0.4 High Steam GeneratorLevel Trip Signal --
Generated

0.55 Trip BreakersOpen --

0.55 TurbineTrip: Stop Valves Start to Close --

5.4 Main Steam Safety Valves Open, psia 1212
H

5.75 Main Steam and FeedwaterIsolationValves --
Closed

8.77 MaximumSteam GeneratorPressure,psia 1273

16.5 Backup Heaters Energized,psia 2325

623 PressurizerHeaters Deenergiz_due to Low 297
PressurizerLiquid Volume,ft

1800 Operator Isolatesthe Damaged Steam Generator --
and InitiatesPlant Cooldown at 100°F/hr
for the 1.5 hour time period

28,800 Shutdown CoolingEntry Conditionsare Assumed 400/350
to be reached,RCS Pressure,psia / RCS
Temperature,°F
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TABLE 15.6.3-2

ASSUMPTIONS AND INITIAL CONDITIONS FOR
THE STEAM GENERATOR TUBE RUPTURE

Parameter Assumed Value

Core Power Level, MWT 3876

Core Inlet Coolant Temperature, °F 563

Pressurizer Pressure, psia 2375

6
Core Mas_ Flow Rate, 10 ibm/hr 151.9 H

One Pin Integrated Radial Peaking Factor, 1.46
with Uncertainty

Steam Generator Pressure, psia 1057

Moderator Temperature Coefficient, 10 -4 _p/OF 0.0

Doppler Coefficient Multiplier 1.0

CEA Worth at Trip, % ap (most reactive CEA -8.86
fully withdrawn)
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TABLE 15.6.3-3

RADIOLOGICALCONSEQUENCESOF THE
STEAMGENERATORTUBE RUPTURE

THYROIDINHALATIONDOSES

Offsite Doses*
(rea)

Location GIS PIS

I. ExclusionArea Boundary 3.4 13.3
0-2 hr, Thyroid

2. Low PopulationZone 0.63 0.,97
Outer Boundary
0-8 hr, Thyroid

WIIOLE-BODYDOSES
H

Offsite Doses*

(rem)
Location GIS PIS

I. ExclusionArea Boundary 0.032 0.043
0-2 hr, Whole-Body

2. Low PopulationZone 0.0029 0.0031
Outer Boundary
0-8 hr, Whole-Body

* GIS - Generated IodineSpike
PIS - Pre-accidentIodineSpike
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TABLE 15.6.3-4

(Sheet I of 2)

SEQUENCEOF EVENTSFORA
STEARGENERATORTUBERUPTUREWITH A

LOSSOF OFFSITE POWFR

Time Setpoint
(Sec) Event or Value

0.0 Tube Rupture Occurs --

0.4 High Steam GeneratorLevel Trip --
Signal Generated

0.55 Trip BreakersOpen

0.55 TurbineTrip: Stop Valves Start --
to Close

H

3.55 Loss of Offsite Power

5.4 Main Steam Safety Valves Open, 1212
psia

5.75 Main Steam and FeedwaterIsolation --
Valves Closed

9.0 Maximum Steam GeneratorPressure, 1275
psia

1090.4 PressurizerEmpties --

Amendment H

August 31, 1990



CESSAR CERTIFICATION

TABLE 15.6.3-4 (Cont'd)

(Sheet 2 of 2)

SEQUENCEOF EVENTSFORTHE
STEAMGENERATORTUBERUPTUREWITH A

LOSSOF OFFSITE POWER

Time Setpoint
(Sec) Event or Value

1467 IntactSteam GeneratorWater Level 19.9
Reaches EmergencyFeedwaterActuation
Signal Analysis Setpoint,percent of
wide range

1415.8 PressurizerPressureReachesSafety 1555
InjectionActuationSignal Analysis
Setpoint,psia

H
1455.8 Safety InjectionFlow Initiated --

1527 EmergencyFeedwaterFlow Begins to --
IntactSG

1710 PressurizerBegins to Refill

1800 Operator Isolatesthe Damaged Steam --
Generatorand InitiatesPlant Cooldown

28,800 Shutdown CoolingEntry Conditionsare 400/350
Assumed to be Reached,RCS Pressure,
psia / Temperature,°F
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TABLE 15.6.3-5

ASSUMPTIONS AND INITIAL CONDITIONS FOR

THE STEAM GENERATOR TUBE RUPTURE

WITH A LOSS OF OFFSITE POWER

Parameter Assumed Value

Core Power Level, MWT 3876

Core Inlet Coolant Temperature, °F 563

Pressurizer Pressure, psia 2375

6
Core Mass Flow Rate, i0 ibm/hr 151.9

H
One Pin Integrated Radial Peaking Factor, 1.46

with Uncertainty

Steam Generator Pressure, psia 1057

Moderator Temperature Coefficient, 10 -4 _p/OF 0.0

Doppler Coefficient Multiplier 1.0

CEA Worth at Trip, % _p (most reactive CEA -8.86
fully withdrawn)

Amendment H

August 31, 1990



CESSAR ors,,.CERTIFICATION

TABLE 15.6.3-6

RADIOLOGICALCONSEQUENCESOF THE
STEAMGENERATORTUBERUPTURE
WITH A LOSSOF OFFSITE POWER

THYROIDINHALATIONDOSES

Offsite Doses*
(tee)

Location GIS PIS

I. ExclusionArea Boundary 4.6 18.6
0-2 hr, Thyroid

2. Low PopulationZone 0.82 1.16
Outer Boundary
0-8 hr, Thyroid

WtlOLE-BODYDOSES
H

Offsite Doses*
(rem)

Location GIS PIS

1. Exclusion Area Boundary 0.054 0.069
0-2 hr, Whole-Body

2. Low Population Zone 0.0036 0.0039
Outer Boundary
0-8 hr, Whole-B_dy

* GIS - Generated Iodine Spike
PIS- Pre-accidentiodine Spike
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TABLE 15.6.3-7

(Sheet I of 2)

SEQUENCEOF EVENTSFORA STEAMGENERATORTUBE
RUPTUREWITH A LOSSOF OFFSITE POWER

ANDSTUCKOPENADV

Time Setpoint
(sec) Event or Value

0.0 Tube Rupture Occurs ---

194.3 Backup Heaters Energized,psia 2325

1450 PressurizerHeatersDe-energized_ue to 297
Low PressurizerLiquid Volume,ft"

1756.97 High Steam GeneratorLevel Condition,% 95
Narrow Range

1757.97 High Steam GeneratorLevel Trip Signal ---
Generated

1758.12 Trip BreakersOpen ---

H1758.12 Turbine GeneratorTrip ---

1761.12 Loss of Offsite Power ---

1762 LH Main Steam Safety Valves open, psia 1212

1762 RH Main Steam Safety Valves open, psia 1212

1764.88 Maximum Steam GeneratorPressuresBoth 1272
Steam Generator,psia

1783.16 PressurizerEmpties ---

1783.68 Steam GeneratorWater Level Reaches 26.9
EmergencyFeedwaterActuationSignal
(EFAS)AnalysisSetpoint in the Unaffected
Generator,% wide range

1843.68 EmergencyFeedwaterInitiatedto Unaffected ---
Steam Generator

1849.26 Main Steam Safety Valves Closed,psia 1151.4
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CESSAR o,s,o.CERTIFICATION
i

TABLE15.6.3-7 (Cont'd)

(Sheet 2 of 2)

SEQUENCEOF EVENTSFORA STEAMGENERATORTUBE
RUPTUREWITH A LOSSOF OFFSITE POWER

ANDSTUCKOPENADV

Time Setpoint
(sec) Event or Value

2178 Operator InitiatesPlant Cooldown by ---
Opening One ADV on each SG

2418 PressurizerReachesSafety Injection 1555
ActuationSignal (SIAS)Analysis Setpoint,
psia

2458 Safety InjectionFlow Initiated ---

3663 Operator Attempts to Isolatethe Damaged 550
Generator,RCS Temperature,°F H

5463 Operator Closes the ADV Block Valve ---

5583 Operator Opens PressurizerGas Vent

8500 Operator Closes PressurizerGas Vent 20
and ControlsBackup PressurizerHeater
Output, and Sl Flow to Reduce RCS
Pressureand Control Subcooling,°F

28,800 ShutdownCooling Entry Conditions 400/350
Reached,RCS Pressure,psia / Temperature,°F
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August 31, 1990



CESSAR ..s..;.CERTIFICATION
i iiii

TABLE 15.6.3-8

ASSUHPTIONSWITH INITIAL CONDITIONSFORTHE STEAMGENERATOR
TUBERUPTUREWITH A LOSSOF OFFSITE POllER

ANDSTUCKOPENADV

Assumed
Parameter Value

Core Power Level, MWt 3876

Core Inlet Coolant Temperature, °F 563

Pressurizer Pressure, psia 2375

Core Mass Flow Rate, 106 lbm/hr 151.9

One Pin Integrated Radial Peaking Factor, with Uncertainty 1.46 H

Steam Generator Pressure, psia 1057

ModeratorTemperatureCoefficient,10-4 Ap/°F 0.0

DopplerCoefficientMultiplier 1.0

CEA Worth at Trip, % Ap (most reactiveCEA fully withdrawn) -8.86

Amendment H

August 31, 1990



CESSAR CERTIFICATION
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TABLE 15.6.3-9

RADIOLOGICALCONSEQUENCESOF THE STEAMGENERATOR
TUBERUPTUREWITH A LOSSOF OFFSITE POWER

ANDSTUCKOPENADV

THYROIDINHALATIONDOSES

Offsite Doses*

Location GIS(rem) PIS

1. ExclusionArea Boundary 30.1 44.9
0-2 hr, Thyroid

2. Low PopulationZone 9.3 6.0
Outer Boundary
0-8 hr, Thyroid

WHOLE-BODYDOSES

H

Offsite Doses*
Location (rem)

SIS PIS

I. ExclusionArea Boundary 3.58 3.62
0-2 hr, Whole-Body

2. Low PopulationZone 0.21 0.206
Outer Boundary
0-8 hr, Whole-Body

* GIS - Event Generated IodineSpike
PIS - Pre-AccidentIodineSpike

Amendment H
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15.6.4 RADIOLOGICAL CONSEQUENCES OFMAIH STEAM LINE FAILURE

OUTSIDE CONTAINMENT (BWR)

The event of BWR steam system piping failures outside of

containment does not apply to the System 80+ Standard Design and

therefore, is not presented.

15.6.5 LOSS-OF-COOLANTACCIDENT

15.6.5.1 Identification of Event and Causes

Regulatory Guide 1.4 describes a design basis Loss-of-Coolant H
Accident (LOCA) as one of the hypothetical accidents used to

evaluate the adequacy of various plant structures, systems, and

components used to protect the public health and safety. Such an

evaluation is required in Section 50.34 of 10 CFR 50 and is the

subject of this analysis. LOCA analysis for the purpose of

demonstrating the satisfactory performance of the Safety
Injection System is given in Section 6.3.3 for a full spectrum of

pipe break sizes. The analytical models and parameters used to

determine the radiological doses are presented in Appendix 15A

and the results are given below.

15.6.5.2 Sequence of Events and Systems Operation

The sequence of events and systems operations are presented in
Section 6.3.3. The containment isolation functions are described

in Section 6.2.4. In the dose analyses below, the containment

power purge is assumed to be terminated 30 seconds after il
actuation of the CIAS. I

15.6.5.3 Analysis of Effects and Consequences

A LOCA is defined as a hypothetical break in a pipe in the

reactor coolant pressure boundary resulting in the loss of

reactor coolant at a rate in excess of the capability of the
coolant makeup system. An immediate release of the core's

radioactive inventory to the containment building is assumed.

Because of this assumption on radioactivity sources and the H

assumption below of maximum containment leakage, the analysis of

LOCA doses bounds all pipe break sizes.

A LOCA will result in radiation doses in the control room and at

various offsite locations due to radioisotope dispersal through

the following paths:

Amendment I
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A. Filtered discharge of iodine spike activity initially

present in the RCS coolant

A portion of this activity is assumed to pass into the

containment atmosphere and then through the power purge
valves to the outside atmosphere prior to valve closure.

The magnitude of the initial RCS iodine spike activity is

equal to 60 #Ci/gm of 1-131 (equivalent). The calculation

of iodine spike activity within the containment building

does not credit removal by either radioactive decay or

operation of the sprays.

B. Direct containment leakage and filtered discharge from the

containment annulus ventilation system

It is assumed that the containment leaks at the maximum

rates allowed by the technical specification (as required by

Regulatory Guide 1.4). These rates are equal to 0.34 vol

%/day for the first 24 hours and half of that rate

thereafter. Initially, the containment leaks directly to
the outside atmosphere. At two minutes after the start of

the LOCA the containment annulus ventilation system is fully

operational and all subsequent leakage is into the annulus

ventilation system with filtered discharge to the outside

atmosphere. H

Within the containment, the spray is credited for removal of

the elemental form of iodine in the containment atmosphere.

No credit is taken for spray removal of either the organic

or particulate forms of iodine in the containment

atmosphere. The effectiveness of the spray removal of
iodine is based on recirculation of sump solution as

described in NUREG-0800, SRP 6.5.2, Rev. 2, Containment

Spray as a Fission Product Cleanup System, Dec. 1988.

C. Discharge from the emergency safeguards features rooms

This consists of iodine activity which passes from the IRWST

into the ESF rooms through leaks in the pump seals and

valves. A portion of this leakage enters the ESF rooms

atmosphere and is discharged to the outside atmosphere

through filters.

The total doses to an individual offsite, following a LOCA, are
given in Table 15.6.5-1. The total doses to a control room

operator are given in Table 15.6.5-2.

Amendment H
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15.6.5.4 Conclusions

The limiting criteria for offsite doses are given in 10 CFR 100.

These are 25 rem to the wholebody and 300 rem to thyroid. These

apply to both the two-hour dose at the exclusion area boundary

and to the thirty-day dose at the low population zone. Table
15.6.5-1 shows that the offsite doses are within the criteria

limits.

H
The limiting criteria for control room doses are given in

NUREG-0800, SRP 6.4, Rev. 2, "Control Room Habitability System",

1981. Those limits are 5 rem gamma to the whole body, 30 rem to
the thyroid and 30 rem beta to the skin. Table 15.6.5-2 shows
that the control room doses are within the criteria limits.

Amendment H
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TABLE15.6.5-1

OFFSTTEDOSESRESULTINGFROMA LOCA

Thyroid Dose Whole-Body H
Location & Paths (rem) Dose (rem)

A. Exclusion Area Boundary (EAB)
(2-hourdoses)

I. Power Purge 0.6 I"0xi0-4 II

a

2. ContainmentLeakageand 295.3 6.58
AnnulusVentilationSystem H
Discharge

-3
3. ESF Rooms Discharge 3.0 7.7xi0

TOTAL 298.9 6.59 IT
!

B. Low PopulationZone (LPZ) H
(30-daydoses)

I. Power Purge 0.07 1.4xi0-5 If

2. ContainmentLeakage and 150.9 1.88 H
AnnuiusVentilationSystem
Discharge

-3
3. ESF Rooms Discharge 3.96 4.0xi0

TOTAL 154.93 1.88 IIZ
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TABLE 15.6.5-2

CONTROLRDOMDOSESRESULTING
FROMA LOCA

H

Thyroid Dose Whole-Body Beta Skin
Location & Paths (rein) Dose (rein) Dose (rem)

A. Control Room
(30-daydoses)

|

I Power Purge 4 3xi0-3 30x10 -8 3 7xi0-7 1. • • m I

2. ContainmentLeakageand 20.3 0.3 4.6
Vent System Discharge

3. ESF Rooms Discharge 0.7 2.1x10_5 2.1xi0_4 H

TOTAL 21.0 0.3 4.6

Amendment I
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15.7 RADIOACTIVE MATERIAL RELEASE FROM A SUBSYSTEM OR
COMPONENT

15.7.1 RADIOACTIVE GAS WASTE SYSTEM FAILURE

This section of the Standard Review Plan has been deleted

(Reference 26 of Section 15.0).

15.7.2 RADIOACTIVE LIQUID WASTE SYSTENLEAKOR FAILURE

This section of the Standard Review Plan has been deleted

(Reference 26 of Section 15.0).

15.7.3 POSTULATED RADIOACTIVERELEASES DUE TO LIQUID- H
CONTAINING TANK FAILURES

15.7.3.1 Identification of Event and Causes

The most limiting radioactive tank failure is the uncontrolled
release of liquid from the Boric Acid Storage Tank (BAST). The
BAST is part of the Chemical and Volume Control System (CVCS)
described in Section 9.3.4.

The BAST is a non-seismic, non-nuclear, safety-related, safety
Class 2 tank. A failure resulting from a seismic event which
instantaneously releases 80% of its contents is postulated.

The BAST is located in the yard. A seismically designed dike,
constructed in accordance with Regulatory Guide 1.143, contains
the contents of a tank failure resulting from a seismic event.
In compliance with the Standard Review Plan Section (SRP) 15.7.3,
no credit is taken for the dike because it is not lined with
stainless steel. It is assumed that if there were a seismic

event, the concrete basin would develop cracks through which the
liquid from the failed tank could be released to the plant
discharge and eventually to the nearest potable water supply.
Gaseous releases are considered in Section 11.3 as part of
routine releases. Since these tanks are vented during normal
operation, no buildup of gases in these tanks is expected.
Therefore, only the consequences of a liquid release will be
considered in this section.

15.7.3.2 Sequence of Events and Systems Operation

The event is characterized by a rapid release of the BAST
contents to the environment. A seismic event causes the failure
of the BAST and the release of its contents into the seismic

basin surrounding the tank.

The liquid migrates through the cracks in the basin to the plant
discharge where it is diluted prior to reaching the potable water
source.

Amendment H
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15.7.3.3 Analysis of Effects and Consequences

A. Mathematical Model

In lieu of site specific parameters, such as potable water

dilution factors, the maximum allowable value of a dilution

factor is calculated based on normal system operation. The
dilution factor reflects the minimum extent to which the

radioactive liquid released from the failed BAST will be

diluted prior to reaching the potable water supply.

To calculate the maximum dilution factor (i.e., minimum

dilution of released liquid), the following equation was
utilized:

Ct(i ) = Cp(i)/Df

= MPC(i)/Df

Where:

Ct(i ) = Concentration of the i-th isotope in the
tank (#Ci/ml)

C (i) = Concentration of the i-th isotope at the
P

nearest potable water supply (#Ci/ml) FI

MPC(i) = Maximum Permissible Concentration of the

i-th isotope (#Ci/ml)

Df = Dilution factor

= !I/Dilution Volume)(i/f_ 3) _ 0.80 • Vt (gel 3)
Conversion Factor (ft /ga_)

V t = Volume of liquid initially in the tank (gal)

The concentration in the liquid flowing into the Boric Acid

Concentrator from the Holdup Tank is calculated by utilizing

the following equations:

CHT(i) = Cc(i)/[DFl(i ) • DF2(i ) • ... DFj(i) ]

Where:

CHT(i ) = Concentration of the i-th isotope in the
holdup tank (#Ci/ml)

Amendment H
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Cc(i ) = Concentration of the i-th isotope in the
composite flow stream (#Ci/ml) as a function
of PCC

DFj(i) = DF of the j-th component in the purification
process for the ith isotope

C is calculated as follows:
c

J J

Cc = ZI(Fj • Cj)/ZI(Fj)

Where:

Fj = Flow Rate of the j-th flow stream (gpm)

C. = Concentration of the ith isotope in the j-th

] flow stream (#Ci/ml)

The concentration of the fluid in the BAST after the

influent fluid from the holdup tank is concentrated is
calculated as follows:

CBAST(i) = CF(i) • CHT(i)/DF(i )

Where:

CBAST(i) = Concentration of the i-th isotope in the H
BAST (#Ci/ml)

CF(i) = Concentrating Factor between the bottoms

and the distillate processed in the

Boric Acid Concentrator (BAC)

= 1.00E+04 (See Section 9.3.4)

CHT(i ) = Concentration of the i-th isotope in the
Holdup Tank (#Ci/ml)

DF(i) = Decontamination Factor for i-th isotope.
All isotopes are considered to be

non-volatile; therefore, the DF for the

non-volatile isotopes is used.

The concentration of each isotope in the BAST is shown in
Table 15.7.3-1. Then, the maximum allowable dilution factor

(D_) is calculated. To verify that this is the maximum

dilution factor, the calculated concentration for each

isotope at the nearest potable water source using the

Amendment H
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dilution factor is ratioed to the MPC(i) and summed. This
process is repeated with additional values of dilution
factor until the summation of the fractions is less than or

equal to i.

B. Input Parameters and Initial Conditions

i. The concentration at the nearest potable water supply

is equal to the Maximum Permissible Concentration (MPC)
for each isotope.

2. The concentration in the BAST is calculated for the

batch processing mode of operation described in Section
9.3.4 and shown in Figure 9.3.4-1.

3. Credit is taken for dilution by only the main flow path

from the letdown through the purification process in
the CVCS to the recycle evaporator. The concentrate is
sent to the BAST.

4. The concentration of the flow streams are specified as

a fraction of the Primary Coolant Concentration (PCC).

The PCC is obtained from the output of the computer
code PWR-GALE (See Section Ii.i) and is consistent with
NUREG-O017.

5. No additional credit is taken for radioactive decay H

during the purification process or during the transport

of the liquid effluent to the nearest potable water
source.

6. The Decontamination Factors (DF_) for the i-th isotope
for each component were obtained from NUREG-0017 and
Section 9.3.4.

7. System parameters such as flow rates and tank volumes
were obtained from Section 9.3.4.

8. 80% of the volume is assumed to be released per SRP
Section 15.7.3.

9. For conservatism, all radionuclides are assumed to be
in the insoluble form.

C. Results

The results of the iterative process are shown in Table

15.7.3-2. The maximum __llowable dilution factor was
determined to be 6.95 x i0 .

Amendment H
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15.7.3.4 Conclusions

The results of this analysis should be used to establish site

acceptance criteria for the minimum dilution flow required to

limit the concentration at the nearest potable water source to

less than i0 CFR Part 20, Appendix B, Table II, Column 2 limits.

This analysis is based on the once through purification of the }]
letdown flow and liquid from the Equipment Drain Tank and Reactor

Drain Tank. Also, average values for the concentration of the
distillate and concentrate are assumed to determine the

concentration factor in the Boric Acid Concentrator (BAC). The

concentration of the influent stream to the BAC must be sampled
to verify the concentration factor used is valid.

Amendment H
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TABLE 15.7.3-1

(Sheet 1 of 2)

CONCENTRATION OF ISOTOPES IN BAST

Primary
Coolant Concentration Concentration

Concentration in BAST in BAST

Isotope(i) (_Ci/gm) (_Ci/ml) , (_Ci/ml) _

Na-24 4.70E-02 3.60E-01 PCC 1.69E-02

P-32 1.00E-0b 3.60E-01 PCC 3.60E-06
Cr-51 3.10E-03 3.60E-01 PCC 1.12E-03

Mn-54 1.60E-03 3.60E-01 PCC 5.76E-04

Fe-55 1.20E-03 3.60E-01 PCC 4.32E-04

Fe-59 3.00E-04 3.60E-01 PCC 1.08E-04

Co-58 4.60E-03 3.60E-01 PCC 1.66E-03

Co-60 5.30E-04 3.60E-01 PCC 1.91E-04

Ni-63 1.00E-05 3.60E-01 PCC 3.60E-06

Zn-65 5.10E-04 3.60E-01 PCC 1.84E-04

W-187 2.50E-03 3.60E-01 PCC 9.00E-04 }l
Np-239 2.20E-03 3.60E-01 PCC 7.92E-04
Sr-89 1.40E-04 3.60E-01 PCC 5.04E-05

Sr-90 1.20E-05 3.60E-01 PCC 4.32E-06

Y-91 5.20E-06 3.60E-01 PCC 1.87E-06

Y-93 4.20E-03 3.60E-01 PCC 1.51E-03

Zr-95 3.90E-04 3.60E-01 PCC 1.40E-04

Nb-95 2.80E-04 3.60E-01 PCC 1.01E-04

Mo-99 6.40E-03 3.60E-01 PCC 2.30E-03

Tc-99m 4.70E-03 3.60E-01 PCC 1.69E-03

Ru-103 7.50E-03 3.60E-01 PCC 2.70E-03

Ru-106 9.00E-02 3.60E-01 PCC 3.24E-02

Rh-103m 1.00E-05 3.60E-01 PCC 3.60E-06

Rh-106 1.00E-05 3.60E-01 PCC 3.60E-06

Ag-ll0m 1.30E-03 3.60E-01 PCC 4.68E-04

Ag-ll0 1.00E-05 3.60E-01 PCC 3.60E-06
Sb-124 1.00E-05 3.60E-01 PCC 3.60E-06

Te-129m 1.90E-04 3.60E-01 PCC 6.84E-05

Te-129 2.40E-02 3.60E-01 PCC 8.64E-03

Te-131m 1.50E-03 3.60E-01 PCC 5.40E-04

Te-131 7.70E-03 3.60E-01 PCC 2.77E-03

Te-132 1.70E-03 3.60E-01 PCC 6.12E-04

1-131 4.50E-02 3.51E-01 PCC 1.58E-02

1-132 2.10E-01 3.51E-01 PCC 7.38E-02

1-133 1.40E-01 3.51E-01 PCC 4.92E-02

1-135 2.60E-01 3.51E-01 PCC 9.14E-02

Cs-134 7.10E-03 3.00E+O0 PCC 2.13E-02

Cs-136 8.70E-04 3.00E+00 PCC 2.61E-03

Cs-137 9.40E-03 3.00E+O0 PCC 2.82E-02
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TABLE 15.7.3-1 (Cont 'd)

(Sheet 2 of 2)

CONCENTRATION OF ISOTOPES IN BAST

Primary
Coolant Concentration Concentration

Concentration in BAST in BAST

Isotope (i ) (#Ci/gm) (_Ci/ml ) (_ci/ml )
H

Ba-137m 1.00E-05 3.60E-01 PCC 3.60E-06

Ba-140 1.30E-02 3.60E-01 PCC 4.68E-03

La-140 2.50E-02 3.60E-01 PCC 9.00E-03

Ce-141 1.50E-04 3.60E-01 PCC 5.40E-05

Ce-143 2.80E-03 3.60E-01 PCC 1.01E-03

Ce-144 3.90E-03 3.60E-01 PCC 1.40E-03

Pr-143 1.00E-05 3.60E-01 PCC 3.60E-06

Pr-144 1.00E-05 3.60E-01 PCC 3.60E-06

H-3 1.00E+00 3.60E-01 PCC 3.60E-01
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TABLE 15.7.3-2

(Sheet 1 of 2)

RESULTS OF ITERATIVE PROCESS TO

DETERMINE DILUTION FACTOR

Df = 6.95E-06

Concentration

Concentration at Potable

MPC(i) in BAST Water Fraction

Isotope(i) (pCi/ml) (pCi/ml) (pCi/ml) of MPC (i)
II

Na-24 3.00E-05 1.69E-02 1.18E-07 3.92E-03

P-32 2.00E-05 3.60E-06 2.50E-II 1.25E-06

Cr-51 2.00E-03 1.12E-03 7.76E-09 3.88E-06

Mn-54 1.00E-04 5.76E-04 4.01E-09 4.01E-05
Fe-55 8.00E-04 4.32E-04 3.00E-09 3.75E-06

Fe-59 5.00E-04 1.08E-04 7.51E-I0 1.37E-06

Co-58 9.00E-05 1.66E-03 1.15E-08 1.28E-04

Co-60 3.00E-05 1.91E-04 1.33E-09 4.42E-05

Ni-63 3.00E-05 3.60E-06 2.50E-II 8.34E-07

Zn-65 1.00E-04 1.84E-04 1.28E-09 1.28E-05

W-187 6.00E-05 9.00E-04 6.26E-09 1.04E-04

Np-239 1.00E-04 7.92E-04 5.51E-09 5.51E-05

Sr-89 3.00E-06 5.04E-05 3.50E-I0 1.17E-04

Sr-90 3.00E-07 4.32E-06 3.00E-II 1.00E-04

Y-91 3.00E-05 1.87E-06 1.30E-II 4.34E-07

Y-93 3.00E-05 1.51E-03 1.05E-08 3.50E-04

Zr-95 6.00E-05 1.40E-04 9.76E-I0 1.63E-05

Nb-95 1.00E-04 1.01E-04 7.01E-10 7.01E-06

Mo-99 4.00E-05 2.30E-03 1.60E-08 4.01E-04

Tc-99m 3.00E-03 1.69E-03 1.18E-08 3.92E-06

Ru-103 8.00E-05 2.70E-03 1.88E-08 2.35E-04

Ru-106 1.00E-05 3.24E-02 2.25E-07 2.25E-02

Rh-103m 1.00E-02 3.60E-06 2.50E-II 2.50E-09

Rh-106 3.00E-06 3.60E-06 2.50E-II 8.34E-06

Ag-ll0m 2.00E-05 4.68E-04 3.25E-09 1.63E-04

Ag-ll0 3.00E-06 3.60E-06 2.50E-II 8.34E-06

Sb-124 2.00E-05 3.60E-06 2.50E-II 1.25E-06

Te-129m 2.00E-05 6.84E-05 4.76E-I0 2.38E-05

Te-129 8.00E-04 8.64E-03 6.01E-08 7.51E-05

Te-131m 4.00E-05 5.40E-04 3.75E-09 9.39E-05

Te-131 3.00E-06 2.77E-03 1.93E-08 6.42E-03

Te-132 2.00E-05 6.12E-04 4.26E-09 2.13E-04

1-131 3.00E-07 1.58E-02 1.10E-07 3.67E-01

1-132 8.00E-06 7.38E-02 5.13E-07 6.41E-02
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TABLE 15.7.3-2 (Cont'd)

(Sheet 2 of 2)

RESULTS OF ITERATIVE PROCESS TO

DETERMINE DILUTION FACTOR

Df = 6.95E-06

Concentration

Concentration at Potable

MPC(i) in BAST Water Fraction

Isotope(i) (_Ci/ml) (_Ci/ml) (_ci/ml) of MPC (i)

1-133 1.00E-06 4.92E-02 3.42E-07 3.42E-01

1-135 4.00E-06 9.14E-02 6.35E-07 1.59E-01

Cs-134 9.00E-06 2.13E-02 1.48E-07 1.65E-02

Cs-136 6.00E-05 2.61E-03 1.81E-08 3.02E-04

Cs-137 2.00E-05 2.82E-02 1.96E-07 9.80E-03 H
Ba-137m -- 3.60E-06 2.50E-II --

Ba-140 2.00E-05 4.68E-03 3.25E-08 1.63E-03

La-140 2.00E-05 9.00E-03 6.26E-08 3.13E-03

Ce-141 9.00E-05 5.40E-05 3.75E-I0 4.17E-06

Ce-143 4.00E-05 1.01E-03 7.01E-09 1.75E-04

Ce-144 1.00E-05 1.40E-03 9.76E-09 9.76E-04

Pr-143 5.00E-05 3.60E-06 2.50E-II 5.01E-07
Pr-144 -- 3.60E-06 2.50E-II --

H-3 3.00E-03 3.60E-01 2.50E-06 8.34E-04

Total = 1.00E+00
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15.7.4 FUEL HANDLING ACCIDENT

15.7.4.1 Identification of Event and Causes

The Fuel Handling Accident that is considered resulted from the
dropping of a single fuel assembly during fuel handling.
Interlocks and procedural and administrative controls involved in
fuel handling are described in Section 9.1.4.

15.7.4.2 Systems Operation

The containment and fuel building systems required to mitigate
the consequences of the Fuel Handling Accident are described in
Chapters 6 and 9, respectively.

15.7.4.3 Analysis of Effects and Consequences

A. Mathematical Model

If a dropped assembly were damaged to the extent that one or
more fuel rods were broken, the accumulated fission gases
and iodines in the fuel rod gaps would be released to the
surrounding water. Release of the solid fission products in
the fuel would be negligible because of the low fuel

temperature during refueling. The methods of Regulatory
Guide 1.25 and those based on Reference 30 of Section 15.0

were used to quantify the fission product releases to the
containment and fuel building. The calculational methods
and assumptions described in Regulatory Guide 1.25, with the
exception of the fission product release fractions, apply
since:

1. the values for maximum fuel rod pressurization,

2. the peak linear power density for the highest power
assembly discharge, and

3. the maximum centerline operating fuel temperature for
the assembly in item (2) above

are less than the corresponding values in Regulatory Guide
1.25. The fission product release fractions were determined
using methods based on Reference 30 of Section 15.0.

The calculation assumes an assembly with an average burnup
of 55,000 MWD/MTU.

The methodology used to calculate offsite doses resulting
from fuel failures is provided in Appendix 15A. The
methodology used to determine the number of potential fuel
failures is described below.
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The fuel assemblies are stored within the spent fuel rack at

the bottom of the spent fuel pool. The top of the rack
extends above the tops of the stored fuel assemblies. A

dropped fuel assembly could not strike more than one fuel

assembly in the storage rack. Impact could occur only
between the ends of the involved fuel assemblies, the lower

end fitting of the dropped fuel assembly impacting against

the upper end fitting of the stored fuel assembly.

Analytical methods used to calculate the impact velocity and

the resulting impact stress in the fuel rod cladding for the
vertical drop are described below.

The analysis of the fuel assembly vertical drop employed a

summation of the forces acting on the fuel assembly in the

vertical direction to determine the equation of motion of

the fuel assembly. The resulting equation of motion is
given below:

Fvert = M.a = FD + FB - FW H

where:

M = mass of a fuel assembly
a = acceleration

FD = drag force of a fuel assembly 2
[i.e., (Drag Coefficient) • (velocity) ]

FB = buoyant force of a fuel assembly

Fw = weight (dry) of a fuel assembly

The analysis assumed the fuel assembly drop distance was

sufficient for the fuel assembly to reach its terminal

velocity (acceleration equals zero in the above equation),

thus making the results conservative or applicable for any

drop height. For this worst case, the terminal velocity,

and therefore the assumed impact velocity of the fuel

assembly, is 254.4 inches per second, and the resulting

stress in the fuel rod cladding is 24,000 psi.

The equation employed in calculating the above impact stress
in the fuel rod clad is as follows:

a I = VI.E. p

where :

a I = impact stress
V = impact velocity

E I = modulus of elasticity
p = mass density

Amendment H
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The yield stress of the fuel rod cladding is 49,000 psi.
This is the minimum yield stress value for unirradiated
Zircaloy-4 and is conservative for irradiated fuel. Thus,
for the fuel assembly vertical drop, the impact stresses
which result from absorbing the kinetic energy of the drop
are below the yield stress of the clad and no fuel rod
failures will occur.

Horizontal impact of a fuel assembly could result from a
dropped fuel assembly falling in the horizontal position, or
from a vertical fuel assembly rotating to the horizontal
position. As in the vertical drop described above, worst
case assumptions are made for the horizontal impact velocity
(based on the terminal velocity) and the rotational impact
velocity (based on an initial angular velocity of 5
radians per second). The worst case is the horizontal drop,
since the kinetic energy at impact is greater for the
horizontal drop than for the rotational impact (3629 ft-lbs
versus 2375 ft-lbs, respectively). During this horizontal
drop, it is postulated that the assembly strikes a
protruding structure. For this analysis, a localized
loading of one grid span has been assumed.

An analysis of the fuel assembly drop has revealed that the
most severe impact location is between the top two spacer
grids since that impact area is within the fuel rod upper
plenum region and the fuel pellets do not provide support

for the cladding. To obtain an estimate of the number of FI
fuel rods which might fail, the fuel assembly's grid span
was modeled and calculations performed to relate the
assembly's kinetic energy at impact to the resulting strain
energy in the fuel rods and guide tubes.

B. Input Parameters and Initial Conditions

Assumptions and parameters used in evaluating the fuel
handling accident are listed in Table 15.7.4-1. Input data
for the drop analysis that described material properties and
pool conditions were kept consistent with the circumstances
of the event (i.e., irradiated fuel assembly material
properties, water, and fuel rod cladding temperatures
corresponding to spent fuel pool conditions).

The determination of the iodine activity released to the
environment from the containment atmosphere credited the
operation of the containment purge ventilation system and
associated filters (Section 9.4.5). Similarly, the iodine
released to the environment from the fuel building
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atmosphere credited the operation of the fuel building

ventilation system and associated filters (Section 9.4.2).

For the noble gases, no credit for filtration is assumed in
the determination of releases from the containment or the

fuel building.

C. Results

As a result of the fuel assembly horizontal drop, no more
than four rows of fuel rods (60 rods) would fail due to the

strain resulting from the fuel rods and guide tubes

absorbing the bundle's kinetic energy at impact. Fuel rod

cladding failure was assumed to occur if the maximum clad

strain reached the ultimate strain of irradiated Zircaloy.

The use of irradiated fuel rod properties is conservative

because of the greater energy absorbing capability of H

unirradiated Zircaloy. The radioactive inventory of the 60

fuel rods was obtained by multiplying the activity of the

most radioactive fuel rod 72 hours after shutdown by a
factor of 60.

As described in the above presentation, the failure of all

236 fuel rods in one spent fuel assembly is not credible.

However, the evaluation of the failure of all fuel rods in a

fuel assembly (236 fuel rods) has been performed to

demonstrate consistency with the recommendations of

Regulatory Guide 1.13. In this case, the radioactive

inventory is obtained by multiplying the activity of the

most radioactive fuel rod 72 hours after shutdown by a
factor of 236.

The total body gamma dose due to immersion and the thyroid
dose due to inhalation were calculated for 0 to 2 hours at

the EAB and for 0 to 8 hours at the LPZ outer boundary using

the analysis assumptions contained in Table 15.7.4-1. The

activity calculated to be released to the pool water is

listed in Table 15.7.4-1. The activity that is released

from the pool and the activity reaching the environment is

listed in Table 15.7.4-2 for a fuel handling accident in the

fuel building and in Table 15.7.4-4 for a fuel handling
accident in the containment. The doses listed in Tables

15.7.4-3 and 15.7.4-5 are well within the guidelines of I0
CFR i00.

15.7.4.4 Conclusions

The potential radiological consequences of a postulated fuel

handling accident have been conservatively analyzed, using

assumptions and models described in the preceding subsections.

The calculated doses are well within the guidelines of I0 CFR
I00.
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TABLE 15.7.4-1

(Sheet 1 of 3)

PARAMETERSUSEDIN EVALUATINGTHE RADIOLOGICAL
CONSEQUENCESOF A FUELHANDLINGACCIDENT

Design Basis Design Basis Analysis
Parameter Assumptions Assumptions

Source Data:

Radial peaking factor 1.65 1.65

Core averageburnup, 28.8K 28.8K
3 full-poweryears at 80%
plant factor,MWD/MTU

Decay time, hr. 72 72

Number of failed rods 60 236

Fractionof fission product
gases assumed in the gap
region of fuel rods, %

1-131 45 45 H

1-132 10 10

1-133 17 17

1-135 10 10

Xe-131m 23 23

Xe-133 30 30

Xe-133m 11 11

Xe-135 14 14

Kr-85 100 100
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TABLE15.7.4-1 (Cont'd)

(Sheet 2 of 3)

PARAMETERSUSEDIN EVALUATINGTHE RADIOLOGICAL
CONSEQUENCESOF A FUELHANDLINGACCIDENT

Design Basis Design Basis Analysis
Parameter Assumptions Assumptions

Activity ReleaseData:

Percentageof gap activity 100 100
released to pool

Activity releasedto pool

1-131 6.17 (+4)* 2.42 (+5)

1-132 1.35 (+4) 5.32 (+4)

1-133 5.75 (+3) 2.26 (+4)

1-135 1.79 (+I) 7.04 (+I)

Xe-131m 4.32 (+2) 1.70 (+3)

H
Xe-133 8.55 (+4) 3.36 (+5)

Xe-133m 3.14 (+4) 1.23 (+5)

Xe-135 5.10 (+2) 2.00 (+3)

Kr-85 1.64 (+3) 6.43 (+3)

* Number in parenthesesdenotes powers of 10
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TABLE 15.7.4-1 (Cont'd)

(Sheet 3 of 3)

PARAMETERSUSEDIN EVALUATINGTHE RADIOLOGICAL
CONSEQUENCESOF A FUELHANDLINGACCIDENT

Design Basis Design Basis Analysis
Parameter Assumptions Assumptions

Pool decontamination factor for 1.0 1.0
noble gases

Effectivepool decontamination 100 100
factor for iodine

Filter efficiencyfor iodine
removal

Elemental,percent 95 95
Organic, percent 95 95

Iodine chemical form released
to the containmentor the fuel
building,percent H

Elementaliodine 75 75
Organic iodine 25 25

Fuel building emergency Operating Operating
ventilationsystem

Containmentpurge ventilation Operating Operating
system

Time to isolatecontainment No isolation No isolation
buiIding credited credited

End time of activityrelease Less than 2 Less than 2
to the environment(hours)

Activity released from spent - Tables 15.7.4-2
fuel pool or refuelingpool and 15.7.4-4
and to the environment

Atmosphericdilution factors Table 2.3-I Table 2.3-i
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TABLE]5.7.4-2

NOBLEGASANDIODINE
INVENTORIESRELEASEDAS THE RESULTOF A

FUELHANDLINGACCIDENTIN THE FUELBUILDING

From the Spent To the
Isotopes Fuel Pool (Ci) Environment (Ci)

1-131 2.42 (+3)* 1.21 (+2)

1-132 5.32 (+2) 2.66 (+I)

1-133 2.26 (+2) 1.13 (+1)

1-135 7.04 (-I) 3.52 (-2)

Xe-131m 1.70 (+3) 1.70 (+3)

Xe-133 3.36 (+5) 3.36 (+5)

Xe-133m 1.23 (+5) 1.23 (+5)

Xe-135 2.00 (+3) 2.00 (+3) H

Kr-85 6.43 (+3) 6.43 (+3)

* Number in parenthesesdenotespowers of 10
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TABLE15.7.4-3

RAD]OLOG[CALCONSEQUENCESOF A POSTULATEDFUEL
HANDLINGACC]DENT]N THE FUELBU]LD]NG

USIHGANALYS]SASSI,LNPT]ONS*

Location Dose (tea)

!. EAB (0-2 hr)

Thyroid 32.0
Tot,a]-body gamma 2.1

11. LPZ outer' boundary
(0-8 hr)

Thyroid 1.7
Total-body gamma O.1

* See Table 15.7.4-1
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TABLE 15.7.4-4

NOBLEGASAND IODINE INVENTORIES
RELEASEDAS THE RESULTOF A FUEL HANDLING

ACCIDENT'INSIDE CONTAINMENT

From the Refueling To the
Isotopes Pool (Ci) Environment (Ci)

1-131 2.42(+3)* 1.21(+2)

I-i32 5.32(+2) 2.66(+I)

1-133 2.26(+2) I.13(+I)

1-135 7.04(-I) 3.52(-2)

Xe-131m 1.70(+3) 1.70(+3)

Xe-133 3.36(+5) 3.36(+5)

Xe-133m I.23(+5) 1.23(+5)

Xe-135 2.00(+3) 2.00(+3) H

Kr-85 6.43(+3) 6.43(+3)

* Number in parenthesesdenotespowers of 10.
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TABLE15.7.4-5

RADIOLO(;[CALCONSEQUENCESOF A POSTULATEDFUEL
HANDL]NGACCZDENT[N THE CQNIA].NNENTBUZLDING

US]NGANALYSISASSUNPTIONS*

Location Dose (tea)

1. EAB (0-2 hr)

Thyroid 32.0
Total-body gamma 2.1

11. LPZ outer boundary
(0-8 hr)

Thyroid 1.7
Total-body gamma O.1

* See Table 15.7.4-1
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15.7.5 SPENT FUEL CASK DROP ACCIDENTS

15.7.5.1 Identification of Event and Causes

A spent fuel cask handling accident must be evaluated if the

spent fuel cask can be dropped from a height exceeding 30 feet

onto a hard unyielding surface, or if it can be dropped or tipped
onto stored irradiated fuel.

15.7.5.2 Systems Operation

The fuel handling system and plant layout have been designed to
meet the following criteria:

A. All spent fuel cask lifts from the cask transporter to the
cask laydown area have been limited to less than 30 feet. H

B. The spent fuel cask handling crane operating procedures

establish the requirements for operator training, crane

inspections, and approved cask handling procedures.

C. The cask handling crane is provided with mechanical stops

and electrical interlocks to prevent its movement near the
spent fuel pool after the pool contains irradiated fuel.

D. The spent fuel building is arranged so that the spent fuel

cask does not pass over critical components during passage
from the cask transporter to the cask laydown area.

E. The relevant requirements of GDCs 2, 4, 5, 61 and References

37 through 44 of Section 15.0 have been considered.

15.7.5.3 Analysis of Effects and Consequences

Radiological evaluations for a cask handling accident are not

required, since plant design features and cask handling
procedures meet all applicable criteria.
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].0 INTRODUCTION

This appendix provides brief descriptionsof the models used to calculatethe
Exclusion Area Boundary (EAB) and Low Population Zone (LPZ) offsite
radiologicaldoses for Loss-of-CoolantAccidents (LOCAs) and non-LOCA events.
In addition, for the LOCA event, a description of the models employed to
determinethe control room radiationdoses is provided.

2.0 ANALYTICALMODELSFORLOSS-OF-COOLANTACCIDENTS(LOCAs)

This section describes the analytical models used in the calculation of
radiation doses resulting from a LOCA. The doses are for the following
locations:

A. ExclusionArea Boundary (EAB)

B. Low PopulationZone (LPZ)

C. Within ControlRoom (CR)

The dose is computed to the thyroid due to the inhalationof radioiodine,to H
the skin due to the emission of beta particles and to the whole body due to
the emissionof photons from the radioisotopes.

The doses at the exclusion area boundary are based on the total activity
released over the first two hours following a LOCA. The doses at the low
populationzone and within the control room are based on the total activities
released over a period of thirty days. This is in accordance with the
requirementsidentified in References I and 2. The total dose at a given
location (EAB, LPZ and control room) is based on a summation of activities
from variousrelease paths to the atmosphere. These paths are:

A. Containmentleakage, includingthe dischargefrom the containmentannulus
ventilationsystem (Reference3).

B. Containmentdischarge, of iodine spike activity,through the power purge
valves prior to closure (Reference3).

C. Post-LOCAleakage from ESF systemsoutsidecontainment(Reference4).

2.1 ASSUMPTIONSFOR LOCA DOSES

The assumptionsused for the LOCA dose models are consistentwith those given
in References3, 4 and 5. These include:

A. At the time of the accident, 25% of all the equilibrium iodine fission
product inventoryand 100% of the noble gas fission products are assumed
availablefor immediatereleasefrom the containment.

AmendmentH
15A-I August 31, 1990



CESSAR os,o.CERTIFICATION

B. Each of the iodine radioisotopesis assumed to exist in three chemical
forms. These are: 91% elemental,4% organic and 5% particulate.

C. 50% of the core equilibrium iodine activity is assumed to be mixed into
the IRWST inventory. This liquid is circulated through the various
safety pumps in the ESF rooms. Leakagethrough the pump seals and valves
results in an activity in the ESF rooms which vents to the atmosphere.

D. No credit is taken for depletion of the effluent plume due to either
depositionon the ground or to radioactivedecay during transportto the
locationsof interest.

2.2 DOSE CALCULATIONSFOR LOCA

The analyticalmodel determinesthe doses absorbedby an individualat a given
location, over a defined span of time and for a particular leakage pathway.
The dose contribution is determined separately for each radioisotope of
interest and is then summed to yield the total dose. A descriptionof these
models is given below. H

2.2.1 WHOLE-BODYLOCA DOSE AT OFFSITE LOCATIONS

In accordancewith Reference 5, the whole-body gamma ray dose is based on a
receptor located at the center of a semi-infinitecloud. For a given isotope,
i, the whole-body dose (rems)over a time span, t, resultingfrom gamma rays
is:

Dwb(t, N,M) = 0.25 [i.y [( )N QM(t)] (2'.2-1)

Where:

Dwbi(t,N,M) (rem) = whole-bodydose from gamma radiationfrom the decay
of isotopei, for time span t, at locationN, for
leakage path M.

As noted previously,the time spans of interest are
two hours and thirty days. The offsite locations of
interest are the exclusion area boundary and the low
population zone and the leakage paths are power
purge, containment leakage and annulus ventilation
system dischargeand ESF room discharge.

0 25 (r,,em- m3 - disintegration) = dose conversion factor for internally" Mev - Ci - sec absorbed radiation

Ei(Mev/disintegration) = mean gammaenergy for the decay of
isotope i (Table 15A-I)
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(n_)N(Sec/m3)R : time dependentatmosphericdispersionfactor to offsite locationN

(Sections2.3.4 and 2.3.5)

4

Q_(t) (Ci) = total activityof isotope
i released

to the environmentfrom leakage
path M, over time span t (See below)

The integral for Q_(t) in Equation (2.2-I_ is broken into smaller increments
for portions of th_ total time span. Each of these increments is associated

with a different,constant,value of (x(t)/Q)N.

Followingthe solutionof Equation (2.2-I),the followingis calculated:

i
Dwb(t,N,M)= _ Dwb(t,N,M) (2.2-2)

I

Where:

Dwb(t,N,M) (rem) = whole-body dose from _ radiation from all isotopes,
for time span t, at locationN, for leakagepath M.

The total value for the whole-body dose at a given location,N, for a given
time span, t, is a summationover all leakagepaths:

H
Dwb(t,N) = _ Dwb(t,N,M) (2.2-3)

M Paths

2.2.2 THYROID LOCA DOSE AT OFFSITE LOCATIONS

The thyroid dose results from the inhalation of radioiodine. Thus, for a
given iodine isotope, i, the thyroiddose is:

i (t,N M) : [(x--(_-}-)N.QB(t) • iDTh , QM(t)] DCF_h (2.2-4)

Where'

i
DTh(t,N,M) (rem) = dose to the thyroid resulting from inhalation of

iodine isotope i for time span t, at location N, for
leakagepath M.

DCF_h(remper Ci inhaled)= thyroid inhalation dose conversion factor
for iodine isotopei (Table 15A-2).
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B(t) (m3/sec): time dependentbreathingrate for an adult (Table 15A-3)

The integral for Qi(t) in Equation (2.2-4) is broken into smaller increments
for portions of the'total time span. Each of these time spans is associated
with a different, constant, value of the product (x(t)/n)N.B(t). Following
the solution of Equation (2.2-4), the summation overall" _'odineisotopes is
determined:

o

= s DITh(t,N,M). (2.2-5)DTh(t,N,M) iodines

Where:

DTh(t,N,M)= dose to the thyroid resulting from the inhalation of all
iodine isotopesfor time span t, at location N, for leakage
path M.

The total dose to the thyroid from radioiodineinhalationfor time span t, at
locationN is a summationover all leakagepaths:

DTh(t,N) = _ DTh(t,N,M) (2.2-6)
Mpaths

2.2.3 WHOLE-BODYLOCA DOSE WITHIN CONTROL ROOM

Controlroom dose resultsfrom the ingressof outsideair. H

The whole-body dose equation,within the control room, is developed from an
expression, given in Reference 6. This expression includes a factor to
convert the semi-infinitecloud source to a finite source representingthe
control room.

For a given isotope, i, the whole-body dose in the control room, resulting
from gamma rays is:

i (t M) (rem) = (CRVOL)0"338 3600 DCFiwb [CRO(t)IQiM(t)]
DwbCR ' 1173 CRVOL (0.02832) (2.2-7)

Where:
o

DIwbCR(t,M)(rem) = whole-bodydose from gamma radiation from isotope i,
within controlroom for time span t, for leakagepath
M.

As the location of the control room is fixed the subscript N which was
used for offsite locations, is not required. The terms in Equation
(2.2-7)are:
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2.2.4 SKIN LOCADOSEWITHIN CONTROLROOM

For a given isotope, i, the skin dose, in the control room, resulting from
beta rays, of short mean free path, is:

i x I Q_ (t) (2 2-10)3600 x CRO(t) x DCFskini
(t,M) (rem):

DCRskin CRVOL x (0.02832)

Where:

i

(t M)(rem) : skin dose from beta radiationfrom isotope i
DCRskin ' controlroom for time span t, for leakagepath M.

rem-m3
DCFskini ( Ci'S ) - skin beta dose conversionfactor for isotopei

(Table 15A-2)

All other quantities in Eq. (2.2-10)have been defined previously.

Followingthe solutionof Equation2.2-10 the followingis calculated:

i (t,M) (2 2-11)DCRskin (t,M)(rem)= _: DCRskin
i

H
Where:

DCRskin(t,M)- skin dose from beta radiationfrom all isotopeswithin
controlroom for time span t, for leakagepath M.

The total value for Lhe skin dose, within the control room is a summationover
all leakagepaths:

DCRskin(t) = :E: DCRskin(t,M)
Mpaths (2.2-12)

2.2.5 THYROID LOCA DOSE WITHIN CONTROLROOM

The dose to the thyroid,within the controlroom, is a functionof a breathing
rate as well as the radioiodine concentration to which the receptor is
exposed• For a given isotope,i, the dose to the thyroid is"

i i
3600 s/h x DCFTh[B(t) x IQM(t) x CRO(t)] (2.2-13)

i (t,M) (rem) =DThCR CRVOL x (0.02832)
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Where:

Di (t M) (rem) : dose to thyroid in the control room, resulting fromTh ' '
inhalation of iodine isotope i, for time span t, for
leakagepath M.

All other quantities in Equation (2.2-13)have been definedpreviously.

The integral for IQim(t), in Equation (2.2-13) is broken into smaller
incrementsfor portion_ of the total time span. Each of these is associated
with a different,constant,value for the productB(t) x CRO(t).

Following the solution of Equation (2.2-13),the summation over all iodine
isotopesis determined"

DThCR(t,M) (rem) = s D_hCR(t,M) (2.2-14)
iodines

Where:

DThCR(t,M) (rem) = dose to the thyroid, in the control room, resulting
from inhalationof all iodines for time span t, for
leakagepath M.

The total dose to the thyroid, in the control room, from radioiodine
inhalationfor time span t, is a summationover all leakage paths:

DThCR(t) (rem) = _ DThCR(t,M)
Mpaths (2.2-15) H

2.3 ACTIVITY DETERMINATIONFOR LOCA

The determination of the doses due to a LOCA requires information on the
activitiesof the various isotopesof interest. In addition, for the iodine
isotopes, the activities of each of the various chemical forms (elemental,
organic and particulate)are required to be known because of the different
associatedfilter efficiencies. These activitiesare calculatedby means of a
set of simultaneous differential equations. Each of these equations
represents the processes of activity inflow and removal for a particular
isotope and (for iodines) chemical form in each region of interest. The
regions and processesof interestare given in Table 15A-5. This information
is shown schematicallyin Figure 15A-I.

The analyticalmodel for the redistributionof core activity is described in
the next section. The iodine (I-131) spike activity is discussed in a
subsequentsection.
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Containment, sprayed and unsprayed (Regions 2 and 3) leakage to atmosphere
(Region I):

i t2 i i
QCL(t) = _tl (L21(t)A2(t) + L31(t) AB(t)) dt (2.3-7)

Containmentannulusventilation(Region6) dischargeto atmosphere(Regioni):

i -i i(t) dt (2.3-8)QAV(t) = _ ([AV FAV A6

EngineeredSafeguardsFeaturesroom (Region5) dischargeto atmosphere(Region
I):

i (t) t2 Fi iQESF = _tl (L51 ESF A5(t)) dt (2.3-9)

The calculation of dose within the control room from each noble gas isotope
and each c_emical form of each iodine isotopedepends upon the integrated
activity IQM(t)which reachesthe coi_trolroom from the various paths. The
individualValues for the integratedactivitiesin the control room are"

Control room (Region 4) integrated activity from containment sprayed and
unsprayedRegions (2 and 3) leakac H

i i (t) dt (2.3-10):
Control room (Region4) integratedactivityfrom containmentannulus
ventilationsystem (Region6) discharge:

i
= A4AV(t)dt (2.3-11)

Control room (Region 5) integrated activity from engineered safeguards
features room discharge:

i t2 i _t) dt (2.3-12)IQEsF(t): _tl A4ESF

As noted previously, the integrals for both the QiM(t) and the IQi (t) are
broken into smaller increments each of which is 'associatedwith Mconstant
values for the variousmultiplyingfunctions.
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2.3.2 REACTORCOOLANTSYSTEHIODINE SPIKE ACTIVITY

Followinga break in a primary system pipe, the ReactorCoolant System (RCS)
fluid discharges into the containment. It is assumed that the RCS fluid
contains an iodine (I-131-equivalent)spike activity equal to 60 pCi/gm
(References7 and 8). During the time period followingthe occurrenceof the
pipe break (untilcontainmentisolation)the containmentpower purge system is
assumedto be in operation. Thus, a portion of the iodine spike activity is
dischargedto the atmosphere and contributesto the offsite and control room
doses.

The calculationof iodinespike activitydoes not credit removal of the iodine
within containment by either radioactivedecay or operation of the sprays.
The iodine spike is assumedto have the chemical form distributiongiven in
Reference 5. This influences the removal of iodine spike activity by the
filters in the containment power purge system. The operation of the
containment power purge system continues for only a short time period
following a LOCA.

2.4 DATA FOR LOCA CALCULATIONS

Data for Control Room AtmosphericDispersionFactors are given in Table 15A-7.

Data for the containmentannulusventilationsystem is given in Table 15A-8.

Data for the containmentsteel building is given in Table 15A-9.

Data for the control room is given in Table 15A-I0.

3.0 ANALYTICALMODELS FOR NON-LOCA EVENTS

This sectionprovides a brief descriptionof analyticalmodels for calculating H
offsite radiological doses resulting from non-LOCA events. The models
described below incorporatethe SRP (Reference9) guidelines for calculating
offsite radiological consequences and through the use of conservative
assumptionsmaximize the offsite radiologicaldoses. The non-LOCA doses are
calculatedfor the followinglocations:

A. ExclusionArea Boundary (EAB)

B. Low PopulationZone (LPZ)

For each of the above locations,the dose is calculatedto:

I. the thyroid due to inhalationof radioiodines,and

2. the whole body due to gamma radiation from radioiodinesand noble
gases.
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In accordancewith the guidelines of Reference I, the doses at the exclusion
area boundary are calculated based on the total activity released over the
first two hours following the initiationof the event. Similarly, the doses
at the low population zone are determinedon the basis of the total activity
released over the entire event (in general about eight hours from the
initiationof the event, by which time the shutdown cooling system is placed
in operation). The total doses at a given location are derived from
activitiesfrom various releasepaths to the atmosphere. These include:

A. CondenserAir-Ejectors

B. Main Steam Safety Valves (MSSVs)

C. AtmosphericDump Valves (ADVs)

D. AuxiliaryBuilding

3.1 ASSUMPTIONSFORNON-LOCADOSECALCULATIONS

The following assumptionsare employed in the non-LOCA (except for Sections
15.7.3 and 15.7.4) dose calculations to conservatively maximize offsite
radiologicalconsequences.

A. Accident doses are calculated for three different scenarios, as
applicable,consistentwith the guidelinesof Reference9:

I. An event generatediodine spike (GIS) coincidentwith the initiation
of the event is considered, H

2. A pre-accidentiodinespike (PIS) is assumed,or

3. A failed fuel conditionin the core is considered.

B. A spiking factor of 500 is employed for the GIS calculationsper the
guidelines of Reference9. The spike is conservativelyassumed to start
at time zero.

C. For the PIS case, the technical specificationsmaximum full power LCO
limit of 60 pCi/gm Iodine-131dose equivalentconcentrationis assumedto
be present in the RCS.

D. The technical specificationlimits are employed for the initial iodine
activity concentrationsfor the primary system (1.0 pCi/gm 1-131 dose
equivalent)and secondarysystem (0.1 ,Ci/gm 1-131 dose equivalent). The
initialprimary side overall noble gas concentrationis assumed to be at
the TechnicalSpecificationlimit of IO0/E pCi/gm. The initialse ondary
side iodine and noble gas concentrationsare provided in Table 15A-11.
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E. Timing of operator action may vary from event to event. It is generally
assumed that no operator action will take place in the first 30 minutes
unless an earlier operator action results in more adverse consequences.

F. An overall steam generator tube leakage of I gpm (Technical Specification
limit) is assumed for the duration of the transient.

G. It is assumed that after the shutdown cooling system entry conditions
(350°F, 400 psia) are reached, the release of s_teamand radioactivity to
the atmosphere is from decay heat removal only, i.e., no sensible heat
removal thereafter.

H. A controlled cooldown at the maximum Technical Specification rate
(100°F/hr) is assumed to begin at approximately 30 minutes after
initiation of the transient. This cooldown maximizes the 2-hour dose
release.

I. Steam Bypass Control System (SBCS) is assumed to be unavailable
subsequent to a reactor trip. Following a reactor trip, but prior to
operator action, steam is discharged to the atmosphere through Main Steam
Safety Valves (MSSVs). After operator action, cooldown is performed
using the Atmospheric DumpValves (ADVs).

J. Conservative Decontamination Factors (DF), as shown below, are assumed
for various occurrences.

DF:3 for primary fluid releases outside containment;
H

DF:I for the portion of primary to secondary leakage that flashes to
steam in the steam generator (SG) during a steam generator tube
rupture (SGTR) event;

DF:IO0 for the unflashed portion of primary to secondary leakage (SGTR
only);

DF:I for the duration of steam releases to atmosphere from a SG that
has dried out;

DF:IO0 for the duration of steam releases to atmosphere from a SG that
has not dried out;

DF:IO0 for secondary releases inside and outside containment;

DF:IO0 for releases via the condenser steam jet air ejectors.

K. Any primary or secondary breaks outside containment are assumed to be
isolated by 30 minutes (start of cooldown). For the case of a steam line
break upstream of the MSlV, further steam releases are included beyond
this time period.
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L. BreathingRate (BR) : 3.47 x 10-4 m3/sec

1-131 Dose ConversionFactor (DCF) : 1.48 x 106 rem/Ci

AtmosphericDispersionFactor (x/Q) = 4.97 x 10-4 sec/m3 for the two-hour
exclusionarea boundary (500m),

2.70 x 10-5 sec/m3 for the 8-hour
low populationzone, (3000m)

M. The maximum integratedradial peaking factor (FR) is assumedto be 1.58.

N. The overall core inventory of all applicable isotopes is provided in
Table 15A-I. A 15% uncertaintyfactor is added to be conservative.

O. The RCS metal temperature remains the same as the average coolant
temperaturethroughoutcooldown.

P. The RCS heat loss to the containmentis not credited during the cooldown
calculation.

Q. The specific heat of the coolant and the RCS metal is assumed to remain
at their initialvalues throughoutthe coeldown for added conservatism.

R. The cooldown analysis does not take credit for the subcooling of the
feedwater.

S. In the decay heat calculation,if the time after shutdown is less than
1000 seconds, then a 20% uncertainty factor is added and if the time
after shutdown is longer than 1000 seconds,then a 10% uncertaintyfactor
is added. (Reference10) H

T. For the cooldown analysis, the initialplant condition is assumed to be
at 102% power and 587°F for the average RCS temperature. A higher
initial power level maximizesthe steam release, and hence maximizesthe
radiologicalreleases.

U. The whole-body dose caused by isotopes whose half lives are less than 4
minutes are neglectedfrom the calculation.

V. No credit is taken for the radioactivedecay of the isotopes that are
considered in the calculation.
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Al'iof the terms in Equations(3.2-I)through (3.2-6)are constant,except for

the activity term, Ai(t).

3.2.1 ACTIVITY CALCULATIONFOR IODINE ISOTOPES

For the calculation of iodine activity releases, a simple expression which
relates iodine activityrelease to an activityconcentration,mass releaseand
appropriate decontamination factor is used. Since the iodine activity
concentration can be obtained in terms of an 1-131 dose equivalent
concentration,the individual iodine isotope activity releases need not be
calculated and summed up. The following equation therefore calculates the
iodine activityrelease.

I for releasesfrom the (3 2-8)A = CSG " MS " D_ secondarywater

Cp Mp I for primaryreleasesA = " " D-_ directlyto atmosphere

Where,

A = the activity release due to all iodine isotopes via a particular
release pathwayand for a particulartime period, (pCi)

= the average iodine activityconcentrationin the source fluid for
the same time period, (pCi/gm)

Cp = defined in the next section. For direct release of primary H
fluid to atmosphere (e.g., flashed portion of primary to
secondary leakage during a SGTR or flashed portion of primary
fluid for outsidecontainmentbreak), (pCi/gm)

ML
_SG= CS + _--) Cp, for steam releasefrom SG liquid inventory

("SG after havingmixed with the unflashedportion
of primaryto secondaryleakage (_Ci/gm)

ML : integratedleakagefrom primary to secondary,(grams)

MSG = SG minimum liquid inventoryduring the time frame of
interest,(grams)

CS = initialSG iodineactivityconcentration,(pCi/gm)

MS = steam release via variousreleasepathways for specific time periods
(e.g., event initiation to reactor trip: through the condenser
air-ejectors;reactor trip until operator action time: through the
MSSVs; operator action time until 2 hours: through the ADV(s)
(grams). The methodologyfor steam release calculationis provided
in Section3.3.
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Mp : mass of primaryreleasedirectly to atmosphere(grams)

DF = the decontaminationfactor for the release pathway or the source of
the steam.

3.2.2 IODINE ACTIVITY CONCENTRATION

The time averaged primary system iodine activity concentrationis calculated
for three differentpostulatedaccidentconditionsas follows:

A. Event GeneratedIodine Spike (GIS)

_P = _ CPAt(t)dt (3.2-9)

Where: At is the time period of interest

Cp(t) is the time-dependentiodine activityconcentrationdue to the
event-generatediodine spike.

B. Pre-AccidentIodine Spike

= 60 _Ci/gm 1-131 dose equivalentbased on technicalspecification
P maximum limit; iodine concentrationremainsconstant at this value

throughoutthe transient.

C. Failed Fuel Conditionin the Core H

For this condition in the core, the iodine activity concentrationwould
be significantlyhigher, and consequentlyoffsite radiologicalreleases
based on this condition alone need to be determined. Should this
condition occur, the individual iodine isotope average activity
concentrationis determined and the activity release contributionsare
individuallycalculated. For each iodine isotope, the average activity
concentrationwould be"

i

Cp = (A_ • I06/MRcs)" _Ci/gm (3.2-10)

i = Ai . FR FG FFWhere" AF core " "

Acorei is the total activityof this isotopein the entire core, Ci

FR is the maximum integratedradial peakingfactor

FG is the fraction of core inventory in the gap = 0.1 per
RegulatoryGuide 1.77
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Ai = CGi. Ms.--_ (3.2-13)

DF is assumed to be I for the noble gases since no partitioning or

decontaminationis assumedto occur. M_ is the integratedsteam flow rate for
the particular time period_ CG_ is th_ noble gas or iodine isotope activity i
concentrationin the initialSG_iquid inventory. Table 15A-11 provides these i
concentrationsfor each of the iodine,xenon and krypton isotopes.

For the case with a failed fuel conditionin the core, the noble gas activity
concentrationsare calculatedas follows:

CGi: (A_ • 106/ MRCS), _Ci/gm (3.2-14)

i i . FR FG FFWhere, AF = Acore • •

Acorei is the total activityof noble gas isotope i in the
entire core (Ci)

FR is the maximum integratedradial peakingfactor
"" H

FG is the fractionof core inventoryin the gas gap = 0.1 per
RegulatoryGuide 1.77

FF is the fractionof failed fuel

MRCS is the RCS liquid mass (grams)

For the failed fuel conditionthe activity released by a specific noble gas
isotope due to primary fluid leakage (e.g., SGTR, technical specification
leak, primary break outsidecontainment)is:

Ai = CG •
i ML (3.2-15)

Where, ML = integratedleak flow rate for the time period of concern

For the whole-bodydose contributiondue to iodine isotopeswhen a failed fuel
conditionis postulatedin the core, the activityconcentrationof each iodine
isotope is calculatedusing Equation (3.2-10). These activity concentrations
are employed in Equation (3.2-8) to obtain the activity releases for each of
the iodine isotopes.

The whole-body dose is obtained by using Equation (3.2-6)with the activity
releases for each isotopeas calculatedabove, and the dose conversionfactors
given in Table 15A-2.
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3.3 STEAMRELEASECALCULATIONFORCOOLDOWNVIA SECONDARYSYSTEM

The long term cooldown via the secondary side is accomplished by releasing
steam through the Atmospheric Dump Valves. The maximum Technical
Specification cooldown rate of lO0°F/hr is assumed to maximize the steam
release, and hence maximizes the radiological dose release. The energy that
needs to be removed comes from two different sources:

A. The internal energy stored in the RCSmetal and coolant, called sensible
heaL, and

B. The decay heat caused by the decay of the fissionproducts.

The followingdescribeshow these two items are calculatedfor non-LOCAevents
(Sections15.7.3 and 15.7.4 are excluded):

A. SensibleHeat Calculation:

To facilitate calculation of the sensible heat, the following
conservativeassumptionsare made:

I. The RCS metal temperatureremains the same as the average coolant
temperature during cooldown, e.g., when coolant temperature is
reduced by IO0°F per hour, the RCS metal tGmperature is reduced at
the same rate.

2. The RCS heat loss to the containmentwill not be accountedfor i.e.,
assuming heat transfer is only in one direction, towards the H
coolant.

3. The specific heat of the coolant and of the RCS metal remain
constantat their initialhigher values throughoutthe cooldown.

The sensibleheat is then calculatedas:

i

Qsensible(T)= [z MmetaI • C (T) + Mcoolant
I i Pmetal.

l

dT
• C (T)] • ;T_" _t (3.3_I)Pcoolant

i

I Mmetali " Cpmetal.(T) = MRV• CpRv(T) + MRp • CpRp(T)1

• MpzR • CppzR(T)+ MSG " CpsG(T) (3.3-2)
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Where, T : RCS metal or coolant temperaturein °F
C : specificheat in Btu/Ibm-°F
tp : time in hours
RV : ReactorVessel
RP : RCS piping
PZR = Pressurizer
SG = Steam Generator

B. Deca_ Heat Calculation:

The decay heat is calculatedon the basis of NRC recommendeddecay heat
fractionsfor long term cooldown calculations(Reference10). Using this
information,the decay heat expressed in fractional power is plotted
against time after shutdown in Figure 15A-2. In addition,an integrated
fractionalpower expressedin watt-sec/wattis plotted against time after
shutdown in Figure 15A-3. It should be noted that as a conservative
measure, a 20% uncertaintyfactor is added to the decay power when time
after shutdown is less than 1000 seconds; a 10% uncertainty factor is
assumedwhen time after shutdown is greaterthan 1000 seconds.

3.4 DOSEMETHODOLOGYFORSECTION]5.7.4 - FUELHANDLINGACCIDENT

The calculation of the fuel handling accident offsite doses was performed
utilizing_ seven step procedure. The procedureis as follows" Calculate

i. the number of potentialfuel failures,

2. the isotopic activitiesin the fuel 72 hours after shutdown, H

3. the fractionsof the various isotopesin the fuel rod gap,

4. the activity releasesto the refuelingand spent fuel pools,

5. the activity releasesto the containmentand fuel building atmospheFe,

6. the activity releasesto the environment,

7. the offsitedoses.

Furtherdescriptionof each of the steps is provided below.

STEP I" Calculatethe Number of PotentialFuel Failures

Although 60 fuel pins were calculatedto fail based on the analysis described
in Section 15.7.4,a full assemblyof fuel pins (236) were assumed to fail for
the purposeof determiningthe offsitedoses.
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STEP 2" Calculate the IsotopicActivitiesin the Fuel 72 Hours After Shutdown

The core activities of various isotopes were determined at 72 hours after
shutdown. The hot rod activity was calculated by dividing the total core
activity by the total number of fuels pins in the core and multiplying by a
1.65 peaking factor. This factor is consistentwith RegulatoryGuide 1.25.

STEP 3" Calculatethe Fractionsof the Various Isotopesin the Fuel Rod Gap

Isotopic release fractions were caiculated by conservatively applying the
methods of Reference 12 except in the case of Kr-85. For this isotope, the
entire fuel rod activitywas assumedto be present in the gap.

For the other isotopes shown in Table 15.7.4-I, the following Reference 12
equationswere applied"

I 1 1Fh = 3 [7";'-_ coth (,/_.)

F1 = [10-7 + 1.6 x 10-12 P]

FXe-133 FI-133 FXe-133 1-133 FXe-133
total = + - (F x )

FXe-135 FI-135 FXe-135 FI-135 FXe-135
total = + - ( x ) H

Where,

p = _ID_ or _ID_oble ,odine

: Decay constantof isotopein question (I/sec)

Dnoble [0.61/secx exp (-72300cal/mol/(1.987
cal/mol OK x T))] x I00BU/28000 = Diffusion

parameterfor noble gas

Diodine 7.0 x Dnoble Diffusionparameterfor iodine

T = Peak fuel temperature _reached during the last two
half-livesof operation(OK)

BU = Total accumulatedburnup (MWD/MTU)

P = Specific power correspondingto the maximum power level
during the last two half-livesof operation (MW/MTU)
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Fh : High temperaturereleasefraction

F1 : Low temperaturerelease fraction

Fi = High or low temperaturereleasefraction for isotope i (i
= 1-133, Xe-133, 1-135,or Xe-135)

Fi = High or low temperaturerelease fractionwhich accountstotal
for precursoreffects (i = Xe-133 or Xe-135)

For a given isotopethe release fractionsused in the dose calculationswere
determined by taking the maximum of Fh and F . The temperatureutilized was
that representativeof the average te_peratu#eof the peak power node of the
hot rod in the hot assembly.Thus the assemblywas assumed to consist of 236
rods uniformlyrepresentativeof the hottest axial node in the hot rod. The
specific power utilized was conservativelycalculated using a peaking factor
of 4.0.

If it was shown that the calculatedrelease fraction for a given isotope was
less than 10%, then the fraction was taken to be 10% for the purposes of
performingdose calculations. The 10% value is consistentwith the Regulatory
Guide 1.25 method.

STEP 4: Calculatethe Activity Releasesto the Refuelin9 and Spent Fuel Pools

Releases to the refueling and spent fuel pools for a given isotope were H
calculatedby multiplyingthe releasefractionby the hot rod activityof this
isotope. This value was then multipliedby the total number of rods failed.

STEP 5: Calculatethe Activity Releasesto the Containmentand Fuel Buildin9
Atmosphere

The releases to the containmentand fuel building atmospherewere determined
by utilizing the methods of Regulatory Guide 1.25. This document specifies
the use of an iodine decontaminationfactor of 100. Thus the iodine releases
determined in step 3 are divided by 100 in order to determine the activity
release to the atmosphere. For the noble gases, a decontaminationfactor of
1.0 is used hence, the activity released is equal to the releases determined
in step 4.

STEP 6: Calculatethe Activity Releasesto the Environment

Activity released to the environment was calculated assuming the entire
radioactivecloud was exhaustedfrom the containmentand fuel building within
two hours following the accident. The containment high volume purge was
assumed to be operating (see Section 9.4.5) with the exhaust air passing
throughthe filter trains. In the case of the fuel building,the safety grade
exhaust (see Section 9.4.2) consisting of redundant filter trains was also
assumed to be operating. The filter efficiency for iodine removal of the
containmentpurge and fuel buildingexhaust is 95% for both the elemental and
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Fh : High temperaturerelease fraction

F1 : Low temperaturerelease fraction

Fi = High or low temperaturerelease fractionfor isotope i (i
= 1-133, Xe-133, 1-135,or Xe-135)

Fi
total = High or low temperaturerelease fractionwhich accounts

for precursoreffects (i = Xe-133 or Xe-135)

For a given isotopethe release fractionsused in the dose calculationswere
determined by taking the maximum of Fh and F . The temperatureutilized was
that representativeof the average te_peraturleof the peak power node of the
hot rod in the hot assembly.Thus the assemblywas assumed to consist of 236
rods uniformlyrepresentativeof the hottest axial node in the hot rod. The

! specific power utilized was conservativelycalculated using a peaking factor
of 4.0.

If it was shown that the calculatedrelease fraction for a given isotopewas
less than 10%, then the fraction was taken to be 10% for the purposes of
performingdose calculations. The 10% value is consistentwith the Regulatory
Guide 1.25 method.

STEP 4: Calculatethe Activity Releasesto the Refuelin9 and Spent Fuel Pools

Releases to the refueling and spent fuel pools for a given isotope were H
calculatedby multiplyingthe releasefraction by the hot rod activity of this
isotope. This value was then multipliedby the total number of rods failed.

STEP 5" Calculatethe ActivityReleasesto the Containmentand Fuel Buildin9
Atmosphere

The releases to the containmentand fuel building atmospherewere determined
by utilizing the methods of RegulatoryGuide 1.25. This document specifies
the use of an iodine decontaminationfactor of 100. Thus the iodine releases
determined in step 3 are divided by 100 in order to determine the activity
release to the atmosphere. For the noble gases, a decontaminationfactor of
1.0 is used hence, the activity released is equal to the releases determined
in step 4.

STEP 6" Calculatethe ActivityReleasesto the Environment

Activity released to the environment was calculated assuming the entire
radioactivecloud was exhaustedfrom the containmentand fuel buildingwithin
two hours following the accident. The containment high volume purge was
assumed to be operating (see Section 9.4.5) with the exhaust air passing
throughthe filter trains. In the case of the fuel building,the safety grade
exhaust (see Section 9.4.2) consisting of redundant filter trains was also
assumed to be operating. The filter efficiency for iodine removal of the
containmentpurge and fuel building exhaust is 95% for both the elemental and
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organic forms. Thus, the iodine activity released to the atmosphere was
assumed to be 5% of that determined in step 5. For the noble gases, the
entire release determinedin step 5 was assumedto be releasedto atmosphere.

H
STEP 7: CalculateOffsite Doses

The offsite doses were calculated using Equations(3.2-3) and (3.2-6)of this
Appendix.

AmendmentH
15A-25 August 31, 1990



CESSAR CERTIFICATION
i,i i i |ill ,m. i i| i

4.0 REFERENCES

1. 10 CFR 100.11, Determination of Exclusion Area, Low Population Zone and
Population Center Distance, Code of Federal Regulations, January 1, 1979.

2. NUREG-0800, Standard Review Plan 6.4, Revision 2, Control Room
HabitabilitySystems,July, 1981.

3. NUREG-0800, Standard Review Plan 15.6.5, Appendix A, Revision I,
Radiological Consequences of a Design Basis Loss of Coolant Accident
IncludingContainmentLeakageContribution,July, 1981.

4. NUREG-0800, Standard Review Plan 15.6.5, Appendix B, Revision I,
RadiologicalConsequencesof a Design Basis Loss of Coolant Accident:
Leakage From Engineered Safety Features Components Outside Containment, H
July, 1981.

5. Regulatory Guide 1.4, Revision 2, Assumptions Used for Evaluating the
Potential RadiologicalConsequencesof a Loss of Coolant Accident for
PressurizedWater Reactors,June, 1974.

6. K. G. Murphy and K. M. Campe, Nuclear Power Plant Control Room
VentilatingSystem Design for Meeting General Design Criteria 19, 13th
AEC Air CleaningConference,CONF740-807,Vol. i, P.P. 401-430.

7. CENPD-180P, Iodine Spiking, RadioiodineBehavior in the Reactor Coolant
System During TransientOperations,March, 1976.

8. CENPD-180P,Supplement IP, Iodine Spiking, Radioiodine Behavior in the
ReactorCoolant System During TransientOperations,March, 1977.

9. NUREG-0800,StandardReview Plan, USNRC,July 1981.

10. NRC Branch TechnicalPosition APCSB 9-2, Residual Decay Energy for Light
Water Reactors for Long Term Cooling, Rev. 2, July 1981.

11. NUREG-O017,Rev. I, Calculationof Releases of RadioactiveMaterials in
Gaseous and Liquid Effluents from Pressurized Water Reactors, USNRC,
April 1985.

12. "Method for Calculating the Fractional Release of Volatile Fission
Products from Oxide Fuel",ANSI/ANS-5.4- 1982.

AmendmentH
15A-26 August 31, 1990



i

CESSAR os,o,,CERTIFICATION

TABLE 15A-1

CORE INVENTORYAND ISOTOPEPROPERTIESOF IODINEAND NOBLE GASE_

Isotope Core Inventory*(Curies) E_i (Mev/dis) ,,,Epi(Hey/dis)

Kr-83m+ 1.62E+07 0.002 0.037

Kr-85 1.08E+06 0.002 0.251

Kr-85m 3.57E+07 0.159 0.253

Kr-87 6.97E+07 0.793 1.324

Kr-88 9.84E+07 1 950 0 375

Kr-89** 1.22E+08 1.710 1.000 H

Xe-131m 1.27E+06 0.02 0.143

Xe-133m+ 7.40E+06 0.0416 0.190

Xe-133 2.36E+08 0.0454 0.135

Xe-135m 4.55E+07 0.432 0.095

Xe-135 5.90E+07 0.247 0.316

Xe-137 2.11E+08 0.194 1.642

Xe-138 2.05E+08 1.183 0.606

1-131 1.14E+08 0.381 0.194

1-132 1.66E+08 2.333 0.519

1-133 2.41E+08 0.608 0.403

1-134 2.66E+08 2.529 0.558

1-135 2.25E+08 1.635 0.475

* Calculated assuming a power level of 3800 MWt, and a core average burnup
of 28.8 K MWD/MTU. An uncertaintyfactor of 15% was included.

** Isotopeused for LOCA calculationsonly.

+ Isotopeused for non-LOCAcalculationsonly.
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TABLE 15A-2

WHOLE-BODY,THYROIDAND SKIN DOSE CONVERSIONFACTORS (DCF)

L Whole-Body GammaDCF Thyroid DCF Beta Skin DCF

Isotope ....(Rem-m3/Ci-S) __(Rem/Ci) (Rem-m3/ci-s)

Kr-83m 2.40E-06 -- 0.0

Kr-85 5.10E-04 -- 4.24E-02

Kr-85m 3.71E-02 -- 4.63E-02

Kr-87 1.88E-01 -- 3.0BE-01

Kr-88 4.66E-01 -- 7.51E-02

Kr-89 5.26E-01 -- 3.20E-01

Xe-131m 2.90E-03 -- 1.51E-02 H

Xe-133m 7.96E-03 -- 3,14E-02

Xe-133 9.32E-03 -- g.70E-03

Xe-135m 9,89E-02 -- 2.25E-02

Xe-135 5.74E-02 -- 5.90E-02

Xe-137" 4.50E-02 -- 3.87E-01

Xe-138 2.80E-01 -- 1.31E-01

1-131 8.72E-02 1.48E+06 4.46E-02

1-132 5.13E-01 5.35E+04 1.19E-01

1-133 1.55E-01 4.00E+05 9.27E-02

1-134 5.32E-01 2.50E+04 1.28E-01

1-135 4.21E-01 1.24E+05 1.09E-01

* Isotopeused for LOCA calculationsonly.

** Isotopeused for non-LOCAcalculationsonly.
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TABLE15A-3

BREATHINGRATESFORADULTS(REFERENCE5)

Time From Start
of Accident B(L) (m3/sec) H

0 to 8 hrs. 3.47 x 10-4

8 to 24 hrs. 1.75 x 10-4

1 to 30 days 2.32 x 10-4
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TABLE 15A-4

CONTROLROOMOCCUPANCYFACTOR(REFERENCEG)

Time From Start
of Accident CRO(t)

0 to 8 hrs. 1.0 H

8 to 24 hrs. 1.0

1 to 4 days 0.6

4 to 30 days 0.4
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TABLE15A-5

(Sheet I of 2)

REGIONSOF INTERESTANDACTIVITY PROCESSESFOR LOCA
(SEE FIGURE] 5A-I)

Region I - Atmosphere

- Radioactivedecay
- In leakage from sprayedregion (2) within containment
- In leakagefrom unsprayedregion (3) within containment
- In flow from containmentannulus vent system (6) (both filtered and

filter bypass)
- In flow from emergencysafeguardsfeaturesroom (5)
- In flow of RCS iodine spike activityfrom containmentpower purge

Region 2 - SprayedRegion Within Containment H

- Radioactivedecay
- Out leakageto atmosphere(I)
- Out transfer to unsprayedregion (3)
- In transfer from unsprayedregion (3)
- Outleakageto containmentannulusvent system (6)
- Spray removal of iodine (elemental)

Region 3 - UnsprayedRegion Within Containment

- Radioactivedecay
- Out leakageto atmosphere(I)
- Out transferto sprayed region (2)
- In transfer from sprayedregion (2)
- Out leakageto containmentannulusvent system (6)
- Out flow of RCS iodine (131) spike activity from containmentpower

purge.

Region 4 - Control Room

- Radioactivedecay
- Recirculationthroughfilters
- Exhaust
- Filtered and unfilteredinflow from:

- containmentsprayedregion (2)
- containmentunsprayedregion (3)
- containmentannulusventilationsystem (6)
- emergencysafeguardsfeaturesroom (5)

AmendmentH
August 31, 1990



CESSAR CERTIFICATION

TABLE 15A-5 (Cont'd)

(Sheet 2 of 2)

REGIONSOF INTERESTANDACTIVITY PROCESSESFOR LOCA
(SEE FIGURE]5A-Z)

Region 5 - EngineeredSafeguardsFeaturesRoom

- Radioactivedecay
- In leakage, of iodines, from the emergency safeguards features

systems
' - Filteredoutflowto atmosphere(1)

Region 6 - ContainmentAnnulus VentilationSystem

- Radioactivedecay
- In leakage from sprayedregion in containment(2)
- In leakage from unsprayedregion in containment(3)
- Recirculationthroughfilters

- Out flow to atmosphere (i) (both filteredand filter bypass) H

AdditionalProcesses

- Transfer of core iodines and noble gases to sprayed (2) and
unsprayed (3) containmentregions

- Transfer of core iodinesto sump and to ESF equipment
- Transfer of RCS iodine (I-131)spike activity to containment(sprays

not activated)
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TABLE 15A-6

(Sheet 1 of 3)

DEFINITION OF PARAMETERSFOR LOCAACTIVITY CALCULATIONS

i(t) (Ci) = time dependentactivity
Aj

The superscripti denotesthe individualisotopesof the noble gases
as well as the particular chemical forms of the individual iodine H
isotopes.

The subscriptj denotes the locationof interest:

I = atmosphere
2 = containmentsprayedregion
3 = containmentunsprayedregion
4 = control room
5 = emergencysafeguardsfeaturesroom
6 = annulusvent system

i
fR = recirculationfilter efficiencyin the controlroom for a particular

chemical form of an individualiodine isotope. The filtersare only
effectivefor the iodine isotopes. For the noble gas isotopes

i = O.
fR

fi intake filter efficiencyin the control room for a particularform
CR = of an individualiodine isotope.

fi dischargefilter efficiencyin the emergencysafeguardsfeaturesESF =
room for a particularchemical form of an individualiodine isotope.

Ti
AV = modified filter efficiencyfor both the annulusvent discharge

system and the annulusvent recirculationsystem. This efficiency
is for a particularchemical form of an individualiodine isotope.
The modificationaccounts for that portionof the dischargeflow
that bypassesthe filter.

FAV : (I-I V) where _AV is the modified annulusvent

dischargefilter efficiency

i i
FCR : (I-fcR)

i i
FESF = (I-fESF)
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TABLE 15A-6 (Cont'd)

(Sheet Z of 3)

DEFINITIONOF PARAMETERSFOR LOCA ACTIVITY CALCULATIONS

L (t)(fraction/sec) : time dependentleakagerate from containmentsprayed
21 region (2) to atmosphere(I).

L31(t) (fraction/sec) = time dependent leakage rate from containment
unsprayedregion (3) to atmosphere (I).

L23 (fraction/sec) = activity transfer rate from containmentsprayed (2) H
to unsprayed(3) region.

L32 (fraction/sec) = activity transfer rate from containment unsprayed
(3) to sprayed (2) region.

L26(t) (fraction/sec) = activity transfer rate from containment sprayed
region (2) to containmentannulusvent (6) system.

L36(t) (fraction/sec) = activity transfer rate from containment unsprayed
region (3) to containmentannulusvent (6) system.

L51 (fraction/sec) = activity transfer rate from engineered safeguards
featuresroom (5) to atmosphere(I).

[Av(fraction/sec) = total discharge rate from the containment annulus
vent system (6) to the atmosphere (I). This
includes both the portions of the discharge which
pass through and which bypass the dischargefilter.

Lf(m3/sec) = filtered inflow rate into the control room.

Lu(m3/sec) = unfilteredinflow rate into the control room.

Rc(fraction/sec) = recirculation ,_ow rate through the control room
filters.

RAV(t) (fraction/sec) = recirculation flow rate through the annulus vent
system filters.

Ri(t) (Ci/sec) = rate of addition of a specific chemical form of a
given iodine isotope from the emergency safeguards
systems leakage to the ESF room(s) (in accordance
with Reference4).

AmendmentH
August 31, 1990



CESSAR CERTIFICATION
i i

TABLE15A-6 (toni'd)

(Sheet 3 of 3)

DEFXNTTTONOF PARAMETERSFORLOCAACTTVITYCALCULATTONS

t (hrs) : time or time span

(ft 3) : control room net free volumeVCR

(Xn--_) (m3/sec) : time dependent atmospheric dispersion factor for
"CR activity transport to the control room.

(See Table 15A-8) H
o

Q L(t) (ci) : total activity of a given noble gas isotope or a
specific chemical form of an iodine isotope leaked
from the containment steel building (sprayed and
unsprayed regions) to the atmosphere during time
span t.

i
QAV(t) (Ci) : total activity of a given noble gas isotope or a

specific chemical form of iodine isotope discharged
from the containment annulus vent system to the
atmosphere during time span t.

QESFi(t) (Ci) = total activity of a given noble gas isotope or a
specific chemical form of iodine isotope discharged
from the ESF room(s) to the atmosphere during
time span t.

i
IQcL (t) (Ci-hr) : control room integrated activity of a given noble

gas isotope or a specific chemical form of an iodine
isotope which leaks from the containment steel
building (sprayed and unsprayed regions).

i
IQAv (t) (Ci-hr) = control room integrated activity of a given noble

gas isotope or a specific chemical form of an iodine
isotope which was discharged from the containment
annulus vent system.

i (t) (Ci-hr) = control room integrated activity of a given nobleIQEsF
gas isotope or a specific chemical form of an iodine
isotope which was discharged from the ESF room(s).

_i -Id (sec ) = radioactive decay constant for isotope i.
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TABLE15A-7

CONTROLROOHATHOSPHERICDISPERSIONFACTORS

Time Span x/q (s/m3)

0 to 8 hrs. 2.0 x 10-4
H

8 to 24 hrs. 1.3 x 10-4

I to 4 days 1.0 x 10-4

4 to 30 days 6.6 x 10-5
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TABLE 15A-9

CONTAINMENTDATA

Item Value

Volume, nominal,ft3 3,337,000

Sprayedvolume,_o 90

Transfer rate between sprayed Two volumesof unsprayed
unsprayedregions region per hour H

Spray removalconstant, I 0.642
elementaliodine only, hr-

Maximum containmentpower 16,000
purge rate, CFM

Containmentleak rate See Section 15.6.5
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TABLE] 5A-10

CONTROLROOMDMA

Item Value

Maximum filteredair intake 2,000
rate, CFM

Maximum unfilteredair intake 10
rate, CFM

Nominal, filtered 4,000
recirculationrate, CFM

Control ro_m nominal net free 100,000 H
volume, ft_

Intake and recirculating
iodine filter efficiencies:

elemental 0.95

organic 0.95

particulate 0.99
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TABLE15A-11

INITIAL IODINE ANDNOBLEGASCONCENTRATIONSIN THE STEAM
GENERATORSTEAMSPACE

Isotope Concentration (pCi/9m)

Kr-83m ....

-6
Kr-85 1.21 x I0

Kr-85m 4.64 x 10-6 H

Kr-87 4.09 x 10-6

Kr-88 8.05 x 10-6

-5
Xe-131m 2.05 x 10

Xe-133m 2.05 x 10-6

-5
Xe-133 7.37 x 10

Xe-135m 3.68 x 10-6

-5
Xe-135 2.46 x 10

Xe-138 3.41 x 10-6

-2
1-131 4.74 x 10

-2
1-132 8.15 x 10

-I
1-133 1.26 x 10

-2
1-134 6.30 x 10

-I
1-135 1.73 x 10

* Based on primary to secondaryleak rate of I gpm.
All values are obtained from NUREG-O017, Rev. I, April, 1985
(Reference11), with an additional 20% uncertainty factor for
conservatism. Iodine concentrations have been scaled to yield a
concentrationof 0.1 #Ci/gm 1-131 dose equivalent.
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