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ACRONYMS

ADS Automatic Depressurization System
AISC American Institute of Steel Construction
ASME American Society of Mechanical Engineers
BWR Boiling Water Reactor

CH Chugging

co Condensation Oscillation

DBA Design Basis Accident

ECCS Emergency Core Cooling System
FSAR Final Safety Analysis Report

FSTF Full Scale Test Facility

HPCI High Pressure Coolant Injection
IBA Intermediate Break Accident

LDR Load Definition Report

LOCA Loss of Coolant Accident

LPCI Low Pressure Coolant Injection
LTP Long Term Program

MSIV Main Steam Isolation Valve

NRC Nuclear Regulatory Commission

OBE Operating Basis Earthquake

PBAPS Peach Bottom Atomic Power Station
PUA Plant Unique Analysis

PUAAG Plant Unique Analysis Application Guide
PULD Plant Unique Load Definition

QSTF Quarter Scale Test Facility

RCIC Reactor Core Isolation Cooling
RHR Residual Heat Removal

RPV Reactor Pressure Vessel
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Section 1

INTRODUCTION

The Mark I primary containment, of which Peach Bottom is typical, consists
of a drywell, a suppression chamber in the shape of a torus located below
and encircling the drywell, and an interconnecting \ent system. The torus

is maintained approximately one-half full of water.

Basically, the design functicn of the torus is to provide a heat sink that
is sufficient to condense and contain the steam that is released into the
primary containment during a loss of coolant accident, known as a LOCA. In
a design basis LOCA, steam discharged from both ends of a ruptured
recirculation line pressurizes the drywell and is forced through the vent
system into the suppression chamber where it is condensed in the

suppression pool.

A second function of the torus is to condense the steam resulting from the
discharge of a main steam safety relief valve (SRV). There are 11 relief
valves in the drywell that bypass main steam througia discharge piping down
to the suppression pool and serve to prevent over-pressurization of the

reactor pressure vessel.

In the early 1970s during testing of a future type containment, General
Electric (GE) became aware of previously unknown suppression pool motion
that occurs during the initial stages of a LOCA. Because this testing was
conducted using the latest instrumentation and high-speed photography,

previously undetected pool motion and dynamic loads became apparent.

In April 1972, at the German Wurgassen Nuclear Plant, a relief valve was
opened during startup testing and failed to close. The reactor remained at
full pressure and steam was discharged to the suppression pool until local
pool temperatures were in excess of 170°F. The pool could not condense the
steam and the dynamic lcoads that resulted from the pulsating steam jet

acted on the torus, eventually causing leakage from the bottom liner plate.
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As a result of LOCA testing and the stuck open relief valve experience,
General Electric, in early 1975, informed Philadelphia Electric Company and
the 15 other Mark I owners that potentially significant containment loading
conditions had been identified and should be considered in the design of
their facilities. In February, the NRC requested all concerned utilities
to define their program to answer questions relating to these new loads.

By April 1975, the generic Mark I Short Term Program (STP) was underway.

In the initial phase of the STP, the effort concentrated on an evaluation
of the vent system and other internals of the torus primarily for pool
swell loads. The LOCA related hydrodynamic loads were defined by the
General Electric Company. The Mark I plants, grouped according to their
physical and structural characteristics, were evaluated to identify
representative plants. These were then evaluated by structural analyses
and/or testing to define safety margins. Peach Bottom Atomic Power Station
(PBAPS) Unit 2 was one of the generic plants chosen for the evaluation.
The safety margin estimates for other plants were extrapolated from the
results of the generic plant evaluation. The results of these generic

evaluations are reported in References 1 through 8.

Subsequently, plant unique analyses were carried out for all Mark I
operating plants. In recognition of the identified need for strengthening
the torus support system, saddles were installed in both the units in 1976.
The torus support system and the pipes externally attached to the torus
were evaluated for the pool swell downward and upward loads. The results
of the evaluation f Peach Bottom Units 2 and 3 are given in Reference 9.
Based on these results, all Mark I plants including PBAPS requested and
received exemptions from the Nuclear Regulatory Commission (NRC) for

continued operation.

The Mark I Long Term Program (LTP) was initiated in 1976. The objectives
of the LTP were twofold:

(a) The generic program was to define the design loads caused by a LOCA

and SRV discharge, to formulate a structural acceptance criteria based
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(e) 1Installation of deflectors below the vent header in the non-vent bay

(f) Reinforcing of vent header-downcomer intersections

(g) Addition of new supports and modification of existing supports to the

torus attached pipes

(h) Strengthening of torus internal structures and their supports.

Plant unique analyses were performed in accordance with NUREG-0661
guidelines (Reference 10) for the specified loads. The LOCA loads are
defined in the Mark I Load Definition Report (LDR) (Reference 11). An
extensive in-plant SRV discharge test program was conducted to define the
SRV discharge loads. The results of the plant unigque analyses were

evaluated and compared with structural acceptance criteria.

This report contains the results of the evaluation for Peach Bottom Units 2
and 3. Section 2 describes the physical and structural characteristics of
all the structures and piping considered. Section 3 describes the
phenomena of LOCA and SRV discharge. Structural acceptance criteria are
summarized in Section 4. Applied loads and load combinations given in the
structural acceptance criteria are discussed in Section 5. The structural
evaluation of the torus is given in Section 6. Sections 7 and 8 contain
the results of the evaluation of the vent system and torus internals
respectively. The last chapter summarizes the analyses. Modifications to
torus attached piping supports in both units are underway. The results of
the plant unique analysis for the torus attached piping will be submitted

later as an addendum to this PUA report.
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Section 2

GENERAL DESCRIPTION OF STRUCTURES

Each of the primary containments at Peach Bottom Units 2 and 3 is a
pressure suppression system consisting of a drywell, a wetwell (torus) that
stores a large volume of water, a connecting vent system between the
drywell and torus, a vacuum relief system, containment cooling systems, and
other service equipment. The drywell is a steel pressure vessel in the
shape of an inverted light bulb and the wetwell is a torus-shaped steel
pressure vessel located below and encircling the drywell. The general
configuration of the drywell and torus is shown in Figure 2-1. The

containment structural characteristics are given in Table 2-1.
The functions of the primary containment system are:
(a) To withstand the pressures resulting from a LOCA and/or SRV discharge

and to provide a hold-up for the decay of any radioactive material

released

(b) To store sufficient water to condense steam released as a result of
a LOCA and/or SRV discharge and to supply water to the emergency core

cooling systems.
2.1 DRYWELL
The drywell shown in Figure 2-1 is a steel pressure vessel with a spherical
lower portion, a cylindrical upper portion, and an ellipsoidal top head.
The overall height of the drywell is approximately 118 feet. The drywell
is supported on a concrete foundation.

2.2 WETWELL

The wetwell (torus) shown in Figure 2-1 is a steel torus-shaped pressure

vessel located below and encircling the drywell, having a major radius of
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about 56 feet and a cross-sectional inside diameter of 31 feet. Figures

2-2 and 2-3 show the plan and the cross section of the torus respectively.

The torus contains the suppression pool and an air space above the pool.

The torus is constructed of 16 similar bays, eight of which have

penetrations for the main vents.

2.3 VENT SYSTEM

Eight main vents connect the drywell vessel to a common equalizing vent
header near the center of the torus as shown in Figure 2-4. The vent
head=r serves as a sec nd plenum chamber in series with the drywell. From
the bottom of the vent header, 96 downcomers extend down with about 4 feet
of the lower ends submerged in water. Each pair of downcomers is
braced near the bottom. The vent system is supported at the drywell and at
16 locations inside the torus. Bellows are provided outside the torus at
the penetration of the main vent into the torus to seal the penetration and

allow relative movement between the main vent and torus.

2.4 TORUS INTERNAL STRUCTURES AND PIPING

Other than the vent system and its supports, the structures and piping in
the torus that have been evaluated for hydrodynamic loads are briefly

described.

2.4,1 Submerged in the Pool

Emergency Ccore Cooling System (ECCS) Suction Nozzles. These are typically

pipe nozzles with attached strainers that project into the torus to supply
water obtained from the suppression pool to the ECCS piping system. These

nozzles are subjected to submerged drag forces.
Strainers. Strainers are attached to the top of the suction nozzles to

prevent th» intake of particles larger than the minimum size allowed in the

ECCS.
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Return Line Supports. These supports are *ypically below the torus pool

surface. They are constructed of rolled and fabricated structural steel
members and struts. The supports provide restraints at the free end of the

vertical return lines,

Quenchers and Supports. Quenchers are constructed of stainless steel pipes

and their supports are constructed of carbon steel pipes spanning the area

between the torus ring girders.

2.4.2 Partially Submerged in the Pool

SRV Discharge Lines. Inside the torus, SRV discharge lines penetrate the

main vents above the pool surface and discharge through the newly installed
quenchers at the bottom of the torus. Of the 11 lines, three are located
in each of three main vents and two are in one main vent. Inside the

torus, they are routed in three different configurations.

Return Lines. These lines range in size from 1 to 24 inches. All of them

penetrate the torus above the pool level and discharge at various levels in
the pool. They are supported at the torus penetrations and just below the
pool surface. Figures 2-5 and 2-6 show the penetration locations for
Units 2 and 3 respectively. Figure 2-7 is a set of cross sections showing

the line routings inside the torus.

2.4.3 Above the Pool Surface

Vacuum Breakers and Nozzles. These are attached to the main vent-vent

header intersections. They cantilever horizontally from the intersections.

Catwalk Platform. The catwalk platform provides access for inspection and

maintenance. It serves no safety function and is supported from above at
regular intervals around the torus. The floor of the platform consists of

grating.
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Spray Header. The spray header is a 4-irch diameter header with spray

nozzles that is mounted at the top of the torus. The primary function of
the header system is to condense steam that could bypass the suppression

pool or to cocl the torus atmosphere.

Monorail. This is used for handling equipment within the torus. It
encircles the torus and is attached to it at selected points. It does not

serve any safety function.

2.5 SRV DISCHARGE LINES IN THE DRYW:LL

The 11 SRV discharge lines originate from the safety relief valves off the
main steam lines and the routing external to the torus ends at the vent
penetrations. Each of the 11 lines in a unit is routed differently and
supported differently, but the routi~9s in one unit are nearly identical to

tkose in the second unit.

2.6 TORUS ATTACHED PIPING

Various pipes, ranging in diameter from 1 to 24 inches, penetrate the torus
from the outside. Table 2-2 lists each penetration and system. These

piping systems aie classified as described in the fcllowing paragraphs.

The ECCS piping systems are:

Residnal heat removal (RHR) pump suction piping

Core spray pump suction piping

High pressure coolant injection (HPCI) pump suction piping
HPCI turbine exhaust piping

HPCI turbine vacuum pump discharge

HPCI turbine drain piping.

Other piping systems required to maintain core cooling or to keep the

torus's functional integrity following a LOCA are:
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RHR test line bypass

RHR heat exchanger relief valve piping

RHR test line to torus

Torus and drywell purge piping

Containment atmosphere dilution piping

Reactor core isolation cooling (RCIC) pump suction piping
RCIC turbine exhaust piping

Core spray test lines

Hydrogen-recombiner piping

Torus drain and purification piping systems.
The remaining piping systems attached to the torus are not required to
maintain core cooling following a LOCA. They consist of instrument piping
and small diameter piping.

2.7 ACTIVE COMPONENTS

Active components consist of pumps and valves for the ECCS and isolation

valves on piping connected to the torus.

2.8 TORUS PENETRATIONS

All nozzles on the torus to which the external piping is connected are

considered to be torus penetrations. All torus penetrations greater than

6 inches in diameter have been reinforced.
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Table 2-1

PLANT PHYSICAL CHARACTERISTICS ‘
TORUS
Inner diameter 31'-0"
Number of sections 16
Shell plate thickness:
(a) Main vent penetration T L
(b) Top half excluding (a) 0.604"
(c) Bottom half 0.675"
Shell stiffeners (4 per bay) WT6x25
SUPPORT SYSTEM
Quantity Size

Outer column 16 : .
Inner column 16 } Bulit-up Bection
Saddle support 16 saddle supports not anchored.

Each column is anchored with four

2=inch diameter rock bolts. ‘
RING GIRDER
Quantity 16
Type T-beam

EARTHQUAKE RESTRAINT SYSTEM

Quantity 4
Type Ties

VENT SYSTEM

Quantity Size

Vent pipe 8 81"
Vacuum breakers (internal) 12 21" OD
Vent header support columns 16 pairs 8" Sch 80
Downcomers 96 24" 1D
Minimum submergence 4'-0"
Maximum submergence 4'-5"
Total water weight at 7850 kips

max submergence ‘
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Table 2-2

EXTERNAL PIPING ATTACHED TO TORUS

Line
Penetration Size
No. (In.) System Identification

N203 : G Oxygen analyzer

N205 A and B 20" Vacuum relief from building vent
purge outlet

N206 A and B ¥ A Level and pressure instrumentation

N209 A to D - Air and water temperature

N210 A and B 18" RHR torus cooling and pump test line

N211 A and B 6" Containment cooling to spray header
(RHR)

N212 12" RCIC turbine exnaust

N214 24" HPCI turbine exhaust

N216 4" HPCI pump recirculation

N217 A and B 2* RCIC turbine exhaust

N218 A to C - Instrument air and oxygen analyzer

N219 18" Purge exhaust

N221 2" RCIC vacuum pump discharge

N223 2" Condensate from HPCI turbine drain
pot

N224 10" Core spray test and flusht*

N225 6" RCIC pump suction

N226 A to D 24" RHR pump suction

N227 16" HPCI pump suction

N228 A to D 16" Core spray pump suction

N229 6" Core spray minimum flow*

T1002677-D1S
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Section 3

REVIEW OF THE PHENOMENA

Reference 11 describes the LOCA and SRV discharge phenomen.. This section
summarizes the sequence of events for postulated LOCA and SRV actuation
conditions and provides a basis for understanding the loading conditions

which result from these hydrodynamic events.

For a postulated pipe break inside the drywell, three LOCA categories are
considered., Based on postulated break size, they are referred to as design
basis accident (DBA), intermediate break accident (IBA), and small break
accident (SBA).

SRV actuation can occur as a result of a number of system conditions.
Although the load magnitudes depend on the initial system conditions prior

to SRV discharge, the sequence of the loads is the same for all conditions.

3.1 DESIGN BASIS ACCIDENT

The DBA for plants like Peach Bottom that employ jet pumps within the BWR
is the instantaneous double-ended guillotine break of the BWR recirculation
pump suction line at the reactor vessel nozzle safe-end welded to the pipe.
This postulated break condition results in the maximum flow rate of primary
system fluid and energy into the drywell, through the vent system, and into
the wetwell. The D3A results in the maximum pressurization rate and peak
pressure in tie drywell, producing the most limiting pool swell and vent
system thrust loads. The DBA event is evaluated up to the time the low
pressure emergency core cooling system (ECCS) starts to flood the reactor
vessel, which occurs at approximately 30 seconds after the pipe break. The
use of this break to determine DBA loading has been verified by cumparing
the pressure response of a recirculation line break to that of a main steam

line break.

The sequence of events within the wetwell that follow the postulated break

is divided into two phases:
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(a) Pool Swell - This phase covers the dynamic effects of drywell and vent
system air being forced through the vent system into the suppression

pool to the wetwell air space

(b) Steam Condensation - This phase covers t e dynamic events during the
period following initial air clearing when the flow into the
suppression pool is a steam-air mixture. The steam is condensed at
the downcomer exit while the air rises through the pool to the wetwell

air space.

The reactor will automatically trip because of the high drywell pressure.
Main steam line isolation will occur because of the low reactor water
level. No mechanistic SRV actuation will occur because of the rapid
reactor vessel depressurizaticn and large rate of reactor fluid and energy
inventory loss through the break. However, it is assumed that spurious

actuation of a 2ingle SRV can occur at any time during the DBA.

With the postulated instantaneous rupture of a recirculation line, a
pressure wave traveling at sonic velocity expands from the break location
into the drywell atmosphere and through the vent system. The wave
amplitude attenuates rapidly as it expand: into the larger drywell volume.
The wavefront enters the vent system with nearly uniform amplitude, but is

greatly attenuated from its initial value at the break location.

The rapid bulk pressurization of the drywell immediately following a
postulated DBA and prior to vent clearing theoretically generates a weak
compressive wave in the downcomer water legs. This wave propagates through
the suppression pool and induces a much attenuated loading on the torus

shell. Loads caused by this phenomenon are negligible.

Immediately following the postulated DBA pipe rupture, the pressure and
temperature of the drywell atmosphere and vent system increase rapidly.
These combined pressure and temperature transients induce mechanical and
thermal loadings on the main vents, vent header, and downcomers. With the
drywell pressure increase, the water initially standing in the downcomers

accelerates into the pool until the downcomers clear. As a result of this
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water clearing process, the suppression pocl water is accelerated, causing
drag loads on structures within the suppression pool. Following downcomer
water clearing, the downcomer air, which 1is at essentially drywell
pressure, is exposed to the relatively low pressure of the wetwell,
producing a downward reaction force on the torus. The consequent bubble
expansion causes the pool water to swell in the tcrus, compressing the air
space above the pool. During the early stages of this process, the pool
swells in the bulk mode (i.e., a water ligament is accelerated upward by
the rising air bubble motion) and structures close to the pool surface
experience impact and drag loads as the water impacts and flows past them.
Following the initial air bubble expansion and pool surface rise, the
bubble pressure decreases as the bubble overexpands and the pool liquid
mass decelerates. The net effect of the pool deceleration is an upward
lifting force on the torus. Eventually, the bubbles break through to the
torus air space and an air-water froth mixture continues upward because of
the momentum previcusly imparted to the water. The upward motion of this
froth mixture causes impingement loads on the torus and internal

structures.

Gravity causes phase separation, pool upward movement stops, and the liquid
falls back. Structures within the path of the fluid motion experience a
downward loading; the submerged portion of the torus experiences a small
pressure increase. Following pool fallback, waves on the suppression pool
surface induce low magnitude loads on the downcomers, torus, and other

structures close to the water surface.

The transient associated with drywell air venting to the pool typically
lasts for 3 to 5 seconds. Because the air originally contained within the
drywell and vent system is transferred to the wetwell air space, the
wetwell experience§‘a rise in static pressure.
o

Following air carry-over, there is a period of high steam flow through the
vent system. The discharge of steam into the pool and its subsequent
condensation causes pool pressure oscillations that are transmitted to
submerged structures and the torus shell. This phenomenon is referred to

as condensation oscillation (CO). As the reactor vessel depressurizes, the
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steam flow rate to the vent system decreases. The reduced steam flow rate
leads to a reduction in the drywell/wetwell pressure differential. Steam
condensation during this period of reduced steam flow is characterized by
movement of the water/steam interface up and down within the downcomer as
the steam volumes are condensed and replaced by surrounding pool water.
This phenomenon is referred to as chugging. During the steam condensation
period, the downcomers experience lateral loading caused by the asymmetric
collapse of steam bubbles at the downcomer exit. Also, the submerged
structures and containment walls experience pressure oscillations due to

steam bubble formaticn and collapse.

Shortly after the postulated pipe rupture, the ECCS automatically begins to
pump water from the plant condensate storage tank and/or the suppression
pool into the reactor pressure vessel (RPV) to flood the reactor core.
Eventually water cascades into the drywell from the break, causing steam
condensation and drywell depressurization. As the drywell pressure falls
below the pressure in the wetwell air space, the drywell vacuum relief
system is actuated and air from the wetwell enters the drywell, equalizing

the drywell and wetwell pressures slightly above their initial values.

Following vessel flooding and drywell/wetwell air space pressure
equalization, suppression pool water is continually recirculated from the
pool to the reactor vessel by the ECCS pumps. The core decay power results
in a slow heat-up of the suppression pool. The suppression pool ccoling
mode of the residual heat removal (RHR) system is activated to remove
enerqgy from the suppression pool and return the containment to normal

temperature conditions.

3.2 INTERMEDIATE BREAK ACCIDENT

An 1IBA is defined as a liquid line break of 0.1 square foot. The IBA for
each Peach Bottom unit is a postulated pipe rupture small enough that rapid
reactor depressurization will not occur but large enough that the high
pressure coolant injection (HPCI) system cannot maintain reactor vessel

water level,
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The high drywell pressure resulting from the postulated accident conditions
trips the reactor. The sequence of events following this trip can lead to
closure of the main steam line isolation valves (MSIVs) because of low
reactor water level, The closure of the MSIVs results in an increase in

reactor pressure vessel pressure that is relieved by opening the SRVs.

Following the postulated break, steam fills the drywell causing *the drywell
pressure to increase slowly and displace the water initially in the
submerged portion of the vent system into the suppression pool. The
drywell pressure transient is sufficiently slow that the dynamic effect of
water clearing in the vents is negligible. The subsequent clearing of air
from the vent system occurs more slowly than for the DBA and thus imparts
lower loads on the wetwell components. As the flow of air, steam, and
water continues from the drywell to the wetwell, the pressure increases in
the wetwell air space. Following the initial purge of air from the
drywell, steam begins to flow through the vent system and condenses within
the suppression pool. As with the DBA event, the condensation oscillation

and chugging phenomena occur during the steam condensation process.

The automatic depressurization system (ADS) actuates at approximately 300
seconds after the accident because of the high drywell pressure and the low
reactor water level caused by an IBA for a plant with turbine driven
feedwater pumps (Reference 12), which is the case for Peach Bottom. The
reactor is depressurized approximately 200 seconds after the ADS is
initiated. Thus, the IBA is evaluated to 500 seconds. During operation of
the ADS, steam from the RPV is vented directly to the suppression pool via
the SRV discharge lines. As the reactor depressurizes, the core spray
systems and the low pressure coolant injection (LPCI) mode of the RHR
system are activated to flood the RPV and cool the core. Everntually, water
cascades into the drywell causing steam condensation and drywell depres-
surization. As the drywell depressurizes below the pressure within the
wetwell air space, the wetwell to drywell vacuum breakers open, equalizing
the containment pressures and terminating the event. Because the reactor

depressurization transient is slower for the IBA than for the DBA, more
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decay heat is discharged into the suppression pool, which results in the
suppression pool temperature being higher for the IBA than for the DBA at

the time of complete reactor depressurization.

3.3 SMALL BREAK ACCIDENT

An SBA is defined as a 0.01 square fcot steam break. The SBA for each
Peach Bottom unit is a postulated pipe rupture in which the fluid loss rate
from the reactor system is insufficient to depressurize the reactor and
small enough that HPCI operation is sufficient to maintain reactor water
level. Following the break, the drywell pressure slowly increases until
the high drywell pressure trip setpoint is reached. Following the reactor
trip, MSIV closure may occur due to the water level transient in the
reactor. If the main steam lines isolate the reactor system, pressure

increases and the SRV opens intermittently to control system pressure.

The drywell pressure increaxses gradually, depressing the water level in the
vents until the water is expelled and air and steam enter the suppression
pool, The rate of air flow is such that the air bubbles through the pool
without causing pool swell. The steam is condensed and drywell air passes
into the wetwell air space. A gradual pressurization of the wetwell
results. Eventually, the steam-air flow through the vents results in

essentially all the drywell air being transferred into the wetwell.

Condensation oscillation is not present because of the iow mass flux but
chugging may occur. It is assumed that there will be no operator action
for 10 minutes following the pipe break. After 10 minutes, it is assumed
that the operator will depressurize the reactor using the ADS. Therefore,

the evaluation for chugging load was made only for a period of 600 seconds.
3.4 SAFETY RELIEF VALVE (SRV) DISCHARGE

Each of the 11 SRV discharge lines in Peach Bottom Units 2 and 3 is
equipped with a General Electric quencher. The quencher is a perforated

sparger consisting of two arms made of 12-inch schedule 80 pipe. Prior

to the 1idtial actuation of a safety relief valve caused by a normal
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operational transient, the SRV discharge lines contain air at atmospheric
pressure and suppression pool water in the submerged portion of the piping
and the quenchers. Following an SRV actuation, steam enters the SRV
discharge liie, compressing the air within the line and expelling the water
into the suppression pool. As the water ic cleared, the SRV discharge
piping undergoes a transient pressure loading. The submerged portion of
the line and the quencher also experiences water clearing thrust loads
caused by directional changes of momentum within the line and the quencher.
The water jets entering the pool from the quencher cause drag loads on

submerged structures,

Once the water has cleared from the discharge device, the compressed air
enters the pool in the form of high pressure btubbles. These bubbles expand
resulting in an outward acceleration of the surrounding pool water. The
momentum of thke accelerated water results in an overexpansion of the
bubbles, causing the bubble pressure to become negative relative to the
ambient pressure of the surrounding pool. This negative pressure slows and
reverses the motion of the water, leading to a compression of the bubbles
and a positive pre sure relative to that of the pool. The bubbles continue
to oscillate in this manner until they rise to the pool surface. As the
bubbles oscillate, the associated local pool motion causes drag loads on
nearby submerged structures. The positive and negative pressures developed
within the bubbles attenuate with distance and result in a dynamic pressure

loading on the submerged portion of the torus shell.

Following water and air clearing from the line, steam is discharged through

the line to the suppression pool and condensed therein.

Following the closure of an SRV, pool water reenters the SRV discharge
line. A rapid depressurization of the line occurs as the steam remaining
in the line is condensad by the in-flowing water. This depressurization
causes the water to reflood into the SRV discharge line above its initial
level, creating a negative pressure in the pipe. The vacuum breaker valve
on the SRV discharge line opens, allowing drywell gas to enter the line to
equalize the pressure. The actual reflood water level is limited by the

size of the SRV discharge line vacuum breaker.
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Section 4

STRUCTURAL ACCEPTANCE CRITERIA

The purpose of the Mark 1 Long Term Program (LTP) was to restore the
original intended design safety margins of the structure. This was
accomplished by installing necessary hardware modifications and then
conducting a plant unique analysis using loads and structural acceptance
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