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1.1 Statement of the Problem

The main objective of this investigation is to calculate the re-
sponse of the Peach Bottom Atomic Power Station (PBAPS) primary system and
containment for selected postulated low probability, severe accident sequences
representative of those which have been identified in Task 3.2 as dominant
sequences potentially leading to core degradation and meiting. This response
is addressed on a best-estimate phenomenological basis. The study includes
assessments of the effects of selected examples of operator interventions on
the progression of these sequences.

This analysis is not intended to be a Probabilistic Risk Assessment
in that no assessment of the probabilities of Peach Bottom systems or operator
failures is included. However, the accident sequences were defined based on
the WASH-1400 BWR analyses which identified those sequences most likely to
lead to core melting. The results of these analyses indicate the time windows
available for operators to implement mitigative actions. The effects of
selected actions on accident progression are addressed. No attempt was made
to model the variety of operator actions prescribed in the PBAPS emergency
procedures. This approach 1s sufficient to demonstrate the effects that
simple, individual actions would have on accident progression.

The results of the containment analysis are incorporated into an
assessment of the fission product release and deposition within the various
regions of the primary and secondary containment structures. For those
sequences in which containment integrity is violated, the release of fission
products to the surrounding enviromment is calculated. The influence of a few
existing systems with operator action is described in Section 5.

1.2 Relationship to Other Tasks

The primary system and containment response analyses of IDCOR
Subtask 23.1 are carried out with the Modular Accident Analysis Program. . This
includes models developed in IDCOR subtasks 11, 12, 14, 15 and 16 for thermal-
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hydraulic behavior as well as fission produce release transport and deposition
within both the primary system and containment. The accident sequences
analyzed were developed by considering the dominant core melt accident se-
quences presented in Subtask 3.2, Assess Dominant Sequences. Selected primary
containment failure modes were chosen to demonstrate the radionuclide trans-
port phenomena for the best-estimate analyses,

The ultimate structural capability of containments associated with
the reference plents and other typical designs was assessed in IDCOR Subtask
10.1. This task defined the contaimment failure pressure and location assumed
in Subtask 23.1 anzlyses for those sequences resul*ing in containment failure
on overpressure.

Calculations of the rate and amount of fission products released
from the containment, for those sequences which result in containmment failure,
were supplied to IDCOR Subtask 18.1 to formulate assessments of the health
consequences associated with the assumed accident scenarios. These health
consequence analyses wers then supplied to IDCOR Subtask 21.1 to evaluate
effects on perceived risk.

Also, a few examples of operator interventions were analyzed to
demonstrate their effects on the severe accident sequences analyzed for Peach
Bottom -- that operator actions can terminate the accident seguence and
achieve a safe stable state. The operator actions selected considered IDCOR

Subtask ¢2.1, Safe Stable States, which discusses some of the inherent and
intervention means of terminating the various core damage sequences.

It was not the intent of Tasik 23.1 to address the likelihood of
occurrence of the particular sequence: and operator actions, but rather
assume these situations and analyze the accompanying containment challeng

and release of fission praﬁucts utilizing the models developed within th
IDCOR progqram.

Finally, it should be noted that the analyses developed as part of
IDCOR Subtask 16.2 and 16.3 involve the detailed consideration of many differ-
ent phenomena which are themselves considered in separate IDCOR subtasks.
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These include: hydrogen generation, distribution and combustion (12. ¥, 12
and 12.3), steam generatfon (14.1), core heatup (15.1), debris behavior

(15.2), &nd core-concrete interactions (15.3).

Detailed considerations for each of the related subtasks can be
found in the final reports submitted for the specific task. Individual issues
will only be addressed in this report as required to understand the specific
behavior obtained for the iccident sequences considered and the specific
design characteristics of Peach Bottom Atomic Power Station.




2.0 STRATEGY AND METHODOLOGY

The basic strategy of this subtask was to analyze accident sequences
which have been previously identified as key potential contributors to core
melt frequency. These analyses consisted of plant thermal hydraulic response
and fission product transport if the progression of the accident sequence led
to core degradation and melting. These analyses include the performance of
the ECCS systems and the containment engineered safety systems, such as the
suppression pool, containment inerting, decay heat removal system, etc.

The MAAP code [2.1] was used to perform the primary system and
containment thermal-hydraulic response analyses. This code considers the
major physical processes associated with an accident progression, including
hydrogen generation, steam formation, debris coolability, debris dispersal,
core-concrete interactions, and hydrogen combustion. The FPRAT module for
MAAP, as adopted from [2.2] to evaluate the fission product release from the
fuel. Natural and forced circulation within the primary system is modeled

both before and after vessel faflure and is integrated with the fission
produce release model to determine the transport of vapors and aerosols
throughout the primary system and containment. Fission product deposition
processes modeled include vapor condensation, steam condensation and
sedimentation,

For each of the four PBAPS accident scenarios selected for analysis,
thermal-hydraulic calculations were performed both with and without selected
operator actions during the accident. The “"base case" analyses, which assume
only minimal operator response during the accident, astablish a reference
system response during each of the accident scenarios. The "operator action"
analyses are branch calculations of the base cases. These operator interven-
cion cases demonstrate the effect of selected operator actions on the progres-
sfon of an accident, based on the time windows available to the operator to
take such action., Additional uncertainty and sensitivity analyses have been
performed on several key parameters associated with the accident response.
These are reported in Ref, [2.4].
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3.0 DESCRIPTION OF MODELS AND MAJOR ASSUMPTIONS

The Modular Accident Analysis Program (MAAP), Ref. [3.1] 1s used to
model the Peach Bottom response to postulated severe accidents. This code
includes models for the primary system and containment response, fission
product release, and fission product transport. In addition, the thermal
hydraulic conditions as well as the fission product behavior are modeled for
the reactor building which surrounds the primary containment.

3.1 Plant Specific Information

Each of Peach Bottom Units 2 and 3 is a single cycle, forced circu-
lation, 3293 MW(t) General Electric BWR-4 producing steam for direct use in
the steam turbine. Each unit has a Mark I primary containment housed in a
secondary containment (reactor building) Both units went into commercial
operation in 1974,

311 Nuclear System

The reactor vessel contains the core and supporting structure, the
steam separators and dryers, the jet pumps, the control rod guide tubes,
distribution 1ines for the feedwater, core spray, and standby liquid control,
the in-core instrumentation, and other components. The main connections to
the vessel include the steam lines, the coolant recirculation lines, feedwater
lines, control rod drive housings, and core standby cooling lines.

The reactor vessel is designed and fabricated in accordance with
applicable codes for pressure of 1250 psig. The nominal operating pressure is
1020 psia in the steas space above the separators. The reactor core is cooled
by demineralized water which enters the lower portion of the core and boils as
it flows upward around the fuel rods. The steam leaving the core is dried by
steam separators and dryers located in the upper portion of the reactor
vessel. The steam is then directed to the turbine through the main steam
1ines. Each steam lire is provided with two isolation valves in series, one
on each side of the primary containment barrier.
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When a scram is initiated by the Reactor Protection System, the
Control Rod Drive system (CRD) inserts the negative reactivity necessary to
shutdown the reactor. Each control rod is controlled individually by a
hydraulfc control unit. When a scram signal is received, high pressure water
from an accumulator for each rod forces each control rod rapidly into the
core. There are 185 control rods which enter through the bottom of the
reactor vessel.

A pressure relief system, consisting of relief and safety valves
mounted on the main steam lines, prevents excessive pressure inside the
nuclear system following either abnormal operational transients or accidents.

Although process lines which penetrate the primary containment and
offer a potential release path for radicactive material are provided with
redundant isolation capabilities, the main steam lines, because of their large
size and large mass flow rates, are given special isolation consideration.
Two automatic icolation valves, each powered by both air pressure and spring
force, are provided in each main stieam line.

The Reactor Core Isolation Cooling system (RCIC) provides makeup
water to the reactor vessel whenever the vessel is isolated. RCIC uses a

steam driven turbine pump unit and operates automatically, in time and with

sufficient coolant flow, to maintain adequate reactor vessel water level,.

The Residual Heat Removal system (RHR) is a system of pumps,
exchangers, and piping that fulfills the following functions:

Removal of residual heat during and after plant shutdown.

Injection of water into the reactor vessel, following a LOCA

VLA,

rapidly enough to reflood the core and prevent excessive fuel

clad temperatures, independent of other core cooling systems,

Removal of heat from the primary containment following a LOCA
to 1imit the increase in primary containment pressure. This is

accomplished by cooling and recirculating the water inside the
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primary containment. The redundancy of the equipmert provided
for contaimment cooling is further extended by a separate part
of the RHR - ystem which sprays cooling water into the drywell.

A number of Core Standby Cooling (CSC) systems are provided to
prevent excessive fuel clad temperatures in the event a breach in the nuclear
system process barrier results in a loss of reactor coclant. The four CSC

systems are:

1. High Pressure Coolant Injection system (HPCI)
2. Automatic Depressurization System (ADS)
3. Core Spray System (LPCS)

4. Low Pressure Coolant Injection (an operating mode of the RHR
system) (LPCI)

Although not intended to provide rapid reactor shutdown, the standby
liquid control (SLC) system provides a redundant, independent, and different
way from the control rods to bring the reactor subcritical and to maintain it
subcritical as the reactor cools. The system makes possible an orderiy and
safe shutdown in the event that not enough control rods can be inserted into
the reactor core to accomplish shutdown in the normal manner. The system is
sized to counteract the positive reactivity effect from rated power to the
cold shutdown condition.

The standby AC power supply consists of four diesel generator sets.
The diesel generators are sized so that three diesels can supply all necessary
power requirements for one unit under postulated design basis accident condi-
tions plus necessary power requirements for the safe shutdown of the second
unit., The diesel generators start and attain rated voltage and frequency
within 10 seconds. The diesel generator system is arranged with four inuepen-
dent 4-kV buses for each unit, each bus being connected to one diesel genera-
tor. Each diesel generator starts automatically upon loss of off-site power
or detection of a nuclear accident. The necessary engineered safeguard system
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loads are applied on a preset time sequence. Each generator operates indepen-
dently without paralleling.

Two independent sets of 125/250-V batteries are provided for each
reactor unit. The sets are not interconnected. In addition, a separate 250-V
battery is provided for each main turbine generator emergency bearing oil
pump. One battery charger is provided for each batcery.

The 125/250-V DC system is designed to provide an adequate power
source for supplying the engineered safeguard loads of one unit, and the
shutdown loads of the second unit, with concurrent loss of off-site power and
any single failure in the DC system.

it Containment

The primary containment is a pressure suppression system and houses
the reactor vessel, the reactor coolant recirculation systems, and other
primary system piping. The primary containment system consists of a drywell,
a pressure suppression chamber which stores a large volume of water, a con-
necting vent system between the drywell and the suppression pool, isolation
valves, vacuum breakers, containment cooling systems, and other service
equipment.

In the event of a primary system piping failure within the drywell,
reactor water and steam would be released into the drywell atmosphere. The
resulting increased drywell pressure would force a mixture of drywell at-
mosphere, steam, and water through the vents into the suppression pool,
resulting in a pressure reduction in the drywell due to steam condensation.

Vacuum breakers are provided in the vent headers and located in the
suppression chamber, to equalize the pressure between the drywell and the
suppression chamber. A vacuum breaker system is also provided between the
suppression chamber and secondary containment. Cooling systems are provided
to remove heat from the drywell and from the water in the suppression chamber,
Appropriate isolation valves are provided to ensure containment of radioactive
materials.
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The vent system conducts flow from the drywell to the suppression
chamber and distributes this flow uniformly in the suppression pool. The
suppression pool condenses the steam portion of this flow and the suppression
chamber contains the noncondensable gases and fissfon products. The suppres-
sion chamber-to-drywell vacuum breakers and the suppression chamber-to-
secondary containment vacuum breaker system 1imit the pressure differential so
as not to exceed the design 1imit of 2 psi. The suppression chamber is
designed for the same leakage rate as the drywell.

The suppression pool alsc provides for steam condensation during the
actuation of a safety relief valve and the subsequent blowdown through the
discharge piping. The dynamic suppression pool loads resulting from a safety
relief valve discharge are reduced by a sparger (T-quencher) on the discharge
end of the safety relief valve piping. The sparger also provides for uniform
and stable condensation of steam in the suppression pool.

The stiffened pressure suppression chamber is a steel pressure
vessel in the shape of a torus. It is located below and encircles the dry-
well, with a centerline diameter of approximately 111 ft, and a cross-
sectional diameter of 31 ft. It contains approximately 123,000 ft3 of water
and has a gas space volume of approximately 132,000 ft3. The drywell vents

are connected to a 4 ft. 9 inch diameter vent header, in the form of a torus,

which is contained - ithin the airspace of the suppression chamber. Projecting

downward from the header are 96 downcomer pipes, nominally 24 inch in diameter
and terminating 4 ft. below the design water level of the pool.

The vent system outside the torus consists of eight circular vent
pipes, each having a diameter of 6 ft. 9 inches. These vent pipes are con-
nected to the vent header located inside the torus. The vent pipes and vent
header have the same temperature and pressure design requirements as the
containment. Jet deflectors are provided in the drywell at the entrance of
each vent pipe to prevent damage to the vent pipes from jet forces which mignt
accompany a pipe break in the drywell.

Pressure suppression pool temperature and pocl level are continuous-
ly indicated in the main control room,
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The RHR system can be placed into operation in the suppression pool
cooling mode to 1imit the temperature of the water in the suppression pool.
In this mode of operation, the RHR system pumps take suction from the suppres-
sfon pool and deliver the water through the KHR system heat exchangers, where
cooling takes place by transferring heat to the service water. The fluid is
then discharged back to the suppression pool.

Another portion of the RHR system is provided to spray water into
the primary containment as a means of reducing containment pressure following
a LOCA. This capability is in excess of the required energy removal capabili-
ty and can be placed into service at the discretion of the operator.

3.2 Modular Accident Analysis Program (MAAP)

Within the IDCOR Program, the phenomenological models developed in
Tasks 11, 12, 14 and 15 have been incorporated into an integrated analysis
package in Subtask 16.3, while Subtask 16.2 provides a computer code (MAAP)
[3.1] to analyze the major degraded core accident scenarios for both Pres-
surized Water Reactors (PWRs) and Boiling Water Reactors (BWRs). The MAAP
code is designed to provide realistic assessments for severe core damage
accident sequences using first principle models for the major phenomena that
govern the accident progression, the release of fission products from the fuel
matrix, the transport of these fission products and their deposition within
the primary system and containment. The following sections describe the
primary system and contaimment nodalization and include a description of the
safety systems modeled in the MAAP. A complete Peach Bottom parameter file is
given in Appendix A.1.

3.2.1 MAAP Nodalization

The BWR primary system nodes are illustrated in Figure 3.1 and
include the lower plenum, downcomer, core, and upper plenum. Also indicated
are the flow entry locations for CRD flow, feedwater, HPCI, RCIC, LPCI and
LPCS as well as the standby 1iquid control system (SLCS), which is only
modeled as an additional water source since MAAP does not have a neutronics
model. Individual mass and energy equations are written for each of these
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nodes using the water addition locations and the appropriate connecting flow
paths. The primary system model also represents the main steam isolation
valves and the main steam safety and relief valves which exhaust into the
suppression pool.

Modeling of the primary system is used to determine if a given
sequence (1) leads to core uncovery, (2) results in core damage, (3) yields
Zircaloy clad oxidation and hydrogen formation, (4) leads to core melt and
vessel failure, (5) can be recovered before vessel failure, and predicts the
time of these occurrences. The transient response to the spectrum of accident
scenarios considered requires the specificatiun of pump curves, valve set
points, system logic, etc. With the specification of the accident sequence,
the primary system model determines the vessel water inventory, including the
boiled-up level in the core, to evaluate the potential for core uncovery. If
the collapsed water level decreases below the top of the core, the HEATUP
subroutine calculates the temperature increases of the fuel and cladding,
including steam cooling and the oxidation of the Zircaloy clad and fuel
channel cans as determined by the appropriate rate laws and oxygen starvation,
The model permits incorporation of CRD flow to evaluate the potential of

specific sequences, such as TW, being terminated with limited core damage.

The Mark I (Peach Bottom) containment nodalization scheme as shown
in Fig. 3.2 separates the containment into: the pedestal, the drywell, and
the wetwell regions. MAAP evaluates the behavior of the various compartments
during the entire progression of the accident sequence by calculating the mass
and energy flow rates between these compartments.

Individual compartment (region) pressures and gas temperatures are
derived from the mass and energy balances. MAAP models the transport of water
throughout the containment due to drainage, vaporization, condensation and
mass addition to assess the potential for cooling core debris should the
vessel have failed. Separate water and corium temperatures are calculated for
each containment compartment,.
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3.2.2 Peach Bottom Systems Modeled in MAAP

In general MAAP characterizes the response of the primary system,
the containment and many of the balance of plant systems to user specified
event sequences. Figure 3.3 {llustrates the plant systems modeled in the code
including the various water sources available and the valve line-ups which
would allow this water to be injected into either the primary system and/or
containment during a postulated sequence. Particular systems of importance
include, the control rod drive (CRD) flow from the condensate storage tank,
main steam lines, MSIVs, turbine bypass, feedwater, reactor core isolation
cooling (RCIC), high pressure coolant injection (HPCI), low pressure coolant
injection (LPCI) and other RHR system modes, lov pressure core spray (LPCS),
standby liquid control system (SLCS), and high prassure service water (HPSW) .
In addition to these plant systems, MAAP nodalize: both the primary system and
containmert to model their response to postulated core damage and recovery
scenarios.

3i 84 Fission Product Release and Transport

The rate of release of fission products from the fuel matrix was
calculated with the FPRAT module in MAAP, The FPRAT code was developed as
part of the IDCOR program and is described in the report for Subtask 15.18
(3.2]. FPRAT was integrated into the MAAP coding structure such that the
fission product release and transport from the core is evaluated at each time
step.

The release of fission products due to corium-concrete thermal
attack and ablation was calculated as described in Section 3.2.7. Transport
of fission products through the primary system and containment was calculated
with the CIRC module in MAAP and includes models for the fission product
source terms, primary system compartment temperatures, primary system heat
losses, gas flow due to forced and natural circulation, and steam condensation
for steam and fission products.
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Estimates of thermal-hydraulic characteristics of the flow of the
containment effluent through the reactor building (secondary containment) were
developed as described in Sectfon 3.3.

3.2.4 Fission Product Release from Fuel

The initial fission product inventories were obtained from Ref.
[3.3] and are given in Table 3.1. Fission product release rates depend on
fuel temperature history during heatup, and on the flow through the core. The
gas flow through each node is assumed to be saturated with the vapor of each
constituent. If the flow cools as it is transported to higher nodes, the gas
cools and creates aerosols of each species to remain saturated. This flow
provides the aerosol and vapor source for the upper plenum.

For the regions in which blockage has occurred, it is assumed that
sufficieat flow exists to remove the volatile fission products as saturated
vapor. Once this flow is determined, the removal of the remaining less
volatile, species are evaluated based upon saturation of this calculated flow.
The required FPRAT input for MAAP is given in the parameter file in Appendix
1.

The calculations consider evaporation and condensation characteris-
tics of chemical species. Several key assumptions consistent with the recom-
mendations of [DCOR Subtask 11.1 were made regarding the physical and chemical
forms of released fission products., These are:

Cesium and 1odine combine for form Csl upon entry to the

fission product release pathway. The excess cesium forms

.SOH.,
Soth chemical species exhibit similar physical behavior, hence
*the source rate for the Cs,l fission product group
to be the sum of the Cs and | release rates., As s

it is assumed to be liberated in vapor form.

Tellurium is assumed to be released as vaporized Te(.,.
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Table 3.1

INITIAL INVENTORIES OF FISSION PRODUCTS
AND STRUCTURAL MATERIALS RELEASED AS AEROSOLS

Fission Products

Initial Inventory (kg)

Kr
Xe
Cs

I
Te
Sr
Ru
La
Mo
Sn
Mn

25.7
387
207

16.6

34.9

62.7
172

98.3
237

1050
432
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3. Inert aerosol generation rate is the combined release rates for
volatile structure material (Mn ard Sn).

Strontium and ruthenium represent their respective nonvolatile
fission product groups as defined in WASH-1400. They are also
calculated to be released as vapor which quickly forms aerosols
when they exit the core.

Release of volatile fission products (Cs, I, Te) and the noble
gases (Xe and Kr) is allowed to continue until complete, even

if the vessel has already failed.

Description of the Natural Circulation Model

Substantial quantities of fission products are released during core
degradation, but before vessel failure. Gas flow through the primary system
determines the aerosol transport and deposition throughout the reactor vessel.
Following vessel failure, fission products could remain within the primary
system and subsequently heat the adjacent structures. As the structure and
gas temperatures increases, density differences within the primary system
would result in natural circulation flows that could distribute both heat and
mass throughout the primary system.

The BWR-CIRC module models natural circulation flows within the
primary system. This includes descriptions for fission product heat genera-
tion, material vaporization, condensation and deposition. Also, this nodali-
zation allows for a representation of the structural heatup in each node as
well as the heat losses from these nodes to the containment environment. The

circulation for the BWR system after vessel failure is graphically represented

in Fig. 3.4, As illustrated, the throat area for the jet pumps controls the
circulation rate and the containment pressurization/depressurization influ-
ences the flow from the primary system,

Since natural circulation flows are driven by the gas density
differences between various regions, and since the volatile fission products
are dense vapors, the gaseous flows must have a detailed accounting of the gas
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mixture properties in the various nodes. In addition, with the reflective
ifnsulation used on the Peach Bottom reactor vessel the heat losses from the
vessel must also include the magnitude of heat losses as a function of the
primary system temperature and the potential for oxidation of the stainless
steel layers in the reflective insulation.

These analyses have been coupled with models for aerosol deposition
and heatup to evaluate the primary system flows after reactor vessel failure.
Such assessments provide the rate and amount of material released from the
primary system as a result of the subsequent heatup of primary system struc-
tures. In this analysis, the difference between the primary system and
containment pressurization determines the flows between these two systems
which govern the release of fission products to the containment enviromment.

3.2.6 Aerosol Deposition

IDCOR Task 11,3 applied state-of-the-art fission product behavior
models to produce the RETAIN code, which describes the aerosol agglomeration
and removal processes based upon an assumed log normal distribution [3.4].
Both vapor and aeroscl forms of fission products are considered. MAAP repre-
sents the aerosol removal rate due to settling as a function of the aerosol
cloud density [3.5]. This is consistent with the general behavior predicted
by detailed descriptions, such as RETAIN and also large scale experiments.
MAAP models physical mechanisms for vapor condensation on structures and
aerosol retention due to steam condensition in addition to gravitational
settling. These removal processes substantially reduce the magnitude of the
release %0 the environment.

The primary system and containment nodalization for fission product
transport are the same as those used for the therral hydraulic calculations.

The specific transport paths are illustrated in Fig. 3.5 are for the primary

system and containment and in Fig. 3.6 for the reactor building and the SGTS,

The key assumptions in the aerosol modeling are:
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Cesfum and 1odine are assumed to be released as Cs! with excess
cesium as CsOH.

The decontamination factor associated with the wetwell suppres-
sfon pool 1s estimated to be 1000 for release through the
spargers and 600 for releases through the downcomers.

Compartments representing the release pathway are: three
regions in the reactor vessel, pedestal, drywell, wetwell,
reactor building, standby gas treatment system (SGTS) ducts,
and SGTS charcoal filter (physical removal mechanisms only).
Figures 3.5 and 3.6 depict the release pathways and compart-
ments for the analyses. Specific release paths and the flow
rates are dependent on tne thermal-hydraulic conditions in the
reactor building as well as the flow capacity of SGTS and
percent steam composition of the carrier gas as determined by
the thermal hydraul ic models in MAAP (see Section 3.3).

Steam carrying fissfon products out of the containment and
along the release pathway would condense in the cooler reactor
building. Steam condensation rates, volumetric gas flows
through the reactor building and temperatures are calculated as
described in Section 3.3.

Hygroscopic aerosols, such as cesium hydroxide, are assumed to
accumulate and equilibrium concentration of water as determined
by the steam partial pressure and temperature,

Deposition of fission products in the SRV discharge lines was
neglected.

Ck

The release of aerosols due to core-concrete attack was not included
in the Peach Bottom analysis. This omission leads to an underprediction of

the overall fission product removal in the primary and secondary containments.
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.3 Analysis of Reactor Building Thermai-Hydraulic Conditions

3.3.1 Reactor Building and Standby Gas Treatment System (SGTS)

Each of Peach Sottom Units 2 and 3 primary containments is housed in
a multilevel reactor building. Under accident conditions, the reactor build-
ing atmosphere is isolated from the normal ventilation system and exhausted
through the Standby Gas Treatment System (SGTS) HEPA and charcoal filters at a
rate which maintains the building pressure negative relative to the environ-
ment. The reactor building and SGTS comprise the secondary containment system
at Peach Bottom,

As shown in Fig. 3.7, the reactor building is divided into five
major levels with gaseous flow communication between them through open
hatches. An equipment transfer shaft from the 135' level up to the refueling
floor is the major pathway for communication between the various volumes of
the reactor building. The lowest elevation (n 92' to 133') contains the torus
room and torus, and the RHR and core spray pump rooms located in the four
corners of the building separated from the torus room by concrete walls and
water tight doors. The next elevatfons (135' to 163') contain the main steam
pipe tunnel, components of the CRD hydraulic system, neutron monitoring system
and other instrumentation partially separated by several partition and shield
walls, Elevation 165' to 193' contains auxiliary pumps, heat exchangers and
instrumentation separated by many partitions and shield walls creating sub-
stantial interior surface area. Much of the space in elevation 195' to 232'
is occupied by the spent fuel pool and steam separator and dryer storage pool.
This level also contains the standby 1iquid control system and reactor build-
ing fan room. Therefore, much of the volume is closed off by major walls and
available surface area is less than that available in the lower elevations.
The top elevation (234' to roof at 296') is essentfally a wide open area
comprising the refueling floor. Most of the exterior wall area is insulated
corrugated sheet metal on this elevation as compared to concrete on all lower
elevations.

The SGTS takes suction from multiple intakes located on all major
elevations in the reactor building. Tests have indicated that reactor
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building inleakage at Unft 2 is approximately 5500 cfm when the building is
fsolated and SGTS {1s operating. System design capacity is 10,500 cfm.
Another design feature is the fusible links which close the fire dampers on
the SGTS if the temperature in a given region of the building exceeds 74°C
(165°F). This temperature limitation can control the SGTS transport path for
many accident sequences.

3.3.2 Modeling Approach

A separate computer code was constructed from MAAP subroutines to
model the reactor building, which can be divided into many nodes, to represent
the major regions in the buflding. As noted earlier, the equipment transfer
shaft provides a path for natural circulation between the major volumes.
Estimates of the compartment temporature differences and the resulting natural
circulation flows under accident conditions show the circulation flows between
volumes to be large compared to the through flows. As a result, the building
can be represented as a single volume. This provides for some conservatism in
the analysis, since this somewhat overestimates the aerosol concentration in
the upper region of the building and thus overestimates the release to the
environment. In addition to the natural circulation flows betweer compart-
ments, the circulation flows within a compartment due to temperature differ-
ences between the gas and the compartment walls can also be important. These
effects are also included in the analysis. The building is assumed to be
pressure equilibrated throughout the accident, As a result of this equilibra-
tion, flow is driven through the reactor building as determined by the source
coming from the primary containment following wetwell or containment failure,
and the imposed flows resulting from the SGTS.

The SGTS, which provides a suction flow at each elevation,is normal-
ly fed by inleakage from the outside, will then flow passing through the
respective volume and into the ducts and filters in the system, This flow is
partitioned between the various elevations and is represented in the computer
model by a specific suction flow at each elevation. The inleakage at each
elevation is determined by the strength of the source at that elevation,
fncluding flow from other compartments, For example, following containment
failure, the region at the equator of the drywell has a substantial source
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from the drywell which can be greater than the suction flow for that eleva-
sion. As a resuli, the inleakage from the environment to this volume would be
reduced to zero with any excess flow going to the higher elevations. [f the
source flow is less than the required inleakage from the environment, then the
inleakage is set to be the difference between that required by the SGTS
suction from the volume and the source flow. The refueling floor has a direct
conne-tion to the environment representing the leakage through the sheet metal
siding or the opening of blowout panels.

The physical processes occurring in each volume, including heat
losses to the structural surfaces, thermal profile within the structures and
steam condensation are treated in the same manner as the primary containment
compartments in the MAAP code. These processes as discussed in detail in the
MAAP User's Manua)l Volume 2 under the subroutine titles of PTCAL and HTWALL.
Since the reactor building volumes are coupled by the equipment shaft, small
open hatches, etc., water accumulation on each elevation is assumed to drain
to the lowest part of the reactor building and is neglected in the remainder
of the calculation. The relative rates of single phase and two-phase energy
transfer determine the response of each reactor buflding region and subse-
quently determine the flow between the three compartments. It should be noted
that with significant condensation, excess flow can be required from the
environment back into the building in addition to the normal inleakage associ-
ated with the SGTS.

With the models for flow between compartments and condensation
within individual compartments and the source term from the drywell following
containment failure, the resulting aerosol agglomeration and removal can be
assessed. This is also evaluated using the aerosol deposition model in MAAP
discussed in Sectfon 3.2.

3:3:3 Model Inputs

As discussed in Section 3.3.2 and 1llustrated in Section 3.4.3, the
reactor building is characterized by three major volumes which are intimately
coupled. The first volume (or compartment) represents the lower three major
elevations of the reactor building for those sequences in which SGTS fis
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assumed to be operating. The second compartment represents the volume above
elevation 195', and the third compartment represents the volume above the
refueling floor, elevation 234'. For sequences in which the SGTS would be
unavailable, the reactor buflding is analyzed as a singie node due to the
coupling between compartments by natural circulation in the equipment shaft,
The parameters and values used to characterize each of these compartments are
Tisted in Table 3.2.

The SGTS exhaust rates from each compartment used in the model are
also presented in Table 3.2. These rates are based on a total SGTS flow of
10,500 cfm assuming that the initial pressure spike /ollowing containment
failure causes increased building leakage arez, (i.e. blowout panels) result-
ing in maximum SGTS flow as the system tries to maintain a negative pressure
in the reactor building. The flows are proportioned for each compartment in
accordance with plant data for the actual flows from the elevations. In
accordance with the design, if a compartment temperature exceeds the 74°C
limit on the fusible links for the fire dampers, the SGTS flows in that
compartment are zero thereafter.

3.3.4 Influence on Fissfon Product Release

The reactor building completely surrounds the primary containment
for the Mark [ configurations, and as a result, would receive the fission
products released following containment failure. Since this building is in a
direct path for the release, it is an important part of the fission product
retention for this reactor design. In particular, it has a substantial influ-
ence on retaining the fission products within the plant and limiting the
subsequent release to the environment. The large volume represented by the
reactor building provides a substantial residence time for materials released
from the primary containment and significant deposition occurs due to vapor
condensation, gravitational settling, and steam condensation. Flow through
the building is particularly important for sequences in which there is no SGTS
flow, since the release to the environment is determined by this flow.
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REACTOR BUILDING MODEL INPUTS

e

Compartment

Volume
(m°)

Surface Area SGTS Exhauyst*

(mz) (m3/sec)

|

1 (Without
SGTS Flew)

2

-
2

36,500
9,940

4,600
27,450

15,800 2.83
10,200

2,500 0.47

4300 (Steel) 1.42

*SGTS exhaust is zero for the station blackout sequence. Also, the
SGTS flow from each compartment is zero if the compartment temperature
exceeds the 75°C limit for the fusable links on the fire dampers.
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Inclusion of the SGTS with the associated suction flows for each

major volume increases the flow through the reactor building volumes, thereby

decreasing somewhat the material deposited in these volumes but provides for
deposition within the SGTS filter system if it has not been overburdened by
moisture. For sequences in which the SGTS 1< available, the principal release
to the environment is determined by the flow through the filters and through

the stack to the environment.

The influence on each individual sequence considered 1s discussed in
Section 6. However, these all fllustrate that the reactor building has a
substantial influence on retention of fission products for the Mark ! contain-
ment design.

3.4 References

3.1 MAAP - Modular Accident Analysis Program, User's Manual Volume II
August, 1983.

% IDCOR Technical Report 15.1B "Analysis of In-Vessel Core Melt
Progression,” Vol. IV (User's Manual) and Modeling Details for
Fission Product Release and Transport Code (FPRAT), September, )
J. A. Gieseke, et al., "Radionuclide Release Under Specific LWR
Accident Conditions," Oraft Version of BMI-2104. Battelle Columbus
Laboratories Report, July, 1983.

IDCOR Technical Report on Task 11.3, “"Fission Product Transport in
Degraded Core Accidents," December, 1983,

IDCOR Technical Report, "MAAP Models for Aerosol Deposition," to be
published.
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Four base accident sequences were analyzed for Peach 3ottom using

4.0 PLANT RESPONSE TO SEVERE ACCIDENTS

MAAP to determine plant response and temperature and pressure challenges to
containment. These sequences, described below, in general are based on the
sequences fdentified in Subtask 3.2.

Transient initfated segquences requiring a reactor shutdown and
subsequent decay heat removal have been fdentified in WASH-1400 [4.1] as
potential dominant contributors to the core melt frequency. These types of
sequences may have a broad spectrum of possiole cutcomes due to the wide
variety of possible system performance characteristics and operator actions.
For the Task 23.1 MAAP evaluation one specific set of boundary conditions and
assumptions has been postulated for each sequence.

The base sequ:inces are:
TW - Transient followed by loss of containment heat removal.
TC - Transient followed by failure of the reactor to scram and

standby 1iquid control (without operator action to reduce power
level).

S]E - Medium break loss of coolant accident with failure of

emergency core cooling injection,
TQVW - Loss of offsite and onsite AC power.

The sequences analyzed in this section are low probability core
damage events and include no, or minimal, recognition of operator actions that
would significantly delay the progression toward core melt or mitigate conse-
quences. This approach was taken to produce results which bound or are at the
high end of the range of possible consequences for the four selected se-
quences. Generally, only minimal operator actions to control selected plant
systems are assumed for these events. For example, it is assumed that the
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operators regulate low pressure injection to maintain water level at the high
level trip.

Consequently, the results presented here do not represent what would
be expected to cccur for the defined equipment failures and are extremely
improbable. A more probable plant response to the specified equipment fail-
ures is evaluated in Section 5. This later section includes in the sequence
definition some of the actions which the operator would be expected to tiake in
accordance with the Emergency Procedure Guidelines. As a result of these
actions the operater is able to terminate the event prior to core melt or
significantiy mitigate its consequences. Section 5 considers only some
examples of the many acticns available to the operator to prevent or mitigate
the accident.

A major objective of excluding mitigating operator actions in this
analysis and allowing the events to progress unchecked was to provide the
added perspective of defiring the time windows available for operator inter-
veation. The results clearly cemonstrate that the operator has an extensive
time period to implement primary or alte-native actions that will successfully
terminate or mitigate postulated severe accidents.

The plant parameters utilized to characterize Peach Bottom in these
analyses are listed in Appendix A.

The following subsections discuss plant response for each severe
accident sequence analyzed. In these analyses the containment ultimate
pressure capacity is based on the evaluation for the Browns Ferry Mark I
design contained in the IDCOR Task 10.1 report [4.2], Containment Structure
Capability of Light Water Nuclear Power Plants, which concludes thzt "it is
felt that the Browns Ferry results are a sufficient representation of the
containment capability” of P2ach Bottom. The ultimate pressure capability was
calculated to be 132 psia with the defined failure condition (twice the
elastic strain) occurring at the "knuckle" between the cylindrical and spheri-
cal parts of the drywell. (It should be noted that a detailed assessment of
penetration behavior under high strain conditions was not part of the analy-
sis.) Given the similarity hetween the Peach Bottom and Browns Ferry designs,



- DRAFT

this value is assumed to represent Peach Bottom, In cases where high tempera-
tures in containment weras reached before ultimate pressure, the containment
was assumed to fail when the containment atmosphere temperature reached
1200°F. The Peach Bottom containment is made from high strength carbon steel.
The properties of this material will limit its ability to carry load at
1200°F. At this temperature the material strength is reduced to approximately
30-40% of its nominal value and will exhibit a significant creep rate under
load [4.3]. Also, penetrations and/or penetration seals could have failed at
these temperatures.

2 for TC) is assumed

A containment break size of 0.1 £ (0.2 ft
because it permits depressurization of containment enabling airborne fissicn
products to be transported out the break. This assumption is consistent with
the concept of yield leading to rupture resulting in diminishing yieid as the

containment depressurizes.

4.1 Plant Response to the TW Segquence

4.1.1 Sequence Description

This sequence is assumed to be initiated by MSIV closure isclating
the reactor from the power conversion system. High pressure injection (HFCI
and RCIC) are initially avaflable until high suppression pool temperatures
cause loss of these systems. Low pressure injection (LPCI and LPCS) are
available as long as NPSH requirements are met*. Control rod drive (CRD) flow
remains on until the available inventory of water in the condensate storage
tank (CST) is depleted. No operator actions to either prolong injection or
utilize alternate means of injection are assumed to occur.

4.1.2 Primary System and Containment Response

The timing of the key events for this sequence is summarized in
Table 4.1. ["lots of key parameters are presented in Figs. 4.1 througr 4.5,

*In MAAP, the available NPSH was calculated but the requirement was set to
zero. The rasulting time dependent behavior was then reviewed to determine
{f cavitation had occurred and if it would have been sufficient to fail the

pumps.
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Table 4.1
PEACH BOTTOM - TW
EVENT SUMMARY

Time

Event

8.0
10
14
15
25
32

34
37
39
40

4 sec

4.5 min

hr
hr
hr

hr

hr
hr
hr

hr

Transient (MSIV closure)

Reactor scrammed

HPCI, RCIC on

High SP temperature failure assumed for HPCI (200°F)
RCIC lost

CRD flow ceases

ADS on, LPCI and LPCS injecting

ADS valves close

Containment failure (sverpressurization); LPCI and
LPCS lost

Top of core uncovered
ADS valves open
Start of core melt

Vessel failure
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This sequence 1s characterized by heatup of primary containment since adequate
containment heat removal is unavailable. This results in containment failure
due to overpressurization followed by core melting and vessel failure which
occur after the coolant injection systems are lost. Operator actions to
utilize alternate heat removal paths or means of injection which draw from
sources other than the suppression pool were neglected.

The sequence is assumed to be initialed by main steam isolation
valve (MSIV) closure on all four main steam lines isolating the reacter from
the power conversion system. The initial reactor power level is assumed to be
at 100%. This resuits in a reactor scram signal followed by successful
reactor scram withi1 four seconds. The reactor stored energy and decay power
are transmitted to the suppression pool through the safety relief valve (SRV)
lines. This results in a continuous heatup of the suppression pool because it
is assumed that the pool cooling mode of the RHR system is unavailable.
Reactor water level decreases due to boil-off which cannot be made up by the
control rod drive (CRD) flow rate (111-177 gpm) due to the high reactor decay
power at this time. High pressure injection systems (HPCI, RCIC) successfully
come on in about 4.5 minutes and maintain required reactor water inventory.

HPCI suction is automatically transferred from the condensate
storage tank (CST) to the suppression pool on pool high water level signal at
7.2 hours. RCIC suction remains from the CST until a low CST level signal is
received at 10 hours when it is automatically transferred to the suppression
pool. At 8 hours the suppressfon pool reaches 200°F resulting in the assumed
loss of the HPCI pump due to bearing degradation. RCIC injection iz assumed
to be lost for the same reason when its suction is transferred to the suppres-
sfon pool at 10 hours. At this time the post-scram CRD flow rate is suffi-
cient to keep the core covered until the water source in the condensate
storage tank is depleted at 14 hours assuming a CST inventory of 156,000
gallons. This inventory is conservative in 1ight of the discussion below.

After CRD flow ceases, reactor water level boils down actuating the
automatic depressurization system (ADS) at 15 hours. This permits low pres-
sure systems (LPCI and LPCS) to maintain reactor water inventory.
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The CRD pumps are normally aligned to take suction from the main
condenser hotwell via the reject 1ine. Should this suction source be unavail-
able for whatever reason, the CRD pumps will be provided suction through its
connection with the condensate storage tank with no operator action required.
The volume of each CST reserved for ECCS use is 135,000 gallons. Hcwever,
this volume is not restricted from CRD pump use. An average CST inventery is
estimated to be about 156,000 gallons. Although there are no specific plant
procedures or operating 1imits governing the alignment of th~zse various tanks
they are arranged such that they are easfly cross-connected. For example, the
two CSTs are frequently intertied such that their water levels "float" to-
gether. This mode of operation effectively doubles the condensate inventory
available to the CRD pumps without operator actions. In addition, simple
operator actions can be taken to interconnect the inventory of other various
tanks increasing capacity to approximately 750,000 gallons.

As the contaimment pressurizes, the differential pressure between
the ADS-SRY actuating gas and contaimment atmosphere decreases. When the
drywel] pressure reaches 110 psia, the differential pressure falls below the 5
psid required to hold the valves open, and the SRVs close. The operators are
assumed to take no action to increase pneumatic supply pressure. This stops
steam flow from the primary system to the suppression pool until the reactor
vessel repressurizes and 11fts the SRVs on high vessel pressure (approximately

1100 psia). Therefore, the containmment pressurization is essentially halted

during this period of reactor vessel repressurization. LPCI and LPCS injec-
tion ceases as the primary system pressure rises above their injection
capability.

After the vessel is repressurized and the SRVs open and permit steam
to flow to the suppression pool, the continuing heatup of the suppression pool
results in pressurization of the containment until the assumed failure pres-
sure of 132 psia is reached at 32 hours. Containment faflure is assumed to
fail the low pressure injection systems. This could potentially result from
mechanical failures (piping movement and rupture) induced by containment
failure, from electrical failures due to a steam enviromment in the reactor
building, or possibly due to insufficient NPSH and large scale cavitation in
the low pressure pumps. Knowledge of the actuai failure mechanism is not
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required for this ar2iysis but may be necessary for the assessment of core
damage probabilities and public health risk.

As the containment depressurizes, the ADS-SRVs reopen when the
actuating gas-drywell atmosphere differential pressure reaches 25 psid. This
occurs when the drywell pressure decreases to 90 psia at 37 hours.

With the assumption of no further injection after loss of low
pressure injection, the gradual boil down of reactor water inventory results
in the top of the core being uncovered at about 34 hours. As the water level
continues to boil down further uncovering the core, melting in the upper
region of the core begins at about 39 hours. At approximately 40 hours when
20% of the core inventory is molten and has collected on the core plate, it is
assumed to fail. This is equivalent to 153 fuel assemblies (764 assemblies in
the core) achieving a molten state. Since the assemblies are supported from
below by the CRD guide tubes, melting of the material and the subsequent flow
into the bypass region will begin to load the core support plate which is only
designed for transverse loads. Accumulation of this molten mass of UO2 and
the associated Zircaloy is assumed to fail this structure and allow the molten
debris to flow into the lower plenum. The influence of this assumption on the
overall effects is discussed in the uncertainty analysis report for Subtask
22.4,

The reactor pressure vessel fails within a few minutes after the
core plate fails due to rapid melting of the instrument and CRD tubes that
penetrate the bottom vessel head. Vessel failure and the subsequent genera-
tion of zteam as the core debris mixes with water on the base mat results in a
secondary pressure rise in containment from 90 psia to 96 psia. Heatup of the
drywell occurs with temperatures reaching 1500°F at approximately 62 hours.

The slow boil down of reactor water results in a relatively long
period during which the fuel cladding fs at high temperature in a steam
environment resulting in oxidation. During the period from 36 to 40 hours
into the sequence, approximately 430 1bm of hydrogen are generated.
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This analysis demonstrates that plant operators have a significant
amount of time (nearly two full days) to take action to prevent fuel melting
and preserve contaimnment integrity. A number of alternative means of arrest-
ing this sequence exist which were not included in this analysis but which are
explicitly called for in the Peach Bottom plant specific procedures. Section
5 discusses some of these alternatives and their impact on the course of the
accident. Appendix B includes several plots showing results for this
sequence.

4.2 Plant Response to the TC Sequence (Without Operator Action to Reduce

4.2.1 Sequence Description

This sequence is assumed to be initiated by MSIV closure followed by
failure of the reactor protection system to scram the reactor as well as
failure to initiate standby liquid control (SLC). Successful recirculation
pump trip occurs and both high pressure (HPCI and RCIC) and low pressure (LPCI
ana LPCS) injection systems are available until either high suppression pool
temperatures or insufficient NPSH cause loss of these systems*., CRD flow
remains on until the inventory in the CST is depleted. The condensate pump is
assumed to be unavailable. No operator actions are assumed to either control
power level by reducing reactor water level or to utilize alternate means of
injection. The operator is assumed to follow the written procedures for
venting the wetwell to protect against containment overpressurization. For
this sequence, the steam release would exceed the capacity of the SGTS system
and would be discharged to the reactor building. Temperatures within the
buflding would exceed that required to fail the fusible links on the fire
dampers of the SGTS, thereby isolating the system. In this sequence, it is
assumed that pumping capacity is lost after wetwell venting is initiated. The
low pressure ECCS pumps have been tested in a steam environment and have
performed satisfactorily. Therefore, it should be noted this is a conserva-
tive assumption regarding pump performance and that the core would not be
damaged if the pumps continued to operate.

¥NPSH was treated in a similar manner as discussed for the TW sequence.
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Primary System and Containment Response

The timing of the key events for this sequence is summarized in
Table 4.2. Plots of key parameters are presented in Figs. 4.6 through 4.12.
This sequence is characterized by rapid heatup of the suppression pool resylt-
ing in loss of the high pressure injection systems, wetwell venting and loss
of low pressure injection systems. This is followed by core melting and
vessel failure.

As in TW, this sequence is assumed to be initiated by MSIV closure
isolating the reactor from the power conversion system., However, it is
assumed that the reactor fails to scram and that subsequent initiation of
standby liquid control is not attempted or is unsuccessful. It is also
assumed that condensate flow is unavailable. Successful recirculation pump
trip followed by initiation of HPCI and RCIC at approximately 1-1/2 minutes
results in an estimated reactor power level of 18 percent of normal. This is
based on the power level required to beil off reactor water at a rate equal to
the total injection rate at this time. If the power level were greater than
this, the reactor water level would boil down resulting in a power level
reduction until this balance was achieved. This power level was zonfirmed to
be in the correct range with a neutronics model, RETRAN, and assumes no
operator action is taken to throttle injection to reduce power level.

Steam flow through the SRV lines results in suppression pool heatup.
Av approximately 26 minutes, the suppression pool reaches 200°F resulting in
the assumed degradation of the HPCI pump bearings causing loss of this system.

RCIC injection is insufficient to maintain water level while the
core is at 18% power. Therefore, the level boils down resulting in low
pressure system (LPCI, LPCS) initiating signals at 36 minutes, ADS actuation
at 38 minutes and effective low pressure injection at 40 minutes. Before low
pressure injection can be established, reactor water level drops to the top of
the core, but no fue! overheating occurs. Reactor power level is linearly
reduced to six percent of normal [4.4] as the water level decreases from a
level 20 ft above the core inlet down to the top of the core which is reached
at 37 minutes. After this time the power level continues to be a function of
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Table 4.2
PEACH BOTTOM - TC
EVENT SUMMARY

A

Time Event
0 Transient (MSIV closure)

3 sec Failure to scram

1.7 min HPCI, RCIC on
26.4 min HPCI assumed lost (SP at 200°F)
38 min ADS on

40 min LPCI, LPCS on (reduced flow)
54 min RCIC lost

1.3 hr ADS valves close

1.3 hr Top of core uncovered

1.3 hr Open wetwell vent

1.3 hr LPCI, LPCS assumed lost

1.5 hr ADS valves renpen

3hr Start of core melting

3.9 hr Vesse! failure

6.9 hr CRD flow ceases
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reactor water level and {s balanced by the primary system pressure, the
resulting injection rates of LPCI and LPCS and the relief capacity through the
ADS valves. This results in the water level hovering near the top of the
core.

RCIC suction remains from the CST until 54 minutes when it is
automatically transferred to the suppression pool and a:ssumed lost due to
bearing degradation. However, low pressure injection is sufficient to main-
tain reactor water level near the top of the core.

As the containment pressure rises due to suppression pool heatup,
the SRVs previously actuated by ADS close when the drywell pressure reaches
110 psia for the reasons discussed under the TW sequence. This occurs at 1.3
hours, causing rapid repressurization of the reactor vessel and loss of
injection by the low pressure systems (LPCI, LPCS). The rapid vessel repres-
surization and 1ifting of the SRVs on high reactor pressure result in con-
tinued containment pressurization until the wetwell is vented through a vent
area of 0.18 m2 (1.98 ftz) at a pressure of 115 psia which is reached at 1.8
hours. The vent size corresponds to the opening of a 2 in., 6 in. and 18 in.
vent lines from the wetwell. This depressurization and steam flow is assumed
to cause loss of the low pressure injection systems as a result of the same
possibie mechanisms discussed for the TW sequence. As the containment depres-
surizes, the ADS valves reopen when the pressure decreases to 90
hours), as discussed for the TW sequence.

With only CRD flow remaining, reactor water level boils down result-
ing in the start of core melting at about 3 hours. When 20% of the core has
melted core plate failure is assumed resulting in vessel failure at 3.9 hours.

Approximately 300 1bm of hydrogen are generated from cladding oxidation.

Following reactor vessel failure, the core debris disperses over the
pedestal and drywell floors. Orywell heatup begins at about 6 hours reaching
a temperature of 1500°F at approximately 13 hours. This occurs as a result of
radiative and convective heat transfor from the core debris which lies on the

Aoetal - -t dersn.nly &Y ana 3 " * s 2 ", ah 2 - N " , -
“o e & LD AL LR R AL i Q l:ldLIVCly Lien (B E- &cU‘“Cij " (] ‘0735

surface area. Appendix B i1ncludes other plots for this sequence.
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The influence of natural circulation within the primary system is
{1lustrated by Figs. B.15 and B.16 which show the structure temperatures and
decay power associated with the various primary system nodes. As illustrated
by these figures, the volatile fission products are initially released into
the upper plenum and deposited there as a result of both vapor condensation
and gravitational sedimentation. Over an extended time interval, the upper
plenum structure temperature increases and circulation is set up between the
upper plenum, the downcomer and the core, As the temperature continues to
increase, material is transported from the upper plenum into the downcomer,
where it is again retained and remains in this locale until all of the water
is vaporized in the downcomer. Following vaporization of the water, the
material deposited in the downcomer heats the structural mass, vaporizes and
is transported throughout the primary system and eventually into the contain-
ment. It is this release into the containment that is eventually transported
into the reactor building with a small fraction being released to the
environment,

The analysis of this sequence, which assumes no early operator

action to reduce power level, indicates that operators have approximately 1/2
hour after the core is uncovered to recover the core and prevent fuel melting.
The analysis also indicates that if fuel melting and vessel failure did occur,
operators would have approximately 22 additional hours to prevent containment
heatup above 1500°F and mitigate those releases resulting from revaporization
in the drywell through the use of such systems as HPSW for flooding or con-
tainment sprays, condensate pumps, and CRD flow.

Plant Response to the SIE Sequence

4.3.1 Sequence Description

This sequence is assumed to be initiated by a 0.1 ft° break in the

main steam line inside containment (drywell). High pressure inj

v

ection (HPCI
and PCIC) and low pressure injection (LPCI and LPCS) are assumed to be un-
available. Injection from the condensate pump is also assumed to be unavail-
able, but CRD flow is available urtil the inventory in the IST is denletad

It is assumed that suppression pool cooling is manually initiated at 10

v
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minutes into the sequence. No actions by the operator to establish alternate
means of injection to the core are assumed.

4.3.2 Primary System and Containment Response

The timing of the key events for this sequence is summarized in
Table 4.3. Plots of key parameters are presented in Figs. 4.13 through 4.17.
In general this sequence is characterized by loss of makeup to the core
resulting in fuel melting and vessel failure. However, suppression pool
cooling is available preventing the containment from overpressurizing on
steam. C(Containment failure occurs due to an overtemperature condition in the
drywell before sufficient noncondensable gas generation has occurred to
overpressurize the contaimment.
This sequence is initiated by a 0.1 ftz break in the primary system
at the elevation of the main steam lines. This causes rapid containment
pressurization to above the 2 psig set point for rcactor scram, resulting in a
successful scram within 7 seconds of initiation of the break. As the primary
system is rapidly depressurized through the break, a low reactor pressure
signal for MSIV closure is received, and closure occurs by 84 seconds isolat-
ing the reactor from the power conversion system and shutting down feedwater,
It is assumed that the condensate pumps fail to inject through the feedwater
pumps. As reactor water level boils down the high pressure (HPCI and RCIC)
and Tow pressure (LPCI and LPCS) systems are assumed to fail to inject water
into the core. Post-scram CRD flow (177 gpm) is sufficient to keep the core
covered until automatic depressurization (ADS) is actuated at 1.1 hours due to
high drywell pressure and low reactor water level, further depressurizing the
primary system. There is a low pressure pump permissive signal for ADS
because the residual heat removal (RHR) systems in suppression pool cooling
mode were manually initiated at 10 minutes. This depressurization causes
reactor water level to drop to near the bottom of the core at 1.5 hours. As
reactor water level boils down, the fuel overheats and oxidation of cladding
occurs. The core is heated up leading to fuel melting at 2.5 hours and vessel
fatlure at 3.4 hours  Approximately 240 Thm of hvdranen are generated hetween

1.5 and 2 hours.
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Table 4.3
PEACH BOTTOM - S]E
EVENT SUMMARY

Time Event
0 Break in steam line (0.1 ftz)

6.8 sec Reac r scrammed

84 sec MSIVs closed, feedwater tripped

10 min Suppression pool cooling on

1.05 hr Automatic depressurization on (ADS)
1.13 hr Top of core uncovered
2.5 hr Start of core melt

3.4 hr Vessel failure

15 hr CRD flow ceases

23 hr Containment failure (overtemperature)
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The pressure in the drywell rises initfally to about 40 psia as a
resuit of the steam line break. The steam is quenched in the suppression pool
and the pressure is about 45 psia at the time of vessel failure. Noncon-
densabie gas generation from cladding oxidation and initial ahlation of
concrete in the pedestal and drywell results in a further pressure increase to
about 55 psia. Heatup of the drywell atmosphere and structure from radiation
and convective heat transfer from the core debris commences, after the loss of
CRD flow, at about 17 hours.

When the temperature reaches 1200°F at 23 hours the containment is
assumed to fail with « 0.1 ftz break. The containment pressure is approxi-
mately 55 psia when the failure occurs, dropping to atmospheric pressure at
about 28 hours. Appendix B includes several plots for this sequence.

The analysis of this sequence demonstrates that operators have
approximately 2 hours to establish alternate injection to the reactor prior to
fuel meliting. If vessel failure did occur, operators would have an additional
20 hours to take action to preserve containment integrity and mitigate

releases.
4.4 Plant Response to the TQVW Sequence
4.4.1 Sequence Description

Tnis sequence is assumed to be initiated by loss of all off-site and
on-site AC power (station blackout). This results in reactor scram and loss
of the power conversion system. It is assumed that NC power is available for
a period «f & hours permittiny control of the steam driven HPC! and RCIC
systems to maintain injection to Lie core for this duration. After 6 hours,
no further injecticn is assumed avai.able and no operator action to utilize
alternate sources are assumed to occur.

§.4.2 Primary System and Containment Response

The kay events for this sequence are summarized in Table 4.4, Plots
of key parameters are presented in Figs. 4.18 through 4.22. In general, this
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Table 4.4 , H

PEACH BOTTOM - TQVW

EVENT SUMMARY

Time Event

C Loss of off-site and on-site AC power
4 sec Reactor scrammed
5 min High pressure injection on (KHPCI, RCIC)
6 hr HPCI, RCIC off (loss of DC power)
8.4 hr Top of core uncovered
11.4 hr Start of core melt
12.4 hr Vesse! failure
18 hr Containment failure (overtemperature)
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sequence leads to core melt and vessel faflure due to lack of coolant injec-
tion followed by containment failure approximately 6 hours later.

Loss of all AC power results in an immedifate reactor scram signal
followed by successful reactor scram within 4 secor.ds. The power conversion
system is lost and the stored energy and decay power are transmitted to the
suppression pool through the SRY lines resulting in suppression pool heatup.
The only coolant injection assumed available to the reactor is through the
HPCI and RCIC systems, because these pumps are steam turbine driven. All
other injection pumps require AC power,

HPCI and RCIC maintain reactor water inventory until OC power
required for control of these systems is lost, This is assumed to occur at 6
hours into the accident. It is assumed that heatup of the rooms containing
the HPCI and RCIC systems does not cause system failure because of the reasons
discussed below. After HPCI and RCIC are lost, the reactor water level boils
down uncovering the top nf the core at about 8.4 hours, During the boil down,
approximately 500 1bm of hydrogen are generated due to cladding oxidation.

The core begins to melt at approximately 11.4 nours, and the melting pro-

gresses until core plate and vessel failure occur at approximately 12.4 hours.
Prior to vessel failure the primary system is at a pressure of 1100 psia, due
to the assumption that the operator does not act to open SRVs and ADS actua-
tion does not occur due to the lack of a Tow pressure pump permissive signal.
The pressure in the primary containment rises sharply at vessel failure from
30 psia to 90 psia due to flashing of residual water in the vessel and
generation of noncondensable gases from initial concrete ablation and

tional cladding oxidation. After the residual water from the vessel is
vaporized there is no water available to quench the ccre debris. Thus con-
crete ablation is inftiated, but at a slower rate, generating additional gases
which continue to pressurize the containment.

The core debris during this time is dispersed over the pedestal and
drywell floors in a geometry that results in substantial thermal radiation to
the drywell atmosphere and structure, There 15 a significant temperature rise
in the drywell commencing ai r 13 hours. The assumed failure temperature of
1200°F 1s reached at approximately 18 hours when the containment pressure is
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at 105 psia.

4-40

Following the failure, the containment pre .ure decreases to

about 25 psia at 21 hours. Appendix B includes several plots for this

sequence.

The indicated progression of this sequence is not likely to occur if
one considers possible operator actions due to the following reasons:

Explicit plant procedures exist for the conservation of 0OC
capacity during a loss of AC power. Such actions would extend
the availability of DC power considerably beyond the 6 hours
assumed in this analysis.

For loss of AC power events, plant procedures require that the
HPCI and RCIC systems be placed in a manual mode of operation
such that any instrumentation failures which could result from
elevated room temperatures will not adversely effect s 'stem
operation. In additicn, it is expected that opening of the
ECCS compartment doors would provide sufficient room cooling to
prevent equipment failure.

Even if HPCI and RCIC were lost, additional means of vessel
makeup are available which do not rely on plant AC or OC power,
(i.e. fire trucks or diesel driven pumps through HPSW/RHR).
Plant emergency procedures call for the use of this type of
equipment under appropriate conditions.

The conservative analysis of this sequence described in this
section indicates that the operators have over 10 hours to

restore power or establish an alternative means of injection
prior to fuel melting.

[f fuel melting and vessel failure did occur, the operator
would have an additional 6 hours to take action to maintain
containment integrity to mitigate releases.
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Reactor Safety Study, WASH-1400, NUREG/75-0114, 1975.
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5.0 PLANT RESPONSE WITH RECOVERY ACTIONS

-- TO BE SUPPLIED LATER --
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6.0 FISSION PRODUCT RELEASE, TRANSPORT AND DEPOSIT

6.1 Introduction

The phenomena of fission product release from the fuel matrix, its
transport within the primary system, their release from the primary system
into the containment, their deposition within the containment and the subse-
quent release of some fission products frem the containment are treated
through the use of MAAP [6.1]. Release of fission products from the fuel
matrix and their transport to the top of the core are treated by a subroutine
in MAAP which is based on the FPRAT code [6.2]. Transport of fission products
outside the core boundaries is determined by the natural and forced convection
flows modeled in MAAP with the gravitational sedimentation described in Ref.
(6.3] and other deposition processes described in Ref. [6.4]. Fission oroduct
behavior is considered for the best estimate transport, deposition and reloca-
tion processes. Influence of surface reactions between chemically active
substances like cesium hydroxide and other uncertainties are considercd in
subtask 23.4. The best estimate calculation, assuming cesium iodide and
cesium hydroxide are the chemical state of cesium and iodine, is discussed
below.

6.2 Model ing Approach

Evaluations of the dominant chemical species in Ref. [6.5] show the
states of the radicnuclides (excluding noble gases) which dominate the public
health risk to be cesfum iodide and cesium hydroxide, tellurium oxide .nd
strontium oxide. These and others are considered in the code when calculating
the release of fission products from the fuel matrix., Vapors of these domi-
nant species form dense aerosol clouds in the upper plenum, in some cases
approaching 100 glm3 for a very short time, which agglomerate and settle onto
surfaces. Depending upon the chemical compound and gas temperature, these
deposited aerosols can be either solid or liquid. At the time of reactor
vessel failure, some material remeins suspended as airborne aerosol or vapor
and would be discharged from the primary system into the containment. The
rate of discharge is determined by the gaseous flow between the primary system
and containment which is sequence specific. (It should be noted that some
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fissfon products can be discharged into the containment before vessel failure
through relfaf valves or through breaks in the primary system. This is also
sequence specific.) This set of inter-related processes are treated in MAAP
and essentially result in a release of all airborne aerosol and vapor from the
primary system into contairment immediately following vessel failure.

As a result of the dense aerosols formed when fission products are
released from the fuel, considerable deposition occurs within the primary
system prior to vessel failure. For som accident sequences, the primary
system may be at an elevated pressure at the time of core slump and reactor
vessel failure. Resuspension of these ae 0sol deposits during the primary
system blowdown is assessed :n Ref. [6.6] in terms of the available experi-
mental results and basic modeis. It is concluded that resuspension immediate-
ly following reactor vessel failure would not be significant, less than 1% of
the deposited materials, even for depressurizations initiated from the nominal
operating pressure. For delayad containment failure, this small fraction of
material is depleted by in-containment mechanisms,

Therefore, a major fraction of the volatile fission products are
retained within the primary system following vessel failure, the distribution
being determined by the MAAP calculations prior to vessel failure. Natural
circulation through the primary system after vessel failure is analyzed using
MAAP which allows for heat and mass transport in various nodes of the reactor
vessel and the steam generators including heat losses from the primary system
as dictated by the reflective insulation. Material transport is due to
aerosols and vapors as governed by the heatup of structures due to radicactive
decay of deposited fissfon products. This heatup is principally determined by
the transport of cesium iodide and cesium hydroxide by the natural circulation
flors. In this regard, the vapor pressure of cesium hydroxide is applied to
both the cesfum iodide and cesium hydroxide chemical species. In essence,
this assumes trat the solution of cesium iodide and cesium hydroxide has a
vapor pressiure close to that of cesium hydroxiue, which is a conservatism in
the calculations. In carrying out these calculations, the pressurization of
the primary system is dependent upon the pressurization of the containment and
the heating within the primary system. These determine the in- and out-flows
between the primary system and containment.
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Deposition within the containment is calculated using thermal
hydraulic conditions determined by MAAP. The major aerosol sources are the
releases prior to vessel failure (sequence specific), the airborne aerosols
and vapors transferred from the primary system at the time of vessel failure,
the subsequent releases from the primary system due to long term heatup, and
concrete attack. At the time of containment failure, the remaining airborne
aerosol and vapor can be released to the environment. Assessments of the
potential for resuspension of deposited aerosols following containment failure
[(6.6] show this to be negligible.

6.3 Sequences Evaluated

6.3.1 TW Fission Product Release

As previously described the TW sequence is very extended. Essen-
tially a day is available to take corrective action to prevent containment
failure. Also, failure of the ECCS systems following containment failure is
by definition, not the result of a mechanistic process. With the assumption
of no corrective action and loss of all injection results in containment
failure prior to melt-through of the reactor pressure vessel. Table 6.1 shows
the Csl distribution at vessel failure. Oue to the relatively low flcws to
the suppression pool and the large settling area in the upper plenum 93% of
the Csl remains in the primary system. After vessel failure the core debris
begins (o heat the drywell. Fission products deposited within the primary
system heat the structures, vaporize and move within the primary system to
colder surfaces. This material transport is {1lustrated in Figs. B.3 and B.4
of Appendix B. Eventually the entire primary system achieves sufficient
temperatures to begin transporting the fission products out into the contain-
ment. At this time (» 60 hrs) the fission products begin to be discharged
into the reactor building. The ultimate Csl distribution at 120 hrs into the
accident is shown in Table 6.1 and the fraction release of all fission pro-
ducts at this time is shown in Table 6.2.
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Table 6.1

DISTRIBUTION OF CsI IN PLANT AND ENVIRONMENT
(FRACTION OF CORE INVENTORY)

At Vessel Failure

TC

RPY

Drywell

Suppression Pool
Secondary Containment

Environment

At Containment Failure

rr
v

RPY

Drywell

Suppression Pool
Secondary Containment

Environment

Ultimate Distribution

-, -

FPV

Orywel]

Suppression Pool
Secondary Containment

Environment
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TW FISSION PRODUCT RELEASE

Assumptions

Containment Faflure Location - Drywell, E1 165'

Containment Faflure Sfze - .1 ftz

Fission Product Release Fraction
Group to Environment
Cs, I 0.13
Te, Sb 0.13
Sr, Ba 9E-5
Ru, Mo 4E-4

Time of Release: 34 hr.

Duration of Release: 80 hr.
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6.3.2 TC Fission Prnduct Release

The MAAP analysis of this sequence shows an inftial deposition of
volatile fission products in the reactor vessel and a subsequent redistribu-
ticn among the different vessel regions after vessel faflure as these fission
products revaporize due to decay heat.

As indicated in Table 6.1, prior to vessel failure, most of the
inventory of volatile fission products is retained in the vessel upper plenum,
but significant quantities are transferred to the suppression pool at vessel
failure and for several hours thereafter.

The drywell temperature is maintained at a moderate level by the CRD
water, which flows into the pedestal and cools the debris by vaporization.
After the CST is depleted, the drywell temperature increases to levels which
could threaten the integrity of electrical penetrations and allow a bypass of
the suppression pool. As the drywell heats up after vessel failure due to the
core debris on the floor, heat is transferred to the reactor vessel which
ultimately comes into thermal equilibrium with the drywell. As the vesse!
heats up, all of the volatile fission products retained in the vessel are
revaporized and are convected out of the vessei at a low flow rate. These
fission products are released from the vessel and transported into the drywell
where some are deposited and others are transported to the suppression pool.
The drywell is assumed to fail at a temperature of 929 K (1200°F;, which
allows the afrborne fission products to bypass the suppression pool. As a
result of the elevated drywell temperature the material is transported mostly
as vapor and little deposition occurs in the drywell. At this time a sigaifi-
cant amount of concrete aerosols are being released due to core-concrete
attack in the pedestal region. The volatile fission products conuense and
form aerosols as they flow into the reactor building along with the inert
aerosols. Most of these materials are removed due to gravitational settling
and condensation within the building. Consequently a relatively small frac-
tion of the volatile fission products are released to the environment as
indicated in Table 6.3.
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Table 6.3
TC FISSION PRODUCT RELEASE

Assumptions

Containment Failure Location - Drywell, E1 165

Containment Failure Size - .2 ‘tz

—

Fission Product Release Fraction
Group to Environment

0.034
0.066

Time of Release: 13 hr.

Duration of Release: 50 hr.
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S;E Fissfon Product Release

This sequence was analyzed to determine the time dependent distribu-
tion of volatile fission products within the vessel, the rate of release from

v’
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reactor building and subsequently to the environment. It can be seen that
drywell heatup, which occurs from the core debris on the floor, influences the

long term heatup of the entire reactor vessel.

ODrywell heatup results in the revaporization of the volatile fission
products which have been retained in the drywell. Most of this material is
convected from the drywell to the reactor building within five hours after
containment failure. Revaporization in the reactor vessel is also occurring,
but due to low flows from the vessel to the drywell most of the release from
the vessel is not complete until about 20 hours after containment failure.
This material is passed through the drywell to the reactor building. As
indicated in Table 6.1, none of the volatile fission products are ultimately
retained in the reactor vessel or drywell. Aerosols initially released from
the containment would be sucked irto the SGTS system and retained in the
filter. After about 80 kg were were accumulated in the filters, the reduction
in flow area would cause the SGTS fans to trip on low flow. With the
system shutdown, the building through flow is determined by the flow from the
primary containment. This results in a long residence time in the reactor

building.

Gravitational settling of fission product aerosols in the reactor

building results in substantial retention in the building. The volatile

fission products released to the environment are given in Table 6.4.

6.3.4 TOVW Fission Product Release

Since SGTS is unavailable, the path tr the environment is through
the reactor building with direct leakage to *‘ne atmosphere. The reactor
building flow races are governed solely by the containment break flow and the

ensuing thermal hydraulic conditions in the reactor building. Therefore,
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Table 6.4

S]E FISSION PRODUCT RELEASE

Assumptions

Containment Faflure Location - Drywell, E1 135'

Containment Failure Size - 0.1 ft2

Fission Product Release Fraction ‘
Group to Environment

Time of Release: 23 hr.

Qurat.:n of Release: 30 hr.




DRAFT

there 1s no forced convection or fission product removal resulting from SGTS
operation,

As in the other sequences, drywel]l heatup contributes to the reactor
vessel heatup. As indicated in Table 6.1 most of the volatile fission prod-
ucts are in the reactor vessel and the suppression pooi at the time of con-
tainnent failure. The inventories of cesium, fodine and tellurium are some-
what less than those calculated for other sequences since the primary system
does not depressurize until the vessel fails. As the drywell and reactor
vessel heatup, revaporization of the volatile fission products in the vessel
occurs and they are convected out of the vessel with a Tow flow rate. Conse-
quently, most of these fission products are out of the vessel by about 25
hours after containment failure. These volatile fission products pass through
the drywell as vapors and into the comparatively cool reactor building where
they condense to form aerosols and result in substantial gravitational set-
tling. The effectiveness of this removal mechanism is enhanced by the low
temperature and the Tong residence times in the reactor building because of
the absence of forced convection from SGTS operation. Consequently, only
0.05% of the Cs and I is released to the environment as indicated in Table
6.5.
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TQVW FISSION PRODUCT RELEASE

Assumption-.

Containment Faflure Location - Drywell, E1 135'

Containment Failure Size - 0.1 ftz

Fission Product Release Fraction
Group to Environment

Cs, I 0.05

Te, Sb 0.04

Sr, Ba 5E-5

Ru, Mo 2E-4

Time of Release: 18 hr.

Duration of Release: 30 hr.
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General Electric Company, 1982.



7.0 SUMMARY OF RESULTS RAF l

Four severe accident sequences were analyzed for Peach Bottom,

These sequences were identified in Task 3.2 as dominant sequences that could
potentially lead to core melting. The analyses assumed the accidents pro-
ceeded with minimal operator intervention in order to determine the timing and
mignitude of the major phenomenological events. The results of MAAP produce
time estimates for core melting, vessel failure, and containment failure as
well as estimates of fission product release. The results of the analyses of
the four sequences are shown in Tables 7.1 and 7.2. As seen from Table 7.1
all sequences led to core melting. Assuming the pressure and temperature
failure criteria utilized in these analyses, tw. sequences resulted in con-
tainment failure due to pressure. Containment failure for the other two
sequences resulted due to high temperature which occurred prior to the over-
pressurization criteria. Table 7.2 compares the results of the analyses with
WASH-1400. The release fractions of fission products are consicerably less
than those reported in WASH-1400 due to the more realistic modeling of fission
product behavior as well as the transport paths from the containment to the
environment. In additfon the results indicate that the release of fission
products to the environment occurs from several hours to over a day after
fnitiation of thre accident.

The base sequences were r2analyzed with MAAP to demonstrate the
effectiveness of selected operator actifons in mitigating the consequences of
these severe accidents. The examples presented in Section 5 demonstrate that
proper orerator actions are extremely beneficial, There are several alterna-
tives available to operators with present systems and procedures at various
stages of the accident sequences to bring the plant to a safe stable state.
The assumption that these actions are not taken in the base seguences is

unrealistic and makes these cases very low probability events.

Sectifon 5 describes the capabilities that exist at Peach Bottom for
venting primary containment. As indicated, venting capacity from the wetweil
and drywell is extensive. The gases released from the small 'ines through the
Standby Gas Treatment System and all 1ines connected to the wetwell are
effectively filtered or scrubbed prior to release. The effectiveness of
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SUMMARY OF MAAP RESULTS FOR BASE SEQUENCES*

(Based on Assumed Criteria)

Event ™ TC S,E TQVW
ECCS Start (hrs) 0 0 NA 0
ECCS Stop (hrs) 32 1.8 NA 6
Core Uncovered (hrs) 34 1.3 31 8.4
Cladding Temp. at 2000°F (hrs) 36 2.% 1.6 9.8
Fuel Melting Begins (hrs) 39 3.0 2.5 11.4
Vessel Failure (hrs) 40 3.9 3.4 12.4
fuel Melting Complete (hrs) 75 ¢2 30 35
Containment Failure (hrs) 32 NA 23 18
Orywell Temp. at 600°F (nrs) 45 9 19 14
Orywell Temp. at 1500°F (hrs) 62 14 27 21
Max. Containment Pressure (psia) 132 15 55 105
In-Vessel Zirc Oxidation (1bm H2) 430 300 250 500
Contzinment Failu~e Mode °res NA Temp Temp

*These sequences assume minimal operator intervention.




Table 7.2

SUMMARY OF FISSION PRODUCT RELEASE FRACTIONS(.)

Sequence WASH-1400
F.P. Group ™ TC 5,E TQVW awr2(P) awr (€)
Cesium, lodine 0.13 0.034 0.01 0.05 0.50, 0.90 0.10
Teilurium 0.13 0.066 0.01 0.04 0.30 0.30
Strontium 9x107° &x10° 2x10° 5 x 1072 0.10 0.0
Ruthenium ax10t  2x10Y  6x10° 2 x 1074 0.03 0.02

(‘)Fraction of core inventory released to the environment.

(b)Containment failure prior to vessel failure; can be compared with

(TW, TC).

‘C)Failure to scram or remove decay heat; can be compared with (TC, SIE.

TQVNW).

€~

LiVHR



DRAFT

venting in reducing pressure is also demonstrated in Section 5 for the TW
analyses for which it was assumed operators vented from the wetwell in ac-
cordance with existing emergency procedures.

It is apparent that a large margin exists in suppression pool
venting capacity. Thus, mitigating features such as additional containment
vent filters (FVCs) are of considerably diminished incremental value, in the
unlikely event that venting would be reguired.

Review of the base sequences, as well as those with operator inter-
ventions, indicates that through realistic assessment of ghenomenclogy,
releases are reduced and delayed and safe stable states are achievable.
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8.0 CONCLUSIONS

Task 23 analyses for Peach Bottom have demonstrated several key
items relevant to nuclear power plant severe accident analysis for BWRs with
Mark I containment designs similar to Peach Bottom.

1. The viability of the Modular Accident Analysis Program (MAAP)
in analyzing challenges to containment resulting from degraded
core accidents has been demonstrated. This provides an inde-
pendently developed alternative to the models available prior
to the IDCOR Program.

2. The use of MAAP to more realistically determine the release of
fissfon products to the environment foliowing a set of selected
Tow probability, degraded core nuclear power accident seauences
indicates that, in general, radionuclide releases would be
smaller fractions than those previously estimated in WASH-1400
for similar accident sequences. In addition these releases
would occur much iater in time.

3. Based on the sequences analyzed, it is clear that reasonable
actions by trained operators using existing systems and proce-
dures could effectively mitigate the accident consequences by
bringing the plant to a safe stable state. Additionally,
fission product releases could be substantially reduced from
those calculated in the base cases through the use of existing
primary containment venting capabilities and procedures.

4. The containment floor (pedestal) concrete ablation depths at
the time of containment failure illustrated in the graphs of
Section 4 indicate that base mat penetration is not a likely
mode of Mark I containment failure for severe nuclear power
accidents,
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Heatup of containment from radiative and convective heat
transfer from core debris on the containment floor may result
in a reduction of the ultimate pressure capability of the
containment for some sequences.

The reactor building (secondary containment) is extremely
effective in retaining aerosol and condensed volatiie fission
products released from primary containment.
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Q0N OVAD LI N 0 o o e o o o

)
)
)
)
)
)
)
)

TIDRPT DELAY TIME EOR RECIRC PUMP TRIP

ZLMSIV LOW WATER LEVEL EOI HSXV CLOSURE

s; LOw Uﬁlg LEUEt RPT

Wi HIGH VESSEL PR SSUBE EOR KPT

POWSCM WIGH DRYWELL PIESSUll SCRAM SIGNAL
EENRCH NORMAL FUEL ENRICHMENT

?XPO AVERAGE EXPOSURI IN_ MWD/ TONNE

CR PRODUCT [ON OF U239 TO AESORBTION IN FUEL
FEEAF  RATIO OF FISSILE ABSORBTION TQ TOTAL FISSION
EQFR1 FISSION POWER ERACTION OF U235 AND PU24I
FOFR2 FISSION POWER FRACTION OF PU239

xpekDr BIIRA"0e'CHD rues o O U

XDCRDT OUTER DIAMETER OF CRD TUBES

NINST NUMBER OF INSTRUMENT TUBES

XTHCRD THICKNESS OF CRD TUBE WALL

YDINST OUTER DIAMETER OF INSTRUMENT TUBE
XDRIVE LOWER CRD DRIVE QUTER DIAMEIER

LIS A A LA T

.2143700

AEGPS AKEA OF UPPER PLENUM HEAT SINK
XTRV  THICKNESS OF LOWER VESSEL HEAD
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111 0.00 TIFWCD TIME SINCE MSIV CLOSURE SIGNAL VS. FEEDWATER PS
112 0.D0 COASTDOMN MASS FLOM RATE PS
113 0.00 8 TINE POINTS,8 FLOW RATES PS
114 0.00 PS
115 0.00 PS
116 0.00 PS
117 0.00 PS
118 0.00 PS
He SR WEWCD pe

0. ;é
13 8:00 14
i :

x P

126 0.00 PS
127 S5.96D6  PLMSIV LOW RPY PRESSURE EOR MSIV CLOSURE PS
120 63.3500 ZMSL  ELAVATION AT CENTER LINE OF THE WAIN STEAN LINE 4

=
g

ACSHS(1) CORE + LOWER PLENUM
CARBON STEEL-MEAT SINK HEAT TRANSEER AREA

ol o
hh
140.00  ACSHS(2) UPPER P
§§ 08 :ccsuiﬁ)%oné A
% ging 35232;3 COR ER PLENUM CARBON STEEL MASS
™ -
$ 0% 3t GO eLRuER
50,03 (3)  DOWNCOMER
. M : z
1 0.00 MHS(1) CORE + LOWER PLENUM HEAT SINK MASS
12 100.03  MMS(2) UPPER PLENUN
3 8' WHS(3)  DOWNCOMER
; » (4)
16 8'00 :Q'Q?I; CORE + LOWER PLENUM CAKBON STEEL 10 DRYWELL
O R
}l 240.00 Acsx(g) unconkn
19 0.0 ACSX(4)
20 0.D0 ACSX(S)
21 0.D0 AWSX(1) CORE + LOWER PLENUH HEAT SINK 10 DRYWELL
H s we ML
%3 0.00 ANSX(%) fi
gg 0.00 ausx«g)
0. AMSX(S)
2: 100.00  AGCS(1) cgﬁ; + 100:: rtsuun GAS TO CARBON STEEL
27 5.03 AGCS(2) urr:n rLGu
28 g«.no ascs:a; DOWNCOMER
33 0188 ﬁi& )
a1 0.00 AGHS(1) CORE + LOWER rnsnun GAS TO WEAT §INK
g 3.06 AGHS(3) ﬂOu ng
gg o.gg AGHS (4)
0. (5)
3% 8.000 XL(1)"  CORE + LOWER PLENUM LENGIHW
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37 S.0 XL(2)  UPPER PLENUM LENGTH
3 10.00 XL(3)  DOWNCOMER LENGTH
kL 0.00 XL(4)
40 0.D0 XL(S)
§ 11:00  AG(3)  UPBEn PLENUM FLOU AREA . oA

13:00  AG(D)  DOUNCONER FLOW-AREA
A4 0.D0 AG(4)
A4S 0.D0 AG(S)
4% S5.D0 DH(1) HYDRAULIC D1an TER EOR conE REGION
47 L1500 DH(2) WYDRAULIC DIAMETER EOR UPPER PLENUM
48 .4D0 DH(3) HYDRAULIC DIAMETER EOR DOWNCOMER
49 0.D0 DH(4)
S0 0.00 DH(S)
51 0.D0 GCO  RPV CONVECTION LOSSES AT TIME ZERD
235.:35°° EINPLT NUMBER OF LAYERS IN REELECTIVE INSULATION
01 3.8100  XZEUEL LENGIM OF ACTIVE FUEL
02 S$.210-3 XREUEL RADIUS OF FUEL reLL:r
03 8.130-4 XTCLAD THICKNESS OF CLADDING
04 3.5D4 MZRCAN TOTAL MASS OF ZR IN ASSEMBLY CANS
05 1.704 MBCR  TOTAL MASS OF CONTROL anaoss IN KEACTOR CORE
06 3.048D-3 XZRCAN CAN WALL THICKNESS
:: :gg;oé : x;ﬂczngsn aorron, 1,10 1S CENTER TOP, 2,1 IS SECOND RADIAL
87 1.061 nz 5’!ax(? {; Eiixxne tACtOl Eg; :ggt tg.{;
63 I R BN cidn I6 e (1)

. '

12 }.31933 EFEA«(%,%) E n& ; R FOR NODE (5{2)
17 .44200  EPEAK(3,2) PEAKING sacron FOR NODE (3,2)
2% 1331300 EPEAK(3'3) PEAKING EACIOR OB NODE (3'3)
33 .43530 g:fax(g.gx faxfns FACTOR FOR NODE (3.3)
31 1.%9200 EPEAK(1,4) PEAKING FACTOR EOR NODE (1,4)
32 1.34800 [EPEAK(2,4) PEAKING EACTOR FOR NODE (2.4)
33 ,48900  FPEAK(3,4) PEAKING FACTOR EOR NODE (3,4)
39 1.60500 FEPEAK(1,5) PEAKING EACTOR FOR NODE (1.%)
40 1,358D0 EPEAK(2,5) PEAKING EACTOR EOR NODE (2.5)
41  .49300  FPEAK(3,5) PEAKING EACTOR EOR NODE (3,5)
47 1.63100 EPEAK(1,6) PEAKING FACTOR EOR NODE (1,6)
4@ 1.38100 EP ‘“‘3'2’ raaxine FACIOR EQk NODE (g,s)
49 .501D0  EPEAK(3)6) PEAKING EACTOR EOR NODE (3.6)
S§ 1.567D0 EPEAK(1,7) PEAKING FACTOR EOR NODE (1.7)
g; 1,32600 EPEAK(2,7) PEAKING E«CIOR EOR NODE (2,7)

. 48200 "E‘“(3'7) PEAKING FAZTOR EOR NODE (3,7)
3 1.541D0 EP AK(%,:) ING sacr R EOR NODE (1,8)
A 1igoqno rrsnx: - ; {no T0R EO: :ggs zg.g;
?? i. 380 f:iﬂﬁ«fﬁg) F!ﬁﬁ‘=8 E:@Iga OR NODE (1,9)
72 .986D0  EPEAK(2,9) PEAKING EACTOR EOR NGUE (2,9)
73 [3%58D0  EPEAK(3,9) PEAKING FACTOR EUR MODE (3'9)
79 'Z§7°° 5:5:::1'13;55251"6 s:cro: EO: NODE (1,10)
3? .23883 sreaxtgiio)raaxizg EAE¥8 Eg nog! (3 i

87 0.33D0 XCHIM UNHEATED FUEL LENGTM AT TOP OF CORE
88 1.0-7 XIZROX INITIAL CLADDING OXIDE THICKNESS

RENG INEERED SAFEGUARDS
o1 2.00 NLPCI1 NUMBER OF LPCI PUMPS IN LOOP 1
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02 3.0 NLPCI2 NUMBER OF LPCI PUWPS IN LOOP 2 ES
03 0.0D0 NLPCI3 NUMBER OF LPCI PUMPS IN LOOP 3 ES
83 4.0D00 NLPCSP NUMBER OF LPCS PUMPS ES
0.0D0 NOT USED
06 100.D0 VANCST MIN, WATER VOLUME IN CONDENSATE STORAGE TANK ES
07 1.0051D-3 VNCST SPECIFIC VOLUME OF CST WATER ES
Ak PUMP CURVES ARE DEFINED SO THE FIRST PRESSURE ENTRY CORKESPONDS WITH
% 8 f%:&t W'L’lr’gﬁ‘llg ‘LW'&HN;.'UIV!S FOR ECCS S
.88‘ :'F:;E (é) P;é' VS VOLUMETIRIC FLOW S
. (3) HPCI ES
12 3.?‘“ ;N"PCH(S), Es
i 1:3%e PHECIO) ;
15 6.17D5 PHPCI(B) ES
16 .31567D¢ WH’C{(%) S
17 .3156700 WVHPCI(2) S
19 1313700 WMPEI() &
50 -glgg;gg mmlis)) ES
3 31000 WoMRc(3) S
3 0.0D0 WUHPCI(8) ES
4 2.17206 PLPCI(1) LPCI ES
B Rl :
27 1.6606 PLPCI(4) ES
28 1.4788D6 PLPCI(S) ES
29 1.065D6 PLPCI(H) ES
30 7.894D8  PLPCI(T) ES
31  1.0134205 PLPCI(®) ES
32 0.D0 WL’CI&I; ES
1 b3t WHEHS g?
35 g.i;ﬁn’l “UzLPCX(Q) S
. o ()
B EgE mm i
8 .05D-1 WVLPCI(?) ES
39  6.31D0-1 WVLPCI(@) ES
40 2.09906 PLPCS(1) LPCS S
41  2.03D6 PLPCS(2) S
42 1.961D6 PLPCS(3) ES
43 1.89206 PLPCS(4) ES
:0 1.03406 PLPCS:S; ES
@ 492808 PLRR() £
47  1.013420S PLPCS(8) ES
48 0.D0 WVLPCS(1) ES
49 .041D0 WVULPCS(2) ES
30  .063D0 WVLPCS(3) ES
Si . 07?00 :vVLPCS‘( ‘)) ES
3030 WHED) B
54 .1895D0 WVLPCS(?7) ES
S . 24600 WVLPCS(8) ES
7 7.0D6 .Clctl; RCIC fg
{ i
. )
;2 3.006 PRCIC(S) ES
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77 2.006 PRCIC(6) ES
78 1.134D6 PRCIC(?) ES
79 6.1705  PRCIC(8) £S
80 .03788D0 WVRCIC(L) ES
.037 WRCIC(D) £
- WuRC IC (%)
: WRCIC(4) ES
84 .oagg:no :3lcxc:s; :g
g .03788 wﬁﬁ«?» £
87 0.000 WVRCIC(8) ES
3; 57,6600 ZLHPCI LOW WATER INITIATION FOR WPCI ES
1.151305 PSHPCI WIGM DRYWELL PRESSURE SET POINT EOR WPCI ES
9 25.00 TOMPCI TIME DELAY FOR un,r £S
91 6.205D5 PMMPCI WINIMUM VESSEL PRESSUK: FOR MPCI TURBINE S
92 50.D0 ZLHPCS LOW WATER INITIATION EOR WPCS S
93 1.151305 PSHPCS nxgg gnxugnL PRESSURE SET POINT EOR HPCS ES
39 3% IE“FE? L0u watER m?mﬁ& W EOR LPCI £
9 1,i51305 PSLPCI WIGM DRYWELL P ssuns SET POINT FOR LPCI ES
97  24.00 IDLPCI TIME DELAY EOR g‘ 5
98 3,2057D6 PLLPCI LOW VESSEL PRESSURE PERMISSIVE FOR LPCI LOCA SIGNAL s
99 S54.7900 ZLLPCS LOW WATER INITIATION FOR LPCS
100 1.15130% PSLPCS HIGH nnruzLL rasssuns SET POINT FOR LPCS ss
103 xzioo BLEPES Lou: °§L‘{ lt PEKMISS IVE FOR LPCS LOCA SIGNALES
t83 37.22 itkfié t83 uang 1nxf? yxou léf ss
104 1.151305 PSRCIC WIGH onrusxn rnsssua: s:r POINT EOR RCIC
105 3o.ng TDRCIC TIME DELAY F é& f%
106 6.205,5 PHRCIC WINIMUM v!SSEL PKESSURE FOR RCIC TURSINE
107 1.35.4DS WCST  ENTHALPY OF CST ES
(i R I TLE oL IS o008 1 ML
#h PRESSUR ACTUA* 5 30 NTs
a%  1.E. snour #1 PSRV1=7.7
A GROUP 92 PSRV2%7.75D6........EIC
109 .26050-2 :s 1 ELOW :nta OF RELIEE JAL3: I;Pl £S
HY 82898 § adkvs &83 aREn OF RELIER VALVE T7PE 3% £
112 7D-2 ASRVA an A os RELIEF vaLv: TYPE #4 ES
A IF ruz AREA EOR G nou 3 r? 4S A NEGATIVE NUMBER THEN THESE
Ak VALV § WILL DISCHARGE DIIE TLY INTO THE DRYWELL, IF THE AREA 1S
#% POSITIVE THEN THESE VALVES DISCHARGE INTO TWE SUPPRESSION POOL
113 -.8659D-2 ASRVS ELOW AREA OF SAFETY vaLvs rvrx ' ES
114 1.000 NSRVI :3:::: OF r;;z 4 =Et§5 VALY Eg
HE &8:008  Nehv3 REE 8! b€ o3 RELIEE u.wE? £3
117 3.000 NSRVA F TYPE 04 RELIEF VALVES £S
118 2.00 :zavs nunnsn ot zrrs osvnznxzt VALVES ES
3Gl I OF A0 R R :
121 2.00 NADS3 BER OF ADS VALUES
122 3.00 NADS4 Nunssl OF ADS VALVES 1n GROUP 4 ES
133 7.717935 PSRV] PRESSURE SETPOINT FOR #1 KRELIEF VALVE ES
124 7.7179D6 PSKV2 PRESSUKE SETPOINT FOR 92 RELIEF VALVE ES
xgs 7.7730 gs PSRVI PPESSUKE SETPOIN ron #3 RELIEF VALVE £S
126 7.8557D6 PSRV4 PRESSURE SETPOINT FOR 94 nzn{g VALY ES
:37 g.eooggs PSRVS PRESSURE SETPOINT EOR #5 RELIEF VALY ES
128 54.79 LADS LOW WATER LEVEL FOR ADS INITIATION £S
1;3 115.1303 PSADS MWIGM DRYWELL PRESSURE SET POINT FOR ADS £S
130 105.00  TDADS TIME DELAY EOK ADS ACTUAT ION £S
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4% LPCS.LPCI HAVE NPSH REQUIRMENTS, RCIC AND HPCI TRIP ON WIGH SUPP POOL
< TENPERATURE

131 366.3300 TICHPCI INLET TEMP LINIT FOR WPCI ES
132 27.8800 ZCLMPS PUNP CENTER LINE ELAVATION FOR WPCS ES
‘{’33 32‘853‘6 “tt’ré PURP CENTER LINE ELAVATION FOR LPCS ]
}” 'o%w 'E‘ é’é'isrxiga:r'ﬂ:é&%;?lﬁiﬁ:trssicmm.rcox.n) E%
o I B i S T R e i
L0 1 e STRAY PALL WEIGHT N VETV S
{3 ii.ozuo XHSPDW SPRAY fau. uﬂ&% fn mu&t 53
A% THE FOLLOVING PUMP CURVES CAN BE USED TO DEFINE ANY INJECTION SYSTEM

143 1.3505  HWHPSW ENTHALPY OF WIGH PRES SERVICE WATER (MARK I ) ES
L D P O O O L Bt BESSURE P INT CORRESPONDS
AN BN VR RS ARE WPIATE OB TuAT PURP

145 1.D10 PHPSW(1) PPS VS. VOLUMETRIC FLOW FOR WPSW CORE INJECTION ES
146 ”ﬁc’ m:guu(‘ ) : (WARK 1 CORE INJECTION) g
lu llnlg PHPSW(4)

@ R

3? 1.010 msmg» %3
133 1980 Donpsui) b
{32 31798:% mrsz((z) £S
132 3;38-3 wn;guug; E
157 3.790-2 WVHPSW(S) Es
158 3.79D-2 WUMPSN(6) £S
{23 3:33% wad) £
STt S s S H A0 e 1) S S
fé glg?m ;gg.sl 1525 &Lar i.oism K 111 comiunsu? [ ]
i G T 1 e T i
{5 zinggg PDSRVA %iao ‘m% igl M k2
168 2.41305 PDSRVS DEAD BAND FOR SRV#S ES
169 7.4806  PTURMP(1) PPS-PWW VS, STEAM ELOW TO WPCI TURBINE £5
n 7.m§g nr'ggo't ) s
7 7.933 3 M $
72 7.92805  PTURMP(4) £S
173 7.92805 PIURMP(S) £S
174 7.92805  PIURMP(6) 5
172 7.92805  PTURMP(7) S
176 7.92805 PTURMP(8) £S
177 23.00 WSTHPI(1) ES
7= 12.00 THP1(2) £S
}7 ‘333 WSTHP1(3) £S
80 12. WSTHRI(4) ES
181 12.00 WSTHP () £S
182 12.D0 :sr:n:g)) ES
18 18 B ;
185 7.706 PIURRI(1) PPS-PWM VS, STEAM ELOW TO RCIC TURBINE £S
186 1.01306 PTURRI(2) £s
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187 1.01306 PTURRI(3) ES
188 1.01306 PTURRIC4) ES
189 1.01306 PTURRI(S) ES
190 1.01306 PTURRI(S) ES
191 1.01306 PTURRI(7) ES
3 L= g i
1;2 l.ogg WST %(5) ES
‘g "8§§ MeIRCIia) 3
139 1:8 VarRc1(s) 5
198 1.000 WSTRCI(6) ES
199 1.0D0 WSTRCI(7) ES
§8° {.oggs WSTRCI(R) ES
{ 1:138s06 PHIUSM rIGH HPCI TURBINE EXHAUST PRESSURE ES
202 3.77DS  PHTURR MIGH RCIC TURBINE EXMAUST PRESSURE ES
203 9.0794DS PCEAIL CONTAINMENT EAILURE PRESSURE ES
204 3.20206 PHLPCI MIGH PRESSURE TRIP soa LPCI £S
205 3.20206 PHLPCS WIGH PRESSURE TRIP EOR LPCS S
go; 33.64D0 ZMISP HIGH SUPP. POOL LEVEL FOR WP/RCIC SUCTION SWITCH  ES
07 0.00 ZLSPR LOW WATER LEVEL EOR AUTO WETWELL SPRAYS (W-1I1)  ES
%% IF THE DETAILED HEAT EXCHANGER IS NOT USED ONLY SUPPLY THE
A% NTU VALUE AND uunn:l OF WTXS
208 0.D0 NT NUMBER OF TUBES IN KMR MTX £S
209 0.00 NUMBER OF BAEELES IN RMR WIX ES
210 0.D0 xxnrux TUBE ID FOR RHR HIX ES
31} 9:5 x;g TUBE WALL THICKNESS FOR RMR WIX ES
12 0.00 TUBE CENTER TO CENTER SPACING FOR RWR WIX £S
313 0.00 X3Hx snztknazuaru FOR RHR MTX ES
14 0.00 RGEOUL EOULING EACTOR FOR RMR HTX £S
215 0.D00 KTHX  THERMAL CONDUCTIVITY FOR TUBE WALL (RMR WIX) ES
216 0.00 XBCHX BAFFLE CUT LENGTM ron RHR WIX ES
3 3' 0 §’¥3¥’ §“5§L xg Fo's'f' AP LENGTH FOR RMR WIX £
513 %9300 NTUMX1 RYUECR BME ma% o1 B
220 .654D0  NTUMX2 NTU EOR RMR WIX $2 ES
3 20 NHX nun;E! 8‘ RHR LOOP 41 n}x ES
- NHX RHR LOOP #2 WIX £S
333 5.00 EHX  TYPE OF RMR WIX(1=STRAIGHT TUBE,2=U TUBE) ES
4 21.603  TDBATT 3arrinr OPERATION TIME FOR STATION BLACK-OUT £ES
43 THE NPSH POINTS GQRRESPOND uern ;ns ABOVE FLOW RATE FOR THAT PUMP
233 0. ZHDL R RyE T roR Lot Tovs. FEDB  tAbo ES
ggg 0.0 (METERS) S
0. S
23; 7.80800 £S
237 7.576800 S
238 8 21300 5
239 8.37500 ES
m s.mno ES
4l 0.00 ZHDLPS NPSH CURVE FOR LPCS VS. FLOW (ABOVE) ES
gqg 7.96900 ES
43 8.02400 ES
§44 8.07600 £S
i3 Lo i
23’ s.xxéoo ES
4 g8
4 .88 CENTER LINE ELEVATION FOR RCIC PUWP
ggo 27.9388 ‘ENEER LINE s EVATION EOR WPCI PUMP
1 .009 VENT AKEA OF CONTAINMENT VENT ES
252 0.D0 ZCEAIL CLEVATION OF CONTAINMENT VENT IN WETWELL (MII ONLY)ES
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ISRVD AVERAGE ELEVATION OF SRV DISCHARGE IN SUPP POOL ES
TGDWHX(1) COOLING CURVE FOR DRYWELL COOLERS

TGDWHX(2) TEMP IN DRYMELL VS. HEAT LOSS RATE (J/S)
TGDWHX(3)

TGDWHX (4)

i
(6)
ﬁmm

( HEAT LOSS RATE FOR DRYWELL COOLERS (1/%)

§
fopees

e

SRR cininney

»>» P bt
S e b R
COOCVOVOOOCOOVOOCOO!

OGDWHX (4)
RaRu(2)
QGDWHX(7)
QGDWHX (8) -
Dw
ADRYWELL 0w
33 632?.00 |5uoou nﬂmv msmwm u‘c ut.llﬂlll.l. 3:
32 3:.3300 anu ::l. vA 3:0« n nm:u. FLOOR 33
05 37,2400  ZWDWWy ;ngxgu ornnn:u -mu % w:'“' Dw
§ §§ .c{% ?‘;’85 5:!?.,.2! Baon TonITERS 36 cEILING 05
hh EEs
2.‘.mw "
o3 6 23“' gtgga:;ou ?t 353'45“ "m:lmns w
33 iif 33 l NUMBER OF V M!Wﬂ BRE % W
04 g.mnz PSETVD PRESSURE SETPOINT FOR VACUUM BREAXERS ww
05 2.757D3 PDVD DEAD BAND EOR VACUUM BREAKERS W
o; 74190  VOLWW EREE VOLUHl OF WETWELL (MARK 11 AND MAKK 111 ONLY) We
07 1.D0 RELWWN nmm HUMIDITY IN WETWEL e
gg 0.00 NG nun l or mm RS IN THE uf TWELL W
g.no :és"z ISTANCE FROM IGNITERS TO CEILING w
ﬁ 0 38 AWNE .k&° o’u mu!u FLOOR (MARK ID) T
:‘r'znzgni. ;g
01 2.91701 AREA OF PEDESTAL EL PO
83 L, o MR oo i
§ R R R e
06 .S500 LATIV ITY IN PED PD
07 0.D0 1GPD NUMBER OF xcnxms IN THE P :sr L PD
08 0.D0 :éarg :mm gxsmc: EROM mxms 10 CEILING D
Yz 8§§ r 1 u'lm 5* mmn DOOR wm( I1 ONLY) 4
11 0. DCPD AREA OF ;:nzsm ‘nounc“n e
H 388 xﬁﬁi&. “Y"’mc? BETWEEN K ”tf 5”3& k VENTS FOR
AX PED-DRYMELL nnrum. C IRCULAT ION -
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*M %ﬁmlﬂﬂl !N&I IADEU"% OF mus (HllONI.Y)

700 XL?Ol CIICUM“ ONLY)
lh 0! nounc ( Ml LY)
RS (M1 AN l I ONLY)
(

Oﬂsn
sa f*i‘ "s,s"*sm e ST R T e

3. F DOWNCOMER (M1 AND MII OWNLY)
gi 7“0 2;% L l’lﬂ P 0! Oﬂll (M1 MD mll ONLY)
8 l. AT ION A I.L RUS (MI ONLY)

ateggo A BilchadSs OF Soula"sibul T oL

1ogng.oo PIR PIISBgla IN TORUS lOOH (M1 ONLY)

1.5D4 VOLTR VOL TORUS ROOM (M1 ONLY) T
34,74700 ZVBTOR CENTER LINE ILWAHON 0F VACUUM IIKIS(NI AND MID)

1*: 01500 XTH HWICKNESS OF DOWNCOMER PIPE (WMII ONLY) T

A
AINITIAL Cgﬂb IT IM
0

5 ; Q A l MA t SYSI!H
i i nfg} i
82 h.ﬂgg m lﬂ é%! VEL IN “ SIQI M" ‘OOL

Cu-o388%

8 P in m ,zt';'i,e;..wz. e
e 33 mnmmmwmt

bl z.=§=8 B
g 33§i§§” 2:;8 é(!; L IN CONDENSATE STORAGE T

::rsxms

[} lgz‘;.bgo AMS :: OF WALL ¢1 m'mm. DRYMELL WALL

§ o B HROE RGNS

0 138 b CONDUCTIVITY OF uaLL o

T i

g 88

SE552
=
Zas
ooog
£33
i
333=5355

583
.
532
i3

L i 'Elltknl‘g :g: 'U:tl. '
; ‘3 g 1o i

Ol wALL §1

INER THIC
HEE g

PIDI O OO OO DO # s bt s 5t s st s
L T T

88
5
&
3

S35sREss
ey
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E

43 2300.D0 DHSI  DENSITY OF WALL 43 HS
8 0.0  Chus) gr"l?g}con{u'?"}ro:‘m ’" s

880.00  CPHS2 SPECIFIC MEAT FOR WAL HS
RS B HUES ':tz!s: : i

{3t 48 ...gg%:ﬁ:s't :

PR, A AR B R g fa :
53' gx’g i&"}"’; 4 ...a'i.“ :;*a;u#% B, 3

-I = *HE"*%H} 'z "
TR .
48R L ERGB RSB EGEE 0 8
BOSR W mHGRMRRAmad) 00 8
iR [ E g g sty
!é L .33? ....' ’;;z* S, 2
i ! il ST :
i %I%gs mv w ::tx. ::ss IN Lom E!:mggi‘gxon a§
R e L,
33 HTBLAD ‘Ul[ k‘m tc% CE‘!“L BLADE WEAT TRANS, COEFF m0

fit il | S s el
2300,

0o £F nmxou ot SOFF nh}t:m "
i lEa i §§tgg;gg§3 i o
:g".f g Sﬁ.‘gx&ﬁ (IR § tBaltl s

o G il WL, 2
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Fig. B.42 Mass of UO2 in core region.
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Fig. B.44 Steam pressure in reactor building, Pa.
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Fig. B.46 Cesium and iodine released to environment, kg.
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