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Hypothetical Core Disruptive Accident Considerations in CRBRP

Abstract

Hypothetical Core Disruptive Accidents (HCDAs) have been e luded from the
design base* since the postulated initiators of HCDAs have been identified
and the design features necessary to prevent their initiation have been
incorporated into the design.

Although HCDAs are not part of the design base, extensive assessments of
HCDA consequences have been made. These assessments indicate that the
likely consequence of an HCDA would be a non-energetic partial to whole core
me | tdown,

To further reduce the risk to the public from HCDAs, prudent margins beyond
the design base have been incorporated into the design. These margins are
in two categories:

Structural Margin Beyond the Design Base (SMBDB)
Thermal Margin Beyond the Design Base (TMBDB)

Volume 1 of this report addresses the Structural Margin Bcyond the Design
Base. It is shown that the SMBDB requirements encompass not only the
energetics associated with the likely HCDA progression paths but also the
energetics associated with a wide spectrum of more pessimistic as,umptions
of data and phenomenology. Analyses and supporting scale model experiments
indicate that the reactor coolant boundary would accommodate the SMBDB

dynamig Ioaq requirements without loss of integrity and with limited leakage
of radioactive materials to the reactor containmen{ building.

Volume 2 of this report addresses the Thermal Margin Beyond the Desi?n

Base. It is shown that the thermal loads resulting from an HCDA could
result in longer term (>1000 seconds) loss of integrity of the reactor
vessel and quard vessel. Consequently the TMBDB requirements are based on
the assumption of penetration of the reactor vessel and guard vessel, and
features are provided to mitigate the resulting thermal and radiological
consequences. The evaluation of the plant capability shows that the reactor
containment integrity would be maintained for at least 24 hours following an
HCDA and the radiological consequences would be comparable to those for
similarly low probability occurrences beyond the design base in light water
reactors.

[t is concluded that the Structural and Thermal Margins Beyond the Design
Base effectively mitigate the consequences of HCDAs so as to assure an
acceptably low risk to the public.

;}.e. HCDAs are not Design Basis Accidents
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1.0 INTRODUCTION

The Clinch River Breeder Reactor Flant Project and the Nuclear Regulatory
Commisston agreed that the probability of core melt and disruptive accidents
can and must be reduced to a suffictently low level to justify thetr
exclusion from the design basis accident spectrum. Volume 1 of this report
discusses potential inftiators of an HCDA and the design features that
prevent their initiation. Consequently, such accidents are considered to be
hypothetical and are beyond the design basis. Nevertheless, prudent margins
beyond the design base are being included to provide an extra measure of
protection to the public health and safety in recognition of the difference
In the state of technology and experience between LMFBRs and LWRs. These
structural and thermal margins are discussed in depth in this two-volume
report.

Volume 1 of this report assesses the potential for energetics arising from a
Hypothetical Core Disruptive Accident (HCDA) scenarto, and assesses the
Structural Margin Beyond the Design Base (SMBDB). It 1s concluded that the
best estimate of the progression of an HCDA 1s a non-energetic termination
with partial to whole core involvement (1.e., melting). Furthermore,
significant deviations in data or phenomenology from current analytical
models and experimental data must be invoked to predict an energetic
termination of the HCDA progression. Nevertheless, Structural Margin Beyond
the Design Base requirements have been specified to require the CRBxP to
accommodate substantial energetics that encompass a wide spectrum of more
pessimistic assumptions of data and phenomenology. Thus the CRBRP Project
has assured that the reactor coolant boundary has margin to accommodate the
dynamic load associated with a spectrum of HCDAs.

Volume 2 addresses the thermal margin provided by the design and
specifically addresses the consequences of a postulated core melt resulting
in penetration of the reactor vessel and quard vessel.

In the remainder of this section (Section 1.0), the design features that
provide TMBDB are 1llustrated and the scenario of the HCDA 1s outlined.
Section 2 of Volume 2 defines the thermal margin requirements, the design
features that provide the thermal margin and the sequence of operator
actions required to inittate operation of those features. Section 3
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assesses the thermal margins within the reactor vessel and external to it
and shows that the requirement to maintain containment integrity for 24
hours following a postulated HCDA is met. In fact, analyses in Section 3
predict that containment integrity would be maintained without a need for
venting for about 36 hours. Section 4 assesses the radiological
consequences and shows that the consequences are comparable to those for
accidents beyond the design base for light water reactors.

The appendices provide information on development programs that support the
assessments, details on the analytic models and the data base, and
alternative scenarios.

The design features that provide the Thermal Margin Beyond the Design Base
(TMBDB) described in this report are illustrated in Figure 1-1. Some of
these features are provided specifically for TMBDB while other features have
been augmented to provide capability for TMBDB. Thise features are itemized
in Table 2-1 and described in Section 2.2,

Considering these features, the analysis of the H{DA results in the
following scenario (discussed in more detail in Section 3.2.1).

1. Fuel and other reactor materials would penetrate the reactor and guard
vessels at 1000 seconds.

2. Sodium would drain into the reactor cavity.

3. The reactor cavity steel floor liner was assumed to fail, resulting in
sodium-concrete and sodium-water reactions within the reactor cavity.

4. Water vapor and carbon dioxide from the concrete would be vented from
behind the reactor cavity wall liner to a contiguous air filled cell
below the operating floor (cell 105).

5. Sodium would begin boiling in the reactor cavity in approximately 9
hours and would be vented above the operating floor where it would
react with air and water vapor.
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6. At some time beyond 24 hours, the annulus cooling system woula be
actuated and contaimnment would be vented down to atmospheric pressure
through the containment cleanup system.

7. Subsequently, the containment would be purged to dilute the hydrogen
concentration by drawing air through it, resulting in a slightly
sub-atmospheric pressure in the containment.

8. The sodium in the reactor cavity would boil dry at some time beyond 100
hours.

9, Fuel penetration into the concrete basemat would begin after the sodium
boils dry (defined as "boildry"),

10. Maximum penetration into the hasemat would occur approximately 2 to 6
months after the HCDA,

11. The molten fuel-concrete pool would freeze with the basemat not totally
penetrated,

The scenario summarized here and described in more detail in Section 3.2.1
has heen analyzed using state-of-the-art methods and data and the design
features described in Section 2.2, This work represents an evolution of
work previouslv reported in References 1-1 and 1-2. These current
assessments inaicate that containment venting and purging would not need to
be initiated until about 36 hours into the scenario. This provides a
substantial margin over the NRC requirement to maintain containment
integrity for 24 hours following a hypothetical core melt. The radiological
analyses in Section 4 indicate that the radiological consequences of an HCDA
would be acceptable considering the highly improbable nature of the
conditions analyzed,
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In addition, this report is based on a homogenenus core design instead of
the heterogeneous core design that was adopted in Amendment No. 51 to the
PSAR on September 14, 1979, Assessments have heen perfc.med and indicate
that the conclusions described in this report are appropriate for either
core design. As discussed in Section 4, the radiological doses for the
homogeneous core bound the doses from the heterogeneous core. Consequently,
the core design (i.e., homogeneous vs. heterogeneous) is not a fictor in
assessing the CRBRP for TMBDB.
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SPECIFIC SYSTEMS OR COMPONENTS

. FOR TMBOB
1 REACTOR CAVITY VENT SYSTEM 6 OUAL CONTROL ROOM AIR INTAKES
2 CONTAINMENT CLEANUP SYSTEM (NOT SHOWN)
3 ANNULUS COOLING SYSTEM ] REACTOR CAVITY AND PIPEWAY
4 CONTAINMENT VENT AND CELL LINERS
PUAGE SYSTEM § LINER VENT SYSTEM
5 INSTRUMENTATION 9 GUARD VESSEL SUPPORT
10 REACTOR CAVITY TO HEAD ACTESS
AREA SEALS
11 REACTOR CAVITY RECIRCULATING GAS
COOLING SYSTEM (NOT SHOWN)
12 CONTAINMENT CONFINEMENT SYSTEMS
(INCLUDING INSULATION)
13 EMEMGENCY ELECTRICAL POWER
SYSTEM (NOT SHOWN)
14 ACB STRUCTURES (ADDITION OF
REINFORCING STEEL) (NOT SHOWN)
Figure 1-1 Design Features Providing Thermal Margin Bevond the Design Base
1966 |
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2.0 DESIGN FEATURES PROVIDING THERMAL MARGIN BEYOND THE DESIGN BASE

This section includes the requirements for and description of features of
the CRBRP design which enhance the Thermal Margin Beyend the Design Base
(TMBDB). Table 2-1 gives the features specifically required for TMBDB and
those whose capabilities were augmented to provide TMBDB. The cross
reference to the CRBRP PSAR Section where the features are described is also
provided. The design of these features is based on the scenario presented
in Section 3.2.1 and on the results of the analyses presented in Sections
3.2.2 and 3.2.3 with appropriate margins to reflect uncertainties in the
analysis,

2-1



CRBRP-3
Yol1.2, Rev.0

2.1 TMBDB FEATURES REQUIREMENTS

The following requirements are imposed on CRBRP to assure that the CRBRP
third level-of-defense capability established to conservatively mitigate

design basis events is supplemented by margins to reasonably mitigate a

hypothetical core meltdown incident which is beyond the design base.

2.1.1 General

1. General Requirements

The design shall provide marqgins and features to mitigate the
consequences of a hypothetical core meltdown.

These features shall be designed to be consistent with safety,
reliability, maintainability and availability of the total plant.

These features are not Engineered Safety Features because they are
not rejquired to mitigate any Design Basis Event; however, these
features shall be designed to the specifications and requirements
associated with Safety Class 3 components and systems.

TMBDB components shall be designed so that appropriate testing
and/or inspection can be performed after installation and
periodically to provide reasonable confidence that funstional
capability is maintained throughout the plant life. The
containment isolation valves shall be designed to be testable in
accordance with OPNDD-10, Section 7.8.1.1.3, Criteria 43, 44 and 45.

The TMBDB controls and associated instrumentation shall be
physically separated from other controls in the reactor control
room. Inadvertant actuation of the TMBDB features shall be
prevented by appropriate provisions such as administrative controls.
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f. There is not a requirement to meet the allowable site boundary or
low population zone doses of 10CFR100 or the co.*=¢l room dose of
10CFR50 under TMBDB conditions.

2. Acceptance Criteria

a. The public risk from accidents beyond the design base shall be
comparable to that from light water reactors for events beyond the
design base with similar probability of occurrence.

b. Containment integrity shall be maintained without venting following
initiation of an accident leading to core meltdown for a period of
time sufficient to allow evacuation procedures to be implemented.
Per NRC quidance, the period is taken as 24 hours.

2.1.2 Feature Requirements

The following requirements are imposed on the specific TMBDB features as
well as other systems or components to provide thermal margin beyond the
design base in CRBRP.

2.1.2.1 Reactor Cavity-To-Containment Barrier

To insure that the heat capacity of the pipeway cells is employed from 1000
seconds to 50 hours after a HCDA, the total leakage of sodium vapor through
the reactor cavity to head access area seals (not through the reactor head
or the pianned vent path defined in Section 2.2.6) shall not exceed 10000
pounds (for requirements before 1000 seconds see Section 2.2). These
leakages shall be based on the pressure differential for the reactor cavity
to head access area seals given on Figure 2-1, on the reactor cavity
pressures on Figure 2-2, and on the reactor cavity atmosphere temperatures
on Fig.re 2-3.
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2.1.2.2 Reactor Cavity Recirculating Gas Cooling System

To insure that the Cell 105 hydrogen concentration do.: ..ot exceed 6%, the
leakage from the reactor cavity through the recirculating gas cooling system
to non-inerted cells shall be less than 4000 pounds of sodium. These
leakages shall be based on the reactor cavity pressures and temperatures on
Figures 2-2 and 2-3 and on the differential pressure between the reactor
cavity and Cell 105 given on Figure 2-4.

2.1.2.3 Guard Vessel Support

To insure that sodium and fuel particulate redistribute in the reactor
cavity, a flow area of at least 10 ft2 shall be provided under the guard
vessel skirt bottom flange.

2.1.2.4 Reactor Cavity and Pipeway Cell Liners

To insure that the Reactor Containment Building hydrogen concentration does
not exceed 6% (by volume) and to keep from exceeding the containment vent,
purge and cleanup system capacities, the reactor cavity wall and pipeway
cell Tiners shall prevent short term (less than 30 hours) sodium-concrete
reactions based on the pressure on Figure 2-2 and the temperatures on Figure
2-9 and Figures 2-11 through 2-16. The results of structural analysis will
be used to determine the liner failure times assumed in the TMBDB scenario.

To limit the consequences of liner failures, the liner system shall have
physical barriers behind the liners between the reactor cavity floor and
reactor cavity wall and at 8 feet and 26 feet above the reactor cavity
floor. Likewise, the pipeway cells shall have physical barriers behind the
liners to separate the vent spaces of the walls, floor, and roof of each
cell. Only the spaces of adjacent walls with different liner failure times
will be separated.
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2.1.2.5 Reactor Cavity and Pipeway Cell Liners Vent System

1.

To insure that the pressure buildup, due to the gases released behind
the liners, does not impair the ability of the liners to prevent sodium
from reacting with concrete, all reactor cavity and pipeway cell liner
vent systems shall prevent a pressure buildup behind the liners in
excess of 5 psi.

To insure that sodium would be prevented from reaching Cell 105 in the
event of liner failure, the liner vent system for the reactor cavity
floor shall vent the gases released from heated concrete to containment
above the operating floor. The floor liner vent system shall have a
capacity of 10 b/hr-tt2 of water vapor at a density of 0.02 1b/ft3.

The liner vent system for the reactor cavity walls and pipeway cells
shall vent the gases released from heated concrete to Cell 105. The
liner vent system shall have a capacity of 7 Ib/hr-ft2 of water vapor
at a density of 0.02 1b/ft3,

To insure that the Cell 105 hydrogen does not exceed 6%, the sodium
leakage from the reactor cavity through the liner vent system to Cell
105 shall be less than 1000 pounds. This leakage shall be based on the
reactor cavity pressures and temperatures on Figures 2-2 and 2-3 and on
the differential pressure between the reactor cavity and Cell 105 on
Fiqure 2-4,

2.1.2.6 Reactor Cavity Vent System

1.

To prevent reactor cavity structural and liner failure by over
pressurization, the vent system shall orovide redundant flow paths
between the reactor cavity and reactor containment building when the
pressure differential between the reactor cavity and containment

exceeds 11.5 + 1.5 psi. After passive initiation, the vent path shall
remain open.
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The vent system shall have a pressure drop of less than 0.1 psi with a
flow rate of 4000 1b/hr of gases, a density of 0.03 1b/ft3, and a
viscosity of 0.05 1b/ft hr., It shall remain functional if up to

450 pounds of sodium oxide aerosol enter the vent at a maximum rate of
8000 1b/hr.

The vent system shall be capable of performing all of its intended
functions for 150 hours in the presence of gases and vapors consisting

of Ar, N, Ho, Na, fission products, and compounds resulting from
fission product reactions.

To insure that the heat capacity of the pipeway cells is employed, a
minimum of 25% of the mass flow into the pipeway cells shall enter each
pipeway cell.

To allow sodium that condenses in the pipeway cells to drain back into
the reactor cavity, two drain pipes shall be provided between each

pipeway cell and the reactor cavity, at the elevation of the pipeway
cell floor, Each drain pipe shall be capable of a minimum flow rate of

2000 1b/hr of sodium at its boiling point with a pressure head of 0.2
feet of sodium.

To assure that the flame at the vent exit does not approach the
containment vessel, the pipeway cell to containment vent line diameter
shall not exceed 12 inches.

2.1.2.7 Containment Purge System

1.

To insure that the Reactor Containment Building hydrogen concentration
does not exceed 6% (by volume), the purge system shall be capable of
injecting outside air into containment at a maximum rate of 12,000 scfm
at pressures not exceeding atmospheric.
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To insure containment atmosphere mixing before venting, the purge air
shall he injected into containment below elevation B840',

The purge system shall prevent backflow from containment to the outside
atmosphere.

The purge system, in combination with the containment vent and cleanup
systems, shall maintain containment at a negative pressure after the
containment pressure is reduced by the initial venting after 24 hours.

The purge system operations shall be by remote manual actuation from
the reactor control room.

2.1.2.8 Containment Vent System

1,

To prevent containment failure by excessive pressure, the vent system
shall have a capacity between 24,000 and 26,400 acfm with a containment
pressure of 30 psia, a containment atmosphere density of 0.07 1b/ft3
and a viscosity of 0.06 1b/ft hr. It shall remain functional if up to

300,000 pounds of aerosol enter the system at a maximum rate of 5,600
1b/hr.

The vent system shall exhaust the containment atmosphere from the top
of containment into the containment cleanup system.

The containment vent system shall be compatible with the following
gases, vapors and aerosols: Ar, NZ’ H2, HZO’ co, COZ' 02, NaZO, Na202.
NaOH, Na,C0,, fission products, and compounds resulting from fission
product reactions. The system must remain functional for inlet gas
temperatures and pressures given on Figures 2-5 and 2-6.

The vent system operations shall be by remote manual actuation from the
reactor control room.
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2.1.2.9 TMBDB Containment Cleanup System

l. The containment cleanup system efficiency shall be a minimum of 99% for
vented materials in the solid or liquid state, 97% for vapors (Nal,
SeOz. and Sb203) subject to condensation in the cleanup system,
and 0% for noble gases. These efficiencies shall apply when subjected
to the vent rates on Figure 2-7 and containment atmosphere temperatures
on Figure 2-5 with a containment atmosphere density of 0.07 lb/ft3.

It shall be capable of performing all of its intended functions in the
presence of Ar, NZ' Hg. HZO’ co, COZ' 02. Nazo. Nazoz. NaOH, NaZCOJ.
fission products, and compounds resulting from fission product
reactions.

2. The containment cleanup system shall remain functional at an aeroso!l
mass flow rate of up to 5,600 1b/hr and a total mass of 300,000 pounds
of aerosol entering the cleanup system. The principal constitutents of
the aerosol are NaOH and Nazo. the proportions of which can vary from
0 to 100% of the aerosol, and Na2C03 which can vary from 0 to 8% of
the aerosol.

The aerosol particle properties are:

Mass Mean Radius (microns): 5 <rgp < 10
Aerodynamic Equivalent Radius (microns): 2.3 < AER < 4.7
Density (g/cc): 2.1 <p<2.5
Mass Geometric Standard Deviation: 3.0¢0 < 3.5

Aerodynamic equivalent radius is based on AER = rgg (pa)0-5

where p = 2.21 and a = 0.1
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. 3. The containment cleanup system shall remain functional at fission
products power levels in the accumulated filter aerosol of:

Time Fission Product Power
(hours) - (MW)

0 0

24 3.1 x 10-5

48 0.16*

96 0.16*

240 0.11

720 0.05

4. The containment cleanup system design shall be capable of performing
all its intended functions with the following chemical and physical
states of the 10 most radiologically significant fission products in
the containment atmosphere:

‘ *Maximum value.

MAXIMUM PERCENTAGE OF THE FISSION PRODUCTS BY CHEMICAL AND PHYSICAL FORM

Elementa) Oxide
Element Vapor Liquid or Solid Vapor Liguid or Solid
Se 1% 1% 100% 100%
Rb 1 1 1 100
Sr 1 1 1 100
Ir 1 1 100
Sb 1 1 100 100
Te 1 1 1 100
Cs 1 1 1 100
Ba 1 1 1 100
Ce 1 1 1 100
Nal
I 1 1 33 100
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5. The exhaust from the containment cleanup system shall have a
temperature compatible with operation of the TMBDB Exhaust-Plant
Effluent Radiation Monitoring System,

6. The containment cleanup system operations shall be by remote manual
actuation from the reactor control room.

2.1.2.10 Annulus Cooling System
1. To insure containment and confinement do not fail from excessive
temperatures, the annulus cooling system shall remove the heat load

into the containment steel shell on Figure 2-8.

2. Steel containment temperatures shall be below those that cause
structural failure or excessive containment leakage.

3. Concrete confinement temperatures shall be below those that cause
structural failure.

4. The annulus cooling system operations shall be by remote manual
actuation from the reactor control room.

2.1.2.11 Containment System Leakage Barrier

At any given time, containment leakage shall not exceed the greater of:

1. The design leakrate (0.1 volume percent per day).

2. The design leakrate adjusted for pressures above the containment design
pressure of 10 psig. Leakrate = Design Leakrate x (Actual Pressure

(psig))-3/3.2.

3. One percent of the mass leaving the containment through the containment
vent system,
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2.1.2.12 TMBDB Instrumentation System

Operator action to initiate TMBDB systems operation is required only for
events beyond the design base. However, mis-operation of TMBDB systems,
because of incorrect instrument readings in the reactor control room, could
defeat Engineered Safety Features (ESFs) required to mitigate design basis
accidents. In accordance with this importance to maintain ESF capability,
plant instrumentation has been designated “TMBDB Instrumentation”, shall be
designed, manufactured and qualified to all standards applied to Class 1E
instrumentation. Specifically the following subsystems of the Reactor
Containment Instrumentation System (RCIS) and of the Radiation Monitoring
System (RMS) shall be considered TMBDB instrumentation:

(1) Containment Pressure (RCIC)
(2) Containment Atmosphere Temperature (RCIS)

(3) Containment Hydrogen Concentration (RCIS)
(4) Containment Vessel Temperature (RCIS)
(5) TMBDB Exhaust-Plant Effluent Radiation Monitoring (RMS)

Note that the last subsystem (5), is not in the category of instrumentaticn
which could be used to defeat ESFs; however, because of its importance in
assessing releases from the plant during a TMBDB scenario it is included in
the TMBDB instrumentation.

1. The TMBDB instrument ranges shall be:
Minimum Max imum

Containment Atmosphere Temperature (degrees F) 60 1100
Containment Stee! Dome Temperature (degrees F) 40 500
Containment Atmosphere Pressure (psia) 14.7 37
Containment Hydrogen Concentration (Volumr %) 0 8
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Minimum Max imum

Radioactivity of Released Products (ci/sec)*

Particulates
Radioiodines
Radiogases

Fuels and Transuranics

2. Instrument accuracy shall be:

Temperature
Pressure
Hydrogen Concentration

30
6000
0.01

o O O O

(Percent of Maximum Value) +5
(Percent of Maximum Value) +5
(Percent of Maximum Value) +5

Radioactivity of Released Products at 95% SCL

3. Instrument response time shall be:

Temperature
Pressure
Hydrogen Concentration

Radioactivity of Released Products

(Percent of Maximum Value) +100, -50

Less than 5 minutes
Less than 5 minutes
Less than 10 minutes
Less than 5 minutes

4. Measurement capability after initiation of the TMBDB condition shall be

provided for:

Temperature
Pressure
Hydrogen Concentration

Radioactivity of Released Products

*These are based on total amounts released.

on the sampling rate.
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5. The instrument sensor/sampling location inside of containment shall be:

Hydrogen Concentration Above 970' Elevation
Containment Atmosphere Temperature Above 955' Elevation
Containment Atmosphere Pressure Above 823' Elevation
Containment Steel Dome Temperatures At B817', 823', 833', 854',

875', and 902', 964', and
974' Elevations

6. TMBDB sensors inside containment shall be functional with a maximum
containment atmosphere temperature of 1100% and pressure of 37 psia.

7. TMBDB sersors inside containment shall be functional with containment
atmosphere maximum constituent concentrations of:

Oxygen 21% (volume)
Nitrogen 90% (volume)
Water Vapor 10% (volume)
Hydrogen 8%

Carbon Dioxide €%

NaOH + Na,0 (any proporti~n of the 6 x 1073 lb/ft3'

iwo from 0 to 100%)
Na,C0, 5 x 1074 10/t 3

8. TMBDE sensors inside containment shall be functional with the following
masses of settled and plated aerosols (NaOH, Nazo. and Na2C03) on
any unprotected horizontal or vertical surfaces in containment.

Horizontal Surface 80 1b/ft2
Vertical Surface 0.5 lb/ft2

*For 0-500 hours.
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9. TMBDB sensors inside containment shall be functiona) with radiation .
levels of:

Peak radiation level 1 x 108 rR/hr
Average radiation level over 30 days 1 x 105 R/hr
Total accumulated dose i1 108 B

The above doses are the sum of B and y releases, which are estimated to
be of equal magnitude.

10. The instruments monitoring radioactivity of products leaving the
cleanup system shall provide count rates for particulate (including
Pu), radioiodine and gaseous release.

11. The radiation monitoring sensors shall be functional with atmosphere
maximum constituent concentrations of:

Oxygen 21% ‘

Nitrogen 90%

Water Vapor Saturated

Hydrogen 8% (volume)

Carbon Dioxide 6% (volume)

NaOH + Na,0 (any proportion of the 6 x 10'5 lb/ft3
two from 0-100%)

Na,C0, 5 x 10°% 1b/t3

12. The TMBDB instrumentation systems shall be capable of remote manual
actuation from the reactor control room. The indicators shall be
located in the reactor control room.

2.1.2.13 Electrical Power System

1. Class 1E electrical power shall be provided to all TMBDB systems and
components that require electrical power to perform their post accident

functions. .
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' 2. Electrical loads for TM_.8 features shall be remote manually actuated
from the reactor control room except for the TMBDB instrumentation

which shall be normally connec* :4 to Class 1E electrical power.
2.1.2,14 Contaimment Structures
1. The reactor cavity and pipeway structures shall not collapse prior to ‘
soZium boildry. Structural conditions at boildry for the various i
scenarios are enveloped by the temperatures on Figures 2-9 through 2-18.
2. The reactor containment building and confinement structure shall retain
their integrity above the basemat indefinitely based on the limiting ‘
temperatures on Figures 2-19 through 2-31.

2.1.2.15 Reactor Control Room Habitability

The sxposure to the reactor control room operators follow:ng a TMBDB
condition shall not exceed the following limits in 30 days:

|

\

\

Organ Dose _(rem) ‘
Whole Body* 25
Thyroid 300
Lung 75
Bone 150

|
Skin (bete’ 150

|

*The whole body qamma dose consists of |
contributions from airborne radinactivity
inside and outside the reactor control room,
as well as direct shine from fission
products inside the RCB.
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(Because the postulated occurrence of the TMBDB scenario is of such a low
probability as to be excluded from the category of a design basis accident,
exposure limits intended for design basis accidents should not apply. The
25 rem whole body dose limit for the reactor control room operators
corresponds to the once in a lifetime accidental occupation exposure limit
recommended in Reference 2-1. The thyroid limit is based on the 10CFR100
equivalent of a 25 rem whole body dose. The corresponding bone and lur’
limits are the accepted equivalents to the 25 rem whole body dose (Reference
2-2).)
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2.2 DESCRIPTION OF DESIGN FEATURES

The design features that are provided to meet the requirements in Section
2.1 are described below. These features are considered in the analysis of
thermal and radiological margins discussed in Sections 3 and 4.

Although some of these features may serve & function as Safety Class
equipment or as Engineered Safety Features to mitigate a CRBRP design basis
event, the features are not considered Engineered Safety Festures for the
purpose of performing their function of mitigating a core melt event beyond
the design basis. However, as noted in Section 2.1.1 these features are
designed to the specifications and requirements associated with Safety Class
3 components and systems.

2.2.1 Reactor Cavity to Containment Barrier

The response of the reactor closure head and head-mounted components, and
their asscociated seals to the TMBDB dynamic loadings requires that the head
assembly remains intact and integral and the sealing structures remain
funciional and meet their leakage requirements for 1000 seconds after the
dynamic loads. For head mounted components, no special TMBDB seals are
required since the sealing systems used for normal operations and to meet
SMBDB requirements can meet the TMBDB requirements. These sealing systems
are described in Section 5.2.1.3 of the PSAR. For annuli between the head
plugs, a special margin seal is provided to the riser annuli sealing system
(see Section 5.2.4.4 of the PSAR) to meet the TMBDB leakage regquirements.
The margin seal design has elastomer-to-metal contact in the area of the
bearing races to limit leakage through the bearing.

The reactor cavity to head access area sealing system consists of the
reactor cavity seal, which is a low alloy steel circular membrane with an
L-shaped cross-section. This reactor cavity seal is bol“ed to the reactor
vessel closure head and thi edge of the reactor cavi*; support ledge.
Sealing is provided ;v .« 1 th o reactor vessel closure jread and the reactor
cavity seal by a .r»f 'sket. High temperature pack ing provides the seal
between the reac! - cavity cupport ledge and the reactur cavity seal.

Gasket caps provide sealing over “he reactor vessel holddown bolts and nuts.
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2.2.2 Reactor Cavity Recirculating Gas Cooling System ‘

The Reactor Cavity Gas Cooling System provides cooling of the atmosphere of
the reactor cavity.

The special features of this system which are not specifically for TMBDB but
which provide additional thermal marqgin for the plant are the automatic gas
isolation valves on the cavity cooling system inlet and outlet lines which
are capable of withstanding the thermal and pressure conditions encountered
at the valves, The valves are located in Cell 105 just outside the reactor
cavity wall and are actuated by the sodium leak detection system or by a
high gas temperature signal. The process temperature that the valves are
exposed to is expected to be substantially less severe than the conditions
in the reactor cavity because the piping configuration acts like a large
loop seal. Before sodium or sodium vapors could reach the valves the long
run of piping allows cooling of the atmosphere in the pipirg. In addition,
the closure of the valves would occur within seconds after the penetration
of the reacto~ vessel and quard vessel so the flow conditions in the piping
would be essentially stagnant. Finally, outside of the isolation valves the .
system is a closed circuit system so the small amount of sodium leakage
through the valves would not enter Cell 105.

2.2.3 Guard Vessel Support

The sesign requirements for the guard vessel cupport are accomplished by
raising the guard vessel support skirt approximately 5 inches off the floor
on steel blocks. This provides 48 openings which are each approximately 5
inches by 6 inches and allows dispersion of the liquid sodium and fuel
particulate underneath the guard vesse! support and into the reactor
cavity. Figure 2-32 depicts the details of this arrangement.

2.2.4 Reactor Cavity and Pipeway Cell Liners

The reactor cavity (RC) and pipeway cell liner are described in Section
3A.8.2 of the PS4’ and in Section 3.2.2.5 of this report. Two additional
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features have been added to reactor cavity cell liner to provide additional
thermal margin. The space between the RC liner and concrete is divided into
four zones by horizontal baffle plates which 2 welded to the liner. The
reactor cavity liner is fabricated from carbon stcel and its purpose is to
protect the concrete from the sodium and .o direct the steam generated
behind the liner to the liner vents.

vhe baffle plates, shown on Figure 3-34, are provided for zoning of the
space behind the RC liner to prevent sodium, steam, or reaction products
propagating from one zone to another and to positively separate the venting
system into four zones (three along the vertical wall and one including the
floor and corner).

The carbon steel solid baffle plates are welded to the liner and extended
two feet radially into the wall. The two foot width is selected to ensure
that the baffle plates ertend into non-degraded concrete until well past the
time that liner integrity is important. The baffles are attached to the
back of the liner plates near the RC floor, 8 and 26 feet above the floor
respectively., Similarly, baffle plates are included behind the pipeway cell
liners to separate the walls, floor and roof of each cell.

In addition the anchors for the cell liner are lengthened so that they will
remain anchored in non-degraded concrete until integrity is no longer
important.

2.2.5 Reactor Cavity and Pipeway Cell Liner Vent System

2.2.5.1 General

The Reactor Cavity and Pipway Cell Liner Vent System is a subsystem of the
cell liner steam venting system which functions to remove steam and gases
from behind all inerted cell liners in order to prevent failure of the
liners due to pressure buildup behind the liner (See PSAR Section 3A.8.2 for
a description of the cell liner system including the vents). Ine system
consists of embedded piping connected to the 1/4" gap between the liner and
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the insulating concrete. The system contains no active features. The
piping system is sized so that with ambient pressure in the cell, the liner
could collect and vent the peak steaming quantities without exceeding 5 psig
differential pressure behind the liner., The pressure drop through the 1/4"
air gap was calculated using Darcy's formula for compressible flow in pipes
using a hydraulic radius appropriate to the configuration of the gap.
Analyses indicated that a 5 psig differential pressure acting behind the
liner would result in acceptable plate deflections and an adequate safety
margin in the design of the liner vent system.

Deflection of the liner would occur under the TMBDB pressure and temperature
conditions; however, the pressure drop behind the liner is a small fraction
of the total vent system pressure drop. The reduction in the 1/4" gap will
not cause a measurable increase in the steam pressure behind the liner, and
cannot cause failure of the liner anchorage system. The close spacing of
liner anchors (12" centers) ensures that sufficient flow passages will
remain open to pass all the steam and gases that will be produced.

The liner venting system piping will be 100% redundantly installed. In
addition, the peak steaming rate occurs immediately after reactor vessel and
guard vessel penetration and decreases thereafter; the steaming rate and
pressure behind the liner will be greatly reduced from the system's design
value before any significant degradation of the concrete occurs. Any
reduction of available flow area would be mitigated by the redundancy in the
vent pipes. If partial clogging of vent pipes occurs, it would be
acceptable at the times when structural degradation of the concrete is
expected due to the existing margin available and required vent area. The
redundant lines are physically separated to minimize the common potential
for line blockage although no mechanism for blockage has been identified.

The steam vent piping integrity will be assured so that the effects of high

temperature transients and the weight of degraded concrete resulting from
cracking of concrete will not result in unacceptable stresses. I[f
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necessary, the design will be modified to preclude restrained thermal growth
by providing compressible material between the outer pipe wall and the
concrete, thereby allowing for the free thermal expansion of the embedded
vent pipe.

Only a thin layer of concrete, generally the lightweight concrete and a
portion of the structural concrete not exceeding 5% of the thickness, is
expected to be totally degraded before sodium boildry. This degraded
concrete is not expected to impose a significant load on the vent pipes due
to the presence of the reinforcing steel mesh, the stud anchors, and the
tendency of the sections of the degraded concrete to be self supporting by
arching action over the piping system,

In the cavity walls, the liner anchors, spaced at 12" on center and properly
anchored in non-degraded concrete, will keep the degraded concrete in place

and prevent spalling. The R&D program that confirms this assumption is the

Sodium Spill Design Qualification Test noted in Appendix A.6.

The redundant liner vent system will prevent water accumulating behind the
liners after construction and during operation. The released water will
evapeorate and be vented into Cell 105 or to containment above the operating
floor. Thus, the potential for any explosions between liquid sodium or fuel
and water immediately after guard vessel penetration does not exist.

The reactor cavity liner venting subsystem has special features to provide
thermal margin in the event of a HCDA. These features are discussed below.

2.2.5.2 Reactor Cavity Floor Liner Vent

The reactor cavity floor liner space is vented directly above the operating
floor because failure of this portion of the liner is postulated early in
the scenario. Venting directly to containment reduces the potential for
sodium and hydrogen to enter Cell 105,
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2.2.5.3 Reactor Cavity Wall and Pipeway Cell Liner Vents

The submerged RC wall is vented to Cell 105 through a standpipe. The
standpipe is provided because submerged liner failure is postulated at 50
hours and the standpipe will prevent sodium from entering Cell 105. The
upper reactor cavity and the pipeway cells liner areas are vented to the
atmosphere of Cell 105. It is desirable to vent these areas to Cell 105 to
reduce the containment atmosphere pressure that would result from additional
volume of gases above the operating floor.

Each liner vent system pipe, upstream of the release point to Cell 105 is
provided with a loop seal to prevent sodium vapors from entering Cell 105
after liner failures. The loop seal is sized such that it will permit steam
venting without exceeding a liner back pressure of 5 psi. Following liner
failure, some sodium vapor could enter the liner venting system; however the
drivinc pressure will not exceed 1 psi for this condition (see Figure 2-4).
Sodium condensation in the loop seal and the resulting liquid level will
prevent the passage of sodium vapor beyond the loop seal for driviny
pressure up to 1 psi. Thus the liner vent system can meet its requirement
to permit release of steam before liner failure while preventing excessive
release of sodium vapor after liner failure.

2.2.6 Reactor Cavity Vent System

The function of the reactor cavity venting system is to prevent
overpressurization of the reactor cavity after penetration of the reactor
vessel and guard vessel and to promote maximum exchange of heat between the
ventad cavity gases and the pipeway cell structures before releasing the
gases above the operating floor. See Figure 2-33 for the system flow
diagram,

The system is actuated by rupture disks. The rupture disks are installed
redundantly so that failure of one disk to break would not affect the
accident results. The setpoint of the rupture disks is above the predicted
pressure for sodium spills in the reactor cavity, so a design basis accident
would not open the rupture disks.
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The arrangement of the system reflects these tunctions as follows. The
gases and vapors from the Reactor Cavity are vented thru the pipeway cells,
which are isolated from the PHTS cells by flexible, low leakage bellows.
The venting to the operating floor is accomplished from the North {No. 2)
pipeway cell through shielding labyrinths and straight upward pipes, to
minimize reactor cavity back pressure due to head losses and to promote
local flaring of the vented hydrogen. Up to 50% of the vented gases enters
the North (No. 2) PHTS pipeway cell directly and the remaining gases are
first vented through the East and West (No. 1 & 3) pipeway cells (>25%
each), then through the North (No. 2) pipeway cell. To assure this flow
distribution a gas flow labyrinth is provided in the North pipeway cell, to
balance the flow and pressure thru the different vent paths. In this way,
maximum heat exchange between the gases and the building structures is
facilitated, This will reduce the maximum internal building pressure in the
containment before venting. In addition, this arrangement ensures that if
only one rupture disk breaks, flow through all pipeway cells occurs,
whereas, if a rupture disk were provided for each pipeway, the rupture of
one disk could lower the pressure in the cavity below the setpoints of the
other two without providing heat exchange between all ¢: the pipeway cells
and the vented gases.

Isolation of the rupture disks is provided by remote manually operated gate
valves located between the cavity and the rupture disk assemply. These
valves are provided to allow periodic replacement of the rupture disks and
to provide isolation of the reactor cavity atmosphere should a disk be
ruptured under other than TMBDB conditions. To prevent inadvertant
operation of these valves, no local operators will be provided, valve
position indication wil! be displayed in the Control Room, and appropriate
physical estraints and warning plates will be used for the valve actuation
switches. These valves are normally open.

Uncertainties in rupture disk performance were considered in the reactor
cavity venting system. The overall scenario analysis results are not
sensitive to the exact pressure at which the rupture disk breaks because the
rate of pressure increase is large enough so that the rupture disk will
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break at about the same point in time regardless of the exact reactor cavity

pressure, Commercially available rupture disks are usually guaranteed to
break within 10% of set pressure. In addition, it was assumed in the TMBDB
analysis that only one of the rupture disks breaks.

Analysis has shown that clogging of the piping by sodium reaction products
should not be a problem because of the small quantity of aerosol expected
and because of the large surface areas available for deposit in reactor and
pipeway cells as compared to the small surface areas of the vent system
piping. Appendix G.3 shows that margin exists to accommoaate a wide range
of postulated vent malfunctions.

The system piping material will be suitable for high temperature service.
The piping is sloped toward the cavity to provide drainage of condensed
sodium, Cell liner penetrations will utilize a combination of bellows
sleeves and flued heads in order to reduce pipe stress to a minimum value
for the non-embedded portions of the piping. For the embedded piping,
anchorage will be provided to prevent piping failure due to thermal
expansion and degradation of the supporting concrete.

2.2.7 Containment Purge Capability

The containment purge cabability is provided by the containment cleanup
system exhaust blowers which draw a negative pressure in the containment
building and by the opening of the redundant containment purge
penetrations. The system is shown on Figure 2-34 and has total active
redundant capability,

The two purge pipes penetrating the containment are 18 inches in diameter
and are designed to the requirements of the ASME Boiler and Pressure Vessel
Code, Section III, Division I, Class 2. Each purge line is provided with
redundant normally closed isolation valves outside of the steel containment
vessel (see Section 2.2.11).
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Should a purge of the RCB be required, it would be necessary to vent the RCB
first. The venting, along with operation of the containment cleanup system
exhaust blowers, decreas~s the RCB pressure below atmospheric pressure.
Operation of the purge requ res the opening of the purge line isolation
valves from a remote-manual station in the main control room. Flow
direction sensing instrumentation is provided to automatically close the
purge isolation valves in the event a backflow condition occurs. To prevent
inadvertent operation of the purge, the switches for the valve operators are
located on a control room panel; no local operators are provided at the
valve locations. Valve position indication will be displayed in the Control
Room and appropriate physical restraints and warning plates will be used for
the valve switches.

2.2.8 Containment Vent Capability

The RCB vent capability is provided by the vent line connected to the
Containment Cleanup System. The connected system is shown in Figure 2-34,
This vent capability allows the blowdown of the RCB atior some time period
to reduce the internal pressure and to subsequently reduce the hydrogen
concentration through purging. Prior to venting complete isolation of the
RCB would be maintained. The vent line is connected to the TMBDB cleanup
system through two redundant 24-inch inside diameter pipes which penetrate
the RCB with isolation valves located outside the steel containment vessel
(see section 2.2.11). The vent line and pipes penetrating the RCB are
designed to the requirements of the ASME Boiler and Pressure Vessel Code,
Section III, Division I, Class 2. The pipes penetrating the RCB which are
used for TMBDB have their valves in the normally closed position.

At the time of venting (estimated to be approximately 36 hours), the
isolation valves would be opened to allow the depressurization of the RCB at
a maximum rate of 24,000 cfm. The effluent of the depressurization is
processed through the Containment Cleanup System.

To prevent inadvertent operation of the valves, no local operators would be

provided and the valve actuation system would be equipped with appropriate
physical restraints and warning plates.
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2.2.9 Containment Cleanup System

The Containment Cleanup System is shown in Figure 2-34 and is provided for
filtering of the Reactor Containment Building (RCB) atmosphere prior to
release to the environment. The RCB atmosphere exhausted by the Containment
Vet System is treated by a wet scrubber filtration system. The discharge
fro the filters is then directed through an exhaust pipe for release at the
top f the confinement structure. In addition, the effluent stream is
continuously monitored for the levels of particulates, radioiodine,
radiogases, and plutonium.

The exhaust filter train is comprised of a jet venturi scrubber in series
with a high efficiency wettea fiber bed scrubber unit and redundant
blowers. An air washer is located upstream to ensure that virtually all of
the sodium oxide is reacted to sodium hydroxide prior to reaching the
scrubbers. Additionally, the air washer effectively reduces the air stream
temperature from a maximum of 1100°F to approximately 160°F during

system operation. The filter train is rated for 24,000 acfm at an air
density of 0.06 1bs/ft3 and will provide a minimum overall filtration
system efficiency of 99 percent for all vented solids and liquids and 97%
for all vented vapors (excluding noble gases).

The wet scrubber filter system is designed such that the temperature of the
aerosol leaving the scrubbers would be maintained below 1600F during the
course of the accident. The 150,000 gallon storage capacity of the
scrubbing system would accommodate the design level of 300,000 1bs. of
containment reaction products.

The wet scrubber filter system requires protected water storage on the order
of 150,000 gallons. The recirculation pumps supply approximately 2600 gpm
of continuous water flow from the storage tanks to the sodium scrubbers and
air washer. Discharge water is then returned to the water supply system, A
maximum concentration of sodium hydroxide of 30 percent (by weight) with a
corresnonding pH of 13 will result from this recirculation in the storage
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tanks. A heat exchanger, designed for the peak heat load, is provided to
ensure cold water supply to the scrubbers during system operation. Cooling
water for the heat exchanger and make-up water for the storage tanks are
supplied from the Emergency Plant Service Water System.

Hydrogen could only be generated in cerubber units if unreacted sodium were
to enter the system, Due t7 the availability of oxygen >nd water vapor in
the containment and the rzpid reaction rate of sodium, no elemental sodium
is expected to be piesent in the scrubber system. Therefore, hydrogen would
not be generated in the system.

The water storage taaks, recirculation pumps, heat exchanger, air washer,
sodium scrubbers and blowers are located in the Reactor Service Building
adjacent tu the Reactor Containment Building. The Reactor Service Building
is designed as a tornado hardened Seismic Category I structure.

A1l power requirements of the Containment Cleanup System are supplied €rom
Class 1E redundant power supplies.

Failure of passive components in the Containment Cleanup System is extremely
unlikely and the system design has no special provisions for such unlikely
failures. However, backup capabilities are provided for all active
components, such that failure of any one active component will not preclude
100% operation of the Containment Cleanup System.

2.2.10 Annulus Air Cooling System

The Annulus Air Cooling System is designed to ensure that the structural
integrity of the steel contaimment vessel and concrete confinement building
is maintained based on realistic evaluation of TMBDB conditions. These
conditions include an increase in the temperature of the steel containment
vessel, confinement annulus air, and concrete confinement building. Before
actuation of the Annulus Air Cooling System duvring the postulated TMBDB
event, the containment systems function in the same manner as for the design
basis accidents occurring inside containment as described in the PSAR,
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Radionuclides leaking from the RCB will be confined and treated by the
Annulus Filtration System, The control room ‘perator would determine if a
reactor vessel penetration had occurred and ‘ate the TMBDB features
operation at some time beyond 24 hours. It is es.imated that the Annulus
Air Cooling System would not need to be placed into operation unti)
approximately 36 hours after the reactor vessel penetration. However, it
would be permissible to utilize this system any time beyond 24 hours.

When cooling is required, outside air would be introduced into the annulus
area through an opening in the confinement structure. Vane axial fans,
located in the Reactor Service Building supply air to tne annulus space.
Redundant fans are provided *o cnsure adequate rc fundancy in the system.

The confinement annulus is partitioned to provide a spiral air flow path
around the containment vessei from the 316 rfoot elevation to above the
containment spring line. The annulus partition system is designed such that
an effective annular flow area of between 180 and 250 square feet is
obtained up to elevation 926'-0" and a flow area between 450 to 600 square
feet from elevation 926'-0" to the top of the confinement building. These
flow areas ensure a velocity range of 2200 to 1500 FPM and 850 to 700 FPM,
respectively, are maintained for heat removal. Additionally, the partitions

provide a platform system for pericdic inspectionr of the containment vessel
penetretions.

Operation of the Annulus Air Cooling System limits the peak containment
vessel and confinement structure temperatures to maintzin structural
integrity following an HCDA,

Leaktight motorized dampers are provided on the entrance of the fan
enclosu 2 and on the outlet of the plenum at the top of the confinement
structure. Missile hardened enclosures and ;r* ke debris screens protect
the fans and the exhaust opening.

Should system operation be required, the fa s »-. qampers are operated from
a remote-manual station in the main Control Rre~  To prevent inadvertent
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operation of these fans and dampers, no local operators or control stations
will be provided, damper position indication will be displayed in the
Control Room, and restraints and warning switches used for the appropriate
actuation switches.

A1l power requirements of the Annulus Air Cooling System are supplied from
Class 1E redundant power distribution systems.

Backup capabilities are provided for all active components, such that
failure of any one active component will not preclude 100% operation of the
Annulus Cooling System.

2.2.11 Containment System Leakage Barrier

The Containment System is described in PSAR Sections 6.2.1 and 3.8.2. The
Containment Isolation System is described in PSAR Sections 6.2.4 and 7.3.1.

The containment inner cell structures are described in PSAR Section 3A.1 and
are below the operating floor. The TMBDB equipment is located in the
Reactor Service Building and the Reactor Containment Building. The Reactor
Contaimment Building and Reactor Service Building are Seismic Category I

buildings located on the common basemat with other Seismic Category I
buildings.

The design internal pressure for the containment is 10 psig, and the
associated maximum allowable leakage rate is 0.1 (vol.) percent/24 hours.
The design methods to assure integrity of the containment from the design
basis accident conditions are descr " in PSAR Section 3.8.2. A negative
pressure is maintained in the confinement/containment annulus space and the
confinement/containment penetrations are designed to maintain a bypass
leakage value of less than 0.001 wt % per day for design basis accidents.
PSAR Table 6.2-6 lists each containment penetration and its leakage in
1b/day.
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The expectation that the containment isolation system will be capable of ‘
performing its intended function in the containment environment as.ociated

with the TMBDB scenario is based on the fact that the initiation and

isolation of the Reactor Contaimment Building will occur at a time when the

environmental conditions are the same or less severe than the containment

design basis accident conditions.

Two vent and two purge lines penetrate the reactor containment vessel.

These lines communicate with the Reactor Containment Building atmosphere and
are each provided with (two) redundant isolation valves. These isolation
valves are located outside of the containmment. General Design Criterion 47
for the CRBRP specifies one valve inside and one valve outside of the
containment "unless it can be demonstrated that the containment isolation
provisions for a specific clas. of lines ... are acceptable on some other
defined basis". Since the vent and purge isolation valves are only required
to open at least 24 hours into the TMBDB scenario, and the containment
atmosphere conditions are very severe, it was elected to locate these valves
outside of the containment to assure their operability. To meet the intent
of Design criterion 47, that portion of the vent and purge lines outside the .
RCB up to and including the second valve is designed and will be tested to
containment standards. Furthermore, the isolation valves are normally
closed, fail-closed types and are locked closed in the control room. No
local operators are provided for these valves and an interlock will be
provided to prevent opening these valves during plant power operation.
Bypass of this interlock will be permitted only when the containment
structural integrity would be challenged as indicated by containment
pressure, temperature and hydrogen concentration measurements. The testing
of these valves will be conducted during refueling shutdowns.

2.2.12 TMBDB Instrumentation System
2.2.12.1 Containment Instrumentation

The reactor containment instrumentation system provides measurements of
reactor containment pressure, atmosphere temperature, steel shell
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temperature and hydrogen levels. Each of these measurements will be
redundant, designed to remain functional following a Safe Shutdown
Earthquake, and qualified to assure operability under the environmental
conditions in Section 2.1.2.12. The locations of the various detectors are

shown schematically in Figure 2-35.
2.2,12.1.1 Reactor Containment Pressure

The Reactor Containment Building pressure is measured at two widely
separated locations. The instrumentation penetrations are at 108° and

285° (0° is plant north). The design will be such that the pressure
element and transmitter are located outside of the Reactor Containment
Building and will sense pressure with an impulse or capillary line. This
arrangement will allow sensing of contaimment pressure at temper-® .ure up to
1100°F, Each transmitter will send a signal to the main control room.

The channels will be completely independent and physically separated in
accordance with Requlatory Guide 1.75. Each channel will be powered from
the Class 1E power system.

2.2.12.1.2 Reactor Containment Atmosphere Temperature

The Reactor Containment atmosphere temperature is measured near the top of
the RCB. The measurement will be redundant so that any single failure will
not preclude the operator from receiving temperature data. The channel will
be designed to operate 500 hours to a maximum temperature of 1100°F.

The signal conditioning for the temperature sensors will be located in the
Steam Generator Building. Each transmitter will send a signal to the main
control room. Each channel will be physically separated in accordance with

IEEE 384-1974 and will be powered from the Class 1E power system.

2.2.12.1.3 Reactor Containment Vessel Temperature

The Reactor Containment Vessel temperatures will be measured at selected
locations on the inside of the steel shell.
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2.2.12.1.4 Hydrogen Measurement System

The containment atmosphere hydrogen concentration measurement system
consists of redundant, independent and continuous hydrogen analyzers located
in the Intermediate Bay of the Steam Generator Building. These are
connected to the containment atmosphere through redundant and independent
sampling lines. The inlet to the sampling lines is located at the top of
containment to prudently protect against hydrogen stratification even though
stratification would not occur (Section 3.2.1). Sample transport time and
sample plate out will be considered in establishing the exact location of
these sampling stations. Each sampling station will include a hydrogen
analyzer which will transmit a signal to the main control room. The
channels will be physically separated and powered from the Class 1E power
system.

The hydrogen measurement system involves severe environmental conditions
arising from high temperature and aerosol contamination which may limit
instrument lifetime. In view of this, early procurement of this equipment
will be initiated. It is anticipated that the procurement process will
provide confirmation as to whether this equipment can be obtained from
existing sources or whether additional development or design verification
requirements are necessary.

2.2.12.2 Radiation Monitoring

Since containment could be vented beyond 24 hours (although such venting is
not needed for 36 hours) and therefore most of the radiological release
would be through the vent and filter systems, radiation monitors are
provided downstream of the filter system where the releases to the
atmosphere would occur.
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The redundant filter train monitors provide for determination of the
radioactivity being released from the filter train. Monitoring will be
accomplished using isokinetic sampling nozzles and associated three channel
continuous air monitors (CAMs) which provide one channel each for
particulates, radioiodines, and radiogases. The detectors and associated
electronics are shielded to reduce the accident induced radiation background
to levels suitable for system operation.

The three channel CAMs will provide gross count rates for each channel The
predicted radioisotopic inventories within the RCB coupled with gross count
rate data will allow estimates of off-site doses to be made and will provide
early identification of rapid and/or significant cnanges in release
concentrations,

In addition, a suitably shielded plutonium air particulate monitor (PAPM)
specifically designed to measure very low concentration of the long
half-1ife alpha emitters, such as Pu-239, will be providza and will also
continuously isokinetically sample the common exhaust. The PAPM provides
capability for identifying the plutonium releases at the point where such
releases would be the most concentrated and in this way maximizes the
sensitivity of the measurement.

Redundancy is provided for the CAMs by the common exhaust monitor and is
required due to the inaccessibility of the channels under accident
conditions. Redundant PAPMs are not required due to the inherent redundancy
of a typical PAPM which is provided as a means of accounting for the natural
radon-thoron background (switching collection between dual channels allows
the radon-thoron on the "idle" channel to decay (leaving behind the longer
lived isotopes)).

The power requirements for the plant radiation monitoring system are
supplied by the 1E power distribution system.
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Provisions for off-site monitoring are described in the TVA Radiological
Emergency Plan, as discussed in Section 13.3.11 of the PSAR.

2.2.13 Electrical Power System

The electrical power requirements for motors, controls, and instruments will
be distributed as part of the Class 1E electric power system using the

appropriate standards of quality ascurance, structural support, and physical
separation.

These loads will, however, be remote manually connected to the 1E power
source from the control room after removing other loads which are not
essential during TMBDB conditions.

2.2.14 Containment Structures

As a result of the structural amalysis of the containment buildirg, a few

changes in the design have been made to provide increased thermal margins.
These include:

l. Modifications of the typical cell liner design have been made in the
Reactor Cavity and the pipeway cells. Specifically the mcdifications
are in the wall studs anchor size, spacing, and length, and in the size
of the supporting beams in the pipeway floor.

2. Additional reinforcing bars and stirrups are provided in the reactor
cavity wall to resist shear, compressive forces, and bending moments at

the base, near the top and in the regions restrained by vertical
wall

3. Additioral reinforcing bars and stirrups are provided in the pipeway
cells to resist the thermal forces and moments,
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4, Additional reinforcing bars are provided in the foundation mat, the
confinement structure and the contaimment concrete walls below the
operating floor.

The results of analysis of these features and compliance with design
requirements are included in the structural analysis in Section 3.

2.2.15 Control Room Habitability

The control room habitability design bases and features are described in
PSAR Section 6.3. The control room HVAC System desian includes dual control
air intakes for control r_om pressurization. One control room HVAC intake
is located at the SW corner of the control building roof and the other one
at the NE corner of the steam generator building roof. The HVAC System in
conjunction with the radiation monitoring system is provided with the
capability to select the air intake for the control room pressurization
which is exposed to a lower airborne contamination.

The assumptions used in the control room dose analysis are as follows:

1. Source Term Data: (see case 2 of Section 4.1)

a. Initial Release to RCB

100% Noble Gases

100X Cs and Rb

1000 1b. of Na with 100 PPB Pu

0.026% Fuel, Halogens and Solid Fission Products

b. Release to RCB During Sodium Vaporization

100% halogens

100% Te, Se, Sb

1% Solid Fission Products
0.015% Fuel

1.1x106 1b of Na
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2. RCB Exhaust Filter Efficiencies Assumed:

Class Efficiency (%)
Noble Gases 0
Halogens 97
Se, Sb 97
Solid Fission Products 99

3. Control room filtered intake rate (500 TFM) and Recirculation (8000
CFM). An unfiltered in-leakage of 3 CFM was assumed throughout the
analysis to account for door opening and other unknown leakages.

4. Atmospheric dilution factors (X/Q - values):

Wind speed of 1 m/sec with Pasquill Type D
Building wake effect is included

Long term X/Q adjustment factors are included
Dual intakes placed in major (Class 1) buildings
Guidelines of References 2-3 and 2-4

m Q O O o

Atmospheric diffusion factors based on above conditions are:

Time Intervals: 0-8 hrs 8-24 hrs 10-4D 4D-30D
X/Q-values: 6.18 x 10~% 5.21 x 10-4 2.54 x 1004 9.10 x 10°3
(sec/m3)

5. Occupancy Factors

Time Intervals: 0-8 hrs 8-24 hrs 10-4D 4D-30D

Occupancy Factors: 1.0 1.0 0.6 0.4
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6. Breathing Rates

lime Intervals: 0-8 hrs 8-24 hrs 10-300

Breathing Rates: 3.47 x 100%  1.75 x 10°%  2.32 x 10-4
(m"/sef,)

fhe resullant radiation doses tor control room operators are:

30-Day Accumulated Dose (Rem)

Who le Beta
Organs Body Skin I_nlr_(iuj Lung Bone
Dose (Rem) 4.37 52.9 19.8 0.67 2,08
Guide line 25 150 300 75 150
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2.3 OPERATOR ACTION SEQUENCE

The operator action sequence following an HCDA would be as follows:

Shortly after the HCDA the various core and primary heat transport
system instrumentation would indicate that some unidentified event has
occurred, either because of readings outside the normal band or
indications of failure of the instrumentation. The event might not be
identifiable because the core and PHTS instrumentation is not designed
to withstand an HCDA.

Immediately after the unidentified event, only actions such as those
associated with design basis accidents would be taken in the short
term. For instance, containment would isolate and the annulus
filtration system would be activated when the radiation monitors sense
an abnormal radiological release to containment. The operator would
not perform any actions specifically related to TMBDB features.

In accordance with PSAR Secltion 13.3.3, NRC and the Tennessee

Department of Public Health would be notified of the accident.

If materials are released to the reactor cavity following an HCDA,
these releases would be expected to he monitored by radiation,
temperature and pressure sensors in the reactor cavity in the short
term. However, no operator actions with respect to TMBDB fealures are

required or expected as a result of this information.

The operator would only act on information from the containment TMBDB
instrumentation that indicates an increase in containment atmosphere
pressure and temperature and the presence of hydrogen in the atmosphere
that would challenge containment inteqgrity. For design bhase events
(not an HCDA), containment would not be challenged and the operator
would ..o take any action to initiate operation of the TMBDB features.
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No operator actions that would violate containment integrity (such as
venting) or degrade the operation of Engineered Safety Features would
be required or expected during the first Z4 hours.

Beyond 24 hours, the operator would initiate operation of TMBDB
features as required to maintain long term structural integrity of the
containment. Detailed technical specifications and administrative
controls will be included in the information provided for the operating
Ticense review. The following are typical of actions that would be
taken by the operator:

A. The annulus cooling system would be activated when the containment
steel shell temperature reaches a prescribed value (v400 to
500°F). At this time the annulus filtration system (design base
system) would be deactivated.

B. The operator would vent containment through the TMBDB venting
system when the pressure reaches a prescribed value (+15 to 20
psig), or the hydrogen concentration reaches a prescribed value
(such that the concentration does not exceed 6% either before or
after venting). Immediately preceding the containment venting, the
cleanup system would be activated. (The TMBDB containment cleanup
system is separate from the design base annulus filtration
system). Preceding both of these actions the TMBDB features would
be manually connected to 1E power supply system.

C. When it is decided to vent the RCB, the Containment Vent isolation
valves would be opened so that the pressure in the RCB can decrease
to the atmospheric pressure,

D. After the RCB has been depressurized, the Containment Cleanup
System Exhaust blowers would be turned on and the purge isolation
valves opened. The cleanup system exhaust blower would produce a
suction to pull purge air through the containment.
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E. When the gases released from concrete and the reactions in
containment cease, the venting, purging, and cleanup systems .

operation could be terminated.

F. When the containment steel shell temperature falls below 2009F,
the operation of the annulus cooling system could be terminated.

The results of analyses in Section 3 indicate that activation of TMBDB
features by operator action would not be required for about 36 hours
(although permitted after 24 hours) following an HCDA. Because of the long
time available before operator action would be required, the actions are not
sensitive te variations in the scenario, such as reactor vessel penetration
times ranging from 100 to 10,000 seconds.
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TABLE 2-1

CRBRP FEATURES PROVIDING THERMAL MARGIN BEYOND THE DESIGN BASE

Specific Systems or Components for TMBDB

1.
2.
s,
a,

9.

Reactor Cavity Vent Sys‘em
Containment Cleanup System
Annulus Cooling System
Containment Vent and Purge System

Instrumentation and Radiation Monitoring

Systems or Components with Augmented Capabilities
for TMBDB

6.
r
8.
9.

10.
11.
12.
13.
14,

Dual Control Room Air Intakes

Reactor Cavity and Pipeway Cell Liners

Liner Vent System

Guard Vessel Support

Reactor Cavity to Head Access Area Seals

Reactor Cavity Recirculating Gas Cooling System
Containment-Confinement System (including insulation)
Emergency Electrical Power System

Reactor Containment Structures
(Addition of Reinforcing Steel)

*Details Pertinent to TMBDB not provided in the PSAR.

PSAR Section
3.8
2

.2
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3.0 ASSESSMENT OF THERMAL MARGIN

The core damage associated with a hypothetical core disruptive accident
(HCDA) is postulated to result in extensive fuel redistribution. This
section considers the redistribution of the core debris, the heat removal
characteristics of the primary sodium, and the capability of TMBDB margin
features to accommodate the decay heat and the energy associated with sodium
burning and its reactions with water vapor, carbon dioxide, and concrete
following the hypothetical release of core debris from the reactor and quard
vessel to the reactor cavity.

The computer codes applied to the TMBDB analys~< are discussed in Appendix A
of the PSAR.
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3.1 THERMAL MARGIN WITHIN THE REACTOR VESSEL

During a hypothetical core disruptive accident, a large fraction of the fuel
and blanket material may be ejected upward from the core region. Upon
interacting with sodium, the fuel would particuiate, and portions of this
material would subsequently settle back into the core, deposit on structural
components within the upper and lower reactor vessel plena, deposit on the
reactor vessel lower head, or enter the primary heat transport system
(PHTS). In this section, an evaluation of the distribution of the core
debris within the reactor system is made, the ability of in-vesse: and PHTS
structures to potentially contain core debris in sodium is considered,
secondary criticality is evaluated, and potential penetration times for the
reactor and guard vessels are analyzed. The consequences of fuel in the
PHTS after reactor vessel and quard vessel penetration and subsequent

draining of sodium are given in Appendix 1.
3.1.1 Core Debris Distribution

The degree of core damage which may result from an HCDA covers a wide
spectrum, i.e, at one extreme is relatively limited damage in which a small
fraction of the core leaves the core reqgion and at the other extreme 15 4
whole core meltdown. The redistribution of fuel debris from its original
location is dependent on enerqgetics and the timescale for accident
progression relative to pump coastdown times. Accident initiators (LOF and

TOP) and resulting energetics are discussed in Volume 1 of this document.

In this section, an assessment of the directional distributions of the
debris relative to the core is considered for various HCDA sequences. The
consequences of the debris distribution are considered in the three
subsequent sections (3.1.2, 3.1.3, and 3.1.4).

3.1.1.1 Upward Debris Distribution
In this section, the analysis of upward debris distribution is primarily

concerned with estimating the amount of material entering the outlet
piping. Thus, assumptions have been made in this part of the analysis to

3-2
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maximize the amount of fuel entering the piping. It should be noted that
these assumptions are inconsistent with those analyses presented in Sections
3.7 and 3.3 which consider that 100% of the fuel and non-volatile fission
products are spilled onto the reactor cavity floor to bound the thermal
loads in the reactor cavity thereby ensuring conservatism,

The quantity of core debris that would be ejected upward during an HCDA
depends on the type of initiator. The LOF and TOP initiators are considered

in this determination of fuel redistribution.

For the LOF sequence that is predicted to result in a non-energetic core
meltdown (transition phase), partial blockages would be expected above and
helow the core early in the progression. Continued heating and potential
pressurization would open other paths from the core to permit additional
fuel ejection. This could occur in both the upward and downward direction,
Nominally, this transition phase is estimated to result in approximately
half the fuel being ejected in each direction because the flow resistance in

pach direction would be expected to bhe similar.

If a mechanical disassembly occurs that is sufficiently energetic to
relocate or damage structures, the debris distribution would be different.
Because of the differences in the structural strength of the ahove and below
core structures, less damage would be sustained by the lower structure, The
upper structure would be damaged or displaced to the extent that openings
would be provided so that the core materials could be ejected more easily
into the upper plenum, For large energetics, where the upward flow
resistance would be relatively small, an upward ejection of 90% of the fuel
would be possible,

Since the percentage of material ejected upward is estimated to he in the
range of 50% to 90%, a nominal LOF case has been defined as having 70%
upward fuel ejection.

For the TOP initiator, the SAS-3A code analyses predict termination by fuel
sweepout with less than 4% of the core ejected upward.
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Analytical Model

The fuel and steel debris ejected into the upper plenum would form
particulate as a result of interactions with sodium. The debris settling in
the upper plenum and in the piping was assessed by considering the settling
of the various particle size groups making up the particle cloud. Because
of the low particle concentration (0.7 v/o), settling would occur without
hinderance (Reference 3-1), and since agqlomeration of particles would
enhance in-vessel settling and reduce fuel carried into the piping, it was
assumed that no agglomeration occurs.

The traiectory taken by a particle in the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>