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6.1(B) ENGINEERED SAFETY FEATURE MATERIALS

This section provides a discussion of the materials used in Engineered Safety Feature (ESF)
components and the material interactions that potentially could impair operation of ESF.

6.1(B).1 Metallic Materials
6.1(B).1.1 Materials Selection and Fabrication

Typical material specifications _applicable to components in the ESF not covered by
Subsection 6.1(N).1 are listed in |Table 6.1(B)—11 In some cases this list of materials may not be
totally inclusive; however, the listed specifications are representative of those materials used.
Materials utilized in ESF have been selected for their compatibility with core and containment
spray solution, and conform with the requirements of the ASME Boiler and Pressure Vessel
Code, Section III, Articles NC-2160 and NC-3120, plus all applicable addenda and code cases.

Typical specifications for principal pressure-retaining ferritic materials, austenitic stainless steels
and nonferrous materials, including bolting and weld rod materials used in pressure-boundary
welds in the Engineered Safety Features, are listed in |Table 6.1(B)-11 These materials are
qualified to the requirements of the ASME Code, Section III and Section IX, and are used in
procedures which have been qualified to these same rules.

The following controls are placed on fabrication and assembly of austenitic stainless steel
materials used in the ESF components to insure a high degree of quality and reliability. These
controls assure compliance with Regulatory Guides 1.31, 1.37, and 1.44:

a. Significant sensitization of austenitic stainless steel is avoided by imposing the
following controls:
1. Use of low-heat input welding procedures and processes, as well as
maximum interpass temperature control
2. Use of fully annealed material heat-treated in accordance with specific
parameters (e.g., water quenching)
3. Prohibition of stress relief after welding
4. Engineering review of welding and heat-treatment procedures.
b. Specific controls are imposed during fabrication and installation to preclude

contamination of stainless steel by chlorides and low melting point constituents,
particularly during welding and heat treatment. These controls are monitored by
checking chemical analysis certifications of materials that contact stainless steel
(such as tapes, marking crayons and cleaning solutions), and engineering review
of final cleaning procedures.
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c. Cold working of stainless steel is prohibited after solution annealing except in

mild environments where residual stresses from bending or forming are minimal.
Piping for the containment spray system spray headers undergoes moderate
bending during fabrication; however, this will have no deleterious affects on
system performance since internal pressure during system operation is low and
the chemical environment mild. In no case is cold-worked stainless steel with a
yield strength of 90,000 psi or greater used in ESF constituents.

d. Each heat or lot of filler material is required to be checked to assure the presence
of 5 to 20 percent ferrite as calculated from the chemical composition and/or by a
magnetic measuring check of a weld pad made with the subject filler material.
Maximum interpass temperature control is also imposed during welding to
minimize hot cracking.

The thermal-insulation used on ESF piping and equipment inside containment is fiberglass
blanket insulation of the type commercially known as Nukon, manufactured by Owens-Corning
Fiberglass, with a stainless steel jacket over the outside surface of the insulation. Nukon is
consistent with the recommendations of Regulatory Guide 1.36. Owens-Corning Fiberglass
submitted Topical Reports OCF-1 on Nukon to the NRC for review in August 1977. The
thermal insulation used on ESF piping and equipment outside containment shall be either
fiberglass or calcium silicate molded sections with an aluminum jacket over the outside surface
of the insulation.

6.1(B).1.2 Composition Compatibility and Stability of Containment Core Coolants

The pH of the coolants for the ESF during a loss of coolant is dependent upon the boron
concentration of the Reactor Coolant System, the accumulators and the refueling water storage
tank, and the concentration of sodium hydroxide in the spray additive tank. The concentrations
of boron in the accumulators, and refueling water storage tank, and the concentration of sodium
hydroxide in the spray additive tank are fixed and are verified periodically by analyzing samples
of the solution in each tank and adjusting the chemical compositions if necessary. A
recirculation/sample system is installed for the Spray Additive Tank to verify its concentration.
The boron concentration in the Reactor Coolant System can vary from 0 to 4000 ppm depending
upon the requirements for reactivity control. Depending on the various initial chemical
compositions of the injected coolant and the Reactor Coolant System, the pH of the coolant can
range from 8.8 to 9.5 at the beginning of the recirculation phase of ESF operation, and remains
constant thereafter. The Ph of the spray solution during the injection phase will average between
9.1 and 10.3. The pH of the containment spray system sump water (and therefore the long-term
ESF coolant) following a LOCA is monitored by withdrawing samples downstream of the
RHR heat exchanger. Two sample points exist: the normal connection to the sample sink and a
local sample point. Sodium hydroxide can be added, if necessary for pH adjustment, using the
chemical and volume control system tanks and pumps. This assures the capability of
maintaining a sump pH greater than 7.0 as recommended in Branch Technical Position MTEB
6-1. The solution would be prepared in the chemical mixing tanks and supplied to the suction of
the charging pumps. The charging pump suction is fed from a cross-connect by the RHR system.
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Information concerning hydrogen release by the corrosion of containment metals and the control
of the hydrogen and combustible gas concentrations within the containment following a
loss-of-coolant accident is contained in Subsection 6.2.5.

Water for containment spray and emergency core cooling is stored in the refueling water storage
tank and the spray additive tank. Both tanks are constructed of stainless steel which has been
demonstrated by test and experience to be compatible with solutions of borated water and
sodium hydroxide.

6.1(B).2 Organic Materials

Significant quantities of coated surfaces inside containment that would be exposed to the
post-LOCA environment are listed in |Table 6.1(B)-2l The coating systems for these surfaces,
except PCCW piping, are epoxy-based Keeler & Long coating systems designed for a 40-year
life and are in compliance with the applicable ANSI standards for coating systems inside
containment (ANSI N45.2, ANSINI101.2, ANSIN101.4 and ANSINS512). Thus the coating
systems meet Regulatory Guide 1.54.

Other significant quantities of organic materials inside containment are listed in |Table 6.1(B)—4J
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6.1(N) ENGINEERED SAFETY FEATURE MATERIALS

6.1(N).1 Metallic Materials
6.1(N).1.1 Materials Selection and Fabrication

Typical materials specifications used for components in the Engineered Safety Features are listed
in |Table 6.1(N)-ll In some cases, this list of materials may not be totally inclusive. However,
the listed specifications are representative of those materials used. Materials used conform with
the requirements of the ASME Boiler and Pressure Vessel Code, Section III, plus applicable and
appropriate addenda and code cases.

The welding materials used for joining the ferritic base materials of the Engineered Safety
Features conform to or are equivalent to ASME Material Specifications SFA 5.1, 5.2, 5.5, 5.17,
5.18, and 5.20. The welding materials used for joining nickel-chromium-iron alloy in similar
base material combination and in dissimilar ferritic or austenitic base material combination
conform to ASME Material Specifications SFA 5.11 and 5.14. The welding materials used for
joining the austenitic stainless steel base materials conform to ASME Material Specifications
SFA 5.4 and 5.9. These materials are qualified to the requirements of the ASME Code,
Section IIT and Section IX, and are used in procedures which have been qualified to these same
rules. The methods utilized to control delta ferrite content in austenitic stainless steel weldments
are discussed in Subsection 5.2.3.

All parts of components in contact with borated water are fabricated of or clad with austenitic
stainless steel or equivalent corrosion-resistant material. The integrity of the safety-related
components of the Engineered Safety Features is maintained during all stages of component
manufacture. Austenitic stainless steel is utilized in the final heat-treated condition as required
by the respective ASME Code, Section II, material specification. Furthermore, it is required that
austenitic stainless steel materials used in the engineered safety features components be handled,
protected, stored, and cleaned according to recognized and accepted methods which are designed
to minimize contamination that could lead to stress corrosion cracking. These controls are
stipulated in Westinghouse specifications which are discussed in Subsection 5.2.3. Additional
information concerning austenitic stainless steel, including the avoidance of sensitization and the
prevention of intergranular attack, can be found in Subsection 5.2.3. No cold-worked austenitic
stainless steels having yield strengths greater than 90,000 psi are used for components of the
Engineered Safety Features within Westinghouse scope of supply.
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Westinghouse-supplied engineered safety features components within the containment that
would be exposed to core cooling water and containment sprays in the event of a loss-of-coolant
accident used materials listed in [Table 6.1(N)-ll These components are manufactured primarily
of stainless steel or other corrosion-resistant material. The integrity of the materials of
construction for engineered safety features equipment when exposed to post-design basis
accident conditions has been evaluated.  Post-design basis accident conditions were
conservatively represented by test conditions. The test program (Reference 1) performed by
Westinghouse considered spray and core-cooling solutions of the design chemical compositions,
as well as the design chemical compositions contaminated with corrosion and deterioration
products which may be transferred to the solution during recirculation. The effects of sodium
(free caustic), chlorine (chloride), and fluorine (fluoride) on austenitic stainless steels were
considered. Based on the results of this investigation, as well as testing by ORNL and others, the
behavior of austenitic stainless steels in the post-design basis accident environment will be
acceptable. No cracking is anticipated on any equipment even in the presence of postulated
levels of contaminants, provided the core cooling and spray solution pH is maintained at an
adequate level. The inhibitive properties of alkalinity (hydroxyl ion) against chloride cracking
and the inhibitive characteristic of boric acid on fluoride cracking have been demonstrated.

Information concerning compliance with Regulatory Guides 1.31, 1.37, and 1.44 can be found in
Section 1.8.

6.1(N).1.2 Composition, Compatibility, and Stability of Containment and Core Spray
Coolants

Westinghouse supplied the accumulator vessels used for storing ESF coolants.  The
accumulators are carbon steel clad with austenitic stainless steel. Because of the corrosion
resistance of these materials, significant corrosive attack on the accumulator vessels is not
expected.

The accumulator vessels are filled with borated water and are pressurized with nitrogen gas. The
boron concentration, as boric acid, is 2600-2900 parts per million (ppm). Samples of the
solution in the accumulators are taken periodically for checks of boron concentration. Principal
design parameters of the accumulators are listed in

The method of establishing containment spray and recirculation sump pH following a
loss-of-coolant accident is discussed in Subsection 6.2.2. Information concerning hydrogen
release by the corrosion of containment metals and the control of the hydrogen and combustible
gas concentrations within the containment following a loss-of-coolant accident is discussed in
Subsection 6.2.5.
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6.1(N).2 Organic Materials

Quantification of significant amounts of protective coatings on Westinghouse-supplied
components located inside the Containment Building is given in |Table 6.1(N)-2;| the painted
surfaces of Westinghouse-supplied equipment comprise a small percentage of the total painted
surfaces inside containment.

For large equipment requiring protective coatings (specifically itemized in |Table 6.1(N)-2,|
Westinghouse specifies or approves the type of coating systems utilized; requirements with
which the coating system must comply are stipulated in Westinghouse process specifications,
which supplement the equipment specifications. For these components, the generic types of
coatings used are zinc-rich silicate or epoxy-based primer with or without chemically cured
epoxy or epoxy-modified phenolic top coat.

The remaining equipment requires protective coatings on much smaller surface areas and is
procured from numerous vendors; for this equipment, Westinghouse specifications require that
high quality coatings be applied using good commercial practices. |Table 6.1(N)-2| includes
identification of this equipment and total quantities of protective coatings on such equipment.

Protective coatings for use in the reactor containment have been evaluated as to their suitability
in post-design basis accident conditions. Tests have shown that certain epoxy and modified
phenolic systems are satisfactory for in-containment use. This evaluation (Reference 2)
considered resistance to high temperature and chemical conditions anticipated during a
loss-of-coolant accident, as well as high radiation resistance.

Information regarding assurance requirements for protective coatings is addressed in the
discussion on conformance to Regulatory Guide 1.54 in Section 1.8. Further compliance
information has been submitted to the NRC for review (via letter NS-CE-1352 dated February 1,
1977 to C. J. Heltemes, Jr., Quality Assurance Branch, NRC, from C. Eicheldinger,
Westinghouse PWRSD, Nuclear Safety Dept.) and accepted (via letter dated April 27, 1977, to
C. Eicheldinger from C. J. Heltemes, Jr.).

6.1(N).3 References

1. "Behavior of Austenitic Stainless Steel in Post Hypothetical Loss-of-Coolant
Accident Environment," WCAP-7803, December 1971.

2. "Evaluation of Protective Coatings for Use in Reactor Containments,"
WCAP-7825, December 1971.
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6.2 CONTAINMENT SYSTEMS

6.2.1 Containment Functional Design

6.2.1.1 Containment Structure

Design Bases

The containment design bases are established by the requirement that the system
safely withstand the consequences of postulated accidents in conjunction with
simultaneous occurrences of adverse environmental conditions. The containment
structure and the containment enclosure, together with the exhaust system, are
designed so that the offsite doses from radioactivity released under accident
conditions are less than the limits set forth in 10 CFR 100.

The GOTHIC computer program (Reference 28) was used to develop a model of
the Seabrook Station containment and associated safety systems. The model was
employed to determine the containment response to various LOCAs and main
steam line breaks at an analyzed core power level of 3659 MWt. The GOTHIC
model is similar to the CONTRAST-S-MODI1 model that was originally used to
determine the Seabrook Station containment response.

The peak containment pressure and temperature predicted by GOTHIC for an
analyzed core power level of 3659 MWt is bounded by the results of the original
containment analysis described in the following subsections. Additionally, an
evaluation of the short-term LOCA mass and energy releases presented in

Table 6.2-30| determined that they are bounding for an analyzed core power level
of 3659 MWt, without the need to be adjusted.

Therefore, the containment design bases, evaluation, and results presented in the
following subsections remain bounding and applicable for an analyzed core power
level of 3659 MWt and have not been revised.

1. Postulated Accident Conditions for Containment Design

Accidents postulated to determine the containment internal design
pressure and the containment design temperature include ruptures of the
primary and secondary coolant system piping concurrent with a variety of
single failures. The simultaneous loss of offsite power (LOOP) has also
been assumed whenever it results in more restrictive design conditions.

The detailed accident conditions for primary system pipe rupture are given
in Subsection 6.2.1.3; those for secondary system pipe ruptures in
Subsection 6.2.1.4.
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The single failures postulated for the primary system pipe ruptures include
failure of a containment spray train and failure of a diesel generator.
Those postulated for the main steam line breaks include failure of main
feedwater pump to trip, a feedwater isolation or control valve, a main
steam isolation valve, an emergency feedwater pump run out control, and
a containment spray train.

The calculated maximum internal containment pressure is 49.6 psig,
resulting from a (full) double-ended guillotine rupture of the primary
coolant system pipe at the pump suction, with one of the two containment
spray pumps failed at time of containment spray actuation, maximum
initial containment pressure of 1.5 psig and minimum flow rate of
2808 gpm for the Containment Building Spray System. The system
design flow rate is 2930 gpm. This is the containment design basis (DB)
accident. In accordance with General Design Criterion 50 of 10 CFR 50,
this value was increased to 52.0 psig, thus providing a 4.8 percent margin
between the design and maximum calculated values.

Use of containment temperature responses following the main steam line
breaks (MSLBs), which are more severe than those for
loss-of-coolant-accident (LOCAs), to obtain an envelope for equipment
qualification, is discussed in Section 3.11.

Postulated Accident Conditions for Subcompartment Design

Ruptures of appropriate high-energy lines at various locations within a
subcompartment, concurrent with the SSE, have been postulated to
determine the design requirements for the subcompartment structure. The
maximum calculated pressure is not affected by LOOP or any postulated
single failure because of the rapid occurrence of the peak pressure.

The accidents postulated for each subcompartment are described in
Subsection 6.2.1.2. This subsection also contains the maximum calculated
pressures and the design pressures associated with each subcompartment.

Mass and Energy Releases

Accidents involving ruptures in the primary or secondary coolant system
pipes can result in the release of a significant amount of mass and energy
into the containment atmosphere.
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(a)

(b)

Loss-of-Coolant Accident

The assumptions and details of calculational methods concerning
the mass and energy releases into the containment following a
rupture in the Primary Coolant System are treated in
Subsection 6.2.1.3.

The sources of water mass available for release include the initial
reactor coolant, borated water from the accumulators and the
refueling water storage tank (RWST), and the aqueous solution in

the spray additive tank (SAT). The amount of water in each source
is shown in [Table 6.2-1

During the blowdown phase, the reactor coolant energy is the
principal source of energy released to the containment. The
high-enthalpy, high-pressure water is rapidly discharged from the
break at a critical-flow rate that depends upon the conditions at the
break location. Some portion of it flashes into steam due to the
comparatively lower pressure and lower temperature of the
containment atmosphere. The discharge rate soon drops as the
reactor coolant pressure is relieved. The end of blowdown is
defined as the time when the flow at the break reaches a minimum.

Following the blowdown phase, additional heat is transferred via
the coolant to the containment. This is comprised of decay heat,
core internal energy, reactor vessel metal energy, steam generator
energy, metal-water heat of reaction, and the energy of the coolant
itself.

The post-blowdown phase is characterized by a long, slow
transient in which mass and energy discharge rates depend upon
the flooding rate of the core. The flooding rate and the
performance of the Emergency Core Cooling System (ECCS) are
discussed in Section 6.3.

Secondary System Pipe Rupture

The details concerning assumptions and calculational methods
dealing with mass and energy releases into the containment
following a rupture in the Secondary Coolant System are discussed
in Subsection 6.2.1.4.
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For ruptures in the main steam line, the sources of mass available
for release include the steam generator initial inventory, the main
and emergency feedwater pumped into the steam generator before
isolation, the feedwater in the unisolated piping which eventually
flashes into the steam generator, and the steam in the unisolated
main steam piping. The first item varies from 124,000 lbm to
168,000 Im, depending on the initial operating power level. The
rest depends on the time of isolation and the single failure
postulated. The sources of energy for release into the containment
include the energy of the initial steam generator inventory and the
heat transferred from the primary system to the secondary system
during the transient period.

The high-enthalpy and high-pressure steam is discharged from the
break at the critical-flow rate upon rupture of a main steam pipe at
the exit of a steam generator flow restrictor. The discharge rate
decreases as the affected steam generator is depressurized.
Depending on the break type, an isolation signal is generated by
either the Reactor Protection System or by the instrumentation
system monitoring the containment pressure. The signal causes
isolation of the main feedwater lines and the main steam. The
blowdown drops considerably following the isolation, but the flow
from the affected steam generator continues until dryout time.
Thereafter, the blowdown flow rate drops to a value equal to the
emergency feedwater flow rate.

The effects of a postulated feedwater line rupture are not as severe
as the main steam line break because the break effluent of a
feedwater line rupture is at a lower specific enthalpy. Therefore,
feedwater line break mass and energy releases to the containment
are not addressed since they are bounded by steam line break
releases.

Effects of Engineered Safety Features on Energy Removal

The energy released as a result of a LOCA or a secondary system pipe
rupture is partially removed from the containment by the Containment
Building Spray (CBS) System and the Residual Heat Removal (RHR)
System through the Station Service Water (SSW) System.
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Shortly following a coolant system pipe rupture, ECCS automatically
starts. When the containment pressure reaches a high-pressure setpoint,
borated water from the RWST mixed with spray additives is pumped
through the spray nozzles to the containment atmosphere by the CBS
system. When the RWST reaches a low-level setpoint, the source of water
for the CBS system and the RHR portion of the ECCS is switched to the
containment sump. In this recirculation mode the containment sump water
is cooled by the CBS and RHR heat exchangers, and either pumped into
the reactor vessel or sprayed into the containment atmosphere. The CBS
and RHR heat exchangers transfer heat to the service water via the
intermediate closed-loop primary component cooling water.

All Engineered Safety Features which are available for containment heat
removal are described in Subsection 6.2.2. Relevant system parameters

are summarized in|Table 6.2-2

Capability of ESF for Post-Accident Pressure Reduction and Energy
Removal

All Engineered Safety Features are separated into two independent
subsystems of equal capability to meet the single failure criteria. One
hundred percent redundancy is also provided in the associated electrical
actuation systems. Emergency power is supplied from redundant onsite
power sources.

The containment and its heat removal systems are designed so that
operation of only one of the two CBS trains, in conjunction with the ECCS
at any point in its range of capability, is sufficient to reduce the pressure of
the containment atmosphere to within half of its calculated peak value in
less than 24 hours following containment design basis LOCA.
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Containment Leakage Rate Bases

The containment is isolated from the outside environment following major
accidents by the Containment Isolation System. The presence of the
containment enclosure and the use of exhaust fans to produce a slightly
sub-atmospheric pressure in the space between the containment enclosure
and the containment structure reduce the direct leakage from the structure
to the environment to zero. The containment design is such that the
maximum rate of leakage from the containment structure to the
containment enclosure following a coolant pipe rupture is 0.15 percent of
the containment air mass per day. The containment heat removal systems
are capable of reducing the containment pressure, within 24 hours
following the accident, to such a value that the volumetric leakage rate is
less than one-half of the maximum value. The use of HEPA and charcoal
filters in the exhaust line from the containment enclosure reduces the
discharge of radioactive iodine into the environment to the extent that
offsite doses following an accident are within the guidelines of
10 CFR 100. The exhaust system is discussed in Subsection 6.2.3.

The periodic testing and surveillance program to assure the above
containment leakage rate is discussed in Subsection 6.2.1.6 and in the
Technical Specifications.

Bases for Minimum Containment Pressure Analysis

Assumptions in the minimum pressure analysis for ECCS confirmatory
studies are based upon maximizing the ESF heat removal capability and
other heat removal mechanisms. They are discussed in Subsection 6.2.1.5.

Design Features

1.

Containment Structure

The containment structure is a reinforced concrete cylinder with a
hemispherical dome and a reinforced concrete foundation, keyed into the
rock by the depression for the reactor cavity pit and by continuous bearing
around the periphery of the foundation mat. A welded steel liner plate is
anchored to the inside face of the concrete as a leak-tight membrane. The
liner plate on top of the foundation slab is protected by a 4-foot thick
concrete slab which serves to carry internal equipment loads and forms the
floor of the containment. A detailed description of the containment
structure is given in Subsection 3.8.1. Figures showing typical sections
through the containment can be found in Section 1.2.
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Containment Enclosure

The containment enclosure is a reinforced concrete cylindrical structure
with a hemispherical dome. Detailed descriptions of the structure are
presented in Subsection 3.8.4. Figures showing sections and elevations of
the containment enclosure can be found in Section 1.2.

Fans maintain the pressure in the space between the containment structure
and the containment enclosure at a value slightly below the atmospheric
pressure following a LOCA. All joints and penetrations are welded or
sealed to ensure air tightness.

Protection Against Dynamic Effects

Provision is made for protecting the containment structure, internal
compartment and ESF systems against loss of function from effects that
could occur following postulated accidents. These provisions include
physical barriers designed to minimize the dynamic effects of missiles and
pipe whip, pipe whip restraints to limit damage from ruptured lines,
physical separation by distance and redundancy of components and/or
safety trains, as appropriate. A detailed discussion of provisions for
protection against dynamic effects inside the containment is presented in
Section 3.6 and Subsection 3.5.1.2.

Codes, Standards and Guides

Codes, standards and guides applied to the design of the containment
structure and internal structures are identified in Subsections 3.8.1 and
3.8.3.

Protection Against External Pressure

The containment structure, including its steel components, is designed to
withstand a maximum external pressure of 3.5 psi (differential pressure).
The most limiting event for establishing the required external pressure is
the inadvertent actuation of the Containment Spray System, which results
in a negative pressure differential of 2.6 psi. The analysis follows:

The containment is normally maintained at a slight positive pressure by
the containment online purge subsystem (see Updated FSAR
Subsection 9.4.5.2¢.2). With this system in operation, the containment is
maintained at a nominal positive pressure of 0.5 psig, with high and low
pressure alarms at 0.65 psig and 0.35 psig, respectively. Accordingly, if
this system is in operation, the initial pressure inside containment is
always positive as an initial starting condition.
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However, because the above system is not redundant, the analysis for this
event is based upon an initial containment ambient pressure of 14.6 psia.
Initial temperatures and relative humidity are 120°F and 90 percent. The
analysis utilized the containment free volume, geometrical data and

passive heat sink data as provided in Updated FSAR |Table 6.2-1
[Table 6.2-3|and [Table 6.2-4]

Both spray trains are assumed to operate with a maximum flow rate of
3500 gpm per train. The analysis assumes the total capacity of the
refueling water storage tank of 475,000 gallons is available for spray at a
minimum temperature of 50°F (see Updated FSAR Subsection 6.2.2.3).
Using the computer code CONTRAST-S-MOD-1, the minimum resultant
containment pressure of 12.0 psia results from the inadvertent actuation of
sprays.

The above event produces a negative pressure differential of 2.7 psig.
This is to be compared with the containment structure design differential
pressure of negative 3.5 psig (see Updated FSAR Subsection 6.2.1.1b.5).
This provides a nominal negative pressure margin of 0.8 psig.

Potential Water Traps

Principal areas where water could be trapped and prevented from being
circulated by the ECCS and CBS system during a major accident are the
reactor cavity and refueling canal. Figures showing plan and sectional
views of these areas are given in Section 1.2. Other minor volumes not
addressed here have been taken into account in calculating the NPSH
available to the ECCS and CBS system pumps, as discussed in
Subsection 6.2.2.

In the event of the LOCA, the reactor cavity, incore instrument sump,
ECCS sump, and other minor volumes will be filled with water up to
elevation (-)26 feet during the operation of the ECCS and CBS systems.
A total of 17,070 cubic feet of water is required to fill these two volumes
up to the (-)26 feet elevation, resulting in a reduction of water height of
approximately 17 inches which would otherwise contribute to NPSH
available to the ESF pumps. This has been factored into the NPSH
calculations for the pumps.
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Three four-inch diameter drain lines connected to a common header
permit a flow path between the reactor cavity, refueling canal, and the rest
of the containment, thereby preventing water from being trapped in the
reactor cavity and refueling canal to elevations above the water level in the
rest of the containment. In the event that all the drain lines were blocked
or all the normally open drain valves were left closed (see
Subsection 6.2.2.3a.3 for further details) the loss of 5760 cubic feet of
water above the (-)26 feet elevation would occur. This would result in a
further reduction of water height of approximately 6 inches. This has been
factored into the NPSH calculation for pumps also.

Containment Cooling and Ventilation System

During normal operation, fan coolers maintain the containment
atmosphere below 120°F. It uses the cooling water from the Primary
Component Cooling Water System, while its humidity is permitted to
vary. Five of six fan coolers operate continuously, with the sixth fan
cooler serving as an installed spare.

Cooled air from the containment fan coolers is also directed into the
reactor cavity at various locations to maintain equipment and concrete at
or below design temperatures.

Three induced draft fans, two of which are normally operating, draw air
past the control rod drive mechanism through a cooling shroud to maintain
the equipment at or below its design operating temperature. The third fan
serves as an installed spare.

An Online Purge System is provided to periodically purge the containment
air to control airborne radioactivity. A separate system provides pre-entry
purging of the containment and purging during refueling operations. The
Containment Structure Heating and Cooling System and the Containment
Online and Pre-entry Purge Systems are discussed in detail in
Subsection 9.4.5.

Design Evaluations

1.

Containment Pressure-Temperature Response Following A LOCA or a
Secondary Coolant System Pipe Rupture

Containment pressure and temperature responses following a variety of
postulated ruptures in the primary and secondary coolant system pipes
have been calculated by means of the computer program
CONTRAST-S-MODI which is described in detail in Reference 1.
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(a)

(b)

System Parameters and Initial Conditions

The system parameters and the initial conditions used in the
pressure-temperature  response analysis are presented in
[Table 6.2-1| and |Table 6.2-21 The parameters and the initial
conditions are chosen to maximize the containment pressure and
temperature responses unless their effects are insignificant.

Actuation of Containment Sprays

The Containment Spray System is initiated by a containment spray
actuation signal which is generated by the containment
Hi-3 ("P" signal). The analysis limit for this setpoint is 19.8 psig.
The maximum delay in signal processing and the response time of
the protection system instrumentation is one second. The stroking
time of the spray system valves is 20 seconds to become fully open
with the exception of CBS-V38 and CBS-V43 which have a
maximum stroke time of 25 seconds. The maximum delay time to
bring the pumps to full speed and to fill the feed lines and headers
is 38 seconds following the receipt of this signal. The valve
opening and fill-up of the line takes place concurrently. Therefore,
the maximum delay of 39 seconds after generation of the "P"
signal consists of 1 second plus 38 seconds for fill-up.

In the case of loss of offsite power concurrent with a coolant
system pipe rupture, the emergency electric power from the onsite
diesel generators will be available in 12 seconds. Receipt of the
"P" signal by the actuation sequencer, which is discussed in detail
in Subsection 8.3.1, will cause the spray valves to start opening
immediately, or as soon as the emergency power is available. If
the "P" signal is received within 27 seconds or between 27 and 52
seconds following an accident, the spray pumps will be started at
27 seconds or 52 seconds respectively. If the signal is received
after 52 seconds, the pumps will be started immediately. Thus, for
any "P" signal received before 27 seconds following an accident,
which is true for all LOCA cases analyzed, the spray time is
always at 65 seconds after the accident. For MSLB cases
analyzed, the time to generate the "P" signal varies over a wide
range. However, for all MSLB cases, a constant conservative
spray delay time of 65 seconds after receipt of the signal has been
assumed.
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(©)

Containment Passive Heat Sinks

The structure and equipment within the containment which have
been modeled as passive heat sinks are listed in
gives the thermophysical properties of the materials for
the heat sinks. In some of the heat sinks of similar
structure have been lumped into various thickness groups. For
internal heat sinks exposed to the containment on one side only, it
is conservatively assumed that the other side is insulated. For
those exposed on both sides and having a plane of symmetry, only
half of the heat sink is modeled but the effective surface area is
doubled. For the steel-lined structures, the steel-concrete interface
resistance has been modeled as an equivalent air gap of inch. This
is conservative when compared with experimental data in
References 2 and 3. The interface conductance therein varies from
100,000 Btu/hr-ft>-°F for a very good contact to 10 Btu/hr-ft*-°F
for a very poor contact. The lower limit corresponds to the
equivalent conductance of an air gap approximately 20 mils thick.

The heat transfer between the containment and the passive heat
sinks is calculated in the CONTRAST-S code by combining the
contribution from the condensation and convection. An effective
heat transfer coefficient, hes, based on the temperature difference
between the containment atmosphere and the heat sink surface can
be defined as follows:

hefr = f(hcond-heonv)(Tsat=Twal)/( Tcon=Twall) + heonv
where,
heond = condensing heat transfer coefficient
h.ony = convective heat transfer coefficient
Tsat = containment atmosphere dew point
Twan = surface temperature of heat sink
Teon = containment atmosphere temperature

f =1, 1f Tsat > Twan, 0 otherwise.
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In the estimation of the condensing heat transfer coefficient, the
modified Tagami correlation (Reference 4) is used for the LOCA
analysis while the Uchida correlation (Reference 5) is used for the
MSLB analysis. The convective heat transfer coefficient has been
assumed to have a constant value of 2 Btu/hr-ft>-°F in all accident
cases analyzed. This corresponds to the minimum value given in
the Tagami correlation. The heat transfer through a passive heat
sink is computed in the CONTRAST-S code by solving the partial
differential equation for wunsteady, one-dimensional heat
conduction using a fully implicit finite-difference scheme which is
unconditionally stable. The accuracy of the solution can be
improved by decreasing the grid spacing as well as the time
increment. A sensitivity study (Reference 6) has been performed
to establish the upper limit of the grid spacing in concrete for a
reasonable degree of accuracy. It was found that grid spacings of
0.05inch for concrete a few inches thick is adequate.
Considerably larger grid spacings have been found adequate for
steel, due to the relatively smaller temperature gradients.

The selection of the grid spacings has also been guided by the
following criteria, suggested in Reference 7, to avoid large,
meaningless fluctuations in the solution:

(Ax) S 14 h(Ax)
oc (At) B k
where,

Ax = grid spacing

At=  time increment

o« = thermal diffusivity of the material

h = heat transfer coefficient at the heat sink surface
k = thermal conductivity of the material

For a typical heat transfer coefficient of 80 Btu/hr-ft*-°F during the
containment pressure-temperature transient, this criterion suggests
a grid spacing greater than 0.038 inch for concrete (k = 0.083
Btu/hr-ft-°F and o« = 0.028 ft*/hr) and greater than 0.138 inch for
carbon steel (k = 27.0 Btu/hr-ft-°F and o« = 0.459 ft*/hr), when a
time increment of 1 second is used.
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(d)

Containment Pressure and Temperature Responses

(1

Loss-of-Coolant Accident

A spectrum of postulated reactor coolant system pipe
ruptures has been considered. This includes three break
locations listed in [Table 6.2-5| and three break types and
sizes given in|Table 6.2-6]

The ESF systems relied upon to mitigate the consequences
of a LOCA are the ECCS and CBS systems operating in
conjunction with the Primary Component Cooling Water
System and the SSW system. Failure of one of the two
CBS trains obviously would result in more severe
containment conditions. The failure may be caused by
failure of a pump, failure of a valve, or, assuming loss of
offsite power concurrent with the LOCA, failure of a diesel
generator. As to the ECCS, any of its various components
may fail, leading to partial loss of its cooling effect. In the
extreme case, one of the two trains may fail entirely, due to
failure of a diesel generator to start, assuming a concurrent
loss of offsite power. The above two limiting single active
failures (SAFs) are delineated in

The cooling water for ultimate heat disposal is available
from two sources, namely, the circulating water tunnels and
the cooling tower basin. Section 9.2 presents a detailed
description of these sources. The tunnel water temperature
is not expected to exceed 65°F. During the summer months,
extended hot weather combined with ocean current changes
can result in minor ocean temperature excursions above the
65°F design temperature threshold. System analysis has
been performed to permit continued plant operation up to a
maximum ocean temperature of 68.5°F.  Concerning
containment heat removal, the use of tunnel water
following a LOCA is more restrictive than that of the
cooling tower basin water. All LOCA analyses presented
have been performed using the ocean as the ultimate
heat sink.
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The effects of the break type/size and the SAF have been
fully investigated in the case of a rupture at the pump
suction (Location No. 1). In the case of Locations No. 2
(cold leg) and No. 3 (hot leg), the results are expected to be
less severe than those for Location No. 1 for the most
limiting break type/size and SAF combination, namely
Break No. 1 and SAF No. 2. Overall, a total of six cases
have been analyzed. The details of the calculation of the
mass and energy releases for the six cases analyzed are
given in Subsection 6.2.1.3. Those results have been based
on a temperature of 120°F for the safety injection water.
For Seabrook Station Unit 1, the maximum temperature of
the injection water is 100°F.

The time for switchover from the injection mode to the
recirculation mode depends upon the injection flow
(charging pumps, high pressure safety injection pumps, and
low pressure safety injection pumps), spray flow and the
quantity of water available in the RWST. Since one of the
two spray trains has been assumed to fail in all cases
analyzed, the recirculation times are calculated for the
maximum safety injection (two injection trains) and the
minimum safety injection (one injection train) cases. With
the injection and spray flow rates given in and

the available quantity of water in the RWST provided in

Table 6.2-1] the recirculation times for the maximum safety

injection and the minimum safety injection cases are
calculated to be 1688 seconds and 2755 seconds,
respectively.
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The transient responses of the containment pressure,
temperature and sump water temperature for the six cases
analyzed are shown in [Figure 6.2-1] [Figure 6.2-2

Figure 6.2-3

|Figure 6.2-4J

Figure 6.2-5

Figure 6.2-6

Figure 6.2-7

Figure 6.2-8]

Figure 6.2-9]

Figure 6.2-10

Figure 6.2-11

Figure 6.2-12]

Figure 6.2-13]

Figure 6.2-14

Figure 6.2-15]  [Figure 6.2-16]  [Figure 6.2-17|  and
Figure 6.2-18 The transients show that, following
blowdown, and prior to refill, the containment pressure and
containment temperature drop because the mass and energy
released through the breaks ceases completely at the end of
the blowdown period. = However, the reflood and
post-reflood mass and energy released from the break
increase the containment pressure and temperature again.
The containment pressure and temperature eventually drop
due to decreases in the mass and energy release rates, and
due to energy removal by containment spray and passive
heat sinks. After the switchover from the injection mode to
the recirculation mode, the containment spray water is
taken from the containment sump through the containment
spray heat exchanger, and is at a higher temperature than
that of the RWST. The spray heat removal rate thus drops.

The containment pressure and temperature, therefore,
increase after the start of recirculation. The mass and
energy release data presented in Subsection 6.2.1.3 is based
on the conservative assumption that the remainder of the
energy (Reactor Coolant System, core-stored, primary and
secondary metal, etc.) exits through the break within
3600 seconds. The reduced heat removal capacity by the
spray due to increased temperature, together with
conservative energy release to the containment atmosphere,
results in a recirculation pressure peak which is observed to
be the maximum peak for all pump suction breaks. The
energy release through the break drops at 3600 seconds,
and only the decay heat is released thereafter. The
containment pressure and temperature continue to drop
monotonically from then on.
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The calculated peak containment pressure and peak
containment temperature, along with the energy released to
the containment up to the end of blowdown, are
summarized in for each of the six cases
analyzed. The maximum peak containment pressure is
seen to be 49.6 psig (see also discussion presented in
Subsection 6.2.1.1a.1). It occurs in Case 1.1.2, namely, a
full double-ended guillotine rupture at the pump suction
with the single active failure of one spray train, which
corresponds to maximum safety injection and minimum
spray cooling. Case 1.1.2 is therefore taken as the
containment DB LOCA. The transient responses have been
calculated for up to 10° seconds after the accidents, except
for Case 3.1.1, (Hot-Leg Break). As can be seen from the
plots presented, the periods covered include the most
important aspects of the transient and show the general
trend of responses.

The accident chronology is given in [Table 6.2-9) one for

each break location. It includes the time when the ESF
system begins operation and time of occurrence of other
important events. The distribution of energy inventories
prior to the accident, at the end of the blowdown phase and
at the end of the core reflood phase, and also the steam
generator energy releases during post-reflood phase, are
provided in Subsection 6.2.1.3.

The long-term recirculation operation causes reduction of
the containment pressure to within a few psi above the
atmospheric pressure in one day, which is well below
one-half of the calculated peak pressure in all cases
analyzed.

For the DB LOCA, the effective heat transfer coefficient
based on the temperature difference between the
containment atmosphere and the heat sink surface is plotted
as a function of time in
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2)

Secondary System Pipe Ruptures

Containment temperature and pressure responses have been
evaluated following a spectrum of breaks in the main steam
line occurring at various plant operating power levels, each
with a single failure in the safety systems postulated to
concur with the accident. The details of calculating the
mass and energy releases into the containment after a main
steam line break (MSLB) are given in Subsection 6.2.1.4.

The initial plant operating power levels and the spectrum of
break types and sizes analyzed are summarized in
|Table 6.2—10| and |Table 6.2-1 IJ respectively.

The blowdown data for double-ended breaks has been
developed for breaks located downstream of the steam
generator flow restrictor and upstream of the main steam
isolation valve (MSIV). The postulation of a break
downstream of the flow restrictor is conservative for large
double-ended breaks since a break upstream of the flow
restrictor would result in a smaller energy release because
of severe water entrainment in the forward flow and the
flow-limiting effect of the restrictor on the reverse flow.
For small double-ended breaks, there is no difference
between the two locations. Since a break immediately
downstream of the flow restrictor allows the steam in this
section to blow down completely shortly after isolation,
blowdown based on this break location is considered
conservative.

For the split rupture, the blowdown data developed are
valid for any break location in the steam piping and the
header.

As presented inTable 6.2-10{and [Table 6.2-11] a total of 17
operating power break type/size combinations for a MSLB
have been considered. The concurrence of a single failure
in the safety systems can result in more severe conditions in
the containment. In this analysis, a loss of offsite power
has been assumed to concur with the MSLB whenever it
results in more severe containment conditions, in addition
to a single failure in the safety systems.
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However, for the conservative estimation of mass and
energy releases, offsite power is assumed to be available.

The safety-related equipment relied upon to mitigate the
consequences of an MSLB include those required for
isolation of the main feedwater lines and the main steam
lines, delivery of emergency feedwater into the steam
generators, and delivery of spray water into the
containment. The Containment Spray System is the only
active heat removal system for which credit has been taken
in mitigating the consequences of a MSLB. The signal to
isolate the main feedwater lines and the main steam lines
and to start the Emergency Feedwater System is generated
by the Reactor Protection System for all double-ended
ruptures listed in [Table 6.2-11] For the split ruptures, this
isolation signal is conservatively assumed to be generated
when the containment pressure reaches the Hi-1 setpoint of
6.8 psig for isolation of feedwater lines and Hi-2 setpoint of
7.4 psig for isolation of main steam lines, although the
nominal values for the Hi-1 and Hi-2 setpoints are 4.3 psig.
After the isolation setpoint is reached, a delay of 1.0 second
for instrument response and signal processing has been
allowed. The containment spray actuation signal ("P"
signal) is generated when the containment pressure reaches
the Hi-3 setpoint, as discussed in Subsection 6.2.1.1¢.1(b).
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The isolation of the main feedwater lines is achieved by
tripping the main feedwater pumps and closing the
feedwater control valves (FCVs) and the feedwater
isolation valves (FWIVs). The pump trip is immediate.
The FCVs are capable of closing completely within
10 seconds (5-second delay and 5-second stroke) after
receipt of the isolation signal, and the FWIVs within
10 seconds after receipt of the isolation signal. Failure to
trip a main feedwater pump would result in more main
feedwater being pumped into the steam generators and an
increase in the blowdown. Failure of the broken-loop
FWIV would allow additional feedwater, namely that in the
piping between the FWIV and FCV to flash into the steam
generator. Loss of offsite power, however, would result in
less feedwater being fed to the steam generators because of
the coastdown of the various pumps in the Condensate and
Feedwater System.

The isolation of the main steam lines is achieved by closing
the MSIVs, the turbine control valves (TCVs) and the
turbine stop valves (TSVs). The MSIVs are capable of
closing completely within 5 seconds after receipt of the
isolation signal and the TCVs and the TSVs within 0.2
second. Failure of the broken-loop MSIV to close would
allow additional steam, namely that remaining in the steam
piping bounded by the MSIVs, the TSVs, the condenser,
and the moisture separators/reheaters, to blow down after
1solation. Failure of a TCV or a TSV, however, would not
cause more blowdown since closure of either one would
effectively isolate that line. Loss of offsite power has no
effect on the isolation of the main steam lines.
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The emergency feedwater that enters the affected steam
generator would eventually blow down. For conservatism,
it is assumed that the emergency feedwater is pumped into
the affected steam generator immediately after the MSLB.
The flow isolation valves in each line are pre-set in the
open position to provide a flow of at least 235 gpm to the
intact steam generator, and are closed by a high flow signal
in the event of a broken loop. In case of failure of a flow
isolation valve in the open position, the flow is limited by
the flow restricting venturi to at most 750 gpm. In either
case, the flow of emergency feedwater to the affected steam
generator is assumed to be terminated manually 30 minutes
after the MSLB.

For the Containment Spray System, failure of one of the
two trains would reduce its heat removal capacity by half
and result in more severe containment conditions. The
effect of loss of the offsite power on the actuation time of
the spray system has been taken into account, as previously
discussed by assuming a later spray time.

The single failures which have been considered, as
discussed above, are listed in The first 5
failures would increase mass-energy release to the
containment, while the last failure would result in a
reduction in the heat-removing capacity of the Containment
Spray System.
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|Table 6.2—IOJ |Table 6.2—11| and show that
there is a total of 102 combinations of plant operating
powers, break type/sizes, and single failures. Mass and
energy releases to the containment for these 102 cases have
been calculated. The effect of single failures No. 3 and
No. 4 of on the blowdown for any type of
ruptures, and single failure No. 2 for split ruptures, is to
increase the steam generator dryout time only. This is
essentially true for single failure No. 5 for all ruptures since
a somewhat larger blowdown rate after the dryout time has
been observed not to be sufficient to cause a second peak in
the containment temperature or the containment pressure.
Thus, the above single failure combinations can be
eliminated. However, to clearly illustrate the effect of the
single failures on the containment pressure-temperature
transient, all 6 single failures have been analyzed for the
102 percent power level and for each of the three break
types, No. 1, No. 2 and No. 3. This amounts to a total of 56
cases. After carefully examining the containment
pressure-temperature responses for these cases, the
following general inferences are drawn:

The containment pressure and temperature transients show
that the peak containment pressure occurs either at the time
the spray water enters the containment or at the steam
generator dryout time. The latter occurs when the
blowdown is severe enough to cause increases in the
containment pressure even with the containment spray
system operating, which is true for all double-ended
ruptures. The peak containment temperature always occurs
at the spray time.
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When considering accidents at the same power level and
with the same single failure, the peak containment pressure
increases with the size of the break in the case of
double-ended ruptures. The peaks for the split ruptures are
always higher than those for the small double-ended
ruptures, but lower than those for the full double-ended
ruptures. The effect of power level, with the inherent break
size change in the case of small double-ended breaks, is not
always monotonic. The peak containment pressure varies
monotonically with power level only in small double-ended
breaks with a concurrent single failure of a MSIV or a
containment spray train, and in full double-ended breaks
with a concurrent single failure of a containment spray
train. in the former, the peak pressure increases
monotonically as the power level increases, while in the
latter, it decreases monotonically.

The computed peak containment pressure and peak
containment temperature, and the times of their occurrence
are __summarized in |Table 6.2-13] |Table 6.2-14| and
for full double-ended ruptures, small
double-ended ruptures, and split ruptures, respectively.
Only those cases which effectively envelope containment
pressure and temperature responses following MSLBs are
shown. Also included in the tables is the total energy
released to the containment in each case. The transients for
Cases 5.1.6 and 1.1.3 are shown in [Figure 6.2-20]
IFigure 6.2-21||Figure 6.2-22|and [Figure 6.2-23]
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The maximum peak containment pressure, as can be seen in
these tables, is 36.1 psig and occurs in Case 5.1.6, namely a
full double-ended guillotine rupture at hot shutdown with a
concurrent failure of one containment spray train. This
pressure is significantly lower than that for the DB LOCA.
For this maximum peak containment pressure case, the
mass-energy release is given in Subsection 6.2.1.4. The
effective heat transfer coefficient, based on the temperature
difference between the containment atmosphere and the
heat sink surface, is plotted in as a function
of time for four representative heat sinks, along with the
Uchida correlation (Reference 5) which was used to
calculate the condensing heat transfer coefficient. The heat
sinks are the containment liner and typical thin-steel,
thick-steel and concrete structures. All four effective heat
transfer coefficients are seen to be much lower than those
predicted by the Uchida correlation (taking into account the
0.4 factor for concrete surfaces) when the containment
atmosphere is superheated. @~ When the containment
atmosphere becomes saturated, the effective heat transfer
coefficients become identical to that of the Uchida
correlation, as long as the heat sink surface temperature is
lower than the containment atmosphere (which is
approximately equal to the saturation temperature
corresponding to the partial pressure of steam in the
containment). If the heat sink surface temperature exceeds
the containment atmosphere temperature, condensation
ceases and convective heat transfer from the heat sink to
the containment atmosphere takes place.

The maximum peak containment temperature is 364°F and
occurs in Case 1.1.2, namely a full double-ended guillotine
rupture at 102 percent power with a concurrent failure in
the broken-loop MSIV. The mass-energy release for this
case is presented in Subsection 6.2.1.4.
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6.2.1.2

A plot of the heat transfer coefficients similar to that
presented for the maximum peak containment pressure is
shown in for Case 1.1.2. Again, a similar
behavior is observed. The effective heat transfer
coefficients for the containment liner, the thin steel
structure, the thick steel structure, and the concrete
structure are considerably lower than those predicted by the
Uchida correlation when the containment atmosphere is
superheated. = They become identical only when the
containment atmosphere becomes saturated and the heat
sink surface temperature is lower than the containment
atmosphere saturation temperature.

(e) Post-Accident Containment Temperature/Pressure
Monitoring

Instrumentation provided in the containment can be used to
monitor and record containment pressure in the event of an
accident. This system 1is discussed in detail in Section 7.5.
Containment sump temperature is not monitored since it is not
consequential to verification of proper operation of the
Post-Accident Heat Removal Systems.

Containment Subcompartments

Design Bases

The major subcompartments within the containment are the reactor cavity, the
steam generator compartments, the pressurizer compartment and the pressurizer
skirt cavity. These subcompartments are designed to withstand the differential
pressures and jet impingement forces resulting from a postulated pipe break.
Reactor cavity and steam generator compartment overpressurization has been
deleted from the design basis in accordance with the final NRC Rulemaking with
respect to GDC-4, dated October 27, 1987. Sufficient openings for venting these
subcompartments are provided to keep differential pressures on the
subcompartment walls and forces imposed on equipment supports within their
structural limits. In addition, restraints and supports on the various equipment
contained within these subcompartments are designed so that pipe whip and
forces transmitted through component supports do not threaten the structural
integrity of these subcompartments or the containment structure.

The pipe breaks considered in all subcompartments are full double-ended
ruptures.
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Of all the postulated break locations, the ones considered severe for the
subcompartment pressurization analyses are listed in The loads on
the subcompartment walls and on the equipment supports for a given
subcompartment are determined for various break locations.

The subcompartment walls and the equipment supports are designed so that the
maximum calculated load does not exceed the design load.

Design Features

1.

Reactor Cavity

The reactor cavity is a cylindrical annulus around the reactor vessel. The
surrounding structure, termed the primary shield wall, is a heavily
reinforced concrete structure which provides support for the reactor vessel
and its associated coolant system piping. The lower portion of the cavity,
where the core lies, has an outside diameter of 17.08 ft. The inner
diameter of the annulus, formed by the outer diameter of the reactor
vessel, is 16.76 ft. The upper region of the cavity where the hot and cold
leg nozzles emanate from the vessel has a diameter of 25.5 ft. Contained
within this upper region is the ring girder which gives added rigidity to the
vessel support. The reactor coolant loop pipe whip restraints were
eliminated from the design bases by ECA 25/113665, Rev. A, in
accordance with the final NRC Rulemaking with respect to GDC-4, dated
October 27, 1987.

A neutron shield consisting of borated concrete, and which is integral to
the permanent reactor cavity seal ring, is installed around the reactor
vessel refueling flange to reduce neutron streaming and dose rates on the
containment operating floor during power operation. The permanent seal
ring is equipped with removable hatch covers and neutron shield plugs to
allow for the required ventilation air flow rate and access to the reactor
cavity annular space, respectively.

Reactor cavity overpressurization has been deleted from the design basis
in accordance with the final NRC Rulemaking with respect to GDC-4,
dated October 27, 1987.

A vertical section through the reactor cavity is shown in [Figure 6.2-26

Figure 6.2-27| shows the plan view at the elevation of the nozzles. The

total free volume of the reactor cavity plus the reactor pool region above is
48,978 cu. ft. The total vent area from the reactor cavity to the
containment is 1,757 sq. ft, primarily through the reactor pool region. The
free volume and the vent area are conservatively calculated with the
insulation in place.
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Steam Generator Compartment

A steam generator compartment is a reinforced concrete structure which
encloses the steam generator, a reactor coolant pump and its associated

primary _and secondary coolant system piping. and
show sections of the steam generator compartment.
Horizontal sections at various elevations are provided in
|Figure 6.2—32J |Figure 6.2—33| and |Figure 6.2—341 Large vent paths from the
steam generator compartment to the containment are available via the
reactor coolant pump area, and the adjacent steam generator compartment.
The top of the steam generator compartment is also open to the
containment. The steam generator stands on four supports anchored to the
floor at El. (-)26'-0." The total free volume of a steam generator
compartment is 23,040 cu. ft. There are no blowout panels or other
pressure-dependent areas considered in the analysis. Free volumes and
vent areas have been calculated with the insulation in place. Steam
generator compartment overpressurization has been deleted from the

design basis in accordance with the final NRC Rulemaking with respect to
GDC-4, dated October 27, 1987.

Pressurizer Compartment

The pressurizer compartment is a reinforced concrete structure extending
from EL 0'-0" to EL 63'-0" which encloses the pressurizer and its
associated piping. The pressurizer skirt, which is a cylindrical support
extending from the bottom of the pressurizer, anchors the pressurizer to
the compartment floor. A ring support at El. 23'-6%" provides lateral
support for the pressurizer. Section and plan drawings of the pressurizer
compartment are shown in |Figure 6.2-35| [Figure 6.2-36] |Figure 6.2-37]
[Figure 6.2-38] [Figure 6.2-39| and [Figure 6.2-40] Free volumes and vent
areas have been calculated assuming the insulation remains intact during
the transient. The HVAC ducting and sheet metal panels at elevation
16'-6" are designed to blow out in the event of a pressure buildup of
0.25 psig in the compartment to provide additional vent area. The total
free volume of the compartment used in the analysis is 6638 cu. ft and the
total vent area to the containment is 400 sq. ft.
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Pressurizer Skirt Cavity

The pressurizer skirt cavity is formed by the bottom of the pressurizer and
its supporting skirt. A 14" surge line which connects the reactor coolant
system with the pressurizer passes through a 5' ft diameter opening in the
pressurizer compartment floor. |Figure 6.2—41| and |Figure 6.2—42| show the
plan and elevation drawings of the pressurizer skirt cavity. The volume
below the pressurizer skirt has a large vent opening to the containment.
The total free volume of the skirt cavity is 1860 cu. ft and the total vent
area to the containment is 238 sq. ft. The insulation on the pressurizer and
on the surge line is assumed intact in calculating the free volume and vent
openings.

Design Evaluation

1.

Mass and Energy Release Data

The mass and energy release data for all the breaks considered for the
subcompartment analyses has been generated by Westinghouse.
Discussions of the blowdown model are provided in Reference 8.

Computer Code for Subcompartment Pressurization Analysis

The subcompartment pressure transients were calculated using
COMPRESS - a digital computer program. A detailed description of the
analytical method can be found in Appendix 15C and Reference 9. Some
important aspects of the method are outlined below:

(a) Mathematical Model

The COMPRESS computer program calculates the pressure and
temperature transient responses in a set of inter-connected volumes
following a high energy line rupture. The subcompartment initial
conditions, free volumes, vent path areas, inertias and loss
coefficients, as well as the mass and energy release from the break,
are input to the code. For vent paths covered by blowout panels or
hinged doors, the flow area, inertia and loss coefficient are to be
supplied as functions of the position of the vent cover. Information
is also required on the physical properties of the vent cover related
to the dynamics.
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(b)

(©)

Computations for the transient pressure and temperature are made
by performing mass and energy balances in each volume during
small time steps. The flow between inter-connected volumes is
calculated assuming quasi-steady thermodynamic conditions in the
volumes. It is assumed that the air-steam-water mixture in each
volume is homogeneous and in thermodynamic equilibrium during
the time step. The entrainment of the water from condensed vapor
is conservatively assumed to be 100 percent. The flow is based on
the vent path characteristics at the previous time step. The position
of a blowout panel or hinged door, which determines the vent path
characteristics, is obtained by solving the equation of motion at
each time step, utilizing the calculated nodal pressures.

Vent Flow Calculations

The COMPRESS code offers various options for calculating the
flow between connected volumes. The flow can be sonic or
subsonic depending upon the ratio of upstream and downstream
pressures. Subsonic flow is calculated using the incompressible
flow equation or the ideal nozzle equation. Sonic flow is
calculated using the ideal nozzle equation or Moody's two-phase
flow correlation. However, in the present analyses, the vent flow
calculations were made using the incompressible flow equation
and the ideal nozzle equation, and the smaller of the two calculated
flows is used as the actual vent flow for the conservative prediction
of the subcompartment pressure. The complete entrainment of
water with the air-steam mixture, the homogeneity of
air-steam-water mixture and the thermodynamic equilibrium
between the gas and liquid phases are assumed throughout the vent
path.

Vent Path Loss Coefficient

The resistance to flow in a vent path is, in general, due to change in
the flow area (expansion and contraction), friction, change in the
flow direction and flow obstructions. Various components of the
loss coefficient are calculated following the procedures outlined in
Reference 10. All contractions and expansions are considered to
be sudden changes in the flow area. All the components are
appropriately lumped together and used for a given vent path.
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Pressure Transient Analyses

(a)

(b)

Subcompartment Modeling

Each subcompartment is subdivided into a number of nodes to
determine a realistic subcompartment pressure response.
Boundaries between the nodes are placed at locations where large
pressure gradients can occur either due to physical flow restrictors
or due to the fluid inertia. A particular nodalization is developed
for a given subcompartment through a nodalization sensitivity
study, to determine the minimum number of nodes required to
adequately predict the pressure profiles in the subcompartment.
This involves several nodalizations for each subcompartment with
various numbers of nodes, especially in regions where large
pressure gradients exist. By comparing the results of various
nodalization schemes for a given subcompartment, that scheme
which results in a converged solution so that the subcompartment
pressure profiles are not appreciably changed by further nodal
refinement is selected for the pressurization analysis.

Nodalization Sensitivity Study

The transient pressure responses in various subcompartments are
analyzed by subdividing into a set of inter-connecting nodes. The
pressure at any particular location is usually sensitive to the
nodalization scheme employed. As the nodalization is made more
refined, the calculated subcompartment pressure responses are
closer to the real situation. To ensure that a particular nodalization
scheme is adequate to predict the subcompartment pressure
responses, a nodalization sensitivity study is usually performed by
employing various nodalization schemes. When it is established
that by further refinement of the nodalization the subcompartment
pressure responses or the equipment loads within the
subcompartment do not change significantly, the nodalization
scheme is considered adequate.

(1) Reactor Cavity

Reactor cavity overpressurization has been deleted from the
design basis in accordance with the final NRC Rulemaking
with respect to GDC-4, dated October 27, 1987.
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2)

3)

Steam Generator Compartment

Steam generator compartment overpressurization has been
deleted from the design basis in accordance with the final
NRC Rulemaking with respect to GDC-4, dated October
27, 1987.

Pressurizer Compartment

The pressurizer compartment pressure transient analysis for
the nodalization sensitivity study has been performed
following a double-ended rupture in the spray line at
El. 34'-0". The three nodal schemes employed for the
sensitivity study are given in In the 15-node
scheme, the break region is divided into 2 nodes and the
whole compartment is divided into 6 vertical regions. The
23-node scheme has 6 nodes in the break region and has 6
vertical regions. In the 29-node scheme, the whole
compartment is divided into 7 vertical regions.

The horizontal pressure profiles around the pressurizer at
the break elevation are shown in |Figure 6.2-55] while

Figure 6.2-56| gives the vertical profile. For the three
nodalizations, [Figure 6.2-57|depicts the sidewise forces and

Fiéure 6.2-58 depicts the moments that act on the

pressurizer. The horizontal and vertical pressure profiles,
as well as the forces and moments on the pressurizer,
demonstrate that the 23-node scheme adequately predicts
the compartment pressure response.
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(c)

(4)

Pressurizer Skirt Cavity

The pressure transients in the pressurizer skirt cavity are
calculated following a double-ended guillotine rupture in
the surge line. The two nodal schemes used for the
sensitivity study are shown in and
m In the 5-node scheme the volume
underneath the pressurizer down to El. (-)5'-11" is taken as
the break node. In the 6-node scheme the break node
consists of the volume down to El 0'-0" only. The peak
pressure in the two cases is within 3 percent, even though
the break node volume in the 6-node model is about half of
that in the 5-node model. Further refinement of the
nodalization below El. (-)5'-11" will not affect the pressure
in the skirt cavity because a choked flow condition is
established from the break node to the adjacent volume in
the skirt cavity. The 6-node scheme, therefore, is adequate
for the skirt cavity pressurization analysis.

Results

(1)

)

3)

Reactor Cavity

Reactor cavity overpressurization has been deleted from the
design basis in accordance with the final NRC Rulemaking
with respect to GDC-4, dated October 27, 1987.

Steam Generator Compartment

Steam generator compartment overpressurization has been
deleted from the design basis in accordance with the final
NRC Rulemaking with respect to GDC-4, dated
October 27, 1987.

Pressurizer Compartment

All postulated double-ended guillotine ruptures in the spray
line at various discontinuities have been considered to
determine the design loads on the pressurizer supports and
also on the compartment structures.
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The sensitivity study performed for a full double-ended
rupture of the spray line (5.187 in 1.D.) demonstrated the
adequacy of the 23-nodal model. Using the model, the
compartment_pressurization was analyzed for a break at
El 34'-0". graphically shows the transient
pressures in each node in the pressurizer compartment. The
differential pressures for various compartment walls are
given in The mass and energy releases
following a double-ended guillotine rupture used in the
analysis are provided in [Table 6.2-30] [Table 6.2-31|
presents the vent path characteristics used in the analysis.
The nodal data, the pressurizer compartment initial
conditions, calculated peak differential pressures, design
peak differential pressures and the design margins for a
spray line rupture are presented in [Table 6.2-32] The
calculated peak differential pressures listed in|Table 6.2-32

are the maximum differential pressures considering all the
postulated break locations listed in|Table 6.2-16

4 Pressurizer Skirt Cavity

A double-ended guillotine rupture of the surge line
(11.188 in. .D.) at the pressurizer nozzle was analyzed
using a 6-node model. The pressure response of the nodes
is shown in The mass and energy release
data used for this break is given in The vent
path characteristics are presented in

Table 6.2-35| presents the nodal data, skirt cavity initial

conditions, calculated peak differential pressures, design
peak differential pressures and the design margins for this
rupture.

6.2.1.3 Mass and Energy Release Analysis for Postulated Loss-of-Coolant Accidents

This analysis presents the mass and energy releases to the containment subsequent to a
hypothetical loss-of-coolant accident (LOCA). The release rates are calculated for pipe failure at
three distinct locations:

o Hot leg (between vessel and steam generator)
J Pump suction (between steam generator and pump)

o Cold leg (between pump and vessel).
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During the reflood phase, these breaks have the following different characteristics. For a break
in the pump suction or cold leg piping, a portion of the accumulator or safety injection flow in
the intact loop can bypass the downcomer and flow directly to the break. For a cold leg pipe
break, all of the fluid which leaves the core must vent through a steam generator and be
vaporized by heat addition to the primary from the secondary. However, relative to breaks at the
other locations, the core flooding rate (and therefore the rate of fluid leaving the core) is low,
because all the core vent paths include the resistance of the reactor coolant pump. For a hot leg
pipe break, the vent path resistance is relatively low which results in a high core flooding rate but
the majority of the fluid which exits the core bypasses the steam generators in venting to the
containment. The pump suction break combines the effects of the relatively high core flooding
rate, as in the hot leg break, and steam generator heat addition as in the cold leg break. As a
result, the pump suction breaks yield the highest energy flow rates during the post-blowdown
period.

The spectrum of breaks analyzed includes the largest cold and hot leg breaks, reactor inlet and
outlet respectively, and a range of pump suction breaks from the largest to a 3.0 ft* break.
presents the specific cases analyzed and a list of tables which contain the results for
each case. Because of the phenomena of reflood as discussed above, the pump suction break
location is the worst case. For this reason a spectrum of break sizes has been used in this
analysis for the pump suction location. Other break locations result in less severe containment
pressure transients than the pump suction location. Smaller break sizes at these locations result

in less severe transients than full double-ended guillotine breaks. Therefore the hot leg and cold
leg locations have only been analyzed with an assumed double-ended guillotine break.

The LOCA transient is typically divided into four phases:

J Blowdown - includes the period from accident occurrence (when the reactor is at
steady-state operation) to the time when the total break flow stops.

J Refill - the period of time when the lower plenum is being filled by accumulator
and safety injection water. (This phase is conservatively neglected in computing
mass and energy releases for containment evaluations.)

J Reflood - begins when the water from the lower plenum enters the core and ends
when the core is completely quenched.

o Post-Reflood - describes the period following the reflood transient. For the pump
suction and cold leg breaks a two-phase mixture exits the core, passes through the
hot legs and is superheated in the steam generators. After the broken loop steam
generator cools, the break flow becomes two phase.



SEABROOK
STATION
UFSAR

ENGINEERED SAFETY FEATURES Revision 15
Section 6.2

Page 34

Containment Systems

a. Mass and Energy Release Data

I.

Blowdown Mass and Energy Release Data

Table 6.2-37/ [Table 6.2-38] [Table 6.2-39] [Table 6.2-40] [Table 6.2-41| and
Table 6.2-42| present the calculated mass and energy releases for the
blowdown phase of the various breaks analyzed with the corresponding
break size.

Reflood Mass and Energy Release Data

[Table 6.2-43] [Table 6.2-44] [Table 6.2-45] [Table 6.2-46| and [Table 6.2-47]
present the calculated mass and energy releases for the reflood phase of
the various breaks analyzed, along with the corresponding safeguards
assumption (maximum or minimum). The reflood results have been
omitted for the hot leg break since the blowdown releases are sufficient to
determine the peak containment pressure for this break location.

Dry Steam Post-Reflood Mass and Energy Release Data

The calculated mass and energy releases for the post-reflood phase with
dry steam are provided in the reflood mass and energy release tables
(]Table 6.2—45] |Table 6.2—46J |Table 6.2—47j after end of 10-foot
entrainment occurs.

Two Phase Post-Reflood Mass and Energy Release Data

Table 6.2-48| and [Table 6.2-49| present the two phase (froth) mass and

energy release data for a double-ended pump suction break using
minimum __and maximum safeguards assumptions, respectively.
presents the results for a 0.6 ft* double-ended pump suction
break using minimum safeguards.

The double-ended pump suction minimum safeguards case is normally
limiting. The two phase results are provided for other cases to prove that
an upper bound calculation has been performed. This information is not
provided for the three-foot squared pump suction split or the double-ended
cold leg or hot leg cases. The peak containment pressures for these cases
will occur during the blowdown phase of the transient.

Equilibration and Depressurization Energy Release Data

The equilibration and depressurization energy release has been
incorporated in the post-reflood mass and energy data. This eliminates the
need to determine additional releases due to the cooling of steam generator
secondaries and primary metal.
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b. Mass and Energy Sources

The sources of mass considered in the LOCA mass and energy release analysis
are given in the mass balance tables (Table 6.2—SIJ |Table 6.2—SZJ |Table 6.2—SSJ
[Table 6.2-54|[Table 6.2-55|and [Table 6.2-56). These sources are:

1. Reactor Coolant System

2. Accumulators
3. Pumped injection.

Likewise the sources of energy considered in the LOCA mass and energy release
analysis are given in the energy balance tables (ITable 6.2—57] |Table 6.2—SSJ
|Table 6.2-59J Table 6.2-60] |Table 6.2-61| and |Table 6.2-62).  These sources
include:

Reactor Coolant System
Accumulator

Pumped injection
Decay heat

Core stored energy
Primary metal energy
Secondary metal energy

Steam generator secondary energy

A S AN o A e

Secondary transfer of energy (feedwater into the steam out of the steam
generator secondary).

The balances are presented at the following times:

1. Time zero (initial conditions)
2. End of blowdown time
3. End of refill time (The only difference that will be noted from the values

at the end of blowdown is that some accumulator water will be transferred
to the reactor coolant. Thus, the low plenum will be full at the beginning
of the reflood transient.)

4. End of reflood time

5. The time when the broken loop steam generator reaches thermal
equilibrium (for froth cases only)




SEABROOK ENGINEERED SAFETY FEATURES Revision 15
STATION Containment Systems SO Ge
UFSAR Page 36
6. The time when the intact loop steam generator reaches thermal
equilibrium (for froth cases only)
7. Time of full depressurization (for froth cases only).

The methods and assumptions used to release the various energy sources are
given in Reference 11.

The following items ensure that the core energy release is conservatively analyzed
for maximum containment pressure.

1. Maximum expected operating temperature
Allowance in temperature of instrument error and dead band (+4°F)
Margin in volume (1.4 percent)

Allowance in volume for thermal expansion (1.6 percent)

A

Margin in core power associated with use of engineered safeguards design
rating (ESDR)

6 Allowance for calorimetric error (2 percent of ESDR)

7. Conservatively modified coefficients of heat transfer

8 Allowance in core-stored energy for effect of fuel densification
9 Margin in core stored energy (+15 percent).

Blowdown Model Description

The model used for the blowdown transient (SATAN-VI) is the same as that used
for the ECCS calculation. This model is described in Reference 12 and 13.
Reference 11 provides the method by which this model is used.

Refill Model Description

At the end of blowdown, a large amount of water remains in the cold legs,
downcomer and lower plenum. To conservatively model the refill period for the
purpose of containment mass and energy releases, this water is instantaneously
transferred to the lower plenum along with sufficient accumulator water to
completely fill the lower plenum. Thus, the time required for refill is
conservatively neglected.
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e. Reflood Model Description

The model used for the reflood transient (WREFLOOD) is a slightly modified
version of that used in the ECCS calculation. This model is described in
Reference 12 and 14. Reference 11 describes the method by which this model is
used, and the modifications. Transients of the principal parameters during reflood
are given in |Table 6.2-63| and |Table 6.2-64| for the double-ended pump suction
break with minimum and maximum safeguards.

Post-Reflood Model Description (FROTH)

The transient model (FROTH) along with its method of use is described in
Reference 8.

Single Failure Analysis

The effect of single failures of various ECCS components on the mass and energy
releases is included in these data. Two analyses bound this effect.

No single failure is assumed in determining the mass and energy releases for the
maximum safeguards case. For this case a failure must be assumed in the
Containment Cooling Systems. Normally the limiting case is the loss of one
spray pump. For the minimum safeguards case, the single failure assumed is the
loss of one emergency diesel. This failure results in the loss of one pumped safety
injection train. The analysis of both maximum and minimum safeguards cases
assures that the effect of all credible single failure is bounded.

Metal-Water Reaction

In the mass and energy release data presented here, no Zr-H,0 reaction heat was
considered because the clad temperature did not rise high enough for the rate of
the Zr-H,0 reaction to be of any significance.

Energy Inventories

Energy inventories for primary and secondary systems are tabulated for hot leg
cold leg, and pump suction breaks in |Table 6.2-57] |Table 6.2-58] |Tab1e 6.2-59
[Table 6.2-60][Table 6.2-61|and [Table 6.2-62|

Additional Information Required for Confirmatory Analysis

System parameters needed to perform confirmatory analysis are provided in
Table 6.2-65
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6.2.14 Mass and Energyv Release Analysis for Postulated Secondary System Pipe

Ruptures inside Containment

Mass and Energy Release Data

The mass and energy releases into the containment following a postulated main
steam line break (MSLB) have been calculated by using the model described in
Subsection 6.2.1.4d and incorporating the balance-of-plant parameters for
Seabrook Station via the procedure described in Reference 15.

The effects of a postulated feedwater line rupture are not as severe as the main
steam line break because the break effluent of a feedwater line rupture is at a
lower specific enthalpy. Therefore, feedwater line break mass and energy
releases to the containment are not addressed here since they are bounded by
steam line break releases.

1. Break Type/Size and Operating Power

The plant operating power levels at the time of the MSLB and the
spectrum of break types and sizes analyzed have been presented in
[Table 6.2-10] and [Table 6.2-11] respectively. Full double-ended rupture
(DER) area is determined by the integral flow restrictor area. This break
represents the largest possible break. A small double-ended rupture has
been considered for each power level. These break sizes have been
chosen to be large enough to generate a steam line isolation signal from
the Primary Protection System. For any ruptures smaller than these small
double-ended ruptures, an isolation signal is generated by containment
pressure. Two such cases have been analyzed with approximately half the
corresponding size of the small double-ended rupture. These breaks are
expected to cover adequately the full spectrum of double-ended break
sizes. For the split ruptures, the break sizes selected are the largest sizes
which will not generate a steam line isolation signal from the Primary
Protection System. An isolation signal is generated on containment
pressure. Larger split ruptures will generate primary protection signals
and are expected to be bounded by the double-ended ruptures. The breaks
are assumed to be at the exit of a steam generator flow restrictor for
double-ended ruptures, and at any point on the piping between a steam
generator and the first main steam pipe whip restraint inside the
containment for split ruptures.
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For full-size double-ended guillotine ruptures, the model allows credit for
the flow-limiting effect of the MSIV (one for each loop) on the reverse
flow blowdown. The reverse flow consists of (1) an initial blowdown of
the steam in the piping between the break (immediately downstream of a
steam generator flow restrictor) and the nearest MSIV, which is controlled
by the piping cross-sectional area (4.18 ft*); (2) a subsequent flow from
the intact steam generators, which is controlled by the MSIV seat area
(1.97 ft*); and (3) a post-isolation piping steam blowdown. The initial
piping blowdown is assumed at a constant choked flow rate corresponding
to the initial pressure in the line. The flow from the intact steam
generators, which is controlled by MSIV seat area, is conservatively
calculated assuming a pressure decay curve for a break area smaller than
the MSIV seat area for a given power level. Following isolation, the
blowdown of the steam remaining in the piping (from the break up to the
MSIVs of the intact steam generators for a single failure of a MSIV and up
to the nearest MSIV for all other single failures) is calculated assuming the
flow rate drops to zero linearly.

The post-isolation blowdown was calculated by following the procedure
given in Reference 15 for the small double-ended breaks.

The reverse flow consists of (1) a reverse flow from the intact steam
generators, and (2) a post-isolation piping steam blowdown, both
controlled by the break size.

For split ruptures, isolation of the main feedwater and main steam lines is
initiated when the containment pressure reaches 6.8 and 7.4 psig, which
are the upper bounds of the isolation setpoints for the main feedwater and
main steam. The time when this pressure is reached was found by
computing the containment pressure-temperature response using
blowdown data obtained by assuming no isolation. The analytical method
and initial conditions for this calculation have been presented in
Subsection 6.2.1.1. The correct blowdown in the period following
isolation was then calculated by applying the calculated isolation time.
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Fluid Inventory for Release

The total inventory of fluid available for release is characterized by the
steam generator dryout time, which is defined as the time when the
blowdown rate of the affected steam generator is equal to the rate at which
the feedwater is entering. The dryout time depends on four steam/water
sources: (1) initial steam generator mass, (2) mass added by feedwater
flashing, (3) mass added by the Main Feedwater System, and (4) mass
added by the Emergency Feedwater System. Item (1) is discussed in
Subsection 6.2.1.4c. For Item (2), the actual water volume in the main
feedwater piping between the affected steam generator and the valve
effecting the isolation was used. Item (3) is obtained by integrating the
transient flow rate over an appropriate time period. The flow rate was first
obtained as a function of the pressure in the affected steam generator,
considering the system resistance and characteristics of the various pumps.
The pressure in the intact steam generators was assumed to remain
unchanged during the transient. The main feedwater pumps were assumed
to be operating at the maximum speed until they were tripped and all
feedwater control valves (FCV) were assumed to be at their initial
position, except the one in the broken loop which was assumed fully open,
until their isolation is completed. It was assumed that the main feedwater
pumps are immediately tripped upon receipt of the isolation signal, while
all FCVs close instantaneously after a further delay equal to the maximum
valve stroking time. The maximum stroking time of the feedwater
isolation valves (FWIVs) and FCVs is discussed in Subsection 6.2.1.1.
The pressure-flow relationship thus calculated was then converted to give
the main feedwater flow rate as a function of time using the calculated
pressure transient for the affected steam generator. Finally, Item (4) was
obtained by multiplying the constant flow rate by the dryout time, or 30
minutes (time of isolation of the emergency feedwater line), as
appropriate.
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3. Mass-Energy Release Data for Most Severe Ruptures
The mass and energy releases have been calculated for the 102
accident-single failure combinations, as can be deduced from
[Table 6.2-10] [Table 6.2-11| and [Table 6.2-12] The mass flow rate and the
enthalpy for the forward flow and the reverse flow for the case of
maximum containment peak pressure (a full DE rupture at hot shutdown
with one containment spray train failed) are given in [Table 6.2-66| and
Table 6.2-67] respectively. Similar blowdown information for the case of
maximum containment peak temperature (a full DE rupture at 102 percent
power with the broken loop MSIV failed) is given in [Table 6.2-68| and
Table 6.2-69
b. Single Failure Analysis

The single failures postulated to concur with the MSLB have been presented in
Failure of a FWIV (Single Failue No. 1) increases the dryout time
through Item (2) described in the previous subsection. The main feedwater
available for flashing with and without this failure is 558.0 cu. ft and 160.5 cu. ft,
respectively. Failure of a FCV (Single Failure No. 3) and failure of the main
feedwater pump trip (Single Failure No. 4) increase the dryout time through Item
(3) only, while failure of the emergency feedwater pump run out control (Single
Failure No. 5) increases the dryout time through Item (4) only. Failure of the
broken-loop MSIV (Single Failure No. 2) extends the steam volume available for
the post-isolation piping blowdown to include the portion bounded by the MSIVs,
the turbine stop valves (TSVs), the condensers, and the moisture
separators/reheaters.  The steam volume with and without this failure is
11907.1 cu. ft and 969.9 cu. ft, respectively. Failure of one of the two containment
spray trains (Single Failure No. 6) results in a reduced containment heat removal
rate, but has no effect on the blowdown.

Initial Conditions

A spectrum of power levels spanning the operating range, 102 percent,
75 percent, 50 percent, 25 percent, as well as the hot shutdown condition, has
been considered. At each power level, plant initial conditions corresponding to
the power level were assumed. Initial steam generator mass corresponding to the
design mass limits was assumed.
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Offsite power was assumed to be available. Specifically, this means no credit was
taken for tripping of the reactor coolant pumps in determining the mass and
energy releases. Tripping of the pumps reduces heat transfer capability from the
primary plant into the steam generator, which reduces the effects of core power
generation decay heat and thick metal energy and energy from intact steam
generators on break releases. Further details of the initial conditions may be
found in Reference 15.

d. Description of Blowdown Model

The steam generator blowdown model assumes dry steam. Details are available
in Reference 15.

€. Energy Inventories

Mass and energy balances are provided in |Table 6.2-6931 and |Table 6.2-69b| for
the most severe secondary pipe ruptures based on the highest peak calculated
containment pressure and temperature.

f. Additional Information Required for Confirmatory Analysis

No additional information is deemed necessary for the performance of a
confirmatory analysis.

6.2.1.5 Deleted
6.2.1.6 Testing and Inspection

Information concerning preoperational leakage testing and periodic in-service leakage
surveillance of the containment to ensure functional capability of the containment and associated
structures is provided in Subsection 6.2.6. Testing and inspection requirements for safety
systems which support the functional capability of the containment and associated structures are
discussed in the respective sections for the individual systems.

6.2.1.7 Instrumentation Requirements

Instrumentation is provided to monitor containment pressure, temperature humidity, hydrogen
concentration, radiation levels and sump and flood water level to assist normal plant operations.

Instrumentation to monitor containment parameters for accident monitoring is discussed in detail
in Section 7.5.

Containment post-LOCA radiation monitoring, area and airborne radioactivity monitoring
instrumentation is discussed in detail in Subsection 12.3.4.

Containment post-LOCA hydrogen monitoring is discussed in Subsection 6.2.5.
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6.2.1.8 Containment Analvsis at an Analvze Core Power Level of 3659 MWt

As discussed in Section 6.2.1.1.a, the peak containment pressure and temperature predicted by
the GOTHIC model for an analyzed core power level of 3659 MWt is bounded by the results of
the original containment analysis performed using the CONTRAST-S-MODI1 program. This
section provides a discussion of the results/data associated with containment response analyses
of record, as shown on the applicable tables and figures in this section, as compared with the
results/data associated with the containment response at the analyzed core power level of 3659

MWt.

Long-Term LOCA Containment Pressure and Temperature Response

The pressure and temperature time/histories shown in Tables 6.2-8, 6.2-9 and
Figures 6.2-1 through 6.2-18 are based on the original and bounding containment
analysis. A new GOTHIC code analysis was performed to baseline the original
analysis and determine the impact of the analyzed core power level of 3659 MWt.
The peak temperature and pressure values shown for the bounding EQ profile
curves remain bounding at the 3659 MWt analyzed core power level. The actual
calculated pressure and temperature values at the 3659 MWt analyzed power level
vs. time differ slightly from the curves presented. The results show that the peak
containment temperatures and pressures and the peak containment sump water
temperature at an analyzed core power level of 3659 MWt are bounded by the
peak values determined in the analysis of record.

Long-term LOCA Mass and Energy Release Analysis

The data presented in Tables 6.2-37 through 6.2-64 and Figures 6.2-87 through
6.2-90, applicable to the containment response analysis of record, remain
bounding at the analyzed core power level of 3659 MWt for the following
reasons: (1) The LOCA mass and energy release data used in the analysis of
record are generic, whereas the mass and energy release data used in the analyzed
3659 MWt core power analysis were generated based on a Seabrook Station
plant-specific model, (2) The decay heat model used in the generic data was based
on American Nuclear Society (ANS) 1971 + 20%, whereas the 3659 MWt
analyzed core power analysis was performed with ANS 1979 + 2o, and (3) In the
3659 MWt analyzed core power analysis, credit was taken for steam-water
interaction in the Reactor Coolant System loop piping, which was not available
when the generic data was calculated.
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C. MSLB Containment Pressure and Temperature Response

The pressure and temperature time/histories shown in Tables 6.2-13 through
6.2-15 and Figures 6.2-20 through 6.2-23 are based on the original and bounding
MSLB containment analysis. For the 3678 MWt NSSS analyzed thermal power
level, a new GOTHIC based analysis was performed to baseline original analysis
and determine the impact of the analyzed core power level of 3659 MWt. The
peak temperature and pressure values shown for the bounding EQ profile curves
remain bounding at the 3659 MWt analyzed core power level. The actual
calculated pressure and temperature values at the 3659 MWt analyzed core power
level vs. time differ slightly from the curves presented.

The limiting peak temperature for MSLB under 3659 MWt analyzed core power
conditions is 357.4°F for a double ended rupture at 100% power with a single
train failure. This is bounded by the existing peak containment temperature
during a MSLB of 364°F.

The existing containment peak pressure following a MSLB is 36.1 psig
determined for a double-ended rupture of the main steam line at hot standby
power with failure of one spray train. This peak containment pressure determined
for MSLB conditions is well below the peak containment pressure determined
under LOCA following a full double-ended rupture of the reactor coolant pump
suction piping with two trains of safety injection in operation.

The highest containment peak pressure based on 3659 MWt analyzed core power
level conditions following a MSLB is calculated to be 37.3 psig for a doubled
ended rupture at near zero power with failure of one diesel generator (i.e., one
train). Peak containment pressure of 30.8 psig is developed for MSLB under
3659 MWt analyzed core power conditions for the double-ended rupture at 100%
power with failure of one train. The current analysis of record was performed
using mass and energy release data for a generic Westinghouse plant, whereas the
results under the 3659 MWt analyzed core power level conditions are specific to
Seabrook Station. Although the peak containment pressure resulting from MSLB
under 3659 MWt analyzed core power conditions is slightly higher than that
developed in the analysis of record, this value remains bounded by the peak
pressure determined in the loss of coolant accident analysis.
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d. MSLB Mass and Energy Release Analysis

6.2.2

The containment MSLB response analysis of record was performed using mass
and energy release data for a generic Westinghouse plant (Tables 6.2-66 through
6.2-69b), whereas the 3659 MWt core power analysis uses the RETRAN
computer code for determining the MSLB mass and energy releases, as well as
inputs that are plant-specific for Seabrook Station. As indicated above, results of
the 3659 MWt core power analysis show that the containment MSLB response
analysis of record remains bounding for peak containment temperature; the peak
containment pressure determined in the 3659 MWt core power analysis is
bounded by the peak pressure determined in the containment LOCA response
analysis of record.

Containment Heat Removal System

The containment is maintained below design pressure following a primary or secondary system
line rupture by the parallel action of the Emergency Core Cooling System (ECCS) and the
Containment Building Spray (CBS) System as active heat removal systems and by the passive
heat sinks such as structural components. The ECCS is discussed in Section 6.3; details of the
CBS system and the inter-relationship between the ECCS and CBS systems for removing heat
from the containment are discussed in this section. Passive heat sinks, such as the containment
liner and other structures, are described in Subsection 6.2.1.

6.2.2.1

Design Bases

The ECCS and the CBS system are each comprised of two identical trains, each
train independent of the other and fully redundant. Failure of a single active
component will not cause the loss of more than half of either system's 200 percent
heat removal capacity. Sufficient capacity to mitigate the consequences of an
accident is thus assured with one CBS train and one ECCS train available.

The reactor unit has its own CBS system and ECCS.

The CBS system is designed to remove the energy discharged to the containment
following a loss-of-coolant accident (LOCA) or main steam line break (MSLB) to
prevent the containment pressure from exceeding design pressure and to reduce
and maintain containment temperature and pressure within acceptable limits. The
postulated accident conditions for which the CBS performance is evaluated are
discussed in Subsection 6.2.1.1.

The sources and amounts of energy released to the containment during accident
conditions that determine the required capacities of the containment heat removal
systems are discussed in Subsections 6.2.1.3 and 6.2.1.4.
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e. Only minimum containment spray capacity (one train) is required for design heat

removal. The containment energy removal rate is sufficient to reduce
containment pressure so that leakage is reduced to one-half of the design leakage
of 0.15 percent of the containment air mass per day within 24 hours after the
DBA.

Assuming a loss of offsite power, the most limiting single failure is the failure of
an emergency diesel generator to function leading to the loss of one safety train at
the time of actuation. A detailed discussion of single active failures is presented
in Subsection 6.2.1.3.

Components in the CBS system that are required to function during and
subsequent to an accident are designated seismic Category I, and are designed to
withstand the SSE without loss of function.

The capability of mechanical, instrumentation and electrical components in the
containment heat removal systems to withstand the post-accident containment
environmental conditions is discussed in Section 3.11.

Design of the CBS system to withstand the effects of wind and tornado loading,
floods, and missiles is discussed in Sections 3.3, 3.4, and 3.5, respectively.

Components in the CBS system that are required to function during and
subsequent to an accident are protected against the dynamic effects of pipe
rupture, as discussed in Section 3.6.

Design of the CBS system to withstand the effects of floods is discussed in
Section 3.4.

The contents of the RWST and SAT are required for the safe shutdown of the reactor and
cooling of the containment following the rupture of primary or secondary coolant system
piping in the containment. The water in the RWST and SAT is not required for reactor
cooldown if there is no pipe rupture. The RWST and SAT are not protected from tornado
wind loads and missiles since the simultaneous occurrence of a pipe rupture in the
containment and a tornado is considered incredible.
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6.2.2.2 System Design

The P&I diagrams of the ECCS and CBS system are shown in |Figure 6.3-1| and |Figure 6.2-74J
respectively. |Figure 6.2-75| is a complete flow diagram of all the Engineered Safety Feature

Systems. The

valves in |Figure 6.2-75| are shown in their open position so that the same diagram

can be used to represent all modes of operation. Design parameters for the CBS system

components are listed in|Table 6.2-75

a.

Operation

The CBS system is actuated by a containment spray actuation signal (CSAS),
which is initiated by high pressure in the containment. The CSAS is discussed in
Section 7.3. The CBS system pumps water from the refueling water storage tank
(RWST) to the spray nozzles located high in the Containment Building. The
RWST contains a minimum of 450,000 gallons of borated water at a maximum
temperature of 98°F, and provides cooling for a minimum of 26 minutes after an
accident, based upon maximum pumps in operation at maximum flow rates.
Upon a low-low level signal from the RWST (approximately 350,000 gallons
removed) in conjunction with an "S" signal, the suctions of the residual heat
removal (RHR) and CBS pumps automatically re-align to take suction from the
containment recirculation sumps. The operator then manually re-aligns the
centrifugal charging pumps to take suction from RHR pump P-8A discharge and
the safety injection pumps to take suction from RHR pump P-8B discharge. All
pumps continue to operate in the recirculation mode until no longer required.
Heat tracing is not required for the piping in this system since no part of the
system is exposed to temperatures below 40°F.

Component Description

The following are descriptions of the components in the CBS system. RHR
pumps and heat exchangers are described in Section 6.3 and Subsection 5.4.7;
ECCS component descriptions are found in Section 6.3.

1. Containment Spray Pumps

The CBS pumps are horizontal centrifugal pumps selected to supply the
design spray flow rate at containment design pressure. The pumps are
designed to take suction from the containment sump at the most limiting
NPSH condition (atmospheric pressure and a temperature of 212°F) and
pump it back into the containment through the spray nozzles. Design
pump discharge pressure takes into account containment pressure,
elevation head to the highest nozzles, and piping frictional losses.
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Containment Systems

Each CBS pump is designed to deliver 3010 gpm from the lowest level in
the RHR equipment vault to the highest point in the Containment
Building. The minimum calculated CBS system flow rate of 2808 gpm
during injection has been shown to be adequate to maintain the
containment pressure and temperature within the design envelope for
worst case primary and secondary side ruptures.

Spray Additive Tank

The spray additive tank (SAT) is mounted adjacent to the RWST, and
drains by gravity into the RWST mixing chamber through a six inch
diameter pipe which has redundant valving. This line connects the
bottoms of the SAT with the RWST mixing chamber. External heaters are
provided to prevent freezing or chemical precipitation during cold
weather. The mixing ratio of the spray additive tank volume to the RWST
volume is such that the pH of the spray solution during the injection phase
will average between 9.0 and 9.6 units. The tank is sized to provide the
correct amount of sodium hydroxide solution to insure that the final
containment recirculation sump pH after injection will be between 8.5 and
11.0 units for the various reactor coolant conditions. No provision is made
in the design of the SAT to prevent the reaction of NaOH with
atmospheric carbon dioxide during long-term storage.

Proper concentration of sodium hydroxide between 19 and 21% by weight
will be verified periodically by chemical analysis.

Containment Spray Heat Exchangers

The containment spray heat exchangers are shell and tube-type heat
exchangers with spray flow in the tube side and primary component
cooling water (PCCW) on the shell side. They are sized such that one
containment spray heat exchanger and one residual heat removal heat
exchanger provide 100 percent of design heat removal capacity.

Heat exchanger parameters, including flow rates, were selected so that one
RHR heat exchanger and one CBS heat exchanger satisfy containment
cooling requirements. contains the heat exchanger
performance data used for the accident analyses.

Spray Headers and Nozzles

The spray headers are positioned in the containment dome to maximize
coverage of the containment volume. Four separate headers are used to
obtain the distribution of the flow, two for each train. Each train contains
198 nozzles with each nozzle providing a design flow of 15.2 gpm (see
|Figure 6.2-76| and |Figure 6.2-77)|.
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5. Refueling Water Storage Tank

The refueling water storage tank (RWST) is designed to store
475,000 gallons of borated water. This tank is designed to supply water
both for refueling operations and to the Containment Spray System and
the Emergency Core Cooling System during accident operations. The
RWST capacity is based on accident requirements and will supply the
safety injection, the charging, residual heat removal and containment
spray pumps for at least 26 minutes during the injection phase of a design
base accident.

Margin is provided to allow time for transfer of the systems to the
recirculation mode and to account for instrument errors. Analysis is based
on a minimum of 350,000 gallons of water being injected. An external
steam heating supply system is provided to protect against freezing. Tank
temperature is indicated locally and alarmed in the main control room.

Material Compatibility

The components of the CBS system, including the spray nozzles, are fabricated of
materials listed in|Table 6.2-75

The pH of the sump water following an accident is monitored to ensure that the
pH is maintained in the correct range (discussed in part f. of this section) as the
hydroxide is consumed by chemical reaction with zinc and aluminum within the
containment. Two sample points exist to withdraw samples downstream of the
RHR heat exchangers: the normal connection to the sample sink, and a local
sample point. Sodium hydroxide can be added for pH adjustment using the
chemical and volume control system tanks and pumps. The solution is prepared
in the chemical mixing tanks and supplied to the suction of the charging pumps.
The charging pump suction is fed from the RHR system during recirculation.

Neither the containment spray pumps or motors nor other engineered safeguard
pumps or motors are exposed to the containment atmosphere; accordingly, no
adverse effects are considered due to the post-accident containment environment.

Redundancy

Minimum allowable cooling capacity is assured by utilizing the "double train"
concept in both the Emergency Core Cooling and the Containment Spray
Systems. These trains are independent of each other, with no interconnection, so
that a single active component failure will not cause loss of function of the
system. An analysis of a failure of each component is presented in
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Recirculation Piping

There are two penetrations from the containment sump to the Primary Auxiliary
Building (PAB), with each pipe encased in a sleeve. In each line, immediately
inside the PAB, is a motor-operated gate valve. After passing through the
isolation valve, the flow in each line divides to supply one CBS and one RHR
pump. Each isolation valve is enclosed within a housing designed to withstand
containment design pressure to prevent any leakage to the PAB atmosphere.

Containment Spray System pH Values

The pH of the system is dependent on the ratio of boric acid to caustic. The
interaction of these two compounds has been investigated (References 17 and 18)
and this data has been used to correlate containment spray composition and pH.

The 21 percent by weight sodium hydroxide in the spray additive tank, when
mixed with the borated water in the RWST, nominally produces a pH of 9.6 or
less during the injection phase. For maximum initial tank level mismatch, due to
instrument uncertainties, the spray pH could exceed 10.3 for about 6 minutes.

The calculations of the spray pH range included such considerations as the
physical piping arrangement between the additive and water storage tanks,
variation in relative liquid heights in the tanks due to instrument uncertainties and
permissible variations in the concentrations of sodium hydroxide in the spray
additive and boron in the refueling water storage tanks. Since the UE&C
computer program (MIXCH) used in the above calculations has successfully
simulated the test data gathered in the testing of a similar gravity feed chemical
injection system (Arkansas Nuclear One), a full-scale pH test is not considered
necessary for Seabrook. This analysis technique (MIXCH) is detailed in
Reference 23.

The maximum pH of the containment sump after a LOCA depends on the
concentration of boron in the reactor coolant, i.e., the sump pH is 9.4 at zero ppm
boron in the reactor coolant and 8.8 at a 4000 ppm boron concentration.
Corrosion products in the solution have a tendency to slightly suppress the pH,
generally to an extent less than 0.1 unit. In particular, for the composition of the
containment sump water, the reduction in pH is expected to be even less (about
0.02 unit).
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Net Positive Suction Head Requirements

Adequate net positive suction head is assured by locating the RHR and CBS
pumps at the lowest level in the Auxiliary Building. The RHR and CBS pump
available net positive suction heads from the containment sump were determined
by assuming the limiting conditions in accordance with NRC Regulatory Guide
1.1 (pressure equal to atmospheric and temperature equal to 212°F). The CBS
pump available and required net positive suction head is shown in
The RHR pump available and required net positive suction head is shown in

Heat Exchanger Surface Fouling

The materials used for the CBS heat exchanger are listed in |Table 6. l(B)—ll The
shell side of the heat exchanger is cooled by the PCCW system which contains a
corrosion-inhibiting agent and operates as a closed system. The tube side, which
is in contact with the emergency core coolant, is corrosion resistant. The effect of
corrosion fouling on heat exchanger surfaces will, therefore, be minimal;
however, fouling factors were included in the detailed design of the units to assure
the required heat removal capability through conservative design.

Heat Exchanger Performance

The heat exchanger (residual heat removal, containment spray, primary
component cooling water) temperatures have been selected based upon maximum
service water (ultimate heat sink) temperatures and the amount of heat removal
required. The flows, geometry, and surface area were studied in the evaluation of
the containment pressure-temperature analysis. Those parameters selected and
tabulated in are those which meet the design basis requirement for
containment cooling.

Containment Recirculation Sump and Strainer Design

The containment recirculation sump collects and strains the water available for
supplying the residual heat removal, containment spray, safety injection and high
head charging pumps during the recirculation mode of operation following an
accident. The sump is designed to meet the intent of Regulatory Guide 1.82.
Two completely independent sumps are located in the containment to maintain
the "double train" concept as described in Subsection 6.2.2.2d.

One sump supplies water to Train A and the other sump supplies Train B. The
arrangement of these sumps is shown in The minimum water level
in  containment during a loss-of-coolant accident is  nominally
Elevation (-)23.79 ft.
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A series of debris interceptors are provided on the containment floor within the
recirculation flow paths. The debris interceptors reduce the quantity of debris
transported to the sumps by trapping debris and allowing the remaining debris
more time to settle prior to reaching the sumps.

Heavy particles are prevented from reaching the sumps by sloping the
surrounding floor away from the sumps. This facilitates settling of debris on the
floor prior to reaching the sump area.

A strainer is installed in each sump. Each strainer consists of rows of vertically
oriented strainer panels, consisting of a framework sandwiched between two sets
of wire cloth attached to perforated plates. The maximum hole size of the
perforated plates and maximum width of a gap between bolted structures is 0.068
inches. The strainer would therefore prevent debris particles 0.068 inches or
greater in diameter which may be generated following a large break LOCA from
passing through or bypassing the strainer and entering the ECCS system. The
minimum physical restriction in the ECCS flow path consists of 0.073 inches,
which is the effective opening of the fuel assembly debris filter bottom nozzle in
combination with the P-grid. Therefore, the strainer will prevent recirculation of
debris particles of sufficient size to impede cooling flow to the core.

The strainer panels are mounted on a plenum structure within the sump. The
plenum is sealed to the sump floor and at the sump wall adjacent to the ECCS
pipe inlet to ensure that all water entering the sump passes through the strainer
panels. Water is drawn through the strainer panels and plenum and into the lower
portion of the sump.

The strainer will also act as a vortex preventor to further preclude air intrusion
into the ECCS piping.

The strainers have been designed to accommodate the debris generated and
transported to the sump during the recirculation phase of a LOCA. The head loss
due to debris on the strainer is less than the available NPSH margins for operating
ECCS pumps, thereby ensuring that cavitation of the ECCS pumps will not occur.
Therefore, the design meets the intent of Regulatory Guide 1.82.

The potential for clogging of the sump strainers by equipment and piping
insulation or loose insulation in the containment is minimized by the type of
insulation used.
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The thermal insulation inside the containment for piping and equipment except the
reactor pressure vessel is fiberglass blanket insulation of the type commercially
known as Nukon, manufactured by Owen's-Corning Fiberglass. The outside
surface of the insulation blankets is covered with a stainless-steel jacket or is
encapsulated in stainless steel wire mesh. Nukon is consistent with the
recommendations of Regulatory Guide 1.36. The reactor pressure vessel is
insulated with stainless-steel reflective insulation or fiberglass blanket.

Clogging of the strainers by nonsafety-related equipment is unlikely due to the
remote location of the sumps relative to the NNS equipment and physical barriers
separating the sumps from other areas in the containment. The supplementary
neutron shielding around the reactor vessel which could be displaced by
blowdown forces during an accident is designed to remain anchored and intact;
hence, it is not a potential source of strainer blockage during an accident.

The design of the sump suction piping ensures that adequate flow and net positive
suction head are available to all pumps under the most limiting containment
conditions, as required by Regulatory Guide 1.1. The two sumps and the pumps
they service are designed so that any single active or passive failure will not cause
the loss of both A and B Train components.

The sumps are visually inspected on a periodic basis to assure that they are clean,
free of debris and that all strainers are intact and in position. The containment
sump line isolation valves are exercised periodically to assure operability within
Technical Specification requirements.

Periodic Testing

The provisions for periodic testing and inspection of the containment spray
system are discussed in Subsection 6.2.2.4.

Applicable Codes, Standards and Guides

The codes, standards and guides applicable to the containment spray system are
summarized in|Table 6.2-79

Remote Manual Operation of the Containment Building Spray System

The CBS system is designed to function completely automatically under accident
conditions, hence there are no operations which must be performed manually by
the operator from the main control board to initiate the proper function of the
system during an accident. After the suctions of the CBS pumps are
automatically switched over from the RWST to the containment recirculation
sumps, the isolation valves (CBS-V2, CBS-V5) in the discharge line from the
RWST will be closed by the operator.
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n. Plant Protection System Signals and Setpoints

Operation of the CBS system is initiated automatically upon receipt of a
containment spray actuation signal (CSAS). A CSAS is generated when the
containment pressure reaches 19.8 psig (see also Subsection 6.2.1.1¢c.1(b)). The
analysis limit of 19.8 psig is established by the requirement to maintain the
maximum containment pressure during an accident as low as practical while
keeping the setpoint as high as practical to minimize the probability of spray
actuation following a small high energy line break. The Engineered Safety
Features Actuation System is further described in Section 7.3.

0. Equipment Qualification

Components in the CBS system which are required to function during the accident
are qualified (vendor certification) to verify the ability of the components to
perform their intended functions under the conditions specified in the purchase
documents and/or by test.  Environmental qualification of safety-related
equipment is discussed in Section 3.11. Tests and inspections are discussed in
Subsection 6.2.2.4. Seismic qualification is addressed in Section 3.10. Pump and
valve operability assurance is discussed in Subsection 3.9.3.2.

p. Containment Spray System Response Time

Containment spray system response time is discussed in Subsection 6.2.1.1c.

6.2.2.3 Design Evaluation

The analyses of the post-accident containment pressure transients are discussed in
Subsection 6.2.1. The double train concept insures that sufficient heat removal capacity will
exist, even with a single active failure. Containment design pressure is not exceeded and
containment pressure reduction reduces containment leakage to 50 percent of the design leak rate
within 24 hours after the DBA.

The refueling water storage tank and the spray additive tank are located within an enclosure
building in the yard area. The RWST and SAT are fully enclosed with insulated siding and roof,
as well as by two heated buildings (PAB and WPB). Included within these enclosures is the
associated piping, vent lines, and instrument tubing.

During cold weather conditions, both the SAT and RWST are heated by steam heating panels
mounted on the exterior surface of the tanks. Calculations demonstrate that the RWST heating
panel can maintain a minimum water tank temperature of 50°F, and concurrently provide
sufficient heat into the enclosure area to maintain an enclosure temperature of 39°F. No credit
was taken for heat contributions from the SAT heaters. The site environmental condition for this
design evaluation assumed -17°F and 30 mph winds, and are more conservative than the

minimum outdoor conditions listed in Updated FSAR [Figure 3.11-1
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For the above environmental conditions, the heat loss from the Enclosure Building, including
infiltration losses, is 158,000 Btu/hr. as compared to an RWST heating panel capacity of 674,000
Btu/hr. Accordingly, freeze protection is provided for all equipment. In addition, both tank low
temperature and enclosure temperature alarms are provided in the main control room.

The maximum temperature of the water in the tanks is calculated to be 86°F, using plant specific
meteorological data, assuming maximum solar heat gain and failure of the ventilation fans. The
heat of reaction upon the mixing of the boric acid and the sodium hydroxide would raise the
temperature of the tank contents approximately 2°F, thereby raising the RWST maximum supply
temperature to 88°F. Following a refueling operation, the RWST water temperature may reach a
higher value. The maximum temperature considered for all evaluations is 98°F. Neither tank is
protected against tornado missiles, and a tornado and accident are not considered simultaneous
events. In the event of tornado damage to either tank, the affected unit would be shut down.

The SAT is connected to the RWST by two parallel lines each with an automatic motor-operated
valve. The valves are actuated and powered from separate sources to insure that the NaOH
solution can be added to the containment spray even in the event of a single active failure.

The method of addition of 20 percent NaOH solution in required concentrations to the borated
water drawn from the RWST immediately following a LOCA 1is primarily dependent on passive
components, such as tanks, pipes and a baffled mixing chamber. The rate of addition is
dependent on the drawdown rate of the RWST and is based on principles of hydrostatics and
hydrodynamics. A description of the system is contained in the following paragraphs.

The system outlined here was chosen in preference to other available systems because it relies
upon a minimum number of active components for adding and mixing the NaOH with the
borated water and therefore is not dependent on the proper operation of active components (such
as eductors and associated recirculation valves, etc.), to achieve the required mixing ratio.
Addition of NaOH to the borated water is accomplished by gravity feed through a 6" pipe
connecting the SAT and RWST which together remain in hydrostatic equilibrium throughout the
period of ECCS injection into the core and the containment atmosphere.

A mixing chamber is provided inside the RWST to thoroughly mix the NaOH with the borated
water supplied to the containment spray system by the RWST.

The redundant motor-operated isolation valves between the SAT and the RWST are normally
closed and are automatically opened by the containment spray actuation signal. Once these
isolation valves are open, the SAT draws down simultaneously with the RWST as the residual
heat removal, safety injection, charging and containment spray pumps withdraw water from the
RWST. The operating levels of the SAT and RWST are maintained during normal operation to
ensure that the two tanks are in hydraulic equilibrium. Since the two tanks are in hydraulic
conjunction with each other, they remain in hydrostatic equilibrium throughout the injection
phase.
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The Containment Spray Actuation System and power supplies are independent and redundant to
ensure actuation and power in the event of a single failure. An analysis of possible failures is

presented in(Table 6.2-77

a.

Passage of Spray Water to the Recirculation Sumps

The containment spray water is distributed over the operating floor at
elevation 25' and is then directed to one of three different flow paths to the
containment sump. Water holdup is minimized by grated floors and adequate
openings in compartment walls and shielding to allow passage of water to the
recirculation sumps, as described below:

1.

The operating floor has 3520 ft* of grating which will pass the spray
directly to the lower floor at elevation 0'-0". Spray that impacts and
collects on the solid floor at this elevation will freely drain to the grated
floor areas. Elevation 0'-0" has 1270 ft* of grating which will allow the
water draining from above to drain to elevation -26' where the spray will
drain to the recirculation sump.

The steam generator shielding extends above the operating floor to
elevation 32 ft. The top of these shielded cubicles is open to collect spray.
However, this path is open to elevation -26 ft and the spray will drain
directly to the sump.

There are openings in the reactor operating floor for the refueling canal,
reactor internals lay down and access to the reactor head region.
Eventually, all spray impacting this area drains to the annular region
between the reactor vessel and the concrete primary shield wall. This area
is not isolated during normal plant operation. Low elevation portions of
the refueling canal (See will drain to the -26'elevation
through three four-inch lines each having two valves in series, normally

open, but both closed during refueling connected to a common drain path.
Each drain path is isolated by two valves in series during refueling.

Adequate openings have been provided in the missile shield walls to allow free passage of water
at elevation -26' to the recirculation sump.

The maximum total trapped volume of spray water is 22,830 ft (170,780 gal). See
Subsection 6.2.1.1b.6 for details. This is significantly less than the 46,788 ft* (350,000 gal) of
water supplied from the RWST.

b.

Changeover from Injection to Recirculation

The changeover from the injection mode to the recirculation mode during an
accident is described in Subsection 6.3.2.8. The containment spray pumps
function the same as the RHR pumps during the changeover.
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Upon reaching a low-low level in the RWST, the recirculation mode of operation
is automatically initiated. The two containment sump isolation valves are
automatically opened when the low-low level signal in the RWST is indicated in
conjunction with an "S" signal. This valve opening realigns the suction of the
containment spray pumps to the sumps for the start of recirculation. The
containment spray pumps continue to operate during this switchover. After the
switchover is completed, the isolation valves in the discharge line from the RWST
are closed by the operator.

Each of the containment spray subsystems is capable of satisfying the system
function and either can be removed from service. A single failure does not
prevent the transfer to the recirculation mode since each active component is
duplicated by the dual train concept.

Spray Effectiveness

Each spray train contains 198 SPRAYCO 1713A hollow-cone ramp bottom
nozzles. Sixty-five nozzles were randomly selected from a quantity of 325 to
evaluate the performance of the nozzles and verify the required flow of 15.2 gpm
at 40 psi differential pressure. The average mean droplet diameter for the nozzles
tested was 660 microns. This compares to a conservative value of 1250 microns
used in the containment iodine removal analysis. The average mean drop
diameter was arrived at by numerical averaging based on an instantaneous
sampling of spray at design conditions.

Table 6.2-80| lists the percentage of sprayed volume and [Figure 6.2-80| and

Figure 6.2-81| show the extent of overlapping of the sprays in plan for spray
loops A and B, respectively. These figures show virtually 100 percent coverage
of the containment at the operating floor level. |Figure 6.2-82| and |Figure 6.2-83|
show the spray loops A and B coverage pattern in elevation views.
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|Figure 6.2—84J |Figure 6.2—85| and |Figure 6.2-86| summarize the operating
characteristics of the spray nozzles at 40 psi. It should be noted that 99.99 percent
of the drops are below a diameter of 1500 microns, have a terminal velocity less
than 17.88 fps and contain over 99.99 percent of the total liquid volume. It is
assumed that, following a LOCA, the sprays are initiated at a time when the
containment atmospheric temperature is 266°F, so that the air steam ratio is 0.78
pounds air per pound steam and the initial spray temperature is 100°F. The drop
is considered to be a rigid sphere of radius r, initially at T, in an air/steam
atmosphere at T,,, and T,, does not change during the time the drop is falling.
Steam in contact with the drop will condense, leaving a boundary layer of air
around the drop. This is equivalent to having an extremely large air-steam mass
ratio, essentially 100 percent air and 0 percent steam. It is also conservatively
assumed that this boundary layer is created instantaneously. Heat is transferred to
the drop through the boundary layer by convection, and water vapor diffuses
through the boundary layer. Ranz and Marshall (Reference 19) provide
correlations for both mass and heat transfer. After diffusing through the boundary
layer, the steam will condense on the drop surface and the latent heat of
condensation will act as a surface heat source.

The assumption of a rigid drop implies the longest time for the drop to heat up,
thus providing the most conservative case.

The following equations were used in the analysis:

10 [(p&)_ &
o \" o) o
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where
B Too—-T
To—T,

T

p=7

Vo

2Viro P
Re:ﬁ

“a

0.714 1.142 0.714 0.286 0.428
Vi=0153 7" D, (v, -1.) /p .

and D, = drop diameter
p, = density of drop
p, = density of mixture
U = VIS COSity
g = acceleration of gravity

K g = mass transfer coefficient

V ¢ = thermal velocity of the drop

R = gasconstant for mixture

P =total pressure of mixture

oc= thermal diffusivity for mixture

t =time

Py = average pressureof inertin boundary layer
M ., = average molecular weight of boundary layer
D, = diffusivity of water vapor

h = heat transfer coefficient

k = thermal conductivity




SEABROOK ENGINEERED SAFETY FEATURES Revision 15

STATION
UFSAR Page 60

Containment Systems Section 6.2

Re, Pr, Sc =Reynolds, Prandtl and Schmidt numbers

Equation (1) describes the temperature behavior of the drop; equation (2) describes the
mass transfer coefficient; and equation (3) the convective heat transfer coefficient at the
drop boundary.

Parsly (Reference 20) has solved this set of equations numerically using a finite
difference method for a range of drop sizes from 500 to 4000 microns in diameter,
containment temperatures of 212°F and 266°F, and initial drop temperatures of 86°F,
122°F and 176°F. Using these results for an average spray nozzle height of 134 feet and
initial drop temperature of 100°F, equilibration time is much shorter than the time

required for the drops of essentially all sizes to reach the containment sump.
Table 6.2-81|presents the parametric results.

It can be concluded from [Table 6.2-81| that even the largest spray drops attain the
containment temperature at times far shorter than the time required to reach the

containment sump. As a result, the spray effectiveness value of 1.0 is fully justified in
the case of a LOCA. The effectiveness of the sprays following an MSLB, when the
containment atmosphere is superheated, is discussed in Appendix 15B.

d. Net Positive Suction Head Available

Adequate net positive suction head (NPSH) for the containment spray pumps is
assured under all postulated operating conditions by analysis of the suction head
available and vendor testing of the completed pumps.

Maximum calculated flow under the most limiting NPSH conditions, i.e., during
recirculation, is 3660 gpm. NPSH available at this flow is 23.76 feet versus a
maximum required NPSH of 23.6 feet. The CBS pump analysis of available
NPSH conservatively assumes that each residual heat removal pump (which
shares a common suction on a train basis with each CBS pump) is also operating
at design cold leg recirculation flow of 4388 gpm and considers the suction flow
path with the highest hydraulic resistance. The formulas and flow resistance data
in Reference 21 were used, along with GE strainer test data, to compute NPSH
available.

Table 6.2-78]|lists the values of containment pressure head, vapor pressure head of
pumped fluid, suction head, and friction head used in the analysis.
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€. Integrated Energy, Content of the Containment Atmosphere and Recirculation
Water

Figure 6.2-87| and [Figure 6.2-88| show the integrated energy content of the
containment atmosphere and recirculation water, respectively, as functions of
time following the postulated design basis loss-of-coolant accident. The

integrated energy absorbed by the structural heat sinks and removed by the
containment heat removal heat exchangers is shown in |Figure 6.2-89| and
Figure 6.2-90] respectively.

f. Debris

The major source of debris that could be generated during a loss-of-coolant
accident is insulation. The thermal insulation being used inside the containment
will be both stainless steel reflective insulation and fiberglass insulation of the
type commercially known as Nukon, manufactured by Owen's-Corning
Fiberglass, with a stainless steel jacket over the outside surface of the insulation.
Nukon is consistent with the recommendations of Regulatory Guide 1.36.

6.2.2.4 Testing and Inspection

The preoperational testing of the containment heat removal system verified the functional
capability of the individual systems under operational conditions.

Testing and inspection of the ECCS systems is discussed in Section 6.3 and Chapter 14.

The preoperational testing of the Containment Spray System verified the operational parameters
of the spray pumps during recirculation to the RWST. This testing included a demonstration of
system response to ESF signals and the ability of the sump to supply the containment spray and
residual heat removal pumps. Flow testing of the nozzles was performed by the manufacturer
and was not performed in the field. An air flow test was performed to verify that no nozzles are

plugged.

Operability of the gravity feed system was demonstrated during preoperational testing of the
ECCS Performance Test Item 8). The preoperational test will demonstrate the
draw-down characteristics of the RWST and SAT during the different flow conditions of the
ECCS Performance Test.

The Containment Spray System will be inspected and tested periodically in accordance with the
requirements of the ASME Boiler and Pressure Vessel Code, Section XI and the requirements of
the Technical Specifications.

The containment recirculation sumps will be visually inspected periodically to insure that they
are free of debris and all strainers are intact.
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6.2.2.5 Instrumentation

The Containment Heat Removal System is provided with instruments and controls to allow the
operator to monitor the status and operation of the spray system and to allow the automatic or
manual initiation of the injection and recirculation modes of operation.

The manual spray actuation consists of four momentary controls (see |[Figure 7.2-1) sh.8).
Actuation occurs only if two associated controls are operated simultaneously. This prevents

inadvertent spray initiation as a result of operator error. The automatic initiation is by
coincidence of 2 out of 4 protection set loops, monitoring the containment pressure. The spray
actuation signal starts the containment spray pumps and positions all valves to their operating
configuration. The design details of the Engineered Safety Features Actuation System are
presented in Section 7.3.

The details of the interlocks involved in the suction valve realignment from the RWST to the
containment sump during the switchover from injection to recirculation mode are presented in
RWST instrumentation is discussed in Subsection 6.3.5. Indications of pump
operation are provided by pump status indication lamps and the pressure indications at the main
control room. Alignment of automatic valves is indicated by the valve status indications.
Additionally, a separate status monitoring indication system is provided at the control room for
both modes of the spray system. This enables the operator to evaluate the extent to which the
valves are open and if the system is operating effectively. Alarms are also provided to indicate
that either train of the Containment Spray System is inoperative. The design features of the
bypass and inoperable status alarm system which provide system level indication, in compliance
with Regulatory Guide 1.47, are presented in Subsection 7.1.2.6.

Abnormal conditions of RWST level and temperature, RWST enclosure temperature,
containment sump level, pump discharge pressure, pump motor temperatures, and heat
exchanger outlet temperature are alarmed at the main control room to alert the operator. The
design details of the Accident-Monitoring Instrumentation System are presented in Section 7.5.

The Control and Display Instrumentation System is designed to operate under all normal and
abnormal conditions, including loss-of-coolant accident and loss of power. Diversity,
redundancy of the sensors, circuitry and actuating devices meet the requirements of
IEEE-Standard 279 and ensure that minimum system function is provided under postulated
abnormal conditions. No single failure of the control and instrumentation will prevent the spray
system minimum safety function. The design details of the instrumentation system are presented
in Section 7.1.

A comparison of the containment water level instrumentation design with each of the five
clarification points of NUREG-0737, Position II.F.1.2, (Page I1.LF.1.16), is addressed below:

a. The Seabrook design for containment water level complies with this requirement.
Refer to clarification c. below for a discussion of the narrow range qualification.
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b. The wide-range level measurement is designed to monitor water levels that

6.2.3

correspond to all the water from the primary and safety systems and one-half the
condensate storage tank. This capability exceeds a liquid volume of 600,000
gallons.

The narrow-range water level monitors are not required to operate after their
respective sumps have been flooded as their function is to monitor operational
leakage. They will only be exposed to a mild environment as any leakage that
would cause a harsh environment would flood their sumps and would be
detectable by the wide-range (recirculation) sump level indicators and instruments
monitoring the containment atmosphere.

The narrow-range containment sump level instrumentation will be covered by the
maintenance/surveillance for equipment that is located in a mild environment.

This requirement is not applicable to Seabrook.

The functions of the wide-range level indication are:

1. Verify the existence of water in the containment as corroboration of
detection of a LOCA

2. Verify that the water injected from the RWST is accumulating in the
containment

Verify that there is adequate NPSH for the containment spray pumps

4. Verify that the containment water level is less than the design basis flood
level.

The accuracy of this indication has been determined, has been reviewed against
the functions listed above, and has been found acceptable to support each
function.

Secondary Containment Functional Design

The function of the secondary containment (containment enclosure) is to collect any fission
products which could leak from the primary containment structure into the containment
enclosure and contiguous areas following a loss-of-coolant accident (LOCA). The containment
enclosure provides a low leakage rate barrier between the containment and the environment to
control all leakage from the containment boundary. The system is comprised of (a) a structural
barrier surrounding the containment, adjacent vaults and penetration areas; and (b) a containment
enclosure emergency cleanup system which maintains a pressure lower than ambient in the
enclosure to prevent uncontrolled releases of radioactivity into the environment.
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6.2.3.1 Design Basis
a. Containment Enclosure

1. The containment enclosure is designed for 3 psig differential pressure.

2. The containment enclosure is designed to withstand the transient pressure
and temperature conditions produced in the annulus between the
containment and the enclosure as a result of either a LOCA within the
containment or a high-energy pipe rupture within the containment
enclosure annulus.

3. The containment enclosure is capable of withstanding the external
pressure conditions resulting from the maximum wind pressure postulated
for the site, the external pressure drop resulting from a tornado, and
tornado-generated missiles.

4. The containment enclosure is designed to withstand a safe shutdown
earthquake.

b. Containment Enclosure Emergency Cleanup System

I.

The system is capable of reducing the containment enclosure pressure to
negative 0.25 inches w.g. (water gauge) following an accident and
maintaining it at or below that level uniformly for up to one year.

The system is capable of processing the atmosphere of the containment
enclosure space while maintaining the design negative pressure
differential.

The system is designed to permit periodic inspection and monitoring of
functional capability.

This system is designed in accordance with Regulatory Guide 1.52.

The system is designed to seismic Category I and Safety Class 2
requirements.

The system is designed to retain functional capability while experiencing a
loss of offsite power concurrent with a LOCA and any single active
component failure.
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6.2.3.2

System Design

Containment Enclosure

The containment enclosure is comprised of a right cylindrical structure with a
hemispherical dome and other penetration and equipment areas as described in
These structures completely enclose the containment, forming a
second barrier to the uncontrolled escape of radioactive sources in the event of an
accident. The inside diameter of the cylinder, constructed of reinforced concrete,
1s 158 feet. The vertical wall varies in thickness from 15 to 36 inches, and the
dome is 15inches. The inside of the dome is 5'-6" above the top of the
containment structure. Design and performance data are listed in
The annular cylinder formed by the containment and the enclosure is shown on
[Figure 1.2-2] [Figure 1.2-3] [Figure 1.2-4] [Figure 1.2-5| and Codes,

standards and guides applied in the design of this structure are discussed in
Subsection 3.8.4.2.

Features in Support of the Containment Enclosure

All piping penetrating the containment structure is sealed and anchored at the
containment structure and at the containment enclosure so as not to be
overstressed by thermal or seismic-induced motion. Electrical penetrations are
sealed and anchored at the containment structure.

The containment recirculation sump lines are enclosed in a sleeve which extends
out to a vessel which encloses the first isolation valve outside the containment.
This enclosure serves to contain any leakage from the sump line and first isolation
valve.

The containment enclosure isolation features are discussed in Subsections 9.4.6.2
and 6.5.1.

All personnel doors and equipment hatches in the containment enclosure are
under administrative control. The doors are provided with position indicators and
alarms having readout and alarm capability at the primary and secondary alarm
stations. These doorways and hatches must be closed to insure a negative
pressure in the containment enclosure.
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C. Containment Enclosure Emergency Cleanup System

This system has two functions: (1) to produce a negative pressure post accident in
the annular, cylindrical volume between the containment and the containment
enclosure, and (2) to collect any hazardous materials that might leak into these
areas from the containment structure or equipment/systems located within the
enclosure (ECCS) so that they may be disposed of in a controlled manner. Both
these functions are performed by redundant filter trains, redundant fans, dampers
and controls, and a common discharge ductwork system to the unit plant vent.

Each exhaust fan has a sufficient capacity, with a clean and dirty filter train, to
remove the in-leakage into the entire containment enclosure area calculated to
occur at the design negative differential pressure, maintaining the required
differential pressure. Subsection 6.2.3.3a discusses the performance of the fans.
The presence of the containment enclosure and the use of the exhaust fans to
produce a slightly negative pressure between it and its external surroundings
minimize the direct leakage from the containment structure to the environment.

The redundant filter trains contain moisture separators, upstream HEPA filters,
carbon adsorber bank and a downstream HEPA filter bank. The use of HEPA and
charcoal filters in the exhaust from the containment enclosure reduces the
discharges of radioactive iodine so that offsite doses following a LOCA are within
the guidelines of 10 CFR 100.

All components of the Containment Enclosure Emergency Cleanup System
required to operate following an accident are Safety Class 2, seismic Category I.
The system does not have provision for recirculation flow. Additional details are
presented in Subsections 6.5.1 and 6.5.3.

Containment Enclosure Bypass Leakage

The maximum allowable leakage from the containment structure following an
accident 1s 0.15 percent of the mass of its atmosphere per day. This would occur
at maximum pressure. During the first 24 hours following a LOCA, the
containment heat removal systems reduce the pressure, the driving force behind
the leakage, to less than one-half the maximum value. As discussed in the
preceding section, the direct leakage to the environs of radioactive contaminants
from the containment is within the guidelines of 10 CFR 100.
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6.2.3.3

Although, as discussed in the preceding section, a containment enclosure
emergency cleanup system has been provided to minimize leakage to the
environs, a significant number of lines penetrate the containment and terminate in
areas not treated by this cleanup system. Therefore, all leakage attributed to
penetrations and isolation valves, requiring Type B and Type C Test per
10 CFR 50, Appendix J, is conservatively assumed to bypass the cleanup system.
The total allowable leakage for Type B and Type C Tests and for combined
bypass leakage is discussed in Subsection 6.2.6.3. This is in accordance with
Appendix J acceptance criteria.

Design Evaluation

The containment enclosure system design is evaluated from two viewpoints. Subsection 6.2.3.3a
investigates the adequacy of the structure and associated equipment to achieve its functional
goal, a negative pressure differential. Subsection 6.2.3.3b considers the vulnerability of the
system to damage from a high-energy line rupture within the enclosure.

a.

Containment Enclosure Analyses

One train of the Containment Enclosure Emergency Cleanup System is required
to be able to draw down the entire Containment Enclosure Area to a negative
differential pressure of 0.25 iwg. This differential pressure is required to be
established between all areas that comprise the Containment Enclosure Area and
their external surroundings. The areas that comprise the Containment Enclosure
Area are listed in This negative differential pressure has to be
established within 8 minutes following a LOCA. The radiological dose analyses
for a LOCA described in Section 15.6.5.4 begins to take credit for filtration of
radioactive contaminants that leak into the Containment Enclosure Areas at
8 minutes following an accident. Per Appendix 15B, no credit is taken for
filtering out any of the radioactive contaminants released into the Containment
Enclosure Areas for the first 8 minutes following an accident. The filter removal
efficiencies are set at 0 during this time.

Analysis has shown that one containment enclosure exhaust filter fan is capable of
drawing down the entire containment enclosure area to the design negative
differential pressure in less than 8§ minutes after the initiation of a design basis
LOCA. This analysis takes into account the engineered safety feature actuation
system signal delay time, delay time for the diesel generator to supply power in
the event of a simultaneous loss of offsite power, and the time for the filter fan to
come up to speed.
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In the event of a LOCA, the containment could experience an increase in volume
on the order of 11,500 cubic feet because of thermal and pressure expansion. This
is determined using the data listed in and considers the swelling of
the containment structure due to the design pressure of 52 psig. This would result
in a decrease in the free volume of the Containment Enclosure Building of less
than 1 percent with a similar corresponding rise in its pressure. The time for an
exhaust filter fan to bring the Containment Enclosure Area back down to
atmospheric pressure to compensate for the swelling of the containment structure
is included in the analysis of the Containment Enclosure Area draw down time.

The analysis also includes the time required for an exhaust filter fan to reduce the
Containment Enclosure Area to the required negative differential pressure. A
separate analysis has determined that it is necessary to establish a negative
differential pressure of 0.685 iwg at the 21' -0" elevation of the Containment
Enclosure Ventilation Area. This will ensure that a negative differential pressure
of 0.25 iwg exists at the top elevation of the Containment Enclosure for the full
range of design basis outside ambient temperatures. The draw down analysis
conservatively includes the time required for one filter exhaust fan to remove
enough air to draw down the entire Containment Enclosure Area to an internal
pressure of negative 0.685 iwg.

The analysis to verify this draw down time also takes into account a total
calculated maximum in-leakage of 1025 cfm. This is the in-leakage through
various air flow paths such as electrical, piping and duct penetrations, concrete
structure, construction joints, doors, seal plates, metal partitions, ducts and floor
drains. Air in-leakage was determined using data from the penetration sealant
supplier, analytical calculation and experimental leakage data provided in
"Conventional Buildings for Reactor Containment NAA-SR-10100 (1965),"
issued by Atomics International, a Division of North American Aviation
Incorporated. For conservatism, this in-leakage is calculated at the maximum
differential pressure of 0.685 iwg. The calculated maximum in-leakage also
includes leakage from the primary containment at a rate of 0.2% of the primary
containment volume for the first day following a design bases LOCA. This
assumption is conservative because primary containment leakage is limited to
0.15 percent by weight. This analysis also assumes a low airflow of 1890 cfm
from a single fan. This is the minimum value acceptable during system
surveillance testing. When all of these factors are taken into account, one filter
exhaust fan is still capable of achieving the design negative differential pressure
in less than the required design basis draw down time of 8 minutes.
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Test or sampling connections in lines penetrating both the containment and
containment enclosure are protected by either two isolation valves or by a
locked-closed valve and one isolation valve so that no single failure can
compromise the ability to achieve negative pressure by allowing a source of
suction fluid to the exhaust fans other than the atmosphere of the containment
enclosure.

The analyses of the pressure/temperature response of the containment to a LOCA,
performed for Subsection 6.2.1, have demonstrated that there is never any
significant change in the temperature on the outside of the containment wall.
Accordingly, the temperature in the containment enclosure is determined by the
heat generated by the equipment present inside it and energy removal by the
containment enclosure cooling units which function both during normal plant
operations and in the event of a LOCA. The cooling coils have been sized to
continuously maintain the temperatures, in the areas to be cooled, for normal,
abnormal and accident conditions as discussed in Section 3.11(B).

High Energy Line Rupture

The main steam, feedwater, and steam generator blowdown lines pass through the
containment enclosure, but not directly. The enclosure boundary terminates on
the fluid portion of the penetration for these pipes on main steam tunnel sides.
The residual heat removal line also passes through the containment enclosure, but
is classified as a moderate energy line because of its short operational period.
Therefore, ruptures of these lines within the containment enclosure are not
considered.

Failure of a high-energy line would result in pressurization of the containment
enclosure due to the mass and energy release. The high-energy lines that
penetrate the containment and traverse the Enclosure Building without guard
pipes are:

1. Sample lines from the pressurizer

2. Sample lines from reactor coolant loops
3. Excess letdown line

4. Letdown line.

The sample lines (items 1 and 2 above) are normally isolated, and are only opened daily
for short duration to purge the line and collect samples. Since such lines are under the
direct control of the operator taking samples, their failure could be immediately detected
by lack of pressure at the sample sink, and isolation effected by the operator. Also, the

sample

line isolation valves will automatically close on a containment isolation

"T" signal.
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The excess letdown line (item 3 above) is normally isolated. During operation, the liquid
letdown is cooled to approximately 165°F by primary component cooling water in the
excess letdown heat exchanger. Accordingly, the failure of this line within the
containment enclosure is less severe than for the normal letdown line. The flow rate in
the excess letdown line, when in use, is approximately 2100 Ib/min of subcooled water.

Because of the mitigating factors associated with the rupture of other lines, a complete
double-ended guillotine break of the 3-inch letdown line (item 4 above) becomes the
design basis accident for the pressurization of the containment enclosure.

This break is also the most severe small line rupture outside containment from the
standpoint of radiological consequences, and is discussed in Subsection 15.6.2. As
described there, this break leads to a flow of 140 gpm of water at 380°F (having been
cooled from 560°F by the regenerative heat exchanger) for a period of less than
30 minutes, by which time the operator will have isolated the rupture. With the
secondary containment at 104°F, 10 percent relative humidity, and atmospheric pressure,
the water flashes at the break into a steam-water mixture which would pressurize the
containment enclosure to 1.5 psig within the first half hour. Whenever the flow is
terminated, the pressure would begin to drop. No credit is taken for ventilation and
purging, and only the containment enclosure annulus free volume was available for
pressurization for conservatism. The design pressure for the containment enclosure
structure is 3 psig.

6.2.3.4 Tests and Inspections

Preoperational testing of the containment enclosure and its associated exhaust system is
discussed in Subsection 6.5.1.4 and Chapter 14.

Periodic testing of the containment enclosure exhaust fans is discussed in Subsection 6.5.1.4.
This periodic testing will also include a visual surveillance of containment enclosure penetration
and other seals.

6.2.3.5 Instrumentation Requirements

The system monitoring instrumentation and controls are provided in the main control room.
Instrumentation associated with the Containment Enclosure Emergency Cleanup System is
described in Subsection 6.5.1.5. The system is automatically initiated on a "T' (containment
isolation phase A) signal. The Engineered Safety Features Actuation System is described in
detail in Section 7.3. The logic, controls and instrumentation of this engineered safety feature
system function so that a single failure of any component will not result in the loss of functional
capability for the system. Further information on safety-related instrumentation is included in
Chapter 7. Area radiation and airborne radioactivity monitoring instrumentation details are
presented in Subsection 12.3.4.
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6.2.4 Containment Isolation System

The Containment Isolation System is comprised of the valves, piping and actuators required to
isolate the containment following a LOCA or steam line rupture. The systems establish and/or
maintain isolation of the containment from the outside environment to prevent the release of
fission products, and to ensure that the public is protected in accordance with 10 CFR 100
guidelines.

Each piping penetration of the containment, except penetrations associated with engineered
safety features equipment, is required to maintain or establish isolation of the containment under
any loss-of-coolant accident or main steam pipe rupture that will initiate the containment
isolation signals.

6.2.4.1 Design Bases
The design bases for the containment isolation system are as follows:

a. Minimize and limit the atmospheric release of radioactive materials in the event
of a LOCA by isolating those lines penetrating the containment which are not
required for the operation of the engineered safety feature systems.

b. Avoid the reactivity effects that could result from excessive cooldown of the
Reactor Coolant System in the event of a steam line break accident, and prevent
the overpressurization of the containment during such an occurrence by isolating
the containment as well as the steam generators, as may be required to fulfill these
objectives.

c. Provide double barrier protection for all lines that penetrate the containment,
where a barrier may consist of a valve, a closed system, or a diaphragm depending
upon its location and application.

A closed system is one which satisfies all of the following requirements:

1. The system does not communicate with either the Reactor Coolant System
or the containment atmosphere.

2. The system is protected against missiles and pipe whip.

3. The system is designated seismic Category I.

4. The system is classified Safety Class 2.

5. The system is designed to withstand temperatures at least equal to the
containment design temperature.

6. The system is designed to withstand the external pressure from the

containment structural acceptance test.
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7. The system is designed to withstand the environment and transient
conditions resulting from either a loss-of-coolant accident or a main steam
line break.
Sealed-closed barriers which replace automatic isolation valves include
blind flanges and locked-closed isolation valves. These barriers, which
remain closed after a LOCA, will be managed through administrative
controls.
d. The containment isolation system design shall comply with the requirements of

10 CFR 50, Appendix A, General Design Criterion 54, and other applicable
criteria as follows:

1.

Lines that are part of the reactor coolant pressure boundary and penetrate
the containment, or are connected to the containment atmosphere, have
their penetrations designated as Type I and are provided with valves as
follows:

(a) One locked-closed isolation valve inside and one locked-closed
1solation valve outside containment; or

(b) One automatic isolation valve inside and one locked-closed
1solation valve outside containment; or

(©) One locked-closed isolation valve inside and one automatic
i1solation valve outside containment; or

(d) One automatic isolation valve inside and one automatic isolation
valve outside containment.

These provisions are in accordance with General Design Criteria 55 and
56.

A simple check valve is considered an automatic isolation valve only on
the inside of the containment on lines with flow coming into the
containment.

Lines that penetrate the containment and are neither part of the reactor
coolant pressure boundary nor connected directly to the containment
atmosphere have their penetrations designated as Type II. These lines are
provided with valves as follows:

(a) One automatic isolation valve outside containment; or
(b) One locked-closed isolation valve outside containment; or

(©) One isolation valve outside containment capable of remote manual
operation.
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Containment Systems

The second isolation barrier on these lines is provided by the closed
system inside containment, as defined in Subsection 6.2.4.1c.

These provisions are in accordance with General Design Criterion 57.

A simple check valve is considered an automatic isolation valve only on
the inside of the containment on the lines with flow coming into the
containment. Therefore, a stop-check valve is provided on the emergency
feedwater line outside the containment.

3. Connections/lines only for test purpose are provided with manual isolation
valves that are opened only for testing. These valves are always closed
when not testing.

4. Instrument lines which are connected to the RCS are designed so that a
break within these boundaries results in a relatively small flow that can be
made up with the normal charging systems, which is in accordance with
Regulatory Guide 1.11. The penetrations of these lines and lines
connected to the containment atmosphere are designated as Type IlI, and
are provided with isolation barriers in accordance with 10 CFR 50,
Appendix A, General Design Criteria 55 and 56. See
Subsection 6.2.4.2m(4) for exceptions to Regulatory Guide 1.141. The
containment pressure, reactor coolant wide-range pressure, reactor vessel
level and core differential pressure instrument lines are designed in
accordance with the provisions of Regulatory Guides 1.141 and 1.151.
For the containment pressure transmitters, isolation from the containment
atmosphere is provided by a sealed bellows arrangement located
immediately inside the containment wall, and is connected to the pressure
transmitter outside containment by sealed, fluid-filled, tubing. Isolation
outside containment is provided by the diaphragm in the pressure
transmitter.

The RCS wide-range pressure, level and core differential pressure
transmitters have a sealed bellows connected to the RCS and a second
sealed bellows-type isolator outside the containment to provide two
barriers in addition to the diaphragm in the transmitters. All components
are connected by sealed, fluid-filled, tubing.

Relief valves are used as isolation valves and their relief setpoint is greater than
1.5 times the containment design pressure, in accordance with Standard Review
Plan 6.2.4.

The containment isolation systems are designed to remain functional following a
safe shutdown earthquake.
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6.2.4.2

Containment isolation valve closure speeds and leak tightness will prevent
radiological effects from exceeding the guidelines established by 10 CFR 100.

Classification of essential and nonessential systems that penetrate containment is
given in Essential systems are defined as those piping systems
penetrating containment which are necessary for mitigating the consequences of
an accident; nonessential systems are classified as those piping systems
penetrating containment which provide auxiliary service functions for operation
of the plant, and which are not required for mitigation of accidents.

Although it is not specifically required to isolate containment in response to
Station Blackout, the capability to establish containment integrity is provided (see
Section 8.4.4.5).

System Design

General Description

Schematic representations of the isolation valving systems which define the fluid
systems penetrating the containment wall, including instrument lines, are shown
on [Figure 6.2-91] sh.1, |Figure 6.2-91] sh.2, |[Figure 6.2-91] sh.3, [Figure 6.2-91
sh.4, [Figure 6.2-91/ sh.5, [Figure 6.2-91/ sh.6, |Figure 6.2—91] sh.7, [Figure 6.2-91
sh.8, |[Figure 6.2-91/ sh.9, |[Figure 6.2-91) sh.10, |[Figure 6.2-9IJ sh.11. All valves
and piping are fabricated of suitable stainless and/or carbon steel to conform to
the ASME Boiler and Pressure Vessel Code, Section III, Code Class NC. Special
attention is given to materials to ensure there are no radiolytic or pyrolytic

decomposition products to interfere with the safe operation of any engineered
safety features. Section 6.1 includes further discussion of the materials.
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b. Component Description

A summary of the fluid system lines penetrating containment and the valves and
closed systems employed for containment isolation is presented in
Each process valve is described as to type, open or closed status during normal
operation, shutdown and accident conditions, and closure/opening time.
Information is also presented on valve preferential failure mode, position
indication, isolation signal and location relative to containment. The test, vent

and drain (TVD) valves associated with penetrations are not specified in
Table 6.2-83] but are shown on [Figure 6.2-91] sh.1, |Figure 6.2-91] sh.2,

Figure 6.2-91) sh.3, [Figure 6.2-91 sh.4, [Figure 6.2-91/ sh.5, [Figure 6.2-91| sh.6,
Figure 6.2-91) sh.7, [Figure 6.2-91/ sh.8, |[Figure 6.2-9IJ sh.9, |[Figure 6.2-9IJ sh.10,

Figure 6.2-91) sh.11. All TVD valves located between the containment isolation

valves are identified. For the remaining TVD valves (located outside the
containment isolation valves), only the test valves are schematically shown as
arrows to identify all containment isolation valves, demonstrate the ability to
perform the Type C test (if required), and yet provide a clear, unobstructed
schematic representation of containment penetrations. For further clarity,
alphabetic suffixes were added to the individual lines of the multiple-line
penetrations. These suffixes do not appear in other design documents.

Valve Actuation Signals

The design of the system providing the signals for containment isolation complies
with the following general requirements:

1. The containment isolation signal overrides all signals for actuations of
containment isolation valves for nonessential systems.

2. Phased isolation is used. With phased isolation, all systems except
engineered safety features and non-engineered safety features-related
systems are automatically isolated. @ Only those engineered safety
feature-related systems that can be justified to remain operational shall not
be automatically isolated during the initial phase.

3. Diverse parameters are used wherever possible for developing isolation
signals.
4. Concurrent containment isolation occurs coincident with initiation of

emergency core cooling.

5. All valves that receive a containment isolation signal cannot be reopened
until the isolation signal is reset and manual action is taken to reopen the
valve. The controls are separated so that only one valve, or group of
valves associated with a penetration, open for each manual action.
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Automatically tripped isolation valves are actuated to the closed position by one
of two separate containment isolation signals. The first of these signals
("T" Signal) is derived in conjunction with automatic safety injection actuation on
Hi-1 containment pressure, and trips the majority of the automatic isolation
valves. The Hi-1 setpoint is the lowest practical and includes margin for
containment pressurization, instrument error and operating margin. These are
valves in the nonessential process lines which do not increase the potential for
damage to in-containment equipment when isolated.

This is defined as "phase A" isolation, and the valves are designated by the
letter "T" in the isolation diagrams of The second, or "phase B,"
containment isolation signal ("P" Signal) is derived from Hi-Hi containment
pressure and/or actuation of the Containment Spray System, and trips the
automatic isolation valves in the other process lines (which do not include safety
injection lines) penetrating the containment. These isolation valves are
designated by the letter "P" in the isolation diagrams.

Containment air purge (CAP) and containment online purge (COP) system lines
which provide an open path from the containment environs are equipped with
radiation monitors that are capable of isolating these lines upon receipt of a high
radiation signal, in addition to automatic safety injection actuation, manual
containment spray actuation and manual phase "A" isolation signals. Further
discussion of containment isolation signals is found in Section 7.3. (Refer to

Figure 7.2-8.)

Valve Closure Time

The objective in establishing valve closure time is to limit the release of
radioactivity from the containment to as-low-as-is-reasonably-achievable.
Consideration is given to the fluid system requirements (e.g., water hammer) in
determining the valve closure time, the effect of closure time on valve reliability,
as well as the containment isolation requirements.

These considerations have been addressed in the design of the containment
isolation system, within the context and requirements of the guidelines and
applicable criteria presented in Subsection 6.2.4.1, Design Bases.

Isolation valve closure times for the Containment Isolation System are presented
in The valves listed there reflect the maximum time required to
isolate a system so that radioactive release to the environs during a design basis
accident is within limits in 10 CFR 100. Refer to Subsection 9.4.5 for discussion
of containment online purge line isolation.
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€. Operability of Valves Inside Containment

Isolation valves located inside containment are subject to the high pressure, high
temperature, steam-laden atmosphere resulting from an accident. Operability of
these valves in the accident environment is ensured by proper design, construction
and installation, as reflected by the following considerations:

1.

All components in the valve installation, including valve bodies, trim and
moving parts, actuators, instrument air control and power wiring are
constructed of materials sufficiently temperature and humidity resistant to
be unaffected by the accident environment. Special attention is given to
electrical insulation, air operator diaphragms and stem packing material.
Section 3.11 discusses the qualification of this equipment for operation in
the containment atmosphere during an accident condition.

In addition to normal pressures, the valves are designed to withstand
maximum pressure differentials in the reverse direction imposed by the
accident conditions. Additionally, a review was performed to ensure that
the containment isolation valves inside the containment were not
overpressurized due to trapped fluid in adjacent piping in the post-LOCA
environment.

The containment structure online purge subsystem is designed to prevent
debris from entering the exhaust and supply lines to ensure the operability
of the isolation valves. This is accomplished by debris screens installed in
the ends of the lines. Each debris screen consists of heavy-bar stainless
steel grating, banded and welded to the exhaust and supply ends of the
lines. Both the exhaust and inlet piping have two 90° bends and a
minimum of 14 feet. This design greatly reduces the possibility of direct
impingement of debris on the valves. The pipe, screens and supports are
seismic Category I. The screens will be capable of withstanding the
differential pressure resulting from a LOCA up to the point of containment
isolation.

Operability of valves and their operators within containment atmosphere is
addressed by qualifying this equipment to IEEE Standard 382-1972, Guide for
Type Test of Class I Electric Valve Operators for Nuclear Power Generating
Stations, and NRC Regulatory Guide 1.73, Qualification Tests of Electric Valve
Operators Installed Inside the Containment of Nuclear Power Plants. Updated
FSAR Section 3.9 provides additional information on valve operability.
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Containment isolation valve operators have been provided to ensure adequate
reliability for the operation of the valves. Lines penetrating the containment that
serve the engineered safety features as well as their associated support systems are
provided with motor operators. To verify that motor operators have sufficient
torque to operate the valves, the valves are tested by opening and closing under
full system pressure. Operability during and after a LOCA is thus assured.

Isolation valves outside containment, which are not required to function during a
post-LOCA condition, are provided with air operators and spring return to the
fail-safe position.

All motor-operated valves have manual handwheel operators and can be closed or
opened manually on loss of primary power.

Location of Valves Outside Containment

All isolation valves outside the containment are located as close to the
containment as practical. All exterior isolation valves are located within 15 feet
of containment, except for the main steam, feedwater and combustible gas control
isolation valves. The main steam isolation valves are located within 75 feet of
penetrations X-1 (westside) and X-2 (eastside), and 85 feet away from
penetrations X-4 (westside) and X-3 (eastside). The feedwater isolation valves
are located within 30 feet of the containment. The combustible gas control
isolation valves are located within 50 feet of containment.

The distances of the main steam isolation valves from the containment mentioned
above are required to accommodate the main steam safety valves and
power-operated relief valves. The distance of the feedwater and combustible gas
control isolation valves from the containment accommodates the required
physical piping arrangement and provides accessibility to the valves for
maintenance.

Two main steam and two feedwater lines emerge from the containment structure
and enclosure on each side of the building, 180° from each other. On each side,
the four lines turn and run parallel toward the Turbine-Generator Building. These
lines and their isolation valves are enclosed in a seismic Category I structure and
are shielded from tornado-generated missiles. The structure is designed with
sufficient vent openings to the external atmosphere so that any possible pipe
failure inside will not cause failure of the building by overpressurization.
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g. Actuation and Control Equipment

Containment isolation valves are provided with actuation and control equipment
appropriate to the valve type. For example, globe and diaphragm valves are
generally fitted with air diaphragm operators which will fail in the safe position
on loss of operating air. Gate valves are generally fitted with motor operators and
are powered from emergency buses. On loss of offsite power, the power source is
automatically switched to the diesel generators which feed the emergency buses.
Motor-operated valves fail in the as-is position. No manual operation is required
for immediate isolation.

If actuating power is lost, the automatic air-operated isolation valves assume the
position (open or closed) that provides greater safety. Motor-operated isolation
valves fail "as is." Manual control switches provide a secondary mode of
actuation for the automatic isolation valves. The positions of the automatic
isolation valves and remote manual valves are displayed in the main control room
at both their control switch location and as part of the Post-Accident Monitoring
System except for the main steam isolation valve (MSIV) bypass valves
(MS-V-204, MS-V-205, MS-V-206, and MS-V-207). The circuit breakers for
these valves are administratively controlled locked open (off) with the valves
locked closed during power operation except for surveillance testing and to
equalize pressure across the MSIVs before they are opened. With the circuit
breakers open, the indicating lights at the control switch are off but the
Post-Accident Monitoring System lights are still operable.

Seismic Design

Protection for containment isolation systems and components against loss of
function due to seismic event forces is provided. Containment isolation valves and
their operators are designated as seismic Category I. Containment isolation
provisions are capable of maintaining the isolation function during and after the
Safe Shutdown Earthquake (SSE). The valves are capable of being realigned
after the Design Basis Event and to withstand seismic aftershocks following the
SSE.

The containment isolation valves, their operators, and supports are designed to
assure that they are capable of withstanding the Safe Shutdown Earthquake as
recommended by Regulatory Guide 1.29.

To assure their adequacy in this respect:

1. Valves are located in a manner to reduce their accelerations. Valves
suspended on piping spans are designed for the loads to which the span
would be subjected. Valves are mounted in the position recommended by
the manufacturer.
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2. Valve yokes are designed for adequacy and strengthened as required for
the response of the valve operator to seismic loads.

3. Where valves are required to operate during seismic loading, the operator
forces are factored in the design to assure that system function is
preserved.

4. Control wires and piping to the valve operators are designed to assure that

the flexure of the line does not endanger the control system. Appendages
to the valve, such as position indicators and operators, are designed for
structural adequacy.

Additional information regarding the seismic design of systems and components
is presented in Sections 3.7 and 3.9.

Missile Protection

All containment isolation valves, actuators, and controls are located so as to be
protected against accident-generated missiles including those caused by a
loss-of-coolant accident. The isolation valve gallery outside the containment is
partitioned into four areas by a vertical wall and platform. In addition to
providing missile protection, this arrangement provides for separation of
redundant safety-related lines and serves as radiation shielding and a work
platform during maintenance periods.

Inside the containment, missile protection is provided by a missile shield wall and
accumulator tanks. No extraneous equipment is placed in the valve galleries.
Only valves so protected are considered to qualify as containment isolation
valves. Details regarding the probability of missile generation and design features
to prevent the formation of missiles are given in Section 3.5.

Potential Leakages

All nonautomatic isolation valves which are left open to perform post-accident
functions, except MS-V393 and MS-V394, have potential leak paths into the
containment enclosure only. The design of the enclosure recirculation and
filtration system is such that all possible leaks have been considered in
determining the capacity of the system to maintain the potential radioactive
discharge within the limits of 10 CFR 100 subsequent to a LOCA.

Provisions are made to detect and minimize the leakage from the engineered
safety features and auxiliary systems located outside containment. Leakage
monitors are installed to provide the plant staff with the current knowledge of the
system leakage rates. Multiple monitors for noble gas effluents are installed with
an extended range designed to function during accident as well as normal
operating conditions.
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The potential sources of bypass leakage past the containment enclosure are listed
in [Table 6.2-83] Details of leakage acceptance limits and testing are given in
Subsection 6.2.6.

Physical Separation

Physical separation of containment isolation systems and components is provided
where required in accordance with design guidance contained in "Physical
Protection  for Systems and Components Important to  Safety,
"ANS-58.3/N182 - 1977, "Standard Criteria for Separation of Class 1E
Equipment and Circuits," Trial-Use, IEEE-384-1974, and in NRC Regulatory
Guide 1.75, "Physical Independence of Electric Systems."

Fire Protection

Fire protection for containment isolation provisions against loss of function from
fire is provided in accordance with "Generic Requirements for Light Water
Nuclear Power Plant Fire Protection," ANSI/ANS-59.4-1979, "Standard for Fire
Protection for Nuclear Power Plants, NFPA report 803-1978, and "Seabrook
Station Fire Protection System Evaluation and Comparison to APCSB 9.5-1
Appendix A."

Additional information on fire protection is presented in Subsection 9.5.1.
Clarifications

All characteristics of the containment isolation system design conform to the
criteria, regulatory guidelines, and other standards mentioned above, with the
following clarification:

1. Only one isolation valve outside the reactor containment is provided on
each of the two lines between the containment building recirculation sump
and the suction of the residual heat removal and containment spray pumps.
This reduces the probability of the valve failing to open when called upon
to function. The pipe between the containment sump and the isolation
valve is jacketed, and the isolation valve is enclosed in protective
chambers so that failure of the pipe or the valve body will not result in
release to the environment of radioactive fluid or gases.

2. Closed system (as defined in Subsection 6.2.4.1c) is used as a second
isolation barrier for the containment penetrations of the following systems:
residual heat removal, safety injection, chemical volume and control (SI
portion only), containment building spray, main steam, feedwater, steam
generator blowdown, and primary component cooling water (thermal
barrier portion only).
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(a) The containment penetrations for the main steam, feedwater, steam

generator blowdown and primary component cooling water
(thermal barrier portion only) are designated as Type Il
penetrations. The definition of the Type II penetrations is provided
in Subsection 6.2.4.1d.2.

(b) The remaining penetrations which use a closed system as a second
isolation barrier are designated as Type E. The following provides
the details for the individual penetrations:

(1)

)

3)

The residual heat removal system utilizes two normally
closed, pressure-interlocked valves in series for each
suction line inside the containment. Further details on
interlocks are discussed in Chapter 7. This arrangement
decreases the probability of release to the environment of
radioactive fluid or gases by eliminating a potential leakage
point, and retains redundant isolation capability should a
residual heat removal system pipe rupture occur outside the
containment.

The valve which is located closer to the RCS is not
considered a containment isolation valve. The second
valve defines the containment isolation barrier inside
containment and is considered to be secaled closed. This
containment isolation arrangement is as described in
ANS 56.2/ANSI N271-1976 and endorsed by Regulatory
Guide 1.141.

The arrangement of CBS/ECCS suction penetrations is
described in Item 1 above.

The discharge of all engineering safety features systems
utilizes the check valves located inside containment as
automatic isolation barriers.

Each supply line to the hydrogen analyzer portion of the combustible gas
control system is provided with two closed manual isolation valves outside

containment.

The isolation valve inside containment is locked open to

allow for post-LOCA operation of the analyzers. The first isolation valve
outside containment is locked closed except when the hydrogen analyzers
are in operation. An additional isolation barrier is provided by a closed
system outside containment.
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The locked closed containment isolation valves are not required to be
Type C tested as per These lines form a closed, seismic
Category I system outside containment. The integrity of the closed system
is maintained by performing periodic surveillance testing as described in
Subsections 6.2.5.1.g and 6.2.6.

4, The sealed, fluid-filled, instrument systems which penetrate the
containment boundary are designed to ANSI B31.1, Seismic Category I,
not ASME Section III. The penetration is designed to ASME Section III,
Code Class 2. See Subsection 7.1.2.12 for a discussion of compliance to
Regulatory Guide 1.151.  These sealed sensing lines, shown on
sh.9, have no isolation valves, but because of the isolation
barriers provided as part of the sealed, fluid-filled, system, a postulated
severing of the line during either normal operation or accident conditions

will not result in any radioactive release from the containment. This
containment isolation arrangement is as described in ANS 56.2/ANSI

N271-1976 and endorsed by Regulatory Guide 1.141. See
Subsection 6.2.4.1d for additional discussion.

5. Not used.

6. Some of the pressure indicators and transmitters on the main steam line

outside the containment (such as PT 3001 to 3004, 3173, 3174, 3178,
3179, and PI1 3051 to 3054) are not qualified since they are not required
for engineered safety systems, are on secondary (noncontaminated fluid)
loops, and are on small lines whose breaks will not result in any
significant steam leaks. This is consistent with the requirements of
Regulatory Guide 1.11.

7. The CAP System penetrations each have a blind flange using a resilient
double o-ring design installed on the penetration outside containment
during Modes 1, 2, 3, and 4. The design includes a test groove between
the o-rings for Type "B" testing in accordance with 10 CFR 50, Appendix
J. The penetrations terminate in the containment enclosure during plant
Modes 1, 2, 3, and 4, thereby allowing any leakage to be collected and
processed by the Containment Enclosure Ventilation System.

6.2.4.3 Design Evaluation

The Containment Isolation System has been designed in accordance with Regulatory Guide 1.11,
Design Criteria 54, 55, 56, 57.

Accordingly, it has been specifically designed to:

a. Isolate lines penetrating the containment, which are not required for the operation
of the engineered safety feature systems, in the event of a LOCA;
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b. Isolate lines penetrating the containment, which are not required for the operation
of the engineered safety feature systems, in the event of a main steam line break;
c. Shut the isolation valves in the CAP and COP systems upon detection of high

radioactivity.

Isolation of the containment in the event of a LOCA or a steam line rupture is initiated upon
receipt of isolation signals as discussed in Subsection 6.2.4.2¢c and Section 7.3.

6.2.4.4 Tests and Inspections

During preoperational testing, tests are performed on the containment isolation system to verify
valve response to containment isolation signals, and to determine valve leakage rates. Chapter
14 contains a further discussion of the preoperational tests performed on this system.

Periodic testing of the containment isolation system is performed in accordance with Technical
Specification requirements. Subsection 3.9.6.2 describes the in-service inspection program for
these valves.

6.2.5 Combustible Gas Control in Containment

Following a loss-of-coolant accident (LOCA) hydrogen gas may be generated inside the
containment by reactions such as zirconium fuel cladding with reactor coolant, corrosion of
metals of construction by solutions used for emergency core cooling or containment spray, and
by radiolysis of aqueous solution in the core and sump. To ensure that the containment integrity
is not compromised by burning or explosion of this hydrogen, a combustible gas control system
(CGCS) has been provided to mix the containment atmosphere, monitor combustible gas
concentrations within the containment regions, and reduce the combustible gas concentrations
within the containment by recombination of the free hydrogen with the oxygen in the
containment air.

6.2.5.1 Design Bases

a. The CGCS is capable of continuously monitoring the hydrogen concentration in
the containment during and after a design basis LOCA. The CGCS is also
capable of monitoring hydrogen concentration in containment during a
beyond-design-basis accident for accident management, including emergency
planning. The operator in the main control room is alerted of the need to activate
systems to reduce combustible gas concentrations, when required, by an alarm
from the operating hydrogen monitor.

b. The containment mixing portion of the CGCS is designed to uniformly mix the
containment atmosphere for as long as is necessary during and following an
accident which generates hydrogen. Mixing of the containment atmosphere
prevents high concentrations of hydrogen from accumulating locally.
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The CGCS, containment mixing subsystem, meets the redundancy and power
source requirements for engineered safety features. It is designed to withstand a
single active mechanical component failure and a passive electrical failure; no
single failure will incapacitate the containment mixing system.

Components of the CGCS located within the containment are protected against
damage from internally generated missiles or jet impingement in the post-LOCA
environment. Moreover, such components have been subjected to qualification
tests to demonstrate their capability to remain operable in the LOCA environment
for as long as may be required.

The CGCS, including its foundations and supports, is designed to withstand the
effects of an SSE without loss of function.

The CGCS design will permit periodic in-service inspection, operability testing
and leak rate testing of the system or its components.

The unit is provided with its own permanently installed combustible gas control
equipment.

In the absence of containment isolation "T" signal, the CGCS is capable of
purging the containment in the event that more than a single failure of active
elements of the system occurs.

The CGCS is classified as a seismic Category I system, and is designed,
fabricated, erected and tested to Safety Class 2 quality standards, except for the
containment structure recirculating filter system which is Safety Class 3. The
hydrogen analyzers, which are normally isolated from the containment, are
comprised of Class 1E, seismic Category I components.

The design of the combustible gas control system is in accordance with NRC
Regulatory Guides 1.7, 1.22, 1.26 and 1.29, General Design Criteria 5, 41, 42, 43,
and 50 and SECY 03-0127, "Final Rulemaking Risk-Informed 10 CFR 50.44,
"Combustible Gas Control in Containment."
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6.2.5.2 System Design

The CGCS consists of subsystems which monitor the combustible gas concentrations in the
containment, and which possess the capability for maintaining a mixed containment atmosphere
to ensure that hydrogen concentrations remain below flammable levels following a
loss-of-coolant accident. The overall system is depicted on A portion of the
CGCS, the fans installed to mix the containment atmosphere, are not shown on this figure, but
are discussed in Subsection 6.2.5.2b.

a.

Hydrogen Monitoring Subsystem

The containment atmosphere is monitored by two completely independent
hydrogen sampling and analysis systems which are started after an accident. The
hydrogen analyzer design parameters are summarized in|Table 6.2-84

The suction intakes are located at elevation 183'-6", at opposite sides of the
containment dome, terminating in 90° elbows pointing downward to minimize
entry of spray into the sample lines. To prevent condensation of moisture in the
suction lines to the analyzers, the lines are heat-traced and maintained at a
temperature of 278° or greater, after penetrating the containment wall. This

ensures that the gas sample is maintained above the steam saturation temperatures
postulated to occur during design basis accidents (ref. [Figure 3.11-1)

The analyzers are located outside containment at the 22'-0" level of the Main
Steam and Feedwater Pipe Chase Building, and take suction through a
heavy-walled tube of approximately “4" bore, with lengths varying from 150 feet
to 300 feet inside the containment.

To maintain the requirement for separation of the two redundant monitoring
subsystems, each analyzer is powered from a different electrical train, and has its
own distinct discharge piping to return the sampled gas to the containment.

The hydrogen analyzers are normally isolated from the containment-related
piping by Safety Class 2 manual valves at the analyzers.

Since the analyzers are located outside the containment, periodic inspection and
testing are facilitated. The less strenuous conditions expected in the Main Steam
and Feedwater Pipe Chase Building, rather than the post-accident environment
inside the containment, are all the analyzers need be qualified for.

The analyzers work on the principle of thermal conductivity of hydrogen at
various concentrations. Grab sampling provision is available in the vicinity of the
hydrogen analyzers on a per train basis.
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b. Containment Atmosphere Mixing

Mixing of the containment atmosphere to prevent localized buildup of hydrogen
concentrations is provided by the Containment Spray System, described in
Subsection 6.2.2. This aspect of mixing is discussed further in Subsection 6.2.5.3.

Subcompartments not exposed to the sprays have been designed so that no
pocketing of hydrogen in their upper levels is possible. The top of the entrance to
these subcompartments is always flush with their ceiling, and the elevation of the
ceiling immediately outside of them is never lower than the entrance way.
Compartments located beneath the operating floor connect with the free
containment volume by their doorways and via piping penetrations through which
they also communicate with each other. Hydrogen vent ports have also been
included in the ceiling of such subcompartments at the end opposite from their
entrances to prevent any dead-ending which could inhibit natural dispersion by
convection and diffusion.

The associated Containment Structure Recirculation Filter System (CSRFS) is
described in Subsection 9.4.5. Following a LOCA, the two 4000 scfm fans are
started by an engineered safety feature actuation signal, as discussed in Chapter 7.
The fans take suction from the apex of the dome and discharge below the
operating floor. The fans, the dampers, and the suction and discharge ductwork
are capable of withstanding the physical, chemical and radiological environment
to which they will be subjected in the event of a LOCA. These elements of the
CSREFS are redundant, separate, and built to Safety Class 2 and seismic Category I
standards.

Hydrogen Recombiners

One means of combustible gas control in the containment is through the use of
electric hydrogen recombiners. The codes, standards and regulatory guides
employed in their design are listed in The unit has a pair of
recombiners, located at the perimeter of the operating floor inside the
containment. Thus, there is no need to protect personnel from radiation in the
vicinity of an operating recombiner. The separateness extends beyond the
physical distinction to the independence of instrumentation, control circuits and
power supply so that no single failure can impede the operation of more than one
recombiner. summarizes the recombiner design parameters.
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The recombiner, |[Figure 6.2-94) consists of an inlet preheater section, a
heater-recombiner section, and a discharge mixing chamber. The inlet preheater
section is a thermally insulated vertical metal duct positioned around a central
heater section to take advantage of heat losses from the heater section. The heater
section consists of four vertically stacked assemblies of electric heaters, each
assembly containing individual heating elements. An outer enclosure provides
protection against containment spray water. The overall assembly is mounted on
structural steel framing which provides a substantial foundation free of normal
operating vibration.

The recombiner is fabricated of a corrosion-resistant high temperature material,
except for the base which is of carbon steel. The heaters are commercial-type
electric  resistant heaters sheathed with Incoloy-800, an excellent
corrosion-resistant material for this purpose. These heaters are operated at
significantly lower power densities than in commercial service.

Air 1s first drawn into the preheater section by natural convection, where it is
warmed. It then passes through an orifice, plate, and enters the electric heater
section where it is heated to approximately 1150 to 1400°F, thus causing
recombination between the oxygen and hydrogen. The efficiency of
recombination is 99.9 percent, minimum, at all hydrogen concentrations between
2 and 4 percent.

Tests have verified that the recombination is not a catalytic surface effect
associated with the heaters, but occurs as a result of the increased temperature of
the process gases. Since the phenomenon is not a catalytic effect, saturation of
the unit does not occur. Operation of the recombiner is manually controlled from
a panel located in the main control room (the recombiner, power supply panel and
control panel are shown schematically in . The recombiner power
panel contains an isolation transformer plus an SCR controller to regulate power
into the recombiner. This equipment is mounted outside the containment and
thus, is not exposed to the post-LOCA environment. To control the
recombination process, the correct power input for bringing the recombiner above
the threshold temperature for recombination is set on the controller. The correct
power required for recombination depends upon containment atmosphere
conditions, and is determined when recombiner operation is required. For
equipment tests and periodic checkouts, a thermocouple readout instrument is also
provided in the control panel for monitoring temperatures in the recombiner.
Reference 22 further describes these recombiners and their qualification testing.
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d. Backup Purge System

6.2.5.3

The capability for purging of the containment at a controlled rate is also provided.
Purging is accomplished by replacing the purged gas with clean compressed air.

The purge system, [Figure 6.2-92) consists of a flow meter, a throttle valve and

associated piping. After the flow meter, the piping terminates adjacent to the inlet
screens of the emergency cleanup filters located within the containment
enclosure. From the filters, there is a direct path to the unit plant vent. The purge
line separates close to the emergency filters, and each of the two lines ends in a
pipe reducer bell close to the inlet screen of one of the filter units. Each of these
two lines includes an isolation valve, so that the purge gas flow can be directed to
whichever filter unit is operating. The purge system is aligned and the purge flow
is initiated manually. The Containment Enclosure Emergency Cleanup System is
discussed in Subsection 6.2.3; the filter system's design requirements are detailed
in Subsection 6.5.1.

Components and ductwork associated with the filters are classified as Safety
Class 3 and seismic Category I. All piping inside the containment and the
containment penetration connections associated with the purge system are
duplicated to provide independent and redundant capability and to prevent a
single failure from stopping the containment purge/flow vent. These are Safety
Class 2. External to the containment, a single line runs from the penetration area
to the containment enclosure emergency filters.

Design Evaluation

A beyond design bases accident could generate hydrogen. Turbulence created by the rupture of a
coolant line serves to thoroughly mix the atmosphere of the containment in the early phases of
the post-LOCA period. The release to the containment of the hydrogen produced by radiolysis
of cooling water in the core would be through the break, and would be associated with the local
mixing caused by the break flow. The hydrogen generated by corrosion of metals by spray water
would, in turn, be mixed with the free containment volume by that spray. In addition, the
aluminum and zinc in the containment are widely distributed. The inventories of these
corrodible metals are shown in |Table 6.2-87| and |Table 6.2-SSJ respectively.
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In the long term, after the temperature in the containment has been reduced by the containment

heat removal

system, and the rate of hydrogen production by corrosion is diminished, the

principal source of combustible gas buildup is the radiolysis of the water injected into the reactor
vessel and sprayed into the containment. Hydrogen originating from core radiolysis is deemed to
be distributed in the region of the break by the dispersion caused by the mass flow from it. The
radiolysis of sump water by fission products released from the core produces hydrogen at a lower
rate than radiolysis in the core a day or two after the accident. Hydrogen generated by sump
water radiolysis is distributed by two means, the second of which serves to insure that
combustible gas concentrations, in general, are homogeneous within the containment, including
recombiner or sampling locations:

a.

The minimum post-LOCA spray rate is 3000 gpm. With a maximum possible
sump water volume of 475,000 gallons the entire amount of sump water is
sprayed through the containment atmosphere approximately every three hours.
The fission products are uniformly distributed in the sump water, being mixed by
turbulence caused by injection, break flow and spraying, but the means of release
to the containment atmosphere must be across the water-gas interface. Hydrogen
atoms, not bubbles, are formed by radiolysis. They diffuse through the sump
water forming molecules, which themselves diffuse and escape to the atmosphere
at the surface once the relatively low solubility of hydrogen in water is passed,
saturating the sump water. Ultimately, the release rate of hydrogen to the
containment free space equals the production rate from radiolysis of sump water.
Using the data concerning spray droplets, fall height, etc., detailed in
Subsection 6.5.2, it is calculated that the surface-to-mass ratio for the water in the
sprays exceeds that of the water in the sump by a factor of more than 5000. Thus,
virtually all of the hydrogen generated by radiolysis caused by fission products
outside the core is released by the water while it is being sprayed. The spray
pattern is designed so that, even if only one train of sprays is available, the
volume of the containment above the operating floor is uniformly exposed to the
sprays.

To insure that the atmosphere of the containment is mixed, so that hydrogen
concentrations are virtually identical, the fans in the containment structure
recirculation filter system discussed above recirculate the gases in the
containment more rapidly than twice a day, even with only one fan available. The
discharge of the fan flow below the operating floor promotes a flow from those
regions upward to the suction of the fans at the apex of the dome, with the
containment atmosphere passing through the sprayed region.  Thus, no
stratification of hydrogen is possible. The system meets the requirements of
Regulatory Guide 1.7.
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6.2.5.4

The pertinent data for evaluation of the control aspect of the combustible gas
control system is summarized in Although Subsection 15.6.5.3c.1
indicates that only < 1.0 percent of the zirconium would react, for conservatism,
5 percent is assumed to participate in a reaction with the coolant to produce
hydrogen coincident with the accident. To prevent the concentration of hydrogen
from reaching 4 volume percent in the containment, the recombiners would be
turned on at any time before, or when, the concentration reached 3.5 volume
percent. If only one recombiner is turned on 278 hours after a LOCA when the
3.5 volume percent setpoint is reached, the hydrogen concentration will begin to
drop immediately. The combustible gas concentration in the containment as a
function of time is shown on both with and without the operation
of a single recombiner, at an efficiency of 99.9 percent. The backup purge
system, as described in Subsection 6.2.5.2d, could be operated at rates up to
1000 scfm. This far exceeds that of a single recombiner which processes only
100 sctfm. Although actuation of the recombiners could be delayed, the 3.5
volume percent is selected to have margin for detection of the failure of both
recombiners to function. In this event, the backup purge system would be started
at the 3.8 volume percent level. This would leave approximately 41 hours to start
purging. shows the containment hydrogen concentration with
neither recombiner nor purge, and with purging at a rate of only 3 percent of the
containment volume per day starting at the 3.8 volume percent mark, 319 hours
after the LOCA. The actual purge rate used will be based on an analysis of the

containment atmosphere following a LOCA. Projected offsite doses resulting
from containment purging, if required, are described in Subsection 15.6.5.4.

Testing and Inspection

Hydrogen Analyzer

The hydrogen analyzer is shop-tested using a gas mixture closely simulating the
containment post-LOCA atmosphere expected at the time the units would be
placed into service, with the temperature, pressure, humidity and hydrogen
concentration conditions approximated.

During preoperational testing, the hydrogen analyzers are calibrated and checked
for proper operation. System integrity will be maintained by performing periodic
surveillance testing as described in Subsection 6.2.6. Periodic calibration tests
will be performed in accordance with Technical Requirements.
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b. Hydrogen Recombiner

6.2.5.5

The electric hydrogen recombiners have undergone extensive testing in the
Westinghouse development program. These tests encompassed the initial
analytical studies, laboratory proof-of-principal tests, and full-scale prototype
testing. The full-scale prototype tests included the effects of:

1. Varying hydrogen concentrations
2. Alkaline spray atmosphere

3. Steam

4. Convection currents

5. Seismic activity

A detailed discussion of these tests is given in Reference 22.

During preoperational testing, the functional operability of the recombiner and its
control will be demonstrated. Periodic testing of the recombiners will be
performed in accordance with plant procedures.

Backup Purge System

The containment purge function of the CGCS will be demonstrated during
preoperational testing. Initial and periodic tests of the containment enclosure
emergency exhaust filters is described in Subsection 6.5.1.

Containment Structure Recirculation Filter System

The operability of containment atmospheric mixing fans and dampers will be
verified during preoperational testing. Periodic tests of the fans and dampers will
be conducted in accordance with Technical Specification requirements.

Instrumentation Requirements

With the occurrence of a LOCA, the ESF actuation signal will start the Containment
Recirculation Fan System. Two independent hydrogen analyzers which monitor containment
hydrogen concentrations after an accident, are located outside the containment. Off-normal
conditions, such as low temperature, low sample flow and pressure, and cell failure are alarmed
at the control room on a system level as a common alarm, and individually indicated at the local
panel. The output of either channel of the hydrogen analyzers is available to the operator, both
locally and at the MCB. When either channel indicates a hydrogen concentration at or prior to
0.5 volume percent below the limiting hydrogen concentration, this fact is alarmed at the main
control board (MCB). The operator would then start the recombiners, if he had not done so

already.
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The recombiners are thermal electric types. Temperature sensors located at the recombiner input
to the MCB temperature indication to maintain the recombiner temperature at an optimum value
for efficient recombination of H2 and O2 into water. The power input to the recombiner is
manually set from the MCB. Recombiner temperature and power input are indicated at the
MCB. The temperature indication is used for equipment tests and periodic checkouts and is not
required for the safety-related function of the hydrogen recombiners.

In the event that neither recombiner starts, the hydrogen concentration in the containment would
continue to rise. If it has risen significantly above the first alarm point but is still below the
limiting hydrogen concentration, this fact would be alarmed at the MCB as a signal to the
operator to initiate the purging of the containment.

The Containment Purge System is normally closed, and is isolated from the containment by four
valves: CGC-V14 and CGC-V28 inside the containment are remotely controlled,
motor-operated valves that close on a "T" signal; valves CGC-V15 and CGC-V36 located
outside the containment are manually operated and normally locked closed. Initiating purge flow
is a manually controlled operation, with a combination of both local and remote control from the
MCB. Valve status for the remotely operated valves CGC-V14 and CGC-V28 is provided near
the associated control switches. Pressure and flow instruments are provided in the purge line.
Purge flow indication is available at the MCB. Air for the purge system is supplied from the
Compressed Air System.

6.2.6 Containment Leak Rate Testing

The reactor containment structure, the containment penetrations and the containment isolation
barriers are designed to permit periodic Type A integrated leakage rate testing. The reactor
containment and its leakage limiting barriers are also designed to permit periodic inspection of
important areas such as penetrations. Penetrations with resilient seals or expansion bellows are
designed to permit periodic leakage testing at pressures up to the containment design pressure.
Piping systems penetrating the reactor containment are provided with the capability of redundant
isolation, as dictated by their importance to safety functions. These systems are designed so that
their isolation capabilities can be periodically tested for operability and leakage to ensure
compliance with the established leakage rate limits. The foregoing are intended to be in full
compliance with General Design Criteria 52, 53 and 54 of 10 CFR 50, Appendix A.

All portions of the above systems (RHR, CBS, SI and CS) are located within the containment
enclosure boundary except piping associated with the injection phase of ECCS and a minor
amount of charging pump piping used during the recirculation mode. Any leakage from these
systems following a LOCA is therefore filtered by the containment enclosure emergency exhaust
filters prior to release to the environment.
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The piping that lies outside the containment enclosure boundaries includes the pump suction
lines from the refueling water storage tank to the RHR, SI and CBS pumps (lines
1201-1-151-14" and 1202-1-151-14", see and the centrifugal charging pumps
(lines 1205-1-151-8" and 1206-1-151-8", including valves LCV-112D and LCV-112E). These
lines are used only during the injection phase of post-accident operation. They are isolated
within the containment enclosure, will not be contaminated during recirculation, and will not
present a release path. A portion of line CS-374-1-2501-4" is run outside the containment
enclosure. This line is used during the recirculation phase of post-accident operation; however,
there are no valves or equipment in this pipe segment. The leakage potential for this line is
therefore small.

The RHR pumps are periodically tested via a recirculation path. This will function as a leak test
because operating in the recirculation mode exposes the discharge pipe and pump to a pressure
higher than that experienced during a LOCA. The RHR pumps are tested at least once every
18 months according to the Technical Specifications.

CBS equipment is periodically tested via a recirculation path. This will function as a leak test, as
pressure during the recirculation mode exposes the discharge pipe and pump to a pressure higher
than that experienced in a LOCA. The containment spray pumps are tested at least once every
18 months per Technical Specification 4.6.2.1.

The safety injection pumps are tested via a recirculation miniflow test line to the refueling water
storage tank. The pressure in the pump and pump discharge line is greater than that seen in a
LOCA. This test is performed at least every 18 months per Technical Specification 4.5.2.

Portions of the RHR, CBS, and SI systems are periodically inspected for leakage under the
Leakage Reduction Program in accordance with Technical Specifications 6.7.6.a.

The leakage from ECCS and containment spray system equipment has been evaluated in
Subsection 15.6.5.4d and the impact of this leakage is factored into the offsite dose calculations.

The Containment Leakage Rate Testing (CLRT) Program is described in the Leakage Test
Reference (SLTR). Periodic Type A, B, and C leakage tests will be performed and reported in
compliance with the intent of 10 CFR 50, Appendix J. Deviations from the wording of
Appendix J are included in the Technical Specifications.

The testing program included a complete series of Type B and Type C tests as presented in
Subsections 6.2.6.2 and 6.2.6.3, prior to fuel loading. During plant operation, each penetration
requiring testing will be tested periodically to ensure continued compliance with leakage limits.
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6.2.6.1 Containment Integrated Leakage Rate Test - Type A Test

The initial containment integrated leakage rate test (Type A test) was performed after completion
of construction of the containment structure and prior to initial fuel loading. Periodic integrated
leakage rate tests shall be conducted in accordance with Subsection 6.2.6.4 and Technical
Specifications 4.6.1.2.

The maximum allowable integrated leakage rate, La, at the calculated peak accident pressure, Pa,
is 0.15 weight percent per 24 hours. The calculated peak accident pressure, Pa, is 49.6 psig.

Prior to conducting the initial Type A test all penetrations were installed and all systems
penetrating the containment were complete, up to and including all automatic isolation valves
external to the containment. Deviations from this schedule were documented and properly
considered when reporting final leakage rate test results.

The structural integrity test (SIT) preceded the initial Type A test. A minimum of 24 hours
elapsed from the time the containment was in excess of 85 percent Pa for the SIT and the
commencement of the Type A test, to assure sufficient time for outgassing from the internal
structure.

The structural integrity of the containment vessel and of the containment enclosure building shall
be determined in accordance with the Containment Leakage Rate Testing Program. Any
abnormal degradation detected during these inspections will be reported as part of a special
report as required by Technical Specifications.

Systems will be aligned for the Type A test based on the requirements of the Containment
Leakage Rate Testing Program. lists systems typically vented prior to and during
the conduct of the Type A test. lists those systems typically not vented and drained,
and the justification thereof.

The required tests including applicable pre-test requirements, data analysis methods, test
acceptance criteria, test schedule requirements, and reporting requirements are discussed in the
Containment Leakage Rate Testing Program.

6.2.6.2 Containment Penetration Leakage Rate Test - Type B Test

Type B tests are required on all containment penetrations with resilient seals, gaskets, or
expansion bellows. These include, but are not limited to, air locks, air lock door seals, piping

penetrations with expansion bellows and blind flanges, and electrical seals. Those penetrations
which are seal-welded are exempt from this testing requirement. [Table 6.2-92| lists all
containment penetrations falling into this category.

All penetrations requiring Type B testing will be tested in accordance with the Containment
Leakage Rate Testing Program. This is in accordance with Appendix J of 10 CFR 50.
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6.2.6.3 Containment Isolation Valve Leakage Rate Test - Type C Test

Type C tests are required on all lines that penetrate the primary containment and present a
potential leakage path between the inside and outside atmospheres of the primary containment
under postulated accident conditions. These include lines: (1) that provide a direct connection
between containment atmosphere and the outside, like purge and vent lines; (2) whose isolation
valves are required to close automatically upon receipt of a containment isolation signal to
isolate containment atmosphere or the Reactor Coolant System; or, (3) whose isolation valves are
required to operate intermittently under post-accident conditions to isolate containment
atmosphere or the Reactor Coolant System. lists all lines penetrating the
containment and, where applicable, the containment isolation valves associated with those lines.
Those lines not considered as requiring testing are noted. Containment isolation valves which
are not Type C tested, and the reasons thereof, can be categorized as follows:

a. Valves that isolate lines which form a closed system inside containment satisfying
the criteria of Updated FSAR Subsection 6.2.4.1c are not Type C tested. These
systems, and therefore their respective containment isolation valves, will not
communicate with containment atmosphere or the reactor coolant system under
post-accident conditions. These systems include main steam, feedwater, and
steam generator blowdown, and component cooling water supply and return for
the thermal barrier heat exchangers.

b. Certain ECCS containment isolation valves are not Type C tested. The primary
function of many of these valves is not to isolate containment following an
accident, but rather to direct emergency core cooling water as desired. In fact,
most of the valves will be open during one or more of the three ECCS
post-accident modes. In addition, the valves are part of Safety Class 2/seismic
Category I systems that are closed outside containment and liquid-filled, with an
assured post-accident 30-day water supply. A water seal at a pressure greater than
1.10 Pa will be maintained at the containment penetrations associated with these
isolation valves for the 30-day post-accident period. This seal precludes leakage
of containment atmosphere.

c. The containment isolation valves on the CGC hydrogen analyzer lines are not
required to be Type C tested. These lines form a closed, seismic Category I
system outside containment. The integrity or the closed system will be
maintained by performing periodic surveillance testing as described in
Subsections 6.2.4.2.m.3 and 6.2.5.1.¢g.

Type C tests will be performed in accordance with the Containment Leakage Rate Testing
Program. For valves tested in this manner, a radiological assessment will be made to establish
the leakage limits. This form of testing meets the intent of 10 CFR 50, Appendix J (III.C.2), and
no exemption is noted.
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As discussed in 6.2.3.2.d, a containment enclosure emergency cleanup system has been provided
to minimize leakage to the environs. A significant number of lines penetrate the containment
and terminate in areas not treated by this cleanup system. All leakage attributed to penetrations
and isolation valves, requiring Type B and Type C leakage rate tests per 10 CFR 50, Appendix J,
is conservatively assumed to bypass the cleanup system.

6.2.6.4 Scheduling and Reporting of Periodic Tests

The Type A test schedule and reporting requirements will be in accordance with the Containment
Leakage Rate Testing Program.

6.2.6.5 Special Testing Requirements

This section addresses the special requirements associated with the secondary containment
surrounding the primary containment. The maximum allowable leakage rate and in-leakage
limits are discussed in Subsection 6.2.3.3(a) and Technical Specification 3/4.6.5.2.
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6.3 EMERGENCY CORE COOLING SYSTEM

6.3.1 Design Bases

The Emergency Core Cooling System (ECCS) consists of the centrifugal charging pumps, safety
injection pumps, a refueling water storage tank, the residual heat removal pumps, the residual
heat removal heat exchanger, the safety injection accumulators, and the associated valves and
piping.

Plants listed in Subsection 1.3.1 have similar Emergency Core Cooling Systems to that of
Seabrook.

The primary function of the ECCS following an accident is to remove the stored and fission
product decay heat from the reactor core so that fuel rod damage, to the extent that it would
impair effective cooling of the core, is prevented.

The ECCS is designed to cool the reactor core as well as to provide additional shutdown
capability following initiation of the following accident conditions:

a. Loss-of-Coolant Accident (LOCA) including a pipe break or a spurious relief or
safety valve opening in the Reactor Coolant System (RCS) which would result in
a discharge larger than that which could be made up by normal makeup system.

b. Rupture of a control rod drive mechanism causing a Rod Cluster Control
Assembly (RCCA) ejection accident.

c. Steam or feedwater system break accident including a pipe break or a spurious
relief or safety valve opening in the secondary steam system which would result
in an uncontrolled steam release or a loss of feedwater.

d. A steam generator tube rupture.

The acceptance criteria for the consequences of each of these accidents are described in Chapter
15 in the respective accident analysis sections.

The bases used in design and for selection of ECCS functional requirements are derived from
Appendix K Limits for fuel cladding temperature, etc., following any of the above accidents as
delineated in 10 CFR 50.46. The subsystem functional parameters are selected so that, when
integrated, the Appendix K requirements are met over the range of anticipated accidents and
single failure assumptions.

NOTE: All drawings referenced that are not included were provided separately to the NRC as
required in Updated FSAR Section 1.7.
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The reliability of the ECCS has been considered in selection of the functional requirements,
selection of the particular components and location of components and connected piping.
Redundant components are provided where the loss of one component would impair reliability.
Valves are provided in series where isolation is desired, and in parallel when flow paths are to be
established for ECCS performance. Redundant sources of the safety injection actuation signal
are available so that the proper and timely operation of the ECCS will be ensured. Sufficient
instrumentation is available so that a failure of an instrument will not impair readiness of the
system. The active components of the ECCS are powered from separate buses which are
energized from offsite power supplies. In addition, redundant sources of auxiliary onsite power
are available through the use of the emergency diesel generators to ensure adequate power for all
ECCS requirements. Each generator is capable of driving all pumps, valves, and necessary
instruments associated with one train of the ECCS.

All valves required to be actuated during ECCS operation are located to prevent vulnerability to
flooding. Repositioning of valves due to spurious actuation coincident with a LOCA has been
analyzed and is not considered credible for a design basis.

The environmental qualification of active ECCS equipment is discussed in Section 3.11.

Protection of the ECCS from missiles is discussed in Section 3.5. Protection of the ECCS
against dynamic effects associated with ruptures of piping is described in Section 3.6. Protection
from flooding is also discussed in Section 3.4.

The elevated temperature of the sump solution during recirculation is well within the design
temperature of all ECCS components. In addition, consideration has been given to the potential
for corrosion of various types of metals exposed to the fluid condition prevalent immediately
after the accident or during long-term recirculation operations.

6.3.2 System Design

6.3.2.1 Schematic Piping and Instrumentation Diagrams

Flow diagrams of the ECCS are shown in |Figure 6.3-1,] |Figure 6.3-2,] |Figure 6.3-3] |Figure 6.3-4,]
|Figure 6.3-5| and |Figure 6.3-61

a. System Operation

Upon the initiation of a safety injection "S" signal, the following automatic
actions are initiated to commence the injection phase of emergency core cooling:

1. Centrifugal charging pumps start (see Dwg. NHY-503335).

2. Refueling water storage tank suction valves to charging pumps open (see
Dwg. NHY-503335).

3. Normal charging path valves close (see Dwg. NHY-503337).
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4. Charging pump miniflow valves close (see Dwg. NHY-503380 & NHY
503398).

5. Safety injection pumps start (see Dwg. NHY-503900).
6. Residual heat removal pumps start (see Dwg. NHY-503761).

7. Any closed accumulator isolation valves open. These valves will open
only if power is available to the normally de-energized motor control
centers E 522 and E 622 (see Dwg. NHY-503907).

8. Volume control tank outlet isolation valves close. Valves are interlocked
with the RWST suction valves to the charging pumps (see Dwg.
NHY-503341).

0. High head safety injection valves open (see Dwg. 1-NHY-503903).

During the injection phase, the two centrifugal charging pumps (CCPs) operate to
inject into the cold legs of all four loops. The source water to the CCPs is the
refueling water storage tank (RWST).

Once the Reactor Coolant System (RCS) pressure is below shutoff head of the
two safety injection pumps (SIPs), they begin to take borated water from the
RWST and deliver it to the cold legs of the four loops. This is done through the
residual heat removal (RHR) injection/accumulator discharge lines. In the case of
a steam line break or small RCS break, the system pressure remains high for a
long period of time, and the CCPs and SIPs supply core cooling.

When the RCS pressure drops below the pressure of the four safety injection
accumulator tanks, they discharge their contents in the four RCS cold legs. These
accumulators contain borated water and are pressurized with nitrogen. This
portion of the ECCS is most effective in the case of large RCS breaks where
system pressure drops rapidly to the accumulator pressure.

The two residual heat removal pumps (RHRPs) take water from the RWST and
inject it into the cold legs of all four RCS loops via the accumulator discharge
lines once system pressure drops below the shutoff head of the pumps.

Therefore, upon the initiation of the safety injection "S" signal, borated water is
injected into the RCS via the CCPs, SIPs, accumulator tanks and RHRPs. The
point at which these various injection modes commence operating is controlled by
the rate at which the reactor coolant is lost and system pressure drops.

The RWST supplies the borated water used for the injection phase of the ECCS.
When the RWST water level drops to the low-low-1 level alarm point, the
injection phase is discontinued and the cold leg recirculation phase is initiated.
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The changeover from the injection mode to recirculation mode is initiated
automatically and completed manually by operator action from the main control
room. Protection logic is provided to automatically open the two containment
recirculating sump isolation valves when two out of four refueling water storage
tank level channels indicate a refueling water storage tank level less than a
low-low-1 level setpoint in conjunction with the initiation of the engineered
safeguards actuation signal ("S" signal). This automatic action would align the
two residual heat removal pumps to take suction from the containment sump and
to deliver directly to the RCS. It should be noted that the residual heat removal
pumps would continue to operate during this changeover from injection mode to
recirculation mode.

The two charging pumps and the two safety injection pumps would continue to
take suction from the refueling water storage tank following the above automatic
action, until manual operator action is taken to align these pumps in series with
the residual heat removal pumps.

Valves SI-V138 and SI-V139, in the injection path, are normally closed (but not
de-energized). A safety injection ("S") signal then opens the valves in the
injection line.

The refueling water storage tank level protection logic consists of four level
channels, with each level channel assigned to a separate process control protection
set. Four refueling water storage tank level transmitters provide level signals to
corresponding normally de-energized level channel bistables. Each level channel
bistable would be energized on receipt of a refueling water storage tank level
signal less than the low-low-1 level setpoint.

The two-out-of-four coincident logic is utilized in both protection cabinets A and
B to ensure a trip signal in the event that two out of the four level channel
bistables are energized. This trip signal, in conjunction with the "S" signal,
provides the actuation signal to automatically open the corresponding
containment sump isolation valves.
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6.3.2.2

The low-low-1 refueling water storage tank level signal is also alarmed to inform
the operator to initiate the manual action required to realign the charging and
safety injection pumps for the recirculation mode. The manual switchover
sequence that must be performed by the operator is delineated in
Following the automatic and manual switchover sequence, the two residual heat
removal pumps would take suction from the containment sump and deliver
borated water directly to two RCS cold legs. A portion of the Number 1 residual
heat removal pump discharge flow would be used to provide suction to the two
charging pumps which would also deliver directly to the RCS cold legs. A
portion of the discharge flow from the Number 2 residual heat removal pump
would be directed to the RCS cold legs. As part of the manual switchover
procedure (see Step 5), the suctions of the safety injection and
charging pumps are cross connected so that one residual heat removal pump can
deliver flow to the RCS and both safety injection and charging pumps, in the
event of the failure of the second residual heat removal pump.

After approximately 5 to 6 hours, cold leg recirculation is terminated and hot leg
recirculation is initiated. This is done to terminate any boiling in the core should
the break be in one of the RCS cold legs. During this phase of recirculation, the
SIPs discharge is aligned to supply water to all four RCS hot legs and the RHRPs
discharge is aligned to supply water to RCS hot legs 1 and 4. The CCPs do not
have the capability to feed the hot legs and continue to supply the cold legs.

Equipment and Component Descriptions

The component design and operating conditions listed in [Table 6.3-1| are specified as the most
severe conditions to which each respective component is exposed during either normal plant

operation, or
considered in

during operation of the ECCS. For each component, these conditions are
relation to the code to which it is designed. By designing the components in

accordance with applicable codes, and with due consideration for the design and operating
conditions, the fundamental assurance of structural integrity of the ECCS components is
maintained. Components of the ECCS are designed to withstand the appropriate seismic
loadings in accordance with their safety class as given in
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Descriptions of the major mechanical components of the ECCS follow:

a.

Accumulators

The accumulators are pressure vessels partially filled with borated water and
pressurized with nitrogen gas. During normal operation, each accumulator is
isolated from the RCS by two check valves in series. Should the RCS pressure
fall below the accumulator pressure, the check valves open and borated water is
forced into the RCS. One accumulator is attached to each of the cold legs of the
RCS. Mechanical operation of the swing disc check valves is the only action
required to open the injection path from the accumulators to the core via the cold
leg.

Connections are provided for remotely adjusting the level and boron
concentration of the borated water in each accumulator during normal plant
operation as required. Accumulator water level may be adjusted either by
draining to the primary drain tank or by pumping borated water from the refueling
water storage tank to the accumulator. Alternatively, the boron concentration
may be adjusted by a feed and bleed process. This would involve pumping
borated water into the accumulator from the refueling water storage tank, as
described above, with simultaneous draining of the accumulator through the
sample connection to the Containment Building drainage sump. Technical
Specification actions related to out-of-service equipment during this evolution
would be applied. Samples of the solution in the accumulators are taken
periodically for checks of boron concentration.

Accumulator pressure is provided by a supply of nitrogen gas, and can be adjusted
as required during normal plant operation; however, the accumulators are
normally isolated from this nitrogen supply. Gas relief valves on the
accumulators protect them from pressures in excess of design pressure.

The accumulators are located within the containment but outside of the secondary
shield wall which protects them from missiles.

Accumulator gas pressure is monitored by indicators and alarms. The operator
can take action as required to maintain plant operation within the requirements of
the Technical Specification covering accumulator operability.

Residual Heat Removal Pumps

In the event of a LOCA, the residual heat removal pumps are started
automatically on receipt of an "S" signal (see Dwg. NHY-503761). The residual
heat removal pumps take suction from the refueling water storage tank during the
injection phase and from the containment sump during the recirculation phase.
Each residual heat removal pump is a single-stage vertical-position centrifugal

pump.
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A minimum flow bypass line is provided for the pumps to recirculate and return
the pump discharge fluid to the pump suction should these pumps be started with
the RCS pressure above their shutoff head. Once flow is established to the RCS,
the bypass line is automatically closed (see Dwg. NHY-503764). This line
prevents deadheading of the pumps and permits pump testing during normal
operation.

The safety intent of Regulatory Guide 1.1 is met by the design of the ECCS so
that adequate net positive suction head is provided to system pumps. In addition
to considering the static head and suction line pressure drop, the calculation of
available net positive suction head in the recirculation mode assumes that the
vapor pressure of the liquid in the sump is equal to the containment ambient
pressure. This assures that the actual available net positive suction head is always
greater than the calculated net positive suction head.

The residual heat removal pumps are discussed further in Subsection 5.4.7. A
pump performance curve is given in |[Figure 6.3—7] Available and required net
positive suction head are shown in|Table 6.3-1]

Centrifugal Charging Pumps

In the event of an accident, the charging pumps are started automatically on
receipt of an "S" signal (see Dwg. NHY-503330), and are automatically aligned to
take suction from the refueling water storage tank during injection (see Dwg.
NHY-503335). During recirculation, suction is provided from the residual heat
removal pump discharge.

These high head pumps deliver flow to the RCS at the prevailing RCS pressure.
Each centrifugal charging pump is a multi-stage diffuser design, barrel-type
casing with vertical suction and discharge nozzles.

A minimum flow bypass line is provided on each pump discharge to recirculate
flow to the pump suction after cooling via the seal water heat exchanger during
normal plant operation.  Each minimum flow bypass line contains a
motor-operated valve which closes on receipt of the safety injection signal. The
miniflow isolation valve for each charging pump will re-open if the flow through
its respective pump drops below the low flow setpoint. The valve will reclose in
the presence of an "S" signal when the flow increases beyond the high flow
setpoint (see Dwg. NHY-503398 & 503380). This signal also closes the valves to
isolate the normal charging line and volume control tank and opens the charging
pump/refueling water storage tank suction valves to align the high head portion of
the ECCS for injection (see Dwg. NHY-503335). The charging pumps may be
tested during power operation via the minimum flow bypass line.
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A pump performance curve for the centrifugal charging pumps is presented in
Figure 6.3-8] Available and required net positive suction head are shown in
Table 6.3-1

Safety Injection Pumps

In the event of an accident, the safety injection pumps are started automatically on
receipt of an "S" signal (see Dwg. NHY-503900).

The pumps deliver water to the RCS from the refueling water storage tank during
the injection phase, and from the containment sump via the residual heat removal
pumps during the recirculation phase.

A minimum flow bypass line is provided on each pump discharge to recirculate
flow to the refueling water storage tank in the event that the pumps are started
with the RCS pressure above pump shutoff head. This line also permits pump
testing during normal plant operation. Two parallel valves in series with a third,
downstream of a common header, are provided in this line. These valves are
manually closed from the control room as part of the ECCS realignment from the
injection to the recirculation mode.

The common recirculation header for the safety injection pumps is seismically
analyzed and is seismically supported.

A pump performance curve is presented in [Figure 6.3—9] Available and required
net positive suction head are shown in[Table 6.3-1]

Residual Heat Exchangers

The residual heat exchangers are conventional shell and U-tube type units.
During normal cooldown operation, the residual heat removal pumps recirculate
reactor coolant through the tube side while component cooling water flows
through the shell side. During emergency core cooling recirculation operation,
water from the containment sump flows through the tube side. The tubes are seal
welded to the tube sheet.

A further discussion of the residual heat exchangers is found in Subsection 5.4.7.
Valves

Design features employed to minimize valve leakage include:

o Where possible, packless valves are used.

o Other valves which are normally open, except check valves and those
which perform a control function, are provided with backseats to limit
stem leakage.
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Normally closed globe valves are installed with recirculation fluid
pressure under the seat to prevent stem leakage of recirculated
(radioactive) water.

Relief valves are enclosed, i.e., they are provided with a closed bonnet.

Motor-Operated Valves

The seating design of all motor-operated valves is of the Crane flexible
wedge design. This design releases the mechanical holding force during
the first increment of travel so that the motor operator works only against
the frictional component of the hydraulic unbalance on the disc and the
packing box friction. The disc is guided throughout the full disc travel to
prevent chattering and to provide ease of gate movement. The seating
surfaces are hard faced to prevent galling and to reduce wear.

Where a gasket is employed for the body to bonnet joint, it is either a fully
trapped, controlled compression, spiral-wound asbestos gasket with
provisions for seal welding, or it is of the pressure seal design with
provisions for seal welding. Many of the valves stuffing boxes were
originally designed with a lantern ring leakoff connection with packing
configurations which minimize stem seal leakage to the full extent
possible by the design. Exceptions to this criterion are gate valves that
have been determined to be susceptible to pressure locking, which have
been modified to utilize the valve stem leakoff connection as a vent path
for the bonnet cavity. These valves use only a single packing set. Based
on industry recommendations, many of the double packed stuffing boxes
have been modified to a single packing configuration. The motor operator
incorporates a "hammer blow" feature that allows the motor to impact the
discs away from the backseat upon opening or closing. This "hammer
blow" feature not only impacts the disc but allows the motor to attain its
operational speed prior to impact. Valves which must function against
system pressure are designed so that they function with a pressure drop
equal to full system pressure across the valve disc.

Manual Globe, Gate and Check Valves

Gate valves employ a wedge design and are straight through. The wedge
is either split or solid. All gate valves have backseat and outside screw
and yoke.

Globe valves, "T" and "Y" style, are full-ported with outside screw and
yoke construction.
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Check valves are spring-loaded lift piston types for sizes 2 inches and
smaller, swing type for sizes 2/ inches to 4 inches and tilting-disc type for
sizes 4 inches and larger. Stainless steel check valves have no penetration
welds other than the inlet, outlet and bonnet. The check hinge is serviced
through the bonnet.

The stem packing and gasket of the stainless steel manual globe and gate
valves are similar to those described above for motor-operated valves.
Carbon steel manual valves are employed to pass nonradioactive fluids
only and therefore do not contain the double packing and seal weld
provisions.

Accumulator Check Valves (Swing-Disc)

The accumulator check valve is designed with a low pressure drop
configuration with all operating parts contained within the body.

Design considerations and analyses which ensure that leakage across the
check valves located in each accumulator injection line will not impair
accumulator availability are as follows:

(a) During normal operation, the check valves are in the closed
position with a nominal differential pressure across the disc of
approximately 1650 psi. Since the valves remain in this position
except for testing or when called upon to open following an
accident, and are therefore not subject to the abuse of flowing
operation or impact loads caused by sudden flow reversal and
seating, they do not experience significant wear of the moving
parts, and are expected to function with minimal back leakage.
The back leakage can be checked via the test connection as
described in Subsection 6.3.4.

(b) When the RCS is being pressurized during the normal plant heatup
operation, the check valves are tested for leakage as soon as there
is a stable differential pressure of about 100 psi or more across the
valve. This test confirms the seating of the disc and whether or not
there has been an increase in the leakage since the last test. When
this test 1is completed, the accumulator discharge line
motor-operated isolation valves are opened and the RCS pressure
increase is continued. There should be no increase in leakage from
this point on since increasing reactor coolant pressure increases the
seating force and decreases the probability of leakage.
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(c) The experience derived from the check valves employed in the

emergency injection systems indicates that the system is reliable
and workable; check valve leakage has not been a problem. This is
substantiated by the satisfactory experience obtained from
operation of the Robert Emmett Ginna and subsequent plants
where the usage of check valves is identical to Seabrook.

(d) The accumulators can accept some in-leakage from the RCS
without affecting availability.  Continuous in-leakage would
require, however, that the accumulator volume be adjusted
periodically to Technical Specification requirements.

Relief Valves

Relief valves are installed in various sections of the ECCS to protect lines
which have a lower design pressure than the RCS. The valve stem and
spring adjustment assembly are isolated from the system fluids by a
bellows seal between the valve disc and spindle. The closed bonnet
provides _an additional barrier for enclosure of the relief valves.
lists the system's relief valves with their capacities and
setpoints.

Butterfly Valves

Each main residual heat removal line has an air-operated butterfly valve
(RH-HCV-606 and 607) which is normally open and is designed to fail in
the open position. The actuator is arranged so that air pressure on the
diaphragm overcomes the spring force, causing the linkage to move the
butterfly to the closed position. Upon loss of air pressure, the spring
returns the butterfly to the open position. These valves are left in the
full-open position during normal operation to maximize flow from this
system to the RCS during the injection mode of the ECCS operation.
These valves are used during normal residual heat removal system
(RHRS) operation to control cooldown flow rate.

Each residual heat removal heat exchanger bypass line has an air-operated
butterfly valve which is normally closed and is designed to fail closed.
Those valves (RH-FCV-618 and 619) are used during normal cooldown to
avoid thermal shock to the residual heat exchanger.
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Accumulator Motor-Operated Valve Controls

As part of the plant shutdown administrative procedures, the operator is
required to close these valves. This prevents a loss of accumulator water
inventory to the RCS, and is performed shortly after the RCS has been
depressurized below the safety injection unblock setpoint. The redundant
pressure and level alarms on each accumulator would remind the operator
to close these valves, if any were inadvertently left open. Power is
disconnected after the valves are closed.

During plant startup, the operator is instructed via procedures to energize
and open these valves when the RCS pressure reaches the safety injection
unblock setpoint. Monitor lights in conjunction with an audible alarm will
alert the operator should any of these valves be left inadvertently closed
once the RCS pressure increases beyond the safety injection unblock
setpoint (see Dwg. NHY-503907). Once open, power is disconnected and
remains off except during valve testing.

The accumulator isolation valves are not required to move during power
operation or in a post-accident situation, except for valve testing. For a
discussion of limiting conditions for operation and surveillance
requirements of these valves, refer to the Technical Specifications.

For further discussion of the instrumentation associated with these valves,
refer to Subsections 6.3.5, 7.3.1b and 7.6.4.

Motor-Operated Valves and Controls

Remotely operated valves for the injection mode which are under manual
control (i.e., valves which normally are in their ready position and do not
require a safety injection signal) have their position indicated on the
control board. If a component is out of its proper position, its monitor
light will indicate this on the control panel. At any time during operation,
when one of these valves is not in the ready position for injection, this
condition is shown visually on the board, and an audible alarm is sounded
in the control room on a system basis, as part of the Bypass and Inoperable
Status alarms.

The ECCS delivery lag times are given in Chapter 15. The accumulator
injection time varies as the size of the assumed break varies since the RCS
pressure drop will vary proportionately to the break size.

Inadvertent mis-positioning of a motor-operated valve due to a
malfunction in the control circuitry in conjunction with an accident has
been analyzed and found not to be a credible event for use in design.
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6.3.2.3

Table 6.3-3| is a listing of motor-operated isolation valves in the ECCS
showing interlocks, automatic features, and position indications.

8. Motor-Operated SI Isolation Valves and Controls

SI-V93, the combined recirculation isolation valve from both safety
injection pumps, is a normally open, motor-operated valve. This valve is
closed by the operators, from the control room, during the switch over to
the recirculation mode of safety injection.

Red/green valve position indication and valve full-closed monitor light is
provided on the main control board. Additionally, any time SI-V93 leaves
the full open position, an annunciator alarms for both the "SI Train A
Inoperative" and the "SI Train B Inoperative" status monitoring alarms.

To prevent spurious operation or operator error, the control circuit for the
motor operator is equipped with a dual contactor arrangement (see
Updated FSAR . This circuit requires two separate operator
actions, involving the normal valve control switch plus a separate
key-operated switch, to reposition the valve.

Applicable Codes and Classifications

Applicable industry codes and classifications for the ECCS are discussed in Section 3.2.

6.3.2.4

Material Specifications and Compatibility

Materials employed for components of the ECCS are given in [Table 6.3-4] Materials are
selected to meet the applicable material requirements of the codes in |[Table 3.2-2| and the
following additional requirements for compatibility with the reactor coolant during the
recirculation phase following a LOCA:

a.

All parts of components in contact with borated water are fabricated of or clad
with austenitic stainless steel or equivalent corrosion- resistant material.

All parts of components in contact (internal) with sump solution during
recirculation are fabricated of austenitic stainless steel or equivalent
corrosion-resistant material.

Valve seating surfaces are hard faced with Stellite Number 6 or equivalent to
prevent galling and to reduce wear.

Valve stem materials are selected for their corrosion resistance, high tensile
properties, and resistance to surface scoring by the packing.
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6.3.2.5 System Reliability

Reliability of the ECCS is considered for all aspects of the system, from initial design through
periodic testing of the components during plant operation. The ECCS is a two train, fully
redundant standby safeguard feature. The system has been designed and proven by analysis as
having the ability to withstand any single credible active failure during injection, or any active or
passive failure during recirculation, while still meeting the performance objectives described in
Subsection 6.3.1.

Two trains of pumps, heat exchangers, and flow paths are provided for redundancy, as only one
train is required to satisfy the performance requirements. The initiating signals for the ECCS are
derived from independent sources, as measured from process (e.g., low pressurizer pressure) or
environmental variables (e.g., containment pressure). Redundant as well as functionally
independent variables are measured to initiate the safeguards signals. Each train is physically
separated and protected where necessary so that a single event cannot initiate a common failure.
Power sources for the ECCS are divided into two independent trains supplied from the
emergency buses which can receive power either from onsite or offsite power sources.
Sufficient diesel generating capacity is maintained onsite to provide power to each train. The
diesel generators and their auxiliary systems are completely independent, and each supplies
power to one of the two ECCS trains.

The reliability program extends to the procurement of the ECCS components such that only
designs which have been proven by past use in similar applications are acceptable for use. The
quality assurance program, as described in Chapter 17, assures receipt of components only after
manufacture and test to the applicable codes and standards.

The preoperational testing program assures that the ECCS as designed and constructed will meet
the functional requirements calculated in its design.

The ECCS is designed with the ability for online testing of most components so the availability
and operational status can be readily determined.

In addition to the above, the integrity and operability of the ECCS is assured through
examination of critical components during the routine in-service inspection.

a. Active Failure Criteria

The ECCS is designed to accept a single failure following the incident without
loss of its protective function. The system design will tolerate the failure of any
single active component in the ECCS itself or in the necessary associated service
systems at any time during the period of required system operations following the
incident.
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A Failure Mode and Effect Analysis is presented in [Table 6.3-5] which
demonstrates that the ECCS can sustain the failure of any single active component

in either the short or long term and still meet the level of performance for core
cooling.

Since the operation of the active components of the ECCS following steam line
rupture is identical to that following a LOCA, the same analysis is applicable.
The ECCS can sustain the failure of any single active component and still meet
the level of performance for the addition of shutdown reactivity.

Passive Failure Criteria

The following design philosophy assures the necessary redundancy in component
and system arrangement to meet the intent of the General Design Criteria on
single failure as it specifically applies to failure of passive components in the
ECCS. Thus, for the long term, the system design is based on accepting either a
passive or an active failure.

1. Redundancy of Flow Paths and Components for Long-Term Emergency
Core Cooling

In design of the ECCS, Westinghouse utilizes the following criteria:

(a) During the long-term cooling period following a loss of coolant,
the emergency core cooling flow paths shall be separable into two
subsystems, either of which can provide minimum core cooling
functions and return spilled water from the floor of the
containment back to the RCS.

(b) Either of the two subsystems can be isolated and removed from
service in the event of a leak outside the containment. Redundant
motor-operated valves arranged in series are provided for this
isolation function.

() Adequate redundancy of check valves is provided to tolerate
failure of a check valve during the long term as a passive
component.

(d) Should one of these two subsystems be isolated in this long-term
period, the other subsystem remains operable.

(e) Provisions are also made in the design to detect leakage from
components outside the containment, to collect this leakage, and to
provide for maintenance of the affected equipment.
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A single passive failure analysis is presented in Table 6.3.6. It
demonstrates that the ECCS can sustain a single passive failure during the
long-term phase and still retain an intact flow path to the core to supply
sufficient flow to maintain the core covered and affect the removal of
decay heat. The procedure followed to establish the alternate flow path
also isolates the component which failed.

Thus, for the long-term emergency core cooling function, adequate core
cooling capacity exists with one flow path removed from service.

Subsequent Leakage from Components in Safeguards Systems

With respect to piping and mechanical equipment outside the containment,
considering the provisions for visual inspection and leak detection, leaks
will be detected before they propagate to major proportions. A review of
the equipment in the system indicates that the largest sudden leak potential
would be the sudden failure of a pump shaft seal. Evaluation of leak rate,
assuming only the presence of a seal retention ring around the pump shatft,
showed that flows less than 50 gpm would result. Piping leaks, valve
packing leaks, or flange gasket leaks tend to build up slowly with time and
are considered less severe than the pump seal failure.

Larger leaks in the ECCS are prevented by the following:

(a) The piping is classified in accordance with ANS Safety Class 2
and receives the ASME Class2 quality assurance program
associated with this safety class.

(b) The piping, equipment and supports are designed to ANS Safety
Class 2 seismic classification, permitting no loss of function for the
design basis earthquake.

(c) The system piping is located within a controlled area on the plant
site.

(d) The piping system receives periodic pressure tests, and is
accessible for periodic visual inspection.

(e) The piping is austenitic stainless steel which, due to its ductility,
can withstand severe distortion without failure.

® Instrument tubing is designed to the requirements of Regulatory
Guide 1.151 as discussed in Subsection 7.1.2.12.
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6.3.2.6

Based on this review, the design of the Primary Auxiliary Building and
related equipment was verified for its ability to handle leaks up to a
maximum of 50 gpm. Leakage would drain to and collect in the primary
auxiliary building sump. Automatic initiation of the sump pumps at a
predetermined setpoint would be indicated at the main control board and
would alert the operator to an abnormal condition. Corrective action
would include determining the location of the leak by visual inspection,
and remote or manual isolation of the leak point from the rest of the
system within 30 minutes.

Potential Boron Precipitation

Boron precipitation in the reactor vessel can be prevented by a backflush of
cooling water through the core to reduce boil-off and resulting concentration of
boric acid in the water remaining in the reactor vessel. This is accomplished by a
switch from cold to hot leg recirculation about 5 to 6 hours following an accident.

The minimum Hot Leg Recirculation flow meets decay heat removal
requirements at this time.

Three flow paths are available for hot leg recirculation of sump water. Each
safety injection pump can discharge to two hot legs with suction taken from
residual heat removal pump discharge either directly or indirectly via the charging
pump cross connect. The residual heat removal pump(s) will also be aligned to
deliver flow to the hot leg injection header.

Loss of one pump or one flow path will not prevent hot leg recirculation since
redundant methods are available for use.

Submerged Valve Motors

All electrically operated valves in the ECCS required to be functional during and
following a LOCA are located outside containment. All other electrical
equipment in the ECCS that is required during post-LOCA is either located
outside containment or above the maximum calculated water level inside
containment.

Protection Provisions

The provisions taken to protect the system from damage that might result from dynamic effects
are discussed in Section 3.6. The provisions to protect the system from missiles are discussed in

Section 3.5.

The provisions to protect the system from seismic damage are discussed in

Sections 3.7, 3.9 and 3.10. Thermal stresses on the RCS are discussed in Section 5.2.
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6.3.2.7 Provisions for Performance Testing

Test lines are provided for performance testing of the ECCS as well as individual components.
These test lines and instrumentation are shown in All pumps have miniflow lines
for use in testing operability.  Additional information on testing can be found in
Subsection 6.3.4.2.

6.3.2.8 Manual Actions

No manual operator actions are required for proper operation of the ECCS during the injection
mode of operation. Only limited manual actions are required by the operator to realign the

system for the cold leg recirculation mode of operation, and, after approximately 5 to 6 hours, for
the hot leg recirculation mode of operation. These actions are delineated in

The transfer from the injection mode to recirculation mode is initiated automatically and
completed manually by operator action from the main control room. Protection logic is provided
to automatically open the two containment recirculation sump isolation valves when two out of
four refueling water storage tank level channels indicate a refueling water storage tank level less
than a low-low level setpoint in conjunction with the initiation of the engineered safeguard
actuation signal ("S" signal - see Dwg. NHY-503258). The automatic action would align the two
residual heat removal pumps to take suction from the containment sump and deliver directly to
the Reactor Coolant System. The automatic action also aligns the two containment building
spray pumps to take suction from the containment sump and deliver to the containment building

spray headers. It should be noted that the residual heat removal and containment building spray
pumps would continue to operate during this transfer from injection mode to recirculation mode.

The two charging pumps and the two safety injection pumps would continue to take suction from
the refueling water storage tank following the above automatic action, until manual operator
action is taken to align these pumps in series with the residual heat removal pumps.

The consequences of the operator failing to act altogether will be loss of high head safety
injection pumps and charging pumps.

The refueling water storage tank level protection logic consists of four level channels, with each
level channel assigned to a separate process control protection set. Four refueling water storage
tank level transmitters provide level signals to corresponding normally de-energized level
channel bistables. Each level channel bistable would be energized on receipt of a signal that the
refueling water storage tank level is less than the low-low level setpoint.

The two-out-of-four coincident logic is utilized in both protection cabinets A and B to ensure a
trip signal in the event that two out of the four level channel bistables are energized. This trip
signal, in conjunction with the "S" signal, provides the actuation signal to automatically open the
corresponding containment sump isolation valves.
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The first manual actions are required of the operator after the "Lo-Lo" level signal actuates the
opening of the sump valves. The "Lo-Lo" signal also alarms at the MCB to alert the operators to
the need for action.

Figure 6.3-10| shows a schematic of the tank, the level instrumentation setpoints and the various
water volume allowances.

All level setpoints were selected to ensure a minimum required injection volume, adequate
transfer volumes and, at the same time, to avoid any spurious alarm actuations.

The "high level" alarm setpoint was selected to assure that, during filling of the RWST, the
operator is alerted prior to a possible spillage of water from refueling water storage tank via
overflow.

The "tech spec" level alarm setpoint was selected to assure that the minimum required injection
volume remains above the "Lo-Lo" level (transfer) setpoint. If the water level drops below the
"tech spec" setpoint, the alarm sounds and the plant will be placed in the mode mandated by the
plant technical specifications. A "tech spec approach" alarm is provided to alert the operator to a
need for makeup prior to reaching a water level requiring plant shutdown.

Spurious alarm actuation is prevented by an adequate separation between the instrument error
bands associated with each setpoint. In addition to this, temperature compensation is employed
for "high level," "tech spec" and "tech spec approach" alarms to account for level changes due to
temperature fluctuations.

Instrument error bands were calculated accounting for uncertainties such as measurement
accuracy, calibration accuracy, signal drift, environment changes, etc.

The time from accident initiation to the first required manual actions is dependent on the initial
tank water level, the flow rate out of the tank and the “Lo-Lo” level setpoint. The minimum time
is calculated based on injecting the minimum required injection volume of 350,000 gallons. As
shown on the minimum injection allowance is contained between extreme low
range of the “tech spec” alarm error band and the extreme upper range of the “Lo-Lo” signal
error band. The maximum flow rate out of the RWST is based on the “Maximum Safeguards”
flow rate of 13,200 gpm out of the tank. Based on injecting the minimum injection allowance at
a maximum rate of 13,200 gpm, the first manual operator actions are not required until
approximately 26 minutes after accident initiation.

It should be noted that the entire injection volume is assumed to come from the RWST,
neglecting the additional volume available in the spray additive tank.




SEABROOK ENGINEERED SAFETY FEATURES Revision 15

STATION Emergency Core Cooling System Section 6.3
UFSAR el S Page 20

depicts two additional allowances of RWST inventory. The transfer allowance is
the volume of RWST inventory set aside to allow the operators sufficient time to complete the
transfer from the injection mode to the recirculation mode of ECCS operation. This transfer
allowance is the volume of water contained between the low range of the RWST Lo-Lo level
setpoint and the high range of the RWST EMPTY alarm setpoint. The RWST EMPTY alarm
setpoint is based on the postulated single failure discussed below. The shutoff or single failure
allowance is the volume of RWST inventory between the RWST EMPTY alarm setpoint and the
calculated level at which vortexing is possible for the flow rate from the RWST associated with
the postulated worst case single failure that could occur during this transfer.

In the event of the design bases LOCA, the containment sump isolation valves open
automatically upon actuatio