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I EXECUTIVE SUMMARY

he CPSES 12E was prepared in two volumes; Volume | presents the front-end analysis and Volume 11
preser ‘s the back-end analysis, The general issues common to the front-end and to the back-end were
reported in Volume | along with the front-end analysis. Nevertheless, some areas require reporting from
hoth the front-end and the back-end perspectives. In those cases, the front-end perspective is presented
in Volume 1 and the back-end perspective is presented in Volume Il The sections which in Volume 1l

contain the back-end findings, and in Volume I, contain the front-end findings are:

Sectionl1.4 .. ... ....... -y cooo oo Summary of Major Findings
Section 4 oAy g ) Back-End Analysis
Section 6 - P .. Plant Improvements and Unigue Safety Features
Section? . ... .. . o b 3 ok . Summary and Conclusions
Section 8 . n ot bt e et O Y ... Reference,

The deterministic part of the back-end analysis, i.e., the severe e-cident sequence analyses relevant to
the CPSES IPE, utilizes the Modular Accident Analysis ¥ ogram (MAAP 3 0B, Rev. 16, Ref. 10). The
MAAP code 1s a well-known, fully integrated analytical tool for the analysis of severe accidents. The
logic model and the probabilistic part of the CPSES back-end analysis are based on standard

methodology, specifically the EPRI back-end generic framework (Ref 1),

The overali performance of the CPSES containment given a core melt accident’ can be summarized by

one of the following outcomes:

(1) The containment will remain intact . . . . .. L 40%
) Late failures from steam generation . . . . . . .. . .. 2%
(3) Late failures from core-concrete interactions . | N A T 49%
4) Early bypass (mostly due to SGTR) . . . .. ... . ... ... ... .. AP &
(5 Early failures due to phenomena (HPME or ALPHA) . . . .. . .. ... ... ... . . 1%

TOTAL ... ... ... : e Crih- oyl pby =Lyl e A e e PO

* The overall core melt frequency is 5. 72E-5 per year as reported in Volume 1.
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The main conclusion to be drawn from these findings is that the CPSES containment provides adequate

protection to the public.

The principal concerns in that regard are the trequency and tizaing of potential early containmeat failures,
With the exception of Steam Generator Tube Ruptures (SGTR), all other possible modes of early
containment failure have irequencies nearly at or below the reporting cut-off levels of 1E-7. Although
classified as carly failures, most SGTR events would take several hours to reach core melt, allowing that

time to be used fo, accident diagnosis and management.

Regarding the late contuinment failures, alwost all are due 10 overpressurization from non-condensibles
originating in a post dry-out core conerete attack. This type of failure is protracted over approximately

36 hours, allowing for effective accident management

CPSES exhibits three spesine design features that are the underlying causes for the good performance

of the CPSES containment.

The first is the very large containment free volume, which renders the CPSES containment relatively
invulnerable to early hydrogen burn events and to the direct containment heating (DCH) phenomena
associated with high pressure melt ejection sequences.  Criculations performed for the CPSES
containment show that the coatainment would not reach the failure pressure even if a hydrogen burn from
a 100% Zirconium oxidation were postulated. Furthermore, the assessment of the direct containment
heauing phenomena for CPSES, which is based on the conservative analyses for the Zion plant under the
NUREG-1150 program, has shown that the CPSES containment is unl ely to fail as a result of a DCH

overpressure transient.

The second and third important containment features are associated with the reactor cavity configuration.
First, the reactor cavity has a large flat floor area of over 70 m* (800 ft). This results in a shallow
debris bed of only a few inches thickness, which is coolable by an overlaying layer of water, and which
would result in a slow concrete penetration rate if the debris is dry and not self cooled by convection to
the atmesphere.  Second, there is no curb at the containment floor elevation surrounding the reactor
cavity exit for the instiument guide tubes that would prevent the return of water from the main
containment floor to the reactor cavity.  As a result, all the water injected into the containment or
released inside the containment has to boil oft before the debris in the reactor cavity can dry out.

Accident sequences with failure of RWST injection dominate the plant damage states that dominate the

12



containment failures. Therefore, the absence of a reactor cavity curb means that even if only the RCS
water inventory is released 10 the containment, this entire water inventory must boil off and be in the
form of steam in the containment before the debris in the reactor cavity can dry out.  After that,
containment pressurization proceeds very slowly, due only to non-condensible gas generation in the core-
| concrete attack. This characteristic results in the protracted containment failures, Furthermore, any
condensation or water injected into the containment by accident mansgement would drain back 1o the

reactor cavity and to the debris.

Finally, the back-end analysis did not reveal any vulnerabilities nor the need for any plant improvements.
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4. BACK-END ANALYSIS

The back-end (sometimes called containment) analysis of the CPSES IPE utilizes the approacn of & Leval
Il probabilistic rsk assessment (PRA), whose methods and results are summarized in this section. A
Level 11 analysis involves two types of considerations: (1) analyses of physical processes during severe
accidents, where degraded core and containment thermo-hydraulic variables are determined along with
source tetms for the accident progressions, and (21 a probabilistic component where the likelihood of the
various outcomes is assessed.  The relationship of a Level 11 analysis to a Level | (and a Level HI,
sometimes called site) analysis is shown schematically in Figure 4 0-1, The starting point for the Level
Il analysis is the plant damage states (PDS). These are the bins imo which the core melt sequences
determined in the Level 1, or plant, analysis are collected. The guidelines for these bins are determined
such that sequences in a given bin have similar accident progressions and outcomes of similar likelihood.
For each PDS there is a containment event tree (CET)  The path through each CET begins with a PDS
and ends with a CET end-state which 15 defined by a4 contsnment failure mode, time and release
fractions.  These CET end-states are¢ later hinned into release categories,  Thus, release categories

represent types, quantities and timing of radioactive material releases

This section begins in Section 4.1 with the summary of plant data requested in section 2.2 2.6 of
NUREG-1335. That ts followed in Section 4.2 by a ¢ “scription of plant models and methods utilized for
the physical processes analyses. Sectior 4.3 describes the criteria and the results of the binning process
whereby the Level 1 sequences are grouped into PDSs  Section 4 4 identifies the possible challenges to
the CPSES containment, including those leading o containment bypass, early failures and late failures.
It also examines the possible ways (1 which the containment might fail to perform its function by
evaluating penetrations, evaluating the fimits for liner tear at discontinuities and evaluating the ultimate
strength of the contalament to catastrophic failure, Section 4.5 presents CETs and the rationale for their
development. Section 4.6 discusses the CET quantification which is the assessment of probabilities, and
the phenomenological developments that define the accident progression It includes an analysis of
uncertainties to demonstrate the absence of hidden vulnerabilities and the overall robustness of the
findings. Section 4.7 groups the CET end-states into release categories and provides the frequency, the

type, timing and release frachions for the release categories.
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41  Plant Data and Plant Description

As discussed in Section 4.2, the severe accident sequences that are relevant to the CFSES IPE were
analyzed using the MAAP code (Refs. 2,7,10). In order to perform those analyses, it was necessary to
collect a substantial amount of plart data, whica is suamarized in the code's parameter file. A detailed
derivation of this file is recorded in Reference 25 The present section summarizes some of that
information by identifying and highlighting most of the component, system and structure data that is of
significance in assessing severe accident progressions. Additional information including the sources ang
the derivation of the information presented in this section is available in Reference 25

This section is organized into the four subsections suggested by Table A 1 of NUREG-1338, viz.;

. Reactor Core, Vessel and Primary System

. Containment System

¢ Emergency Core Cooling Systems (ECCS) and other water injection/recirculation systems
. Auxiliary Building

Each subsection contains a narrative followed by tabalar data in that category. Figures that include the
drawings reques ad in NUREG-1238 are at the end of the section.

4. 1.1 Reagtor Core, Vessel an. Primary System Data

The reactor core consists of 193 fuel assemblies, vach @ 17 x 17 rod array with 264 fuel rods, 24 rod
cluster control guide (RCC) thumbles and an incore instrumentation thimble. The fuel rods consiat of
slightly enriched UO, pellets. Fuel rod cladding is Zircaloy4. The RCC guide thimbles and
instrumentation thimbles are Zircaloy-4, with type-304 stain’ass steel sleeves positioned at each axial
location of an Inconel-718 spring clip grid. The sleeves are fastened to the eight grids at approximately
equal distances along the length of the column. The RCC guide thimbles are secured to the top and
bottom nozzles to complete the assembly.
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The reactor vessel is sufficientiy described by tite data in Tables 4.1.16, 7 and 8.
The primary system is described in Section 3 2.1-7 (Volume { of this report: Front-End Subminal).
Additional reactor core, vessel and primary system data is summarized in Tables 4.1.1-1 through 12 as

fallows.
Table 4.1 1-1 Core Materials Weigh* and Volume
Table 4.1 1.2 Cory Geometry
Table 4.1 1-3 Core Pertormance Characteristics
Tahle 4.1 14 Rod Cluster Control Assemblies
Table 4.1.1-5 Burnable Poison Rods
Tahle 4.1 16 Reactor Vessel (RVY Metal Masses
Tahle 4.1.1-7 RV Fluid Volumes
Table 4.1.1-% RV Geonetry
Table 4 119 RCS Fluid Volumes
Table 4.1 1-10 RCS Valve Data and Setpoints

Table 4. 1.1-1)
Table 4.1.1-12

RCS Normal Full Power Operating Conditions
RCS Metal Masses

In addition, the following drawings of the reactor coolant system are provided:

Fignre 4.1-1 General Plant Schy matic

Figure 4.1-2 Simplified Process Flow Diagram of the RCS
Figure 4.1-3 Main Components of the RCS

Figure 4,14 Primary Side Process Flow Diagram

Figure 4.1.5 Secondary Side Process Fiow Diagram

Figure 4.1-6 Structural Fiant Arrangement

Figure 4.1-7 Containment Cut View with Main RCS Components
Figure 4.1-8 General Reactor Vessel Assembly

Figure 4.1-9.1 Reactor Vessel Lower Internals Assembly
Figure 4.1-9.2 Lower Core Support Assembly

Figure 4.1-10 Bottom Mounted Reactor Vessel Instrumentation

Figure 4 1-11.1 Pressurizer (Cutaway)
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Figure 4.1-11.2 Pressurizer Relief Tank

Figure 4.1-12 Steamn Generator (Cutaway)
Figure 4.1-13 Reactor Coolant Pump (Cutaway)
Figure 4.1-14 Accumulator Tank

Table 4 1 11 Core Materials Weight and Volume

Core Material Density Volume
Active Core, Caold (Ibm/in') (in*)

Fuel, Uo), 037 §02.140

Zircaloy-4 0237 198,281

Inconel-718 0296 6,221

Stainless Steel 304 0285 4,758




Tatde 4.1.1-2. Core Geometry

Core Aversge Active Fuel Height, in

Lattice Configuration 17 x 17
ILmice Pitch, in 0 496
Number of Fuel Assemblies
Region |
Region 2
Region 3
INumlm of Rods per Assembly
Enrichments, w/o U235
Region | I
Kegion 2 2.
Region 3 3
Outer Fuel Rod Diameter, in 0.374
Cladding Thickness, in 0.0225
Diametral Gap, in 0.0065 |
U0, Pellet Diameter, in 0.3225
Density (Percent of Theoretical) 95.0
Volume Fraction of UQ, in Pellet Region 0.9880
Cladding Material Zircaloy-4
Gap Material Helium
Guide/Instrument Thimble Material Zircaloy-4
Structural Grid Material Inconel-718
Grid Sleeve Material §5-304

Number of Grids over Height of Assembl

46
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Table 4 1 13 Core Performance Characteristics

Heat Output, MWt
Heat Generated ir Fuel, %

Coolant Average Temperature at HEP, “F

Operating Pressure, psia

Table 4.1 144, Rod Cluster Control Assemblies

m
Material Ag-80%, In-15%, Cd-5%

Numbcr of Fuel Assemblies 53
Containing RCC Assemblies

Number of Absorber Rods per RCC Assembly

Table 4.1 1-5. Burnable Poison Rods

Material Borosilicate Glass

Content, B,O,, w/o 12.5

Number in Core

Table 4.1 146 Reactor Vessel (RV) Metal Masses, 1bm

Core Barrel

Above the Top Elev. of the Core
Below the Top Elev. of the Core

Upper Plenum Inernals

Upper Caore Support Plate
RV Wall

Above Upper Head Flange
Below Upper Head Flange

Lower Plenum Head
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Table 4.1 -7 RV Fluid Volumes, fi*

RV Total Vi lume

Downgomer
Lower Plenum
Core + Bypass
Upper Plenum
Upper Head

Table 4.1 1.8 RV Geometry. in

m
Inner Diameter of RY Wall

Above Nozzles
Below Nozzles

Spherical Radius of Lower Plenum Head
hThicklms of Lower Plenum Head

Tarle 4.1.1-9. RCS Fluid Volumes, ft

Primary System Total Water Inventory Approximately 12,000

RV Total Volume

Pressurizer (steam 4 water)
Pressurizer Surge Line

Hot Legs

Intermediate Legs

Cold Legs

Reactor Coolant Pumps

Steam Generator Inlet Plenums
Steam Generator Tubes

Steam Generato. outlet Plenums

Secondary System

Steam Generator (steam + water)
Nominal Main Steam Line Piping from
SG to MSIV per loop)







Hot Leg (per loop)

Table 4.1.1-12 RCS Metal Masses, Ibm

15,972

Intermediate Leg (per loop)

Coid Leg (per loop)

Pressurizer Shell and Meaters

Pressurizer Surge Line

SG Total Shell

SG Lower Head & Tubesheet
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412 Containment System

The key features of the containment are. (1) safeguards and isolation systems and (2) containment design
and structures. These features are summarized in Tables 4.1 2.1 and 2, respectively. |

4121 Safeguards and lsolation Systems |

The contuinment safeguards systems are the Containment Spray System (CT) and the Fan Coolers (FC)
that are part of the Containment Alr Cooling and Recirculation System (CACRS), The ‘ainment :
Isolation System (CZ) is a system designed to provide integrity of the containment bounaary. These

systems are discussed in detail in the following sections

Containment Spray System (CT) |
The Containment Spray System is discussed 1 Section 3.2 1-5 (Volume | of this submittal: Front-End)
and a diagram of the system is shown there, in Figure 3.2.1.5  Additional information on the CT system

is provided here and in Table 4.1.2-1, Figure 4 1-19 and Figure 41233,

The CT system consists of two separate, independent, and full capacity trains.  Each train containg two )
spray pumps, one heat exchanger, two chemical eductors, spray headers, spray nozzles, associated piping,

valves, and instrumentation. Failure of the CT system does not result in an initigting event.

The function of the CT system is 10 maintain the containment pressure within -+ dusign limit after the

following initiating evenis:

e e e L

. Loss-Of-Coolant-Accident (LOCA)
. Main Steam Line Break (MSLB) inside containment
. Feedwater Line Break (FWLB) inside containment

The CT pumps are provided with suction lines from bath the Refueling Water Storage Tank (RWST) and
the containment sumps.  Thus, the system is capable of providing the containment with short term
| (injection mode) and long term (recirculation mode) cooling.  Each pump train takes suction from the
RWST via normally open motor-operated valve 1-HV-4758/4759  The CT system shares the RWST with

4-1.
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the Satety Injection System (S1), Residual Heat Removal System (RH) and Chemical and Volume Control
System (CS). In addition, the RH, S1, and CT systems share RWST isolation valve 151047, Following
depletion of the RWST, the suction of the CT pump teain is switched over (0 its respective containment
sump via normally closed motor-opergted valve 1-HV-4782/4783. The RH and CT systems share the

containment sumps.

The design flow rate of each CT pump is 3000 gpm at 260 psid. The design of the system is such thit
both pumps per train are required w deliver enough flow to the spray header to remove an adequate
amount of heat from the containment gtmosphere. The pumps are powered from separate Class 1E 6. 9kV
buses. Each CT pump room contains two spray pumps and two associated room cooler units to ensure
that the ambient room temperature remains within equipment qualification limits.  The room cooler units
are powered by Class 1E 480V Motor Control Centers (MCC) and are supplisd chilled water by the
Safety Chilled Water System (CH). CT pump miniflow protection is provided by normally open motor-
operated valve 1-FV-472.1/4772.2/4773-1/4773-2 The pump seals are comed by the Component
Cooling Waer (CC) system, the pump bearings are cooled by the Station Service Water (SW) system.
The pumps are actuated by a Safety Injection ("S") signal. The pumps also receive u confirmation start
signal when containment pressure reaches the hi-3 ("P*) setpoint.  Following the “S* signal, the pumps
operate in miniflow until the hi-3 setpoint is reached . At that point, the spray header isolation valves |-
HV-4776,4777 open and the miniflow valves close.

Each pump is equipped with as associated chemical eductor which delivers a 28-30 weight percent
solution of sodium hydroxide to the pump suction. One chemical additive tank provides gravity flow to
each eductor venturi section.  Success of the chemical addition system is not considered essential for

system operation.

Each pump dischargss to a header which routes flow 1o its respective heat exchanger. The CC system
supplies cooling 1o the shell side of the heat exchanger via normally closed motor-operated valve 1-HV-
4574/4575. The valve is opened automatically by & “P* signal. Upon discharge from the heat exchanger,
flow is routed to the spray header via normally closed motor-operated isolation valve 1-HV-4776/4777.
The spray headers route flow to ring headers located in four regions of the containment. Each header

contains a restriction orifice which balances the flow 10 each ring
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Technical specifications requite the CT pumps and active valves 10 be operability tested quarterly.
During the pump test, CT flow is recirculated back to the RWST via normally locked-closed test header
isolation valve 1CT-050/049. Among the valves stroke tested are RWST suction isolation valve 1-HV-
4758/4759, containment sump suction isolation valve 1-HV-4782/4783, and spray header isolation valve
1-HV4776/4777. For the duration of the testing, the CT train remaing inoperable. In addition, the CT
train is disabled prior to quarterly Engineers Safety Features Actuation System (ESFAS) slave relay

actuation testing in order to prevent pump damage

Containment Fan Coolers

The fan coolers are part of the Containment Air Cooling and Recirculation System (CACRS). Fan cooler
information is summarized in Table 4 1.2-1 and in Figures 4. 1-20.1 and 20.2. The CACRS for each unit
consists of four 33-1/3 percent capacity cooling units and fans. The cooling unit consists of eight cooling
colls. During normal operation, three out of four cooling units and fans will cperate. The CACRS is
not required 1o operate following a Design Basis Accident (DBA). Following a LOCA, the “S" signal
shuts the fans down and closes the fan discharge dampers.  Following a loss-of-offsite power, the
Blackout Signal (BOS) automatically starts the fans. The CACRS tans and dampers are each powered
from two separate and independent electrical sources Train A and B of Class 1E AC and DC buses,
respectively. The noi. safety related chilled water system provides cooling to the CACRS cooling coils.

Fan cooler operation is not credited in the CPSES IPE. However, the benefits of fan coolers were
evaluated in section 4 6.3 for potential use 1n accident management. The potential impact of fan coolers
on the severe accident progression is twotold: (1) they van extend the RWST duration by preventing or
delaying the containment pressure from reaching the spray set point, and (2) fan coolers can prevent
containment failure Jue to overpressure as caloulated in Section 4. 6.3, These advantages notwithstanding,
tan coolers were not credited because: (1) fans at CPSES are cooled by chilled water which is isolated
on a containment isolation signal; (2) restarting the fans would require operator intervention which is not
proceduralized for severe accident situations; and (3) the fans are not qualified for operation in a severe
accident environment. Therefore, fans are assumed to operate only until an SI signal is generated, since
this is the expected boundary condition for the accident sequence development.  Operation for this short
period has little bearing on the accident progression. Neglecting the fans for the balance of the sequence
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is conservative because when fans are not credited, g higher containment pressure is calculated, resulting
in & more severe challenge 1o the containment than if they are assumed to be in operation.  This
assumption gllows bounding of the scenanos in which the fans operate with similar scenarios in which
they do not. However, since it may be possible (o restart fans, a sensitivity study s described in Section
4.6 3 demonstrating that under certain circumstances, fan operation alone, without additional ECCS or
spray, can prevent containment failure. While credit for this capability is not taken in the risk assessment
process as indicated above, the information was developed for incorporation into an accident management
knowledge base.

4 o oz
The design objective of the CZ is 10 allow normal and emergency passage of fluids through the
containment boundary while preserving the integrity of the houndary. The CZ logic is part of the
Engineered Safety Features Actuation System. The CZ was modeled in the Front-End of the IPE (Ref.
6). For completeness it should be mentioned that the CZ includes the following subsystems:

. Steam Line lsolation - closes the main steam solation valves (MSTV) and main steam
drain pot isolation valve - Once steam ling isolation is initigted, the ESFAS output relays
are latched and must be manually reset Resetting the steam line isolation sighal does not

cause the valves 1o re-open.

. Main Feedwater Line Isolation - closes all feedwater isolation valves. Once feedwater
line isolation is mitiated, the ESFAS output relays are latched and must be manually
reset. Resetting the feedwater isolation signal does not cause the valves (o re-open.

. Containment Isolation Phase A - closes all non-essential process lines penetrating the
containment.  Containment Isalat.on Phase A is initiated by the Safety Injection Signal
or manual actuation of either of two control switches per train for Phase A Isolation on
the control board. Once Comainment Isolation Phase A is initiated, the ESFAS output
relays are latched and must be manually reset. Resetting the Containment Isolation Phase
A inttiation signal does not cause the isolation valves to re-<open,
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Containment Isolation Phase B - closes all remaining process lines, with the exception of
those serving Enghieered Satety Features functions penetrating the containment.
Containment Isolation Phase B is initigted by a “P* signal derived from the containment
spray actuation signal or by manual activation of both of the two ¢ontrel switches per
train for Containment Spray Actuation on the control bourd. Once Containment Isolation
Phase B is initiated, the ESFAS output relays are latched and must be manually reset.
Resetting the Containment Isalation Phase B initiation signal does not cause the isolation
valves to re<open

Containment Ventilation Isolation (CVI) - closes @l ventilation lines connected directly
to the containment atmosphere  CV1 s initiated by automatic or manual initiation of
Containment Isolation Phase A or manual initiation of Phase B o limit radioactive
emissions during acc dent/post-accrdent operations. To linit radioactive emissions during
normal operation, the CVI s also initiated by high containment airborne radiation. Once
the CVI is initigted, the ESFAS output relays are latched and must be manually reset.
Resetting the CVI does not cause the solation valves to re-open

Containment penetrai:ons and their respective ivolation schemes can be classified as:

Type A - Lines that form part of the reactor coolant pressure boundary (RCPB). These
penetrations are provided with one of the following isolation schemes:

One locked-closed 1solation val ve inside and one locked-closed valve outside the
containment,
One automaiic isolation valve inside and one locked-closed isolation valve outside
the containment
One locked-closed isolation valve inside and one automatic isolation valve outside
the containment.

. One automatic isolation valve inside and one automatic isolation valve outside the
containment
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. Type B - Lines that connect directly to the containment atmosphere. These penetrations
are provided with isolation schemes identical to those set forth for Type A penetrations
as well as the following additional isolation schemes

The redundancy requirement 1s satisfied by having two isolation barriers in
series, one on each side of Type A and Type B penetrations.

One blind flange inside the containment and one locked closed isolation valve
outside the containment

One blind flange inside the containment and one blind flange outside the

containment

. Type C < Lines that are part of a closed system, i¢, lines that are neither pat of the
| RCPB nor connected to the containment atmosphere.  These penetrations are provided
with at least one containment isolation valve that is either automatic, locked-closed, or
capable of remote-manual operation.  These valves are located outside the containment
| and as close 10 1t as practicable.

. Special Containment Isolation Provisions - Special provisions are provided for certain
valves. Valves in lines required 1o operate post accident are designed to remain open or
be opened following the accident, but consistent with containment isolation requirements,

they can be closed by remote-manual operation from the control room.

There are four instrument lines that penetrate the containment that are required 1o remain functional
following a LOCA or steam line break. Isolation is provided by means of sealed bellows that are
connected 1o a fluid filled tube. The arrangement consists of a double isolation barrier. If the instruiient
line breaks outside the containment, leakage of the containment atmosphere is prevented by virtue of the
sealed bellows. If the instrument line breaks inside the containment, leakage is prevented by a leak-tight
diaphragm installed in the pressure instrument that is designed to withstand the full containment design
pressure.
l
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41.2.2 Conwinment Design and Structures

The CPSES containment is a large, dry, reinforced concrete structure with approximately 3 million cu.
ft. volume and & 50 psig (64.7 psia) design pressure. This section contains an overview of the structure
and a description of the ¢ .orcements, liner, penetrations. reactor cavity area and leakage testing.

Overview of the C’SES Containment Strusture

The Comanche Peax containment structure is a tully continuous, steel-lined reinforced concrete structure,
consisting of a vertical right cylinder with & flat base and a hemispherical dome. It is supported on an
essentially fiat foundation with a reactor cavity pit. A welded steel liner is attached to the entire inside
surface of the contsinment (walls, dome and mat) with anchors to ensure a high degree of leak-tightness
The design objective is to provide vapor containment and limit leakage of radioactive material which
might he released from the core during a design basis accident. It also protects the RCS from extreme

envitonmental conditions imcluding tornados and external missiles.

The containment structure, as shown in Figures 4 1-18.1 through 18 3, consists of the following !

. A cylindrical wall (internal diameter of 135 ft 0 in.), measuring 195 ft from the top of
the tase to the springline of the dome with & thickness of 4 ft 6 in.

. A hemispherical dome with & thickness of 2 ft 6 in.  The inside radius of the dome is
equal to the inside radius of the cylinder, so that the discontinuity at the springline due
10 the change in the thickness is on the outside surface.

. A flat concrete foundation base mat with a thickness of 12 1 0 in.

An additional overall view of the containment layout is provided in Figures 4.1-21.1 through 21.3.
Containment sump piping and arrangement are shown in Figure 4.1-22 1 and 22.2,

The principal reinforcement used in the containment shel! (mat, walls, and dome) are No. 18 bars, made
continuous @ splices by the use of cadweld connections  Shell reinforcement is illustrated in Figure 4.i-
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23,1 The reinforcing steel pattern in the cylindrical wall consists of vertical bars (inside and outside
faces), horizontal hoop bars (also at each face) and 45 degree diagonal bars in each direction, near the
outside face. The dome reinforcement consists of top and hottom meridional layers of rebars, extending
from the cylindrical wall vertical bars  Circumferential hoop bars are provided in the top and bottom
layers of the dome. The meridional reinforcement terminated at the apex of the dome is anchored by
cadwelding the end of the rebar to a fabricated sieel ring assembly.

Al penetration openings, reinforcing steel is generally bent around the openings; supplementary bars are
provided around the opening when required by design. At the major penetrations (i.e., the Personnel
Lock and the Equipment Hatch) some of the wall reinforcement is terminated at the opening by
cadwelding steel plates on the end of the har. Additional reinforeing is provided around these openines

10 carry stress concentrations and make redistributions at these openings.

The foundation mat is reinforced with top and bottom layers of burs as shown in Figure 4,123 .2

Liner

The entire inside surface is lined with welded steel 3/8 inch thick at the wall, 1/2 inch in the dome. A
1/4 inch thick plate is used on wp of the foundation mat and covered with a 2 ft 6 in. concrete slab, the
top of which forms the floor of the cortainment. Typical steel liner details are provided in Figure 4.1-
231 Liner chase channels are provided at liner seams which, after construction, are inaccessible for
other means of leak tightness examination. The liner steel plates on the wall and dome are anchored into
the concrete with S/8 in. by 6 3/8 in. long headed, welded studs.  The studs in the cylindrical wall and
dome are spaced approx:mately 12 inches each way. The vertical wall liner is anchored at the foundation
mat. The bottom liner is instailed after foundation mat construction and is welded at seams to structural
members embedded in the top of the mat. The embedded structural members are approximately & by 19
ft apart. Locally thickened liner plate sections are provided at penetrations, at major pipe and duct
support attachments and at the bottom of the cylindrical wa'''s steel liner.

From the perspective of severe accidents, the CPSES containment penetrations, as with most other large,
dry PWR containment penetrations, can be divided into the four categories considered in Reference 11
(1) Large Opening Penetrations, (2) Purge and Vent System Isolation Valves, (3) Piping Penetrations and
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(4) Electrical Penetration Assemblies, the most important of which are shown in Figures 4 1-23 4 through
23.7. The severe accident response of each of these types of penetrations iy discussed in Section 4 4.
Figure 4 1-23.3 shows the location of the various penetrations along the containiment wall

The CPSES reactor cavity has very favorahle severe accidont features: (1) a thick baseiat (12 ft) with
a buried {unexposed) liner that delays basemat penetration for sequences in which core concrete
interaction ogeurs; (2) @ large area (812 117) that is conducive to the formation of a shallow bed, which
is highly likely to be coolable in the aftermath of violent events such as steam explosions or high pressure
melt ejection (HPME) or burns in the cavity, (3) an always open but tortuous path to the containment
lower compartment, which makes direct containment heating (DCH) difficult because the obstacles would
cause most of the debris 10 be de-entrained from the hlowdown gases, and (4) the abseénce of 4 curb
hetween the cavity and the lower compartment, allowing nearly all the water in the containment to drain
into the cavity and delaying the onset of core concrete interactions until cavity dry out (unless the debris

falls into a non-coalable configuration, which i1s unlikely due to the large cavity area).

The following drawings of the reactor cavity area illustrate these points:

Figure 4.1-158 Containment Wa.ar Level vs Containment Water Volume
Figure 4.1-16.1 Reactor Vessol Supports
Figure 4.1-16.2 Reactor Vessel Supports Details
Figure 4.1-17 Containment Cavity
Contanment Leakage Testing

Reliability is assured by conducting periodic tests 10 check the operability of the isolation valves,
actuators, and controls. Corainment leakage tests are performed periodically to verify that containment
leakage is maintained below the limits stated in the technical specifications. The leakage testing program
consists of the following types of leakage tests

. Type A tests are those tsts that are performed after the containment building has been
completed, prior to operatio 3, and at periodic interval thereafter, 1o determine the overall
containment imtegrated leakage rate. Three Type A tests are performed at approximately
equal intervals during each 10 year service interval. The third test is performed while
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the plant is shuc down for the 10 year plant inservice inspection.  Type A tests are only
conducted while the plant is in the shutdown condition.

|

|

. Type B tests are those tests that are performed periodically to determine leakage rates for i
individual mechanical and electrical penetrations, air locks, and hatches. Type B tests |

wre performed during each reactor shutdown for refueling, or at another interval, but in |

no case al intervals greater than two years. The personnel airlock and emergency airlock 1

are tested after each opening or at six month intervals if not opened for thit period of

time.

. Type C tests are those tests that are performed periodically to measure containment
isolation valve leakage rates. Type C tests are performed during each reactor shutdown

for refueling but in no case at intervals greater than 2 years

Any major modification or replacement of & component that is part of *he primary containment that is
performed after the preoperational leakage-rite test will be followed by a Type A, Type B, or Type C
test, as applicable. Al other requirements for regularly scheduled leakage-rate tests apply.

Furthermore, a fail-safe feature is incorporated into air-operated and soleroid-operated isolation valve
design, so that in the event of actuating power loss, the valve assumes the position that ensures safety.
Each train of electrically activated valves is supplied from separate and independent Class |E sources.
The motor operated valves are powered from Class 1E 480V AC MCCs.  Pilot solenoids for the air ;;
operated valves are powered from Class 1E 125V DC and 118V AC di* ribution panels. |
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Table 4.1.2-1° Sateguards Systems

Containment Sprays System

Number of Operational Trains
Number of Operational Pumps per Train
Differential Pressure Across Nozzle, psig
Mass Flow Rate per Pump, gpm

Pressure Setpoint, psia

Fan Coolers (FC)

Number of Operational FC
Volumetric Flow Rate per FC, ¢fm

Inlet Coeling Water Temperature, “F

Inlet Coaling Water Flow Rate per FC, gpm

421




S T —— B e e e L I B

Table 4.1 22 Containment Design and Structures

Total Free Volume, ft’
Design Pressure, psig

Design Temperature, ¥

Absolute Failure Pressure, psia

Congcrete Composition Limestone/Common Sand

Mass Fractions, %

Si0, 15 80
Ca 31.30
AlLQ, 160
K.O 1.22
Na O 0.08
MO, MnO, TiO2 0.69
"ﬂ'-O\ 1.44
Fe 0.00
Cr.0, 0.01
H2O 47
CO, 2118
0, 0.00

Upper Compartment
Outer Wall Type Reinforced Congrete
Free Volume, ft’ 1,984,422

Metal Equipment Volume, ft’ 15,835
Metal Equipment Mass, [bm 7,759,180
Metal Equipment Heat Transter Area, ft' 22,208

Outer Wall Inside Surface Area, ft’ 68,821
Outer Wall Total Thickness, fi io6
Outer Wall Liner Thickness, fi 0.036

Internal Wall Surface Area ft’ 1,189
Internal Wall Thickness, ft 2.0
Internal Wall Liner Thickness. ft

Deck Area, ft’
Deck Thickness, fi
Deck Liner Thickness, it

L I N o I I B B T P L S N I 2 R S S S R BRSNS RSSS - i T FR SRS RS R, =R R TS, e S S W G ——— N T ——



T T T — S

Table 4.1.2.2 Contatnment Design and Structures (continued)

Lower Compartment
Outer Wall Type
Free Volume, ft'

Metal Equipment Mass, Ibm
Metal Equipment Heat Transfer Area, ft

Outer Wall Inside Surface Area, it
Outer Wall Thickness, ft
Outer Wall Liner Thickness, fi

Internal -Vall Surface Areq, ft
Internal Wall Overall Thickness, ft
Internal Wall Liner Thickness, ft

Floor Area, ft°
Floor Thickness, ft
Floor Liner Thickness, ft

Rewnforced Concrete

836,282

2,133,583
90,653

Annular Compartment
Outer Wall Type
Free Volume, ft
Outer Wall inside Surface Area, it
Outer Wall Total Thickness, ft
O _er Wall Liner Thickness, 1t

Floor Area, ft°

Cavity Compartment
Free Volume, %'

Area of Cavity Debris, ft

Height of Bottom of Reactor Vessel above Bottom

of Cavity, ft

Outer Wall Inside Surface Area, ft
Outer Wall Thicliness, ft
Outer Wall Liner Thickness, ft

13,276
812
15

2,896
14.4
00
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Table 4,122 Containment Design and Siructures (continued) ‘
]
i N
" Containmes: Sumps
I
| Number o1 perationa) Sumps °
| Area of Bace per Sump, ft' L]
; Sump Depth, fi 6
‘ Conainty “nt Operating Conditions
| Pressuce (Normal Full Power), psia 15
Temperature (Normal Full Power), “F 17
Relative Bumidity, % 100
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. One RV/ST s provided for each 't The RWST is shared between the IH and the CT
systems. ;

i
|

. The CCPs, 81, and RH pumps are poweted fron separate Class 1E 6.9kV buses. The |
boric acid transfer pumps (BATP) are powered from separate Class 1E 486V MCCs. i

|

I

. Figures 4 1-26.1 through 4 1-26 4 show the ECCS valve alignments for the standby,
injection, cold leg recirculation, and hot leg recirculation phases.
The ECCS support requirements are
. Each CCP, SI, and RH pump room is equipped with an associated room cooler unit,
The reom covler units aie powered by Class 1TE 480V MCCs and are supplied chilled

witer by the CH system.

. The CCP and SI pump bearings are cooled by the SW system, and the pump seals are
self-cooled

. The Boric Acid Transfer Pumps (BATPs) are located in large open rooms, and the pump
seals and bearings are self-cooled.

. Each RH pump room is equipped with an associated room cooler unit. The room cooler
units are powered by Class |E 480V MCCs and are supplied chilled water by the CH

system

:
1
. The R pump seals are cooled by the CC system, and the pump bearings are self-cooled. i
I
|

|
:
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performance requirements are compared to the demonstrated performance characteristics
o show satisfactory performance and gualification of equipment.

. All vital counponents and supports are located in buildings designed to Seismic Category
I tequirements  These buildings can withstand loadings due to tornado winds,
depressurization, repressurization, and external missiles. In addition, they protect the
components from the effects of flooding such that no flood protection of specific
components 18 required. Missile barriers within these buildings separate the trains such
thast & missile will not affect both trains. Each train is protected fromn the dynamic effects
from other piping associated with seismic or pipe break events.

The following qualification methodologies are used 1o qualify the electrical equipment:

Type Tests - Generally used for qualification of equipment located in potentially
harsh environments. This testing consists of using an identical item ol equipment
under similar conditions with supporting analysis to show that the equipment is
qualified for its specific application and, therefore it demonstrates qualification
of the installed equipment

Partial Tests - Generally used for large equipment. A jestification for partial
testing is provided through analysis.

Sections 3.2.1-3, 3.2 16, and 3 2.1-8 provide additional descriptions on the functions, design features,
and success criteria of the RH, Ch, and SI systems respectively  Tables 4.1.3-1 and 4.1 3-2 summarize
ECCS system data. Figures 4.1-26.1 through 4.1-26 4 show the various ECCS alignments. The support
systems menti aed in this section, ¢ g., Component Cooling Water, Station Service Water and Electrical
Power System, are discussed in Section 3 (Volume | of the IPE submittal).
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Table 4.1 .31 Accumulator Tanks

Number of Operationsd Accumulator Tanks 7
Initial Water Mass per Tank, Ibm 50,493

[ Initial Pressure, psia

Liquid Temperature, “F

Table 4.1.3-2. ECCS Pumps

Refueling Water Storage Tank

Initial Water Mass, |bm 1,764 508
Liguid Temperature, “F 99
Number of Operational ECCS Trains 2 |

Number of Operational ECCS Pumps per Train

Centrifugal Charging Pump 1
High Head Safety Injection Pump |
Residual Heat Removal Pump 1
Centrifugal Charging Pumps
Pressure Setpoint, psis 1835
RCS Pressure (psia) . Flow Rate (gpm) |
2655 0 !
()
2438 200+ ‘
(138) i
2115 300+
(220)
1455 450+
(325)
15 660 +
(480) |

4, () Data represents 2 pumps and 1 pump
operating, respectively
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Table 4.1 3.2 ECCS Pumps (continued)

High Head Safety Inje tion Pumps

Pressure Setpoint, psia

RCS Pressure (psia) . Flow Pate (gpuy
1588 0

()

1465 175+
(125)

1218 375+
(275)

765 5754
(425)

15 EOO +
(625)

+, () Data represents 2 pumps and | pump
operating, respectiv ely

1535

Residual Heat Removal Pumps

Pressure Setpoint, psia

RCS Pressure (psia) . Flow Rate (gpm)

215 0
(G

200 1250+
(750)

155 RICUAES
(2000)

108 4250+
(3000)

15 6000 +
(4150

+, () Data represents 2 pumps and | pump
operating, respectively

210
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414 Aunidiary Building

Figures 4. 1-24.1 through 4 12513 show the auxiliary building in relation to the control room,
containment building, emergency diesel building, and turbine building . Since serubbing in the auxiliary
bullding 18 not credited in the CPSES IPE due to the low frequency of V-sequences, a detailed description
of the internals of thas bullding is not included

For a Steam Generator Tube Rupture scenario, the release of radionuclides and non-condensible gases
to the outside environment will be either via the spring-loaded safety valves or the atmospheric religf
valves . Steam is conveyed from the steam generators to the main turbine by four steam lines. Upstream .
from the MSIV's, vach line is provided v'th five spring-loaded safety valves and one atmospheric relief
valve  These vilves are located in the safeguards building with relief stacks located on the building roof.
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Figure 4.1-2: Simpiified Precess Flow Diagram of the RCS
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Figure 4. 1-3. Main Components of the RCS
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Figure 4 14: Primary Side Process Flow Diagram




gt ndary Side Process Flow Diagram
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Figure 4.1-6: Structural Plant Arrangement
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Figure 4.1-7: Containment Cut View with Main RCS Component
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Reactor Vessel Lower Internals Assembly

Figure 4. 1-9.1:
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Figure 4 1-9.2: Lower Core Support Assembly
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Figure 4.1-10. Bottom Mounted Reactor Vessel Instrumentation
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Figure 4.1-13: Reactor Coolant Pump (Cutaway)
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Reactor Vessel Supports

Figure 4.1-16.1
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Figure 4 1-16 2: Reactor Vessel Supports Details
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Figure 4.1-18.3; Containment Internal Structure
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 Figure 41201, Simplified Flow Disgram Continment Air Cooling and Recirculation System (CACKS)
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Figure 4 1-20.2: Ple. m and Duct Arrangement CACRS

Elevation

b —
; — e 1000
Alfl
1
L
Q]: . ]
= S— —
-
e e QOB
| e e T 1Y
\“\\/l \\\ .
N ARG .
NN
S n \
= ! TTTT 832
\ J ,
: ~ e SR
G yrperni iy
- \\__\\- .__,-—""//’

4-58



<

WS ¥ —

Containment Layout  RCS Components

Figure 4.1-21.1:
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Floors and Containment Spray Piping

Figure 4.1-21.3: Containment Layout
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Figure 4 1-22.1. Containment Sump Piping and Arrangement (Structural View)
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Figure 4 1:22.2. Containment Sump Piping Schematic
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Containment Shell Reinforcement Detail

Figure 4 123 1
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Figure 4 123 20 Foundation Mat Reinforcement
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Figure 4.1-23. 3 Coninment Penetration Locations
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Figure 4.0 735 Personnel Airlock General Arrangement
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Figure 4.1-23.6: Fuel Transfer Tube Details

B | eOom ewe gl

v Wwviid

=H il _E

laslld
SO O 5 0 S
PG Bl - \s, \.uA\ A
- s, IRV
‘ ‘v Ju7‘
= > Siwa
L/, .
[ T

NOHMVHIINISG TWWOmRLI313

EE TR - R

NOILVHEINIG 34l
1V N

ONICHOE  ENINNIV ] e

HINTL INSA WINOT

ey .

F3W 05 TN dim

3 3l .

e ) nisfiaeal

I % 801 /

Gl vs =il

»u e : ““ ‘

B sifShwEg 13y # \

PNl BN oA

FER R Y wP) ALAYD TEA S

BOd teag e " h
i .
g
-3
s .

—

i
]
'
'
1
!
‘
'
1
]
t
|

.un
o i

¥ Wi s -

\ -

: WWWZ«R- RE I

NI NG 1N

i _
M NOULVEL INGD  or NOISNEAK §
\\ mias PO,
= et
1 sGaone
]
§inwa
/ LN pUILNYGK 3
ST N
H3iSNVEL
...o«

it

469



A R

COLD PIPE PENETRATION
STEE

oLy

TR R e
INSIDE  CONTANMENT

UNER $-
IRSIDE CONTAMMENT

-SLEFVE

LINER #~—— - L
IMSIDE  CONTASNMENT
e9US -—. ~SLEEVE
|
LB
" oS e 1y
i e ¥
~ - E——— | [ I S
—37v
l ' ~GUARD SLEFVE
CINSUL ATION « l . ANCHOR UGS
i L ——

HOT PIPE PENE TRATION

S[IMAC] UONRIUAY WAWIRWIO) L g1 b dnfig




Figure 4.1-24 1° Structural Plant Arrangement
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Figure 4.1-24 2 Structural Plant Arrangement (Section A-A)
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Figure 4. 1-24 3. Structural Plant Arrangement (Section B-B)
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Figure 4.1-25.1. Containment and Safeguards Building Plans (Els. 773,785,790)
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Figure 4.1-25 3. Containment and Safeguards Building Plans (EI. 810)
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Containment and Safeguards Building Plans (El. 852)
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Figure 4.1-25.6. Containment anc Safeguards Building Plans (Els. 873,880)
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Figure 4.1-25.7: Containment and Safeguards Building Plans (El. 896,905)
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Figure 4.1-25 8. Containment and Safeguards Building Plans (E1. 778,790)
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Figute 4 1-25 11 Auxiliary Building Plan (El. 842)
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Figure 4 1-26.1: ECCS Valve Alignments (Standby)
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Figure 4.1-26.3: ECCS Valve Alignments (Cold Leg Recirculation)
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Figure 4.1-26 4

ECCS Valve Alignments (Hot Leg Recirculation)
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The severe accident sequences relevant to the CPSES IPE were analyzed with the Modular Accident
Analysis Program (MAAP 3.0B, Rev. 16). The MAAP code is an integrated analytical tool for the
analysis of severe accidents. A detailed description of its methods for phy:ical processes is available in
Reference 10 and is not repeated here. The plant model utilized in MAAP for the CPSES IPE is an input
10 the code called @ parameter file. The data used n the preparation of the parameter file is given in
Section 4.1, The actual paramater file and the derivation of each va'ue is provided in Reference 25,

Many complex physical processes are often modeled in MAAP with simple formulations. In addition,
the codz is capable of calculating the potential range of outcomes of these processes by varying certain
parameter file constants. In cases where issue resolution has not been achieved pending further research,
parameter values that lead to more severe consequences were selected. Furthermore, sensitivity studies
were carried out as described in Section 4 6. These sensitivity studies address, among other things, the
issues listed in Table A S of NUREG- 1335 and take into consideration the EPRI (Ref. 33) guidelines for
sensitivity studies for 1PEs performed using MAAP

MAAP calculations were used to quantify outcomes, but were never used to limit the number of possible
outenmes.  For example, with & cavity area of 70 m® and an overlying water pool, the debris bhed is
coolable using base-case MAAP parameters. 'n the present study, however, the issae of crust formation

was reengnized, and the non-coolable debris bed case was also calculated.



43 Bins and Plan( Damage States

This Section summarizes the process and the results of the binning of the Level 1 functional sequences
leading to core damage into Plant Damage States (PFDS). A detailed description of the CPSES PDS
formulation process is provided in Reference 27, Results of the binning processes are discussed in detail

in Reterence 7.

A PDS is defined as a group of core damage sequences that have similar characteristics with respect to
the severe accident progression and containment response. The CPSES PDS result from combining core
damage state attributes with containmen: safeguards systems status. The core damage states attributes

and the contmnment safeguards status are described below:

CORE DAMAGE STATES.

The time of core damage determines the decay power level and directly affects the rate of core damage
and energy loads to the containment, It also affects the consequence assessment, i.e., the time of release
of fission products to the environment. For the purpose of characterizing the time of release and potential

off-site consequences, two time perinds were considered:

Early: Within 3 hours from the time of shutdown. Results from unavailability of ECCS at
injection and‘or of AF, depending on the type of accident.

Late:  Later than 3 hours. Usually occurs when ECCS fails in the recirculation stage following
successful injection at the required flow rate,

RCS Pressure
The pressure of the RCS at the time of core damage affects the phenomenalogical events that can lead

to containment challenges

4-93
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Low:

High:

Medium
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These are pressures less than 200 psia.  Direct Containment Heating (DCH) is assumed
not to occur at these pressure levels. On the other hand, this is the situation where stea
explosions leading to the alpha tailure mode are given the highest probabilities.

These are pressure levels near tiie RCS operating pressure (defined here as more than
2000 psia) where HPME provides the highest loads to the containment and is examined
closely. It is also the situation that can result in hot leg failure, pressurizer surge line
failure, or induced steam generator tube ruptures, All of these are considered in the
CET.

These are pressures in the 200 to 2000 psia range, where HPME loads to containment
at vessel failure are reduced in comparison with the high pressure situation but still
require investigation  All failure modes mentioned above are considered possible in this
mode but have lower probabilities.  Although this is a wide range, Level | results show
that the range is populated almost exclusively by induced seal LOCAs of approximately
250 GPM/PMP (1" diameter-equivalent) leading to RCS pressures at vessel failure
around 1000 psi.

CONTAINMENT ST7 ES.

The containment status at the time of core damage affects the fission product release timing. The three

cases considered are:

Intact:

Normal comtainment leakage (0. 1% volume/day)

Un-isolated:  An a'r-to-air penetration is open,

Bypassed: The core damage release bypasses the containment as in a Steam Generator Tube

Rupture sequence resulting in core damage or a V-sequence.

4-94
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These provide substantial fission product mitigatior and can preclude containment failure if
operating in the recirculation mode. The conditions considered are:
. sprays operate in the injection mode,
. sprays inject successfully but fail during recirculation, and

* sprays ae failed,

Ean-Coolers
Credit was not taken for fan coolers because they are normally shed on a safety injection signal
and require an operator action that is not proceduralized to restore them. The potential benefits

of the fan coolers are discussed in Section 4.1.2.1 and in Section 4.6.3

PLANT DAMAGE STATES:

The CPSES PDS result from combining the core damage state attributes described earlier with the
containment safeguards and/or isolation status. The PDS labeling is implemented by combining the Core
Damage Bin number given in Table 4 3-1 with the Containment Safeguard Bin letter given in Table 4.3-2,
Thus, each of the Core Damage Bins | through 6 results in three PDS when combined with Containment
Safeguard Bins, e.g.: 1E, I1F, IH. The station blackout (3SBO and 45B0O), the containment bypass (1CB
and 2CB), and isolation failure (1CI) Core Damage Bins are not combined with Containment Safeguard
Bins because those are implied by the core damage state.

The actual binning of Level | sequences is implemented in a two-step process. First, the accident
sequence evert trees for all the initiating events will eventually lead to a defined end-state, which is either
a stable plant condition or one of the Core Damage Bins defined above. This is seen in Figures 3.1.2-1
through 3.1.3-6. Then, after all cutsets are binned into each sequence and Core Damage Bin (Table 4.3-
1), they are further segregated according to their Containment Safeguard Bins (Table 4.3-2).  The
frequency result of the binning is shown in Table 4 3-3, where the columns are the PDS bins, with the
first character defining the Core Damage Bin and the second the Containment Safeguard Bin. The

selection of representative sequences for each bin is discussed in Section 4.6.
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Table 4.3-1: Sequence Characteristics of Core Damage Bins

CORE SEQUENCE CHARACTERISTICS
DAMAGE
BINS
Reacior Coolamt System (ROS) breach with pressure and leakage rates sasxiated with LOCAs of
\ 0.6 10 2 inches 1 diameter (includes stuck open PORVs and lurger sesl LOCAs), with earty melting
of the core

-

RCS breach with pressure and leakage mates associated with LOCAs of 0.6 to 2 inches in diameter,
(ineludes stuck open PORVS and larger seal LOC A, w b late meling of the core.

High RCS pressure  Leakage rates associsted with boil-off of the reactor coolant through sycling
3 pressurtzer reliel valves (rot stuck open) or small seal LOCAs up 10 60 GPM/PM (0.6 inch
diametar), with early melting of the ~ore

High RCS pressure and leakage rutes associated with boiloff of the coolant through cycling relief
R valves (not stuck open) or small seal LOCAs up 10 60 GPM/PM (0 6 inch dameter), with late
melling of the core

§ Large rates of leakage from the RCS and low pressures associated with LOC As greaiet than 2
inches in dimimeter and falure of coolant igection, resulting o carly melting of the core
6 LOCA greater than 2 inches o dumeter conditions, with failure of coalant reciroulation and delayed
melting
XCH Bypass sequences (x= | interfacing LOCA, x =2 SUTR) with failure of coolant make up
ici Any core melt sequence where the contamment is also unisolsied
ySBO Station Blackout sequenyes (or equivalent equipment failures), ( y =3 carly melt, y =4 late mell)

Table 4.3-2° Sequence Characteristics of Containment Safeuards Bins

CONTAINMENT
SAFEGUARD FAN COOLERS CONTAINMENT SPRAY
| BIN
E Failed Injection only
; F Failed Injection and recirculation
| H Failed Failed
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44 Conwinment Failure Characterization

The first step in this task was 10 identify the possible CPSES containment failure modes from the point
of view of the chalienges. These are listed in Table 4 4-1. Each Plant Damage State (PDS) can lead to
more than one outcome and, conversely, a failure mode can be due to various POS, as indicated in Table
4 4-1  Although the unconditional probabilities for the various failere modes are listed in Table 4.4-1,

they were actually determined in Section 4.6

The second step in this task was 0 examine and summarize the possible ways by which the CPSES
containment might fail 10 perform its function. The examination consisied of an analysis of penetrations
and an evaluation of containment sirength from the perspective of liner tear at discontinuities and from

the perspective of ultimate strength.

Section 4 4.1 of this work provides an analysis of penetrations. These penetrations were grouped into
four categories and compared to the penetrations that were examined in detail in an NRC-sponsored
generic study (Ref. 11). This was done to check the structural stability and tailure and leakage potential
of the penetrations. The objective of this analysis was to demonstrate that the CPSES penatrations are
similar to those that are used throughout the industry and that the conclusion of the generic study, that

failure at penetrations is not expected, also holds for CPSES.

Section 4 4.2 examines the containment strength from the point of view of rupture. That is, it attempts
10 estimate the pressure at which gross tailure is most likely to occur. This was done using the rupture
to design pressure scaling method of Reference 17, The result was compared to existing finite element

analysis results for similar containments and was shown to be conservative.

Section 4.4.3 examines containment iailure from the point of view of liner tear. An approximate
methodology developed by EPRI was used to determine leakage onset due to liner tear at penetrations.
The approximate nethodology (Ref. 13) makes use of experimental test results of peak strains applicable
for steel-lined concrete containments. It also requires an assessment of the global strains imposed on the
containment. This was done using results obtained from detailed structural analyses of a containment of

similar design.
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In Section 4.4 .4, a containment fragility curve was developed by assuming a normal distribution for the
failure pressure, a 7% coefficient of variation and & mean equal to the lowest of the failure pressures
determined above.

44.1 Peneurations

As with any other large dry PWR containment, the CPSES containment penetrations were divided into
the four categories considered in Reference 11: (1) Large Opening Penetrations, (2) Purge and Vent

System Isolation Valves, (3) Piping Penetrations and (4) Electrical Penetration Assemblies.

44.1.1 Large Opening Penetrations

There are four of these in the CPSES containment structure: (1) personnel airlock, (2) emergency airlock

{3) equipment hatch and (4) fuel transter tube. All are shown in Figures 4.1-23.4 through 23 6.

The personnel airlock is a double door assembly approximately 9 feet in diameter located at the 832°
elevation of the containment. Each door is hinged and double-gasketed, with the leakage test pressure
applied 1o the annulus between the gasket sealing surfaces. Both doors are interlocked such that if one
door is open, the other cannot be activated. The doors are designed to maintain their functional capability
during testing with no additional requirements for locking beyond the normal locking procedure. The
double lock mechanism minimizes the potential for isolation failure during normal operation. The
personnel airlock, which is shown in detail in Figure 4.1-23.5, is essentially the same as that shown in
Figure 9 of Reference 11 and is similar to that of the Surry plant. The analysis of Appendia C of
Reference 11 is appropriate for obtaining an upper bound on the flange separation under internal
pressurization for this airiock.  Based on the relative similarity between the example airlock and the
CPSES airlock and the similar sizes of the containment, it was assumed that these separations are also
representative for CPSES. The leak area corresponding to this separation was calculated for the CPSES
9 ft diameter airlock and is given below as a function of pressure.
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COVTAINMENT FLANGE LEAK

PRESSURE SEPARATION AREA
(psig) (in.) (in.2)
30 0.00017 0.06
4 0.00024 0.08
100 0.00049 0.17
119 0.00057 0.19

It should he noted that this analysis assumes that the inner door is cpen or tailed and the full containment
pressure is placed on the outer door. It does not credit the seal which is fully compressed when the door
is locked, nor does it credit the pressure-seating of the inner door or the equipment hatch described
below. Elastometer seal tests discussed in Appendix A of Reference 11 revealed that flange separation
tesulting from extremes of severe accident related pressures is not likely to be the source of significant
contginment leakage. In fact, for all materials and configurations tested, no leakage was observed for
lange separations up to 0.06in. and temperatures up to 420°'F, which corresponds to the highest
temperatures expected at CPSES for dry sequences. This is a bulky structure with a large thermal inertia.
Theretore, it is not expected that non-uniform thermal environments or sudden temperature spikes, such

as those associated with burns, would challenge its integrity,

Therefore, given the small leakage area associated with these penetrations, even when improbable
assumptions are made for their maximization, leaks from these penetradions were not credited in the
analyses of containment failure times, nor were they assumed to fail at pressures lower than those
discussed in Sections 4 4.2 and 4.4 3.

Emergency Airlock
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