6. Engineered Safety Features

6.2 Containment Systems
6.2.1 Containment Functional Design
6.2.1.1 Containment Structure

6.2.1.1.1 Design Basis

The containment system is designed such that for all break sizes, up to and including the
double-ended severance of a reactor coolant pipe or secondary side pipe, the containment peak
pressure is below the design pressure. A summary of the results is presented in
Table 62-4-4-262.1.1-1.

This capability is maintained by the containment system assuming the worst single failure
affecting the operation of the passive containment cooling system (PCS). For primary system
breaks, loss of offsite power (LOOP) is assumed. For secondary system breaks, offsite power
is assumed to be available where it maximizes the wass and energy released from the break.
Additional discussion of the assumptions made for secondary side pipe breaks may be found
in Subsection 6.2.1 4.

The single failure postulated for the containment pressure/temperature calculations is the
failure of one of the valves controlling the cooling water flow for the PCS. Failure of one
of these valves would lead to cooling water flow being delivered to the containment vessel
through one of two delivery headers. This results in reduced cooling flow for PCS operation.
No other single failures are postulated in the containment analysis.

The containment integrity analyses for the AP600 employed two types of models of the
m A uiontonn. gl goate =0 1 W Sy ot term

The analyses presented in this section are based on assumptions that are conservative with
respect to the containment and its heat removal systems, such as minimum heat removal, and
maximum initial containment pressure.

The containment design for the Safe Shutdown Earthquake (SSE) is discussed in
Subsection 3.8.2.

The minimum containment backpressure used in the Passive Core Cooling System (PXS)
analysis is discussed in Subsection 6.2.1.5.

o \ssameva06020. R04-070695  Revision: 4

@ Westinghouse 6.2-1 June 30, 1995

BOBO3I0123 950710
PDR ADOCK 05200002
A FDR



APHOO

6.2.1.1.2

6. Engineered Safety Features

Design Features

The operation of the PCS is discussed in Subsection 6.2.2. The arrangement of the
comtainment and internal structures is described in Section 1.2

The reactor coolant loop is surrounded by structural walls of the containment internal
structures. These structural walls are a minimum of two feet - six inches thick and enclose
the reactor vessel, steam generators, reactor coolant pumps, and the pressurizer

The containment vessel is designed and constructed in accordance with the ASME Code,
Section I1I, Subsection NE, Metal Containment, including Addenda through 1989, as described
in Subsection 3.8.2.

Structural steel non-pressure retaining parts such as ladders, walkways, and handrails are
designed to the requirements for steel structures defined in Subsection 3.8.4

The design features provide adequate containment sump levels following a design basis event
as described in Subsection 3.4

Containment and subcompartment atmospheres are maintained during normal operation within
prescribed pressure, temperature, and humidity limits by means of the containment air
recirculation system (VCS), the containment air filtration system (VFS), aud the central chilled
water system (VWS), The recirculation system cooling coils are provided with 45°F chilled
water for temperature control. The filtration supply and exhaust subsystem can be utilized
periodically to purge the comtainment air for pressure control. Periodic inspection and
maintenance verify functional capability

Design Evaluation

compu ter
The Westinghouse-GOTHIC (WGOTHIC) computer code (Reference 1) is a shate-oi-taoast
program for modeling multiphase flow in & containment analysis. It solves the conservation
equations in integral form for mass, energy, and momentum for multicomponent flow. The
momentum conservation equations are written separately for each phase in the flow field
(drops, liguid pools, and atmosphere vapor). The following terms are included in the
momentum equation: storage, convection, surface stress, body force, boundary source, phase
interface source, and equipment source
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6. Engineered Safety Features

varhiate the sgnal aid 1o Ll the headers and weiit  The effecis of water Howing down the
toak-Light, ai teakage Howpaths are tholuded 1o stiulate the effects of ai teaking through the
Produce o coibervabive Phait aialyoih. s Shakiiisng the coBluRment Pressure aind
VAR M AT FASTIORNVE.

Jmmmvemmmaummmmm
hmﬁcplmdacu The external cooling water does not completely wet the
containment shell, therefore, both wet and dry sections of the shell were modeled in the
WOOTHIC anatyses. The analyses assumed comservative coverage fractions that were
selected based on the duration of the tansient. For example, a transient run extending
24 hours assumes the coverages calculated at 24 hours for the eatire rangient. Table 6.2.1.1-2
provides the coverage fractions versus ume calculated for the AP600.

Heat conduction from the dry o wet section is not considered in the analysis, aithough

calculations show this (o be & benefit. Kepresentative external cooling water flowrates, which

tncluded the single failure assumption described eatfier, are used for the wet sections. The

analyses also conservatively sssume that fhe external cooling water is not initiated until 11

mivutes into the transient, to inifiate the signal and to fill the headers and
s The effects of water flowing down the shell from gravitational forces are explicitly
dered in the analysis.

The containment initial conditions of pressure, temperature, and humidity are provided in
Table 6.2.1.143

of

For the LOCA events, two double-ended guillotine RC¥giipe breaks are analyzed. The breaks
are postulated to occur in both-gither the-a hot a cold legs of the RCS. The hot ieg
break results in the highest blowdown peak pressure. The cold leg break results in the highest
higher post-blowdown peak pressure. The cold leg break analysis includes the long term
contribution to containment pressure from the sources of stored energy, such as the steam
generators. The LOCA mass and energy releases described in Subsection 6.2.1.3 are used for
these calculations

For the MSLB event, a representative pipe break spectrum is analyzed. Various break sizes,
power levels, and failure assumptions are analyzed with the WGOTHIC code. The MSLB
mass and energy releases described in Subsection 6.2.1.4 are used for these calculations

The resubis of the LOCA and MSLB postulated accidents are provided +n Table 621 4-2
The results of the LOCA and MSLB postulated accidents are provided in Table 6.2.1.1-4. A

comparison of the containment inegrity anal yses vesults to General Design Criterion 38 and
the Acceptance Criteria presented in the Standard Review Plan are also provided in

wa.*,i.wwwmummm Standard Review Plan Acceptance
Criteriou of sepédlty Toducing the containment pressure at 24 hours to less than SO percent of
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. 6. Engineered Safety Features

the peak calculated piessure. The exception is that 50 percent of the containment design
pressure is being used instead of the peak calculated pressure.

i in the WGOTHIC analysies is presented
" for both metallic and concrete heat sinks

are presented. ThcphymqumpemesofthemmalsomrespoMngwdxheamk
information is presented in Table 6.2.1.1-581

The containment shell temperature response is provided at three distinct elevations: the dome,
the spring line, and the operating deck level. Values for both wet and dry sections are

presented in Table 6.2.1. l%o

A discussion of the instrumentation provided inside containment to0 monitor and record the
containment pressure and temperature is found in Section 7.

Certain design basis events and credible inadvertent systems actuation have the potential to
result in containment external pressure loads. Evaluations of these events show that a loss of
all ac power sources during extreme cold ambient conditions has the potential for creating the
worst-case external pressure load on the containment vessel. This event leads to a reduction
in the internal containment heat loads from the reactor coolant system and other active
components, thus resulting in a temperature reduction within the containment and an
accompanying pressure reduction. Evaluations are performed to determine the maximum
external pressure to which the comainment may be subjected during a postulated loss of all
ac power sources. For the loss of all ac power sources, ASME Service Level C limits are
applicable and a containment external pressure of Wpsnd is permitied.

The evaluations are performed with the assumpuon of a -40°F ambient temperature with a
steady 458 mph wind blowing to maximize cooling of the containment vessel. The initial
imternal containment temperature is conservatively assumed to be 120°F, creating the largest
possible temperature differential to maximize the heat removal rate through the containment
vessel wall. A negative 0.2 psig initial containment pressure is used for this evaluation. A
conservative maximum initial containment relative humidity of 100% is used to produce the
greatest reduction in containment pressure due to the loss of steam partial pressure by
condensation. It is also corservatively assumed that no air leakage occurs into the
Evaluat'ons are performed with conservatively low estimates of the containment heat loads

and conservatively high heat removal througb thc oonmnmcm vessel consistent wlth the
limiting assumptions stated above. Resulis 3466 i e o Hh :
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6. Engineered Safety Features

is well within e

mmmmmmnma-mﬂuf
6.2.12 Containment Subcompartments

6.2.1.2.1 Design Basis

Subcompartments within contair.nent are designed to withstand the transient differential
pressures of a postulated pipe break. These subcompartments are vented so that differential
pressures remain within structural limits. The subcompartment walls are challenged by the
differential pressures resulting from a break in a high energy line. Therefore, a high energy
line is postulated, with a break size chosen consistent with the position presented in
Section 3.6, for analyzing the maximum differential pressures across subcompartment walls.

Section 3.6 describes the application of the mechanistic pipe break criteria, commonly referred
to as leak-before-break (LBB), to the evaluation of pipe ruptures of pipes with a four inch or
greater nominal diameter. This eliminates the need to consider the dynamic effects of
postulated pipe breaks for pipes which qualify for LBB. However, the analyses of
containment pressure and temperature, emergency core cooling, and environmental
qualification of equipment are based on double-cnded guillotine (DEG) reactor coolant system
breaks and through-wall cracks.

6.2.1.2.1.1 Summary of Subcompartment Pipe Break Analyses

Because LBB is applicable to pipes of four inches or greater in diameter, a postulated double
ended guillotine rupture of a three-inch line in the reactor coolant system (RCS) is analyzed
10 determine the maximum differential pressure across the subcompartment walls. The
characteristics of the postulated rupture are determined in accordance with the methods and
criteria of Section 3.6. Analyses are performed for a double ended guillotine break occurring
in each of the subcompartments containing high energy piping, with the exception of the
reactor vessel cavity where all piping is qualified to LBB (no high energy lines smaller than
four inches are located in the reactor vessel cavity). Typical analysis models and results are
described for breaks in a steam generator compartment, the pressurizer enclosure valve room,

The steam generator compartment is analyzed for the effects of a three-inch double ended
guillotine break occurring in both the hot leg and cold leg pipe. In conformance with

%Lwcmngmmsc mass and energy release methodology for subcompartment design, a
10 percent margin is applied to the releases for both postulated breaks.

Revision: 4
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6.2.12.2

6.2.12.3

The reactor vessel cavity pressurization loads are not considered, consistent with the position
in Subsection 3.6.1.2,

Design Features c

The plant general arrangement drawings shown W Section 1.2 include descriptions of the
steasn —generalor—containment sub-compartment’ and surrounding areas. The general
arrangement drawings are used in assembling the subcompartment analysis model. A detailed
noding diagram of the model is presented in Figure 6.2.1.2-1, Sheets 1 through 912.

To account for uncertainty between the as-built subcompartment configuration and the
configuration modeled, 40 percent margin is added 1o the calculated differential pressures, as
discussed in Subsection 6.2.1.2.3.6.

]

The subcompartment free vol : and the areas of the vent paths are presented in
Tables 6.2.1.2-1 through 6.2.1.2-8. Vent paths considered in the analyses are shown in the
general arrangement drawings and comsist of floor gratings and openings through walls. in
the AP6(0X) subcompartment analyses, no credit is taken for vent paths that become available
only after the occurrence of the postulated break (such as blowout panels, doors, hinged panels
and insulation collapsing).

Design Evaluation

The TMD computer code (Reference 2) 1s used in the subcompartment analysis to calculate
the differential pressures ac.oss subcompartment walls. The TMD code has been reviewed
by the NRC and appmvcd for use in suboompamncnt dlffctennal ptessure analyses

The methodology used to generate the short term mass and energy releases is described in
Subsection 6.2.1.3.1.

The initial atmospheric conditions used in the TMD subcompartment analysis are selected so
that the calculated differential pressures are maximized These conditions are chosen
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according to cnteria identified in Subsection 6.2.1.2 of NUREG-0800 and include the
maximum allowable air temperature, minimum absolute pressure, and zero percent relative
humidity. The initial conditions used in the analysis are tabulated in Tables 6.2.1. 2,1 and
62422 Bl

The containment and subcompartment atmospheres during normal operating conditions are

maintained within prescribed pressure, temperature, and humidity wmits by means of the

wmmnmanmrcwculmonsystem (VCS), the containment air filtration system (VFS), and

chilled water system (VWS). The recirculation system cooling coils are provided

chilled water to provide sufficient temperature control. The filtration supply and

subsystem can be utilized to purge the containment air for pressure control. Periodic
mspacnonandmaimenancempaformedmvexifyﬁmcﬁomlcapabﬂjty.

6.2.1.2.3.1 Flow Equation

The flow equations used by the TMD code to calculate the flow between nodes are described
in Reference 2. These flow equations are based on the unaugmented critical flow model,
which demonstrate conservatively low critical flow velocity predictions compared to
experimental test data. Due to the TMD calculation methods presented in Section 1.3.1 of
Reference 2, 100 percent entrainment results in the highest calculated differential pressures
and therefore this degree of entrainzaent is conservatively assumed in the subcompartment
analysis.

6.2.1.2.3.2 Piping Systems
The subwmpamm:m analysxs
ow-ﬂhpipemmm The b

between the 84 foot, six inch elevation and the 104 foot, thmcmcbelcvauonofmcmm
generator compartment. Node 1 is the hot Jeg break node of the TMD model and Node 2 is
the cold leg break node (See Figure 6.2.1.2-1 for the noding diagram). Because the TMD
code assumes homogeneous mixtures within a node, the specific iocation of the break within
the node is not critical to the differential pressure calculation. No flow restrictions exist that
limit the flow out gf the break.

mmmmmmmm mw
the branch lines that could be postulated 10 rupture in this area. The break
is assumed to ocows between the 107-foot, 2-inch elevation and the 117 -foor 6-inch elevation
of the pressurizer pipe and valve room compartment. Node 59 is the break node of the TMD
wmmmz-znumm |

Mummumm-ammu 103-foot $ 3-isch elevation
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. 6. Engineered Safety Features

of the steam generator vertical access asea compartment. Node 23 is the break node of the
TMD model (see Figure 6.2.1.2-1 for the noding diagram). e
of

The analysis for the maintenance floor and operating deck compartments averé

assuming a one square foot rupture of 2 main steam line pipe. This break e :

branch lines that could be postulated to rupture in these areas. The break is assumed t0 occur
fioor compartment and between the 135-foot, 3-inch elevation and the 256-foot, 2.375-inch
elevation of the operating deck region. Node 56 is the maintenance room break node and
Node 57 is the operating deck room break node of the TMD model (see Figure 6.2.1.2-1 for

S

the noding diagram). 03 .
The analysis for the CVS room wa performed assuming a double guiliotine break in
a three-inch diameter RCS cold-leg pipe. This break w ; 'the branch lines that

could be postulaied o rapture in this area. The break is assumed to occur between the
91-foot, 10-inch elevation and the i05-foot, 2-inch elevation of the CVS room compartment.
Node 66 is the break node of the TMD model (see Figure 6.2.1.2-1 for the noding diagram).

6.2.1.2.3.3 Node Selection

The nodalization for the steas-generator-sub-compartments is analyzed in sufficient detail
such that nodal boundaries are at the location of flow obstructions or geometrical changes
within the subcompartmeni. These discontinuities create pressure differentials berween
adjoining nodes. There are no significant discontinuities within each node, and hence the
pressure gradient is negligible within any node. Details concerning the noding scheme are
provided in Figure 6.2.1.2-1.

6.2.1.2.3.4 Vent Flowpath Flow Conditions ;

The flow characteristics for each of the subcompartments are tabulaled in Tables 62124
through 6.2.1.2-84 7 These tables show that at no time during the transient does critical flow
exist through vent paths. The time-dependent mass and energy flow conditions are provided
in Tables 6.2.1.3-2 and 6.2.1.3-3,

6.2.1.2.3.5 Vent Mlowpath Flow Coefficients '

®
The subcompartment vent path data is tabulated in Tables 6.2.1 ‘Zf(thmugh 6.2.1 .2}( Loss
coefficients are included in these tables.

6.2.1.2.3.6 Results .
———————
/’mpendun pressures of each of the break nodes within the respective
... 2radlaies 2 R ase o At cihcananiartnas besr hath oo W

L ineh-i are shown in the graphs of Figures 6.2.1.2-2 and 6.2.1.2-37 )(
~ Figures 6.2.1 2-48 and-through 6.2 1.2-513 show the time dependant pressures ofllunode:sj,__/

.
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. Engineered Safety Features

g

__})”

which reaches the highest pressure difference relative w the break node Hor coh respective |

case o —————
e ——— uf—hmujh .2l

The resultant maximum diffefential pressures of each node relative to the break node 1-are

shown in Tablg 6.2.1.2-95 The design of the steass-generator-sub-compartment walls for
subcompartment pressurization is discussed in Subsection 3.8.3.3

The results of the sub<compartment analysis demonstrate that the wall differential pressures
resulting from a high energy line break within the steas-generatorsub-compartments are well
within the design capability, eves when a 40-percent margin is applied

Mass and Epergy Release Analyses for Postulated Less-of-GCoolant-—AecidentsPipe
Ruptures

Mass and Energy releases are documented in this section for two different types of transients
o

Her
The first y{{ describes the methodology used to calculate the releases for the subcompartment
differential pressure analysis using the TMD code (referred to as the short term analysis)
These releases are used for the subcompartment response in Subsection 6.2.1.2

‘,k‘\.‘h

The secund/[,m/dcsmbes the methodology used to determine the releases for the containment
pressure and temperature calculations using the WGOTHIC code (Reference 1) (referred to
as the long term analysis). These releases are used for the containment integrity analysis in
Subsection 6.2.1.1

The short term analysis considers only the initial stages of the blowdown transient, and takes
into consideration the application of Lleak-Bbefore-Bbreak (LBB) methodology. LBB is
discussed in Subsection 3.6.3. Since LBB is applicable to RCS piping that is four inches in
diameter and greater, the mass and energy release analysis for sub-compartments postulates
the complete Bdoubic-Bended Gguillotine (DEG) severance of a three-<inch pipe. The mass
and enesgy release postulated for & ruptured steam line is for a one square foot break.

Conversely, the limiting break size for containment integrity analysis considers as its LOCA
design basis the complete DEG severance of the largest reactor coolant system (RCS) pipe

The containment system receives mass and energy releases following a postulated rupture of
the RCS. The release rates are calculated for pipe failure at two locations: the hot leg and the
cold leg. These break locations are analyzed for both the shortderm and the long<term
transients. Because the initial operating pressure of the RCS is approximately 2250 psi, the
mass and energy are released extremely rapidly when the break occurs. As the water exits
from the broken pipe, a portion of it flashes to steam because of the differences in pressure
and temperature between the RCS and containment. The RCS depressurizes rapidly since
break flow exits both sides of the pipe in a DEG severance

o'wsarevaV602u RO4-070695  Revision: 4
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- 6. Engineered Safety Features

6.2.1.3.1 Short Term Mass and Energy Release Data

The AP600 short term LOCA mass and energy releases are predicted for the first ten seconds
of the blowdown from & postulated DEG break of a three inch line in the RCS. The density
of the fluid released from a postulated pipe rupture has a direct effect on the magnitude of the
differential pressures that results across subcompartment walls. A DEG rupture that is
postulated in the cold leg piping is typically the most limiting scepario. This analysis
provides mass and energy releases for a three inch DEG rupture in the cold leg and in the hot

leg.

The modified Zaloudek correiation (Reference 3) is used to calculate the critical mass flux
from a three inch double-ended cold leg guillotine (DECLG) break and a three inch double-
ended hot leg guillotine (DEHLG) break. This maximum mass flux is conservatively assumed
to remain constant at the initial AP600 full power steady state conditions and the enthalpy is
varied to determine the energy release rates. Conservative enthalpies are obtained from the
SATAN-VI blowdown transients for ruptures of the largest RCS coid leg and hot leg piping
in the AP600 design. This assumption maximizes the mass released, which is conservative
for the subcompartment analysis.

The initial conditions and inputs to the modified Zaloudek correlation are given in
Table 6.2.1.3-1. The short term LOCA mass and energy release data is provided in Tables
6.2.1.3-2 and 6.2.1.3-3. The shon-term non-LOCA mass and energy release data are provided
in Table 6.2.1.3-4.

6.2.1.3.2 Long Term Mass and Energy Reiease Data

A long term LOCA analysis calculational model is typically divided into four phases:

Blowdown, which includes the period from the accident initiation (when the reactor is in a
steady-state full power operation condition) to the time that the broken loop pressure equalizes
to the containment pressure; refill, which is the time from the end of the blowdown to the
time when the passive core cooling system (PXS) refills the vessel lower plenum; reflood,
which begins when the water starts to flood the core and continues until the core is completely
quenched. and post-reflood, which is the period after the core has been quenched and energy
is released to the RCS primary system by the RCS metal, core decay heat, and the steam
generators.

The long4erm analysis considers the blowdown, reflood, and post-reflood phases of the
The refill period is conservatively W

“y,\ transient.
MO} _..M that the releases to the containment are conservatively maximized.
e fove > end of W
The AP600 longsterm LOCA mass and energy pefeases are predicted for the blowdown phase
for postulated DECLG and DEF:LG breaks. releases are provided in Tables 6.2.1.3;4’5
Browph 6.2.1.3-6) The blowdown phase mass and energy releases are calculated using the
RC approved SATAN-VI computer code (Reference 4). The post blowdown phase mass

and energy releases are are-developed-to-considercalculated considering the energy released
from the available energy sources described below. The energy release rates are moadeled
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6. Engineered Safety Features -

6.2.1.3.2.1

6.2.13.2.2

6.2.1.3.23

conservatively high-modeled so that the energy is released quickly. Thissesults-The higher
release rates resalt in a conservative containment pressure calculation.

Energy Sources

The following energy sources are accounted for in the long<term LOCA mass and energy
calculation:

Decay heat

Core stored energy

RCS fluid and metal energy

Steam Generator fluid and metal energy

Accumulators, core make-up tanks (CMTs), and the in-containment refueling water
storage tank (IRWST)

*  Zirconium-water reaction

The methods and assumptions used to release the various energy sources during the blowdown
phase are given in Reference 4.

The following items are used to conservatively analyze the eefe-energy release for maximum
containment pressure:

Maximum expected operating temperature

Allowance in temperature for instrument error and dead band
Margin in volume (+1.4 percent)

Allowance in volume for thermal expansion (+1.6 percent)

100 percent full power operation

Allowance for calorimetric error (+2.0 percent of full power)
Conservatively modified coefficients of heat transfer
Allowance in core stored energy for effect of fuel densification
Margin in core stored energy (+15.0 percent)

Allowance in pressure for instrument error and dead band
Margin in steam generator mass inventory (+10.0 percent)

One percent of the Zirconium surrounding the fuel is assumed 10 react

Description of Blowdown Model

A description of the SATAN-VI model that is used to determine the mass and energy releaced
from the RCS during the blowdown phase of a postulated LOCA is provided in Reference 4.
Significant correlations are discussed in this reference.

Description of Post-Blowdown Model
Tie remaining RCS and $G mass and energy inventories at the end of blowdown are used

to define the initial conditions for the beginning of the reflood portion of the transient. The
beoken and unbroken loop SG inventories are kept separate to account for potentiai differences

o \wsameva06020.R04-070695  Revision: 4
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- 6. Engineered Safety Features

in the cooldown rate between the loops. In addition, the mass added to the RCS from the
IRWST is returned to containment as break flow so that no net change in system mass occurs.

Energy addition due to decay heat is computed using the 1979 ANS standard (plus 2 sigma)
decay heat table from Reference 4. The energy release rates from the RCS metal and steam
generators are modelled using exponential decay rates. This modelling is consistent with
analyses for current generation design analyses that are performed with the models described
in Reference 4

Thc accumulator, CMT, ummass ﬂow mmwmmmﬂm
»umnw.m ahses

The rate of RCS mass accumulation is assumed to decrease exponentially during the reflood
phase. More CMT and accumulator flow weuld-be-is spilled from the break as the system
refills. The break flow rate is determined by subtracting the RCS mass addition rate from the
sum of the accumulator, CMT and IRWST flow rates.

Mass which is added 10, and which remains inythe vessel is assumed 10 be raised to saturation.
Therefore, the actual amount of energy available for reiease to the containment for a given
time period is determined from the difference between the energy required to raise the
temperature of the incoming flow to saturation and the sum of the decay heat, core stored
energy, RCS metal energy and SG mass and metal energy release rates. The energy release
rate for the available break flow is determined from a comparison of the total energy available
release rate and the energy release rate assuming that the break flow is 100<percent saturated
steam. Saturated steam releases maximize the calculated containment pressurization.

6.2.1.3.2.4 Single Failure Analysis

No single failure is assumed in the mass and energy release calculations. The safety injection
system for the AP600 is passive, as opposed to active pumped safety injection systems for a
conventional PWR. As a result, there is no single failure postulated for the mass and energy
release analysis. The effects of a single failure are taken into account in the containment

analysis of Subsection 6.2.1.1. : \S
cvk) w Qrogles '

6.2.1.3.2.5 Metal-Water Reaction R

i GORIIN - Vater Feactigh— TH WM
Mm 0G mxmuwmmmm
temperature analysifthat demonstrates compliance with the Appendix K criteria demonstrates
ummmammm This level of reaction has been
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6.2.13.26

6.2.13.2.7

6.2.14

6.2.14.1

bounded in the containment mass and energy release analysis by incorporating the heat of
reaction from 1 percent of the zirconium surrounding the fuel. This exceeds the level
predicted by the LOCA analysis and results in additional conservatism in the mass and energy

Y
Energy Inventories " 30';‘ oy > g .
Inventories of the amount of mass and released to oomainmcnt‘lare provided in
summary Tables 6.2.1.3-2 through 6.2.1.3 : ¢ > 5

Additional Information Required for Confirmatory Analysis

System parameters and hydraulic characteristics needed to perform confirmatory analysis are
provided in Table 6.2.1.393‘1"and Figures 6.2.1.3-1 through 6.2.1.3-4.

Mass and Energy Release A nalysis for Postulated Secondary-System Pipe Rupture Inside
Containment

Steam line ruptures occurring inside a reactor containment structure may result in significant
releases of high-energy fluid to the containment environment, possibly resulting in high
containment temperatures and pressures. The quantitative nature of the releases following a
steam line rupture is dependent upon the configuration of the plant steam system, the

containment dcsig’/as well as the plant operating conditions and the size of the rupture. ™
L TIES ""Zm s3git . asOnan :.‘,,”'" 100 3 sngle LA ."‘u” .
i + This

section describes the methods used in determining the containment responses to a variety of
postulated pipe breaks encompassing wide variations in piant operation, safety system
performance, and break size. The spectrum of breaks analyzed is listed in Table 6.2.1.4-1.

Significant Parameters Affecting Steam Line Break Mass and Energy Releases

Four major factors influence the release of mass and energy following a steam line break:
steam generator fluid inventory, primary-to-secondary heat wansfer, protective system
operation and the state of the secondary fluid blowdown. The following is a list of those
plant variables which have significant influence on the mass and energy releases:

Plant power ievel

Main feedwater system design

Startup feedwater system design

Postulated break type, size, and location

Availability of offsite power

Safety system failures

Steam generator reverse heat transfer and reactor coolant system metal heat capacity.

The following is a discussion of each of these variables.
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6.2.1.4.1.1 Plant Power Level

Steam line breaks are postulated to occur with the plant in any operating condition ranging
from hot shutdown to full power. Since steam generator mass decreases with increasing
power level, breaks occurring at lower power generally result in a greater total mass release
to the plant containment. However, because of increased energy storage in the primary plant,
increased heat transfer in the steam generators and additional energy generation in the nuclear
fuel, the energy released to the containment from breaks postulated to occur during power
operation may be greater than for breaks occurring with the plant in a hot shutdown condition.
Additionally, steam pressure and the dynamic conditions in the steam generators change with
increasing power. They have significant influence on both the rate of blowdown and the
amount of moisture entrained in the fluid leaving the break following a steam break event.

Because of the opposing effects of changing power level on steam line break releases, no
single power level can be identified as a worst case initial condition for a steam line break
event. Therefore, severai different power levels spanning the operating range as well as the
hot shutdown condition are analyzed.

6.2.1.4.1.2 Main Feedwater System Design

The rapid depressurization that occurs following a rupture may result in large amounts of
water being added to the steam generators through the main feedwater system. Rapid closing
isolation valves are provided in the main feedwater lines to limit this effect. The piping
layout downstream of the isolation valves determine the volume in the feedwater lines that
cannot be isolated from the steam generators. As the steam generator pressure decreases,
some of the fluid in this volume will flash into the steam generator, providing additional
secondary fluid that may exit out the rupture.

The feedwater addition that occurs prior to closing of the feedwater line isolation valves
influences the steam generator blowdown in several ways. First. the rapid addition increases
the amount of entrained water in large-break cases by lowering the bulk quality of the steam
generator inventory. Second, because the water entering the sieam generator is subcooled, it
lowers the steam pressure, thereby reducing the flow rate out the break. Finally, the increased
flow rate causes an increase in the heat transfer rate from the primary-to-secondary system,
resulting in greater energy being released out the break. Since these are competing effects on
the total mass and energy release, no worst case feedwater transient can be defined for all
plant conditions. In the results presented, the worst effects of each variable have been used.
For example, moisture entrainment for each break is calculated assuming conservatively small
feedwater additions so that the entrained water is minimized or zero when support data are
not available. Determination of total steam generator inventory, however, is based on
conservatively large feedwater additions, as explained in Subsection 6.2.1.4.3.2.

The unisolated feedwater line volumes between the steam generator and the isolation valves
serve as a source for additional high-energy fluid to be discharged through the pipe break.
This volume is accounted for in the mass and energy release data presented in
Subsection 6.2.1.4.3.2.
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6.2.14.13

6.2.14.14

Startup Feedwater System Design

Within the first minute following a steam line break, the startup feedwater system may be
initiated on any one of several protection system signals. The addition of startup feedwater
to the steam generators increases the secondary mass available for release to the containment,
as well as the heat transferred to the secondary fluid. The effects on the steam generator mass
are maximized in the calculation described in Subsection 6.2.1.4.3.2 by assuming full startup
feedwater flow to the faulied steam generator starting at time zero from the safeguard
system(s) signal or low steam generator level reactor trip and continuing until automatically
terminated.

Postulated Break Type, Size and Location

Postulated Break Type
Two types of postulated pipe ruptures are considered in evaluating steam line breaks.

First is a split rupture in which a hole opens at some point on the side of the steam pipe or
steam header but does not result in a complete severance of the pipe. A single, distinct break
area is fed uniformly by both steam generators until steam line isolation occurs. The
blowdown flow rates from the individual steam generators are interdependent, since fluid
coupling exists between the steam lines. Because flow limiting orifices are provided in each
steam generator, the largest split rupture can have an effective area,prior to isolation,that is
no greater than the throat area of the flow restrictor times the number of steam generators.
Following isolation, the effective break area for the steam generator with the broken line can
be no greater than the flow restrictor throat area.

The second break type is the double-ended guillotine rupture in which the steam pipe is
completely severed and the ends of the break displace from each other. Guillotine ruptures
are characterized by two distinct break locations, each of equal area, but being fed by different
steam generators. The largest guillotine rupture can have an effective area per steam generator
no greater than the throat area of one steam line flow restrictor,

Postulated break Size

Break area is also important when evaluating steam line breaks. It controls the rate of releases
to the containment, and exerts significant influence on the steam pressure decay and the
amount of entrained water in the blowdown flow. The data presented in this section include
releases for three breaks at each of four initial power levels. Included are two double-ended

rupturegand one split rupture, as follows:
S

¢ A full double-ended pipe rupture downstream of the steam line flow restrictor. For this
case, the actual break area equals the cross-sectional area of the steam line, but the
blowdown from the steam generator with the broken line is controlied by the flow
restrictor throat area (1.388 square feet). The reverse flow from the intact steam
generator is controlled by the smaller of the pipe cross section, the steam stop valve seat
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area, or the total flow restrictor throat area in the intact steam generator. The reverse
fiow has been conservatively assumed to be controlled by the flow restrictor in the intact
loop steam generator.

* A small double-ended rupture having an area slightly larger than the area at which water
entrainment ceases. Entrainment is assumed in the forward direction only. Dry steam
blowdown is assumed to occur in the reverse direction.

In this case, the break areas analyzed for the small double-ended rupture are determined '
by two considerations. The first consideration is based on Reference (5) and the second
consideration is based on the split break area that does not result in steam line isolation.
The cases analyzed conservatively assume no water entrainment. MWMn

effiuent is assumed to be dry saturated
Doublacnded rupture areas larger and smaller than the split break area are presenwd

. Asphlmpmrcre;resemngmclargcstbmakwmchcanncnmagcwatcastcamhne
isolation signal from the primary protection equipment npor result in moisture
entrainment. Steam and feedwater line isolation signals are generaied by high
ccutainment pressure signals for this type of break. Being a split rupture, the effective
area seen by the faulted steam generator decreases by a factor of two, following steam
line isolation. Moisture entrainment could occur at that time. However, since steam line
isolation for these breaks generally does not occur before 20 to 60 seconds following
such break, it is conservatively assumed that the pressure decreases sufficient!y in the
affected steam generator to preciude any moisture carryover,

Table 6.2.1.4-1 lists the spectrum of secondary system pipe ruptures analyzed.

Postulated Break Location

Break location affects steam line blowdown due to the pressure losses which occur in the
length of piping between the steam generator and the break. The effect of the pressure loss
is to reduce the effective break area seen by the steam generator. Althouzh this reduces the
rate of blowdown, it would not significantly change the total release of energy to the
commnmcm 'mcrcforc pzpmg loss effects are conservanvelv ngnorad in thc blowdown
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6.2.1.4.1.5 Availability of Offsite Power

6.2.14.1.6

6.2.1.4.1.7

The effects of the assumption of the availability of offsite power are enveloped in the analysis.

Offsite power is assumed to be available where it maximizes the mass and energy released
from the break because of the following:

*  The continued operation of the reactor coolant pumps until automatically tripped as a
result of core makeup tank (CMT) actuation. This maximizes the energy transferred
from the reactor coolant system to the steam generator.

*  The continued operation of the feedwater pumps and actuation of the startup feedwater
system until they are automatically terminated. This maximizes the steam generator
inventories available for release. ¥ s e ey

e  The AP600 is equipped with the passive system including the CMT and the
passive residual heat remov Following a steam line rupture, these
passive systems are actuated when their setpoints are reached. This decreases the

primary coolant temperatures. The actuation and operation of these passive safeguards
systems do not require the availability of offsite power.

When the PRHR is in operation, the coreYgenerated heat is dissipated to the in-
containment refueling water storage tank (IRWST) via the PRHR heat exchanger. This
causes a reduction of the heat transfer from the primary system to the steam generator
secondary system and causes a reduction of mass and energy releases via the break.

Thus, the availability of ac power in conjunction with the passive safeguards system (CMT
and PRHR) maximizes the mass and energy releases via the break. Therefore, blowdown
occurring in conjunction with the availability of offsite power is more severe than cases where
oftsite power is not available.

Safety System Failures

In addition to assuming a loss of system pressure, the following single active failures are
considered:

e  Falure of one main steam isclation vaive
¢  Failure of one main feedwater isolation valve

Steam Generator Reverse Heat Transfer and Reactor Coolant System Metal Heat
Capacity

Once steam line isolation is complete, the steam generator in the intact steam loop becomes
a source of energy that can be transferred to the steam generator with the broken line. This
energy transfer occurs through the primary coolant. As the primary olant cools, the
temperature of the coolant flowing in the steam generator tubes drops below the temperature

Revision: 4
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6.2.1.4.3.1

6.2.1.43.2

6.2.14.33

6. Engineered Safety Features

of the secondary fluid in the intact unit, resulting in energy being returned to the primary
coolant. This energy is then available to be transferred to the steam generator with the broken
steamn line

Similarly, the heat stored in the metal of the reactor coolant piping, the reactor vessel, and the
reactor coolant pumps is transferred to the primary coolant as the plant cooldown progresses

This energy also is available to be transferred to the steam generator with the broken line

The effects of both the reactor coolant system metal and the reverse steam generator heat
transfer are included in the results presented in this document

Description of Blowdown Model

A description of the blowdown model used is provided in Reference 5

Containment Response Analysis

The WGOTHIC Computer Code (Reference 1) is used to determine the containment responses
following the steam line break. The containment response analysis is described in

Subsection 6.2.1.1

Initial Conditions

A\,‘OSS""
The initial containment conditions are Wn Subsection 6.2.1.1

Mass and Energy Release Data

Using References 5 and 6 as a basis, mass and energy release data are developed to determune
the containment pressure-temperature response for the spectrum of breaks analyzed. TablesO
6.2.14-2 and 6.2.14-3 provide the mass and energy release data for the cases that produce
the highest containment pressure and temperature in the containment response analysis
Table 6.2.1.4-4 provides plant data used for the cases used in the mass and energy releases

determination . N
g~ ond sn(%*j, men, oring

The rate of startup feedwater addition represents the maximum runout flow rate to a fully
depressurized steary’ generator. Actual isolation is dependent on signals generated by the

y protection¥system. Feedwater isolation for the split breaks was based on the time
required to reach the containment pressure setpoint that generates the isolation signal. The

feedw alir flow rates before automatic isolation assumed in the analyses are based on input for

Steam generator and main feed system design
A

“he Mol
Containment Pressure-Temperature Results

The results of the containment pressure-temperature analyses for the postulated secondary
system pipe ruptures that produce the highest peak containment pressure and temperature are
presented in Subsection 6.2.1.1
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6.2.1.5 Minimem Containment Pressure Analysis for Performance Capability Studies of
Eme ‘gency Core Cooling System (PWR)

The o ntainment backpressure used for the AP600 het-leg-and-cold leg guillotine and split
breaks for thc emergency core coohng system (ECCS) analysis presented in Subsection 15.6.5

“contaimment backpressuse is typically calculated

[IL (70 (Reference methods and assumptions described in Appendix A of

WCAP-8339 (Reference 8). Input parameters, including the containment initial conditions;
net free containment volume, passive sink materials, thicknesses, and surface areas; and
starting time and number of containment cooling sysiems are used in such an analysis. Even
though 10 CFR 50 Appendix K analytical bases (Reference 9) and requirements do not apply
directly 10 a best-estimate analysis with uncertainties, they nevertheless define that a large
break loss-of-coolant accident (LOCA) containment response of minimum pressurization is

The minimum containment backpressuie for

cmcrgcncy core ooolmg systcm peﬁmnancc dunng a loss- ol-coolam accxdcm—boeme

WM&WMM Subeecnon 621 1 dcmonstrams that the
AP600 containment pressurizes significantly during large break LOCA events, and an analysis

eowld-be-was performed to establish a containment pressure boundary condition gmyed to the
WCOBRA/TRAC code (Refcrenoc mW . WGOTHI

a4mmmmmmwwumm This analysis
was performed for the first 200 seconds of the accident. The calculated containment

backpressure is provided in Figure 6.2.1.5-1.
Rcsults of the W(‘OBRA/'I'RAC analyscs dem(mstratc that thc AP6OO meets 10 CFR 5046

—.
——
——

he APOUD WEOTHIC-medet-f fifainment backpressure used similar to

/- methodology used in the COCO calculations. Specifically, a single-node i
was used 10 assess containment pressure response. Containment internal heat sinks used heat )
wansfer correlations of four times Tagami during the blowdown phase followed by 1.2 times
Uclida. This analyss was perforned for the first 200 seconds of he accident. The /
calculated containment backpressure is provided in Figure 6.2.1.5-1. /

62151 Mass and Energy Release Data

The mass and energy releases to the containment during the blowdown and-reflead-portions
only of the-Jimiting doubie-ended cold-leg guillotine break (DECLG) transient-at-a-Moedy
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6.2.1.5.2

6.2.15.3

6. Engineered Safety Features

discharge-coefficient-of U8 (Cp-=-0.8) are presented in Table 6.2.1.5-1, as computed by the
WCOBRA/TRAC code.

The mathematical models which calculate the mass and energy releases to the containment are
described in Subsection 15.6.5. A break spectrum is is perf (see references in
Subsection 15.6.5) that considers various break si b Mood‘ﬁg;;charge

coefficients for the double-ended g% guillotines and splits. Mixing of
injected into the vessel the available energy released to the containment

vapor space, thereby minimizing calculated containment pressure. Note that the mass/energy
releases during the reflood phase of the subject break are not comsidered. This produces a
conservatively low comtaminant pressure result for use as a boundary condition in the
W COBRA/TRAC large break LOCA aalysis.

Initial Containment Internal Conditions Pa
gec

ta sapphed o WEOBRATRAC 3 huehiyv-conservativé for the post-1OCA o adibon
inside —the -AR600 —contanment.—and —Hs —use—obviates—as :4,:
eomputation-Initial containment conditions were biased for thebackpressure analysis to predict
a conservatively low containment backpressure. Initial contamment conditions inchuded initial
pressure of 14.7 psia, initial temperature of 90°F, and a relative humidity of 99 percent. An
air anmilos emperature of 0°F was assumed and a linear temperature profile between O°F and
90°F was used in the containment shell, which separates the anmulus from the containment
volume .

Other Parameters

anmen ndlas
a comservative low

: 05 ; areas were
Mwmummmumu:; azu/
Material properties were biased high (density, conductivity, and heat capacity) as indicated
in CSB 6-1 (Reference 10). nwmwmwm

closed § seconds after 8 psig was reached.
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6.2.1.8

Testing and Inspectien

This section describes the functional testing of the containment vessel. Testing and in-service
inspection of the containment vessel are described in Subsection 3.8.2.6. Isolation testing is
described in Subsection 6.2.3. Leak testing is described in Subsection 6.2.5. Testing and
inspection are consistent with regulatory requirements and guidelines.

The valves of the passive containment cooling system are stroke tested periodically.
Subsection 6.2.2 provides a description of testing and inspection.

The baffle between the containment vessel and the shield building is equipped with removable
panels and clear observation panels to allow for inspection of the containment surface. See
Subsection 3.8.2 for the requirements for in-service inspecticon of the steel containment vessel.
Subsection 6.2.2 provides a description of testing to be perf ormed.

Testing is not required on any subcompartment vent or on the collection of condensation from
the containment shell. The collection of condensate from the containment shell and its use
in leakage detection are discussed in Subsection 5.2.5.

Instrumentation Requirements

Instrumentation is provided to monitor the conditions inside the containment and to actuate
the appropriate engineered safety features, should those conditions exceed the predetermined
levels. The instruments measure the containment pressure, containment atmosphere
radioactivity, and containment hydrogen concentration. Instrumentation to monitor reactor
coolant sysiem leakage into containment is described in Subsection 5.2.5.

The containment pressure is measured by four independent pressure transmitters. The signals
are fed into the engineered safety features actuation system, as described in Subsection 7.3.1.
Upon detection of high pressure inside the containment, the appropriate safety actuation
signals are generated to actuate the necessary safety-related systems. Low pressure is alarmed
but does not actuate the safety-related systems.

The physically separated pressure transmitters are located outside the comtainment and
coumected to their sensors by filled and sealed hydraulic lines. Section 7.3 provides a
description.

The containment atmosphere radiation level is monitored by four independent area monitors
located above the operating deck inside the containment building. The measurements are
continuously fed into the engineered safety features actuation system logic. Section 11.5
provides information on the containment area radiation monitors. The engineered safety
features actuation system operation is described in Section 7.3.

The containment hydrogen concentration is measured by hydrogen monitors, as described in
Subsection 6.2.4. Hydrogen concentrations are monitored by sensors distributed throughout
containment to provide a representative indication of containment hydrogen concentrations.
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The sensors also indicate the specific areas evalua or potential hydrogen pockets. These
indications are used by the plant operators to control : regniters. High
hydrogent concentration is alarmed in the main coatrol room. Section 7.3 provides detailed
information on the engineered safety features actuation system operation.

6.22 Passive Containment Cooling System

The passive containment cooling system (PCS) is an engineered safety features system. Its
functional objective is to reduce the containment temperature and pressure following a loss
of coolant accident (LOCA) or main steam line break (MSLB) accident inside the containment
by removing thermal energy from the containment atmosphere. The passive containment
cooling system also serves as the means of transferring heat to the safety-related ultimate heat
sink for other events resulting in a significant increase in containment pressure and
temperature.

Finally, the passive containment cooling system limits releases of radioactivity (post-accident)
by reducing the pressure differential between the containment atmosphere and the external
environment, thereby diminishing the driving force for leakage of fission products from the
containment to the atmosphere. This subsection describes the safety design bases of the
safety-related containment cooling function. Nonsafety-related containment cooling, a
function of the containment recirculation cooling system, is described in Subsection 9.4.6.

6.2.2.1 Safety Design Basis

¢  The passive cortainment cooling system is designed to withstand the effects of natural
phenomena such as ambient temperature extremes, earthquakes, winds, tornadoes, or
floods

*  Passive containment cooling system operation is automatically initiated upon receipt of
a Hi,:; containment pressure signal.

*  The passive containment cooling system is designed so that a single failure of an active
component, assuming loss of offsite or onsite ac power sources, will not impair the
capability of the system to perform its safety-related function.

s Active components of the passive containment cooling system are capable of being tested
during plant operation. Provisions are made for inspection of major components in
accordance with the intervals specified in the ASME Code, Section XI.

* The passive containment cooling system components required to mitigate the
consequences of an accident are designed to remain functional in the accident
environment and to withstand the dynamic effects of the accident.

¢  The passive containment cooling system is capable of removing sufficient thermal energy

irzluding subsequent decay heat from the containment atmosphere following a design
basis event resulting in containment pressurization such that the containment pressure
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6.22.2.2

remains below the design value with no operator action required for three days. The
passive containment cooling system is designed to reduce containment pressure 10 less
than one-half its design pressure within 24 hours following a postulated loss of coolant
accident

The passive containment cooling system is designed and fabricated to appropriate codes
consistent with Regulatory Guides 1.26 and 1.32 and seismic Category | in accordance
with Regulatory Guide 1.29 as described in Section 1.9

System Design
General Description

The passive containment cooling system and components are designed to the codes and
standards identified in Section 3.2; flood design is described in Section 3.4; missile protection
is described in Section 3.5. Protection against dynamic effects associated with the postulated
rupture of piping is described in Section 36. Seismic and environmental design and
equipment qualification are described in Sections 3.10 and 3.11. The actuation system is
described in Section 7.3

System Description

The passive containmeni cooling system is a safety-related system which is capable of
transferring heat directly from the steel containment vessel to the environment. This transfer
of heat prevents the containment from exceeding the design pressure and temperature
following a postulated design basis accident, as identified in Chapters 6 and 15. Containment
pressure is further reduced to one-half the design pressure within 24 hours following the worst
postulated loss of coolant accident. The passive containment cooling system makes use of the
steel containment vessel and the concrete shield building surrounding the containment. The
major components of the passive containment cooling system are: the passive containment
cooling water storage tank (PCCWST) which is incorporated into the shield building structure
above the containment; an air baffle, located between the steel containment vesse! and the
concrete shield building, which defines the cooling air flowpath; an air inlet and an air
exhaust, alss incorporated into the shield building structure; and a water distribution system,
mounted on the outside surface of the steel containment vessel, which functions to distribute
water flow on the containment

A recirculation path is provided to control the passive containment cooling water storage tank
water chemistry and to provide heating for freeze protection. Passive containment cooling
water storage tank filling operations and normal makeup needs are provided by the
demineralized water transfer and storage system discussed in Subsection 9.2 4

The system piping and instrumentation diagram is shown in Figure 6.2.2- System

parameters are shown in Table 6.2.2- A simplified system sketch is included as
Figure 6.2.2-2
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6.2.2.2.3 Component Description

“(he

The mechanical components of the passive containment cooling system are described in this
subsection. Table 6.2.2-2 provides the component design parameters.

Passive Containment Cooling System Water Storage Tank - The passive containment
cooling system water storage tank is incorporated into the shield building structure above the
containment vessel. The inside wetted walls of the tank are lined with stainless steel plate.
It is filled with demineralized water and has a useable volume of 400,000 gallons for passive
containment cooling functions. The passive containment cooling system functions as the
safety-related ultimate heat sink. The passive containment cooling water storage tank is
seismically designed and missile protected.

The tank also has level measurement channels and alarms for monitoring the tank

evel and temperature measurement channels 1o monitor and alarm
potential freezing To maintain system operability, a recirculation loop that provides
chemistry and temperature control is connected to the tank.

The tank is constructed to provide sufficient thermal inertia and insulation such that
draindown can be accomplished over a 72 hour period without heater operation.

In addition to its containment heat removal function, the passive containment cooling system
water storage tank also serves as a seismic Category | water storage reservoir for fire
protecuon following a safe shutdown earthquake. ‘_ | “ foation of the FPS

prew®”
.

suction pnpc for thc fire pmtecuon systcm (PT‘S) is M that W

suction pxpc cannot reduce thc water storagc tank water volume below 400,000 gallons.

Passive Containment Cooling System Water Storage Tank Isolation Valves - The passive
containment cooling system water storage tank outlet piping is equipped with two sets of
redundant isolation valvgs. The air-operated butterfly valves are ngrmally closed and open
upon receipt of a Hi,¥'Containment pressure signal. These valves ase-of Tail-open design to
provide a fail-safe position on the loss of air and/or loss of power. The normally-onen motoi-
operated gate valves are located upstream of the butterfly valves  They are provided to allow
for testing of the butterfly valves.

The storage tank isolation valves, along with the passive containment cooling water storage
tank discharge piping and associated instrumentation betwzen the passive containment cooling
water storage tank and the downstream side of the isolation valves, are contained within a
temperature-controlied valve room to prevent freezing. Valve room heating s provided by
a locally installed electric unit heater 1o maintain the room temperature above 50°F.

Flow Control Orifices - Orifices are installed in each of the three passive containment
cooling system water storage tank outlet pipes. They are used, along with the different
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62224

elevations of the outlet pipes, to control the flow of water from the passive containment
cooling system water storage tank as a function of water level. The orifices are located within
the temperature-controlled valve room.

Water Distribution Bucket ~ A water distribution bucket is provided to uniformly deliver
water o the outer surface of the containment dome. The redundant passive contaimment
cooling water delivery pipes and auxiliary water source piping discharge into the bucket,
below its operational waier level, to prevent excessive splashing. A set of circumferentially-
spaced distribution slots are included around the top of the bucket. The bucket is hung from
the shield building roof and suspended just above the containment dome for optimum water
delivery.

Water Distribution Weir System - A weir-type water delivery system is provided to
uniformly wet the containment shell during passive containment cooling system operation.
The system includes channeling walls and collection troughs, equipped with distribution weirs.
The distribution system is capable of functioning during extreme low- or high-ambient
temperature conditions

Air Flow Path - An air flow path is provided to direct air along the outside of the
containment shell to provide containment cooling. The air flow path includes a screened
shield building inlet, an air baffle that divides the outer and inner flow annuli, and a chimney
to increase buoyvancy. Subsection 3.8.4.1.3 includes information regarding the air baffle. The
general arrangement drawings provided in Section 1.2 provide layout information of the air
flow path.

Chemical Addition Tank - The chemical addition tank is a smail, vertical, cylindrical tank
that is sized to inject a 30-percent-by-volume solution of hydrogen peroxide to maintain a
passive containment cooling water storage tank concentration of 50 ppm for control of algae
growth.

Recirculation Pump - The recirculation pump is a 100 percent capacity centrifugal pump
with wetted components made of austenitic stainless steel. The pump is sized to recirculate
the entire volume of tank water once every week.

Recirculation Heater - The recirculation heater is provided for freeze protection. The heater
is sized based on heat losses from the passive containment cooling system water storage tank
and recirculation piping at the minimum site temperature, as defined in Section 2.3.

System Operation

Operation of the passive containment cooling svstem is initiated upon receipt of two out of
four HiA Tontainment pressure signals. Manual actuation by the operator is also possible
from either the main control room or remote shutdown workstation. System actuation consists
of opening the passive containment cooling system water storage tank isolation valves. This
allows the passive containment cooling system water storage tank water to be delivered to the
top, external surface of the steel containment shell. The flow of water, provided entirely by
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the force of gravity, forms a water film over the dome and side walls of the containment
structure.

The flow of water 1 the containment outer surface is initially established at approximately
220 gpm for short-term containment cooling following a design basis loss of coolant accident.
The flow rate is gradually reduced over a period of 72 hours to a value of approximately
55 gpm. This flow provides the desired reduction in containment pressure over time and
removes decay heat. The flow rate change is dependent only upon the decreasing water level
in the passive containment cooling water storage tank.

To adequately wet the containment surface, the water is delivered to the distribution bucket
above the center of the containment dome which subsequently delivers the water to the
containment surface. A weir-type water distribution system is used on the dome surface to
distribute the water for effective wetting of the dome and vertical sides of the containment
shell.

The weir system contains radial arms and weirs specifically located considering the effects of
tolerances of the containment vessel design and construction. In addition, a corrosion-resistant
paint or coating for the containment vessel is specified to enhance surface wetability, and film

formation.

The cooling water not evaporated from the vessel wall fiows down to the bottom of the inner
containment annulus into floor drains. The redundant floor drains route the excess water to
storm drains. The drain lines are always open (without isolation valves) and each is sized 1o
accept maximum passive containment cooling system flow. The interface with the storm drain
system is an open connection such that any blockage in the storm drains would result in the
annulus drains overflowing the connection.

A path for the natural circulation of air upward along the outside walls of the containment
structure is always open. The natural circulation air flow path begins at the shield building
inlet, where atmospheric air enters horizontally through openings in the concrete structure.
Air flows past a set of fixed louvers and is forced to turn 90 degrees downward inte an outer
annulus. This outer shield building annulus is encompassed by the concrete shield building
on the outside and a removable baffle on the inside. At the bottom of the baffle wall, curved
vanes aid in turning the flow upward 180 degrees into the inner containment annulus. This
inner annulus is encompassed by the baffle wall on the outside and the steel containment
vessel on the inside. Air flows up through the inner annulus to the top of the containment
vessel and then exhausts through the shield building chimney.

As the containment structure heats up in response to high containment temperature, heat is
removed from within the containment via conduction through the steel containment structure,
convection from the containment surface to the water film, convection and evaporation from
the water film to the air, and radiation from the water film to the air baffle. As heat and
water vapor are transferred to the air space between the containment structure and air baffle,
the air becomes less dense than the air in the outer annulus. This density difference causes
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6.2.2.3

an increase in the natural circulation of the air upward between the containment structure and
the air baffle, with the air finally exiting at the top ceater of the shield building.

The passive containment cooling systemn water storage tank provides water for containment
wetting for 72 hours following system actuation. Operator action can be taken to replenish
this water supply or to provide an alternate water source directly to the containment shell
through installed safety-releted and seismic piping connections. In addition, water sources
used for normal filling operations can be used to replenish the water supply.

The arrangement of the air inlet and air exhaust in the shield building structure has been
selected so that wind effects aids the natural air circulation. The air inlets are placed at the
top, outside of the shield building, providing a symmetrical air inlet that reduces the effect of
wind speed and direction or adjacent structures. The air/water vapor exhaust structure is
elevated above the air inlet to provide additional buoyancy and reduces the potential of
exhaust air being drawn into the air inlet. The air flow inlet and chimney regions are both
designed to protect against ice or snow buildup and to prevent foreign objects from entering
the air flow path.

Inadvertent actuation of the passive containment cooling system is terminated through operator
action by closing either of the series isolation valves from the main control room.
Subsection 6.2.1.1,.2 provides a discussion of the effects of inadvertent system actuation.

Safety Evaluation

The safety-related portions of the passive containment cooling system are located within the
shield building structure. This building (including the safety-related portions of the passive
containment cooling system) is designed to withstand the effects of natural phenomena such
as earthquakes, winds, tornadoes, or floods. Components of the passive containment cooling
system are designed to withstand the effects of ambient temperature extremes.

Operation of the containment cooling system is initiated automatically following the receipt
of a Hi ntainment pressure signal. The use of this signal provides for system actuation
during” transients, resulting in mass and energy releases to comtainment, while avoiding
unnecessary actuations. No other actuations are required to initiate the post-accident heat
removal function since the cooling air flow path is always open. Operation of the passive
containment cooling system may also be initiated from the main control room and from the
remote shutdown work station. A description of the actuation system is contained in
Section 7.3.

The active components of the passive containment cooling system, the isolation valves, are
located in two redundant pipe lines. Failure of a component in one train does not affect the
operability of the other mechanical train or the overall system performance. The fail-open,
air-operated valves require no power to move to their safe (open) position. The normally
open motor-operated valves are powered from separate redundant Class 1E dc (battery) power
sources. Table 6.2.2-3 presents a failure modes and effects analysis of the passive
containment cooling system.
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6.2.24.1

$.2.24.2

6. Engineered Safety Features

Capability is provided to periodically test actuation of the passive containment cooling system.
Active components can be tested periodically during plant operation to verify operability. The
system can be inspected during unit shutdown. Additional information is contained in
Subsections 3.9.6 and 6.2.2 4, as well as in the Technical Specifications.

The passive containment cooling system components located inside containment, the
containment pressure wms.mwswdanddemomaedwgorminasimulmddesign
basis accident environment. These components are protected from effects o
impingement and pipe whip in case of a high-energy line break. .,.de‘

The containment pressure analyses demonstrate that the passive containment cooling system
is capable of removing sufficient heat energy, including subsequent decay heat, from the
containment atmosphere so that the peak prcssum following the worst postulated loss of
coolant accident is below the containment design pressure with no operator action for at least
three days. Analyses also show that the containment pressure is reduced to below one-half
of the design pressure within 24 hours following the most limiting design basis loss of coolant
accident.

The containment pressure analyses are based on an ambient air temperature of 115°F dry bulb
and 80°F coincident wet bulb. The passive containment cooling system water storage tank
water temperature basis is 120°F. Results of the analyses are provided in Subsection 6.2.1.

Testing and Inspection
Inspections

The passive containment cooling system is designed to permit periodic testing of system
readiness as specified in the Technical Specifications.

The portions of the passive containment cooling system from the isolation valves to the
passive containment cooling system water storage tank are accessible and can be inspected
during power operation or shutdown for leaktightness. Examination and inspection of the
pressure retaining piping welds is performed in accordance with ASME Code, Section X1
The design of the containment vessel and air baffle facilitates the inspection of the vessel
during plant shutdowns.

Preoperational Testing

Preoperation testing for the passive containment cooling system is addressed in Sections
14.2.8.1.96 and 14.2.8.1.97

Revision: 4 o \earreva\06020R04-070695

June 30, 1995 6.2-28 @ Westinghouse



6. Engineered Safety Features .

6.2.24.3 Operational Testing
Operational testing is performed to: .

. Dcmonstmethatthcsequencingofvalvesoccursontheinmationofl-li/comaimncm
pressure and demonstrate the proper operation of remotely operated valves.

*  Verify valve operation during plant operation. The normally open motor-operat>d valves,
in series with each normally ciosed air-operated isolation valve, are temporarily closed.
This closing permits isolation valve stroke testing without actuation of the passive
containment cooling system.

e Verify water flow delivery, consistent with the accident analysis.

*  Verify visually that the path for containment cooling air flow is not obstructed by debris
or foreign objects.

A
W)
o W8
*  Test frequency is consistent with the plant technical speciﬁcaﬁonsA(Sﬂ* en ;‘.ﬂ’-")w
- “ﬁwﬂ s al )
6.2.25 Instrumentation Requirements -

The status of the passive contaiament cooling system is displayed in the main control room.

' Hrers Jlorbpht: operator is alerted to problems with
the operation of the equipment within this system during both normal and post-accident
conditions.

Normal operation of the passive containment cooling system is demonstrated by monitoring
the recirculation pump discharge pressure, flow rate, passive containment cooling system water
storage tank level and temperature, and valve room temperature. Post-accident operation of
the passive containment cooling system is demonstrated by monitoring the passive
comtainment cooling system water storage tank lcvcyaﬁp/assivc containment cooling system
cooling water flow rate, ﬂ/c'omainmcm pressure and external cooling air discharge
temperature.

The activation signal-generating equipment fully meets [EEE Standard 279 guidelines for

considerations such as operation, diversity, and separation of power supplies. Details are
found in Chapter 7.

The protection system providing system actuation is discussed in Chapter 7.

6.2.3 Containment Isolation System
The major function of the containment isolation system of the AP600 is to provide
containment isolation to allow the normal or emergency passage of fluids through the

containment boundary while preserving the iniegrity of the containment boundary, if required.
This prevents or limits the escape of fission products that may result from postulated
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accidents. Containment isolation provisions are designed so that fluid lines which penetrate
the primary containment boundary are isolated in the event of an accident. This minimizes
the release of radioactivity to the environment.

The containment isolation system consists of the piping, valves, and actuators that isolate the
containment. The design of the containment isolation system satisfies the requirements of
NUREG 0737, as described in the following paragraphs.

6.2.3.1 Design Basis

6.2.3.1.1 Safety Design Basis

A

H

The containment isolation system is protected from the effects of natural phenomena,
such as earthquakes, tornadoes, hurricanes, floods, and external missiles (General Design
Criterion 2).

The containment isolation system is designed to remain functional after a safe shutdown
earthquake (SSE) and to perform its intended function following the postulated hazards
oi fire, internal missiles, or pipe breaks (General Design Criteria 3 and 4).

The containment isolation system is designed and fabricated to codes consisient with the
quality group classification, described in Section 3.2, assigned by Regulatory Guide 1.26
and the seismic category assigned by Regulatory Guide 1.29. The power supply and
ccmtrol functions are in accordance with Regulatory Guide 1.32.

" he containment isolation system provides isolation of lines penetrating the containment
for design basis events requiring containment integrity.

Upon failure of a main steam line, the containment isolation system isolates the steam
generators as required to prevent excessive cooldown of the reactor coolant system or
overpressurization of the containment.

The containment isolation system is designed in accordance with General Design
Criterion 54,

Each line that penetrates the containment that is either a part of the reactor coolant
pressure boundary or that connects directly to the containment atmosphere, and does not
meet the requirements for a closed system (as defined in paragraph 1 below) except
instrument sensing lines, is provided with condinment isolation valves according to
General Design Criteria 55 and 56.

Each line that penetrates the containment, that is neither part of the reactor coolant
pressure boundary nor connected directly to the atmosphere of the containment, and that
satisfies the requirements of a closed system is provided with a containment isolation
valve according to General Design Criterion 57. A closed system is not a part of the
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reactor coolant pressure boundary and is not connected directly to the atmosphere of the
comainment. A closed system aiso meets the following additional requirements:

e  The system is protected against missiles and the effects of high-energy line break.
*  The system is designed to Seismic Category I requirements.
*  The system is designed to ASME Code, Section III, Class 2 requirements.

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

¢ The system is designed to withstand the external pressure from the containment
structural acceptance test.

e The system is designed to withstand the design basis accident transient and
environment.

I.  Instrument lines penetrating the containment are provided with isolation valves according
to General Design Criteria 55, 56, and 57. Four containment pressure sensors are
provided as sealed systems with bellow seals inside the containment, liquid filled
capillaries between the seals, and the sensing element outside containment.  These
instrument lines are closed systems both inside and outside containment, are designed to
withstand the containment pressure and temperature conditions following a loss of
coolant accident, and are designed to withstand dynamic effects.

J.  The containment isolation system is designed so that no single failure in the containment
isolation system prevent. the system from performing its intended functions.

K. Fluid penetrations supporting the engineered safety features functions have remote
manual isolation valves. These valves can be closed from the main control room or from
the remote shutdown workstation, if required.

L. The containment isolation system is designed according to 10 CFR 50.34, so that the
resetting of an isolation signal will not cause any valve to change position.

6.23.1.2 Power Generation Design Basis
The containment isolation system has no power generation design basis. Power generation

design bases associated with individual components of the containment isolation system are
discussed in the section describing the system of which they are an integral part.
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6.23.1.3 Additional Requirements

The AP600 containment isolation system is designed to meet the following additional
requirements:

A.  The containment isolation elements are designed to minimize the number of isolation
valves which are subject 1o Type C tests of 10 CFR 50, Appendix J. Specific
requirements are the following:

L

The number of pipe lines which provide a direct connection between the inside and
outside of primary containment during normal operation are minimized.

Closed systems outside of containment that may be open to the containment
atmosphere during an accident are designed for the same conditions as the
containment itself, and are testable during Type A leak tests.

The total number of penetrations requiring isolation valves are minimized by
appropriate system design. For example:

-~ In the component cooling system, a single header with branch lines inside of
containment is employed instead of providing a separate penetration for each
branch line.

~  Consistent with other considerations, such as containment arrangement and
exposure of essential safety equipment to potentially harsh environments, the
equipment is located inside and outside of containment so as to require the
smallest npumber of penetrations.

Consistent with current practice, Type C testing is not required for pressurized water
reactor main steam, feedwater, startup feedwater, or steam generator blowdown
isolation valves. The steam generator tubes are considered to be a suitable
boundary to prevent release of radioactivity from the reactor coolant system
following an accident. ‘The steam generator shell and pipe lines, up to and
including the first isolation valve, are considered a suitable boundary to prevent
release of containment radioactivity.

Personnel hatches, equipment hatches, and the fuel transfer tube are sealed by closures
with double gaskets.

Containment isolation is actuated on a two-out-of-four logic from, high-containment
pressure signal, low-steamline pressure, and lowf) T4 Provisions are provided for
manual containment isolation from the main control room.

Penetration lines with automatic isolation valves are isolated by engineered safety
features actuation signals.
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E. lIsolation valves are designed to provide leaktight service only against the medium to
which the valves are exposed in the short and long-term course of any accident. For
example, a valve is gas-tight if the valve is exposed to the containment atmosphere.

F. Isolation valves are designed to have the capacity to close against the conditions that
may exist during events requiring containment isolation.

G. Isolation valve closure times are designed to limit the release of radioactivity to within
regulation and are consistent with standard valve operators, except where a shorter
closure time is required.

H. Deleted.

I.  The position of each power-operated isolation valve (fully closed or open), whether
automatic or remote manual, is indicated in the main control room and is provided as
input to the plant computer. Such position indication is based on actual valve position,
for example, by a limit switch which directly senses the actual valve stem position, rather
than demanded valve position.

J. Normally closed manual containment isolation valves have provisions for locking the
valves closed. Locking devices are designed such that the valves can be locked only in
the fully closed position. Administrative control provides verification that manual
isolation valves are maintained Jocked closed during normal operation. Position locks
provide confidence that valves are placed in the correct position prior to locking.

K. Automatic containment isolation: valves are powered by Class 1E dc power. Non-motor-
operated valves fail in the closed position upon loss of a support system, such as
instrument air or electric power.

L. Valve alignments used for fluid system testing during operation are designed so that
either: containment bypass does not occur during testing, assuming a single failure; or
exceptions are identified, and remotely operated valves provide timely isolation from the
control room. Containment isolation provisions can be relaxed during system testing.
The intent of the design is to provide confidence that operators are aware of any such
condition and have the capability to restore containment integrity.

6.232 System Description
6.23.2.1 General Description

Piping systems penetrating the containment have containment isolation features. These
features serve to minimize the release of fission products following a design basis accident.
SRP Section 6.2.4 and Regulatory Guide 1.141 provide acceptable alternative arrangements
to the explicit arrangements given in General Design Criteria 55, 56 and 57. Table 6.2.3-1
lists each penetration and provides a summary of the containment isolation characteristics.
The Piping and Instrumentation Diagrams of the applicable systems show the functional
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arrangement of the containment penetration, isoiation valves, test and drain connections
Section 1.7 contains a list of the Piping and Instrumentation Diagrams.

As discussed in Subsection 6.2.3.1, the AP600 containment isolation design satisfies the NRC
requirements including post-Three Mile Island requirements. Two barriers are provided -- one
inside containment and cne outside containment. Usually these barriers are valves, but in
some cases they are closed piping systems not connected to the reactor coolant system or 1o
the containment atmosphere

The AP600 has fewer mechanical containment penetrations (including hatches) and a higher
percentage of normally closed isolation valves than current plants. The majority of the
penetrations that are normally open incorporate fail closed isolation valves that close
automatically with the balance of the penetrations. Table 6.2.3-1 lists the AP600 containment
mechanical penetrations and the isolation vaives associated with them. Provisions for leak
testing are discussed in Subsection 6.2.5

For those systems having automatic isolation valves or for those provided with remote-manual
isolation, Subsection 6.2.3.5 describes the power supply and associated actuation system
Power-operated (air, motor, elestro-hydrantic-or-solenoidor pnewmatic) containment isolation

valves have position indication in the main control room

Two modes of valve actuation are considered in Table 6.2.3-1. The actuation signal that

occurs directly as a result of the event initiating containment isolation is designated as the
primary actuation signal. If a change in valve position is required at any time following
primary actuation, a secondary actuation signal is generated which places the valve in an
alternative position. The closure times for automatic containment isolation valves are
provided in Table 6.2.3-1

The containment air filtration system is used to purge the containment atmosphere of airborne
radioactivity during normal plant operation, as described in Subsection 9.4.7. The system is
designed according to Branch Technical Position CSB 6-4 using 128-inch supply and exhaust
lines and containment isolation valves. These valves close automatically on a containment
isolation signal

Section 3.6 describes dynamic effects of pipe rupture. Section 3.5 discusses missile
protection, and Section 3.8 discusses the internal structures including any structure used as a
protective device. Lines associated with those penetrations that are considered closed systems
inside the containment are protected from the effects of a pipe rupture and missiles. The
actuators for power-operated isolation valves inside the containment are either located above
the maximum containment water level or in a normally nonflooded area. The actuators are
designed for flooded operation or are not required to function following containment isolation
and designed and qualified not to spuriously open in a flooded condition

Other defined bases for containment isolation are provided in SRP Section 6.2.4 and
Regulatory Guide 1.141. Conformance with Regulatory Guide 1.141 is provided to the extent
specified in Section 1.9.1

Revision: 4 o esarrevd\06020 R04-070695
June 30, 1995




6.232.2

6.2323

6.23.3

Component Description

Codes and standards applicable to the piping and valves associated with containment isolation
are those for Class B components, as discussed in Section 2.2. Containment penetrations are
classified as Quality Group B and Seismic Category 1.

Section 3.11 provides the normal, abnormal, and post-loss-of-coolant accident environment
that is used to qualify the operability of power-operated isolation valves located inside the
containment.

The containment penetrations which are part of the main steam system and the feedwater
system are designed to meet the stress requirements of NRC Branch Technical Position
MEB 3-1, and the classification and inspection requirements of NRC Branch Technical
Position ASB 3-1, as described in Section 3.6. Section 3.8 discusses the interface between
the piping system and the steel containment.

As discussed in Subsection 6.2.3.5, the instrumentation and control system provides the
signals which determine when containment isolation is required. Containment penetrations
are either normally closed prior to the isolation signal or the valves automatically close upon
receipt of the appropriate engineered safety features actuation signal.

System Operation

During normal system operation, approximately 25 percent of the penetrations are not isolated.
These lines are automatically isolated upon receipt of isolation signals, as described in
Subsections 6.2.3.3 and 6.2.3.4 and Chapter 7. Lines not in use during power operation are
normally closed and remain closed under administrative control during reactor operation.

Design Evaluation

A.  Engineered safeguards and containment isolation signals automatically isolate process
lines which are normally open during operation. The containment isolation system uses
diversity in the parameters sensed for the initiation of containment isolatiou.
Table 6.2.3-1 identifies the signals that initiate closure of each penetration The two
redundant train-oriented comtainment isolation signals are generated by any of the
following signals:

Low pressurizer pressure

Low steam-line pressure

High containment pressure

Manual containment isolation actuation

The remainder of the containment isolation valves are closed on parameters indicative
of the need to isolate.
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Upon failure of a main steam line, the steam generators are isolated, and the main steam-
line isolation valves, main steam-iine isolation bypass valves, power operated relief block
valves, and the main steam-line drain are closed to prevent excessive cooldown of the
reactor coolant systcm or overpressurization of the containment.

The two redundant train-oriente” steam-line isolation signals are initiated upon receipt
of any of the following signals:

Low steam-line pressure

High steam pressure negative rate
High containment pressure
Manual actuation

Low 3-Toold

e * * & @

The main steam-line isolation valves, main steam line isolation valve bypass valves, main
feedwater isolation valves, steam generator blowdown system isolation valves, and piping
are desigued to prevent uncontrolled blowdown from more than one steam generator.
The main steam-line isolation valves and main steas-line-feedwater isolation valve
bypass-valves close fully within § 46-seconds after steam-line-an isolation is initiated.
The blowdown rate is restricted by steam flow restrictors located within the steam
generator outlet steam nozzles in each blowdown path. For main steam-line breaks
upstream of an isolation valve, uncontrolled blowdown from more than one steam
generator is prevented by the main steam-line isolation valves on each main steam line.

Failure of any one of these components relied upon to prevent uncontrolled blowdown
of more than one steam generator does not permit a second steam generator blowdown
to occur. No single active component failure results in the failure of more than one main
steam isolation valve to operate. Redundant r.ain steam isolation signals, described in
Section 7.3, are fed to redundant parallel acr.ation vent valves to provide isolation valve
closure in the event of a single isolatior signal failure.

The effects on the reactor coolant system after a steam-line break resulting in single
steam generator blowdown and the oifsite radiation exposure after a steam line break
outside containment are discussed in Chapter 15. The containment pressure transient
following a main steam-line break inside containment is discussed in Section 6.2.

The containment isolation system is designed according to General Design Criterion 54.
Leakage detection capabilities and leakage detection test program are discussed in
Subsection 6.2.5. Valve operability tests are also discussed in Subsection 3.9.6.
Redundancy of valves and reliability of the isolation system are provided by the other
safety design bases stated in Section 6.2. Redundancy and reliability of the actuation
system are covered in Section 7.3.

The use of motor-operated valves that fail as-is upon loss of actuating power in lines
penetrating the containment is based upon the consideration of what valve position
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provides the plant safety. Furthermore, each of these valves, is provided with redundant
backup valves to prevent a single failure from disabling the isolation function. Examples
include: a check valve inside the containment and motor-operated valve outside the
containment or two motor-operated valves in series, each powered from a separate
engineered safety features division.

D. Lines that penetrate the containment and which are either part of the reactor coolant
pressure boundary, connect directly to the containment atmosphere, or do not meet the
requirements for a closed system, except instrument sensing lines, are provided with one
of the following valve arrangements conforming to the requirements of General Design
Criteria 55 and 56, as follows:

One locked-closed isolation valve inside and one locked-closed isolation valve
outside containment

. One automatic isolation valve inside and one locked-closed isolation valve outside
containment

. One locked-closed isolation valve inside and one automatic isolation valve outside
containment. (A simple check valve is not used as the automatic isolation valve
outside containment.)

. One automatic isolation valve inside and one automatic isoladon valve outside
containment. (A simple check valve is not used as the automatic isolation valve
outside containment)

Isolation valves outside containment are located as close to the containment as practical
Upon loss of actuating power, air-operated automatic isolation valves fail closed.

E. Each line penetrating the containment that is neither part of the reactor coolant pressure
boundary nor connected directly to the containment atmosphere, and that satisfies the
requirements of a closed system, has at least one containment isolation valve. This
containment isolation valve is either automatic, locked-closed, or capable of
remote-manual operation. The valve is outside the containment and located as close to
the containment as practical. A simple check valve is not used as the automatic isolation
valve. This design is in compliance with General Design Criterion 57

F. Instrument lines penetrating the containment are provided with isolation valves according
to General Design Criteria 55 and 56, and the containment pressure instrument lines are
designed according to Regulatory Guide 1.44141.

G. The comainment isolation system is designed according to seismic Category |
requirements as specified in Section 3.2. The components (and supporting structures)
of any system, equipment, or structure that are non-seismic Category 1 and whose
collapse could result in loss of a required function of the containment isolation system
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through ecither impact or resultant flooding are evaluated to confirm that they will not
collapse when subjected to seismic loading resulting from a safe shutdown earthquake.

Air-operated isolation valves fail in the closed position upon loss of air or power.
Containment isolation system valves required to be operated after a design basis accident
or safe shutdown earthquake are powered by the Class 1E dc electric power system.

6234 Tests and Inspections

Pre-operational testing is described in Chapter 14, The containment isolation system is
testable through the operational sequence that is postulated to take place following an
accident, including operation of applicable portions of the protection system and the transfer
between normal and standby power sources.

The piping and valves associated with the containment penetration are desigred and located
to permit pre-service and in-service inspection according to ASME Section X1, as discussed
in Sectiorxo.ﬁ.

g 1.94L QAJ
Each line penetrating the containment is provided with iesting features to allow containment
leak rate tests according to 10 CFR 50, Appendix J, as discussed in Subsection 6.2.5.

6235 Instrumentation and Control Application

Instrumentation and control necessary for containment isolation, and the sensors used to
determine that containment isolation 1s required, are described in Section 7.3.

Containment isolation will be initiated by any of the high containment pressure signals, low-3
Teold, low steam-line pressure, or low pressurizer pressure signal using two out of four logic.
Containment isolation can also be initiated manually from the main control room.
Containment isolation valves requiring isolation close automatically on a containment isolation

signal Lo o

Containment isolation valves that are N“M operators and are automatically
actuated may also be controlled individuall ntrol room. Also, in the case of certain

valves with actuators, a manual override of an automatic isolation signal is installed to permit
manual control of the associated valve. The override control function can be performed only
subseguent to resetting of the actuation signal. That is, deliberate manual action is required

to change the position of containment isolation valves in addition to resetting the original
actuation signal. Resetting of the actuator signal does not cause any valve to change position.

The design does not allow ganged reopening of the containment isolation valves. Reopening

of the isolation valves is performed on a valve-by-valve basis, or on a line-by-line basis.
Safety injection signals take precedence over manual overrides of other isolation signals. For
example, a safety injection signal causes isolation valve closure even though the high ,‘.m
containment signal is being overridden by the operator. Containment isolation v&v%@/
power operators are provided with open/closed indication, which 1s displayed in trol
room. The valve mechanism also provides a local mechanical indication of valve position.
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Power supplies and control functions necessary for containment isolation are Class 1E, as
described in Chapters 7 and 8.

6.24 Containment Hydrogen Control System

Following  loss of coolant accident (LOCA), hydrogen may be produced inside the reactor
containment by reaction of the zirconium fuel cladding with water, by radiolysis of water, by
corrosion of materials of construction, and by release of the hydrogen contained in the reactor
coolant system. The containment hyvdrogen control system is provided to limit the hydrogen
concentration in the containment so that containment integrity is not endangered.

Two situations are postulated, a design basis case and a severe accident case. In the design
basis case there is a limited reaction of less than one percent of fuel cladding zirconium with
water to form hydmgcn.w For this case there is an initial release of
hydrogen due to the reacti fuel cladding with water and the release of hydrogen
contained in the reactor coolant system. This initial hydrogen release to containment is not
sufficient to approach the flammability limit of four volume percent. However, hydrogen
continues to evolve to the containment due to radiolysis of water and the corrosion of
materials in the containment. The flammability limit is-will eventually be reached unless
corrective action is taken. The function of the containment hydrogen conirol system is to
prevent the hydrogen concentration from reaching the flammability limit.

In the severe accident case it is assumed that 100 percent of the fuel cladding reacts with
water.  Although hydrogen production due to radiolysis and corrosion occurs, the cladding
reaction with water dominates the production of hydrogen for this case. The hydrogen
generation from the zirconium-steam reaction could be sufficiently rapid that it may not be
possible to prevent the hydrogen concentration in the containment from exceeding the lower
flammability limit. The function of the containment hydrogen control system for this case is
to promote hydrogen burning soon after the lower flammability limit is reached anywhere-in
the containment. Initiation of hydrogen burning at the lower level of hydrogen flammability
prevents accidental hydrogen burn initiation at high hydrogen concentration levels and thus
provides confidence that containment integrity can be maintained during hydrogen burns and
that safety-related equipment can continue to operate during and after the burns.

The containment hydrogen control system consists of the following functions:

*  Hydrogen concentration monitoring

*  Hydrogen control during and following a design basis LOCA (provided by eleetrir”
mcombi:usfng; ) Pg*nh
'A-..wc M-ol’-‘\""x(.g

*  Hydrogen control during and following a degraded core » core melt (provided by
hydrogen igniters).
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6.24.1

6.24.1.1

6.24.1.2

Design Basis

Containment Mixing

COBta ISR SH RS die tFFaRped 1o Profmote HHXRE Vie Rotbfel cicalstonContainmen
structures are arranged (o promote mixing via natural circulation. The physical mechanisms
of natural circulation mixing that ocour in the APS00 are discussed in WCAP-14407
(Proprietary), WCAP-14408 (Nonproprietary) Reference 16, and summarized as jollows, For
a postulated break low in the coatainment, buoyamt flows develop theough the lower
compartments due to density head differences between the rising plume and the surrounding
mmmwdmmmmwmmu
perating deck. There is also a degree of mixing within the region above
.whichooandne éntrainment into the steam-rich phume as it rises from the operating
dad:opem Thus, natural forces will tend to mix in the containment.

Two general characteristics have been incorporated into the design of the AP600 to promote
deck region. All compartments below deck are provided with openings through the top of the

< 10 eliminate the potential for & dead pocket of high-hydrogen concentration. In
addition, if forced containment air-circulation is deemed appropriate during post-accident
recovery, then nonsafety-grade fan coolers are available for use by the operators.

in the event of a hydrogen release contaimment, passive autocatalytic recombiners
(PARs), act to recombine hydrogen afoxygen on a catalytic surface (see Section 6.2.4.2.2).
The enthalpy of reaction generates heat within a PAR, which dnves mixing by natural
circulation. Catalytic recombiners reduce hydrogen concentration at very low hydrogen
concentrations (<1 percent) and very high steam concentrations, and may also promote
convection to complement PCS natoral circulation currents to inhibit stratification of the
containment atmosphere (Reference 18) The implementation of PARSs has a favorable impact
on both containment mixing and hydrooen mitigation.

Survivability of System

The portion of the containment hydrogen control system required for the design basis LOCA
is designed to withstand the dynamic effects associated with postulated accidents, the
environment existing inside the containment following the postulated accident, and a safe
shutdown earthquake.

The containment hydrogen control equipment provided to mitigate severe accident conditions
is designed to function under the event environment including the effects of combustion of
hydrogen in containment.
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6.24.1.3  Single Failure Protection

The hydrogen monitoring function and the hydrogen recombination subsystem are designed
to accommodate a single failure. The hydrogen ignition system, since it is provided only to
address a low-probability severe accident, is w‘e:xxned to accommodate -6k
probable component and system failurg

S

6.24.1.4 Validity of Hydrogen Monitoring

The hydrogen monitoring function monitors diverse locations within the containment to detect
variations in hydrogen concentration.

6.24.1.5 Hydrogen Control for Design Basis Accident

The containment hydrogen concentration is prevented from exceeding four volume percent.
This limit eliminates the potential for flammable conditions from being reached.

6.2.4.1.6 Hydrogen Control for Severe Accident

The containment hydrogen concentration is prevented from exceeding 10 volume percent.
This limit, while allowing deflagration of hydrogen (burning of the hydrogen with flame front
propagation at subsonic velocity), prevents the occurrence of hydrogen detonation (burning
of hydrogen with supersonic flame front propagation).

6.24.2 System Design
6.2.4.2.1 Hydrogen Concentration Monitoring Subsystem

The hydrogen concentration monitoring subsystem is designed as Class 1E and seismic
Category 1. The subsystem consists of two independent trains. Each train consists of eight
hydrogen sensors in various locations throughout the containment free volume including the
upper dome and containinent compartments.

Each of the hydrogen sensors consists of a thermal conductivity detector and amplifier
powered by a Class 1E power source. Sensor parameters are provided in Table 6.2.4-1.
Hydrogen concentration is continuously indicated and recorded in the main control room.
Additionally, high hydrogen concentration alarms are annunciated in the main control room.

The hydrogen sensors are designed as Class 1E, seismic Category | instruments. Each sensor
consists of a thermal conductivity detector and amplifier. The detector includes a block with
appropriately arranged cavities and gas passages. Four electrical elements are mounted in the
cavites. Two elements are exposed to a sample atmosphere and the other two are exposed
to a hydrogen-free reference gas of constant composition. The atmosphere sample reaches the
thermal conductivity detector by diffusion through two porous metal barriers which act as
flame arrestors between the detector elements and the atmosphere. The sensors are designed
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to provide a rapid response detection of changes in the containment hydrogen concentration.
The response time of the sensor is 90 percent in 10 seconds.

The four elements are electrically connected to form a bridge circuit through which the current
is passed to heat the elements. The two elements exposed to the reference gas lose heat to
the block at a constant rate and consequently have a stable temperature. The two elements
exposed to the sample atmosphere dissipate heat at a rate that varies with the sample
composition. Consequently, the temperature varies with variations in the sample hydrogen
concentration. The element resistance changes with the temperature so that the bridge is
electrically unbalanced. This unbalance is exhibited as a voltage that is proportional to the
hydrogen concentration in the sample atmosphere.

6.24.2.2 Hydrogen Recombination Subsystem

The hydrogen recombination subsystem is designed to accommodate the relatively slow
hydrogen production rate anticipated for a design-basis LOCA. The hydrogen recombination
subsystem consists of two electric-recombiners-passive autocatalytic recombiners installed
inside the containment above the operating deck at elevation 162" approximately 13 feet
inboard from the containment sheil. The PARs are simpie and passive in nature without
mmmwam N ﬁxmmmmymmm

Normally, oxygen and hydrogen recombine by rapid buming only at elevated temperatures
(greater than about 600°C). However, in the presence of catalytic materials such as the
platinum group, this "catalytic burning" occurs even af temperatures below 0°C. Adsorption
of the oxygen and hydrogen moiecules occurs on the surface of the catalytic metal because |
of auractive forces of the atoms or molecules on the catalyst surface. PAR :
palladium or platinum as a catalyst to combine molecular Oxygen gases into
water vapor. The catalytic process can be summarized by the following steps (Reference 16):
1) diffusion of the reactants (oxygen and hydrogen) to the catalyst; 2) reaction of the catalyst
(chemisorption); 3) reaction of hitermediates to give the product (water vapor); 4) desorption
of the product; and 5) diffusion of the product away from the catalyst The reactants must
get to the catalyst before they can react and subsequently the product must move away from
the catalyst before more reactants will be able to react.

The PAR device consists of a stainless steel enclosure providing both the structure for the
device and support for the catalyst material. The enclosure is open on the bottom and top and
extends above the catalyst elevation to provide a chimney to yield additional lift to enhance
the efficiency and ventilation capability of the device. The catalyst material is either
constrained within screen cartridges or deposited on a substrate material and supported within
the enclosure. The spaces between the cariridges or plates serve as ventilation channels for
the throughflow. During operation, the air inside the recombiner is heated by the
recombination process, causing it to rise by natural convection, As it rises, replacement air
is drawn into the recombiner through the bottom of the PAR and heated by the exothermic
reaction, forming water vapor and exhausted through the chimney where the hot gases mix

Revision: 4 o \samev\06022 R04-070695




6. Engineered Safety Features

with containment atmosphere. The device is a molecolar diffusion filter faet-a-fixed-bed"
particle Sierr 350 thus the open flow channels are not susceptible to fouling.

PARs begin the recombination of hydrogen and oxygen alnost immediately upon exposure

to these gases. The recombination process occurs at room temperature duning the early period

of accidents prior to the buildup of flammable gas concentrations. PARs are effective over

a wide range of ambient temperatures, concentrations of reactants (rich and lean, oxygen/

hydrogen <1%) and steam inerting (steam concentrations >50%). Mm?amm dypree]
rate reaches peak efficienc within a shor, period of time, the rate Vg
concentration and contait ment pressure. Reference 17 provides e mm«.

mmhﬁhhﬂyﬁmﬂhﬁmﬁzﬂw

Concentration,”

Examinations have been performed to evaluate the effect of inhibitors and poisons potentially
present within containment post design basis accident (DBA) on the catalytic action
The results of the testing and studies demonstrate that inhibitors and poisons introduced
during DBAs will not significantly affect the recombination capacity of the PARs
(References 17, 18). Further, the hydrogen concentration following an accident with only one
of the two available PARs operating within contzinment demonsirates significant margin to
maintaining hydrogen concentrations below the recommendations of Regulatory Guide 1.7,
Control of Combustible Gas Concentrations in Containment Following a Loss-of-Coolant
Accident.

mmmmmmwummmrummmmun
but is expected to be representative of a number of vendor’s r

comainment hydrogen concentration presented in Figure 6.2. 4,4 mum
and analysis discussed is Section 6.2.4.3. The results demonstrate abundant margin for system
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The recombiners are safety-related equipment. They are seismic Category | and are qualified
for the post-LOCA environment. The recombiners reguire no power supply and are seif-
Mﬁyhumdumwum
Bt the o owet - ;

A summary of component data for the hydrogen recombiners is provided in Table 6.2.4-2.

6.2.4.2.3 Hydrogen Ignition Subsystem

The hydrogen ignition subsystem is provided to address the possibility of an event that results
in a rapid production of large amounts of hydrogen such that the containment hydrogen
concentration exceed flammability limits before the hydrogen recombiners can be brought into
use (and the rate of production exceeds the capacity of the recombiners even if they are
available). This massive hydrogen production is postulated to occur as the result of a
degraded core or core melt accident (severe accident scenario) in which up to 100 percent of
the zirconium fuel cladding reacts with steam to produce hydrogen
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6.24.2.4

6243
6.24.3.1

6.2.4.3.1.1

The hydrogen ignition subsystem consists of one train containing 58 hydrogen igniters
strategically distributed throughout the containment. Since the igniters are incorporated in the
design 10 address a jow-probability severe accident, the hydrogen ignition system is not
Class 1E.

The locations of the igniters are based on evaluation of hydrogen transport in the containment
and the hydrogen combustion characteristics. Locations include compartmented areas in the
containment and various locations throughout the free volume, including the upper dome.

For enclosed areas of the containment, at least two igniters are installed. The separation
between igniter locations is selected to prevent the velocity of a flame front initiated by one
igniter from becoming significant before being extinguished by a similar flame fromt
propagating from another igniter.

The igniter assembly is a glow plug design which is designed to maintain the glow plug
surface at 1700°F in the anticipated containment environment following a LOCA. A spray
shield is provided to protect the igniter from falling water drops (resulting from condensation
of steam on the containment shell and on nearby equipment and structures). Design
parameters for the igniters are provided in Table 6.2.4-3.

Containment Puarge

Containment purge is not part of the containment hydrogen control system. The purge
capability of the containment air filtration system (see Ssubsection 9.4.7) can be used to
provide containment venting prior to post-LOCA cleanup operations.

Design Evaluation (Design-Basis Accident)
Hydrogen Production and Accumulation
Following a LOCA, hydrogen may be added to the reactor containment atmosphere by
reactzon of the zirconium fuel cladding with water, by radiolysis of water, by corrosion of
materials of construction, and by reiease of the hydrogen contain. 4 in the reactor coolant
system. The assumptions used in calculating the hydrogen release to containment are listed
in Table 6.2.4-4.
Zirconium-Water Reaction
Zirconium fuel cladding reacts with steam according to the following equation:

Zt +2H,0 - ZO, + 2 H, + heat

There is 8.5 standard feet (SCF) of hydrogen produced for each pound of zirconium that
is reacted.
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6.243.1.2

The extent of the zirconium-water reaction is dependent on the effectiveness of the core
cooling. An evaluation of the AP600 design shows that there is no zirconium-water
reaction. The NRC model presented in Regulatory Guide 1.7 conservatively assumes that the
cladding oxidizes to a depth of 0.00023 inch. For the 0.0225 inch cladding thickness used
for AP600 fuel, this constitutes 1.09 percent of the zirconium. The hydrogen produced by the
reacion of zirconium is 3000 SCF. This hydrogen is assumed to be released to the
containment atmosphere at the beginning of the accident

Radiolysis of Water

Water radiolysis is a complex process involving reactions of numerous intermediates
However, the overall radiolytic process may be described by the equation

HO 2z H, + .i_ 0

Post-accident conditions in the containment create two distinct radiolytic environments, One
environment exists inside the reactor vessel where radiolysis occurs due to energy emitted by
decaying fission products in the fuel and absorbed by the cooling water. The second
environment exists outside the reactor vessel, in the post-accident cooiing solution itself
where radiolysis occurs due to the absorption of decay energy emitted by the fission products
retained in the solution. The two basic differences between the core environment and the
solution environment that affect the rate of hydrogen production are the fraction of energy
absorbed by she-basic-diflercaces-between the core environment-and-the-soluton-¢
<hat aflect the sate-of hydrogen-production are—thefraction-of-energr-absorbed-by the water

and the type of flow regime

The rate of hydrogen production from radiolysis depends on the rate of energy absorption by
the solution. Analysis of energy deposition in the reactor core where decaying fission
products are retained in the fuel shows that beta radiation constitutes roughly 50 percent of
the total decay energy. Since the beta radiation is absorbed by the fuel and the fuel clad, this
energy 18 not available to the solution to contribute to the radiolysis of water. Additionally
most of the gamma radiation energy is absorbed by the fuel, fuel cladding, and other
components; or it passes through the water without being absorbed. The solution in the
reactor vessel would absorb approximately seven percent of the gamma radiation energy
However, consistent with Regulatory Guide 1.7, it is assumed that 10 percent of the core
gamma energy is absorbed by the water

For the post-accident cooling solution, in which the fission products released from the core
are assumed to be dissolved, energy is emitted directly into the soiution. All of the beta
radiation is assumed to be absorbed by the water. Since the mass of water is relatively large
compared to the penetrating capability of gamma radiation, it is also assumed that 100 percent
of the gamma radiation energy is absorbed by the water
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The radiolytic decomposition of water is a reversible reaction. In the reactor vessel, where
the products of radiolysis are continuously flushed away by the circulation of cooling solution,
there is little chance for hydrogen and oxygen to accumulate. Consequently, recombination
of hydrogen and oxygen is assumed not to occur because significant quantities of the two
reactants are not available

The post-accident cooling solution in the sump, however, is a deep and relatively static
environment where the products of radiolysis are lost from solution primarily by molecular
diffusion. Tests simulating post-accident sump conditions demonstrate that there is significant
reverse reaction in the sump. Hence, there is an apparent reduction in the quantity of
hydrogen produced per unit energy absorbed by the water

The results of Westinghouse and Oak Ridge National Laboratory studies indicate maximum
hydrogen yields of 0.44 molecules per 100 eV for core radiolysis and (.3 molecules per
100 eV for solution radiolysis. The results of these studies are published in References 11,
12, and 13

The analysis performed for the AP600 assumes a hydrogen yield of 0.5 molecules per 100 eV
for both the core and the solution radiolysis cases. This value is conservative relative to the
referenced studies and is consistent with the guidance of Regulatory Guide 1.7

In a design basis LOCA there is expected to be no damage to the core and thus no release of
activity from the core to the sump solution. The source term used for determining radiolysis
production of hy Lhngm% conservatively

'. mmﬁmﬁﬁ‘ﬁ‘m U e frsston-produet-gap-inv "’M"f:’;‘“‘ .y
uhmr of Regulatory Guide 1.7 which states that

A_cﬁl of iodines, and ene-1 percent of other nuclides arc

mmw“wmw

¢ 15 inconsistent with the limited amount of fuel
cladding reaction that is determined to take place

v,
! The-sesult-of this change. from the source tern-identified-in-Regulatory-Gusde ?rmg-nﬂ" o
LL-ugssel-source-termr 1 increased-and-the- sump-solutton-seurce-termr isdecreasetd. Appendix

15A provides the core fission product inventory at shutdown

Table 6.2.44 contains a summary of the assumptions used in the analvsis of hydrogen
produced from radiolysis. Production of hydrogen as a function of time is shown graphically

in Figure 6.2 J{aml the accumulation of hydrogen is shown in Figure 6.2.4,27

-

6.2.4.3.1.3 Corrosion of Metals

In the environment that would exist inside the containment following a postulated LOCA
aluminum and zinc corrode to form hyvdrogen gas. Table 6.2.4-5 lists the inventory of
aluminum and zinc inside the containment
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6.243.14

6.24.3.2

6.243.3
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Aluminum corrosion may be described by the overall reaction:
2 Al +3HO -ALO, + 3 H,
About 21 4 SCF of hydrogen gas is produced for each pound of aluminum corroded.

The corrosion of zinc is described by the following reaction:
Zn + 2 HO —ZnlOH), + H,

About 5.9 SCF of hydrogen gas is produced for each pound of zinc corroded.

The comrosion rates for both aluminum and zinc are dependent on the post-accident
temperature and pH conditions that the materials are subjected to. Table 6.2 4-5 provides the
time-temperature cycle considered in the analysis of aluminum and zinc corrosion and also
the corrosion rates for the metals at these temperatures.

Z

Production of hydrogen as a function of time is shown graphically in Figure 6 2.4, and the
accumulation of hydrogen is shown in Figure 6.2 4,27
3

Initial Reactor Coolant Hydrogen Inventory

During normal operation of the plant, hydrogen is dissolved in the reactor coolant nd is also
contained in the pressurizer vapor space. Following a LOCA this hydrogen is assumed to be
immediately released to the containment atmosphere. Table 6.2 4-4 lists the assumptions used
for determining the amount of hydrogen from this source. The total hydrogen released to the
containment as a result of this source is 308 SCF

nT

Hydrogen Mixing

The AP600 is designed to prevent the accumulation of hydrogen in compartments. If there
is the possibility of accumulation in compartments, venting is provided to allow the hydrogen
10 escape 10 the larger containment volume. Mixing of the containment air mass is
accomplished through natural processes as a result of the passive cooling of the containment
that induces a recirculating air flow in the containment.

Hydrogen Recombination a%*

Assuming no hydrogen removal, the concentration of hydrogen i
increases with time as shown in Figure 6.2 4 'he
offomvolunrpa'ccmlsnmreadwdumﬂaﬁa '
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6.2.44

6.24.5

6.24.5.1

6.24.5.2

S | “"f/" of Mnr; or ’T'f¢’ are .gkcfcgan./fhmw/ﬁ.n «ch

rwombmels on containmeni hydrogen concentration. The hydrogen concentration 4

indicating ample margin in the hydrogen recombiner capacity. oy DS

Design Evaluation (Severe Accident)

Although a severe accident involving major core degradation or core melt is not within the
category of design basis accidents, the containment hydrogen control system contains design
features specifically to address this potential occurrence. The hydrogen monitoring subsystem
has sufficient range 10 monitor concentrations up to 20 percent hydrogen. The hydrogen
ignition subsystem is provided so that hydrogen is burmned off in a controlled manner,
preventing the possibility of deflagration with supersonic flame front propagation which would
result in large pressure spikes in the containment.

The hydrogen released to the containment due to initiai inventory of hydrogen in the coolant
would be the same as for the design basis case (see Sgubsection 6.2.4.3.1.4).

The hydrogen production due to corrosion of aluminum and zinc or 10 radiolysis of water is
not of concern for evaluating the containment hydrogen control system for the severe accident
since hydrogen production from these sources takes place at a relatively slow rate and over
a long period of time.

It is assumed that 100 percent of the iuel cladding zirconium reacts with steam. This reaction
may take several hours to complete. The igniters initiate hydrogen burns at concentrations
less than 10 percent by volume and prevent the containment hydrogen concentration from
exceeding this limit. The evaluation of hydrogen control by the igniters is presented in the
AP600 PRA.

Tests and Inspections

Hydrogen Monitoring Subsystem

Functional and preoperational testing is performed after installation and prior to plant startup
to verify performance. The system is normally in service. Periodic testing and calibration

are performed to provide ongoing confirmation that the hydrogen monitoring function can be
reliably performed.

Hydrogen Recombination Subsystem o
Functional and preoperational testing is performed Mm to plant startup
to verify performance. Periodic inspection and te sﬁng ormed to provide ongoing
confirmation that the hydrogen recombiners can et ‘_\,\,3

Each recombmet can be tested dunng md';r M demonstrate opetablhty 1‘9—*‘""‘

Swry;
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6.24.5.3

6.2.5.1

6.2.5.1.1

6.2.5.1.2

Hydrogen Ignition Subsystem

Functional and preoperational testing is performed after installation and prior to plant startup
to verify performance. Periodic inspection and testing are performed to provide ongoing
confirmation that the hydrogen igniters can be reliably operated.

Combined License Information

This scction has no reguirement to be provided in support of the Combined License
application.

Contaiament Leak Rate Test System

The reactor containment, containment penetrations and isolation barriers are designed to
permit periodic leak rate testing in accordance with General Design Criteria 52, 53, and 54.
The containment leak rate test system is designed to verify that leakage from the containment
remains within limits established in the technical specifications, Chapter 16,

Design Basis

Leak rate testing requireruents are defined by 10 CFR 50 Appendix J, "Primary Reactor
Containment Leakage Testing for Water Cooled Power Reactors,” which classifies leak tests
as Types A, B and C.

Safety Design Basis

The containment lcak rate test system serves no safety-related function other than containment
isolation, and therefore has no nuclear safety design basis except for containment isolation.
See Ssubsection 6.2.3 for the containment isolation system.

Power Generation Design Basis

The containment leak rate test system is designed to verify the leaktightness of the reactor
containment. The specified maximum allowable containment leak rate is 0.12 weight percent
of the containment air mass per day at the calculated peak accident pressure, Py, identified in
Ssubsection 6.2.187 The system is specifically designed to perform the following tests in
accordance with“the provisions of ANSI-56.8 (Reference 14):

*  Containment integrated leak rate testing (Type A): The containment is pressurized with
clean, dry air to a pressure of P;. Measurements of containment pressure, dry bulb
temperature and dew point temperature are used to determine the decrease in the mass
of air in the containment over time, and thus establish the leak rate

*  Local leak rate testing of containment penetrations whose design incorporates features
such as resilient seals, gaskets, and expansion bellows (Type B): The leakage limiting
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boundary is pressurized with air or nitrogen to a pressure of P, and the pressure decay
or the leak flow rate is measured

Local leak rate testing of containment isolation valves (Type C): The piping test volume
is pressurized with air or nitrogen to a pressure of P, and pressure decay or the ieak flow
rate is measured. For valves sealed with a fluid such as water, the test volume is
pressurized with the seal fluid to a pressure of not less than 1.1 P,

The containment leak rate test system piping is also designed for use during performance of
the containment structural integrity test. The instrumentation used for the structural integrity
test may be different than that used for the integrated leak rate test

Codes and Standards

The comainment leak rate test system is designed to conform to the applicable codes and
standards listed in Section 3.2. Except as described in Table 6.2.5-1, the containment leak
testing program satisfies Appendix J requirements

System Description
General Description

The containment leak rate test system is illustrated on Figure 6.2.5-1. Unless otherwise
indicated on the figure, piping and instrumentation is permanently installed. Fixed test
connections used for Type C testing of piping penetrations are not shown on Figure 6.2.5-1
These connections are not part of the containment leak rate test system and are shown on the
applicable system piping and instrument diagram figure

Air compressor assemblies used for Type A testing are temporarily installed in the yard area
near the Annex [ building, and are connected to the permanent system piping. The number
and capacity of the compressors is sufficient to pressurize the containment with air 10 a
pressure of Py at a2 maximum containment pressurization rate of about five psi/hour. The
compressor assemblies include additional equipment, such as air coolers, moisture separators
and air dryers to reduce the moisture content of the air entering containment

Temperature and humidity sensors are permanently installed inside containment for Type A
testing. Data acquisition hardware and instrumentation are permanently installed outside
containment, in the auxiliary building. Instrumentation which is not required during plant
operation for gross leak rate testing may be installed temporarily for the Type A tests

The system is designed to permit depressurization of the containment at a maximum rate of
10 psi/hour

Portable leak rate test panels are used to perform Type C containment isolation valve leak
testing using air or nitrogen. The panels are also used for Type B testing of penetrations, for
which there is no permanently installed test equipment. The panels include pressure
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regulators, filiers, pressure gauges and flow instrumentation, as required to perform specific
tests.

System Operation
Containment Integrated Leak Rate Test (Type A)

An integrated leak rate test of the primary reactor containment is performed prior to initial
plant operation, and periodically thereafter, to confirm that the total leakage from the
containment docs not exceed the maximum allowabie leak rate. The allowable leak rate
specified in th est criteria is less than the maximum allowable containment leak rate, in
accordance will Appendix J.

Following construction of the comtainment and satisfactory completion of the structural
integrity test, described in Ssubsection 3.8.2.7, a preoperational Type A test is performed as
described in Chapter 14. Additional Type A tests are conducted during the plant life, at
intervals in accordance with the technical specifications, Chapter 16.

*  Pretest Requirements

Prior to performing an integrated leak rate test, a number of pretest requirements must be
satisfied as described in this subsection

A general inspection of the accessible interior and exterior surfaces of the primary
containment structure and components is performed tc uncover any evidence of stuctural
deterioration that could affect either the containment structural integrity or leaktightness 1If
there is evidence of structural deterioration, corrective action is taken prior to performing the
Type A test. The structural detenioration and corrective action are reported in accordance with
10 CFR 50, Appendix J. Except as described above, during the period between the initiation
of the containment inspection and the performance of the Type A test, no repairs or
adjustments are made so that the containment can be tested in as close to the "as-is" condition
as practical.

Containment isolatior, valves are placed in their post-accident positions, identified in
Table 6.2 3-1, unless such positioning is impractical or unsafe. Test exceptions 10 post-
accident valve positioning are identified in Table 6.2.3-1 or are discussed in the test report.
Closure of containment isolation valves is accomplished by normal operation and with no
preliminary exercising or adjustments (such as tightening of a valve by manual handwheel
after closure by the power actuator). Valve closure malfunctions or valve leakage that
requires corrective action before the test is reported in conjunction with the Type A test
report.

Those portions of fluid systems that are part of the reactor coolant pressure boundary and are
open directly to the containment atmosphere under post-accident conditions and become an
extension of the boundary of the containment, are opened or vented to the containment
atmosphere prior to and during the test
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Portions of systems inside containment that penetrate containment and could rupture as a
result of a LOCA are vented to the containment atmosphere and drained of water to the extent
necessary to provide exposure of the containment isolation valves to comtainment air test
pressure and (o a''ow them 10 be subjected to the full differential test pressure, except that:

*  Systems that are required to maintain the plant in a safe condition during the Type A test
remain operable and are not vented.

*  Systems that are normally filled with water and operating under post-accident conditions
are not vented.

Systems which are not required to be vented and drained for Type A testing are identified in
Table 6.2.3-1. The leak rates for the containment isolation valves in these systems, measured
by Type C testing, are reported in the Type A test report.

Tanks inside the containment are vented to the containment atmosphere as necessary to protect
them from the effects of external test pressure and/or to preclude leakage which could affect
the accuracy of the test results. Similarly, instrumentation and other components that could
be adversely affected by the test pressure are vented or removed from containment.

The containment atmospheric conditions are allowed to stabilize for a period of at least four
hours prior to the start of the Type A test. The containment ventilation and cooling water
systems are operated as necessary prior to, and during, the test t0 maintain stable test
conditions.

*  Test Method

The Type A test is conducted in accordance with ANSI-56.8, using the absolute method. The
test duration is at least eight hours following the stabilization period. Periodic measuren cnts
of containment pressure, dry bulb temperatures and dew point temperatures (water \ apor
pressure) are used to determine the decrease in the mass of air in the containment over tne.
A standard statistical analysis of the data is conducted using a linear least-squarcs-fit
regression analysis to calculate the leak rate and the upper 95 percent confidence limit.

The accuracy of the Type A test results is then verified by a supplemental test The
supplemental verification test is performed using either the superimposed leak method or the
mass step change method, as described in ANSI-56.8.

Test criteria for the Type A test and the supplemental verification test are given in the
technical specifications. If any Type A test fails to meet the criteria, the test schedule for
subsequent tests is adjusted in accordance with 10 CFR 50, Appendix J .

During the period between the completion of one Type A test and the initiation of the
containment inspection for the subsequent Type A test, repairs or adjustments are made to
components identified as exceeding individual leakage limits, as soon as practical after such
leakage is identified.
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Containment Penetration Leak Rate Tests (Type B)

The following containment penetrations receive preoperational and periodic Type B leak rate
tests in accordance with ANSI-56.8:

*  Prnctzations whose design incorporates resilient seals, gaskets or sealant compounds
*  Air locks and associated door seals

*  Equipment and access hatches and associated seals

¢  Electrical penetrations

Containment penetrations subject to Type B tests are illustrated in Figure 6.2.5-1.

The fuel transfer tube penetration is sealed with a blind flange inside containment. The
flanged joint is fitted with testable seals as shown in Figure 3.8.24. The two expansion
bellows used on the fuel transfer tube penetration are not part of the leakage-limiting boundary
of the containment.

The personnel hatches (airlocks) are designed to be tested by internal pressurization. The
doors of the personnel hatches have testable seals as shown in Figure 3.8.2-3. Mechanical and
electrical penetrations on the personnel hatches are also equipped with testable seals. The
hatch cover flanges for the main equipment and maintenance hatches have testable seals as
shown in Figure 3.8.2-2. Containment electrical penetrations have testable seals as shown in

Figure 3.8.2-6.

Type B leak tests are performed by local pressurization using the test connections shown on
Figure 6.2.5-1. Unless otherwise noted in Table 6.2.3-1, the test pressure is not less than the
calculated containment peak accident pressure, Py, Either the pressure decay or the flowmeter
test method is used. These test methods and the test criteria are presented below for Type C
tests.

Containment Isolation Valve Leak Rate Tests (Type C)

Containment isolation valves receive preoperational and periodic Type C leak rate tests in
accordance with ANSI-56.8. A list of containment isolation valves subject to Type C tests
is provided in Table 6.2.3-1. Containment isolation valve arrangement and test connections
provided for Type C testing, are illustrated on the applicable system piping and instrument
diagram figure.

Type C leak tests are performed by local pressurization. Each valve to be tested is closed by
normal means without any preliminary exercising or adjustments. Piping is drained and
vented as needed and a test volume is established that, when pressurized, will produce a
differential pressure across the valve. Table 6.2.3-1 identifies the direction in which the

differential pressure is applied.
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6.25.2.3

Isolation valves whose seats may be exposed to the containment armosphere subsequent to a
LOCA are tested with air or nitrogen at a pressure not less than P,. Valves in lines which
are designed to be, or remain, filled with a liquid for at least 30 days subsequent to a LOCA
are leak rate tested with that liquid at a pressure not less than 1.1 times P,. Isolation valves
tested with liquid are identified in Table 6.2.3-1.

Isolation valves are tested using either the pressure docay or flowmeter method. For the
pressure decay method the test volume is pressurized with air or nitrogen. The rate of decay
of pressure in the known volume is monitored to calculate the leak rate. For the flowmeter
method pressure is maintained in the test volume by supplying air or nitrogen through a
calibrated flowmeter. The measured makeup flow rate is the isolation valve leak rate.

The leak rates of penetrations and valves subject to Type B and C testing are combined in
accordance with Appendix J. As each Type B or C test, or group of tests, is completed the
combined total leak rate is revised to reflect the latest results. Thus, a reliable summary of
comtainment leaktightness is maintained current. Leak rate limits and the criteria for the
combined leakage results are described in the technical specifications.

Scheduling and Reporting of Periodic Tests

Schedules for the performance of periodic Type A, B, and C leak rate tests are in accordance
with the technical specifications, Chapter 16. Provisions for reporting test results are
described in the technical specifications.

Type B and C tests may be conducted at any time that plant conditions permit, provided that

the time between tests for any individual penetration or valve does not exceed the maximum
allowable interval specified in the technical specifications, Chapter 16.

Special Testing Requirements

AP600 does not have a subatmospheric containment or a secondary containment. There are
no containment isolation valves which rely on a fluid seal system. Thus, there are no special

testing requirements.

Component Description

The system pressurization equipment is temporarily installed for Type A testing. In addition
10 one or more compressors, this hardware includes components such as aftercooiers, moisture

separators, filters and air dryers. Although the hardware characteristics may vary from test
1o test, the pressurization equipment must meet the requirements of Table 6.2.5-2.

The flow control valve in the pressurization line is a leaktight ball valve capable of throttling
to a low flow rate.
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/ 6. Engineered Safety Features

6.25.24 Instrumentation Applications

For Type A iesting, instruments are provided to measure containment absolute pressure, dry
bulb temperature, dew point temperature, air flow rate, and atmospheric pressure. Data
acquisition equipment scans, processes and records data from the individual sensors. For
Type B and C testing, instrwmnents are provided to measure pressure, dry bulb temperature,
and flow rate.

The quantity and location of Type A instrumentation and permanently installed Type B

instrumentation, is indicated on Figure 6.2.5-1. The type, make and range of test instruments
may vary from test to test. The instrument accuracy must meet the criteria of Reference 14.

6.2.53 Safety Evaluation

The containment leak rate test system has no safety related function, other than containment
isolation and therefore requires no nuclear safety evaluation, other than containment isolation
which is described in Ssubsection 6 2.3,
6254 Inservice Inspection/Inservice Testing
There are no special inspection or testing requirements for the containment leak rate test
system. Test equipment is inspected and instruments are calibrated prior to testing in
accordance with ANSI-56.8 criteria and the requirements of the test procedure.
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Table 6.2.1.1-21

SUMMARY OF CALCULATED PRESSURES AND TEMPERATURES

Pesk Peak?®
Pressure  Available!  Temperature
Break (psig) Margin (psi) (°F)

Double-ended hot leg guillotine An 6806 “444 353.4338.6
Double-ended cold leg guillotme 35.541.0 5540 WALE29

1.388 12, full DER, 102% power, 44,2405 3845 320.3328.1
MSIV failure

1.388 ft2, full DER, 30% power, 44,4436 3614 30543202
MSIV failare

1. Design Pressure 1s 45 psig
3 Local oy
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Table 6.2.1.1-2

COVERAGE FRACTION VS, TIME FOR AP600
Time Dome Dome Dome Cylinder Cylinder Cylinder Cylinder

(hr) Top  Middie Bottom Top Mid-Top  Mid-Bottom  Bottom
0.183 0% 40% 98% 61% 31% 14% 6%
2167 0% 40% 100% 85% 52% 28% 16%
5.167 40% 40% 100% 100% 84% 57% 40%
5.667 40% 40% 85% 48% 35% 23% 16%
9.167 40% 40% 87% 53% 40% 29% 21%

1517 40% 40% 88% 56% 45% 34% 26%
21.17 40% 40% 87% 66% 45% 35% 28%
26.17 40% 40% 78% 46% 8% 30% 4%
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Table 6.2.1.1-43

INITIAL CONDITIONS

el e S e e S R 120
L L R B . A e o R P A e e S LT DR [ 15.7
Relative HUMAEY (B) . . . ... .ot it it e et e et e e et o
T L st R g e e G U LRI S e e i 1.7 E+06
Extemnal Temperatare (“F) . .. ... .. ..o e ieieeieiee. .. 115 dry buld

80 wet bulb
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¢
Table 6.2.1.14 (Sheet 1 of 10)
/y/

HEAT SINK PROPERTIES

Metallic Heat Sink  Exposed Area
Description Number n?) Thickness (1) Material

Reactor Cavity

Contanment Sump Pamps 18.84 0.083
RCDT 1761453 0.083
RCDT Heat Exchange 45.24547 35 0.083
HVAC Fans (2) 9362.06 0.002
Platform El 83°-0 246360.8 0.00756
Platform El 107'-2 ) 1500 .6 0.00756

Stairs El 83’0 t0 107'-2 ’ 275.5 G410 011

Landing @ El 928,97 46.-403-4 3453258 3 0.0075¢
HVAC Duct #2104.0 0.0087

Accumulator Cavity Southeast

Accumulator (01A) 767.7 0.166
Platform El 96-698"40 ! 8423042 0041000756

Stars El 96-698'0 w0 107°-2 124-6104.5¢4 GO0 071

Accumulstor Cavity Northeast
767.7 0.166 3 (T

Accumulator (01B

Platform El 96-698° 0 ¥48.413360.4 0.00756 - WABCZE

Sturs El. 066980 v 1072 134610454 00430011 - G+ EBNON
E

Steam Generator Room East
SG Lower Manway Platform (El 40473097 18832.472240.1 GAO0IS60.0225

SG Tubesheet Platform (El 113'-9) 1710.27 000756
Operating Deck Platform (El. 135°.3) 14484416785 0.0075¢

Stairs EL 104'.7 to 113'g : 104.54 0.011
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Table 62.1.1 (Sheet 2 of 10)
HEAT SINK PROPERTIES
Metallic Hesat Sink  Exposed Ares
Description Number n?) Thickness () Material  Palot
Steam Generstor Room West
SG Sopport Column EL 8370 10 1057 172 2 18139 01 cs CZE
SG Upper Suppart a 28103 0405 cs CZE
S$G Lower Manway Platform (El 104'-7) 022 18834722401 00075600225 Ccs 14+ BCZYE
SO Tubesheet Platform (El. 113°-9) 2123 1710.27 0.00756 cs 12BCTE
Operating Deck Platform (El 435:-3132'40) SR2A 43184116785 0.00756 cs A BCZE
Stairs From El 435-3 4-148-0104"-7 10 112’9 3325 15505104.54 4130011 Ccs G+BNONE
8G Support Colums 26 18139 013 cs CZE
SG Upper Support 2 261.03 0.405 cs CZE
CMT And CVS Room
Letdown Heat Exchanger 2428 623719712 +250.75 csss 125
NONE
(Nal:ud Bed & Cation DeminesalDemineralize 2529 3320848086 04878075 Ss NONE
Reactor Coolant Filters (2) 2630 P55114.67 04875075 ss NONE
Support Steel 2931 1449.32 0036300325 cs WABCZE
5" Vertical Shield Plate 2832 1252.95 4470 405 cs 1+BCZE
12 Vertical Shield Plate 933 992.87 GR440.07 cs HABCZE
371" Vertical Shield Plate 3034 292.88 0.25 Cs 14+BCZE
1" Horizontal Floor Plate 4438 241 GA430.07 cs 14+ BCTE
3" Horizontal Floar Plate 4336 2,794 025 Cs W+ BCZE
Sump Pamps (2) 4337 2827 0.083 ss NONE
Platform EL 88' 02 & El 95' 210 4438 1328.4 0.00756 cs Z+BCZE
HVAC Ducts (2) 4434 505.5 0.0087 cs GBNONE
Core Make-up Tunks (02A) & (02B) 45400 184718468 046660405 cs W BCTE
Primary Conteinment Vessel 041 11063.75 0445416013 Cs HAHCZE
Columns (137) 3742 31180 000400325 cs 12+ BCZE
Floor Framing Beneath El 135°-3 3843 273AREVSE3I B 00734008 cs ABCZE
Elevator Stair Tower Rt 8377243692 001001632 cs e WCZE
o wsameva\06020 R04-070695  Revisiorn: 4
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Table 6.2.!.1)3 (Sheet 3 of 10)

HEAT SINK PROPERTIES
Metallic Heat Sink  Exposed Ares
Description Number n2) Thickness (t) Material  Paint
Muirenance Hatch 44 3218 64730 145 cs 12+BOTE
Platform El 1186 4046  J0074.52250R5 00230012 cs Z+BCZF
Stairway From El 1072 w 1353 4447 32015 0130011 CS  G+EBNONE
Rail Handle Above Reactor Access ERet) 43.04 GALA860.011 cs G+BNONE

Refueling Canal

Lower Internal Stand 4549 3869 0.042 Ss NONE
Upper lutemal Stand 4650 546.9 0.042 s NONE
Upender 4751 79 481 0.3666 ss NONE
Refueling Canal Gate 4852 2016 GOS830 042 S NONE
Platform El. 130°-3 53 27983 0.00756 cs
IRWST Room

Metallic Wall & Stiffencrs avsa 7050.96 GOSRA0 042 SS NONE
R R R R e

st

Danih et Agnain KoomUpper East Steam

Generwtor Compartines!

Brrcipe Botar & v S0 poeey G408 (&3 ¥4
Jib Crane 5455 WUiAANN03.67 632440405 cs 14+BCTE
Feedwater Nozzle Platform (El. 149'-7) $356 384027280645  0.00756 cs L BCTE
Upper Manway Platform (El. 162'-1) 5357 4027280645 0.00756 Ccs HABCTE
Fablit Crase S8 77.39 0.405 cs CZ¥
Upper West Steam Generator Compartinent

Kibht Crane 59 103.67 0405 cs CZE
Feadwater Nowzie Platform E1. 1497 ot 2806 45 0.00756 cs CczZe
Upper Maowey Platform El 162'-1 61 2806.45 0.00756 cs CZE
Fibihib Crane 62 39 0405 cs CZE
Integrated Head Stand (1 side) 63 915 0021 s NONE
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Table ul.yémaa 10

HEAT SINK PROPERTIES
Metallic Hest Stak  Exposed
Description Number  Area(f?)  Thickness (0) Material  Paint
Refueling Machine (| side) 64 742.2 0.07 cs CZE
Platform Bl 147'-3 65 4577 0.00756 cs CZE
Refoeling Machine (1 sude) 6o 8198 0.07 cs CZE
Staies BL 135'3 t0 Bl 1480 67 2907 0011 cs NONE
Landings Steirs Bl 140"3/16, BL. 142°.5, 68 1476 0.00756 cs CZE
BL 144’9716
Platforms wt Bl 149°-7 o9 1200 000756 cs CZE
Platforms «t El. 155°-10 70 54.61 000756 cs czZE
Platforms ut Kl 1606 7 1748.2 0.00756 cs czE
Piatforms at Bl 162'-1 n $4.61 0.00756 cs CZE
Plstforns at Bi. 169'0 7 1748.2 0.00756 cs CZE
Stairs from EL 148'0 to Bl 162'-1 and ] 39995 001) cs NONE
from Bl 14% 0 10 Bl 169" 0
Landings ot . 149°.7, 7 262.2 0.00756 cs CZE
BL 154'-4 516, Bl. 1653 5116
North Mid (uadrant
Elevator Support Structare 7% 198 39 0.01632 cs CZ¥
Elevator Sapport Structare bl 34232 001632 cs CZE
taternal Stiffener ] 356,675 0.07 cs CZE
Platform w EL 16.162'-1 79 987 000756 cs CZE
Elevator Stair Tower 80 241.18 0.01632 cs CZE
Platfory: st Kl 1780 3 902 0.00756 cs CZE
HVAC Ring Duct 82 7888 0.0087 cs NONF
Crane Girdes 83 494.9 013 cs CZE
West Mid Quadrant
Integratad Head Stand (1 side) L] 916 0021 cs NONE
Platform o Bl 1473 85 4s7.7 0.00756 cs CZE
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Metallic
Description

5

Table 6.2.1.1

HEAT SINK PROPERTIES

(Sheet 5 of 10)

M) Thickness (ft) Material

Stairs at BL 135" to Bl 1473
Hydogen Recambiner
Contuinwest Recirulation Unit
Intermal Stiffener
Platforms wt Bl 149°.7
Walkway Bl 1621
Platiomms st El. 162'-1
Containment Recirculution Uni(
HVAC Ring Duct

Crane (Girder

aeaasganean

South Mid Quadrant
Internal Stifiener
Wilkway Hl. 162'1
HVAC Ring Mt
Crane Garder

B3 [pEEfiissgs

g88aan

013

Kast Mid Quadrant

Hydvogen Recombiner
Coutaiment Beczrentstion Unit
Iotemal Stiffener
Plattorms at Bl 1497
Walkway El 1621
Platforms at B 162°-)
Conmiument Recirculation Uit
HVAC Ring Duct

Crave Cardos

§E88§88z28 |s=xsx a:aazsn:s:ig

sfoseesss [pfes Biemssagpiff

2888828288

013
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@

Table 6.2.1.1/(5!!60( 6 of 10)
HEAT SINK PROPERTIES

Metallic Hest Sink  Exposed
Description Number  Area ("?)  Thickness () Material  Paint
North Outer Quadrant

Plstform ot Bl 1353 109 183.3 0.00756 cs CZE
Internal Stiffener 110 4021 0.007 cs CZE
Platform w BL 162'-1 11 8245 000756 Cs CZE
HVAC Riag Duct 112 788.8 0.00%7 cs CZE
Piatfonn at EL 1780 113 246 0.00756 cs CZE
Crane Girder 114 1101.1 013 cs CZE
West Outer Quadrant

Platforn - Condensate Return Grating 1s 824.35 000756 cs CZE
imemal Saffene: 116 402.1 007 cs CZE
Platform &t Bl 162’1 117 824.5 0.00756 cs CZE
HVAC Ring Duct 118 T8R.8 00087 cs NONE
Craue Girder 119 11011 0.13 cs CZE
South Duter Quadrant

Platfomn - Condensate Return Grating 120 2747 000756 Ccs CZE
Interual Stiffener 121 402 007 cs CZE
Platform st EL 162'-1 122 8245 0.00756 cs czZE
HVAC Ring Duct 123 888 0.0087 cs NONE
Crane Girder 124 1101.1 013 cs CZE
Enst Outer Quadrant

Main Equipment Hatch (1 side) 128 307.6 0.25 cs CZE
Intemal Stiffener 126 402.1 007 cs CZE
Platfora ot Bl 162'-1 127 824.5 0.00756 cs CZE
Main Equipment Hawb (1 side) 128 307.6 022 cs
HV AC' Ring Duct 129 7888 20087 cs NONE
Crane Girder 130 11011 043 cs CZE
Polar Crane Bndge and Motor Trolley 131 1996.0 0.145 (3 CZE

6.2-67
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7

Table 6.2.1.188 (Sheet 7 of 10)
HEAT SINK PROPERTIES

Metallic Hest Sink  Exposed
Description Number  Area ("?)  Thickness () Materisl  Paint
North Inner Quadrant

Polar Crane Bridge and Motor Trolley 132 1996.0 0.145 cs CZE
Foisr Crane Bridge and Meter Trolley 133 1996.0 0145 cs CZE
Polar Crane Bradge and Motor Trolley i34 1996.0 0.145 Cs CZE
Air Baffle/Contnment Gup

Stairs; Bl. 242'6 w 256’4 142 157.662 0011 cs NONE
Landings: BL 246'4 t Bl 253'8 143 738 0.00756 cs CZE
Platforms; E2. 241°-0 144 52070 0.00756 cs CZE
Al Baffie/Shield Building Gap

Platforn Support Structure Boams sud Hangers 151 1204.8 0.01632 cs cz
Platform at Bl 239°0 152 6955.65 0.00756 cs CzZE
Plattorm Suppart 153 1454.14 0.01632 cs
Lower Chimuey

Support Columns 154 27751 0.0225 cs czZE
Stmirs 155 11024 0012 cs NONE
Platform at BI. 2610 156 142,106 0.00756 cs CZE
Top Chinmney

Top Chimney af E). 298" 157 78925 0.00756 cs CZE
v uire Vit oae S 20454 G007 (S Wk
T L S T ] 85 14548 [EeR] [ Covb

e R N R e i +425 SR (=9 Cosd
bandings- @B 455 40-& 4425 57 984 000756 cs 2
North-Somi-Anunbus Soors

Brdge Bolar Grane 58 33444 04308 cs V]
Hvhnpiobe Mowh M S PRty (1% S [T
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Table 6.2.1.1;( (Sheet 8 of 10)

HEAT SINK PROPERTIES

Paint

Thickness (ft) Material

Metallic
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11§41

7 8§ 8 33 3
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Table 6.2.1.148 (Sheet 9 of 10)
HEAT SINK PROPERTIES
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Table 6.2.1.148 (Sheet 10 of 10)

HEAT SINK PROPERTIES
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. 6. Engincered Safety Features

7~
4

Notes to Table 621,165

1. Two types of matenials will be used for metallic structures:
A. Carbon Sweel (CS)
B. Stanless Steel (S5)

2. Three coatings are used on metallic structures:
A. Epoxy (E)

B, inorpame-Zine(b2)Carbo Zimc (CZ)
C. Hot Dip Galvanizing 4G

When inesgame-Camo Zinc and Epoxy are used togethes, the inorganie-Carbo Zinc is apphied as a pruner wen the
Epoxy is applied as a topcoat. In addition, muscellancous carbon steel items such as stairs, gratings, ladders, railings,
conduit, ducting and cable trays are hot dip galvanized. In contamment analysis, the galvanized structures will be

teated as Carbon steel wath 4 Huanic Ll PRS- hd -8 bRy 1opcost

3. Thickness of paint:
A. Epoxy: 4-8 Mils

B inospane Zane—3.5-4.5 Carbo Zimc: 2.546 Mils

Revision: 4 o \ssaresa06025 R04-070695
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6. Engineered Safety Features

Table 6.2.1.1;!%31»: 1 of 38)

CONCRETE HEAT SINKS
Exposed

Concrete Struct. Surface Area Thick  Liner PlateLiner Plate Paint Paint

Surface Number  (ft?) ) Interior  Exterior Interior  Exterior
REACTOR CAVITY
WALL 1 (2 sides) 1 219.50 4abd (0 CS cs Z+BCZE  12+BCZE
WALL 2 (2 sides) 2 693.00 6894 00 cs cs WABCTE BT
WALL 3 (2 sides) 3 218.28 4.00 o | cs LBCIE  H+BCZ
ROOF 1 (1 side) 4 385.43 183200 CS $8CS  IZ+BCZE  NONE
WALL 4 (1 side) 5 164.50 4.00 cs S508  +BCZE  NONE
WALL 5 (1 side) 6 661.50 4.00 cs Cs WBCZE  HBCL
WALL 6 (1 side) 7 488.35 6464.00 Cs cs WABCZE N2
WALL 7 (1 side) . 488.35 6.464.00 cs cs BCTE B2
WALL 8 (1 side) B 214.50 2502.00 cs cs HABCIE  BBCTE
BULKRG 10 2429 00 e 82400 CS — NONE  BCZE  —NONE
WALLSV (1 side) 11 245 46 4.90 CSSS S8CS  IZ+-ENONE NONBECZ
ROOF3 (1 side) 12 718.50 200 cs NONE 2+ BCT E
BULKACW i3 2118.55 +3-534.00 Cs —NONE  BCZE  —NONE
Eust Accumulato  avity
WALLSBY (1 side) 14 375.10 4.504 00 Cs NONE W BCZ
ROOF4 (1 side) 15 993.00 200 cs NONE 1282
BULKACE 16 2816 80 12534.00 cs —NONE I2+BCZE —NONE
EAS T St
Generastor Roam
WALL 1 (1 side) 17 5134451973 2.50200 cs cs Z-BCTE  WZ+BCTE
WALL 2 (1 side) 18 47294 2-502.00 cs cs ABCIE  12BCTE
WALL 3 (1 side) 19 19656019777 250200 cs cs WABCIE  WBCIE
WALL 4 § (1 side) 20 HA06BRTSE 16 250400  CSSS cs LBNONE 1807
BULKSGS a2 Q074394144 1352400 NONBCS  — NONE E -~ NONE

o\wsameva6020 R04-070695  Revision: 4
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6. Engineered Safety Features

v
Table 62.l.bﬂ/(Sbeu 2 of 34)
CONCRETE HEAT SINKS
Exposed
Concrete Struct.  Surface Area Thick  Liner PlateLiner Plate Paint Paint
Surface Number  (2) (ft) lnterior  Exterior Interior  Exterior
WALL 1 (1 wide) #32 707.33 50200 cs cs WABCZE  WABCZE
WALL 2 (1 wide) 3423 1633.501626.37  2.502.00 cs ss 12 BCZ NONE
WALL 3 (1 side) a8 H604T5B.46 400400  CBES SSCS  H+EBNONE NONBCZ
M ALA 4k e “* 1aki A 50 cs cs ek [FasY
BULKSGN 3725 H045.631986.6  12.524.00 Ccs —NONE  1Z+BCZE - NONE
CMT & CVS ROOM
ROOF 1 (1 side) 2826 567.00 50200 cs NONE  Z+BCZE E
WALL 1 (1 side) F 1721.28 502,00 cs ss 12802 NONE
WALL 2 (1 side) 28 1630.00 4.00 G888 58CS  LA+ENONE  NONECZ
ROOF 2 (1 side) 34129 2422.44533.4 200 cs NONE wez E
ROOF 2 ( side) 4230 79050247278 200 cs NONE ez €
ROOF 4 (1 1 de) 3331 2463-22865.62 2.00 cs NONE 0z E
ROOF £ (1 sia™) 3432 44840631 92 200 cs NONE wee E
ROOF 6 (1 side) 4533 157.32 200 cs cs ABCZ 0T
WALL 3 (1 side) <63k 262.50 250200 cs cs WABCZE  WBCZE
ROOF 711 (2 sides) 4739 346.46 200 Ccs Ccs W H+BCE
BULKCMT 4840 5161.52 1253400 NONE  —NONE E ——NONE
REFUELING ROOM
INTCON (2 sides) Avdi 776.37 +432.00 SS - NONE NONE —NONE
WALL22V (1 side) a4z 1032.00 400 ss ss NONE NONE
WALL23V (1 side) 443 67399 4.00 ss cs NONE B2
BULERR 444 1539.00 4254400 SS ——NONE NONE ---NONE

Revision: 4 o \sarreva\06026 R04-070695
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6. Engineered Safety Features

Concrete Struct.
Surface Number

Ve

Table 6.2.1 ly(sum 3 of 34)

CONCRETE HEAT SINKS

Exposed
Surface Area
n2)

Thick
(fv)

Liner Plateliner Plate Paint
Exterior Interior

Interior

Paint

IRWST ROOM
ROOF6 (1 side)
ROOF7 (1 sade)

BULKR

569 T8
84040780 6
3585.20

2.00
200

u S84 00

LOWER-CHIMNEY
FLAXOIK -4

ROOM

Kl Bodh 4

AdE BARRbb & M CONT s
WAL S
[ 4

UPPER EAST 56 COMPARTMENT
WALLY (1 side) 54
WALL2 (1 side) s5
WALLS (1 sidhe) 56
WALLA (1 side) §7
WALLS (1 side) 58

UPPER WEST SG COMPAKTMENT
WALLI {1 side) 59
WALL2 (1 sude) 60
WALLS (1 de) 61
WALLA (1 side) 62
WALLS (1 side) 63
WALL1 (2 mdes) 64

22828228

4

@
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. 6. Engineered Safety Features

w

Table 6.2.1.134” (Sheet 34 of 34)

CONCRETE HEAT SINKS
Exposed
Concrete Struct. Surface Area Thick Liner Plate Liner Plate Paint Paint
Surface Number  (ft2) ) Interior  Exterior  Interior Exterior
65 1281375 20 cs cs CZE CZE
65 10050 20 cs cs CZE CZE
WALLI (2 sides) 67 491.66 20 58 88 NONE NONE
AIR BAFFLE & SHIELD
ROOF} {1 side) 75 §227.65 30  CONCRETE
LOWER CHIMNEY
WALLI (2 sides) 76 13357.184 30 CONCRETE
FLOORT (2 sides) bl 2:02.65 20  CONCRETE
ROOM1 (2 sides) 7% 12720 20 CONCRETE
FLOOR1 (2 sides) 79 235458 26  CONCRETE
Notes:

1. Steel liner plates are either
A. Carbon Steel (CS)
B. Stmnless Steel (SS)

2. Paint on liner plates and concrete surfuces is either:
A Epoxy (E)
B inesgamieCarboe Zinc (32CZ)

When lnorgameCatbo Zinc and Epoxy are used together, the lnesgameCarbo Zinc 15 apphed as & pnimer
then the Epoxy 15 applied as s topcoat.

3. Thicknsss of punt is:
A Umoxy: 4-8 Mils
B leos, wieCwrbo Zinc: 3.5—4.52.5.6 Mils
4.  Floors at Elevations 107'-2 and 135°-3 have not steel liner plate

5. Steel liner plates are assumed to be 1/2 inch thick in all places.

Revision: 4 o \sareva06025 R04.070695
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6. Engineered Safety Features
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Taidte 6.2'1.1;‘( (Sheet 1 of 4)

CONTAINMENT SAELL AND BAFFLE
METAL PROPERTIES

Metallic* Heat Sink Exposed
Description Number Area (ft)) (fr) Material Paint

STACK #1

PCS @ 2405 1-a-1 (1 sige)l 395.63 0.13542 Cs cz
Baffle @ 2405 151 (1 side)2 1284.00 0.00706 Cs Ccz
PCS @ 224.75 1-8-2 (1 side)3 64434 0.13542 Cs cz
Baffie @ 224.75 1b-2 (1 side)d 595.10 0.00706 Ccs cz
PCS @ 209 1-a-3 (1 side)s 1653.63 0.13542 cs cz
Baffie @ 209’ 103 (1 sidero 1804.57 0.00706 CS cz
PCS @ 1895 1-a-4 (1 side)? 980.29 0.13542 Ccs Ccz
Baffle @ 189.5 1-b-4 (1 side)s 997.00 0.00706 CS cz
PCS @ 170 1-a-5 (1 side)y 809 .80 0.13542 CS Ccz
Baffle @ 170’ 1-0-5 (1 side)io 82361 0.00706 Cs Ccz
PCS @ 148’ i-a-6 () side)d) 639.32 0.13542 CS cz
Baftle @ 148’ 1-b6 (1 side)2 650.22 0.00706 Cs cz
PCS @ 13525 1-a-7 (1 sideM3 511.45 0.13542 cS Ccz
Baffle ¥ 135.25" 1-b-7 (1 sidepid 520.18 0.00706 cs cz
STACK #2

PCS @ 240.5° 2-a-1 (1 side)ds 395.63 0.13542 CS Ccz
Baffle @ 240.5' 2-b-1 (1 side}o 1284.00 0.00706 CS cz
PCS @ 22475 2-a-2 (1 sidep? 644.34 0.13542 CS Ccz
Baffle @ 224.75° 2-b-2 (1 side}i8 595.10 0.00706 Cs cz
PCS @ 209 Za-3 (1 side}y 1653.63 0.13542 CS Ccz
Baffle @ 200’ 2-b-3 (1 side)20 1804.57 0.00706 CS Ccz
PCS @ 1895 2-a4 (1 side)2i 980.29 0.13542 CS 2
Baffle @ 189.5" 2-b4 (1 side)22 997.00 0.00706 CS Ccz
PCS @ 1 Za5 (1 sde)23 809.80 0.13542 CS Cz
Baffle @ 170 2b-5 (1 side)24 823.61 0.00706 cs Ccz
PCS @ 148 2-4-6 (1 side)as 639.32 0.13542 CS cz
Baffle @ 148’ 206 (1 sidejsb 650.22 0.00706 Cs cz
PCS @ 13525 2-a7 (1 sidey2? 51145 0.13542 (& cz
Baffle @ 13525 2b-7 (1 side)2s 520.18 0.00706 CS CZ

o \ssareva060n R04-070695  Revision: 4
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6. Engineered Safety Features

A

Tabie 6.2.1.1,9 (Sheet 2 of 4)

CONTAINMENT SHELL AND BAFFLE

METAL PROPERTIES
Metallic* Heat Sink Exposed Thickness
Description Number Area (ft)) (f) Material Paint
STACK #3
PCS @ 240.5° 3-a-1 (1 side)29 395.63 0.13542 CS cz
Batfle @ 240.5' 3b-1 (1 sid4)30 1284.00 0.00706 (&) Ccz
PCS @ 22475 3-a-2 (1 side)3} 644 34 0.13542 CS cz
Baffie @ 22475 3-b-2 {1 side)32 595.10 0.00706 CS cz
PCS @ 209 3-a-3 (1 side)3s 1653.63 0.13542 Cs cz
Baffle @ 209" 3b-3 (1 side)34 1804.57 0.00706 Ccs cz
PCS @ 1895 3-a-4 {1 side)3s 980.29 0.13542 CS Ccz
Baifle @ 189.5" 364 (1 side)d6 997.00 0.00706 () cz
PCS @ 190 3-a-5 (1 side)3? 809 .80 0.13542 cs cz
Baffle @ 170 3-b-5 (1 side)3s 823.61 0.00706 CcS cz
PCS @ 148’ 3-a-6 (1 side)3y 639.32 0.13542 CS Ccz
Baffle @ 148’ 36 (1 side)d 650.22 0.00706 () cz
PCS @ 13528 347 (1 side)di 51145 0.13542 CS Ccz
Baffle @ 13525 3b-7 (1 side)d2 520.18 0.00706 cs cz
STACK #4
PCS @ 240.5° 4-a-1 (1 side)s3 395.63 0.13542 Cs Ccz
Baffle @ 240.5" 4-b-1 (1 side)dd 1284.00 0.00706 () Ccz
PCS @ 22475 4-a-2 (1 side)ds 644.34 0.13542 CS cz
Batfle @ 22475 4-b-2 (1 side)do 595.10 0.00706 CS czZ
PCS @ 209 443 (1 side)d? 1653.63 0.13542 CS Ccz
Baffle @ 200 4-b-3 (1 side)ds 1804.57 0.00706 CS cz
PCS @ 1895 4-a-4 (1 side)do 980.29 0.13542 CS Ccz
Baffie @ 189.5" 4-b-4 (] side)so 997.00 0.00706 CS cz
PCS @ 120 4-a-5 (1 side)Sd 809 80 0.13542 cS cz
Baffle @ 170’ 4-b-5 (1 side)S2 82361 0.00706 (& Ccz
PCS @ 148 4-a-6 (1 side)sd 639.32 0.13542 CS cz
Baffie @ 148’ 4-b-6 (1 side)s4 650.22 0.00706 CS Ccz
PCS @ 13525 4-0-7 (1 side)ss 51145 0.13542 CS cz
Balfle @ 13525’ 407 (1 side)sé 520.18 0.00706 cs cz
Revision: 4 o weareva06020 R04.070695
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A
Table 6.2.1.156 (Sheet 3 of 4)
CONTAINMENT SHELL AND BAFFLE

METAL PROPERTIES
Metallic* Heat Sink Exposed Thickness
Description Number Area (ft’) (fv) Material Paint

STACK #5

PCS @ 2405 S-a-1 {1 side)s7 593.44 0.13542 Cs cz
Baffle @ 240.5 §b-1 (1 side)ss 1926.00 0.00706 Cs cz
PCS @ 22475 5a-2 (1 side)so 966.50 0.13542 Cs cz
Baffle @ 224.75 52 (1 sude)or 892.66 0.00706 Cs cz
PCS @ 209 5-a-3 (1 sido)oi 466.41 0.13542 cs cz
Reffle @ 209 S-b-3 (1 side)es 508.98 0.00706 Cs Ccz
PCS @ 1895 5-a-4 (1 side)e3 1150.77 0.13542 (&) cz
Baffle @ 189.5 5-b-4 (1 side)6d 1170.40 0.00706 Cs Ccz
rCS @ 170 S-a-5 (1 sideyes 132126 0.13542 Cs cz
Baffle @ 170 5-b-5 (1 side)o6 1343.79 0.00706 Cs Ccz
PCS @ 148’ 5-a6 (1 side)e? 1491.74 0.13542 CS cz
Batfle @ 148° 5-b6 (1 side)os 1517.18 0.00706 CS cz
PCS @ 13525 5-a-7 (1 side)od 1619.61 0.13542 s cz
Baffle @ 135.25' SH7(1side0 164722 0.00706 cs cz
STACK #6

PCS @ 2405 6-8-1 (1 side)74 593.44 0.13542 Cs cz
Batfle @ 240.5° 6-b-1 (1 side)72 1926.00 0.00706 Cs cz
PCS @ 22475 6-a-2 (1 side)73 966.50 0.13542 Cs cz
Baffle @ 22475 6-b-2 (1 side)74 892.66 0.00706 Cs cz
PCS @ 209 6-a-3 (1 side)7s 46641 0.13542 CS Ccz
Baflle @ 200 6-b-3 (1 side)r6 508.98 0.00706 Cs cz
PCS @ 1895 6-a-4 (1 side)77 1150.77 0.13542 Cs cz
Baffle @ 159.5" 6-b-4 (1 side)78 1170.40 0.00706 CS cz
PCS @ 1790 6-a-5 (1 side)79 1321.26 0.13542 Cs cz
Baffic @ 170 6-b-5 (1 side)80 1343.79 0.00706 Cs cz
PCS @ 148 6-a-6 (1 side)81 1491.74 0.13542 CS cz
Baffie @ 148’ 6-b-6 (1 side)s2 1517.18 0.00706 Cs cz
PCS @ 13528 607 (1 side)83 1619.61 0.13542 Cs Ccz
Baffle @ 13525 6-b-7 (1 side)s4 1647.22 0.00706 CS cz
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Table 6.2.1.15€ (Sheet 4 of 4)

CONTAINMENT SHELL AND BAFFLE

METAL PROPERTIES

Metallic* Heat Sink Exposed Thickness

Description Number Area (ft) () Material Paint
STACK #7
PCS @ 2405 T-a-1 (1 side)ss 593 44 0.13542 CS cz
Baffle @ 240.5° 74-1 (1 side)se 1926.00 0.00706 CS cz
PCS @ 224.75 T2 (1 side)s? 966.50 0.13542 cs Ccz
Baffie @ 22475 Tb-2 (1 side)8s 892.66 0.00706 Cs cz
PCS € 200 7-a-3 (1 side)so 466,41 0.13542 Cs Ccz
Bafile @ 209’ 7-b-3 (1 side)o0 508 98 0.00706 CS cz
PCS @ 185 T-a4 (1 side)si 1150.77 0.13542 cs cz
Baffle @ 1. 9.5 7-b-4 (1 sidey2 1170.40 0.00706 CS cz
PCS @ 190 7-a-5 (1 side)y3 132126 0.13542 CS Ccz
Buffie @ 170’ 7-b-5 (1 side)4 1343.79 0.00706 s cz
PCS @ 148 726 (1 side)ys 1491.74 0.13542 CS cz
Baffie @ 148 706 (1 sideo 1517.18 0.00706 CS (o4
PCS @ 13525 T-a7 (1 sde)? 1619.61 0.13542 cs [}
Baifie @ 13525 707 (3 side)os 1647.22 0.00706 cs cz
STACK #8
PCS @ 2405 8-a-1 (1 side)oo 593.44 0.13542 Cs cz
Baftle @ 240.5 $-b-1 (1 side)10 1926.00 0.00706 Cs cz
PCS @ 22478 8-a-2 (1 side)iol 966.50 0.13542 CS cz
Baffie @ 22475 852 (1 side)io2 892.66 0.00706 CS Ccz
PCS @ 209 8.a-3 (1 sideyiod 46641 0.13542 CS cz
Baffie @ 209 §-b-3 (1 side} o4 508.98 0.00706 cs CE
PCS @ 1895 8-a-4 (1 side)bos 1150.77 0.13542 (8 cz
Baffie @ 189.5 8-b-4 (1 sade)ioe 1170.40 0.00706 cs Cz
PCS @ 120 B-a-5 (1 side)io? 1321.26 0.13542 CS cz
Bafflc @ 170 B-b-5 (1 side)io8 1343.79 0.00706 Cs Ccz
PCS @ 148 806 (1 side) 100 1491.74 0.13542 CS cz
Baffle @ 148’ 8-b-6 (1 side}1 10 1517.18 0.00706 CS cz
PCS @ 13525 §-a-7 (1 side) 1647.22 0.13542 CS cz
Baffie @ 1352% 8-b-7 (1 sideyl32 1728 41 0.00706 CS (w4
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Table 6.2.1.1.48 (Sheet 1 of 3)

SHIELD BUILDING
CONCRETE HEAT SINK PROPERTIES

Exposed Liner Liner
Concrete Struct. Surface Thick  Plate Plate Paint Paint
Surface Number Area (ft') (ft)  Interior Exterior Interior  Exterior
STACK #1
Shisld @ 2405  1c1 (1 side)d 12840 3 CONCRETE
Shiold @ 22475 lc2 (1 mde)d 116218 3 CONCRETE
Shicld @ 200° 103 (1side)3  1895.% 3 CONCRETE
Shicld @ 189.5" 104 (lside)d 104615 3 CONCRETE
Shicld @ 170" 10501 side)s 86421 3 CONCRETE
Shicld @ 148° 16 (1 side)e 68227 3 CONCRETE
Shiold @ 13525 107 (1 side)7 54582 3 CONCRETE
STACK 92
Shield @ 240.5" 2¢1 (1 side)8 12840 3 CONCRETE
Shield @ 224.75" 202 (1 side)d 1162 1% 3 CONCRETE
Shicld @ 209° 2.3 (1 side}o 189506 3 CONCRETE
Shicld @ 189.5' 204 (1 side)ld 104615 3 CONCRETE
Shield @ 170° 205 (1 side)ia 86421 3 CONCRETE
Shicld @ 148" 206 (1 side3  682.27 3 CONCRETE
Shid @ 13525' 27 (1 g4 4582 3 CONCRETE
STACK #3
Shield @ 2405° 301 (1 sideps 12840 3 CONCRETE
Shield @ 22475 302 (1 side}e 116218 3 CONCRETE
Shield @ 209° 3.3 (1 side)? 189506 3 CONCRETE
Shicld @ 1895 34 (1 sidepds8 104615 3 CONCRETE
Shisld @ 170 3.0-5 (1 sidedo 86421 3 CONCRETE
Shield @ 148° 3.0 (1 side)20 68227 3 CONCRETE
Shield @ 135.25" 3-¢7 (1 side)2d 54582 3 CONCRETE
o'esamevd\06020 R4 170695 Revision: 4
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Table 6.2.1.14# (Sheet 2 of 3)

SHIELD BUILDING
CONCRETE HEAT SINK PROPERTIES

Liner  Liner

Concrete Struct. sEm Thick  Plate Plate Paint Paint
Surface Number Area (ft') ()  Interior Exterior Interior  Exterior
STACK #4
Shicld @ 2405°  4-¢-1 (1 side)22 1284.0 3 CONCRETE
Shield @ 224775" 4¢2 (1 sidei23 116218 3 CONCRETE
Shield @ 209° 4¢3 (1 side)24 189506 3 CONCRETE
Shigld @ 189.5" 404 (1 sided2s 104615 3 CONCRETE
Shicld @ 1707 4-¢-5 (1 side)a6 864.21 3 CONCRETE
Shicld @ 148° 406 (1 sidej27 682.27 3 CONCRETE
i 4-¢-7 (1 sidejos 545 82 3 CONCRETE
Shicid @ 240.5°  S-c-1 (1 side)as 1926.0 3 CONCRETE
Shield @ 224.75" 52 (1 side)30 174326 3 CONCRETE
Shield @ 209’ 543 (1 side)34 534.51 3 CONCRETE
Shield @ 1895° S-c4 (1 sided32 122808 3 CONCRETE
Shield @ 1707 S5 (lsde)33 141002 3 CONCRETE
Shield @ 148"  Sc6(1side)34 159196 3 CONCRETE
Shield @ 135.25° S-o-7(1side)3s 172841 3 CONCRETE
STACK #6
Shield @ 240.5°  6-¢-1 (1 side)3e 1926.0 3 CONCRETE
Shield @ 224.75° 602 (1 side)37 174326 3 CONCRETE
Shield @ 209" 603 (1 side)38 534.51 3 CONCRETE
Shield @ 189.5° 6-¢4 (1 side)3v 1228.08 3 CONCRETE
Shield @ 170 605 (1 side)dd0 141002 3 CONCRETE
Shicld @ 148° 606 (1 side)dl 159196 3 CONCRETE
Shicld @ 13525 607 (1 side)d2 172841 3 CONCRETE
Revision: 4 o wsreva 06020 R04-070695
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©

Table 6.2.1.1494 (Sheet 3 of 3)

SHIELD BUILDING
CONCRETE HEAT SINK PROPERTIES

Exposed Liner  Liner
Concrete Struct. Surface Plate Plate Paint Paint
Surface Number Area (IY) (ft)  Interior Exterior Interior  Exterior
STACK #7
Shicld @ 2405°  7-¢-1 (1 side)d3 1926.0 3 CONCRETE
Shield @ 22475' 7Tc2(1 side)dd 174326 3 CONCRETE
Suicld @ 2090 7-¢-3 (1 side)ds 534.50 3 CONCRETE
Sticld @ 1895 7.04 (1 side)de 1228.08 3 CONCRETE
Shield @ 170" 705 (1 sidedd7 141002 3 CONCRETE
Shield @ 148"  7.¢6 (1 side)d8 159196 3 CONCRETE
Shicld @ 13525 707 (1 side)do 172841 3 CONCRETE
STACK #8
Shield @ 2405°  8.c-1 (1 side)50 1926.0 3 CONCRETE
Shield @ 22475 8-0-2 (1 side)S3 174326 3 CONCRETE
Shield @ 209°  8-¢-3 (1 side)S2 534.50 3 CONCRETE
Shield @ 189.5° 804 (1 side)53 122808 3 CONCRETE
Shield @ 170 8-¢-5 (1 side)S4 1410.02 3 CONCRETE
Shicld @ 148" 806 (1 side)SS 159196 3 CONCRETE
Shield @ 13525 8-c-7 (1 side)56 158969 3 CONCRETE
o'msarevd06020 R04-070695  Revision: 4
6.2-83 June 30, 1995



. 6. Engineered Safety Features

A
Tabie 6.2.1.1-57

PHYSICAL PROPERTIES OF PASSIVE HEAT SINKS

Thermal

Conductivity § Heat Wet

Material (Ibm/ft?)  (Btwhr-ft-°F) tu/Ibm-°F) Eaxnis.

Epoxy 105 0.1875 0.35 0.81 0.95

Carbon Steel 490.7 30 0.107 0.81 095

Concrete 140. 0.83 0.19 0.81 0.95

Stainless Steel 501. 94 0.12 0.81 095

inosgameCarbo Zimc 207.5 1.21 0.15 081 095
Oxidized Cocko 2, 2075 0302 0.15 o.Bl oAy

Revision: 4 o \earev06020 R04.070695
June 30, 1995 6.2-84 @ Wasmghwsa



6. Engineered Safety Features .

.0

Table 611.1?(

CONTAINMENT SHELL
TEMPERATURE PROFILES FOR COLD LEG BREAK

[Westinghouse Proprietary)
[Provided under separate cover)

o \mameva\06020 RO&-070695  Revision: 4
@ Westinghouse 6.2-85 June 30, 1995



6. Engineered Safety Features

Tabie 6.2.1.3/ (Sheet 1 of 3)

\

Hyde. D
Length Flow A Bqui. L A/A
SA4T08-01 22000802 TA220E+00 31920400 S.3150B+0, 1.5640E.00 42600801
5.4460L-01 2.20008-02 6.6890E400 31920E+00 S3150B+01 1.A950E+00 42600601
$.1290E-01 2.2000E-02 815908400 3BBO0E+00 3.22158+01 LHASOB+00 5.0000E-01
$.1360E-01 2.2000E-02 E.1530B400 5.10T3E+00 5 7590E+ 01 2.7300B+00 50000801
5.1630E-01 2.2000E-02 8.126DE4+00 4.BISOB00 5.3950E+01 2.7090B+00 5.0000E-01
§.1630E-01 2.20008-02 B.1260B+00 4.8350B+00 5.3950E+01 2.7090B+00 5.0000E-01
5.1360E-01 2.2000E-02 8.3 530E+00 5. 10T3E+00 5.7590E+01 273008400 5.00008-01
3. 130E-01 2200002 i (208E+01 3.92008+00 3.3060E+01 3. 75408400 5.0000E-01
5369001 2.2000E402 #5561+ 00 4.8090H+00 5.0445E+01 2.65608+00 4.26208-01
S5.0000ED! 2.2000802 931208400 4.9700E+00 5.5735B+01 3.0780E400 50000801
50000801 2.2000802 531208+ 4 9700E.+00 5.57356401 3 0780E+00 S 000GEC
$.369G8-01 2.20008-02 855608400 4 B000EA00 S.0445B+01 2ES60E+00 42620801
1.1412E+00 2.20008-02 6.5374E+00 S 23V6E+00 364795401 63750E+00 70670801
113428400 2.2000E-02 66923E+00 69942400 716885401 6.3750B+00 71060801
1LI833B+00 22000802 6.7260B+00 6.1880E+00 6.8308E+01 6.3750E+00 6.1280E-01
Li833E+00 2.20008-02 ET26DB+00 6.1880E+00 6.8308E+01 637508400 6.1280B-01
11342B+00 2.2000E-02 669238400 699428400 7.1688E+01 6.3750E+00 7.1060E-01
D000E 00 2.2000E-(2 7 0000E+00 107908401 1499TE+02 700008400 1.O000EA00
1.32008+00 2.2000E42 23665801 1.3430E+01 2D460E+02 236658401 1.O00GE +00
4.1400E-01 2.20008 92 L115GE«G1 1.6000E+01 40000502 1.0270E+01 1L.O0DOEA00
o\esares4\06020.R04-070695  Revision: 4
6.2-9% June 30, 1995



6. Engineered Safety Features

l
Table 6.2.1}{(%0& 20f 3)

FLOW FATH DATA, HOOP FLOW FOR HOT LEG BREAK

Hydr. D
Length Flow A Equi L
K-Factor Enertial o) ) (sq. f1.)

1Y790E400 1.1090E +01 1790KE+01 149978+02 3.7900E+00
4.9380E-01 1.2814B+01 7543684400 LB032ZE+02 3.1736E+80
51760891 1.11998+01 720008400 2A3T0E+2 3 4905E+00
79770601 258798410 1.1152E+00 58391E+00 201188400 1. OO0OE+H0
85900801 : 2.14K0E +00 5.4220801 3 A600E +00 20010E+00 10000 + 00
797TGE-01 25879840 L115ZBH0 5.8391E+00 2.01188+00 1.0000E+00
5.65508.0] 81013800 1 8143E+00 9.7682E+00 7 .5290E+00 10740601
5.6630E-01 8.09318+00 1.7337E+00 6.5121E+00 7.5260E+00 1.0590B01
5.65508-01 8.1013E+00 1 B143E4+00 9. 7682E+00 7 5290E+00 1.0746E-M
5 6550E-0] 8.10138+00 1.81438+00 9 T682E+00 7 52908400 1.0740E-01
5.6630E-01 8.0931E«00 1.7357E+00 6.5121B+00 7 5260 +00 1.0590E-01
5.6550E-01 8.1013B+00 1.8143E+00 G T682E+00 7.5290B+00 1. 0740E-01
9. 7500801 2.1509E+00 1.2830B+00 5.8351B+00 2 DO0TE+DO0
9 BSO0E-01 ' 2.0890E400 5 A220E-01 3 AGORE+00 2.0000E+0
§. 7500801 2. 1509E+00 1.2830E+00 5.8391E+00
DOGHE+00 i DOCOE+00 1.O00O0E+0 1.O00O0OE+0
S 5970E+00 9 47708-01 2. 7686E+00
20150E+00 2.80008+00 4 SORTEA00
2.01508+00 2.5000B+00 4.9087TE+00
2.0ISOE+00 2.S000E+0 4 90BTE+O0 1.0006E + 00
201508400 2.5000E +00 4 908TEA+00 1.0000E+00
4.6650E +00 4 BOODE+D0 3.6000E +61 5. 7700802

Rl'ViSiOllI 4 o \esnrrevd\06020 RO4-070695
ne 30, 1995 \
Ju @/ Westinghouse




6. Engineered Safety Features

\

Table 62.1.272’(m 3af 3)

FLOW PATH DATA, HOOP FLOW FOR HOT LEG BREAK

Hydr. D
Length Flow A Bgui. 1
K-Factor F-Factor Inertial M) ) (sq. 1)

1 45808+00 2.2000E .02 4 H650E+00 4 RODUE +00 3 H000E+61 4 DO00E+00
8. 8000801 2.2000802 7.8533B+00 2.71068+00 149168401 750338+00
9.19708-01 2.20008.02 T T3ISSE+00 2.5289E+00 9 9463E+00 7.5014E+00
£ BO9OE 01 22000842 7.8533E+00 2.7106E+00 1 A916E4+01 7.50338400
K.BOSOR.-0] 22000802 7 8533E+00 2. T106E+%) 1.4916E+01 7.5033E+00
9. 1970E-01 220008402 7.7355B+0 252898 +00 994638400 75014E+00
8.8000E-01 22000802 7 RS33E+00 2. T106E+00 1 49198401 7.5033E+00
1.2570E+00 2.2000E-02 4.24008+00 4.1680E +00 2.5365E4+01 1.29008+00
3 00008 02 2.2000E.-02 7 1300E+00 1.22708401 1 64648402 6 O280E+00
2 9300E-01 2.20008-402 5. 99S0E +00 637408 +00 6 8000E+01 2.5630B+00
t ASOOEAO0 2.2000E-02 4.54408+00 10000401 1.0000E +02 4 0000E+00
LOVOE+00 L0O0E +00 D000E+00 £ O0O0E +60 1.OO00E+0 D000E+00
1.O790E+00 2.20008.-02 7 B460E+00 9 4400E+00 345608402
4. 2800801 2.20008-02 1.1120E+01 8.2300E +00 1 6670E+02
1 A340E+0C 2. 2000802 3 5450B+00 1 3400E+00 1.6840E+01

1 OOGOE 400 2.2000€-02 6.1875E+00 L.3700E+60 8.33508+01
200008 +00 2.2000802 3.24008+00 1.3700B+00 8.3350B+01

BOOOE +00 22000802 1.3041E+01 5. 47408400 3 A680E+01
2A360E +00 1.51798+01 5.76708+00 4.1332E+01

DO0OE +00 DOUOE +00 1 .0000E+00 1.0000E+00
1.S000E +00 6.S000E +00 5. 7000E-02 9 3380E+01
1. S000E+00 S.1900E-01 8.8800E-01 3.9960E +0
1.7590E+00 144208 +01 4 S080E +00 3.1069E+01

o wsamevd\06020 RO4-070695  Revision: 4

@ Westinghouse 6298 T6 June 30, 1995




6. Engineered Safety Features
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6. Engineered Safety Features
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6. Engineered Safety Features

-
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15
16
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18
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A/

Table 6.2.1.3/4 (Sheet 1 of 4)

K-Factor
1 49RGE01
220008 02
OO0GK+00
3.7800F 02
2.20008-02

6.8100F-02
1.06608-01
1.3952E+00
1.71308-01
1.0660E-01

3.7750E-01

27060801
3.77508-01

Hydr. D
| enpth
Lnertial m
625B1B400 175358401
136326401 101268401
0000EA00 1 GO0E 400
Q.0000E400 175358401
136328401 101266401
700006400 7 B606E+00
155568401 5. 7860E400
S640E400 417068400
110008401 7.8606E+00
155566401 5.7860B+00
6793184 129086401
15S56E401  B.2534E400
O000B400 100008400
110008401 1.2908E401
1.55S6E+01  B.2534BA00
6.33336400  B9074E+00
14S00E401 638128400
0000B+00 1 DOO0E00
12000801 100628401
145008401 638126400
11090401 107908401

DOO0E+D0 DOOOE+00  00DOE+00  1.0000E+00

Flow A
)

3.1650E+02
20683E+02
1.0000F +00
3.16508+02
20683E+02
9.30308+01
5.6183E+01
18580E+61
9 3030E+01
5.6183E+01
19311E«02
1.059ZB+02
1 0000E+00
1.9311B+02
1.0592E+02
9.1444E+01
5 6854E+01
1.O000E+00
L1104E+02
5.6854E 401
149976402
1.0000F +00

Equi L
isg. 1)

473928 +00
1.3051E401
O00GE +00

9.0000E+00
1.3051E+01
5.67296+00
1.4936E 401
2.54198+00
1.1000E+01
149368401
5 2768E +00
1.4856B+01
OO00E+00

1.1006B+01
1.4856E+01

1.4500B+01

1.2000E+01

1.4500E+01
3.7900E+00

AA

L]
1 0000E +00
100008 +00
O000E+00
10000 +00
1 QXK. +00
1.0000F+00
76240801
1.5310E-01
7.6890E-01
7.62408-01
1.0000E +00

6.7290E01

9 5630801

Revision: 4 o \wsarevi06025 R04-070695
June 30, 1995
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6. Engineered Safety Features

n/

Table 6.2.1.28 (Sheet 2 of 4)

Hydsr. D
Length Flow A Equi L AIA
Element  K-Factor F-Factor inertiel ) M) (wg- 1) )
2 13400E-01 22000802 193008401  1LO9OE+D1  14997E+02  14381E401 73300801
24 OO0OE+C ) O000E+00  O000E+00  1.0000B+00  1.000GE+00  .000UE+D0 OOOOE +00
2 DO0DE+D ) D000E+00  O0DOE+0C  1.O0OOE+DO  1.0000E+00  0000E+00 {O00CE+00
2% 26110E+00 22000802  S3720E+00 417068400 185808401  2.7800B+00  2.5600E-02
27 DOOOF+00 O000E+00  00OGE+00  1.0000E+00  1.0000E+00  0000E+00 000K~ 06
% 9S470E-01 22000802 21070E+00 S4220B01 346008400 200008400  1.0000E+00
2 D000 +0 0000E+00  0000E+00  1.0000E+00  1.0000E+00  .0D00E+00 O00OEA00
30 3. 6990E01 22000802  1AQ00E+01  61747B+00  39098E+01  14000E+01 59240801
31 2.5000E-01 22000802  6.9988B+00 59448400  36650E+01  SOS28E«00  1.0000E+00
32 36990E-0i  22000E-02 1 ACOCE+0]  6.1747E+00  39098B+01  1.4000B+01  59240E-01
33 2.S000E-01 22000602 6.9988E+00 S5S44BE+00  3.6650E+01  SOS2BE.00  5.0000B-01
34 4 3370E-01 22000802  22653B400  9.64308-01 62800E+00  2.0073B+400  13260E-01
35 2.5000E-01 22000802 69988E+00 59448B+00  3.6650E+01 SOS28E+00  5.0000B-01
36 D000E +00 JD000E+H0 0000E+00  1.0000B+0C  1.0000E+00  .0000B+00 OGO0E +60
37 DO0OE+00 0000B+00  0000B+00  10000E+00  10000E+00  .0000E+00 D000E+00
3 DO00E +00 O000E+00  0000E+00  1.0000E+DO  1.0000E+00  0000E+00 {OOOCE +00
39 0000E+00 O000B+00  00G0E+00  1.0000E+00  1.0000E+00  O0COE+00 0OOE+00
a0 9996001  22000B02 S6416B+00 9.4790B-01 276868400  5500SE+00  1.0000B+00
4 {O000KE +00 O000B+00  ODODE+00  1.0000E+00  1.0000B+00  O000E+00 000K +00
42 8.95008-01 22000B-02  21978E+00  25000E+00  49087E+00  20029E+00  1.0000E+00
43 89500E-01  22000E.02  21978E+00  2S5000E+00  490R7E+00  20029B+00  1.0000E+00
44 89500801 22000802 21978B+00 2.5000E+00  49087E+00 20029400  1.0000E+00
o weameva06020. RO4-070695  Revision: 4
June 30, 1995
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6. Engineered Safety Features

w/
Table 6.2.1.2,% (Shoct 3 of 4)
Hydr. D
Length Fiow A Equi L AA
blement K -Facuw F-Factor Lnertial M) m) (. ft.) )

as DOCOE+00 O000E+00  O0DOE+00 1 0000E+00  1.0000E+00  0000E+00 O0OGE+00
a6 O00E+00 0000B+00  0000E+00 100008400 1 0000E+0  O000E+00 OOHOE +00
a7 DOOOE+00 22000802 942488400  2863RE400  23745B401  9A48E400  1.9000B+00
4K 0000K +00 22000802  7RSAGE4D0  2.8638B400 237458401 TAS4GB+00  1.0000E+00
49 DGODEA0 22000642  GA248E+00  2B63BEH0  23745E+0) 9A248E+00  1.0000B+00
50 00O +00 22000802 THSAUE+00  28638H+00  23745B+01  TRS40R400  1O000E+00
51 ADOODEAX) D000E+00  O00GE+00  10000KE«00  1.OO0OE+00  0000E+00 DO00EA0
52 0000E +60 22000R02  TESA0B400  2863BE+00  2.3745E+01 785408400  1.0000E+00
53 OO00F+O0 D000E+00  O0DOE+00  1LOODGE+00  1.0000E400  .0000B+00 D000E-+00
54 0000E +00 O000E+00  0000E+00  1LODO0OE+O0  1.0000E+00  0000E+C0 O000E +00
55 D000 O000E+00  000GE+00  1.0000E+00 1 0000E+00  0000E+00 LODHE-+00
56 O000E+00 (D000EAG0 . 000DE+00 1.0000E+00 1.00008+00 DOO0E+00 0000 +00
57 O00QE+00 D000E+00  0000B+00 1 D00GE+00 1 00OOE+00 L000E+00 OO0GE+00
§8 JD000E+00 O000E+00  D0OOE+00 1.0000E+00 10000400 D000E+00 O000E +00
LY 4.37008-01 220008-02  6.3200E+00  75900B+00  6.1998E+01 15400E+00  3.8700E-01
60 HO00E+00 OO00E+D0  000OE+D0  1.O0OOE+00  LOOODOE+00  0000B+00 OODTE+00
61 0000E+00 O000BE+00  O00GE+00  1.0000E+00  1.0000E+00  O000E+0 DOOOE +00
62 000K +D0 D000EA+D0 DOOGE+)0 1.0000E+00 1.0000E +00 0000B+00 OOD0E+0C
63 24360E+00 22000802 15179E+D1 576708400  4.1332B+01 1.3665B+01 33700802
il DOO0E+0 DO00EA00  000GE+00  1.00DOE+DO  1.0000E+00  .0000E+00 00000
65 OGOOE+00 D000E«00  O000E+00  1ODOOE+00  1.0000B400  0000E+00 JDD00E +00
66 1500GB+00 22000802  1.0070B+00  1AGOOE+D0  4.1330E+01 4.2200E.0] 11670891
67 1.S00GE+00  22000E02  12360E+00  15300B+00  3.7334E+01 428008 .01 1.D000E-01

Revision: 4 o weareva06020 R04-070695

June 30, 1995 6.2- 07 1'&{ @ Westinghouse



6. Engineered Safety Features

4%

Table 62.1.24 (Sheet 4 of 4

FLOW PATH DATA, RADIAL FLOW FOR HOT LEG BREAK

Hydr. D

Length Flow A Egul L AA

Element K-Factor F-Factor Ipertial ) n (sq. 1.} )
6ok O0DE+0 D000E+00  00DOE+00 1 0CO0E«00  1.0000E+00  0000B+00 000OE+00
69 O000E+00 O000B+00  0000E+00  10000B+00  10000B+00  O000E+00  0090B+00
7 O000E+D0  DOOOUE+00  O0DOGE+00  10000E+00  10000B+00  0000B+00  0000E+00
7 15000E+00 22000802 49700E-01  EST00B01  30030B+00  4.1680EH1  1LOGODE-02
” D000E+D0  DOCOE+00  0000E+00  1.0000E+00  10000E+00  0000E+00  000GE:00
73 O000E+00  ODOCE+00  OO00F+00  1.0000B+00  1.0000E+00  0000E+00  0D00E+00
o \wsarevd\06020 R04-070695  Revision: 4
6.2-40% 46 June 30, 1995
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6. Engineered Safety Features
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6. Engineered Safety Features
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6. Engineered Safety Features
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6. Engineered Safety Features

/)7
Table 6.2.1.24 (Sheet 1 of )
Hydr. P
Longth Flow A Equi L AR
Blement  K-Fector  F-Factor  Inertial m) ) (mg. 1) @)
1 L49RGE-O1 220008402  625BIB400  17535E401  J1650B402  A7I9SE00  1.0000B+00
2 ABAGOE 01 2200002  22614E400 111528400  SS39IE400  20007E400  30700E-02
3 GOOOE400  O000E+00  00D0E<00  10000E+00  1O000E+00  0000B+00 0O0OE+00
4 O000B+00  0000E+00  DDODE+0D  1.0D00F+0C  1.0000B+00  O000E«00  0DOOE+00
5 4B460E01 22000800 22614B400 LUISZE400  SSIOIE.00  20007E400  3.0700B42
6 68100E-02 22000802  7O00GE+00  7.8606E+00  93030E+01  SET20B400  1.0000E+00
7 G000 0000E+00 0000400  10000E+D0  10000E+00  0000B+00  0000EA00
8 0000E+00  OOOE+00  O000E+00  1.0D00E+00  10000E+00  0000E+H0  0D00E00
9 00005400  0000E+00  000GB+00  1.0000E+00  1D000E400  O0000E+00  0000E+00
10 0000B+00  0000E+00  0000E+00  LODOOE+00  10000B+00  0000DE+00  00OOE+00
1 1.247GE-01 2.20008-02 679318400  1.2908F+01 1931102 5.2768E+00 10000 +60
12 OO00E+00 O000E +00 Q000E +00 1.00608+00 1.00006E+00 LO000B+00 0000 +00
13 D000E+30 0000E+00 HOGE-+00 1.0000E+00 1 DOOGE+00 LCOOE +00 L000E-+00
14 JO00E +00 {000GE+00 O00DE+00 1 00008+00 1.0000E +00 DO00E+00 OOOCE +00
15 D000E+00 0000E+00 D000E-+00 1 OO00E+00 1 HO0OE +00 OO00E+00 D000B+00
16 22280B01 22000802 633338400 B9074E400  9.1444E.01  46T7SE400  9.5630B01
17 0000B+60 DOV0R+00 DOOOE+00 1.0B008+00 1.0000E+00 BO00EA+D0 D000E+00
18 DO00E+00 JOBOOE+0 D000F,+00 1.0000E+00 1.0000E +00 00008+00 D000E+00
19 0000B+00 0DOGE+(0 HO0OE+00 1.00008+00 1.00008+00 DO00E+00 ODOOE +00
20 0000E+00  0000E+00  G000B+00  10000E+D0  10000E+00  0000B+00 0000E+00
21 0000E+00  O000E+00  OO0DE+00 100008400  10000B+00  0000E+00  0DJOE+00
22 0000E4D0  O000E+00  000OE400  10000E+00  LODODES0D  0DOOB+00  0000E400
o'wsamreva06020. RO4-070695  Revision: 4
6.2- 405 §4 June 30, 1995
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Hydr. D
Lty
) DGOOE+00 HOOUE4D0 O00GE+0 1 O00E+00
24 00008~ 00 Q000B+00  OU0DE+0D  1.0000E+00
25 AXIOOF+ 4K DOOOE+00  G0DOE+0 1 .6000E+D0
26 34SI0E400  22000E-02  7.R400E+00  3.2020B+00
27 LO00E+00 DO0DE+D0  00DGE+00 1 0H00GE+00
28 QOO0 +00 0000E+00  0DOOE+00  1.0000E+00
2 L0000 DO00EAD0  0000E+00  1.0000E+00
47300E0]  22000E-02  21978E+0 250008 +00
3i 2.50008-01 22000602  6.9988E+00 5 9448E+00
%2 4R430E-01 2200002  TI416E+00 D 4TI0E-0]
33 4 4660E-01 2.2000E-02  2.5B79E+00
M DO00E+0 000000 00OCE+00
5 4.46608-01 2.20008-02  2SRTIE+D0
3 O000E+00 O000E+OC  0000E+00
3 DOOAE+00 D000E+00  000GB+00
L DGOOE 40 DO00E+00  O0DGE+00
39 ‘OO00E+Q0 DOO0E-+00
a0 AOODE+00 RLLE
a1 LO0E+00 O00CE+00
42 D000 +H0 DOOOE+00
43 O000K +0C V000 +00
- D000E-+0 DO00E +0%

mulvzonzua

Flow 4
M)

1.OO00E +00
1.000GE+00
1H000E +00
10680801
10000 +00
1.000GE+00
1.6O0DE «00
4 HORTE+00
3.6650E +01
2.7686E+400
S B391E00
1.00008+00
S BIGIE+00
100008 +00
1 0000E+00
1.O0GOE +00
1.00008+00

1 00DAE+00
1.0000F +00
1.000GE+00
1.0000E+00

Fqut L

L

Revision: 4 o \wsureva\05020 R0O4-070695
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6. Engineered Safety Features

4)

Tabie 6.2.1.24 (Shoet 3 of 4)

Hydr. D
Length Flow A Equi 1 AA
Eleweni K ¥actor F-Factor inertis! ) ) mg. 10) ")
as ABO0E 4400 O00UE+H0  0000EA00  10000E+B0  1.0000E+GU  0DOOE+00 OOO0E 00
o D000B+00 D000E+00  HO00E+00  1.0000R+00  1.0000E+00  O000E+X0 OKI0K +00
4y OO 400 OO0UE+00  000GE+D0 1 00E+00  1.0000E+00  0000B+GC  O000E+00
4% D000F +0C 22000802  TESOOE400 286388400  23745B401  TRS4GEA00 1 0000E00
a9 AN 400 D000E+00  O0DOEA00  LOODOE+A  1.0000E+00 00000 W
50 O0GOE 00 O000E+XC  OO00EAG0  1.0000E«00  1.00006-+00 DO0DES00 000K +00
5 DO00E+00 D000E+00  0006E+0  1O00OE«O0 10000800 0000 +00 OGEA0
52 GO00E 00 OO00E+00  0000E+J0  1.0000E+00  1.00006+00  O000E+00 {OO00E + 00
53 D00UE+0 O000E+00  00DGE+00  1.0000E+00 1 0000E+00 G000 «00 OO0HE+00
54 L0000F + X D000E00  0000ES00  LODOOE+OO  1.0000E400  0000E+00 JO000E +00
55 DOOOE400 D000E+00  G0DOE+00  1.0000E+00 1 0000E«00  .0000E +00 OO0
56 ODODE+00 DOO0E+00  0000E+00  LOOODE+00  1.0000+00 D0O0E+00 DOODE +00
57 (O00E+00 D000B+00  0000B+00 100008400  1.000GE+00  .O000E+00 OO0+
58 D000E+00 O000E«00  O00GE+00 1 0000E+D0  1.0000B+00  0000E+00 O000E +00
5 D000 O000E+00  O00GE+00  1.0000B+00 1 O0DGE+00  .O000E+00 COOOE+00
60 DOOUE 40 D000E+D0  O00GE+00  LOOODUE+DC  1.000DE+00 D000B+00 OO0E+X)
61 000800 O000E+00  0000E+00 1 .0000E-00  1.6000E+00 AXIODE D0 000K +00
62 HOOCE+X JO00E+00  GODBE+00  1.0000E+D0  1LODODE+G0  0000B+00 OO
63 OD00E 00 O000E+00  GO0DE+O0 1 0000E+00 1 0000E+0  D000E+00 ODOOE +00
64 0000 DODOE+D0  00D0E+00  1.0000EA0  1LOO0DE+DD  0000E+00 OO00EA00
65 0000 +00 0000E+00  O000E 00  1LODOOE+00  1.0000E+00  000DE+4%) O0G0E +00
66 28600E-01 22000802  1.0090E«0]  SEME«00  34460E«01  60400FE400 3 BBOOB-OY
o weameva 06020 R04-07069s  Revision: 4
6.2-40% s0( June 30, 1995
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. 6. Engineered Safety Features

~
Tabie 6.2.1.2-#(Sheet 4 of 4)
Hydr. D
Langth Flow A Equi L
Element K Facor F-Factor wertial m) ) (og. L)

1.00508+0]  4.5090E+00  2.0668E+01
DOODESOD  1.0000B+00 1 000UE+00
AOOUESD0  0000E+00  1.0000E+00  1.0000E+20
OOOOE+00  OD0OE+Q0  1.0000E+00 19000800
6.23008-01
D000 +00
O0D0E+00

S

3 8 =2 82 & 8

- 2000802
OO00E+0

9.3900E-01 TS0 0
LOOOOE+Q0 100008400
TO000ES00  1.00008 +00

HETH
il

Revision: 4 o \weareva 06020 R04-070695
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6. Engineered Safety Features

A

Table oz.n.z/«sm 10of 3)

TMD MODEL NODE INFORMATION EOR-HOFLEG BREAK-ANDZ———

Element Number

O 90 9 O v A W N =

R EBREBGEEIEo SR ==

v

MAXIMUM-DHFERENTIAL RESUEFS— €
N-MWN; ?“:‘:‘;""‘
cu. ft P-SFM — AN Temperature
e e

1.5557E+03 1.6930E+00 1.2607E+01 1.2000E+02
2.8594E+03 1.6930E+00 1.2607TE+01 1.2000E+02
2.6862E+03 1.6930E+00 1.2607E+01 1.2000E+02
2.6862E+03 1.6930E+00 1.2607E+01 1.2000E+02
2.8594E+03 1.6930E+00 1.2607E+01 1.2000E+02
5.9219E+02 1.6930E+00 1.2607E+01 1.2000E+02
1.0616E+03 1.6930E+00 1.2607E+01 1.2000E+02
1. 0068E+03 1.6930E+00 1.2607E+01 1.2000E+02
1.0068E+03 1.6930E+00 1.2607E+01 1.2000E+02
1.0616E+03 1.6930E+00 1.2607E+01 1.2000E+02
1.3554E+03 1.6930E+00 1.2607E+01 1.2000E+02
24261E+03 1.6930E+00 1.2607E+01 1.2000E+02
2.2853E+03 1.693E+00 1.2607TE+01 1.2000E+02
2.2853+03 1.6930E+00 1.2607E+01 1.2000E+02
24261E+03 1.6930E+00 1.2607E+01 1.2000E+02
6.4581E+02 1.6930E+00 1.2607E+01 1.2000E+02
1.2633E+03 1.6930E+00 1.2607E+01 1.2000E+02
1.3951E+03 1.6930E+00 1.2607E+01 1.2000E+02
1.3951E+03 1.6930E+00 1.2607E+01 1.2000E+02
1.2633E+03 1.6930E+00 1.2607E+01 1.2000E+02
6.9962E+02 1.693E+00 1.2607E+01 1.2000E4+02
1.4997E+03 1.6930E+00 1.2607E+01 1.2000E+02
8.1840E+03 1.6930E+00 1.2607E+01 1.2000E+02
6.9962E+02 1.6930E+00 1.2607E+01 1.2000E+02

Revision: 4 o waarmva06020.R06.070695

June 30, 19958
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6. Engineered Safety Features

Table 62.1.}28))00( 2 of 3)

TMD MODEL NODE INFORMATION FOR-HOT1EG-BREAK-AND
MAXIMUM DIFFERENTIAL RESULTS

BT ghr1 Ak
Fasrseib faswoAt
Element Number vmﬁ il AR Tuqnnmm
25 1.2647TE+04 1 .69% 1.266%1 1.2000E+02
26 1.5507E+04 1.6530E+00 1.2607E+01 1.2000E+02
27 2.3350E+01 1.6930E+00 1.2607E+01 1.2000E+02
28 1.3820E+01 1.6930E+00 1.2607E+01 1.2000E+02
29 2.3350E+01 1.6930E+00 1.2607E+01 1.2000E+02
30 6.3298E+02 1.6930E+00 1.2607E+01 1.2000E+02
3 24932E+02 1.6930E+00 1.2607E+01 1.2000E+02
32 6.3298E+02 1.6930E+00 1.2607E+01 1.2000E4+02
33 6.3298E+02 1.6930E+00 1.2607E+01 1.2000E+02
34 24932402 1.6930E+00 1.2607E+01 1.2000E+02
35 6.3298E+02 1.6930E+00 1.2607E+01 1.2000E+02
36 2.3350E+01 1.6930E+00 1.2607E+01 1.2000E+02
37 1.3820E+01 1.6930E+00 1.2607E+01 1.2000E+02
38 2.3350E+01 1.6930E+00 1.2607E+01 1.2000E+02
39 3.8760E+01 1.6930E+00 1.2607E+01 1.2000E+02
40 3.0454E+01 1.6930E+00 1.2607E+01 1.2000E+02
41 1.9630E+01 1.6930E+00 1.2607E+01 1.2000E+02
42 1.9630E+01 1.6930E+00 1.2607E+01 1.2000E+02
43 1.9630E+01 1.6930E+00 1.2607E+01 1.2000E+02
ER) 1 9630E+01 1.6930E+00 1.2607E+01 1.2000E+02
45 14543E+04 1.6930E+00 1.2607E+01 1.2000E+02
4 1.1821E+04 1.6930E+00 1.2607E+01 1.2000E+02
47 2.2385E+02 1.6930E+00 1.2607E+01 1.2000E+02
4% 1.4924E+02 1.6930E+00 1.2607E+01 1.2000E+02
o wsameva\06020 R04-07069s  Revision: 4
W ) westinghouse 6.2.98 (0% June 30, 1995



6. Engineered Safety Features

A

Table oz.n.}z@»« 3of3)

TMD MODEL NODE INFORMATION FOR-HOFLEG-BREAK-AND
MAXIMUM DIFFERENTIAL RESULTS

‘,Srn.q A
Element Number W_'(%@ RSN BAR Temperature
= g wsgT ®
49 22385E402 1.6930E+00 1.2607E+01 1.2000E+02
50 2.2385E402 1.6930E+00 1.2607E+01 1. 2000E+02
51 1.492E+02 1.6930E+00 1.2607E+01 1.2000E+02
52 2.2385E+02 1.6930E+00 1.2607E+01 120008402
53 2.0080E403 1.6930E400 1. 2607E+01 120006402
54 1.0180E+03 1.6930E+00 1.2607E+01 1.2000E+02
55 1.7157E+03 1.6930E+00 1.2607E+01 1.2000E+02
56 1 4937E+05 1.6930E+00 1.2607E+01 1 2000E+02
57 1.1266E+06 1.6930E+00 1.2607E+01 1.2000E+02
58 5 9627E+03 1.6930E+00 1 2607E+01 1.2000E+02
59 3 6489E+03 1.6930E+00 1.2607E+01 1. 2000E+02
60 2.9590E+03 1.6930E+00 1.2607E+01 1.2000E+02
61 2.1393E+03 1 6930E+00 1.2607E+01 1.2000E+02
62 165326403 1.6930E+00 1.2607E+01 1.2000E+02
63 3.5835E+02 1.6930E+00 1.2607E+01 1.2000E+02
64 49121E+02 1.6930E+00 1.2607E+01 1.2000E+02
65 6.0183E+02 1.6930E+00 1.2607E4+01 1.2000E+02
66 2.3814E+03 1.6930E+00 1.2607E+01 1.2000E+02
67 1.4394E+03 1.6930E+00 1.2607E+01 1.2000E+02
68 2.2659E+03 1.6930E+00 1.2607E4+01 1.2000E+02
69 1. 8610E+03 1.6930E400 1.2607E+01 1. 2000E+02
70 1.8612E403 1.6930E+00 1.2607E+01 120006402
7 11956403 1.6930E+00 1.2607E+01 1.2000E+02
7 1.7413E+03 1.6930E+00 1.2607E+01 1.2000E+02
7 4.4269E4092 1.6930E+00 1.2607E+01 1.2000E+02
Revision: 4 oveameva\06020 R04-070605
June 30, 1995 6.2 (O @ Westinghouse



6. Engineered Safety Features

Table 6.2.1.2-95

T™MD MODEL NODE MAXIMUM
DIFFERENTIAL PRESSURES RELATIVE TO NODE 1
(40% PRESSURE MARGIN NOT INCLUDED IN THESE VALUES)

Max AP (psi) Max AP (psi) Max AP (psi)
Node# Hotleg Coldleg Node# HotLeg ColdLeg Node# HotLeg Cold Leg

1 21 1.04 096 41 1.05 1.06
2 0.87 0.64 2 1.0 1.02 Q 1.0 1.08
3 1.04 0.86 23 1.0 1.08 43 1.0 1.08
4 1.04 1.03 u 1.0 1.08 & 105 1.08
5 0.87 096 28 1.05 1.08 45 1.0 1.08
6 095 097 2 1.05 1.08 46 1.0 1.08
7 1.04 0.86 27 1.00 1.03 4 1.0 1.08
8 105 1.04 28 0.60 0.82 48 1.05 1.08
9 1.0 107 29 1.00 047 49 1.0 1.08
10 1.04 1.06 3 1.05 1.03 50 1.05 1.08
1 1.0 1.08 31 1.03 1.0 51 105 1.08
12 1.0 107 2 1.0 1.08 52 1.05 1.08
13 1.0 1.08 33 1.0 1.08 53 1.05 1.08
14 1.05 1.08 " 1.05 1.08 54 105 1.08
15 1.0 1.08 38 1.0 1.08 58 105 1.08
16 1.0 1.08 36 1.0 1.08 56 1.0 1.08
17 1.0 1.08 3 1.0 1.08 57 1.05 1.08
18 1.05 1.08 38 1.05 1.08 58 105 1.08
19 1.05 1.08 3 1.0 1.08

20 1.0 1.08 40 1.0 1.08

Revision: 4 o weureva 06020 R04-070695
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6. Engineered Safety Features
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6. Engineered Safety Features
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6. Engineered Safety Features

¢.2.1.2-7
Table 6d-b3-6—

RESULTS FOR BREAK IN PRESSURIZER VALVE ROOM (NODE 59)
MAXIMUM PRESSURE DIFFERENTIALS BETWEEN
ELEMENT 59 AND ALL OTHER EL

mcm i Bg Eles Time !ig.“, Glen Time %"z

Elem Time

1 Hes 22458 3 069 2.2461 4

5 Das 22471 6 nn m 7 069 22469 8 M zmo
9 Dee 2245 W D69 22486 1 s 2499 12 069 2249
13 Ded 2247 4 D89 22485 1 069 22500 16 069 22484
15 D65 22484 18 D65 22480 19 D6 2.2481 20 069 22484
pi | 068 22287 22 s 222181 23 068 21917 24 067 21230
25 D67 10856 26 069 21184 - D68 22384 28 068 22383
29 D6k 22364 30 D68 2227 31 D68 22305 32 068 22284
33 D68 22000 34 D68 21944 35 068 22007 36 068 21416
37 D6 21599 B 068 21415 3 068 22343 A0 068 22198
41 bk 223 &2 D68 22380 43 D68 22245 M 068 22244
45 Dy 22394 & 068 22367 &) 068 22346 48 068 22357
40 D68 22347 50 068 22295 51 068 22281 52 068 22295
53 D68 22369 54 068 22201 55 D68 22133 56 068 21926
57 D6s 22468 S8 0y 2202 59 000 0000 60 01 10869
61 o0 20213 62 D1s 20873 63 008 6942 4 014 13688
65 Das 22519 66 D6 22510 67 D69 22497 68 069 224aM
69 Dev 22484 N0 D69 22489 T 069 22511 72 069 22516
73 D68 22024

Revision: 4 o wereva\06020.5:04-070695
June 30, 1995 6.2-488 1| @ Westinghouse



6. Engineered Szfety Features

¢.2.0.2-8

e Twr DF Gen T Sal Elew T T
1 00O 0000 2 D04 36 3 205 10356 4 005 10354
s o4 8642 6 005 9546 7 005 10297 8 005 1.0461
9 25 10461 10 005 10295 1 D05 10451 12 005 1.0466
13 0G5 1.0468 14 005 10468 15 D5 1p466 16 005 10468
17 005 10468 18 D05 10468 19 HO5 10468 20 005 10468
2 Hs 101 R D05 10458 23 D05 10468 24 005 1.0468
25 D05 10468 26 D5 10468 27 005 9947 28 o3 6293
29 005 595 30 005 1.0461 n o5 10335 32 005 1.0461
33 D05 1.0468 34 o5 10468 35 D05 10468 36 005 10468
37 D05 1.0468 38 DOF 10468 39 055 10468 40 005 10468
41 0os 10467 42 05 10467 43 D05 10468 244 005 10468
45 D05 1.0468 a6 D05 10468 47 D05 10468 48 005 10466
49 D05 1.0468 50 D05 10468 51 005 10468 52 005 10468
53 D05 LO46E 54 Do5 10468 55 D05 10468 56 005 1.0468
57 005 10468 58 D05 160468 59 005 10468 60 005 10468
61 D05 1e68 62 D05 10468 63 005 10468 o4 005 1.0468
65 DOS 10468 66 005 10468 67 D05 10468 68 005 1.0468
69 D05 10468 70 D05 10468 71 005 1468 72 005 1.0468
73 D05 1.0468

o weareva\06020 R04-070695  Revision: 4
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6. Engineered Safety Features

L.2..2-9
Table 62438

RESULTS FOR 3" CL BREAK IN EAST STEAM GENERATOR COMP (NODE 2)
0 MAXIMUM PRESSURE DIFFERENTIALS BETWEEN
ELEMENT 2 AND ALL OTHER ELEM%

Ot Elem T

Elems  Time

1 005 5682 2 000 0000 3 007 7667 4 008 9032
5 007 8528 6 007 8670 7 007 7688 8 008 9136
9 008 9373 10 008 9276 11 008 9394 12 008 9344
13 009 9415 14 009 9425 15 009 9421 16 009 9425
17 009 9423 18 009 9426 19 009 9426 20 009 9426
21 005 6008 22 007 8722 23 009 9408 24 009 9424
25 009 9426 26 009 9426 27 008 9094 28 006 7522
29 04 4314 30 008 9140 31 008 9300 32 009 9415
33 009 9426 34 009 9425 35 009 9410 36 009 9426
37 009 9426 38 009 9423 39 009 9426 40 008 9328
41 008 9330 42 009 9424 43 009 9426 44 009 9422
45 009 9426 46 009 9426 47 009 9413 48 009 9421
49 009 9426 50 009 9426 51 009 9426 2 009 9425
53 009 9426 54 009 9426 55 009 9426 56 009 9426
57 000 9426 58 009 9426 59 009 9426 60 009 9426
61 009 9426 62 009 9426 63 009 9426 O 009 9426
65 009 9426 66 009 9426 67 009 9426 68 009 9426
69 000 9426 70 009 9426 71 009 9426 72 009 9426
73 009 9426

Revision: 4 o \warreva\06020 R04-070695



6. Engineered Safety Features
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6. Engineered Safety Features

Table 6.2.1.3-1

SHORT-TERM MASS AND ENERGY INPUTS

Vessel Outlet Temperatare (°F) . . . . e 597.0
T e (OSSP P 528.6
BRNERY TR TPURONRE APEAD & o b om o imw awon om0 L e 8 e 2300.0
SR I TR AY . oo st bt a i s G D A IR EER LTRSS B RS T IS 8% T 1.018
SR DD R .« g -2 2 0 710 0 0 g 8 0 o A 5 A B o 8 W 0 el 09

Revision: 4
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6. Engineered Safety Features

Table 6.2.1.3-2

SHORT-TERM 3-INCH COLD-LEG
BREAK MASS AND ENERGY RELEASES

Time Mass Energy

(sec) (Ibm/sec) (Btw/sec)

0.0 0.0 0.0

0.001 2¥57.13186.8 Fa gk bl ] TOB4E+6
0.05 31868 1.70B4E+6

1.000 2897431868 500402 el | T084E+0
5.000 2807.13186.8 F:593435 i 1 6591E+6
7..()00 2857.13186.8 +-738260-B-+061.6225E+6
10.00 2%0743186.8 1454144 E+061 6005E+6

Revision: 4 o \armeva\06020 R04-070695
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6. Engineered Safety Features

Table 6.2.1.3-3

SHORT-TERM 3-INCH HOT-LEG
BREAK MASS AND ENERGY RELEASES

Time Mass Energy

(vec) (Ibm/sec) (Btu/sec)

0.0 0.0 0.0

0.001 2285625142 1380502 B+061 562 3B+6
0.05 25142 1.5623E+6

1.000 2285.62514 .2 +-485640 061 56408+
5.000 2245625142 +405644 a6 ] 694TE+¢
7.000 2385625142 1256365 drb6 1 T966EH6
10.00 2485625142 4 238705 bsbir ] BAOGE+O

Revision: 4
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6. Engineered Safety Features
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6. Engineered Safety Features

paTS ¥ PN Sarthreebpor
tooe) hbeprissa o debin hedi
AN SASHA S-S
2400 R 1E v So8-4
254N o deddl 465
2600 FYA - o —A5)6
bRt IR —2023
2308 444 e
2440 (R 4adds
30.00 0.00 S— ¥ s

o wsamend 06020 RO4-070695  Revision: 4

@Mmm 6.2-14% (14 June 30, 1995



6. Engineered Safety Features

Table 6.2.1.3-4 (Sheet 1 of 5)

SHORT TERM L0 FT° MAIN STEAM LINE BREAK MASS AND ENERGY RELEASE
(BREAK IN COMPARTMENT §6; PIPE LENGTH = 100.0 FEET;

MAXIMUM TIME ASSUMPTION)
u@
0 &= 0
0.05005 40981.47
0.10009 51582.38
0.15012 5191407
0.20003 56324.00
0.25002 52193.14
0.30008 55751.79
0.35011 57991.96
040009 61908
045008 55661.48 .
0.50018 55396.21 §33.19
0.5501 55799.85 $33.36
0.60003 54505.29 §33.57
065 SSTIST2 53379
0.70008 55560.81 53397
075003 54278.71 534.05
0.80001 54863.3 §34.35
0.85013 55133.12 §34.59
0.90008 5431739 534.78
0.95008 56022.1 §35.13
1.00004 57188.84 §35.55
110023 56590.82 §36.24
120001 56403.73 537.07
13 57575.72 538.06
14 61043.11 538.06
15 S87T77.05 5414
1.60004 58504.03 543.5
1.70002 5720783 545.73
180018 5511698 54822
190003 53416.31 550.84
200021 52195.53 553.49
210003 51119.43 556.25
220006 49678.89 559.07

Revision: 4 o \wareva\05020 R04-070695
June 30, 1995 6.243% (30 @ Westinghouse



6. Engineered Safety Features

Table 6.2.1.3-4 (Sheet 2 of 5)

SHORT TERM L0 FT’ MAIN STEAM LINE BREAK MASS AND ENERGY FELFASE
(BREAK IN COMPARTMENT $6; PIPE LENGTH = 1000 FEET:

MAXIMUM TIME ASSUMPTION)

561

363.94
W mx 56589
2.70008 39891.28 569.9
2.80006 38753.61 S71.77
290021 3626246 5739
300042 15552.01 L 536
310042 33986.79 5, 8
3.20016 31634.74 578.54
3.3005 30089.11 580
340034 2814172 $81.74
1.50058 26615.49 58342
3.6004 25359.76 $85.02
370014 24380.64 $86.71
3.8003 23567.09 588.57
3.90024 22809.34 590.66
4.00033 2211421 593.01
410004 21455.55 59561
4.20027 2161821 600.19
430039 20594.81 605.53
4.40063 19988.71 610.29
4.50042 19239.33 611.04
460017 1877463 60997
470017 18237.85 610.18
4.80048 17647.82 61174
4.9003% 1712231 614.25
5.00008 16758.34 61767
5.25057 15536.44 631.16
5.50006 14486.32 6373
575009 13807.98 650.14
600029 13058.56 6769
6.25027 13165.35 652.36

o \wsarreva\06020 R04-070695  Revision: 4

@ Westinghouse 6.2- 1 (3 June 30, 1995



. 6. Engineered Safety Features

Table 6.2.1.3-4 (Sheet 3 of 5)

SHORT TERM L9 FT* MAIN STEAM LINE BREAK MASS AND ENERGY RELEASE
(BREAK IN COMPARTMENT $6; PIPE LENGTH = 1000 FEET;

6.75045 12365.93 638.72
700013 1225341 678.34
7.25000 12334.64 618.73
7.50039 11509.17 644.64
7.75043 11775.96 61522
8.00008 11674.54 606.9
8.25005 11216.94 615.66
8.50037 10459.3 641.56
8.75066 9975453 671.02
920001 9755.574 657.37
9.25082 9640.006 65194
9.50066 9493.376 64031
9.75051 9252.547 64842
10 9069055 648.55
1025077 9143.009 62493
10.50064 9211.633 605.15
10.75086 9301.821 §91.84
110009 938036 §85.87
11.25065 9379.361 584.17
11.50016 9300.834 585.7
11.75019 9142.256 589.39
12.00102 8898 41 594.36
12.25096 88§92.234 604.59
12.50004 B4BO 493 61605
12,7508 8179.785 628.66
12.00034 7882.542 635.05

Revision: 4 o \wearevd\06020 R04-070695
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6. Engineered Safety Features

Table 6.2.1.3-4 {Sheet 4 of 5)

SHORT TERM 1.0 FT* MAIN STEAM LINE BREAK MASS AND ENERGY RELEASE
(BREAK IN COMPARTMENT $6; PIPE LENGTH = 100.0 FEET;

Time GGecy— Mass Qi) Energy @avses]~,
13.50008 7647.333 6133
13.75066 7531.402 60061
1400103 7529.374 SBY 74
1425131 7640976 570.52
14.50035 7690.387 560.5
15.75015 77305 55489
1500028 7893.184 551.66
15.25174 7128 983 54699
15.50004 7695 687 54206
1575006 7702621 §3744
1600055 7721.515 5334
16.25114 T720.754 52993
16.50039 7645.526 52883
16.75008 TI92.656 52928
17.00015 7569.003 5292
17.2509 7446576 §29 81
17.50015 7348.652 $30.63
17.7509 7353.587 5332
18.00035 7167.792 53442
1825022 6980.346 5§36.27
18.50029 6856.782 538.19
18.75026 6825789 542.1
1900113 6642.836 544 .45
19.25002 6454 637 548.59
19.50153 6314.137 §52.77
19.75004 6175.254 556.79

o \wsamevd\06020 RO4-070695  Revision: 4

@ Westinghouse 6.2-148 12D June 39, 1995



6. Engineered Safety Features

Table 6.2.1.3-4 (Sheet 5 of 5)

SHORT TERM 1.0 FT* MAIN STEAM LINE BREAK MASS AND ENERGY RELEASE
(BREAK IN COMPARTMENT 56; PIPE LENGTH = 100.0 FEET;

MAXIMUM TIME ASSUMPTION)

e > ), e
20.00045 - 561
2025099 6026 438 569.76
205011 5801.813 57191
2).75082 5616.23 §76.79
21.00125 5489 9i9 578.73
21.25023 5449 508 580.85
21.50078 5317.37 58324
2175106 5192618 590.83
22.00106 5077.076 59892
2225069 4875.197 609.85
22.5012 4647725 620.74

22.757068 4429.831 63345
23.00052 4216.155 64547
23.25065 4003873 639.12
23.5009 3788973 631.33
23.75058 3586.032 62247
24.00001 3411.624 611.28
24.2506 324365 598.33
24.50004 3089.229 585.32
24.75027 2922.198 $70.88
25.00053 2761 955 §55.99
25.25037 2612.244 540.99
25.50013 2446056 525.56
25.75087 2266.987 510.23
26.00013 2082.011 496.01
2625065 1893.536 48321
26.50021 1696.26 47187
26.75015 1533653 465.19
27.00075 1372875 460.81
27.2509 1202175 457.27

2837 0 11674
30 0 11674

Revision: 4 o seareva\06020 R04-070695
June 30, 1995 6.2- 1 (24 @mm



6. Engineered Safety Features

7T T " M — Y
R —" 31634
T N SN W T S———— ¥ ¥4
BRI cmiorsivinimacammsnissinas I L it AL
26000 —— — T R ——T T}

T N R ¥ S " !}

o \ssarreva06020 RO4-070695  Revision: 4

6.2-125 June 30, 1995




6. Engineered Safety Features

Tibde 6.4 4 3 SiSheet 4 of 3y
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6. Engineered Safety Features
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6. Engineered Safety Features

5
Table 6.2.1.3% (Sheet 1 of 4)
30 0 11674 0 11674
@ 0 11674 0 11674
45 0 11674 0 11674
50 0 11674 0 11674
55 0 11674 0 1167.4
60 0 11674 0 11674
65 0 11674 0 11674
70 0 11674 239 11674
75 0 11674 1927 11674
80 0 11674 91.88 11674
85 0 11674 154.36 11674
90 468 1103.15 203 .45 11674
95 529 30221 2015 11674
100 94.66 26712 199.57 11674
105 13061 254.41 19788 11674
110 161.78 24756 196.21 11674
115 899 29405 20047 11674
120 11347 28375 198.73 11674
125 13399 271.32 27m 11674
130 151.88 272,79 1953 11674
133.41 16275 27034 194 .14 11674
135 16749 26932 1936 11674
140 181.16 266.52 19192 11674
145 193,13 264.16 190,25 11674
150 203.66 262. 188.59 11674
151 205.58 261.73 188.29 11674
160 220.78 258.7 185.68 11674
170 23415 2588 18282 11674

Revision: 4 o areve06020 R04-070695
June 30, 1995 6.2-128 @ Westinghouse



6. Engineered Safety ¥eatures

“
Table 62.1.3,9 (Sheet 2 of 4)

T Mass Enthalyy Muss Enthalpy
180 244.76 2532 180.01 11674
190 253.29 250.81 17724 11674
200 26028 24857 17452 11674
220 108.55 33513 183.76 11674
240 11684 32751 17849 11674
260 123.57 32072 17341 131674
280 129.36 31443 168.54 11674
300 13455 308.5 163.84 11674
320 13934 302.84 159.33 11674
340 143.84 29741 15497 11674
360 15362 288,39 150.28 11674
380 5119 391.15 158.75 11674
400 61.79 380.61 154.18 11674
401 78.13 360.2 137.84 11674
420 8186 35321 134.12 11674
440 130.9 30033 125.09 11674
460 134.23 29522 12177 11674
480 100.69 324.07 1223 11674
500 10397 3819 119.02 11674
520 7749 34770 119.51 11674
540 105.7 31185 1133 11674
541 123.58 29437 4 11674
560 126.2% 28968 108.72 11674
580 382 41887 1178 11674
600 4149 407.06 114.51 11674
650 4802 38445 10798 11674
700 384 36507 10216 11674
750 59.06 34792 9694 11674

o\mareva 06020 R04-070695  Revision: 4
6.2-129 June 30, 1995
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6. Enginecered Safety Features

&
Yatile 6.2.1.34 (Sheet 3 of 4)
LONG-TERM DECLG BREAK
POST-BLOWDOWN MASS AND ENERGY RELEASES

Time Mass Enthatpy Mass Enthalpy

(vec) {Ibm/sec) A ) (hm/sec) (Ben/ibm)
800 63.75 33246 92.25 11674
850 69.36 316.72 86.64 11674
900 63.35 320.28 8265 11674
] 950 6827 305.57 77.73 11674
1000 7281 292,11 7319 11674
1038 7485 28427 71.15 11674
1100 52.84 31335 69.16 11674
1200 58,66 288.13 63.34 11674
1300 63.59 266,44 58.41 11674
3 1400 67.81 24755 54.19 11674
1404.11 6797 246.82 54.03 11674
1405 68 246,67 54 11674
1500 7145 23097 50.55 1167 4
2000 167.77 136.76 37.93 11674
3600 179.05 101.98 26,65 11674
4000 180,63 99.34 25.07 131674
6000 184.16 94.97 21.54 11674
7500 157.67 95.39 20.33 11674
8000 12925 9%6.72 19.75 11674
10000 13047 96,07 18.53 11674
15000 131.46 95.58 17.54 1167.4
16000 131.66 95 48 1734 11674
20000 128.55 9483 15.46 1167.4
25562 115.72 95.51 1529 11674
30067 94 81 97.11 152 11674
36000 726 98 49 1341 11674
40000 0 OR.49 154 11674
B0 0 9849 138 11674

Re"i&i(.n: 4 wsarre v\ 06020 RO4- 07060 €
June 30, 1995 6.2-130 @ S




6. Engineered Safety Features

“
Table 62.1.35 (Sheet 4 of 4
LONG-TERM DECLG BREAK

Time Mass Enthalpy Mas Euthalpy

(sex) (Ihua/sec) (Btwbm) (Ibmyisec (Bawitnn)
80000 0 98.49 127 11674
100060 0 9849 19 11674
150000 0 9849 105 11674
200000 0 98.49 9.6 11674
400000 0 98.49 75 11674
600000 0 98.49 63 11674
$00000 0 98.49 56 11674
1000000 0 98.49 5.1 11674
1500000 0 9849 43 11674
2000000 0 98.49 38 11674
4000000 0 98.49 2.7 11674
4000000 0 98.49 27 11674

o wsarevd06020 RO4-070695  Revision: 4
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0 0
40807.8 531.04
51415.62 531.05
53605.18 531.28
57605.54 $31.7

56491.36 531.87
55336.22 532.29
52092.26 532.44
60610.59 532.15
64191.36 532.72
63803.89 533.25
62449.77 533.56
61679.8 533.89
€1484.43 534.17
61238 534.52
59545.'9 534.73
59053.1.  535.35

59119.19 535.67
59525.57 536.08
59848.18 536.5

59770.71  537.41
59500.68 538.48
57917.15 539.87
57134.81  541.49
56668.11 543.42
56262.47 545.51
60543.26 547.95
54369.46 550.25
56577.14 552.62
53516.96 555.65
50010.8 558.31
48952.83 561.05
47340.82 563.69
45043.13 565.66
42988.27 567.51
42921.87 568.95
40175.77 570.82
38195.66 572.61
35992.53 574.28
35135.79 575.41
33091 576.57
30285.49 577.93
28275.31 579.17
28461.7  581.32

27581.74 583.7
25860.66 586.19
24041 .52 587

23092.48 585.67
22838.94  583.67
22839.6 581.73
22952.33 575.68
23328.38 577.08
24186.82 574.68
24673.8 574.99
22714.09 579.43
20355.21 584.6
18616.09 585.43
18906.58 581.82
19231.26 582.52
18868.84 587.31
16910.84 600.57
16723.26 607.37
15630.08 622.46
14927.82 619.58
13819.42 622.69
13146.93  625.96

6.2°132
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20.50135

20.75026

21.00026

21.25062

21.50157

21.75061

22.00119

22.25015

22.50057

22.75069
23.0005

23.25033

12839.71
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9404.611
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8854.105
8632.626
8773.043
8730.026
8564.724
8463.381

8437.24
7997.697
7808.395
7712.031
7661.505
7589.224
7481.231

7395.79
7568.571
7355.851
7316.183
7384.659
7487.738
7572.562
7614.79%
7630.574
7574.608
7592.818
7622.272
7242.574
7092.731
7015.751
6958.681
6907.833
6836.467
6741.548
6659.006
6714.732
6380.366

6187.74
6049.282
5944.473
5928.532
5843.964
5681.831
5524.487
5393.939
5315.482
5173.792
5006.346
4840.924
4626.755
4424.617
4242.977
4036.497
3825.566
3636.621
3458.685

543.02
551.37
555.73
558.52
560.16
561.14
563.91
567.91
572.49
579.28
586.3
595.42
604.74
616.94
627.08
635.52
644 .46
654.34
650.49
640.25
630.93
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.50017
.75109
.00023
.25004
.50091
.75038
.00082
.25019
.50001
.75086
.00029
.25073
.75052
.00047
.25111
.50073
.75021
.00029
.25013
.37282

3298.128

3149.44
3003.599
2863.169
2714.185
2562.019
2396.898
2224.905

2048.04
1864.298
1682.812
1532.426
1204.403
1021.557
836.7731
668.4349
561.9642
297.2754
139.4778
41.79308

607.33
5983.51
579.53
565.24
550.05
534.85
519.28
503.99
490.1
477.52
468.21
463.19
455.84
453
455.97
480.86
588.82
425.97
291.71
292.48

Todds 6.3.1,3-5

(’.;-(3*



- Rk i

%
PRRERERRRRERERRRERL:ff

HEEE
PEEEED

Revision: 4 o wsareva\06020 R04-070695 Westinghouse
June 30, 1995 6.2.3232 G{ @



6. Engineered Safety Features

iff

s hashes) premrest
&50 13244.53 A034
B0 11683 96 Sh4h
9.50 907433 6275
100 8535.95 Ebats S
350 444 5% FH4
444 6456.6% J64-7
+H-50 554436 8264
1200 4603 8% LIl
3250 3535318 16502
300 333321 HiS
1350 239758 HI54
400 234022 P
14.50 1%64.25 32333
3500 168568 32346
1600 324N 12432
1650 HIEIE 124190
1300 1005.60 12395
1350 83333 12370
3800 82841 32303
%50 48844 12303
) 57611 12443
1950 53276 12505
2050 3300 2846
2100 3003 12935
2150 4900 B34S
235 G40 8
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6. Engineered Safety Features

{ v,
« o Table 6113)(/(91.«: 1of2) y e
to\ a LONG-TERM DEHLG BREAK C";T)L‘;‘r“
¢ / BLOWDGWN MASS AND ENERGY RELEASES / S\
Y [
Muss Enthalpy
C (ibmsec) Brutbm)
0 0 0
7474676 6262
0.15 6419507 637.108
025 51407.55 642,663
0.35 50632.16 639027
0.45 4540393 634.886
065 48846.71 626.2
0.85 488924 620.241
1 47565.69 621.857
12 45516.28 620.035
14 45467.14 614.989
16 4572446 610.242
18 45136.05 606
2 45808 603273
25 44963.51 587.315
3 40898.81 616.302
35 37852.99 63226
4 35603.29 615.494
45 34478.13 601.455
5 32828.32 589.84
55 30957.59 580.144
6 30023.08 570.145
6.5 25298.23 §73.983
7 23506.66 568832
15 17703.33 597.718
¥ 17168.7 573.178
85 13906.76 599.839
Y 12268.16 600,748

fon: 4 o \esaneva\06020 RO4-070695
1995 6.2- 148 /37 @ Westinghouse




6. Engineered Safety Features

muw)&u 2002

A LONG-TERM DEHLG BREAK \ or
(X4 BLOWDOWN MASS AND ENERGY RELEASES P, o
/ Thme Mas @
[ (oo - ( t_-}w/
9.5 10473.05 633.775
10 9004.537 673.165
0.5 7813.659 723.564
1 6779.514 771.397
s 5822029 §34.361
12 4834.074 943.138
125 3701 439 1060.702
13 328987 1122615
135 2937427 1186.851
14 2457231 1211192
145 1957462 1256077
15 1769964 1246.946
16 133538 1255.632
165 1173.669 1254.319
17 1055 88 1251 895
17.5 958 9965 124937
18 869.5154 1251491
185 5229105 1283.003
19 605.0205 1256.541
195 559.398 1263.005
20 0 1285.276
205 76.64999 1307.546
21 73.53149 1306435
215 51.45 1324615
2 0 1324615

Revision: 4
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. 6. Engineered Safety Features

i |
Table 6.2.1.3;}}/

BASIS FOR LONG-TERM ANALYSIS
uumLt' o( Lbﬂfs

BleANT-MODEL—Paswive-Dosigh— 2 HOORS—d-wep 8=

Active Core Length (f1) 12.0
Core Power, license application (MW1) 1933
Nominal Vessel Inlet Temperature (°F) 535.1
Nominal Vessel Outlet Temperature (°F) 600.0
Steam Pressure (psia) 8210
Rod Array 17x 17
Accumulator Temperature (°F) 120.0
Containment Design Pressure (psia) 59.7

Revision: 4 o wsarev106020 R04-070695
June 30, 1995 6.2-W% (89 @ Westinghouse



6. Engineered Safety Features

Table 6.2.1.4-1

SPECTRUM OF SECONDARY SYSTEM PIPE RUPTURES ANALYZED

Power Level 102% 70% 30% 0%
Full DER, MSIV failure Full DER Full DER Full DER Full DER
Fuli DER, MFWI1V failure Full DER Full DER Full DER Fu!! DER
Small DER, MSIV failure (ft2) 0.70 0.6 0.60 0.55
0.60 0.53 0.50 0.50
0.55 (.50 0.40 0.20
0.33 032 0.36 0.10
0.22
Split Rupture (ft2) 0.37(®) 0.41@ (.44(8) 0.44¢@)
t
(@)As total area of two loops.
DER = double ended rupture
MSIV = mamn steam line isolaton valve
MFWIV = main feedwater isolaton valve
o'\seameva6020 R04-070695  Revision: 4
June 30, 1995
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6. Engineered Safety Features

Table 6.2.1.4-2 (Sheet 1 of 5)

MASS AND ENERGY RELEASE DATA
FOR THE CASE OF MAIN STEAM LINE FULL DOUBLE
ENDED RUPTURE FROM 30% POWER LEVEL WITH FAULTED
LOOP MAIN STEAM LINE ISOLATION VALVE FAILURE THAT
PRODUCES HIGHEST CONTAINMENT PRESSURE

Initial steam generator mass ( Ibm ) 60~ ARG~ /(775 -
Mass added by feedwater flashing ( Ibm ) 0229 VGG

Mass added by unisolatable steam ( Ibm ) 2800, scop2.

Initial steam pressure ( psia ) Q319 974 .5

Feedwater line isolation at ( sec ) il .58

Steam line i1solation at ( sec ) 1188~ . 676

TIME MASS ENERGY INTGR M INTGR E AVG ENTH
SEC LBM/SEC BTUSEC LBM BTU BTU
(E+6) (E+43) (E+6)

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -
300 5239 6.256 1.048 1.251 1194, '
0.4000 5147 6.148 2.077 2481 1194
0.6000 5115 6.111 3.100 3.703 1195
0.8000 SD&2 6.038 4111 4911 1195
1.0000 4994 5970 5.109 6,105 1196
1.200 4936 5903 6.097 7.285 1196
1.400 4880 5837 7.072 8453 1196
1.600 43824 5772 8.037 9.607 1197
1.800 4769 5.708 8.99] 10.75 1197
2.000 4716 S\O46 9934 11.88 1197
2.200 4665 5.585 10.87 12.99 1197
2.400 4613 5.528 11.79 14.10 1198
2.600 4563 5466 1250 15.19 1198
2.800 4504 5.396 1760 16.27 1198
3.000 4477 5.366 14.50 17.35 1198
3.200 3 5312 15.39 1841 1199
3.400 '8 5.260 \16.26 19.46 1199
1.600 34 5.209 19.13 20.50 1199
3.800 3 5.159 17.99 21.53 1199
4.000 5110 18.84 22.56 1199
4.200 : 5.063 19.69 23.57 1200
4 400 4 5017 20.52 . 24.57 1200
4.600 ‘ 4972 21.35 25.57 1200
4 800 ] 4929 22.17 26,55 1200
5.000 4 889 2299 27.53 1200
5.200 38 45847 23.80 28.50 1200
5.400 4810 24 .60 29.46 1201
5.600 397 4770 25.39 3042 1201
5.800 394 4735 26.18 31.36 1201
6.000 . 4.699 2696 32.30 1201
6.200 388 4 664 27.74 33.23 \ 1201
6.400 385" 4.630 28.51 34.16 11201
6.600 18 4.597 29.28 35.08 1201
6.800 k 4.564 30.04 3599 1201
7.000 772 4533 30.79 36.90 1202
7.200 } 4.502 3t54 37.80 1202

Revision: 4 o wearreva\06020 R04-070695
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6. Engineered Safety Features

Table 6.2.1.4-2 (Sheet 2 of 5)

MASS AND ENERGY RELEASE DATA
FOR THE CASF OF MAIN STEAM LINE FULL DOUBLE
ENDED RUPTURE FROM 30% POWER LEVEL WITH FAULTED
LOOP MAIN STEAM LINE ISOLATION VALVE FAILURE THAT
PRODUCES HIGHEST CONTAINMENT PRESSURE

™ MASS ENERGY INTGR M INTGR E AVG ENTH
SEC LBM/SEC BTUSEC LBM BTU BTU
(E+6) (E+3) (E+6)
v f 3721. 4472 32.28 38.69 1202.
7.600 , 4442 33.02 39.58 1202.
7.800 s 4414 33.76 4047 1202.
8.000 ; 4414 344 41.35 1202.
8.200 3 ! 4321 35.21 4221 1202. \
8400 : 4.227 3592 122, \
8.600 ’ 4,133 36.60 1202.
8.800 3360. \ 4039 37.27 1202. ~
9.000 3282. \\ 3.945 3793 1202.
9.200 3204, ~3.851 38.57 1202.
9.400 3125. 57 39.20 1202.
9.600 3047, 3. 1202.
9 800 2969. 3.570~, 1202.
10.000 2891. 3476 . 1202. X
10.20 2813, 3.382 N 1202.
1040 273S. 1202.
10.60 2657. 1203.
10.80 2579, 1203.
11.00 2501. 1203,
11.20 2424, 1203.
11.40 2346, 1203.
11.60 2268. 1203,
11.80 2190, / 1203.
12.00 2112, 1203.
12.20 2035S. 1203.
1240 1957. 1203.
12.60 1879. 1203.
12.80 1801. 1203.
13.00 1724, 1204,
13.20 1646, 1204.
13.40 1614 1204.
13.60 1606. 1204.
13.80 1598, 1204,
14.00 1591, 1204.
1420 1583, 1204.
14.40 1575. 1204.
14.60 1568. 1204,
14.80 1560, 1204,
15.00 1553. 1204,
15.20 1545. 1204,
15.40 1538. 1204.
15.60 1530. 1204,
15.80 1523. 1204
16.00 1516. B 1204.
__//
o'weamevd6020 R04.070695  Revision: 4
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6. Engineered Safety Features

INTGR M
LBM

(E+3)

Table 6.2.1.4-2 (Sheet 3 of 5)

BTU/SEC
(E+6)

ENERGY

MASS AND ENERGY RELEASE DATA
FOR THE CASE OF MAIN STEAM LINE FULL DOUBLE
ENDED RUPTURE FROM 30% POWER LEVEL WITH FAULTED
LOOP MAIN STEAM LINE ISOLATION VALVE FAILURE THAT
PRODUCES HIGHEST CONTAINMENT PRESSURE

LBM/SEC

TIME MASS

SEC
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6. Engineered Safety Features

Table 6.2.1.4-2 (Sheet 4 of 5)

MASS AND ENERGY RELEASE DATA
FOR THE CASE OF MAIN STEAM LINE FULL DOUBLE
ENDED RUPTURE FROM 30% POWER LEVEL WITH FAULTED
LOOP MAIN STEAM LINE ISOLATION VALVE FAILURE THAT
PRODUCES HIGHEST CONTAINMENT PRESSURE

TIME  MASS ENERGY INTGR M INTGRE  AVG ENTH
SEC LBM/SEC  BTUSEC LBM BTU BTU
(E+6) (E+3) (E+6)
4670 6652 0.7984 83.38 100.2 1200
4770 6514 07818 84.04 101.0 1200
4870 6383 0.7659 84.68 101.7 1200
4970~ 6257 0.7505 85.31 102.5 1200.
5070 . 6135 0.7358 85.92 1032 1199.
5270 5906 0.7080 87.12 1047 1199.
54.70 S04 0.6824 88.28 106.0 1195,
56.70 500 0.6588 8939 107.4 11958.
58.70 5320 0.6370 9047 108.7 1197.
60.70 5154 0.6169 9151 109.9 1197.
62.70 5002 0.5985 92.52 111.1 119.
6470 4862 0.5815 9351 1123 1196~ (/
6670 4731 0.5656 94.46 1134 1196. .\ o
6870 4611 0.5511 95.39 114.6 1195. \ﬁ\ \
7070 4499 0.5376 96.30 1156 1195.
270 4396 0.5251 97.19 116.7 1194.
7470 4301 0.5136 9805 117.7 1194,
7670 4212 0.5028 98.90 1188 194, SO
7870 4130 0.4929 99.74 119.7 1193.
8070 4054 0.4836 160.6 120.7 1193
82,70 398.3 0.4750 1014 121.7 1193
84.70 3917 0.4671 102.1 1226 1192
86.70 3857 0.4598 1029 1235 1192.
88.70 380.1 04531 1037 1245 1192
90.70 3750 04469 104.4 54 1192.
92.70 3703 0.4412 1052 1262 1191,
94.70 366.0 0.4359 1059 127.1 1191,
96.70 3619 0.4310 106.6 1280 1191
98.70 3581 0.4264 107.4 1288 1191
100.2 3554 0.4231 1079 1295 | 1191,
105.2 3476 0.4138 109.6 1316 \1190.
110.2 3406 0.4053 1114 1336 /1190,
1152 1345 0.3979 1131 1356 / 1190,
120.2 3292 0.3916 1147 1376 /1189,
1252 3243 0.3862 1163 139.5 1189.
13022 210 0.3816 1180 1414 1189.
1352 3179 0.3779 1195 1433 1189.
14022 3156 0.3751 1211 1452 1189.
14522 3138 0.3730 1227 14711 1188
150.2 3128 0.3718 1243 148.9 1188.
1552 3125 0.3714 1258 150.8 1188,
160.2 28 03718 1272 152.7 1188,
1652 3138 0.3729 1290 1545 1188.
1702 3152 0.3747 130.5 156.4 1189.
17522 3172 0.3770 1321 158.3 1189.

o \weamevdD6020 RO4-070695  Revision: 4
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6. Engineered Safety Features

Table 6.2.1.4-2 (Sheet 5 of 5)

MASS AND ENERGY RELEASE DATA
FOR THE CASE OF MAIN STEAM LINE FULL DOUBLE
ENDED RUPTURE FROM 30% POWER LEVEL WITH FAULTED
LOOP MAIN STEAM LINE ISOLATION VALVE FAILURE THAT
PRODUCES HIGHEST CONTAINMENT PRESSURE

MASS ENERGY INTGR M INTGRE  AVG ENTH
LBM/SEC BTUSEC LBM BTU BTU
(E+6) (E+3) (E+6)
3196 0.3799 133.7 160.2 1189.
223 0.3832 1353 162.1 1189,
3252 0.3867 136.9 164.0 1189.
3283 0.3904 138.6 4659 1189.
3315 0.3943 1402 1679 1189.
3375 0.4015 1436 1719 1190,
3435 0 4088 147.0 176.0 119.  \ ‘/
349.0 04154 150.4 180.1 1190. \
3537 04211 154.0 184.3 1191. {
357.6 04259 157.5 188.5 1191. K
360.7 0.4296 161.1 192.8 1191.
363.0 0.4324 164.7 197.1 1191.
364.6 0.4343 168.4 201.4 1191.
3652 0.4350 172.0 2058 1191. /\
364.8 0.4346 1757 210.1 1191, :
3638 04334 1793 2145 1191.
362.5 04318 . 1830 2188 1191,
3613 0.4303 186.6 2231 1191
360.2 0.4289 19022 2274 1191.
3593 0.4279 193.8 2317 1191.
3588 04273 197.4 236.0 1191.
358 0.4269 201.0 . 2402 1191.
338.1 0.4045 2045 2444 1196,
296.7 0.3570 2064 246.7 1203.
262.0 03175 207.4 \ 2480 1212.
2455 02989 207.9 \ 2486 1218,
2252 0.2758 208.4 \ 249 1 1225.
2015 0.2484 208.8 249.6 1233,
175.7 0.2181 2091 | 2501 1241.
150.1 0.1876 200.4 | 2504 1250.
1255 0.1581 209.7 250.8 1259,
1053 0.1335 209.9 251.0 1267.
90.51 0.1153 210.1 2513 1274,
11.83 0.0151 210.1 2513 1280,
0.8582 0.0011 210.1 2513 1285.
0.059 0.0001 210.1 2513 1289,
0. 0.0000 2101 2513 1292,
0.0003 0.0000 210.1 2513 1295.
0 0.0000 2101 2513 1297,
0 0.0000 210.1 2513 1299,
0 0.0000 2101 2513 0.0000
0 0.0000 210.1 2513 0.0000
0.0000 0.0000 2101 2513 0.0000
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Peak Pressure Case - 30% Power - Full DER (1.4 ft42) - MST

Reactor Trip => 0.578 sec (SIS Low St=amline Pre
Steamline Isolati=> 10.578 sec
Feedwater Isolat=> 10.578 sec
SGDrysOut => 4920 sec

Time Mass Flow Flow |
(vec) (Ibm/s) (106 Bru/(1043 Ibm)(10%6 Btu) ,\ 7/_\ .
0.0 0.0 00 0000 /\ pr\" \£- L.

-

12438.1 14845 1244 1485
s % i i

; . : o
123736 14770 4962 5922 Y o
123549 14749 6197 7397
123366 14728 7431 8870
123187 14707 8663 10341

123006 14.686 9893 11.809
12283.1 14665 11.121 13276
122659 14645 12348 14740
122492 14626 13573 16.203
5396.4 6443 14112 16.847
53454 6384 14647 17486
5305.4 6337 15177 18119
5266.3 6292 15704 18748
52279 6.247 16227 19373
51903 6204 16746 19994
5153.5 6.161 17.261 20610
5117.3 6.118 17773 21221
5081.8 6077 18281 21.829
5046.9 6036 18786 22433
5012.6 5996 19.287 23.032
4978.8 5957 19785 23.628
4945.6 5918 20279 24220
4913.4 5880 20771 24808

NRNRRONNRNRNRRNN S i i e = = 0000000000

ubobuohauunobbhbbsuuwobuqahawnhbbbhbh;uhhbo“qgu.uu

4881.2 5843 21259 25392
4849.5 5806 21744 25973
48183 5769 22226 26.550
4787.5 5733 22704 27.123
3 47572 5697 23180 27.693
3. 47278 5663 23653 28.259
3. 4698 4 5628 24123 28822
3 4669 4 5594 24590  29.381
3. 4640.8 5561 25054 29937
3 4612.6 5528 25515 3049
3 4584.8 5495 25974 31040
3 4558.0 5463 26429 31586
3 4537.8 5440 26883 32.130
3 4516.5 5415 27335 32671
4. 44952 5389 27784 33210
4, 44741 5365 28232 33747
4. 44533 5340 28677 34281
4 44328 5316 29.120 343812
4 412.6 5292 29562 35342
4 45926 5269 30.001 35869
a 43728 5245 30438 36.393
4 43533 5222 30873 36915
4 43340 5200 31307 37435
4. 4315.0 5177 31738 37953
5 4296.2 5.155 32,168 38.468
5. 42717 5133 32596 38982 (4w
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3523.4
35152
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3498 7
3490.5
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34659
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3449 4

4271
4259
4247
4238

4219
4209
4.199
4189
4.180
4170
4.160
4.150

ss3smpateggRaRgy
FIFPERS

AR
£538838388%

41.975

/4(



11.8
119
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1707.9
1704.7
1701.5

2055
2.051
2047

57864 69.350
58034 69.555
58204 69.760
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12.1
12.2
123
124
12.5
12.6
12.7
12.8
129
13.0
13.1
13.2
13.3
13.4
13.5
13.6
13.7
13.8
13.9
140
14.1
142
143
14.4
145
14.6
147
14.8
149
15.0
15.1
15.2
153
154
15.5
15.6
15.7
15.8
159
16.0
16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8
16.9
17.0
17.1
17.2
173
174
17.5
17.6
17.7
17.8
17.9
180
18.1
18.2
183

1698.3
1695.1
16919
1688.6
1685.4
1682.1
1678.8
1675.6
16723
1669.0
1665.7
1662.4
1659.0
1655.7
1652.4
1649.0
1645.7
1642.3
1638.9
1635.5
1632.2
1628.8
1625.4
1622.0
1618.6
1615.1
1611.7
1608.3
1604.8
1601.4
1598.0
1594.5
1591.1
1587.6
1584.2
1580.7
1577.2
1573.8
1570.3
1566.8
1563.2
1559.7
1556.0
1552.4
1548.7
15449
1541.1
1537.3
1533.4
1529.5
1525.5
1521.5
1517.5
1513.5
1509.4
1505.3
1501.1
1497.0
1492.8
1488.6
1484 4
1480.1
14759
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72.187
72.386
72.586
72.784
72.983
73.181
73.379
73.576
73.773
73.969
74.165
74.361
74.556
74.751
74.945
75.139
75.333
75.526
75.719
75911
76.103
76.295
76.486
76.677
76.867
77.057
77.246
77.435
77.624
77.812
78.000
78.187
78.374
78.561
78.747
78.932
79.117
79.302
79.486
79.670
79.853
80.036
80.218
80.400
80.581
80.762
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81.122
81.301
81.480
81.658
81.836
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1467.3
1463.0
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184
18.5
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187 14586 1757 68822 82541
188 14543 1751 68967 82717
189 14499 1746 69.112 82891
190 14456 1741 69.257 83.065
19.1 14412 1736 69401 83239
192 14368 1730 69544 83412
193 14325 1725 69688 83584
194 14281 1720 69830 83.756
195 14237 1715 69973 83928
196 14193 1709  70.115 84.099
197 14150 1704 70256 84.269
198 14106 1699 70397 84439
199 14062 1694 70538 84.608
200 14018 1688 70678 84.777
205 13888 1673 71373 85614
210 13677 1.647 72056 86.437
215 13463 1622 72730 87.248
20 13254 1596 73392 88.046
225 13047 1572 74045 88.832
230 12844 1547 74687 89.605
235 12644 1523 75319 90367
240 12448 1499 75941 91.116
245 12255 1476 76554 91855
250 12067 1453 77157 92581
255 11882 1431 77752 93297

1170.1 1409 78337 94.001

1152.4 388 78913 94.655

1135.1 367 79480 95.379

1118.1 347 80039 96.052
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1023.7 1233  83.225

1009.1 1215 83.730 100496
994.9 1.198  84.227 101.095
981.0 1.181 84718 101.685
967.5 1.165 85202 102.268
954.2 1.148 85679 102.842
941.2 1.133  86.149 103408
928.5 1117  86.614 103.967
916.2 1.102 87072 104518

35.0 904.0 1088 87524 105.062
35.5 892.2 1074 87970 105.599
36.0 880.6 1059 88410 106.129
36.5 869.3 1046 88845 106651
370 858.3 1032 89274 107.168
37.5 847.6 1019 89698 107.677
380 837.1 1007 90.116 108.181
385 826.8 0994 90530 108.678
390 816.9 0982 90938 109.169
395 807.1 0970 91342 109.654
400 797.6 0959 91741 110.134
40.5 788.3 0948 92,135 110.608
410 779.2 0937 92524 111.076
41.5 770.4 0926 92909 111539
420 761.7 0915 93290 111.997
425 753.1 0905 93667 112449
43.0 744 8 0895 94039 112897
435 736.6 0885 94408 113339
440 728.6 0875 94772 113.777
445 720.8 0.866 95.132' 114210 ($2



45.0
45.5
46.0

713.1
705.6
698.3

0857 95.489
0848 95.842
0839 96.191

114.638
115.062
115.481



465 6911 0830 96536 115896
470 6839 0821 96878 116307
475 6770 0813 97217 116713
480  670.1 0804 97552 117.116
485 6634 079 97884 117514
490 6569 0788 98212 117.908
495 6504 0781 98537 118298
500 6442 0773 98859 118.685
505 6380 0765 99.178 119.067
510 6319 0758 99494 119446
515 6259 0751 99807 119822
520 6200 0744 100117 120.194
525 6143 0737 100424 120562
530 6087 0730 100729 120927
535 6032 0723 101030 121289
540 5978 0717 101329 121.647
545 5925 0710 101625 122002
550 5873 0704 101919 122354
555 5822 0698 102210 122703
560 5772 0692 102499 123.049
565 5723 0686 102785 123.392
570 5675 0680 103069 123.732
575 5628 0674 103350 124.069
580 5582 0669 103629 124404
585 5537 0663 103906 124.735
590 5492 0658 104.181 125.064
595 5449 0653 104453 125391
600 5406  0.648 104723 125.715
605 5365 0642 104992 126036
610 5324 0637 105258 126354
615 5283 0633 105522 126671
620 5244 0628 105784 126985
625 5205 0623 106044 127.296
630 5167 0619 106303 127.606
635 5130 0614 106559 127913
640 5094 0610 106814 128217
645 5058  0.605 107.067 128520
650 5023 0601 107318 128820
655 4989 0597 107567 129.119
660 4955 0593 107815 129415
665 4923 0589 108061 129710
670 4890 0585 108306 130.002
675 4859 0581 108549 130.293
680 4828 0577 108790 130582
685 4796 0574 109030 130.868
690 4766 0570 109268 131.153
695 4737 0566 109505 131437
700 4708 0563 109741 131.718
705 4680 0559 109975 131998
710 4652 0556 110207 132276
715 4625 0553 110438 132552
720 4598 0550 1i0.668 132.827
725 4572 0546 110897 133.100
730 4546 0543 111.124 133372
735 4521 0540 111350 133.642
740 4496 0537 111575 133910
745 4472 0534 111799 134.178
750 4448 0531 112021 134.443
755 4424 0528 112242 134708
760  440.1 0526 112462 134970
765 4378 0523 112681 135232
770 4356 0520 112899 135492
775 4334 0518 113.116 135.751 154
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Table 6.2.1.4-3 (Sheet 1 of 5)

MASS AND ENERGY RELEASE DATA
FOR THE CASE OF MAIN STEAM LINE FULL
DOUBLE ENDED RUPTURE FROM 102% POWER LEVEL
WITH FAULTED LOOP MAIN STEAM LINE ISOLATION VALVE
FAILURE THAT PRODUCES HIGHEST CONTAINMENT TEMPERATURE

Initial steam generator mass ( Ibm ) o A320007 133L5C .
Mass added by unisolatable steam ( Ibm ) . 800 g4,
Mass added by feedwater flashing ( Ibm ) . 5824 gl .
Iniual steam pressure ( psia ) . BT g4z .-
Feedwater line isolation at ( sec ) C 13400 10.29
Steam line 1solation at ( sec ) ¢ 134867 o0.29
TIME MASS ENERGY INTGR M INTGR E AVG ENTH
SEC LBM/SEC BTUSEC LBM BTU BTU
(E+6) (E+3) (E+6)
0. 0.0000 0.0000 0.0000 0.0000 0.0000
0. 4408 5.284 0.8817 1.057 1199,
0. 4385 5.257 1.759 2.108 1199,
0.6000 4349, 5214 2628 3.151 1199,
0.8000 20. 5.180 3493 4.187 1199 /
1.0000 429, 5.147 4351 5216 1199, \ )/
1.200 4265 5.115 5.204 6. 1199. Wy
1.400 4239. . 5.084 6.052 33256 1199 )
1.600 4213, N 5054 6.894 8267 1200.
1.800 4188 N.5.024 7.732 79272 1200. |
2.000 4163. Q95 8.564 , 1027 1200. \(_z
2.200 4128 4.9 9390 11.26 1200. &
2.400 4114 4937 1021 12.25 1200. 7/ \
2.600 4094, 4913 \ ,a%’ 1200.
2.800 4071. 4.886 1200.
3.000 4051, 4863 1200.
3.200 4035. 4.844 1200.
3.400 4024. 4831 1201.
3600 4013. 4818 1201.
3.800 3985, 4785 1201.
4.000 3959, 4754 1201.
4.200 3940 4‘7:)4%,' 1201.
4.400 3924, 47 1201.
4.600 3908, 4693 1201.
4.800 3892, 4674 1201
5.000 3876. / 4,656 1201.
5.200 3861, 4638 1201.
5.400 3846, 4620 1201.
5.600 3832 4.603 1201.
5.800 3818, 1201.
6.000 1805. . ¢ 1201.
6.200 3791. 585~ 2818 . —— 0. 1201.
6.400 3778. 4.540 2591 31.10 1202.
6.600 3766. 4525 2667 32.01 1202.
6.800 3754. 4511 2742 3291 1202.
o'wearreva\06020 RO4-070695  Revision: 4
LH.0-+4% June 30, 1995



6. Engineered Safety Features

Table 6.2.1.4-3 (Sheet 2 of 5)

MASS AND ENERGY RELEASE DATA
FOR THE CASE OF MAIN STEAM LINE FULL
DOUBLE ENDED RUPTURE FROM 102% POWER LEVEL
WITH FAULTED LOOP MAIN STEAM LINE ISOLATION VALVE
FAILURE THAT PRODUCES HIGHEST CONTAINMENT TEMPERATURE

TIME  MASS ENERGY INTGR M INTGRE  AVG ENTH

SEC LBMSEC  BTUSEC LBM BTU
(E+6) (E+3)

7.000 3742, 4.49 28.17 1202.

7.200 3730. 4483 2891 1202.

7400 . 3719, 4.469 29.66 1202.

7600 3708 445 30.40 1%.

7.800 L 31.14 1202.

4 000 T 1202

8.200 . 4418 3261 1202.

8.400 : 4.408 33.34 1202.

8.600 , 4.395 34.07 1202.

8.800 3646. : . 1202.

9.000 3635. 1202.

9.200 3626. 1202.

9.400 3615. : ‘}/

9.600 3604 : o\

9.800 3593,

10000 3582,

10.20 3571.

10.40 3559.

10.60 3548,

10.80 3536.

11.00 3523,

1120 3511

11.40 3498.

11.60 3485,

11.80 3472,

12,00 3458,

12.20 444

12.40 3428.

12.60 3414,

12.80 3398.

13.00 3384,

1203.
1203.
1203.
1203,
1203.

Revision: 4 o wareva 06020 k04070695
June 30, 1995 6,21k @ Westinghouse



6. Engineered

Safety Features

Table 6.2.1.4-3 (Sheet 3 of 5)

MASS AND ENERGY RELEASE DATA
FOR THE CASE OF MAIN STEAM LINE FULL
DOUBLE ENDED RUPTURE FROM 102% POWER LEVEL
WITH FAULTED LOOP MAIN STEAM LINE ISOLATION VALVE
FAILURE THAT PRODUCES HIGHEST CONTAINMENT TEMPERATURE

TIME  MASS ENERGY INTGR M INTGRE  AVG ENTH
SEC LBM/SEC  BTUSEC LBM BTU BTU
(E+6) (E+3) (E+6)
3.030 57.91 95T R0
2945 __SR40— 7016 3,
2860 S8.87 70.73 1203,
2.775 59.33 71.29 1203,
2690 59.78 71.83 1204,
2.605 60.21 72.35 1204,
2.519 60.63 72.85 1204.
2434 61.04 1204.
2.348 61.43 1204,
2.262 61.80 : 1204.
2.176 62.16 /7470 1204,
2090 62.51 /180 1204.
2004 62.84 75.52 1204,
. 917 63.16 75.90 1204,
. I 76.26 124.
. 1.79, 76.62 1204.
i 1.780 76.98 1204.
. 1.769 77.33 1204.
! 1.758 77.68 1204.
: 1.747 78.03 1204, ’ \
. 1.737 78.38 1204.
. 1.696 79.92 1204.
. 1.643 81.57 1204.
: 1.590 83.18 1204,
. 1.539 84.73 1204,
: 1.49 86.23 1204,
. . 1. 87.69 1204.
, ; A%9 89.10 1204.
: . /1357 90.46 1204,
. : 1316 91.79 1204,
29.70 1061. 1277 93.08 1204.
. 1.240 94.33 1204.
. 1.206 \ 95.54 1204.
: 1173 96.72 1204,
1.142 97.87 1204,
1.112 8.99 1203.
1.083 1 1203,
1.056 100.1 1203.
1.030 1022 1203.
1.005 103.2 1203
09816 104.2 1202.
0.9590 105.1 1202.
09375 106.1 1202
o \wameva602n R04-070695  Revision: 4
June 30, 1995




6. Engineered Safety Features

Tabie 6.2.1.4-3 (Sheet 4 of 5)

MASS AND ENERGY RELEASE DATA
FOR THE CASE OF MAIN STEAM LINE FULL
DOUBLE ENDED RUPTURE FROM 102% POWER LEVEL
WITH FAULTED LOOP MAIN STEAM LINE ISOLATION VALVE
FAILURE THAT PRODUCES HIGHEST CONTAINMENT TEMPERATURE

TIME MASS ENERGY INTGR M INTGRE  AVG ENTH
SEC LBM/SEC BTUSEC LBM BTU
(E+6) (E+3)

4. 762.9 0.9169 89.00 1202.
4370 746.6 0.8972 $9.76 1202,
44.70 731.1 0.8783 90.49 1201,
4570 7162 0.8603 9121 1201,
46.70 19 0.8430 91.92 1201.
47.70 68 0.8264 9261 1201.
48.70 675.1\ 0.8105 93.29 1201
49.70 6625 . 0.7953 9395 1200.
50.70 6505 . 0.7807 44.60 1200.
52.70 6281 07535 9588 3 / 1200,
54.70 607.5 . 0.7285 97.11 /1167 1199,
56.70 588.6 0.7056 9830 1182 19, | J
58.70 571.3 945 119.5 1198, Y
60.70 555.4 0. 100.6 1209 1198, \V
62.70 5409 0.64 1222 1198, .
64.70 5275 0.6316 . 1235 1197, [\
66.70 5153 06167 1247 1197,
68.70 504.1 0.6032 1269 1197.
70.70 493 8 0.5907 _ ; 127.1 1196. \\
72.70 4843 0.5793 1068 1283 1196.
74.70 475.5 0.5686 /. \107.7 1294 1196.
76.70 4674 0.5588 8.7 1306 1195.
7% 70 460.0 0.5498 / 1096 1317 1195,
80.70 4531 05414 / 1106 1328 1195.
82.70 446.7 0.533¢ 1114\ 1338 1195.
84.70 4407 0.5 1123 \ 1349 1195,
86.70 4351 0.5197 12\ 1359 1194,
88.70 4299 5134 114.0 o 1370 1194
90.70 425.1 /0.5075 1149 1380 1194,
92.70 420.5 /" 05020 115.7 N 139.0 1194,
94.70 4162 /04967 116.6 4400 1194,
96.70 4121/ 04918 1174 130 .0 1193,
98.70 4083 / 0.4872 1182 142y 1193,
100.2 4055 / 0.4838 1188 142. 1193,
105.2 397. 0.4741 1208 145.1 \ 1193,
1102 : 0.4648 1228 1474 N\ 1192
1152 K. 0.4566 1247 1497 \ 1192,
1202 : 0.4491 126.6 152.0 1192,
1252 . 0.4423 128.5 1542 1191
1302 ; 0.4362 130.3 156.4 1191,
1352 . 0.4308 1321 158.6 1191,
140 . 0.4261 1339 160.7 1191,
145 . 04222 1357 162.8 1191,
1 04189 1375 164.9 1191.

Revision: 4 o \weamevd 06020 R04.070695

June 30, 1995 6.2- |46 @ Westingtiouse



6. Enginesred Safety Features

Table 6.2.1.4-3 (Sheet 5 of 5)

MASS AND ENERGY RELEASE DATA
FOR THE CASE OF MAIN STEAM LINE FULL
DOUBLE ENDED RUPTURE FROM 102% POWER LEVEL

WITH FAULTED LOOP MAIN STEAM LINE ISOLATION VALVE

FAILURE THAT PRODUCES HIGHEST CONTAINMENT TEMPERATURE

TIME  MASS ENERGY INTGR M INTGRE  AVG ENTH
SEC LBM/SEC  BTUSEC LBM BTU BTU
(E+6) (E+3) (E+6)
155.2 3497 04163 139.2 167.0 1190.
1602 348.1 04144 141.0 169.1 1190,
1652 347.0 0.4131 1427 1711 1190,
1702 3464 04123 1444 1732 90.
1752 N\ 3462 04121 1462 1753 1190,
1802 3464 04123 1479 1773/ 119.
1852 9 04129 149.6 1794 /119,
190.2 0.4138 4 1815/ 1190.
1952 348, 04149 — " 153.1 18 1190,
2002 3497 N\ 04163 154.9 6 1190.
2102 321 . 04192 158.4 A89.8 1191. \
2202 3549 N 04226 161.9 /1940 ot
2302 1576 04259 1655 7 1983 met. N
2402 359.7 284 1691 S 2025 s, \
2502 361.1 04301 1 / 206 8 1191,
2602 3618 04 176.3 / 2111 1191,
2702 362.0 04311 179 215.4 1191,
2802 3619 04311 1845 2197 1191, \
2902 361.7 04308 A871 2241 1191,
3002 3615 0.4306 /1908 2284 1191,
3102 3614 0.4305 X 1944 2327 1191,
3202 3616 0.4307 / 237.0 1191,
3302 3199 03836 . 241.1 1199,
1322 304.7 03665 ’ 2418 1203,
3342 286.9 0.3461 / \ 2425 1207,
3362 2658 03 . 2431 1212,
3382 2409 0.2935 . 2437 1218,
3402 2119 598 . 2443 1226.
3422 1792 A.2214 . 2447 1235,
3442 146.4 /01824 1 2451 1246,
346.2 1210 /01519 . \ 2454 1255.
1482 8053 /01018 2051 \ 245.6 1264,
350.2 1652 / 0.0046 2051 56 1272,
0.0002 205 1 6 1278.
0.0000 2051 245, 1283.
0.0000 205.1 245.3\ 1287
0.0000 205.1 245.6 1291,
0.0000 205.1 2456 \\ 1294,
0.0000 205.1 2456 N\ 00000
0.0000 205.1 2456 . 0.0000
0.0000 205.1 2456 0.0000
o wsarevd\06020.R04-070605  Revision: 4
@Ww 6.2- )47 June 30, 1995
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Peak Temperature Case - 102% Power - Full DER (1.4 f1A2) -

Reactor Trip => 0.291 sec (SIS Low Steamline Pre
Steamline Isolati=> 10.291 sec
Feedwater Isolat=> 10.291 sec

Drys

8
g
v
:
:

Time
(sec)
0
1
2
3
4
5
6
g
9 106916 12810 9655 11.567
0 100832 12800 10723 12.847
1 106750 12791 11.791 14.126
2 47184 5652 12262 14.691
3 4665.1 5589 12729 15.250
4 46268 5544 13,192 15805
5 45896 5501 13651 16355
6 45537 5458 14106 16.901
7 45188 5417 14558 17.442
8 44850 5378 15006 17.980
9 44523 5339 15452 18514
0 44204 5301 15894 19.044
1 43895 5265 16333 19571
2 43596 5230 16768 20.094
3 43303 5195 17202 20613
4 43019 5162 17632 21.129
5 29 18.059 21.642
6 097 18484 22152
7 066 18906 22658
8 036 19326 23.162
9 006 19743 23.663
0 978 20.157 24.160
1 949 20570 24.655
2 4922 20979 25.148
3 4895 21387 25637
4 4871 21.793 26.124
5 4871 22198 26611
6 4863 22603 27.098
7 4856 23008 27583
8 4849 23411 28.068
G 4842 23815 28552
0 4835 24217 29036
1 V 24619 29518
2 4821 25021 30.000
3 4814 25421 30482
4 4807 25822 30963
5 4800 26221 31.443
6 4793 26620 31922
7 4786 27019 32400
8 4779 27417 32878
< 4773 27814 33356 (’] O

BB322285%

=~ OADP WDV I ID D00~ D
H

SR EE
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3967
396
3956

3
1.8
.3

4766 28211 33.832
4759 28607 34308
4753 29002 24783



+
o

SR MM AL
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SE88%
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G000V INNNN NN NI

CoNnmwwoel

SO 0101001010100 0000w m
OOQ\IOM&WNU—OON\IO\M

BSRRIAARISENLES.

4746 29398 35258
4740 29792 35732
4733 30.186 36.205
4727 30580 36678
4721 30972 37.150
4715 31365 37622
4709 31757 38.092
4703 32,148 38563
4697 32539 39032
4691 32929 39501
4685 33319 39970
4679 33709 40438
4674 34098 40905
4668 34486 41372
4662 34874 41838
4657 35262 42304
4652 35649 42760
4646 36036 43234
4641 36422 43698
4636 36807 44161
4630 37193 44624
4625 37578 45.087
4620 37962 45549
4614 38346 46010
4609 38729 46471
9.113

4604 39 46.932
4599 39495 47392
4593 39877 47851
4588 40259 48310
4583 40640 48768

4577 41021 49.226
4572 41402 49683
4566 41781 50.139
4560 42.161  50.595
4555 42540 51.051
4549 42918 51.506
4543 43296 51960
4537 43674 52414
4531 44050 52.867
4524 44427 53319
4518 44803 53771
4511 45178 54.222
4505 45553 54673
4498 45927 55122
4491 46300 55.571
4483 46673 36.020
4476 47046  56.467
4469 47417 56914
4461 47788  57.360
4453 48159 57.806
4445 48528 58250
4437 48897 58694
4430 49266 59.137
4422 49634 59579
4415 50001 60021
4407 50367 60.46]
4398 50733  60.901
4390 51.098 61.340
4381 51462 61.778
4373 51826 62215
4364 52189 62.652
4355 52551 63.087
2231 52737 63.310 7%



11.6
11.7
11.8

1851.4
1847.5
1843.6

2.226
2221
2217

52922
53.107
53.291

63.533
63.755
63.977
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11.9
120
12.1
12.2
12.3
124
12.5
12.6
12.7
12.8
129
13.0
13.1
13.2
133
134
13.5
13.6
13.7
13.8
139
140
14.1
142
143
144
145
14.6
14.7
148
149
15.0
15.1
15.2
15.3
154
15.5
15.6
15.7
15.8
159
16.0
16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8
169
17.0
17.1
17.2
17.3
174
17.5
17.6
17.7
17.8
17.9
180
18.1

1839.6
1835.6
18315
1827.4
1823.2
1819.0
1814.8
1810.6
1806.3
1801.9
1797.6
17932
1788.8
1784 4
1779.9
1775.4
17709
1766.4
1761.9
1757.3
1752.8
1748.2
1743.6
1739.0
1734 4
1729.8
1725.2
1720.6
1716.0
1711.4
1706.8
1702.2
1697.6
1693.0
1688.4
1683.8
1679.3
1674.7
1670.1
1665.5
1660.8
1656.1
1651.3
1646.6
1641.7
1636.9
1632.0
1627.0
1622.0
1617.0
1612.0
1606.9
1601.9
1596.7
1591.6
1586.4
1581.3
1576.1
1570.8
1565.6
1560 .4
1555.1
1549.9
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71.613
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72.016
72.217
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72.618
72.817
73.016
73.214
73411
73.608
73.805
74.001
74.196
74.391
74.585
74.778
74971
75.163
75.355
75.546
75.736
75.926
76.115
76.303
76.491
76.678
76.865



18.2
183
184

1544.6
1539.3
1534.0

1860 64.157 77.051

1.853
1.847

64311 77.236
64464 77421
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440
445
45.0

728.1
720.4
7129

0.875
0.865
0.856

91.099
91.459
91.816

109.481
109914
110342
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0.847
0.839
0.830
0.822
0814

0.798
0.790
0.783
0.775
0.768
0.761
0.754
0.748
0.741

oooococooe
g3g2=a88

o000

22232283338
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Y

0.595
0.592
0.589
0.586
0.583
0.580
0.577
0.574
0.571
0.569
0.566
0.563
0.561
0.558
0.556
0.553
0.551
0.549

110.765
111.185
111.600
112,011
112417
112.820
113.219
113.614
114.005
114393
114.777
115.158
115.545
11599
116279
116.646
117.011
117.372
117.730
118.085
118.437
118.786
119.133
119.477
119.819
120.157
120.494
120.827
121.159
121.488
121.815
122.139
122.461
122.782
123.100
123416
123.730
124,042
124352
124,660
124 966
125.271
125.573
125.874
126.174
126471
126.767
127.062
127.355
127 646
127936
128.225
128.512
128.797
129.082
129.365
129.646
129926
130.206
130.483
130.760
131.036
131310
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77.0 457.1 0546 109546 131.583
77.5 4553 0544 109.773 131.855
780 453.5 0.542 110000 132.126
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120.0
121.0
1220

368.8
367.5
366.3

0.439
0.438
0.436

126.933
127.300
127.667

152.327
152.765
153.201
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123.0
1240
125.0
126.0
127.0
128.0
129.0
130.0
131.0
1320
133.0
134.0
135.0
136.0
137.0
138.0
139.0
140.0
141.0
142.0
143.0
144.0
145.0
146.0
147.0
148.0
149.0
150.0
151.0
152.0
153.0
154.0
155.0
156.0
157.0
158.0
159.0
160.0
161.0
162.0
163.0
164.0
165.0
166.0
167.0
168.0
169.0
170.0
171.0
172.0
173.0
174.0
175.0
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177.0
178.0
179.0
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181.0
182.0
183.0
184.0
185.0
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WWwww
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0.397

2EEeEEEEEG

0.394

128.032
128.396
128.758
129.120
129.480
125.840
130.198
130.555
130911
131.266
131.621
131974
132326
132.677
133.027
133377
133.725
134.073
134.420
134.766
135.111
135.455
135.799
136.142
136.485
136.826
137.167
137.508
137.847
138.186
138.525
138.863
139.200
139537
139.874
140.210
140.545
140.880
141215
141.549
141.883
142.217
142.550
142 883
143215
143.547
143.879
144211
144 542
144874
145.205
145536
145.866
146.197
146.527
146,857
147.187
147518
147 847
148.177
148 507
148 837
149.166

153.636
154.070
154.502
154932
155.362
155.789
156.216
156.641
157.066
157 488
157910
158.330
158.750
159.168
159.585
160.001
160416
160.829
161.242
161.654
162.065
162.475
162.884
163.292
163.700
164.106
164512
164917
165.321
165.725
166.128
166.530
166931
167.332
167.733
168.132
168.531
168.930
169.328
169.726
170.123
170.520
170916
171.312
171.707
172.102
172.497
172.892
173.286
173.680
174074
174 468
174.861
175.254
175.647
176.040
176.432
176.825
177.217
177.610
178.002
178.394
178.786
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186.0 329.6 0392 14949 179.178
187.0 329.6 0392 149826 179.570
188.0 3296 0392 150.155 179962
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0.391
0.391
0.391
0.390
0.390
0.389
0.389
0.388
0.388
0.387
0.386
0.386
0.385
0.385
0.384
0.383
0.383
0.382
0.381
0.380
0.380
0379
0378
0.378
0377
0.376
0.376
0.375

150.485
150.814
151.144
151474
151.803
152.133
152.463
152.792
153.122
153.452
153.781
154.111
154.771
155.431
156.092
156.752
157413
158.074
158.735
159.396
160.058
160.720
161.381
162.043
162.705
163.366
164.028
164.689
165.350
166.011
166.672
167.332
167.991
168.650
165.309
169967
170.625
171.281
171937
172.593
173.247
173.901
174553
175.205
175.856
176.506
177.155
177.803
178.450
179.095
179.740
180.384
181.026
181.667
182.308
182947
183.584
184221
184 857
185.491
186.124
186.756
187.387

218960
219719
220476
221.231
221985
222738
223489
224239
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304.0
306.0
308.0

3149
3142
3121

0374
0373
0.371

188017 224987
188.645 225734
189270 226.476
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0365 189.884
0360 19049
0355 191.087
0.349 191.675
0343 192253
0337 192.820
0330 193376
0323 193921
0315 194452
0306 194969
0297 195470
0.286 195953
0274 196417
0261 196.860
0247 197.278
0230 197.668
0.2i3 198.030
0.195 198361
0.175 198.658
0.153 198920
0.135 199.151
0.113 199.346
0098 199514
0031 199567
0.001 199570
0.0001 199570
0.0 199570



6. Engineered Safety Features

Table 6.2.1.4-4
PLANT DATA USED FOR MASS AND ENERGY RELEASES DETERMINATION

Plant data for all cases:
Power, Nominal Rating (MW{) 1940
Nominal RCS Flow (GPM) 194200
Nominal Full Load Tayg (°F) Se280— 5657
Nominal RCS Pressure (psia) 2250
Nominal Steam Temperature (°F) S48~ =/8.3
Nommal Feedwater Enthalpy (BTU/Ibm) 4138

Revision: 4 o \sarevd\06025 R04-070695
June 30, 1995 6.2-‘&,) @ wm



6. Engineered Safety Features .

|
Table 6.2.1.5-1 \
DOUBLE ENDED C'OLD LEG GUILLOTINE BREAK

BLOWDOWN MASS AND ENERGY RELEASES (Cp=0.%)
Time Mass Flow Energy Flow 4 Is
(sec) (Ib/sec) (MBtu/sec) \ I e
0.27 51,190 26.55 P
052 50,840 26.37 o
0.77 52,990 27.51 . i
1.0 50,080 26.01
20 44,050 23.10 ©
30 35,070 18.76
4.0 27,620 14.99 J
5.0 22,251 1232 \
6.0 18,606 10.64 &
7.0 16,701 9.96
8.0 15,511 9.42 VA A
9.0 14,525 9.02 N
10.0 12,337 8.00 n
120 9,050 6.61 '
14.0 7,533 5.57
16.0 5,700 4.44
18.0 4,288 3.32
200 3,263 239
220 2,447 1.73
240 1941 1.24
260 2,017 1.00
280 1,503 0.70
300 1,106 0.50
320 818 041

o \serevd0602n ROS-070695  Revision: 4

@ Westinghouse 6.24‘%4 June 30, 1995



6. Engineered Safety Features

Table 6.2.1.5-1 (Sheet 1 of 2)
DECLG BREAK/MASS ENERGY RELEASES

n...@ Mass R%% Energy Biiec) 7>
5099 869

0.01125 2670001
0.51 51055.6 26504774
1.01 51273.84 26680200
1.51 49860.99 26033554
201 46206.26 24306452
251 41412.38 22093776
301 35793.19 19400192
151 30418.92 16703766
401 26853.12 15011002
451 246904.12 13976796
501 2275477 13127462
551 20785.91 12302017
6.01 19052.57 11643622
6.51 18187.08 11179082
7.01 17869 10899948
751 17087.62 10497992
801 15744.36 9907718
851 14096.94 9156074
9.01 13299.04 8703237
9.51 12671.68 8305148
1001 11523.11 7748078
11.01 10783.73 7150337
1201 9524.35 6427988
13.01 §396.749 5768359

Revision: 4 o \esarreva\06020 R04-070605
June 30, 1995 6.2- 1P @ Westinghouse



6. Engineered Safety Features

Table 6.2.1.5-1 (Sheet 2 of 2)
DECLG BREAK/MASS ENERGY RELEASES (GContinved)

TN;‘:) 2? Mass RMM!“Jt:S Energy RM%

14.01 7543.894 5163321
15.01 6243.189 4418082
16.01 5291.53 3756248
17.01 4250.511 3093208
18.01 3642 385 2505180
19.01 279217 2093299
20.01 2480.567 1713555
21.011 2149.12 1480193
220 1839.571 1264136
23.01 1799.34 1082463
24.01 1651.465 973969.9
25.0: 1452.628 820180.9
26.01 1458.903 7410794
27.01 1062.866 589754.2
28.01 8134185 475906
29.0% 8268542 3895359.7
30.01 547.0674 303974.3
3101 4331182 234913.5
3201 168.5994 132740 .8
33.01 0. 0.
o wsareva06020 R04-070695  Revision: 4
@ Westinghouse 6.2 June 30, 1995



. 6. Engineered Safety Features

Table 6.2.2-1

PASSIVE CONTAINMENT COOLING
SYSTEM PERFORMANCE PARAMETERS

[Westinghouse Proprietary]
[Provided under separate cover]

Revision: 4 o ssamevdi06020. R04-070695
June 30, 1995 6.2-42 @ Westinghouse
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6. Engineered Safety Features

Table 6.2.2-2

COMPONENT DESIGN PARAMETERS

[Westinghouse Proprietary]

[Provided under separate cover)

Revision: 4
June 30, 1995




6. Engineered Safety Features

Table 6.2.2-3

FAILURE MODE AND EFFECTS ANALYSIS -
PASSIVE CONTAINMENT COOLING SYS1EM
ACTIVE COMPINENTS

[Westinghouse Proprietary)
[Provided under separate cover)

Revision: 4 o wamrevaow 20 R04-070695

June 30, 1995
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6. Engineered Safety Features

[This page intentionally blank]
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' 6. Engineered Safety Features

Table 6.2.3-1
CONTAINMENT MECHANICAL
PENETRATIONS AND SOLATION VALVES (SHEETS 1-4)
[T'oldout)
Revision: 4 o weareva\0602n K04.070605
June 30, 1995 6.2- 5% 9 @ Westinghouse
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6. Engineered Safety Features
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- 6. Engineered Safety Features
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6. Engineered Safety Features

o \ssarrevd\602n RO4-070695

Revision: 4
June 30, 1995



. 6. Engineered Safety Features

Sheet 4
Revision: 4 o sareva 106025 R04-070695
June 30, 1995 6.2- 468 @ Westinghouse
2ol



6. Engineered Safety Features
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6. Engineered Safety Features

42 &
APHOD

Table 6.2.4-1

COMPONENT DATA -~ HYDROGEN SENSORS

(NOMINAL)
Number 16 (8 per tram)
Range (% hydrogen) 0-20
Response time 90% m 10 seconds

Revision: 4 o \ceamevd06020 R04-070695

June 30, 1995 6.2- gon W) westinghouse
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6. Engineered Safety Features

Table 6.2.4-2

COMPONENT DATA - HYDROGEN RECOMBINER
(NOMINAL)

.‘

Number 2

B AT BRI (. R R N N R 10.7 (1 )
Reator powes kW S —— v rrrrrrrrr90
Inlet hydrogen concentration 0-4

range (volume percent)

Coire HB{Ied bbb ¢ b
Hoober #00HOH — o T e S A AR

B Nl SRR . i S S R S R s e S A 85

0 sarrevd\D6020 R0O4-070695 Revision: 4
6.2-o85 June 30, 1995




- 6. Engineered Safety Features

Table 6.2.4-3

COMPONENT DATA ~ HYDROGEN IGNITER

(NOMINAL)
I . e50 25 T o  35 0 00 S0 08 30 .k R R b by SN s B B 10 13 e 7 I o 5 51 58
Glow Plug Temperature (°F) . .. ... ... ... ... L A R TP B RPN
Power Consumption (2' ................................................. 95
Revision: 4 o vearevi06020 R04-070695
June 30, 1995 6.2-’3!.#‘ @ Westinghouse



6. Engineered Safety Features

Table 6.2.4-4 (Sheet 1 of 3)

ASSUMPTIONS USED TO
CALCULATE HYDROGEN PRODUCTION
FOLLOWING A LOSS OF COOLANT ACCIDENT

General
2000 TR DOWEE LIIIRY & . o oo o s el 2 e o a8 w8 A 1,972
Contamment free volume (F13) . . . . ..o o e 1.73 x 106
Zirconium-Water Reaction
Weight of zirconium fuel cladding (Ib) . ... .. ... . .. .. .. e 34,788
Percent zirconinm-water 1eaction (Fo) . . . . . . ot e 1.09

Radiolysis of Water in Reactor Vessel

Percenitage of core fission product
inventory in core
DI I - 555 ¢ o s S8 i ko 3 B -39 4 o 6 W i d 645 R 970
A s M S P SRR 9750
Conpis e ol
e e e B e o e e Sl o 10099
Energy absorption by care cooling solution
POroont OF Samms OEEY MDOOEDOE . '« . 5 . . s oa b s s AR R A ATy 10
DR B Dotk DY BIDOERBE - -« - x e s R R s a e F A TR AR R A 0
Molecules of bydrogen produced per 100 €V . . . . .. ... . it e 0.5
energy absorbed by solution
Radiolysis of Water in Sump
Percentage of core fission product
mventory in the sump solution
DTN IIINNE %15 0o it s 30 o o T N 0 B L T o o - e i st Ik oo e ey 0
e s Ly el R e A R e LR S, | 350
C@BREIIS — 51 o o T o e T e e A
DO T it i o .l i o o o I ot s P i R B 2w e e (4]
Energy absorption by core cooling solution
e T T e R S SR NE R  C S S 100
POrcenl of DUte SRy SDOORMBE - . <« oo svvivanisianies i A i A E i e s e A 100
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Westinghouse 6.2489 June 30, 1995
@ 2l



. 6. Engineered Safety Features

Table 6.2.4-4 (Sheet 2 of 3)

ASSUMPTIONS USED TO
CALCULATE HYDROGEN PRODUCTION
FOLLOWING A LOSS OF COOLANT ACCIDENT

Molecules of hydrogen produced per 100 €V . . .. .. .. ... it iiiie e 0.5
energy absorbed by solution
Corrosion of Materials
Aluminum mventory in contamnment
Weight Surface
Component (Ib) (sq. ft)
Excore detectorns . . .. ... ... vt BY iiin o e e b s e e S ¥
T T P (A B s s o idoi o e e B S »d
Miscellaneous valve parts . . .................. DO 1 40 A1 A e AR R a6 e 86
RCDM cOnNnectors . . . ... .........ooueennnnns B e als T e 0 e e e s 42
PAINU . . . ... e R R I 18,000
e ML P R o IR (AT e kot a6 K e e e 85
Othernon-NSSSitems .................. it S e s kR ke A 100
Total alummum . .. .............0uenien.. 1,455
Revision: 4 o \wsameva106020 R04.070695
June 30, 1995 6.2- % @ Westinghouse
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6. Engineered Safety Features

Table 6.2.4-4 (Sheet 3 of 3)

ASSUMPTIONS USED TO
CALCULATE HYPROGEN PRODUCTION
FOLLOWING A LOSS OF COOLANT ACCIDENT

Zinc inventory in containment
Weight Surtace
Component (Ib) (sq. fv)
ROID T " -8 ki o ) v M 8 o L P S 2,100
RN & 5 7 75505 fars bt & okt 4 6 4 B v Fem R RS o d A e 3,500
L P S G R B i orihon 2 b by B 6 170
Juncion bOXes . . ... ... .. P e 730
I W D I o T A W B 5 % e x5 5k 1t o R M 72,000
T T A S IS S B 5t b b 41,000
HVACdoctwork . ............c.o00uveuvnnnn 840 ... ... ... 5,900
R O O e N A A R e e Al g 800
T L PR PP - e i 30,000
ORI 5 54ci saaananpasindg ELRETEESN BRI ;3 cfaiadnidsnapurans 39,000
Total ZIC . .. ... 5227
SN ORI 0. 1% s+ 5 v or 315 o 2 1 T o T e i 0 See Table 6.2.4-5
ZINC COMTOSION THIE . . . . . . oottt et it e e et e et e See Table 6.2.4-5
COntaImont BMIPOIBMIPE . . . o o v v o s o0 s o os o aomonsassasevsestssatnass See Table 6.2.4-5
DO S < 1.5 0 s 5 ot o oA o 2 ki 4 K R e e s e Tk e = 7-95
Initial Reactor Coolant Hydrogen Inventory
Hydrogen concentration in reactor coolant (cc at STPperkg) . ... .. ....... ... ... ... 40
T T TR T o DD S e e 154.000353,000

\samrev 06020 R04-070695  Revision: 4
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6. Engineered Safety Features

Table 6.2.4-5

POST-ACCIDENT CONTAINMENT TEMPERATURE
AND ASSOCIATED CORROSION RATES FOR ALUMINUM AND ZINC

Interval Temperature Al Corrosion Zn Corrosion
(sec) (°F) (ibM2-hr) (Ib/2-hr)
G- 287 G045 A4
- AXE 412 44 ANE Sh8!
ARy HNRS 328 (e LR
HO -~ AR 444 0627 LANNI3,
HOO00 — D 240 00008 — Q00049
100000259000 ————— 24— — — GO 000012
»359,000—— 260 G019 000037
0-25 300 0.066 0.00050
25 -60 270 0027 0.00031
60 - 150 250 0.014 0.00022
150 - 4000 270 0.027 0.00031
4000 - 9000 250 0.014 0.00022
9000 - 20,000 200 0.0023 0.000090
20,000 - 40,000 175 0.00084 0.000054
>40,000 153 000033 0.000033
Revision: 4 o wsareva\06020 R04-070695
June 30, 1995 6.2-499 @ Westinghouse



6. Engineered Safety Features

Table 6.2.5-1 (Sheet 1 of 2

EXCEPTIONS TO 10 CFR 50

APPENDIX J LEAK TESTING REQUIREMENTS

Appendix § Requirement

Paragraph [[1.A.1.(a) - Type A tests
are required to be terminated if
excessive leak paths, which would
interfere  with satisfactory
completion of the test, are
identified.

Paragraph [IL.A3.(a) - Type A tests
shall be conducted i accordance
with the provisions of ANSI N45 .4-
1972.

Paragraph [1L.A3.(a) - A Type A
test duration of 24 hours is

required.

Paragrapb [11.D.1.(a) - Three type A
tesis are t be performed at
approximately equal  intervals
during each 10-year service peniod.

Paragraph I11.D.2 - Type B tests are
required 0 be performed at
intervals not greater than 2 years

RS TR —
A ..
Exception and Justification g

Type A tests are to be conducted in accordance with ANSI-56.8, whach
permits testing o proceed provided that the leak(s) can be isolated and that
subsequent local leak rate testing is performed to demonstrate that the Type
A test criteria are met. This approach can potentially reduce plant outage
time and 1s in accordance with ANSI-56.8 and mdustry practice.

Type A tests are to be conducted in accordance with ANSI-56.8, which
superseded ANSIN45.4. The NRC is proposing a rule change to delete the
reference to any standard, and a companion Regulatory Guide that would
endorse ANSI-56.8.

Type A tests are (0 be conducted for a minimum of 8 hours, in accordance
with ANSI-56.8. Industry experience has shown that accurate test results
can be achieved in less than 24 hours. The proposed NRC changes to 10
CFR 50, Appendix J (Reference 15) would reduce the minimum test
duration from 24 to 8 hours.

Type A tests are to be conducted at mtervals not exceeding four years,
except that, if the test interval ends while containment mtegrity is not
required ar is required solely for cold shutdown or refueling activities, the
test mterval may be extended indefinitely provided all deferred testing is
successfully completed prior to the tme containment integrity is required.
This exception is consistent with the proposed NRC changes to 10 CFR 50,
Appendix J (Reference 15).

Type B tests are to be conducted at intervals not exceeding 30 months,
except that, if the test mterval ends while contamnment mntegrity 1s not
required or is required solely for cold shutdown or refueling activities, the
test interval may be extended indefinitely provided all deferred testing is
successfully completed prior 1o the time contamnment integrity is required.
This exception is consistent with the proposed NRC changes to 10 CFR 50,
Appendix J (Reference 15).

Revision: 4
June 30, 1995

o \ssarreva\0D6(02n. RO4-070695
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6. Engineered Safety Features

Table 6.2.5-1 (Sheet 2 of 2)

EXCEPTIONS TO 10 CFR 50
APPENDIX J LEAK TESTING REQUIREMENTS

e
) o -
Exception and Justification e

Paragraph [[1.D.2.(b)(1) - Air locks Type B testing is to be conducted in accordance with ANSI-56.8, which
shall be tested prior to mitial fuel permits testing of air locks which are not used during a 6-month peniod at
loading and at 6-month intervals a pressure of P, after the next usage rather than at 6 months.
thereafter at a pressure not less thar

Py

Appendix J Requirement

Paragraph I11.D.3 - Type C te's are Type C tests are to be conducted at intervals not exceeding 30 months,

required to be perforred at except that, if the test interval ends while containment integrity is not

intervals not greater than " years. required or is required solely for cold shutdown or refueling activities, the
test mterval may be extended mdefinitely provided all deferred testing is
successfully completed prior to the time containment integrity is required.
This exception is consistent with the proposed NRC changes to 10 CFR 50,
Appendix J (Reference 15).

Revision: 4 o \earreva\06020 R04-07069
June 30, 1995 6.2- i@ @ Westinghouse
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6. Engineered Safety Features

Table 6.2.5-2
COMPONENT DATA - CONTAINMENT LEAK RATE TEST SYSTEM
(NOMINAL VALUES)

Air Compressors

N BRI v 4 -t s e 5 O 0 6 R € e 4 e B 10,500

Discharge prossnne (PBIE) . . . . .. .coou v ieiuivnoinosasnoasasonsaosnsssasssssnsas 100
Air Cooling and Drying Equipment

A DD SO DA CRERET 2 o o oh e denin s h s e AR A s s Consistent with compressor

R DT O DI BARY. < - ¢ - oo a0 4 b 458 84 a8 B R 3 P ok 4

Air Filters (if required)
Air pressure and flow capacity . .. ............................ Conosistent with compressor
Mist and particolnte 7emOVEl SEBCIOICY .+ < o« 0«2 v v 060w v son e s anae e h e cea 99

(mmimum efficiency, in percent of
parucles larger than 3 microns)

o wsamevaV)6021, R04-070695  Revision: 4

Westinghouse 6.2- 529 June 30, 1995
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Figure 62‘1.1,/1

MSLB Containment Pressure vs. Time
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MSLB Containment Temperature vs. Time
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- 6. Engineered Safety Features

APB600 Pressure Comparison
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Figure 6.2.1.;/3

MSLB Containment Pressure vs. Time
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MSLB Containment Temperature vs. Time
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Contanmen’ Pressure (gauge)-Cell 885 Level 12
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6. Engineered Safety Features

Containment Gas Temperature- Cel 885 |Loval 12

Tempensture {F)
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4
Time (sec)
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Figure 6.2.1.14 U

b;-.h'. hh" f\..(,\ DECLG Containment Temperature vs. Time
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40
"T]’TV

Pressure (psig)
20
il

Time (sec)
4
Figure 6.2.1.1 46"
bqu‘ ﬂpnl DECLG Containment Lemperatare vs. Time

Pressdf <

Revision: 4 o \wsarevé 060201 R04-070695
August 31, 1995 6.2-19% @ Westinghouse
At
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Temperature (F)
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Figure 6.2.1.1/(
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Pressure {psig)
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Figure 6.2.1/

DEHLG Containment Pressure vs. Time
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DEHLG Containment Temperature vs. Time
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Pressure {psiyg)
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Figure 6.2‘1.1,(

External Pressure Analysis
Containment Pressure vs. Time
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Figure 6.2.1.1-10

)./
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Figure 6.2.1.1-11
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Figure 6.2.1.2-1 (Sheet 1 of 12)

TMD Model Noding Diagram
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6. Engineered Safety Features

Figure 6.2.1.2-1 (Sheet 2 of 12)

TMD Model Noding Diagram
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Figure 6.2.1.2-1 (Sheet 3 of 12)

TMD Mode! Noding Diagram
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Figure 6.2.1.2-1 (Sheet 4 of 12)

TMD Model Neding Diagram

Revision: 4 o \warevt 060201 R04-070695
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Figure 6.2.1.2-1 (Sheet 5 of 12)

TMD Model Noding Diagram

o \ssamevd\06020-1 RO4-070695  Revision: 4
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Figure 6.2.1.2-1 (Sheet 6 of 12)

TMD Meodel Noding Diagram
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Figure 6.2.1.2-1 (Sheet 7 of 12)

TMD Model Noding Diagram

o \sarrevd\06020- 1 04070695 Revision: 4
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Figure 6.2.1.2-1 (Sheet 8 of 12)

TMD Model Noding Diagram
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Figure 6.2.1.2-1 (Sheet 9 of 12)

TMD Model Noding Diagram
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Figure 6.2.1.2-1 (Sheet 10 of 12)

TMD Model Neding Diagram
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Figure 6.2.1.2-1 (Sheet 11 of 12)

TMD Model Noding Diagram
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Figure 6.2.1.2-1 (Sheet 12 of 12)

TMD Model Noding Diagram
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Figure 6.2.1.3-1
Iutegrated Mass Released for DECLG Break
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Integrated Mass Released for DEHLG Break
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Hydrogen Production Rote, scfm
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Hydrogen Production Rate
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Figure 6.2.5-1
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6. Engineered Safety Features

6.4

6.4.1

6.4.1.1

Habitability Systems

The habitability systems are a set of individual systems that collectively provide the
habitability functions for the plant. The systems that make up the habitability systems are the:

e Nuclear island nonradioactive ventilation system (VBS)
e Main control room emergency habitability system (VES)
e  Radiation monitoring system (RMS)

¢  Fire protection system (FPS)

Plant lighting system (ELS)

When a source of ac power is available, the nuclear island nonradioactive ventilation system
provides normal and abnormal HVAC service to the main control room (MCR), technical
support center (TSC), instrumentation and control rooms, dc equipment rooms, battery rooms,
and the nuclear island nonradioactive ventilation system equipment room.

When a source of ac power is not available to operate the nuclear island nonradioactive
ventilation system, the main control room emergency habitability system is capable of
providing emergency ventilation and pressurization for the main control room. The main
control room emergency habitability system also provides emergency passive heat sinks for
the main control room, instrumentation and control rooms, and dc¢ equipment rooms,

Radiation monitoring of the main control room environment is provided by the radiation
monitoring system. Smoke and fire deection and protection are provided by the fire
protection sveiem. Emergency lighting is provided by the piant lighting system. Storage
capacity s provided in the taain control room for personnel support equipment.

Safety Design Basis

The safety design bases discussed here apply only to the portion of the individual system
providing the specified function. The range of applicability is discussed in subsaction 6.4.4.

Main Control Room Design Basis

The habitability systems provide coverage for the main control room pressure boundary as
defined in subsection 6.4.2.1. The following discussion summarizes the safety design bases
with respect to the main control room:

e The habitability systems are capable of maintaining the main control room environment
suitable for prolonged occupancy throughout the duration of any one of the postulated
accidents discussed in Chapter 15 that require protection from the release of radioactivity.
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6. Engineered Safety Features

Refer to Section 3.1 and subsections 6.4.4 and 15.6.5.3 for a discussion on conformance
with General Design Criterion 19,

The main control room is designed to withstand the effects of an SSE and a design-basis
tornado,

A maximum main control room occupancy of up to 11 persons can be accommodated.

Food, water, medical supplies, and sanitary facilities are provided fcr a main control
room occupancy of up to 11 persons for 3 days. For longer periods of occupancy,
additional supplies can be brought in from offsite.

The radiation exposure of main control room personne’ . ‘oughout the duration of any
of the postulated limiting faults discussed in Chapter 15 does not exceed the limits set
by General Design Criterion 19,

With both VES trains delivering, the emergency habitability system maintains CO,
concentration to less than 0.5 percent for up to 11 main control room occupants. With
one train delivering, the emergency habitability system maintains CO, concentration less
than 0.5 percent for up to S main control room occupants, and maintains CO,
concentration less than 1.0 percent for up to 11 main control room occupants.

The habitability systems provide the capability o detect and protect main control room
personnel from external fire, smoke, and airborne radioactivity. Respiratory, eye, and
skin protection is provided for emergency use within the main control room pressure
boundary.

Automatic actuation of the individual systems that perform a habitability systems
function is provided. Smoke detectors, radiation detectors, and associated control
equipment are installed at various plant locations as necessary to provide the appropriate
operation of the systems.

6.4.1.2 Instrumentation and Control Roem/DC Equipment Rooms Design Basis

The habiiability systems are also designed to service the instrumentation and control rooms
and d¢ equipment rooms. The habitability systems are capable of maintaining the temperature
in the instrumentation and controi rooms and d¢ equipment rooms below the equipment
qualification temperature limit throughout the duration of any of the postulated accidents
discussed in Chapter 15, an SSE. or design-basis tornado.

6.4.2 System Description

Only the main control room emergency habitability system is discussed in detail in this
subsection. The remaining systems listed previously are described only as necessary to define
their functions in meeting the safety related design bases of thc habitability systems.
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6. Engineered Safety Features

’ 6.4.2.1

6.4.2.2

Descriptions of the nuclear island nonradioactive ventilation system, fire protection system,
plant lighting system, and radiation monitoring system are found in subsections 94.1, 9.5 1,
9.5.3, and Section 11.5, respectively.

Definition of the Main Coatrol Room Pressure Boundary

The areas, equipment, and materials to which the main control room operator requires access
during a postulated accident are shown in Figure 64-1. This figure is a subset of
Figure 1.2-8. Areas adjacent to the main control room are shown in Figures 1.2-25 and
1.2-31.

General Description

The main control room emergency habitability system is made up oi two redundant trains of
emergency air storage tanks. Each train consists of 12 tanks and ic sized to deliver the
required air flow to the main control room to meet the ventilation and pressurization
requirements for 72 hours based on the performance requirements of subsection 6.4.1.1. A
connection for refilling operations is provided for each train to allow for operation beyond
72 hours for those events that involve a radiological source term present.  Normal system
makeup is provided by a connection to the breathable quality air compressor in the
compressed and instrument air system (CAS).

The function of providing passive heat sinks for the main control room, instrumentation and
control rooms, and dc equipment rooms is part of the main control room emergency
habitability system. The heat sinks for each room are designed to limit the temperature rise
inside each room during the 72-hour period following a loss of nuclear island nonradioactive
ventilation system operation. The heat sinks consist primarily of the thermal mass of the
concrete that makes up the ceilings and walls of these rooms,

To enhance the heat-absorbing capability of the ceilings, a meta! form is attached to the
interior surface of the concrete at selected locations. Metallic plates are attached perpendicular
to the form. These plates extend into the room and act as thermal fins to enhance the heat
transfer from the room air to the concrete. The specifics of the fin construction for the main
control room and I&C room ceilings are described in subsection 3.8.4.1.2

The normal operating temperatures in the main control room, instrumentation and control
rooms, d¢ equipment rooms, and adjacent rooms are kept within a specified range by the
nuclear island nonradioactive ventilation system in order to maintain a design basis initial heat
sink capacity of each room.

In the unlikely event that power to the nuclear island nonradioactive ventilation system is
unavailable for more than 72 hours, then cooling of the main control room is provided by
portable spot cooling units brought into the main control room from offsite within 72 hours.
The portable coolers are water cooled, and are connected to permanently installed piping that
extends through the control room wall. The piping penetrations are designated as Class C,
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6. Engineered Safety Features

6.4.2.3

seismic Category 1. Outside the control room wall, a temporary hose connection is made (o
connect temporary air cooled chilled water units. In addition 1o the coolers, portable free
standing fans may be placed within the main control room o provide the distribution of air
cooled by the portable coolers, The portable equipment is only used in the unusual
circumstance in which the nonradicactive ventilation system is aot available. The portable
units are standard commercial units and are sized t¢ maintain the rooms at temperatures that
allow for long term occupancy of personnel in the main control room.

The main control room emergency habitability system piping and instrumentation diagram is
shown in Figure 6.4-2.

Component Description

Each train of the main control room emergency habitability system compressed air supply
contains a set of storage tanks, a pressure regulating valve, a flow metering orifice, and
solenoid-operated isolation valve. For pressure mitigation in the main control room, redundant
relief flowpaths are provided, which contain an air-operated butterfly isolation valve in
combination with a pressure relief damper.

*  Emergency Air Storage Tanks

There are 12 air storage tanks in each train, for a total of 24 tanks. The 12 tanks in each
set are joined together by a common header. The tanks are constructed of forged,
seamless pipe, with no welds, and conform to Section VIII and Appendix 22 of the
ASME Code. The design parameters are listed in Table 6.4-1.

e Pressure Regulating Valve

Each compressed air supply line contains a pressure regulating valve located downstream
of the common header. The pressure at the outlet of the valve is controlled via a self
contained pressure control operator. The downstream pressure is set so that the flow rate
can be controlled by an orifice downstream of the valve.

e Filow Metering Orifice

The flow rate of air delivered to the main control room pressure boundary is limited by
an orifice located downstream of the pressure regulating valve. The orifice is sized to
provide the minimum required air flowrate to the main control room pressure boundary.

e Solenoid-Operated Isolation Valve

The pressure boundary of the compressed air storage tanks is maintained by a normally
closed solenoid-operated isolation valve in each supply line. This valve is located
downstream of the flow metering orifice and automatically initiates air flow upon receipt
of a signal to open (see subsection 6.4.3.2).
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¢ Air-Operated Butterfly Isolation Valve

To limit the pressure increase within the main contro! room, air-operated butterfly
isolation valves are provided, one in each of redundant flowpaths, which open on a time
delay after receipt of an emergency habitability system actuation signal. The valves
provide a leak tight seal to protect the integrity of the main control room pressure
boundary during normal operation, and are normally closed to rrevent interference with
the operation of the nonradioactive ventilation system.

e Pressure Relief Damper

Pressure relief dampers are located downstream of the butterfly isolation valves, and are
set to open on a differential pressure of 1/8-inch water gauge. The differe ntial pressure
between the control room and the relief damper exhaust location is monito ‘ed to ensure
that a positive pressure is maintained in the control room with respect 1o its surroundings.

e  Control Room Access Doors

To restrict inleakage during emergency conditions, the main control room access doors
are equipped with self-closing devices that shut the doors automatically foliowing the
passage of personnel. Two sets of doors, with a vestibule between that acts as an
airlock, are provided at the access to the main control room.

e Breathing Apparatus

Self-contained portable breathing equipment with air bottles is stored inside the main
control room pressure boundary. The amount of stored air is sufficient to provide a
6-hour supply of breathable air for up to 11 main control room occupants, This is
backup protection to the permanently installed habitability systems.

6424 Leaktightness

The construction techniques used for the main control room pressure boundary are described
in subsection 3.8.4.6.3.

The main control room pressure boundary is designed for low-leakage. The following features
are applied as needed in order to achieve this objective:

*  The outside surface of penetrations sleeves in contact with concrete are sealed with
epoxy crack sealer. The piping, HVAC duct and electrical cable penetrations are sealed
with qualified pressure-resistant material compatible with penetration materials and/or
cable jacketing.
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e The interior or exterior surfaces of the main control room envelope (walls, floor, and
ceiling) are coated with low permeability paint/epoxy sealant and sealing of observable
concrete stress cracking.,

e Corners and wall/slab junctions are caulked and sealed with silicone sealant, as are
penetrations and sleeves in contact with concrete.

e Inside surfaces of penetrations and sleeves in contact with commodities (i.e., pipes, ducts
and conduits, etc.) are sealed. main control room pressure boundary ducted isolation
dampers are bubble-tight and meet the design requirements of ASME N509-1989,
Construction Class B, Leakage Class L

»  Penetration sealing materials are designed to withstand at least 1/4-inch water gauge
pressure differential in an air pressure barrier. Penetration seals are a combination of
materials, such as silicone foam, ceramic fiber, rubber boots, silicone elastomer and
silicone caulk, or an approved equal assembly. The seal system is capable of
withstanding a temporary pressure of 0.5 psi without losing the ability (0 maintain
continuous pressure.

The piping, ducts, conduits, and electrical cable trays penetrating through any combination of
main control room pressure boundary are sealed with qualified seal assembly compatible with
the materials of penetration commodities. Penetration sealing materials are selected to meet
barrier design requirements and are designed to withstand specific area environmental design
requirements and remain functional and undamaged during and following an SSE.

Main control room penetration seal systems are a combinatior of materials such as silicone
foam, ceramic fiber, rubber boots, silicone elastomer, silicone caulk assembly or an approved
equal, and meet applicable requirements of ANI, UL, ASTM E-119, I[EEE Std 634, NFPA7
70, and 10 CFR 50, Appendix B.

The main control room pressure boundary main entrance is designed with an airlock-type
double-door vestibule, with self-closing devices that shut the doors automatically following
the passage of personnel. The emergency exit door is normally closed, and remains closed
under design basis source term conditions.

When the main control room pressure boundary is isolated in an accident situation, there is
no direct communication with the outside atmosphere, nor is there communication with the
normal ventilation system. Leakage from the main control room pressure boundary is the
result of an internal pressure of |/8-inch water gauge provided by emergency habitability
system operation.

The exfiltration and infiltration analysis for nuclear island nonradioactive ventilation system
operation is discussed in subsection 9.4.1.
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6.4.2.5

6.4.2.6

6.4.3

6.4.3.1

6.4.3.2

Interaction with other Zenes and Pressurized Equipment

The main control room emergency habitability system is a self-contained system. There is
no interaction between other zones and pressurized equipment.

For a discussion of the nuclear island nonradioactive ventilaticn cystem, refer to
subsection 9.4, 1.

Shielding Design

The design basis loss-of-coolant accident (LOCA) dictates the shielding requirements for the
main control room. Main control room shielding design bases are discussed in Section 12.3.
Descriptions of the design basis LOCA source terms, main control room shielding parameters,
and evaluation of doses to main control room personnel are presented in Section 15.6.

The main control room and its location in the plant, identifying distances and shield
thicknesses, are shown in Figure 12.3-1.

System Operation

This subsection discusses the operation of the main control room emergency habitability
system.

Normal Mode

The main control room emergency habitability system is not required to operate during normal
conditions. The nuclear island nonradioactive ventilation system maintains the air temperature
of a number of rooms within a predetermined temperature range. The rooms with this
requirement include the rooms with a main control room emergency habitability system
passive heat sink design and their adjacent rooms.

Emergency Mode

Operation of the main control room emergency habitability system is automatically initiated
by the following safety-related signals:

e  Hi-Hi main control room radiation
*  Loss of ac power

Operation can also be initiated by manual actuation,

If radiation levels in the main control room exceed the Hi-Hi setpoint, the nuclear island
nonradioactive ventilation system is isolated from the main control room pressure boundary
by automatic closure of the isolation dampers located in the nuclear island nonradioactive
ventilation system ductwork. At the same time, the main control room emergency habitability
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6.44

system begins to deliver air from the emergency air storage bottles to the main control room
by automatically opening the isolation valves located in the main control room emergency
habitability system supply lines. After a slight time delay, in which the main control room
pressure increases slightly due to the addition of air, the air-operated butterfly isolation valves
open, allowing the pressure relief dampers to function.

After the main control room emergency habitability system isolation valves are opened, the
air supply pressure is regulated by a self-contained regulating valve. This valve maintains a
constant downstream pressure regardless of the upstream pressure. A constant air flow rate
is maintained by the flow metering orifice downstream of the pressure regulating valve. This
flow rate is sufficient to maintain the main control room pressure boundary at 1/8-inch water
gauge positive differential pressure with respect to the surroundings. The main control room
emergency habitability system air flow rate is also sufficient to maintain the carbon dioxide
levels below 0.5 percent concentration for 11 occupants assuming both trains are delivering.
With one train delivering, the system maintains the carbon dioxide concentration below
0.5 percent for § occupants, or below | percent for 11 occupants.

The emergency air storage tanks are sized to provide the required air flow to the main control
room pressure boundary for 72 hours. If continued operation is required after the 72-hour
period, the storage tanks are refilled using compressed air from offsite.

The temperature rise in the main control room pressure boundary following a loss of the
nuclear island nonradioactive ventilation system is less than 15°F over a 72-hour period.
Sufficient thermal mass is provided in the walls and ceiling of the main control room to
absorb the heat generated by the equipment, lights, and occupants. The temperature in the
instrumentation and control rooms and dc equipment rooms following a loss of the nuclear
island nonradioactive ventilation system remains below 120°F over a 72-hour period. As in
the main control room, sufficient thermal mass is provided surrounding these rooms to absorb
the heat generated by the equipment. If cooling is required beyond 72-Yiours, portable fans
with flexible ducting are obtained from offsite, and are used to deliver forced convection
cooling to each of the electrical equipment rooms using ambient air, as needed.

In the event of a loss of ac power sources, the nuclear island nonradioactive ventilation system
isolation dampers automatically close and the main control room emergency habitability
system solenoid-operated isolation valves automatically open. These actions protect the main
control room occupants from a potential radiation release. In instances in which there is no
radiological source term present, the compressed air storage tanks are refilled via a connection
(o the breathable quality air compressor in the compressed and instrument air system (CAS).

System Safety Evaluation

Doses to main control room personnel resulting from a postulated LOCA are presented in
subsection 15.6.5.3. Since no radioactive materials are piped or stored near the main control
room pressure boundary, only doses to the control room operators due to a LOCA are
postulated. A discussion of the calculational models is given in subsection 15.6.5.3.
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As discussed and evaluated in subsection 9.5.1, the use of noncombustible construction and
heat and flame resistant materials throughout the plant reduces the likelihood of fire and
consequential impact on the main control room atmosphere.

The flue gas exhaust stacks of the onsite standby power diesel generators are located in excess
of 150 feet away from the fresh air intakes of the main control room. The onsite standby
power system fuel oil storage tanks are located in excess of 300 feet from the main control
room fresh air intakes. These separation distances reduce the possibility that combustion
fumes or smoke from an oil fire would be drawn into the main control room,

The protection of the operators in the main control room from offsite toxic gas releases is
discussed in Section 2.2. The sources of onsite chemicals are described in Table 6.4-2 and
their locations are shown on Figure 1.2-2. Analysis of these sources are in accordance with
Regulatory Guide 1.78.

A supply of protective clothing, respirators, and self-contained breathing apparatus adequate
for 11 persons is stored within the main control room pressure boundary. The design basis
operating shift crew size is five persons.

Food, water, medical supplies, and sanitary facilities are provided for 11 persons for 3 days.
The storage locations protect the supplies from contamination as a result of postulated
accidents. The supply of food and water is sufficient for a prolonged occupancy because
outside supplies can be provided within the three day interval.

The main control room emergency habitability system components discussed in
subsection 6.4.2.3 are arranged in redundant, safety-related ventilation trains as shown in
Figure 6.4-2. The location of components and piping within the main control room pressure
boundary provides the required supply of compressed air to the main control room pressure
boundary, as shown in Figure 6.4-1.

During emergency operation, the main control room emergency habitability system passive
heat sinks are designed to limit the temperature rise inside the main control room to 15°F, and
to limit the air temperature inside the instrumentation and control rooms and d¢ equipment
rooms (0 120°F. The walls and ceilings that act as the passive heat sinks contain sufficient
thermal mass to accommodate the heat sources from equipment, personnel, and lighting for
72 hours.

The main control room emergency habitability system provides 20 scfm of ventilation air to
the main control room from the compressed air storage tanks if one train is delivering, or
40 s¢fm if both trains are delivering. Twenty scfm of ventilation flow is sufficient to
pressurize the control room to 1/8-inch water gauge differential pressure in addition to limiting
the carbon dioxide concentration below one-half percent by volume for five person occupancy
or, alternatively, below one percent concentration for a maximum occupancy of eleven
portions. Forty scfm of ventilation flow is sufficient to both pressurize the control room to
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I 6.4.5.1

water gauge differential pressure as well as maintaining the carbon dioxide concentration
below 0.5 percent by volume for all 11 persons,

Automatic transfer of habitability system furctions from the nuclear island nonradioactive
ventilation system to the main control room emergency habitability system is accomplished
by the receipt of one of two signals:

e Hi-Hi main control room radiation
e Loss of ac power sources

The airborne fission product source term in the reactor containment following the postulated
LOCA is assumed to leak from the containment. The concentration of radioactivity, which
is assumed to surround the main control room, after the postulated accident, is evaluated as
a function of the fission product decay constants, the containment leak rate, and the
meteorological conditions assumed. The assessment of the amount of radioactivity within the
main control room takes into consideration the radiological decay of fission products and the
infiltration/exfiltration rates to and from the main control room pressure boundary.

A single active failure of a component of the main control room emergency habitability
system or nuclear island nonradioactive ventilation system does not impair the capability of
the systems to accomplish their intended functions. Each train of the main control room
emergency habitability system is connected to an independent Class |E power supply. Both
the main control room emergency habitability system and the portions of the nuclear island
noaradioactive vertilation system which isolates the system are designed to remain functional
during an SSE or design-basis tornado.

Inservice Inspection/Inservice Testing

A program of preoperational and postoperational testing requirements is implemented to
confirm initial and continued system capability. The VES system is tested and inspected at
appropriate intervals, as defined by the ASME code, Section XI, and by technical
specifications. Emphasis is placed on tests and inspections of the safety-related portions of
the habitability systems.

Pre-Operational Testing

Acceptance testing of the main control room emergency habitability system is performed to
verify that the air flow rate of 20 scfm is sufficient to maintain pressurization of the main
controi room envelope of 1/8-inch water gauge with respect to the adjacent areas.

Acceptance testing of the main control room isolation dampers in the nuclear island
nonradioactive ventilation system is performed to verify the leaktightness and closure times
of the dampers,
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6.4.5.2

6.4.6

6.4.7

Testing and inspection of the radiation monitors is discussed in Section 11.5. The other tests
noted above are discussed in Chapter 14.

Inservice Testing

Inservice testing of the main control room emergency habitability system and nuclear island
nonradioactive ventilation system is conducted in accordance with the surveillance
requirements specified in the technical specifications in Chapter 16.

Visual inspections of the main control room pressure boundary and seals are conducted in
accordance with the frequency specified in the technical specifications.

Instrumentation Requirements

The indications in the main control room used to monitor the main control room emergency
habitability system and nuclear island nonradioactive ventilation system are listed in
Table 6.4-3.

Instrumentation required for actuation of the main control room emergency habitability system
and nuclear island nonradioactive ventilation system are discussed in subsection 7.3.1.

Details of the radiation monitors used to provide the main control room indication of actuation
of the nuclear island nonradioactive ventilation system abnormal mode of operation and
actuation of main control room emergency habitability system operation are given in
Section 11.5.

The instrumentation is designed as seismic Category I. A description of initiating circuits,
logic, periodic testing requirements, and redundancy of instrumentation relating to the
habitability systems is provided in Section 7.3,

Combined License Information

Combined License applicants referencing the AP600 ertified design will address procedures
regarding the availability and use of equipment for conditions beyond 72 hours of the
accident,

Combined License applicants referencing the AP600 certified design will address the amount
and location of possible sources of toxic chemicals near the plant using the methods of
Regulatory Guides 1.78 and 195, and will verify that the plant meets the interface
requirements in Section 2.2. The Combined License applicant will also address toxic gas
monitoring, as required.

The Combined License applicant will address plant-specific procedures and training that are
to be consistent with the licensing basis documentation, and with the intent of Generic
Issue K3, "Control Room Habitability.”
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Table 6.4-1

I COMPONENT DATA - MAIN CONTROL ROOM
EMERGENCY HABITABILITY SYSTEM
(NOMINAL)

I Emergency Air Storage Tanks

I RO < o\ 45 6 e G v A A AR R B F L R R e R AT N R S AN KA 24
I BT T A RIS - 6 v nh A v RS A e A RS A B 51 (hqud)
l DR DO DMEE . & s o ncavr v a b s r AR e vl b A e o T T e 2450
| OpOrating Pressuse (PBIB) .o - oo« i i v adamnin b b adaio s nami N and o sbare i oy an AN 2300
. RSERRIBIIORY = - v godet i o 5T % R i A o o B el o ASME Secuon VIII and Appendix 22
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Material
Hydrogen

Nitrogen
CO,

Hydrazine
Morpholine
' Sulfuric Acid
I Sodium Hydroxide
I Dispersant'®

Fuel Oil

| Note:

(a) Site-specific, by Combined License apphcant

State
Liquid
Liquid
Liquid
Ligqud
Liquid
Liquid
Liquid
Liguid
Liquid

Tabie 6.4-2

ONSITE CHEMICALS
Nominal Quantity

2,000 gal.
1,060 gal.
275 gal.
1,600 gal.
1,600 gal.
20,000 gal.
20,000 gal.
9,000 gal.
200,000 gal.

Location
Gas storage
Gas storage

Gas storage

Turbine bldg.
Turbine bldg.
Turbine bidg.
Turbine bldg.
Turbine bldg.

DG fuel o1l storage tank

64-13
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Table 6.4-3
MAIN CONTROL ROOM HABITABILITY INDICATIONS AND ALARMS
I VES emergency air storage tank pressure (indication and low alarm)
' main control room pressure boundary differential pressure (indication and high and low alarms)
l VES air delivery line flowrate (indication and low alarm)
VBS main control room supply air radiation level (high alarm)
VBS outside air intake smoke level (high alarm)

VBS isolation damper position

Note:
KEY: VES = Main control room emergency habitability system
l VBS = Nuclear island nonradioactive ventiition system
MCR = Main control  wn
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Figure 6.4-1

Main Control Room Pressure Boundary
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Figure 6.4.2

Main Control Room Habitability System
Piping and Instrumeatation Diagram
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