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6.2 Containment Systems

6.2.1 Containment Functional Design

6.2.1.1 Containment Structure

6.2.1.1.1 Design Basis

The contamment 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 6.2.1.! 212,h131.

his capability is maintained by the contamment system assummg the worst single failure
affecting the operation of the passive contamment cooling system (PCS). For pnmary system
breaks, loss of offsite power (LOOP) is assumed. For secondary system breaks, offsite power
is assumed to be available where it maximizes the mass 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.

He 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. His results in reduced cooling flow for PCS operation.
No other single failures are postulated in the contamment analysis.

Theson&==(integdty)nalyiss;fftliefAP600 employsd;twoltypes}of modelf offths
containment? Mimultivolumejlumped;p' mneterg.,delfissusedl;tofstudy;thelonstenna

boutainment response to a postulated L6ssiof Coolant Accident (LOCA) and the MainSteam
~

Line.. Break (MSLB) wid***%%e; second model is. a' detailed distributed orfmite volume
.

model of the AP600 containmant tint is used to analyze the#4crm response (i.esthe peak
pressure:tansient) of they**

Re 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.

We contamment design for the Safe Shutdown Earthquake (SSE) is discussed in
Subsection 3.8.2.

He mimmum containment backpressure used in the Passive Core Cooling System (PXS)
analysis is discussed in Subsection 6.2.1.5.
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| 6.2.1.1.2 Design Features i

l 1
1

The operation of the PCS is discussed in Subsection 6.2.2. The arrangement of the j

containment and internal structures is described in Section 1.2.

De reactor coolant loop is surroimded by structural walls of the containment mternal
structures. These stmetural walls are a Inmtmum of two feet - six inches thick and enclose
the reactor vessel, steam generators, reactor coolant pumps, and the pressunzer.

The containment vessel is designed and constructed in accordance with the ASME Code,
i

Section III, Subsection NE, Metal Contamment, including Addenda through 1989, as described )
in Subsection 3.8.2. )

Structural steel non-pressure retainmg parts such as ladders, walkways, and handrails are!

| designed to the requirements for steel stmetures 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 maintamed 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), aal the central chilled
water system (VWS). De recirculation system cooling coils are provided with 45'F chilled

| water for temperature control. The filtration supply and exhann subsystem can be utili7ed
periodically to purge the contamment air for pressure control. Periodic inspection and
maintenance verify functional capability.

| 6.2.1.1.3 Design Evaluation

esmP"tc' |Re Westinghouse-GOTHIC (WGOTHIC) computer code (Reference i) is a rt2te cf i:^d.-
program for modeling multiphase flow in a contamment analysis. It solves the conservation
equations in integral form for mass, energy, and momentum for multicomponent flow. He
momentum conservation equations are written separately for each phase in the flow field
(drops, liquid 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.

In cr&r te =0&! Se p= rive eccling featrec efie AP'R, sevem! ==mptic= rre =de
in- cr:P.ing Se p!= &ck. % externd eccling .t= &= not cc=phtdy re! ie
sentai==' 6-3, icefore, bei re! =d d j cectic= cf ie iell were =0&bd in Se
WGOTHIC =alyce. Ee n='yi ===ed coverage frem 10 p= cent enie top cf1e &=0,
to-4p rcen* cn $e d& rdb. H=t cen&ction free: 1e d j te re! = tic = b not
ceri& red in ic =dyi, dicugh cdc66= ic- $is te be a b= '11. Rep'=enta !ve
e *=d cec!!ng /:*= !!c =t=,1/hid inclu&d ie dngk fai!= ==mption &=ibed |
erlier, r red fe- Se /e! = tier. Se 2.dyi 250 an!,ervatively ==== that-the ;

exter .:! cccling rate b net initiated nn'il 11 min"*= inte 10 := dent, n!!c zing for time te
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idide te nig=1 =d !c E!! Se h=&r: =d ::i s-The-ebet: cf != Scring i:: te
d=l! frc= g=vity forces-ere-!=plidly cc=i&r-d in te =2'yi. Since $^ 2 be"!e is not
leak-tight, & !- ''- e f'enp Sc =e i .c! &d te cimu'ee me e." bets cfi!=hing $ cugh te
bafa , $= byp-*g $: 20 =2! i Scepeh. Se net effec * :# i = = = rje = i *cej

p ci= 0 00n= /mive p!=! -- 'yi, i= --^s-W- te 00-""----* pr== : and
!:=;r.rc=e :=;==:.

model the' passive; cooling features;of the AP600,;several" f-5wers maids
- - .c o : - - h e., # es: - -
codalamt intell,1thereforefboth;we4 andMsections;of the shoHiwerefmodeled in the
WG011HC;; analyses.jnef:snalysesiassumed conservati#consage: fractions;tist;were
selected based on;the darationfof-theitransient. 5Forlexample,Ja?treasiest:Lrunleatending
24 hoursassumes|thecoveragescalculated,at24 hourifortheantirstrampimt Table;61L1t2
provides the coverage fractionsyersus tine Palm 1miad for thejAP600.

-

Heaticonductionifroni:theMXwet section:li:normaldamiin thfanalysiCalthough
calculations |show this to be 'a benefit.] Represcatative czternal cooling water flowralesj;which
included the_sagle failure assemptica daesihed cadierface used for;the we(4ections5The
analyses also conservati_vely assumefthat . evnnrnal cooling water 1s;; sot initiated until;1.1

le minutesinto the ts.a.kat, allo f . time to;. initiate |the signal ^and to: fill the headers and [
[* 1he: effects of water flowigg'down the) hell from gravitational | forces 1are| explicitly

'

1 ered in the analysis.d

X

/ed
The containment initial conditions of pressure, temperature, and humidity are provided in
Table 6.2.1.1-43.

For the LOCA events, two double-ended guillotine R pe breaks are analyzed. He breaks
are postulated to occur in bo64ither thQhot alcold legs of the RCS. The hot leg
break results in the highest blowdown peak pressure. He cold leg break results in the highest
higbafpost-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
gererators. He 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 spectmm is analyzed. Various break sizes,
power levels, and failure assumptions are analyzed with the WGOTHIC code. The MSLB

i mass and energy releases described in Subsection 6.2.1 A are used for these calculations.

The re-2 ef-the-LOCA 2.d MSLB p=tel:* d ceci&nt: =e provi&d in Tab!: 5.2.112.

The results of the LOCAland MSLBy= wad accidentiare piovided inTable|6.2.11%A
comparisonof the containmentintegdty|analysesyesultsito;GeneralDesign 'rheAnn38 andc
the: Acceptance ( Criterialg@ iin (tie ? Standard ;Riview [ Plan?;arefalso[provided ;ln
Table 65 LIE 4;OAn exception: bas, been tahn:10 thelStandard Review Plan %cceptance
Criterio(ofgreducingLthe| cont *===fpressurelat 24, hours to less than.50| percent' of |

l

i
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ihECLPeak(calculated pressard.BThe:- ;*i=Vth(50#sentibfM=vaim=(dengn
pressure;;is being used instead of the pukwi~iai presare;

Thicontainment pressorelesponse W1hspeakvessureisteam liRbreduseh p6vided id
Figurejf.2.K145%(temperature |responselfor[thi(caseXprovidedlis; Figure;6.2.1:142
Pigaree;42.1E(fad 6%higtrovide the;ymeaimnent pressors;; sad temperaturciesponseforet:%-sieamAi=*: case; -@9

6
%e passive internal ntainment heat sink in the WGOTHIC analysiss is presented
in Tables 6.2.1.1 , through and-6.2.1.1 ata for both metallic and concrete heat sinks,

are presented. %e physical properties of the materials corresponding to the heat sink
information is presented in Table 6.2.1.1%

The contamment shell temperature response is provided at three distinct elevations: the dome,

presented in Table 6.2.1.1%perating deck level.
the spring line, and the o Values for both wet and dry sections are

,

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

6.2.114 External Pressere Analysis

Certam design basis events and credible inadvertent systems actuation have the potential to
result in contatnment 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 contamment vessel. %is event leads to a reduction
in the mternal containment heat loads from the reactor coolant system and other active
components, thus resulting in a temperature reduction within the contamment and an
accompanying pressure reduction. Evaluations are performed to determine tte maximum
external pressure to which the contamment may be subjected during a postulated loss of all
ac power sources. For the loss of all ac power sources, ASMEiService Level C limits are
applicable and a contamment external pressure of psid is permitted. j

Re evaluations are performed with the assumption of a -40'F ambient tempdme with a
steady 458 mph wind blowing to maximize cooling of the containment vessel. he initial
laternalcontainment tempemture is conservatively assumed to be 120 F, creatmg the largest
possible temperature differential to maximi 7e the heat removal rate through the containment
vessel wall. A negative 0.2 psig initial contamment pressure is used for this evaluation. A
conservative maximum initial containment relative humidity (100$is used to produce the
greatest reduction in contamment pressure due to the loss of steam partial pressure by
condensation. It is also conservatively assumed that no air leakage occurs into the
contamment during the transient.

Evaluatbns are performed with conserva6vely low estimates of the contamment heat loads
and conservatively high heat removal through the containment vessel consistent with the
limiting assumptions stated above. Resuksef d= ev&c'ic:= confi= that even un&r !cng

Revision: 4 w-enaomo695
June 30,1995 6.2-4 T W6snq$suse

__



_
. - -

CO
Tk cont.' nm ~4 koc< ,

respons.c.s t . do b,, <.= -=\t._me Oobv
=c

a 1 eMed e.cl .1 Iqpp c . se.nb.A. N n E c . m. t t - G a.dar e_

b .e 3,axr%%.,%h quen- eAa <-to.2..t.1- 4 C.., 4 .e
- L. ( o mel r'sy r, s, t., . t . t .1 - 7 ~.5 L. z . t . t - 8
C.< & L -p . 1 Bema. pra.%e_%.e mea <|.TL L -e . A p <-._+ = e mo L 1 %~re w--T
p c. . r e_ ud x _m ~% c re - ,-

a. l.1, e.n,.A._A W, + i,3 y'. Om ecom s <-be- ico. v <._
pr,se ~ %.A.*m Fly<.- L . 2. \ . \ *) ed
t . a .1. \ - n o .

__ _ _______ - ________. -_. . _ _ _ -



_ _ _ _ _ - -

_____

6. Fngineered Safety Features

g se,tl wth +b*
*$ .0

ter= !c= cf 2" 20 pe= cc=ces, Se centnin= n! .-! exte nrd p er- net exc ed te
3.0 pcid Ser" ice L ve! C !!rit. Results of these btbat "-35_..

g "Q' f;M Knet; external'pessore __.

Ipisid; service;1evelCjlimiti

epf below the~ service level C limit; based on the PAM's.inecationsTfour'mmisianmar tuessure . ehs
- orwarmor aiontopreventthe:=neai-apees efwm:*opping

r<-
instnanents)|and;theTability;;to TmitigsteJ thelpressore; reduction;[byfopeamgyM*etlof
conda'unnent ventilation | purge: Isolation | valves [whichTareJpoweredj%1he3E;batterisik

7be 11.niting case [;cnntalanentyrsssure transient is)h6wn in Figani].2.1
11

6.2.L2 Containment Subcompartments

6.2.1.2.1 Design Basis

Subcompartments within contair. ment 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. 'Ihe 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 I

'

Section 3.6, for analyzing the maximum difTerential 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 nominni diameter. This eliminates the need to consider the dynamic effects of
postulated pipe breaks for pipes which qualify for LBB. However, the analyses of
contamment pressure and temperature, emergency core cooling, and environmental
qualification of equipment are based on double-ended 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 mpture of a three-inch line in the reactor coolant system (RCS) is analyzed
to determine the maximum differential pressure across the subcompartment walls. The
characteristics of the postulated rupture are detemuned in accordance with the methods and
criteria of Section 3.6. Analyses are performed for a double ended guillotine break occurrmg
in each of tie 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 compartmentftbe'pisssas(enclosure valve | room;
innlaranaapflo(and the operating deck.

'Ibc steam generator compartment is analyzed for the effects of a three-inch double ended

de-Mguillotine break occurrmg in both the hot leg and cold leg pipe.
In conformance with

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

.w,=60snamo695 Revision: 4
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.dthree-ingdouble4mdedcoid-legpdrelease:wiejoperan(:maren Jf

und other-Win this|c6mparkm$
$ ke pM* A o

De[ maintenance fimdloperathg deck?ngiopsManalyzed]aftWeffects?of7several
aemndary side sipiCThe releams: fmmXoso::aquarea4<e@eaksthatmul Minprimagr .

fontirea ruptuC--QOM .s jother .compat*-we gg .e.

W~CV5 foos li'asalykd f& thi~iffests'of"several breaks E occur $%E three-Inch
double-ended $ leg pips).rcicasejwithMpercent(margin!MMM%other

'

breaks:in;this w,w C.em. s

%e reactor vessel cavity pressunzation loads are not considered, consistent with the position
in Subsection 3.6.1.2.

6.2.1.2.2 Design Features
G

Re plant general arrangement drawings shown Section 1.2 include descriptions of the
v.e= g= rater &eal-Msub-compartment and surrounding areas. He 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 91.2.

To account for uncertamty between the as-built subcompartment configuration and the \
'

configuration modeled,40 percent margin is added to the calculated differential pressures, as
discussed in Subsection 6.2.1.2.3.6.

6
De subcompanment free volu and the areas of the vent paths are presented in
Tables 6.2.1.2-1 through 6.2.1.2- Vent paths considered in the analyses are shown in the
general arrangement drawings and consist of floor gratings and openings through walls. In
the AP600 subcompanment 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).

6.2.1.2.3 Design Evaluation

he TMD computer code (Reference 2) is used in the subcompartment analysis to calculate
the differential pressures across subcompartment walls. De TMD code has been reviewed
by the NRC and approved for use in subcompartment differential pressure analyses. ".c cc."
h9_ncM mcac:y fc; myu% bci ic: ecc.'. =r p!M rd 1.vgc, iy sia N
A g;;. O

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

He initial atmospheric conditions used in the TMD subcompartment analysis are selected so
that the calculated differential pressures are maximized. Rese conditions are chosen

Revision: 4 ow.r-ve602 mo4070695
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according to criteria identified in Subsection 6.2.1.2 of NUREG-0800 and include the
maximum allowable air temperature, sninimum absolute pressure, and zero percent relative
humidity. The initial conditions used in the analysis are tabulated in Tables 6.2.1.2gand
6.2.L2 2. 'f

he contamment and subcompartment atmospheres during normal operating conditions are
maintained within prescribed pressure, temperature, and humidity *dmits by means of the

o contamment air recirculation system (VCS), the containment air filtration system (VFS), and

[45
the ce chilled water system (VWS). The recirculation system cooling coils are provided
with chilled water to provide sufficient terufuaime control. The filtration supply and
e bsystem can be utihzed to purge the contamment air for pressure control. Periodic
inspection and maintenance are performed to verify functional capability.

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 ur. augmented 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 entramment results in the highest calculated differential pressures
and therefore this degree of entramment is conservatively assumed in the subcompartment
analysis.

6.2.1.2.3.2 Piping Systems Y # #

Re subcompartment analysis for the steam generatorcompartmenti rformed assuming
a double ended guillotine break in a three; inch inside diameter reactor .ing system ho(leg

o% cold leg pipe in te e=* de=n ;;==:ct ec=priment. The brea$ assumed to occur
between the 84 foot, six inch elevation and the 104 foot, three inch elevation of the steam
generator compartment. Node 1 is the holleg break node of the TMD model and Node'2 is
thelcpid' 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 location of the break within
the node is not critical to the differential pressure calculation. No flow restrictions exist that
limit the flow out of the break.

s &
The analysis for the pressurizer g-, iment pipe and valv6 room di L. id swaming
a doubleinded guillotine break in a three-lach inside diameter RCS hot leg pipe %%is break
mestikenvelope! the tranch lines that could be paa*=W to rupture in thisLarea:@hc| break
is3==i to occur between theJ07 foot,2-inch elevation and the;117tfoot 6-inch elepation7

of the pressurizerpipe and valve room compartment.| Node |59 i.s the break node of the_.TMD
model (see Figure 6.2.1.2-1;forith(noding diagram).

,w5
The' anal for tisisteam generator vertical asce@ sea pedbrmed_ assurningVdouble-
ended ga Ltweak in a three-inch'inside disneter R mid4eg pipe 4 Dis break
envelop ('the branch lineithat couldjbe1 postulated tofrupture in thisfaitsCh%ejbreak ls

~

i
-med to occur between the;83-foot; 0-inch elevation.and the;103tfoot4 5-inch' elevation

!
ohme060hR04070695 Revision: 4
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of the; steam generator verticalkcesihica compartment.INode123:1s the~ break iiode of the
TMD model (see Figure,6.2.1.2-1 for the modmg A* gram);

p S

1he analysis 1for the maintenance floorland operating? deck %,=,, i .ca:a
assumag a one' square foot rupture;of a main'steamline' pipe.S~ Ibis.. break .en _
brandillnes that could.be =M*4 to rupturein these areasA7be ineak is assumed to occur
kiaa the'.1_07-footf2-inch elevation and the 135-footT3.-inch |cietation of the;;mnissennnee

.

floor cos,-W and ter4 the1135-foot?3-in& clevatiori and the 256-foot |2.375-inch
elevation 1of the. operating? deck regiondNode)6~;is'thejmmirmenanchroom break node |and
Node 57 is the operating deck room break mode of;the TMD model (see Figure 6.2.1.2-1 for
the nodtag diagram):

5o
The; analysis for the!CVS room waii' performed aanming !a' double;;e guillotine breakin
a three-inch ~dunneter:RCS cold-leg pipe.tThis break Mivel _the branch lines'that
could be postulated to rupture in' this? area.y'Ihe break isLassumedfto occur between the
91tfoot,10-in& elevation and the 105-foot,2-in& elevation of,the CVS room (vo,-- cx
Node.66 is the break node of the TMD model (see Figure 6.2.1.21 for the nodsag diagram).

6.2.1.2.3.3 Node Selection

The nodalization for the c=. genem:c ::ab compartments is analyzed in sufficient detail
such that nodal boundaries are at the location of flow obstructions or geometrical changes
within the subcompartment. These discontinuities create pressure differentials between
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 stics for each of the subcompartments are tabulated in Tables 6.2.1.2g
through 6.2.1.2-)(. These tables show that at no time during the transient does critical flow
exist through vent paths. The timebndent 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 Flowpath Flow Coefficients 3,

The subcompartment vent path data is tabulated in Tables 6.2.1.2 through 6.2.1.2 Loss
coefficients are included in these tables.

6.2.1.2.3.6 Results
_

/ The time-dependent pressures of eachEofLthelbreakinodes Jwithingthe! respective 1

subco=3Wunestshde 1 -ith $c 2:n g:::m:cr =becmp=tr.: ' fer 50$ cold leg and
[ het !:g i- ici line bre& are shown in the graphs of Figures 6.2.1.2-2 and 6.2.1.247.

Figures 6.2.1.2-48 and-ttuough;6.2.1.2-513 show the time dependant pressures of ths node 47
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which reaches the highest pressure difference relative to the break' ode 4for each respectiven
case.

- -f-brvy h b. r. * I* 3 0
The resultant maximum di ential pressures of each node relative to the break node 4-are
shown in Tab)6.2.1.2-9_ . The design of the de= gr ater-subbmpartment walls for

(subcompanment pressurization is discussed in Subsection 3.8.3.3.

The results of the sutA:ompartment analysis demonstrate that the wall differential pressures
resulting from a high energy line break within the ce= ge=c:cr subl. compartments are well
within the design capability; even when a 40-percent margin is applied.

6.2.1.3 Mass and Energy Release Analyses for Postulated Er Of Ot ! .^.c5:talpe
Rasphins

i

!

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

$cO* *
The firstJy;1(describes the methodology used to calculate the releases for the subcompartment

i 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.

spe
Re second describes the methodology used to determine the releases for the contaimnent
pressure temperature calculations using the WGOTHIC code (Reference 1) (referred to
as the long term analysis). Rese releases are used for the containment integrity analysis in
Subsection 6.2.1.1.

1

( 1he 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 sut> compartments postulates
the complete Ddouble-Eended Gguillotine (DEG) severance of a three-inch pipe.L%elmass
and energy release | postulated fbr a ruptured | steam'line.is for a one square. foot breat

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

The containment system receives mass and energy releases following a postulated mpture of
the RCS. He release rates are calculated for pipe failure at two locations: the hot leg and the
cold leg. Rese break locations are analyzed for both the short-term 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.1he RCS depressunzes rapidly since
break flow exits both sides of the pipe in a DEG seversace.

wwm4am.no4.o7o695 Revision: 4
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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 a 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 scenario. This analysis
provides mass and energy releases for a three inch DEG rupture in the cold leg and in the hot
leg.

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

De initial conditions and inputs to the modified Zaloudek correlation are given in ;

Table 6.2.1.3-1. The short term LOCNmass and energy release data is provided in Tables
6.2.1.3-2 and 6.2.1.3-3.!%e short-ternt non-LOCA mass and energy release data are pro.vided
in TableL6.2.1.3-4;

6.2.1.3.2 Long Term Mass and Energy Release Data

A long term LOCA analysis calculational model is typically divided into four phases:
dowdown, which includes the period from the accident initiation (when the reactor is in a

|f
steady-state full power operation condition) to the time that the broken loop pressure equalizes j
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 |
1s released to the RCS primary system by the RCS metal, core decay heat, and the steam
generators.

The longtterm analysis considers the blowdown, reflood, and post-reflood phases of thep
} transient. The refill period is conservatively r.w.ed 6 mm um.adMdy wo e cua 01

pehy M''"idthat the releases to the contamment are conservatively maximized.4
-the n, ed oh 2

he AP600 longsterm LOCA mass and energy y e predicted for the blowdown phase
for postulated DECLG and DEELG breaks.( he releases are provided in Tables 6.2.1.3M

an,/ .shrough 6.2.1.3-6) The blowdown phase mass and energy releases are calculated using the
NRC approved SATAN-VI computer code (Reference 4). The post blowdows phase mass
and energy releases are are &velegd te cc=ide calculated'consulering thejenergy released
fmm the available energy sources described below. The energy release rates are :".cdelled i
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conservatively high-modeled so that the energy is released quickly. Eis re=!!s ne; higher
release rates resuR in a conservative containment pressure calculation.

6.2.13.2.1 Energy Sources

De 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):
ZirconiumJwater reaction*

Re 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 sere <nergy 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 Zhconium surmunding theffuelis. assumed to react*

6.2.1.3.2.2 Description of Blowdown Model

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

6.2.13.23 Description of Post. Blowdown Model

he remaining RCS and S_O mass and energy inventories at the end of blowdowm are used
to define the initial conditions for the begmning of the reflood portion of the transient. He
bmken and unbroken loop SG inventories are kept separate to account for potential differences

o:wanv4WO2a.R04-070695 Revision: 4
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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 frem 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.

The accumulator; CMTiand IRWSTmass flow rates are computed from the end of blowdown
to the time the tanks empty.v6= re * den fren' m end of b!cwdce n =d ===-d te
remam-oc=t=t to estime* me $ne 1e accu nu'atorc wou!d empty. '!be CE =d IRWS''
flow rat = (and du atic : 'er C."T F0w) $2: cre =d =e rep e=n*ntive of m .^?600+ystem
iestwese-

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

Mass which is added to and which remains in,the vessel is assumed to be raised to saturation.j
Therefore, the actual amount of energy available for release 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.

6.2.13.2.4 Single Failure Analysis

No single failure is assumed in the mass and energy release calculations. 'Ihe safety hijection
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. ys C%o f 4)

gw
6.2.13.2.5 Metal-Water Reaction g ]

|
and-energy r&== to ce[rd.23 :e :etd wat= reacticeu ec=idered ineloulating me mass
%u,:m i .....ggce ,

:=t, bec== te fuel temperature &arehnouglFlo-preclude i

dreonium-water-reactic ":ic ic Oc=ic:=t 11 the-methodelegy of Ref==c c 3 =d )
4 Consistent witti.1 .R50, Appendix K1 criteria,lthe energy releaseTassociated with the I
rirconium.waterLex : reaction has~ been considered.U'Ihe}LOCA?peakicladding j
temperature analysi demonstrates compliance with the Appendik K criteria demonstrates )
that no appreciablellevel of;rirconium oxidation occurs. ;This level of reaction.has been

'

I
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bounded is thb c6ntainment|massTind energy:' release analfsis|bf|isapcuiisfthe;hsat:6f
reaction;fsn 11 percent: of;th zirconiumisurrounding;the(fueI@Thislexceedsithe11evel
predicted by the LOCA analysis and results in~ additional conservatism in tlx: mass and energy
release.calculati.ons;

h
6.2.1.3.2.6 Energy Inventories bN*O W.i

a
(J

iInventories of the amount of mass and en released to containment are provided in
summary Tables 6.2.1.3-2 through 6.2.1.3 dTdSG.2.1.3f uovogo 6.2.1 ^710. "

6.2.1.3.2.7 Additional Information Required for Confirmatory Analysis

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

1
6.2.1.4 Mass and Energy Release Analysis for Postulated SecondarypSystem Pipe Rupture Inside

Containment

Steam line ruptures occurring inside a reactor containment structure may result in significant
releases of high-energy fluid to the contamment 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 desigryfIs well as the plant operating conditions and the size of the rupture.
% ece - hdcas mic a scoc. 2:c & :_"a*a ef e da? =nre cw 5 j

contunment presme end t:mperaturc cvd=dc= felle ing c s:cc.m " "" - Ris
section describes the methods used in determming the contamment responses to a variety of !

!postulated pipe breaks encompassing wide variations in plant operation, safety system
performance, and break size. He spectrum of breaks analyzed is listed in Table 6.2.1.4-1. l

1

6.2.1.4.1 Significant Parameters Affecting Steam Line Break Mass and Energy Releases I

Four major factors influence the release of mass and energy following a steam line break
steam generator fluid inventory, primary-to-secondary heat transfer, 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 level*

Main feedwater system design j*

Startup feedwater system design I*

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. |

ohmWO2n.R04-070695 Revision: 4
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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 ofincreased 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, several different power levels spanning the operating range as well as the
hat shutdown condition are analyzed.

6.2.1.4.1.2 Main Feedwater System Design j

|

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 steam 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 conditjons. 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. Determmation 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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6.2.1.4.13 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. 7be effects on the steam generator mass
are mnimind in the calculation described in Subsection 6.2.1.4.3.2 by assummg full stanup
feedwater flow to the fauhed steam generator startmg at time zero from the safeguard
system (s) signal or low steam generator level reactor trip and continuing imtil automatically
terminated.

6.2.1.4.1.4 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 arca prior to isolationjthat isj

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.

'Ibe 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 ntptures
are charactenzed 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 Isreak 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 controlled 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

charrev40602a.R04-070695 Revision: 4
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area, or the total flow restrictor throat area in the intact steam generator. 'Ihe reverse
flow has been conservatively assumed to be controlled by the flow restrictor in the intact
loop steam generator.

A una11 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.

h n d : is in=ff!c!=* to =pper* a fined frae'icn v/;*= =* !==: =cd'!, me input
=== ne v/ der =* !==*. Thic me = $d $e emn=: is cc==tively ====!
= &y =:u 2:ed ce= Sat is ie eff!=n: g 'i*y egd ic 1.0.

In this case, the break areas analyzed for the small double ended rupture are determined i

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 entrainmentXThis means that the

-

.. ..v.E.. . . . / v. '.J."j[e. .m. u. e.n.t. is a. s.sumed.to be."<d. r.y satura.t.ced. . . . c. .c, am. . . . . . " . . .. " . . . . . . ' . . . . . . . . . , . .
~ *~

Doubl ended rupture areas larger and smaller than the split break area are presented.

A split rupture representing the largest break which can neither generate a steam line*

isolation signal from the primary protection equipment nor result in moisture
entrainment. Steam and feedwater line isolation signals are generated by high
cot.tainment pressure signals for this type of break. Being a split rupture, the effective
area seen by the faulted steam genemtor 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 sufficiently in the
affected steam generator to preclude 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. 'Ibe effect of the pressure loss
is to reduce the effective break area seen by the steam generator. Althou,;h this reduces the
rate of blowdown, it would not significantly change the total release of energy to the
containment. Therefore, piping loss effects are conservatively ignored in the blowdown
results., encept in Se =211 double =ded rup*u= in "chich =ciere entr^.i==: ccc=. Se
effect of p!p- f-iction ze ce==tively =mmed ic b =ffic!= ly !rge in ti: c= :c
p even* ncie= ent ain .=: in me +ever,- f' eve, $= .!e-W iccer re!!ef ic the,
sentamment

Revision: 4 .wa602 no+47o695
June 30,1995 6.2-16 W Westinghouse

_ _ _ _ . _ _ _ _ . . . . _ _ _ _ ___ _ _ _ _ _ _



. . _ _ . .

6. Engineered Safety Features
nn --

6.2.1A.1.5 Availability of Offsite Power)

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

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

Re continued operation of the reactor coolant pumps until automatically tripped as a*

result of core makeup tank (CMT) actuation. His maximizes the energy transferred
from the reactor coolant system to the steam generator.

%e continued operation of the feedwater pumps and actuation of the startup feedwater*

system until they are automatically termmated. This maxmuzes the steam generator
inventories available for release. j ,p*<
Re AP600 is equipped with the assive s e ards system including the CMT and the*

passive residual heat remov RH Following a steam line rupture, these
passive systems are actuated when their setpoints are reached. This decreases the
primary coolant temperatures. He actuation and operation of these passive safeguards

'

systems do not require the availability of offsite power.

When the PRHR is in operation, the corchenerated heat is dissipated to the in- '

contamment refueling water storage tank (IRWST) via the PRHR heat exchanger. His
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 sia the break.

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

6.2.1.4.1.6 Safety System Failures .

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

Failure of one main steam isolation valve*

Failure of one main feedwater isolation valve*

6.2.1.4.1.7 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. His
energy transfer occurs through the primary coolant. As the primary plant cools, the
temperature of the coolant flowing in the steam generator tubes drops below the temperature

1

l
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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
steam 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.

6.2.1A.2 Description of Blowdown Model

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

6.2.1.4.3 Containment Response Analysis

The WGOTHIC Computer Code (Reference 1) is used to determine the contamment responses
following the steam line break. The containment response analysis is described in
Subsection 6.2.1.1.

6.2.1.4.3.1 Initial Conditions J
The initial containment conditions are g&&in Subsection 6.2.1.1.

6.2.1.4.3.2 Mass and Energy Release Data
i

Using References 5 and 6 as a basis, mass and energy release data are developed to determine W
the containment pressure-temperature response for the spectmm of breaks analyzed. TablesO

'

6.2.1.4-2 and 6.2.1.4-3 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
deternunation. Qf ,,Aug

The rate of startup f water addition represents the maximum runout flow rate to a fully
depressurized ste generator. Actual isolation is dependent on signals generated by the
Mrotectio ' stem. Feedwater isolation for the split breaks was based on the time
required to reach the contamment pressure setpoint that generates the isolation signal. The
feedwa r flow rates before automatic isolation assumed in the analyses are based on input for

steam generator and main feed system design.'

^
ske Mwoo

6.2.1.4.3.3 Containment Pressure-Temperature Results

The results of the contamment pressure-temperature analyses for the postulated secondary
system pipe mptures that produce the highest peak contamment pressure and temperature are
presented in Subsection 6.2.1.1.
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6.2.1.5 Minimum Containment Pressure Analysis for Performance Capability Studies of
Emergency Core Cooling System (PWR)

De etutainment backpressure used for the AP600 hc! leg =d cold leg guillotine and split
breakr for the emergency core co_oling system (ECCS) analysis presented in Subsection 15.6.5
i Cria desedbed herein.jThe contamment DacEpressu:e is typically calculated using)
COCO (Reference 7) and trie methods and assumptions described in Appendix A of
WCAP-8339 (Reference 8). Input parameters, including the contamment initial conditions;
net free containment volume; passive sink materials, thicknesses, and surface areas; and
starting time and number of containment cooling systems are used in such an analysis. Even
though 10 CFR 50 Appendix K analytical bases (Reference 9) and requirements do not apply
directly to a best-estimate analysis with uncertainties, they nevertheless define that a large ,

break loss-of-coolant accident (LOCA) contamment response of rmmmum pressurization is

conservative.7

Ne = !yi = pmfer=d ic &t=dneThe nummum containment backpressure for
emergency core cooling system performance during a loss-of-coolant accident bec =e
p ecu-sng $2* ne precu-ieation ecc= ;wevid= a sing!:, be= ding app cach has|been
computed using theJGOTHIC computer code. Subsection 6.2.1.1 demonstrates that the
AP600 containment pressurizes significantly during large break LOCA events, and an analysis
cou'd be was performed to establish a containment pressure boundary condition applied to the
WCOBRAfrRAC code (Reference 10) 'v!dch excee& 1 A ' ;wbf De AP600.WGOTH1

.

model for the contamment baW=caupased methodology sumlar to the methodology
n the COCO calculationfs ";il 'T,3 single-node contaimnent model was used to assess

containment pressure response.T Contam6sent internal heat sinks used heat transfer conelations
of 4 times Tagami during the blowdown phase followed by 1.2 times Uchida.inis analysis
was perfonned for1thei first1200 seconds |of the accident.M Re? calculated ~ containment

.

backpressure is provided in Figure.6.2.1.5-1.

\ Results of the.W_COBRAffRAC analyses demonstrate that the AP600 meets 10 CFR 50.46
requirements. even if ie conta!=ent i :=c:d ic remain a: I'' psi 6: ring a !cm of
coo!=: acci&nt event (= Secticn 15.6). Any precuta:icn of1e centninment above !d '
psiaMilashance me calcuhded ECCS performance-of-the A"600lindting =e !cege b=k
LOCA presen:ed i: Subsection 454-5-

e APouu HCOH'!C n:cil L w pressure used methodology similar to .
methodology used in the COCO calculations. Specifically, a single-node containmen. odel
was used to assess containment pressure reslonse. , Containment internal beat sinks.used leat

I transfer correlations of four times Tagami during the blowdown phase followed by 1.2 times
~

Uchida.Ej. L%is analysis;was perfonned for:the'first _200 seconds of the| accident.ine
calculated containment backpressure is provided in Figure 6.2.1.5-1?

_

6.2.1.5.1 Mass and Energy Release Data

he mass and energy releases to the containment during the blowdown a .d re!'ced-portions
only of the limiting doubleknded cold-leg guillotine break (DECLG) transient at c Moody
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di=h=ge coeffic!=: Of 0.8 (Cp-=48) are presented in Table 6.2.1.5-1, as computed by the
ECOBRAfrRAC code.

He mathematical models which calculate the mass and energy releases to the containment are
described in Subsection 15.6.5. A break spectrum anal * 's is performe (see references in
Subsection 15.6.5) that considers various break s' reck !cca:icr,and Moody discharge j

coefficients for the double-ended sold leg guillotines and splits. Mixing of fator water
injected into the vessel -A m-86u'ces the available energy released to the containment
vapor space, thereby mimmizing calculated containment pressure. Notes that ths snass/sndgy
releases during the'reflood phase;|of the subject, break aneinot considered.?Ihi(producesLa
conservatively | low:enwaminant pressure resultLforJuse} asfa;boundaryicondition}inlthe
E COBRA /TRACLlarge break LOCA|aralysis

6.2.1.5.2 Initial Containment Internal Conditions 6
/p

sontai==* prec= =d ::=pe=*=e re ne: r.p cificai!y &Sd, r . - ~~~
Bec== = =ini== c=ui==: pre =e = eyes i: pc.4=ed

Sub=ction 15.6.5 ECOBPJf!RAC =a'ysis. '":e cc=*=: ccEn=in ie cent =t of be: p'e= conditica

ef 1 A 7 psia supplied ic ECOB RA' TRAC is highly Oc=0.~/f[kor ie p^ :
LOCA ccedition j

!=ide me /T6 m centi ==t, =d i+ un Obvie::: = need to perfc= a de* i! d j
somputation. Initial enneannment conditions wers biased for tk u.dgwssure asalysis to predict

|
a conservatively low containment backpressure; Initial containment conditions included initial 1

pressure of 14.7 psia, initial tempunum of 907)and a relative immidity of 99 percent [An
air anmdas temperature of OT was assumed and n iinear temperature profile between 0*F and
90"F was used in the comnin nentishell, which separates the annulus from the containment
volume.

6.2.1.5.3 Other Parameters

Bec== nc minim = contai=en: pressure 0 =!ycir is performed, p==etz: =h =
centai==' c!=e =d p =e h^ : : ink: re not specifica!!y defined in ie con!=: cfie
Sub=ction 15.6.5 ECOBR ^.f">.C caalytic. ^. 0c=:= cc=ervative con:ni==: pressure
sendit:en Of ?''' ;ria ic =pp!!:d ic ECOBRA'"J.C.Containmentfparameters,1such;as
containmentjvolumejand passive; heat. sinks /were biased to predict a); conservative low I
pontainmenti.baciquessure. ; 3%e ; containment [volumefused f.inl the|icalculations ?. was I

'

conservatively set toJLOS times the : cold; volume. ? Passive heat sink.surfacgareas.were
approximately; doubled from|the beat sinh,: presented in Tables 6.2.1.1/and ~6.2.11/ p
Material properties were biased high (density, conductivity /and heat capacity) as indicated
in CSB 6-1 (Reference 10).[To fur 1her minimize enntainment pressure, contsmment purge
was; assumed to be in| operation'at; time |ztroiWten-inch diameterjlow paths;;were
provided in the conbinmaat model to simulate;; containment purge lines { *(besitalves were

~

* 'Cclosed 5 seconds after.8 psig1was reached.
sikm
V' 1:nd
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6.2.1.7 Testing and Inspection

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 desaibed 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 contamment vessel and the shield building is equipped with removable
panels and clear observation panels to allow for inspection of the contamment surface. See
Subsection 3.8.2 for the requirements for in-service inspection of the steel containment vessel.
Subsection 6.2.2 provides a description of testing to be perbrmed.

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

6.2.1.8 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 predetermmed
levels. The instruments measure the contamment pressure, contamment atmosphere
radioactivity, and containment hydrogen concentration. Instrumentation to monitor reactor
coolant system leakage into containment is described in Subsection 5.2.5.

The contamment 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. IAw pressure is alarmed
but does not actuate the safety-related systems.

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

|

The contamment atmosphere radiation level is monitored by four independent area monitors
located above the operating deck inside the contamment building. The measurements are j
continuously fed into the engineered safety features actuation system logic. Section 11.5
provides information on the contamment 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 contamment hydrogen concentrations.

|
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pk m%kI,Joyn %4%
The sensors also indicate the specific areas evalua - for potential hydrogen pockets. These
indications are used by the plant operators to control .g&c;;ca recer6 ira dseNgh

,

hydrogeti concentration is alarmed in the main control room. Section 7.3 provides detailed |
information on the engineered safety features actuation system operation. 1

6.2.2 Passive Containment Cooling System j

1he passive contamment 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 contamment
by removing thermal energy from the containment atmosphere. The passive contamment
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 contamment pressure and
temperature.

Finally, the passive containment cooling system limits releases of radioactisity (post-accident)
by reducing the pressure differential between the contamment atmosphere and the external
environment, thereby diminiching 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 contamment cooling function. Nonsafety-related containment cooling, a
function of the contamment recirculation cooling system,is described in Subsection 9.4.6.

6.2.2.1 Safety Design Basis

The passive coctainment 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 H/ containment pressure signal.
&

The passive containment cooling system is designed so that a single failure of an active*

component, assummg loss of offsite or onsite ac power sources, will not impair the
capability of tiu system to perform its safety-related function.

Active components of the passive containment cooling system are capable of being tested*

during plant operation. Provisions are made for mspection of major components in
accordance with the intervals specified in the ASME Code, Section XI.

The passive contamment cooling system components required to mitigate the*

consequences of an accident are designed to remain functional in the accident
emironment and to withstand the dynamic effects of the accident.

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

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

otsarnv4W602a.R04-070695
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remains below the design value with no operator action required for three days. The
passive containment cooling system is designed to reduce containment pressure to less
than one-half its design pressure within 24 hours following a postulated loss of coolant
accident.

Re passive containment cooling system is designed and fabricated to appropriate codes*

consistent with Regulatory Guides 1.26 and 1.32 and seismic Category I in accordance
with Regulatory Guide 1.29 as described in Section 1.9.

6.2.2.2 System Design

6.2.2.2.1 General Description

he 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 3.6. Seismic and environmental design and
equipment qualification are described in Sections 3.10 and 3.11. De actuation system is
described in Section 7.3.

6.2.2.2.2 System Description

ne passive containment cooling system is a safety-related system which is capable of
transferring heat directly from the steel contamment vessel to the environment. This transfer
of heat prevents the contamment 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 vessel and the 1

concrete shield building, which defines the cooling air flowpath; an air inlet and an air j

exhaust, also 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 j

water flow on the contamment.
|

A recirculation path is provided to control the passive contamment cooling water storage tank )
water chemistry and to provide heating for freeze protection. Passive contamment 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. I

he system piping and instrumentation diagram is shown in Figure 6.2.2-1. System
parameters are shown in Table 6.2.2-1. A simplified system sketch is included as
Figure 6.2.2-2.
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6.2.2.2.3 Component Description

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 - De passive containment
cooling system water storage tank is incorporated into the shield building structure above the
containment vessel. De 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. He passive containment cooling system functions as the
safety-related ultimate heat sink. The passive contamment cooling water storage tank is
seismically designed and missile protected.

The tank also has redundant level measurement channels and alarms for monitoring the tank
water level andMundant temperature measurement channels to monitor and alarm

(potentia @l 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 I water storage reservoir for fire

etion following a safe shutdown earthquake g gg. j g pg

M S/1Iction pipe for the fire protection system (FPS) is moetedTo'that wu num "m |

W.x in- e ~s, nr the cen _g- +=1- of a 1**1 nh~d15' 400,000 gallons volume |e,,

g/,ll r* allocated to the passive contamment coonng luncuon. Therefore, the fire protection system )
in suction pipe cannot reduce the water storage tank water volmne 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. T1e air-operated butterfly valves are n rmally closed and open
upon receipt of a if containment pressure signal. These valves . ail-open design to

j provide a fail-safe position on the loss of air and/or loss of power. The normally-open motor-
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 between the passive contamment cooling
water storage tank and the downstream side of the isolation valves, are contained within a
temperature-controlled valve room to prevent freezing. Valve room heating is provided by
a locally installed electric unit heater to maintain the room temperature above 50'F. ;

1

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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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 to the outer surface of the containment dome. He redundant passive contamment
cooling water delivery pipes and auxiliary water source piping discharge into the bucket,
below its operational water 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 contamment 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 contamment 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 buoyancy. Subsection 3.8.4.1.3 includes information regarding the air baffle. The
general anangement drawings provided in Section 1.2 provide layout information of the air
flow path.

Chemical Addition Tank - The chemical addition tank is a small, 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 cent ol of algae

00 &

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 IIeater - 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.

6.2.2.2.4 System Operation

Operation of the passive containment cooling system is initiated upon receipt of two out of

four 1[her the main control room or remote shutdown workstation. System actuation consists
! ontamment pressure signals. Manual actuation by the operator is also possible

I from eit
of opening the passive contamment 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. j

The flow of water to the containment outer surface is initially established at approximately
220 gpm for short-term containment cooling following a design basis loss of coolant accident.
He flow rate is gradually reduced over a period of 72 hours to a value of a; proximately

,

55 gpm. His flow provides the desired reduction in contamment pressure over time and j

removes decay heat. The flow rate change is dependent only upon the decreasing water level )
in the passive contamment cooling water storage tank. l

1

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 I

distribute the water for effective wetting of the dome and vertical sides of the containment j
shell. '

1

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 vesselis specified to enhance surface wetability, and film
formation.

_

The cooling water not evaporated from the vessel wall flows down to the bottom of the inner ;
containment annulus into floor drains. He redundant floor drains route the excess water to !

storm drains. The drain lines are always open (without isolation valves) and each is sized to i

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 contamment
structure is always open. De natural circulation air flow path begins at the shield building
inlet, where atmospheric air enters horizontally through openings in tie concrete structure.
Air flows past a set of fixed louvers and is forced to turn 90 degrees downward inte an outer
annulus. His 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. His
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. His density difference causes
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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 crater of the shield building.

De passive containment cooling system water storage tank provides water for containment
v>etting 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-rele.ted and seismic piping connections. In addition, water sources ;

used for normal filling operations can be used to replenish the water supply.
'

He 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. He air irdets 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. He 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. De air flow inlet and cismney 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 e,ither of the series isolation valves from the main control room.
Subsection 6.2.1.1 provides a discussion of the effects of inadvertent system actuation.

6.2.23 Safety Evaluation

he safety-related portions of the passive containment cooling system are located within the
shield building structure. His 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 contamment cooling
system are designed to withstand the effects of ambient temperature extremes.

Operation o the containment cooling system is initiated automatically following the receipt
of a H' ntainment pressure signal. He use of this signal provides for system actuation
during transients, resulting in mass and energy releases to containment, widle 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 desaiption of the actuation system is contained in
Section 73.

%e 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 %e 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 IE 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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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.

he passive contaimnent cooling system components located inside containment, the

contamment pressure sensors, are tested and demonstrated to gorm in a simulated design
basis accident environment. Rese components are b=d L k protected from effects opet

gldedimpingement and pipe whip in case of a high-energy line break.

he containment pressure analyses demonstrate that the passive contamment cooling system
is capable of removing sufficient heat energy including subsequent decay heag from thej 1

containment atmosphere so that the peak pressure following the worst postulated loss of I

coolant accident is below the containment design pressure with no operator action for at least
three days. Analyses also show that the contatnment pressure is reduced to below one-half
of the design pressure widiin 24 hours following the most limiting design basis loss of coolant
accident.

he containment pressure analyses are based on an ambient air temperature of 115'F dry bulb !

and 80*F coincident wet bulb. De passive contamment cooling system water storage tank |
water temperature basis is 120*F. Results of the analyses are provided in Subsection 6.2.1.

6.2.2.4 Testing and Inspection

6.2.2.4.1 Inspections |
|
|

Re passive containment cooling system is designed to permit periodic testing of system I

readiness as specified in the Technical Specifications.

He 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
dwing power operation or shutdown for leaktightness. Examination and inspection of the l
pressure retaining piping welds is performed in accordance with ASME Code, Section XI. |

Re design of the containment vessel and air baffle facilitates the inspection of the vessel
during plant shutdowns.

6.2.2.4.2 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
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6.2.2.4.3 Operational Testing
,

l

Operational testing is performed to:

Demonstrate that the sequencing of valves occurs on the initiation of Hi containment*

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 closed air-operated isolation valve, are temporarily closed.
1 bis closing permits isolation valve stroke testing without actuation of the passive
contamment cooling system.

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

Verify visually that the path for containment cooling air flow is not obstmeted by debris*

or foreign objects. A
h#Test frequency is consistent with the plant technical specificationsA[SeM*%st,.S -.Ad*

g6e#(M #g.AbI6.2.2.5 Instrumentation Requirements

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

the operation of the equipment within this sy% operator is alerted to problems with
WT ; an'd;;'.cn e' h =d monienr4

stem 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 ternperature Post-accident operation of
the passive contamment cooling system is demonstrated by monitoring the passive
containment cooling system water storage tank level aMsive containment cooling systemj

cooling water flow rate, %ntamment pressure and external cooling air discharge
temperature.

He activation signal generating equipment fully meets IEEE 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 contamment 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 integrity 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. The contamment isolation system is protected from the effects of natural phenomena,
such as canhquakes, tornadoes, hurricanes, floods, and external missiles (General Design

Criterion 2).

B. 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
of fire, internal missiles, or pipe breaks (General Design Criteria 3 and 4).

C. The centainment isolation system is designed and fabricated to codes consistent 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 '

ccntrol functions are in accordance with Regulatory Guide 1.32.

D. '11e contamment isolation system provides isolation oflines penetrating the containment
for design basis events reqmring contamment integrity.

E. 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 contamment.

F. 1he containment isolation system is designed in accordance with General Design
Criterion 54.

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

II. Each line that penetrates the contamment, that is neither part of the reactor coolant
pressure boundary nor connected directly to the atmosphere of the contamment, and that
satisfies the requirements of a closed system is provided with a contamment 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 ,

containment. A closed system also meets the following additional requirements.
|
|

'

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 conumment*

design temperature.

The system is designed to withstand the external pressure from the contamment*

stmetural acceptance test.

'the system is designed to withstand the design basis accident transient and*

er vironment.

I. Instrument lines penetrating the containment are provided with isolation valves according
to General Design Criteria 55, 56, and 57. Four contamment pressure sensors are
provided as sealed systems with bellow seals inside the contamment, liquid filled
capillaries between the seals, and the sensing element outside contamment. These

instrument lines are closed systems both inside and outside contatnment, are designed to
withstand the contamment 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 preventt 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 contamment 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.

6.2.3.1.2 Power Generation Design Basis

The containment isolation system has no power generation design basis. Power generation
design bases associated with individual components of the contamment isolation system Ere
discussed in the section describing the system of which they are an integral part.
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6.2.3.1.3 Additional Requirements

De AP600 contamment isolation system is designed to meet the following additional
requirements:

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

Le number of pipe lines which provide a direct connection between the inside and*

outside of primary containment during normal operation are minimiwd.

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.

Re total number of penetrations requiring isolation valves are mimmtzed 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 contamment 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 l

Ismallest number 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. He steam generator tubes are considered to be a suitable |

boundary to prevent release of radioactivity from the reactor coolant system
following an accident. %e 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. J

l
B. Personnel hatches, equipment hatches, and the fuel transfer tube are sealed by closures 4

I
with double gaskets.

C. Containment isolation is actuated on a two-out-of- ur logic from, high-containment
pressure signal, low-steamline pressure, and 10 Tcold. Provisions are provided for
manual containment isolation from the main control room.

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

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

1. De 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 locked 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 IE de 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 identifled, 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 contamment integrity.

6.2.3.2 System Description

6.2.3.2.1 General Description
l

Piping systems penetrating the containment have containment isolation features. These I

features serve to minunize 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 contamment isolation characteristics.
The Piping and Instrumentation Diagrams of the applicable systems show the functional

!
'
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arrangement of the contamment penetration, isolation 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 one outside containment. Usually these barriers are valves, but in |

some cases they are closed piping systems not connected to the reactor coolant system or to
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 contamment
mechanical penetrations and the isolation valves 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, elestre-hydr =!!c, or cckncidor pneumatic) contamment 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 contamment isolation valves are I

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 I

lines and containment isolation valves. These valves close automatically on a contamment |

| 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 pmtected from the effects of a pipe rupture and missiles. The
actuators for power-operated isolation valves inside the containment are either located above
the maxunum containment water level or in a normally nonflooded area. The actuators are

| designed for flooded operation or are not required to function following contamment 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.

I
I
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6.23.2.2 Component Description
i

Codes and standards applicable to the piping and valves associated with containment isolation
are those for Class B components, as discussed in Section 3.2. Contamment 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 i

that is used to qualify the operability of power-operated isolation valves located inside the
containment.

,

I

he 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 6.23.5, the instrumentation and control system prosides 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.

6.23.2.3 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 6.233 and 6.23.4 and Chapter 7. Lines not in use during power operation are
normally closed and remain closed under administrative control during reactor operation.

6.2.33 Design Evaluation

A. Engineered safeguards and containment isolation signals automatically isolate process
lines which are normally open during operation. He containment isolation system uses
diversity in the parameters sensed for the initiation of contamment isolation.
Table 6.23-1 identifies the signals that initiate closure of each penetration. De two
redundant train-oriented containment isolation signals are generated by any of the
following signals:

Low pressurizer pressure*

Low steam-line pressure*

Low 4-Tcold*

High containment pressure*

Manual containment isolation actuation*

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

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

1.ow steam-line pressure*

liigh steam pressure negative ratea

Iligh contaimnent pressure*

Manual actuation*

Low 4-Tcold*

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 designed to prevent uncontrolled blowdown from more than one steam generator.
The main steam-line isolation valves and main -- "- feedwater'' isolation valve
bypass-valves close fully within 530-seconds after steam 4ine-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. !

The crtup feed line is cen=cted to the =:in feed line outside of containment

Failure of any one of these components relied upon to prevent unmntrolled blowdown
of more than one steam generator does not pemst 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 Isain steam isolation signals, described in
Section 73, are fed to redundant parallel actuation vent valves to provide isolation valve
closure in the event of a single isolatiori signal failure.

The effects on the reactor coolant system after a steam-line break resulting in single l

steam generator blowdown and the offsite 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.

C. 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. I

Rehn*ncy 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 73. ,

|

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 I

1

|
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provides the plant safety. Furthermore, each of these valves, is provided with redelant
backup valves to prevent a single failure from disabling the isolation function. Examples
include: a check valve inside the contamment 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 conformmg 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 contamment

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

G. The containment isolation system is designed according to seismic Category I
requirements as specified in Section 3.2. The components (and supporting stmetures)
of any system, equipment, or structure that are non-seismic Category I and whose
collapse could result in loss of a required function of the containment isolation system

1
1
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through either 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 IE de electric power system.

6.23.4 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 nomial and standby power sources.

The piping and valves associated with the containment penetration are designed and located
to permit pre-service and in-service inspection according to ASME Section XI, as discussed

in Sectiorg6.6.
s .f.'F4 d*

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

6.23.5 Instrumentation nnd Control Application

Instrumentation and control necessary for containment isolation, and the sensors used to
determine that containment isolation is required, are described in Section 73.

Containment isolation will be initiated by any of the high containment pressure signals, low 4
Tcold, low steam-line pressure, or low pressunzer 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. fr# jn

|

Containment isolation valves that are equippedi power operators and are automatically
actuated may also be controlled individually the 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
subsequent 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. R)r
example, a safety injection signal causes isolation valve closure even though the high pho
containment signal is being overridden by the operator. Containment isolation valvjes wit
power operators are provided with open/ closed indication, which is displayed in the8 Control
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 IE, as
described in Chapters 7 and 8.

6.2.4 Containment Hydrogen Control System

Following a loss of coolant accident (LOCA), hydrogen may be produced inside the reactor
containment by reaction of the zirconium fuel claddmg 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 hydrogen control system is provided to limit the hydrogen
wncentration in the contamment 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 ofless than'oneLpercent of fuel cladding zirconium with

hydrogen due to the reactioh= ~r pe=*.
For this case there is an initial release ofwater to form hydrogen, le= $

el claddmg with water and the release of hydrogen
contained in the reactor coolant system. This initial hydrogen release to contamment 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 befreached unless
corrective action is taken. The function of the containment hydrogen control system is to

,

prevent the hydrogen concentration from reaching the flammability limit.1

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 contamment from exceeding the lower
flammability limit. The function of the contamment hydrogen control system for this case is
to promote hydrogen burning soon after the lower flammability limit is reached anywlwe-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 contamment 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:
I

Ilydrogen concentration monitoring |*

1

Hydrogen control during and following a design basis LOCA (provided by e#*

by&qcdecombinersy > PA 4 l

& we cd* *& e-
Iliydrogen control during and following a degraded core ar core melt (provided by*

hydrogen igniters).

I

1

I
'
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l

6.2.4.1 Design Basis )
|

6.2.4.1.1 Containment Mixing |

Cen*:!n :en* ciructurec e armnged 10 pren:cte : nixing "ic natural-cited * ion.CoaMamrat
structures are arranged to promote mixingLviinatural circulation ^}%efphysical mecimuisms
Of ' natural f circulationi mixmg j thats occurJin ;thej AP600f are ! discussed (inMCAP-14407
(Proprietary), WCAP-14408. (Nonproprietary) Reference: 16; and summarized.as followR For !.

/ a postulated break low}in;the; containment,4:buojant flows}; develop?through1thellower ;
'

curuf=hnents due to| density head differences between the rising plumeland thefsurroundmg
containment atmosphere; tending to;; drive miring through; lower compartments 1snd into the |

' g'
mgion above the orneratin g deckM %ere is also:a degree of mixing (within(the region above !

deck, which occurs due td 6titrainment into the' steam-rich plume'as.it rises frdm the operating j
~

' deck openingsunus, natural forces will tend to mirin the containment.
1

Two general characteristics have been incorporated into de design;of thefAP600.to promote i

mixing and elimi=te dead-end comp.huests. :De coirp.7o-we below deck;are largefopen i

-

Ivolumes with relatively large interconnectionsiwhich promote mixing throughout the below
deck region.j All cospicur. css below; deck are provided with openings through the top.of the
compartment to elirninaie the potential for a dead pocket of high-hydrogen concentration.i In
addition, if forced containment air. circulation isfdeemed appropriate during! post-accident
recovery, then nonsafety-grade fan . coolers are available for use by the operators;

1
!

| In the event of a hyilrogen release to' fcontainment, passive autocatalytic~recombiners
(PARS), act to recombine hydrogen' oxygen on a catalytic surface (see Section 6.2.4.2.2).~
%e. enthalpy of reaction generates beat 1within).a PAR,twhich;. drives mixing byLnatural
circulation.1 Catalytic}recombiners reduce hydrogen; concentration; at;very Iow hydrogen
concentrations (<1 percent):and veryThigh| steam: concentrations,1and mayfalso; promote1

convection to; complement PCS natural circulation currents to inhibit stmtificationbf the
containment atmosphere (Reference' I 8)?%e implementation of PARS has a favorable impact
on both containment mixing'and hydrogen mitigation.

6.2.4.1.2 Survivability of System

he portion of the contamment 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.

He containment hydrogen control equipment provided to mitigate severe accident conditions
is designed to function under the event emironment including the effects of combustion of
hydrogen in containment.

_
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6.2.4.1.3 Single Failure Protection

ne 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 igned to accommodate 2 i;;b 1.; .

probable component and system failurg.
S

6.2.4.1.4 Validity of Ilydrogen Monitoring

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

6.2.4.1.5 Ilydrogen 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 Ilydrogen Control for Severe Accident

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

6.2.4.2 System Design

6.2.4.2.1 Ilydrogen Concentration Monitoring Subsystem

The hydrogen concentration monitoring subsystem is designed as Class IE and seismic
Category I. 'Ihe 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 containment compartments.

Each of the hydrogen sensors consists of a thermal conductivity detector and amplifier
powered by a Class IE 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 IE, seismic Category I 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
cavities. 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 hydroEen concentration.
'

The response time of the sensor is 90 percent in 10 seconds.

Ihe four elements are electrically connected to form a bridge circuit through which the current
,

is passed to heat the elements. He two elements exposed to the reference gas lose heat to i

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. His unbalance is exhibited as a voltage that is proportional to the
hydrogen concentration in the sample atmosphere.

6.2.4.2.2 Ilydrogen Recombination Subsystem

he hydrogen recombination subsystem is designed to accommodate the relatively slow
hydrogen production rate anticipated for a design-basis LOCA. He hydrogen recombination ;

subsystem consists of two &ctric recombiners passikautocatalytic.;recombiners installed
inside the containment above the operating deck':at| elevation [1621appoximately 13| feet
inboard'from;the containment |shell!;ihe; PARS arefshnple;and passive id: nature |without
moving parts andiMmmlant of the for electrical power or any other support systeni
De subsystem will therefore ope ' f wing an accident resuhingl.in thefgeneration|of

hydrogeQndent of the availability of po

Normally, oxygen and hydrogen recombine by rapid. burning only|at elevated temperatures
(greater than,about;600*C). [However, Tin the presence;;of catalytic;materialsj.such;;.as|the
platinum group, this Tcatalytic burning". occurs even at temperatures below 0*C.! Adsorption

.

of the; oxygen and hydrogen molecules occursLon the surface, of the catalytic' metal because gt.h
of attractive forces;ofithe|atomsfor molecules'on the! catalyst smface.J PAR ~ devices uc^s
palladium or platinum as a catalyst .toicombine molecalar hydrogen $lixygen gases into
water; vapor.1%e catalytic process can be summarized by the following steps (Reference .1.6){
1)| diffusion of the reactants (oxygen and hydmgen) to the catalyst;f2) reaction;of the catalyst
(chmiWption); 3) reaction of intermediates to give the product (water Vapor); 4); desorption
of the; product; and 5) diffusion of the pmduct away from the| catalyst./De reactants |must

.

get to the catalyst before they can react and whc-nuy the product must move away.fmm
the catalyst before more reactants will befable to react.,

De PAR device consists;of a; stainless steel enclosure providing both the stiscture foi ths
device and support for_the catalyst m*rialgte enclosure is open on the bottom and top |and
extends above the| catalyst elevation 10 provide a chimney to' yield. additional lift to e'nhance
the"efficiencymand; ventilation capabilitylof;theidevice.TIhe catalystimaterial:Isleither

'

constrained within^ screen cartridges of deposited on a substrate; material ~asd supported.withis
~

the enclosure.1De spaces between the cartridges or plates _ serve as; ventilation channels for
thef throughflow,1iLDuringfoperatiosthejairJinsidefthef remmbinerlis[ heated [bylthe
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;eiothermic
reaction, forming _ water vapor'and| exhausted through the chimney 1where the hot, gases mix
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Awith contamment enmphere?Ihe device is'a molecular diffusion' filter (rt a ML
nWa '* J DTthus..the open flow channels are not susceptible tolfouling;

PARS begin the recombination of hydrogen and ' oxygen ahnostimmediately upon e' posurex
to these gases | 1he remmbination process occurs at room 1 ef= 4sc during the early pedod
of accidents prior to the bulkkip of flammable gas concentrations |i. PARS are effective over
s wide range of .ambientitemperaturcs/ concentrations of reactants] rich?and lean [ oxygen /

hydrogen <1 %) and steam inertmg isteam w aru ations >50%).1 Although the PAR depletion A[d
rate reaches peak efficienc=;Mithin'a shor, period;of timefthe rate' varies ?with hydmoen s
concentration and.contaitment pressured Reference"17 provides'be" depletion rate f~ ^- %
=Ni g; _%s rate is used for the analysis' presented in Figure 614ff[ Hydrogen
Concentration." :!.

Examinations haw been performed to evaluate the effect of inhibitors and poisons potentially
presentiwithin | containment; post ; design basis accident:(DBA)lonjthc[catalytisjaction.
The resuksTof. the. testing and studies demonstrate that: inhibitors |and, poisonsLintroduced
during DBAsswill?notisignificantly;affectitheirecombinationicapacityfoff the;!; PAR 5
(References 17,(18). Further, the hydrogen concentration _following an accident.with only one
of the _two available PARS' operating within containment demonstrates;significant. margin to
maintaining hydrogen concentrations below the recommendations ~ of; Regulatory Guide;177,
Control |of Combustible Gas Concentrations |in Containment Followingla Imss-of-Coolant
. Accident.

The depletion rate assumed.in the analysis is based onithe PAR described in Reference |1%
but is expected to be representative of a number of vendor's re mbinersM1he calculated
containment hydrogen concentration presented in Figure 6.2.4/is on the assumptions
and analysis discussed is Section 6.2.4.3.| The results demonstrate abundant margin for system ;

'

performance..

Operation of i ::ccmMner is not :equired unt!! hy&cgen concentratier: incre== te
3r5 vc!rme percent 'P:e hy&cgen4oneentration incre== to 3.5 volume percent n! !n days
after-the design-basi: LOCA '!he -!:ction-of-this-concentration !c initiate recembiner
operation-prev:de margin-te4he41ammability limit cf four percent Since operation of me
reeornbirer is r"* required fer six-daysrsuffienent4i ne is ava!!21: te bring $e:" into cerzice
before-4he-hydrogen concentration in be containmen* reach = 3.5 volume percent

The-electric reconSinerc =e-resistance heating unit v ii air !!cv> er.nblided by convection:
The-air 4: heated te a temperature-in-excem cf that-required for ie hy&cgen to recombine
with-oxygen Each-recombiner ceria cf $e fe!!cv ing components:

- ^ preheater cectien, ce= iring of a chroud-placed arcund the-eentral he Lrs, te tie.

advantage cf 10 heat conduction 1 cugh Se central .valls for preh= ting-the-incoming
air ]

1

An crifiee-plate to regulate Se rate of nir !!cv' 1 ough-the-tmit-
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A summary of component data for the hydrogen recombiners is provided in Table 6.2.4 2.

6.2.4.2.3 Ilydrogen Ignition Subsystem
4

1

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 contmnment 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 !00 percent of
the zirconium fuel claMng reacts with steam to produce hydrogen.
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he hydrogen ignition subsystem consists of one train contatmng 58 hydrogen igniters
strategically distributed throughout the contamment. Since the igniters are incorporated in the
design to address a low-probability severe accident, the hydrogen ignition system is not
Class 1E.

He locations of the igniters are based on evaluation of hydrogen transport in the containment
and the hydrogen combustion charactenstics. 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. He 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 front
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 contamment emironment 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.

6.2.4.2.4 Containment Purge

Containment purge is not part of the contamment hydrogen control system. De 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.

6.2.43 Design Evaluation (Design Basis Accident)

6.2.43.1 Hydrogen Production and Accumulation

Following a LOCA, hydrogen may be added to the reactor contamment atmosphere 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 contaired in the reactor coolant
system. ne assumptions used in calculating the hydrogen release to containment are listed
in Table 6.2.4-4.

6.2.43.1.1 Zirconium-Water Reaction

Zirconium fuel cladding reacts with steam according to the following equation:

Zr + 2 H 0 -+ ZrO + 211 + heat
2 2 2

There is 8.5 standard c . T feet (SCF) of hydrogen produced for each pound of zirconium that
is reacted.
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he 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 rirconium. He hydrogen produced by the
reaction of zirconium is 3000 SCF. This hydrogen is assumed to be released to the
containment atmosphere at the begmmng of the accident.

6.2.4.3.1.2 Radiolysis of Water

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

H O pt H + 1 O
2 2 2

2

Post-accident conditions in the contamment 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. D e second
environment exists outside the reactor vessel, in the post-accident cooling 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

I solution environment that affect the rate of hydrogen production are the fraction of energy
absorbed by & '2& f f' --ae ha+waan the enra am4mnmaa' d S =!=ca cpmem ,-
ab st affect tha r2e of hy&p; pda.;in &c sc fscin vf c y sm'ucd by the water
and the type of flow regime.

,

1

he 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 is 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 1

j 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 solution. 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 radia: ion,it is also assumed that 100 percent
of the gamma radiation energy is absorbed by the water,

i
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I

he 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 I

I
reactants are not available.

1

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.

- he results of Westinghouse and Oak Ridge National Laboratory studies indicate maximum
hydrogen yields of 0.44 molecules per 100 eV for core radiolysis and 0.3 molecules per
100 eV for solution radiolysis. The results of these studies are published in References 11,
12, and 13.

De 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. His 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. De source term used for determining radiolysis t

pmduction of hydroge conservatively c=un.;a . !^0 psem. . am. J ic cc:: g ;i-
$ nica:ory ofiv&am mi[rn ;nd not:c gre|

Imi is c:;;.vr/ca; to tiu pc c r* '"|
-

h i e-'arv her ^.ppc d 2 ISA iva 4 as uvu uf i iLa:ca produc' rap inicatr y mi!N j*
'"i :$ra tmm is a ivianen P # idance of Regulatory Guide 1.7 which states that

~

,/ g ~ 100 percent of noble gases,50 per . t of iodines, and one-1 percent of other nuclides are
assumed to be released from the cor ^^hiava hra- - 'e' -e ^r a"'iri'y fr^= '' c^.O.s

!

,w,.,, w,e ,m n, mejn, en,, g,,+,;m, Winconsistent with the limited amount of fuel
| cladding reaction that is determined to take place.

@( 1
.

w_ recMt ef th!c charige fmm th, ennrca !-em !&nM edip D. g !;*3y Cuji ],7'; en Ge
in"esre! :;cas tm m is ine cosed e.d $c :;uny,30!suca suas tuua is im- . Appendix-

15A provides the core fission product inventory at shutdown.

|
Table 6.2.44 contains a summary of the assumptions used in the analysis of hydrogen
produced from radiolysis. 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 6.2.4g I

& J \

6.2.43.13 Corrosion of Metals

In the emironment that would exist inside the containment following a postulated LOCA,
aluminum and zinc corrode to form hydrogen gas. Table 6.2.4-5 lists the inventory of
aluminum and zine inside the containment.
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Aluminum corrosion may be described by the overall reaction:

2 Al + 3 110 -+ Al 0, + 3 112 2 2

About 21.4 SCF of hydrogen gas is produced for each pound of aluminum corToded.

The corrosion of zine is described by the following reaction:

Zn + 2110 -+Zn(OII)2 + II2 2

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

The corrosion rates for both aluminum and zine are dependent on the post-accident
temperature and pli 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 co Tosion rates for the metals at these temperatures.

L
Production of hydrogen as a function of time is shown graphically in Figure 6.2.4gand the
accumulation of hydrogen is shown in Figure 6.2.4;Z

,

3
'

6.2.43.1.4 Initial Reactor Coolant flydrogen 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
irnmediately released to the contamment atmosphere. Table 6.2.4-4 lists the assumptions used

Ifor determining the amount of hydrogen from this source. The total hydrogen released to the
containment as a result of this source is,J0K'SCF.

Illi ,

'6.2.43.2 Ilydrogen 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 tie hydrogen
to escape to 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. .ws ,

M
6.2.4.3.3 Ilydrogen Recombination 46*5

Assundng no hydrogen removal, the concentration of hydrogen i e containment atmosphere
increases with time as shown in Figure 6.2.4 fM'he cu 'e s . 's that the flammability limitf
of four volume percent is not reached until after - s. Ilydrogen recombination is
initiated prior to reaching this limit. The recombiners are . ~P iaVIIe'rvick '" '""- %*--- I

|hyteg-a mnmeaina e d r 3.5 - p-r--a, rg re5.23 3,gm m a g f ---mm

?nqQif Figure 6.2.4ghso shows the impact of operation of one of the two

$h to d.y ys e{ano af kikfim an./ e cons ioanant e-naanWi*nk

gJucrh-, ~~ -- ~ uw n ea o,2 < ,,aan . j
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recombiners on containment hydmgen concentration. De hydrogen concentration 4 quii[
M8dicating ample margin in the hydrogen recombiner capacity. p

h,'#vo te6.2.4.4 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. De hydrogen monitoring subsystem
has sufficient range to monitor concentrations up to 20 percent hydrogen. He hydrogen
ignition subsystem is provided so that hydrogen is burned 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.

he hydrogen released to the containment due to initial inventory of hydrogen in the coolant
would be the same as for the design basis case (see Ssubsection 6.2.4.3.1.4).

The hydrogen production due to corrosion of aluminum and zine or to 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 fuel cladding zirconium reacts with steam. His reaction
may take several hours to complete. De igniters initiate hydrogen burns at concentrations
less than 10 percent by volume and prevent the contamment hydrogen concentration from
exceeding this limit. De evaluation of hydrogen control by the igniters is presented in the
AP600 PRA.

6.2.4.5 Tests and Inspections
-

6.2.4.5.1 Ilydrogen Monitoring Subsystem

Functional and preoperational testing is performed after installation and prior to plant startup
to verify performance. De system is normally in service. Periodic testing and calibration
are performed to provide ongoing confirmation that the hydrogen monitoring function can be
reliably performed.

6.2.4.5.2 Ilydrogen Recombination Subsystem

Functional and preoperational testing is performed dc 'rd!:5 prior to plant startup
to verify performance. Periodic inspection and testing ar .

operate [ provide ongoing
ormed to

confirmation that the hydrogen recombiners can M ~!? g\$ -

M
Each recombiner can be tested during t i to demonstrate operability. V
g m g ~ m < etino nth rmnceu.ni r,a nn. is p ~;ad i,, gg c._,, m ,;,4 ce r m Aa

agglinr e.= g- e in the recombiner h% _

D se4 a. .f ear +ri f as ,e plaks era aeleJee%Jremmdfe,n eaa.L Pat.al y
*urvieAanee AsneA Ms m wformad m s-- 're:.=) arramans fa ~ Arm
c.nnaua,i sm fis k perfkriner . Th< yawn lykJ'in dre'rforme +c*f*
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6.2.4.5.3 Ilydrogen Ignition Subsystem

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

6.2A.6 Combined License Information

This'section' has no rxiuirement to be| provided in support 'of thel Combined License2

application.

6.2.5 Containment 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.

6.2.5.1 Design Basis

Leak rate testing requirements 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.

6.2.5.1.1 Safety Design Basis

The containment leak rate test system serves no safety-related function other than containment ,

isolation, and therefore has no nuclear safety design basis except for containment isolation. I

See Ssubsection 6.2.3 for the containment isolation system.

6.2.5.1.2 Power Generation Design Basis

The containment leak rate test system is designed to verify the leaktightness of the reactor
containment. Ele specified maximum allowable containment leak rate is 0.12 weight percent

of the containment air mass per day at the calculated peak accident pressure, Pa, identified in j
Ssubsection 6.2.[1The 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 Pa. Measurements of containment pressure, dry bulb
temperature and dew point temperature are used to determine the decrease in the mass
of air in the contaimnent 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): 'Ihe leakage limiting

Revision: 4 ow.r 4vwc2..no4-o70c95
June 30,1995 6.2-50 W Westinghouse

|
,



________________ _ ___ ___-__________ _ - _ _ _ _ _ - _ _ -

|
. _ _ _ _

' 6. Fmineered Safety Features
__

boundary is pressurized with air or nitrogen to a pressure of Pa 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 Pa and pressure decay or the leak 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 Pa-

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

6.2.5.1.3 Codes and Standards

he containment 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.

6.2.5.2 System Description

6.2.5.2.1 General Description

|

| Re 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 instmment diagram figure.

Air compressor assemblies used for Type A testing are temporarily installed in the yard area
near the Annex II building, and are connected to the permanent system piping. The number

| and capacity of the compressors is sufficient to pressurize the containment with air to a
pressure of Pa t a maximum contamment pressurization rate of about five psi / hour. De'

a

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 mstmmentation are pennanently 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 depressunzation of the containment at a maximum rate of
10 psi /Imur.

Portable leak rate test panels are used to perform Type C containment isolation valve leak
testing using air or nitrogen. De panels are also used for Type B testing of penetrations, for
which there is no permanently installed test equipment. He panels include pressure

We602aR04 070695 Revision: 4
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regulators, filters, pressure gauges and flow instrumentation, as required to perform specific
tests.

6.2.5.2.2 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 fmm the
containment does not exceed the maximum allowable leak rate. The allowable leak rate
specified in the test criteria is less than the manmum allowable containment leak rate, in
accordance with Appendix J.

Following construction of the contalmnent and satisfactory completion of the stmetural
integrity test, described in Ssubsection 3.8.2.7, a preoperational Type A test is perfonned 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 to uncover any evidence of stmetural
deterioration that could affect either the contamment structural integrity or leaktightness. If ,

there is evidence of structural deterioration, corrective action is taken prior to performing the j
Type A test. The structural deterioration 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 1

adjustments are made so that the containment can be tested in as close to the "as-is" condition
as practical.

|Containment isolation valves are placed in their post-accident positions, identified in
Table 6.2.3-1, unless such positioning is impractical or unsafe. Test exceptions to 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

Iafter 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 botmdary and are
open directly to the contaimnent 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 contamment atmosphere and drained of water to the extent
necessary to provide exposure of the containment isolation valves to contamment air test
pressure and to abw them to 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 contamment 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 componen's that could
be adversely affected by the test pressure are vented or removed from contamment.

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

Test Method*

he 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 measurerrents
of contamment pressure, dry bulb temperatures and dew point tesymidmcs (water tapor
pressure) are used to determine the decrease in the mass of air in the contamment over time.
A standard statistical analysis of the data is conducted using a linear least-squarts-fit
regression analysis to calculate the leak rate and the upper 95 percent confidence limit.

De accuracy of the Type A test results is then verified by a supplemental test. De
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

,

l

components identified as exceeding individual leakage limits, as soon as practical after such I
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:

Penetrations 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 3.8.2-4. 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 I

doors of the personnel batches 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. T h e
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 pressunzation 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, Pa. 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 contamment 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 pressunzed, will produce a
differential pressure across the valve. Table 6.2.3-1 identifies the direction in which the
differential pressure is applied,

i
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Isolationpalves whose seats may be exposed to the contamment atmosphere subsequent to a
LOCA are tested with air or nitrogen at a pressure not less than Pa. Valves in lines which
are designed to be, or remain, fllied 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 Pa. Isolation valves
tested with liquid are identified in Table 6.2.3-1.

Isolation valves are tested using either the pressure decay or flowmeter method. For the
pressure decay method the test volume is pressunzed 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. Tbc 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
containment 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 pennit, 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 contamment or a secondary containment. There are
no containment isolation valves which rely on a fluid seal system. Thus, there are no special
testing requirements.

6.2.5.2.3 Component Description

The system pressurization equipment is temporarily installed for Type A testing. In addition
to one or more compressors, this hardware includes components such as aftercoolers, moisture
separators, filters and air dryers. Although the hardware characteristics may vary from test
to 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.

.wmo2 no4-o70695 Revision: 4
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6.2.5.2.4 Instrumentation Applications

For Type A testing, 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, instruments 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.

6.2.5.3 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.

6.2.5.4 Inrervice 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 TEMPERATLitES

Peak Peak 3

Pressure Availablel Temperature
Break (psig) Margin (psi) ('F)

Double-ended hot leg guillotine 384,40.6 6,44.4 3G34338.6

Double-ended cold leg guillotine 39r541.0 .054.0 2844282.9

21388 ft , full DER,102% powr:r, 4L240.5 3,84.5 330J328.1
MSIV failure

21388 ft , full DER,30% power, 41A43.6 3 41.4 305r1320.2

MSIV failure

.

1. Design Pressure is 45 psig
2. Lt " ' *:=;=:'== b & bd ec=;r==-'

<

't
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Table 6.2.1.1-2

COVERAGE FRACTION VS. TIME FOR AP600

Time Dome Dome Dome Cylinder Cylinder Cylinder Cylinder
(br) Top Middle Bottom Top Mki-Top Mid-Bottom Bottom

*

0.183 40% 40% 98 % 61 % 31% 14 % 6%

2.167 40% 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 %

15.17 40% 40% 88 % 56% 45 % 34 % 26 %

21.17 40% 40% 87 % 66 % 45 % 35 % 28 %

26.17 40% 40% 78 % 46% 38% 30% 24 %

ow=nwmnouno695 Revision: 4
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Table 6.2.1.143

INITIAL CONDITIONS

Internal Temperature ('F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................120

Pressure (psia) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15.7

Relative Humidity (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400

3Net Free Volume (f1 ) . . . . . . . . . . . . . . . . . . . ...................................1.7E+06

Extemal Temperature (*F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 dry bulb
80 wet bulb

i

1

I
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Table'62.L1H

RESULTS OFh' AND TULNIED ACCIDENTS
D'ee+r*.butsal

#U6 M p% LYW
Acceptawe Y M N V"#<Pmar Xh
Crmerton LOCA LOCA MSLB MSLB

cruerion ymise ydse yelse Vdee Yahw

GDC 16 & GDC $010% Margin < peig 43 p ,9 g ,o go.( 45l, -

to Design Psessere

ApDC38
~ ~

< psig --. to 9 ~
-

Rapidly Reduce. Cont =*mt

fY'****'* =9

GDC 38 & GDC 50 Contananent Most Severe One One Train One Train of .

Heat Removal Single Failure Train.of of PCS PCS. Supply

PCS , Supply Fails
Water Fails ~

supply-

x
Goc 38 A 50 External Pmsure <3} aid

~ Z "i-
._ -

__

'

_
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h
Table 6.2.1.1 (Sheet 1 of 10)

IIEAT SINK PROPERTIES

Metallic Heat Sink Exposed Area
2Description Number (ft ) Thicknem (ft) Material Paint

Reactor Cavity

Containment Sump Pumps 1 18.84 0.083 SS NONE

RCDT 2 M6145.3 0.083 SS NONE

RCDT Heat Exchange 3 &54254735 0.083 SS NONE

f IIVAC Fans (2) 4 9562.06 0.002 CS ILFCZE

! Platform El. 83'-0 5 346360.8 0.00756 CS ILECZB
|

Platform El.107' 2 6 1500.6 0.00756 CS ILECZE

Stairs El. 83'-0 to 107'-2 7 275.5 0.0130.011 CS C+ENON
E

Landing @ El. 92' !. 9'' f 202' 4 8 335.3258.3 0.00756 CS ILECZE

HVAC Duct 9 39104.0 0.0087 CS C4NON
E

Accumulator Cavity Southeast

Accumulator (01 A) 10 767.7 0.166 CS ILECZ

Platform El. 94498*-0 11 844.442304.2 0.0340.00756 CS ILECZE

Stairs El. 9#498'-0 to 107'-2 12 4344104.54 04430.011 CS G4NON
E

Accumulator Cavity Northeast

Accumulator (01B) 4413 767.7 0.166 CS ILECZ j

Platform El. 9498'.0 4514 844.443360.4 0.00756 CS IhhCZB

Stairs El. 9#498*.0 to 107 2 4615 4344104.54 0 4430S11 CS G+ENON
E

Steam Generator Room East

SO lower Manway Platform (El. 404'-7109'-7) M16 4483.472240.1 0 407560.0225 CS ILECZE

SG Tbbesbeet Platform (El.113'-9) 4S17 1710.27 0.00756 CS th3CZE

Operating Deck Platform (El.135'-3) 4018 1348.441678.5 0.00756 CS IhECZE

Stairs El.104*-7 to 113'-g 19 104.54 0.011 CS NONE

|
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Table 6.2.1.1[ (Sheet 2 of 10)

HEAT SINK PROPERTIES

Metallic Heat Sink Exposed Area
2Description Number (ft ) 7hickness (ft) Material Palat

Steam Generator Room West

SO Soppoit Coham EL B39 to 105571/2 20 181;39 0,13 CS CZE

SG Upper' Suppott 21 281.03 OA05 CS CZE

SO lower Manway Platform (El.104' 7) 3022 4883.472240.) 0407560D225 CS IZ4CZE

SO Tubesbeet Platform (El. I13*.9) 3123 1710.27 0.00756 CS IZ+ECZE

Operating Deck Platform (B. 4352-3132*A) 3324 4348.311678.5 0.00756 CS IZ4 CZE

Stairs From El.135' 3 2 MS:0104%7 to 113'-9 3325 444m104.54 0.0420.011 CS G4NONE

SG Support Colman 26 181.39 0.13 CS CZE

SG Upper Support 27 281.03 0.405 CS CZE

CMT And CVS Room

letdown IIcat Exchanger 3428 6%379.72 440.75 CSSS IZ4E
NONE

Mixed Bed & Cation D :2.Demineralirm 3529 333.08480.86 044750.75 SS NONE
(3)

Reactor Coolant Filters (2) 3630 954114SI 044750.75 SS NONE

Support Steel 3731 1449.32 0 43430.0325 CS 324EC2B

5" Vertical Shield Plate 3832 1252.95 0.4470A05 CS IZ+ECZE

I? Vertical Shield Plate 3933 992.87 0.08330.07 CS 17*ECZE

331' Vertical Shield Plate 3034 292.88 0.25 CS 174ECZE

1" Horizontal Floor Plate 3435 241 0.08330,07 CS I24ECZE

3* llorizontal Floor Plate 4236 217.94 0.25 CS IZ4CZE

Sump Pumps (2) 3337 28.27 0.083 SS NONE

Platform El. 88'-02 & El. 95'-310 3438 1328.4 0.00756 CS IZ+ECZE

IIVAC Ducts (2) 4339 505.5 0.0087 CS G+ENONE

Core Make-up Tanks (02A) & (02B) 3540 48471848.8 046660A05 CS IZ4CZE

Primary Containment Vessel 3941 11063.75 04454440.13 CS IZ+ECZE

Columns (117) 3742 3010 443113.0 0.0010.0325 CS IZ4CZE

Floor Framing Beneath El.135'-3 3843 3743.887563.38 0.07340.03 CS IZ4CZE

Elevator,StairTower 3644 83A73436.92 0.0340.01632 CS IZ+EC2E
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Table 6.2.1.lp (Sheet 3 of 10)

HEAT SINK PROPERTIES

MetalHe Heat Sink Exposed Area
Deecription Numi er (n2) Ihickness (n) Material Paint

Maist.enance IIntch 444j 321.8 04330.145 CS E+ECZE

Platform E1.118*-6 4046 20074,522508.5 0.0320.012 CS ILECZE

Stairway Twm El.107'-2 to 135' 3 4447 320.15 0.0130411 CS G+ENONE

Railllandle Above Reactor Access 4348 43.04 0.013860.011 CS G+ENONE

Refueling Canal

lower Internal Stand 4549 386.9 0.042 SS NONE

Upper Internal Stand 4650 546.9 0.042 SS NONE ;

1

Upender 4751 79.481 0.3666 SS NONE
'

Refueling Canal Gate 4852 2016 GM&30.042 SS NONE

Platform Ell 130'.3 53 279.83 0.00756 CS CZE

IRWST Roosa |

|Metallic Wall & StiNener: 4954 7050.96 0M830042 SS NONE

CyNade' il-Central-Reesam

Nesee

S:t " r: ^ -- ' - E rr')pper East Seeman
Generator Counparteneed

se:N=c= so 3344 04305 cs ar

Jib Crane 5455 303,39103.67 0.33440A05 CS ILECTE

Feedwater Nozzle Platform (El.149'-7) 5356 3840.372806.45 0.00756 CS ILECZE

Uppa Manway Plationn (El.162'-1) 5357 3&40,372806A5 0.00756 CS ILECZE

pulib Crane 58 77.39 0.405 CS CZE

U peryed Seaman Generater Cosepa1 amendP

FiWib Crane 59 103.67 DA05 CS CZE

Feedwater Norrie Platform E12149'.7 60 2806A5 0.00756 CS CZE

Upper Manway Plationn El.162*.1 61 2806.45 0.00756 CS CZE

FiWib Crane 62 77.39 DA05 CS CZE

laiegrened Head Stand (1 side) 63 491.5 0.021 SS NONE

Revision: 4 .s mmo2.;tomoes
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6. Fmineered Safety Features
___

6
Table 6.2.1.K(Sheet 4 of 10)
HEAT SINK PROPFJtTIES

MetaWe Heat mak Espeeed

E--- . + - : Neanber Area fa2) 'Inkkmem ta) Matetimi Paint

Refuobag Machkw (1 side) 64 742.2 047 CS CZE

Platfoon EL 147'.3 65 457,7 0.00756 CS CZE

8eut immer Hall

Refueling Machine (1 die) 66 819.8 0.07 CS CZE

Nere immer HaB

Stairs BL 135'.3 to E|148*.0 67 290.7 0411 CS NONE

I.andings Stairs Bli140*.3/16, EL 142* 5, 68 147.6 0.00756 CS CZE

El.144_'-9/16

Platforms at M.149* 7 69 120.0 0 00756 CS CZE

Plationns at El.'155*-10 70 54.61 0.00756 CS CZE

Platfanne'at El.160'4 71 1748.2 0.00756 CS CZE

Pistforras at El.'162' 1 72 5441 0.00756 CS CZE

Platfoons at El.169'.0 73 1748.2 0.00756 CS CZE

Stains ham EL 148'4 to EL 162* 1 and 74 399.95 0.011 CS NONE
boas E.14%0 to M.169'.0

landings et Ell'149*.7, 75 262.2 0.00756 CS CZE
M.154'4 5/16. El.165' 3 5/16

North Med Quadrant

Elevator Septert Structure 76 198.39 0.01632 CS CZE

Elevator Supgert Structure 77 342.32 0.01632 CS CZE

laternal Stifferer 78 356.675 0.07 CS CZE

Platform at E1.16.162'.1 79 798.7 0.00756 CS CZE

Elevator StairTowt 80 241.18 0.01632 CS CZE

Platform at E1|178*.0 81 90.2 0.00756 CS CZE
.

HVAC Ring Doct 82 788.8 0.0087 CS NONE

Crane Girder 83 494.9 0.13 CS CZE

Red.MM. Quadrant

Integrated Head Stand (1 side) 84 491.6 0.021 CS NONE

Platfoun at EL 147'-3 85 457.7 0.00756 CS CZE

owan.v4mo2n.R04-070695 Revision: 4
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6. Es ps.eered Safety Features
__

h
[ (Sheet 5 of 10)Table 6.2.1.1

HEAT SINK PROPERTIES

Metatue Heat Sink Exposed
2Deecriptnon Number Area (ft ) Thickness (ft) Material Paint

Stairs' at El 135*4 to E1.147'-3 $6 136.8 0.011 CS NONE

Hydmgen FMinor 87 204.75 0.0325 CS CZE

Co=*=ia==t Recirculation Unit 88 700.28 0.004 CS CZE

laseron1 Stiffener 89 356.675 0.07 CS CZ

Platfoons at Bif149*-7 90 1095 3 0.007 % CS CZE
.

Walkway 61/162*-1 91 798;7 0.007M CS CZE

Plattosuu at El;162N1 P2 1989.7 0.00756 CS CZE

Connalan=t Recirculation Unit P3 265.9 0.004 CS CZE

HVAC Ring Duet 94 788.8 0.0087 CS NONE

Crane Girder 95 494.9 0.13 CS CZE

South Mid Quadrant

Internal Stiffener P6 356.675 0.07 CS CZE

Walkway E1 162'.1 97 798.7 0D0756 CS CZE ;

HVAC Ring Drict 98 788.8 OD087 CS NONE

Creme Oirder 99 494.9 0.13 CS CZE

East Mid Quadrant

Hy& ogen RW- '.' ; 100 204.75 0 0325 CS CZE_

containment Recirculation Unit 101 700.28 0D04 CS CZE

Internal Stilfener 102 356.675 047 CS CZE

P1stfonns at El| 149'-7 103 1095.9 0.00756 CS CZE

Walkway El.;162*.! 104 798.7 0.00756 CS CZE

Platforms at EL162'.1 105 1089.7 0.00756 CS CZE

Contal.unent Recirculation Unit 106 265.9 0.004 CS CZE

HVAC Ring Duct 107 788.8 0.0087 CS NONE

Cram Girdor 108 494.9 0.13 CS CZE

Revision: 4 wo2 noun 0695
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6. Fmwineered Safety Features
__

h
Table 6.2.1.1[(Sheet 6 of 10)

HEAT SINK PROPERTIES

Metatic Heat Sink Exposed
2Description Number Area (ft ) 11mickness (ft) Material Paint

North' Outer Quadrant

Plationn'at E1/135'33 109 183.3 0A0756 CS C2E

lassenal Stiffener 110 402.1 0.007 CS CZE

Pladoan'at E1:162*-1 111 824.5 0.00756 CS CZE
.

HVAC Ring Doct 112 788.8 0,0087 CS CZE

Platfoon at El.17E'.0 113 24.6 0.00756 CS CZE

Crame'Gader 114 1101.1 0.13 CS CZE

West Desar Quadrant

Platfann} Conda=aa Rehwa Grahng 115 824.35 0.00756 CS CZE

Intemal SGifener 116 402.1 047 CS CZE

Plationn at El.162' 1 117 824.5 0.00756 CS CZE

HVAC Ring Duct 118 788.8 04067 CS NONE

Creue Oinier 119 1101.1 0.13 CS CZE

Sus & Outer Quadrant

Pladone +3.=* ^" Retura Grating 120 274.7 0.00756 CS CZE

lasernal Stiffener 121 402.1 0.07 CS CZE

Platform at E1;162'-1 122 824.5 0.00756 CS CZE

HVAC Ring Duct 123 788.8 04087 CS NONE

Crane Oirder 124 1101.1 0.13 CS CZE

Emat. Outer Quadrant

Main Equipment Hatch (1 side) 125 307 6 0.25 CS CZE

Intemal Stiffener 126 402.1 047 CS CZE

Pistfona at Eli162' 1 127 824.5 0.00756 CS CZE

Main F ,-=';- ' Hatch (l' aide) 128 307.6 0.22 CS CZE

HVAC Ring Duct 129 788.8 0.0087 CS NONE

Crane'Oinier 130 1101:1 0.13 CS CZE

Polar Crane Bridge and MotorTrolley 131 1996.0 D.145 CS CZE

o%mv4WO2 TROW 10695 Revision: 4
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6. Engirared Safety Features

h
Table 6.2.1.1-[(Sheet 7 of 10)

HEAT SINK PROPERTIES

Metallic Heat Sink Exposed
2Description Number Area (ft ) 'Ibickness (ft) Material Paint

No 4tamar Quadrant

Polar Creme Bridge and Motor Trolley 132 1996.0 0.145 CS CZE

Wad immer Quadread Motor

Polar Crane Badge and MeterTrolley 133 1996.0 0.145 CS CZE

Seedh Quadmetimmer

Polar Creme Endse and MotorTrolley 134 1996.0 0.145 CS CZE

Air BaffWContainment Gap

Stairs; N. 242*.6 to 256',.4 142 157.662 0.011 CS NONE

Landings: E1. 246'.4 tri E1|253'r8 143 73.8 0.00756 CS CZE

Plationns| R. 241*.0 144 5207.0 0.00756 CS CZE

Air BatSsSideld Building Gap

Plationn Support Structwe Beams 'and Hangers 151 1204.8 0.01632 CS CZ

Plationn at El(239' 0 152 6955.65 0.00756 CS CZE

Plationn Suppon 153 1454.'14 0.01632 CS CZE

Iewer hoy

support Columns 154 277.51 0,0225 CS CZE

Stairs 155 110.24 0.011 CS NONE

Platfoun at EI,26l'.0 156 142.106 0.00756 CS CZE

T*P.Chimeney

Top Chimney at El. 298'-6 157 7892$ 0.00756 CS CZE

M:9F Ph'fer= 54 364.54 0,00756 CS ILE

ES %= F2.135' ? 'a !i?' ^ 55 44545 0,012 CS G4
c...:_ r _._ ei i m ,... ,1,. ' 56 443.5 0,013 CS M

' ': :: 9 "' !!!' '^ 1 142' 5 57 98.4 0,00756 CS ILE

'E.". *. f:r' ^. :fr P er u

!!i';: Pe!r ''._x 58 33444 G.4305 CS IZ

'-':; :':2 !':21 E' ' 59 355 0,5 SS NONE

Revision: 4 w=,eonao4.om95
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6. F2igineered Safety Features
__

h
Table 6.2.1.1[(Sheet 8 of 10)
HEAT SINK PROPERTIES

Metallic Heat Sink Exposed
2Description Number Area (ft ) Thickness (ft) Material Paint

R:SE:; ''- '- 60 1M3 0,0553 CS E+E

Jeb Creme 61 30349 04344 CS E+E

fn' := F: i ":"= (m. I'9' ') 63 3336,7 OAAM CS E+E

'';;- ''r ::y P!^":= 5'.162' !) 63 45334 0,007M CS E+E

Ve : ''d& P! " = (m. !? 9) 64 M8345 0,007M CS E+E

M: cd!- P!:" n- 65 364,45 0,007M CS E+E

See 66 33949 043 CS G+E

__-_ _ -_ L L_ f__t_-. _-.

A__.t_-_ D___c a n. c_t
7_

- -_

C. Z: _.I ] . b [: C!C C.C': 67 M N G Eg .

C -t R:ir- '-' m U:"_ 68 9449 0.004 CS E+E

C:1 - f .^ ^ "I:IE z;;y (m 162'!) 69 M33.6 OA456 CS E+E

Rang-Dust 30 3636,06 0 M339 CS G+E

HuAC P2-'2) n su,5 04083 CS G+E I

"_ __rj C -* : rt ":" := E: S:26 33 85M 04354M CS E

Perhir::^' R := A-d E: .9 " ".g': A-dz , .; c7- . . c ._.- __. c

h_.l____./*,_._f___...D_s. . . h.e ...L g g g g
.h_-_* L.,__..'_~1D______ .A .J h. .i .A.*_ D__a N__1.A ..A_ . - _

n._:_._.__.c.,,___c_._.._t. . __, - _,, __

''C: E;Cpr--* M-id 34 6974 0,34 CS E+E

u t.... n.-.._t m__i..c_ .___ _ _ _ _ _
-

__ ,____....o___
. , _

Elevator 35 13144 0431 CS E+E

C =: Se,,=-! A "-id;: P:!C Crane 36 4033 0441 CS E

C::t P ri-"'^" : U-it 33 9449 OM4 CS E+E

Phdein: $2.152' !) 38 3831,63 0,00756 CS E+E

Flask = (m '?5' !!) 39 43,3 03456 CS E+E
|

Ri ; SM 80 4303,8 0,0G39 CS G+E

o%mrev@602n.R04-070695 Revision: 4
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6. Engineered Safety Features

__
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Table 6.2.1.1/(Sheet 9 of 10)

HEAT SINK PROPERTIES

Meses. H s. sink Esp d
sweetpu.e Num b.e W) n' ^--- (9 Mas. del Penns

r.L=j c:- 3: = n: N: u un onun cs a
.n _,-_a_,c___:. _ n ,__ i_.. _; n. _ .i :_ n __ en__i

.- . _. -_

^=1.w _n =- cy':== Ycec

r.Erjc==---2:r== n:Ne s2 un o.uut6 cs a
.M_,1-- . __1 _O __ " n_ _ _ _ A__ A %._ .i._' D __ (s1_.

'
.

- . _ ._ .- .

. .-d "t=; cc- om ",,_ Neh^

conae.tamme

r&- c- . : T=!!:j sa u44 o,3262 cs E

Newb ru ;'-1=! rm-

r. L.=j c- =-- --- 84 un can44 cs a

_ _ _c__.m...-<____.o_____,_-.. _ __.

r.-L =;c-- =---- u un osu44 cs a
,__ ,,__,_m____,
._,. _,____n_______

". L=; cc- '-- - u sosa ootSuts cs a
c. ..__.__.c_..,..__e__m

._ .-. _ , _ - .. . _. _

^2 ede: e.!<e 6 ??! e 87 a41 c.oou4 cs a
c__._____.c__,....._,__...t-__

__ _ _ , . _

.h ede: e !'e 6 ??s'e as a41 0409s4 cs a^

c__._i____.c____n_,__.__.u_mt.__ , ,. __

.h Ede: E! '?e'4m so ans,s osoos4 cs a^

c.___._i____.c____n_,____c__.t.__.- _ , ,.

ah ade: e '?? e 22e'e 90 ans,s osoos4 cs a=

N

.h Ede: e.22e'a* 23 5' ^ n u46,3 0,00984 cs a^

|Pehum m
1

^2 EdS: e. 22e' e 2 2?6' a 93 7446,3 040984 cs E

r:=- F= e. 212 5 52 a n asa octa es a

P!:*1:r. (e. 215' 5) 94 49,3 0,ooM6 cs E

Revision: 4 chaarrev4W602aR04070695
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6. F2grered Safety Features
!

__
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Table 6.2.1.lg (Sheet 10 of 10)

HEAT SINK PROPERTIES

MetalMe Hee 646mk Espesed

P:C I!i-- Piagnber M) E.''---(t) Me8essel Pelet

u ._ . . ._ ._ r o- - .- ,

**-2: f== ".!. L'2' 0 'a 255' 9 95 459,6 0,G13 CS E

"-9r- (E'. L'S' l' i 255' 0; 96 370,6 0,00756 CS E

.r__ i-i . __.
-r <

1

P!d= S. TS' 6) 97 78,935 0,00756 CS E

_c _ ._ y ._ . s, ._i__.__.
_

e. 2_ r_. ri asn.n...mes r pg gg g gg g

!"d:= ("!. ''9' '" 99 346 0,00756 CS E

i

4

|

|

4

|

o:Warrev40602a.R04470695 Revisiori: 4
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6. Fmoineered Safety Features
_

/
m

Notes to Table 6.2.1.1[
1. Two types of matmals will be used for metallic structures:

A. Carbon Steel (CS)
B. Stainless Steel (SS)

2. Three coatings are used on metallic structures:
A. Epoxy (E)
B. !=;--" 3r (!Z) Carbo Zine (CZ)
C. Ilot Dip Galvanizing-(G)

When inwgameCa40'Zine and Epoxy are used together, the E=;--" Carbo 2inc is applied as a primer then the
Epoxy is applied as a topcoat. In addition, miscella-nus carbon steel items such as stairs, gratings, ladders, railings,
conduit, ducting and cable trays are bot dip galvanized. In containment analysis, the galvanized structures will be
treated as carbon steel cii : !=;--" Zhc , - =d = %=:y 'q^cet

3. Thickness of paint
A. Epoxy: 4-8 Mils
B. !=;--" Tr 3.5 ''.5 Carbo Zine:125-6 Mils

|

1

.n.

Revision: 4 .wemaavoos
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6. Fmmineered Safety Features

Table 6.2.1.1 (Sheet 1 of 34)

CONCRETE HEAT SINKS

Exposed
Concrete Struct. Surface Area Thick Liner PlateLiner PlatePaint Paint

2Surface Number (ft) (ft) Interior Exterior Interior Exterior

REACTOR CAVITY

Wall 1 (2 sides) 1 219.50 3.244A0 CS CS EdiCZE EdiCZE

Wall 2 (2 sides) 2 693.00 8494A0 CS CS W ECZE WECZ

Wall 3 (2 sides) 3 218.28 4.00 CS CS EdiCZE WECZ

ROOP 1 (1 side) 4 385.43 4432.00 CS ESCS E+ECZE NONE

Wall 4 (1 side) 5 164.50 4.00 CS ESCS E+ECZE NONE

WA115 (1 side) 6 661.50 4.00 CS CS WECZE WECZ

WA116 (1 side) 7 488.35 6464.00 CS CS WECZE WhCZ

WA117 (1 side) 8 488.35 6464.00 CS CS E+ECZE E4sCZ

Wall 8 (1 side) 9 214.50 3.502.00 CS CS EdiCZE E+ECZE

BULKRC 10 2429.00 43.534.00 CS --NONE WECZE -NONE

tCT** Ct" '"Semik
East Acceanslator_Cevity

WA115V (1 side) 11 245.46 4.00 CSSS ESCS EdiNONE NONECZ

ROOP3 (1 side) 12 718.50 2.00 CS NONE EdiCZ E

DULKACW 13 2118.55 43434.00 CS --NONE EdiCZE -NONE

tCO *' C'." "E-North
East Accamielnaar Cavity

WA118V (1 side) 14 375.10 4404A0 CS NONE E+ECZ E

ROOF 4 (1 side) 15 993.00 2.00 CS NONE EdiCZ E

BULKAGE 16 2816.80 43.534.00 CS -NONE E4iCZE -NONE

STEAM 4EN.-And
EASMast Stense
Generstar Rome

WA111 (1 side) 17 54344519.73 340240 CS CS EdiCZE EdiCZE

WA112 (I side) 18 472.94 340240 CS CS W ECZE E dic72

WA113 (I side) 19 40654 01977.7 3402.00 CS CS EdiCZE WECZE

Wall 4 $ (I side) 20 430648758.16 3404.00 CSSS CS EdiNONE E4sCZ

BULKSGS 2221 903.43941.44 43424.00 NONECS -NONE E -NONE

owmo2aomo695 Revision: 4
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6. Engineered Safety Features

M
Table 6.2.1. (Sheet 2 of 34)

CONCRETE HEAT SINKS

Exposed
Concrete Struct. Surface Area Thick Liner PlateLiner PlatePaint Paint

2Surface Number (ft ) (ft) laterior Exterior laterior Exterior

GFEAM4HERM
WESTWest $tsman
Gemeester Rooms

WALL 1 (1 side) 2322 707.33 1502.00 CS CS IZ+ECZE IZ+ECZE

WALL 2 (1 side) 3423 M41501626.37 150230 CS SS LLECZ NONE

WA113 (1 ide) 3524 34,04758.16 4.004A0 CSSS SSCS IZ+ENONE NONBCZ

jW.ul' P :!&) M 4384,38 150 CS CS LLE ILE

BULKSGN 3725 4045431986.6 43.534.00 CS -NONE ILECZE -NONE

CMT & CVS ROOM

ROOF 1 (1 side) 3826 567.00 3.50240 CS NONE ILECZE E

WALL 1 (1 side) 3927 1721.28 1502.00 CS SS ILECZ NONE

WALL 2 (l side) 3028 1630.00 4.00 CSSS SSCS ILENONE NONECZ

ROOF 2 (I ride) 3429 343144533,4 2.00 CS NONE IZCZ E

ROOP 3 (! side) 3230 700,502472.78 2.00 CS NONE IZCZ E

ROOF 4 (I u.de) 3331 3M3.33865.62 2.00 CS NONE IZCZ E

ROOF 5 (I sis) 3432 348.00631 32 2.00 CS NONE IZCZ E

ROOF 6 (1 side) 3533 157.32 2.00 CS CS IZ+ECZ ILECZ

Wall 3 (1 side) M38 262.50 3.502.00 CS CS ILECZE ILECZE

ROOF 711 (2 sides) 3739 346.46 2.00 CS CS ILECZ IhECZ

BULKCMT 3840 5161.52 41534.00 NONE --NONE E -NONE

REFUELING ROOM

INTCON (2 sides) 3941 776.37 4,432.00 SS ---NONE NONE -NONE

WA1122V (1 side) 4042 1032.00 4.00 SS SS NONE NONE

WA1123V (1 side) 4443 673.99 4.00 SS CS NONE ILECZ

BULKER 4344 1539.00 41534A0 SS -NONE NONE -NONE

Revision: 4 a w u e2 not.070695
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6. Engineered Safety Features
__

M
Table 6.2.1.lg(Sheet 3 of 34)

CONCRETE HEAT SINKS

Exposed
Concrete Struct. Suiface Area Thick Liner PlateLiner PlatePaint Paint

2Surface Nunnber (ft ) (ft) Interior Exterior Interior Exterior

IRWST ROOM

ROOF 6 (1 side) 4345 030,00569.78 2.00 SS NONE NONE E

ROOF 7 (I side) 4446 4S40,40780.6 2.00 SS NONE NONE E

BULKR 4553 3585.20 43.534.00 SS -NONE NONE -NONE
NORDiMMI,4NNULEROOM

WALL ! (2 9'-" 46 3314.43 3.50 CS CS WE LLE

LOWER-CHIMNEY

P_.9 1 43 3303.45 3,00 NONE NONE NONE NONE

ROOM-4 48 4333.00 4,00 NONE NONE NONE NONE

ROOF-4 40 44333,05 3.00 NONE NONE NONE NONE

A&R-BAN 4E ?; 1" C^" C '.P

WALL.4 50 50314,3 3,00 NONE NONE NONE NONE

ROOF-4 51 544340 3.00 NONE NONE NONE NONE

UPPER RASTSG COMPARTMENT

WAI11 (1 side) 54 216.75 22 CS CS CZE CZE

| WA112 (1 side) 55 346,48 2R CS CS CZB CZB

WA113 (1 side) 56 34648 2.0 CS CS CZB CZE

WA!14 (1 side) 57 261.38 2.0 CS CS CZB CZE

WAI15 (l' side) 58 70.13 2.0 CS CS CZE CZE

UPPER.WESTSG COMPAkTMENT j
'

WAllt (1 side) 59 70.13 2D CS CS CZB CEB

WA112 (1 side) 60 346.48 2.0 CS CS CZE CZB

WA113 (l' aide) 61 216,75 2.0 CS CS CZE CZE

WAIL 4 (IM) 62 346.48 2.0 CS CS CZE CZE

WA115 (1.she) 63 261.38 2.0 CS CS

WA111 (2 sides) 64 498.66 24 SS SS CZE CZE

o%srev40602a.R04-070695 Revision: 4
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6. Engineered Safety Features

N
Table 6.2.1.1-[(Sheet 34 of 44)

CONCRETE HEAT SINKS

Exposed
Concrete Struct. Surface Area Thick Liner Plate Liner Plate Paint Paint

2Surface Number (ft ) (ft) Interior Exterior Interior Exterior

NORTH 1NNER HALL

WAILt (2 sida) 65 12:1.375 2.0 CS Cs CZE CZE

WAIL 1 (2 aides) 65 1005.0 2A CS CS CZE CZE

BE135' 3 to?
EL 148*#

WBFr MID.QUADRAfR

WA111 (2 sides) 67 491'66 2.0 SS SS NONE NONE.

AIR BAFDLE A'murFr.n
BUBAING UPPER GAP

ROOF 1 (l' aide) 75 5227.65 3.0 CONCRETE

LOWER musNEY

WALLI (2_ sides) 76 13357.184 3D CONCRETE

FLDORI (2 sides) 77 2202.65 2h CONCREfE

ROow1 (2.ida) 7s 12720 2.0 CONCRETE

FLOOR 1.(2 sides) 79 23545A 2.0 CONCRETE

Notes:

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

2. Paint on liner plates and concrete surfaces is either.
A. Epoxy (E)
B. InergeaieCarbo Zine (1ZCZ)

When leergenesCaabo Zine and Epoxy are used together, the L ::;; MW Zine is applied as a primer
then the Epoxy is applied as a topcoat.

3. Ricknws of paint is:
A. E,s xy: 4-8 Mils.
B. 1%wseCarte Zine: M.-4,523-6 Mils.

4. Floors at Elevations 107'-2 and 135'-3 have not steel liner plate.

5. Steelliner plates are assumed to be 1/2 inch thick in aB places.
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6. haineered Safety Features
___

4
Tab!- 6.2.1.1[(Sheet 1 of 4)

CONTAINMENT SiiELL AND BAFFLE
METAL PROPERTIES

Metallic' Heat Sink Exposed Thickness
Description Number Area (ft') (ft) Material Paint

STACK #1

PCS;@ 240.5'; 1-a-1;(1.;sde)1 395.63 0.13542 CS CZ

Baffle:;@ 240 5' 1.41;.(1; side)2 1284.00 0.00706 CS CZ
'

.

1-a'2|(liside)3 64434 0.13542 CS CZPCS @ 224.75' -

Batrie'@ '224.75' 142 (1 side)4 595.10 0.00706 CS CZ

PCS;@ 209' 1 a-3.(1^ side)5 1653.63 0.13542 CS CZ

Baffle 9~209: 1 b3 (1 nde)6 1804.57 0.00706 CS CZ

PCS @;189,5' l-a4 (1 side)7 980.29 0.13542 CS CZ

Baffle'i@;189.5' 144 (1 side)8 997.00 0.00706 CS CZ !

PCS @f170'. 145;(1. side)9 809.80 0.13542 CS CZ

BaAlc.@|170' 145 (1 side)10 823.61 0.00706 CS CZ

PCS, @,148'. 1 a-6.(l' aide)u 63932 0.13542 CS CZ

Batrie @;148' 146(1 side)13 650.22 0.00706 CS CZ

PCS;@;135.25; 1-a-7.(1skle}13 511.45 0.13542 CS CZ

BaseW 135.25' 147 0 side)14 520.18 0.00706 CS CZ

STACK #2

PCS;@~ 240.5; 2+1';(1 side)15 395.63 0.13542 CS CZ

Base. @ 240.5' 2-b-1~(1 side)16 1284.00 0.00706 CS CZ

PCS @ 224.75: 2-a-2 (1 side)17 644.34 0.13542 CS CZ )
Bame @ 224.75' 2-b-2 (1 side)18 595.10 0.00706 CS CZ

'

PCS @ 209'. 2-a-3.'(1 side)19 1653.63 0.13542 CS CZ

Bame @ 209' 243 (1 side)20 1804.57 0.00706 CS CZ

PCS @ 189.5' 2-a4.(1 side)21 980.29 0.13542 CS CZ

Bame @;;189.5: 2-b4(1 side)22 997.00 0.00706 CS CZ

PCS @ 170' La-5;(1 side)23 809.80 0.13542 CS CZ

BafBe^ @L170' 2-Is5 (1" side)24 823.61 0.00706 CS CZ

PCS @f148' 2 a-6;(1| side)25 639.32 0.13542 CS CZ

Bame 9 148* 2-b 6.(1 side)M 650.22 0.00706 CS CZ

PCS.9:135.25' 22a-7..(1 side)27 511.45 0.13542 CS CZ

Baffle @~135.25' 247 0 side)28 520.18 0.00706 CS CZ

ohm 40602n.R04-070695 Revision: 4
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6. Fmineered Safety Features
_
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Table 6.2.1.1[(Sheet 2 of 4)

CONTAINMENT SHELL AND BAFFLE
METAL PROPERTIES

Metallic' Heat Sink Exposed Thickness
Description Number Area (ft') (ft) Material Paint

STACK #3

PCS @ 240.5i 3-a1'(1 side)29 395.63 0.13542 CS CZ
.

Baffle;;@ 240E 3+1 (1.sie)30 1284.00 0.00706 CS CZ
,

PCSl@ 224.75'; 3-a-2 (1| side)33 64434 0.13542 CS CZ

Baffic. # '224.75* 3+2 (1. side)32 595.10 0.00706 CS CZ

PCS @;209 3-a-3 (1;;sido)33 1653.63 0.13542 CS CZ

BafDc @ 209' 3+3 (1 side)34 1804.57 0.00706 CS CZ
.

PCS 9.189.5' 3-a-4 (I ' side)35 980.29 0.13542 CS CZ

Baffle @ 189.5' 344 (1 side)36 997.00 0.00706 CS CZ

PCS @;170' 3-a 5.(1 side)37 809.80 0.13542 CS CZ
.

Baffle;@ 170* 345 (1 side)38 823.61 0.00706 CS CZ

PCS @ 148; 3-a-6 (1 side)19 63932 0.13542 CS CZ

Bame._@ 148' 346.(1 side)40 650.22 0.00706 CS CZ

PCS @ 135.25' 3-ai7. (1 ~ side)41 511.45 0.13542 CS CZ

Baffle @ 135.25' 3-b7 0 side)42 520.18 0.00706 CS CZ

STACK #4

PCS;@ 240.5; 4-s-1 (1 side)43 395.63 0.13542 CS CZ
.

Bafne @ 240.5' 4+1 (1 side)44 1284.00 0.00706 CS CZ

PCS @~224.75' 4-a-2 (1 side)45 64434 0.13542 CS CZ

Baffle @ 224.75' 4-42_(1 side)46 595.10 0.00706 CS CZ

PCS @ 209' 4-a-3. (1 side)47 1653.63 0.13542 CS CZ

BafDe @ 209' 4+3 (1 side)48 1804.57 0.00706 CS CZ

PCS @ 189.5' 4-a-4 (l' aide)49 980.29 0.13542 CS CZ
..

Baffle @ l89.5' 444 (l' side)S0 997.00 0.00706 CS CZ

PCS @t170'. 4-a-5 (1| side)51 809.80 0.13542 CS CZ

Baffle @ 170' 445 (1 side)S2 823.61 0.00706 CS CZ

PCS @ 148' 4-a4 (1 side)S3 63932 0.13542 CS CZ

Baffle @ 148' 446 (1 side)S4 650.22 0.00706 CS CZ
..

PCSi@ 135.25' 4-a-7;(1 side)SS 511.45 0.13542 CS CZ

Battle @ 135.25' 4 47 (1 side)f6 520.18 0.00706 CS CZ

Revision: 4 .w .mo2ato4-o7oa5
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6. Fngineered Safety Features
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Table 6.2.1.1[(Sheet 3 of 4)

CONTAINMENT SHELL AND BAFFLE
METAL PROPERTIES

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

STACK #5
'

PCS.@ 240.5' 5-a-1 (1 side)S7 593.44 0.13542 CS CZ
IBame # 240 5' 541 (1; side)S8 1926.00 0.00706 CS CZ

PCS @j224.75* 5-a-2 (1 side)S9 966.50 0.13542 CS CZ

Bame @;224.75' $42 (1' side)60 892.66 0.00706 CS CZ

PCS!@ 2093. 5-a-3.(1 sido)61 466.41 0.13542 CS CZ

BafDe19 209' 543 (l' aide)62 508.98 0.00706 CS CZ

PCS @;189.5' 5-af (1jside)63 1150.77 0.13542 CS CZ

Bame' @;189.5: 5-44 (1 side)64 1170.40 0.00706 CS CZ

PCS @ 170': 5-a-[(1 side)65 1321.26 0.13542 CS CZ
.

Bame @ .170' 545 (1 side)66 1343.79 0.00706 CS CZ

PCS;@ 148'; 5-a-6 (1; side)67 1491.74 0.13542 CS CZ
.

Bame 9,148' 5-b 6 (1 ; side)68 1517.18 0.00706 CS CZ

PCS @ 135.25: 5 a-7 (1 side)69 1619.61 0.13542 CS CZ

Base & 135.25' 547 (1 side}70 1647.22 0.00706 CS CZ

STACK #6

PCS 6 240.5'; 6-a-1|(1 side)74 593.44 0.13542 CS CZ

Base @f240.5' 641 (1 side)72 1926.00 0.00706 CS CZ

PCS @ 224.75' 6:a-2..(1 side)73 966.50 0.13542 CS CZ

Bame 9'224.75' 642 (1' side)74 892.66 0.00706 CS CZ

PCS @ 209' 6 a-3 (1 side)75 466.41 0.13542 CS CZ
.

Bame;@ 209' 6-b-3 (1| side)76 508.98 0.00706 CS CZ

PCS @:189,5* 6 a-4 (1 side)77 1150.77 0.13542 CS CZ
.

Bame @jl89.5' 664 (1 side)78 1170.40 0.00706 CS CZ

PCS @;170' 6-a-5..(1 side)79 1321.26 0.13542 CS CZ

Basel@L170' 665(1;iide)80 1343.79 0.00706 CS CZ

PCS # 148 6-a.6|(1 side)81 1491.74 0.13542 CS CZ

BameLef148' 6-b-6 (l' side)32 1517.18 0.00706 CS CZ

PCS @;135.25' 6-a-7 (if side)33 1619.61 0.13542 CS CZ

Bame @ 135.25' 647 (1 side)S4 1647.22 0.00706 CS CZ

.% 4m m aamoo5 Revision: 4
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Table 6.2.1.1[(Sheet 4 of 4)

CONTAINMENT SHELL AND BAFFLE
METAL PROPERTIES

Metallic' Heat Sink Exposed Thickness
Description Number Area (ft') (ft) Material Paint

STACK #7

PCS 9,;2405i; 7 a-1 (1 side)35 593.44 0.13542 CS CZ

Baffle,@' 240.5' 7+1 (1~ side)36 1926.00 0.00706 CS CZ

PCSl@ 224.751 7-a-2 (1 side)37 966.50 0.13542 CS CZ
'

Battle _@ 224.75: 7+2 (1 side)88 892.66 0.00706 CS CZ

PCS $ 209; 74 3 (1 side)39 466.41 0.13542 CS CZ

Battle' @Di 743 (l; side)90 508.98 0.00706 CS CZ
'

PCS@J8$5} 7 a-4;(1 side)91 1150.77 0.13542 CS CZ

Baffle @ IGS 7-44.-(l' aide)92 1170.40 0.00706 CS CZ

PCSA170: 74-5 (1 side)93 1321.26 0.13542 CS CZ

Baffle 19170' 7-b 5 (1 side)p4 1343.79 0.00706 CS CZ

PCS @|148', 7.a 6'(1 Mde)95 1491.74 0.13542 CS CZ

Baffle;@ 148', 746 (1 aide)06 1517.18 0.00706 CS CZ

PCS @;135.25' 7-a-7. (1 side)97 1619.61 0.13542 CS CT,

Baffle''@ 135.25' 7+7 (1 dde)o8 1647.22 0.00706 CS CZ

STACK #8

PCS @ 240.51 84-1|(11 side)99 593.44 0.13542 CS CZ

Baffle 9 240S 8-b-1|(1.; side)100 1926.00 0.00706 CS CZ I
1

PCS g224.75' 8 a,2 (1 side)101 966.50 0.13542 CS CZ

Baffle 9 .224.75' 8-b-2 (1 side)102 892.66 0.00706 CS CZ

PCS @ 209 8-a-3 (1 side)103 466.41 0.13542 CS CZ
.

Battle;@|209' 843 (1 side}104 508.98 0.00706 CS CZ j

PCS @ 189.5' 8-a4 (1 side}105 1150.77 0.13542 CS CZ
'

Baffic @|189.5: 8+4|(l ' side)106 1170.40 0.00706 CS CZ

PCSL@ 170' 84;5 '(1' side)107 1321.26 0.13542 CS CZ

Bafflel170' 8 b-5(1| side)108 1343.79 0.00706 CS CZ

PCS @|148; 844.(!| aide}109 1491.74 0.13542 CS CZ

Baffle @;148' 8-b-6 (11 side}140 1517.18 0.00706 CS CZ

PCS @ 135.25$ 8-a-7,(1 side)141 1647.22 0.13542 CS CZ l
.

Baffle @ 135.25' 847 (1 side)142 1728.41 0.00706 CS CZ

Revision: 4 %,4mn awowo5
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6. Engineered Safety Features
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Table 6.2.1.1[(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) Intedor Exterior Interior Exterior

'

STACK #1

Shidd @ 240.5* 141L(1.'. side)I 1284.0 3 CONCRETE
,

Shield,9;224.75' l..c-2 (1 dde)2 1162.18 3 CONCRETE |
|

Shield 9. 209I 143 (1| side)3 1895.36 3 CONCRETE I

)Shield;#1189.51 1.-o-4..(1 side)4 1046.15 3 CONCRETE

Shund@,170: 145(1;; Ale)5 864.21 3 CONCRETE ).

Shield;# 146' 1-c4 (1 side)6 682.27 3 CONCRETE I

Shield 9:135.25' 147 (1 side)7 545.82 3 CONCRETE

STACK #2

Shield;9.;240.5' 2+1 (1 side)8 1284.0 3 CONCRETE

Shield 4 224.75' 242 (1 side)9 1162.18 3 CONCRETE

Sbield .@ 209' 2+3 (1 side)10 1895.06 3 CONCRETE

Sideld 9.189.5' 2-c-4 (1; side)14 1046.15 3 CONCRETE

Shield 9170' 2.c-5 (1 side)13 864.21 3 CONCRETE

Sineid 9148' 2.c4(1 side}13 682.27 3 CONCRE7E

Shield @ 135.25' 247 (1 side >14 545.82 3 CONCRETE

STACK #3

Shield @ 240.5' 3-c-1 (1 side)15 1284.0 3 CONCRETE

Shneid 9 '224,75* 3+2 (1 side)16 1162.18 3 CONCRETE

Shidd @ 209* 3+3;(1~ side)17 1895.06 3 CONCRETE

Shield @ 189.5' 3+4 (1 side)18 1046.15 3 CONCRETE

Shield @,170' 3 6-5.;(1 side)19 864.21 3 CONCRETE

Shield;@ '148' 3+6 (1 side)20 682.27 3 CONCRETE

Shield '@ 135.25' 347 0 side)21 545.82 3 CONCRETE

i,

o:Wanevm02tR04470695 Revision: 4
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6. Engineered Safety Features

0

Table 6.2.1.1[(Sheet 2 of 3)
SHIELD BUILDING i

CONCRETE HEAT SINK PROPERTIES I

Exposed Liner Liner
Concrete Struct. Surface Thick Plate Plate Paint Paint
Surface Number Area (ft') (ft) Intedor Exterior Interior Exterior

STACK #4

Shield W 240.5 M1;(1 side)22 1284.0 3 CONCRETE )
.

Sbidd 9 22435' 4.c-2 (1; side)23 1162.18 3 CONCRETE j

Shield @"209' 4-c-3 (1 side)24 1895.06 3 CONCRETE

Shield @i189.5' 4+4 (1| side)25 1046.15 3 CONCRETE

Shield ~@ 170* 4+5 (1 side)26 864.21 3 CONCRETE

Shield W 148I 4 c 4 (l' aide)27 682.27 3 CONCRETE

Shield 9135.25' 4 c-7 (l' side)23 545.82 3 CONCRETE

STACK #5

Shield 9'240.5' 5-c-1 (1~ side)29 1926.0 3 CONCRETE

Shield W224;75* 5+2'(1 side)30 1743.26 3 CONCRETE

Shield @ 209' 5+3 (1. side)31 534.51 3 CONCRETE
_

Shield;# ._189.5' 5-c-4 (1 side)33 1228.08 3 CONCRETE
_

Shidd @ 170' 5+5 (1 side)33 1410.02 3 CONCRETE

Shleid @ 148' 5 c4(1 side)34 1591.96 3 CONCRETE

Shield ~@ 135.25' 5-c-7 (1 aide)35 1728.41 3 CONCRETE

STACK #6

Shield @ 240.5' 6+1 (1 ande)36 1926.0 3 CONCRETE

Shaeld @ 22435' 6-c 2 (1 side)37 1743.26 3 CONCRETE

Shield @ 209' 6-c-3 (1. side)38 534.51 3 CONCRETE
.

Shidd @ 189.5' 6-c 4 (1; side)39 1228.08 3 CONCRETE

Shield @ 170' 6+5 (1 side)40 1410.02 3 CONCRETE

Shield. @'148' 6-c-6 (1 side)44 1591.96 3 CONCRETE

Shield @ 135.25? 6-c-7 (1 sideM2 1728.41 3 CONCRETE

Revision: 4 %ww.o2aomo695
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6. Fmineered Safety Features

D |

/Table 6.2.1.1-9 (Sheet 3 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 #7

Sideld .#|240( 7+1. (IMde)44 1926.0 3 CONCRETE

Sideld;@|224.751 742(13de)44 1743.26 3 CONCRETE

Shield 9:209: 7s3|(1 side)45 534.50 3 CONCRETE

Shield. 9;.189S 7p4 {1 side)46 1228.08 3 CONCRETE

Shidd.' 9 170'. 745 '(1 side)47 1410.02 3 CONCRETE

Shield @ 148: 7-c-6 (1 side)48 1591.96 3 CONCRETE

Shield 9:13525' 747 (1' side}$9 1728.41 3 CONCRETE

STACK #8

ShieldL@ 240.5' 8-c-1 (1. side)50 1926.0 3 CONCRETE

Shield @ 224.75' 8+2 (1 side)51 1743.26 3 CONCRETE
,

Shield @ 209'. 84 3 (1 side)S2 534.50 3 CONCRETE

Shield @ 189.5J 844 (1| side)53 1228.08 3 CONCRETE

Shield @ 170' 8+5_ (1 side)S4 1410.02 3 CONCRETE

Shicid @ 148' 8445 (1 side)55 1591.96 3 CONCRETE

Shield @ 135.25' 8-c-7 (1 side)S6 1589.69 3 CONCRETE

ow.m,4e602ano4.o70695 Revision: 4
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6. Engineered Safety Features
___
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A
[Table 6.2.1.1-57

PIIYSICAL PROPERTIES OF PASSIVE IIEAT SINKS

Thermal

DensitI
Conductivity Spe.cific Heat Iky Wet

(Ibndt ) (Btu /hr.ft.*f) (Btu /lbm 'F) Emb. Eask.Material

Epoxy 105 0.1875 035 0.81 0.95

Carbon Steel 490.7 30 0.107 0.81 035

Conaete 140. 0.83 0.19 0.81 035

Stainless Steel 501. 9.4 0.12 0.81 0.95

InosgaawCarbo Zinc 207.5 1.21 0.15 0.81 0.95

Oxidual Cod, 2m. 207.5 0302 0.15 o Bt o .9 f
.

;

i

|
i
|

|

,

I

|
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_
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Table 6.2.1.1

CONTAINMENT SHELL

TEMPERATURE PROFILES FOR COLD LEG BREAK

[ Westinghouse Proprietary]

[Provided under separate cover]

l

i

)
i
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6. Engineered Safety Features
1

k
Table 6.2.1h(Sheel 1;o(3)

FLOW PATH DATA; HOOP.FLOWFOR BOT LEG; BREAK

spar.n
IM Fisw;A Lpd. L #4.

W EFac8er F-Facear Isertial (a.) m.) (eg ft.) m.)

1 4.1190641 2.2000E42 83620E*00 3.750 E 00 3.8500lM1 2.570E00 05.00005 01
|

2 4.Os10E44 2.2000E4 8381 @ 00 5.634E00 6.937 2 01 2.68 E 00 5.0000501 |

3 5.4470&Ot 2.20005 42 7.122 6 00 5.192 m 00 53150& o; 1364 5 00 4.2600 5 01

4 5.44601141 2.20005 02 64890 6 00 $.1920Edo 53150iM1 1A9 2 00 4.2600E01

5 4.0810 & O1 2.2000642 83830 & O0 5434 % 00 6337 & O2 24830h00 $A000E41

6 5.1290E01 2.2000E02 8.1590h00 3.3800Bdo 3.221 5 01 2.7450Edo 5A000E41

7 5.1360E01 2.20006 42 8.1530meo 5.1073Edo 5.75905 01 2.7300m00 53000E01

8 5.1630E.01 120005 02 8.1260B+00 4.8350B+00 53950E+01 2.7090B40 5.00005 01

P 5.1630E.01 9 wnP42 8.126&OO 4.8350B+00 53950E+01 2.7090 BOO 5.0000541

10 5.1360E.01 2.2000E42 8.1530 BOO 5.1073h00 5.7590hol 2330 & OO 5.0000B41

11 3.7930B41 2.2000E42 1.0208E+01 33200E00 3.3060ho! 3.7540B+00 5.00005 01

12 5.3690B41 2.2000E42 85560B+00 4.80905 4 5444m01 2.6560&OO 4.26205 01

13 5.0000B0! 2.2000B12 93120b.00 4S70 E 00 5.5735B41 3.0780E+00 $2000EGI

14 5.0000E01 1.2000E02 93120 6 00 4S700h00 5.573 & O1 S$700 LOO $A000B01

15 5.3090B.01 120005 02 83560 & O0 4.8090Edo 5.044 9 01 24560E40 4.2620E.01

16 1.1412h00 2.20006 02 63374E+00 $2376b00 3.647 9 01 63750h00 7.0670E01

17 1.1342E+00 L2000E02 6.6923 S 40 63942E00 7.1688 & O) 63750E+00 7.1060E01

18 1.183 m 00 2.2000E02 6.7260E+00 6.1880h00 6.830ELO! 6375 @ 00 6.1280E41

19 1.18*1m00 t unF.02 6.7260 BOO 6.1840B+00 6.3308h0! 63750h00 6.12906 41

20 1.1342 BOO 2.20008 42 6.6923fMO 6.9942E&OO 7,1688E+01 63750B+00 7.1060& O1

21 .0000E+00 2.2000E.02 7.0000B+00 1.0790lMI. 1.4997&e2 7.0000B+00 14000iM0

22 13200B+00 2.2000E42 23665E+01 1.3430E+0! 2S460E+02 23665b01 1.0000E+00

23 4.1400B41 2.2000E42 1.115 6 01 1.6000bOI. 4.0000Be02 1.027 5 01 1.0000h00

oham40602sR04-070695 Revision: 4
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6. Enaineered Safety Features
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Table 6.2.1. . Sheet 2 of 3)(

FLOW PATH DATAJHOOP FLOWFOR. HOT LEG BREAK

Itydr.y
Lauseh Mew) INel4 A/A

Eiseuet K faesar F-Facest Imercial (8.) (!t.) (eg:ft.) (ft.)

$4 1.9790EMO 2.20008 42 1.1090E41 1.0790E41 14997B442 3.7900E+00 2.900E01

25 4.93805 41 2.200 6 02 1.2814BWI 7.5456Bd0 18032E+02 3;1736E+00 4.49606 01

26 5.1760E41 2.20008 02 1.1199E+01 7.2000E40 2A370E+02 3.4905E40 4.628E01

27 7477 5 01 12000E-02 23879E+00 14152B40 $A391E+M 10118BM 00000E+00

28 s.5900B01 2.2000E02 2.1460E+00 SA220001, 3A6008400 2A010E+0g JA000Eje0

29 7$77501 2.2W502 23879EWO M152BM 5.8391E40 2.01188400 1A@0EMO

30 5.6550E41 12000E42 8.1013E+00 1.8143E400 9.7682B+00 73290E+00 1A740641

si s.663Eo1 2.2000no2 s.093.1E400 1.733714 00 65121E 00 7.5260E400 1.0590E01

32 5.6550E41 12000E.02 8,1013E+00 1.8143E400 9.7682B+00 75290E40 1.074 5 41

33 5.655 s 41 2.200mkO2 s.1013E400 1.8.!_43B+00 9.7682E400 7.5290EM0 14740e-01

34 5.6630E.01 12000E.02 8A931E+00 .l.1337E40 6.5121B400 7.5260EM 1.059E41

35 5.6550E41 2.2000E.02 8.1013E+00 1.8143E+00 97682E400 7.5290lMO J,0740E41

j $6 9.7500E41 2.2000E42 2,1509E+00 1.2830E+00 5.8391E+00 2.0001E+00 1.OOOOE+00

37 9A500E.01 2.2000ELO2 10890E400 $A220E.01 3A600E400 2.OOODE+00 1.OOOOE+00

| 38 9.7500E41 2.2000E42 2.1509E400 1.2830E+00 5.8391E+00 2.OOOIE+00 1.OOOOEdo
|

39 .0000E+00 .0000E+00 .OOOOE+00 1.OOOOE400 LOOOOE+00 .OOOOE400 ,0000B+00

40 9.6900E.01 2.200E02 5.5970Edo 9.4770E41 2.7680E400 5,500EW0 1.OOOOB+00

41 9.9930E.01 2.2000B42 10150Edo 2.SOOOE+00 4,9087E+00 2.OOOOE+00 L0000E40

42 9.9930641 2.200E02 2.0150B40 2.5000E40 4.9087E+00 2.OOOOE+00 1.OOOOE400

43 9.9930fko.1 2.2000E-02 2OISOE 00 2.$000E+00 4.9087E400 10000E$00 J.0000Ef00

44 9.9930E41 2.2000E42 2.0150EM0 %5000E400 4.9087E+00 2.0000E+00 1.0000Eh00

45 145806 4 0 2.200cE 02 4.6650E+00 4.8000E 00 3.6000E 01 4A000E+00 5 n00B427 f f

Revision: 4 .w.r=4mso2..no4-o70695
June 30,1995 6.2-94(f7 T Westinghouse
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6. Engineered Safety Features
,,

\
Table 6.2.lg(Sheet 3 of 3)

FLOW PATH DATAiHOOP FLOWJOR HOT LEG BREAK

nyar.n
Length Pkm;.A Ih ui.;L AI4l

Elemment K-Facter F-Factor leertial (A.) (ft.) (mg.'ft.) (R.)

46 1A580E+00 2.2000E.02 4.6650E+00 4.9000E+00 5.6000B+01 4.0000E+00 5.7700Er02

47 8.8090B01 2.2000E02 7.8533B+00 2.7106B+00 1.4916E+el 75033B+00 1.000E40

48 9.19708 41 2.2000E.02 7.7355E+00 2.5289E+00 9.9463B+00 73014E40 1.0000E+00

49 8.8090E41 2.2000Fr02 7.8533E+00 2.7106B+00 1 A916E+01 7.5033B+00 12000E+0Q

50 8.8090E.01 2.2000E 02 7.8533E+00 2.7106E+00 1A9168+01 7.5033E+00 1.0000EAD

$1 9.1970E-01 2.2000E-02 7.7355B+00 2.5289B+00 9.9463E400 7.5014EMO 1.0000E+00

52 8.8090B.01 2.2000E.02 7.R$33E40 2.7106E+00 1A9198+01 7.5033E400 1.0000E+00

$3 1.2570E+00 2.2000E-02 4.2400E+00 4.1680B+00 2.5365E+01 1.2900E+00 13400E41

54 3.0000E.02 2.2000E-02 7.1.300E400 1.2270E401 1.6464B+02 6.0280E+00 8.2600E-01

55 99300E-01 2.200E-02 5.9950B+00 63740E+00 6.8000E+01 2.5630E+00 39200E 01

56 1A800E+00 2.2000E42 43440Ey00 1.0000E401 1.0000B+02 4a000E+00 8.140 5 -02

57 .0000E+00 .0000E+00 .0000B+00 1.0000E+00 1.0000E+00 .0000E400 .0000E400

58 1.0790E+00 2.2000E-02 7.8460E+00 9A400E+00 3.4560B+02 63790E400 739006-01

59 4.2800B.01 2.2000E.02 1.1120E+01 8.2300E+00 1.6670E+02 9.2400E+00 43400E-01

|60 1A340E400 2.2000E-02 33450E+00 13400E+00 1.6840E+01 2.0250E+00 1.0100E-01

61 1.0000E+00 2.2000E 02 6.1875E+00 13700E+00 83350B+01 9,7000B-01 5.0000E41

62 2.0000B+00 2.2000E02 3.2400B+00 13700B+00 83350E+01 7.0600E4 1.0000E+00 i

63 .0000E+00 22000E02 1.3041E+01 5.474E do 3A680B+01 13041E+01 10000B+00

64 2A360E 40 2.2000E 02 1.51798+0! 5.7670B+00 4.1332E+01 13665B+01 3.3700E.02

65 .0000E400 .0000Edo .0000E+00 1.0000E400 1.0000B+00 .0000E+00 .0000E+00

66 1.5000B+00 2.2000E02 6.S000Bf00 5.7000E.02 93380E401 5.2000E.01 5 0000E 01

67 J3000E+00 2.2000E.02 5.1900E41 8.8800E41 3.9960E+00 4.1700B-01 1.0700B02

68 1.7590B+00 2.20006-02 1A420B+01 4.9080B+00 3.1069E401 1.3920E+01 p1900E 01

onnaurevm02tR04-070695 Revision: 4
3 Westinghouse 6.2,99 d June 30,1995
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6. EngLwered Safety Features
--

Table 6.2.?.2 32 (Shr: 1 ef 3)

P. f AU. ' .D.A.W. .. n.A.T. .A. , U.IM.D ry Au. ? P. A. D. U. . AT. -- D. .D. P.A. F..T P f'
.~ . .- . . . . .

m. Ae E F "r- F F:N- WA- Hydec % Equis. NA F4ew 1

1

p sh pienweer Length Feesee Gend,

4 enth=W(# ) W Wfaede- 49. #) -- -

mode) men.*6:

14 3s4- 0.4n9 0422 0,2039 MS 3.4a 040 een.nl

a-3 a,n 0.40 s 0422 041n 5.6245 3,5544 0.50 men-ent

34 SMS 0.5447 0,032 04250 MO2 4,495 0,4M non-erit

4-0 SMS 04447 0.022 04259 3402 4,405 0426 non-ent

M4 6947 0.4084 0.022 04435 54345 3.5544 04 neaet

M4 33.31 0.5439 0,022 0.3558 3,88 M65 0.5 aseet

743 57,59 04136 0.022 04430 54073 M489 04 nea ent

8-44 5345 0443 0422 045n 4,835 M24 0.5 nea-ent

944 5445 0.5 4 3 0432 04524 4.835 M24 04 non-ent

4045 57.59 0.5446 0422 04430 54073 M480 0,5 nea-ent

4446 &&,06 04703 042 041# &#2 M849 04 nea-ent

4243 50.44 04M9 0422 04347 4,809 3446 0.4x2 nenet

4MS 55.33 0.5 0432 04603 447 34094 04 non-+nt

4449 55.33 04 OM2 04693 4#7 34094 04 non-ent

45-24 50.44 04M9 0422 04747 4,809 3446 0.4262 men-ent

4 47 36,479 44414 0.022 04 s 6 5.33 % 6,375 0,7067 non-ent

4347 3149 44442 0422 04663 6#942 6 475 0,7406 nea-ent

1847 68.n 44834 0422 04602 6488 6,an 04138 a ent

4047 6841 44SM 0422 0.0602 6488 6475 04138 nea-ent

C7 7149 44342 0422 ON63 64942 6,MS 0.7106 nea-snt

.

Revision: 4 w.n.vann.aomo695
June 30,1995 6.2-96' N W Westinghouse==
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6. Fmrineered Safety Features i

i
_

,

!

|

|
|

Td!: 6.2.1.2 22 (Sh::: 2 d 3)

P. .t. A. UF D.A.'.T42. .f) A.T. .A., U.M. . D E4 A. u. ? PA. D. U. A. T. T_ P. f.' D .D.P.A. I?.. .. . .. . . . . _ . .

I

h Amen h F-Fassee W ''; i r. d!- Fatuiw A/A, h ;
Deth D6ammetee Length Eastee Cend. !

M) (n) Wfaeda. 4 9 - 86) ed8& eau |
-- -

% -

n-32 u48 0.2778 0422 043u 64884 4.625 0.4444 wa

23-23 7448 046 0433 04890 6.5884 3.3446 4, ase+nt

3346 435, has 0432 0.0659 8,44 5.267 04 mee+nt

3445 431,35 044M 0.022 04439 9.643 44.789 4. nee.nt

25-26 380.32 0.4938 0432 04457 %5456 347M 0.4496 nee <et

3648 343,7 0.51 4 0.032 0.0440 %2 3.4905 0.4628 nea<mt

3742 6.98 0.7589 0.022 0.3880 4,3331 3.0206 4, nee <nt

3844 6.38 0.7541 0422 0.3604 04995 3.0075 4, nement

3940 6.98 0.7589 0432 0.3880 4,3331 24206 4, neamit

3047 9.77 0.5655 0432 04086 44443 %0283 0.4074 mm+nt

34-48 644 04663 0.022 0 % 20 4.7333 %0254 04059 men-ent

3349 9.77 04655 0.022 04084 44143 7.0283 04074 mes-ent

3340 9,77 04655 0.022 04086 44443 %0283 04074 ase+nt

3444 641 04663 0422 0. 4 20 4,7437 %C354 04059 nea+nt

3543 9.77 0.5655 0432 0.5086 4,8443 %0283 04074 neeent

3645 648 0;9673 0422 0.3449 44334 34002 4, men.ent

3L35 6.38 04705 0.022 0.3468 04995 3. 4, nement

38-25 648 04673 0422 0.3449 4,3331 3.0002 4, een-ent

39-46 4,63 04948 0432 3.3946 04445 54 4, seeens

cham 40602a.R04-070695 Revision: 4
T Westinghouse 6.29 D June 30,1995
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6. Engineered Safety Features
___

T2b 6.2 '. 2 32 (Shr: 3 d 3)

F. Y. A T.E? D.A.T. .I.J. h.. .A.T. .A., U. .M_ D P. .T. At.If C. A. .D. EJ. AT. T.O_(9_ _D D..r..A. .F.. . _ . .

Flow Aces E-Feeter F-Fessee L/A- ";fr i Earn 6e. A/A Flow |
,

Fath Diementee Length Feesee Gesul, )

M) 48%) (8%)(8 teal *- M N- - -

emule) assasmet

4aas 4,63 04948 0422 u9u 0444s s,5 4,

4447 444 04993 0422 04074 24 & 4, mes-ens

4247 444 04993 0422 0.4074 As & 4, menwet

4447 4M 0#933 0,022 0.4074 A5 2, 4, nenant

4447 444 o,9993 0422 0.4074 2,5 2, 4, men +ns

4546 36, 4,4600 0422 04393 44 4. 0,0527 non-ent

4646 36, 4.4600 0,022 04393 44 4, o4577 neeent

4743 4442 04800 0422 0.4929 17406 A 4,00 nee-ent

4s43 944 04497 0422 02294 24280 A 4, men 4ns

4943 4442 0,8809 0422 c.4929 47406 A 4, see+nt

5043 4442 04809 0.022 0,7294 2,7406 % 4, men +nt

s143 944 04407 0422 03275 24280 % 4, eenent

s243 4442 04809 0432 c4929 24406 % 4, nee-ent

5344 85, 04476 0422 04905 94892 45424 0 4 o48 men-ent

6445 44, o4868 0432 o,0800 s # 67 2,2048 0.2254 eenant

ss.23 4a 4,0634 0,022 04245 44442 13423 0,300 nea4nt

6447 400, 44 0422 0.04 40, 4, oogl4 ns

67-o

s&47 345,4 1,445 0422 o,044 9,44 6,504s oa09 ne :

Revision: 4 %,coso2a.nomom

June 30,1995 6.2-9$ W Westinghouse
--
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6. Fnoineered Safety Features
___

A/
Table 6.2.1M(Sheet 1 of,4)

FLOW PATH DATA; RADIAL FLOW FOR HOT LEG BREAK
..

Nydr.D.
Emngth Fisw A EquL.L A/A

Elamaal K.Facter F Factor Ismeal (n.) (n.) (sq. A.) (it.).

1 1A98 5 01 2.2000E-02 6.2581E+00 1.7535E41 3.1650E42 4.7392E40 1A000E+00

2 12000E42 %2000E.02 13632E+01 1A126E+01 2D683Ed2 13051Ed1 1.0000E+00

$ .0000E do .0000EA0 ,0000E do 1.000E400 1.0000E400 .0000B+00 .0000E+00

4 33800E.02 12000E42 9.0000E400 1.7535E+0! 3.165E+02 9.000GM0 1 A000E+00

5 2.2000E-02 2.2000E 02 13632E+01 1A126E+01 10683E+02 13051E+01 1.0000E+00

6 6.8100E.02 2.2000E.02 7.0000EMO 7.86068+00 9.30308401 5.6729E400, 1A000E400

? 1 06608 41 2.2000E42 1.5556E41 5.7860Edo 54183E+01 1A936E41 7.6240E.01

8 13952E+00 2.2000E42 3.6450E400 4.1706E+00 1.85806 4 1 2.5419E+00 15310E41

9 1.7130E-01 2.2000E-02 1.10006 4 1 7.8606E400 93030E41 L1000E+01 7.6890E-01

10 1.0660E-01 23000E42 15556E401 5.7860E+00 $.6183E401' 1A936E+01 74240E-01

11 1.2470E-01 2.20006-02 6.7931E4 12908E41 1.9311E+02 5.2768E+00 1.0000E+00

12 3.7750E41 2.2000E42 15556E401 8.2534Edo 1.0592E+02 1A856E401 62790E41

13 0000B+00 .0000E400 .0000B400 1.0000E400 1.0000E+00 .0000E+00 .0000E4004

14 2.7060E01 2.2000E02 1.1000B+01 1.290 bed 1 1.9311E402 L1000Ed1 6.7290E01

15 3.7750E-01 2.20006 02 1.5556B41 8.2534E400 1A592E+02 1A856E+01 62790E-01

16 2.228E41 2.2000E42 63333B+00 8.9074E+00 9.1444E+01 4.6778E+00 95630E-01

17 5A680E.01 2.2000E.02 1 A500E+01 63812B+00 5.6854E401 1A500E+01 4.9550E41

18 .0000E40 .0000E+00 ,0000B+00 1.0000Edo 1.0000E+00 .0000B+00 .0000E+00

19 3.3180E-01 12000E-02 1.2000E,01 1A062B+01 1.1104E402 1.2000E+01 6.2210E.01

20 5.0690841 2.2000B42 1A500E+01 63812E400 5.68$4E 01 14500E+01 4.9550E01t

21 09790E+00 2.2000E-02 1.1090E+01 1.0790E+01 1A997E+02 3.7900E+00 29000E01

22 .0000E400 .0000E400 .0000E+00 10000E400 1.2000E+00 .0000E+00 ,0000E400

.

Revision: 4 .w ,,e,02dOWO695
June 30,1995 6.2-+0044 W Westinghouse
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6. Fmuineered Safety Features
-

Table 6.2.1.2[(Sheet 2 of 4)2.

FLOW. PATH DATA; RADIAUFLOW FOR' HOT LEG ~ BREAK

Hydr.D
.

Length Flow A Egad.;L A/A

Elemnest Kfector F4 actor inertial 04 04 (sq..fQ 60

23 1.3400E44 2.200E42 19300B+01 1.0790E+01 1A997E+02 1A381E+01 73300E4!

S4 0000B440 ;0000E+00 .0000E+00 1A000E+00 1.000E+00 .0000E+00 ,0000E+00

25 .0000E+0') .0000E+00 0000E400 1.0000E400 1.0000E+00 .00008400 0000E400

26 16110E@ 2.2000E 02 SM20E+00 4.17068+00 1.8585441 2.780E+00 2.5000E42

27 .0000E400 0000E400 0000E+00 1.0000E400 1A000Et00 ;0000E+00 00006400

28 9.5470E.01 2.2000E.02 2.1070E+00 5A220E41 3.4600E+00 2.000 5 400 1.0000E400

29 0000E400 .0000E400 .0000E,00 10000E400 1.0000E+0D .00008400 0000E400

30 34990E01 2.2000E02 JA000E401 6.1747E+00 3.9098E+01 1A000E401 5.9240E01

31 2.5000E41 2.2000E42 6.9988E+00 5.9448E400 34650E+01 5D528E+00 1.0000fM0

32 34990E.01 12000E.02 1A00E+01 6.1747E+00 3.9098E+01 IA0006401 592406 41

33 2.S000E41 2.20006 42 69988E+00 5.9448E400 34650E+01 5.0528E 00 5.0000B41t

34 43370E-01 2200E.02 2.2653E400 9.6430E41 6.2800iMO 2.0073E+00 13260E41

35 2.50005 01 2.2000E.02 69988E+00 59448B+00 3.6650E+01 54528E+00 5.0000E.01

36 .0000E+00 .0000E+00 .0000E+00 1.0000E+00 1.0000E+00 .0000B+00 .0000E+00

37 A000E+00 A000B400 .0000E400 1.0000E400 1.0000E+00 .0000E+00 .0000E400

38 .0000E+00 .0000E400 00008400 1.0000E+00 1.0000E+00 .0000E+00 ,0000E400

39 0000B400 0000B+00 .0000E+00 1.0000B+00 1A00E400 .0000E400 .0000B400

40 93960E-01 2.2000E42 54416B+00 9.4790E41 17686E+00 5.5005E+00 1.0000E+00

41 ,0000E+00 .0000B+00 .0000E+00 1.0000E+00 1A00E+00 .0000E+00 .0000E+00

42 83500E41 2.2000E42 2.1978E+00 2.500E400 49087E+00 2.0029E400 1,0000E400

43 89500E-01 2.2000E-02 2.1978E+00 2.9000E+00 49087E400 2.0029E+00 1D000E400

44 8.9500E41 2.200 5 42 2.1978Ep00 2.5000E400 49087E+00 2A029Et00 1.0000E+00

.% =4mno4 o70695 Revision: 4
3 Westinghouse 6.240t- f) June 30,1995
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6. Engineered Safety Features

__

od

Table 6.2.1.2[(Sheet 3 ol4)

FLOW PATH DATA;; RADIAL FLOW |FOR HOT LEG BREAK.

HydrsD
tength Flow ~A EquL L A/A

Elenient K.Facter F. Factor Inertial (n.) (IL) % ft) (ft.)

45 .0000Ed0 .0000E400 000 m 00 1.0m m 00 1.0000E+00 .0mm00 ;0mm00

46 m 00E+00 .0000B+00 .0000E+00 Im00E+00 1.000 6 00 .0000EdQ 0000E+00

47 .0000E400 2.2000E42 942488+00 2.863sE400 2.3745E+01 9A248E+00 1.0000EMO

48 .0000E+m 2.2000E.02 78540FA00 2.86388+00 23745E+01 7.8540EM0 1.0000E+00 j

49 .0000E400 2.200 5 02 9A2488+00 22638E400 23745E+01 9A248E+00 1.0000B+00

50 .0000B+00 2.2000E 02 7.854m00 2.8638E+00 23745E401 7.8540E+00 1.0000E+00

$1 .0000E40 .0000E400 0000E400 1.0000E400 1 m00E+00 0000B+00 0000E400

52 .0000B+00 2.2000E02 7.8540Bd0 2.8638E40 23745E41 7.854m00 1.0000E 00

$3 .000 m 00 200Edo 000 m 00 Im00E+00 1m00E40 .0000E+00 .00mEdoe

54 .0000E+00 .0000E+00 0000E+00 1.0000E+00 1.0000E+00 .0000E+00 .0000E+00 J

55 0000E+00 .0000E+00 0000E+00 1D000E400 1J0000E+00 .0000E+00 .0000E400

56 .0000B.+00 .0000E40 .0000E+00 1.0000E+00 1.0000E400 .0000E400 .0000E+00
1

57 .0000E400 ,0000E400 .0000E40 1A000E+00 1.0000B+00 .0000E+00 .0000E do I

l
58 .0000E+00 .0000E+00 0000E+00 1.000m00 1.0000EMO .0000E+00 .0000E+00

59 4.3700E.01 2.2000E-02 63200E40 7.59005 4 0 6.1998E+0! 1.9400E 40 SE700E.01

60 .0000E400 .0000E+00 0000B+00 to00 m 00 1m0000 .0000840 .000 m 00

61 .0000E+00 200E+00 .0000E+00 1.0000Edo 1.0000B+00 .0000E do .0000E 00t

62 .000 m 00 .0000E 40 .0000E 40 1D000E+00 1.000m00 .0000E400 .0000E400

63 2A360E+00 2.2000E-02 1517m01 5.7670E+00 4.1332E41 13665E401 33700B42

64 m 0 6 00 .000 m 00 .0000E400 th000E400 1A000E+00 .0000B+00 0000Edo

65 0mm00 .0000E+00 .000 0 00 Lo000B 40 1.00008400 :0000E400 .020E+00

66 1.5000E40 2.20008 42 1.0070B+00 1,A60600 4.1330E+01 4.2200E.01 1.10708 41

67 1.500m00 2.2000E.02 1,2360Edo 1.5300E+00 3.733 6 01 4.2800B41 1.0000E-01

Revision: 4 au-,co6maomo6n

June 30,1995 6.2-yF' % 1/ Westinghouse
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| 6. F=d=ered Safety Features |
!

/L/

Tabic 6.2.1.2[(Sheet 4.of 4

I
FLO.W PATl[ DATA; RADIAU FLOW FOR HOT LEG. BREAK

'

Mydr D.

4 Fio*h WE NE
Element K. Factor F-Factor toertini (R.) (R,) MfQ (fQ

68 .0000E400 .0000E400 0000E+00 1.0000E+00 1.0000E+00 00008 @ ;0000E+00

69 0000B+00 .00008 4 .0000E+0D 1.00006400 1.0000E400 .0000E+00 ,0000B WO

70 .0000E400 .0000E+00 ,0000Et00 1.0000E+00 1.0000E40 .0000B M0 .0000E400

71 1.5000E+00 2.2000E.02 4.9700E41 8.5700E41 3.00306440 4.16808 41 1.0000E42

72 .0000E400 .0000E+00 ;0000BM 1.0000E40 1.0000E+00 .0000840 000GB400

N *N.@ 0000B @ M (00 K.00008 @ 1, M +00 0000E@ (0000E.@

l
,

i

i

o.Wanv4M2a.R04470695 Revision: 4
W Westinghouse 6.2-1&J (f June 30,1995
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6. Engineered Safety Features
-

pth. 4.. 7.1. 4. ,C1 t,ek ,..-.1 m.r M,- .

R. Al.if .D.A.T. I.I h. .A.T. .A., D.A. h. l.A. T- .PT AW PA.D, LI A,.T. T U. ~(4 .D. D.D.A. LF- . . . . .. --. .- .. - . - ..

Nw Aeon M F--i F F::tr LIA- Hydeontie Equis, AIA Flew
Peth D6easonee Length Festes Comd.

64-4) (86) W(made. (eg st) eritieelt- - -

nedo) non4HPit

43 3&L75 04497 0.032 OM42 4 8613 44435 4, een<nt

3-3 486,94 OM62 0432 04787 9,5865 44M7 4, nea-ent

3-0

44 38845 GM77 0,022 04334 46.8443 9, 4. non-ent

5-4 48644 04142 0432 0,0787 9,5865 43M7 4, eenant

64 94.5 OM70 0.032 0,0945 74872 54762 4, men <mt

34 55.38 04035 042 OMia &J532 44M8 CJ438 nee-ent

8-54 31, 4,3338 0432 04430 5,5532 3,6632 0.3605 assent
!

M 9k5 04489 0432 0.0934 7,7872 44, 04689 men +nt
1

444 55.38 04035 0.032 0,3153 SJ532 44448 04438 men < wit
'

4443 497,82 04347 0432 OM60 43,0059 5,3733 4. non+nt

42M ~5 un4 042 um u939 -3 uon .n

4346 534 4,1099 0432 04402 34081 34014 0,4430 menam4 i

|

4443 407,82 0.3706 0.032 0556 43,0059 44, 04738 men-e.it

4444 40&5 0.3774 042 04874 8,2929 44M3 04078 non+rit

4647 94.44 0.3328 0432 OM62 84074 44778 O M 63 een+nt

4348 56M 04068 0432 0.3340 6.3842 44,5 0.4955 een-ent

48-4
|
'4048 444,04 0.3344 0432 0M72 40M33 43, 04331 nonamt

3040 56M 04068 0432 04240 6.3312 44.5 04055 non-esit
|

|

|
|

|
1

oNasrev40602aR04 070695 Revision: 4
[ W6stkighouse 6.2 W(p June 30,1995
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6. Engineered Safety Features
___

1

plt. 4. 9 1. 7 ,C2 I,ct --._ . . . S at 1,1 |-. - .- ,

.E'T_A_1.I' _D.A.T. LI h.a.T. .A., D A. hl.A.T ET_.A_ T.I' E*A_ D. 1I_ A_ T_ I. U..P_ D D O A_ t_r__ .. _ . _ . _ . . . ___-

hw Aeon K-Fester F-Fester L/A- '';i:P Equie. A/A Fisw
path Diesestee Length Feesee Gend.

M) W (#) esie6enitfeede- (eg.-#) -- -

mode) mem-es6t !
l
1aos tao 49 o.nsa osaa o.049s 4cassa sMn 4, m

aa-o

u44 42hu can o 022 can4 844a 40.344 04s noises

au

as-o

26-se 24. 4,s osa2 .22aa 4.u4 2.s osaa messet

33 4

as4 6.as o.90so 0422 o.as20 04995 2. 4, wma

29-o
l

so4s 38.22 o M94 0422 c.3M4 644s7 44, 0.5927 nesset

M-ao as.Sa o.2s 043 049s4 s.s902 sMS2 4, mee-ent

3343 3842 c.a69s o.022 0.3M4 644s3 44, o.s923 pe.Heit i

3a44 as 8a os o.o23 049s3 44902 sMS2 c.s nee-ent

pas 6.2a o.4342 0422 04604 m 9s anon can6 sm4

|as44 as.sa o.as osa2 caos4 54902 sMs2 o.s no.wn

1u-o

n-o

as4

as-o

|

Revision: 4 awwwmo70695
June 30,1995 6.2-96 6 y gne
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6. Engineered Safety Features I

Tdh E2.!.2 53 (Shr: 3 ef4)

.Pf.n_ u. ? D.A.T. I.I. h.A.T. .A. , D A. n. .f.A. Y.. F. Y A_1.U r. n.D. I.J. A_ T. T. U..P,. D. D r A. L.'. . ._ . . _ . .. .

Ww Aeon E-Fedes FFr'- L/A- Hydeoulis Ege68. A/A Ww
path Diameesee Longeb Feesee Gend.

4 ed46eeltM M $) *) @) -- -

n.d.) a* de

4o40 w4 c.9622 ao22 3.44sa o.6445 s4 4, m,.-ena |
|

44 4
l
'

4132 441 049s0 0422 c.4468 3.5 3.0028 44 menent

43-33 444 040so 0.022 c.4468 3.s 3.0022 4. nee-ent

444s 444 c.soso 0422 c.446s 2.s 3.002s 4. a

454

464

4742 22.462 c. o.022 04252 34444 9,4243 4, nea+nt

44-47 32.462 c. 0422 0.2444 34444 7.8540 4, ent

4940 2A462 o. 0.022 0.4252 34444 9.4248 4, non-ent

5046 32.462 a o.022 o.as44 34444 7,8540 4, no.4ns

51-0

5241 21162 o, 0422 43544 34444 18540 4. nea4rit

saa

s44

55-o

564

s*4

ssa

o%arrev@602aR04-070695 Revision: 4
3 Westinghouse 6.2-9} h June 30,1995
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6. Engineered Safety Features
__

@
Table 6.2.ig(Sheet 1;of 4)

FLOW; PATH DATATAXIAL FLOW FOR: HOT LEC BREAE5

HydrTD

Dm8eb M4 EpL NA
Elanent E. Fader F-Factor leereal Ot.) (It,) (eg:R.) (ft.)

1 1.49saE41 2.20008 42 6.25811h00 1.7535E41 3.16508 4 2 4.7395E40 I m 00B+00

2 4.8460E:01 2.20006:02 2.2614E+00 .L1152Edo 5.8391B40 2A007E+00 3m00E.02

3 .0000E M 00006@0 ,00006440 1.0000E400 1m00E+00 .0000E+00 .0000E+00

18 .0000E+00 0000E+00 p20E00 L6000t?+00 1A000BW ;0000EMO A000E m
3 t

5 4.8460EM1 2.200GM2 42614B+00 1;1152E400 54391E+00 2.0007Et00 3.0700EM2

6 641ME.02 2 5 m E-02 ?S000Ej00 h$606BM0 $3030E+01 $.6729E @ [W20EM

7 A0ME40 020EM 2 00E440 1S000E440 12000E40 AM0E40 020540

8 ;0 MOB +00 0000E+00 ,0000E+00 L0000E+00 1.0000E400 2 00E m ,0000E+00

9 420E@ 200E @ .020E400 1A000EWO !s000E+00 |0MDB+00 M ME400

10 .0000E+00 .0000E+00 iO000E+00 1.0000E+00 LD000E MO |0000E400 ,0000E+00

11 1.2470EM1 2.2WW-02 6,7931E+00 L2908E401 13311E+02 5:2768E+00 00000B+00

12 .0000E+00 .0000E+00 ;0000E+00 L0000E+00 1.0000E400 ,0000E+00 .0000E+00

13 .0000E400 4000E40 0000E+00 1.0000E+00 1,0000E+00 .0000E+00 .00001400

14 .0000E+00 .0000E+00 .0000E+00 |1.0000E+00 1.0000Et 0 A000E MO .0000E+000

15 .0000E@0 .0000E400 .0000E+00 14000E400 1.0000E+00 .0000E+00 .0000E400

16 2.2280EW1 2.2000EW2 63333840 8,9074E+00 9.1444E MI 4S178E400 9.5630E01

17 ,0000E440 .0000E+00 .0000E+00 12000E+00 1.0000E+00 A000E+00 ;0000E+00

18 .0000Edo .0000E400 00006440 12000E440 1m00E40 0000E+00 0000B W

19 .0000E+00 .0000B+q0 .0000E440 1.00008440 L0000E400 0000E+00 ,0040E+00

20 .0000E+00 .0000E400 0000B+00 1A000E400 L0000E+00 00008 40 0000E400

21 0M0E+00 0000E+00 2000E 00 L0000E+00 1 m 00E400 .0000Eie0 2 00E+00f

22 $000E4eo A000E400 A 20E400 1S000E do th000E+00 ;0MOBd0 2 00E W

.

c:Warrev40602tR04-070695 Revision: 4

T Westinghouse 6.2-105 d June 30,1995
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6. Er=Neered Safety Features
___

Table 6.2.1- Jsheet 2 of 4)
;

FLOW PATH DATA | AXIAL FLOW |FOR' HOT LEG BREAK j

Nydrs D.

Emmen MA F mtp A%4
Element K.Facter F-Factor Inertini R) (R.) (mi;M $)

23 .DemM .Mo m eo .00m s.oD 14a00E400 1.0000E+00 0000E+00 ,0000Ewo

24 .0000Ek 00 .0000B+00 .0000E400 1A000840 1A00&00 .0000Edo ,0000E+00

25 .000 6 40 .0000E+00 0000EW 1h000E+00 th000E+00 ,0000B+ 00h000E40

26 3.4510E40 2.2000E.02 7.8400EMO 3.2020B+00 1.068ect 3.5220EM0 g700E02

27 ;0#0Edo MMEdo A20B+M 1,MME@ 1hM0Edo 34220Ep00 );8700Fe023

28 .0000B+00 .0000B+00 0000E+00 1.0000B+00 1.000 0 00 .0000E+co 4000Edo

29 .M0%40 .00ME40 .00ME+M 1hW0Edo th000Ep00 0000840 4000E@0

V. 4.7300E-01 2.2000E-02 2.1978E+00 2.5000E+00 4.9087E do 2A02200 53900E02

31 2.5000E 01 2.20006 42 6.998SE+00 5.944 & e0 3.665 6 01 5.0528E+00 1.0000E+00

32 43430E.01 2.20006-02 7.1416E400 P.4790641 2.7686E40 7000$Edo. 3.1500E-02

33 4,4660E41 2.2000E42 2.5879E+00 13152E+40 53391E+00 2.0118E+00 1.06906-01

54 .0000E+00 .0000E+00 .0000E400 1.0000E+00 1.0000B400 A000E+40 .0000E+00

$5 4A6608 01 ' N'02 2.5879E+00 11152E400 5839 6 00 2.0118E+00 50690E.01

S6 .0000E+00 .0000E+0G .0000E+00 1.0000E+00 1.0000E+00 A000E 40 |0000E+00

$7 .0000E400 .00005400 .000 & OO IS000E+00 1,0000Edo .0000E+00 .0000E400

38 .0000E+00 .0000E+00 .000@+00 1.0000E+00 1.0000E+00 .00008440 .0000E400

39 0000B+00 0000B+00 .0000E+00 14000B+00 1D000B+00 .0000E+00 .0000E+00

40 .0000E+00 .0000E400 .0000E+00 1.00005400 1.000&OO 0000E+00 4000 % 00

41 .0000B+00 .0000B+00 .0000E+00 1.0000B+00 1.0000B+00 .0000E+00 0000E+00

42 40000E+00 .0000E 00 0000B+00 1.0000E40 1.0000E+00 .0000E+00 S000E+D0t

43 .0mos+00 .0000E+00 4000E+00 1.000m00 1.0 m 0B 4 0 00ME400 .000 & 00

44 A000E400 .000 & ou 4000E+40 1800G00 1D000E+00 0000B+00 4000E do

Revision: 4 a n mso2au-o=95
June 30,1995 6.2-10$0 ',# Westinghouse
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6. Engineered Safety Features
-

i
Table 6.2.1.2/(Sheet 3 of.4)

FLOW PATH DATA 7AX1AL FLOW FOR HOT. LEG BREAK.

Mydr;D

IM Fisw A Eget. IJ A/A
Bisenset E.Feder F.Fedor Imercial OLJ (It.) Sup A.) (ftJ

|45 .0000E+00 .0000E400 0000E40 1.0000E40 1.0000E400 .00008400 0000Edo

46 m 00E+00 .0000E+00 0000E 40 1.0000E+00 1.0000E+00 .0000E400 ;0000E+00

47 .0000E400 .0000E+00 .0000E+00 1.0005400 1.0000E+00 .0000E+00 0000E+00

48 .0000E+00 2.2000E02 78540E40 2.8638E+00 2.3745Ed1 7.45406 @ 0 IS000E+00

49 ;0000Edo .0000E+00 .0000B+00 1.0000E400 1J0000E+00 ,0000B+00 #wl00Edo

50 .0000E+00 .0000E+00 .0000E+00 1.0000E+00 1.000&D0 .000DE40 .0000Ef00

51 .0000E400 .0000E+00 0000lN10 1.0000E400 1.0000E+00 .0000E 00 0G0 6 00f

52 .0000E+00 .0000E+00 .0000E400 1.0000E+00 1.0000E+00 .0000E+00 .0000E+00

53 .0000E400 .0000E+00 .0000E+00 1.0000E400 1.0000E+00 .0000E+00 .0000E400

54 .0000E+00 .0000E+00 .0000E+00 1.0000B+00 1.0000E+00 A000E400 .0000E+00

55 .0000E400 .0000E400 .0000E400 10000E400 lb000E+00 .0000B 00 .0000E400f

56 .0000E+00 .0000E+00 ;0000E+00 1.0000E+00 1.0000Edo 0000E400 ,0000E+00

57 .0000E+00 .0000E+00 .0000E+00 1.00006400 1.0000E+00 .0000E+00 .00006400

58 .0000E+00 .0000E+00 ,0000E400 1.0000E+00 1.0000E400 .0000E+00 .0000E+00

59 .0000E400 .0000B+00 .0000E+00 1A000E400 1.0000E+00 .0000Ed0 .0000E 40

60 .0000E400 .0000E400 ,0000E+00 1.0000E400 1.0000E+00 .0000E+00 .0000E+00

61 .0000E+00 .0000E+00 .0000E+00 1A000E,00 1.0000E+00 AX100E+00 .0000B+00

62 .0000E400 .0000E400 ,000E +00 1.0000E+00 1.0000E+00 .0000E+00 0000E400

63 ,0000B+00 .0000E+00 .0000E+00 1.0000B+00 1.0000E+00 .0000E400 .0000E+00

64 .0000E400 .0000E+00 A0006400 1.0000E400 1.0000E+00 .0000E+00 0000Fa00

65 .0000E+00 0000E+00 A1000E+00 1.0000E+00 10000E400 .000DE400 .0000E 003

66 2.8600 set. 2.2000n02 1.0090E41 5.8220E400 3.4460E d1 6 D400E+00 3 88006-01

; ow.wuo2anomoss Revision: 4
; T Westinghouse 6.2 M fol June 30,1995
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6. Engineered Safety Features
-

O
Table 6.2.1.2/(Sheet 4 off)

FLOW PATH DATAfAXIAL PLOW FOR HOT LEG BRFAK

ppdr. D
tengsk Flow;A EgeL U A/A

E3sanset K-Factee F-Feetor Inertial OL) (11.) Gun.IL) (ft.)

67 23100FAI 2.20006 42 1.00908+01 4.5090E400 2bi68E+01 6.2060E@ $3800PA!

68 ,00006440 .0000B+00 .00000+00 1A000B+00 1.0000E+00 .0000E400 ;0000E+00

69 .0000E440 .0000E400 400 & O0 1.0000E+00 1.000DE4CJ ,80006 4 .0000E+00

70 .0000B+00 ;0000E+00 AD00E+00 1.00006+00 tg M 400 40000E400 ,0000E+00

71 1.500 6 00 2.200mM2 6.23008 41 93900E 01 7457(C W 4.1720E.01 2.57008 42

72 0000s+00 .0000e+00 4000E+0D 1.0000B+00 1.0000E440 000 @ 00 g@B+0D3

n .0000E W .0000E @ 0000E 4 1.0000EW 1.0000E+0D .0000E+00 0000 m

Revision: 4 ohv420h.RO&O70695
June 30,1995 6.2-Jjle toA 3 Westinghouse
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6. Engineered Safety Features

Tdb 5.2.1.2 '

1*f A_117 .D.A.T. .U. h.A.T. .A., U.M_ _ .D ET. A_ l.l.', P_12 A.M.P_ O C T. A_ T. .A. D T U.. I i 1. ._1_1~ _ . . . . _ __ __.

Flow Aces L Fester F-Fester L/A- Hydeoulie % A/A Nw
posh D6eenster Longeb Faster Cend.

M) W WW M4) er666enu- - -

med*) mem-es46

4-4 6m 0.40n 0.022 04ns s.6a4s un4 0.s0 ee t

34 38.s-- 04449 0,033 OM 3.3s 143 0.s0 non-ent

|
.

1
I

'

I

i

I

I i

| '

|
|

t
!
l

.

Revision: 4 a w so:a amoss
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6. Engineered Safety Features

\
Table 6.2.1.2[- (Sheet 1 of 3)

TMD MODEL NODE INFORMATION FOR-HOT-BEG-BREAGAFRP
" '' "IraXII/iUI,10;"T;:E?iI~aL ESULTS

silovH Au.,-

P N E*5 p r4
Element Number Vol ca. ft J '; Tivi- - " ?.I"

- Temperature
(psip' (psWI (F)

s t>
'

1 1.5557E+03 1.6930E+00 1.2607E+01 1.2000E+02

2 2.8594E+03 1.6930E+00 1.2607E+01 1.2000E+02

3 2.6862E+03 1.6930E+00 1.2607E+01 1.2000E+02

4 2.6862E+03 1.6930E+00 1.2607E+01 1.2000E+02

5 2.8594E+03 1.6930E+00 1.2607E+01 1.2000E+02

6 5.9219E+02 1.6930E+00 1.2607E+01 1.2000E+02

7 1.0616E+03 1.6930E+00 1.2607E+01 1.2000E+02

8 1.0068E+03 1.6930E+00 1.2607E+01 1.2000E+02

9 1.0068E+03 1.6930E+00 1.2607E+01 1.2000E+02

10 1.0616E+03 1.6930E+00 1.2607E+01 1.2000E+02

11 1.3554E+03 1.6930E+00 1.2607E+01 1.2000E+02

12 2.4261E+03 1.6930E+00 1.2607E+01 1.2000E+02

13 2.2853E+03 1.693E+00 1.2607E+01 1.2000E+02

14 2.2853+03 1.6930E400 1.2607E+01 1.2000E+02

15 2.4261E+03 1.6930E+00 1.2607E+01 1.2000E+02

16 6.4581E+02 1.6930E+00 1.2I07E+01 1.2000E+02

17 1.2633E+03 1.6930E+00 1.2607E+01 1.2000E+02
'

18 1.3951E+03 1.6930E+00 1.2607E+01 1.2000E+02

19 13951E+03 1.6930E+00 1.2607E+01 1.2000E+02

20 1.2633E+03 1.6930E+00 1.2607E+01 1.2000E+02

21 6.9962E+02 1.693E+00 1.2607E+01 1.2000E+02
1

22 1.4997E+03 1.6930E+00 1.2607E+01 1.2000E+02 I

I
23 8.1840E+03 1.6930E+00 1.2607E+01 1.2000E+02

24 6.9962E+02 1.6930E+00 1.2607E+01 1.2000E+02

I

Revision: 4 %,co602 no+o70695
June 30,1995 6.2#fId T Westinghouse



. _ _ _ _ _ _

6. Fnalneered Safety Features
__

Table 6.2.1. (Sheet 2 of 3)

TMD MODEL NODE INFORMATION FOR-HOT-LECAMLEAK-AND
MAXIMUM DIFFERENTIAL RESULTS

.srane Ata-
P u e*ms6 ?&

Element Nund>er Volume .-PefM-- .- -? Am - Temperature

25 1.2647E+04 1.6930E+00 1.2607E+01 1.2000E+02

26 1.5507E+04 1.6930E+00 1.2607E+01 1.2000E+02

27 23350E+01 1.6930E+00 1.2607E+01 1.2000E+02

28 13820E+01 1.6930E+00 1.2607E+01 1.2000E+02

29 23350E+01 1.6930E+00 1.2607E+01 1.2000E+02

30 63298E+02 1.6930E+00 1.2607E+01 1.2000E+02

31 2.4932E+02 1.6930E+00 1.2607E+01 1.2000E+02

32 63298E+02 1.6930E+00 1.2607E+01 1.2000E+02

33 63298E+02 1.6930E+00 1.2607E+01 1.2000E+02

34 2.4932+02 1.6930E+00 1.2607E+01 1.2000E+02

35 63298E+02 1.6930E+00 1.2607Ed1 1.2000E+02

36 23350E+01 1.6930E+00 1.2607E+01 1.2000E+02

37 13820E+01 1.6930E+00 1.2607E+01 1.2000E+02

38 23350E+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.(M54E+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

44 1.9630E+01 1.6930E+00 1.2607E+01 1.2000E+02

45 1.4443E+04 1.6930E+00 1.2607E+01 1.2000E+02

46 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

48 1.4924E+02 1.6930E+00 1.2607E+01 1.2000E+02

ohm 4WO2aR04-0M95 Revision: 4
3 $5tingholise 6.2# (0( June 30,1995
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ii! 6. Engineered Safety Features"

f.3...o,

Table 6.2.1. heet 3 of 3)

TMD MODEL NODE INFORMATION FOR MOT LEC "'L"A AND j

MAXIMUM DIFFERENTIAL RESULTS
6% A $- |

Pas 6+oss PMSod i
lElement Nundser Vol (cu.ft. P-STM'~ P-ATR-~ Temperature

4Q Wp D
49 2.2385E+02 1.6930E+00 1.2607E+01 1.2000E+02

50 2.2385E+02 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 1.2000E+02

53 2.0080E+03 1.6930E+00 1.2607E+01 1.2000E+02

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 1.6532E+03 1.6930E+00 1.2607E+01 1.2000E+02

63 3.5835E+02 1.6930E+00 1.2607E+01 1.2000E+02

64 4.9121E+02 1.6930E+00 1.2607E+01 1.2000E+02

65 6.0183E+02 1.6930E+00 1.2607E+01 1.2000E+02

66 2.3814E+03 1.6930E+00 1.2607E+01 1.2000E402

67 1.4394E+03 1.6930E+00 1.2607E+01 1.2000E+02

68 2.2659E+03 1.6930E+00 1.2607E+01 1.2000E+02

69 1.8610E+03 1.6930E+00 1.2607E+01 1.2000E+02

70 1.8612E+03 1.6930E+00 1.2607E+01 1.2000E+02

71 1.195E+03 1.6930E+00 1.2607E+01 1.2000E+02

72 1.7413E+03 1.6930E+00 1.2607E+01 1.2000E+02

73 4.4269E+092 1.6930E+00 1.2607E+01 1.2000E+02

Revision: 4 awwazamo70s5
June 30,1995 6.2-Jldf(* T Westinghouse

._- . . _ . .. ._. _.



-

6. Expx; red Safety Features
-

Table 6.2.1.2-95

TMD MODEL NODE MAXIMUM
DIFFERENTIAL PRESSURES RELATIVE TO NODE I

(40% PRESSURE MARGIN NOT INCLUDED IN THESE VALUES)

Mar AP(psi) Mar AP (psi) Max AP(psi)

Node # Hot Leg Cold Leg Node # Hot Leg Cold Leg Node # Hot Leg Cold Leg

- - 21 1.04 0.96 41 1.05 1.061

2 0.87 0.64 22 1.05 1.02 42 1.05 1.08

3 1.04 0.86 23 1.05 1.08 43 1.05 1.08

4 1.04 1.03 24 1.05 1.08 44 1.05 1.08

5 0.87 0.% 25 1.05 1.08 45 1.05 1.08

6 0.95 0.97 26 1.05 1.08 46 1.05 1.08

7 1.04 0.86 27 1.00 1.03 47 1.05 1.08

8 1.05 1.04 28 0.60 0.82 48 1.05 1.08

9 1.05 1.07 29 1.00 0.47 49 1.05 1.08

10 1.04 1.06 30 1.05 1.03 50 1.05 1.08

11 1.05 1.08 31 1.03 1.05 51 1.05 1.08

12 1.05 1.07 32 1.05 1.08 52 1.05 1.08

13 1.05 1.08 33 1.05 1.08 53 1.05 1.08

14 1.05 1.08 34 1.05 1.08 54 1.05 1.08

15 1.05 1.08 35 1.05 1.08 55 1.05 1.08

16 1.05 1.08 36 1.05 1.08 56 1.05 1.08

17 1.05 1.08 37 1.05 1.08 57 1.05 1.08

18 1.05 1.08 38 1.05 1.08 58 1.05 1.08

19 1.05 1.08 39 1.05 1.08

20 1.05 1.08 40 1.05 1.08

i

Revision: 4 awver mows |
|June 30,1995 6.2-bjB ICII 3 Westinghouse
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6. Engineered Safety Features

Td!: 5.2.1.2 5

E*f.n_ i.if .D.A.T. IE. _h.A_ T. .A_ , D_A_ h_ .l.A.T.. .L*I. A_117, _1._I.A..M,P_ .D..C T. A T. .A. D_ f_D f 'l 1 1 _E DAD.(*
_ . . _ _ . _ _ ___.. _ . .

COLD 44G-BREAK

Ew Aces E-Fee 6ee F F "-- L/A- '';f
" - Egens. NA Nw

peak D6ammtee L* meek Fessee Gend.

#s4) W W9=d - M amou- - -

ande) aumweet

44 nu4 ocu2 0422 own osus um & w

34

64

u_o

464

asa 6.2s casa osaa .asso ossos & & w

20 4 us 04no 0.022 .nu &nn 24014 & w

I

|
.

i

l
1

l
|
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6. Engineered Safety Features
__

'.r_,.kl / .9. 1. 9_ 0. .

.rr.n .w n.A.T. u. n_ .&.T. .A., .A.V.I..A.Y. U. f.AW. . , PU. A.M.P.. UC T. A T. .A D. I.D_ f i 1. 9 9. . . . . . . .~ .. . . _ .

F4ew Aces FrSeesee F F- '- WA Hydeonlio Egedv. A/A Flow
Pesh Enester Longeb Famee Gend.

M) @) @)fe#d*- M N-- -

aned*) meeMust

u usas 040a3 0423 04x2 a.s6ia 4asas 0.a680 se.wed

34 38845 04497 0433 04343 M.8613 4J434 4,00 aeewed

74 94,5 0 4 &33 0432 0,0914 74473 54742 04934 meswed

4344 497.83 04975 0422 04MO 434059 5,3733 04496 messed

4444 94,5 0.2364 0432 0.0663 S,0074 44378 0,5547 nessed

I

'

|
|

|
|

|

}
|

1
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6. Fagineered Safety Features

(, 2.. I . 2 ~ &
Tabic 4.2.1.0-5 Q

Glek ?pf j
,

'

RESULTS FOR MSLB IN NODE 56
MAXIMUM PRESSURE DIFFERENTIALS BETWEEN

ELEMENT 56 AND ALL OTHER ELEME ]

Pre _M 'le Ti *re - IMElem Time Pressg
1 ;243 ,4606 2 1243 ;4523 ) ;243 A691 4 24. 3

5 ;243 d660 (i .243 ;4882 7 3 43 ;4867 8 3 43 ;4784 i

9 ,243 ;4904 10 ;243 M896 51 2 43 4233 12 J43 ;5230 |
13 ,243 3217 14 343 ;5239 15 ;243 ;5229 16 ;233 ;5539

17 ;233 3548 18 ;233 ;5533 19 333 ;5537 20 .233 3547

21 ;229 ;2682 22 '233 ,2257 23 ;023 ,1353 24 ;070 ;2493,

25 .244 A563 26 ;243 J066 27 )243 A410 28 ;243 ;4324

29 ;243 ;4323 30 .243 A065 31 343 :A058 32 .243 ;4060

073 36 ;243 M30833 343 A072 34 ,243 A080 35 ;243 A

37 ,243 A200 38 ;243 A308 39 ;068 A210 40 .033 2361

41 .243 A600 42 ;243 ;4892 43 .243 A897 44 ;243 A898
45 .049 ,2821 46 y045 .2643 47 .056 3693 48 .056 ;3693

49 .056 3698 50 y056 .3699 51 .056 3696 52 ;056 ;3696

'2200 56 .000 |000053 ,278 .3395 54 ;035 ;2454 55 032 ;
.3

57 .201 ;5916 58 ;243 4503 59 .064 ;3149 60 ;059 ;3402

61 .229 .5593 62 .201 .5726 63 ;068 .2282 64 .074 ;1341

65 ,085 ,4306 66 089 ;4308 67 y086 A145 68 ;067 ;3538

69 .068 3 628 70 ;069 ;3669 71 ,087 .4226 72 .088 .4322

73 .045 .0654

ow - w uo2anneroes Revision: 4
T Westinghouse 6.2-W f to June 30,1995

. _ _ _ _ - _ _ _ _ _ _ _ _ __
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6. Engineered Safety Features
_

,

6 2./.L ~ i
Table 6.223 5

RESULTS FOR BREAK IN PRESSURIZER VALVE ROOM (NODE 59)
MAXIMUM PRESSURE DIFFERENTIALS BETMTEN

b..;t a, m 3_:.5 a
w ,{RTS a- % pr#

ELEMENT 59 Ah ALL OTHER ELEM

d
-- - OR E;- -- -- M e- a... TL.- T. - JC""Elem Time

1 .068 2.2458 2 .068 23438 3 ;069 2.2461 4 ;069 22472

5 .069 22471 6 069 22480 7 ,069 22469 8 ,069 2.2389

9 .069 22456 10 .069 2.2486 11 LO69 22499 12 .069 22496

13 .069 2.2476 14 ;069 2.2485 15 .069 2.2500 16 LO69 2.2484

17 .069 2.2484 18 069 2.2480 19 ;069 22481 20 069 22484y

21 ,068 22287 22 ;068 22181 23 ,068 2.1917 24 ,067 2.1230

25 .067 2.0856 26 .069 2.1184 27 ;068 2.2384 28 .068 22383

29 ,068 2.2364 30 .068 2.2278 31 ,068 2.2305 32 ;068 2.2284

33 .068 2.2009 34 .068 2:1944 35 .068 2.2007 36 .068 2.1416

37 .068 2.1599 38 ,068 2.1415 39 .068 22343 40 (068 22198

41 .068 2.2377 42 .068 2.2380 43 .068 22245 44 .068 22244

45 .068 22394 46 .068 2.2367 47 .068 2.2346 48 .068 2.2357

49 .068 22347 50 .068 2.2295 51 ;068 2.2281 52 ,068 22295

53 ,068 22369 $4 .068 22201 55 .068 2.2133 56 .068 2.1926

57 .069 2.2468 58 .069 2.2072 59 .000 .0000 60 .011 1.0869

61 .079 2.0213 62 ,074 2.0373 63 .008 .6942 64 .D14 13688

65 .069 22519 66 .069 22510 67 .069 22497 68 .069 2.2471

69 .069 2.2484 70 .069 2.2489 71 .069 2.2511 72 .069 22516

73 .068 22024

Revision: 4 a n wo2a.xom95
June 30,1995 6.2 14|l-||| [ W6Stingh00$6
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6. Fmineered Safety Features
-

s.t.l.L - 6
TN

RESULTS FOR 3*' HL BREAE IN EAST STEAM; GENERATOR COMPi(NODE 1)
0 MAXIMUM PRESSURE; DIFFERENTIALS BETWEEN

ELEMENT;11AND'ALCOTHER

g5 Ekw bpp

g;.a_ g,. L If a<, mWis
-

T- N " ''Eisen Thee .~ P- _ - - N= "r

1 '000 .0000 2 ,004 '8679 $ R5 th356 4 A05 1.0354. .

5 ;004 .8642 6 .005 .9546 7 LOO 5 1.029] 8 .005 1.0461

9 .005 1.0461 10 LOO 5 1.0295 11 ,005 1.0451 12 25 1.0466

13 ;005 1.0468 14 A05 1.0468 15 ;005 1.0466 16 .005 1.0468

n .005 1.0468 18 ,005 1h468 19 ;005 th468 20 ms 3.0468

21 .005 1.0199 22 ;005 1.0454 23 ;005 1.0468 24 .005 13468

25 .005 1.0468 26 ;005 1.0468 27 .005 ;9947 28 ;003 .fi293
29 ,005 .995 30 3005 1.0461 31 ;005 1.0335 32 ;005 1.0461

33 .005 1.0468 34 A05 1h468 35 ;005 1.0468 36 .005 1.0468

37 .005 1.0468 38 .005 1.0468 39 .005 1.0468 40 .005 !.0468
41 .005 1.0467 42 '.005 1.0467 43 LOO 5 1.0468 44 ,005 1.0468

45 .005 1.0468 46 ;005 1.0468 47 .005 1.0468 48 ;005 1.0466

49 .005 1.0468 50 ,005 1.0468 51 .005 1.0468 52 .005 1.0468

53 .005 1.0468 54 .005 1.0468 55 ,005 1.0468 56 005 1.0468

57 .005 1.0468 58 '.005 1.0468 59 005 1.0468 60 .005 1.04683

61 .005 1.0468 62 ;005 1.0468 63 ;005 1.0468 64 ;005 1.0468

65 .005 1.0468 66 ;005 1.0468 67 ;005 1.0468 68 .005 1.0468

69 .005 1.0468 70 .005 1.0468 71 ;005 1.0468 72 ;005 1.0468

73 .005 1.0468

charrev40602n.R04-070695 Revision: 4
T Westingh0use 6.2-148lik June 30,1995
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6. Engineered Safety Features
.

6. z.. /. I - 9
Table 6M

RESULTS FOR 3" CL BREAK IN EAST STEAM GENERATOR COMP (NODE 2)
0 MAXIMUM PRESSURE DIFFERENTIALS BETWEEN

ELEMENT 2 AND ALL OTHER ELEM p_

k..-- _

,M .h k'.N __

Elem Time inn m... . . _ .. ,nu . . . .-- 1 .- imi

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 .004 .4314 30 .008 .9140 31 .008 .9300 32 .009 .N15
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 52 .009 .9425

53 .009 .9426 54 .009 .9426 55 .009 .9426 56 .009 .9426

57 .009 .9426 58 .009 .9426 59 .009 .9426 60 .009 .9426

61 .009 .9426 62 .009 .9426 63 .009 .9426 64 .009 .9426
65 .009 .9426 66 .009 .9426 67 .009 .9426 68 .009 .9426
69 .009 .9426 70 .009 .9426 71 .009 .9426 72 .009 .9426

73 .009 .9426

Revision: 4 awuo2au.o70695
June 30,1995 6.2-Jar 11) 3 Westinghouse
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6. Engineered Safety Features
wmu -

'T.M..I. /. 9 1. 9 S-- - v.-

T. R Ah k A nh. r,t- - - . - ,M, A h.r, T MP. A.D.h.A A. T. .I A.M (*1J A.M.P U.~C T. A, T. .A. D _i r. I S 1 9 1 .CA.D,-- - . . - _.- . v . . . . - . v

P, A. T.h f._r e. D. D. ..D A. II. .A.M.h .R.A.&.V.I. &.E.T TR A.. . . h. I. .rrr.D.U..M,T. T.A. I. D.ECI 17 T. .C CA. .D.
.- . . .- . . ... . . . . . ~ .

COLD LEG-B*7".^.K ."^D"r3

3m mt.Gend mem Mas E ".:n (p0

Volumw "+"r: e ":t !

,,,u._,._..r____... % .. .. _ . . ,

y u _ , m..
-- .. _ , - - _ .

FF) Gale)

+ .w3.s +20 44.2 o.o . .

a 4435.5 420 44.3 04 . 0.64

|
|

|

|

l

|
|

|
'
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6. Engineered Safety Features
- -

|

Table 6.2.1.3-1

SIIORT-TERM MASS AND ENERGY INPUTS

Vessel Outlet Temperature ("F) . . . . . . . . . . . . . . . . 597.0...... ................ ........

Vessel lnlet Temperature ('F) . . . . . . . . . . . . . . . . . . 528.6. ...... ..... ........... .. . .

.

Initial RCS Pressure (PSIA) . .................................................2300.0

Zaloudek Coefficient (CK1) . . ... . ... ............... . . .. . .. ... .. . 1.018

ZalOudek COeff1Cient (C1) . . . . . . . . .....................................0.9........

o%anev40602aRO&O70695 Revision: 4
3 Westingflouse 6.2-]#tf($ June 30,1995
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6. Engineered Safety Features
,

Table 6.2.1.3-2
.

SIIORT-TERM 3-INCH COLD-LEG
|

BREAK MASS AND ENERGY RELEASES I

Time M ass Energy
(sec) (thm/sec) (Btu /sec)

1
'

0.0 0.0 0.0

O.001 28W3186.8 1.512286 Et^61.7084E+6

0.05 3186.8 L7084E+6

1.000 28W3186.8 1.5^6192 Et^61.7084EM

5.000 2&W3186.8 1.573125 5:061.6591Ed

7.000 28W3186.8 173S260 E:^61.6225E4
,

10.00 28W31_86.8 4454144-E+061.6005E+6

Revision: 4 aw.mo2a.no4 070695
June 30,1995 6.2- W || k 3 Westingh0usep
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6. Engineered Safety Features
_

Table 6.2.1.3-3

SilORT-TERM 3-INCH IIOT-LEG
BREAK MASS AND ENERGY RELEASES

Tline Mass Energy
(sec) (lbrn/sec) (Btu /sec)

0.0 0.0 0.0

0.001 228M2514.2 !.3S05^2 Ee 61.5623B+6n

0.05 2514.2 1.5623E+6

1.000 228M251.4.2 ? 4S5613 Ein61.5640E+6

5.000 228M2514.2 ? 4056di E:^61,6947E+6

7.000 228 4 2514.2 !.259365 E:^61.796Gk6

10.00 228M2514.2 L23S795 E:^61.8406Bt6

.w.m4ao23.Ro4-o70695 Revision: 4
3 W6&iuglicuse 6.2-ktlk ||]

June 30,1995
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6. Engineered Safety Features
- _ _

m. _,.u.. t., . i. .s A /_c u_.. i. e,r n,. _ . s . . , . _

L' C TE"'' DEGLG.RREAK
n r nwn.n.. w. .u a..d..i.c e i. u,n.. r.ur.n..e.,v. n r.1_r.i..c. r. e.-.-,. .. - . .- . . .

Ti . 1 A _., rmaL _ e -..
--- -- -. . a

f.
g.- . A, (1L L

.A,
/Sas.. nL

,\- g -_ . i - _ _ _ _

n.n,,n,, n,, .n. n0
0.05 19151.E 531.0
Gr10 50795.! 5314
0.20 554''.9 5344
n,,. A n .C.D.11, A --..0C1,

- _ .

0.T 55312.d 5334
n.,. n .e,n, z,i, a , .e , < ,

n -- . . _

4E 57085 ^ 5355
4.20 55An5.2 537.3
u. . .n.. c 4. cnn.en -.n.ncAv v. -

.T 5128' 5 513,8

1. ..S.n. . .CN., inn.1 C 4 0.1--- .

2.T '9125.0 553.0
,A,n. A.1. ,_10. 0 C/- ,,1. ..C_. -

2.80 31921 ^ 55M
.s. .en,, ,0 ,xi..s .e,e.. .n.,

__, .

A. .n_n o_ce..s e.O ,c, A. .n. . , -

C.M. .

-

, ,"f.01. *f
1. *.7 , 4/,,L4. . Cv -

6.m. . ., . n s. . . c_ , A. .,_,- ,
_

?.T 12595,0 5214
S* !!^'4.5 5589
9.m '^411.0 575J

i. n,, .nn,. n, c, ,
-.. e,.,. i. .e-

! ! ." E54,5 5648
42.T S325 A 552.3
13.T S255.2 T1!
14." !!19.5 571.3
1540 3.2 557.3
iu v.

,'"^r.,_.c w . c,a.vv ,et , <v.. .

!?.T '!3 .5 55A1
48.m 5'A9A 57?,.5

s.a nn L. .M_ A. ..t, K.,n_n.n.- -

20." 5422.5 525 #
21R '51S 7 557.7
22.T 3728.9 529.3

|
1

|

|
.

|
|

Revision: 4 n..nnue .no4.o70695
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6. Engineered Safety Features
EM -

T.n.k. .t. 4.S. 1. 1 A /,.CL..~-e. S m.r 91. - . . -,

n r nwn,nwu u. a.ce, .a..u.n ru,ru.s.,v. .o.rr r.i.c.re- . ~ . . . - . .. - -. -. -~~ --

r_ _ _ u__... r . . u > _ _.
, _ _ ._ , ,,

I,. ,. i

/11. -_L .) (La..AR.
_i,s.--, s . - . , x_-_-_

23.T 3059.5 571.5
34.0^ 2402.7 508.'
25.T 1513.0 '55#
nr nn onn 1 At

97, t,v,) 19,0.,o o_n, 7_.1,
. _

3n, .no. A.1. A 101.D,
-

nn. nn n,, .n,,n,, n. .nn.. ~ s

.n,,n,, n,, .n.,n. n,, .n.n.

|
.

|

j

1
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6. Engineered Safety Features
_ _ _

Table 6.2.13-4 (Sheet 1 of;5)

SHORT TERM LO FTiMAIN STEAM LINE BREAK MASS AND ENERGY RELEASE
(BREAK IN COMPARTMENT 56; PIPE LFEGTH =.100A FEET;

MAXIMUM TIME ASSUMPTION)

M"8h0 0 531.05
"

0.05005 40981.' 7 531.054

0.10009 5158238 531.06

0.15012 51914.07 531.26

0.20003 56324.09 531.69

0.25002 52193.14 531.8

030008 5575t?9 532.27

035011 57991.96 5325
OA0009 61908 532S2

DA5008 55661.48 532S4

030018 55396.21 533.19

0.5501 55799.85 53336
0.60003 54505.29 533.57

0.65 55718.72 533.79

0.70008 55560.81 533 S 7

0.75003 54278.71 534.05

0.80001 548633 53435
0E5013 55133.12 534.59

0 90008 5431739 534.78

0 S5008 56022.1 535.13

1.00004 57188.84 535.55

1.10023 56590.82 536.24

1.20001 56403.73 537.07

13 57575.72 538.06

1.4 61043.11 538.06

1.5 58777.05 541.4

1.60004 58508.03 543.5

1.70002 57207.83 545,73
i

1.80018 55116.98 548.22

1 90003 5341631 550.84

2.00021 52195.53 553A9
2.10003 51119.43 556.25

2.20006 49678.89 559 07

Revision: 4 o w .w w a o m oo5
June 30,1995 6.2-Q% ISO T Westinghouse
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6. Engineered Safety Features
- - -

Table'62.13-4 (Sheet'2 of 5)

2
SHORT TERM '1.0 FT MAIN STEAM LINE BREAK MASS. AND ENERGYfELEASE

(BREAK-IN COMPARTMENT 56; FfPE LENGTH = 100A FEET;
MAXIMUM TIME ASSUMP110N)

* """'
230002 48656A 56L
2A000 45212.87 S63.94

2.50015 43459.59 565.89

2A0001 4213139 567,77
2,70008 39891.28 569.9

2.80006 38753.61 571.77

2.90021 36262A6 773.9
340042 35552.01 W536
3.10042 33986.79 5.P85
3.20016 31634.74 57834
33005 30089.11 580

3A0034 28141.72 581,74

3.50058 26615.49 583A2

3.6004 25359.76 58542
3.70014 24380.64 58631;

3.8003 23567.'09 58837
3.90024 2280934 590I6
4.00033 22114 21 59341
4.10004 21455.55 595,61

420027 21618.21 600 19

430039 20594.81 605.53

4A0063 19988.71 610.29

4.50042 1923933 611D4

4 40017 18774.63 609.97

430017 18237.85 610.18

4.80048 17647.82 61L74
4.90038 1712231 61435
5D0008 1675834 617.67

5.25057 15536.44 63L16
5.50006 1448632 6373
5.75009 13807.98 650.14

6.00029 13058.56 676.9

625027 1316535 65236

ow,4ao2 no4-o70695 Revision: 4
[ W65tingh0Use 6.2-1dP G l June 30,1995
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6. Engineered Safety Features
-_

Table 6.2.13-4 (Sheet.3|of 5)

SHORT TERM'1.0 FT2 MAIN STEAM LINE BREAK MASS AND ENERGY RELEASE
(BREAK IN COMPARTMENT 56; PIPE LENGTH = 190A FEET;

MAXIMUM' TIME ASSUMPTION)

6.75045 12365.93 638.72

7h0013 12253.41 67.834

7.25006 12334.64 618.73

7.50039 11509.17 64464
7.75043 11775.96 615.22

8D0008 11674.54 606.9

8.25005 11216.94 615.66

8.50037 10459.3 641.56
8.75066 9975A53 67142
9.0001 9755.574 65737,

9.25082 9640.006 651.94

9.50066 9493376 64031
9.75051 9252.54*/ 648A2
10.00003 9069.055 648.55

10.25077 9143.009 624 93

10.50064 P211.633 605.15

10.75086 9301.821 591.84

11.0009 938036 585.87

11.25065 9379361 584.17
,

11.50016 9300.834 585.7

11~75019 9142.256 58939.

12.~00102 8898.41 59436
12.25096 8892.234 604.59 |

12.50004 8480A93 61645
12.7508 8179.785 628.66

13.00034 7882.542 63525

Revision: 4 .w.mo2 2to4470695
June 30,1995 6.2-ME Id T Westinghouse
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6. Engineered Safety Features

Table 6.2.1M(Sheet 4 of.5)
~

SHORT TERM LO FT' MAIN STEAM LINE BREAK MASS .AND ENERGYRELEASE
(BREAK IN COMPARTMENT 56; PIPE LENGTH' =.100A FEET;

MAXIMUM TIME ASSUMPHON)

*% *0 ***''' 0
13 25039 7848A45 62899
13.50008 7647333 61337

13 75066 7531A02 60041
14.00103 7529374 58074
14.25131 7640376 570.52

14.50035 7690.387 560.5

15.75015 7730.5 554.89

15.00028 7893.184 551.66

1525174 7728983 54699
15.50094 7695.687 542.06

15.75006 7702421 537A4

16.00055 7721.515 533.1

16.25114 7720.754 52933 ;

16.50039 7845.526 528.83 i

I
16.75008 7792.656 52928
17.00015 7569.003 5292
17.2509 7446E16 529.81

17.50015 7348.652 530.63

17.7509 7353.587 533.2

18.00035 71.67.792 534A2
1825022 6980346 536.27

18.50029 6856.782 538.19

18.75026 6825.789 542.1

19.00113 6642.836 544A5
19 25092 6454.637 54859
19.50153 6314.137 552.77
19.75094 6175.254 556.79

.

I

I

o:Wanv40602aR04-070695 Revision: 4 |

T Westingh0use 6.24p>ID June 30,1995
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6. Engineered Safety Features

---

Table 6.2.13-4.(Sheet 5 of 5)

SHORT TERM 1.0 Fr2 MAIN STEAM LINE BREAK MASS'AND ENERGY RELEASE
(BREAK IN COMPARTMENT 56; PIPE LENGTH. = 100.0 FEET;

MAXIMUM TIME' ASSUMPTION)

T6ase k Mas . - Bem/sec)

20.00045 603 .55 561.1

20.25099 6026A38 569,76

20.5011 5801E13 571.91

20.75082 5616.23 576.79

21.00125 5489.919 578.73
21.25023 5449.508 580E5
21.50078 531737 583.24

21.75106 5192.618 590E3
22.00106 5077.076 598.92

22.25069 4875,197 609.85

22.5012 4647.725 62034
22.757068 4429.831 633A5
23.00052 4216.155 645A7
23.25065 4003373 639,12

23.5009 3788.973 63133
23 3 5058 3586.032 622A7
24.00001 3411.624 611.28

24.2506 3243.65 59833
24.50004 3089.229 58532
24.75027 2922.198 570.83
25.00053 2761.955 555.99
25.25037 2612.244 540.99
25.50013 2446.056 525.56
25.75087 2266.987 510.23

26.00013 2082.011 496.01

26.25065 1893.536 483.21

26.50021 1696.26 471E7
26.75015 1533.653 465.19

27.00075 1372.875 46031
27.2509 1202.175 457.27
2837 0 1167.4

30 0 1167.4

Revision: 4 ow m4w02a.R04&O695
June 30,1995 6.2-@ (N T Westinghouse
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6. Femineered Safety Features
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6. Engineered Safety Features
__

h
Table 611g(Sheet 1|of 4)

LONG-TERM DECLG BREAK
POST-BLOWDOWN MASS 'AND ENERGY RELEASES

Time Mass Enthalpy Maas h h ipy
(sw) Sinn'sec) gleeSan) Otsn/see) (Btm4 hat)

30 0 1167A 0 1167A

40 0 1167A 0 1167A

45 0 1167A 0 1167A

50 0 1167A 0 11674

55 0 1167.4 0 1167A

60 0 1167A 0 1167A

65 0 1167.4 0 1167A

70 0 1167.4 23.9 1167A

75 0 1167.4 19.27 1167A

80 0 1167A 91.88 1167A

85 0 1167.4 15436 1167A

90 4.68 1103.15 203.45 1167.4

95 52.9 302.21 201.5 116.7A

100 94.66 267.12 199.57 1167A

105 130.61 254A1 197.88 1167A

110 161.78 247.56 19621 1167.4

115 89.9 294.05 200.47 1167.4

320 113A7 283.75 198.73 1167,4

125 133.99 27732 197.01 1167,4

130 151.88 272.79 1953 1167A

133A1 162.75 27.034 194.14 1167A

135 167A9 26932 193.6 1167.4

140 181.16 266.52 191.92 1167.4

145 193.13 264.16 19025 1167.4

150 203.66 262.1 188.59 1167A

151 205.58 261.73 188.29 1167A

160 220.78 258.7 185 68 1167A

170 234.15 255.8 182.82 1167A

Revision: 4 aWMS40M95
June 30,1995 6.2-128 7 Whi'@0usen
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6. Fneineered Safety Features
__

6
Tabic d2.13p'{ Sheet 2;of.4)

LONG; TERM DECLG' BREAK

POST; BLOWDOWN MASS AND ENERGY RELEASES

Thee Mass Enthairy Mass E * 1py
(sec) (thewhec) (Bensbum) %) (Bandina)

180 244.76 253 2 180.01 1167A

190 25329 250E1 177.24 1167A

200 260.28 248.57 174.52 11674

220 108.55 335.13 18336 1167A

240 116J4 327,51 178A9 1167A

260 123.57 320.72 173Al 1167.4

280 129.36 $14.43 168.54
~

1167.4

300 134.55 308.5 163.84 1167A

320 13934 302E4 15933 1167.4

340 183.84 297A1 154.97 11674

360 153.62 28839 150.28 1167A

380 57.19 391;15 158.75 1167,4

400 6139 380.61 154.18 1167A

401 78.13 360.2 137.84 1167.4

420 81.86 353.21 134.12 1167.4

4 30 130.9 30033 125.09 1167A

460 134.23 295.22 121.77 1167A

480 100.69 324.07 1223 1167A

500 103.97 318.19 119.02 1167A

$20 77A9 347.79 119.51 1167A

540 105.7 311.55 1133 1167A

$41 123.58 29437 111A2 1167.4

560 126.28 289.68 108.72 1167A

580 38.2 418.67 117J 11674

600 41A9 407.06 114.51 1167A

650 48.02 384A5 107.98 1167A.

700 5324 365.07 102.16 1167A
.

750 59.06 347.92 96.94 1167.4

os mmo2anc7o695 Revision: 4
W Westinghouse 6.2-129 June 30,1995
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6. Engineered Safety Features
,,

6
Table 6.2.1.3/(Sheet 3 of;4)

LONG-TERM DECLG' BREAK
POST-BLOWDOWN MASS AND ENERGY RELFASES

Timme Mass Feairy Mass Featry

(sec) Ghenhec) (B6saban) Otambec) (Btmalum)

800 63.75 332A6 92.25 1167A

850 6936 316.72 86 64 1167A.

900 6335 320.28 82.65 1167.4

950 68.27 305.57 77,73 1167.4

1000 72.81 292.11 73.19 1167.4

1035 74 85 284.27 7L15 1167.4

1100 52.84 31335 69.16 1167.4

1200 58.66 288.13 6334 1167.4

1300 63.59 266A4 58A1 1167A

1400 67.81 247.55 54.19 11674

1404.11 6737 246E2 54.03 1167A

1405 68 246.67 54 1167A

1500 71A5 230 S7 50.55 1167.4

2000 167.77 136.76 37S3 1167.4

3600 179.05 10198 26.65 1167A

| 4000 180.63 9934 25.07 1167A.

6000 184.16 94 S7 21.54 1167A
; 7500 15.7.67 9539 2033 1167A

8000 129.25 96.72 19.75 1167A

10000 130A7 96.07 18.53 1167A

15000 131A6 95.58 17.54 1167.4

16000 131.66 95.48 1734 1167.4

20000 128.55 94.83 15.46 1167A

25562 115.72 95.51 15.29 1167A

30067 94.81 97.11 15.2 1167A

36000 72.6 98A9 13Ai 1167A

40000 0 98A9 ISA 1167A

bM00 0 98.49 13 8 1167.4

Revision: 4 .wuo2 no4-o70695
June 30,1995 6.2-130 3 Westinghouse
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6. Engineered Safety Features
--

6
Table 611M(Sheet 4 of.4) |

1

LONG-TERM DECLG BREA.K |
POST-BLOWDOWN MASS AND ENERGY RELEASES

Thue Mass Enthalpy Mass Enthalpy 1

(sec) Glmm/m) (Ben /Itum) (lbsmisec) (Bta/Ihan) |

80000 0 98A9 12.7 1167A !
100000 0 9.8A9 31.9 1167A

150000 0 98A9 10.5 1167,4

200000 0 98A9 96 1167.4

400000 0 98.49 7.5 1167,4

600000 0 98.49 63 1167.4

800000 0 98A9 5.6 1167.4

1000000 0 98A9 5.1 1167A.

1500000 0 98.49 43 1167A

2000000 0 98A9 3.8 1167A

4000000 0 98A9 2.7 I_167A

4000000 0 98.49 2.7 1167A

.

owe 60:ano447o695 Revision: 4
y h Gigieuse 6.2-131 June 30,1995

.



.- - _ ._ - . _ _ _ __. _ . . _ . .
,

D 6 D<% j

$
#fA0 0 0 ' ''

'

O.05018 40807.8 531.04
0.10006 51415.62 531.05

!0.15 53605.18 531.28
0.20011 57605.54 531.7
0.25012 56491.36 531.87
0.30008 55336.22 532.29 g

g\ vs wms
0.35016 52092.26 532.44
0.40003 60610.59 532.15 ls ~{-0.45018 64191.36 532.72
0.50003 63803.89 533.25
0.55013 62449.77 533.56

|U -)k.\0.60012 61679.8 533.89 |- >
0.65001 61484.43 534.17
0.70003 61238 534.52

!0.75004 59545.''9 534.73
(0.85006 59053.1., 535.35

}s g.%g0.9001 59119.19 535.67 ,0.95001 59525.57 536.08
1.00008 59848.18 536.5
1.10016 59770.71 537.41

_ _ _

s\ ({55[,. ~

1.20009 59500.68 538.48 I k 02) ~) *#' O I> '

1.30016 57917.15 539.87
1.40005 57134.81 541.49 i heo S1.50018 56668.11 543.42
1.60006 56262.47 545.51
1.70012 60543.26 547.95
1.80002 54369.46 550.25
1.90006 56577.14 552.62
2.00004 53516.96 555.65
2.10002 50010.8 558.31
2.20011 48952.83 561.05

2.3 47340.82 563.69 i
,

'

2.40023 45043.13 565.66
,

2.50021 42988.27 567.51
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2.7002 40175.77 570.82
2.8002 38195.66 572.61

2.90027 35992.53 574.28
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6.75004 12839.71 614.37
7.00076 12718.63 606.73
7.25082 12457.77 603.1
7.50013 12436.33 615.31
7.75001 10397.57 700.28
8.00011 11225.92 628.48
8.25032 11341.57 607.45
8.50058 10746.42 624.1
8.75037 10070.86 649.75
9.00025 9625.501 668.11
9.25024 9404.611 666.98
9.50026 9258.613 672.08
9.75046 8854.105 695.43

10.00011 8632.626 650.6
10.50024 8773.043 607.2
10.75008 8730.026 603.61
11.00065 8564.724 607.36
11.25054 8463.381 613.22
11.50005 8437.24 632.16
11.75003 7997.697 638.34
12.00047 7808.395 636.14
12.25084 7712.031 629.46
12.50041 7661.505 620.78
12.75045 7589.224 613.65
13.00001 7481.231 608.13
13.25015 7395.79 602.47
13.50102 7568.571 598.98
13.75001 7355.851 590
14.00106 7316.183 577.08
14.25029 7384.659 565.58
14.50026 7487.738 555.09
14.75105 7572.562 547.96
15.00041 7614.799 544.16
15.25128 7630.574 542.93

15.501 7574.608 543.15
15.75018 7592.818 545.88
16.00036 7622.272 550.21 i

16.2512 7242.574 550.63
16.50058 7092.731 548.17 '

16.75056 7015.751 544.65
17.00022 6958.681 541.57
17.25045 6907.833 539.49
17.50005 6836.467 538.93
17.75174 6741.548 540.05
18.00049 6659.006 543.02
18.25102 6714.732 551.37
18.50013 6380.366 555.73
18.75045 6187.74 558.52
19.00098 6049.282 560.16
19.25078 5944.473 561.14
19.50057 5928.532 563.91
19.75015 5843.964 567.91
20.00187 5681.831 572.49
20.25095 5524.487 579.28

j20.50135 5393.939 586.3 1

20.75026 5315.482 595.42
21.00026 5173.792 604.74
21.25062 5006.346 616.94
21.50157 4840.924 627.08
21.75061 4626.755 635.52 l
22.00119 4424.617 644.46
22.25015 4243.977 654.34
22.50057 4036.497 650.49
22.75069 3825.566 640.25
23.0005 3636.621 630.93

23.25033 3458.685 620 , ggy
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28.37282 41.79308 292.48 *

|

i

|
|

|

l
!
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6. Engineered Safety Features
-

r_u. t_.,.. i. a e m._._... , s_. ,,1. m . . . . .

% % r _.t _ i __ _

/.e t __ _ L ,, _g
/La..ML mg

_ _ . . _ _ , g---.-._,

040 040 04
045 ?!!S?.39 6204

045 61138-14 630 4'

0,25 48959.." 636J'

0,35 48211,11 632,7

i 046 '7051.36 6284

0:65 46520.68 6204

045 46564.19 614 4

440 44300.46 614r74

4,20 13318.81 6134

4,40 433^2.^* 6084

4,60 41547,11 641,2'

140 429S6.72 600:0

3,00 A3626.67 697,3

150 42822.39 68h5

3:00 38951.25 610,2

3,50 36^50.47 626:0

4:00 3390749 609,4

4.50 22836.32 595.5

6,00 31265.07 5844

5:60 29iS3.12 574.4

6 00 28591,41 661r5

6 50 21Cm2.55 56813

7,00 223S?.30 66A2

7,50 16S60.31 691,8 j
'840 16351 '' 66k5

1

|

1
1

Revision: 4 o%amvm02a.R04-070695
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6. Dggineered Safety Features
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I

|

Td!: 6.2.1.3 6 'Sr.::: 2 cf 3)
I

|

% % r_.t _i_

(see) (''n'x :) (b6a4 ban) |

L50 13241.53 5919 1

|
940 !!683.ne 5944 '

940 99M 43 63%5 |

40D0 8575r75 6664

40:50 744b58 7464

4440 645668 769,7

4L50 5544,79 826:4

1100 460188 93A8

1150 353L48 40542

4&00 343A24 4444r5

4150 3797-55 1475r4

44M 2340-22 4499-2

44r50 4864 45 42174

15:00 468548 42344

16:00 4374r79 434L2

4640 144A78 434L9

4%00 400560 42304

4A50 94L33 43310

4&00 82844 12394

4840 49344 42704

19M 57634 43444

1940 532-76 44504

2040 7100 42944

2 LOG 70:03 4393r5

3L50 4940 434L5

34r75 0:00 0

o:Warev406C2tRD4070695 Revision: 4
W Westinghouse 6.2-3&ie /3k June 30,1995
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6. Engineered Safety Features

J V

Table 6.2.13hSheet l'of 2) (o

0p gf LONG-TERM DEHLG.' BREAK C#[o .(r

t BLOWDGWN MASS AND. ENERGY _ RELEASES j go\
n {&
Thne Mass Enthalpy
(sec Otsn/sec) (Blu/Itun),p

01) 0 0

74746.76 626.2

0.15 64195.07 637.108

0.25 51407.55 642.663

035 50632.16 639.027

OAS 49403.93 634.886

0.65 4884631 626.2

0.85 48892.4 620.241

1 47565.69 621.857

1.2 45516.28 620.039

1.4 45467.14 614.989

1.6 45724.46 610.242

1.8 45136.05 606

2 45808 603.273 |
25 44963.51 587315

3 40898.81 616302

35 37852.99 6323.6 I

4 35603.29 615.494

45 34478.13 601.455

5 3282832 589.84

5.5 30957.59 580.144

6 30023.08 570.145

65 25298.23 573.983

7 23506.66 568.832

7.5 1770333 597.718

8 171683 573.175

83 139063 6 599.839

9 12268.16 600.748

fon: 4 wwwwm no4-o70695
1995

6.2-1$ /37 3 Westinghouse
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6. Engineered Safety Features
-

TaNe 6.2.13; (Sheet 2'of 2)

LONG-TERM DEHLG BRFAK
M 8BLOWDO.WN MASS AND ENERGY; RELEASES y

Mass Entha
GlenAuee) (B

9.5 10473.05 633.775

10 9004.537 673.165

10.5 7813.659 723.564

11 6779.514 777397

113 5822.029 834361

12 4834.0M 943.138

12 3 3701A39 1060 702

13 3289.87 1122.615

13.5 2937A27 1186.851

14 2457.231 121L192 j

14.5 1957A62 1250.077

15 1769.964 1246.946

16 133538 1255432

16 3 1_173.669 1254319

17 1055.88 1251.895

17.5 958.9965 124937

18 869.5154 1251A91

18.5 522.9105 1283.003

19 605.0205 1256.54.1 |
|

19.5 559398 1263.005

20 0 1285.276

203 76.64999 1307 546

21 73.53149 1306A35

21 3 51A5 1324 415

22 0 1324 415

ow.m4mnano4 moss Revision: 4
W Westinghouse 6.2-155 |3S June 30,1995
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6. Engineered Safety Features
.

."""
|

'

Table 6.2.1.3

HASIS FOR LONG-TERM ANALYSIS ;

klumber of koops ,'d'L^M "OD". P_~; c; Dnip 2 LOOPS ,-p
Active Core Length (ft) 12.0

l
Core Power, license applicauon (MWt) 1933 .

)Nominal Vessel inlet Temperature ('F) 535.1 :

Nominal Vessel Outlet Temperature (*F; 600.0

Steam Pressure (psia) 821.0

Rod Array 17 x 17

Accumulator Temperature ("F) 120.0

Containment Design Pressure (psia) 59.7
|

|
|

|

l

|

|
|

Revision: 4 .:w rr. 4w602 no4-o7o695 |

June 30,1995 6.2 T6 IS1 T Westinghouse
1
1
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6. Ergrineered Safety Features
EEM

Table 6.2.1.41

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

Full DER, MFWIV failure Full DER Full DER Full DER FrJ! DER

2Small DER, MSIV failure (ft ) 0.70 0.6 0.60 0.55
0.60 0.53 0.50 0.50
0.55 0.50 0.40 0.20
033 032 036 0.10

0.22

Split Rupture (ft ) 037(a) o,4j(a) o,44(a) 0. a)2

L
(a)As total area of two loops.

DER = double ended rupture
MSIV = main steam line isolation valve
MFWIV = main feedwater isolation valve

.

.w.mmo2 no+o70695 Revision: 4
T Westinghouse 6.2457 (YO June 30,1995
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6. Erdwered Safety Features
--

|

Table 6.2.1.4 2 (Sheet 1 of 5)

MASS AND ENERGY RELEASE DATA
FOR TIIE CASE OF MAIN STEAM LINE FULL DOUBLE i

ENDED RUPTURE FROM 30% POWER LEVEL WITII FAULTED |

LOOP MAIN STEAM LINE ISOLATION VALVE FAILURE TIIAT |

PRODUCES IIIGHEST CONTAINMENT PRESSURE |
,

l

Initial steam generator mass (lbm ) : IMW&- M M779 *'

Mass added by feedwater flashmg ( lbm ) : 6229- 4%(e .
i

Mass added by unisolatable steam ( lbm ) : 5800. /o oat .
' Initial steam pressure ( psia ) :SiL9 970 5

Feedwater line isolation at ( sec ) : L748 y , 578
Steam line isolation at ( sec ) : 2.288- 7 676

TIME MASS ENERGY INTGR M INTGR E AVG ENTII
SEC LBM/SEC BTU /SEC LBM BTU BTU f

(E+6) (E+3) (E+6) V
&

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
D.20QO 5239. 6.256 1.N8 1.251 1194. \
0.4000 5147. 6.148 2.077 2.481 1194. \
0.6000 115, 6.111 3.100 3.703 1195.

-(0.8000 6.038 4.111 4.911 1195.
1.0000 499 . 5.970 5.109 6,105 1196.
1.200 4936. 5.903 6.097 .285 1196.
1.400 4880. 5.837 7.072 8.453 1196.
1.600 4824. 5.772 8.037 9.607 1197.
1.800 4769. 5.708 8.991 10.75 1197.
2.000 4716. - 9.934 11.88 1197.
2.200 4665. 5 10.87 12.99 1197.
2.400 4613. 5.5 11.79 14.10 1198.
2.600 4563. 5.466 12. 15.19 1198.
2.800 45M. 5396 1 .60 16.27 1198.
3.000 4477. 5366 4.50 1735 1198.
3.200 4432. 5312 1539 18.41 1199.
3.400 4388. 5.260 16.26 19.46 1199.
3.600 4344. 5.209 13 20.50 1199.
3.800 4302. 5.159 17. 21.53 1199.
4.000 4261. 5.110 18.84 22.56 1199.
4.200 4221. 5.063 19.69 23.57 1200.
4.400 4181. 5.017 20.52 24.57 1200. j
4.600 4143. 4.972 2135 5.57 1200.

| 4.800 4107. 4.92 22.17 55 1200.
' ~ 5.000 4074. 4.8 22.99 27. 1200.

5.200 4038. 4 7 23.80 28.50 1200.
5.400 4006. .810 24.60 29.46 1201,
5.600 3973. 4.770 2539 30.42 1201.
5.800 3943, 4.735 26.18 3136 1201.
6.000 3913. 4.699 26.96 3230 1201.
6.200 3883. 4.664 27.74 33.23 1201.
6.400 3855. 4.630 28.51 34.16 1201.

j 6.600 3826. 4.597 29.28 35.08 1201.
> 6.800 3799. 4.564 30.M 35. 1201.

31-54 '
-363 030.79 1202.7.000 3772. 4.533
37.80 1202.7.200 3746. 4.502.,_

Revision: 4 a -am.no4oto695
June 30,1995 6.2-hit l@ W Westingh0use
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6. Engineered Safety Features
__

Table 6.2.1.4-2 (Sheet 2 of 5)

MASS AND ENERGY RELEASE DATA
FOR TIIE CASE OF MAIN STEAM LINE FULL DOUBLE

ENDED RUPTURE FROM 30% POWER LEVEL WITII FAULTED
LOOP MAIN STEAM LINE ISOLATION VALVE FAILURE TIIAT

PRODUCES IIIGIIEST CONTAINMENT PRESSURE

TLME MASS ENERGY INTGR M INTGR E AVG ENTH
SEC LBM/SEC BTU /SEC LIIM BTU BTU

(EM) (E+3) (E M)

7. 3721. 4.472 32.28 38.69 1202.
7.600 3696. 4.442 33.02 39.58 1202.
7.800 3672. 4.414 33.76 40.47 1202.
8.000 672. 4.414 34.49 41.35 1202.
8.200 3 5 4321 35.21 4 .21 1202.
8.400 351 . 4.227 35.92 3.06 1202.
8.600 3438. 4.133 36.60 43.88 1202.
8.800 3360. 4.039 37.27 44.69 1202.
9.000 3282. 3.945 37.93 45.48 1202.
9.200 3204. .851 38.57 46.25 1202,
9.400 3125. 57 39.20 47.00 1202.
9.600 3047. 3. 39.81 47.74 1202.
9.800 2969. 3.576 40. 48.45 1202.
10.000 2891. 3.476 40. 49.14 1202.
10.20 2813. 3382 4 49.82 1202.
10.40 2735. 3.289 . 09 50.48 1202.
10.60 2657, 3.195 42.62 51.12 1203.
10.80 2579. 3.102 43.14 51.74 1203.
11.00 2501. 3.008 43.64 5234 1203,
11.20 2424. 2.915 .12 52.92 1203.
11.40 2346. 2.821 44.9 53.49 1203.
11.60 2268. 2.728 45. - 54.03 1203.
11.80 2190. 2.635 45.48 54.56 1203.
12.00 2112. 2.541 45.90 55.07 1203.
12.20 2035. 2.448 4631 55.56 1203.
12.40 1957. 2354 46.70 56.03 1203.
12.60 1879. 2.261 47.08 56.48 1203.
12.80 1801. 2.16 47.44 56.91 1203.
13.00 1724. 2. 47.78 33 12N.
13.20 1646. 1. 1 48.11 5.3 1204.
13.40 1614. 1 2 48.43 58.1 1204.
13.60 1606. .933 48.76 58.50 12M.
13.80 1598. .924 49.08 58.89 12M.
14.00 1591. 1.915 4939 59.27 12M.
14.20 1583. 1.906 49.71 59.65 12M.
14.40 1575. 1.897 50.03 60.03 12M.
14.60 1568. 1.887 5034 60.41 12M.
14.80 1560. 1.878 50.65 60,78 12M.
15.00 1553. 1.869 50.96 ~ 1.16 1204.
15.20 1545. 1.861 51.27 61.53 1204.
15.40 1538. 1.852 51.58 61.90 1204.
15.60 1530. 1.843 51.88 62.27 12N.
15.80 1523. 1.834 5119 62.63 12M.
16.00 1516. 1.825 .49 63.00 1204.

ow.mmano 070695 Revision: 4
[ W85tiligh0Use 6.2-1 # N L June 30,1995

__ --___ _ - _ - _ _ _ _ _ _



. _ _ _ _ _

6. Engineered Safety Features
-

Table 6.2.1.4-2 (Sheet 3 of 5)

MASS AND ENERGY RELEASE DATA
FOR TIIE CASE OF MAIN STEAM LINE FULL DOUBLE

ENDED RUPTURE FROM 30% POWER LEVEL WITH FAULTED
LOOP MAIN STEAM LINE ISOLATION VALVE FAILURE THAT

PRODUCES IDGIIEST CONTAINMENT PRESSURE

TIME MASS ENERGY INTGR M INTGR E AVG ENTIl
SEC LBM/SEC BTU /SEC LBM BTU BTU

(E+6) (E+3) (E+6)

16.20 1509. .817 52.79 63.36 1204.
6.40 1501. 1.808 53.09 63. 2 1204.
. 0 1494. 1.799 53.39 6 .08 1204.

16.8 1486. 1.790 53.69 4.44 1204.
17.00 1479. 1.781 53.99 64.80 1204.
17.20 71. 1.772 54.28 65.15 1204.
17.40 1 1.762 54.57 65.50 1204.
17.60 145 1.752 54.86 65.85 1204.
17.80 1447. 1.743 55.1 66.20 1204.
18.00 1439. 1.733 55 - 66.55 1204.
18.20 1431. 1.723 5 3 66.89 1204. b18.40 1423. 713 .01 67.24 1204.
18.60 1414. 703 6.29 67.58 1204. s

18.80 1406. 1. 3 56.58 67.92 1204. s

19.00 1398. 1.68 56.85 68.25 1204.
19.20 1389. 1.673 57.13 68.59 1204.
19.40 1381. 1.663 57.41 68.92 1204.
19.60 1373. 1.653 57.68 69.25 1204.
19.80 1364. 1.643 57.96 69.58 1204.
20.70 1333, 1.605 59.16 71.03 1204.
21.70 1293. 1.55 60.47 72.60 1204.
22.70 1253 1. 5. 9 1.73 74.12 1204.
23.70 1215. 1. .A 63 95 75.60 1204.
24.70 1178. V.419 64 4 77.03 1204,
25.70 1143. 1.376 65. Q 78.41 1204.
26.70 1108. 1.335 66.4I 79.76 1204.
27.70 1076. 1.295 67.49 81.06 1204.
28.70 1044. 1.257 68.54 82.33 1204.
29.70 1014. 1.221 69.57 83.56 1204.
30.70 985.6 1.186 70.56 84.76 1204. )

31.70 958.1 1.153 71.52 85.92 1204. '

32.70 931. 1.121 72.46 87.05 1203.
33.70 906 1.091 73.37 88.15 1203.
34.70 88 .6 1.062 74.26 89.21 1203.
35.70 8 .6 1.034 75.13 0.26 1203,
36.70 7.7 1.007 75.97 1.27 1203.
37.70 16.9 0.9822 76.79 1.26 1202.
38.70 797.0 0.9582 77.60 9 .22 1202.
39.70 778.1 0.9352 78.38 9 .16 1202.

I40.70 759.9 0.9132 79.14 9 .08 1202.
41.70 742.5 0.8921 79.89 9 .98 1202. I

42.70 725.7 0.8718 80.62 9 .86 1201. I

43.7 709.7 0.8524 81.33 7.71 1201.
44.7 694.3 0.8338 82.03 98.55 1201.
45.7 679.4 0.8157 ,S2A 99.37 1201. |. . - j

N
_.m

Revision: 4 o%meM02a.RO&O70695
June 30,1995
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6. Engineered Safety Features
-

Table 6.2.1.4-2 (Sheet 4 of 5)

MASS AND ENERGY RELEASE DATA
FOR TIIE CASE OF MAIN STEAM LINE FULL DOUBLE

ENDED RUI"rURE FROM 30% POWER LEVEL WITII FAULTED
LOOP MAIN STEAM LINE ISOLATION VALVE FAILURE 'IllAT

PRODUCES IIIGilEST CONTAINMENT PRESSURE

TIME MASS ENERGY INTGR M INTGR E AVG ENTil
SEC LBM/SEC BTU /SEC LBM BTU BTU

(E M) (E+3) (Ed)

46.70 665.2 0.7984 8338 '100.2 1200.
'

47.70 651.4 0.7818 84.04 f 101.0 1200.
48.70 6383 0.7659 84.68 / 101.7 1200.
49.70 625.7 0.7505 8531 / 102.5 1200.
50.70 613.5 0.7358 85.92 ,' 103.2 1199.
52.70 590.6 0.7080 87.12/ 104.7 1199.
54.70 569.4 0.6824 88.28 106.0 1198.
56.70 550.0 0.6588 8939 107.4 1198.
58.70 532.0N 0.6370 90.47 108.7 1197.
60.70 515.4 \ 0.6169 / 91.51 109.9 1197. L.

62.70 500.2 N 0.5985 / 92.52 111.1 1196. f
64.70 486.2 \ 0.5815 / 93.51 1123 1196. y
66.70 473.1 03656 94.46 113.4 1196.
68.70 461.1 0.5511 9539 114.6 1195.
70.70 449.9 0.5376~ 9630 115.6 1195.

s

72.70 439.6 0.5251 \ 97.19 116.7 1194.
74.70 430.1 0.5136 /\ 98.05 117.7 1194. N
76.70 421.2 0.5028 / 98.90 118.8 1194. As

78.70 413.0 0.4929/ 's 99.74 119.7 1193.
80.70 405.4 0.4836 100.6 120.7 1193.
82.70 3983 0.4750 101~.4 121.7 1193.
84.70 391.7 0.4671 102.1 \ 122.6 1192.
86.70 385.7 0.4598 102.9 N 123.5 1192.
88.70 380.1 0.4531 103.7 \ 124.5 1192.
90.70 375.0 ,0.4469 104.4 125.4 1192.
92.70 3703 'O.4412 105.2 126.2 1191.
94.70 366.0 0.4359 105.9 127.1 1191.
96.70 361.9 O.4310 106.6 128.0 1191.'

98.70 358.1 0.4264 107.4 128.8 1191. ,

100.2 355.4 0.4231 107.9 129.5 1191. I

105.2 347.6 0.4138 109.6 131.6 1190.
110.2 340.6 0.4053 111.4 133.6 1190.
115.2 334.5 03979 113.1 135.6 1190.
120.2 329.2 03916 114.7 137.6 1189. ;

125.2 324.8 03862 1163 139.5 1189. I

1189. I141.4 /130.2 321.0 03816 118.0
'

143.3135.2 317.9 03779 119.5 1189.
140.2 345.6 03751 121.1 145.2 1189.
145.2 313.8 03730 122.7 / 147.1 1188.
150.2 312.8 03718 124 3 / 148.9 1188.
155.2 312.5 03714 125.8 / 150.8 1188.s
160.2 312.8 N 03718 'J2r4 152.7 1188.
165.2 313.8 -03729 ~

129.0 154.5 1188.
170.2 315.2 03747 130.5 156.4 1189.
175.2 317.2 03770 132.1 1583 1189.

ohm @602dOWO695 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 TIIAT

PRODUCES HIGHEST CONTAINMENT PRESSURE

TIME MASS ENERGY INTGR M INTGR E AVG ENHI
SEC LBM/SEC BTU /SEC LBM BTU BTU

(E44) (E+3) (E+6)

180.2 N19.6 03799 133.7 160.2 1189.
185.2 3223 03832 135 3 162.1 1189.
190.2 32$.2 0.3867 136.9 164.0 1189.
195.2 3283 03904 138.6 65.9 1189.
200.2 331.5 03943 140.2 167.9 1189.
210.2 337.5 0.4015 143.6 171.9 1190.
220.2 343.5 0.4088 147.0 176.0 1190.,

230.2 349.0 0.4154 150.4 180.1 1190.
240.2 353.7 'O.4211 154.0 1843 1191.
250.2 357.6 0.4259 157.5 188.5 1191.
260.2 360.7 0.4296 161.1 / 192.8 1191. |

270.2 363.0 0.4324, 164.7 197.1 1191.
280.2 364.6 0.4343 's 168.4 201.4 1191.
290.2 365.2 0.4350 \ 172.0 205.8 1191.
300.2 364.8 0.4346 \ 75.7 210.1 1191.
310.2 363.8 0.4334 1793 214.5 1191. l

320.2 362.5 0.4318 183.0 218.8 1191. !

330.2 3613 0.4303 / 86.6 223.1 1191.
340.2 360.2 0.4289 / 0.2 227.4 1191.
350.2 3593 0.4279 / 193 8 231.7 1191.

' s
360.2 358.8 0.4273 197.4 236.0 1191.
370.2 358.5 0.4269 / 201.0 240.2 1191.
380.2 338.1 0.4045 / 204.5 244.4 1196.
386.2 296.7 03570' 206.4 246.7 1203.
390.2 262.0 03175 207.4 248.0 1212.
392.2 245.5 0.2989 207.9 248.6 1218.
394.2 225.2 0.2758 208.4 249.1 1225. 1

396.2 201.5 0.2484 208.8 249.6 1233. )
398.2 175.7 0.2181 209.1 250.1 1241.
400.2 150.1 0.1876 209.4 - 250.4 1250.
402.2 125.5 0.1581 209.7 250.8 1259.
404.2 1053 0.1335 209.9 251.0 1267. |

'

406.2 90.51 O.1153 210.1 251 3 1274. ,

O.0151 210.1 2513 1280. I408.2 11.83
-'

410.2 0.8582 0.0011 210.1 / 2513 1285. |

412.2 0.059 0.0001 210.V 2513 1289.
414.2 0. 0.0000 210.1 2513 1292.
416.2 0. 3 0.0000 210.1 2513 1295.
418.2 0.0 0.0000 210.1 2513 1297.
420.2 0.0X)0 0.0000 210.1 2513 1299.
430.2 0.0300 0.0000 210.1 2513 0.0000
440.2 0.000A 0.0000 210.1 2513 0.0000
450.2 0.0000 0.0000 210.1 2513 0.0000

Revision: 4 . w . m w a.n n o70695
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Peak Pressure Case - 30% Power - Full DER (1.4 ft^2) - MSP

ReactorTrip o 0.578 sec (SIS Im S+-amlina Pre
SteamlineIsolatic 10.578see
FeedwaterIsoletso 10.578 sec *

SG Drys Out o 492.0 see

Energy Integrated Integmted i

k .Q -D
Time MassFlow Flow Mass d' aergy

(sec) (Ibads) (10^6 Btuh(10^3 lbm)(10% Btu) ,

\C0.0 0.0 0.0 0.0 0.000 \N0.1 12438.1 14.845 1.244 1.485
0.2 12412.4 14.815 2.485 2.966
03 12393.0 14.793 3.724 4.445

y P g pc0.4 12373.6 14.770 4.962 5.922 -

0.5 12354.9 14.749 6.197 7397
0.6 12336.6 14.728 7.431 8.870
0.7 12318.7 14.707 8.663 10.341
0.8 12300.6 14.686 9.893 11.809
0.9 12283.1 14.665 11.121 13.276
1.0 12265.9 14.645 12348 14.740
1.1 12249.2 14.626 13.573 16.203
1.2 5396.4 6.443 14.112 16.847
13 5345.4 6384 14.647 17.486
1.4 5305.4 6337 15.177 18.119
1.5 52663 6.292 15.704 18.748
1.6 5227.9 6.247 16.227 19373
1.7 51903 6.204 16.746 19.994
1.8 5153.5 6.161 17.261 20.610
1.9 . 51173 6.118 17.773 21.221
2.0 5081.8 6.077 18.281 21.829 |

2.1 5046.9 6.036 18.786 22.433
2.2 5012.6 5.996 19.287 23.032
23 4978.8 5.957 19.785 23.628
2.4 4945.6 5.918 20.279 24.220 1

2.5 4913.4 5.880 20.771 24.808 |
2.6 4881.2 5.843 21.259 25392 i
2.7 4849.5 5.806 21.744 25.973
2.8 4818 3 5.769 22.226 26.550
2.9 4787.5 5.733 22.704 27.123
3.0 4757.2 5.697 23.180 27.693
3.1 4727.8 5.663 23.653 28.259
3.2 4698.4 5.628 24.123 28.822
33 4669.4 5.594 24.590 29381
3.4 4640.8 5.561 25.054 29.937
3.5 4612.6 5.528 25.515 30.490
3.6 4584.8 5.495 25.974 31.040
3.7 4558.0 5.463 26.429 31.586
3.8 4537.8 5.440 26.883 32.130
3.9 4516.5 5.415 27335 32.671
4.0 4495.2 5389 27.784 33.210
4.1 4474.1 5365 28.232 33.747
4.2 44533 5340 28.677 34.281
4.3 4432.8 5316 29.120 34.812
4.4 4412.6 5.292 29.562 35342
4.5 4S92.6 5.269 30.001 35.869
4.6 4372.8 5.245 30.438 36393
4.7 4353 3 5.222 30.873 36.915
4.8 . 4334.0 5.200 31307 37.435
4.9 4315.0 5.177 31.738 37.953
5.0 4296.2 - 5.155 32.168 38.468
5.1 4277.7 5.133 32.596 38.982 p,

__ _ _
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5.2 4259.4' 5.112 33.022 39.493'
5.3 4241.3 5.090 33.446 40.002
5.4 4223.5 5.069 33.868 40.509
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5.5 4205.9 5.048 34.289 41.014
5.6 4188.6 5.028 34.708 .41.516
5.7 4171.4 5.008 35.125 42.017'

5.8 4154.5 4.988 35.540 42.516
5.9 4137.9 4.968 35.954 43.013 1

; 6.0 4121.4 4.948 36366 43.508
6.1 4105.2 4.929 36.777 44.001-

i
6.2 4089.1 4.910 37.186 44.492 '

63 4073.3 4.892 37.593 44.981 !
6.4 4057.7 4.873 37.999 45.468 I

,

| 6.5 40423 4.855 38.403 45.954 '

6.6 4027.1 4.837 38.806 46.437
4 6.7 4012.1 4.819 39.207 46.919

6.8 3997.3 4.802 39.607 47399
6.9 3982.7. 4.784 40.005 47.878 !

.

7.0 39683 4.767 40.402 48354 '

'

7.1 3954.0 4.750 40.797 48.829 !
7.2 3940.0 4.734 41.191 49303.

7.3 3926.1 4.717 41.584 49.775
t 7.4 3912.4 4.701 41.975 50.245
i 7.5 3898.9 4.685 42.365 50.713

7.6 3885.5 4.669 42.753 51.180
7.7 - 38723 4.653 43.141 51.645
7.8 3859.2 4.638 43326 52.109

: 7.9 3846 3 4.623 43.911 52.571 |8.0 3833.6 4.607 44.294 53.032 1

>

8.1 3821.0 4.592 44.677 53.491
'

8.2 3808.5 4378 45.057 53.949
83 3796.2 4.563 45.437 54.405
8.4 3784.0 4.549 45.815 54.860

*

8.5 3771.9 4.534 46.193 55314
8.6 3760.0 4.520 46.569 55.766
8.7 3748.2 4.506 46.943 56.216

: 8.8 3736.5 4.492 47317 56.666
4 8.9 3724.9 4.478 47.690 57.113

9.0 3713.4 4.465 48.061 57.560 i
9.1 3702.0 4.451 48.431 58.005

|9.2 3690.7 4.438 48.800 58.449 '

93 3679.5 4.424 49.168 58.891 !
9.4 3668.4 4.411 49.535 59332 J

9.5 3657.4 4398 49.901 59.772
i9.6 3646.5 4385 50.265 60.210 '

9.7 3635.6 4372 50.629 60.648
9.8 3624.8 4359 50.991 61.084
9.9 3614.1 4346 51353 61.518

10.0 3603.5 4334 51.713 61.952
,

10.1 3592.9 4321 52.072 62384
10.2 3582.4 4309 52.431 62.815
103 3571.9 4.296 52.788 63.244
10.4 3561.5 4.284 53.144 63.673
10.5 3551.2 4.271 53.499 64.100

: 10.6 3540.9 4.259 53.853 64.526
10.7 3530.8 4.247 54.206 64.950

-

10.8 3523.4 4.238 54.559 65374 !
10.9 3515.2 4.229 54.910 65.797 :
11.0 3507.0 4.219 55.261 66.219

|11.1 3498.7 4.209 55.611 66.640
i11.2 3490.5 4.199 55.960 67.060 !

! 11 3 3482 3- 4.189 56308 67.479 ,

11.4- 3474.1 4.180 56.655 67.897 |
<

11.5 3465.9 4.170 57.002 68314
1 11.6 - 3457.6 4.160 57348 68.730 |g11.7 3449.4- 4.150 57.693 69.145

. .- - _ _. _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ - _ _
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11.8 1707.9- 2.055 57.864 69.350 ;
11.9 1704.7- 2.051 58.034 69.555 '

12.0 1701.5 2.047 58.204 69.760 I
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12.1 1698.3 2.044 58374 69.964.
12.2 1695.1 . 2.040 58.543 70.168-
12 3 1691.9 2.036 58.713 70372 |
12.4 1688.6 2.032 58.882 70.575
12.5 1685.4 2.028 59.050 70.778 !
12.6 1682.1 2.024 59.218 70.980 '

12.7 1678.8 . 2.020 59.386 71.182
12.8 1675.6 2.016 59.554 713843

12.9 16723 2.012 59.721 71.585
13.0 1669.0- 2.009 59.888 71.786 ,

13.1 1665.7 2.005 60.054 71.987 l13.2 1662.4 2.001 60.221 72.187 '

13 3 1659.0 1.997 60.387- 72.386
13.4 1655.7 1.993 60.552 72.586

|13.5 1652.4- 1.989 60.717 72.784
13.6 1649.0 1.985 60.882 72.983
13.7 1645.7' 1.981 61.047 73.181

!|13.8 1642.3 1.977 61.211 73379
13.9 1638.9 1.973 61375 73.576

|14.0 1635.5 1.969 61.538 73.773 '

14.1 1632.2 1.965 61.702 73.969 i

14.2 1628.8 1.960 61.865 74.165 l
14 3 1625.4 1.956 62.027 74361 !
14.4- 1622.0 1.952 62.189 74.556
14.5 1618.6 1.948 62351 74.751
14.6 1615.1 1.944 62.513 74.945 |
14.7 1611.7 1.940 62.674 75.139
14.8 16083 1.936 62.835 75333
14.9 1604.8 1.932 62.995 75.526
15.0 1601.4 1.928 63.155 75.719
15.1 1598.0 1.924 63315 75.911
15.2 1594.5 1.919 63.475 76.103 j
15 3 1591.1 1.915 63.634 76.295
15.4 1587.6 1.911 63.792 76.486
15.5 1584.2 1.907 63.951 76.677 |

15.6 1580.7 1.903 64.109 76.867 |
15.7 1577.2 1.899 64.267 77.057 i

15.8~ 1573.8 1.895 64.424 77.246
15.9 15703 1.890 64.581 77.435 i

16.0 1566.8 1.886 64.738 77.624 I
16.1 1563.2 1.882 64.894 77.812

1

16.2 1559.7 1.878 65.050 78.000
16 3 1556.0 1.873 65.206 78.187
16.4 1552.4 1.869 65361 78374
16.5 1548.7 1.865 65.516 78.561 -

16.6 -1544.9 1.860 65.670 78.747
16.7 1541.1 1.856 65.824 78.932
16.8 1537.3 1.851 65.978 79.117
16.9 1533.4 1.846 66.131 79302
17.0 1529.5 1.842 66.284 79.486
17.1 1525.5 1.837 66.437 79.670 |17.2 1521.5 1.832 66.589 79.853 1

17 3 1517.5 1.827 66.741 80.036 j17.4 1513.5 1.822 66.892 80.218
17.5 1509.4 ~ 1.817 67.043 80.400
17.6 15053 1.813 67.194 80.581
17.7 1501.1 1.808 67.344 80.762
17.8 1497.0 1.803 67.493 80.942 '

17.9 1492.8 1.798 67.643 81.122
18.0 1488.6 1.793 67.792 81301
18.1 1484.4 1.787 67.940 81.480
18.2 1480.1 1.782 68.088 81.658
18 3 1475.9 1.777 68.236 81.836 f50

V- T
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~ 18.4 1471.6 1.772 C2.383 82.013
18.5 1467.3 1.767 68.529 82.190

- 18.6 - 1463.0 1.762 68.676 82.366
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1

18.7 1458.6' 1.757 68.822' 82.541
18.8 14543 1.751 68.967 82.717
18.9 1449.9 '1.746 69.112 82.891
19.0 1445.6 1.741 69.257 83.065

' ' 19.1 1441.2 1.736 - 69.401 83.239
.19.2 1436.8 1.730 '69.544 83.412
19 3 1432.5 1.725 69.688 83.584
19.4 1428.1 1.720 69.830 83.756
19.5 1423.7 1.715 69.973 83.928
19.6 14193 1.709 70.115 84.099
19.7 1415.0 1.704 70.256 84.269
19.8 1410.6 1.699 70.397 '84.439
19.9 1406.2 1.694 70.538 84.608
20.0 1401.8 1.688 70.678 84.777
20.5 1388.8 1.673 71373 85.614 ,

21.0 1367.7 1.647 72.056 86.437
21.5 13463 1.622 72.730 87.248
22.0 1325.4 1.596 .73392 88.046
22.5 1304.7 1.572 74.045- 88.832
23.0 1284.4 1.547 74.687 89.605
23.5. 1264.4 1.523 75319 90367
24.0 1244.8 1.499 75.941 91.116
24.5- 1225.5- 1.476 76.554 91.855
25.0. 1206.7 1.453 77.157 92.581
25.5 1188.2 1.431 77.752 93.297 '

26.0 1170.1 1.409 78337 94.001
26.5 1152.4 1388 78.913 94.695
27.0 1135.1 1367 79.480 95379
27.5 1118.1 1347 80.039 96.052
28.0 1101.5 1326 80.590 96.715
28.5 1085.2 1307 81.133 97369
29.0 10693 1.288 81.667 98.013
29.5 1053.8 1.269 82.194 98.647
30.0 1038.5 1.250 82.714 99.272
30.5 1023.7 1.233 83.225 99.888
31.0 1009.1 1.215 83.730 100.496
31.5 994.9 1.198 84.227 101.095
32.0 981.0 1.181 84.718 101.685
32.5- 967.5 1.165 85.202 102.268
33.0' 954.2 1.148 85.679 102.842 ,

33.5 941.2 1.133 86.149 103.408
34.0 928.5 1.117 86.614 103.967
34.5 916.2 1.102 87.072 104.518
35.0 904.0 1.088 87.524 105.062
35.5 892.2 1.074 87.970 105.599
36.0 880.6 1.059 88.410 106.129
36.5 8693 1.046 88.845 106.651
37.0 858 3 1.032 89.274 107.168
37.5 ' 847.6 1.019 89.698 107.677 .

38.0 837.1 1.007 90.116 108.181
38.5 826.8 0.994 90.530 108.678
39.0 816.9 0.982 90.938 109.169
39.5- 807.1: 0.970 91342 109.654
40.0 797.6 0.959 91.741 110.134
40.5 788 3 0.948 92.135 110.608
41.0 779.2 0.937 92.524 111.076 ;

41.5 770.4 0.926 92.909 111.539
42.0 761.7 0.915 93.290 111.997
42.5- 753.1 0.905 93.667 112.449 '

43.0 744.8 0.895 94.039 112.897
43.5 736.6 0.885 94.408 113339 :
44.0 728.6 0.875 94.772 113.777
44.5 720.8 0.866 95.132 114.210 g

._
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- 45.0 713.1 0.857 95.489. 114.638
45.5 705.6 0.848 95.842 115.062
46.0 698.3 0.839 96.191 115.481
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i

46.5 691.1 0.830 96.536 115.896,

47.0 683.9 0.821 96.878 116307
47.5 677.0 0.813 97.217 116.713

-

48.0 670.1 0.804 97.55J 117.116
- 483 663.4 0.796 97.884 117.514

49.0- 656.9 0.788 98.212 117.908
49.5 650.4 - 0.781 98.537 118.298
50.0 644.2 0.773 98.859 118.685
50.5 638.0 0.765 99.178 119.067
51.0 631.9 0.758 99.494 119.446

4

51.5 625.9 0.751 99.807 119.8224

52.0 620.0 0.744 100.117 120.194
52.5 614 3 0.737 100.424 120.562
53.0 608.7 0.730 100.729 120 S27
53.5 603.2 0.723 101.030 121.289
54.0 597.8 0.717 101329 121.647 ;

54.5 592.5 0.710 101.625 122.002 |55.0 5873 0.704 101 319 122354
55.5 582.2 0.698- 102.210 122.703 i

56.0 577.2 0.692 102.499 123.049
56.5 572 3 0.686 102.785 123392 ;
57.0 567.5 0.680 103.069 123.732

*

57.5 562.8 0.674 103350 124.069 ;

58.0 558.2 0.669 103.629 124.404 '

58.5 553.7 0.663 103.906 124.735
59.0 549.2 0.658 104.181. 125.064
59.5 544.9 0.653 104.453 125391.

60.0 540.6 0.648 104.723 125.715 '

60.5 536.5 0.642 104.992 126.036
61.0 532.4 0.637 105.258 126354 t

61.5 5283 0.633 105.522 126.671
62.0 524.4 0.628 105.784 126.985 l

62.5 520.5 0.623 106.044 127.296
!

63.0 516.7 0.619 106303 127.606 '

63.5 513.0 0.614 106.559 127S13 -

64.9 509.4 0.610 106.814 128.217
64.5 505.8 0.605 107.067 128.520 !

65.0 5023 0.601 107318 128.820 !
'

65.5 498.9 0.597 107.567 129.119 !
66.0 495.5 0.593 107.815 129.415 .

66.5 492.3 0.589 108.061 129.710 !

67.0 489.0 0.585 108306 130.002
67.5 485.9 0.581 108.549 130.293 '

68.0 482.8 0.577 108.790 . 130.582
68.5 479.6 0.574 109.030 130.868
69.0 476.6 0.570 109.268 131.153
69.5 473.7 0366 109.505 131.437
70.0 '470.8 0363 109.741 131.718
70.5 468.0 0.559 109.975 131 398
71.0 '465.2 0.556 110.207 132.276 :

. 71.5 462.5 0353 .110.438 132.552
72.0 459.8 0350 110.668 132.827
72.5 457.2 0.546 110.897 133.100 ~
73.0 454.6 0.543 111.124 133 372 '

73.5 452.1 0.540 111 350 133.642
74.0 .449.6 0337 111.575 133.910
74.5 .447.2 0.534 111.799 134.178
75.0 444.8 0.531 112.021 134.443
75.5 442.4 0.528 112.242 134.708 ;
76.0. 440.1- 0.526 112.462 134970
76.5 437.8 0323 112.681 135.232 !

77.0 . 435.6 0.520 112.899 135.492 '

77.5 433.4 0318 113.116 135.751 p
_ _ _ _ _ _ __ _ . _ __ __ . _ _. . -. .-
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|
78.0 431.3 0.515 113.331 136.008 :

-78.5 429.2 0312 113.546 , 136.265
79.0 427.1 0.510 113.759 136.520
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>

79.5 425.1 0.508' 113.972 136.773 I80.0 423.1 = 0.505 114.183 137.026 .

80.5 421.1 0.503 114394 137.277
81.0 419.2 0.500 114.604 137.527 t

81.5 417 3 - 0.498 114.812 137.776 !

82.0 415.5 0.496 115.020 138.024 L

82.5 413.7 0.494 115.227 138.271 I
83.0 411.9 0.492 115.433 138.517

!83.5 410.1 0.489 115.638 138.762 i
84.0 408.4 0.487 115.842 139.005 |
84.5 406.7 0.485 116.045 139.248

,

85.0 405.0 0.483 116.248 139.490 |85.5 403.4 0.481 116.450 139.730 i

86.0 401.8 0.479 116.651 139.970 !
86.5 400.2 0.477 116.851 140.209 !
87.0 398.6 0.476 117.050 140.446 !

87.5 397.1 0.474 117.248 140.683 '

88.0 395.6 0.472 117.446 140.919
88.5 394.1 0.470 117.643 141.154
89.0 392.7 0.468 117.840 141388
89.5 391.3 0.467 118.035 141.621

|90.0 389.9 0.465 118.230 141.854
i90.5 388.5 0.463 118.425 142.086

91.0 387.2 0.462 118.618 142316
91.5 385.8 0.460 118.811 142.546
92.0 384.5 0.458 119.003 142.776 |92.5 383 3 0.457 119.195 143.004 ;

93.0 382.0 0.455 119.386 143.232 !
93.5 380.8 0.454 119.576 143.459 ;

94.0 379.6 0.452 119.766 143.685
94.5 378.4 0.451 119.955 143.910
95.0 377.2 0.450 120.144 144.135

|95.5 376.0 0.448 120332 144359 i
96.0 374.9 0.447 120.519 144.583 '

96.5 373.8 0.445 120.706 144.805
97.0 372.7 0.444 120.893 145.027
97.5 371.6 0.443 121.078 145.249
98.0 370.6 0.442 121.264 145.469
98.5 369.5 0.440 121.448 145.690
99.0 368.5 0.439 121.633 145.909
99.5 367.5 0.438 121.816 146.128

100.0 366.5 0.437 122.000 146346
101.0 365.0 0.435 122 365 146.781
102.0 363.1 0.433 122.728 147.214
103.0 3613 0.430 123.089 147.644
104.0 359.5 0.428 123.449 148.072
105.0 357.8 0.426 123.806 148.498
106.0 356.1 0.424 124.162 148.922
107.0 354.5 0.422 124.517 149 344
108.0 352.9 0.420 124.870 149.764
109.0 351.4 0.418 125.221 150.183
110.0 349.9 0.416 125.571 150.599
111.0 348.4 0.415 125.919 151.014
112.0 347.0 0.413 126.266 151.427 )

1

113.0 345.7 0.411 126.612 151.838
114.0 344 3 0.410 126.956 152.248
115.0 343.1 0.408 127.299 152.656
116.0 341.9 0.407 127.641 153.063
117.0 340.6 0.405 127.982 153.469
118.0 339.5 0.404 128 321 153.872
119.0 338.3 0.403 128.660 154.275
120.0 337.2 0.401 128.997 154.676
121.0 336.2 0.400 129333 155.076 /N

_ _ _ _ _ . _. . . . _ _.



. .. . . .- .. - --- . . . . - .

1

122.0 335.1' O.399 129.668 155.475- i

1

123.0 334.1 0.397 130.002 155.872 |124.0 333.1 0395 130336 156.269 :
!
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125.0 332.2 0395 130.668 156.664 !
126.0 3313 0394 130.999 157.058 -

127.0 330.4 0393 131329 157.451
128.0 329.5 0392 131.659 157.843
129.0 328.6 0391 131987 158.233
130.0 327.8 0390 132315 158.623
131.0 327.0 0389 132.642 159.012 '

132.0 3263 0388 132.969 159.400
133.0 325.5 0387 133.294 159.787

;
134.0 324.8 0386 133.619 160.174 !
135.0 324.1 0385 133 943 160.559
136.0 323.5 0385 134.267 160944

|137.0 322.8 0384 134.589 161328 !
138.0 322.2 0383 134 S 12 161.711 !139.0 321.6 0382 135.233 162.093
140.0 321.0 0382 135.554 162.475
141.0 320.5 0381 135.875 162.856
142.0 319.9 0380 136.195 163.236
143.0 319.4 0380 136.514 163.616
144.0 318.9 0379 136.833 163 995
145.0 318.4 0379 137.151 164373 i

146.0 318.0 0378 137.469 164.751
147.0 317.6 0377 137.787 165.129
148.0 317.2 0377 138.104 165.506
149.0 316.8 0377 138.421 165.882
150.0 316.4 0376 138.737 166.258
151.0 316.0 0376 139.053 166.634
152.0 315.7 0375 139 369 167.009
153.0 315.4 0375 139.684 167384
154.0 315.1 0375 140.000 167.759
155.0 314.9 0374 140314 168.133
156.0 314.6 0374 140.629 168.2 7
157.0 314.4 0374 140 943 168.831
158.0 314.2 0373 141.258 169.254
159.0 314.0 0373 141.572 IG).627
160.0 313.8 0373 141.885 !.70.000
161.0 313.7 0373 142.199 270373
162.0 313.5 0373 142.513 170.746-
163.0 313.4 0372 142.826 171.118
164.0 3133 0372 143.139 171.490
165.0 313.2 0372 143.453 171.863
166.0 313.2 0372 143.766 172.235
167.0 313.1 0372 144.079 172.607
168.0 313.1 0372 144392 172 S79
169.0 313.1 0372 144.705 173351
170.0 313.1 0372 145.018 173.723
171.0 313.1 0372 145331 174.096
172.0 313.1 0372 145.644 174.468
173.0 313.2 0372 145.958 174.840
174.0 3133 0372 146.271 175.212
175.0' 3133 0372 146.584 175.585
176.0 313.4 0372 146.898 175 S57
177.0 313.5 0373 147.211 176330

: 178.0 313.6 0373 147.525 176.702
179.0 313.8 0373 147.839 177.075
180.0 313.9 0373 148.152 177.448
181.0 314.0 0373 148.466 177.822

l 182.0 314.2 0373 148.781 178.195
183.0 314.4 0374 149.095 178.569

| 184.0 314.5 0374 149.410 178S42
| 185.0 314.7 0374 149.724 179316
|- 186.0 - 314.9 0374 150.039 179.691 /

187.0 315.1 0375 150354 180.065 |96
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!

188.0 315.3 0375 150.670 ~ 180.440 '

189.0 315.6 0375 150.985 180.815
,

'

190.0 315.8 0.375 151.301 181.190
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j !
191.0 316.0- 0376- 151.617 181.566

1 192.0 3163 0376 151.933 181.942
:

i193.0 316.5 0376 152.250 1823 18s

! 194.0 316.7 '0377 152.566 182.695
i

;195.0. 317.0 0377 152.883 183.072-

!196.0 317.2 0377 153.201 183.449
!; 197.0. : 317.5 0377 153.518 183.826 '

i 198.0 317.8 0378 153.836 184.204 '
J 199.0 318.0 0378 154.154 184.582
4 200.0 318.3 0378 154.472 184.960

4

; 202.0 318.7 0379 155.I'10 185.718
|204.0 319.2 0379 155.748 186.477.

i 206.0 319.8 0380 ~ 156388 ' 187.237 |
j 208.0 320.4 0381 157.029 187.999 i

i-

210.0 320.9 0382 157.671 188.762
)i 212.0 321.5 0382 .158313 189.527 '

214.0 322.0 0.383 158.957 190.293
; 216.0 .322.5 0383 159.603 191.060 !

;

! 218.0 323.0 0384 160.249 191.828
|i 220.0 323.5 0385 160.896 192.597

i 222.0 324.0 0385 161.544 193368 i
t

; 224.0 324.4 0386 162.193 194.139 ;226.0- 324.9 0386 162.842 194.912.

j 228.0 325.2 0387 163.493 195.685
: 230.0 325.6 0387 164.144 196.459
!~ 232.0 325.9 0388 164.796 197.234
i 234.0 326.1 0388 165.448 198.010 j
! 236.0 326.4 0388 166.101 198.786

238.0 326.6 0388 166.754 199.563
240.0 326.8 0389 167.407 200340

i 242.0 326.9 0389 168.061 201.118
! 244.0 327.0 0389 168.715 201.896
; 246.0 327.0 0389 169.369 202.673
1 248.0 . 327.0 0389 170.023 203.451
j 250.0 327.0 0389 170.677 204.229
i 252.0 326.9 0389 171331 205.007

254.0 326.8 0389 171.985 205.784
256.0 326.7 0.388 172.638 206.561

-

'
258.0 326.5 0388 173.291 207337
260.0 3263 0388 173.944 208.113

| 262.0 326.0 03s8 174.596 208.889'
264.0 325.7 0387 175.247 209.663

i 266.0 325.4 0.387 175.898 210.437
| 268.0 325.0 0326 176.548 211.210
1 270.0 324.6 0386 177.197 211.982
! 272.0 324.2 0386 177.846 212.753

274.0 323.8 0385 178.493 213.523
276.0 323 3 0384 179.140 214.292

; 278.0 322.8 0384 179.785 215.060
280.0 3223 0383 180.430 215.826

'

282.0 321.8 0.383 181.074 216.592
*

r 284.0 3213 0382 181.716 217356
1 286.0 320.7 0381 182358 218.118

288.0 320.1 0381 182.998 218.879
290.0 319.5 0380 183.637 219.6393

292.0 319.0 0379 184.275 220397
<

294.0 318.4 0378 184.912 221.154
| 296.0 317.8 0378 185.547 221.910

298.0 317.1 0377 186.181 222.664-
300.0 . 316.5 0376 186 815 223.416

: 302.0 315.9 0375 187.446 224.167'

304.0 315 3 0375 188.077 224.917
i 306.0 314.6 0374 .188.705 225.665 go
.

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . , , , - ._ ..,._m. . - . , - _ , _ . .---
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!'308.0 314.0 0373 189 334 226.411
[310.0 313.4 0372 189.961 227.156-

312.0 312.8 -0372 190.587. 227.899 ;
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| . -- !
| 314.0'. ' 312.1 0371 191.211 228.641 !316.0 ~ 311.5 0370 191.834 229382 ;

318.0 310.9 0 369 192.456 230.121 !

320.0 310.3 0369 193.076 230.858 !
'

322.0 309.7 0368 193.696 231.594 '

324.0 309.0 0367' 194314 2323 28
326.0 308.5 0367 194.931 233.061.

:328.0 307.9 0366 195.546 233.793 |330.0 307.3 0365 196.161 234.523
332.0 306.7 0364 196.774. 235.252 ?-

334.0 306.1 0364 197.386 235.979
336.0 305.5 0363 197.997 236.705 .

338.0 304.9 0362 198.607 237.430 |
340.0 ' 304.4 0.362' 199.216 238.153

:
342.0 303.8 0361 199.824 238.874 t

344.0 3033 0360 200.430 239.595 I

346.0 302.7 0360 201.036 240314 I

348.0 302.2 0359 201.640 241.032 !
350.0 301.6 0358 202.243 241.748 |352.0 301.1 0358 202.845 242.464 '

354.0 300.5 0357 203.446 243.177 j
356.0 300.0 0356 204.046 243.890 t

358.0 299.5 0.356 204.645 244.601 :
360.0 298.9 0355 205.243 245311 ;

362.0 298.5 0354 205.840 246.020.

;
364.0 297.9 0354 206.436- 246.728 ;

366.0 297.4 0353 207.031 247.434
368.0 296.9 0353 207.624 248.139 i

370.0 296.4 0352 208.217 248.843
|372.0 295.9 0351 20!t.809 249.546

374.0 295.4 0351 209.400 250.247 :
376.0 294.9 0350 209.989 250.948
378.0 294.4 0350 210.578 251.647 !
380.0 294.0 0349 211.166 252345

i382.0 293.5 0348 211.753 253.042 '

384.0 293.1 0348 212 339 253.738
!386.0 292.5 0347 212.925 254.432

388.0 292.1 0347 213.509 255.126
390.0 291.6 0346 214.092 255.818
392.0 291.1 0346 214.674 256.510
394.0 290.7 0345 215.256 257.200
396.0 290.2 0344 215.836 257.889 '

398.0 289.7 0344 216.415 258.577 ;

400.0 ' 287.2 0341 216.990 259.258
*|402.0 285.2 0338 217.560 259.935

404.0 283.6 0336 218.127 260.608
406.0 282.1 0335 218.691 261.278 '

408.0 280.7 0333 219.253 261.944
410.0 279.4 0331 219.812 262.607
412.0 278.2 0330 220368 263.267

*

414.0 276.8 0328 220.922 263.923
416.0 275 3 0327 221.472 264.577
418.0 273.7 0325 222.020 265.226
420.0 272.0 0323 222.564 265.871
'422.0 2703 0321 223.104 266.512
424.0 268.5 0318 223.64 0 267.149
426.0 266.4 0316 224.174 267.781 !

428.0 263.9 0313 224.702 268.406 .

430.0 261.5 0310' 225.225 269.026 i432.0' 259.4 0307 225.744 269.641 '

434.0 ' 256.6 0304 226.257 270.249
436.0 253.5 0300 226.764 270.850

_

'

438.0 2503 0.296 227.265 271.442 $
i

-- . -- - -
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440.0 246.8 0.292 .227.758 272.027
442.0 243.2 0.288 228.245 -272.603 !

,

444.0 239.2 0.283 228.723 273.169 '
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446.0 235.1 0.278 229.193 273.725
448.0. 231.0 0.273 229.655 274.272 !450.0 226.4 0.268 230.108 274.807
452.0 220.7 0.261 230.550 275329

..
'

454.0 214.6- 0.254 230.979 275.836
456.0 208.1 0.246 2313 95 276327
458.0 201.0 0.237 '231.797 276.801
460.0- 193 3 :0.228 232.184 277.257
462.0 185.1 0.218 232.554 277.694
464.0 176.3 0.208 232.907 278.10?

r

466.0 - 166.8 0.196 233.240 278.501 :
,

468.0 156.4 0.184 233.553 278.869 '
470.0 145.2 0.170 233.843 . 279.210
472.0 133.6 0.157 234.110 279.523

.474.0 123.3 0.144 234357 279.811
476.0 111.3 0.130 234.580 280.071
478.0 98.7 0.115 234.777- 280301
480.0 86.6 0.101 234.950 280.503
482.0 75.9 0.088 235.102 280.679
484.0 67.4 0.078 235.237 280.835
486.0 25.4 0.029 235.288 280.894
488.0 2.6 0.003 235.293 280.900

-

.

;
490.0 0.2 0.0003 235.293 280.901 '

492.0 0.0 0.0 235.293 280.901
.

1
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6. Engineered Safety Features

. _ -

Table 6.2.1.4-3 (Sheet 1 of 5)

MASS AND ENERGY RELEASE DATA
FOR THE CASE OF MA.IN STEAM LINE FULL

DOUBLE ENDED RUPTURE FROM 102% POWER LEVEL
WITII FAULTED LOOP MAIN STEAM LINE ISOLATION VALVE

FAILURE TIIAT PRODUCES HIGHEST CONTAINMENT TEMPERATURE

Initial steam generator mass (lbm ) . 1320 W 353 ,6o .

Mass added by unisolatable steam ( Ihm ) : M 89:9.
Mass added by feedwater flashmg ( lbm ) : 582&'6" g ut, .
Initial steam pressure ( psia ) SOST gqs .t.

Feedwater line isolation at ( sec ) : 1340& i o . 2.9
Steam line isolation at ( sec ) : ],L19Y'" io.t1

TIME MASS ENERGY INTGR M INTGR E AVG ENTH
SEC LBM/SEC BTU /SEC 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.
0.4000 4385. 5.257 1.759 2.108 1199.
0.6000 4349. 5.214 2.628 3.151 1199.
0.8000 120. 5.180 3.493 4.187 1199.
1.0000 429 5.147 4351 5.21 1199.
1.200 4265. 5.115 5.204 6 1199. y
1.400 4239. 5.084 6.052 56 1199. s

1.600 4213. 5.054 6.894 8.267 1200. [ '

1.800 4188. .024 7.732 9.272 1200. ( -

2.000 4163. $95 8.564 10.27 1200.
2.200 4128. 4.9 9390 11.26 1200.
2.400 4114. 4.937 10.2 12.25 1200. \ l

2.600 4094. 4.913 11 13.23 1200. I

2.800 4071. 4.886 ) .85 14.21 1200. 1
3.000 4051. 4.863 /12.66 15.18 1200. '

3.200 4035. 4.844 3.46 16.15 1200. i

3.400 4024. 4.831 1 '7 17.12 1201. l

3.600 4013. 4.818 15.0 18.08 1201. |

3.800 3985. 4.785 15.87 19.04 1201. l
4.000 3959. 4.754 16.66 19.99 1201. I

4.200 3940. 4.73 17.45 20.93 1201. ,

4.400 3924. 4.7) 18.23 21.88 1201. J
4.600 3908. 4 93 19.01 '2.81 1201,
4.800 3892. .674 19.79 2 5 1201.
5.000 3876. 4.656 20.57 24. 1201.
5.200 3861. 4.638 21.34 25.61 1201.
5.400 3846. 4.620 22.11 26.53 1201.
5.600 3832. 4.603 22.88 27.45 1201.
5.800 3818. 4.587 23.64 28.37 1201.
6.000 3805. (71 24.40 29. 1201. |
6.200 3791. 4.555 % - MM M 1201. i
6.400 3778. 4.540 25.91 31.10 1202. |

6.600 3766. 4.525 26.67 32.01 1202. I
6.800 3754. 4.511 27.42 32.91 1202.

.w=4o6o2 no4-o70695 Revision: 4 1

3 W8stinghouse .6.2443- June 30,1995
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6. Engineered Safety Features ,

1m
,

Table 6.2.1.4-3 (Sheet 2 of 5)

MASS AND ENERGY RELEASE DATA
FOR TIIE CASE OF MAIN STEAM LINE FULL

DOUBLE ENDED RUPTURE FROM 102% POWER LEVEL
WITII FAULTED LOOP MAIN STEAM LINE ISOLATION VALVE

FAILURE TIIAT PRODUCES IIIGIIEST CONTAINMENT TEMPERATURE

TIME MASS ENERGY INTGR M INTGR E AVG ENTH
SEC LBM/SEC BTU /SEC LBM BTU BTU

(E+6) (E+3) (E+6)

7.000 3742. 4.496 28.17 33.81 1202.
7.200 3730. 4.483 28.91 34.71 1202.
7.400 3719. 4.469 29.66 35.60 1202.
7.600 708 4.456 30.40 36. 1202.
7.800 3697 31.14 38 1202.
8.000 3686. 4.431 .51.5 / 38.27 1202.
8.200 76. 4.418 32.61 39.1 120'2.
8.400 3 . 4.408 3334 40E3 1202.
8.600 3656. 4395 34.07 .91 1202,
8.800 3646. 43 0. 34.80 41.79 1202.
9.000 3635. 4369 35.53 42.66 1202.
9.200 3626. 4359 36.26 43.53 1202. ,J
9.400 3615. 4346 36.98 44.40 1202. J
9.600 3604. 333 37.70 45.27 1202. y
9.800 3593. 4. 38.47, 46.13 1202.
10.000 3582. 43 39)3 46.99 1202.
10.20 3571. 4.293 37.85 47.85 1202.
10.40 3559. 4.280 0.56 48.71 1202.
10.60 3548. 4.266 41.27 49.56 1202.

- %
10.80 3536. 4.251 41.98 50.41 1202.
11.00 3523. 4.237 - 42.68 51.26 1202.
11.20 3511. 4.222 4338 52.10 1203.
11.40 3498. 4.207 44.08 52.94 1203.
11.60 3485. 4.191 44.78 53.78 1203.
11.80 3472. 4.175 .47 54.62 1203.
12.00 3458. 4.1 .7 55.45 1203.
12.20 3444. 4 42 46. 56.28 1203.
12.40 3428. .123 47.54 57.10 1203.
12.60 3414. 4.107 48.22 57.92 1203.
12.80 3398. 4.088 48.90 58.74 1203.
13.00 3384. 4.071 49.58 59.56 1203.
13.20 3368. 4.051 50.25 6037 1203.
13.40 3368. 4.051 50.93 61.18 1203.
13.60 3298 3.967 51.59 61.97 1203.
13.80 32. . 3.882 52.23 2.75 1203.
14.00 3 $6. 3.797 52.86 .51 1203.
14.20 085. 3.712 53.48 5 1203.
14.40 3015. 3.627 54.08 64. 7 1203.
14.60 2944. 3.542 54.67 65. 1203.
14.80 2873. 3.456 55.25 6637 1203.
15. 2802. 3371 55.81 67.05 1203.
15. 2731. 3.286 5635 67.70 1203.

.40 2660. 3.201 56.88 6834 1203.
5.60 2589. 3.115 57.40 68.97 1203.

Revision: 4 oww.m.no4.o70695
June 30,1995 6M [ Westingh0Use
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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 INTGR E AVG ENTH
SEC LBM/SEC BTU /SEC LBM BTU BTU

(E+6) (E+3) (E+6)

15. 2518. 3.030 57.91 03.
16. -2447. 2.945 5 70.16 3.
16 2377.' -2.860 58.87 70.73 1203.
16.40 2306. 2.775 5933 71.29 1203.
16.60 2235. 2.690 59.78 71.83 12M.
16.80 2164. 2.605 60.21 7235 12M.
17.00 3. 2.519 60.63 72.85 1204.
17.20 2 '2. 2.434 61.04 73 3 1204.
17.40 19 2348 61.43 7 1 1204.
17.60 1879. 2.262 61.80 .26 1204.
17.80 1808. 2.176 62.16 74.70 12M.
18.00 1736. 2.090 62.51 75.11 12M. (
18.20 1664. 2.004 62.84 75.52 1204. \
18.40 1592. .917 63.16 75.90 1204. \;' |

18.60 1520. 1. 0 63.47 76.26 1204. N '

18.80 1487. 1.7 63.76 76.62 1204.
\

s

19.00 1478. 1.780 64. 76.98 1204.
19.20 1469. 1.769 .5 7733 1204.
19.40 1460. 1.758 .64 77.68 1204. l

19.60 1451. 1.747 64.93 78.03 1204.
19.80 1442. 1.737 65.22 7838 1204,
20.70 1408. 1.696 66.50 79.92 1204. -

21.70 1364. 1.643 67.87 81.57 1204. I
22.70 1320. 1.590 .20 83.18 1204. !

23.70 1278. 1.539 7 49 84.73 1204.
24.70 1238. 1.4 71.7 86.23 1204.
25.70 1199. 1 72.95 87.69 1204.
26.70 1162. . 99 74.12 89.10 1204.
27.70 1127. 1357 75.26 90.46 1204.
28.70 1093. 1316 7636 91.79 1204.
29.70 1061. 1.277 77.42 93.08 1204.
30.70 1030. 1.240 78.46 9433 1204.
31.70 1002. 1.206 79.47 95.54 1204. '

|32.70 974.5 1.173 80.45 96.72 1204.
33.70 948. 1.142 81.41 97.87 1204.
34.70 9 .0 1.112 8234 8.99 1203.
35.70 . .5 1.083 83.24 .1 1203.
36.70 78.0 1.056 84.13 11.1 1203.
37.70 856.5 1.030 84.99 102.2 1203.
38.70 835.9 1.005 85.83 103.2 1203.
39.70 8163 0.9816 86.65 104.2 1202.
40.70 797.7 0.9590 87.45 105.1 1202.
41 779.9 0.9375 88.24 106.1 1202.

1
.

|

|
1

chredmR04-070695 Resision: 4
Westinghouse 6.2-}M June 30,1995
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6. Engineered Safety Features
-

Table 6.2.1.4-3 (Sheet 4 of 5)

MASS AND ENERGY RELEASE DATA
FOR TIIE CASE OF MAIN STEAM LINE FULL

DOUBLE ENDED RUPTURE FROM 102% POWER LEVEL
WITII FAULTED LOOP MAIN STEAM LINE ISOLATION VALVE

FAILURE TIIAT PRODUCES HIGIIEST CONTAINMENT TEMPERATURE

TIME MASS ENERGY INTGR M LNTGR E AVG ENTH
SEC LBM/SEC BTU /SEC LBM BTU BTU

(E+6) (E+3) (E+6)

42. 762.9 0.9169 89.00 107.0 1202.
43.70 746.6 0.8972 89.76 107.9 1202.
44.70 731.1 0.8783 90.49 108.8 1201.
45.70 716.2 0.8603 91.21 109.7 1201.
46.70 1.9 0.8430 91.92 110.5 1201.
47.70 68 0.8264 92.61 111 3 1201.
48.70 675. 0.8105 93.29 11 1201.
49.70 662.5 0.7953 93.95 .0 1200.
50.70 650.5 0.7807 34.60 13.7 1200.
52.70 628.1 0.7535 95.88 115.5 1200.
54.70 607.5 0.7285 97.11 116.7 1199.

[56.70 588.6 .7056 9830 118.2 1199.
58.70 5713 4846 99.45 119.5 1198.
60.70 555.4 0.6654 100.6 120.9 1198. T
62.70 540.9 0.6478 101.J 122.2 1198.
64.70 527.5 0.6316 102'.7 123.5 1197.
66.70 5153 0.6167 3.8 124.7 1197.
68.70 504.1 0.6032 04.8 125.9 1197.
70.70 493.8 0.5907 105.8 127.1 1196.
72.70 4843 0.5793 106.8 1283 1196.
74.70 475.5 0.5686 107.7 129.4 1196.
76.70 467.4 0.5588 08.7 130.6 1195.
78.70 460.0 0.5498 1$6 131.7 1195.
80.70 453.1 0.5414 1103 132.8 1195.
82.70 446.7 0.533 111.4 133.8 1195.
84.70 440.7 0.52/ 4 1123 134.9 1195.
86.70 435.1 0.197 113.2 135.9 1194.
88.70 429.9 .5134 114.0 137.0 1194.
90.70 425.1 0.5075 114.9 138.0 1194.
92.70 420.5 0.5020 115.7 139.0 1194,
94.70 416.2 0.4967 116.6 40.0 1194,
96.70 412.1 0.4918 117.4 1 .0 1193.
98.70 408.3 0.4872 118.2 14 . 1193.
100.2 405.5 0.4838 118.8 142. 1193.
105.2 397. 0.4741 120.8 145.1 1193.
110.2 38 0.4648 122.8 147.4 1192.
115.2 3 .0 0.4566 124.7 149.7 1192.
120.2 76.8 0.4491 126.6 152.0 1192.
125.2 371.2 0.4423 128.5 154.2 1191.
130.2 366.2 0.4362 1303 156.4 1191.
135.2 361.7 0.4308 132.1 158.6 1191.
140 357.9 0.4261 133.9 160.7 1191.
145 354.6 0.4222 135.7 162.8 1191.
1 .2 351.8 0.4189 137.5 164.9 1191.

Revision: 4 ow.u)6a2au.m695
June 30,1995 6.2-lMf 3 Westinghouse
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6. Fneineered 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 INTGR E AVG ENTH
SEC LBM/SEC BTU /SEC LBM BTU BTU

(EM) (E+3) (E+6)

155.2 349.7 0.4163 139.2 167.0 1190.
160.2 348.1 0.4144 141.0 169.1 1190.
165.2 347.0 0.4131 142.7 171.1 1 .

170.2 346.4 0.4123 144.4 173.2 90.
175.2 346.2 0.4121 146.2 175 3 1190.
180.2 .4 0.4123 147.9 1773 1190.

'.9 x ' 4 4138
0.4129 149.6 179.4 1190.185.2

J E4 181.5 1190.190.2
195.2 348. 0.4149 153.1 18 1190.
200.2 349.7 0.4163 154.9 .6 1190.
210.2 352.1 - 0.4192 158.4 89.8 1191.
220.2 354.9 0.4226 161.9 194.0 1191.
230.2 357.6 0.4259 165.5 198 3 1191. O

'

)
I

240.2 359.7 284 169.1 202.5 1191. N
250.2 361.1 0. I 172.7 206.8 1191.
260.2 361.8 0.43 1763 211.1 1191. 1

270.2 362.0 0.4311 179 215.4 1191.
,. k280.2 361.9 0.4311 ISb 219.7 1191.

290.2 361.7 0.4308 87.1 224.1 1191.
300.2 361.5 0.4306 190.8 228.4 1191. )
310.2 361.4 0.4305 194.4 232.7 1191.

'

320.2 361.6 0.4307 198.0 237.0 1191.
330.2 319.9 03836 1.4 241.1 1199.
332.2 304.7 03665 .0 241.8 1203. 1

334.2 286.9 03461 202. 242.5 1207. l
336.2 265.8 03 ' 203.1 243.1 1212. I

338.2 240.9 0 5 203.6 243.7 1218. )
340.2 211.9 /1598 2M.0 2443 1226.
342.2 179.2 .2214 2M.4 244.7 1235.
344.2 146.4 0.1824 2M.7 245.1 1246.
346.2 121.0 0.1519 2M.9 245.4 1255.
348.2 80.53 0.1018 205.1 245.6 1264.
350.2 3.652 0.0046 205.1 5.6 1272.

,

|
352.2 0.126 0.0002 205.1 .6 1278. !

354.2 0.00/4 0.0000 205.1 246. 1283.
356.2 0. 2 0.0000 205.1 245. 1287.
358.2 .0000 0.0000 205.1 245.6 1291.
360.2 0.0000 0.0000 205.1 245.6 1294.
366.2 0.0000 0.0000 205.1 245.6 0.0000
370.2 0.0000 0.0000 205.1 245.6 0.0000
380 0.0000 0.0000 205.1 245.6 0.0000 l

|

.w=v4mR04&O695 Revision: 4
W Westinghouse 6.2-J4f June 30,1995 |
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Peak Temperature Case - 102% Power - Full DER (1.4 ft^2) ' '

i Reactor Trip => 0.291sec (SIS Low Steamlina Pre
Steamline Isolati=> 10.291 sec.

Psedwater Taa3% 10.291 sec.

SG Drys Out => 362.0 sec ,

Energy Integrated Integrated
'

t

Time MassPlow Flow Mass Energy
t

'(sec) (1bm/s) 00^6 Ber/s(10^3 lbm)(10NiBtu)
'

O.0 - 0.0 0.0 0.0 :0.000'

O.1 10767.6 12.899- 1.077 1.290
0.2 10754.4 12.884 2.152 2.578 #

j 03 10745.0 12.873 3.227. 3.866 \i- 0.4 10735.7 12.862 4300 5.152 4 '-
! 0.5 10726.5 12.851 5373 6.437 {*) 0.6 10717.6 12.841 6.445 7.721 W L.|.t 0.7 10708.8 12.830 7.516 9.004 ,

- 0.8 10700.1 12.820 8.586 10.286
4 0.9 '10691.6 12.810 9.655 11.567 i
i 1.0 1%tr3.2 12.800 10.723 12.847 -

! 1.1 '10675.0 12.791 11.791 14.126 S-1 1.2 4718.4 5.652 12.262 14.691 t
1 13 4665.1 5.589 12.729 15.250
j 1.4 4626.8 5.544 13.192 15.805

1.5 4589.6 5.501 13.651 16355
1.6 4553.7 5.458 14.106 16.901
1.7 4518.8 5.417 14.558 17.442'

1.8 4485.0 5378 15.006 17.980
1.9 4452.3 5339 15.452 18.514.

2.0 4420.4 5301 15.894 19.044
2.1 4389.5 5.265 16333 19.571
2.2 4359.6 5.230 16.768 20.094

4

23 4330 3 5.195 17.202 '20.613,

; 2.4 4301.9 5.162 17.632 21.129
2.5 4274 3 5.129 18.059 21.642
2.6 4247.4 5.097 18.484 22.152,

i 2.7 4221.2 5.066 18.906 22.658
! 2.8 4195.6 5.036 19326 23.162

2.9 4170.7 5.006 19.743 23.663
,

'

3.0 41463 4.978 20.157 24.160
3.1 4122.6 4.949 20.570 24.655

; 3.2 4099.4 4.922 20.979 25.148
! 33 4076.7 4.895 21.387 25.637

3.4 4056.1 4.871 21.793 26.124
1

3.5 4056 3 4.871 22.198- 26.611
: 3.6 4049.8 4.863 22.603 27.098 '

3.7 4043.4 4.856 23.008 27.583
i 3.8 4037.4 4.849 23.411 28.068

;

3.9 4031.7 4.842 23.815 28.552
: 4.0 4025.7 4.835 24.217 29.036

4.1 '4019.8 4.828 24.619 29.518,

i- 4.2 - -4013.9 4.821 25.021 30.000 t

: 43 4008.0 4.814 25.421 30.482
! 4.4 4002.1 4.807 25.822 30.963 -

4.5 3996 3 4.800 26.221 31.443
; 4.6 3990.4 4.793 26.620 31.922

4.7 3984.6 4.786 27.019 32.400,

2 4.8 3978.9 4.779 -27.417 32.878'

4.9 - 3973.1 '4.773 27.814 33356 pD
..



.

5.0 3%7.5 4.766 28.21i 33.832
5.1 3961.8 4.759 28.607 34.308
5.2 3956.3 4.753 29.002 34.783

:

e

.

,
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:

53 3950.8 4.746 29398 35.258>

5.4 - '39453 4.740 29.792 35.732
5.5 3939.9 - 4.733 30.186 36.205
5.6 3934.6 4.727 30.580 36.678 i
5.7 3929.4 4.721 30.972 37.150
5.8 3924.2 4.715 31.365 37.622

'5.9 3919.0 4.709 31.757 38.092-
6.0 - 3914.0 4.703 32.148 38.563
6.1 3908.9 4.697 32.539 39.032
6.2 3904.0 4.691 32.929 39.501

-63 3899.1 4.685 33319 39.970
6.4 38943 4.679 33.709 40.438 '

6.5 3889.5 4.674 34.098 40.905 i6.6 3884.8 4.668 34.486 41372
6.7 3880.1 4.662 34.874 41.838 ;

6.8 3875.5 4.657 35.262 42304 '

6.9 3870.9 4.652 35.649 42.769
7.0 3866.4 4.646 36.036 43.234
7.1 3861.9 4.641 36.422 43.698 - i

7.2 3857.4 4.636 36.807 44.161
73 3852.9 4.630 37.193 ~ 44.624 ;

' 7.4 3848.5 4.625 37.578 45.087 ;

7.5 3844.1 4.620 37.% 2 45.549 '

7.6. 3839.6 4.614 38346 46.010
7.7 3835.2 4.609 38.729 46.471
7.8 3830.8 4.604 39.113 46.932
7.9 38263 4.599 39.495 47.392
8.0 3821.8 4.593 39.877 47.851
8.1 38173 4388 40.259 48310

i8.2 3812.8 4383 40.640 48.768
8.3 3808.2 4.577 41.021 49.226

'8.4 3803.6 4.572 41.402 49.683
8.5 3798.9 4366 41.781 50.139
8.6 3794.1 4.560 42.161 50.595.

8.7 3789.2 4.555 42.540 51.051
8.8 37843 4349 42.918 51.506
8.9 37793 4343 43.296 51.960
9.0 3774.2 4.537 43.674 52.414

.

9.1 3769.0 4331 44.050 52.867
'

9.2 3763.7 4.524 44.427 53319
93 37583 4.518 44.803 53.771
9.4 3752.7 4.511 45.178 54.222
9.5 3747.1 4.505 45.553 54.673
9.6 37413 4.498 45.927 55.122
9.7 3735.4 4.491 46300 55.571
9.8 37293 4.483 46.673 56.020
9.9 3723.2 4.476 47.046 56.467 L

10.0 3716.9 4.469 47.417 56.914
10.1 3710.4 4.461 47.788 57360
10.2 3703.8 4.453 48.159 57.806
103 3697.1 4.445 48.528 58.250
10.4 36903 4.437 48.897 58.694
10.5 3684.4 4.430 49.266 59.137
10.6 3678.0 4.422 49.634 59.579
10.7 3671.4 4.415 50.001 60.021
10.8 3664.7 4.407 50367 60.461
10.9 3657.8 4398 50.733 60.901
11.0 a650.8 4390 51.098 61340 i
11.1 3643.6 4381 51.462 61.778
11.2 3636.2 4373 51.826 62.215
113 3628.8 4364 52.189 62.652
11.4 3621.1 4355 52.551 63.087 t

11.5 1855.2 2.231 52.737 63310 ['ll
.. . _ _ . .



11.6 1851.4 2.226 52.922 63.533
i

11.7 1847J 2221 53.107 63.755 !
11.8 1843.6 2.217 53.291 63.977 |

1
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t

11.9 1839.6 2.212 53.475 64.198-
12.0 1835.6 2.207 53.658 64.419 i

!12.1 -1831.5 2.202 53.842 64.639 1

12.2. 1827.4 2.197- 54.024 64.859
12.3 - 1823.2 2.192 54.207 65.078
12.4 1819.0 2.187 54389 65.297

;12.5 1814.8 2.182 54.570- 65.515 '

'

12.6 1810.6 2.177 54.751 65.733 '

12.7 1806.3- 2.172 54.932 65.950
i12.8 1801.9 2.167 55.112 66.167 -

12.9 1797.6 2.162 55.292 66.383
i13.0 1793.2 2.157 55.471 66.598 '

13.1 1788.8 2.151 55.650 66.814
:13.2 1784.4 2.146 55.828 67.028

13.3 1779.9 2.141 56.006 67.242 >

13.4 1775.4 2.136 56.184 67.456
13.5 1770.9 2.130 56361 67.669
13.6 1766.4 2.125 56.538 67.881
13.7 1761.9 2.119 56.714 68.093
13.8 17573 2.114 56.889 68.305

.

13.9 1752.8 2.109 57.065 68.516 ;

-

14.0 1748.2 2.103 57.240 68.726
14.1 1743.6 2.098 57.414 68.936

.

14.2 1739.0 2.092- 57.588 69.145 ,

14 3 1734.4 2.087 57.761 69354
14.4 1729.8 2.081 57.934 69.562 !14.5 1725.2 2.076 58.107 69.769

|14.6 1720.6 2.070 58.279 69.976
14.7 1716.0 2.065 58.450 70.183
14.8 1711.4 2.059 58.622 70389

i14.9 1706.8 2.054 58.792 70.594 '

15.0 1702.2 2.048 58.962 70.799
15.1 1697.6 2.043 59.132 71.003

;
15.2 1693.0 2.037 59302 71.207 '

15 3 1688.4 2.032 59.470 71.410
15.4 1683.8 2.026 59.639 71.613
15.5 16793 2.021 59.807 71.815

115.6 1674.7 2.015 59.974 72.016
15.7 1670.1 2.010 60.141 72.217
15.8 1665.5 2.004 60308 72.418
15.9 1660.8 1.999 60.474 72.618
16.0 1656.1 1.993 60.639 72.817
16.1 1651 3 1.987 60.805 73.016
16.2 1646.6 1.982 60.969 73.214
163 1641.7 1.976 61.133 73.411
16.4 1636.9 1.970 61.297 73.608
16.5 1632.0 1.964 61.460 73.805
16.6 1627.0 1.958 61.623 74.001
16.7 1622.0 1.952 61.785 74.196
16.8 1617.0 1.946 61.947 74391
16.9 1612.0 1.940 62.108 74.585
17.0 1606.9 1.934 62.269 74.778
17.1 1601.9 1.928 62.429 74.971
17.2 1596.7 1.922 62.589 75.163
17 3 1591.6 1.916 62.748 75355
17.4 1586.4 1.910 62.906 75.546
17.5 15813 1.904 63.065 75.736
17.6 1576.1 1.897 63.222 75.926
17.7 1570.8 1.891 63379 76.115
17.8 1565.6 1.885 63.536 76303
17.9 1560.4 1.879 63.692 76.491
18.0 1555.1 1.872 63.847 76.678
18.1- 1549.9 1.866 64.002- 76.865 {1

_ -- -



__. _ _ _. . _ . _ . _-.. _ . . _ . . . . _ _ _ _ . . . . . _ _ . _ . . . _ _ . _ . _ _ _ . _ _ . . _ .

18.2 1544.6- 1.860 64.15"I 77.051 !
18.3 1539.3 1.853 64.311 ~ 77.236

i18.4 1534.0 1.847 64.464 77.421
:
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18.5 - 1528.8 1.841 64.617 77.605
18.6- 1523.5 1<834 64.769 77.789
18.7 1518.2 - 1.828 64.921 77.971

-18.8 1512.9 1.822 65.072 78.154
18.9 1507.6 1.815 65.223 78.335 ';

19.0 15023 1.809 65373 78.516
19.1 1497.0 1.803 65.523 78.696 !

19.2 1491.7 1.796 65.672 78.876
193 1486.5 1.790 65.821 79.055

,

19.4 1481.2 1.784 65.969 79.233
19.5 1475.9 1.777 66.117 79.411

119.6 1470.7 1.771 66.264 79.588
19.7 1465.4 1.765 66.410 79.765

t
19.8 1460.1 1.758 66.556 79.940 t

19.9 1454.9 1.752 66.702 80.116
20.0 1449.7 1.746 66.847 80.290 f

i

20.5 1434.1 1.727 67.564 81.154
21.0 1409.0 1.697 68.268 82.002
21.5 1384.2 1.667 68.960 82.836 i
22.0 1359.7 1.638 69.640 83.655
22.5 1335 3 1.608 70308 84.459
23.0 1311.8 1.580 70.964 85.249
23.5 1288.8 1.552 71.608 86.025
24.0 1266.4 1.525 72.241 86.788
24.5 1244.5 1.499 72.864 87.537 '

25.0 1223.2 1.473 73.475 88.274
25.5 1202.4 1.448 74.076 88.998

|26.0 1182.2 1.424 74.668 89.710
|26.5 1162.5 1.400 75.249 90.410

27.0 1143 3 1377 75.820 91.098
27.5 1124.5 1354 76.383 91.775
28.0 11063 1332 76.936 92.441
28.5 1088.5 1311 77.480 93.097
29.0 10713 1.290 78.016 93.742
29.5 1054.8 1.270 78.543 94.377
30.0 1038.7 1.251 79.062 95.002
30.5 1023.1 1.232 79.574 95.618
31.0 1008.0 1.214 80.078 96.225
31.5 9933 1.196 80.575 96.823
32.0 979.1 1.179 81.064 97.412
32.5 9653 1.162 81.547 97.993
33.0 951.9 1.146 82.023 98.566
33.5 938.8 1.130 82.492 99.131
34.0 926.1 1.115 82.955 99.688
34.5 913.7 1.100 83.412 100.238
35.0 901.7 1.085 83.863 100.780
35.5 890.0 1.071 84308 101316
36.0 878.5 1.057 84.747 101.844
36.5 867 3 1.043 85.181 102366
37.0 856.4 1.030 85.609 102.881
37.5 845.8 1.017 86.032 103390
38.0 835.4 1.005 86.450 103.892
38.5 825 3 0.993 86.862 104388
39.0 815.5 0.981 87.270 104.879
39.5 805.9 0.969 87.673 105363
40.0 796.5 0.958 88.071 105.842
40.5 787.2 0.946 88.465 106315
41.0 778.2 0.935 88.854 106.783
41.5 769.4 0.925 89.239 107.245
42.0 760.7 0.914 89.619 107.702
42.5 7523 0.904 89.995 108.154
43.0 744.0 0.894 90367 108.601
43.5' 735.9 0.884 90.735 109.043

._. . __ _ _ -- - _ ---_--_ _ _- _ _ _ _ ___
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44.0 728.1 0.875 91.099 109.481
443 -720.4 0.865 91.459 109.914
.45.0 712.9 . 0.856 91.316 110 342
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45.5 705.5 0.847 92.169 110.765
46.0 698 3 0.839 92.518 111.185
46.5 6913 0.830 92.863 111.600
47.0 684.4 0.822 93.206 112.011
47.5 677.6 0.814 93.544 112.417
48.0 671.0 0.806 93.880 112.820
48.5 664.6 0.798 94.212 113.219
49.0 658.2 0.790 94.541 113.614
49.5 652.1 0.783 94.867 114.005
50.0 646.1 0.775 95.190 114 393 .

50.5 640.2 0.768 95.510 114.777
51.0 634.4 0.761 95.828 115.158
51.5 628.7 0.754 96.142 115.535 '

52.0 623.2 0.748 96.454 115.909
52.5 617.7 0.741 %.762 116.279
53.0 612.4 0.735 97.069 116.646
53.5 6073 0.728 97372 117.011
54.0 602.2 0.722 97.673 117372
54.5 597.2 0.716 97.972 117.730
55.0 592.4 0.710 98.268 118.085
55.5 587.6 0.704 98.562 118.437
56.0 583.0 0.699 98.854 118.786
56.5 578.5 0.693 99.143 119.133 !

57.0 574.0 0.688 99.430 119.477
i57.5 569.7 0.683 99.715 119.819
158.0 565.5 0.678 99.997 120.157 !

58.5 5613 0.673 100.278 120.494
|59.0 557.2 0.668 100.557 120.827

59.5 5533 0.663 100.833 121.159
60.0 549.4 0.658 101.108 121.488
60.5 545.6 0.654 101381 121.815
61.0 541.9 0.649 101.652 122.139
61.5 538.2 0.645 101.921 122.461
62.0 534.7 0.640 102.188 122.782
62.5 531.2 0.636 102.454 123.100
63.0 527.8 0.632 102.718 123.416

i63.5 524.5 0.628 102.980 123.730 '

64.0 521.2 0.624 103.241 124.042
64.5 518.0 0.620 103.500 124352

|65.0 514.9 0.616 103.757 124.660 i

65.5 511.8 0.613 104.013 124.966 I66.0 508.9 0.609 104.267 125.271
66.5 506.0 0.605 104.520 125373
67.0 503.1 0.602 104.772 125.874
67.5 5003 0.599 105.022 126.174
68.0 497.6 0.595 105.271 126.471
68 3 495.0 0.592 105318 126.767
69.0 492.3 0.589 105.764 127.062
69.5 489.8 0.586 106.009 127355
70.0 4873 0.583 106.253 127.646
703 484.8 0380 106.495 127.936
71.0 482.5 0377 106.737 128.225
71.5 480.0 0.574 106.977 128.512 !
72.0 477.7 0.571 107.215 128.797
72.5 475.5 0.569 107.453 129.082
73.0 473.2 0.566 107.690 129 365
73.5 471.1 0363 107.925 129.646
74.0 469.0 0.561 108.160 129.926
74.5 466.9 0.558 108393 130.206
75.0 464.9 0.556 108.626 130.483
75.5 462.9 0.553 108.857 130.760
76.0 460.9 0.551 109.088 131.036

i76.5 459.0 0349 109317 131310 g(g
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77.0 457.1- 0.546 109.546 131.583
77.5- 455.3 0.544 109.773 131.855
78.0 453.5 0.542 110.000 132.126
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78.51 451.7 0.540 110.226 132396
79.0 450.0 0.538 110.451 132.665
79.5 448 3 0.536 110.675 132.933
80.0 446.6 0.534 110.898 133.199
80.5 445.0 0.532 . 111.121 133.465
81.0 443.4 0.530 111 343 133.730
81.5 '441.8 0.528 111.564 133.994
82.0 440.3 0.526 111.784 134.257
82.5 438.8 0324 112.003 134319
83.0 437 3 - 0322 112.222 134.780
83.5 435.8 0320 112.440 135.040
84.0 434 3 0319 ' ~ 112.657 135300
84.5 432.9 0.517 112.873 135358
85.0 431.6 0.515 113.089 135.816
85.5 ' 430.2 0.514 113304 136.073
86.0 428.8 0.512 113 319 136329
86.5 427.5 0310 113.732 136584
87.0 426.2 0.509 113.945 136.839
87.5 425.0 0.507 114.158 137.092
88.0 423.7 0.506 114370 137345
88.5 422.5 0.504 114.581 137.597
89.0 421.2 0.503 114.792 137.849
89.5 420.1 0.501 115.002 138.099
90.0 418.9 0.500 115.211 138349
90.5 417.7 0.499 115.420 138.599
91.0 416.6 0.497 115.628 138.847 i
91.5 415.4 0.496 115.836 139.095

:92.0 4143 0.494 116.043 139342 '

92.5 413.2 0.493 116.250 139.589
93.0 412.2 0.492 116.456 139.835
93.5 411.1 0.491 116.661 140.080
94.0 410.0 0.489 116.866 140325
94.5 409.0 0.488 117.071 140369
95.0 408.0 0.487. 117.275 140.812
95.5 407.0 0.486 117.478 141.055
96.0 406.0 0.484 117.681 141.297
96.5 405.0 0.483 117.884 141.539
97.0 404.0 0.482 118.086 141.780
97.5 403.1 0.481 118.287 142.020
98.0 402.1 0.480 118.488 142.260
98.5 401.2 0.479 118.689 142.500
99.0 4003 0.477- 118.889 142.738
99.5 399.4 0.476 119.089 142.976

100.0 398.4 0.475 119.288 143.214
101.0 397.1 0.474 119.685 143.688
102.0 395.4 0.472 120.081 144.159
103.0 393.7 0.469 120.474 144.629
104.0 392.0 0.467 120.866 145.096
105.0 390.4 0.465 121.257 145.562
106.0 388.7 0.463 121.645 146.025
107.0 387.2 0.462 122.033 146.487
108.0 385.6 0.460 122.418 146.946
109.0 384.1 0.458 122.802 147.404 j110.0 382.6 0.456 123.185 147.860
111.0 381.1 0.454 123.566 148315
112.0 379.6 0.452 123.945 148.767
113.0 378.2 0.451 124324 149.218
114.0 376.8' O.449 124.700 149.667
115.0 375.4 0.447 125.076 150.114

-116.0 374.0 0.446 125.450 150.560
117.0 372.7 - 0.444 125.823 151.004
118.0 371.4 0.443 126.194 151.447

.119.0 370.1- 0.441 126.564 151.888 JO
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- '120 0 368.8 0.439 126.933 152.327.

121.0 367.5 0.438 127.300 152.765 '

122.0 ' 366.3 0.436 127.667 153.201
,
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123.0' 365.1 0.435 _128.032 153.636
124.0 363.9 0.433 128 396 154.070

i125.0 362.7 0.432, 128.758 154.502 '

126.0- 361.6 0.431 129.120 .154.932
i127.0 360.4 0.429 129.480 155362

128.0 359 3 - 0.428 129.840 155.789
129.0 358.2 0.427 130.198- 156.216
130.0 357.2 0.425 130.555 156.641
131.0 356.1 0.424 130 911- 157.066
132.0 355.1 0.423 131.266 157.488

,

133.0 354.1 0.422 131.621 157 S10
134.0 353.1 0.420 131 374 158330
135.0 352.2 0.419 132326 158.750
136.0 351.2 0.418 132.677 159.168 '

137.0 3503 0.417 133.027 159.585
138.0 349.4 0.416 133377 160.001-
139.0 - 348.5 0.415 133.725 160.416
140.0 347.7 0.414 134.073 160.829
141.0 346.8 0.413 134.420 161.242
142.0 346.0 0.412 134.766 161.654

,

:143.0 345.2 0.411 135.111 162.065
:144.0 344.5 0.410 135.455 162.475

145.0 ' 343.7 0.409 135.799 162.884
146.0 343.0 0.408 136.142 163.292

,

147.0 342.4 0.407 136.485 163.700
148.0 341.7 0.407 136.826 164.106
149.0 341.0 0.406 137.167 164312
150.0 340 3 0.405 137.508 164317
151.0 339.7 0.404 137.847 165321
152.0 339.1 0.404 138.186 165.725
153.0 338.6 0.403 138.525 166.128

,

154.0 338.0 0.402 138.863 166.530
155.0 337.5 0.402 139.200 166.931
156.0 336.9 0.401 139.537 167332
157.0 336.4 0.400 139.874 167.733

,

:158.0 336.0 0.400 140.210 168.132
159.0 335.5- 0399 140.545 168.531 i

-

160.0 335.1 0399 140.880 168330
161.0 334.6 0398 141.215 169328

4'

162.0 334.2 0398 141.549 169.726 -

163.0 333.9 0397 141.883 170.123
164.0 333.5 0397 142.217 170.520
165.0 333.1 03 % 142.550 170316
166.0 332.8 03 % 142.883 171312
167.0 332.5 03 % 143.215 171.707 -

168.0 332.2 0395 143.547 172.102
169.0 332.0 0395 143.879 172.497 '

170.0 331.7 0395 144.211 172.892
171.0 331.5 0394 144.542 173.286
172.0 3313 0394 144.874 173.680

,

173.0 331.0 0394 145.205 174.074 '

174.0 330.9 0394 145.536 174.468
175.0 330.7 0393 145.866 174.861
176.0 330.5 0393 146.197 175.254
177.0 330.4 0393 146.527 175.647
178.0 3303 0393 146.857 175.040
179.0 330.1 0393 147.187 176.432
180.0 330.0 0393 147.518 176.825 7

'

181.0 3293 - 0392 147.847 177.217
'182.0 329.9 0392 148.177 177.610

-

183.0 329.8 0392 148.507 178.002 ;

184.0 329.7 0392 148.837 178394 1
185.0 329,7 0392- 149.166 178.786 I -

_ _ _ . _ . _ _ _ . _ _ _ _ _ _ _ _ _
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186.0 329.6 0.392 149.496 179.178
i187.0 329.6 0.392 149.826 179.570 '

I88.0 329.6 0.392 150.155 179.962
.
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189.0 329.6 0392 150.485 180354
190.0 329.6 0392 150.814 180.746
191.0 329.6 0392 151.144 181.138
192.0 329.6 0392 151.474 181.530
193.0 329.6 0392 151.803 181.922 -

194.0 329.6 0392 152.133 182314
195.0 329.7 0392 152.463 182.706
196.0 329.7 0392 152.792 183.099
197.0 329.7 0392 153.122 183.491 '

198.0 329.8 0392 153.452 183.883
199.0 329.8 0392 153.781 184.275
200.0 329.9 0392 154.111 184.667
202.0 329.9 0392 154.771 185.452
204.0 330.1 0393 155.431 186.237
206.0 330.1 0393 156.092 187.023
208.0 330 3 0393 156.752 187.808

i210.0 330.4 0393 157.413 188.594
212.0 330.5 0393 158.074 189381
214.0 330.6 0393 158.735 190.167
216.0 3?O.7 0393 159396 190.954
218.0 3FO.8 0393 160.058 191.740
220.0 330.8 0393 160.720 192.527

'

222.0 330.8 0393 161381 193314
,

224.0 330.9 0394 162.043 194.102 1
226.0 330 S 0394 162.705 194.889 '

228.0 330.8 0393 163366 195.676
230.0 330.8 0393 164.028 196.462
232.0 330.7 0393 164.689 197.249
234.0 330.6 0393 155350 198.035
236.0 330.4 0393 166.011 198.821
238.0 330 3 0393 166.672 199.607
240.0 330.0 0393 167332 200392
242.0 329.8 0392 167.991 201.177
244.0 329.6 0392 168.650 201.961
246.0 329 3 0392 169309 202.744
248.0 329.0 0391 169.967 203.527
250.0 328.7 0391 170.625 204308
252.0 328.4 0391 171.281 205.090
254.0 328.0 0390 171337 205.870
256.0 327.6 0390 172.593 206.649
258.0 327.2 0389 173.247 207.427
260.0 326.8 0389 173.901 208.205
262.0 326.4 0388 174.553 208981
264.0 325.9 0388 175.205 209.756
266.0 324.5 0387 175.856 210.530 '

268.0 % .9 0386 176.506 211303
270.0 L4.5 0386 177.155 212.074
272.0 374.0 0385 177.803 212.845
274.0 323.4 0385 178.450 213.614 {276.0 322.9 0384 179.095 214382 1

278.0 322.4 0383 179.740 215.148 1

280.0 321.8 0383 180384 215.913 !
282.0 321.2 0382 181.026 216.677 i284.0 320.7 0381 181.667 217.440 l

286.0 320.1 0380 182308 218.201
i288.0 319.6 0380 182.947 218 960
|290.0 318.9 0379 183.584 219.719

292.0 318.4 0378 184.221 220.476
294.0 317.8 0378 184.857 221.231
296.0 317.2 0377 185.491 221985
298.0 316.6 0376 186.124 222.738
300.0 316.0 0376 186.756 223.489
302.0 315.4 0375 187 387 224.239 |%

'
i

_ _ _ _ _ _ _ _ . _ _ _ _ - _
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.

304.0 314.9 0374 188.017 224.987
'
,

306.0 314.2 0.373 188.645 225.734
308.0 312.1 0371 189.270 226.476 i

I,
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,

310.0 307.0 0365 189.884 227.206
312.0 303.1 0360. 190.490 227.926 i
314.0 298.6 0355 191.087 228.635 t
316.0 - 293.9 0349 191.675 229333 i
318.0 288.9 0343 192.253 230.019 -

320.0 283.7 0337 192.820 230.692 |322.0 278.2 0330 193 376 231352 -

324.0 272.1 0323 193.921 231.997 i

326.0 265.6 0315 194.452 232.627 '

328.0 258.4 0306 194.969 233.240
330.0 250.6 0.297 195.470 233.833
332.0 241.8 0.286 195.953 234.405
334.0 232.0 0.274 196.417 234.954

.

336.0 221.1 0.261 196.860 235.477 !

338.0 209.0 0.247 197.278 235.971 !

340.0 195.4 . 0.230 197.668 236.431 i
342.0 180.9 0.213 198.030 236.858
344.0 165.5 0.195 198361 237.247
346.0 148.6 0.175 198.658 237.596
348.0 131.0 0.153 198.920 237.903
350.0 115.4 0.135 - 199.151 238.173 :

.

352.0 973 0.113 199346 238.400 !

354.0 84 3 0.098 199.514 238.596
356.0 26.4 0.031 199.567 238.657
358.0 1.3 0.001 199.570 238.660
360.0 0.1 0.0001 199.570 238.660

,

362.0 0.0 0.0 199.570 238.660 i

.

|
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|
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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, Nommal Rating (MWt) 1940

Nominal RCS Flow (GPM) 194200

Nominal Full Load Tavg ( F) MP MN
Nommal RCS Pressure (psia) 2250

Nommal Steam Temperature (*F) 514 9 -- 5/33

Nominal Feedwater Enthalpy (BTU /lbm) 413.8

I

1

|

1

|
1

|

Revision: 4 .:wwwuo2..no4.o7o695
June 30,1995 6.2 4 W Westinghoused -
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6. Engineered Safety Features
--

1.
Table 6.2.1.5-1

DOUBLE ENDED COLD LEG GUILLOTINE BREAK
BLOWDOWN MASS AND ENERGY RELEASES (Cp=0S

Time Mass How Energy Mow y f
(sec) (th/pec) (MBtu/sec) s ys

0.27 51,190 26.55
0.52 50,840 2637 //
0.77 52,990 27.51 N

1.0 50.080 26.01 g
2.0 44,050 23.10 0
3.0 35,070 18.76 U
4.0 27,620 14.99 g
5.0 22251 1232

\(N6.0 18,606 10.64
7.0 16,701 9.96

I
8.0 15,511 9.42 /0

g'Q9.0 14,525 9.02 j

10.0 12,337 8.00 i
!

12.0 9,050 6.61 y'
14.0 7433 537
16.0 5,700 4.44
18.0 4,288 332
20.0 3,283 239
22.0 2,447 1.73
24.0 1,941 1.24
26.0 2,017 1.00
28.0 1,503 0.70
30.0 1,106 0.50 1

32.0 818 0.41

I

I
:
'

!

|

*= wo602 no4o7o695 Revision: 4

3 Westinghouse 6.2-l# June 30,1995

.
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6. Engineered Safety Features
__

Table 6.2.1.5-1 (Sheet'16f 2)

DECLG BREAK / MASS ENERGY RELEASES

h Energy ReleTime Mass Releas

0.01125 5099.869 2670001

0.51 51055.6 26504774

1.01 51273.84 26680200

1.51 49860,99 26033554

2.01 46206.26 24306452

2.51 41412.38 22093776

3.01 35793.19 19400192

3.51 30418.92 16703766

4.01 26853.12 15011002

4.51 2469M.13 13976796

5.01 22754.77 13127462

5.51 20785.91 12302017

6.01 19052.57 11643622

6.51 18187.08 11179082

7.01 17869 10899948

7.51 17087.62 10497992

8.01 15744.36 9907718

8.51 14096.94 9156074

9.01 13299.N 8703237

9.51 12671.68 8305148

10.01 11523.11 7748078

11.01 10783.73 7150337

12.01 9524 35 6427988

13.01 8396.749 5768359

Revision: 4 .w.=,coso2ao4e695
June 30,1995 6.2-l@ W Westinghouse

5
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6. Fnaineered Safety Features

em

; Table 6.2.1.5-1 (Sheet 2 of'2)

DECLG BREAK / MASS ENERGY RELEASES 4C :f ::d)

Tl Mass Releasedbnvsec) Energy Release

14.01 7543.894 5163321

15.01 6243.189 4418082

16.01 5291.53 3756248

17.01 4250.511 3093208

18.01 3642385 2505180

19.01 2792.771 2093299

20.01 2480.567 1713555

21.011 2149.12 1480193

22.01 1839.571 1264136

23.01 1799 34 1082463

24.01 1651.465 973969.9

25.01 1452.628 820180.9

26.01 1458.903 741079.4

27.01 1062.866 589754.2

28.01 813.4185 475906

29.01 826.8542 3895359.7

30.01 547.0674 303974.3

31.01 433.1182 234913.5

32.01 168.5994 132740.8

33.01 0. O.

.wmm602mmo447o695 Revision: 4
3 Wo.ik gicuse 6.2-h51 June 30,1995

IqD
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6. Engineered Safety Features

Table 6.2.2-1

PASSIVE CONTAINMENT COOLING
SYSTEM PERFORMANCE PARAMETERS

[ Westinghouse Proprietary]
[Provided under separate cover]

s-

Revision: 4 aww.o2 no4-o70695
June 30,1995 6.2-@ 3 Westinghouse

RI

. - _ - . _ _ _ . __-_ _



_ _ _ _ - . _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ . --

6. Engineered Safety Features
--

t

Table 6.2.2-2

COMPONENT DESIGN PARAMETERS

l

!

|

1
i

!

|
;

l
1

1
,

| [ Westinghouse Proprietary]
' [Provided under separate cover]
|

l

l

!
|

4

c.Warrev@602aR04-070695 Revision: 4
T Westinghouse 6.2-456 June 30,1995
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6. Engineered Safety Features
_

i

Table 6.2.2-3

FAILURE MODE AND EFFECTS ANALYSIS -
PASSIVE CONTAINMENT COOLING SYST EM

ACTIVE COMP 9NENTS

[Westmghouse Proprietary]
[Provided under separate cover]

|

|Revision: 4 ah,4W2a.R04-070695
June 30,1995

6.2-134 T WestinghouseO
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6, Fnoineered Safety Features
__
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6. Engineered Safety Features

Table 6.2.3-1
|

CONTA.INMENT MECIIANICAL
PENETRATIONS AND .lSOLATION VALVES (SIIEETS 1-4) 1

|
'

[ Foldout]

1

*
*

Revision: 4 .-w,aw mo70695

June 30,1995 6.2-26 W Westinghouse
fb
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6. Engineered Safety Features .

,

__

.|

- |
1

i
|

|
!
|

|

0%WW6hRko70695 Revision: 4W 8 6,2-BWF June 30,1995
-

\W

.



_.

6. Engineered Safety Features
,

Sheet 2

.

4

E

a

i

|
\

|

|
!.

,

i

.

i

|
'

i

i

|
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6. Fiwineered Safety Features
__

P

1
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6. Ext =: red Safety Features I

i

Sheet 3
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6. Engineered Safety Features

I
!

,

l

!

!

[
!

!

.

I

i

!

i

.

o%mrev410602aR04-070695 Revision: 4
T Westinghouse 6.2- W June 30,1995

ad

- _ - - -__ _ __ _ _ _ _.



- -__ - . - . . .-. . . .

2

! 6. Engineered Safety Features

;

Sheet 4

|
i

i

!
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6. Fiwineered Safety Features
___
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6. Engineered Safety Features
__

|

Table 6.2.4-1

| COMPONENT DATA - HYDROGEN SENSORS
,

(NOMINAL)'

Number . . . . . . . . . . . 16 (8 per train). ..... .. ............. ............. ....

Range (% hydrogen) ...............................0-20..... . .. . ...

Response time . . . . 90% in 10 seconds...... ....................... . ...... ........

,

!

|
|

,

1

i

)
<

!

l

1
1

i
!

l

!

l,
f

Revision: 4 **=anedma.no+o70695
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( 6. Engineered Safety Features
r .-

|

|

!

Table 6.2.4 2

< COMPONENT DATA - IIYDROGEN RECOMBINER
i
i (NOMINAL)
i
1

| Number . . . . . . . . . . . ...... .......... . ...............................2
<

! Active Inlet Area (pw unit) (ft ) . . . . . . " .. . . . . . . . . . . . : . .3. . . . . . . . . . . . . . . . . . . . . . L 10.7. (1 m )
2 ^ 2

4
J

U_..._.m...... /t t.u. i n/1 i

. . . . . s , j

1

Fks.. . IC/M. i.\ i. f_Vi 1, . ,- ,

1
J

i Inlet hydrogen concentration . 0-4.. . . .. . ...... . ....... . . . . . . . . ....
s
.

range (volume percent)'

i

r%_..__._.m.....,.,. ter ,s4

- . . , - . . . . s .

""^* *" '40!!C": 3 93 ("'"."!-"Z).

r.s . v . . v ., ,. .imm
ot.v.s mim...-~.....L.:_....._ .... -

|

*::L-'=; bydrogen-fe6MHali;"':0". ""!03-"0y (%) 93. .. .

f

j Avaage efficiency (pacent) . e. e . . . . . e~_. . . . . . . . . r. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
.

)

| Depletion Rate e . . . . . . . . . . . . . . . . . . , ;. . . '. . . . . . . ; . . . . . . . .. . . . . . . . . . . . . . . . . . Refewace 17
i
:
1
4

:
:
I

!
1

I

i
4

2
.
;

i

l
i

i

l.,
d

!

ohm 4WO2tR04-070695 Revision: 4
8 6.2-4d6 June 30,1995
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6. Engineered Safety Features
-

Table 6.2.4-3

COMPONENT DATA - IIYDROGEN IGNITER
(NOMINAL)

Number . . . . . . . . . . . . . . . . . . . . . 58... .. .......... ................. .. ...

Glow Plug Temperature ('F) . . . ......... .. . .... 1700. .... . . ..........

Power Consumption (w . . . 95.. . ... .. .... ........ ... . .. .. ........ ...

,

;

Revision: 4 s. =,4w.o2&no4-070695
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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

Care thermal power (MWt) . . . . . . 1,972.. . . .... .... ... ... ................

Containment free volume (ft ) , , , , , , , , , , , , , , , , , , , , ,,,,,1,73 x1063
,,,, ,, ,,,,,,, ,

Zirconium-Water Reaction

Weight of zirconium fuel claddmg (Ib) .. 34,788.. .. .. .. .. ... .. .. .. ....

Percent zirconium-water reaction (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.09.... ........

Radiolysis of Water in Reactor Vessel

Percentage of core fission product
inventory in core

... .......... . .. .. . ... . . . . 970Noble gases . . . . . .
Iodines . . . . . .. 9750............. .................... .. ....... ...

Ced== 97 ,

Remainder . . . ....... 40099 l... ........ ..... ..... ........ .

Energy absorption by core cooling solution
Percent of gamma energy absorbed . . . . . 10.. ....... ..... . .. .. . ....

Percent of beta ener.gy absorbed . . . . . . ....O...... .. .. ... ... . ..

Molecules of hydrogen produced per 100 eV . . .........................0.5 i

energy absorbed by solution |
|

|
Radiolysis of Water in Sump 1

1

Percentage of care fission product |
incentory in the sump solution

Noble gases . . . .0
!

.. ... ..... .... . .. .. . . . . .

'

Iodmes . . . . . . . . . 350. .. . .............. .. ..... .. ....

Ced = .3
Remainder . . . . . . 01.. .... .. ... .. ... .... .... ... . . .

Energy absorption by core cooling solution i

Percent of gamma energy al sorbed . . . . ........ ....... ......... . . ... 100 |
Percent of beta energy absorbed . . . . . . . 100.. ... ........ .... ..........

1

|

ow-,mnouno695 Revision: 4
T Westinghouse 6.2 d June 30,1995
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6. Engineered Safety Features

Table 6.2.4-4 (Sheet 2 of 3)

ASSUMITIONS USED TO
CALCULATE HYDROGEN PRODUCTION

FOLLOWING A LOSS OF COOLANT ACCIDENT

Molecules of hydrogen produced per 100 eV . . . ...........................0.5
energy absorbed by solution

Corrosion of Materials
4

Aluminum inventory in contamment
Weight Surface

'

Component Ob) (sq. ft)

Excore detectors . . . . . 25 . .8.. ..... ...... ... .. . . .. .... .....

Flux mapping system ............. . ..... 120 .. . . . . . . 84.......... ..

Miscellaneous valve parts . . ... 230 ....... . . . . . . . . . . 86... . ..... . ..

RCDM connectors . ... 190 .. . . .. . . 424 .. .... .. ... .

Paint . . . . . . . . . . . . . . . 140 ... . . . . . . . . . 18,000.. ............. ...

Contingency . . . . . . . . . 250 ..... . . . . . . . . . . . . 85. ..... .. . . ...

Other non-NSSS items . . . .... . ..J00 .......... . 100. ... . . .

Total aluminum .. 1,455............. . ...,

1

1
1

,

I

|

|

|
|

|

J
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6. Fngineered Safety Features
- - -

Table 6.2.4-4 (Sheet 3 of 3)

ASSUMI"rIONS USED TO
CALCULATE HYDROGEN PRODUCTION

FOLLOWING A LOSS OF COOLANT ACCIDENT

Zinc inventory in containment
Weight Surface

Component (Ib) (sq. ft)

Cable trays . . . . . ........... 310 . . . . 2,100. . . . .... . . .... ..

Conduit . . . . . . . . . . . . ................ .. 500 ............. . . . . . . . . 3,500

Hangers . . . . . . . . ....... ... ...... ... 24 ..... .................. 170

Junction boxes . . 100 ....................... 730.... .... . ......... .

Paint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,200 . 72,000... ............

Gratings . . . ........................... 680 ............ . . . . . . . . 41,000-

'
HVAC ductwork . . . ................. 840 ...... . . . . . . . . . . . . . . . 5.900..

Stairs . . . . . . . . . ..........13.. . 800. .. ...... .. . ... ........

Pipe supports . 510 .. . .. 30,000.... .. . .. ... ........ .. . . .....

Contingency . . . . . . . . . . . . . . . . . . . . 1.050 . . 39,000...... .... ... ... ..

Total zinc . . . .. 5.227. .. . ......... . ..

Aluminum corrosion rate See Table 6.2.4-5. ... ........ .......... . ...... ..

Zinc corrosion rate . . . See Table 6.2.4-5.. ... .. ... .. . ... .. ... ... ......

Containment temperature . . See Table 6.2.4-5. .. . ... . . .... . . . . .. ...

Solution pH . . . 7 - 9.5..... ... ... . ..... .. ... .. .. . ..

Initial Reactor Coolant Ilydrogen Inventory
i

Hydrogen concentration in reactor coolant (cc at STP per kg) . 40. ... .. ..... ........

Reactor coolant mass (kglb) . 4 % 000353,000.......... ..... . . . . . . .

i

,

l
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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
2 2(sec) ('F) OtWt-hr) Oh/ft .hr)

0 - 20 237 0.S15 0. 5 11
20 388 '12 11 0.na21
??? 1^^^ 328 01^ 0."L"^
10 " 10,C" 27! 0.T7 0.t"32
10,C" 1T,C" 240 ^ 0"a 0.L"19.

4 ^0,C" 259,C"J 214 0.Ti! 0.C"!3
3259,' " 2'" 9.019 ^N"?
0725 300 0.066 0.00050

25160 270 0.027 0 00031

60s150 250 0,014 0.00022

15024000 270 0.027 0.0003.1

4000 1 9000 250 0.014 0.00022
9000 2 20,000 200 0.0023 0.000090
20,000 E40,000 175 0.00084 D.000054 i
>40,000 153 0.00033 0.000033 l

i

i

,

I
i
1

!

l.

|

|
1

l

l
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6. Engineered Safety Features
--

Table 6.2.5-1 (Sheet 1 of 2)

EXCEPTIONS TO 10 CFR 50
APPENDIX J LEAK TESTING REQUIREMENTS

c~ --- M
Appendix J Requirement AP600

#Exception and Justification
Type A tests are to be conducted in accordance with ANSI-56.8, which

Paragraph III.A.1.(a)- Type A tests permits testing to proceed provided that the leak (s) can be isolated and that
are required to be terminated if subsequent local leak rate testing is performed to demonstrate that the Type
excessive leak paths, which would A test criteria are met. His approach can potentially reduce plant outage
interfere with satisfactory time and is in accordance with ANSI-56.8 and industry practice.
completion of the test, are

identified.

Type A tests are to be conducted in accordance with ANSI-56.8, which
Paragraph III.A.3.(a) - Type A tests superseded ANSI N45.4. The NRC is proposing a rule change to delete the
shall be conducted in accordance reference to any standard, and a companion Regulatory Guide that would
with the provisions of ANSI N45.4- endorse ANSI-56.8.
1972.

Type A tests are to be conducted for a minimum of 8 hours,in accordance
Paragraph Ill.A.3.(a) - A Type A with ANSI-56.8. Industry experience has shown that accurate test results
test duration of 24 hours is can be achieved in less than 24 hours. The proposed NRC changes to 10
required. 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 intenals not exceeding four years,
Paragraph ill.D.1.(a)- Three type A except that, if the test interval ends while containment integrity is not
tests are to be performed at required or is required solely for cold shutdown or refueling activities, the
approximately equal intervals test interval may be extended indermitely provided all deferred testmg is
during each 10-year service period. 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).

Type B tests are to be conducted at intervals not exceedmg 30 months,
Paragraph III.D.2 - Type B tests are except that, if the test interval ends while containment integrity is not
required to be performed at required or is required solely for cold shutdown or refueling activities, the
intervals not greater than 2 years. test interval may be extended indefinitely provided all deferred testing is

sucassfully 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).

1

l

ohmWW.n.R04-070695 Revision: 4
W6MingliGUS8 6.2- 9 June 30,1995
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6. Enoineered Safety Features
__

Table 6.2.5-1 (Sheet 2 of 2)

EXCEPTIONS TO 10 CFR 50
APPENDIX J LEAK TESTING REQUIREMENTS

Appendir J Requirement - - -

O, Exception and Justification

Paragraph III.D.2.(b)(i) - Air locks Type B testing is to be conducted in accordance with ANSI-56.8, which
shall be tested prior to initial fuel permits testing of air locks which are not used during a 6-month penod at

a pressure of Pa fter the next usage rather than at 6 months.loading and at 6-month intervals a

thereafter at a pressure not less thar
P-a

Paragraph III.D.3 'lype C te".s are Type C tests are to be conducted at intervals not exceedrng 30 months,
required to be perfora.ed at except that, if the test interval ends while contamment integrity is not
intervals not greater than ?, years. required or is required solely for cold shutdown or refueling activities, the

test interval may be extended indermitely provided all deferred testing is
successfully canpleted 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 .+ ,4mso2. no4 070695
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6. Fngineered Safety Features
__

Table 6.2.5-2

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

Air Compressors

Capacity (scfm, tota 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.500....... ...

Discharge pressure (psig) . . . . . . . . . . . .................................100

Air Cooling and Drying Equipment

Air pressure and flow capacity Consistent with compressor... .. ...... ............. .

Dew point ("F at 100 psig) . . . 40, ........ ............. ............. ..

Air Filters (if required)

Air pressure and flow capacity . . . . . . . . . . . . . . . . . . . . . . Consistent with compressor.. ..

Mist and particulate removal efficiency . . . . . . . . . 99. ....... .... ......... . ....

(minimum efficiency, in percent of
particles larger than 3 microns)

i

|

|

o:Warreve0602m.R04-070695 Revision: 4
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: DAa-



-. _

'

-
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6. Fiwineered Safety Features
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6. Engineered Safety Features
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6. Engineered Safety Features
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Figure 6.2.1.2-1 (Sheet 1 of 12)

TMD Model Noding Diagram
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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 Model Noding Diagram

*

m w -r.w e h l.RO&O M 95 Revision: 4

W Westinghouse 6.2-Je f > d August 31,1995

:
(
_ _ - - _ - _ _ -_. . _ _ _ _ _ . - _ _ _ _ _ _ _ _ - - _ _ _



. __ .

t

-

6. Er.if,r.eered Safety Features

.

I

!
|

'

l
1

|

)
|
,

Figure 6.2.1.2-1 (Sheet 4 of 12)

TMD Model Neding Diagram

Revision: 4 wn,4mmi.anow95

August 31,1995
6.2- 9 .t.2 8 3 Westinghouse



. _ _ .. _ _

i;=;:

6. Fmgineered Safety Features
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Figure 6.2.1.2-1 (Sheet 5 of 12)

TMD Model Noding Diagram I
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Figure 6.2.1.2-1 (Sheet 6 of 12)

TMD Model Noding Diagram

Revision: 4 owwuo2 isam695
August 31,1995 6.2-54 2J/ 3 W66u$suse



. - _ _ -__
. _

" " ' " - - " " "
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Figure 6.2.1.2-1 (Sheet 7 of 12)

TMD Model Noding Diagram
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Figure 6.2.1.21 (Sheet 8 of 12)

TMD Model Noding Diagram
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6. Engineered Safety Features

,

6.4 liabitability 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:

Nuclear island nonradioactive ventilation system (VBS).

Main control room emergency habitability system (VES).

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 IWAC service to the main control room (MCR), technical
support center (TSC), instmmentation and control rooms, de 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 de equipment rooms. j

Radiation monitoring of the main control room environment is provided by the radiation
monitoring system. Smoke and fire detection and protection are provided by the fire
protection system. Emergency lighting is provided by the plant lighting system. Storage |
capacity is provided in the main control room for personnel support equipment. |

|

6.4.1 Safety Design liasis :
!

De safety design bases discussed here apply only to tin )ortion of the individual system
providing the specified function. De range of applicability is discussed in subsection 6.4.4

6.4.1.1 Main Control Room Design liasis 1

|

De habitability systems provide coverage for the main control room pressure boundary as |

defined in subsection 6.4.2.1. He following discussion summarizes the safety design bases
with respect to the main control room:

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.

I

!
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6. Engineered Safety Features

1

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 1I persons can be accommodated.* ,

!

Food, water, medical supplies, and sanitary facilities are provided fu 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! 4, oughout the duration of any*

of the postulated limiting faults discussed in Chapter h does not exceed the limits set
by General Design Criterion 19.

With both VES trains delivering, the emergency habitability system maintains CO*
2

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 less2

than 0.5 percent for up to 5 main control room occupants, and maintains CO2

concentration less than 1.0 percent for up to 1I main control room occupants.

The habitability systems provide the capability to 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 Room /DC Equipment Rooms Design Ilasis

The habitability systems are also designed to service the irtstrumentation and control rooms
and de equipment rooms. The habitability systems are capable of maintaining the temperature
in the instrumentation and control rooms and de 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 emerger,cy 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 the habitability systems.
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Descriptions of the nuclear island nonradioactive ventilation system, fire protection system,
plant lighting system, and radiation monitoring system are found in subsections 9.4.1,9.5.1,
9.5.3, and Section i1.5, respectively.

6.4.2.1 Definition of the Main Control Room Pressure lloundary

The areas, equipment, and materials to which the main control room operator requires access
during a postulated accident are shown in Figure 6.4-1. 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.

6.4.2.2 General Description

The main control room emergency habitability system is made up of two redundant trains of
emergency air storage tanks. Each train consists of 12 tanks and it 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 i

|compressed and instrument air system (CAS).
;

The function of providing passive heat sinks for the main control room, instrumentation and !

control rooms, and de equipment rooms is part of the main control room emergency I

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 metal fonn is attached to the
interior surface of the concrete at selected locations. Metallic plates are attached perpendicular
to the form. Diese 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.

,

1

The normal operating temperatures in the main control room, instrumentation and control
rooms, de 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. )
i
I

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 I

extends through the control room wall. The piping penetrations are designated as Class C,
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,

seismic Category I. Outside the control room wall, a temporary hose connection is made to
connect temporary air cooled chilled water units. In addition to the coolers, ponable free
standing fans may be placed within the main control room to provide the distribution of air
cooled by the portable coolers. The portable equipment is only used in the unusual
circumstance in which the nonradioactive ventilation system is not available. The portable
units are standard commercial units and are sized to 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.

6.4.2.3 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 6.41.

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.

Flow 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.

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. 11 tis 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 control 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 prevent interference with
the operation of the nonradioactive ventilation system.

Pressure Relief Damper*

Pressure relief dampers are located downstream of the butterfly isolation salves, and are
set to open on a differential pressure of 1/8-inch water gauge. The differential pressure
between the control room and the relief damper exhaust location is monitored to ensure
that a positive pressure is maintained in the control room with respect to its surroundings.

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 following 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.

Breathing Apparatus i*

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 l

6-hour supply of breathable air for up to 11 main control room occupants. This is
backup protection to the permanently installed habitability systems.

6.4.2.4 1 eaktightness

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 scaled with*

epoxy crack scaler. The piping, HVAC duct and electrical cable penetration.s are sealed |
with qualified pressure-resistant material compatible with penetration materials and/or |
cable jacketing. '
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De interior or exterior surfaces of the main control room envelope (walls, floor, and*

ceiling) are coated with low permeability paint /cpoxy sealant and sealing of observable
concrete stress cracking.

Corners and wall / slab junctions are caulked and scaled with silicone sealant, as are*

penetrations and sleeves in contact with concrete.

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 1.

Penetration scaling 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. De seal system is capable of
withstanding a temporary pressure of 0.5 psi without losing the ability to maintain
continuous pressure.

He 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 I

lbarrier design requirements and are designed to withstand specific area environmental design
Irequirements and remain functional and undamaged during and following an SSE.
l

Main control room penetration seal systems are a combination 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, IEEE 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 1/8-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 Interaction with other Zones and Pressurized Equipment

Be 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 ventilation system, refer to
subsection 9.4.1.

6.4.2.6 Shielding Design

ne design basis loss-of-coolant accident (LOCA) dictates the shiciding 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.

6.4.3 System Operation

This subsection discusses the operation of the main control room emergency habitability
system.

6.4.3.1 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. De rooms with this
requirement include the rooms with a main control room emergency habitability system
passive heat sink design and their adjacent rooms.

6.4.3.2 Emergency Mode

Operation of the main control room emergency habitability system is automatically initiated
by the following safety-related signals:

Hi Hi main control room radiation*

Loss of ao 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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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. Elis 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, nis
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. He 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 delisering, the system maintains the carbon dioxide concentration below
0.5 percent for 5 occupants, or below I percent for 11 occupants.

De 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.

De 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. I

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 de 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-hours, 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
to the breathabic quality air compressor in the compressed and instrument air system (CAS).

6,4.4 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 c<mstmetion 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
r(xim fresh air intakes. Rese separation distances reduce the possibility that combustion I

fumes or smoke from an oil fire would be drawn into the main control room. |
|

| De protection of the operators in the main control room from offsite toxic gas releases is i
;

I 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.

1

A supply of protective clothing, respirators, and self-contained breathing apparatus adequate
for iI persons is stored within the main control room pressure boundary. De 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. De 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 instmmentation and control rooms and de equipment
rooms to 120 F. He 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 scfm 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

water gauge differential pressure as well as maintaining the carbon dioxide concentration
below 0.5 percent by volume for all iI persons.

Automatic transfer of habitability system fur.ctions 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: j

Hi-Hi main control room radiation |*

Loss of ac power sources |*

)

The airborne fission product source term in the reactor containment following the postulated ;

ILOCA 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. 'Ihe 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 IE power supply. Both |
the main control room emergency habitability system and the portions of the nuclear island

'

nonradioactive ventilation system which isolates the system are designed to remain functional
during an SSE or design-basis tornado.

1

6.4.5 Inservice Inspection / Inservice Testing

A program of preoperational and postoperational testing requirements is implemented to
confirm initial and continued system capability. 'Ihe 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.

6.4.5.1 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
control 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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Testing and inspection of the radiation monitors is discussed in Section i1.5. The other tests
noted above are discussed in Chapter 14.

6.4.5.2 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.

6.4.6 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.

Instmmentation 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.

6.4.7 Combined License Information

Combined License applicants referencing the AP600 cenified 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 cenified 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 1.95, and will verify that the plant meets the interface
requirements in Section 2.2. 'Ihe 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 83, " Control Room Habitability."
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Table 6.41

COMPONENT DATA - MAIN CONTROL ROOM
EMERGENCY IIAlllTAlllLITY SYSTEM

(NOMINAL)

Emergency Air Storage Tanks

Quantity . . . 24............. ..................... ...... .............. . ..

Capacity per tank (ft') . . . . 51 (liquid). .... ...... ....... ......... . .. ......

Design pressure (psig) 2450................... ..... ... ....... ..... .........

Operating pressure (psig) 2300.. ........... .. ............... ......... . ...

Construction . ASME Section Vi!! and Appendix 22......... ...... . ..... .. .........

|
1

|
.

a

/
.

|
1

|

|

|
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Table 6A 2

ONSITE CIIEMICALS

Material State Nominal Quantity Location

Hydrogen Liquid 2,000 gal. Gas storage

Nitrogen Liquid 1,060 gal. Gas storage

CO Liquid 275 gal. Gas storage
2

Hydrazine Liquid 1,600 gal. Turbine bldg.

Morpholine Liquid 1,600 gal. Turbine bldg.

Sulfuric Acid Liquid 20,000 gal. Turbine bldg.

Sodium liydroxide Liquid 20,000 gal. Turbine bldg.

Dispersant''' Liquid 9,000 gal. Turbine bldg.

Fuel Oil Liquid 200,000 gal. DG fuel oil storage tank

Note:
(a) Site-specific, by Combined License applicant

i
.

!,

I

|
.
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Table 6.4-3

MAIN CONTROL ROOM llAlllTAlllLITY INDICATIONS AND ALARMS

VES emergency air storage tank pressure (indication and low alarm)

aia!n control room pressure boundary differential pressure (indication and high and low alarms)

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

>

l
1

Note:
KEY: VES = Main control room emergency habitability system

VBS = Nuclear island nonradioactive ventiletion system
. MCR = Main control im

|

|

|
.

|
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Figure 6.4-2

Main Control Romn Habitability System
Piping and Instrumentation Diagram
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