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DR A FT SAFETY EVALUATION R EPO RT
CATAWBA NUCLEAR STATION, UNITS 1 AND 2

CONTAINMENT SYSTEMS BRANCH '

DOCKET NOS. 50-413/414

6.2 Containment Systems

Each nuclea r unit of the Catawba Nuclear St ation will

be housed in a dual containment structure. The prima ry

edntainment vessel will be provided with a heat removaly

i so la t io n sy s t e. m and a combustible ga s controlsystem, an

system; the secondary containment (s hield building) wiLL5

be provided with an annulus ve ntilation sys tem. Most

90tsbly, the ptsnt will ut ilire a r. ice ccocenser type
,

pressure suppression containment similar to the McGuire

Nu c le a r St ation, S equoyah Nu c le ar P la nt, and D.C. Cook
i:,

Plant which are currently in ope ration.

The staff has reviewed the applicant's design, design criteria,

and design bases for containment systems. The acceptance

c rite ria used as the basis for the staff evaluation are set

f o rt h' in c e rt ai n sections of the SRP (NUREG-0800).

S p e ci f i c a l ly, the Catawba appli cation was reviewed against

SRP Sections 6.2.1, " Containment F u n e.t i o n a l Design";

6.2.2, " Containment Heat Removal Sys tems"; 6.2.3 "S e c onda ry
,

Containment Fun ct ional Design"; 6.2.4 "C'o nt a i hne nt Isolation

S ys t em"; 6.2.5, "Combustib le Ga s Cont rol i n Containment";

and 6.2.6, " C e n t a i n c.e nt Leakate Testing." These seceptsoce
,

c ri t e ri a include the applicable GDC, Re gu la to ry Guides, Bra,nch

v
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Technical Positions, and industry ~ codes and standards as.

specified in the above cited sections of the S RP. The

results of the staff's review are discussed below.

The design of the Catawba Nuclear Station containment

e-is very s i mi la r to the containment design for the McGui re

Nu clea r S t ation, which'the+ staff has previously reviewed.
.

,

Coth plants utili[e the dual containcent concept with a

f re e-s t andi ng steel prinary containment. Volumes and p lant

arrangenent within the prima ry containnent are sini ta r. -

Basic differences between the Catawba and the !!cGuire

Nu clea r Sjation plants are s li gh t and are limited to the

design of the reactor coolant sy, stem and containment

internal structures. Table 6.2-1 indicates the

differences in principal containment parameters between

the t.w o p l a n t s .
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TABLE 6.2-1
COMPARISON OF CONTAINMENT DESIEN PARAMETERS

.

Reactor Containcent Volumes Catawba McGuire*
(net-f ree volume,- cubi c f eet):

Upper Compartment 717,000 717,000

Ice Condenser 122,500 111,000

Lower Corpartment 345,000 368,000

Total Containment Volume 1,184,500 1,196,000-
n

Reactor Containment Air Compression Ratio: 1.41 1.41
'

Engineered Safeguards Design Rating (ES6R)
.

Reacter Power Used f or Containment Analysis
(negawatts, therma l); 3,526 3,579'

Desigr. Energy Release to Containnent:

Ir' tis t E tc.:do..n *iass Release (pcunds) 49E,200 493,210
'

Initial Slowdown Energy 6 6
Release (Btu) 324.2 x 10 318.4 x 10

6 6 6
L'ei g h t of Ice in Ice Condenser (pounds) 2.45 x 10 2.45 x 10

Containment Return Air Fan Flow
(cubic f eet per minute) 40,000 30,000

Containment Spray Flow (LOCA Analysis,
gallons per minute):

One Sprpy Train Inoperable

Upper Corpartment 3,400 3,432
.

Lower Corpartment 0 0
'

One Residual Heat Removal
Pump Inoperable -

,

Upper conoartcent 1,575 '1,623

Lower Conpartment 0 0

Total spray 4,975 5,055
,,

Cc.tainnent Design Pressure (pounds per 15.0 15.0 .

scuare inch gauge)

-Tnese values are taken f rom the I:cGuire SEE.

__ ___ _ _ , - . _ _ , _
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The primary reactor containment has a net-free volume of

about 1,184,500 cubic feet which is divided into three

major subvolunes: (1 ) 345,000 cubic feet in the lower

compartment enclosing the reactor system; (2) 122,500

cubic feet in the ice c ond e ns e r c omp a rt me nt enclosing
"

the ice c onde ns e r; and (3 ) 717,000 cubic f eet in the
-

s
upper compa rtme nt. .

.

The basic pe rf o rmance and design evalation of the ice

condenser system have been the subject of b ot h analysis,
and e xpe riment al prog r ams. These ef forts are described

in a r e p o ,r t entitled, " Staff Evaluation of Tests
*!

Conduct ed to Demonstrate the Functional Adequacy of the

Ice Condense r D esign," dated April 25, 1974, and provide

the basis for the staff's evaluation of the containment
functional design.

6.2.1 Contalnment Functional Desion
.

*

6.2.1.1 Containment Structure

The containment for each unit of the Catawba Nuclear

Station consists of a primary containment vess'el and

a shield building. The prima ry containment vessel is

..

- I
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a freestanding, welded stee L structure consisting of

a vertical cylinder, a hemispheri ca L dome, and a concrete, ) '

>

bas e mat with steel membrane. The shield building is a
.

1,

medium Leakage concrete st ructure enclosing the containment
t

vepsel, and is designed to provide f or the collection,
4

mixing, holdup, and controlled release of containment
' s

vessel fission product Leakage felLowing onset of an accident.

The int eri or of the prima ry containment vessel is divided int'o
three compartments: (1) a lower compartment which house.s
the reactor anc reactor coolant system; (2) the ice

condenser compartment which houses the energy absorbing
'

,

81 x

ice bed in which steam is condensed; and (3 ) the upper

compartment which accommodates the air displaced f rom

the other two volumes during postulated l o s s -o f -c o o l'a nt

and steam line break accidents.
|

. .

The i nt e rmedi a t e, or ice condenser compartment, is an
! :enclosed. annular compartment encompassing.most of the '

perimeter of the containment structure. Borated flake s

;
ice is stored within the i ce. condenser compartment'in'

') } '' ./48-foot Lono cylindrical perforated metal. baskets. The I.

j'ice contained in the bask ets is provided to condense M'
.

t
'

{ :
,
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. . . .
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the steam released in the event of a loss-of-coolant

; . accident or a steam line break accident. <

; ,

if The staff wilL require the applicant to weigh the ice
)

in a large s tatis tica l samp le (approximat ely 53 percent)<

. $ ep'
" of the 1944 ice baskets in each unit, fotLowing their'

.

.- initial ice loading. 'The' staff wilL require that this'

.

information be used in statistical analysek to determine'

(1) the initial di st ribution of ice in the ice condenser;
'

.

(2) the minimut a . .o u n t of ice leaded into the icej

a95-hercent level of confidence; andcondenser at

j (3) app rop ri at e subdivision of the ice condenser into
>

.. groups of bays to be utili zed in the periodic ice
io

, w e / g(t 'urveil.Lence program. These matters wiLL be
~

*

s

/t ;
'

'

p. f resolved in conjunction with the staff's development'

,

of.the Technical Specifications. ''
,

'

9. :.
'

-

-

i In an effort to p rovide the earliest possible

indication of the actual sublimation rate for the*

D. C. Cook Unit 1 icercondenser, its l'i c e n s e e, the

Ame ri can E le ct ri c Power Company, implement ed a program
,

; to measure periodi calLy the weight of selected ice

A- baskets in the ice condenser, and has weighed a
'#

, , ,.
' ..

)

v
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sample of ice baskets on numerous occasions. The i

result s of the ice basket weighing program have

indicated that the ave rage s ub li ma t io n rate of 2 to

3 percent pe r year is significantly greater than the

e x,p e c t e d rate of about 0.5 pe rce nt pe r year, and
<-

slightly greater than the maximum design sublimation
'

s

rate of 2 percent pe r year. The result s also have *

shown that ice sublimation does not occur uniformly

ove r the cross sectional a rea of the ice condenser.
.

Easkets adjacent to the crane and containcent wall

cooling ducts lose ice at a greater rate than baskets

located Ib the interior of the ice condenser.
I nt e rp r et at ion of the data frem the ice basket

weighing program has been compli ca ted by the fact that

variations in original ice loading techniques r esult ed

in three distinct groups of ice weights. The frequent
..

weighing programs conducted at the D. C. Cook facility

have provided early identification of the ice condenser

loss rates and patterns, the op po rt uni ty to develop

corrective modifications and procedures,'and has e n s u r .e d

the safety of continued operation of t he p la nt'.

..

e
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The ice weighing program at the Sequoyah Nuclear Plant
1

Unit 1 has detected an even greater rate of ice loss,

on the order of 4 to 5 percent pe r ye ar. This high

loss rate necessitated, during the first fuel cy c le, a

* reanalysis of the DBAs to pe rmit a reduction in the

requi r eme nt in the pladt Tehnical Specifications for
.

total ice weight. .

Based on the above discussion of current ice condenser
.

ope rating e xpe ri ence, the staff will require the
<

ap p li c a nt to institute a pe riodic ice basket weighing

it
program for each unit at C a t awba , cimilar to the programs

being conducted at the Sequoyah and McGuire plants. The

staff reconnends that the ap p li c a nt continue to evaluate

the equipment and techniques available for ice loading

to ac ieve an initial ice invento ry t hat is uniformly

distributed. The staf f will pursue the development of a
'

suitable pe riodic ice weighing program with the app li c a nt.

during the development of T e chnic a l Sp.e ci fi c a tions f o r t he
'

operation of the plant and will include appropriate ,

operating limits to ensure an ac cept able margin of saf ety.

During nornal plant operation, the ice bed i s maintained
..

at about 15 degrees Fahrenheit by a redundant r ef rige ra't ion
'

.

.

6, S
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system. Ref rige ration ducts and insulation on the

ice condenser walls se rve to minimize heat losses from

the ice. Thirty air h a nd li ng units are provided in the

containment, but only 21 of the units are requi red to

operate at any time to maintain the design temperature

~
of 15 degrees Fahrenheit within the ice bed. In the

'

codplete loss of the refrigerationunlikely event that a

system occurs, the insulation within the ice condenser

is suf fici ent to prevent the ice from melting for a
*

r. i r. i .u m pericd of sever. days, which allcus adequate
.

time f or saf e plant shutdown.

41

Inlet and outlet doors are provided at the to; and bottom

of the ice condenser compa rtment. In the event of a loss-

of-coolant ac ci de nt, the lower inlet doors will open due

to the pressure rise in the lower compa rtme nt caused by

the r,elease of the reactor coola nt to the lower compartment.

T he dif f e rential pressure will then cause air, entrained
.

water, and steam to flow from the lower compartment into

the ice condense r. The resultng pressure rise, due

principally to the air mass in the ice condenser, wiL{
cause the doors at the top of the ice condenser

to open and allow the air to flow from the ice condenser

..

e

O
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into the upper compartment. Steam wilL be condensed as it

contacts the ice contained in the ice condenser comp a rt ment,

and, therefore, does not reach the upper compartment.

Complete steam condensation is assured because of the

, i ce mass and geometrical arrangement of the ice columns.

Devetopmental testing ,by Westinghouse has confirmed this
e

phenomenon. The staff's evaluation of the test programs

was completed in conjunction with the review of the

D. C. Ccck Plant, and was reported in the Saf ety
,

Evaluation Report for that plant and in the report,

" Staff E va Lu at i on of Tests Conducted to Demonstrate
4

the Functional Adequacy of the Ice Condenser Design,"

dated April 25, 1974.

An operating deek separates the upper and lower

c o mp a,r t me n t s and ensures that steam and air flow

resulting from a loss-of coolant accident is directed

through the ice condenser to the upper-compartment-

rather than through uncontrolled bypass paths. FolLowing

initial blowdown, approximately 1,690,000 pounds of ice
,

(or 69 percent of the initial mass of ice) remains in the

ice condenser. Condensation of the steam in the ice

''

|
Li mi t s the containnent pressure t o approximat e Ly 9.0

.

o
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pounds per square inch gauge between the time reactor

blowdown is complete and the time that mettout of the

ice bed occurs. Ice nettout is predicted to occur

about 58 minutes after onset of a design basis LOCA.

Follcwing ice meltout, the rise in the containment

e-
pressure due to the release of decay energy from the

core is limited by the' containment spray system. .

The lower c ompa rt me nt is divided into a number of

sub c o p a rt me .t s formed by internal equipment,

structures, and components. The pressure responses

within these :ubcompartments we re analyzed by the
e

ap p li c a nt using t he TMD (T r a ns i ent Mass Distribution)

computer code developed by Westinghouse. The code is

described in a nonproprietary Westinghouse Topical

Report, " Ice Condenser Containment Pressure Transient

Analypis Methods," WC AP-8078 The code provides a

means for computing pressures, te6peratures, heat

transfer rates, and mass flow rates as.a function

of time and location throughout the c'o nt a i nm e nt .

.

The staff reviewed this code during the review of

the D. C. Cook Plant and found it to be acceptable

for calculating the short-term pressure response in

..

e
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subcompartments. The pressure response with.in the

su bc omp a rt ment s is different from the overalL pressure

response of the containment onty during the early

blowdown phase'of the acci dent; that is, up to about

10 seconds fotLowing the occurrence of the break.
.

*

FolLowing the early bl,ow dow n pha s e of the accident, the
.

pressure and temperature responses of the upper and

Lower compartments are analyzed with the Uectinghouse

LOTIC-1 conputer program. This program has been
,

des cribed in Westinghouse Topical Report WCAP-8354,

"Long Term Ice Condenser Containment Code - LOTIC
it

Code." The staff has completed a generic review of

the LOTIC-1 computer program through the NRC's topical

report eva Luation program and has concluded that the

LOTIC-1 code is acceptable for the calculation of the

Long , term ice condenser containment response to

pos tulat ed LOCAs (see NRC Letter to Westinghouse dated

M a y 3, 1978).-

Maximum Pressure and Temperature Analysis
,

*

The applicant has performed containment analyses for a

spectrum of reactor coolant system (RCS) and secondary

..
,

e

* e

b



.

. .-

.

', - 13 -

!
.

system pipe ruptures to ve rif y the containment

functional design pressure and t empe rature, and to

e s t ab li s h the pr es sure and t empe rature conditions

for envi ronment al qualification of safety related

e qui pme nt located inside containment. The contain-
'

e- m e n t functional analyses include the assumption of

the nest limiting single active failure and the
.

availability or unavailability cf effsite power,

de p e ndi ng on which r esult s in the highest containment

tempe ratur es ac pressures.

For the design ba sis LOC A, the containment spray

iN activated after the completion of blewdown,system

that i s, about 45 seconds after onset of the a c ci de nt.

After about 10 minutes, the return air fans are started

and the c ont ai nme nt pressure is reduced to approximately

6.5 ounds per square inch gauge as air is returned from

the uppe r volume to the lowe r volumes. Steam from the

reactor coolant system is stiLL being removed almost

entirely by the stored ice at this time. Af ter ice

mettout, which o ccurs about 58 minutes a'fter onset of

hystem isthe accident, steam from the reactor coolant

removed by the c ont ai nme nt spray system. T h e cont ainment

..

e
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pressure will again peak about 1.5 hours after onset of

the accident, at which time the energy input equals the

minimum heat removal capability of the sprays. The

magnitude of this peak pressure is determined by the heat

input rate to the containment and heat removal rate of
-

e-
the containment spray system.

'
s

.

The applicant used the LOTIC-1 computer program to

calculate the long-term containment pressure and

temperature response to a spe:trum of LOCAs. L OTI C-1
,

is a comput er program simila r to the COCO code, which

has been used to analyze the containment pressure
it

transients for other types of containments. The main

differences between these computer codes li e in the

methods by which the heat removal systems are modeled.

LOTIC-1 includes features f or modeling the heat removal

capabilities of the ice and has provisions to calculate

the pressure response of the containment. The containment

*

upper and lower compartments and the ice condenser are

modeled as control volumes in the code to represent the

physical geometry of the containment. Conservation of

mass and energy are applied and equations are solved by

appropriate nune ri t al p rocedures.

..

m
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The app li ca nt has provided mass and energy data for

postulated loss-of-coolant accidents (LOCA) with a

spectrum of break sizes and locations in the reactor

system. The break sizes a re up to and including a

double ended rupture of the largest pipe. The break
,

e-
locations include the cold leg at the suction and

'

discharge sides of the re/ctor coolant pump, and the .

ho; leg. The effects of si ng' e failures on masst

and energy release rates were included by bounding

~

ine ;cssible effects with ,c cases, i.e., the

maximum safeguards case where no single f ailures

are a s s u c'e d a n d the minimum saf eguards cases where

the single f ailu re assumed is the loss of one

emergency diesel. k'e h a ve reviewed the app li c a nt 's

spectrum of break.s and the single failures considered

and find them a cceptable.
.

The mass and energy released to the containment is

considered in terms of the blowdown, refill, reflood,

and froth boiling phases. The method.used by the
~

applicant to compute the mass and energy release e'

rates f rom postulated reactor coolant pipe breaks for

the containment functional analyses are do cu r.:e nt e d i n

..

e
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topical report WCAP-8312A, " Westinghouse Mass and

Energy Release Data for Containment Design." This

topical report was approved by the staff in a letter

dated March 12, 1975 Therefore, the applicant's

mass and energy releast rate data f or postulated

e
reactor c oo la nt pipe breaks are acceptable for use

'

in the containment f un c t i o.nal analyses. .

.

The staff has also reviewed the plant contairment

;c e tne t _ rs and has found ther. to be conservative
,

for the evaluation of the long-term containment

response .to pos tula ted LOC As. Using the above mass
*!

and energy release data, containment input parameters,

and the LOTIC-1 ice condenser containment analysis

program, the ap p li c a nt has calculated a peak containment

pressure of 14.4 psig.cnd a peak containment temperature

of 237 F'for the worst case LOCA, a double ended rupture

of the RCS pump suction cold leg. Because the peak

*

calculated containment pressure of 14.4 psig is less

than the 15.0 psig containment design' pressure, the
_

staff finds the applicant's long-term containment
.

response calculations for LOC As a c cept ab le.

..

O
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The a ppli c a nt also has analyzed t he effect of steam

bypassing the ice condense r on the c ont ai nme nt pressure

response. Drain lines in the floor of the ref ue ling

canal a re provided to allow water sprayed into the

upper compartment to return to the containment sump.
,

#~These drains represent a bypass path. T he appli cant

has included in the c o'nt ai nm e nt analysis the effect of .
2 2

this bypass area (2.2 ft ), along with another 2.8 ft
2

of area f o r ma rgi n, for a total area of 5.0 ft The.

'

a:plicant has a l s o p r e.'i c e d a .a ly s e s which indicate
2

that about 40 ft of bypass area can be ac commodated i n

the design without the design pressure of the containment

being exceeded.

The staff has reviewed t he appli c a nt 's analysis of the

maximum differential pressures which could exist in the

reve rs e di rect ion - (t hat i s, upper compartment to lower

compa rt me nt ) during a LOCA. The applicant's methods of

analysis and a s .mptions are conservative. The applicant

has calculated a maximum reve rse differential pressure of
.

0.88 psid. This is well within the design reve rs e

! differential pressure capability of the ope rating deck

and ice condenser lower intet doors.
*'

..

.
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The applicant has calculated the containment, response

to a spectrum of main steamline breaks (USLBs) using

t h e L OTI C-3 computer program. This program has been

described in Supplement 2 to the Westinghouse Topical

Report,WCAP-8354 The staff has completed a generic

*' review of the LOTIC-3 code and has concluded that the
L O TI C-3 code is acceptable'for the calculation of

.

Long-term ice condenser containment response to

postulated secondary system pipe break accidents (see

" T. : Letter to ||ectinghouse dat ed *:a y 3, ' 975) . At t '. e *

staff's request, additional smalL MSLBs were anal zed,
2

e x t e n di ng6t h e spect rum down to a 0.1-ft break s i ze.

These analyses were performed by Westinghouse for a

" generic" ice condenser plant. SpecificalLy, these

analyses concerned the containment response to

postulated 0.6 square feet, 0.35 square feet, and 0.1

square feet main steanline s p li t breaks. In atL cases

the effects of containment spray and return air f an
.

operation were considered in the analyses. In alL

cases a containment lower compartment pressure high

enough to initiate automatic operation of.the sprays

and fans was caLeulated in t he LOTIC-3 analysis of the

pcstulated event.
..

e

*
O
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However, the applicant has not presented sufficient data

comparing the containment input p a ra me t e rs assumed in

the analysis of the "g ene ri c" p L a nt with the same

parameters for the Catawba Nuclear Plant. This information

is' necessary in order for the staf f to conclude that they

" gene ri c" p Lant parame.tery are equivalent t o, or more
.

conservative than, the Catawba parameters pertinent to

these analyses. Therefore, the staff cannot conclude

that the " gene ri c" p Lant MSLB analyses are applicable
,

to Catawba.

For large itSLBs, the app li c ant assumed that the mass

released from the breaks was dry saturated steam (i . e . ,
,

no liquid entrainment). Although this is an acceptable

'

assumption, the applicant assumed there wouLd be

complete revapori zation of the water whien condenses on

passive heat sinks in the containment during periods when

superheated conditions exist inside containment.

This assumption is not acceptable for ' releases with no

liquid entrainment, under the terms of the st'aff's

acceptance of the LOTIC-3 code, as expressed in the

..

e

, . - . . - , e
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NRC Letter to Westinghouse, dat ed May 3,1978. For

MSLB releases with no liquid entrainment, the

applicant must assume no re vapo ri za t i on of condensate

from passive heat s i nk s. The app li cant has done this

,_ f o'r smaLL MSLBs, but not for la rge MSLBs; therefore, the

staff requires a r e a na.ly s j s of large MSLBs with LOTIC-3
.

using the required input assucptions detailed above.

The mass and energy release for postulated MSLBs are

calculated using the Westinghcuse MARVEL ccde. H o w e v e r',

du ri ng the course of the staff's review, Westinghouse

made sevpral modeL changes. One of these changes,

accounting for additional heat t ransf er to steam during

tube bundle uncovery in the steam generator, couLd have

significant i mp a ct on the containment temperature

response for ice condenser containments. Based on the

data frem a s ens i t i vi t y study perf ormed by Westinghouse

(letter from E. Rahe, J r. (Westinghou s e)'t o J. MitLer
.

(NRC) dated February 17, 1982, Wes tinghou s e N S-EPR-2563),

it is estimated that the peak containment t emp e ratu re ,

response of the containment Lower compartment 'may exceed

the temperature profile currentty calculated by the

applicant. Therefore, it is required that a r e f i ne d .ai n ,,

steam line break analysis be done, taking into account .

.
.

.
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the change in the heat transfer modeL, to

de t e rmi ne the adequacy of the temperature

profile in the containment lower compartment.

Bgsed on the above review of the app li cant 's
e.-

containment pressure and t e mp e r a t u re functional

s

anatyses, the staff concludes that the app li cant *

has satisf a ctorily demonstrated the adequacy of

the containment functional design for LOCAs.

M cd e ve r, the staff is not able to complete its

review of the containment temperature and

pressure" response for postulated MSLBs. Pending

receipt of the additional information and analyses

specified above, the staff wilL report its conclusion

in the final SER.
.

Protection Against Damage From Externst Pressure

The containment vessel is designed for.an external

pressure of 1.5 pounds per square inch gauge.

Inadvertent operation of the spray syste'm or 'the

return air fan systems du ring norma l p lant oper& tion

would cause a re du ct i on in the containment pressure.

The app li ca nt has p rovi ce d a Containment Pressure ..

*
,

;

|

!
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Cont rol System to prevent the containment from being

depressuri zed to below its design pressure; this system

is activated when the containnent internal pressure

is less than 0.25 pounds per square inch gauge. The

s y,s t e m is composed of eight independent pressure sensors
n

(f our per t rain) which interlock the controls of the
'

s

sp ra y and f an :ystems so as to prevent their operation ~

when the containment pressure is less than 0.25 pounds

per square inch gauge. The staff concludes that the
.

use of this system, in Lieu of a vacuum relief system,
is acceptable.

::

Also, all high energy lines penetrating containment are

p rovided with guard pipes in the annulus space between

the primary and secondary containments. These guard

pipes assure that any steam released by a pipe break in

the annulus is directed back into prima ry containment,

so as net to pressurize the annu lus and a,pp Ly an
.

external pressure on the containment vessel.

Therefore, the staf f concludes that the Catawba design,

ad'equately protects the containment against damage

from external pressure.

..

e

*
.
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6.2.1.2 subcomparment Analysis

Following the onset of a postulated reactor coolant pipe

rupture, dif f e rential and local pressures build up in the

subcompa rtments of the lower containment c ompa rtme nt as

Righ energy fluid is released and t ransported throughout
,

the various regions. . Thp pressure magnitudes depend upon

the volumes of the subcompa rtment s, i nt e r c onne ct i ng vent

flow paths, mass flow behavior, and t he the rmodynamic

behavio r within the pressure nodes. During this phase,

of the transient, flow to the upper contianment

c omp a rt m.e nt is rising but pressure is stiLL near i ts
t!

initial pressure. It is during this time that the

peak operating deck dif f e rential pressure and peak

subcompartment differential pressures would be

expe ri enced. As the blowdown c o nt i r.u e s, the pressure
,

in the upper compartment rises, and about 10 seconds

after the start of blowdown the uppe r compa rtment

reaches a peak pressure approximately equal to the

lower compartment pressure, that is,'about 8.0 psig.
.

T he primary factor in producing this upper compartment'

peak is the displacement of air from the lowe-

compartnent through the ice columns into the upper
..

compa rt ment.
.

-- - -r- ,- - - - - -
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The LOCA mass and energy release rate data used in the

subcompartment analyses were developed f rom the computer

program SATAN described in Westinghouse Topical Report

WCAP-8312A, which was approved by the staff in a letter

dated March 12, 1975. The mass and energy release rates

for the steam line break in the steam generator

subcompartment were calculated by the MARVEL code. We have

re vi ew ed the code with a detailed evaluation in Section
6.2.1.1 for containment analysis. For steam generator

subcompartment analyses, we have f ou n d t h e m e t h o d a l o n'g

with the conservative assumptions used to be acceptable.
e

The staff concludes that the methodology for computing

the LOCA and steam line break mass and energy release

for subcompartment analyses is a c c e;.' a b l e ._

The applicant used the TMD computer program to cateulate
"

the short-term pressures, temperatures, heat transfer

rates, and mass flow rates as a function of time and
.

Location throughout th e cont ainment, 'inc luding the

c o n t a i r.me n t compartments, fotLowing either a'LOCA or

liSLB. The model i n c lu de s a noda li zat ion sche'me of 53

volumes representing the containment to analyze the
:

pressure response of the subcompartments within the.
,,

lower conp a rt ment (including dead ended compartments), .

the ice cond,enser compartment, and the upper compartment.

''
__ - . _ . - - ,_.- .-
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TMD was developed specificalLy to analyze the short-

t erm p ressure response of the ice condense r s ystem.

The mathematical modeling in TMD is similar to that

of th e S AT AN-V blowdown code in that the anatyticaL -

'

c- solution is deve Loped by considering the conservation

equations of mass, momentum, and energy, and the
.

ecuatien of state, and uses the cont rol volume technique

for sieulating spatial va riation. The governing

e uations fer TMD are somewhat different from those -

in SATAN-V in that a two phase (Liquid water drcpLets

and stegm-air vapor), two component (a i r-wat e r) system

is considered. The staff has reviewed these mathematical

di f f erences between S AT AN-V and TMD and concurs that TMD

has maintained the conservatisms incorporat ed in S ATAN-V.

The,TMD calculates the critical flow of a two-component,

two phase fluid (air, steam, and water) assuming a thermal

equilibrium condition. However, a correction factor, which

was determined by Westinghouse to account for experimental

data on applicable flow regimes, is the,n app. Lied to the

caLeulated critical flow. The correction factor as used

in the code increases the critical flow up to 20

pe cent through the :enpartrents as the cualit y of
..

the fluid decreases. This increased critical flow
.



. .4
,

.
-

,

26 -- -

!
.

is r ef e red to a s "augme nt ed" f low. The net'effect

result s in a lowe r dif f e rential pressure between

compa rtme nts when compared te an unaugmented f tow regime.

The use of the augmented flow factor result s in less

e,o n s e rv a t i s m s than use of the thermal equilibrium
n

correlation.
' s

.

FolLowing the st$ff's review of the expe rime ntal data

and analysis perf ormed during the review of the D. C.

Cook facility, the staff determined that the use of *

this correction f actor f or the type of analysis being

p e r f o r m q,d could not be justified. In accordance with

this determination, the applicant has analyzed the

short-term containment pressure response using the

latest version of the TMD code with an unaugmented

or ynity flow correlation.

..

The applicant's heat transfer modeL of the ice condenser

'

used i n the latest ve rs ion of the TMD code is based on.

the results of f ull scale testing done by Westinghouse

during 1973 and 1974 Result s of the staff review of,

the 1973 - 1974 full scale ice condenser tests have

been oresented in an April 1974 report, " Staff

Evaluation of Tests Conducted To Denonstrate the -

.

*
O

O

de,
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Functional Adequacy of the Ice Condenser Design." -

The latest version of the TF.D code also i nc lu de s a

compressibility factor which is used with the subsonic

incompressible flow equations to include the effects
'

c-
of compressible fluid flow. These code provisions

are acceptable to the' staff.
.

.

The 53-node containment modeL sas used to calculate

maximum dif f erentia L pressure on the operating deck
,

and on the containment out er wa L L in the ice condenser

inlet plenum and the lower ecmpartment loop or dead-
t!

ended compartments. The calculated dif f erential

p re s su re s acting on these s t ru ct u res do not exceed

t h r- corresponding design values. The staff, therefore,
.

~~
finds tne app li c a nt 's method of analysis, modeling

_

~ assumptions, and resuLts to be acceptable for use for

the structural analysis of the structures mentioned
.

above. Separate analyses were done for pipe breaks
.

in the steam generator enclosures, pressurizer enclosure,

and reactor c a vi t y, as discussed below.

. . .

.

4
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Steam Generator Enetosure

The applicant has used the TMD code with the

compressibility factor and assuming unaugmented

critical flow to perf orm the t rsnsient analysis of

the steam generator enclosure. The a pp li ca nt has

performed the analysis for the only possible high
.

energy line break * within t he enclosu re, a 3.05 square

foot limit ed displa cement ruptu re of the main steam

Line at the too of the steam generat or. The size and
.

Location of the steamline break has been limited by

enclosing the steam Line by a continuous guard pipe
*!

over the entire length of the steam Line within the

enclosure. The a pp li ca nt has perf ormed a nodalization

s ens i t i vi t y study on the steam generator enclosure

which resulted in a nine-node mode l of the enclosure.

However, FSAR Table 6.2.1 -20 w a s to present information

concerning the nodalization sensitivit y study, but does

not. This information is reauired so..that the staff*

may complete its review. Also, the a pp li ca nt has not
..

,

p rovided the design differential pressure values for
i

the steam generator enclosu re walls. The staff also

requires this information in order to complete its

review. **

.

*
e

e

.
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Pressurizer Enclosure

The apolicant has analyzed the respense of the

p re s su ri ze r enclosure to the postulated rupture of

t ,h e largest line within the enclosure; i.e., a double-
e-

ended rupture of the s i x-i n c h p res su ri ze r spray line
' s

at the pressuri zer vessel nozzle to spray line piping *

weld. The applicant has used the TMD code without the

austented critical flow correlation and with the
.

cenpressioilty factor to perf orm the p res suri zer

enclosure analysis. He has also perf ormed a nodali zation

s e n s i t i v"i t y study, using both two node and four-node codels

of the enclosure. The peak calculated differential

p re s su re acting across the enclosure structure was

18.3 psi for the two node modeL and 18.4 for the four

node' nodeL. However, the ap p li c a nt has not provided

the design dif f erential pressure values for the

p re s su ri ze r enclosure walls. The staff' requires

this information in order to complete its review.

..

Reactor Cavity

The app li ca nt used the T!;D code with the cocp re s s i bi li t y

factor cnd without the augmented critical flou correLatien

to analyze the response of the reactor cavit y st ructures -
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to a LOCA. The reactor cavity was modeled by

forty-four nodes within the cavity and ten nodes
~

external to the cavity. The annulus between the

reactor vessel and the shield wall was divided into
a,xial and circumferential nodes. The maximum credible

~

break size and its corresponding location were identified
-

s

by the app li c a nt ,a s an ES-square inch limited displacedent

ruptu re of a c o l o' leg pipe at the pressure vessel nozzle-

to pipe-weld. The maximum dif f erential pressures
.

ca lcu la t ed are less than the desi Dn pressure for cll

nodes of the rea ctor cavit y st ructu re. The staff finds

the appl'$ cant's method of analysis, no de li ng assumptions,

and re su lt s acceptable for the evaluation of reactor

c a vi t y st ru ctu res. However, the applicant has not

provided suf ficient information concerning the

calc lation of as ymmet ri c blowdown p ressu re forces

and coments on the reactor vessel. Specifically, the
~

app li c a nt should show conf orma nce w i t h t'h e p rovi s ions, .

!

of Section 3.2.2.4 of NUREG-0609, " A s.ymme t ri c B low down

Loads on PWR P ri ma ry S yst ems," dat ed J anu a ry 1981.
1

In summary, the staff finds acceptable the app li ca nt 's

subcoupartnent analysis for the 53 node model of the
..

G

9
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entire containment. However, additional information,

as stated above, is required for the steam generator

enclosure, pre s su ri zer enclosure, and reactor cavity

subcompartment analyses.

*
e.-

6.2.1.3 fli n i mu m Containment Pressure Analysis for Performance
Capability Studies of.the ECCS

.

Appendix K to 10 CFR 50 of the Commission's regulations

requires that the effect of operation of all t he p ressure-

reducing systecs and processes installed in the containment

be i n c lu de d in the ECCS eva lu a t i on. For the purpose of

this ev/luation, it is conservative to minimi ze the

containment pressure. The ref lood rate in the core will

then be reduced because of the resistance to steam flow

in the reactor primary system.

.

Following onset of a LOCA, the pressure in the containment

building will be increased by the addition of steam and water
,

from the reactor primary system to the containment atmosphere.

After i nit i a l blow down, heat transfer from the core,

primary metal structure, and steam generators.to the

emergency core cooling water will produce additional steam.

This steam, together with any emergency core cooling water
..

spilled from the primary systen, will f low through the
.
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postulated break into the containment. T h i.s energy

will be released to the containment during both the

blowdown and later operational phases (t ha t is, the

reflood and post reflood phases).

Energy removal occurs withir. the containment by severaly

means. Steam condensation on the containment walls
-

s
,

and on internal ttructures serves as a passive energy
,

heat sink that becomes ef f ective e a rly i n the blowdown

t r a r.s i e n t . Subsequently, the operation of the
,

containment heat removal systems such as containment

sprays wiLL remove steam from the containment atmosphere.
*:

In an ice condenter-type containment, energy i s removed

as the nixture of steam, air, and water passes through

the ice condenser (that i s, when the mixture is forced'

from the containment, lowe r compartment to the upper

compartment).

The ECCS containment pressure c a l cu la t io ns for Catawba
.

were done using the Westinghouse ECCS evaluation model.

The containment response calculations were pe rf ormed
.,-

using the Westinghouse LOTIC-2 containment c' ode. The

' staff has r evi ewed t he LOTIC-2 code and h as concluded

that the LOTIC-2 code is a c cept ab le for the calculation

'

of minimum containment pressure response for ice
,

.

]

N
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condenser plants. Al th ou gh t h e s t a f,f has accepted ' l
=/

the methods used to calculate containment pressure
- s

. .V I t'response, justification of the picint-de?endent input
'

n i. ', I

parameters used in the analysis of. c os ti,i ripe nt
; ,e s-

p'r e s s u r e response are required,to,be submit't'ed forg

c e vi ew on a p lant-by p la gt basis. This i n fo rma t i on
.

was submitted in the Catawba FSAR. Nhe app li cant

has evaluated the c o n t a i n m e r, t net-f[e's volume, the
+

passive heat sinks, cperaticn of the centainnent -

heat removal systems, and containment | initial conditions
f.

*-

with regard to conservatism f or the ECCS analysis. r#it

The containment heat removal systems were assumed to !.

operate at their maximum capacities, and maximum / , ' '-

.I
operational values f or the sp ra y wat,e r and service

. 1.

water temperatures were assumed. Thts staff finds these
a s s u mp t i o n s to be accepteble and in1 accord $nce witn

- s
BTP CSB 6-1, " Minimum Cont ainment Presiufe Model for
PWR ECCS Perf ormance Eva luation. " H o w'e v e ) contrary

I
to the provisions of BTP CSB 6-1, the app li c a.nt has

not considered the effect of containeent air. Lost ..

through containnent purge or vent lined open at y
,

A fthe beginning of the accident. This' loss of air ,
,,

would reduce the minimum ca lcu lat ed cont ainment'
s -

+-

I k

j

,
,

t
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pressure, and the staff requires that this effec't

be considered in the analysis.

The mass and energy release rates for ninimum
-

centainment p re s s u re analysis were calculated using

t he me t h o d described in Section 15.6.5 of the FSAR.
> o-

This method is evaluated in Chapter 15 of this SER.
, * *

.

'- .

'

The staff has conc luded that t h e . p la n t -d e p e n de nt

infernation used for the ECCS c ont ai n$e nt pressure

a r.c l y : i c fcr O c t a .: b a is reasencbly cofservative;

however, additional information is rehuired concerning.
,

J
the e f f e c.t of open containment purge / vent lines on the

i . ,

9 analysis, in order f or the staf,f to comp le t e its review.,

'\' -

. .t
'

s
-,

-

6.2.1.4/ Summary and Conclusions *

4
/

Based on the preceeding e va lu a t i ons , the staff concludes

that'the containment f'inctional design is acceptable

- and meets the recuirements o f G D C' 16, 5 0, 5 2, and 53
.

for LOCA, steam bypass, c x,i mu m differential pressure

in the reverse di rection 'a cting on the operat.ing deck,
,

protection against damage from external pressure, and

i: the 53-node subcompartment analysis for the entire

c e r. t a i n r.e n t . Additional inferr.stico is required
r ..

concerning t h e 71S L B a n a l y s t, s , subcompartment analyses
,

,

I

. _t- e
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for the reactor cavity and steam generator and

p ressu ri zer enclosures, and minimum containment

pressure analysis for performance c a p a bi li t y studies

of the ECCS. Pending receipt of the additional

information, the staff wilL report its conclusions
.

*in the fina l SER.
'

s
.

6.2.2 Containment Heat Removal Systems

The energy released to the centainment following a

deci;n basis 'ccs-of ccclent accident will te initially *.

absorbed by the ice condenser. After the ice bed has

me lt e d, mass and energy wilL continue to be released to

the containnent, at which time the containment spray

systems wilL maintain the containnent pressure in the

long-te rn be Low the containment design pressure, and

eventually reduce the containment pressure to about

at mosp he ri c pressure.

The containment spray for each unit of the Catawba

Nuclear Station is provided by two spray trains, each
!

designed to provide the cooling capacity required to

maintain the peak containment pressure at less than

design p res su re for the full spectrum of break sizes.

E a c ., cpray system delivers 3400 gallons per ninute of "

.

-
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borated water to the containment from one containment

spray pump and heat exchanger. The containment spray

pump is started by a containment presure signal set at

approximately 3.0 pounds per square inch gauge, and
e-

containment spray starts at about 45 seconds after the
'

onset of the accident. An additional 1,575 gallons .

per minute of cohtainment spray from the residual heat

removal pump may be manually initiated after the change

over from the injection to r e ci r cu la t i on tode of o p e r a'-

tion. This wouLd be done no earlier than one hour after

onset o f. the accident.

The containment is equipped with two 100 percent capacity

return air fan systems, each of which uses a 40,000 cubic

feet per minute fan .to force air from the upper compart-

ment, ba ck to the lower compartment after the reactor

coolant system b Lowdown and subsequent reactor reflooding

*

are comp le t ed.

The return air fans are utili zed to retu rn ai r from the

upper compartment to the lower compartment after the

compression peak is reached, and thus p rovide a homogeneous

mixture of steam and air throughout the containnent during

the long-term pressure peak. Although the return air
,

fans are started by the containment pressure signai, fan
,

,_ _, _m . _ , 4. _ . .

, ' ,
_

.
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startup is delayed for 10 minutes to provide an increased

ba ck p re s su re du ri ng core reflood.

The app li cant has provided a nalfunction analysis and

other information which demonstrates independence.of the

r edu n d a nt spray trains and return air fan systems. Each

spray train has its own
, r e.c i r c u l a t i o n piping suction inlet

from a connon s u c.p . The sur.p is protected by grating and

screening to prevent debris from passing into the suction

lines. The spray nozzles are the limiting compenent in.

the containment spray systems and are not subject to

clogging by particles less than 1/4 inch. The applicant
u

has provided a pump net positive suction head analysis

which shows that adequate suction head is available at

both the containment spray pump and residual heat removal

pump inlets during both the injection and recirculation

phases without taking credit for increased containment

p r e s su re, as recommended by R e gu la t o r y G u i de 1.1, "Ne t

Positive Suction Head for Emergency Core Cooling and

Containcent Heat Removal S ystem Pumps" (Safety Guide 1).
-

4
,

The staff finds the net positive suction head analysis to

be acceptable.

The applicant used the LOTIC-1 c o c'e te denonstrate the
,,

long-term capability of c.i n i m u t containnent heat removal .
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systems (one complete train of spray and return air

systems) to maintain the containment pressure below

design pressure for the design basis loss-of coolant

accident. The staff has reviewed the applicant's

containment pressure and temperature response as

-
calculated by the LOTIC-1 code and concludes that the

design of the c o n t a i n m e n't heat removal systems is .

acceptable. Provisions a re made in the containment

spray system and the return air system to permit
'

inservice inspection of the system c or.p o n e n t e and

functional testing of active components in both

systemps

The staff therefore concludes that the design of the

containment heat removal system is a c cep t ab le and

meets the requirements of General Design Criteria
.

38,,,39 and 40.

6.2.3 Secondary Containment Functional Desion
.

The secondary containment system consists of a shield

building enclosing t he prima ry containment structure;

An annulus ventilation system is provided f or the annulus

formeed by these structures. The annulus ventilation

system collects and filters airborne radioactivity t t.a t **
.

.

. _ _ . , _
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may leak from the primary containment following a

loss of coolant a c ci de nt. The annulus ventilation

system consists of two independent, 100 pe rcent c apa ci ty

f an/filt er t rains. Each train consist of filters,

ducting, supports, valves, fan (9000 cfm), andy

instrumentation and gent,rols.
.

In the event of a LOCA, the annu tus ventilation system

is started by a c ont ainme nt high_ pressure signal (three
,

osig). The annulus ventilation system is aligned to

exhaust at 9000 cfm until the a nnu lu s reaches a pressure

of minec 0.5 inches of water gauge. Upon reaching the

presc ribed negative pressure, the system is modulated

to exhaust air as necessary to maintain the pressure

within the annulus at minu s 0.5 inches of water gauge.

:
-

T h e,,a p p li c a nt has analyzed the pe rf o rmance of the annulus

ventilation system using the CANVENT computer code. The

analysis has conside red t he inleakage. of air to the

annulus, the compression of the annulus volume due to

expansion of the steel containment vessel, and the
,

'

transfer of heat to the annulus volune from the heated

containment vessel. The appli c a nt 's analysis also

**

I assunes no f an flow until 23 seconds after the onset
l
: .

of the pos tula t ed a c cident, and full flow (9000 efn)
'

thereafter. The applicant calculated a negative

.
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p ressu re would fi rst occur in the annulus 51 seconds

after the onset of the accident and a pressure of minus

0.5 inches of water gauge would occur 63 seconds after

the onset of the accident.
*

6

As mention in Section 6.2.1.1 of this SER, high energy
-

s

lines which pass through the annulus are equipped with -

'

guard pipes which will prevent the pressurization of

the annulus due to a high energy pipe break in the
,

annulus.

Access to the annulus is under administrative control.
*!

Both upper and lower doors to the annulus are normally

lo ck ed and the keys under the control of the shift

supervisor. Personnel ent ry into the annulus must be

authorized and recorded. However, :ontrary to ine

provisions of SRP 6.2.3, there are no remote alarms or

i n di c a t .i on s of annulus door position in the main control

'

room. The staff wiLL require door position indicators

and alarms h a vi ng readout and alarm capability in the
, ,

main control room to be provided, unless the a p p li c a nt',

can provide adequate justification for not doing so.

The staff has not comp le t e d its review of the a pp li c a nt 's ,,

provisions for accounting for containment Leakage which .

-.

n. , - - - ,-
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may bypass the a nnu lu s, nor of the ap p li c a nt 's

c omp li ance with the provi sions of BTP CSB 6-3,

" Determination of Bypa ss Leakage Paths in Dual

Containment P la nt s." The staff will report its

' c onc lusions concerning bypass le ak age in an update

to this draft SER. **

.

T he ref ore, except for the two i s sue s concerning

position indication and cla res for access doors to
.

the annulus, and bypass leakage, the staff concludes

that the se conda ry containment functional design is

i
acceptable and meets the requi rement s of GDC 4, 16,

ano 43. The staf f will report its conclusions of the

outstanding items in a future revision of the SER.

'

6.2.4 Containment Isolation Systen
,

There are at least two ba rriers between the atmosphere

outside the containment and the reac t o r 'coola nt system

or the containment atmosphere. No manual op e ration is
'

required for immediate isolation of the containment.

Automatic isolation valves a re provided i n those lines

which must be i solated immediately following an a c ci de nt.

Each automatic trip valve is provided with backup remote -

manual capability, and the valve position is "

. . . _ _ . . - - -
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displayed in the main control room. Isolation valves

inside the containment are located between the crane

wall a nd the containment wall f o r mi ssile p rot ect ion.

The containment isolation valves have been designed

to safety class 2 (Quality G roup B ), but the applicant

o-
has not stated t hat the valves meet Seismic Category

I design r eq ui r e me nt s .' When closed systems inside or .

outside containneht are conside red to be isolatico

ba r ri ers, the ap p li c a nt has not indicated whethe r the

systems meet Seismic C a t ego ry I design requirements.

It is also uncle ar whethe r ce rt ain of these systems

may be Quality Group C rather than the required

Quality G roup B . It is not stated wned.er closed

systems inside containment are prctected from pipe

whip. The app li c a nt has not indiciated whether closed

syst' ems outside containment are protect ed f rom high

e n e r g'y line breaks outside containment. The staff

requires this information in orde r to complete its
.

review.
,

:

The staff requires additional information concerning

the Ccotainment Purge System and its conf o rmance to

the provisions of BTP CSB 6-4 (Rev. 2 ), " Containment
''

Purging During Normal P la nt Ope ra tions." The a p p li c a nt
.

should addrecs, point-by point, each of the previrions'

k64 This s hou l d a'L s o be done forof BTP CSB

-
_ _
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the Containment Air Release and Adcition S ystem and the

Containment H ydrogen S a mp le and Pu rge S yst em.

The staff has reviewed the containment isolation signals

for the isolation valves, including the containment purge

system isolation valves. Containment isolation will
s-

automatically occur upon receipt of safety injection or
'

s

high containment pressure signals. In addition, the
~

containment purge system isolation valves are also closed

by high radiation level in the containnent. The staff
.

concludes that the containment isolation signals provide

acceptable diversity.

n

The classification'of systems as essential and non essential

for the pu rpos e of prompt containment isolation, requires,

further re vi ew . As stated in NUREG=O737, " Clarification

of TMI Action Plan Requirements," Se ction II.E.4.2,
.

" Containment Iso lation Dependabilit y," and in SRP 6.2.4,

all non essential systems shall be autogatically isolated

by the diverse containment isolation signal. Further

consideration by the app li cant of the definitions of

essential and non essential is needed and the basis for

classifying each systen into these two categories also

'

needs additional justification.
..

e

e
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In conformtnce with the provisions of NUREG-0737, Section

II.E.4.2, the applicant states that the design of control

systems for automatic containment isolation valves is such

that resetting the i solation' signal wiLL not result in the

i automatic reopening of containment isolation valves. Also,

t,he containment pressure setpoint (approximate Ly 1.0 psig)
o-

that initiates containment isolation for non-essential
' s

penetrations (Phase A isolation) has been set at the mi ni mu m
'

compatible with normal operating conditions.

Pending receipt of the additional information required

as stated above, the staff wilL report its conclusions

c o n c e r n j,n g containment isolation in the final SER.

6.2.5 Combustible Gas Control System

Following a loss-of-coolant accident, hydrogen may accumulate

within the containment as a result of (1) metal water reaction
between the fuel cladding and the reactor coolant, (2) radio-

Lytic decomposition of the post-accident emergency cooling|

'

j water, or (3) corrosion of certain construction materials

by emergency core cooling and containment spray solutions.

The app li ca nt has analyzed the production and accumulation

of hydrogen within containment from the above sources using

| the guidelines of Regulatory Guide 1.7, " Control of C o m-
..

bustible Gas Concentrations in Containment FolLowing 'a'

*
.

Loss of-Coolant Accident".
. .

%

..g.,, _ . ' . -. , _. ., 7__r-- , - - _ _ _ . - . . - .
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The appli c a nt has used t he same assumptions as

R e gula to ry Guide 1.7 to calculate the rate of

hydrogen released by radiolysis and corrosion of metals.

The applicant has also assumed an imnediate release of

hydrogen to the containment from the metal water

rtaction between the fuel c la d di ng and the reactor
n

c o o la nt . The ap p li c a nt assumed a core wide ave rage
-

s

depth of reaction into the c la d di ng of 0.00023 inch
*

Cabout 1 percent of the core c la d di ng ). 10 CFR 50.44

r e qui r es that the hydrogen p roduc ed by metal water
.

reaction of the c la d di ng be five times the amount

of the maximum calculated reaction predicted in the

evaluatiNn to satisfy the eme rge ncy core c oo li ng
.

system acceptance c rite ri a unde r 10 C FR 50.46, or

that amount would be evolved f r om a core wide average

depth of reaction into the original c la d di ng of

0.00'023 inch, whicheve r is greater. However, the

FSAR indicates that the maximum calculated metal water

reaction predict ed by t he ECCS analysis 'done under

10 CFR 50.46 is 0.3 percent. Therefore, the applicant

hy d roge n p r oduct io n a nd' 'a c cumula tionmust revist e

analysis to include a metal water reaction of 1.5 percent.

The ap pli c a nt will provide redundant electrical thermal
..

hy d r og e n recombine rs designed to limit the hy d r og e n
.

cencent rat ion within the con sinnent to conf e rn wi t h

R e g u,la t o ry Guide 1.7
,

- __ ., . ..
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The Westinghouse ele ct ri c thermal hydrogen recombiner

system incorporates several design features that are
intended to ensure the cap abi li t y of the system to be

operated in the event of an accident. Among these are:

(1 ) seismic Category I design;
*

(2) Quality Group B design;
- s

(3) p rot ection' f rom missile and jet i mp i n g e me nt from *

brok en pipes;

(4) redundancy to the extent that no single component

f ailu re can disable both recombiners; and

(5) separate power supplies for each heater;
.

*!

Each of the two 100 p ecent-capacit y elect ri c recombine rs

is capable of processing 100 scfm of containment atmosphere

for postaccident hydrogen control. The staff has reviewed

tests that have been condu cted f or a full-scale prototype

and 'a p rodu ct ion recombiner. The tests consisted of proof-

of p rincip te tests, testing on a prototype recombiner,
envi ronment al qualification testing,.and functional tests.

for a p rodu ct i on recombiner. (These tests are described

in WCAP-7820 and its Supplements 1-4.) The resuLts o'f

these tests demonstrat ed that che recombiner shouLd be

capable of properly recombining hydrogen in a post-LOCA
..

containment environment. Because these recombiners a'r e
, .

situated inside containcent, the requirenents of Item

II.E.4.1 of NUREG-0737, "Dedi cat ed Hydrogen

.
-
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Penetrations," do not apply; that i s, no penetrations

are used.

The containment return air fans, which begin ope ration

10 mi ntues after the onset of an ac ci de nt, provide

adequate mixing of the uppe r and lower containment
-

compartment volumes. Two redundant hydrogen skimmer
'

systems are p r ovi de d t o p'r eve nt the accumulation of .

hydrogen in the containment deme or in dead ended

subcompartments.in the lowe r compa rtment. These areas
.

are continuously vented by dive rt ing a portion of the

return air fan flow through the skimmer system;

therefore, the potential for local hydrogen pocketing

is limited.

In ac co rda nce wi th ..egula to ry Gui de 1.7, t he appli cant

also has provided a c o nt a i nme nt hydrogen purge system

for p,o s t a c c i d e nt containment atmosphere cleanup.

Capability is provided f or periodic i ns e rvi c e inspection,

ope rabili ty testing, and leak rate testing of these

systems and components.

Although the plant has a system to allow samples of

containment atnosphere to be t ak en and a nalyzed f o r

their hydrogen content, the applicant has not stated **

.

that the plant also has a hydrogen nonitoring system

with.continucus indication in the control room, such as

- --
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one that satifies the provisions of Item II.F.1 of

NUREG-0737, " Additional Accident Monitoring Instru-

mentation" (Attachment 6, " Containment Hydrogen

Monitor"). The staff requires such information

in order to comp let e its review.
,

.

6-

The staff has requested that the appli cant describe
' s

'

the me a su res to be taken at the Catawba Station to

control the substantial amounts of hydrogen that

would be produced by an accident involving a severely
.

degraded reactor core and a metal-water reaction of

up to 75% of the active cladding. This information
at

is required to complete the review.

In summary, the staff requires additional information

concerning (1 ) a reanalysis of hydrogen production and

accumu lation using a'1.5 percent metal water reaction;

(2)'a hydrogen monitoring system; and (3) degraded core

hydrogen control. The remaining aspects of the design
.

of the combustible gas control system are acceptable

and meet the requirements of 10 CFR 50.44 and 50.46,

and GDC 5, 41, 42, and 43. The staff will report iti

conclusions regarding the open items in the final SER.

6.2.6 Containment Leakage Testing -

.

Tne Catawba Nuclear Station containment design includes
.

.

provisions and features to satisfy the testing require-

rents of Appendix J t o 10 CFR Part 50. Included are
.

- ,- _ -- , .,- -.... - - -
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those penetrations that have resilient seats and

expansion bellows; i.e., airlocks, emergency hatches,

refueling tube blind flanges, and elect ri ca l penet rations.

The app Licant intends to conduct periodic Type A tests

#~~ with a duration of less than 24 hou rs, provided certain
.

conditions are met, as specified in the FS AR. The
.

specified cond.itions are insufficient for the purpose.

The applicant shou Ld provide more conservative criteria

for earty termination of a T yp e A test. *

The app li cant proposes to locally test containment

e
penetration bellows at a pressure which is less than

the peak calculated accident pressure (Pa). The staff

requires justification of this proposed testing practice

in order to c on c lu de on its a c cep t a bi li t y.

.

The'7SAR states that, f or Type C testing of containment

isolation valves, if a co lumn of w at e r ,e xi s t s on the

auxiliary building side of the outsid.e isolation valve

for a pa rti cu La r penet ration, the test.. pressure wilL

be increased by an equal amount to ensure the required

test pressure across the valve. This practice is not

acceptable to the staff; the outer side of the valve
..

shouLd be drained of. water and vented to the atmosphere.
.

The staff has requested that the appli cant provide

justificatien for not Type C testing certain

.
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containment isolation valves, whereas such tests may be

required by Appendix J. This information is required

in order for the staff's review to be completed.

With the exceptions noted in this section, the proposed

reactor containment Leakage testing program c omp li e s
,

*
with the requirements of Appendix J to 10 CFR 50. Such

' s
comp li a n c e provides adequate assurance that containment

Leak-tight i nt e g'r i t y can be verified periodically

throughout service lifetime on a timely basis to
.

maintain such leakage within the limits of the

Technical Specifications.

<i

fiaintaining containment leakage rates within such limits

provides reasonable assurance that, in the event of any

ra di oa cti ,i t y releases within the containment, the loss

of the containment atmosphere through Leak paths will

not.be in excess of acceptable li mi t s specified for the

i site.
.

.

| The staff therefore concludes that, ~ith the exceptionsw

i

of the Type A test du ra ti on, bellows t'e s t i n g', end Type

C testing procedures and determination of valves to be

tested, the containment Leak testing program is

|
acceptable and meets the requirements of GDC 52, 53, and,,'

54; Appendix J to 10 CFR 50; and 10 CFR 100. The staff .

l .itt report.its resolutions of the open items in.the
,

:

| final SER.

!

'
.


