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. o UNITED STATES o .
B ATOMIC ENERGY COMMISSION -

WASHINGTON DC 20545

DOCKET NOS 50-438 AND 50 439

:APPLICANT TENNESSEE VALLEY AUTHORITY (TVA)

B YFACILITYf BELLEFONTE NUCLEAR PLANT UNITS l & 2

’CSUMMARY OF MEETING HELD. ON AUGUST 3, 1973 TO DISCUSS
CONTAINMENT PRESSURE ANALYSIS

'_On August 3 ‘1973 representatives of TVA and the1r NSSS
B&W, met with the Regulatory staff to discuss the containment

"' subcompartment . analysis and the mass.and energy release

j""-models to be uged in the Bellefonte containment design.

._A presentation of the structural margins in the subcompartment
" design was included. The discussions included areas of

interest to the Containment Systems and Structural
Engineering Branches. :

-p A list of attendees and detailed agenda are enclosed»
- In addition, . copies of a handout . and slides used in
the meeting will be placed in the appropriate files.

-The TVA—B&W presentation is summarized below

1. _Subcompartment Analysis )

The modeling and input associated with the calculatlon
of differential pressures in the reactor building
~ subcompartments were discussed. Three methods of ' -
. predicting these’ pressures wére compared. .These -
" included a Brown Boveri. code, BT-129, the Contempt- -PS
.code and B&W's CRAFT code. A comparison of the
Contempt-PS code with. the BT-129. code showed good
agreement (within 5 percent) and both codes predicted
- ‘'pressures about 50 percent: higher than the CRAFT code.
- "IVA proposes to use pressure predictions of the
BT~ 129 code with a lO percent margin

V“ZQ_'Mass and Energy Release Models

'The methods and models used in the calculation of
the mass and energy release into the containment
were presented. Assumptions as to the secondary
system performance, the modeling of metal stored

~ heat and CRAFT modeling were discussed. The affect
of - the steam generator performance on both postulated'

' hot leg and cold leg breaks was described . The calculation
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~ of reactor building pressure assumed a small leak
prepuessurizing the building to 4 psig followed by
the worst large break. The reactor building design
. pressure (B0 psig) is approximately 25% greater than
. the maximum calculated pressure (about 40 psig)

3. 'Structural Margin

_The allowance in the structural ‘code for a l 50 factor
on subcompartment differential pressure was hoted. ’
. This safety factor was compared to the: staff's
" requirement for margin in the PSAR design to account
for unknowns which might arise at the time of the
" plant's completion. TVA proposes to use a 10%
margin on subcompartment pressures and design to
<the appropriate code. . o

4, Staff Comments

' The current models used’ by the staff and our future
plans in this area were described. 1In add1tion,
several areas were identified where additional -
'1nformation would probably be needed for the -
Bellefonte review. These included nodal meshing
in the heat sinks, treatment of the liner/concrete
gap, justification of noding in the subcompartment
model and a benchmark comparison of CRAFT and CONTEMPT
for a simple two node problem. _ ‘

Lok

" Don K. Davis,: PrOJect.Manager
Pressurized Water Reactors Br. No. 4
Directorate of Licensing -

cc: See next page
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AGENDA FOR AUGUST 3,°1973 TVA MEETING -

lObjCCtive R
."_Subcompartment Analysisi

1. Mass and Energy Release

- A. 1Documentation of»Code'l
- B. Description of Break.

Z;I_ContainmenteCOdes-v"

A, BT-129
B. CONTEMPT-PS

Cf'cmmr
3. Input Preparation :__ o
“A.. Volume and Flow Path Description o

B. Informatlon Tlanslation and Friction Effects :
~4,H:Mult1node Results

" 5. —Node Iteration Technique ;

6. :Z-Node Results

7. Conclusion f'ﬁ

v Mass & Energy Release Models

1. Methods used in Calculations V

A, CRAFT Code
. B.i PRIT Code

| Z. Assumptlons Made in Analysis

A, Secondary Side of Steam Generators
"B. Metal Heat .
~C.. Craft Modeling

" 3. Steam Generator Performance

'A." Hot leg Breaks
B. Cold Leg Breaks

4. RB»Preasurelcalculation-

‘5. Margins (Small leak_folloWedlby large.Break) ,

Structural Margins

' Conclusionsf”

Coumn

. .
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BT 129

"A.PROGRAM FOR SOLVING MULTIREGION CONTAINMENT PROBLEMS"

Code Description Written by

Brown Boveri Corporation

Baden, Switzerland

Editing by
Bchqck & Wilcox Company

Lynchburg, Vifginia U.S.A. -



Program BT 129 calculates temperature and pressure in a maximum of 15 compart- g

ments of a reactor containment or turbine building after a pipe rupture.. 1..3”

'5_hEach c0mpartment may be connected to any other compartment by._,h'gi

(a) One opening that is always open, | | | ”

'(b) 0ne opening that releases instantaneously after a prescribed f-'c
| differential pressure is reached in either direction,vf

(c) 'One opening that behaves either’as a.second "b" opening.or as an opening
which: opens only in one direction after a prescribed differential pressure
1is reached and which requires time to accelerate. This can be. viewed as
va disk or plug, being uushed out of an opening. | o |

.v:In addition, there may be up to two special time-dependent openings whose _:\

: effective area increases quadratically with t1me after a fixed differential

o pressure is reached in either direction.

The release rate:of steam and/or water into an arbitrarily chosen compar tment
may vary linearly with time over a maximum of 120 time intervals of varying ‘
length- specific enthalpy must be constant over each interval | |

The first finite forward difference is used to‘calculate mass flow in and

: out of each compartment under quas1-stationary adiabatic conditions., Summing
these flows and their accompanying enthalpy transfer provides the basis for an
iterative energy balance in each compartment.: The total energy 1n each com-
'partment is calculated for successive values of temperature until a temperature
is found at which the calculated energy agrees closely enough with the energy
within the room.~‘

Air properties‘are calCulated from the ideal gas law, steam and water properties
- are taken from steam tables. Thermodynamic equilibrium between air, steam and

water is assumed at every step.
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2.1

: PURPOSE OF THE PROGRAM

:flThe containment of a nuclear power plant must be designed to withstand

the high temperatures and pressures which result from a steam or pressurized

water 1ine rupture. - A detailed calculation of the conditions durlng and

B immediately afterrsuch ‘a release can:lead to great‘savings in the cost of
'the containment by reduclng uncertainties in the containment desion

criteria.' This program is suitable for detailed calculations to optimize

the la&eoutgof.compartments-within”the_containment;asmwell_as for_a’seriesv

" of scoping'calculations to set gross requirements for the outer shell of the

containment.r

| THEORETICAL BASIS

ProgramZStructure;

Functionally, the program is divided into two parts, the initial data pre—

paration and the calculational section.

" The initial data preparation, done only once per case, is.divided into the

following subsections.f o

1.1 Brings constants and parameters.into the. program and writes B

-_l.2. Time—dependent'release data read and'written

l;ﬁf All flows, masses, etc. initialized to zero -

,1,4_ Room and wall data read

1.5 Write initial conditions for each room

1.6'1write wall data
1.7 Initial thermodpnamicistate calculated in each roomh_ |
1.8 »Write'state atftime = OQd*i

1,9:5Determination>0fhfirst time step'




The calculational'section, which‘is repeated iteratiny for each time
| step,_ is divided as follows. _._; - B
2.1 Calculates all. quantities required for the flow calculation
2, l 1° Checks for -an opening and sets flow direction’_?..
2.1, 2 Choose flow equation, based on critical flow criterion
2 1. 3 Calculate the size of the opening and write changes L
”-2 1.4 Flows are calculated
2,2 Energy and Mass'balances‘ ;,
2.2:1 Flows in and out of each room are summed

- 2. 2 2 Release accounted for J

2.2, 3 Inner loop to determine temperature and state - -
2.3 Print”out:of.results' ;kl
Comment cards within the program ﬂidentify~each'such subsection:and each

step within the calculation. .

2.2 Mathematical Formulatiom =

2.2.1i‘Connections.between.Containment Compartments:
: The flow area connecting any two compartments I and K in the
. containment is calculated at each time step. The calculatlon ‘
» proceeds.in.seven steps asgfollows:_.,»
hl."Differential:pressure‘is*definedvas
'. 7m§1i< = PT(T) - PT(R) |

there‘PT(I)v=‘ total pressure in compartment I

e PT(K) = “total pressure in compartment K
jNote' Manipulations within the program ensure that DPIK is always

positive by reversing I and K if necessary.



v

& duany vd@b1e A 15 tnitialized fo zero. @

gEach‘cOntributiongtoatheVeffective‘fiow area is added to A’
-;.in;sncceSSiong_feﬁf‘.7“»
'AThe special time—dependent openings are taken into account as -

*'follows.' When DPIK first equals or exceeds Pl the open1ng is

" considered to start to open half—way through the preceding tlme

jinterval‘ :.

At Iaterfstagés,:

o A= Al (TIME + DT/2 -TB) / 'r01

TB = TIME - DT/Z

2

7until the opening has fully opened Then, -

' fheisecond'Speciai'time_dependent bpéhing°1s,¢51¢ﬁlafed‘iﬂ the

same_nenner with P1 repiaced:hpr?, TOl.by’TOZ,_and_Ai, hy“AZ.»

'The always—open area is added.

'A=A+A0A (IK)

If DPIK equals or exceeds DP1, .the differential pressure set for

'the instantaneous opening, then the area of the opening is added:

A=A+ - AL 1, K)




| 6. '.:If I')PIK.quls or"ei{cee‘ds-DPZ the differeg.al pr'essure at-
| which the accelerated opening begins to open, the- area’ is enlarged
‘as’ follows'i:i'f'ﬁx o | o
;'(é)h If'TDSK.(i;g) eonalsfaero;‘the:opening is a'second‘instantaneous _‘
,._ruptnret' S | e | | |
A=A+ Aii“?‘?'v'(Iri,I()' -
1(b)'l0therwise, the opening is one‘for which speed and accelaration j
~-must be found to find its pos1tion' ' |
B _'Ac__c =9.81 (DPIK—WD(I K))/WD(I k)
sED (1K) = SPD (1K) + ACC x DT
'?PD'SI‘("(I_,K) = PDSK(I,K) + SPD (1,K) x DT
R Acc x DT /2 | |
fThe.accelerated opening is considered to be a disk of thickness c~~~
.V*TDSK (I K) If PDSK(I K) exceeds TDSK(I K), it has begun to open

o f and the cylindrical area._“

(PDSK(I K)-TDSK(I K)) A AACC (I K)
h is calculated ' ,: If tnis area exceeds AACC (I K), then:
A=A + AACC (I K)

otherwise.alv :
A= A+ (PDSK(I K)- TDSK(I K)) Jéu AACC(I, K)

7. The newly-calculated opening A is compared w1th A(I, K), the opening
hhcalculated and stored at the preV1ous step,' If Ais larger, it
replaces A (I K) and if the time interval is to be printed a message

”-»indicating I, K, the area and time of the last written interval

1and the- area (A) and time (TIME) of the present interval 1s printed.




,,Pr" Eé(fy;i] ‘:_‘ :

' he density, p(I), and specific heat ratio, k(I), used in the above

2.2, 2 Mass Transfer Rates Between Compartments

The total mass flow from compartment I to compartment K is

calculated according to the following equations. H

‘ When the flow is subsonic, R

e < s e e - e o]

.:' \)\,I)\“ )

, When-the flow.is sonic,

FT(I K) = A(I K) E{l(‘gll:] Ec(I)+:] k(I) -1 ]:2 x P(I) x g x p(I_]

In both cases the pressure ratio, Pr, is defined as:

g -
i~
)
Nt .

Pr =

a1}
-~
~
A

'_Subsonic;flowloccurs,uhen

: k(I”

_ equations are determined from




RS el

ETA(I) X MA(Iﬂ fEPS(I) X Ms(Iﬂ IF X CPW(I) x Mw(Lﬁ'“iru_,
ENA(I) x MA(Iﬂ +Lgvs(1) x Ms(Iﬂ +[? x CVW(I) X MW(I]1  L

k(I)

The actuél"flow rates for the air, steam, and water are

T % MA@ ‘
FT(I,K _
| T, ? (1) + MS(I) +[F x MW(Ij R

FALK)

R . Ms(x) o ?-".-“

‘ o -b FW(I,K)

FT(I K> EA(I) ¥ (D) +CF x MW(I]




L 2.2.3

9

7,>Mass and Energy Balance E

CEAD = EAM) -
(D).

'ES(IJ.f=‘ES(I>'fe.

CETOT - ESWM . 0.005

o At the end of each.time—step, the following varlables are stored"
-_for each compartment I . :
Q:MA(I), s (1), MW(I>, EA(I>, ES(I>, EW(I>, UA(I>, US(1), UW(I),_VI.f_;jH{,;;_

. TNEW(I), HANEW(I), HSNEW(I), HWNEW(I), and PNEW(I) .

They are,updated as;follows..»
MA(I) = MA(I) = DT x FA(L,K)
DT x HANEW(I) x FA(L,K)

DT x FS(I,K)

Ms (1) 'él

M A R

.DT X HSNEW(I) X FS(I K)

1Mw(IX“;e*MW(I)*'f""E DI i, -

BT = ER(D -t (D) x FRCL o

.'The;lettercﬁhiaused'forvenerglea”inithedflouiintegratlon process,‘
‘the letterhU in:thejlteration'process for finding the-correct.tempera—
hture'to a giyen total energy._fi' | |
,The release is taken into account if I= Rupture i. e , 1f I denotes
-the room where the rupture occured |
HThe energy balance, repeated separately for each compartment ‘begins

: ,by summing the total energy in the compartment‘

ﬁESUM é EA(I) + ES (I) + EW(I) + EREL ;

LEREL # 0 only if I'= Rupture

Given MA(I) MS(I) and MW(I) the total 1nterna1 energy ETOT 1n the

2room is calculated for various temperatures TNEW(I) until A

" ESUM




):‘\The starting tegerature is TEMP (I), the temperagre in the com-
l partment at the end of the previous step. The second is—TEMP(I)

incremented by + 2 C or:a fraction l/2 of it.5@ _j"

2, 2 4 Mass and Energy Release
B '_'The release room may be freely chosen and the release of steam and
water may . be specified as a series. of linear functlons over a ‘max:Lmum .
"."._of ]20 intervals. These intervals can- be freely chosen and do not

depend on the time step_ DT. A time interval is ',specified_by ,givi_ng:

- L : .. j‘iv"-interval index _‘ ‘.
WMl(L) _ :.js:___i_initial water rel‘ease rate
| WMZ(L) = .,terminal water release rate o
' WE(L) = water specific enthalphy :

Ty o= j'time at the beginning of the 1nterval

‘Within the interval the release rate varies linearly with time from
_ 'M(L) tp WMZ(L)' the specific enthalpy remains constant at WE(L)
» 'l'hus, the tdtal 'steam.mas's,__ and enthalpy. releases_up to the"beginning

of interval L are’: o

e = o wae [T (Ifl)ff- ra)
T RO

+ 1-§1 2 Emza) - WMl (1] Er(1+1) - T(I]
el _.""_L,—'l*tf
SE:(L) T @ L

HE(I) [SMT(I+1) - SMT(I)]
I=1 S




":f'_."ro avo:[d problen‘rising from numerical integra‘n;'the "'int‘egr‘ated.

L releases are calculated analytically at each time step and compared_3'

A'uWith the total release up to that point., The difference is then

-,.released into the release TOoOom. . At time TIME in interval L the

fﬁintegrated steam release is: S

2.2.4

2.3

ST = SMI(L) * [Tm:-'r(r] WMl(L)

1 [ a2 WML
R ) - 10 _] [IME B T(I;]

EREL = SET(L) + WE(L) EMTI SMT(L]

tze of vioe st
'vThe program reduces automatically the input time step so that no

"mass ch.nges larger than 2% in any room can occur.

References-

- 1., "Dynamische Belastung einges Containments bei einem schweren

B Reaktorunfall“ H G. Seipel : AIKE ll—62 (367—372) 1966

’2, "Differenzdrucke zwischen den Rﬁumen eines *A

Sicherheitsbehalters nach einem PrlmArkreisbruch“
B.G. eipel und D. Meinhardt

- ATKE 13-68 (401-407) 1968

137h "Einfuhrung in d1e Technische Thermodynamik"

E. Schmidt | Springer—Verlag 1960

(BBC Bibliothek "HS 7647 5)




3.

4. ':.“'B.erechnun‘er Differenzdrucke zw:l.schen .Zelnen
o Raumen eines Containments nach. L '
einem Primarkreis—Rohrleitungsbruch““'

:=¥‘, 3. clete -

ACCURACY AND CALCULATION TIME

. The program uses single precision for’all variables. '

Calculation time depends very strongly on the complexity of the problem

and the number of inner iterations requlred to find the time step and :

- 'temperature._ Test cases which were typical of more detailed calculations

required about 600 sec. For a given type of problem, calculation time

E . should be proportional to the number of time steps, it should increase

4.1

402"’

at least as. quickly as the number of compartments, but not as quickly as

the number oF connections."

PROGRAM OUTPUTxDESCRIPTION

Verification of Input Data .

At the‘beginning ofbeach case,{allfinput'variables are nritten with a

géfman.Ianguage?idéntifigétidh’gﬁd(ﬁith;théi;'uhiﬁs;j’”
Results

»At bach.print—out the time and the title of the case are indicated.

The temperature and the pressure masses and energies of air, steam and

'water as well as the relative humidity and density of the gas phase

are given.for each_cOmpartment. ‘The integrated releases and‘the check

sums (total masses of air, steam, water and their sum) are also printed.




6.3

,4;3;1 " Error Méssages.

- 4.3.2

Finally, the flo nditions for ‘each opening are'itten in kg/s M

- of steam , air and water with the maximum speed which was achieved by
Wfthe mixture in the print interval. At the end of the calculation, the
?hprogram prints the maximum differential pressure between every combi-'“nx.”'i:”'

"nation of two rooms and the time at which this pressure occured.

MESSAGES

'attempting'further.cases;;'

‘,;When an error condition is encountered the.calculation stops,.lhu.
Av;message is written and the program attempts to start the following
).pcase.‘ The messagei indicates the nature of the error, the point at
K{which it occured the variable which caused difficulty and its value.
))Using the code "ENDE" on: the last title or remark card -engures that -
_vthe job will not be terminated because of an attempt to read alphabetical :
’;characters on -a numerical format and that succeeding cases do not get

~out of phase.v Error messages at the input stage occur when'

.l,f’IMAX‘enceEds 15, -

~_2§,,More than 120 releases‘intervals7are;given,_fwgrg:‘T”m
'3.. A room index I or K is negative,

4. ‘The sum AOA(I K) + AI(I K) + AACC(I K) is negative.v__:_jﬁv

Terminal messages S

.'Any error messages or1g1nating the steam table program are beyond ‘the

:control of the program and can cause . the Job to be terminated without




‘ Definition of TERMS o ' |
:A v Dummy variable used to sum effective flow areas R

. A(I K) =1 Total effective area between compartments I and K

| AACC(I K) Effective area of accelerated opening between compartment L
I and K. ‘ SRR : T P
'ACC Acceleration of the. disk plug at, any point for an accelerated opening

'AI(I K)= Area of instantaneous opening between compartments I and K ‘1
(AOA(T, K) ‘= ' Area of always open opening between, compartments I and X
Al
A2

Fully opened:area of 1st time dependentvopening_A

‘Fully opened area of;an'time dependent ~opening’

CPA(I)' = ﬂonstant'pressure specific heat of. air in compartment I

]
7
~
)
~
L]

Constantfpressure specific heat of 3team. in compartment L - ':,"

CP?(I)V1fb‘Constant'pressure specific heat of water in compartment I

CVA(I).‘='bConstant‘volume specific-heat;of air:in compartment,I‘.. e
€VS(I) = Constant volume specific heat of ‘steam in compartment I = -

~_CVW(I) = Constanmt. volume'specific;-heatiof* water in compartment~ R P

_ Differential pressure between compartments I and K o

| E

DPL = Differential pressure for which the instantaneous opening opens
DP2 ’ = Differential pressure for which the accelerated opening begins to open
PT = Program time step L

EA(I)r =" Energy of air: in compartmen‘ I calculated by flow integration process
VEREL.; Energy released into compartment from rupture : ' L
fES(l)* = Energy of steam in compartment I calculated by flow integration process
VWSUH"= Total energy in a compartment found by fIOW'integration process

ETOT = Total energy ' in a compartment found by iteration’ process

EW(I) " Energy of water in compartment I calculated by flow integration process

‘ F = Water carryrover parameter V“F' _ ,
1 EFA aa, K) = TFlow rate of. air from compartment I to K.
| FS(I,K) _# flow rate of steam from compartment I to K
. 'ET(I,K) J #v Total flow rate from compartment I to K
‘ FV(I;K) & Flow rate of water from compartment I to K




R . , S g et . e

_g;:=J=Gravitational'COnstant;'b'

-HANEW(I) Enthalpy of air in toom I B |

" HSNEW(I) = Enthalpy of steam in room I

j HWNEW(I) Enthalpy of water in room I

IMAX = Maximum number of compartments, i. e., '15:;,'
k(1) = ratio of specific heats in compartment I

L = Interval indexxjt o
< . . L - N . ’..

MA(I) = Mass"of air in compartment I
MS(1)

v ,iMass:oflsteam in]compartmentnl
MW (1)

" Mass of .water in‘compartment'I‘ﬂ-'

P(I)f é' Pressure in compartment I ,

PDSK(I K) = Positlon of disk plug in accelerated opening between compartments
| 1 and X I - N o

| PNEW(I) . Pressure in room I-found by iteration process" N i 4,"

 Pr Pressure ratio R ' ’

‘ PT(I) Total pressure in compartment I

Pl = Differential oressure for which lst time dependent opening begins to open

P2 = Differential pressure for which 2nd time dependentcpening begins to open.

Rupture é Integer, cOmpartment number where energy release occurs.

SET(L). = Total energy released from rupture to time L

SMTI. = Integral steam mass released from rupture

_SMT(L) = Total steam mass released up to TIME L _
SPD. = Speed of . disk plug at any" point in acce-erated openlng

TB = Problem time.at which‘antime dependentbopening begins toropen‘
TDSK(I,K) = Thickness of disk plug in accelerating opening » 1.e. distance
through which the disk has to move before the openlng beglns to open




T(L) = Time at. beginni of . interval L BRI .
TIME = Problem time at point of reference in program

Tol Time required for 1st time dependent opening to open
02 = Time required for 2nd time dependent ‘opening - to open
TNEW(I) Temperature in room I- found by iteration process
UA(I) Energy of air in compartment I calculated from iteration process
US(I)
(L)

Energy of steam in compartment I calculated from iteration process

Energy of water. in compartment I calculated from iteration process

v(a) = volume of compartment I

wp(1 K) = Weight per unit area of disk plug in the accelerating opening
between compartments I and K

WE(L) Water specific enthalpy in interval L

WMl(L) =" Initial water release rate in interval L

WM2(L) - Final water release rate in interval L

(1) = Density in compartment I

=14~
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Loss-of C ol Accident (15.75 ft;)
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~ Accident

_ Core flood tank injection sterts

"'End of blowdown

- Time, ?‘ |

“ _Dep1et1on of _core. flood tanks

~ Maximum reactor building preaaura

High-and low.preseure.injection starts '

"VEmetgency fan coolers start

22,0 . -
200
3o

u ;_68;0_'”"’

. Depletion of borated water storlge tank
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X. ' Additional Ihfdfmatipn'(cbhcﬁd) S

_ Table 6.2-1.

(Font'd)’

¥

B. Primary Metsl Hest vs Time, 15.75 ft? HLB -

Primary metal heat,"

Time, 5=~~~ Bty 1076 e
[ ”0,;,7
——56— 16:8619
100 27,1394
150 33.6054
- 200 38.9059
259 . 43,3589
300 c47.1369
-350 © 51,7409

Co.400
. 450

55.5431

58.9556 . -

[

SO0 62,7397
560 . 64,0663 -
680 . 65.7008 -
800 - 67,0915
920 - 68.3972
1,040 69.5062 e S
1,220 "71.0219 . '
. 1,460 - c 7205993
1,700 . 74.580 .
~ 2,900 81.372
4,100 86.083. .
6,500 92.570
11,300 100. 597
18,500 - 109. al
25,700  116. 510
32,900 122,545
© 58,100 129.229
86,900 1136.089°
109,500 - - . 141.253

720,500°

See Figuxemﬁ‘Z:l;L_w‘..

| 148.740

et Removal Capability of the Beactar .
Building Spray System (See,paragraph'6.2.2.1}1)

Heat Removal- Capacity (per Fan) for the Reactor‘
Building. Steam-Air Mixture
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| Table 6.2-1. (Cont'd)

111. “Design:Basis Accident

b 1y e e L

. Assuied pipe break srea (It’), cold Teg breaks

11,17 11.17%

8.55

67

. 6,7°

3.0

0.5

beak press., pslg .73 35.30

Peaic temp, T 250.35 251,37

Tiﬁé‘of peak

34,51 34,21 - 34.7%

249.94 249.39 250.39

33,50

' 28,95

248.09 - 239.07.

press., 8 —T279.1 278,10

© Crergy released . 497.68  497.60

to.cqntainment
at time of peac

press., 10% Bru®

Facrg o ooerhed 59.87 60,15
:varrl‘ﬂ".", :Ja(. T Ca e ‘

778.1 " 278,1 320,10 239.1  450.10

495.65

492.37  513.63

59.74 59.55  64.55

465,70 417,76

53,64 69.94

‘sines oo zimoe of
© penk press..

10!} Bt'ls

- passive -hear -sinks -

press., 10¢ thd

at time of peak

:Assumed pipe break area (ft?),'hot,legAbreaks
! 15.75¢  12.0 8.0 5.0 3.0 Lo

“eeh pressure, pstg . 36.66  36.44 36.10 35.91  35.80  33.89

beak temp, F . 253.80 253,43 252,80 252.50  252.31  248.86
: Timé cf‘peak ‘ : S S : _

press.. s 22,00 725,00  25.20 . 34.80 60.00  160.1

nergy releasec . 380,17 381.21  376.82 - 380.02  388.42  388.67

to centainment R : : oo : . o
- at tize ¢f peak

press., 10% Bru™

Encrgy absorbed by 12,32 15.01 14,546  19.04.  25.69 . - 40.13

3houble~ended hreak.

Y06 dbublefendéd breakf;f.ﬁ
“Energies relative to 32F.-

dinergies in siaks before accident = 0,
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