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C-E Power Syslems
Comnbushon Engincering, Ing.
1009 muspect Hill Road
Windsor, Cannecticut 06095

Tel 202/6C8-1911
Telex:

(222

1(] -!

LD

9-9297

7/

{: TPOWER
---1 SYSTEMS

Ténnessee Valley Authority
204 Union Building
Knoxville, Tennessce 37902
Attention: Mr. D. R, Patterson
Chief Mechanical Engineer

Centlemen:

’
N8M2-50<5702
/

i
September 18, 1975 ' , '
TD-CE-161 '
i Fterk il
' /KI/A‘ Tlo. rl ‘,r: N
-y Tl
|
oor|—
Cow

Subject: Nuclear Steam Supply Systems
TVA X-24 and X-25 Installation
TVA Order No. 60-84840

. CE Contracts 14074 and 14174

SMALL BREAK LOCA

D.V. Graf to D.R. Patterson,
TD-CE-117, 6/11/75, subject:
Meeting Minutes of 5/27 & 5/28
ia Windsor

During the Emergency Feedwater Meeting of 5/27 and 5/28, 1975, C-E agreed to pro-

vide more information concerning our analysis of the subject accident.

. commitment was documented in Item 23 of
scribes the results &f our analysis and
concerns.

Mr. F, Z. Stiteler in Knoxville.

S5t® 191275 --rep: AR

CC: Wilazle, 471 U3-K
uitodzes, iGO 23-K
Stesler, <87 P3-K
Lilfoni;enziy, <01 AB-K
I'..'?i*rce. u‘J L3-% (2’
ECuszell, 423 Nis-K

)1 ’I" Tack L‘n' 493 HI3-K

This
Reference (A). The attached report de-
we expect that it should satisfy your

If you desire more informatfon on this subject, please contact

Very sruly yours,

S

+ Lumpkin, J§
Project Manager

U262

"“‘Lr 3798 Tusk Fo. 507 HAT-K
Ace. DRPAH Sky 19 1979
ce: W. B. Wade. TVA' wlo att - § = ,t';..\::.l" h/::—— _e2n n‘l nan ‘.-ﬂ:i J
b J. ci“dcr' CE' V/O ate ;;:.Jl_?_‘__"'_~',... -~ ‘ ess ---‘.‘ “--‘. N
H. Brown, CE, w/o att v Bane - ' . —
Cene Bo _ - — ’.\__—.! .——: _._‘1./,. e
i s o
M D
[y Biedien) EhE o .7 1527
£ 1 '1\ !.:!.f. // Gk ;_."‘Ldﬂ = DL
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SMALL BREAK LOCA

Introduction

In a meeting held in Windsor on 5/27-5/28/75, Mr. Sabin of TVA expressed
a concern for a class of small break LOCA's whose depressdrization rates
are relatively slow compared to those snall-breaks preseanted in CESSARL,
Section 6.3.3.3, .He worried about the possibility of inadeﬁuate HPSI
flow for such breaks and also asked about the leA requirements for Em-

ergency Feedwater and operator actions.

This transmittal constitutes a response to action item number 23 of Ref-

erence 2,

The results herein demonstrate that for any cold leg break less than or
equal to 0.1 ft2 in size, adequate liquid inventory is maintained in the

reactor vessel to keep the active fuel completely covered at all times.

The results shown in CESSAR demonstratc that for those small breaks in
which some degree of core uncovery is predicted, the ECCS criteria3 are

met and peak clad temperatures are less than 1200°F,

It has been assumed that for all breaks no operator actioans are berforned.
At some later time following the LOCA, operator procedures for iong term
cooling will be implemented. This memo, howeve;, does not address the
long term cooling phase of the accident. Long term cooling performance

and operator procedures will be discussed in a future submittal, , ‘~:;
ua'uz J
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Since NRC requires the assumption of loss-of-offsite power, main

feedvater flow is not available. For breaks larger than 0.1 fe2, those

.ptesented in CESSAR, Emergency Feedwatcr (EFW) was not rcpresented and

indeed was found to have little influence on the pecrformance of such
relatively‘large break sizes. However, for breaks equal to or smaller
than 0.1 ft2, EFW was found absolutely necessary. For these smaller'

. breaks,. the steam generators must remove a significant part of the

decay energy generated in the core. If they do not, then primary sidc
re-pressurization occurs since the break is too small to emit all of the

steam boiled off in the core.

. . . . . .
- - . . » . -

- N o .
: ’ X
g " -
g -
- . - -
. - 3
- » ’ .
.

- Discussiou ; oo - U I L . B -

Caltulations of breaks 0. 1 £c2 and smaller have been performed with the
CELEVEL code. This code was specifically written for application to

such small breaks. N ) . -

The. predicted two-phase level transieats for several breaks-0.1 ft% and
smaller are sho:ﬁ in Figure 1. The corresponding prcssure'transients are
given in Figure 2. Theso results demonstrate that although the depres-
surization tates for such suall sized break sizes are gradual, adequate

HPSI pump inflow is provided to keep the core covered at all. times.

The Safety Injection Tanks (SIT) become ;ctivated at approximately 900
seconds for the 0.1 £t2 case. Neither the .05 £t2 nor the .005 ft2 -
cases resulted in SIT activation before the level transxent is turned
around. For both breaks, the 1eve1 transient bottoms out at an elevatiou
above the top of" the.active fuel and recovers from there via = HPSI

inflow alone.
f .

For all of these Sreaks; steam generator heat transfer plays an important
role. Since EFW is supplied to cach steam generator, an adequate secon~ .
dary liquid inventory is maintained to support heat removal by condensa-

tion of ghe steam in the U-tubes on the primary side. The secopdary

-

L4

- . o , . A :J\)I.-»\ ,()4



_.To clearly indicate the influence.of Erﬁ. Figure 3 has been included. *

'Results are shown for the reactor vesscl pressure and level transients for

. - -3-

. -

inventory is assumed to be saturated at a tenperaturo corre5ponding

“to the lower setpoint of the safety valves (1270 psia). The con- ' oL .

densation film coefficient used was approximately 200 RTU/he- £:2-°F. . “ )
This is a conservative value which properly accounts for the in- J o

.

fluence of non-condensibles. - .

cases with and without emergency feedwater. As shown, if EFW is not ‘
available a e-pressurization occurs which in turn reduces HPSI inflow

and the level trsnsient is significan:ly aggravated. Neither case soown

" in Figure 3 should be construed to specifically represedt the performance
of System 80. EFW is available on all System 80 plants. The case without

EFW is shown only for demoustrative purposes. For both cases showm, the
HPSI capacities assumed were much less than those of System 80. Thus, the

lcvel transient are more severe. ., ‘,
Major Assdmptibns'
As ‘required by NRC
in analyzing all small breaks (< 1.3 ft2): : . ’ ) "

1. Loss of offsite power assumed upon a scram signal.

3, the following conservative a55umptions were applied

2. The worst single failure of emergency equipment was assumed
(failure "of one emergency diesel generator to start).

3. An uncertainty margin of +202 vas added to thc calculated
" decay heat generated in the reactor.

4. Conservative setpoints and delays were assumed for scram,
SIAS and equipment startup.

Assumption (1) results in a descriptiou of the accident in whicb the reactor

coolant pumps beéin'coostdoﬁn the main stecam isolation valves shut, and the

main feedwater pumps rtop upen receipc of a scram signal. Main steam and

feedwaoter flows: are Lampnd to zero in 0.5 seconds.

UL OhY : .



b

"Assumption (2) allows credit for only one train of ECCS pumps and one
train of Emergency Feeduater (EFW): Thus, only one NIPSI pump and one

EFW pump are availablc to satisfy LOCA requirements. It.was addxtionally

_assumed that 252 of the HPSI 1nflow spills out through the break.

.« &l
. 2

ir

Thc flow capacity requirements for the WPST and EFW pumps are proportional

. to values of decay heat. Assumption (31, therefore. :esults 1n a propor-'
‘tionate inirease in these requirementn. The HPST pump capacity assumed

is shown in Figure 4. The EFW caplcity was assumed to be 875 gpm (minimuu)

Aﬁ;umptiod (4) résulted in the foilowfng setpoint‘ahd dela& assumétionsﬁ'
a) Reactor scram occurs upon a low pressurizer pressure (LPP)
indication of 1728 psia (minimim). Ubon receipt of the LPP
jsiénal there is a 0.9 -second delay before the control rods
:begin motion followed by a 3. 5 second interval to fully '
insert the rods. .
. b).'SIAS occurs upon a pressurizer p:essure indicatio\ of
1550 psia (minimum) The SIAS automatically starts the
.emetgency diesel generators which provide power to the
i f HPSI pumps and the EFW pumps. The total time from receipc
of an SIAS to the time the HPSI pumps provide flow is 30
-sgcpnds‘(maximum). The total time delay from SIAS until

EFW reaches the steam generators is 45 seconds (maximum).

References .
1. Combustion Engineering, ‘Inc., Standard Safety Analysis Report

o (CESSAR), Docket No. STN-50-470, Amendment Mo. 31, Section 6.3.3. 3.
2. D. V. Craf to D. R. Patterson, TD-CE-117, subject: "Heeting

© Minutes of 5/27 and 5/28 in Windsor." °

3. Acceptance Criteria for Emergency Core Cooling Svstems for Light-

. Water-Cooled Nuclear Power Reactots. Federal Register, Vol. 39,
No. 3, .riday, January 4, 1974, .
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SYSTEM 80

PRIMARY SYSTEM PRFESSURE
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Flow to Core Assumes 25%
Spillage Through Break
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