FBERSoLE QUESTION nwD B4 (zumu)

\

RESpomzse . ECEIICLE LIST pJrESEPIFED

\

AT Ocroger 77 PERNLE SPRMG ACKS |
"”"'i”;SU@CMM”“7?E£ t[ﬁ?\C2)f

QUESTION: = L ey
Does apolicant know that time-dependent levels will occur in pressurizer, /
 steam penerator and reactor vessel after a relatively small primary coolant /
break which causes coolant to approach or even partly uncever fuel pins? /
What does operator do iz Tespect ©o interpreting level in pressurizer?

During primary system refill from high pressure injection pumps there is

effect heat transport to secondary side. How is transition to natural J
convection without assistance from primarv coolant pumps obtained. {>1xv~w\

--.--For small breaks, fuel stored heit is rezoved during the first few

conds of blowdown. The B&W ECCS system, utilizing internmals veat valves,
ggggggdgg;ghgz?ggggyuptiggjqf_Qecay beat removal for all accideats within
ggg;:§pge”9f small breaks. Cons®deration of phase separation, internals

vent valves, break location, ~team generator condensation and ECCS injection
bave_been made .in arriving at this conclugion. Mixture levels are calculated
in the RCS throughout the transieat. ‘
--—-cAs I understand your concerns, they relate tc the pessible interruption
system. Such an event can only occur at greatly extended times during final
recovery whea stean condensation is no longer required. However, even if the
event occurred earlier, the acticn of the vent valves weuld be to equalize water

levels between the hot and cold regicns of the prirmary system, thereby assuring

r<:> continucus fluld coverage of the core with nc adverse consequences.
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-.- There are two overriding concerns with any Loss of Cocolant Accident; _A"-A' A
1) .Initfal removal of fuel stored hut; |
2) Continuous remcval of decay heat. i ) - .

. 4
some period when neither condensaticn nor natural convecticn is present to ,,Qlﬁj‘;).y..’
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A more detail examination of the fluid conditions surrounding a small LC2a°
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elpfvl. Small LOCA can rightly be viewed as such a slcw transic.il
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during which, at any particular time, the systez is nct :eanin~ful

{rom steady state. The PCS (reactor coolant system) is then prope

as a sealed manometer. For the B&W syste?;/thié'éénoszgé}ii§'33§bié locped
because of the veat valves. Such a manometer is illustrated on the next page
with importaant volumes identified by letters.

Many experiments have been run which show th3¥ so long as a fluid (qualicy

- - .

less than, say, 70C%) covers the core, no adverse core :e:rera?dre'escursion
can occur at decay heat power levels (see BAW-10064 etc.). Thus, the problem

4n small LOCA is to achieve steady mass and-eme¥gy balances which assure core
covery. This means we must achieve mass {mtession eguzl %o mass loss and
B e e

energy loss equal to decay heat. B4LW carries out computer gpalysis over a

’spectrum of break sizes to assure that no core uneovery.-cccurs prior to achieving

excess mass injection. Concerns over Very 1 breaks deal with the energy

i
balance once excess injection has been achieveds :

- " o
~_For certzin small breaks, Cadz .01A°) the steam generator would act as . e
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an energy removing device. Initially, a solid flow foreed-conuection process

would control, later a two-phase patural circulation process involving both

' / . :
convection and condensation heat transfer, andlfina;ly a pure condensation mode
would evolve. In this later mode; £uid leveis—have £allen to appromimately - -

- Femme -

};vel 8, o= the diagram, steanm is p:GaEeeH in the core tarough beoiling, it
travels through D, E. and G and is condensed 1n::he lower regions of H. Concerns

over the impact of‘goq:candensibles lLave been examined for this phase. The
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1. Insufficilent non-condensillcc are evallable in the initial RCS fluid

[

-to block the flow of steam at G. (This {s a 3-foot diameter pipe).
2. Heat transfer coefficients with non-condensibles present are sufficient
to condense steam {n the lower tegionﬁ of E. (Even {f they were momentarily
inadequate, this would merely cause a pressure increase and resultant
temperature increase until the AT compensated for the lower h).
3. The open manometer paths D,F,G,H, and B assurc that hydrostatic balances
exist between regions B and A and between regions K and A. If these balances
. do not exist, fluid movement will occur to produce thenm.
As menticned, B&W uses computer analysis %o follow the LdCA transient through
these phases until excess injection is achievel aud the systew starts to refill.
During the refill a rising water level in region H may eliminate con-
densing heat transfer. Note that a rise of level in H also means a rising
level in K and A. Thus, no immediate core concern exists. Steanm pocﬁets will
be formed at I and C. If the leve. continues to rise, a two phase mixture
vill be forced into D and F. This will occur through the n?cessity of
maintaining a hydrostatic balance with H. However, if condensation has
been shut off, the energy balance is no longer maintained. As energy is not
being adequately removed from the system, it must repressurize. Two results
are nuw possible. |
1. The break flow increases until it removes encugh energy or the break
removes enough mass to reestablish condensation, or,
2. repressurization continues until energy removal i{s through the pressurizer

relief valve path E.



Most likeiy, result 1 will repeat for several eveles orior to result 2 occurring,

In any case, coré ungovery cannot occur, ‘Arafn, 1f gore flufd level is low,.
then the fluid level in H must be los and condensati{on {s a credible phenomena.
The flow pattern in D, the horizontal section of the hot leg, fs of

interest during repressurization. This is {llustrated in the following diagranm

along with the pressures within the system. The following hierarchy of pressures
exist;

P°<P3‘P1<P2 ' ol e ik

mainly because of static balances and the.tuo-phase nature of the fluid in the
core and hot legs.

Thus, for the entire spectrum of small LOCAs, the B&W system not only
assures conpliance with the requirezents ¢of 10C7R50.46, but eliminates any

core temperature excursion whatsoever in excess of 700F.
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