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This report recommends that the low pressure natural circulation method
of core cooling be utilized for long term use (1 yeas). Thres possible
primary system fluid configurations can result {rom this type of cooling.

It is recomaended that 2nalysis be performed to determine the heat transfer

in each of these configurations.

Introduction:

In the long term, it would be desirable to cool the core with 2 rminimunm
azount of equipment in operation. Natural circulatizn is a core cooling
method which meets this objective. Many people are studving natural
circulation with detailed computer analyses, etc. It appezrs that these
studies are being perfcrmed at elevated pressures. In the very long ters,
hcsever, it is also necessary to bring tha RCS to atsospheric pressure. In

this conditicn, the RCS is ameneable to zanother method of cociing.

Using this method, the RCS can be opened to the containzent atmosphere
by cpening the pressurizer relief valve. The core will be allowed tc achieve
rucleats pool boiling. Theoretically the generated steam will displace RCS
water out of the pressurizer vent, and flow to the steaa generator. In the
steam generator, the steam will ultimately be condenced by 2 cold, water-solid
secondary. After an equilibrium water level is achisved in the ho: lepg riser
and steam gencrater, only occasional zmake-up will be nsedsd to replicnish the
RCS for the small anounts of steam flow vented through the pressurizer vent.

Many techniques are available to provide this cake-up.



This method can be used in place of natural circulation. Its real value,
however, is as a back-up to natural :ircvtatioﬁ which =ay not be sufficient or
may break down completely at low pressures. This method is complicated by the
possible presence of non-condensibles. Non-condensibles may limit the flow
of steanm to fhe steam penerator and/or reduce the condensation coefficient
significantly. The following description will amplify the effect of non-

condensibles.



At the initiation of the tube side condensing mode in the steam generator,

the following initial conditions sre presuaed:

Initial Conditions

Secondary side solid -- cold water :

Pressurizer vented to containmen:t atmosphere, either by relief valve
open or through 3/8" sample line re-plushcd to contuainmens.

Primary system solid

Core flood tanks floating -- citfher under N- head or on boad tank
Lirtle or no non-condensibles in RCS =

RC pumps of ¥ 2
Assuze little or no natural ~1rculatlod .
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[he hehavior of the RCS in this nmode is estimated to be as fallows:

1. Mo Non-Cendensible Gas In Svs:ioz

. licat gencration in core will fora steam

Sicam wiil form bubble in top of vesse!

. Steum bubble will displace water and raise pressurizer level

when bubble uncovers top of hot legs, steam will {eventuzlly) slide

out hot leg, foraing bubble at top of canéy cane guite rapidly

(roughly 3000 - 10000 cfm).

5. Tae 1ncrcasxng bubble velume continues to drive water into plc~~ur::e'

G. The increasing hubble volume in cundy cane uncovers cold tuhes in

sicam generator until such time as the condensing rate in steun

generator cquals or eoxceeds the sticaming rate in the core.

7. Then,

. If the systerm is heavily damped, a stecady state steaming in corc/
condensing in steam generator condition will result.
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OR

b. If the systems is undamped which is more likely the bubble in the
sicam generator and candy cane will collapse rapidly, and the
process will hegin at Step 3 above again and repeat itself,
ad infinitum,as long as there is a non-condensihle free flou path
through the cundy cane. The perculation frequency in this mode
is cstimated to be 0.5 to 0.05 sec -1.

11. Non-Condensibhles Present

Non-condensibles formed during this time will be swept to the top of the
candy canc where they will form a bubble at the top of the bend.

f. After an undefined period of time, tiie hubble of non-cundensibles may
reach a size wherein it "seals™ the top of the cundy cane (i.c. there
is no loaper o free steam flow space helow the hubble through the
candy cane). : ‘ 63

105

Tl



itough calculations indicate that diffusive action will nat be sufficicnt
to transport steam through the non-condensible hubble. The core
stcaming 7ate in this mode is about 70 ft.?/scc, at 20 psia and a

valve which will rapidly (say in 10 scconds) drive the bubble into

the stean generator and disperse it therein. 11 the non-condensible
hubble is not too large, a condition will Jdevelop in wmhich heavier
steam reaches the top of the candy cane and begins to "rall" into

the steam generator displacing non-condensibles to the top of the

candy cane.

9. The steam generator and hot leg riser will scek a Jevel which provides
adeguate tube arca for condensation. This arca will increase as non-
condensibles enter the steam generator and reduce aviiilable cendensing
heat transfer coofficicnts, and the sweeping action of the stcam
tlow will tend to concentrate non-condensibles in the steum genorator.

1C. A5 the level in the stcam generator Srops to provide adcquate tuawe
condensing arca, the pressurizer surge ling may becomc uncovered, the
pressure will build and drive the water le: out of the surge line
perculating steam and non-condensibles tnrough the pressurizer.

11. Evenrually, as the steam/non-condensible ratio in the gencrator
Jpproaches Icro, the pressurizer surge line will becoae the primary
stcam reliel path, with the evnd point being steady perculation of

i steam through the pressurizer at a rate sufficient tdo remove the
decuy heat load. In this mode, RCS pressure will he elevated to
100 - 200 psig to provide adecquate steam flow capacity through the
pressurizer reliecf valve. It would be undesircable if the non- 3
condensibles forced the system to this state since we are hach to
a high RCS pressurc and venting considerable RCS fluid to containment.

In cvaluating the desirability of this rode of long-term cooling, and to
dertermine the likelihood of its ultimate utilization as a matter of neccessity,

a4 nuaber of calculations need he performed.

a. Natura] circulation at atrospheric pressure (or ncar atmospheric
pressurce) cold primary system -- maxizua corc hcad loss to achicve
natural circulation.

b. Calculation of RCS behavior in stecuming/condensing mode, in the
abscnce of non-condensibles.

€. Analytic quantification of RCS behavior as non-condensibles huild
up in system. (Steps 8 through 11 above).

Recommendation: \ 63 ’l 06
The JAG recommends that the mode of core coéling discussed above be
svricvusly considered s the long rerm cooling mode. Analyses (u) and (h)

acntioned abwve are Ingivil oxtonsions of the wutural cirenlasion calvulat fons
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heang performed by maay people for the Technical Suppert Group.  The output
of analysis (B} can be used to construct a simple model to cvaluate the possible
efrects of non-vondensibles analysis (¢).  These analyses should be porformed

A4S s00n us practical so further cvaluation can he performed by the 1AG.
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70! Milt Levenson Mate: April 9, 1879
Subject: RCS Behavior From: J. W. Thiesing
Copies: J. C. Judd . Of: T™MI - IAG

The following is an assessment of RCS behavior in the "perculating" mods before
large amounts of noncondensibles bulld up:

Initial Conditions

Secondary side solid -- cold water :

Pressurizer vented to containment atmosphere, either by relief valve open
or through 3/8" sacple line re-plusbed to containnent.

Primary system solid 7

Core flood tanks floating -- either under N, head or on head tank

Little or no non-condensibles =

RC purps off

Assume little or no natural circulation
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Behavior

Heat generation in core will form stean
Steam will form bubble in top of vessel

Steam bubble will displace water and raise pressurizer level (=mpd—head
——ipl s F 3 ~
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4. Wnen buble uncovers top of hot legs, steam will (eventually) slide out hot
leg, forzing bubble at top of candy cane quite rapidly (roughly 5000 - 10000 cfm).
5. The increasing bubble volume continues to drive water into pressuri:zer fand-
6. The increasing bubble volume in candy cane uncovers cold tubes in steam
generator until such time as the condensing rate in steanm generator equals
or exceeds the steaxing rate in the core.
7. Then,
a. If the system is heavily damped, a steady state steaming in core/condensing
in steam generator condition will result.

or

b. If the systex is undamped which is more likely the bubble in the steam
generator and candy cane will collapse rapidly, and the process will
begin at Step 3 above again and repeat itself, ad infinitum,

In this mode before significant non-condensibles build up, I do not believe
there will be any perculating through the pressuri:er, only a rising and falling
of water level in the pressurizer.

Nox- Condensibles Formed duping ths ame will Be swept le
The p of 7 C Cawe. Where + wrll Fform a

bubble. ot the fepoF the bead. e
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Subject: KCS B [
f }x;dfwcﬁqwor From: T W. Thesin
3 | Of: 7MI- TAG
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