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This report rcco~~ends that the lo~ pressure nat~ral circulation oethod 

of core coolin& be utilized for long tero use (1 yt>a~). Thre~ possible 

prirnary systec iluid confi&crations can result iro~ this t)~e of conlin&. 

It is recor:~.':lended that analysis be pcrfo_rr.~ed to <!ett>:-::ane the he:a transfer 

in each of these confiturations. 

Introduction: 

In the long te:-::, it \o'OUld be desirable to cool the core ,,,.ith a :-. :n::.:::~,;t~ 

:;.::.~unt of eGuip:nent in operation. ~:nural cir.:ul:lt1;::n is a core coolmJ: 

cethod "hich ::~eets this objective. ~!any people a:-e stuO:ying natural 

circ~lation .,..ith deta iled cor:puter analyses, etc. It appears tha: ~hese 

stcdies are being pcrfc:-::~ed at ele\'atcd pressures. In the \'ery lon~; t~rt:, 

hc~ever, it is also ne:essary to bring the RCS to at:o!pheric press~:-e. !n 

this conditicn, the RCS is ~eneable to Olnot~er oetnod of cooiin~. 

Using this ~ethod, the RCS can be opened to the contain~ent atmOSFhcre 

by cpening the pressuri:er relief valve. The core \.'ill be allo"ed tc achieve 

r.ucleate pool boiling. Theoretically the tcnerated s:e<!.:: "'ill displa.::e RCS 

"'ater out of the pressurizer vent, and flow to the stea::~ tt:ner;;tor . In the 

steam eenerator, the steam -..ill ultim:ltcly be con:!en!ied by a co:d, ,.ate:--solid 

se:ondary. Aiter an equilibriua ~o.·ater level is :achie\·ed in t!':: hot ieg riser 

and ste:u: .:~ncrator, only occuional :;1J:e-up ~·ill be n~cd~ to r.:p!c:nish the 

RCS for the s::~all :;..':lounts of ste:u:~ flow vented throuth the pn:ssuri:er \'ent . 

•~ny techniques are avail~ble to provide this cake-uF. 
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This =~thod can be used in place of natural circulation. Its real value, 

ho•e\·er, is as a bacl--up to natural circ··~ation "'hich cay not be suffici~nt or 

:~ay breal- do~oo-n cor.~pletel)" at lo"' pressures. This ctethod is co~nplicated by the 

possible presence of non-condensibles. Son-condensibles may limit the flow 

of s:e~ to the ste~~ ~enerator and/or reduce the condensation ~oefficient 

sicr.ificantl)'. The followin~ description will ~-:~plify the effect of non-

condens1bles. 
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At the initiation of the tube side conJensin& code in the steao gene~ator, 

the follo~in~ initial conditions are pres•~~ed : 

Initial Conditions 

1. .. 
~ . 

.•. . ... 

.·. 
h. 

Secondary side solid -- cold ~ater . 
i'ressuri:er vented to containz:en: atoosphere, either by relief valve 
open or throu~;h 3/8" sample line re-plu;:;hd tn .-ont.t;r.:::~·:: :. 
rr i m:: ry ~~·~ tc:n !'(' 1i J 
c.,rc flooJ t:Jnl.s flo:atin~: -- t-ith~·r unJ~·r :\~ ht-:;J 0!" 011 h·: .. ! :.tnl.. 
L1t:l~ or no non-.-onJcnsihlt-~ in RCS 
nc pu~p~ cff 
.\~!'u::~.• I Itt It- or no natural .:irculati::m 

fhc- hch:tdor of the RCS in thi!' rJo.!t' is eHio:nt-J to t-c- :1~ fc, l:o~o,: : 

I . \o Son-CcnJcn~iblt' G:a~ In Sy5: ~= 

l. 

·'. ... 
5. 
c. . 

I • 

1tc-:1t ::c-nt-r.Jtion in core •·ilt fl)r:J 5:eam 
S:can ~oill foro bubble in top of v~S5~l 
S:e:.m huhble ... itl cispl:lce · ·:.a·r :tnd T3iSC' prc~5Url~er lc\'C·l 
l·.ncn huhble unco,·ers top of hot lcp, ste:1::1 "ill (en:n:u:ll~) ~~ide 
ou: hot lt·;!. !or::2in~; bubble :1: top of c;rncy c:tne qui tc upidly 
(TOlli:hl~· 5000 - 10000 Cfl'l) . 
Tilt' incre:1S1ns: bubble \Olu::~co ~ontinucs to ~ri\•e ~>':t:cr iiHC'I prc,:\ur::cr 
ThC' incrc:1sing hubhl e \'Olum ... in c.mdy c:ane unco\·c rlo cc>IJ tu~c-~ 1n 
5:c:t::l J:t'ncr:lto:" until such : ir.:.c .'l~ the con~cn5in~ r :.tc in stt-.. ::­
gener:Jtor equ:~ls or cxcc~ds the s:e:a=in& r:Jtt' in :he .core . 
Then, 
~. If the 5ystec is he:~vily damped, a steady !'otatc stc3~i~& in ~ore/ 

condensing in steam gcn~rator condition ~ill result. 

OR 

h. If tht' syste.':l is un~aoped ""hich is r.~ort- Jil..etr the bubble in the 
s:.C':~:n s;cneratCir ;,nd c:tnc!y cane "'ill coll:J)'5e rapidtr. ar.d the 
process "'ill he~in at Step 3 above a&ain :1~d rt'p~:~t itself, 
ad infinitum,as lon~ as there is a non-conJensihle free flo"' path ~ 
through the c:.mdy cane. The perculation frequency in this oode 
is estim:Jted to be O.S to 0.05 sec -1. 

11. Son-Condcnsihlcs rrcsent 

~on-condcnsiblcs for.:~ed llurint thi5 time .,..ill be 5\oept to the top of the 
c:1nd~· car.e ~here t hl'f "i 11 f c.. r:D a buhbl c at the top of the bcnd. 

!!. t.ftt'r 3n unJt"finc-d period of time, the hu~•l- ll• of non-nmdeu!'oible!" may 
rc:ach :t <.i:e ~:.cn·in it "seals" the top of the canl!r ' c:mc (i.e. tht-re 
i s nn Jnnrt·r :t free St\::tm fln~o SfliiC'C' hdn~ the huhhlc tl.:-nuJ!h the 
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ilou~h calcu:at inn:' wJicatC' th~t Jiffu!'lYl' act ior. ~oo1ll :1.1: hr :mffici<.-nt 
to tr.m~port ~tea:~~ throu~h th(' no:"I•Cl•nJ~.:n:<iblc hubhlc. Th\· core 
ste~~in~ ratr in thi~ DOJc is ~hout 70 ft .3/~cc, ~= =~ p~i~ ~:1d ~ 
~~lvc ~oohich vil1 r~pidly (s~r 1n 10 tc,onJ~l ~ri~e t~C' bcbble into 
the StC:l:'l gcnc.-r.ltOr ~r.J d1~p~rse it t!tereln . lithe.' non-~o:onJ~n:o;ih l <­
hu~h1<' is not t\lo Iars:~ . ~ .-onJi: ion ~ooi 11 .k\'C'lop in "hich hC':t\"i<- r 
;-;tea::~ 1·c:tch~~ the top of the cand~· ,·:tn<- anJ bt'J:.in:O to "fa l l" into 
:he ~ t eam ~;en('r.Jt"r Ji:'pl~C'inJ: non-conJ~nsihlcs t o the.' top o f the 
,·:an.ly c~ ne. 

9. rh ... • C:f(' :O::l ~l':"IC'r.ltor :mJ hot le~ :-!;o;cr "ill !Cecl. :1 h'\' l' l hhi.:h pro\"i .ie!' 
aJ,·~u:lt C' :u!.>c ;u,•a ior co:1Jc.-nsat ion. llli s an·a h"i 11 inc:-C':t!"e :1:' n~·n­
,_,a.!~nsi!:olt's t'ntcr th<' :'t~~o ~:cnt'rato:- :Jn.! :-educe :w :: il.&hle .:-c:nJ~n:o:la~ 
h(':lt ::-:1nsfcr .:o ·~ffich•nt~. :md'the SW<'t-pi!:~ action .:J:' thC' :'!C':I::I 
s'lo" '-"ill tt'nJ to .:onccntra:t' nC"n-cono.lcnsi~l~!'i ir: : !:<- stC':a::\ ):c:ll..'r:;to:- . 

.. 
I C. \,-. t!lc lc\'el :n thC' ~t..:~r:: gcnc:-:n.:Jr .:rops :o pro\'id\' :&.! t'qt::lte tuO'o.' 

.-ondcnsi nJ: an•.J, the rressuri :c:- ~urt:e 1 in~ :::.1y bt'.;o:::c u:H'O\'<.'rrJ, the­
pressure ~ill build and driVe.' ihc ~oo :~:e:- I~; out oi the ;o;ur~c lin(' 
per..:ulatinJ: stc:t::l ;:md non-coJnden~ih1c:' tr::·ou~:h th{' prt'ssuri:e:- . 

11. 1:\l.'!l:u:~lly, as thc ~t~:t:n/no!l-c.,n.Jc:tsi~l<' r :r:io i;o ::u: $:<':1~·:-at~:­
·•i'Pro.oche~ :t'ro. th<' pr~l'l'u:-i:('r H.r~:{' l1nr "j 11 heco::J<' t 11(' p:-i::~:tr:: 
"tC'.i r.l T<'11ef p;; o;h, ~ooi:.h tlW \'nd point beinJ; St<":tdy pe:-.;t:):J:ion of 
l't \'.IL'l throuJ:h the prt'l'Suri:C'r at a rate l'u:'fidenr t;:) rc:::on· tht' 
J,,_.ay hc~t lo;;d. ln :hil' mode , RCS pre~surt- ""ill h" <'lt'\':Jtcd r" 
100 - :!00 psig to proddc ~dequ:tte s:,•;;m flo~oo· .::apacitr thrOil,!;h :he 
~re~l'uri:cr relief valve. It "~ul~ b~ undesire3ble if tn t' no:~­
.;or:.!c:~sibles force!! the l'yste::~ to thil' l'ta:c since.' "'" :trt' h:t.;l. to 
a hi&h RCS pre:o;surc :~nd ~entin~ conside:-~~lt' RCS fluiJ t~ cQr:t:tln~cnt. 

ln e\'~lu:~tin& tile desira b:ilit)' of this r.:oJ~ of lon~-tC:l'::l coolin&, and to 

det('~inc the li~clihoad of its ulti~te utili:3tion as a D3tt('r of :~ccessity , 

:t nu::~ber of c3lculations n"ed ht- perforr.~C'd. 

3. S~t\IT3) Circulation 3t 3t~O~phcric prc:~Surc: (or nc3r :lt::lOSrhc:-ic 
press:Jrt') cold prioary syste:!l -- ~xi:::u.":: core hc3~ loss to a.:h i c\'e 

.. 

n~tu:-al circulation. ·· 

b. Calc~lation of HCS behavior in ste:t::~ing/condc:nsint mode, in the 
ab,cncc of non-condcnsih1es. 

c. ,\nalytic quantification of RCS beh::~vior as non-condcnsibles huild 
up i n !'iystcQ. (Steps 8 throuch 11 abo~e). 
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1> ~,111& i'~·:-ior::u:-.1 hy :tany ;woph· il':"" the· h·.::mh-al Su)'p":-: ,; ;-oup. Tht' ou:put 

IJi an:l!~·::is (b} ,·.1n he ust>l! to .·on,;t ru,·t a ~i:::plt' r.:.-..!cl to C•\':l):J:ttc the po!'sihlc­

efit'ct ~ of non-:,,r.J<'n~iblc-,; :tnaly::i..; (·· l _. Tlh'.'•' :tn.•ly:<.<'S ::h.:1uJJ b,• p~rfon:J<'.! 

.I:< ~0<):1 ;J :<. pr:t.: t i ~:I l :'0 further C\';Jlu:Jtl on ~all hc r··rf o>r::~cJ ~y t hC' I ;.r. • 
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Subject: RCS Behavior From: J. w. Thiesinc 

Copies: J. C. Judd Of: TMI - lAC 

The followin& is an assessaent of RCS behavior in the "perculating" mod~ before 
1~:-ge ~ounts of noncondensibles build up: 

Initial Conditions 

1. 
2. 

3. 
• ... 
s. 
6 . 
7. 

Secondary side solid -- cold ~ater 
Pressuri:er vented to containment at=osphere, either by relief valve open 
or through 3/S" sacple line re-ph.:::~bed to containr.~ent. 
PriQarr system solid _ 
Core flood tanY.s floatint -- either under N., he-:ad or on head . tank 
Little or no non-conde~sibl~s • 
RC pur.:ps off 
Assuce little or no natural circulation 

.. 

aehavior 

1. .. 
3 . 

4 . 

5. 

6. 

7. 

Heat generation in core will form steac 
Steam will for.: b~bble in top of vessel 
Steam bubble will displace water and raise pressuri:er level (eft~ ftead 
te: .:, :e,.e' : & it p 1 - ~e . ) 

~ben bu~ble uncovers top of hot legs, steam will (eventually) slide out hot 
leg, fo~~ing bubble at top of candy cane quite rapidly (roughly 5000 - 10000· cfm). 
7he incr~asing bubble vol~~e continues to drive water into pressuri:er~ 
·c-..-£1c ·~ 2 01 .~ .. ~ 
The increasin& bubble volume in candy cane uncovers cold tubes in steam 
generator until such tiae as the condensing r~te in stea= generator equals 
or exceeds the ste~ing rate in the core. 
Then, 
a. If the system is heavily damped, a steady state suaming in core/condensing 

in steaa generator condition ~ill result. 

Or 

b. If the syste: is unda=ped ~hich is aore likely the bubble in the · s:eam 
generator and candy cane will collapse raFidly, and the process will 
begin at Step 3 above again and repeat itself, ad infinitus. 

In this code before significant non-~ondensibles build up, I do not believe 
there will be any perculating through the pressuri:er, onl)' a rising and fallinz 
of ~ater level in the pressurizer. 

N~- ~si hies .for~t"oP:i. krt,.~ f/v.·._, ft'n.4L· u.rifl 
1-~ fop of ik. c, aa~ r..o.;t~·t:. -f~ cd,// 
bt.L66/e_ . . d fk !vpof fk b~. . 
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To= /Y1i li- Lev~~ 
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D~ : 4-~-7tj 

rl'?:n<'l : ..:r. w. ~ r: ~c 
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Refe-re...ce ncJ prevle-....<S me-... .o- fk~ ~ 

0>tv ~ ~ ~ ' . 7Ae_ feveu!dtcnv 

5-re~(f i5 e~ti~ ib- 6e. o. s i.:-
r;;. os- sec.-.' 
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.. 
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