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Review E.Oler~ency Procedure EP-32, "less of RCP's Successful r:aturlll Circ~lation" 

S~.ARY 

. The above plan was reviewed to determine if the current criteria for establish
~ent ~atural circulation provide adequate indication 9f natural circulation 
(or ~cck of natural circulation) and prov ide sufficient protec tion for th! 
priffiary system in the event a natural circulation attempt had to be aborted. 
One measure of sufficient protection is maintaining ~ater coverag! of the 
pressurizer heaters maintaining pressure controllability. 

This study concludec that an additional criterion should be added to thos~ ~1-
ready listed in EP-32. The limits set in this criterion should not be exceeded 
until at least five hours after the reactor coolant pump trip. Sp!cific 
recc~endations are included at the end of this report. 

OISCL'SSION 

Calcu lations CQffipleted by all groups involved to date indicate that aatu~~l 
circulation will c: established with a very ~rr~11 rise0 less than 25 F. in 
core ~: tlet te~~erature. Conservatively assuming a 15 F rise of the a~eraqe 
temperature of th: total pri~ary3 system w~ter, approximately 11.000 ft~ th! 
volu~~ wil l increase~ ft and the ~ressurizer level will increase 
~ inc~es ~See Attac~~nt I) 3Ssurning a constant mass syste~. It is 
ex~ected that the actual pressuriz~r lev~l r ise will be less than 10" ~or 
successful natural circulation 

However. c!ssurdnQ that natural circulation is not established. the current 
criteria of EP-32 ~ould allow the water in the-oDre to reach saturation a! 
about 900 psi9. 

As shown on Attachmant II. the system e1.pansion for the ve~sel water volume 
durinq this heatu~ is 1100 ft~ (1) . Clear1y this volume increase is an order 
of that rnaQnitude Qreater than !hat exoec!ed for successful natural c i rculation 
and would clearly indicate that the precess occurring in the primary system 
is not understood or under control and that the natural circulation attempt 
should be aborted. Thus. another criterion to confirm tt·.e achie\'!!Tient of . 
natural circulation must be considerP.d. However. firs t consider the alternate 
means of handling this increase in the vol~e of the primary system if natural 
circulation is unsuccessful. This expansion can be handled by either allowing 
the water l evel to ri~e i n the pressurizer or by system letdcwn. 

If the expansion volume is letdown~ the mass of the water 1n the RCS will be 
reduced by about 30:. ~hen the natural circulation attempt is aborted by the 
criteria currently in EP-32, a coolant p~p could be started when the entire 
vessel is at saturation temperature. 532 F. The secondary side of the "A" OTSG 
wou ld be about 230 F. Attachment Ill indicates that the volum! would be reduced 

(1) Note for these calculations: It is assumed that the temperatures of the 
hot and cold leq remains unchanged. 
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by 800 ft3 in ~~oul five minutes. This ~ill definitely uncover the heaters and ··· 
1 i kely be a severe tran"sient tenninated ~y the operation of HPI. This re~l t 
1s considered unacceptable since it effectively relinquishes pressure cortrol • 

., 
The total vol~ of the pressurizer i s approximately 1500 ft~. If the 

water level is at 270" and the pr<?ssur izer goes solid at 400" the expansion volur:;e 
is (400-270) (3 ft3/inc1) 400 ft3. 

As an ex~ple of a case ~here natural circulation is not established , we 
rhoose to confine all core he!t t o the vessel r~gion. The following analysis 
pr~ceeds from that ~ssumption. 

To r each saturation te:nperature in the entire vessel the ex;lans ion volu::~e is 
about 1000 ft3 and the pressurizer wil l the•efore go soli1 before saturation is 
redched in the vessel . 

The pressurizer will go solid ~~out 4 hour after the pu~p trip since the ~ater 
le .. ·el will rise at 40"/hr if no steam voids are accu::~::lat~d ~ n the vessel and no 
na tural circulation occurs. To provide ~re ti~e for natural circulation to 
occur without aoing solid the press~rizer · level should be reduced to the ~inirnum 
"co7.fortable11 {e.g. 110" ! 10") i~ediately af~er the event. io provide r.~rgin 
to "going solid" an upper l imit of 350" is proocsed for the pressurizer level . 
lhis allo"'s a minbum of 6 hours -- (3S~-110)/~0"/hr -- bEfore the r.'-tural 
circulation attempt ~~uld be aborted per this criterion. 

Additional ti~ ·.-culd ~e p;ovided by giving natural circula~ion a "n:~o;e" 
by en~rgizing a cco~ant pu~p f~rst for 5 seconds and l~ter for 10 se~=nds as 
p~e~surizer levels of 300~ and 350" are reach~d. If the "nudg1ng" a~t~m?tS ware 
1.1nsvccess ful and the 1 e\·e 1 reaches 350" a s11c:md time, tt.e t:ro~osed cri tail on 
calls for an c~ort . • At this tir.e the average tc~~~rature of the water ~n the 
re~ctor vessel v.ould have risen from ahC'Iut :?JOOF to about 4Ssoc- (.l',ttach..-.=nt IV). 

There are several indications that if natural circulation has root yet been 
achieved i t is pro?er to abort the atte~pt. These indications are : 

1. At least 6 hours have elapsed to establish flow and ·no natural 
circulation flow is established. 

2. Two atte:npts to "nudge" the system to natural circulation now will 
have been made with no success in inducing natur~l circulation. 

3. The vessel water average temperature has risen over Z00°F -- morP ~r.an 
sufficient heat will have been generated to cause natural circulation. 
So.::eth i ng is definitely wrong if na tur4l c i rcu 1 at ion does not: occur. 

•rootnote: The abort criteria based on the rising water level in the pressurizer 
could be replaced with equivalent criteria based on levels in the 
makeup tank. by holding the pressuri:er level const~nt. This has 
the advantage of allowing maintenance of higher levels in the pressurizer. 

16 0 ' 1 4 
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RECO~ENO~TIONS (Shown sch~~tically on Attac~nt VI): , .. 
Tt is reco~ended that EP-32 be a~nded as follows for the loss of forced 
ci rcul a ti on. 

1. Take the necessary measures to make the primary system a constant 
mass system. 

2. ~educe the pressurizer level to 100" ! 10. 

3. Check pzr. level every 15 minutes. Sustained--for 5 hrs . level rise of 
,..., 10"/15 minutes expected if natural circulation not achieved. If natural 
circulation is achieved, the level rise is expecteOTo be less than 25". 

4. ~hen (if) the ~zr . l~vel rea~hes 30J"(•) energize pump 2~ for 5 seconds 
(not to full pump speed). If pump fails to start, go to pu~p lA for a 5 
second jog. Ex~ect to see: 

a) Th t 

b) pzr . level drop 

If neither 2A or lA jog , go to 5.2.3 of EP-32. 

5. 1-!easure pzr. le\·el e\·ery 15 minutes. 

6. ~hen (if) pzr. level reaches the 350" level, energize pu~p 2h for 10 seconds . 
!f ~unp fails to start, go to pump lA for a 10 second jog. If neither jog, 
go to 5.2.3. 

7. Measure level. If the level stays at or reattains 350", abort the natural 
circulation criteria, i.e . go to 5.2 of EP32. 

• Expected to take about 5 hours after the pump trip. 

_160 115 
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NATURAL CIRCULATION CRITERIA 

lnadventant Pump ZA Tdp 

Current tESnp -~F corresponding v
1 

• ~ 
2z.c•,. z O. D/' 77 

Ass~ a pressure of 900 ps1 (Ref. EP-32. Rev. 1) 

T ~ 532°F correspondfng v, • 0.0212 sat 
1 

•. 

,,:. 

Exercise performed to determine the vol~ change fn 90fng to Tsat (Reactor 
Vessel) 

R. V. vo1 ume ~ 4041 ft3 
s V 

Change in spec i fic vol~e ~ vf 2 vf - vf 
1 2 

o.ol/77 = 0 .0212 -~ 
O.OOlf'f3 

AVf~~ 

~ of ~ater fn RV = V/vf 
1 

o. Oll17 
'";:" ~041/.£: rnr~ 

.2.4~~00 
"='~lbf 

. . . Ch~nge in RCS volume associated with the RV inventory going to Tsat Z5JZ°F is: 
• ':l.l./11ooo 

A V -:- (~lbf H20) A V f 

(.:2'ff,Ooo)( 0.00'-141 3) 
-:=-(~)\~) 

AV ~~ ftl 

Total pzr volt&ne z 1500 tt3 

Presently @ pzr. level 267• we have substantfalty less than 700 ft3 before the 
s.rstera goes solfd . 

Conclusion 

I I lo I 2 . I I ," j , ../ , 
Jn add~ on to the criteria putlinedf1n EP-32. Rev . 1, Paragroph ,5.1,.s fort"~rature 

,1ncUca on whfc? ' wfll abort/ tho · natr-al cfi-c. attelllpt. a crfterh for pir. le\·OY / 
f h,'r~ fred~ / ' • . 
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Th1a attac~nt iD!ie&tu Ptb;)da tor achieYing a cor.at.ant. ~ 
.,...~ &a:Ja. The n:t.auion or . tba p:-1:.&.7 a,-.t.cs, ca:l.&iat~ ota .-.· 

1. ~ Fi::.a.z7 a:yatls 
2. the eaa1 n.cv syatca a.n4 aeal return .,._ta. 
). ~ letd0\."11 5yatea 
4. t!le ul:.eup tank 

re;:=esonu a eocstl..nt usa .yste2 v1th t.ha e:z:::ept1oo or &:x!:e ca:.e.ll aysta 
out.ledLi• (2.5 t;a!/ldn) which bu beeo e~tant &JJI1 ra1r17 acc~atel.7 
lt:;-.-n. ~-U.!'lh 1 ,.,~ cg ~ leYel io the a.Ueap t.a!lk at a co:lJite..nt Talue Tia 
letdcil:l or aoal tlc-J vill £::sure that the prl.r.u7 .,-.te:a 1e at a co~t.s.ct 
z:.sss. Tbe syst~ can be ads c.:re accll:'ate b7 l:.dd.iJ:C \l&tar to the c.Ueup 
t.a.cl: at a :-ate ~uU to t.!la esti::ated rate ot outle~e;s. l'..:~r&ener, the 
p:-eas l:'i:er laval adjt:St:..!lnt desired at the ba~ or tba trar.sie:lt 
C!.D ~ 6-Ccc:plll!!:ed on a co::.s~nt ~ss l:c.aia cy re!leet1Ci t~ ic.itial 
di.!~C"l-::1.:3 octo the 1.:U ti.al ~~up ta..clt l&Vel to dete:-::dna a z:Ueup tank 
coz:~l lel'el. 

.· 
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