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Review Emargency Procedure EP-32, "Lecss of RCP's Successful Naturazl Circulation®

SUMMARY

. The abave plan was reviewed to determine if the current criteria for establish-
ment ratural circulation provide adequate indication of natural circulation
{or Yeck of natural circulation) and provide sufficient protection Tor the
primary system in the event a natural circulation attempt had to be zborted.
One measure of sufficient protection is maintaining water coverage of the
pressurizer heaters maintaining pressure controllability.

This study concluded that an additional criterion should be adied to those al-
ready listed in EP-32. The limits set in this criterion should not be exceedled
until at least five hours after the reactor coolant pump trip. Spacific
reccrmendations are included at the end of this report.

DISCUSSION

Calculations compieted by all groups involved to date indicate that gatural
circulation will btz established with a very cmall rise, less than 25°F, in
core o:tlet temperature. Conservatively assuming a 15°F rise of the average
temperature of thz total primaryasystem water, approximately 11,000 ft’ the
volumz will increase 72 ft° and the pressurizer level will increase

inches [See Attacnment I) assuming a constant mass system. It is -
expecied that the actual pressurizer level rise will be less than 10" Tor
successful natural circulation

However, zssuming that natural circulation is not established, the current
criteria of EP-32 would allow the water in the core to reach saturation at
about 900 psia.

As shown on Attachmant II, ths system expansion for the vessel water volume
during this heatup is 11 ft” (1). Clearly this volume increase is an order
of that maanitude greater than *hat expected for successful natural circulation
and would clearly indicate that the prccess 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 the achievement of ;
natural circulation must be considered. However, first consider the alternate
means of handling this increase in the volume of the primary system if natural
circulation is unsuccessful. This expansion can be handled by either allowing
the water level to rise in the pressurizer or by system letdcwn.

1f the expansion volume is letdown, the mass of the water in the RCS will be
reduced by about 30%. When the nataral circulation attempt is aborted by the
criteria currently in EP-32, a coolant pymp could be started when the entire
vessel is at-saturatinn temperature, 532 F. The secondary side of the "A" OTSG
would be about 230°F. Attachment III indicates that the volumz 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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DISCUSSION (cont)

by 800 £t3 in 2tout five minutes. This will definitely uncover the heaters and
likely be a severe transfent terminated by the operation of HPI. This resylt
fs considered unacceptable since it effectively relinguishes pressure control.

The total volume of the pressurizer is approximately 1500 £t3. If the
water level is at 270" and the psessurizer goes solid at 400" the expansion volume
is (400-270) (3 ft3/incl) 400 ft~.

As an example of a case where natural circulation is not established, we
choose to confine all core heat to the vessel region. The following analysis
proceeds from that assumption.

To reach_saturatiocn tenperature in the entire vessel the expansion volume is
about 1000 ft3 and the pressurizer will therefore go solid before saturation is
reached in the vessel.

The pressurizer will go solid about & hour after the pump trip cince the water
level will rise at 40"/hr if no steam voids are accumulated in the vessel and no
ratural circulation occurs. To provide more time for natural circulation to
occur without coing solid the pressurizer level should be reduced to the minimum
"comforiable” (e.g. 110" + 10") ismadiately aftar ihe event. 7o provide margin
to "going solid” an upper limit of 350" is proocsed for the precsurizer level.

This allows a miniTum of 6 hours -- (252-110}/40"/hr -- before the nztural
circulation attempt would be aborted per this criterion.

Additional time woculd be provided by giving natural circulation 2 "nudge"
by energizing a ccoiant pump First for 5 seconds and lzter for 10 secznds as
precsurizer levels of 300" and 350" are reachad. If the "nudcing" attempts ware
uncuccessful and the level reaches 350" a socond time, the groposed critzsrion
calls for an zbort.* At this time the average temparature of the water in the
reactor vessel would have risen from about 2300F to about 483°F {Attachmant 1V).

There are several indications that if ratural circulztion has not yet been
achieved it is proper to abort the attempt. These indicaticns are:

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

2. Two attempts to "nudge"” the system to natural circulation flow will
have been made with no success in inducing natural circulation.

3. The vessel water average temperature has risen over 200°F -- more inan
sufficient heat will have been generated to cause natural circulation.
Soething is definitely wrong if natural circulation 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 pressurirer level constant., This has
the advantage of 2llowing maintenance of higher levels in the pressurizer.
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RECOMMENDATIONS (Shown schematically on Attachment VI): ”

It is recormended that EP-32 be amenced as follows for the loss of forced
circulation.

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

2. Reduce 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 expected to be less than 25".

4. when (if) the nzr. lavel reaches 300“(') eneragize pump 2A for 5 s=conds
(not to full pump speed). If pump fails to start, go to pump 1A for a 5
second jog. Expect to see:

a) Th *
b) pzr. level drop
[f neither 2A or 1A jog, go to 5.2.3 of EP-32.

5. Measure pzr. level every 15 minutes.

6. W&hen (if) pzr. level reaches the 350" level, energize pump 2A for 10 seconds.
If pump fails to start, go to pump 1A for a 10 second jog. If neither jog,
g0.:t05.2.3;

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.
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“NATURAL CIRCULATION CRITERIA

Inadventant Pump 2A Tr.ip

Current temp ~J80%F corresponding v, = _0 0+e%T
220°F ’ f, @.01¢77

Assume a pressure of 900 psi (Ref. EP-32, Rev. 1)
¢ T 5% corresponding v, = 0.0212
1

Exerm;e performed to determine the volume change {n going to Tsat (Reactor
vessel :

3

R.V. volume ~ 4041 ft° = y

Change in specific volume av, = v, -y
f f fz

0.0/€7
= 0.0212 - B2

0.00443

nnes

A\'f- .

% of water in RY = V/vf
1

0.0l677
~ 4041 /0 255

244800
-z-m%c_ be

.". Change in RCS volume associated with the RY inventory going to T “‘532°F is:
241000

AY T (Z?.Hn.tb zo)Avf
?((J:H.ﬂo?)(( o.oo&ms)

1069
Ay = T4 ft3 ;

Total pzr volume = 1500 ft3
Presently @ pzr. level 267° we have substantially less than 700 ft3 before the
system goes solid.
Conc1usion
/7
In atéit. on to the criter‘la/wtiined/]n EP-32, R:ev. 1, Paragraph 5.1 {fnr/t‘é"erature

Andication whicp will abort/the nat,;rll circ. ltt.empt. a criterfa for pzr. lev
! 1s/re<1 fred.
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o s "-COMSTLET MASS FRIMARY CONTROL

This ntt.ac::uni indicates xethods for achieving a constant primery
systaa pass., The extacsion of tha prizary systea, consisting of: o’

1, tks rizary system

2. the seal flow syatea and seal return system

3. ths letdoun system

L. the makeup tank
rer~escots a cocsiant epsas sysiaa with the exception of sazs cpell system
outleckege (2.5 gal/min) which has been constant and fairly accurately
kccwn, FKainteioicg the level in the nekeup tank at a constent value via
letdcun or seal flcv will essure that the prirary system is at a cocetsct
rass. The 5yst=a can be mads core accurate by edding watar to the mskeup
tack at & sate eguel to the estizated rate of outleak=gs. Morsover, the
pressirizer level adjust=ant desired at the beginricg of ths 4racsient
can b8 scccaplisted on a cozsiant zass toeis bty reflecticg the ipitial

differznss onto the initial mskoup ¢ank level to determine a mekaup tank
corirol level.
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