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MEMORANDlM FOR: Licensing Project Managers

FROM: Thomas M. Novak, Assistant Director
for Licensing

Division of Licensing

SUBJECT: BOARD NOTIFICATION - SEMISCALE TEST RES8.lLTS

(BN82-93)
'

The ASLB, ASLAB, or Comission (as appropriate) were notified of the
subject report for the following plants:

Callaway, Unit 1 Waterford 3
Comanche Peak, Units 1 & 2 Diablo Canyon, Units 1 & 2
Palo Verde. Units 1, 2 & 3 Sumer
Hidland, Units 1 & 2 Floating Nuclear Plaats 1-8

For those plants which are contested but for which the hearing has not
yet started, please ensure that the substance of BN 82-93 is addressed
in your SER, or SSER. Attached is a sumary of the subject report for
your infonnation.

5 A?r
Thomas M. Novak, Assistant Director

for Licensing
Division of Licensing

Enclosure:
As stated

cc: LBCs
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MEMORANDUM FOR: Darrell Eisenhut, Director, Division of Licensing

FROM: Roger J. Mattson, Director, Div'ision of Systems
.

* Integration

SUBJECT: BOARD NOTIFICATION CONCERNING RECENT.SEMISCALE TEST.
RESULTS

SUMMARY
.,

,

The purpose of this memorandum is to request that you notify all
PWR licensing boards of the results of a recent Semiscale " feed and
bleed" test.

1

During a recent test in the Semiscale facility * in which the " feed and
bleed" mode of core cooling ** was being tested, uncovery of the core
simulator occurred, causing the test to be prematurely terminated to
' prevent core simulator overheating. The relevancy of this result is
that core simulator uncovery was not expected to occur.

BACKGROUND

Recent licensing proceedings (in particular TMI-1 restart hearing) have
focused on the ability of PWRs to remove decay heat using " feed and
bleed" cooling in the event of loss of all feedwater.

Although neither the staff nor the licensees or applicants have ever.

relied upon feed and bleed in order to meet the Commission's
regulations, and although the staff has never concluded that all plants
with installed HPI and safety-relief systems can successfully'" feed and *

bleed," we believe that there is an inherent margin of safety
,

attributable to a feed and bleed capability.

CONTACT: M. Keane
; X289!,/

*Semiscale is a test facility app.roximately 1/1500th volume-scaled to
a typical Westinghouse 4-loop PWR.

F

**" Feed and Bleed" refers to a mode of core cooling in which all
feedwater (main and auxiliary) is not available, and decay heat
removal is accomplished by adding coolant inventory with the HPI

| system, and removing decay heat energy through the safety or relief
valves,

i
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O 1982SEMISCALE RESULTS AND RELIANCE

The Semiscale test simulated a loss of all feedwater with a complete
dryout of the steam generator secondary side. The scaled PORV was
opend as the recomended action to depressurize the system to below the
HPI pump shutoff head to allow the HPI flow to restore primary coolant
inventory. Prior to achieving an equilibrium thermal hydraulic
condition for core cooling, the core simulator rods began to heat up
excessively. This caused the test to be prematurely terminated to
protect the core simulator rods.

The relevance of this result ,is that core simulator uncovery was not-
expected to occur. Pretest predictions were not performed for this
particular t'est .and it is not known if any new phenomena occurred that
were not capable of being predicted by current analysis computer codes.
(The expectation that no core simulator uncovery would occur was based
on engineering judgment and not on detailed calculations.) Thus, the
applicability of these results to the feed and bleed capability of large
PWRs is unknown. Further information is presented in the RES memorandum
from Bassett to Speis covering this topic which is attached.

A related test has been run in LOFT, which is approximately 1/60th in
volume compared to a typical Westinghouse 4-loop plant. In this test,

the PORV was latched open and the system depressurized to below the HPI
shutoff head (the HPI was not allowed to inject for other testing
purposes). There was no indication of core uncovery.

Westinghouse has also performed an analysis that indicates that with
low-head HPI, core uncovery would occur it feed and bleed is not
initiated before the steam generators have dried out. An analysis of a
PWR at the Semiscale test conditions is part of the resolution plan.

RESOLUTION PLAN

To fully understand the relevance of the test, the following resolution
plan will be pursued by the Office of_ Nuclear Regulatory Research:

1. Analysis of the Semiscale test, including study of the data and
RELAP 5 computer code calculation of the experiment.

2. Analysis of the atypicality of Semiscale as compared to the PWR for
this type of operation.

3. Analysis of a PWR for the same conditions that existed during the
Semiscale test with the RELAP5 code.

CONCLUSIONS

Based on our assessment of the results to date and on the criteria of
Office Letter Number 19, we do not believe that a board notification is -

warranted. However, due to the interest in feed and bleed cool' ng ini
,

recent licensing proceedings, we believe it is in the best interest of
the regulatory process to inform the licensing boards of this recent

. - - ._.
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test result. We do not beideve that sufficient information is available
yet to draw any conclusion from the results. We also do not believe -

that these results adversely impact our present staft position regarding
reliance on feed and bleed cooling. We intend to pursue resolution of
the issue with RES. We expect this resolution by approximately
September 30, 1982 and we will inform the boards cf our conclusions at
that time.

f'

,

e ''yb]?1

I G~cy t.
--

Rogef J. ttson, frector
Division of Systems Integration

.

Enclosure: As Stated

cc:. H. Denton E. Cise
S. Hanauer G. Knighton
R. Minogue, RES D. Ross, RES

'0. Bassett, RES H. Sullivan, RES
'R. Landry, RES G. D. McPherson *

N. Lauben T. Marsh
W. Hodges G. Mazetis
W. Lyon R. Barrett
M. Keane T. Novak
G. Lainas W. Jensen

.
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MEMORANDUM FOR: Themis P..Speis, Assistant Director .

for Reactor Safety
Division of. Systems Integration -

FROM: 0. E. Bassett, Director

Division.of Accident Evaluation
Office of Nuclear Regulatory Research

SUBJECT: FEED AND BLEED EXPERIMENTS IN SEMISCALE'

As you are aware, RES has performed a Semiscale feed and blead experiment
(S-SR-2) at the request of NRR. Results of this test indicate that
difficulty was experienced in maintaining a steady-state feed and bleed
condition without uncovering the heater rod bundles. Several members 'of
your staff have had questions as to how this relates to the PWR feed and
bleed operations being purposed for several plants. These ques.tions are
now being addressed by EG&G Idaho, Inc., while taking into account the
ci.jpicalities of Semiscale, as they might affect the feed and bleed
behavior..

As a start, EG&G have provided a letter report of several steady-state
calculations tfiey have performed in an ef. fort to help understand the
Semiscale data (see enclosure). These calculations included a study of

. the sensitivity of the results to core power, break flow quality, surge
line and pressurizer geometry, and availability of equipment, and were
extended to parametric values ~ typical of a commercial PWR. The report
concludes that there are large uncertainties in predicting the sati.sfactory'
performance of feed and bleed in the steady-state, but that the Semiscale

~

experiment does not point to the existence of a definite problem regarding
the satisfactory performance of feed and bleed in a PWR. The Semiscale
results still must be analyzed to determine the extent that the atypicalities
effect the results and to put them in proper perspective. This analysis
work is currently in progress and should be completed in September 1982.

',
i
'

The Division of Accident Evaluation has concluded that.the Semiscale
results have not produced new and unique results that indicate a PWR i

would have a definite problem regarding feed and bleed. Therefore, we |

do not recommend a board notification. We have concluded that the
Semiscale results should be carefully analyzed to determine that relevance
to PWR feed and bleed transients and this work is now in progress. We .

1
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should be able to provide you with a more complete answer to the relevance
of the Semiscale experiment and our investigation into the feed and

'

bleed transient'in a PWR by late September 1982.

h.h,[wI ~'V

O '. Bassett, Director.

Division of Accident Evalua' tion.

Office of Nuclear Regulatory Research

Enclosure: Ltr fm North to - ,

Tiller dtd 08/06/82

cc w/ encl: ,

L. H. Sullivan, EPB
-

R. R. Landry, EPB
'

B. Sheron, NRR
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,

Mr. R. E. Tiller. ~ Director
Reactor Operations and Pro rams Division .

Idaho Operations Office - . .

Idaho Falls. 10 83415 -

PRI.HARY COOLANT SYS1EM FEED AND SLEED - Pit-13Z-82

. Dear Mr. Tiller:
'

At the request of the Nuclear Regulatory CormrissTon the Semiscale
Program recently conducted experiments designed to investigate the
feasibility of primary coolant system (PCS) feed and bleed as a means
i;f sejecting decay heat in the absence of steam generator heat' removal,-

g The results and preliminary analysis of the experiments suggested that
a reasonable uncertainty may exist in the ability to effect stable
PCS feed and bleed. Since current pressurized water reactor emergency

.

operating guidelines call for primary feed and bleed unoer certain
abnormal conditions. it was considered of some importance that the.

general subg'ect of feed and bleed be studied in some depth and'that
the semiscale results he carefully analyzed so that they might be inter-
preted in the proper perspective. To this end, the Semiscale Program
is currently engaged in an exter.sive analysis effort invohirg both
full-scale plants and experimer.tal results (i.e.. Semiscah and LOFT).
The purpose of this letter is to provide a brier overviets c( our analy -

'

sie of feed and bleed to date, including the recent Semiscale results.
. _ _ . . . . . .. . . . . . . .

. .

. a.:.mm,mma .__ - . . -. .. .. .!NTRODUC1I(nt. n
. . . - . _ . . ~, . .n . . u. .. . =-.-,---,---.....n

- . - . . ..- x w m .. m m .. m e = - = m m .: e.. . -

. .

Primary coolant syrites feed and bleed in a pressurfred water reactor
becomes a necessary decay heat removal mechanism in the unlikely event,

that all secondary heat rernoval capability is lost. . Whife there exist
nianerous scenarios that could lead to this situation, the focus of ,

'

.. th.e present analyses .is the..feaslbtitty of achieving a favorable cool . ...
;

.

*at and enerny
. . tioin is ishich.. balance w(th.ttthe primary _ cool _ ens;... system.under .condi-

- -

: . . . _ . . .

'

1. the reacfor' h'as 'sicham'ed' -*'' ' '

,

.-. . . . . . . . . . . . _ _ _ _ . . _ . . . ...

2. the steam generator secondaries are completely depleted of. .

* - *r=*.

...,lantcoo
- - - - . , . - . .- .. . .....=.= :: . .- .. .a. = - ----
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. .. .. . . . . . . . . . . . . ..

. . . - _h_ the bigh. pressure inject $on system (Eccs).is.operattwe se,. ...

an undegraded condition, ..,.
... .

,. ,. . ....

4. the pressurizer healers'are inactive
.

i' -
,-,

9 . .
.

'

S'.-~"thie Fressurir operal.ed'Irelief valves (s) (PORVs) are operative;, .

6. primary recirculation pumps are off . . .

.' Feed and. bleed would comnence when the PORY(s) were opened (bleed)-

and high The passage of steasa outg, , ,, the PORV(pressure injection began (feed).-tion of ECC$provides for..the, rejection of decay heat while the.introdueds)
coolant provides makeup for the resultant coolant loss. .

,

The reasinder of this le'tter examines the general aspects of primary.'~

feed a.nd bleed operation and the thermal-hydraulic phenomend that.

govern it. The predicted i'y'stua Msponse is butlised first 6ad the- -

> effects of uncertainties are illustrated with an example from actual
| . plant parameters. Next the key thermal-hydraulic phenomena that in-

~

fluence the uncertainties are etwussed. Finally, the data fromi .. -

P Semiscale experiments is briefly presented to deconstrate system signa-
|- tures and response during an actuat experiment..

\
- - -.

. .'

!j . _ THEORETICAL FECD AND BLEED OPERATING PRESSURE IUUREC
.
, ..

.. .. .

A sisiple examination of the wass and ener transfer pat,tanys associ-lM. sted with feed thd bleed Yesult's"1A thitEnclui16ft that' feed ind blew 5'- '

n. . -

.is theoreticall possible within.e certain band of pressure (see Figurg -.

Th 3'
- nh"Y ~ * f16W Mte).'~Ciccept, f6r"l.hii'tvre dnty eliit levi 1.Itb[e' th 'UM 'a7 A e

f.he remaintnppara t . d' ~a
gg, ' ,1.seter,s are functionsor prjidity gsted festirre.". The idwer 1sund 4f~~~?:~T._
g' tho' tiparatIng band gp'resepts the afn pressureit which the FORY.' '

can' pass enough stdata (with the coolani, replaced by no6fent temperaturer- - -

.... vater)|tp eessqva suff.fc,le' t. Anergy frg$$ditlenal ene. Steady-stnte-:. .d'.r- .M[7
a e the systa.- -fioperat. ion tielow this pressurt'irithout rgf Yeaora).piti.. -

. . . is..aot .possible. n operatiohWt. s prdsture aboveithe lower beaced iasy& '. 44
'

:.
.be m ew11shed by cycling the PORY open and closed.within a desired --5 ,

pressure band.--
-

.

'

An upper pressure bound to the steady-state operating band is defined-

L- by a balance between the PORY average coolant r.esnoval rate and thee.

h.. HPl$ coolant injection rate. The average PORY coolant removal rate
,

1

is simply defined as the core power div< ded by the difference betweeii
, inlet and outlet enthalpfest

t
-

a. Base case conditions assume that 200f quality steam ts discharged
through the PORY. The affect of Yarted quality is examined later.

_

[. *
.. . . . . . . . . . . . . . - . - . - - - - - - - - . - - - . - - . . . . . - -

Me. ' .11m._.w;. -;-n- m wn m m as ws ~ ~--.
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. : .

-. . . dhis assumes that the coolant LM through the PORY is replacea-.
- ' "

with ambient temperature water. Actually a coolant deficit exists
et 1wissures higher than the upper bound and s steady-state c6ndition

..

cannot exist eut to a continual loss of system coolant inventory.)
Selow the upper bound the system mass inventory can theoretically be
maintained within a desired operating range by either throttling tr.eHPIS or cycling it on and off.

. . _ UNCERTAINTIES ASSOCIATED WITM STEADY-STATE OPE _ RATING PRES 5URE 8AND

4._,w3g .pf4 LIQthe .cdr ' M{shssSubjec. .. abad ' f.not wilkdeff'ned,dueAa..y.,,wh,yh? - ^ :.j.. s vera CuYicertalhtiI.1cE. N,r t- E t.ercerta.intylTere the . ,

.

.

.

..PCAV. imasi.Trstio6 fat widifnW@fedeova "s The"innsi fToithrou' gh' -

the PORV is dependent on the fluid conditions at the top of the pres-' surizer. If the pressurizer is near liquid full the flow throuDh the
- -

PORY will- be a mixture of liquid and vapor.
-

At a given system pressure- '

this results in great'er mass flow than for saturated steam flow throughthe PORY. The result of having two-phase flow through the PORY is
therefore to lower the upper bound pressure.

Uncertainty also arises in the PORY energy removal curve due to two-phase flow. With decreasing quality the energy removal per unit mass
~ decreases while the mass discharge rate increases.-

G:pending upon
the quality the energy removal rate at a given pressure may be less

, than or greater than that for saturated steam. The lower bound ofg. ... . the optfrating. band.wi.1.1.VKry'.'ad:6,rdingly..__
~ ' ~ .' '

. ..
'

Another significant variable that affects the width of the operating
-

band concerns the actual heat load that must be rejected t ithePORY. Core decay heat decreases continually with time af ter s utdown.*

Also, if some additional heat sink exists, such as environmental heat
loss or residual water in the steam generator secondaries, the heat
load required to be rejected throu h the PORY will decrease.
to Figure 1. this results in lower ng the core power line and thusReferring,-

I

lowering the bottom end of the operating band, and also lowering the
.

PORY average mass flow curve, thus raistng the upper end of the operat-ing band.
.....r.=.--.-- .._.-~.-+-..--:-.~.-+ . -

. 6 - e.,.
'

. . . . . . . . . .
= -. . - . ..

L , . . . _.,_ _. . . -
'
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, . . . . .. , , ,. .
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' '*
..

.
.,

- - -
. . . . .. . . . .'.. 4e finsi Uncertainty sddressed here N the uncertainty associated..

l .: .' ' 6 tith the HP15 injection curv4. The etl'ects here are rather cleart'

a lower injection rate will lower the upper, and of the operding band.-
-

.
. .

thit quantitative effects of the uncertainties and/or variances discus-1

sed above are illustrated in Figures 2 through 6. For these examples
.

the curves itere q9gted using data obtaines from the Zion ! nuclear
' '

,.

generating plant,
.

a 3411 mitt) pressurfacd water reactor, Figure.

'

.

2 shows a primary feed and bleed map for a 25 eecay neat power level.
A steady-state operating band is seen to exist between 7.5 aar 14 MPs.... A decay heat level of 21; of full power is typical of the time period'

,

. from about 10 min to 20 min after shutdown. Figure 3 is a similar.

curve, but here no makeup siung injection is assumedt only the HPl$-

.

puups were assumed to be operating. 1he HPIs puisps are showr. to dead-.

.' head at ahnut 10.3 NFa. For thlt case no aperating band entsts, since-

At the minimum pressure where the PORY can remove the energy there-

.

is a mass deficit. between the PORV coolant removal and. the HM5 injec-t-

, ' , . tion capacity.~ '

L. .. .

Figure 4 shows the primar.y feed and bleed mao for 1-1/2$ futt power,*

.

4 decay heat level typical of the period from 1/2 to 1 hr after shut-- ..
.

down, and for only HPIS it.jection. Comparison to figure 3 stews that*-
.

,- the reduction in core power and corresponding PORV average sast flow
both act to establish a steady-state operatire band.;. .

'

The' above curves are based upon the assumption that 1001 quality steam.

exists at the PORY. Figure 5 shows the sensitivity of the PCRV energy.' .-
.

. ! .' removal curve f.o lower qualities as determined =1th the HTM finw ancel.'

'. ,C
Eince the energy removal per unit mass decreases, while the mass flow
rate increases the energy removal rate initially decreases with decress-

.

ing quality. However. Since the mass flow rate increases subst.antially.'. telth decreasing quality the energy removal rate eventually. increases.,. .

The effect on the lower operating bound pressure is not larget huwever.f-,

: . ' ' the large increase in PORY mass flow rapidly !cwers the upper end of'

c. , the band. As an example, for the conditions used in rigure 4 the -

f. . ' ' - operating band does not exist at qualities below approximately 75);
' . , ' , . , , (sca Figure 6).-

.

d ' ,' The foregoing analysis is usefui. In that it provides a basti for ,*
'

.

. examining the feasibility of feed and bleed and for quant.it.atively'

7- assessing the effects of uncertainties or variations in the tsounding
,

,

. . .
.

,
* *
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* *
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,- 'ardmeters.
. .

'- ,

[tave an important bearing on the bitimate viability cf primary feedHowever, it does not " address transient behavior that may.
.

'

2 .-
-

'~' -

and bleed. In particular, it'should be evide st that there exists some.

-

uncertainty regarding the ability to safely bring the primary conlant,..

''w) . System to within the " feasible" operating pressure band withcut sustain-. . .

ing unacceptable coolant luss in the process. Tactors wMch bear on~.
.

this transient process include the primary coolant system state at..

v/|' . . the initiation of an attempt to. f eed and breed, and the nature of the1-
t.uvf ant discharged through the PORY(s) in depressurising the system *' '

to within the operating band. These questions can only be addressed.
.

,
..

thecugh caperimentation and the use of computer code analyses., , . ,
-

. .. -

.{, '

TACTORS AfrEC,T,1,M. G, PORV DISCHARGE j
- .

.
, ,

L .. )'

3; . Of the factors previously discussed tne largest uncertainty affecting
.

-

the feed and bleed operating band arises from the influence of two-phase PORY flow. The mass flow through the PORY is de
st' ream fluid conditions at the top of the pressurizer. pendent on up-

-

Several factorscontrtbute to' establishing pressurizer fluid c'onditions. The onesdiscussed here are: transient vs steady-state behavior, primary cool-
-

. ant system conditions. pressurizer / surge line geometry, and surge line
. ' . orientation.- -

.

'

i,' 4ripstent, ys Steady-State Conditions and Primary Inventorg
0.

It feed and bleed is not initiated soon after loosing the secondary
heat sink the primary liquid swell will . fill the pressurizer and col-. , ''

lapse the steam bubble._-
~ bubble at the top of the pressurizer.Several conditions may form or sirstain a vaporA vapor bubble can be produced

by loss of pressurizer liquid inventory, heating of the fluid to satura- .

*

tion. and/or depressurization.
heaters are assumed to be non-o. In the present study the pressurizer

"

. . - perational and direct heating is there.py. , fore precluded. In a transient depressurization liquid flashing in
the pressurizer wH1 tend to create a high quality region near the

'

.

' ' . ' . top as long as the fluid in the pressurizer is the hottest in t.he.' tystem. However
tend to decrease,the quality at the top of the pressurizer.the liquid swell that accompanies bulk flasMng will.

For eithera quest-steady-state situation, or in a transient once the original
pressuri2er inventory hss been replaced with coolant from the hot leg.'

the PORY fluid conditions are dependent upon the conditions in the.- .

hot leg..' If the coolant lost through the PDRV is replaced by low quali-F.
ty fluid the mass discharge out the PORY will rescin fairly hight
to cause significant voiding in the hot leg.This will occur until the primary system inventory 15. reduced enough

-

~

.

leg voiding occurs pressurizer / sur .Once significant hot ,

)
come into play as described below. ge line geometry and orientation

..
-

-
i

i
'

*
*

, ,
.

' ' , !.
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3. , .' Presturlier/ Surge,Linehe,ometri- - :

2. .- for d giveri vapor volume I hressurizer wIth a large tength-to-ciameter
'

8

ratio would have e " tall'* void height relative to e pressurizer with:
.

a smaller ratio. in addition to also having a smaller cross-section...
- A steam bubble of greater height would tend to enhance separattor; from

the vapor of If quid droplets created by hubbles 'brearing thr6 ugh the
liquid surface due to the greater wall surface area and reduced

,,

': potential for ifroplets being thrgwn upward into the high vapor velocity.

3,', 4: area hear the PORY Ifne entrance . l{nwever, since vapor avt,t by
necessity pass through the pressurizer liquid from the surge line to"

.

the PORY a large L/D would tend to promotei liquid swel) and droplet
, . , ' . entrainment due to the smaller cross-sectional area.

,-.- . .

- In any case, the influence of the pressurfrer geometry may be minimized
by the preclusion .of counter-current flow in the surge line. Even if
a liquid / vapor separation mechanism did exist in the pressuri
typical surge line velocities are well above ficoding limits.ger.

.

There--
.

fore, the liquid could not drain back to the loop and would continue-

.

.
to be stored in the pressurizer until the PORY discharge quality self-

. adjusted to acconmtdate removal of the mast. It theref cre appears '
- necessary to have high quality steam supplied from the hot leg in order,

to have high quality PORY discharge..

. .

.$rgeLineOrientation
'

- -

,

.- .

the orientation of the surge line would
,

, . ' If hot leg voiding does occurInventory at which high quality steam
''

-

influence the primary systen
orientations, from horizonts)ge line-to-hot leg connections of various'entered the pressurizer. Sur-

side entrance to vertical top entrance,-
.

are used in current PWR's. With the top entrance lir.e. and quiescent hot.

leg conditions minimal hot leg voiding is necessary to a11oir high quality
.

,

. .

surge line f. low. With a side entrance line the hot leg pipe liquid level
.

.- must drop much lower before high quality flow begins. In either case.

still be varied significantly if non-quiescent ,

the turge line flow may{srupt stratified firme, such as when primary . .

*2 '..

conditions exist that d'>d' .- recirculation pumpt are turned on, or a transient depressurization is,
~

.,.
occurring.-

.
, ,

,

[.; .. .

.,

',. s. For typical FWR pressurizer E$1mensions the vapor velocity (due to'

an open PORV) in a vapor filled cross-section is on the. order of 1
'. . f t/s which presents little chance of droplet entrainment.

.
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4'.N- CONCLUSIONS BAstb Ok S!!4Pt trIED A!MLYSIS.

; . :. .,. .

-, . . -
,. .. : ...

'
.

#1 ' Based 6n the foregolng discussion it is concluded that a siglified
approacn to determining the feasibility of primary feed and hieed in a,-

pressurlzed wat'er reactor lies in the mapping of e.nergy and mass flows.'
.-
" - Moreover this technique can be used to quantitatively assen t.he

sensitivity o'i the operating pressure band to variationt in the.-
boundary conditions of ECCS flow. POR)' flow, and decay heat. It is

*
-

evident that plausible variations and uncertainties.in these carameters' ''
. . -
* ' can lead to 'the clinination of & steady-state operating pressure range. -

.- Principal among these uncertainties is the coolanc discharge through
the PORV. The predictability of this single parameter is sahject to
much greater uncertainty than either decay test or ECCS flow.*

..
. . .

'

.- frresoective of the existence of a t' e'oreticelly feasible operating
'

h

'
pretsure band. there remains tne question ~as to whether the rear. tor-"~ *

system can be safely maneuvered into this pressure range. In this-
.

regara it is clear that a dependence must be placed on computer code..

( analyses (with suitable verificationi and adequate suppcrting experi-
r. mental data. Such analyses and/or experimer.ts should examine the

plausible scenarios which lead the operator to comence primary feed
I. and bleed, since the initial condition of the primary coolant system
H (pe.rticularly inventory) will have a significant effect on the outccee.
4' .f u. Yf rthermore. It would appear to be a useful exercise to examine the ~

-

operating map that results for each' set of individual PWR phrst para-L

meters. The operating map represents an ultimate statement as to whether
,

[" , feed and bleed is possible. and is the starting point for exsmining
specific design features that bear on the operating bounds.L. .

ATSULTS FROM SEH1 SCALE EXP.CRIMEN15
-

.

k. 8 ' ' ' '

| "1.j An experiment was conducted In the Semisca16. Hod-2A facility to evaluate
System behavice during prim 6ry feed and bleed operattens. figurt 7|"

.

shows the primary feed and bleed operating map representing boundary*
.

- conditions used for the cxperiment. It is seen that these perameters
~

i ..

..' define a rteady-state operating band between 7.1 and 3.2 HPa. Several
' attempts were made to establish steady state feed and bleed within the-

-

operating hand. While it was possible to maintain pressure control by
cycling the PORY. measurements showed a continuous loss of primary

- coolant inventory due to a low quality discharge out the FORY. The
phenomena that led to this behavior are described below.,

,

. . ~ . ' . -
..

-

.
. ..

.

s '. -
' *

.. .

'
-

..

.

. -

. W

. .
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Singie-phite, liquid full conditions were established at a pressure of
1$.2 MPa. At initial conditiont the pressurizer heaters were used to'

-

kontrol pressurai with a small steam bubble in the pressurizer, Some''

I. subcooling existed in parts of the loops due to the lack of natural
'

circulation resulting from having empty secondaries. At 15000 seconds
(Lest time) pressurizar heaters were turned off and the PORV was latched.

1-

[ open. Ngure 8 shows that the system rapidly depressurized down to |
' approsimately & MPa. This corresponded closely to the saturation pressure

trf the coldest fluid in the loops. As seen from the pressurizer collapsed>

'

liquid level curve, flashing of the hot pressurizer fluid initially*

.
resulted in substantial voiding of the pressurizer. Referring to rigure 9

L- |t is seen that this is reflected in the PORY mass discharge rate.
tollowing a brier initi41 mass flow surge the flow out the PORY agreed..

closely with the predicted steam flow rate for 100; quality.- the steam
.

,- bubble depleted ofter approximately 250 s (rigure 8) and the PORY mass
flow rate increased to approximately 5 times the steam flow rate (Figure

- 9). As teen in rigure 9, the mass flow rate out the p0RV appeared to be
dependent upon the conditions in the hot leg. Once substantial voiding
et the hot leg occurred the flow out the PORV began to agree with the
predicted steam flow rate, in spite of the fact that the p'ressurizer.'

.

remained nearly liquid full (Figure 8). (The pressuriter surge lite
6 In the Hod-2A system is connected to the side of the hot leg.)

<. .

At the time den sufficient primary coolant inventory was finally lost
to as to void the hot leg tf e core was still adequAely covered and"

' cooled. As seen in Ngure 10, there was still a small deficit in the
pass injected into the system with the HPIS relative to the POC7 mass-

, discharge rate. The result was then a very slow continued loss of ass*

Which led to eventual uncovery of the core at about 17000 seconds.
' ' ?. M imporl6nce bf the semiscale resuits lies in demonstrating the dominance.

-

9 bf the PORY discharge rate on prbry feed and bleed capability and the .

dependence of the PORY discharge on hot leg conditions, and consequently'

tystem inventory. The inability to maintainsystem inventory once the'

PORY hass flew rate dropped to reflect steam flow is subject to e'xperimental*

bncertainties, since the steady-state operating band of figure 7 is
rai,her narrow. Uncertainties exist in the actual PORY orifice charactegis-
Lics. HPIS injection rate and the measurement thereof. system heat loss ,.

&nd fluid leakage.

IN observed P0ftv discharge relation to hof. leg conditions however, lies
..

outside the effect.s of uncertainties discussed above. The questions
that need to be addrested in interpreting and extrapolating the results
Are largely related to the geometry effects. The Mod-2A system has a
short pressurizer relative to the desired scaling of L/D. The L/D effects
on liquid vapor toparation must be analy2ed. The surge line needs to be
evaluated also, snainly with regard to the. influence of the side entry to .

the hot leg as opposed to other designs.

' A. Core power w&s augmented to compensate for the best estimate systeum
heat loss. .

. .
*

.
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00:lttb51.Q,1ts. )ASED 08 SEMISCA_LE EXPERIMrjgS
~

-| -- -

- . . ' .- .

'
'0'[: - 'In and of lhemselves, the Sitsultt from the semiscale exxriments do '

.- ' not polnt to the existence of a definit.n problem regarding primary
feed and bleed. But they do tend to support a concern about the'

-
.

?- . relative tenuousnest of the process. Further analysis attempting to-

"I .: 'tuantify the potenttal er.partmental distortions ar.c their effect on
. . " . . the results is now in pro ress. These analys~es, along with the

results of analysis of ex stent LOTT data, and computer crde calcula'-.

tions of the Semiscale. experiment an.1 a full-scala plan:.will be-

.

- .

documented in September. ' ,- -

.

~. * Very tru\y yours,-

-
,

.

/ w}.i.465
,, s _t

f." ' . :
.

... . ..''

P. Mc.rth Manager.~

. Water Reactor Research
'

iust Facilities Di. vision
'

NS:td- -

,

hitschmentLt .

.
'As, stated

-

- .

.

y ' A. W. Barber, DDE - I ~-

. cc:
R. R. Landry, NRC . t
W. R. Young. DOE-3D
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R. W. Miehn, EG13 Idaho-
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