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"beiler-condenser" processes to remove decay heat from the
reactor core in the event of a loss of main feedwater or a
small break loss of coolant accident at TMI-1l. While
acknowledging that our review of the record was not yet
complete, we indicated that a reopening of the record might
be necessary to resolve our concerns. We noted, however,
that a more satisfactory alternative might be available. We
then requested the parties' views regarding that alternative
and, in the absence of our proposed changes, the need for
reopeninc the record.

Those views are now before us. Briefly, the licensee
end the NRC staff arcue that the existing evidentiary record
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"

ecquire
Concernel Scientiste (UCS) is in partial agreement with our
eanealysis but maintains that the record, nevertheless, must

/
be reopened. o ¢

1/ See Licensee's Response toc Appeal Boaré Memorandum and
Order of November 5, 1962 (November 22, 1982)
(hereinafter referred tc as Licensee Response); RRC
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See UCS Response to Appeal Boarc liemorancdum ané Crder
¢f Wovember 5, 1982 (November 22, 1982) (hereinafter
referred tc as UCS Response).



As we explain below, there are substantial inconsisten-
cies in the parties' positions as well as in the testimony
presented at the hearing. 1In addition, the parties'
responses raise a number of questions that can not be
resolved satisfactorily on the present record. We have
concluded, therefore, that a limited reopening of the record
is required to facilitate our prompt resolution of these
matters.

Background

The TMI-2 accident raised questions about, among other

things, the reliability of existing plant systems to provide
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In ites August 9, 19279 Order and Notice of Hearing, the
Commission ordered the licensee to take a number of short
and long term actions to resclve certain stated concerns and
cirected the Licensing Board tc determine whether those
actions were necessary and sufficient to provide adecguate
protecticn of the public health and safety. CLI-79-8, 10
NRC 141, 14é4-4€, Cur review of the Ecard's initial decision

'n tlese matters requires a consicderation of the soundness
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of the Boeri's conclusions recgarding the sufficiency of the
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crrective zcticns.
Lefore diccuseing the perties' ercumentes deteil, we
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or ite safety systems, reactor operation automatically
ceases, Although the fission process is terminated, heat
centinues to be produced in the reactor core by the

radioactive decay of fission products. 2

As a result, a
reliable means of removing this decay heat is required for
en extended period after reactor shutdown.

In the event of a small break loss-ol-coolant accident
cr ¢ main feedwater transient, the record suggests
essentially two means of reactor core decay heat removal at
TMI-1, depending on the conditions that are present.— &/ If
the emergency feedwater system is available, core cooling
may be accomplished by aatural circulation of reactor
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i8NS tC the stearn enerators, where heat 1s transferred
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¢ secondary vater which converts tc steam. Natural
circulation is dependent upon the difference in reactor
coclant density in the reactor ccre and the steam
cenerators,

There are two possible types of natural circulation,

cerencing upon the state of the reactor cceclant. If the
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reactor coclant system is relatively free of steam bubbles,
liguid (also called single-phase) natural circulation can be
maintained. If there is substantial steam formation at the
hich points of the reactor coolant system, however, cooling
would depend on the establishment of a type of two-phase
natural circulation referred to as the "beciler-condenser"
mode. In this process, core decay heat generates steam,
which rises through the hot legs to the steam generators,
vhere it condenses. Water then flows through the ccld legs
to the corxe, where the process begins anew. As indicated
cbove, either type of natural circulation is dependent on

the cperability cf the emergency feedwater systern.
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muet be removed by the so-called "feed and bleed" process,
in which cooling water is injected into the reactor vessel
by the hich pressure injection (XPI) pumps and expelled from
the system through the break itself, the power-operated

relief valve (PORV), or the safety relief valves. For this

rrocess tc be successful, flow from the HPI pumps must be

ecffic.ent to replace the amount of coclant lost out of the
svsterm,

£ we noted 1n our November 5, 1982 memorandum and

y DS the ] nsing Eca: ngd that ¢ erergency
eedwater svetem &t TMI-1l was rot sufficiently reliakle, by



guantitative probabilistic analysis of the so-called
"failure" cn demand of the emergency feedwater system. It
also appears to be based, at least in part, upcn the Board's
observation that the emergency feedwater system will not be
fully safety-grade at restart. The Board concluded, as a
result, that feed and bleed is needed as a backup.
LBP-81-59, supra, 14 NRC at 1370-72 (1981).

As discussed above, natural circulaticn (either liquid
cr boiler-condenser mode) must be maintained to transport
decay heat from the reactor core tc the steam generators to
rrovide adeguate core coolinc using the emergencv feedwater

eyvetem. The reccrd indicates that liquid natural
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quring & small break LOCA. See pp.
4-5, supra. Our prelimirnery view was that the viabilitv of
the boiler-condenser or two-phase mode of naturzal
circulation cooling had not been adequately proved on the
reccrd. To remove steam and to help reestablish single
phase natural circulation cooling, we suggested “hat the
vents in the hot leg hich points could ke used. We also
suggested that an individual be assignesd to operate the

emergency feedwater flow control valves meanually in the
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ety~orade, J&ijed tO cperete. We indicatesd that, with
thacse two mOSlTicetions in place, we would be prepared ¢
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Order of November S5, 1982 at 9-10. —é/ Because these

measures were not fully considered at the hearing, we

requested, among other things, "the parties' views

concerning the sufficiency of our proposed requirements."

We also offered our preliminary view that there is

insufficient ev.dence of record to support the Board's

finding that feed and bleed is a viable means of decay heat

removal at TMI-1l. We noted, in addition, that information

supplied us by the staff in two recent Board notifications

oo

'_.

iicensee chailenged as inappropriate the Licensing
Bcard's re‘lan:e on guantitative analysis as a basis
for concluding that the emergency feedwater system is
unreliable. While we have reached no final conclusions
with respect tc this aspect of the licensee's argument
on appeai, we believe 'hat the record is adequate
concerning the reliabiiity of the emergency feedwater
system in the event of a small break LOCA or a loss of
main feedwater at TMI-1.

Very recently, w2 received two Board Nctifications
(BN-€2-11€8 and EN-82-118A) which discuss a report by a
stafi consultant that the emergency feedwater sys*em at
MI-1 may lack the capebility tc withstand a postulated
€ shutdcown earthquake. (Althouch thcse Board

JOtA ications are cated November 22, 1982z and December
&, 1982, respectively, we <id nct receive ther until
December 22, 198 .} The scope of this proceeding does
not include sei amic CJa-if,Cit*Or of the EFW system.
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WLOrNMaticn does raise the poselidbility, Lhowever,
¢ reliance may have tc be placec cr other plant
¥ tc provide adecuate core cocling We o not
adireses geismic cualification ¢f the EFW csystem in this
memorandum and order. That matter will be cconsidered
by the URC staff and the Commission outside the
acjudicatory process,
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tended to undermine the Licensing Board's conclusion.
Rs we discuss later, the staff's response to our November 5,
1982 order lends support to its position that feed and bleed
wculd provide adequate core cocling at TMI-1.

The responses we received raise many gquestions which we
believe must be answered before we can reach a final
decision on these matters. There are also a number of
inconsistencies in the evidence of record which, in our
judgment, must be satisfactorily resolved in order to
facilitate our review. Our discussion of them follows.

A, mercency Feedwater Svstem Reliability

- 1

he menticned previously, the Licensing Boaré Zound that

o]

the emergency feedwater system, even after it is modified to
full safety-grade status, will not be sufficiently reliable
to protect the public without feed and bleed as a backup.
See pp. 5-6, supra. UCS endorses that finding and argues
that our proposed modifications are therefore not sufficient

: ] g §3 = S i ¥
withcut the aveilability of feed and bleed. —

Irn contrast, the licensee points ocut that it hes

appealed the Licensing Board's decision on emergency
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feedwater reliebility and that the staff has supported that
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6/ See Fun=-82~93 (Sept. 14, 1982); Bl-E2-107 (Oct.



appeal. The licensee urges that we modify the Board's
decision to hold that the short and long term actions are
sufficient to protect the public health and safety. 1In
short, the licensee argues that the emergency feedwater
system is sufficiently reliable and that feed and bleed
cooling is not necessary. o/ Although not expressly
stated as such, the staff's position appears to be the same
for it, too, argues that reliance on feed and bleed is not
recguired. !

It is not our intention to adcdress the entire gquestion
of emergency feedwater system reliability now. Nor is i’
nececssary to do sc. We shall consider that subject,

inclucing -he licensee's argument regarding the Board's

-

i
{
b
f
{
3
f
'

reliance on guantitative analysis, more fully in our final
fecision addressing all of the design issues that are before
ue. At this juncture, it should suffice to note that
because of our concerns that steam voids may interrupt

liguid natural circulation and that the boiler-condenser
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s may not be a viable means of decay heat removal (see
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pp. 12=16, <4-33, infra), we are currently unegble to
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(liquid or boiler-condenser mode) to transport the decay
heat from the reactor core to the steam generators.

Although the system is undergoing extensive modification, it
will not be fully safety-grade at restart. Capodanno et
al., frl, Tr. 5642, at 1.

Because the record was unclear regarding the status of
the EFW modifications, we requested information on this
subject priocr to oral argument. A%/ The licensee provided
& list of the modifications that will be completed before
restart and thoce tc be completed during the next refueling

outage. AdS The staff indicated that the EFW system will
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afety~-grade by the end of the next refueling
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One of the near-term modifications which the licensee
listed was the provision of operator control of emergency
feedwater flow to each steanm generator independent of the
Integrated Control System (ICS). 13/ In our November 5,

1982 memcrandum and order (at %-10), we discussed our




concern Ior the dependence of the EFW system on the non
safety-grade ICS to operate the EFW flow control valves. We
noted that the record was unclear as to the safety-grade
status of the EFW manual control capability. Id. at 9 n.19.
See, e.g., Tr. 5580-81 (Jensen), 5710-11 (Lanese), 7106-07
(Broughton), 7705 (Keaten); Staff Ex. 1 at Cl=11. The
licensee responds that the manual control stations will be
powered from a Class 1lE (i.e., high reliability) power
supply and a single failure in the manual circuits will not
result in a lcss of system function. 18/ We interpret this
response tc mean that the manual control capability will not
be fully safety-grade but is considered by the licensee to
The sta

= T & e 1 3 £ & * -y - - -
hdy reliable. £ff, however, assexrte that a

L b : . 15/
"safetv-grade manual control capability" exists at TMI-1,=~'
This apparent inconsistency leads us to wonder whether (1)
equipment projected to be safety-grade prior to restart may

not actually be so, and (2) eguipment that was not intended

to be safety-grade by restart may be so. These two
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utility of these vents to remove steam and re-establish
natural circulation." 23/
The licensee and UCS cite staff statements at oral

arcument t> the effect that calculations performed at Los

Alamcs National Laboratory indicate that the vents may not

oe useful in restoring natural circulation. 24/ See App.
Tr. 291-92 (Sheron). We note, however, that those

calculations assumed a vent of approximately 1 centimeter

(0.394 in,) in diameter, whereas the vents tc be installed

- g : . 25

at THI-1 were repcrted to be 0.8 inches in diameter. &3/

The f{low rates associated with these different vent sizes

may have a significant effect on the potential for

successiul use cf the vents tc promote natural circulation.

3/ Licensee Response at 39. The licensee arques that its

witness Jones was rererring only to the TMI-2 accident
in discussing the use of the vents to restore natural
circulation. 1Id. at 49. See Tr. 4617, 4623-24. While
we acree that Mr. Jones initially addressed the

circumstances of ¢
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In crder to confirm or reject the capability of the vents,
gdditional tests with more realistic plant characteristics
would be necessary.

UCS suggests that opening the vents, with the resultant
loss of pressure, might cause more water to flash to steam
if there is inadequate margin to saturation. 28/ The
staff also argues that the vents would be "both unnecessary
ané ineffective" in re-establishing ligquid natural circula-
tien., 24y The staff then indicates, however, that the

vents may be beneficial in recovering liquid natural

circulation "from a condition of prior operation in feed and

- a4 i : 28

bleed or beiler-condenser natural circulation.” 28/

sothough the =taff's argument ie not entirely clear, we
anderstand it to be similar to that advanced by UCS =-- j.e.,

thet the vents would not be useful when the primary coolant
is saturated because ~oolant would flash to steam as a
result of depressurization when the vents were opened.

The staff also discusses the possible use of the vents

to perform the "bleed" function cduring feed and bleed
g AZL10AaVa f Walton L. Jetisen, Jr. (Kev. 22, 1982) at
o 2 ttached to Staff Response.






The licensee asserts that the Commission has
established the purpose of the vents and the schedule for
their installation in connection with its hydrogen control

32/

rulemaking. The staff also observes that the vents are

designed to remove noncondensible gases in accordance with
10 CFR §50.44. 33/ While it is true that the Commission has
required the installation of high point vents in connection
with hydrogen control, it is not at zll clear tc us that the
only permissible use for the vents is the removal of
noncondensible gases. 34/ The licensee itself has indicated
that the vents could also provide an alternate means of

reactor coolant removal when release outside the corntainment

£

building is not permitted because of high radiocactivity in
the reactor coclant. See Lic. Ex. 1 at 2.1-3ge,

We fully appreciate the Commission's admonition =--
recently reaffirmed in CLI-82-32, 16 NRC ___ (Oct. 22, 1982)

-= that the issue of whether the licencsee has satisfactorily
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24/ We note, for example, that in an enclosure (at 1) to
2 letter from NRC Chairman Palladino to the Honorzble
Morris K. [
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completed necessary short-term or long-term itemes shall be

determined by the NRC staff and the Commission outside the

adjudicatory process. We have no intention of altering any

schedules the staff or the Commission might establish for

the completion of required items or deciding whether various

38/

recuired steps have been completed. =" Our responsibility,

however, as the Comm..sion specifically pointed out in
LI-82-32, 16 NRC at (slip opinion at 1-2), is to

cetermine "what short-term or long-term actions are

health and safety." Consistent with that mandate, we

telieve we have the authority to determine (should the

)
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evidence support such determination) that the installiation

of hich point vents prior to restart as z means of removin

g

excess steam to assure restoration of natural circulation is

& necessary short-term action which must be taken before we

can find that the public health and safety is adequately

ks UCS correctly points cut, significant cuestions

remain regarding the adeguacy or operator traininc and

g ihe Comnission, for exemple, hag decidel & timetak
for ¢l nstalliation of hier point vents 2¢ & means C
removing ncnccondengible gases; such vent: may be
lnetalled no later than the first refuelinc outage
&fter restart. 1In such circumstances, we may not
reguire, as a condition of restart, that the removal
noncondensikle gases by means of hich rocint vents be
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emergency procedures f{or uce cf the high point vents. 38/

The licensee states that the vents are intended to be used

during inadegquate core cooling only to remove noncondensible

gases. al/ In addition, the licensee asserts that its

operators will not be trained to use the high point vents to

remove steam, 22/ This is inconsistent with the staff

position stated in a March 25, 1982 letter from the Director
of the Division of Licensing, O fice of Nuclear Reactor
Regulation to the Babcock & Wilcox (B&W) Owners Grdup that
was the result of a staff meeting with the Owners Group. 2/

Thus, we find the licensee's assertion unsettling. 1In

contrast, the owner of ancther B&W plant, Rancho Seco, has

- . o~ . -
-V - - - ta
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cussing the possible
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ormaction tTo t€i stail i
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use of the hot leg vents to remove steam durinc "normal”

4 A, _
36/ See UCS Response &t 5.
- - = - -y -
3 See lLicensee Response at 43.
28 7 = £2 . L
38/ d8: 8L &3 BeS%.,
3 " . - I’ . -EE VN & ~ i
39/ The letter states that, in the staff's urncderstanding,
s [P s 1 } s dand b, e +he Rimh wmead e -
- - N - . - - - " - -~ .- ~ —- .-:-. :—5-51.. e -
"y ek . . i
t ot - e a eteam bubbles. Letter from Darrell C
Y ok T % e s e - e e i | 20 TP L R » 9 . T Ri o
1 E8€ o’ -~ .. MeE «alOe, LUC.C RYE€ &t 3=4. 47 ot e
onnection, we note that the release of ncn-condensible
-~ - - s 1. . - - -~ } : . - -
gases is likely to be accompanied by the formation an
release of steam.
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reject the Licensing Board's conclusion that the TMI-2

actident did not reveal a problem with reliance on natural

circulation., That conclusion, UCS asserts, was based in

. part upon the incorrect premise that the boiler-condenser

mode will be established and will remove sufficient core
fecay heat. as/ In addition, UCS takes exception to the
-card's finding that the boiler-condenser mode meets the
»:guirements of General Design Criteria 34 and 35, 21/ See
note 20, supra. UCS charges that the Board failed to
confvunt evidence demonstrating that the boiler-condenser

mode .25 not sufficiently reliable because (1) there is no

instrussntation to determine primary water level in the .
$2/ . A :
Steéan cenerators; — (2) emercency procedures reguire
"

ling of the primary system, which will prevent the
5

establishment of the boiler-condenser mode; — and (3) the

50/ 1Id. at 2-3.

at 8-9, See LBP-81-59, supra, 14 NRC at 1230.

51/ . Id.
¥ This issue will be addressed in our final decision on
design issces,

LN
2 4

/ UCS explains that refilling the primary syvetem, as the
operatcrs are directed to do following a LOCA, would
st

l

bleg™>k +he 2am condensing surface in the steam
’ cénératc s and preclude boiler~condenser coolinec. UCS
Feie®™at €. . We agree that, if the primary system couid
e xwiilled, this would precliude the poiler-congenser
o3& u < the primary level dropped sufficiently tc
V| expose'd conzensing surface. lHcwever, if the ;rlrar;
svestemt ~ar. . be kept full, the beciler-condenser mode
voulé 1Mot be needed.



ei!ectivcnes;;pf,:hat process has not been tested. 4

Finally, UCE arqﬁ)i thét the boiler-condenser mode is not
suff%ciﬂ1tly reliahle beczuse of igs dependence on the
emerééécy feedwater system, 38/

The licensee maintains that the B&W emergency core
cocling system (ECCS) evaluaticn model is an NRC-approved
computer code under Appendix K to 10 CFR Part 50, and
therefore is not Jpen to challenge in this proceeding. 36/
The B4W ECCS evaliation mclel vas apprcved in September 1978
end no changes have been made since then for demonstrating
compliance with 10 CFR €5C,46. Tr. 5159 (Jones). Accident
anelyses jerfcrmed prigdr to|the Thl-2 accident 7id "0t

\
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iuce Dreaks smallar than .04 f¢£7., Tr. 4681-92 |
Tr. 5505-06 (Jensen). 1In those analyses, reliance on the
boiler~-condenser process was unnecessary because the break
was sufficiently large tc permit adequate removal of decay
heat through the break itself. Tr. 4691-92 (Jones).

Foillowing the TMI-Z accident, new analyses were performed,
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Contention 8), fol. Tr., 5038, at 4~5; Tr. 5517-18 (Jensen).
In addition, the staff grour responsible for review of the
B&W small break LOCA analysc.s, the Bulletins and Orders
(B&0) Task Force, did not review the adegquacy of the
Appendix K model. Tr. 5544-46 (Jensen). >1/ Thus, it is
not altogether clear to us that a challenge to the ability
cf the model to predict correctly boiler-condenser flow can
be consider»d an impermissible attack on the Commission's
reculations.

Staff witness Jensen testified thet cuestions had been

raised by other members of the B&O Task Force with regard to

tne Zegree tc which data predicted by the models had been
compared with experimental data in the small break range.

Tr. 5583-84., The staff's generic small-break LOCA analysis
for B&W reactore states that the "methods must be revised
and verified before they can be considered for NRC approval
inder 10 CFR 50.46." Board Exh. 4 at 2-2. Staff witness
Jensen appeared to interpret this recommendation to mean

that the models will be reviewed by the staff as additional

vailable., Tr. 5021-24, Licensee
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witness Jones cdisagreed with staff recommendations

- The g<277 proviged the resulis of its review ¢of the Eil

T small-brealk LOCA analyses in NUREC=-(5é5, Generic
Evaluation of Small Brezk Lesz=of=Coclant Accident
Behavior in Babcock & Wilcox Designed 177-FA Operating
Plants (January 1980). NUREG~(0565 is included in the
record as Board Exhibit 4.
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concerning the need for experimental verification of the B&W
analyses., See generally Tr., 5221-30,

Staff witness Jensen believed that the smallest break
that must be analyzed for the purpose of verifying
compliance with Appendix K or the limits of 10 CFR §50,46
are breakes slightly smaller than the most severe in order to
show that the most severe has been identified. Tr. 5527.22/
The smallest break that was reviewed for the purpose of
confcrmance with Appendix K was .04 ft2, Tr, 5538. Mr.
Jensen also indicated that the analysies of a .005 £ft2 break
w s performed for the purpose of providing guidance for

cperator actions in the event of 2 small break LOCA. Tr.

'

) ™ - . . -
- . weé J4C ROt un

'h
ey

erstand the basies Ior sta € position

(o5

-

that breaks of approximately .07 ft? are the only ones that
muet be analyzed in order to demonstrate compliance with the
regulations. As the licensee acknowledges. the boiler-
condenser mode may be needed fcr breaks smaller than

approximately ,02 ft2 to help provide core cooling if liquid

. ad : . 59/ . .
natural circulation is lost., = Therefore, it would appear
5& The moest “"severe" break (i.e., that break producinc the

3 kK cladding temperzture) has been idenitified

1B to be .0V f£t% at reactor ceoclant pump
Ge tensen, fol, T t £ S Lide By S

..........

38 Licensee Respcnse at 16,






In its response, the staff explains that its need for
additional experimental datz does nct contradict its
criginal conclusion on the efficacy of the boiler-condenser
mode. §3/ The licensee makes a similar arcument, guoting
staff statements made at oral argument concerning the need
for long-term model confirmation. 88/ See ’pp. Tr. 284
(Sheron). At oral argument, the staff indicated that it did
not have confirmation of the process of trapping a steam
bubble in the hot legs and that the re-establishment of
natural circulation had not beer demonstrated

experimentally., App. Tr. 287 (Sheron).

The licencsee asserted below that the boiler-ccndenser

Jonee cecnceded
that the first time at which it can be documented that
adequate ccre cocling was established at TMI-2 was at

16 hours after the onset of the accident, when the reactor
coclant pumps were started. Tr. 4655. Therefore, we do not

celieve that the boiler-condenser mode can be considered

£

%7 ! h - el TVTLS = < . 3 ~ 1
sable on the baslis ¢©i the Thli=< accident experience alone.
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Our concern is not with the mechanics of the
boiler-condenser process but rather with the ability of this
mode to remove sufficient decay heat to adequately provide
core cooling. The licensee relies on testimony to the
effect that tests are not needed to confirm that the basic
phencmenon works but may be used to confirm the accuracy of
the code in predicting the amount of heat transfer for a

given system heat condition. 8/

See Jones and Broughton
(3oard Question on UCS Contention 8), fol. Tr. 5038 at
16-77. As m.ntioned earlier, the licensee does not plan to
conduct any such tests., See p. 25, supra.

From the record, it appears that the bciler-conderser
mode ma. be ne. ded only for
certain small break LOCAs. Cnce the ccre decay heat
rate has dropped sufficiently, one HPI pump could supply
adequate flow to prcvide core cocling without the aid of

natural circulation. 88/ For example, analyses indicate

66/ 1Id. at 21-22, Licensee witness Jones claimed, without
substantiation, that there may be significant
conservatiem in the model. Tr. 5203=95,

07, Naturel circulation would not be needed for breaks

o larger than approximately .01 £ft? because the break
could adeguately remove core decay heat. Jenser (UCS
LOontention 1) -foi. Tr. 49l3, at 55 Tr. 4930~31
(Jensen); Tr, 4852-54 (Jones).

68/ Analyse:s indicate that two HPI pumps would provide

o adeguate core cooling for any small break LOCA even if
the EFW system were not available. Tr. 5588-8¢
(Jensen). However, this wouléd not meet the
Cocmmission’'e regulations concerning the assumption of a
ging.e fzilure. OSee cererglly 10 CFR Part 50, Appendix
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that one HPI pump could match ~ore decay heat after about
one hour for a .005 ft2? break with EFW available. Tr.
5549~53 (Jensen). See also Lic. Ex. 5 at Section 6.2.4.3.3.
It is for the time period before the available HPI flow
~ould match the boil-off rate of core decay heat that we
believe additionul analysis is needed in order to confirm
that the boiler-condenser mode cén adequately remove core
decay heat.

D. Feed and Bleed

As mentioned previously, the Licensinc Bcard relied on

feed and bleed as a backup to the emergency feedwater

gyvetem, which it considered not sufficiently reliable.
Zased on the testimcony of several staff and licensee

: 69 : : 2 .
witnesses, £9/ the Licensing Board found that, in the

event of a failure of the emergency feedwater system, the
core could be adecguately cooled using feed and bleed while
repairs to the emergency feedwater system were being made.
LBP-81-59, supra, 14 NRC at 1370. We believe that there is

insufficient evidence of record at the present time to

"
£
"y
e

O

)rt the Licensing Board's conclusicn., We reiterate that
our interest in feed and bleed &s @ backup is not based upcen

the Board't cconclusions recarding emergency feedwater

!
M

6 ¢ See, e.¢c., Jones, fol. Tr, 45689, at 1=4; Tr, 5586-89
(Jensen); Capodanno et al., fol. Tr. 5€42, at 1-3, 11;
Tr. 620001, 16,734=36, 16,82c-47, 16,6892-94 (Wermiel);
- Ll I 2O " —rrl‘- i

(8 4 -
{ iy 0 ew=le, g (Fegte
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boiler-condenser mode of core coocling has not been
adecuately demonstrated.

Our primary concern with the viability of feed and
bleed does not involve the reliability of the operators or
plant equipment., The recocrd appears to contain sufficient
evidence to suppourt a conclusion thet the operations
associated with feed and bleed are relatively simple and
employ, for the most part, safety-grade systems. See, e.g9.,
Keaten and Jones, fol. Tr. 4588, at 12; Tr. 4734-35,
4777-830 (Keaten and Jones); Wermiel et 21., fol. Tr. 6035,

at 5-7; Keaten et al., fol. Tr. 16,552, at 10-11., Sees also

: - 70/
Licensce Response at 27-28, —
Nevertheless, we &re still somevhat troubled ./ the

-

ack of experimental verification of the process predicted

(-]

by computer models. EBoth the staff and the licensee argue
that computer analyses predict the 'capabi:lity of feed and

leed to adecguately provide core cooling in the event of

d 71 4
variocues small breaks. 21/ See, e.c., Jones, fol. Tr. 4589,
at 1-2; Jones and Broughtrnn (UCS Contention 8 and ECN
Contention 1(e)), fol, Tr. 5038, at 4=8; Jensen (UCS

Contention 1), fol. Tr. 4913, at 9. See generally Lic. Exs.

nd 13, No experimental vevification ¢f these analyses

-
-G

o

>



35

has been introduced into the record. We identified our
interest in such experimental verification in guestions
posed prior to and at oral argument, in which we made
specific reference to the loss-cf-fluid test (LOFT)

72/

facility. The staff construed nur reqguests to be

limited to LCFT tests and failed tc mention the Semisca
test facility. 22/
On September 14, 1982, two weeks after oral argume

we received Board Notification BN-82-93, which provided

le

nt,

information on recent experimental testing ¢f feed and bleed

at the Semiscale facility. The preliminary report from
attached tc BN-82-93 described a test that led to an

It concluded that the result

{

1
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H
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concern about the relative tenuousness of

process." Also included was a staff memorandum tha

EG&G

the

; -

briefly discussed the test results. It stated: "Although

neither the staff nor the iicensees or applicants have ever

relied upon feed and bleed in order to meet the Conmiss

74 See, e.¢., our COrder of July 14, 1982 at 14; App.
206-12, 292-96. See generally App. Tr. 282-98,

73/ See Affidavit of Walton L. Jensen, Jr. {(Auc. 6, 19
at 10, attached tc NRC Staff FRespcnse to Appeal Bo

A C i =t G 2
Ve s - oA e - - e - RN - r - Ve .

R Lettexy {rom P, Korth, Manager ©f Viater Reacior Res
Test Facilities Divisiecn, EGES, to R.E, Tililer,
Director of Peactor Operations and Programs Diviei
<Gaho Operations Office, Department of Energy (Aug
1¢g2) at 9, attached tc BN-82-93, note 6, supra
(hereinafter referred tc as EG&C letter). EGLC is

o e v u ¥ oreoer T e s = PR gy pade n b -~y o - P
- N - - - Nale A & v L ST . - - N - - N“"J A - N -
teste ¢ the LRC a2t the Cemiscz.e facility

ion's



36

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 o safety attributable to & teed and bleed

capability.

testiriony

w 18/

This statemernt appears to be inconsistent with the

f staff and licensee witnesses that feed and
76/

bleed is needed in certain situations., —’ While in general

5/

|5

lemorandum from Roger J. Mattson to Darrell Fisenhut
(Aug. 30, 1982) at 1, attached to BN-82-93, note 6,

£upra.

The following are examples of testimony by staff and

. e s Rl - . Y= = ~ <
-icencsee witnesses that implies dependence upon feed

1™

bleed in the event of & main feedwater transient or

rall break loss of coolant accident:

£tafif witness Jensen agreed that. assuming no
emergency feedwater, there are certain scenarios
in which feed and bleed is relied on in order to
meet 10 CFR §50.46. Tr. 5587.

Licensee witness Keaten testified that "in a
supplement to the FSAR there is a specific
discussion of the fact that if the emergency
feedwater system is not available, that the core
carn. be adequately cooled by the feed and kleed
cocling mode." Tr. 7806.

aff witness Curry indicated that the probability
ore damage must take inty consideration the
ability of both the emergency feedwater system

c
13
néd the feed and bleed option. Tr. 16,723-24.

,,,,,, itnees Wermiel testified that "when we lool
&t the emergency feedwater system for mitigating
feedwater transients and the scenarics that couid
get you to core melt, we recognized that there is
a feed and bleed backup capability to the system."
T 16,734,



the staff and licensees may not rely upon feed and bleed to-
meet the regulations, the effectiveness of feec and bleed is
of special significance in this proceeding, because of the
testimony presented and the Licensing Board's findings.

On October 22, 1982, the staff provided us with a
cecond EG&G report of two Semiscale tests of feed and bleed
and trie staff's analysis of the results in Board
Nctification BN-82-107. The first test, S-SR-1, was
performed using "high head"” HPI pumps similar to those at
TMI-1. This test was term‘nated as & result of "operational

77/

prcblems with uncontrolled coolant leakage." Semiscale

L T EAN BETmTITArie e s
NV e CUNTILINVE tROM PREVIOUS Fel)

Staff witneses Wermiel stated that feed and bleed
was part of the backup in the interim to
compensate for the lack of safety-grade emergency
feedwater automatic initiation. Tr. 16,846-47,
16,869-70. We understand that the staff considers
automatic initiation to include control of the EFW
flow. See Tr, 17,014-15 (Wermiel).

The staff also appears to rely upon feed and bleed in
the event of & main steam line brezk:

Staff witness Wernmiel testified that "in the case
¢f the steam line break, for example, we dc have
our feed and bl:ed backup." Tr. 6126,
Staff witness Wermiel agreed that the staff is
relving on feed and bleed to coocl the core in the
weht- af Bii: 2team line break in the jnterim
SEoG o S emergency feedwater svezen i1s fulil
77 EGG-SEMI=(C022, "Analysis of Frimary Feed and Eleed
Coclinc in PWP Systems" (September 1982) at 20, 22,
attached to BN-82~107, note 6, supra (hereinafter
referred to as EC&G Report).
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test 5-SR-2, which used "low head" HPI pumps, i1csulted in
excesesive heating of the core simulator. The report
concluded that feed and bleed appears feasible "but its
viability “e2pends on plant-specific characteristics and

postulated scenarios.'lﬁ/

As we indicated in our Ncvember
5, 1982 memorandum and corder (at 6), however, we believe
that these tests raise guestions about the viability of the
feed and bleed option at TMI-1.

In ites response toc our order, UCS indicates its

3!

N

reement with that view but provides no comments beyond

those it already made in response to the Board Notifications
_ : 79/ ;

and in reply to the other parties' response. 23, In its

o o g = n o PP . ) o g &g - X =3 A 3 % T,
response ¢ EBoarc Notification EN-82-93, UC

wn
5

oteé that one

ccnclusion of the EGLG letter is that feed and

o
(&7

leed is
theoretically possible only within a certain band of primary

system pressure. 20/ UCS asserts that the record contains

no evidence that an analysis was performed to demonstrate

: : . 8l/
that such a pressure band exists for TMI-1. ==’ The

£ I8 &% . 111,
- e~ T e = 1 3 a7 Ve I1 b )
& Eee UCS Response at 1, See cenerally UCS Response to
- ’ mmd e BRSE 209 s PR 0a7l . nee
- il - - “e aCQ LAV VT O L™ T 3 SERES . P4 ' a0y, Ve
- ; - - . 4 g ~ . - i ae" ~ )
a our COrgder of ctober 15, 1982 (October 29,
e~ - o -~ X - -~ B = B JO o B = b |
E( € Responese &ars Notificaticn EK-~§2-93 at 7. See
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iicensee, in its reply to the UCS response, explains that
there is not a concern at TMI-1 for maneuvering the plant
into a certain pressure band because the high head HPI

pumps can provide cocling flow up to the safety relief valve
setpoints. 82/ We acree that the existence c¢f high hezd EPI
pumps at TMI-1 appears to remcve the ccncern for a feasible
feed and bleed pressure band. We nevertheless believe that
@ plant-specific analysis of feed and bleed must be
provided. Such an analysis should address the possibility

noted by UCS that two-phase flow thrcuch the safety relief

valves might affect the ability to feed and bleed

a ‘ -9 83/
sucCCessiully, =—
T 4 TRl End WeiaEfad aavevs < o -4 G
VLo 8450 J24eC and DrieieC several exceptions

: - = . -
ncerning the feed and bleed mode of decay heat remcval.——/

0
(o)

nly some of those argquments are of concern tc us now; the

O

rest will be discussed in detail in our final decision on

design issues,

o™ T ' ¢ 51 2 - - - ¥ - < -
g2 Licensee ' s Reply to ULS Respronce to Board Rotification
~gamdd (OCLODET Sy 428<) at 3
: See Epor tC BoaxS Notlilication Bh=~82=-93 at ¢
: e B ' Ls B : X £ a1 a9 1
- O & CS Brief at 2=3, 9=13, 1§, 8=-16, 21=24, &1, &4



unverified cooling mode which depends on operator action and

85/ UCS also maintains

a complex decision process."
that the Licensing Board misplaced the burden of proof by
finding *hat it "has not been shown to be an unacceptable
way of ccoling the core." LBP-81-59, supra, 14 NRC at
1269=-70. 28/ Finally, UCS argues that the safety relief
valves are not qualified to perform the "bleed" function
during feed and btleed and that the power operated relief
valve (PORV) would be needed to lower primary system
pressure durinc a steam generator tube break accident. 827

The licencsee and stzff maintain that the record is

sufficient to Zemonstrate feed and Lkleed capability at
TMI-1, They alsc argue that the recent Semiscale tests do
88/

not challenge the viability of that process. —
The licensee asserts that an event which cccurred on

February 26, 1980 at the Crystal River facility demonstrated
89/

|
\
UCS asserts that feed and bleed "is an untested,

the cperability of feed and bleed. — See Jones, fol. Tr.
€5, I1d. at 3
EG/ s} as ¥

¥ S
e Se icens esponse at 2€=27, tal{ Response at |
T L, |
g9 See Licensee Response at 29-30,



458%, at 3-4; Jensen (UCS Contention 1), fol. Tr. 4913, at

9-10, The record indicates, however, that this event was
not & demonstration of feed and bleed over an extended -
period because emergency feedwater was restored within 20
minutes, Tr, 5011-12 (Jensen).

s part of its effort to investigate feed and bleed,
EG&C performed an analysis of the Semiscale test S-SR-2
using the "RELAPS5" computer code to determine whether the
code could predict the test phenomena. 20/ In response
to our November 5, 1982 memorandum and order, the staff
discusses the discrepancies that were found between the code

e : ] . : 91/
enc the test for the primary cooclant inventory. = The

 _— AL w19 ¢ 1 s 11yl ad s 34
et EG&G wilil periorm the calculations with

corrected HPI flow characteristics and expects this change

to provide better agreement between the code and test

22/ The staff also described a feed and bleed

analysis using the RELAPS5 code for the Midland plant. 22/

results.

With cnly one HPI pump available and the safety relief

valves performing the "bleed" function, the analysis

n
rt

a
r

]
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predicted that the ccre would be adequately cooled. 28/
This sort of demonstration might alsoc be possible for
T™MI-1. 28/ We would be prepared to conclude that feed and
bleed has been adequately demonstrated for TMI-1, if (1) the
re-analysis of the S-SR-2 test demonstrates the capability
of the RELAPS5S computer code to predict the feed and bleed
phenomenon, and (2) the code predicts that feed and bleed

will successfully provide core cooling usiag actual TMI-1

plant parameters.

Conclusion
A. Irformation
£s we indicated in the foregoing analysis, we believe

that the existing reccrd is unclear ac to whether adegquate
core decay heat removel can be assured for TMI-1l in the
event of a loss of main feedwater or a small break loss of
coolant accident. Therefore, a limited reopening of %the
recoerd ies necessary to clarify this matter. We have

determined that supplemental testimony is required in the

é/ 14
-
9% b indicated that the Midlané plant is desicned
] ;2 core power level that 1s five percent lower than
that f¢r THMI=-]1 The _icensee's computer analyses have
indicated that omission of the American Nuclear
Society's factor of 1.2 for core decay heat would
result in the need for only one HPI pump to provide
aceguate core cocling., See generally Lic, Ex. 9
Therefore, we are concerned that the five percent
ifference in power level might zffect the success of
e ed 2t TiI- '
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East-VWest Highway, Bethesda, Maryland, at 9:00 a.m. on

Tuesday, Februarv 8, 1983. We expect to complete the

hearing within a day or two. Parties will be afforded an
opportunity to file briefs, which shall include any proposed
findings of fact or corclusions of law that they wish us to

meke. Briefs shall be in our hands by no later than the

close of business Monday, February 28, 1983.

It is so ORDERED.

FOR THE APPEAL BOARD

té’ <1ﬂ«hﬂ4£¢4~¢f
‘ =i
Barbara 4. Tompkins °

Secretary to the

by aY - - 3
Appeal Boeard




