April 5, 1983

Judge Gary J, Edles, Chairman Judge John H. Buck

Atomic Safety & Licensing Appeal Board Atomic Safety & Licensing Appeal Board
/.S, Nuclear Reaulatory Commission U,S. Nuclear Requlatory Commission
Washinaton, D.C. 20555 Washinaton, D. C. 20555

Judage Reginald L. Gotchy

Atomic Safety & Licensing Appeal Board
J.S. Nuclear Regulatory Commission
Washington, D. C. 20555

In the Matter of
METROPOLITAN EDISON COMPANY, ET AL.
(Three Mile Tsland Nuclear Station, Unit No. 1)
NDocket No. 50-289

Dear Appeal Board Members:

The Staff was asked by Chairman Edles to determine and to report back to
the Appeal Board whether the draft document, on which the comments in

UCS Exhibit No. 53 were made, could be released for inclusion in the
record of the reopened hearina. Tr, 784-5. A copy of that draft
document is enclosed for the Board's use as it sees 7it. The draft
document contains incorrect, incomplete and potentially misieading
information that was omitted or modified in the final version. Moreover,
as the Board knows, Dr. Ornstein indicated that the final version of the
document adequately captured the intent of AEOD's comments in UCS Exhibit
No. 53. Tr, 758 and 780,

Sincerely,

James M, Cutchin IV
Counsel for NRC Staff

Enclosure: as stated

cc: w/enclosure
Thomas A, Baxter, Esaq,
Ellyn R, Weiss, Esq.
Robert W. Adler, Esq.
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MIMORANDUM FOR: Harold Denton, Director, Office of Nuclear Reactor Regulation
FROM: Roger Mattson, Director, Dlvis1on of Systems Intearation
Hugh Thompsaon, Acting Director; Division of Human Factors Safety
SUBJECT: - NRT STE;r_BEﬂ*AhC~ ON "FEED AND BLEED"™ AT TMI-1 RESTART _HEA *NG

As requested in your memorandum of Apr11 28, 1582, we have prepared the -je

attached report addressing each of the four issues which you 1dentif1ed To

smmnar1ze, the NRC s.af‘ did not reTy on “feed and b1eed" coo11ng to protect

« -t - -

the core at TMI-1. Th1s pos1.1on w2s made c1ear to the board.

Babcock and
HiIcox perforned feed and bTeed anaTyses for the developnent of 1nadequate ".'A

core cooling procedures. Such procedures wau]d be v.¥1ized as defense.in depth

for events beyond the design basis. These procedures instruct »he operator - -

to establish and maintain feed and bleed cooling following a complete loss of.

heat sink until feedwzter can be restored. . o e S

This response was prepared by the Division of Systems Integratioh.

The Division

of Human Factors Safety concurs in the statements regarding the reliance that we place
on operator actions for initiatiom of emergancy feedwater and on feed and bleed
cooling in emergency operating procedures for accidents beyond

-

The offices of ELD and AEOD have reviewed this response and their comments have

the design basis.

been incorporated.

ttachment: As stated Roger J, Mattson, Director, DSI
cc: B. Sheron J. Cutchin
] 0. Parr W. Jensen .

S. Byron T. Speis Hugh L. Thompson, Jr., Acting Director
H. Thompson D. Eisenhut Division of Human Factors Safety
R. Jacobs R. Tedesco
J. Stolz T. Novak
J. Wermiel G. Lainas
J. Mazetis S. Hanauer
H. snan‘-son e VO"lmer



REPORT ON NRC STAFF POSITION ON :

FEED AND BLEED COOLING AT TMI-I

RESTART HEARING

v - — -

A descrw ion oof the staff Dos1..fon at thn TMI-1 restart hearing

cn the role of "feed and bleed” during 2 SBLOCA. -

| RESPONSE
;n_;he prlowing pafggfaph we dg;;ribe'yhatﬁgg_undepg@an¢}today
about the role of feed iﬁd‘b1eed cboIing;. We believe %tjis theA' L ‘;if
_ same underssanding that we had at the time of the TFI-1 restart—:' Jf;T -
hear1ng In succeed1ng paragraphs we quote staff testxmony from-

the record of he hear1ng corroborate our be11e.."f

The Feed and Bleed method of céo]ing is the defense-in-depth p=
process which would be util{zed by operators at THI-1 %o
remove decay heat from the primary system in the un1ike1y

event of either a camplete loss of both main and aux111ary feed-
wglg,(' =€ gmall break LOCAS 2o small e femeve c\ecc.y hest hy '1)1‘\&

f'cc.\s o.\ong chf\cA w-\\'\ T\‘\e
complete loss of both main and 2uxiliary feedwater. These

events are beyond the design basis. However, since the

accident at THI-é, we require procedures and training to deal
with these and other complex multiple-failure events. Following
a complete loss of feedwater, ' primary coolznt

would be discharged from the relie€ aond/cr 5q4a+7 velves .

< Uncovering of the core 1S _ prevented
by the manual actuation of High Pressure Injection within 20 ~

minutes (feed process). This has been confirmed by calculations by

Babcock and Wilcox. The method of heat removal would be by boiiing




in the core and steam flow out the PORV of ARt Sc\Ge’w Valves

(Bleed prcsssy, Witk preper  justificaiieny ) te- '

NRL sh& w:-\o\ aTTow 2pplicants ‘or licenseses to rely on the
capability to (emeve A&my N \c\/ feed and BYlesd '
demonstrate conformance.to the Comissien's degian bags c‘d\'em;tﬁ-g
'nuc]ear power p'lants. Our position was consistent with this

in the restart review of TMI-1 (NURES-OSBO) This posi tion was |
made clear to the ASLB 'in the TMI 1 restart hearing 1n (1) written e
tes.mony by NRC sta‘f witness J wermie'! and (2) oral testimony

of W. Jensen as follows.- .- - e o e e e,

(1) MHritten Testimony by J. Wermiel in Response to Board Question 6:
Question 61. Will the reliability of the emergency feedwater system
be 3r¢q+\7‘improved upen conversion to safety-grade, and is it the
licensee's and staff's position “hat the 1mprove'nent‘is enough such

that the feed-and-bleed backup is not required?

respcnSe: Zzsed on knswledge of the imprevement 'in relizbility
ceined by eliminating first order Teilure sources, it is t taii's

. 4 . .
L L s



Jstem hzs not been rerformed
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teck-up s not reguired by the stzff ang, therefere, nzed not meet

ouUirsmans s&.
a]] re-.\-‘r5 :nhs of 3 Scxt‘ty Sy(,fam. nc.‘E\er ’L ’s rECocr‘ :d 8

éccitiongl defense in ¢zpth Tor proy 'iding core ceoling in they very

unlikely event that ezargéﬁcy Teedwater is Yo ost, and the hPI punps
.and priczry safety vélves which coﬂ,rwse the a&Ed énd bieed ‘mode - '

ére recuired to ce c\an1cb.e-qy Technice) Specifications.// '

- . R . - - - .
ol ok T - - B L - i R
= - : T - - - e ©

L*'

(3& Cr51 Te<uumoqy of W, Jersen recerding UCS Con;en;1ons 1 znd 2

, i

ien, 1~ - o - o - - = ol ..
S e - -

would eudiess the Guestion then Cirectly fo Mr. Jensen.: 2id I

what $2167 Do vou believe that the high pressure irjectio

system is imzortznt in that §¢ nos caly supplies engrgency cooling
inventory Sut it 2ls0 removes hert in the Teed end blezd node?

(The Witness)

The hich ;ressuré‘injec:icﬁ system is an importani séfety fezture
Tor making up the coolant lost from a sm211 brezk LOCA. The naC
cces not rely on this system for heat renovel in the feed znd b?cec

wese by which ccre ceczy hezt would e Torcad through the safety

energency Tesedwzter system. .
(Zr. Sorcin) _



\/

(Ms. Weiss) : ~
1t 1 cen rever, Dr. Jordan, I think the exsct cussticn vou zre
2cking is 2nswered on page S of ihe staff tzstirony in response to,

ng to read the sertence to vou.

The fead zand Bleed back up is not recuired by the staif znd there-
i 1 - -
fore need not meet 2all the requiresznts of the sefety system. It's

R —ad ann e

Just simply'a direct quoté. '; ‘ P ';-;3

- -

(Dr. Jordan) R T

Yes. I remember théf and—ﬁhank you for‘pointing fhat-out;:-I thini

that clears up the matter.” ‘ .

An- interpretation of the TMI-1 Licensine Board decision rec&rdina

the need for reliable and effective "“eed and bleed" during SBLOCA.

RESPONSE
There is_an interest in whether th. ASLS accepted the sta%f ﬁﬁsit%&ﬂ _
on the reliance to be placed on feed and bleed cooling. AHe>5e11evéh
that the ASLB did not accept our pesition, as shown in the following

excerpts from jts decision. %

Page 224 cof the TMI-1 Licensing Board decision acknow1ed§és the NRC

taff position (see Item 1 above) by noting that:

"The Staff's position is that the loss of emergency feedwzter following

2 main feedw2ter transient is not 2n accident whi & b nb e nd



against with safety-grade equipment,*

To us, this observation by the ASLB says that our position in Item }

N-= =g

above was understood by the Board., At Pagé 242 of the decision *°
the Board goes on to point to a precedent rufing made by the St.
Lucie-2 Appeal Board for a complete loss of a1l AC power (loss of

offsite power plus loss of both diesels). The TMI-1 Board noted

 that: - ?*jiﬁjf S | L

-
-

"The (St. Lucie) Appéalg Board decided that measures wefé.regui£ed to:5 "
mitigate such an evenﬁ should it occur. We be]ieve thaf simila} meas;résf
are necessary at TMI-1; tbat'the re1i;b11ity of the EFH‘system S

~ has not been_denonstrated to be adequate byA1t§é1f. Héwever. fhék

| EFW system is backed up by the high pressure injection sy#tem. so that - ‘
in the event of failure of the EfW system thé core can be cooled

by feed and bleed while repairs zre being mace to the EF

system."”

We conclude from this statemént that the TMI-1 Board has relied upon the
availability of feed and bleed in reaching its finding that the TMI-]
design is acceptable. The question then is how the Board reached

this conclusion in 1ight of the Staff position (Item 1 zbove). ﬂ%he
inswer is summarized on page 250 of the THMI- Board decision where the

Board siatess: | o PO~

wye have relied on the staff ficures on relfability of the EFW

system and our own estimates (emphasis added) of the adequacy of the




Item 32

. At; Pémgmfih \0?&: \»NQ Q\ﬁ%_*& fu“awlnﬁ’. Jooo iy "

is adequately protected from a loss of main fesdwater transient,

- .- e . — - — -

the dominant challenge to the EFW system,"

N e

We conclude that the Licensing Board reached the same conclusion £s the

 staff (the TMI- design satisfies the Commisgion's requlations), ;ithough

the bases for the conclusion are different. The basis for the staff
positign is summarized in Question 3. below. We have studied the
Licensing Board decision to understand its basis for the conclusion.

e 5 - —— . .- . - « e A al —

- > . - e

"Since the EFW System fs backed up by a safety-grade HPI, designed
to protect the core.ih the event of a small break LOCA, we Se11e§e-

we can conservatively assume an addi.ional safety factor of 100, or '
an overa11»probab111ty of fa.lure to protect the core of about 10'5/yf.
Lackfng any demonstration that the zbove failure probabilities |

are grossly in error, we conclude that the EFW system, as modified,
will, with the HPI backup, adequately protect the health and safet}

of the public." -

During the TMI-1 hearing, the NRC Staff did not provide any detailed

discussion, for or against, the above Licensing Board assessment.

< : We do'not have

sufficient information on the viability of feed and bleed cooling

to credit it with a 100 fold reduction in the probability of core mélt.

A detailed explanation of the staff's technical basis for its

position on "feed and bleed" at .THI-1.




RESPONSE

- - . e— - .- o

It was .he Staf"s p351 ion during ..he T?"I 1 hearing that the ..
energency feedwater (""ﬂ) system is required to be avai’able for *
decay he: remova'l in feedwater transients and certain .;r.al‘l break
loss-of-C oc'lan. accidents without feedwater, Ne also ncted that
_vshould EFW be initiaﬂy unavailable, there is 2t Teast 20 minu.es
time available to take’ action 1o es..eb'Hsh EFW flow prior o uncovering
: of the core following a Tess of main feedwater or certain sma‘n brezk - ¢

1055 of coo'lant accidents. The T!'I-'I EFW system will, at ‘the time

‘.

of restart. meet the Commission's requirements for Sq4¢‘7 celated = ~q~.\9m~r

©if cred'it for operator action is given (to initiate the system)

% - within 20 minutes. The ™I-1 EFW system will be fully q\}qfﬁ'q’rk'___
for these events by the firs-t refuel ing outage after reeﬁart. The
staff recognizes that 2 feed and bleed capability exists at TMI-]

.to provide additional defense in depth for decay heat removal should
EFW fail. The inadequate core cooling procedures at TMI 1ncorporete

- - the feed and bleed process. OpecaTors are %a.n‘ned
. Hhe - use of H+hese Procealvres a+ TMTL =] ana(

Eoed 2nd bleed 1< covered iIn the scope of
OLB e.xaM»nﬂ-rons of the TML opera%rs
;-;. s also \N’quen\‘-(y covered in Fhe SIMU,&«'\.’\
'-( Portion of +he examination, Qa'loa‘f-y 5raJe
T equipment Fo accomplish feed and bleed
" bactrep to EFW " +he event o{‘

conplete loss of all feedwater js.not reguired to be included within

£ 3

the design basis since the EFW system at the time of restart is sufficiently




t_‘—'_'"*‘—____——___TT—_————_—T—T_______—
Fe , and Blesd”

Technigues Including

Iten 3b Diecvevie of Decav Keat Removal

RESPONSE
. y For small breaks below 2 certain size, the break area is not large

— enough to-relieve-2lt the-energy generated by decay heat. For this '

condition, heat transfer through the steam generator is the preferred

method of providing additional required energy removal capability.

To accomolish thi., emergericy or 2uxiliary feedwater systems must be
operating, Since the reactor coolant pumps are tripped for most small
pe=: .« brezaks, coolant fTow through the core {s .by natural c1rcu1abion. Natural

cfrcu1ation heat removal 1n PARS h1th efther main or energency feedwater

. can be c1assif1ed into four modes as fo11ows'
&ms¢mdi : P =

™S L1, Single phase- In thfs mode the entire primary system remains fna . -
. - ) 4 .

subcooled 1iquid state., Core flow is maintained solely by density
e diffe}ences between hot and cold Tquid, |
s one
2. Two phase continuous - This mode s similar to mode ) except
that the hot side is a2t saturation and 2t low steam qu$11ty. Bubbles
are found in the upper portion of the core and are sert, as part of a
continuous two phase mixgure. into ;he steam generator and condensed.
Ouring this time, some of the stean generated in the core will rise.into™" -~.
the uppér head and‘accumulate there as a single 1. 'bng. For
Westinghouse and CE plants this hest removal mode can persist until
the vessel bubble becomes large enough to drop the mixture Tevel
into the hot leg nozzles. For B&W plants this heat removal mode
will persist until the liquid level drops below the bottom of the hot leg

r U-bend,

COVELE -SPACE

“3. Zoiler/Co.denser - When the hot Teg U-bend 1s voided, 11quid
will not be carried into the steam generator., However, when sufficien:

steam has a::Uﬁu.abed such hat a condensing surface is exposed within



the tube walls., If the condensate 1_s formed in, or carried over, ¢o

the down side of the steam gener?‘.or. the method of heat removal is '
called the Boiler/Condenser method. Since the B&W once-through .
steam-generator (OTSG) has only primary system (tube side) do\mf'lo'\.ﬂ
this is the only mode of steam generator condensation heat removai

for those plants. Under certain conditions in CE and Westinghouse
Inverted U-tubg steam generators, steam may carry conder_x;hgq d»op.let.s i
from the up side of the tubes _ov‘erj to thé.down side. Thfs is not . . 7
considered a dominant mode of cond:ensation heat removal for U-tube ~ = -
steam generators.

4. Reflux Boiling - This mode of i\eat rénovﬂ is assod;t'ed solely

with fnverted U-tube steam g'ene‘r-'ators and can occur when the hot Ieg”
s voided as with mode 3. In this case, the steam is condensed

on the up side of the primary system tube Qaﬂs and the condensate

runs back down the wal_'l. back through the hot leg and into the

vessel. Thus, there {s countercurrent flow of steam and 1iquid

in the hot leg.

If heat removal through the steam generator cannot be achieved
due to loss of all feedwater (an event not required og o Aes:in \;;'g\s\”:
"feed and bleed" can be used as an alternate heat removal method.
T.he procedure involves energy removal by venting through the

primary system PORVs and/or safety valves (bleeding), and replacing

the vented coolant with cold HPI water (feeding), °



<

=10~ ” s I
Item 3¢ Assessment of Current Status and Existine Information on "Feed and Bleed”

RESPONSE

- ‘- As you recall, in 2 recent communication to Dr. Henry Meyers we
noted that for 2 small hreak LOCA which is su bsequently isolated, a°
phencomena similar to "feed and bleed" might ultimately occur a;- K

the means of decay heat removal if a steam bubble was trapped at

the top of Eot_ leg high poin.s and did not rapidly condense. This

method of l:ieat removal from the primary system might occur if the
core were sufficiénﬂjr cooled $o' that decay Redt no"lo"ng“er boiled
the incoming HPI water but forced it through the safety valves

-as liquid. If boiling occurred in the core the steam production

would act to increase the size of the bubble size 1n the hot

leg U-bends. If the hot leg bubble size increased suf ic1ent1y, ‘

a condansing surface on the stean generator tubes would be exposed.,
This would establish natural circulation in the boiler condenser
mode. The bubbles could not expand sufficiently to uncover the core
or to exhaust steam out of the pressurizer since thé secondary systén
water level in tle steam generators would be above the core and the Pr"ssuf\
surge line entry el evation. Alth ough our study of this scenmerio is

recent ‘and was not discussed during the TMI-1 hearing, no additional

staff reliance 6n feed and bleed should be implied since if the

feed and bleed process discussed a~bove were insufficient to remove
decay heat, natural circulation Qoﬁ'ld be established in the boWHer/

condenser mode. The letter to Dr. Meyer is attached for. further

information on these recent developments.

A1l three PwR suppliers are developing emergency procedure guidance

o '
to Hcensees on how to use equipment Yo Pertorm “Lood zad bleed”



open issue in other licensing proceedings.) It is important to

- stress that at this time "feed and bleed" is not 2 preferred :
method of decay hest removal. The equipment Used Lom e
© "L amd bleed operation was wot designed for +hat purpese,
Feed and bleed is only ome possible emergency alternative
- Lo cocc "C'oo“"‘ﬁ' . A1l PWRs
have in their emergency guidelines, methods for use of decay heat'._
renoval schem:es other than the design basis equ'l;ment In particular,

guidance fis g‘iven to prov1de alternate sour*es of secondary cooling

if main and auxiliary feedwater are unavai'lab'le (e.g., by depressurizing

the secondary system and activating the condensate pu'nps) [Op‘;r;'rprs

‘would resort Fo fead and bleed only £ none of He
‘sources cf waten Lare availakle +o ~Feed Fhe steam
SQ\heraﬁ-oG. : * ‘=The

"NRC has no design requirements for these other alternate schemes, . a
just as we have none for the “feed and bleed“ capability. What
is requirei‘for the de‘s'ign basis is a reliable safety related -

auxiliary feedwater system to remove decay heat until cold shutdown
- l . .
s achieved and the RHR system is activated.| HONQ&{E", in spite
ot +the &ully sualified safety gerade tmengénc,
feed watern system, feed and bleed procedural
_ insteoctions should be available Lo operatonc.
UBLE =SPACE [ becavse the capabi 1(4-)« +o -“eed and Ueed &iske,
It is also poss1b1e that at some future time, on the basis of

operating experience o )
the design basis might change (e.a.)e.msfqm;v Leedworer \?'g ',c-.,\,i]{+7 m?' oc
sufficient for some des1gns) In these cases, the staff hoqu require th at
feed and bleed capab'lh.,_y meet branch position ASB 10.-1, i.e. ,.safe‘.y

and proposed
grade equipment and preper design justification. For ex1s‘1n94p'lant designs
we have not yet imposed sucn ‘3 reguirement, absent a conclusion that the .

f Commission's regulations require its.

VALE~SPALE
As to the techiiical performance of "feed and bleed," we know it depends



——

all three PWR suppliers to examine "feed ang bleed® capabi1;ty
for their designs. Also, NRC coﬁtractcrs at LANL and INEL
have ane?x?gq;“fead and bleed* wifﬁ the computer codes TRA; )
and RELAP. As noted previously a B8 calculation for 2 TMI -
class plant showed thut "feed and bleed"~ was an effective heat
removal method even if ﬁo credit is taken for PORV actuation.
This is $e;ause most B&W plants have HPI pumps with a very high

. o s .
shutoff head, and enough energy can be relieved at high pressure

through'the safety va1ves: Heﬁtinghouse ca]éulations have

shown that for its plants with moderately high shutoff head HPI
pump, automatic operation of the PORV provides 2 sufficient
energy relief capacity to insure adequate core cooling and heat
removal. For 211 other plants with PORVs, cne or more PORVS
must be manually opered fo assure that pressure is Tow enough

to provide adequate core cooling and heat renovaif' It is
important to note that the assessment of "feed and bleed" rests
almost exclusively on analysis. “Analytical uncertainties related
to such phencmena as non-equilibrium thermodynamics, bubble

formation and repressurization caution against taking too much

credit for analytical predictions of system behavior.

One LOFT experiment (LS8-1/L3-3) explored "feed and bleed" in a
Timited way. frer a simulated Toss of feedwater, ;he PORV was -
latched open to allow depressurization. The.resu1ts showed ;hat
depressurization to the HPI actuztion point did- indeed occur.

However, HPI actuation was purpssely not allowed to occur so that

other zccident mitigation schemes could be explored.
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rRecommendations for Future Action

It would.be. desirable_to provide.an improved experimental basis °

for under;t.a.néing system behavior during "feed and b1eed'.- :Th_is should

improve the guidance in emergency procedures and training. To

accomplish this, we are exploring ways ¢o expand the current Semiscsle .

test series to include "feed and bleed" experimental data. MWe

expect shortly to issue a2 request to RES whith will include thesé ffcfes
q\ { The current Sémiscale configuration cannot simulate.

the unique features of the B&W NSSS. You know from pr'evfous."

discussions that we have been trying to resolve the prob'.l.em of
uncertainties for the BN analytical methods ‘n ?ce&'xc'r'ms

long fefm LA recsvely ecave et e unigue Leafurey €€ dhe @4W

desdgn and The ladk of Inyeaval  sysrems

data’(attach latest letter to B&W dwners).” We will shortly transmit

to 211 B&W owners our conclusion that such data are required. The

basis for this conclusion is the "Aeed BF addilona) Veribicaler oF

;(— S ome. as?:.drs & fhe +\‘\Q-(ma\\-\«73\m:)\—§_c: lo.g\-\q:l‘\o(-

o\\mm3 nodura)  clteNalieny cocling of Yre RaW

Acﬂ‘)ﬂ with €ecdwaler avalode 'Au(m% smai\
\Df@\k LOLAS/ a$ \r-’t.\\ as U}’\Ldl.n‘m&ry ‘m' “’\Q
Leed and bleed pracess, ,.

we will Continve To cequice "CQ“sQGS 1o de.uelo,c
efﬂersencf OPera:ﬂ'f\j pr‘oc.ea(wes for -‘:—hg inabili
+o0 Leed steam genératons o0 those PWRW ™
having +he “Feed and bleed" capability,



