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SUBJECT: FLOCPOSEL FCSITION RE: FTCOMBINEK CAPABILITY

It your memcrarcum of October 28, 19€Z, veu recuectea our views on how
te proceed on the subject issue. As you krow we have vrestled with the
jesve over the past ceveral nmonthks and have hed some difficulty in
ceveicpire @ steff positior. with adeguate supportirc data., We heve
fourc the recuircnent for a recerbiner cepebility tc be stroncly
cependent o the post-LOCF redielycis rate. Thet is, hick riciolysis
ri.es mean the recorbircr capability s recuired and Tow rediclysis -
rates rean it is rot requirecd. Cesed on the radiolysis informaticn
aveiletle, on a case-by-case basis, we can consider modest departures
frem the conservetive prescriptions ir Reculatory Cuide 1.7. Specif-
fce’ly, ir regard tc the case presented by <he Mark I Owirers Group, we
fina thet a defersible basis can be ceveloped for not recuiring the
reccrbiner capebility in plants with the tark I contéirrent.

Both the Fark I Owners Grcup and the staff have undertaker 2 substaniial
prccram to re-examine the expected yieid of hydrogen and cxvger from
re¢iolysis during cesicr basie accicents. Cur findiroe tc date indicete
thet the scurce terms for reciclysis riey be reduced substantic)ly fror
those prescribed ir Reculatory Guice 1.7 if there is assurénce that: 1)
bulk boilinc ¢f the reactcr coolant vwi11 stop 2fter about 12 heurs
fcliowing orset of the accicent; anc ¢} Tess thar ebout 3 percent of the
totel focine inventery in the core is transferred to the reactor
coclant,

KPC polily to date relative to cesign basic éccidents is that uncor-
troiied Frdregen burning ir the cornteinrent curing cesicn basis
eccicents ¢ vrecceptebie. Fewever. “or cegraded cecre acciderts, we
have Tcund the certrolled burning of hvdrcgen tc be acceptzble. 1'e have
alsc recuired substantial me2sures of cerservitism ir the design of
engircered safet)y feetures te nitigate the consequerces of desigrn besis
accicerts, Frorm these perspectives: 1) i1 we require censideration of
multiple equipnert failures, then beiling in the upper porticn of the
core following a recirculation 1ine break will continue for some 50-60
hours or longer instead of the 12 hours assumed in the licensees'
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arelyees; 2) 11 ve require censideraticn of low prctebility eccidert
ceouerces, ther suhstantial frictions ¢f the jodine irventory reletive
“0 the one percent assured by the Ticersees will te releasec <o the
ceelant; 3, 71 we require the conta’nnent atmosrhere %o rencin

ron=: errable fer tu ingefirite period folicwing cree” o the zccicent,
shen cven src” T Cevelues for ridiolysis reictive 1c these in Pecuietery
Cvicde 1.7 wil? cventualiy (6 ronths cr rere) precuce cembretible
Lixtures “r tre centeunnent., Thus, 1f the !"arl . contaiumerts did ret
alreic, Fave sate’y grade sretens Tor corlustible cis control ec
przscribec in tle crieing) 10 CIR 50.44, ve vould con‘inue cur prictice
of recuiring conservetism ir the cesigr ¢f ergineerec safety fectures,
and recerrmenc thet *be licercees' requests for 2 lese conserve*ive -
treatrent of the riciclysic scurce terr be denied arnc that the
recortirer capzbility be required.

Hcwever, ve reed to alsc consicer the backorcund leading to the .
cceuiremert Tor the recorbirer capebility anc scre cost-berefit matters.
Tre acverse public reection to the planned pest-accident vertine at
T'1-2 was the reason thet led the sieff ton develep the recuirerent for &
recombiner cerehility at those fecilities thet rely on purcine as tke
prirery meers for hydreger control. It is importart to note thit the
mciivetion wes the public perceptior of risk and not cur assessrent of
the actue]l risk. The intent wac that the existing safety crade purging
system vill certinue to be eéveilable arc acceptabie, whether cr rot the .
reconbirer capabilily is provided as called for in the revised 10 CFR
cC.¢4, The reccribiner cepebility was <ntendec sciely to provide public
health cificiele vith the optior c¢f not ventirg in order *o cvoid the
rublic bysieria assccioted with the controliec ventire of Kr-85 long
evier the ThHI-T 2ccidert.

Luring develeprent of the reconbirer capabil-ty rule, the c*aff thoucht
the cost tc ecch Ticersee would te smell, abeut $100,0CC. The staff
rcceived nc corments to incicate thies cest figure tc be ineppreprizte.
Tre Merk 1 Gwners have since estinated the cost to rance belween 2 arc &
nillien dollere per unit, or ébout S60 nilliorn fer the approxinictely 20
BVF units affected by the rule. We have reviewed the Lesis for their
estineéte ena find it reasonable, .

The Lisic thriet of the Ticensees' argurent ie thit the lark !
certairrlits rever nceced a recerbiner or a purce svster ‘r the firs?
rizce. They cesert that the Ticensivg besis prescription 7or erelyzire
réefiolyeis vhich has Leer used by the staff arc the incustry cver the
pese cérice is for too conservitive. Thic has been the prescripticn
that lies caused safely grace recerbiners, purge/repressurizaticn
systems, and related mixing systems to be instélled ir most of the
existing operating plants.

In the judgrent of DSI anc DE, there is sufficient new techrical
irformation and cost infcrmation to justify reconsideration of the
recuirement for reccrbiner capebility in inerted BWRs that rely on a
purge/represstrization svstem as the primary means of hydrogen control.
This new informaticr indicates that radiclysis is a dcrinant source of
kvcrogen anc cxyaen for orly a few of the pecsible zccident scererios.
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et is, vithcut bulk teilino, the riciolysic rites will ke substan-
‘elly less *kan the prescription ¢iven in Reculiteory Guide 1.7, except
v those lov prebebility scerarics vhere 2 substential fraction of the
iccine inventory ¢ rcieased to the reactor cccient and the erount of
rete) water veaction s relatively erell, 1.¢.. Yess ther cne percert.
[ creover, the cest of previcing the reecerbiner copability dpreavs tc be
=z muck ¢ 20 tirmes thet censidered by the Courrirsion wher the rule wee
preeulgecee.  Fecerdingly, since the Yikelihece ¢f having tc purce the
Pivlk T eertiinment vor Lydvreger cerntrol is neve verote *hir previcusly
corsioerec are since the cest of provicirg the reccrbiner capebility i:
sere 20 tires higher then previous)y consicered, we recorrenc that the
siet1 request thet <he Conmissior enempt the 'erh 4 cwners “rer the
recuirerent tcr the recortiner capability.

In conjurction wi‘h the above reccmmendec eyemption, those Mark I/PWR
Ticersees who checze not tc previde the reconbiner cerebility chould be
recuivec to utilize either nitregen or recveled con‘einment air for its
inctrurent air systems loceted insige cecr*einmert. Ii acditicr, the
Techricel Specificetions cheuid be revieved to csaure that the LCC value
for c:rgen concertreticon is the 4.0% vaive assured ‘1 the licersees®
anciyces. These were 2arong the tundamenti) essurpticrs relied cr by the
Merk 1 Guners Group in conclucing that an iritially inert containrent
would renain inert followirg cinset of a cecion basis eccident.

Luring cur briefing of <the Commiscion on the cveréll subject of hydreccen
cortrel duerire severe wccidents on Mevermber 19, 1682, DSI infcrmed thé-
Cormissicn of these preiiminary findingcs and ¢f our intert to returr to
the Cormiccicr 1n & few weeks with the irplementation recorrercations.

The enclosed dfscussion peper provides @ ot of geod backgrourc
infortztion which ou may find veeful.
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PROPOSED NRR POSITION ON RECOMBINER
CAPABILITY FOR MARK 1/BWRs

l. INTRODUCTION

The recently issued rule requiring a "Recombiner capability" at certain LWR
plants has evolved into a substantive regulatory issue requiring NRR manage-
ment attention., The relevant background information, definition of the problem,
and alternative staff positions are provided below.

II.  BACKGROUND

Regulatory requirements on hydrogen control for design basis accidents were
first prescribed in Criterion 41 of the Genera) Design Criteria, (Appendix A,
10 CFR 50). Safety Guide 7 contained some of the early guidance on implement-
ation. These early documents were based on a staff objective of having all
LWR containments provided with a capability fer safely accommodating the
hydrogen releases from a postulated accident involving metal-water reaction in
5% of the cladding material plus the hydrogen releases from radiolysis and
corrosion. This amount of metal-water reaction was then recognized to be
conservatively high for design basis purposes in view of the small fractions
of 1% that were beinc calculated in ECLS analyses. Corresponding measures of
conservatism were introduced in the staff's recommended G-value of 0.50 for
radiolysis rates. ',
With the introduction of the Mark III containment design by General Electric

in the early to mid-1970's, and in view of The Appeal Board ruling on the
Vermont Yankee case, the staff re-examined the recommended design basis values .
for metal water reaction and radiolysis rates. The results of this re-examin-
ation were codified as 10 CFR 50.44 and in Revision 2 to Regulatory Guide 1.7
in late 1978. However, only the metal-water reaction rates, which were reduced
from 5% to as low as 1% depending on the results of the ECCS analysis, were

put in the rule. The radiolysis rate G-values were not changed from the
original values in Safety Guide 7 but were not made a part of the rule. This
was the result of the intense controversy over the metal-water reaction
essumption, Similar controversy did not then exist in regard to the radiolysis
G-value.
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Hydrogen control measures need to be evaluated for both short term Jnd long
term capability. The short term phase is nominally the first day following
onset of the accident where the dominant source of hydrogen is the postulated
amount of metal-water reaction. Since its release to the containment is
prompt relative to the capability of any recombiner system, the cont&fnment
net free volume is relied on with the help of a mixing system to assure that
the hydrogen (or oxygen for inerted containments) concentrations remain below
the lower flammability limits.

The long term phase extends for ihe duration of the accident where radiolysis
of water and corrosion of various materials such as aluminum and galvanized
metal and off-gassing from zinc-based paints are the dominant sources of
hydrogen. Recently licensed PHR and BWR plants have been required to furnish
redundant, safety grade recombiner systems to safely accommodate the long

term requirements for hydrogen control. The older plants that were
“grandfathered" by the original 10 CFR 50.44 were permitted to rely on purge/
repressurization systems in lieu of recombiner systems to satisfy the long

term requirements. These systems were called either the CAD (containment
atomosphere dilution) system or the ACAD system depending on whether the diluent
used in the repressurization system is nitrogen or air. Under certain
prescribed conditions, a plain purge system was permitted for the grandfathered
plants. '

The TII-2 accident in March 1979 involved metal-water reactions estimated to

be between 40 and 50% of the cladding. There was some measure of controversy
as to the amount of radiolysis that occurred during the course of the accident.
It appears that in this accident sequence, the large amount of hydrogen pro-
duced by the metal water reaction and the maintenance of a high system pressure
contributed to a relatively high cuncentration of hydrogen in solution with

the coolant. Without substantial bulk-boiling and the associated prompt
stripping of radiolysis gases, high concentrations of hydrogen promote

a strong back-reaction so that net radiolysis can be negligble.

We note that the actual amount of radiolysis yields during the TMI-2 accident
have not been determined. Moreover, other design basis accident sequences
could involve: (1) negligible hydrogen concentrations in solution with the
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coolant; (2) substantial fodine concentrations in tne coolant; and (3) a
prolcnged phase of bulk boiling in parts of the core. However, the 1ikelihood
for these accident sequences is recognized as being small, (See Enclosure 1
for a more detailed discussion on accident sequences.)

This means that regardless of the actual amount of net radiolysis during the
Ti1-2 accident, and unless the provisions of Regulation Guide 1.7 are satisfied,
there exists @ need to consider a variety of accident sequences in determining
the eppropriate G-values for the radiolysis source temm for the design basis

of hydrogen control systems.

We have examined the licensees' estimates of the expected iodine release fron
the fuel for a number of accident scerarios., Based upon that examination, we
conclude that the raciolysis rates would be substantial for accidents in which
the extent of metal-water reaction is 1imited (i.e., less than 5 percent).

For these conditions, the fraction of iodine nomally residing in the fuel-
cladding gap will be released during the accident, if cladding rupture occurs.
Subsequent heating of the fuel would result in additional releases of iodine,
but this additional amount would be limited for events with low levels of
metal-water reaction.

We have independently calculated the iodine fraction residing in the fuel-
cladding gap of the principal fuel designs now in the Millstone-2 core. Our
calculations indicated that, for the h.gh 1inear power levels permitted by the
plant's Technical Specifications (particularly, sustained high power léyeIS),

a substantial fraction (40%-60%) of the total iodine inventory in a fuel rod
may reside in the gap. Should only a small number of the high power rods
rupture during an accident (as is predicted by the ECCS perfomance evaluation),
the fodine released could cause substantial increases in the radiolysis rates..
Our own calculations indicate that the resulting gas mixture in the containment
would reach the lower flammability limits defined by the licensees.

There are a number of significant conservatisms employed in these calculations,
including the use of "permitted" rather than "expected" power levels. If
expected power levels are used, the calculated fraction of fodine in the gap



is much lower and a larger number of fuel rods must perforate during the
accident to yield high fodine concentrations in the coolant, Since these
fodine concentrations also approach the 1imiting levels described by the
licensee, flammability cannot be categorically ruled out, as had been hoped,

but achieving the flammabilty conditions appears unlikely because of the
conservative nature of the calculations. (See Enclosure 2 and 3 for more
detailed discussions of fodine releases and the associated radiolysis G-values.)

In its final report, HUREG-05£5, the TMI-2 Lessons Learned Task Force
recommended that the "Recombiner capability" matter be made a part of the
rulemaking proceeding. A proposed rule incorporating this recommendation was
published in the Federal Reaister (45FRE5466) on October 2, 1980. A final

rule published in the Federal Reoister (46FR58484), made the "Recombiner
capability" a requirement for all LUR plants that rely on purge/repressurization
systems as the primary means for hydrogen control. This capability has to be
installed by the end of the first scheduled outage beginning after Juiy 5,.
1982. (See Enclosure 4 for the upcoming shutdowns at the affected BWR and PHR
plants.)

Some BWR licensees claim that our proposed rule (45FR65466) was ambiquous and
appeared not to have had any impact on inerted Mark | containments. These
Ticensees have petitions pending before an Appeals Court seeking relief from
the now effective rule. The parties have agreed to delay any action on the
petitions pending completion of the staff's review of certain reports filed by
the BUR Cwners Group and by the Millstone I licensee.

In the reports filed by the BUR Owners Group and by the Millstone I licensee,
the 1icensees assert that the Mark I containments can maintain a non-flammable
mixture in the containment without having to purge the containment and without
using a recombiner. This assertion is fully dependent on the staff's willing-
ness to accept radiolysis G-values that are substantially lower than those
recommended in Regulatory Guide 1.7, Revision 2.
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I11. PROSBLEM DERINITION

The NRC's objective is to assure that all LWR plants can maintain non-flammable
conditions in the containment atmosphere following onset of design basis
accidenrts, without having to purge the containment, The owners of BWR plants
with Mark | containments have asser’ed that even without purging, their
containments are able to prevent tic development of flammable mixtures, pro-
vided they are not reguired to use the very conservative radiolysis G-values

of Regulatory Guide 1.7.

Staff analyses indicate that a one-decade reduction in the RG 1.7 G-value may

be sufficient to assure non-flammable mixtures in the Mark I containnpnt.

(See Enclosure 5for the supporting analyses). However, analyses with reason-
ably conservative assumptions for fodine and 'ydrogen concentrations in solution
yield radiolysis G-values that are very close to those of RG 1.7. Applicable
data do not exist to support the reduction in radiolysis G-values required

to substantiate the case made by the Mark I Owners Group. Data are insufficient
for both the amount of fodines that are absorbed in the cooling water and the
effects on G-value of various concentrations of fodine and hydrogen. Some two
to four years may be needed to obtain the requisite data without a guarantee
that the new data would substantiate the case.

IV.  ALTERNATIVE STAFF POSITIONS

Four possible staff positions are considered below. They include: .

(1) denial of the relief requested by the Millstone I licensee and the

EVR Vwners Group; (2) deferral of staff conclusion pending completion of
certain experiments; (3) approval of the requested relief - licensees' bases;
and (4) approval of the requested relief - staff's bases.

A discussion of these alternatives is provided below.
A, DENIAL OF THE REQUESTED RELIEF

| Position
The staff could find the proposed use of radiolysis G-values which are
substantialy smaller than that recommended in Regulatory Guide 1.7

5
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(Revision 2) to be unjustified and unacceptable. This means that long
term control of hydrogen concentrations in containment would require the
use of either recombiners or purge/repressurization systems as detailed
in 10 CFR 50,44, Accordingly, if purge/repressurization systems are
relied on as the primary means for hydrogen control, than a recombiner
capability (non-redundant) should be required.

Implications

The position is consistent with past agency policies of requiring the
use of conservative analysis methods and assumptions for evaluating the
consequences of design basis accidents. Specifically, it means

a) Consideration of a double-ended break of the recirculation line in
BWR's such that only 2/3 of fueled core can be kept flooded with
water, Bulk boiling in the upper foot or so of the core can be
expected to persist for 50 to 75 hours following onset of the
accident, Radiolysis G-values will be near RG 1.7 value for this
duration regardless of H2 concentration. We note that this
scenario requires a double failure assumption, i.e., failure of
both core spray trains,

b) Use of the "TID Source Terms" for determining contaminant
concentrations in the coolant, {.e., 50% of the core {odine
inventory should be assumed to be in the water. Even $f this
were reduced to 5 or 10%, the results will be comparable.

c) The primary system and the containment are at one atmosphere
pressure: f.e., the maximum hydrogen partial pressure should be
assumed to be the value for the lower flammability limit »r about
0.04 atmosphere. This will minimize the hydrogen in the coolant
so that the recombination or back reaction will be negligible.
The diluent effect will also be minimal.

If the above detailed conservative assumptions are made, the appropriate
design basis for radiolysis G-value will be the RG 1.7 value or 0.50.



The owners of Mark I BUR's will have to each incur an expense of bétween
2 to 4 million dollars (These are the Owners Group estimates, which we
believe are justifiable.) to provide the required recombiner capability.
Most of the owners will also have to be granted a temporary exemption
fron the revised 10 CFR 50.44 because they will be unable to meet the
required installation schedule.

A number of the Mark 1 BWR owners will 1ikely reactivate their petitions
now pending before an Appeals Court with the objective of overturning
the regulation that calls for installation of a recombiner capability.

DEFERRAL OF STAFF CONCLUSION

Position .

The staff could find that a temporary deferral of from two to four years
in implementing the "Recombiner capability" rule at Mark I BWR's is
warranted and temporary exemptions to this effect could be granted upon
request. This deferral will permmit the Mark I owners and the NRCAgo
conduct certain tests to measure the amount of fodine released from the
fuel to the coolant following the onset of various design basis accidents
and to determine the effects of various contaminant and hydrogen concentra-
tions on radiolysis G-values. The results of these tests, night show
that Mark I BUR's need not rely on purge/repressurization systems for
hydrogen control and therefore, need not be provided with a "Recombiner
capability". However, if this option is chosen by a licensee, thgn we
should require the licensee to convert the instrument air system to a
nitrogen system, and they have proposed.

Implications

This position would pemit the operation of around 20 Mark I BiR's for
several more years without the "Recombiner capability" now required by

the revised 10 CFR 50.44. If an accident were to occur during this period
and the radiolysis effects became significant, the containment may have

to be purged to prevent the combustion of hydrogen in containment. In

this event, the offsite doses could be on the order of 10 CFR 100 guide-
Tine values for the more severe design basis accidents. Licensees of

the affected PWR plants will 1ikely request the same relief.

7
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If a degraded core accident involving substantial amounts of 6etal-water
reaction were to occur, the hydrogen will serve as a strong suppressant
for radiolysis and as an effective diluent to reduce the relative con-
centration of the oxygen that existed in the containment prior.to onset
of the accident, '

The petition of some of the licensees now pending before an Appeals
Court will 1ikely remain on-hold pending completion of research and
decision making durinc the deferral period.

The estimated 2 to 4 million dollars of expense per Mz 1 BWR plant
need not be incurred pending completion of the deferral period and may
not have to be incurred at all if the test results are favorable to the
licensees' bases.

APPROVAL OF THE REQUESTED RELIEF - LICENSEES' BASES

Position

The staff could find the proposed use of radiolysis G-values that are
substantially lower then the recommendations in Regulatory Guide 1.7
(Revision 2) to be warranted and acceptable. Since with the use of
these reduced G-values, the Mark I BUR's need not rely on a purge/
repressurization system as the primary means for hydrogen control, we
could conclude that a recombiner capability is not required for Mark I
BUR plants.

Inplications

This position constitutes a substantial "de-ratchet" in staff require-
ments for hydrogen control. Prior to its implementation the staff will
most 1ikely have to obtain endorsements from the CRGR, the ACPS, and the
Commission. These endorsements may be difficult to obtain because the
requisite reductions in radiolysis G-values are based on analyses rather
than experimental data. Moreover, the analyses have to rely on non-
conservative assumptions dealing with iodine releases to the coolant and
the effects of iodines on the radiolysis G-values.
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This position would permit the removal of the safety grade and purge/
repressurization svstams recombiners now in place at a substantial
nunber of plants, unless we are able to confine itec applicablity to the
recombiner capability rule.

If this position were adopted by the staff, the petition now pending
before an Appeals Court will most likely be dropped.

APPROVAL OF THE REQUESTED RELIEF - STAFF'S BASES

Position

The staff could find that for a large majority of design basis qccidents.
the Mark I BWR plants would not have to rely on the use of purge/repres-
surization systems for hydrogen control. This comes about because the
radiolysis rates are substantially smaller than those prescribed in
Regulatory Guide 1.7 (Revision 2). Moreover, the cost of the recombiner
capability for each Mark I BUR is more than a decade higher than that
considered when the rule was promulgated. In view of these circum=
stances, the staff concludes that the 1icensees for Mark I BUR plants
should be granted exenptions from the "Recombiner capability" require-
rent of revised 10 CFR 50.44,

Inplications

This position would leave intact the original requirements of 10 CFR
50.44 for hydrogen control during design basis accidents. It would
grant the relief requested by the BWR Owners Group in that they would
not be required to furnish the recombiner capability as called for %n
revised 10 CFR 50,44, If this position were adopted, the petition now
pending before an Appeals Court will most likely be dropped.

The position would also mean that for a small fraction of design basis
accidents, the containment would have to be purged at some time following
onset of the accident to assure that the containment atmosphere remains
nonflammable. The off site doses would, of course, remain within the
quidelines of 10 CFR Part 100.
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encugh. We, therefore, belfeve it would be a mistake, in the absence of
definitive and applicadble experimental data, to take the more drastic action
of reducing the radiolysis G-values recommended in Regulatory Guide 1.7.

The deferral alternative is attractive because ¢t would keep the petition now
pending before an Appeals Court on hold. It would also defer the nominal 60
million dollar total expense associated with providing the recombiner cap-
ability at about 20 operating BWR plants. However, the 1ikelihood that con-
vincing data could be obtained in the next two to three years showing that, in
fact, radiolysis G-values should be reduced substantially (by as much as a
decade) from those recommended in Regulatory Guide 1.7 is remote.

Regarding the petition pending before an Appeals Court, the risk to the staff
of losing the technical substance of the case should be small., If the Court
did not sustain the Commission's rule, then the worst that should happen is a
recycling of the rulemaking proceeding, resulting in a delay similar to the
deferral option discussed above.

Accordingly, based on the above considerations, we recommend that MNRR adopt
the fourth alternative as detailed above, involving the approval of the

requested relief by the issuance of specific exemptions from the requirements
for the recombiner capability.
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