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ABSTRACT

Using Sequoyah as a representative plant, the CONTAIN severe accident analysis
code has been used to evaluate the ability of several proposed containment
improvements to reduc: the threat to containment integrity associated with direct
containment heating (I'CH) and hydrogen combustion in ice condenser plants,
Calculations were performed using 4-cell, 6-cell, and 26-cell representations of the
containment. Potential improvements considered include containment venting,
improved igniter systems, containment inerting, subatmospheric containment, reduced
ice condenser bypass, independent power supplies for the air return fans, and
intentional depressurization of the reactor coolant system (RCS).

In station blackout accidents with the primary system remaining highly pressurized,
most of the improvements considered offer at best moderate reductions in loads.
These reductions were probably insufficient to substantially alter the contribution of
DCH to risk in PRAs such as NUREG-1150. The ons exception was containment
inerting, which gielded considerably greater mitigation, However, it is not clear that
inercng is feasible due to operational considerations.

The effectiveness of mitigating DCH threats by intentionally opening the PORVS
in order to partially depressurize the primary system was analyzed. In station blackout
accidents, this strategy was found to be effective if and only if independent power
supplies were provided to operate the igniter systems, Given operational igniters,
partial depressurization significantly reduced (but did not eliminate) the threat to
containment integrity associated with DCH and hydrogen deflagrations,

With or without partial depressurization, calculations with the 26-cell de~k
indicated that, in station ! lackout accidents, highly detonable gas mixtures were likely
to form in the ice condenser region. Providing dedicated power supplies for the existing
iﬁniter system does not appear to completely solve the problem. Providing power for
the air return fans offers some additional reduction in the detonation threat, but still
may not totally eliminate it. It should be noted that the present work did not assess the
consequences of a detonation occurring in the ice condenser; it is not known whether
such a detonation could actually fail the containment.

Sensitivity studies were performed using the NUREG-1150 PRA methodology and
models to estimate tue potential impact of the improvements considered upon the
overall Sequoyah risk groﬁles for early fatality and latent cancer fatality potentials.
Depressurization combined with hydrogen control offered an approximately three-fold
reduction in the contribution to the mean risk potentials associated with scenarios
involving early containment failure due to severe accident phenomena; other
improvements considered were less effective. However, containment bypass accidents
are also important risk contributors at Sequoyah, and these sequences are largely
unaffected by the containment improvements considered here. Hence, reductions in
the total mean risk potentials were about 30% to 40% at best.
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PREFACE

[he purpose of the present work is to provide information as to the degree to
wiiich various proposed improvements to ice condenser containments can mitigate
containment loads associated with direct containment heating (DCH) and/or hydrogen
combustion events. One major analytical tool used in this work was a developmenta
version of the CONTAIN 1.1 code which incorporates models for DCH phenomena. In
addition, some of the methodologies and models developed for the NUREG-1150
effort were applied.

It must be acknowledged that there are substantial phenomenological uncertainties
that affect the accuracy of the analyses of the accident scenarios considered here. Some
of these uncertainties involve uncertainties in the phenomena that are modeled in the
containment analyses performed for this work In addition, there are substantial
uncertainties in the in-vessel accident progression analyses that provide inputs
important to the containment analyses. Given these uncertainties, a considerable
degree of engincering judgment was required in selecting input values and modelin
choices for the various computer code calculations that were performed. Additiona
d:tails concerning some of the more important uncertainties are discussed in the text of
this report.

In assessing the impact of these uncertainties, it should be remembered that the

resent work does not, in itself, attempt to determine the likelihood of containment
ailure for the scenarios considered. !gcnce, a comprehensive, quantitative uncertainty
study was not considered necessary (nor would it have been possible, in view of the
large number of containment improvement strategies that were considered). The
assessment of the various mitigation strategies considered was generally based upon
comparisons of containment loads calculated with and without implementation of the
proposed strategy. In most cases, these comparisons were less sensitive to the various
uncertainties involved than were the absolute magnitudes of the loads themselves.
Although careful consideration of the uncertainties in this work is certainly warranted,
it is not believed likely that the major conclusions offered here, properly interpreted,
will be invalidated by the uncertainties involved.
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FOREWORD

In SECY-88-147, dated May 25, 1988, the NRC staff presented to the Commission
a program plan to evaluate generic severe accident containment vulnerabilities via the
Containment Performance Improvement (CPI) program. This effort was based on the
presumption that there are generic severe accident challenges for each light watei
reactor containment . These challenges should be addressed to determine the
possible need for additional regulatory guidance or requirements related to
containment features. The ability of containments to survive successfully some severe
accident challenges is uncertain, as indicated in draft NUREG-1150. The CPI effort is
extended to focus on evaluation of hardware and procedural issues related to generic
containment challenges.

This report documents the results of work performed under NRC sponsorship that
could indicate ways that containment performance could potentially be improved. The
purpose of this report is to provide PWR Ice Condenser owners with information they
may find useful in assessing their plants as part of their Individual Plant Examination
}lP ;) program. No requirements are contained in this report, and it is being provided
or information only. Specific guidance to the industry on the use of this report, and
sii;nggar reports, has been given to Generic Letter 88-20, Supplement 3, dated July 6,
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EXECUTIVE SUMMARY

Qverview of Major Findings

Calculations wer . 'n 1 \..’:L' the CONTAIN code 1O assess the benefits
associated with a vatr I containment improvements 1(\» ned to reduce the
likelihood of early containment failure in ice condense¢
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* Depressurization combined with dedicated powr r supplies for existing
igniters offered substantial reductions in maxim im pressures Operating
the air return fans yielded no additional reduct’ ons,

* Given operating igniters, hydrogen deflagratio s before vessel breach never
resulted in containment pressures that would t ireaten failure.

L

Phenomenological uncertainties preclude giving an absolute assurance that
depressurization to 1.5 MPa, combined with igniters, would totally eliminate
DJ?H threats; however, substantial reductions in containment failure
probabilities would be expected.

* The potential fcr detonation hazards to develop was assessed by comparing
calculated gas compositions with available information an sensitivity to
detonation as ¢ function of gas composition.

* Inthe stat.on blackout accident with either the fully?ﬁ.ressu;‘zed RCS or the
depressurzed RCS, there was a strong tendency for 1ghly de‘onable gas
nixtures to develop in the ice condenser.

.

Independent power for the existing igniter systams might not eliminate the
detonation threat. Operating the air return fans in adcition to the igniters
would improve the situation, but development of detonable gas
compositions under adverse circumstances still could not be ruled out

Sensitivity studies using the NUREG-1150 containment event trees and related
modeling showed that no containment improvements of the type considered
here could yield large reductions in mean risk because none (11} the
improvements addressed containment bypass accidents. Substantial reductions
in the risk-significance of early containment failure could be achieved. however
* RCS depressurization combined with operating the existing igniters and air
return tans yielded the largest benefits. Depressurization alone offered
little benefit, while depressurization combined with igniter operation gave
intermediate results

* Increasing the median failure pressure from 0.54 to 1.14 MPa (the latter
corresponds to that of the Watts Bar plant) resulted in large reductions in
risks associated with early containment failure: thus. the importance of the
class of event studied in this work can be quite plant-specific.

Background

The Containment Performance lmé\r('n'crm:ms (CPI) program is a project
sponsored by the Office of Research - Division of Safety Issue Resolution of the U.S
Nuclear Regulatory Commission to review existing information on threats to
containment integrity and to perform additional analyses as needed in order to
determine what, if any, improvements might be made to these containments which
could reduce the probability and/or consequences of containment failure. The present
report describes work performed at SNL in support of the CPI evaluation of ice
condenser containments. The Sequoyah plant is the representative plant which has
been selected for detailed study, in order to m

make use of the large amount of
information available on th
studies,

s plant through the NUREG-1150 program and other




One major analytical technique employed was use of the CONTAIN-DCH code to
assess threats in the unmodified plant and to determine the effectiveness of possible
improvements. CONTAIN-DCH is a developmental version of the CONTAIN 1.1 code
which includes a combination of mechanistic and parametric models for direct
containment heating (DCH) phenomena. In addition, sensitivity studies using the
NUREG-1150 event tree and related modeling were employed to determine how
various possible improvements woulc affect the overall risk profile for the plant. The

rcscnt: repor} describes these studies and offers some conclusions that may be drawn
rom the results,

kmmmmpﬂcmm% If a given containment
improvement is to be judged effective, it must yield a substantiai mitigation of the

threat it is intended to address. Some care is required in the evaluation of mitigation
schemes when there are important uncertainties in the analysis (either uncertainties in
the input parameters or in the modelingg as is known to be the case in the present
study. Clearly, it will be difficult to justify an improvement which is effective given one
specific scenario description (or modeling assumption), but which becomes ineffective
given another, equally plausible, description. In order to be justifiable, the
improvement should be effective throughout most, if not all, of the parameter space
spanned by the uncertainty ranges of the dominant parameters.

Performing a detailed uncertainty study for #ven some of the rather numerous
mitigation strategies that were considered here would be a major .ok and was not
attempted in this work, although a limited number of sensitivity studies were
performed. One method used to acknowledge the potential importance of the
uncertainties was that, in a number of cases, input parameters and modelin
assumptions were intentionally selected to be moderately but not excessively
conservative; e.g., between the 50th and 90th percentiles of their uncertainty
distributions, However, the calculations cannot be considered to be conservative in all
respects, as some hypothetical phenomena which could increase containment loading
were not included. In addition, some modeling assumptions are "conservative” tor one
set of conditions but "nonconservative" for others,

Problem Description for the CONTAIN Calculations

The recent NUREG-1150 risk assessment study indicated that risk to the public at
the Sequoyah plant is dominated by two categories of events: containment bypass
accidents, and station blackout accidents with early containment failure due to direct
containment heating (DCH) and/or hydrogen combustion events, The present work
addresses only the second category, since tﬁe former category is governed primarily by
issues which do not involve containment phenomenolo an?whnch cannot be mitigated
by improvements to the containment of tﬁc type considgeyrcd here. Other approaches
would be required to reduce the risk-significance of that category of accidents.

Acciden, Scenarlos Analyzed Using the CONTAIN Code. All CONTAIN code
analyses ha' e been restricted to assessing one version or another of the station blackout
accident. "n these scenarios, no engineered safety features (ESFs) other than the ice
condense itself are available in the Sequoyah plant as it currently exists. Two major
variatiors of the station blackout have been considered:

1. The classic TMLB’ sequence, in which auxiliary feedwater is lost at accident
initiation. Core melt and vessel breach (VB) occurs within a few hours of
accident initiation, with the primary system fully pressurized, i.e., at the PORV
set point (about 16 MPa).



2. A statiun blackout sequence in which it is assumed that the primary system is
intent'onally depressurized by opening the PORVs and the head vents, In the
in-ves sel analysis employed here (see below), depressurization delayed VB to
abc\x/u] 9 hours after accident initiation, and vessel pressure was about 1.5 MPa
at VI,

Because the CONTAIN code does not model in-vessel processes, sources of
prima7 syster) water, steam, and hydrogen to the containment prior to VB had to be
taken from ava.'able analyses of the in-vessel melt grogr_cssxon. Appropriate
calculations for Sequoyah were not available, and the pnma? svstem sources were
therefore based upon calculations that had been performed for the Sulg lant. For the
fully-pressurized case, a MARCH code analysis performed at Battelle Columbus was
employed, while SCDAP/RELAP analyses performed at INEL were used for the
intentionally depressurized case. Steam and water sources from these Surry analyses
were scaled up to the Sequoyah plant using the ratio of the primary system volumes,
while the ratio of the zirconium inventories was used to scale up the hydrogen sources.
The magnitude of the additional uncertainties resulting from this procedure is not
known, but it is believed to be less than the uncertainties associated with the in-vessel
melt progression analysis.

Calculations were performed for this work assuming that 25%, 50%, and 75% of
the total corium mass could participate in DCH. The 50% corium participation
fraction corresponds approximately to the 85th percentile of the NUREG-1150
distribution for this parameter. In-vessel Zr oxidation and associated hydrogen
production were taken directly from the calculations used to supplg primary sgstem
sources; they were equivalent to about 50% and 72% zircalloy oxidation for the high-
pressure and the depressurized accident sequences, respectively.

| izations. Three different CONTAIN input nodalizations

describing the Scc‘uoyah containment have been used in this work: a 4-cell deck, a 6-cell
deck, and a 26-cell deck. The 4-cell deck included cells representing the cavity region
(including instrument tunnel ke a?'). the lower containment, the ice condenser, and
the upper containment. In the 6-cell deck, two cells were added to rcrresem the lower
and up‘)er plena of the ice condenser. The nodalization of the 26-cell deck included
four cell< representing the lower plenum, four more representing the ice condenser, and
two cells ref)rcseming the upper glenum. Only the latter deck was sufficiently detailed
to be useful in analyzing the gas distributions that govern detonation threats. Since this
deck was rather expensive to run, DCH loads (that is, quasi-static pressurization due to
DCH and associated hydrogen lons) were generally analyzed using the simpler
decks when possible. Comparison with the results obtained using the 26-cell deck
gcnﬁrally supported this usage of the simpler decks, especially in the case of the 6-cell

eck.

ications. In both the fully pressurized and the
depressurized case, the containment analysis can be strong{ affected by large
uncertainties which exist in the analyses of the in-vessel melt progression. There are
additional important uncertainties in the modeling of the containment phenomenology
itself. Taken together, it must be acknowledged that these uncertainties result in large
uncertainties in the absolute magnitudes of the containment loads which were
calculated in this work.

The principal pur{posc of the present work, however, was not to evaluate the

absolute magnitude of the threat to containment integrity in a specific accident
sequence, but to gain understanding as to the degree to which this threat might be
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reduced by various possible containment improvements. The principal method used
was to compare calculations for the unimproved nlant with otherwise-similar
calculations for the plant with the various improvements in place. It is not believed that
the uncertainties involved are likely to invalidate these comparisons, alt hough careful

consideration of these uncertainties is still warranted and they are therefore discussed
| more detail in the main text of this report

Before making a definite decision to implement a particular containment
improvement strategy, it \\(v"ld still be desirable to )crfFurm a more detailed study of
that specific improvement than was possible here }r or example, a (juamnatiw estimate
of the reduction in containment failure probability might be desired. It would then be
necessary to perform a detailed uncertainty study for both the unmodified and the
improved plant 'I'hvs uncertainty study would have to include assessment of the effects
of phencme .".uml ical uncertainties and related modeling uncertainties in the analytical
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Results for DCH Events with Fully Pressurized RCS
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-DCH analyses were performed for a number of potential containment
mdzr to assess the (5 'gru to which they could mitigate DCH events in
mains fully pressu rized up until the time of vessel breach. Potential
improvements considered include containment veating, independent power for igniters

augmentation of the existing igniter systems, containment uwrtu";; operation of the
containment at subatmospheric pressures, reduction of flow paths bypassing the ice
condenser, and independent power supplies for the fans. Where meaningful, the
improvements were also considered in combination with igniter operation. Any
additional combinations of these improvements that might be nromising were also
considered

AIN
\‘
I

arl

The response of an ice condenser containment to a DCH event is quite complex,
? ¢ calculations performed for this work have provided substantial insights as to the
ung phenomena. From a practical point ut view, however, the most important

conclusion is simple to state: DCH events with the RCS at system pressure are difficult
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!

nat
I ¢

1
1\}\ m

he strategies considered, only containment inerting offers much
Lging about a \..h\u:m;m reduction in the probability of containment
ure &s it would be estimated in a PRA similar to NUREG-1150 (i.e.. a PRA

‘r‘.\i.ui‘r.f assessment of phenomenological uncertainties)
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The other mitigation schemes offer at best moderate reductions in the combined
threat presented by DCH and hydrogen combustion following vessel breach. This
conclusion holds even when combinations of improvements (not involving inerting) are
considered. Improved igniters, containment venting, and a st ibatmospheric
containment all offered some improvement, while reduced ice condenser bypass had
little effect. Operating the air return fans appeared to increase the maximum pressures
calculated somewhat. One possible reason is that fan operation enhances ice n ielting.

'he optimum combination U'h\lu';ff.‘d was improved igniters together with containment

combination
redi Agut the maximum pressures from about 0.7 MPa to about 0.55 MPa, based upon
calculations using the 26-cell deck

venting; in the scenario with a 50% corium participation fraction, this

The reason for the !A:*.‘. ted '\cm"'l’: associated with the various improvements
assessed :\ that an important contributor to the containment pressurization is the large
amount 0 k‘\dr(m’\' n cal h.lk..u.. to be g:,nn.mu, within a h w seconds hx metal-steam
reactions, combined with the tux:‘m;m’! of significant amou

il

ints of this hydrogen to the




oxygen-rich regions of the containment and its subsequent combustion. It is likely that
only improvements which either prevent the generation of this hydrogen or prevent its
subsequent combustion can offer much hope of substantial mitigation. Of the
improvements considered here, only inerting meets this criterion,

Comparisons between the 4-cell, 6-cell, and 26-cell calculations indicated that the
maximum pressures calculated by the 6-cell and 26-cell decks agreed to within 10%,
while the d-cell results showed somewhat larger differences. With some qualifications,
the comparisons support the use of the 6-cell deck for evaluating maximum pressures
during a DCH event. One important finding of the 26-cell calculations was that ice
melt was quite unevenly distributed in the ice condenser. This effect may reduce
somewhat the ability of the ice condenser to mitigate a DCH event, although this
impaired performance has not been rigorously demonstrated.

CONTAIN-DCH calculations in Sequoyah, as well as in several other plants, have
indicated that extreme pressurization of the cavity may develop, with cavity pressures 1
to 4 MPa higher than in adjacent portions of the containment often being calculated.
Although certain limitations of the CONTAIN-DCH modeling may exaggerate this
effect somewhat, the limitations of the model are not large enough to invalidate the
conclusion that the cavity region may pressurize severely during a DCH event. No
mitigation scheme considered in this work significantly affects the degree of cavity
pressurization. The potential implications of cavity pressurization (structural failures,
vessel lifting, effects of altered flow paths on DCH pressurization) require more study.

The calculations performed here were carried out only far enough to assess the
maximum pressures following vessel breach. At the time the calculations were
terminated, there was typically a large amount of unburned hydrogen (of the order of
1000 kg) in the ice condenser and the lower containment, while substantial unreacted
oxygen remained available in the upper containment. The potential for additional
large-scale combustion events therefore still exists. Detailed assessment of whether and
under what conditions such events might occur would be a complex task which is
beyond the scope of the Fresent work. Some information illustrating the nature of the
problem and the types of analysis required is given, however.

Mitigation Strategies Including RCS Depressurization

Partial depressurization of the RCS (to 1.5 MPa in the present analyses) can
reduce the DCH threat in two ways. The first is that corium dispersal from the cavity
may be reduced or possibly even eliminated, and the second is tgat the reduced steam
supply reduces the amou.t of 1ehris-atmosphere thermal and chemical interaction
which can take place. 1uilic calculations considered here, no credit was taken for the
first of these effects and a 50% corium fraction was still assumed. Hence the
calculations of the residual DCH threat in this scendrio may be quite conservative,
more $o than in the analyses for a fully pressurized RCS.

In the NUREG-1150 study, it was judged quite likel{ that various thermally-
induced failures of the RCS boundary would result in at least partial RCS
depressurization even in the absence of any deliberate depressurization strategy.
Qualitatively, the present analysis is applicable to these scenarios also.

Results showed that depressurizing the RCS was of no benefit if measures were not
taken to control hydrogen. Even in the absence of any DCH phenomenology at all,
hydrogen burns could present a severe threat to containment integrity if the large
amounts of hydrogen released prior to VB were allowed to accumulate.
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If power is supplied to the existing igniter system, RCS depressurization does
confer substantial benefits. Maximum pressures are reduced from 0.65-0.7 MPa in the
fully-pressurized case to 0.4-0.5 MPa in the depressurized case with igniters, assuming a
50% corium narticipation fraction in both cases. Installing additional igniters (e.g., in
the ice condenser) does not yield substantial additional reductions in the maximum
gressures. no- does operating the air return fans. With igniters operating, hydrogen

u;tlxs pxéior tc VB present no significant threat to the containment in the cases
analyzed.

Ice depletion prior to vessel breach was substantially larger in this scenario than in
the fully-pressurized scenario; as in the latter, the distribution of ice melting was
calculated to be very uneven when the 26-cell deck was used. With the air return fans
operating, ice was totally depleted well before vessel breach.

Flows through small leakage paths that bypass the ice condenser could have
substantial eff2cts upon containment conditions prior to VB. In one case, modifying
these leakage paths appeared to have a beneficial effect upon the pressurization
occurring after VB. The behavior was sensitive to details of the calculation that were
quite uncertain, however, and no firm conclusions can be drawn concerning the
potential benefits of modifying the bypass flows.

Although the benefits of depressurization combined with power for the igniters are
substantial, containment-threatening loads cannot be absolutely ruled out even in this
scenario. There are substantial phenomenological uncertainties that can affect the
calculation. For example, given certain assumptions, water co-dispersed with the debris
can enhance the DCH loads substantially. Uncertainties in the analysis of the effects of
co-dispersed water are especially large, however.

Detonation Threats

Using the 26-cell deck, potential detonation threats were assessed by comparing
the gas compositions calculated by CONTAIN with available information on the
sensitivity of steam-air-hydrogen mixtures to detonation. No calculations of actual
detonation loads were performed, nor was the effect of detonations upon containment
integrity assessed. It should be emphasized that it is not presently known whether
?q?urrence of a detonation in the ice condenser could actually cause the containment to
ail,

Certain limitations inherent in the CONTAIN calculations need to be kept in mind
in assessing the results. One limitation is that the calculations give no direct indication
as to whether detonable gas pockets might develop on a scale smaller than the
containment nodalization used. Another is that the modeling is insufficiently detailed
to assess detonation threats when hydrogen influx is very rapid, occurring on time scales
of a few seconds or less. Due in part to the latter limitation, detonation threats were
assessed onl{\ up to and at the time of vessel breach; no attempt was made to assess
detonation threats associated with the conditions that develop during a DCH event,

Detonation threats are governed by the gas distributions within the containment,
which are in turn strongly affecxed by the natural convection recircuiation flows. In the
ice condenser, the usual pattern was to concentrate upward flow in the central portions
of the ice condenser. One consequence is that hydrogen concentrations reach
detonable levels in the central regions earlier than they do in the end regions. If the
lower plenum doors are forced open to the point where they do not reclose,
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recirculation flows between the ice condenser anq the lower contaimcnt can
subsequently have a large effect upon conditions in the lower containment aiso.

Perhaps the most striking and consistent feature of the calculations performed is
the tendency for the ice condenser to deveiop highly detonable atmospheric
compositions in the unmodified plant (no igniters operating) for all the cases analyzed.
This was true even thouﬁh the cases considered involved a substantial range in the
postulated behavior of the lower plenum doors and in the sources input to the
containment. Detonable compositions zlso tended to develop in the upper plenum,
although there was more variability there than in the ice condenser itself. If, after being
initially opened, the lower plenum doors remained substantially oFen, recirculation
flows could lead to detonable compositions developing in much of the lower
containment volume; with door reclosure, the lower containment tended to be steam
inert,

The situation is more complex when dedicated power is supplied for the existing
igniter systems. When the igniters in the lower containment are effective, burns
initiating there and propagating into the ice condenser (which lacks igniters) were
generally effective i{wrcvcming dangerous hydrogen concentrations from developing in
the ice condenser, en steam inerting defeated the igniters in the lower containment,
combustion in the ice condenser would not initiate until flammable concentrations were
achieved in the upper plenum, which does contain igniters. By this time, detonable
concentrations hac? sometimes been reached in the ice condenser. Dedicated power
supplies for the air return fans (both trains) resulted in significant benefits, both by
reducing the likelihood that lower-containment igniters would be defeated by steam
inerting, and also by reducing the differences in hydrogen concentrations between the
ice condenser and the upper plenum in those scenarios for which the fans could not
prevent inerting of the lower cont? .nment, Nonetheless, ice condenser detonations
could not be completely ruled out, given the large uncertainties in the sources of steam
and hydrogen entering the lower containment.

Installing additional igniters in the lower plenum was analyzed and was found to be
helpful for the depressurized scenario. However, the strategy was largely defeated by
partial steam inerting of the lower plenum in the fully-pressurized scenario.

Detonation threats in the scenario with intentional RCS depressurization proved
substantially easier to mitigate by providing power to the existing ESF systems (igniters
and fans) than were detonation threats in the fully-pressurized scenario. The reasons
for this difference are due to the differences in the sources input to the containment,
Demonstrating that detonation threats can be controlled by depressurization combined
with powering the existing ESFs would require assessing the uncertainties in the source-
to containment for this scenario, a task outside the scope of the present work.

It is noteworthy that the depressurized scenario was considerably easier to mitigate
despite the fact that the integrated hydrogen source input to the containment prior to
vessel breach is considerably greater than in the fully-pressurized scenario (722 kg vs
307 kg). Within wide limits, t%\c source rates, and the relative timing of the steam and
hydrogen sources, are more important than the total hydrogen released in determining
whether powering the existing ESF systems can control the detonation threats.

The effect of containment venting was considered both with and without fans
operating, with the existing igniters being powered in both cases. Although some
differences in the relevant gas compositions did result, the overall implications for
detonation threats were not great.
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The SCDAP/RELAP calculations of the grglpressurizcd scenario indicated that the
surge line might undergo thermal failure. CONTAIN calculations were performed for
this scenario assuming that existing igniters would be powered. Cases with and without
operating air return fans were analyzed. In neither case did events following the surge
line break result in very dangerous gas compositions developing in the ice condenser.
This result is, however, dependent upon the particular scenario description used as
input, cspecial:y with respect to the 