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February 10, 1994

MEMORANDUM FOR: The Chairman
Commissioner Rogers
Commissioner Remick
Comissioner de Planque

FROM: James M. Taylor
Executive Director for Operations

SUBJECT: DRAFT COMMISSION PAPER, " SOURCE TERM RELATED

TECHNICAL AND LICENSING ISSUES PERTAINING TO
EVOLUTIONARY AND PASSIVE LIGHT-WATER-REACTOR DESIGNS"

The staff has identified several technical and licensing issues pertaining to
the application of the revised accident source terms to evolutionary and
passive light-water reactor designs. These issues are discussed in the
enclosed draft Commission paper, " Source Term Related Technical and Licensing
Issues Pertaining to Evolutionary and Passive Light-Water-Reactor Designs."

The staff proposes to release this draft Commission paper to the public 3 days
after the date of this memorandum. Although certain topics presented in the
enclosed paper are the subject of continuing staff and the Office of the
General Counsel discussions, release of this draft paper will enable effective
interaction with the Advisory Committee on Reactor Safeguards and industry on
these issues.

The staff will forward a final Commissignggfterconsideration of comments. Origina s
James M. Tapor

James M. Taylor
Executive Director

for Operations

Enclosures: As stated

cc: SECY
OGC

OCA
OPA

ACRS

Contact: Frank Congel, NRR
504-1088
Ashok Thadani, NRR
504-2884
Jay Lee, NRR
504-1080
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EQB: The Commissioners

FROM: James M. Taylor
Executive Director for Operations

SUBJECT: SOURCE TERM-RELATED TECHNICAL AND LICENSING
ISSUES PERTAINING TO EVOLUTIONARY AND PASSIVE
LIGHT-WATER-REACTOR DESIGNS

PURPOSE:

To inform the Commission of staff positions pertaining to source term-related
technical and licensing issues, proposed review plan, and departures from
previous practices for evolutionary and passive light-water-reactor (LWR)
design certification reviews.

BACKC900ND:

In SECY-90-016, " Evolutionary Light-Water-Reactor (LWR) Certification Issues
and Their Relationship to Current Regulatory Requirements," the staff
recommended that the Commission approve for evolutionary LWRs, among other
things, that the staff consider any deviations from current methodology used
to calculate 10 CFR Part 100 doses on a case-by-case basis using engineering
judgment, including updated information on source term and equipment
reliability. The Commission approved this recommendation in a staff
requirements memorandum dated June 26, 1990.

Contacts: Frank Congel, NRR
504-1088

Ashok Thadani, NRR
504-2884

Jay Lee, NRR
504-1080
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In SEN 92-127, " Revised Accident Source Terms for Light-Water Nuclear Power
Plants," the staff provided the Commission a draft report (later published as
draft HUREG-1465) describing revised accident source terms for light-water
nuclear power plants to replace those of Technical Information Document (TID)
-14844, published in 1962. The staff also described the process it would use
to finalize the report, including both a public comment and peer review
period. Any specific applications of the new source term prior to the
completion of this process were to be submitted to the Commission for
preliminary review.

In this paper, the staff notes that the review process for NUREG-1465 is
essentially complete and presents its positions on (1) the closure of source
term-related open issues in its FSERs for the EPRI requirements documents for
evolutionary and passive plant designs and (2) the generic implementation of
source term-related issues in evolutionary and passive LWR design
certification reviews. The staff is not requesting a preliminary review by
the Commission of these positions at this time because they are primarily
technical applications of previous Commission policy decisions. The
application of the revised source terms is reactor type and design specific
and, therefore, the final staff positions will be addressed on a design-
specific basis for Commission approval in the staff's final safety evaluation
reports (FSERs) for each evolutionary [Aset Brown Boveri-Combustion
Engineering (ABB-CE) System 80+] and passiva LWR design.

DISCUSSION:

The current reactor accident source terms for fission-product release from the
reactor core into the containment are set forth in Regulatory Guide 1.3,
" Assumptions Used for Evaluating the Potential Radiological Consequences of a
Loss of Coolant Accident for Boiling Water Reactors," and Regulatory Guide
1.4, " Assumptions Used for Evaluating the Potential Radiological Consequences
of a loss of Coolant Accident for Pressurized Water Reactors." These source
terms were derived from TID-14844. The regulatory guide source terms are used
in conjunction with postulated desian-basis accidents (DBAs). Revised reactor
acciden.t srurce terms have been proposed in draft NUREG-1465, " Accident Source
Terms for Light-Water Nuclear Power Plants." These source terms were derived
from examination of a set of accident sequences for current LWR designs and
reflect the current understanding of severe accidents and fission-product
behavior.

Consistent with a previous Commission directive regarding the need to develop
revised accident source terms, the staff is proposing that such source terms
be used primarily in radiological consequence assessments in the following
areas of evolutionary and passive LWR design certification reviews:

(1) equipment qualification
(2) control room habitability
(3) engineered safety features atmosphere cleanup systems
(4) primary containment leak rate
(5) containment isolation (radiolog; cal aspect)
(6) post accident sampling
(7) shielding and vital area access
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In this paper the staff identifies its significant technical positions
relative to the implementation of the revised source terms for evolutionary
and passive LWR designs. These positions are more fully discussed in
Enclosure 1. On the basis of these positions, the staff believes that it can
close out all source term-related open issues in its FSERs for the EPRI
requirements document for evolutionary and passive plant designs and also the
open issues in the evolutionary and passive LWR design reviews. The staff has
not conducted a detailed evaluation of how to apply the revised source term
information to existing plants.

The revised source term is not proposed as a requirement for existing plants.
Preliminary indications are that the revised release estimates, in conjunction
with improved insights on timing and best estimate credit for fission product
removal mechanisms, would not result in more stringent requirements if applied
to existing plants, and may support relaxation of certain present regulatory
requirements, particularly those associated with time of appearance. Because
it reflects our current understanding of source term behavior, the staff plans
to make the revised source term information available to existing licensees
for voluntary proposals to modify current requirements that may be overly
conservative. However, due to the large number of design and operational
areas impacted by the source term and the plant specific nature of these
impacts, the staff has not determined at this time the extent to which these
insights could be implemented for existing plants. The staff is developing an
overall approach to application of NUREG-1465 source term to currently
operating reactors and expects to forward its recommendations to the
Comission within 60 days following the final NUREG-1465 publication.

In Enclosure I, the staff discusses 12 source term-related policy, technical,
and licensing issus s pertaining to either evolutionary LWRs, passive LWRs, or
both. The staff pr 'viously identified all of these issues in SECY-93-087,
" Policy, Technical, and Licensing Issues Pertaining to Evolutionary and
Advanced Light-Water (ALWR) Designs," dated April 2, 1993. Of these 12, the
staff highlights (in Italfes) the 5 most significant issues (Issues 1 through
5) in the following summary discussion.

Draft NUREG-1465. " Accident Source Terms for liaht-Water Nuclear Power Plants"

In SECY-92-127, the staff provided, for the Commission's information, a draft
staff report containing proposed revised accident source terms for light-water
nuclear power plants to replace those of Regulatory Guides 1.3 and 1.4. The I

draft report was issued for public comment in July 1992 as NUREG-1465. Draft |
INUREG-1465 addressed the current understanding of LWR severe accident and

fission-product behavior, including the quantity and chemical forms of fission |
products released into the reactor containment following a severe reactor |

accident as well as fission-product release timing. Since issuing draft j

NUREG-1465, the staff has received more than 200 comments from 20 U.S. and
'

foreign organizations.

The more significant public coments concern (1) the release fractions of the
less volatile and nonvolatile elements such as barium, strontium, and cerium
during the early-in-vessel and ex-vessel release phases, (2) chemical forms of

- _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _
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iodine, and (3) fission-product release timing. The staff's release fractions
of the less volatile and nonvolatile elements are about 10 to 100 times higher
than those proposed by EPRI. Draft NUREG-1465 does not address the expected
amounts of iodine in organic form in the containment following a DBA, while
EPRI specifies 0.15 percent of the core inventory iodine as the organic form.

The staff found in its radiological consequence assessments that the less
volatile and nonvolatile elements play a less significant role, contributing
less than a few percent of the overall radiological consequences resulting
from a DBA, compared to the other major nuclides such as noble gases, iodine,
and cesium. Therefore, the staff believes that the potential revisions to the
release fractions of the less volatile and nonvolatile elements in draft
NUREG-1465, if any, will not materially change the ongoing staff reviews of
the evolutionary and passive LWR designs.

For the chemical forms of iodine, the staff found that iodine in organic form
may contribute significant offsite radiological consequences for the entire
assumed duration of an accident (30 days). As discussed in the Design Basis
Accident Assessment section, the staff proposes to assume in its reviews that
0.25 percent of the core iodine inventory is in organic form and that the
entire organic fraction will be available for leakage from the containment to
the environment following a DBA.

Most of the remaining public comments are largely favorable regarding draft
NUREG-1465. NRC contractors are reviewing the comments received and are
expected to complete the review within the next several months. The staff
expects to issue the final version of NUREG-1465 in 1994. The staff briefed
the Commission on the status of the proposed source term update, including the
discussion of major comments received on the draft NUREG-1465, on August 3,
1993.

Draft NUREG-1465 also contained a section on mechanisms for removing fission
products from the reactor contaiament atmosphere following a severe reactor
accident that was based on the realistic estimates of the natural processes as
used in the NUREG-1150 (" Severe Accident Risks: An Assessment for 5 U.S.
Nuclear Power Plants") analyses. To obtain more comprehensive information on
removal mechanisms to be used in the licensing reviews, the staff is
continuing to explore this area with NRC contractor assistance.

The staff has developed its positions on source term-related issues without
waiting for more comprehensive information so that it can complete its review
of the EPRI requirements documents for evolutionary and passive plant designs
and continue the licensing review of the evolutionary and passive LWR designs
in order to support the integrated review milestones delineated in SECY-93-
097, " Integrated Review Schedules for the Evolutionary and Advanced Light-
Water-Reactor Projects." Because current regulatory guides and the Standard
Review Plan (SRP, NUREG-0800) give no guidance on how to implement the revised
source terms, the staff proposes adopting an interim design-specific approach.

The staff's positions on the source term issues discussed in this paper are
based un NRC contractor findings in NUREG/CR reports, preliminary findings in
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NRC contractor reports, extensive consultation with these contractors, the i

!staff's engineering judgments, and the need to maintain an appropriate margin
of safety

Qgsian-Basis-Accident Assessment

To evaluate the evolutionary and passive LWR submittals, the staff will
utilize the current insights from source term research as described in draft
NUREG-1465 regarding fission-product releases into the containment. In
determining the effects of such removal mechanisms as sprays, filters,
plateout, and aerosol deposition, the staff will use the best available
information, including engineering judgment, for the applicable parameters.

The use of physically based source terms as described in draft NUREG-1465
constitutes a major departure from the use of the current regulatory guide
source terms. The proposed source terms lead to a qualitatively different
fission-product distribution, which is a result of (1) physically based
composition, release timing, and rate of releases and (2) inclusion of removal
mechanisms based on natural processes.

In Enclosure 2, the staff presents the revised source terms to be used in
conjunction with DBAs for reviewing evolutionary and passive LWR designs,
including their release timing as well as duration for boiling-water reactors
(BWRs) (Table 1) and for pressurized-water reactors (PWRs) (Table 2). The
information in these tables, taken from draft NUREG-1465, may be reviseo when
NUREG-1465 is issued in final form. The staff does not expect that any
revision will materially change its evaluation or conclusions pertaining to
these designs.

The staff-proposed source term release fractions (magnitudes) in draft NUREG-
1465 are compared to those of the regulatory guides in Tables 3 and 4 of
Enclosure 2. The staff proposes to use only the gap release and the early in-
vessel release for design-basis calculations for the evolutionary and passive
LWR designs. These source terms encompass a broad range of accident
scenarios, including significant levels of core damage with the core remaining
in the vessel. These would be the most severe scenarios from which the plant
could be expected to return to a safe shutdown condition. Tables 3 and 4 in
Enclosure 2 show that the draft NUREG-1465 release fractions associated with
these releases are generally comparable to those of TID-14844.

The staff considers the inclusion of the ex-vessel and late in-vessel source
terms to be unduly conservative for DBA purposes. Such releases would only
result from core damage accidents with vessel failure and core-concrete
interactions. For evolutionary and passive LWRs, the estimated frequencies of
such scenarios are low enough that they need not be considered credible for
the purpose of meeting 10 CFR Part 100.

On the basis of a comparison of the gap and in-vessel releases (excluding ex-
vessel releases), the staff finds that the quantities of noble gases and
radioiodines are in reasonable agreement, while the proposed new source terms
include substantially more of the low volatility solids. For the regulatory
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guide source terms, the staff assumed that the fraction of these solids'

released represents less than 1 percent of the activity available for release,
while the revised source terms show significantly larger release fractions for
these materials. The important differences are that the proposed new source
terms are (1) released over a period of 1.8 (PWR) to 2.5 hours (BWR), rather
than instantaneously, and (2) virtually free of the hard-to-remove organic
radiciodine. Draft NUREG-1465 did not address organic radiciodine, but the
staff believes that the existence of a small amount of organic radioiodine
cannot be excluded.

In radiological assessments of DBAs for evolutionary and passive light-water
reactor designs, the staff will:t

Selectively use the source terms given in draft NUREG-1465 using only " GAP
RELEASE" and "EARLY IN-VESSEL RELEASE" (excluding "EX-VESSEL RELEASE" and
" LATE IN-VESSEL RELEASE" associated with vessel failure, and core-concrete
interaction) in evaluating radiological consequences for DBAs, in evaluating
the DBA radiation environmental qualification of electrical and mechanical;
equipment important to safety, and in evaluating Three Mile Island-related
requirements (Issue 1 for System 80+, A?600, and the Simplified BWR'(SBWR)).

Use the chemical forms of lodine of at least 95 percent cesium iodine as
stated in draft NUREG-1465 with 4.75 percent of elemental iodine and hydrogen,

iodide and 0.25 percent organic fodide (instead of 5 percent elemental fodine
and hydrogen iodide as stated in draft NUREG-1465) (Issue 2 for' System 80+,
AP600, and SBWR).

Severe Accident Assessment

The staff recognizes that the new source terms have implications for severe
accidents as well. The staff's resolution of severe accident issues is based
on the inclusion of specific design features to provide assurance of
containment integrity for approximately 24 hours following the onset of core
damage. Part of the basis for the 24-hour criterion is the fact that ' natural
fission ~ product renoval mechanism: can significantly reduce the suspended
aerosol source terms present in the containment within this time' period.

Anothar aspect of the resolution of severe accident issues is the requirement <

that reasonable assurance exist that equipment needed for severe accident
mitigatim and sampling will survive in the severe accident environment. This
is an issu9 raised to the. Commission in.SECY-90-016 and SECY-93-087 and
approved in staff requirements memoranda dated June 26, 1990, and July 21,
1993. It is- the responsibility of the applicant'to demonstrate that all such
equipment can survive the radiation environment following a severe accident.
As discussed in Enclosure 1, the . staff believes that the desian-basis source
terms described above may not represent reasonable surrogates for the
environmental conditions in a severe accident. For a severe accident, the I

applicant should include the contribution of fission products that may be j

released ex-vessel. For those reactors that have a reliable ex-vessel
l

|

1
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flooding mechanism for the core debris, this contribution will be
significantly reduced by aerosol scrubbing.

In radiological assessments of equipment survivability as a result of a severe
reactor accident, the staff will require that the equipment and features
needed for severe accident prevention, mitigation, and sampilng be designed to
provide a reasonable level of confidence that they will operate in a severe
accident environment. This environment would include the ex-vessel release,
with proper credit for design features to mitigate that release, and the late
in-vessel release in addition to the releases for a DBA (Issue 3 for System
80+, AP600, and SBWR).

Finally, the probabilistic safety assessment (PSA) for each advanced reactor
includes an evaluation of the dose consequences associated with a variety of
core melt scenarios and containment failure modes. These calculations were
performed with the most current understanding of source term behavior. While
these assessments cenarally contain some discussion of uncertainties in
fission-product behavioi, they do not include any explicit provision for
conservatism. As is generally the case in PSAs, these calculations are done
on a best-estimate basis.

Desian-Soecific Reviews and Staff Positions

The staff is reviewing the four advanced reactor designs submitted under 10
CFR Part 52: the General Electric (GE) advanced boiling water reactor (ABWR),
the Asea Brown Boveri Combustion Engineering (ABB-CE) System 80+, the
Westinghouse AP600 and the GE SBWR.

ABB-CE initially proposed to use the TID-14844 source terms. However, it
subsequently submitted to the staff an amendment to its standard safety
analysis report (SSAR) ir.:.orporating the revised accident source terms as
described in draft NUREG-1465.

The System 80+ design provides the same mitigating features for the
radiological consequences resulting from a DBA as those provided for the
currently operating PWRs (containment spray, engineered safety features (ESF)
filtration, etc.), except that safety-grade charcoal adsorbers are not
provided. ABB-CE has assumed that the iodine chemical form mainly consists of
cesium iodide in particulate form (more than 95 percent). Therefore, the
design reliescon two high-efficiency particulate air filters (in series) in
the ESF filtration system to remove iodine in particulate form with a removal
efficiency that is greater than 95 percent. The staff's preliminary review
using its positions discussed in this Commission paper showed that the System
80+ design will meet the dose reference values given in 10 CFR Part 100 and
the control room operator dose limits given in 10 CFR Part 50.

For the AP600 design, Westinghouse proposed the same accident source terms as
those proposed by EPRI for passive plants. The AP600 design provides neither
an ESF filtration (e.g., charcoal adsorbers) nor a containment spray system.
In SECY-93-087 (Item Ill.F, Radionuclide Attenuation), the staff informed the
Commission that it is still evaluating the need for a containment spray system
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for the passive plant designs. Unlike the current generation of operating
PWRs, the AP600 design does not include containment sprays. The staff will
review the AP600 radiological consequence assessment to dttermine if the dose
reference values in 10 CFR Part 100 and the control room operator dose
criteria of General Design Criterion 19 of Appendix A to 10 CFR Part 50 can be
met without a containment sprey system. That determination will involve
evaluation of aerosol removal rates by containment spray, natural deposition,
containment leak rates, and pest-accident pH control. This issue is addressed
in more detail as Issue 9 in inclosure 1.

GE demonstrated in its SSAR that the ABWR design will meet the offsite dose
reference values given in 10 CFR Part 100 using the current T10-14844 source
terms. The staff reviewed the ABWR design and performed an independent
analysis of the radiological consequences resulting from a postulated DBA and
concluded in the FSER that the ABWR design will meet the dose reference values
given in 10 CFR Part 100. In its review, the staff accepted the ABWR design
without a main steam leakage control system (LCS) that is designed to process
main steam leakage through main steam isolation valves following a DBA. The
staff also allowed a credit for removal of radioactive iodine in main steam
leakage by holdup and plateout in the main steam piping and condenser
following a DBA. As discussed in Enclosure 1, these deviations from the
provisions of Regulatory Guide 1.96, " Design of Main Steam Isolation Valve
Leakage Control Systems for Boiling Water Reactor Nuclear Power Plants," and
the principle of not allowing credit for non-seismically qualified systems are
based on the conclusion that these systems are expected to retain sufficient
structural integrity to remain effective for fission-product holdup and
plateout throughout a DBA.

The staff will accept the passive BWR plant design without a LCS and allow an
appropriate credit for iodine removal in the main steamline and condenser
following a DBA (Issue 4 - for SBWR).

In its SBWR design, GE initially proposed the same accident source terms as
those published in NUREG-1465, but recently amended its SSAR to reflect the
EPRI accident source terms. The SBWR design provides non-safety-grade
containment spray systems without an ESF filtration system. This reduction of
safety margin for mitigating radiological consequences may be compensated for
by the secondary containment (" safety envelope") design. The safety envelope
is a reinforced-concrete structure within the reactor building that fore an
envelope completely surrounding the primary containment. It is designed to be
:apable of periodic testing to ensure its intended performance. The design
also relies on lower core power density (lower reactor power) and slower and
delayed releases of fission products into the containment. |

!

1

|
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The staff will allow appropriate credit for the SBWR safety envelope based on
fission-product holdup and decay within this envelope if (1) the vendor
specifies that the secondary containment leakage and mixing performance be
consistent with the values used by the staff in its radiological assessment
and (2) the COL combined ifcense applicant incorporates the secondary
containment leakage value specified by the vendor into the plant-specific
technical specifications (Issue 5 - for SBWR).

The staff has essentially completed its review of source term-related issues
in the EPRI requirements documents for evolutionary and passive plant designs
and in the System 80+ design. It is reviewing the AP600 and SBWR designs.
Its positions presented in this paper will form a basis for closing of all
source term-related open issues associated with these three designs. The
staff does not expect that the publication of NUREG-1465 in final form will
materially change its evaluation or conclusions pertaining to these designs.

Marains of Conservatism

The use of the revised source term information is an important departure from
previous practice. The new approach which generally yields lower estimates of
fission product releases to the environment, will employ a physically-based
source term based on substantial research and experience gained over two
decades. The TID-14844 non-mechanistic methodology intentionally employed
conservative assumptions which were intendec' to ensure that future plants
would provide sufficient safety margins even with the recognized uncertainties
associated with accident sequences and equipment reliability. While the TID-
14844 source term has served its intended purpose, research started prior to
the Three Mile Island Accident provides substantial information on plant
behavior under accident conditions. The results of this research are
summarized in draft NUREG-1465.

The staff believes that accident research insights and information provided in
draft NUREG-1465 and this paper provide a sound, contemporary basis for
reactor accident mitigation system designs. While the new information may
lead to relaxation in some aspects of the design, it also provides safety
benefits by removing unrealistically stringent testing requirements. For
example, the TID-14844 source term specifies the instantaneous release of
fission-products into the primary containment while reactor accident research
insights indicate that releases occur over a period of hours. This change,
when used as a partial basis for less stringent closure requirements for fast-
acting isolation valves, could result in enhanced reliability and integrity of
these valves. Another example includes giving credit for fission-product
plateout in the ABWR main steamlines and condenser when no credit has
previously been given. This is based on our improved understanding of iodine
transport mechanisms and iodine behavior from the revised accident source term
research insights. The credit for fission-product plateout in the main
steamlines and condenser could also result in enhanced reliability and
integrity of the main steam isolation valves, by allowing the staff to use its
higher leak rates and less stringent closure requirements.
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The NUREG-1465 accident research insights strongly link the revised iodine
chemical forms discussed in this paper with the ability to control in-
containment pH > 7.0 during the course of an accident. If the proposed plant
design features provide for adequate pH control based on a consideration of
the various sources of acid additions that could occur during the course of an
accident, the staff will not need to consider re-evolution of elemental
iodine. Accordingly, there will not be a need to consider accident mitigation
features such as containment sprays and charcoal adsorbers. If, however, a
particular design does not provide adequate pH control, the staff will require
the addition of non-safety grade charcoal adsorbers or a containment spray
system.

With considerations such as those described above, the staff believes that the
use of the new source terms provides a reasonable basis for establishing
acceptable designs.

SUMMARY:

The methodology for implementing the revised source terms gives credit for
improved understanding of fission product release timing resulting from
accident research as well as more realistic estimates of reductions in the
magnitude of potential fission-product releases from containment. These
changes will result in reduced requirements for mitigation systems. The staff
recognizes this effect and believes that it is justified on the basis of the
improved understanding of fission-product behavior. The revised source terms
will provide the staff with adequate technical bases for ensuring that safety
margin is maintained.

The staff presents its positions on 12 source term-related issues in Enclosure
1. The establishment of staff positions in these areas provides the basis for
the staff to: (1) close out all source term-related open issues in the
staff's FSERs for the EPRI requirements documents for evolutionary and passive
plant designs, (2) complete the ABB-CE System 80+ design certification review,
and (3) proceed with its review of the Westinghouse AP600 and the GE SBWR
designs.

COORDINATION:

The Office of the General Counsel has reviewed this paper and has no legal
objection. This paper will be discussed with the Advisory Committee on



4

'

.,

DRA~
The Commissioners 11

Reactor Safeguards. The staff intends to place a copy of this paper in the
Public Document Room three working days from the date of this paper.

James H. Taylor
Executive Director

for Operations

Enclosures:
1. Source Term-Related Policy, Technical, and

Licensing Issues Pertaining to Evolutionary
and Advanced Light-Water-Reactor Designs

2. Proposed Reactor Accident Source Terms

;

I
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ENCLOSURE 1

SOURCE TERM-RELATED POLICY. TECHNICAL.

AND LICENSING _ ISSUES PERTAINING TO EVOLUTIONARY

MD._ PASSIVE LIGriT-WATER-REACTOR DESIMS

ISSUE 1: Selecthe Use of Accident Source Terms Given in Draft NUREG-1465
(for System 80+, AP600, and SBWR).

;

In SECY-90-016, the staff recommended to the Commission that it approve staff
consideration of deviations from current methodology used to calculate 10 CFR
Part 100 doses on a case-by-case basis using engineering judgment and updated
information on source terms and equipment reliability for the evolutionary
plant designs. The Commission approved this recommendation in a staff
requirements memorandum of June 26, 1990. This section of the Commission
paper describes such deviations to selectively use the fission-product release
fractions described in NUREG-1465 for radiological consequence assessments of
design-basis accidents for the evolutionary and passive light-water-reactor
designs.

Present regulations (10 CFR Part 100) require that a fission-product release
from the reactor core into the containment as a result of a reactor accident
be postulated and that its radiological consequences at the exclusion area
boundary and low population zone outer radius be evaluated assuming the
" expected demonstrable leak rate" from the containment and the meteorological
conditions pertinent to the reactor site, with the implicit assumption that
the containment remains intact against the maximum credible accident.
Footnote 1 to 10 CFR Part 100 states that the fission-product release to be
assumed for Part 100 dose calculations should be " based on a major
accident...that would result in potential hazards not exceeded by those from
any accident. considered credible. Such accidents have generally been assumed
to result in substantial meltdown of the core with subsequent release of
appreciable quantities of fission products."

The current source terms are specified in Regulatory Guide 1.3, " Assumptions
Used for Evaluating the Potential Radiological Consequences of a loss of
Coolant Accident for Boiling Water Reactors," and Regulatory Guide 1.4,
" Assumptions Used for Evaluating the Potential Radiological Consequences of a-

Loss of Coolant for Pressurized Water Reactors." The source terms were
derived from Technical Information Document (TID)-14844, " Calculation of
Distance Factors for Power and Test Reactor Sites." Although the staff
considered the consequences of. fission-product release into the containment to
represent the bounding reactor accident in terms of credibility, it also
evaluated.other accident types to verify that.these did not result in greater l
consequences. This practice led the staff eventually to develop and consider I
a group of accidents, referred to as " design-basis accidents (DBAs)." |

The DBAs routinely evaluated by the staff as part of the license review
include (1) loss-of-coolant accident (LOCA), (2) fuel handling accident, (3)
steam generator tube rupture. accident (PWR), (4) main steamline break outside ;

1
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the containment, (5) control rod drop accident (BWR), (6) control rod ejection
accident (PWR), (7) failure of small lines carrying primary coolant outside
the containment, and (8) spent fuel cask drop accident. The staff used the
calculated radiological consequences resulting from these DBAs to ensure that
the distances to the exclusion area boundary and the outer radius of the low
population zone for a nuclear power plant, in conjunction with the operation
of the dose-mitigating engineered safety features (ESF) systems, are
sufficient to provide reasonable assurance that the dose reference values in
10 CFR Part 100 will not be exceeded.

For environmental qualification of electrical equipment,10 CFR 50.49 states
that safety-related electrical equipment, certain non-safety-related
electrical equipment, and certain post accident monitoring equipment should
remain functional during and following design-basis events. Design-basis
events are further defined as conditions of normal operation, including
anticipated operational occurrences, DBAs, external events, and natural
phenomena that the plant must be designed and built to withstand.

In Regulatory Guide 1.89 (Revision 1), " Environmental Qualification of Certain
Electrical Equipment Important to Safety for Nuclear Power Plants" (June
1984), the staff assumes the TID-14844 source term for determining the
radiation environment for qualification of electrical equipment important to
safety and for calculating the time integrated radiation doses in the
containment and at a point just above the containment sump.

For additional Three Mile Island (TMI)-related requirements, 10 CFR 50.34
refers to the TID-14844 source term (1) to perform radiation and shielding
design review, (2) to assess post accident sampling capability, (3) to assess
the system design for leakage control and detection outside the containment,
and (4) to evaluate control room habitability under accident conditions.

Draft NUREG-1465 lis.s five fission-product release phases of a severe LWR
accident: (1) coolant a:tivity release, (2) gap activity release, (3) early
in-vessel release, (4) ex-vessel release, and (5) late in-vessel release. The
coolant activity release phase begins with a postulated pipe rupture and ends
when the first fuel rod has been estimated to fail. During this phase, the
fission products released to the containment atmosphere are those associated
with radioactive material in the reactor primary coolant during normal plant
operation. Draft NUREG-1465 does not specify fission-product releases to the
containment during this phase, since the amounts of the fission products
released are small compared with later release phases. The gap activity
release phase begins when fuel cladding failure comences and ends when the
fuel starts to melt. This phase involves the release of that radioactive
material that has collected in the gap between the fuel pellet and cladding.

The early in-vessel release phase begins when fuel and other materials melt
and fall to the bottom of the reactor pressure vessel. During this phase,
significant quantities of the volatile radionuclides in the core inventory, as
well as some of the less volatile radionuclides, are estimated to be released
into the containment. This release phase ends when the bottom head of the
reactor pressure vessel fails, allowing molten core debris to fall onto the
concrete below the reactor pressure vessel.

___ __ ______ --.
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The ex-vessel release phase begins when the molten core debris exits the I
reactor pressure vessel and the core-concrete interaction takes place. This
phase ends when the debris has cooled sufficiently so that significant
quantities of fission products are no longer being released. During this
phase, significant quantities of the volatile radionuclides not already
released during the early in-vessel phase as well as lesser quantities of
nonvolatile radionuclides are released into the containment. Finally, the i

late in-vessel release phase commences at vessel breach and proceeds
simultaneously with the ex-vessel release phase.

The staff proposes to use only the gap release and the early in-vessel release
for design-basis calculations for the evolutionary and passive LWR designs.
These source terms encompass a broad range of accident scenarios, including
significant levels of core damage with the core remaining in the vessel.
These would be the most severe scenarios from which the plant could be
expected to return to a safe shutdown condition. Tables 3 and 4 in
Enclosure 2 show that the draft NUREG-1465 release fractions associated with
these releases are generally comparable to those of TID-14844.

The staff considers the inclusion of the ex-vessel and late in-vessel source
terms to be unduly conservative for DBA purposes. Such releases would only
result from core damage accidents with vessel failure and core-concrete
interactions. For evolutionary and passive LWRs, the estimated frequencies of
such scenarios are low enough that they need not be considered credible for
the purpose of meeting 10 CFR Part 100.

Tables 1 and 2 of Enclosure 2 list the proposed fission-product release
fractions of core inventory into the containment, includirg their release
timing and duration. The numerical values in these tables, taken from draft
NUREG-1465, may be revised when NUREG-1465 is issued in final form. However,
the staff does not expect that the publication of NUREG-lW5 in final form
will materially change its evaluation or conclusions pertaining to these
designs.

The staff has addressed issue 1 by selectively using the source terms given in
draft NUREG-1465 using only " GAP RELEASE" and "EARLY IN-VESSEL RELEASE"
(excluding "EX-VESSEL RELEASE" and " LATE IN-VESSEL RELEASE" associated with
vessel failure, and core-concrete interaction) in evaluating radiological
consequences for DBAs, in evaluating the DBA radiation environmental
qualification of electrical and mechanical equipment important to safety, and
in evaluating THI-related requirements (for System 80+, AP600, and SBWR).

ISSUE 2: Iodine Chemical Form (for System 80+, AP600, and SBWR)

Regulatory Guides 1.3 and 1.4 specify that fission-product releases into the
containment consist of 100 percent of the core inventory of noble gases and 50
percent of iodines (half of which are assumed to deposit on interior surfaces
of the containment very rapidly). The iodine chemical form is specified to be
predominantly elemental iodine (91 percent), with 5 percent assumed to be
particulate iodine and the remaining 4 percent assumed to be in the organic
form. The 1 percent of " solid" fission products included in TID-14844 was
dropped from consideration in Regulatory Guides 1.3 and 1.4.
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In draft NUREG-1465, the staff concluded that iodine entering the containment
from the reactor corc is composed of at least 95 percent cesium iodide (CsI) :

with no more thw 5 percent of iodine (I) and hydrogen iodide (HI). Once
within the containment, highly soluble cesium iodide will readily dissolve in
water pools forming iodide (I') in solution and deposit onto the interior
surfaces. The staff also stated in draft NUREG-1465 that the radiation-
induced conversion of iodide (I') in water into elemental iodine (1 ) 152

strongly dependent on the pH. The staff indicated that without pH control,
large fra;tions of iodine dissolved in water pools in ionic form will be
converted to elemental iodine and will be released into the containment
atmosphere if the pH is less than 7. On the other hand, if the pH is
maintained above 7, very little (less than 1 percent) of the dissolved iodine
will be converted to elemental iodine. The EPRI requirements documents for
evolutionary and passive plant designs and all evolutionary and passive LWR
vendors require that the pH of the water in the containment be maintained
above 7 (alkaline state) for the entire duration of the accident to minimize
the formation of elemental iodine in the containment water in order to reduce
the subsequent release of iodine into the containment atmosphere. The staff
agrees with this requirement.

In draft NUREG-1465, the staff did not address the formation of organic iodide
in the containment following an accident. It realizes, however, that organic
iodide can be produced primarily by the reaction of elemental iodine with
organic materials present in the containment. The staff estimates that no
more than 5 percent of the airborne elemental iodine will be converted into
organic species. This amount of organic iodide would thus correspond to about
0.25 percent of the core iodine inventory (i.e., 5 percent of 5 percent is
0.25 percent). Final NUREG-1465 will address this issue.

EPRI proposed the use of 0.15 percent organic iodide based on 3 percent
conversion of elemental iodine to organic iodine (i.e., 5 percent of 3 percent
is 0.15 percent). Information from studies by NRC contractors documented in
NUREG/CR-4461,- 5732, and- 5950 indicates that iodine and hydrogen iodide may
exceed 3 percent. In addition, the staff found in its radiological
consequence assessment that iodine in organic form represents a significant
offsite dose because no removal mechanisms are available for the organic form
of iodine other than decay and passive deposition within the containment.

The staff has addressed Issue 2 by partitioning radiolodine chemical forms as
follows: 95 percent cesium iodide (Csi, or I* in the aqueous phase); 4.75
percent elemental lodine (I,), and 0.25 percent as organic fodide (e.g.,
CH1). The latter two values will be used in preference to a single value of j

3
5 percent I, recomended in draf t NUREG-1465. These values for the lodine 1

chemical form will be used in the Systen 80+, AP600, and SBWR reviews.

I

l

l
- _ _ _ _
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The evolutionary and passive LWR vendors have stated that they will use the
staff's proposed values until final NUREG-1465 is published. The staff will
use these chemical forms in evaluating the containment spray removal
efficiencies, BWR suppression pool decontamination factors, passive deposition
of fission products in the containment, control room habitability, and
engineered safety features (ESF) filtration systems in its evolutionary and
passive LWR design reviews. The application of these chemical forms in each
evolutionary and passive LWR design review will be discussed in the staff's
forthcoming safety evaluation reports.

ISSUE 3: Equipment Survivability for Design Features Needed for Severe
Accident Mitigation and Containment Integrity (for System 80+, AP600, and
SBWR).

As the staff concluded in SECY-90-016, the equipment and features provided for
preventing and mitigating severe reactor accidents need not be subject to the
rigorous 10 CFR 50.49 environmental qualification requirements. However,
mitigation features and sampling systems for severe reactor accidents must be
designed to provide a reasonable level of confidence that they will survive
the severe accident environment for which they are intended and be able to
operate over the timespan for which they are needed.

For the purpose of radiological assessments, the staff proposes to define the
DBA radiation environment as that resulting from fission-product releases from
coolant activity release, gap release, and in-vessel release. The staff is
also defining the severe reactor accident radiation environment as that
resulting from the above fission-product releases plus ex-vessel release and
late-in-vessel release that are associated with vessel failure and core-
concrete interaction.

If safety-related equipment is relied on to cope with severe accident
situations, there should also be a reasonable level of confidence that this
equipment will survive the severe accident environment, including radiation,
for the period that it is needed to perform its intended function. The staff
will evaluate the evolutionary and passive LWR vendors' identification of such
equipment and features, their intended functions, location, and arrangement, ,

shielding, and the period during which they are needed to perform on a case- !

1by-case basis.

for issues related to severe accidents, such as the survivability of equipment
needed for severe accident mitigation and sampling, the staff believes that ,

the ex-vessel and late in-vessel releases can represent an important part of i

the source terms. However, for those evolutionary and passive designs that |
include reliable ex-vessel flooding mechanisms for the core debris, the ex- ;

vessel contribution may be significantly reduced by aerosol scrubbing. i

The staff will address this part of issue 3 by requiring that equipment and
features needed for severe accident prevention, mitigation, and sampilng be
designed to provide a reasonable level of confidence that they will operate in
a severe accident environment. This environment would include the ex-vessel
release, with proper credit for features to mitigate that release, and the
late in-vessel release (for System 80+, AP600, and SBWR).

- _ - - - _ _ _ - - - _ _ _ _ _ _ _ _ _ - - _ _ _
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ISSUE 4: Radioactive Iodine Deposition on BWR Hain Steamlines and Condensers
(for SBWR).

The main steamlines in BWR plants, including the ABWR and SBWR, contain dual
quick-closing main steam isolation valves (MSIVs). These valves function to
isolate the reactor system in the event of a break in a steamline outside the
primary containment, a design-basis LOCA, or other events requiring
containment isolation. Although the HSIVs are designed to provide a leaktight
barrier, it is recognized that some of the valves will leak. Operating
experience has indicated that the leaktightness of MSIVs has occasionally
degraded and the leakage limits in the technical specifications have not
always been maintained.

When calculating offsite consequences of potential accidents, the staff
conservatively assumed that radioactive material passing through the HSIV at
its technical specifications leakage limit is released directly into the
environment. No credit was given for the integrity and leaktightness of the
main steam piping and condenser to provide holdup and plateout of fission
products.

Because of recurring problems with excessive leakage of MSIVs, the staff
recommended in Regulatory Guide 1.96, " Design of Hain Steam Isolation Valve
Leakage Control Systems for Boiling Water Reactor Nuclear Power Plants,"
installation of a supplemental leakage control system (LCS) to ensure that the
isolation function of the HSIVs is in accord with the specified limits. Most
of the operating BWRs have an LCS.

In response to the HSIV leakage concerns, the BWR Owners Group commissioned a
program of studies to determine the causes of high leak rates and the means to
eliminate them. The results of these studies were submitted to the staff in
General Electric (GE) proprietary reports, NED0-31643P (November 1988) and
NED0-31858P (February 1991), both entitled " Increasing Main Steam Isolation
Valve Leakage Rate Limits and Elimination of Leakage Control Systems."

EPRI and GE referenced these reports in the requirements documents and the
ABWR and SBWR standard safety analysis reports (SSARs), respectively, as the

uesting a substantially hi
basis for not providing ag' lgs and for reg /hr) rather than 3.5 x 10',ghgr HSIVeak rate (1.1 x 10 m /sec (140 ft m /sec
total j/hr)] than the typically allowed limit for operating BWRs.(45 ft In
addition, GE claimed in the ABWR and SBWR SSARs, that elemental and
particulate iodine will deposit on the main steamlines (HSLs) and condenser, ,

thus mitigating the radiological consequences of an accident. The basis for i
GE's claim was contained in a model developed for this purpose and documented J
in the referenced NEDO reports. |

|

Following a LOCA, three potential release pathways exist for main steam |

leakage through the HSIVs:

(1) main steam drainlines to the condenser with delayed release to the i

environment through the low-pressure turbine seals

|

l

|
1

j
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(2) turbine bypass lines to the condenser with delayed release to the
environment through the low-pressure turbine seals

(3) main steamline turbine stop and control valves through the high-pressure
turbine seals to the environment bypassing the condenser

The consequences of leakage from pathways 1 and 2 will be essentially the same
because the condenser can be used to process MSIV leakage. The iodine removal
efficiency of the condenser will vary depending on the inlet location of the
by.nass or drainline piping, but in either case, iodine will be removed. For
pathway 3, MSIV leakage through the closed turbine stop and control valves
will not be processed via the condenser. For this case, the high-pressure
turbine (having a large internal surface area associated with the turbine
blades) will remove iodine.

The staff believes that as long as either the turbine bypass or drainline
leakage pathway is available, MSIV leakage through the closed turbine stop and
control valves (pathway 3) will be negligible. Essentially all of the

releases will be through the main condenser because there will be no
differential pressure in the MSL downstream of the HSIVs following the closure
of the valves.

Furthermore, MSIV leakage through pathway 3, if any, will have been subjected
to the same iodine-removal processes in the MSLs (up to turbine stop valves)
as those in the other pathways. The leakage will be further subjected to
iodine removal by deposition in the high-pressure turbine internal surfaces.
Removal by the main condenser is not applicable in pathway 3.

Basic principles of chemistry and physics predict that gaseous iodine and
airborne iodine particulate material will deposit on surfaces. Several
laboratory and in-plant studies have demonstrated that gaseous iodine will be
deposited by chemical adsorption, and particulate iodine will be deposited
through a combination of sedimentation, molecular diffusion, turbulent
diffusion, and impaction. The transport of gaseous iodine in elemental and
particulate forms also has been studied for many years, and several groups
have proposed different models to describe the observed phenomena.

The staff has developed a model that treats the MSIV leakage pathway as a
sequence of small segments for which instantaneous and homogeneous mixing is
conservatively assumed; the mixing computed for each segment is passed along
as input to the next segment. The number of segments depends on the
parameters of the line and flow rate and can be as many as 100,000 for a long,
large-diameter pipe and a low flow rate. Each line segment is divided into
five compartments that represent the concentrations of the three airborne
iodine species, the surface that contains iodine available for resuspension,
and surface iodine that has reacted and is fixed on the surface.

The staff's model considers three iodine species: elemental, particulate, and
organic. A fourth species, hypoiodous acid, was considered for the purpose of
the staff's model to be a form of elemental iodine. All iodine in the segment
undergoes radioactive decay. The resulting concentration from each segment of
the deposition compartment serves as the input to the next segment. The
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technical references indicate that particulate and elemental iodine would be
expected to deposit on surfaces with rates of deposition varying with
temperature, pressure, gas composition, surface material, and particulate
size. Therefore, the staff believes that an appropriate credit for the
removal of iodine in the HSLs and main condensers should be provided in the
radiological consequence assessment following a design-basis accident.

In the review of the ABWR design, the staff accepted GE's proposed elimination
of the LCS and allowed a higher MSIV leakage rate providing an appropriate
credit for the removal of iodine in the MSLs and condenser. The staff gave a
detailed technical evaluation in the ABWR draft final safety evaluation report
(DFSER). Even though the staff used the TID-14844 source terms (mostly
elemental iodine) for the ABWR design, as proposed by GE, the staff's model is
also applicable for the NUREG-1465 source terms (mostly iodine in particulate
forms as aerosol).

The GE model, as well as the one used by the staff, is based on time-dependent
temperature adsorption phenomena with instantaneous and perfect mixing in a
given volume. Both models use the same MSIV leakage pathways. They differ,
however, in the treatment of buildup of iodine in the MSLs and condenser. GE

assumed steady-state iodine in equilibrium in a large volume, while the staff
assumed transient buildup of iodine in a finite number of small volumes. The
staff does not consider these differences to be significant and finds that the
resulting radiological consequences (offsite doses) are in good agreement. It

therefore finds the GE model to be acceptable.

Sections III(c) and VI of Appendix A to 10 CFR Part 100 require that
structures, systems, and components necessary to ensure the capability to
mitigate the radiological consequences of accidents that could result in
exposures comparable to the dose guidelines of Part 100 be designed to remain
functional during and after a safe shutdown earthquake (SSE). Thus, the MSL,
portions of its associated piping, and the main condenser are required to
remain functional if credit is taken for deposition of iodine and if the SSE
occurs. Consequently, the staff's past practice has been to classify these
components as safety related and seismic Category I. In addition, Appendix A
to 10 CFR Part 100 requires that the engineering method used to ensure that
the safety functions are maintained during and after an SSE involve the use of
either a suitable dynamic analysis or a suitable qualification test.

In Section II.E, " Classification of Main Steamlines in Boiling Water
Reactors," of SECY-93-087, the staff stated that the classification of the MSL
in the turbine building as non-seismic Category I is needed for consistency
with the classification of the turbine building. On this basis, the quality ;

and safety requirements imposed on the MSL from the outmost isolation valve up
to, but not including, the turbine stop valve are equivalent to the staff
guidelines in Appendix A to SRP Section 3.2.2, " System Quality Group
Classification," and Regulatory Guide 1.29, " Seismic Design Classification."

In SECY-93-087 (Item II.E), the staff proposed for Commission approval, among
other things, that (1) neither the main steam drain and bypass lines from the
first valve up to the condenser inlet nor the piping between the turbine stop
valve and the turbine inlet be classified as safety related or as seismic

__ . _ - - _ _ ___ - _ _ - _ _ _ -
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Category 1; rather, these lines should be analyzed using a dynamic seismic
analysis to demonstrate structural integrity under SSE loading conditions; and
(2) the turbine stop, control, and bypass valves and the MSLs from the turbine
control valves to the turbine meet all of the quality group and quality
assurance guidelines specified in Appendix A to SRP Section 3.2.2; and (3)
seismic analyses be performed to ensure that the condenser anchorages and the
piping inlet nozzle to the condenser are capable of maintaining their
structural integrity during and after the SSE. The staff concluded in SECY-
93-087 that the above-described appruach provides reasonable assurance that
the main steam piping from the outmost isolation valve up to the turbine stop
valve, the main steam drain and bypass lines up to the condenser, and the main
condenser will retain their pressure and structural integrity during and
following SSE. The Comission approved the above staff proposals in its staff
requirements memorandum of July 21, 1993.

In its review of the ABWR design, the staff concluded in the FSER that the
ABWR design provides reasonable assurance that the main steam piping from the
outmost isolation valve up to the turbine stop valve, the HSIV leakage pathway
(i.e., the drainline or bypass line) up to the condenser, and the main
condenser will remain structurally intact and leaktight, so that they can act
as a holdup volume for fission products during and following an SSE.

The staff also determined that the ABWR design meets the requirements of
10 CFR Part 100 because the structures, systems, and components described
above are designed to remain functional during and following an SSE.

For the purpose of providing a credit for iodine holdup and plateout, the
staff's model requires that the main steam piping (including its associated
piping to the condenser) and the condenser remain structurally intact
following an SSE, so they can act as a holdup volume for fission products.
By the term " structurally intact," the staff assumes the steamline will retain
sufficient structural integrity to transport the HSIV bypass leakage at its
relatively low flow rate throughout the steamlines and condenser. The staff
considers, in its radiological consequence assessment, that the condenser is
open to the atmosphere via leakage through the low-pressure turbine seals.
Thus, it is only necessary to ensure that gross structural failure of the
condenser will not occur.

The staff has addressed issue 4 by accepting the passive BWR plant designs
without an LCS and allowing an appropriate credit for fodine removal in the
MSL and condenser following a design-basis accident (for SBWR).

The robustness of the leak pathways and the amounts of iodine removed are
plant design specific and, therefore, will be determined on a case-by-case
basis.

ISSUE 5: Fission-Product Holdup in the Secondary Containment (for SBWR).

The structure or structures that completely surround the reactor primary
containment and that are held at a negative pressure can be classified as a
secondary building for the purpose of fission-product control and, therefore,
for the mitigation of radiological consequences. The EPRI requirements
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documents for evolutionary and passive plans designs require no holdup and
retention of fission products in the PWR secondary building. Westinghouse has
not claimed any credit for fission-product holdup in the AP600 auxiliary
(secondary) building.

GE proposed a safety envelope design for the SBWR plant. This envelope is a
reinforced concrete structure (secondary containment) within the reactor
bulloing that forms an envelope completely surrounding the primary containment
(except the basement drywell head and drywell top slab). During normal
operation, the safety envelope is maintained at a slightly negative pressure
relative to the atmosphere by the reactor building heating, ventilation, and
air conditioning system. The safety envelope is designed to be automatically
isolated on detection of, among other things, a high radiation environment.
Its design leakage rate is not to exceed 25 percent of the safety envelope
free volume per day at a differential pressure of 6 m (0.25 inch) of water.

GE stated in the SBWR standard safety analysis report that the safety envelope
is designed to be capable of periodic testing to ensure its intended
performance and that testing and inspection of the integrity of the safety
envelope, including its leakage rate, will be performed in accordance with the
specific plant technical specifications. To provide a credit for fission-
product holdup, the staff will require periodic leak rate testing similar to
that performed for the primary containment. For safety envelope air mixing,
GE proposed 50 percent on the basis of one-dimensional modeling of the KEMA
computer code using simplified compartment volumes. GE informed the staff
that it will follow this simplified modeling with a three-dimensional modeling
effort using a computational fluid dynamic computer code to better define the
capability of the SBWR safety envelope to hold up radioactive material and
mitigate any potential leakage. GE further informed the staff that this
effort will be completed in 1994.

The staff has addressed Issue 5 by allowing appropriate fission-product holdup
(for decay) credit without requiring that a negative pressure be maintained in
the SBWR secondary containment (building) if (1) the vendor specifies that the
secondary containment leakage and afxing performance be consistent with the
values used by the staff in its radiological assessment and (2) the COL
combined ifcense applicant incorporates the secondary containment leakage
value spectfled by the vendor into the plant-spectfic technical spectficatfons
(for SBWR).

ISSUE 6: Fission-Product Release Timing (for System 80+, AP600, and SBWR)

In SECY-90-309, " Impacts of Source Term Timing on NRC Regulatory Positions,"
the staff informed the Comission of its plans to change regulatory positions
for both existing and future advanced reactor designs that result from more
realistic treatment of fission-product release timing. In Regulatory Guides
1.3 and 1.4, the instantaneous release of fission products into the
containment on receipt of a DBA signal from maximum full-power operation of
the core is postulated and fission products released are assumed to be
immediately available for leakage from the containment atmosphere to the
environment.
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The staff evaluated a number of items in SECY-90-309 to determine if more
realistic treatment of fission-product releases would lead to less demanding
regulatory requirements. The staff concluded that relaxation of requirements
was justified for (1) the containment purge / vent isolation valve closure time,
(2) the main steam isolation valve closure time, and (3) the emergency diesel
generator start time. It also concluded that relaxing the timing requirements
for each of these items would affect more than radiological consequences and,
therefore, a plant-specific safety analysis would be required for each
proposed relaxation.

In draft NUREG-1465, the staff indicated that fission-product gap activity
release was estimated for a large-break LOCA to commence no earlier than 10 to
30 seconds for PWRs and 30 seconds for BWRs. It also indicated that fission-
product early in-vessel release was estimated to commence no earlier than 0.5
and 1.0 hour for PWRs and BWRs, respectively. In contrast to the
instantaneous releases that were postulated in Regulatory Guides 1.3 and 1.4,
analyses of severe accident sequences have shown that fission-product releases
can be generally categorized in terms of phenomenological phases associated
with fuel failure, melting, and relocation despite differences in reactor
design and accident sequence.

'

The single values for release timing and durations shown in draft NUREG-1465
have been chosen on the basis of simplicity, consistency, and conservatism.
An accurate determination of the release timing and durations will depend not
only on the reactor design but also on the selected accident sequences. The
staff will review an evolutionary or passive reactor vendor's design and
accident sequence as a basis for fission-product release timing to determine
if its values are different from those provided in draft NUREG-1465. For its
reviews of evolutionary and passive LWR designs, the staff will use the
fission-product release timing values for the radiological consequence
assessments of (1) DBAs, (2) the operation of control room habitability
systems, (3) the operation of ESF filtration systems, (4) containment and MSIV
closure, (5) containment purge / vent isolation valve closure, and (6) emergency
diesel generator start time.

The staff will discuss the application of fission-product timing in each
evolutionary and passive LWR design review in its forthcoming safety
evaluation reports. In particular, the calculated onset of fission-product
release may vary substantially depending on codes and assumptions. The staff |

'

proposes establishing limits on these timing ranges, so that a degree of
conservatise=will be ensured.

As a general guideline, the staff proposes to start the coolant activity
release at the beginning of the accident, the gap activity release no later
than 10 minutes into the accident (assuming approval of leak-before-break
methodology by the staff), and the early in-vessel release no later than 30
and 60 minutes into the accident for PWRs and BWR, respectively. If

applicable, the ex-vessel release should start at the time of postulated
vessel failure. The late in-vessel release will be evaluated on a case-by- ,

Icase basis.

i

<
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Issue 7: Aerosol Deposition in Primary Containment (for System 80+, AP600,
and SBWR)

The principal means of removing the airborne fission products from the
containment atmosphere in the LWR design traditionally included use of active
containment atmosphere cleanup systems such as containment spray, ESF
filtration, and pressure-suppression pool scrubbing. In the TID-14844 source
terms, the staff assumed that 50 percent of radioactive iodine (91 percent in
the form of elemental iodine) released into the containment was immediately
removed by plateout (diffusion mechanism). No fission products in aerosol
form were assumed to be present. In the passive LWRs, an active containment
atmosphere cleanup system is not provided. Reliance is placed solely on such
natural aerosol removal processes in the containment as holdup (for decay),
sedimentation (for settling), diffusion (for plateout), and leakage (for
depletion).

In response to the staff's request for additional information, EPRI stated
that because a containment spray system is not used for the passive plant, the
means by which aerosol is removed will be dominated by such natural removal
effects as diffusion and sedimentation.

The most complete mechanistic treatment of aerosol behavior in the reactor
containment is found in CONTAIN, a computer code developed at Sandia National
Laboratories under NRC sponsorship for the analysis of containment aerosol
behavior under severe accident conditions. The other computer code, NAUA,
which is very similar to the aerosol portion of CONTAIN, was developed at
Kernforschungszentrum, Karlsruhe, Federal Republic of Germany, and was used
for aerosol treatment in the NRC Source Term Code Package. There are a number
of other aerosol behavior computer codes, but these two codes are the most
widely used and accepted throughout the international nuclear safety
community. Either code is acceptable to the staff for the evaluation of
aerosol fission-product behavior in the primary containment following a severe
reactor accident. However, most of these computer codes use lumped parameter
methods, which assume that the aerosols as well mixed in the containment.
When the condition of mixing cannot be established, the calculated results
using the above computer codes may not be valid.

The staff will consider two natural processes for removing aerosols from the
containment atmosphere over the entire period of an accident (30 days): (1)
sedimentation mechanism of gravitational settling, including aerosol
agglomeration, and (2) diffusion mechanisms of diffusiophoresis and
thermophorests. Diffusiophoresis is the diffusion of particles into interior
heat sink surfaces, such as the containment walls on which steam is
condensing. Thermophoresis is a similar effect due to a temperaturt gradient
near the surface. In a paper on the source term for passive plants
supplemented by a draft report titled " Passive ALWR Containment Natural
Aerosol Removal" (April 1993), EPRI has provided radioactive aerosol removal
rates based on sedimentation and diffusion of aerosols in the containment
atmosphere using the EPRI version of the NAVA code (NAVAHYGROS). Westinghouse
and GE also provided similar removal rates in the passive LWR standard safety
analysis reports for AP600 and SBWR, respectively. GE stated that it will
perform a specific aerosol removal analysis using the NAUA code (or a similar

- _- - _ __ _
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computer code) for the SBWR containment design to justify the aerosol removal
rates used in the SBWR standard safety analysis report.

The staff agrees with EPRI and the passive light water vendors on the physical
processes associated with natural aerosol removal that could be taken into
account in establishing the airborne fission-product concentrations in the
containment atmosphere. Therefore, the staff accepts the aerosol removal
mechanisms proposed by EPRI in the requirements documents for evolutionary and
passive plant designs. However, the containment aerosol removal rates are
plant design specific and will vary, depending on, but not limited to, the
containment geometry, containment size, surface area, steam quality, and
containment cooling mechanisms. The staff is reviewing the AP600 and SBWR
passive reactor designs. In doing so, it will use available literature,
expert opinions (e.g., NUREG-ll50, NRC contractors, Organization for Economic
Cooperation and Development reports), and engineering judgments. In
particular, the staff will carefully review the selection of initial size
distribution, particle density, applied agglomeration model, steam

'

condensation on particles, and the effect of fission product solubility.

The removal mechanisms, as applied to the new source terms, will be
scrutinized on the basis of the scientific soundness of the physical
assumptions and the consistency with conservative practice of DBA
calculations. The staff will accept any physically based analysis that
conservatively estimates the amount of airborne fission products for the
offsite dose calculations, and conservatively estimates the amount of settled
fission products for environmental qualification calculations. The specific
aerosol removal rates evaluated and used by the staff in the evolutionary and
passive LWR radiological consequence assessments, complete with their
technical justification on air-mixing efficiency in the containment, will be
provided in the staff's forthcoming safety evaluation reports.

ISSUE 8: Aerosol Removal by BWR Suppression Pool (for ABWR and SBWR)

The BWR suppression pools are designed primarily as containment pressure and
temperature suppression mechanisms for reactor pressure vessel blowdown.
However, they can also serve as a medium for scrubbing radioactive fission
products except noble gases and iodine in organic forms. The scrubbing
(attenuation) of fission products in suppression pools is usually expressed as
a " decontamination factor" (DF), which is defined as the ratio of the
radioactive natorial injected into the pool divided by the airborne
radioactive material that leaves the surface of the pool water.

Regulatory Guide 1.3, issued in 1974, does not recommend credit for fission-
product scrubbing by BWR suppression pools. However, the Reactor Safety Study
(WASH-1400), issued in 1975, assumed a DF of 100 for subcooled suppression

| pools and 1.0 for steam-saturated pools. Since 1975, the staff and EPRI have
i

developed detailed models for the analysis of radioactive aerosol scrubbing by
the suppression pool. Accordingly, in 1988, the staff issued revised SRP
Section 6.5.5, " Pressure Suppression Pool as a , Fission Product Cleanuo
System," stating that ignoring the large volume of research data supporting
pool credit would be an undue degree of conservatism. The revised SRP section
allowed a maximum DF of 10 for particulate and elemental iodines for Mark II
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and Mark Ill containments and a DF of 5 for a Mark I containment. These DF
values were based on the TID-14844 report, which stipulates an instantaneous
release of fission products from the reactor coolant system to the containment
atmosphere. In the revised SRP section, this was further subjected to the
fraction of the drywell atmosphere bypassing the suppression pool by leaking
through drywell penetrations to obtain the overall DF.

GE utilized the TID-14844 source terms for its ABWR design. The staff
conservatively assumed in its radiological consequence assessment a DF of 2 by
the ABWR suppression pool (equivalent to suppression pool steam bypass of 50
percent) for airborne radioactive iodine in elemental and particula
Thp)staffhasrecentlyacceptedthedrywellleakagevalues(0.005m}eforms.(0.05
ft of effective leakage area pathway) proposed by GE for the ABWR. The ABWR
drywell and wetwell containment sprays in the drywell or wetwell, or both,
also would reduce the effect of suppression pool bypass leakage on containment
performance. Therefore, a DF of 2 used in the staff's analysis is
conservative. For the ABWR design, the staff will review the plant-specific
technical specifications, which require periodic inspections to confirm
suppression pool depth, and surveillance tests to confirm drywell
leaktightness on a case-by-case basis.

151yE_R: Fission-Product Removal by Containment Spray (For AP600)

General Design Criteria (GDC) 41, 42, and 43 of Appendix A to 10 CFR Part 50
require systems to control fission products to reduce the concentration that
may be released to the environment. The containment spray system reduces
containment pressure and temperature and removes airborne radioactive fission
products in the containment atmosphere following a LOCA.

The EPRI requirements document for evolutionary plant designs requires a
containment spray system. ABB-CE has provided an acceptable spray system for
the System 80+ design. For its ABWR design, GE provided a safety-related
spray system in the containment to reduce pressure and temperature following a
LOCA, but has not claimed nor has the staff provided, any credit for the
removal of airborne fission products for the purpose of radiological
consequence assessments.

The EPRI requirements document for passive plant designs requires neither an
active containment atmosphere cleanup system nor a containment sp ny system.
This docume4 states that fission-product control should be accorr.plished
passively byte 11ance on natural deposition (plateout) and holdup (decay) and
slower fissten-product release timing. The Westinghouse AP600 design relles
on plateout and holdup in the primary containment. In the SBWR design, GE
relies on plateout in the reactor primary containment and holdup in the
reactor primary containment and in the safety envelope. The safety envelope
is a reinforced-concrete structure within the reactor building that forms an
envelope completely surrounding the containment. It is designed to be
periodically tested for leaktightness. The SBWR design includes a non-safety-
grade spray system for both the upper drywell and suppression chamber.
However, GE has not claimed, nor has the staff provided, fission-product
removal credit for the non-safety-grade spray system in the SBWR design. The

AP600 design does not provide a non-safety- grade containment spray.

2
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The passive LWR vendors have submitted radiological consequence assessments to
demonstrate that without containment spray, the passive LWR designs can meet
the dose reference values of 10 CFR Part 100 and the control room operator
dose limits in GDC 19 using the fission-product release timing based on the
specific designs and selected accident sequences and using their best estimate
of fission-product removal efficiencies. Unlike the current generation of
operating PWRs, the Westinghouse AP600 design does not include containment
sprays. The staff will review the AP600 radiological consequence assessment
to determine if the dose reference values in 10 CFR Part 100 and the control
room operator dose criteria of GDC 19 can be met without a containment spray
system. That determination will involve evaluation of aerosol removal rates
by natural deposition, containment leak rates, and assurance of pH control.

ISSUE 10: Radioactive Aerosol and Iodine Removal by Engineered Safety
Features (ESF) Atmosphere Cleanup System (for AP600 and SBWR)

Containment atmosphere cleanup systems are to be provided as necessary to
reduce the amount of radioactive material released to the environment
following a postulated design-basis accident in accordance with GDC 41, 42,
and 43. These GDC also require that these systems be designed to permit
appropriate periodic inspection and testing to ensure their integrity,
capability, and operability.

The EPRI requirements document for passive plant designs does not require an
ESF atmosphere cleanup system, and the passive LWR vendors have not provided
these systems in the AP600 and SBWR designs. The System 80+ design includes
an ESF atmosphere cleanup system with charcoal adsorbers for the anulus
building ventilation system. However, ABB-CE did not claim any fission-
prcduct removal credit for charcoal adsorbers; therefore, they will not be
required to be in the CE System 80+ technical specifications. The GE ABWR
design includes an ESF atmosphere cleanup system with HEPA filters and
charcoal adsorbers for the reactor building (standby gas treatment system) and
control room habitability system. Since the chemical forms of iodine will be
predominantly in particulate form, HEPA filters ratner than charcoal adsorbers
will play a major role in removing airborne fission products following an
accident.

The passive LWR vendors have submitted the radiological consequence
assessments to demonstrate that without an ESF atmosphere cleanup system, the
passive LWR designs can meet the dose reference values of 10 CFR Part 100 and
the control roca operator dose limits in GDC 19 using the fission-product
release timing based on its specific passive LWR design and selected accident
sequences and using their best-estimate fission-product removal efficiencies.
The staff will review these assessments and provide its conclusions in the
safety evaluation reports.

Therefore, the staff will not require an ESF atmosphere cleanup system,
provided the passive LWR vendor demonstrates that the passive LWR design,
including adequate pH control can meet the dose reference values in 10 CFR
Part 100 and the control room operator dose limits in GDC 19.

_ . _ _ _ _ _ _ _ _ _ _ _ - . .
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JSSUE 11: Atmospheric Diffusion Model for Control Room Habitability
Assessment (for System 80+, AP600, and SBWR)

The staff has developed with contractor assistance a new model for determining
atmospheric relative concentrations (y/Q) in building wakes to be used for
control room habitability assessment. The new model is applicable for either
TID-14844 or revised accident source terms and may be used by the evolutionary
and passive LWR vendors and existing licensees. The staff will use this model
in its review of evolutionary and passive LWR designs using the given building
layouts and standard plant site design parameters.

The current guidelines for determining y/Q are given in Regulatory Guides 1.3,
1.4, and 1.145, " Atmospheric Dispersion Models for Potential Accident
Consequence Assessments at Nuclear Power Plants," and in Sid Section 6.4,
" Control Room Habitability Systems." The new model, in general, is more
realistic in determining the atmospheric dispersion factors for assessing
concentrations of radioactive material at the control room emergency air
intake except for the reactor sites with a high average wind speed (e.g.,
sites around the Great Lakes in the United States). This model is not
proposed for backfitting on existing plants. However, because it reflects the
current understanding of building wake behavior, the staff plans to make this
new model available to existing licensees who may voluntarily propose to use
it in future license amendments. The staff will use this new model for
reviewing future reactor designs and their siting.

The new model differs from the current model in that it assumes the wind will
transport radioactive materials directly from the release point to the control
room air intake only if the wind direction is within i 30 degrees of the
direction needed to transport radioactive material directly to the intake. It

also determines 2-hour and 4-hour average concentrations from hourly
centerline y/Q values. It will use hourly, sector-average y/Q values to
calculate average concentrations for periods of 24, 48, 96, 168, 360, and 720
hours. All averages will be computed as moving (overlapping) averages of the
appropriate hourly y/Q values.

The staff will use the new model in determining the atmospheric dispersion
factors for assessing concentrations of radioactive material at the control
room emergency air intake following a design-basis accident for evolutionary
and passive LWR design reviews.

ISSUE 12: Failure of Heat Exchanger Tubes in the Passive Containment Cooling
System (for $8WR)

The SBWR passive containment cooling system (PCCS) will remove the core decay
heat rejected to the containment after a LOCA. It consists of three
independent closed loops that are extensions of the containment. Each loop
contains a heat exchanger that condenses steam on the tube side and transfers
heat to the water in a large pool located outside the containment. The PCCS

loops are operated at a low pressure and are initially driven by the pressure
difference created between the containment drywell and suppression pool and
then by gravity drainage of steam condensed in the tubes. Three PCCS loops

are an extension of the containment and do not have isolation valves. The
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potential for containment bypass in this manner only applies to the SBWR
design.

,

Should the PCCS heat exchanger tubes fail, the PCCS will provide a. bypass
pathway for the SBWR containment, releasing radioactive fission products from
the containment atmosphere to the reactor building through the passive
containment cooling (PCC) pool water. The staff expects the radioactive,

aerosol scrubbing by the PCC pool water to be similar to that by the BWR
pressure-suppression pools.

The staff has not completed its review of the SBWR PCCS design, nor has it
determined the important characteristics (such as carrier fluid conditions,
failure configuration, pathway evaluation, and pool thermal .and hydraulic
characteristics) affecting the radioactive aerosol removal (source-term
behavior) by the PCC pool water. The staff's evaluation of this potential
containment bypass with its source term behavior will be given.in the safety
evaluation report for the SBWR. The staff considers this failure event a new ,

DBA for the passive LWR design. The discussion in this section provides
information relative to staff commitments identified in SECY-93-087.

-
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ENCLOSURE 2
RELEASE FRACTIONS FOR

'

4

PROPOSED REACTOR ACCIDENT SOURCE TERMS |
-!

Table 1 BWR Releases Into Containment *

Gap Release Early In-Vessel

Duration (Hours) 1.0 1.5

Noble Gases 0.05 0.95
i

Iodine 0.05 0.22

Cesium 0.05 0.15

Tellurium 0 0.11

Strontium 0 0.03

Barium 0 0.03

Ruthenium 0 0.007
,

Cerium 0 0.009

gLanthanum 0 0.002
*V U es shown are fractions of core inventory.

-

Table 2 PWR Releases Into Containment *

Gap Release Early In-Vessel
_

Daration (Hours) 0.5 1.3

Noble Gases 0.05 0.95

Iodine 0.05 0.35

Cesium 0.05 0.25
_

Tellurium 0 0.15

$ Strontium - 0 0.03

Barium 0 0.04

Ruthenium 0 0.008
.

Cerium 0 0.01

Lanthanum 0 0.002
* Values shown are fractions of core inventory. .

.
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COMPARISON OF GAP AND IN-VESSEL RELEASES
IN NUREG-1465 WITH TID-14844 SOURCE TERMS FOR PWRs

TABLE 3

Nuclide TID-14844 NUREG-1465 AP600
CE SYSTEM 80+

e

Noble Gases 1.0 1.0 1.0

Iodine 0.5 0.4 0.30

Cesium <0.01 0.3 0.08

Tellurium <0.01 0.15 0.08

Strontium <0.01 0.03 0.004

Barium <0.01 0.04 0.004

Ruthenium <0.01 0.008 0.004

Cerium <0.01 0.01 0.009

Lanthanum <0.01 0.002 0.002

COMPARISON OF GAP AND IN-VESSEL RELEASES
IN NUREG-1465 TID-14844 SOURCE TERMS FOR BWRs

TABLE 4

Nuclide TID-14844 HUREG-1465 SBWR

Noble Gases 1.0 1.0 1.0

Iodine 0.5 0.27 0.30

Cesium <0.01 0.20 0.23

<0.01 0.11 0.06Tellurium c
Strontium <0.01 0.03 0.003

Barium <0.01 0.03 0.003
'

Ruthenium <0.01 0.007 0.0003

Cerium <0.01 0.009 <0.0003

Lanthanum <0.01 0.002 <0.0003


