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ABSTRACT

.\_J) This report describes the use of the MACCS2 code. The document is primarily a user's guide,
though some model description information is included. MACCS2 represents a major
enhancement of its predecessor MACCS, the MELCOR Accident Consequence Code System.
MACCS, distributed by government code centers since 1990, was developed to evaluate the
impacts of severe accidents at nuclear power plants on the surrounding public. The principal
phenomena considered are atmospheric transport and deposition under time-variant meteorology,
short- and long-term mitigative actions and exposure pathways, deterministic and stochastic health
effects, and economic costs. No other U.S. code that is publicly available at present offers all these
capabilities. MACCS2 was developed as a general-purpose tool applicable to diverse reactor and
nonreactor facilities licensed by the Nuclear Regulatory Commission or operated by the
Department of Energy or the Department of Defense. The MACCS2 package includes three
primary enhancements: (1) a more flexible emergency-response model, (2) an expanded library of
radionuclides, and (3) a semidynamic food-chain model. Other improvements are in the areas of
phenomenological modeling and new output options. Initial installation of the code, written in
FORTRAN 77, requires a 486 or higher IBM-compatible PC with 8 MB of RAM.
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""* 'VOLUME W, CHAPTER 1: OVERALL REQUIREMENTS

Paiaérﬁbﬁbl\'lo. - Requirement . - Rationale ' Rev.
B 2.6.5 “Methodology for Demoﬁstrating Site Dose Criterion Methodology for Demonstrating Dose Criterion 8
‘The démonstration that the site dose criterion is met shalluse ~ The physically-based source term is based on release and 8
k p " a physically-based source term release Into an intact contain- removal phenomena from actual core damage sequences
: ’ ment as defined in Chapter 5, Sectlon'z 4.1. and should be reasonably bounding for source terms from
. the probabilistically significant sequences. The intact contain-
' The methodology for the PAG dose evaluation shall consist of ment.is based on ALWR containment performance require-
the followmg, . . ments, which have beenspecified such that severe accident
; . challenges to containment are effectively precluded or can
; be accommodated, thus providing integrity of the contam-
L . - ment. .
o : 2651 Approach -~ " Approach .. 5
_ A probabmsnc dose (PD) method (e. g CRACZ or MACCS) A PD method is chosen for consistency with the basis forex- . 8
© " - shall be used. . ‘isting emergency planning and the fact that PD methods
: have provision for the particulate component of the source
_ term (and thus are an appropriate method for calculating
PAG comparison doses). The use of CRAC2, MACCS, or
another similar coda is consistent with current level 3 PRA..
evaluations and ALWR PRA Key Assumptions and Ground-
g ' _ rules (KAG).
- '2'.6.“5..2 Meteoro!oglcal Dalabase Meteorological Database ’ . 5
s This meteorologicat database is that provided in the PRA 5

*~  The meteorologlcal database shall be that provnded in Annex
_ B to Appendix A to Chapter 1 of the URD. : :
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KAG. Itis an actual site meteorological database for which
the RG 1.145 two-hour Exclusion Area Boundary X/Q is esti-

. mated to be greater than the X/Q for 80 to 90 percent of

U.S. operating sites.
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VOLUME i, CHAPTER 1 OVERALL REQUIREMENTS

Hequtrement

Rationale

Rev.

26. 5.3

2.6.5.4

Directio’n~Depen'dent vs. Direction-Independent

The dose calculation shall be direction-independent.

Statistical Measure of Dose to be Compared to 1 Rem

PAGS

-+ The dose to be compared to the 1 Rem PAG for ALWR emer-
. gency planmng shall be the median dose .

Pagé 1.2-35
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Direction-Dependent vs. Direction-Independent

The calculations supporting existing emergency planning are
direction-independent, i.e., the frequency of exceeding given
dose levels is provided independent of direction. The NRC
safety goals use a direction-independent approach as well.
The use of a direction-independent approach is also consis-
tent with the methods to be used in preparing the comple-
mentary cumulative distribution function (CCDF) for the ex-
ceedance frequency of off-site doses at the site boundary re-
quired by the PRA KAG.

Statistical Measure of Dose to be Compared to 1 Rem
PAGs

Existing emergency planning on-establishing that “most* core

melt accidents would not exceed the PAG. There are two
sources of variability in determining the meaning of “most” in
the situation for existing emergency planning (i.e., NUREG

- 0396): the magnitude of the source term, and the meteorol-

ogy. A similar approach is used here for ALWR emergency

" planning. Median dose (i.e., 50th percentile meteorology) to-

gether with the physlcally-based source term, which tends to
bound the source term expected for nearly all core melt accl-
dents in an ALWR,-assures that the dose from most core
melt accidents will not exceed 1 rem,
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*Paragraph No. ' Requirement S Rationale Rev.
’ 0 -12,6.55 Statistical Measure of Dose to be Compared to 5 Rem ’ Statlistical Measure of Dose to be Compared to 5 Rem 8
o PAGS.. ..o _ : PAGs .
v_The dose to be oompared to the 5 PAG shall be the 90th per- More extreme (e.g., very stable atmospheric conditions, low
= centlle dose - . wind speed) meteorology could cause higher doses for a

S ' : . . glven source term. While doses exceeding 1 rem would not
. : “be expected as noted above, a 5 rem limit has been speci-
fied for 90th percentile meteorology in order to address more
extreme meteorological conditions. A 5 rem limit for such
conditions Is consldered reasonable on several grounds.
First, ICRP 63 recommends a dose limit for evacuation no
lower than 50 mSv (i.e., 5 rem). Second, under stable, low
wind speed conditions, the plume is concentrated (only
R . o about 100 feet wide at 0.5 mile) and is moving slowly, so the
L e . need.for rapid evacuation would be quite limited. Finally, 5
C ' rem is the upper end of the 1 to 5 rem range recommended
by EPA and thus is a reasonable limit for emergency plan-
ning purposes under low probability weather conditions.

Eagé 1.2-36
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- VOLUME I", CHAPTER 1: OVERALL REQUIREMENTS

Rev.. '

Paragraph No Reguirement Rationale
2 6.5 6 - Whole Body Dose vs. Effective Dose Equivalent Whole Body Dose vs. Effective Dose Equivalent : 8
'The dose to be calculated is the sum of the effective dose . The May 1992 revision to Manual of Protective Action 8

" dose equivalent (CEDE) from plume inhalation.

i _equivalent (EDE) resuilting from exposure to exiernal sources
""" (cloud shine and ground shine) and the committed effective

Page 1.2-37
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~ Guides and Protective Actions for Nuclear Incidents (PAG

Manual) calls for the use of EDE as the basis for determin-

- ing off-site doses in relation to the 1 to 5 rem PAG. MACCS -
already employs this concept, as does the current 10CFR20.

A separate thyroid dose limit Is unnecessary since the Elﬂ_E
includes the organ weighted contribution from thyroid expo-
sure, Not specifying a separate thyroid dose fimit is also con-

* sistent with the recent NRC 10CFR50/100 rule change whnch .

specifies EDE as defined in Section 2.6.5.6.

A separate ingestion exposure pathway requirement has not
been specified since the ingestion exposure planning dis-
tance will be determined, using the May, 1992 PAG Manual
guidelines, on a generic basis for all ALWRs. This will be ac-
complished by assuming that the 0.5 mile dose is equal to
the PAG (i.e., the EDE limit for plume exposure); determin-
ing the maximum iodine contribution to this dose; and using
this maximum iodine release as the basis for calculating the
distance at which the ingestion dose equals the controlling in-

_gestion pathway PAG (i.e., a projected infant thyroid dose

from cows' milk of 1.5 rem on a preventative basis and 15
rem as a hasis, for emergency contamination). .
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’ Paragmph No, - " .. Requirement , . Rationale

Rev.

2 6 5.7 Inclusion of Organic lodide in the PAG Calculation Inclusion of Organic lodide in the PAG Calculation

- In ca!culatmg doses for comparison with the PAG values to The I and HI are quite reactive and are fikely to undergo
. justify ALWR emergency planning, the contribution from or- natural deposition as rapidly (or more rapidly) than the par-’
" ganic iodide can be neglected. " ticulate. Given that pH is controlled as specified in the Utility
: ’ Requirements Document, the actual dose contribution from
organic lodide is expected to be very small (a few percent of
thyroid dose) and thus can be omitted from the dose calcula-
tion.

" 2658 Dose Commnment ' ’ Dose Commitment
A dose commitment of 50 years shall be used for TEDE frOm . In the May 1992 revision of the PAG Manual, p!ume inhala-
- p!ume inhalatlon.. = | tion dose commitment is assumed to be the “lifetime”, ltis
’ judged that a 50-year commitment is adequate on a generic
B : S : basis to fulfill that requirement; it is also the duration used in
Sl A " the cumrent 10CFR20.
This differs from the PRA as specified in the KAG where the
intent is to compare calculated doses to the 25 rem thresh-
old for acute health effects (based on the current 25 rem
whole body requirement in 10CFR100). It also differs from
NUREG-0396 WhICh uses one year commitment for mhala-
tion.

2659 Hadlonuchdes to be Included o Radionuclides to be Included

_The radionuclides identified in Table li-2 of the CRACZ User's There are 54 radionuclides identified in this list. In MACCS
Guide (NUREG/CR-2326) shall, be the minimum list of radionu- there are six additional radionuclides: Sr-92, Y-92, Y-93,
clides included in the calculation of doses for the purpose of . Ba-139, La-141, and La-142. These are not critical for the
meeting the limils for ALWR emergency planning. - PAG comparison calculation; the impact of the Sr, Y, Ba and
La isotopes already included in the CRAC2 list is much
greater, given their relative quantities, half-lives and dose
.conversion factors; therefore, the CRAC2 list Is acceptable.

Page 1.2-38
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VOLUME Iil, CHAPTER 1: OVERALL REQUIREMENTS

’ ': for the purpose of meeting the limits for ALWR emergency
. planning shall be a straightline Gaussian plume. Plume cen-

" - terline doses shall be reported. The values of oy and oz that *-

- are used to characterize the Gaussian plume expansion shall

be based on Pasquilt-Gitford curves. 1f the analytical model

‘used in the analysis employs a uniform approximation of the

 +" expansion in the crosswind (y) direction (e.g., GRAC?2), the fi-

" vide centerline doses.:

nal result shall be increased by an appropriate factor to pro-
in the case of CRAC2 (which employs

a 3-oy “top hat® approximation of the crosswind Gaussian dis-

.- tribution), the factor shall be 1.2.

~ The initial oy shall be the building width divided by 4.3 if
some other factor Is used to determine the initial oy (e.g., a

factor of 3 in CRAC2), and the building width specification

" shall be changed at the input level to compensate (e.g., the

: __bunldmg width for CHACZ shall be input as 70% of its actual
".-‘_value) o

Page 1.2-39
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Pamgraph No. Requlrement Rationale Rev.
2. .5 10 Dose Conversion Factors Dose Conversion Factors 5
- A " External dose conversion factors (plume and ground expo-. Federal Guidance Report No. 11 is the document referenced 8’
- . sure) shall be based on Kocher, D.C., “Dose Rate Conversion by the May 1992 revision of the PAG Manual. However, in
Factors for Extemal Exposure to Photons, and Electron Radia- this guide, external dose conversion factors are provided
tion from Radionuclides Occurring in Routine Releases from only for noble gases. The external dose conversion lactors
Nuclear Fuel Cycle Facilities,” Health Phys., Volume 38, pp. used in MACCS for NUREG-1150 calculations are refer-
543-621 (1980): Inhalation dose conversion factors shall be enced in NUREG/CR-4551 to the specified Health Physics ar-
... based on Federal Guidance Report No. 11, “Limiting Values ticle. These are judged to be acceptable for the use de- |
%" .. of Radionuclide Intake and Air Concentration and Dose Con-  scribed herein. The inhalation dose conversion factors pro-
. version Factors for Inhalation, Submerslon and Ingestion,” Of- . vided in the guide are for a 50-year “Tifetime” commitment,
. -u . fice of Radiation Programs, USEPA (1 988). consistent with 2.6.5.8 above. :
.. 26511 'Plume Modeling . Plume Modeling . 5 .
o .The model used to treat dnspersmn in the calculation of doses The plume modeling in MACCS differs somewhat from'that 8

in CRAC2. The differences have been resolved as follows:

"To demoristrate that the PAGs will not be exceeded within

the exclusion area boundary (EAB) radius, the peak

centerline value is the value that should be reported.

To obtain this value, the CRAC2 results must be multiplied

by a factor of 1.2. In addition, to compensate for the initially
more disperse plume in CRAC2 (which results from setting
the initial oy equal to building width/3 instead of building
width/4.3), it is necessary to set the CRAC?2 building width at -
the input level to 70% of its actual value.
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= Paragraph No, ' .t ' Requiremeni Rationale: Rev.
oo 2.65.11" Plume Modeling (Continued) Plume Modeling (Continued) 5
.. The correlation for dispersion in the vertical direction (z) shall ' « In CRAC2, the expansion in the z-direction (vertical) is 8

" be the form o5 = ayb + ¢ where x is the distance the plume

has traveled. The values for a, b and ¢ shall be the fixed val-

. ues in CRACZ2. In the event a simpler form has been em-

ployed for caleulational ease’{e.g., oy =.axb in MACCS), the

_coefficients shall be set to provide the same value of oz ata
- site boundary of 0.5 mile'and at a low population zone (LPZ)

" radlus of two miles as would be calculated using the fixed val-

. ues fora,bandcin CRAC2. Those values are.as follows:

Tmoow>»

‘Stability . " " a b
2474 2118
0.078" 1.085
0.144 0.911
0.368 0.6764
02517 0.6720
0.184

0.6546

Page 1.2-40
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controlled by an expression for ¢, as a function of
plume travel, X. The expression has the form oz = ayb
+ ¢ with the constants fixed in the coding. -in MACCS,
a ditferent correlation which does not use an additive
constant ("c” term) has been employed, but only for the
purpose of convenlence. For specific radial intervals of
interest, values of a and b can be defined to give the
same values of X/Q as CRAC2 at the two specific radial
distances that define the interval. This is what has
been done in this methodology specification. The 0.5-

.mile site boundary and 2-mile LPZ were chosen simply

as typical radial distances.
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Reqwrement

Rationale Rev.

 Paragraph'No.
C o 26511

- 2.6.5:12

Plume Modeling (Continued)

- The time base for plume meander for long duration releases
. shall be the fixed value in CRAC2, three minutes. -

Re!ease Helght and Energy of Release

) The release hexght and energy of release a551gned to the -
physically-based source term shall correspond to a cold,

ground-level release for the purpose pf caleutating the dose.

Page 1.2-41
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Plume Modeling (Continued) 5

= Forlong release times (greater than a few minutes), 5
plume meander becomes an important factor in deter-
mining peak centerline doses. In CRAC2, the time
base for plume meander was fixed at 3 minutes; in
MACCS, it is a user input with 10 minutes having been
used in NUREG-1150 and appearing in the standard
problem Input fi fe. The data base supporting the model-

. ing of plume meander includes averaging times (i.e., the
time base) of approximately 3 to 10 minutes. Since the
important parameter for plume meander is the ratio of
release duration to the time base, and since the release
duration being used in the PAG assessment is 10
hours, (per 2.6.5.14), duration to time base is better ap-
proximated by using the low end of the averaging range

-(i.e., the fixed CRAC2 value of 3 minutes) than the high
end.

Release Height and Energy of Release ’ 5

_ Current severe accident analysis practice is to use release 5

height and energy values that are consistent with the contain-
ment failure size/location or leak rate and associated thermo- -
dynamic conditions. However, for the ALWR physically-
based source term, containment is intact, releases are not
credited through a stack, and best estimate meteorology is
used. Thus a cold, ground level release is appropriate.
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S 26513

N

- 26514

Duration of Exposure to Ground Contamination

. The dt;r_ation of exposure to ground contamination shall be 24

hours from the start of release of fission products from the
fuel. . . N :

Dtﬁaﬁon of Releéée and Number of Plume Segments

' _;The reléase duratlon to be used in calculating doses for the
. ALWR physically-based source term shall be 10 hours if a sin-

gle plume segment is used, or 24 hours if multiple plume seg\;/-: ,

"* ments are used.

26515

éﬁieldlng Factors 4
Shielding factors shall be 0.75 for plume exposure and 0.33
for exposure to ground contamination.

Page 1.2-42

<Homsa>

. Duration of Exposure fo Ground Contamination

The 24-hour period pfovides margin for ALWR accident de-
tection, notification, and evacuation The 24-hour period is
also consistent with the existing emergency planning basis.

Duration of Release and Number of Plume Segments

The CRAC2 code has a limit on release duration of 10 hours

* and can employ only a single plume. The MACCS code will.
- accept a release duration greater than 10 hours and can em-
ploy multiple plumes (i.e., different source terms in succes- *

sion), - - this capability being most useful when the character
of the release to the environment abruptly changes in the
course of an accident. This is not the case for the ALWR
physically-based source term, where the difference in dose
between a 10-hour release duration and a 24-hour release
duration is only a few percent.

Shielding Factors -

The values given are those'from NUREG-0396, Section F,
“no immediate protective actions” and are consistent with the
“normal activity” requirement of the PRA KAG.
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" Paragraph No. - Requirement Rationale Rev.
' . 2.65.16 Breathmg Rate and Inhalation Protection Factors Breathing Rate and Inhalation Protection Factors 5
. Tha breathing rate shall be 3.3 x 10 mslsec For codes with The breathing rate identified in the May 1992 revision of the 8
. _provision for an inhalation protection factor, this value shall be .- PAG Manual Is the value specified. In the MACCS code,
" ‘setat 0.4. For codes without an inhalation protection factor, . there Is provision to reduce the inhalation dose by a factor to
_* the breathing rate shall be reduced by a factor of 2.5. " account for differences between the plume concentration and .
e ) . the concentration actually being breathed. NUREG/CR-4551
(one of the supporting documents for NUREG-1150) sug-
gests an annual average value of 0.4 for normal activity (0.2
for active sheltering). The use of a “normal activity” inhala-
tion protection factor is consistent with the requirements of
L the PRA KAG.
26517 Dry Deposmon Veloctty Dry Deposition Velocity 5
: These values are those of the May 1992 revision of the PAG 8

~ “:The dry deposmon velocrty shall be 1.0 cm/sec for lodine and -
. 0.1 crn/sec for other pamculates

Page 1.2-43
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Manual. Cument severe accident analysis practice is to use
values of 1.0 cm/sec (NUREG-0396/CRAC2) to 0.3 cm/sec
(NUREG-1150/MACCS); the PRA KAG does not establish a

requirement for dry deposition velocity.
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"UNITED STATES NUCLEAR REGULATORY COMMISSION
» .. ENVIRONMENTAL ASSESSMENT AND FINDING OF.
NO SIGNIFICANT IMPACT
RELATING TO'THE CERTIFICATION OF THE - -~
AP1000 STANDARD PLANT DESIGN °
DOCKET-NO..52-006
- The U.S. Nuclear Regulatory Commission (NRC) has issued a design certification for .
the Advanced Passive 1000 (AP.1000) design in.response to.an appliAcation‘-submitted on -
March 28, 2002, by Westinghbuse Electric Company, LLC (herein’aftér referred to és |
Westinghouse). * A design certification is a rulemaking; the Commission has decided to adopt ™
désign certification‘rules aé:appendices to Part 52 of Title 10 of the Code of Federal -+ ~
Regulations (10 CFR Part 52). -

The NRC has performed an environmental assessment (EA) of the environmental
impacts of the proposed new rule and has documented its findings of no sjgnificant impact in
accordance with the requirements 9f-10 CFR 51.21 and the National Environmental Policy-Act . ' l
of 1969 (NEPA), as amended. This EA also addresses the severe accident mifigation design ;
alternatives (SAMDASs), that the NRC has considered as part of this EA for the AP1000 design.
This EA does not address the site-specific environmental impacts of constructing and operating
a facility;rWhich references the AP1000 design certification at a particuiar site;-such impacts will
be evaluated as part of any application or.applications for the siting, construction, or operation -
of a facility, .~ = . Coon e T e e

As discussed in detail in Sectiqn‘4i0'bf this EA, the NRC determined that issuing this
design certification does not constitute a major Federal action significantly affecting the quality
of the hurﬁan environment. The basis for this finding of no significant impact is that the design

-3-



certification wou.Id noi auth_orize' the siting, constrﬁction; o'r-op'e'ration of a facility of an AP1000 | L/)
reactor design. Rather, the certification would merel.y codify the AP1006 design in a rule that
could be referenced in a construction permit (CP), combined license (COL), or operating license _
(OL) application. Further, because the certification is just a rule; it does not involve any
resources that have alternative. uses. Therefore, the NRC has not prepared an environmental
impact statenﬁent (EIS) iﬁ connection with this action. ..

The NRC also reviewed Westingﬁouse’s evaluation of SAMDASs that generically apply to
the AP1000 design. On that basis, the NRC found that the evaluation provides réasonable
assurance that there are no additional SAMDAs beyond those currently incorporated into the
AP1000 design which are cost-beneficial, whether considered at the time of the approval of the
AP1000 design certification or in connection with the licensing of a future facility referencing the
AP1000 design certification, where the' plant referencing this appendix is located on a site: .- .
whose site parameters are within those specified in Appendix 1B of the AP1000 design control

document (DCD). These issues are considered resolved for the AP1000 design.’ : QD
ENVIRONMENTAL ASSESSMENT .

1.0 IDENTIFICATION OF THE PROPOSED ACTION

The proposed action would certify the AP1000 design under Appendix D to-10 CFR
Part 52. The new rule would allow prospective licensees to reference the certified AP1000
design as part of a combined license (COL) application under 10 CFR Part 52 or may allow for

a construction permit (CP) application-under 10 CFR Part 50. -.



2.0 THE NEED FOR THE PROPOSED ACTION .

“The NRC has long sought the safety benefits of commercial nuclear powér plant
standardization and early final resol.ution of-design issues. The NRC plans to échieve these_
benefits by certifying nuclear plant designs. Subpart B to 10 CFR Part 52 allows for cer_tiﬁcation
in the form of rulemaking of an essentially complete nuclear plant design.

‘The proposed action would amend 10 CFR Part 52 to certify the AP1000 design. The
amendment would allow prospective licensees to reference the certified AP1000 design as part '
of a COL application under 10 CFR Part 52 or may allow for a CP application under 10 CFR -
Part 50. Those portions of the AP1000 design included in the scope of the certification = _.
rulemaking would not be subject to further safety review or approval in a COL proceeding.. In
addition, the design certification rule would eliminate the need to consider SAMDAs for any

future faéilities._that reference the certified AP1000 design.

3.0 THE ENVIRONMENTAL’"IMPACT OF THE PROPOSED ACTION

lssuing' an amer'udment to-10 CFR Part 52 to certify the AP1000 standard plant design -
would not constitute a significant environmental:impact. . The amendment.wogld merely codify .
the NRC's approval of the AP1000 design (refer o NUREG-1793). FOrthermore, because the
amendmlent is arule, it involves no resources that have alternative uses. .:-- -
.-~ As described in Section 4.0 of this EA, the NRCreviewe'd;alternatives to the design.-.
cerﬁﬁcation rulemaking and élternative design features for preventing and mitigating severe
’ accidenté. NEPA requires consideration of alternatives to show that the design certification rule
is the appropriate course of action and to.ensure that the design referencéd in the rulemaking
does not exclude any cost-beneficial design changes related to the prevention and mitigation of
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severe accidents: The NRC concludés that,‘ ‘u.nlike the proposed design certification rule, the .- \})

alternatives to certification do not provide for resolution of issqes. ‘
Design certification is in keeping with the Commission’s intent to make future plants

-safer than the current generation of plaﬁts, to aqhieve early resblution of licehsing’ issues, and

to achieve the safety benefits of standardization (refer to the Advanced Reactor (61 FR-24643),

S;tandardization (52 FR 348803), and Severe Accident Policy Statements (50 FR 32138), and to

10 CFR Part 52). Through its own independent analysis, the NRC also concludes that

Westinghouse adequately considered an appropriate set of SAMDASs and that none were cost-

beneficial. Although Westinghouse made no design changes as a result of reviewing the

SAMDAs, Westinghouse had already incorporated certain features in the AP1000 design on the

basis of the probabilistic risk assessment (PRA) results. Section 4.2 of this EA gives examples

of these features.- These design features relate to severe accident prevention and mitigation, .

but were not consfdered in the SAMDA evaluation because they were already part of the

AP1000 design (refer to Sectioﬁ 19.1.6.2 of NUREG-1793, “AP1000 Design Improvement aé a g

Result of Probabilistic Risk Assessment Studies”). . | -
Finally, the design certification rule by itself would not authorize the s_iting, construétion,

or operation of a nuclear power plant. The issuance of a CP, early site'permit (ESP), COL, of

OL which references'the AP1000 design will require a prospective applicant to address the

environmental impacts of“cor-mst‘ruction and operation at a specific site. - The NRC will then

evaluate the environmental impacts and issue an EIS in accordance with 10 CFR Part 51.

However, the SAMDA analysis has been 6ompleted as part of this EA and can be incorporated

by reference into an EIS related to siting, construction, or operation of a nuclear plant that

" references the AP1000 design.



4.0 ALTERNATIVES TO THE PROPOSED ACTION

The NRC has identified two alternatives to certifying the AP1000 design. The first
alternative would be to take no action to approve t_he.design under Subpart B of 10 CFR
Part 52. As with the broposed action, this alternative would not have a significant impact on the
quality of the human environmen-t because it would not authorize the siting, construction, or
operation of a facility.

: I'n, the second alternative, the NRC would approve the design, but would not ceﬁify the
AP1000 design i.n a rulemaking. The NRC issued a final desigh approval fqr AP1000 undér _
Appendix O to 10 CFR Part 52 on September 13, 2004.- Therefore, although the NRC has
approved the design, the design would not:have finality in proceedings under 10 CFR Part 50 or
10 CFR Part 52, Subpart C and could be modified. As a result, the design could require re- -
evaluation as -p'art of each application to construct and opérate a facility of an AP1000 design at
a particular site. This alternative would provide for early internal NRC resolution of design
issues to the extent that the design would remain unchanged at the facility application stage,

but may not obtain all of the benefits of standardization nor permit overall finality for the

resolved design issues.

The NRC sees no advantage in these alternatives compared to the design certification

_ rulemaking proposed for.the AP1000 design. ‘Although neither the alternative nor the proposed

action (design certification rulemaking) would significantly affect the quality of the human
environment, the proposed action achieves the benefits of standardization, permits early
resolution of design issues, and provides finality in licensing proceedir{gs for the resolved
desig'ri issues (i-n'cluding SAMDAs) that are within the scope of the design certification.

Therefore, the NRC concludes that neither of the alternatives to rulemaking would achieve the .



objectives that the Commission intends by cerlifying the AP1000 design purSuant to 10 CFR @

Part 52, Subpart B.

4.1 Severe Accident Mitigation Design Alternatives - -

' Consistent with the objectives of standardization and early resolution of design issues,
the Commission decided to e\'/aluate SAMDAs as part of the design certificatioh for the AP1000
design. .ln a 1985 policy statement, the Commission defined the term “severe a_ccident’;-as an -
event that is “beyond the substantial coverage of design-basis events,” including events where
- there is substantial damage to the reactor core (whether or not ther'e are serious offsite
consequences). Design-basis events are events analyzed in accordance with the NRC’s
Standard Review Plan (NUREG-0800) ahd documented in Chapter 15 of the DCD.-

As part of its design certification application, Westinghouse performeq a PRA for the N
AP1000 design to achieve the following objectives: o @
- Identify the dominant severe accident sequences and associated source terms for the -
design. - - |
Modify thé design, on the basis of PRA insights, to prevent or mitigate and reduce the
risk of severe accidents. -
-Provide a basis for concluding that all reasbnable steps have been taken to reduce the
g chances of occurrence, and mitigate the consequences, of severe accidents.
‘Westinghouse’s PRA analysis is described in Chapter 19 of the AP1000 DCD.
In addition to considering alternatives to the rulemaking process discussed in

Section 3.0, applicants for reactor design certification, COLs, or CPs must also consider - -

alternative design features for severe accidents consistent with the requiréments of 10 CFR

-8-
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M - Part 50, and with a court ruling related to NEPA. Thesé requirements can be summarized as
| follows: - = =~ % o
10 CFR 52.79 and 10 CFR l50.‘34(f)(1)(l)1 requires the applicant to performa:- - -~ ;"
- plant/site-specific PRA, the aim of which is'to sgek such irﬁproVerﬁents in the reliability
~of core and containment heat removal systems as are significant and practicél and do-
not impact excessively on thé plant.-
»The U.S. Court of Appeals decision, .in Limerick Ecology Action'v. NRC, 869 F.2d 719
(3rd Cir..1989), effectively requires the NRC to consider certain SAMDAs in the
environmental impact review pefformed under.Section 102(2)(c) of NEPA with respect to
the licensing for operation’of nuclear power plants, = @7 o e o
Although these requiremerﬁs are not directly related, they share a common purpose to
consider alternatives to the proposed design; to evaluate whether potential‘alternative - -
improvements in the plant design might increase safety performance during severe accidents,
@ and to prevent reasonable alternatives from being foreclosed. It should be noted that the
Commission is not.required to consider alternatives'to the design in this EA.- However,asa" -
matter of discretion, the Commission has determined _that considering SAMDAs concomitant * *
with the rulemaking is consistent with the intent:of 10 CFR Paft 52 for-early resolution of issues,
finality for resolved design issues, and achieving the'be’n"eﬁts:of 'standardization. - -
In its decision in Limerick Ecology Action v. NRC, thé Court oprpeafs for.the Third
" Circuit expressed its opinion that it would likely be difficult to:evaluate SAMDASs fofNEPA
purposes on a genericbasis for all nuclear power plants then licensed by the NRC. ‘However,
“the NRC has determined that generic evaluation of SAMDAS for the AP1000 standard design is

both practical and warranted for two significant reasons. First, the design ‘énd cénst_ruction of

N e T Fal D et e I

Although 10 CFR 50.34(f)(1)(ll) by its terms does not apply to new constr‘u‘ction permits (CP),
“the Commission’s policy is that a CP applicant will be required to comply with 50.34(f)(1)(1).

“ | ”



all plants referencing the certified AP1000 design will be governed by the rule certifying a single \/)

design; Second, the site parameters specified in the rule and the AP1000 DCD establish the;
consequences for a reasonable envelopmg set of SAMDAs for the AP1000 design.. The low
residual risk of the AP1000 deS|gn and the limited potential for further risk reductlons provides
high confidence that additional. cost-beneficial SAMDAs would not-be found for sites within the
site parameter envelope assumed for the AP1000 EA of SAMDAs. - If the actual parameters for
a particular site exceed those assumed in the rule and the DCD, then SAMDAs must be re-

evaluated in the site-specific:environmental report and the EIS. If the actual parameters for a

.postulated site are bounded by those assumed in the rule and the DCD, then the SAMDA

analysis can be incorporated by reference in the site-specific EIS. .

4.2 Potential SAMDAs Identified by Westinghouse
-To identify candidate design alternatives, Westinghouse reviewed the Qesign REEE J
alternatives for other plants including the CE System:80+. Westinghouse also reviewed the -
results of the AP1000 PRA and design alternatives suggested by AP1000 design personnel. .
. Westinghouse eliminated the following SAMDAs from further. consideration because .
they are already incorporated in the AP.1000 design:. -
- ..hydrogen ignition system-." -
- -reactor cavity flooding system - . - .. : MY NI
. reactor coolant pump seal cooling (AP1000 has canned motor pumps) -
~'-.-.reacto‘r coolant system (RCS) depressurization . .. - e <o
.~ extemnal reactor vessel cooling. -1 . .4 s, v
_non-safety-grade containment sbrays .

RENT T o : o -.." A . .. o ._‘--—»_'.i It
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- Several risk-significant enhancements to the AP600 design have also been incorporated .

in the AP1000 design and were therefore not further considered. These modifications are

summarized below and discussed further in DCD Tier 2, Section 1B.1 .5', “Summary of Risk -

Signifi.cant- Enhancement.” .

a change in the normal position of the two .containment motor-operated recirculation

valves (in series with squib valves) from closed to open to improve the reliability of

- opening these flowpaths':-

a change in the emergency operating procedures (EOPs) to call for in-containment '
refueling water storage tank (IRWST) draining earlier in an event to improve the
probability of successfql operator.action -

a change in the design of the IRWST vents to preferentially direct ﬁydrogen releases to

the IRWST pipe vents, where diffusion flames will not adversely impact the containment

- incorporation of a low-boron core to reduce the potential contribution of anticipated
. transient without scram (ATWS) events to plant risk -

-addition of a third passive containment cooling system (PCS) drainline with a

motor-operated valve (MOV) that is diverse from the air-operated valves (AOVs) used in

the other two drainlines, to improve PCS reliability S

.. Specification that two.of the four squib valves in the recirculation lines be low-pressure-

type valves; and the remaining fwo squib valves be high-pressure-type valves to reduce . .. .
the contribution to core damage frequency (CDF) from common-cause failures (CCFs)

of recirculation squib valves. -

-On the basis of the screening, Westinghouse retained 14 potential SAMDASs fof further

: consideration;' “This set of SAMDASs is the same as that considered for the AP600 design. DCD

Tier 2, Section 1B.1.3; “Selection and Description of.SAMDAs,”-describes' the 14 design

improvements as follows: = vt s e

S
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(1)

(3)

Upgrade the chemical and volume control 'syétem (CVCS) for small loss-of—coqlant | @
accidents (LOCAs): The CVCS is currently capable of maintaining the RCS inventory
for LOCAs for-effective break sizes up to 0.97 cm (3/8 in.) in diameter. A design
alternative involving the upgrade of the CVCS for small LOCAs would increase the

capability of the CVCS, enabling it to'maintain RCS inventory during small- and

- intermediate-size LOCAs (up to an effective break size of 15.2 cm (6 in.) in diameter).

Implementation of this design alternative would require installation of IRWST and

‘containment recirculation connections to the CVCS, as well as the addition-of a second

line from the CVCS pumps to the RCS.
Filtered vent: This design alterative would involve the installation of a filtered

containment vent, including all associated piping and penetrations. This modification

. would provide a means to vent containment to prevent catastrophic overpressure

failures and would also provide a filtering capability for source term release. The filtered

vent would reduce the risk of late containment failures that might occur after failure of @

‘the PCS. Note, however, that even if the PCS fails, it is expected that air cooling will

limit the containment pressure to less than the ultimate pressure capacity of the
containment under most environmental conditions. -
Self-actuating containment isolation valves (CIVs): Self-actuation of CiVs could be used

to increase the likelihood of successful containment isolation during a severe accident.

" This design alternative would involve the addition of a self-actuating valve or the
. enhancement of the existing ClVs on normally open containment penetrations
" (i.e., penetrations that provide normally open pathways to the environment during power

. and normal shutdown conditions). “The design alternative would provide for

self-actuation in the event that containment conditions are indicative of a severe

accident. Closed systems inside and outside containment, such as the normal residual

-12- | | \{/)



(4)

.heat removal system (RNS) and component cdoling,»would be excluded from this design

alternative. The actuation of CIVs would be automatically initiated.in the event that

. :containment conditions are indicative of a severe accident.

Passive containment sprays: ‘This SAMDA involves adding a passive safety-relaied

-spray system and all associated piping and support systems to the AP1000 design

- (in lieu of the non-safety-related active containment spray capability currently

. ~incorporated in the AP1000 design). ‘ Installation of the safety-grade containment spray

(6)

(6)

)~

~-.-containment during-a steam generator tube.rupture/(SGTR) event (or to reduce the

system:could result in an increase in the following three risk benefits: - - -

» - :scrubbing-of fission products; primarily for containment isolation failure
. alternative means for flooding the reactor vessel (in-vessel retention)
« ... - control of containment pressure if the PCS fails’» iy .. -7 -

-~ Active high-pressure safety injection (HPSI) system: ‘A safety-related active HPSI

system could -be added that would be capable of preventing a core melt for all events

except the large-break LOCA and ATWS. - Note; however, that this design alternative is

- not consistent with the AP1000 design objectives. -The AP1000 would change from a

- -.plant with passive systems’to a plant.with passive and active systems. » =+

Steam geherator (SG) shell-side heat removal system: This design alternative would

¢-involve the installation of a passive safety-related heat removal systemto the secondary
- side of the SGs. This enhancemerit would provide closed-loop secondary-system
- cooling by'means of natural circulation and stored water cooling, thereby-preventing the

" loss.of the primary heat sink given the loss of startup feedwater.(SFW) and the passive

residual heat removal (RHR) heat exchanger (HX). = ¢ = ..« % i

: D,irect SG relief flow to the' IRWST: : To prevent ﬁssionp'rqduct release from bypassing -

~2. amount released), flow from the.SG safety ‘and relief-valves:could be directed to the
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(8)

©

(10)-

IRWST. ‘An alternative, lower cost option would be to redirect flow only from the first- - \ );‘

. stage safety valve to the IRWST.
‘Increased SG pressure capability: As an alternative to design alternative (7) above,

-another method could be used to prevent fission product-rélease from bypassing

containment durihg"an SGTR event (or to reduce thg amount). This alternative method
would involve an increase of the-SG secondary-side pressure capability and safety valve
pressure setpoint to a level high enough to not allow an SGTR to cause the secondary-
system safety valve to open. Although detailed analyses have not bee_n performed, itis
estimated that the'secondary.-side design pressure would have to be increased by -
several hundred pounds_per‘square inch (psi).: -. |

Secondary containment filtered ventilation: : This design alternative’involves the
installatfon of a passive charcoal and high-efficiency particulate air filter system for the

middle- and lower-annulus region of the secondary concrete containment (below

j
.elevation'135'-3"). Drawing a partial vacuum on the middle annulus via an eductor with k</)

. motive power from compressed gas tanks would operate the filter system. This design

alternative would reduce particulate fission product release from any failed containment

. penetrations. -

Diverse IRWST injection valves: In the current design, a squib valve in series with a

check valve (CV) isolates each of the four IRWST.injection paths. To provide diversity,

* . a modification could be made to allow a different vendor to provide the valves in two of

- the lines. Such diverse IRWST.injection valves would reduce the likelihood of CCFs of

(11)

the four IRWST injection paths.-
Diverse containment recirculation valves: In both the AP600 and AP1000 designs, two -

of the four recirculation lines have a squib valve in series with a CV, and the remaining

- .two recirculation lines-have a squib valve in series with an MOV." This SAMDA involves

14- o kﬁﬁ;)



(12)

(13)

changing the recirculation vaive specification to enable two of the four lines to use

-+ diverse squib valves: -To provide diversity, a modification-could be made to allow a.
~- different vendor to provide the squib valves in two lines. Alternatively, in the AP1000

‘design,;:Westinghouse has specified that two of the four recirculation'sqdib valves be

designated as the low-pressure type and the remaining’two squib valves as the high-
pressure type. The diverse containment recirculation valves incorporated in the AP1000

design-are responsive to the intent of this SAMDA and will reduce the frequency of core

" melt due to CCF of the four containment recirculation lines. R R

Ex-vessel core catcher: This design alternative would inhibit core concrete interaction

(CCl), even if the debris bed dries out. “The enhancement would involve the design of a

- structurein the containment cavity or the use of a special concrete or-coating. The
. -current:AP1000 design-incorporates a wet cavity design in which ex-vessel cooling is

- “used to keep core debris within the vessel. In cases where reactor vessel flooding has -

failed, the PRA assumes that containment failure occurs from an ex-vesse! steam - -~

explosion or CCl.

High-pressure containment design: A high-pressure containment design would prevent

containment failures from severe accident phenomena such as steam explosions and

‘hydrogen detonation.  This proposed: containment design:would have a design pressure

~:: *of approximately 2.17.mPa (300 psig) and would include a passive cooling feature . -

(14)

 similar-to the one in the existing containment design. - Although the high-pressure

containment would not reduce the frequency or magnitude of releases.-froman =+ -

- unisolated containment, it woiild reduce the likelihood of containment failures:” -

Increase reliability of diverse actuation system (DAS): -The DAS is a non-safety system |

that can-automatically trip the reactor-and turbine-and:actuate certain engineered safety

v feature (ESF) equipment if the protection and safety monitoring system (PMS):is unable
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-to perform these functions. The DAS proVid_es diverse mqnitoring'of selected plant - \J)
parameters to-guide manual operation and to confirm reactor trip and ESF actuations.:
" Increasing the reliability of the DAS involves adding a third instrumentation and control
(1&C) cabinet and a third set of DAS instruments to allow the use of two-out-of-three _
. logic instead of fwo-out-of,-two logic. .:: |
‘Westinghouse considered an_additional SAMDA that would involve relocating the entire
-.normal residual heat removal system_-(R_NS) and piping inside the containment pressure
boundary. This would prevent containment bypass due to intersystem loss-of-coolant accidents .
(ISLOCAs) in the RNS.. However, in the AP1000, the RNS has a higher design pressure than
-the systems in current pressurized-water reactors (PWRs), and an additional isolation valve is -
provided. As a result, ISLOCAs do not contribute significantly to. the CDF-in the AP1000 PRA.
Accordingly, Westinghouse did not further investigate this change. The NRC has reviewed the
Westinghouse analyses and agrees that further consideration of this change is not wérranted

because the change would provide virtually no risk reduction. - --~.., .- . ' @

- 4,3 NRC Evaluation

The set of potential design improvements considered for the AP1000 is the same as
those considered for the AP600. As part of the review for the AP600, the NRC reviewed the set
of potential design improvements identified by Westinghouse and found it to be reasonably
complete. The activity was accomplished by.reviewing',design alternatives associated with the
following plants:- Limerick, Comanche Peak, CE System 80+, Watts Bar, and the advanced
boiling water react_or (ABWR).: The N-RC also reviewed accident management strategies
described in (NUREG/CR-5474) and alternatives identified through the Containr_nent :

Performance Improvement (CPl) Program (NUREG/CR-5567, -5575; -5630, and -5562). The
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results of this assessment are summarized in'Appendix A to “Review of Severe Accident
Mitigafion Design Alternatives (SAMDAs) for the Westinghouse AP600 Design,” Science and
Engineering Associates, Inc., (SEA 97-2708-010-A;1, August 29, 1997). Given the similarity

between the AP1000 and the AP600 design features and risk profile, the NRC considers this-

prior evaluation for the AP600 to'be applicable to the AP1000 as well.

The NRC notes that the AP1000 design is less tolerant of equipment failures than the
AP600 because the large LOCA success criterion for the AP1000 requires operation of two of
two accumulators whereas only one of two accurnulators is required for the AP600, and
because the LOCA success criterion for the AP1000 requires operation of three of four
automatic depressurization'system (ADS) Stage 4 valves whereas only two of four ADS Stage 4
valves are required for the AP600. Atthe NRC's req'uesft, Westinghouse performed an
evaluation of the two additional design alternatives: =
(1) -Larger accumulators:: An increase in the size of the éccumulators sufficient to change™ -

" the large LOCA success criterion from two of two accumulators to one of two
-accumulators.: Westinghouse estimates that the accumulator tanks would have to
increase in size from 56.6 m® to 113.2 m® (2000 ft* to 4000 ft®). This increase would -
likely-require a change to the design of the direct vessel injection (DVI) piping
subsystem and significant reanalysis of the DVI piping.
2) Larger ADS Stage 4 valves: - Increasing the size of the ADS Stage 4 (ADS-4) valves
sufficient to change the LOCA success criterion from three of four valves to two of four
" valves. ‘ Westinghouse estimates that the valve’s would have tointrease in size from
35.6 cm to 45.7 cm (14 in. to*18 in.) and that common fourth stagé piping that _cdnnects
" to the hot'leg would have to increase in-size from 45.7 cm to'50.8'~c’mk'(18 in. to at least
.20 in.). This increase would require a sighificant redesign of ihé squib valve and the -
“*ADS-4 piping, which in tufn would impact the design'of the feactor coolant loop piping.”

_1 7_



Such a redesign would necessitate additional Conﬁrrhatory testing to verify that the Q
. behavior of_thé passive safety systems was not adversely impacted.
- . For both of these alterhatives, Westinghouse estimated that the redesign and reanalysis

cost of the changes would be significanﬂy greater than the benefits of completely eliminating all -

severe accident risk for the AP1000. Therefore, these design changes were not pursued

further. |

Although Westinghouse’s analysis omitted several design alternatives, iﬁ most

_instances these design alternatiyes are either already included in the AP1000 design or

bounded in terms of risk reduction by one or mare of the design alternatives that were included
- in Westinghouse’s analysis. In some other.cases, desig-n‘ alternatives were pertinent only to |
boiling-water reactors (BWRs). The NRC's review did not reveal any obvious additional design
alternatives that should have been considered by Westinghouse. Westinghouse considered
- some of the potential design alternatives identified in the abové references as appropriate for
accident management strategies, rather than as design alternatives. The NRC notes that the @
set of design improvements is not all inclusive in that additional, perhaps less expensive design
improvements could be pos.tulated._ . However, _the benefits of any additional modifications would
not likely exceed the costs of the modifications evaluated. Also, the costs of alternative
- improvements are not expeéted to be less than the costs of the least expénsive improvements
evaluated, when the subsidiary costs associated with maintenance, procedures, and training
are considered. |

The discussions in DCD Tier 2, Appendix 1B, do not provide Westinghouse’s basis or

- . process for screening the many possible design alternatives to arrive at the final list of 14.

Although the information provided does not demonstrate that the search for design alternatives
‘was comprehensive, the NRC'’s review of the more than 120 candidate design altemaﬁvés

considered for the APGOO did not identify any new alternatives more likely to be cost-beneficial



than those included in the AP1000 design alternative evaluations. The NRC notes that
Westinghouse has incorporated several risk significant enhancements within the AP1000

design, as discussed in Section 19.4,3.1 of NUREG-1 793, “Final Safety Evaluation Report

' [F_SER] Related to Certification of‘the AP1000 Standard Design,” (AP1000 FSER), and has

considered potential design changes to improve the AP1000 success criteria. On this basis,

the NRC concludes that the set of potential désign improvements evaluated by Westinghouse

~ is acceptable.

4.4 Risk Reduction Potential of SAMDAs

4.4.1 Westinghouse Evalua'tio'n

In its evaluation, Westinghouse assumed that each desigﬁ alternative would work
perfectly to completely eliminate all severe accident risk from evaluated internal, external, and -
shutdown events. This assumption is conseNative, since it maximizes the benefit of each
design alternative. The design alternative-benefits were estimated on the,ba_sis of the reduction
of risk expressed in terms of whole body person-rem per year received by the total population

within a 80.5-km (50-mile) radius of the AP1000 plant site, as discussed jn Section 19.4.2 of the

~ AP1000 FSER.

- Westinghouse used the cost-benefit methodology of NUREG/BR-0184 to calculate the
maximum attainable benefit of completely eliminating all risk for the AP1000. This methodology
includes consideration of replacement power costs. T he,appli.cant estimated the present worth
of eliminating all risk to be $21,000. Even if the AP1000.CDF and large release frequency

(LRF) were é factgir of 10 higher, this-value would only increase to about $200,000.
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4.4.2 NRC Evaluation * . = - o : o . : . D

“NRC reviewed Westinghouse’s bases for estimating the risk reduction for the various
SAMbAs, and concluded that Westinghouse used bounding and conservative assumptions as
. the bases for the rfsk reduction estimates for each design alternative. -

Westinghouse’s risk reduction estimates a}e based on point-estimate (mean) values,
and do not consider uncertainties in CDF or offsite consequences. Although this is consistent
with the approach taken in previous design alternative evaluations, further consideration of
these factors could lead to significantly higher risk reduction values, gi\}en the extremely small
CDF and risk estimates in the baseline PRA In assessing the risk reduction potential of design -
improvements for the AP1000, the NRC has based its evqluation on the applicant’s risk"
reduction estimates for the various design alternatives, in conjunction with an assessment of
the potential impact of uncenaihtieé on the results. This assessment is diséussed further in

Section19.4.6 of the AP1000 FSER and in'Section 4.6 of this EA. . ‘ . g

4.5 Cost Impaéts of Candidate SAMDAs -

4.5.1 Westinghouse Evaluation

DCD Tier 2, Section 1B.1.8, “Evaluation of Potential Improvements,” discusses capital
cost estimates for the design alternatives evaluated by West_inéhouse for the AP1000. DCD
Tier 2, Table 1B-5, presents the results of the cost evaluations.  The cost evaluations did not
account for the costs of design en_gineering, testing, and maintenance for each desigh'
‘alternative." Including these costs would increase the overall costs an_d decrease the benefits of
each alternative. Thus, the Westinghduse_ approach is cqnservative.
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4.5.2 NRC Evaluation - . -~ . . .. o

(A [

As mentioned previously, the set of SAMDAs considered for the AP1000 is the same as
the set considered f0|: the AP600. As part of the AP600,review, the NRC compared the capital
costs for the AP600 désign altérnatives with those evaluated for the ABWR and.CE System 80+
designs. T He purpose of.this comparison was to determine the reasonableness of the cost
estimates presented by the applicant. . The design alternatives among the reactor designs, did -
_not exactly match, so only rough comparisons were possible. Based on these comparisons, the
NRC concluded that the cost e_stifnates for the AP600 design alternatives are in reasonable
agreement with the costs for rdughly similar desigh alternatives evaluated for other plants.
Given the similarity between.the AP1000 and the AP600 design features and risk profile, the
NRC considers this prior evaluation for the AP600 to be applicable to the AP1000 as well. This |
is réasbnable, considering uncertainties in the cost estimates, and the level of precision
necessary, given the greater anertainty inherent on the benefit side with which these costs

were compared. - e T - RN .

4.6 Cost-Benefit Comparison - - -

. 4.6.1 ‘Westinghouse Evaluation

- : ':;'", arn L ,‘....‘,:}.{ .
- . .After considering the risk reduction potential and-cost impact of the various SAMDAs, ;. -

Westinghouse did a cost-benefit comparison to determine whether any of the potential severe .,

accident design features would be justified.: To do so, Westinghouse evaluated the benefits of

each design-alternative .in terms of potential risk reduction, which was defined as the reduction
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in whole body person-rem per year réceivéd by the total population within a 80.5-km (50-mile) \J
radius of the AP1000 plant site. Westinghouse used the cost-benefit methodology of

NUREG/BR-0184 to calculate the maximum attainable benefit of completely eliminating all risk

for the AP1000. - This méthodology includes consideration of replacemén\t power costs. -

- Westinghouse estimated the present worth of'eliminating all risk to be $21 ,000. ‘This value is

an upper bound because in practice no design alternative, if implemented, would redUce the

-plar’it CDF to zero. Westinghouse also provided additional sensitivity analyses of the impacts of

the following:

. a 3-percent discount rate rather than the 7-percent discount rate assumed in the base
case

. a factor of 10 increase in the population dose used in the base case

. "a more realistic reduction in CDF (i.e., each SAMDA reduces CDF by 50 percent rather

thavn 100 percent, as assumed in the base case) | . .
+  afactor of 2 increase in the base case CDF ‘ o : U
. a‘factor of 10 increase in the maximum attainable benefit

- DCD Tier 2, Table 1B-4, summarizes -the results for these cases. With the exception of

the last sensitivity case, the calculated maximum attainable benefit was no more than $43,000.
Even when the AP1000 CDF and LRF were increased by a factor of 10; the maximum
attainable benefit of eliminating all risk for the AP1000 would only increased to about $200,000.

The applicant found that none of the 14 design alternatives and neither of the two
additional alternatives related to the PRA success criteria would be cost beneficial. Only one
alternative has an implementation cost close to $21,000, nar-nely', SAMDA 3, self-actuating .
CIVs, which has an estimated cost of $33,000. All of the remaining .alternatives have estimated

implementation costs at least a factor of 20 greater than the maximum attainable benefit of .

22- - _ V)



$21,000.-*: On this basis; the applicant concluded that-only SAMDA 3 warranted further-
evaluation. |
SAMDA 3 consists of improved containment-isolation pfovisions’on all normally open:-

containment penetrations. The design alternative would involve either adding a self-actuating
valve or enhancing the existing inside CIV to provide for self-actuation in the event that
containmeﬁt conditions are indicative of a severe accident: Westinghouse noted that even if
this SAMDA ‘completely eliminated all releases associated with containment isolation failures . -
(i'.e.-, release category containment-isolation (Cl)) and re'duged the CDF to zero,“ihe benefit of -
the SAMDA-.wouId be on'the order of:$1000. -More realistically; the CDF would not be - -
impacted, and elimination of all containment isolation failures would only have a benefit on the .
order of $100. Thus, even the lowest cost SAMDA would not be cost beneficial.

. On the basis of_ the cost-benefit comparison, the applicant concluded that-no additional .

modifications to the AP1000 design were warranted.

4.6.2 NRC Evaluation - - I L

LA e ' o . P T
: The applicant’s estimates of risk-do not account for uncertainties either in the CDF orin.
the offsite radiation exposures resulting.from.a core damage event. The uncertainties in both of

these key elements are fairly large because key safety features of the AP1000 designare . -

_unique and their reliability. has been evaluated through analysis and testing programs rather .-

than operating experience. :In additipn, the estimates of CDF and offsite exposures do not -~ ;..

-account for the addéd risk from earthquakes. =~

. As part of the AP600 review, the NRC did detailed analyses to assess‘-design-alternative
benefits, taking into account the uncertainties in estimated CDF, offsite releases of radioactive - .
materials from a severe accident, and the effects of external events. Given the similarities
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between the AP1000 and AP600 design features and risk profiles and the sets of SAMDAs
relevant to each design, the NRC considers this prior evaluation for the AP600, summarized
below, to be applicable to'the APiOOO as well... |

"~ The staff estimated the maximum benefits that could be achieved with the AP600 design
. alternatives, assuming that a design alternative can eithe} completely eliminate all core damage
events orlcompletely eliminate offsite releases of radioactive materials in the eveﬁt 6f a ‘severe
accident. The estimates of benefits were calculated using the NRC-developed FORECAST
.code (NUREG/CR-5595, Revision 1,.“FORECAST: Regulatory Effects Cost Analysis Software
Manual, Version 4.1,” Science and Engineering Associates, Inc., July 1996). FORECAST-
allows the use of uncertainty ranges for all key parameters and provides a means for combining
uncertainties in these parameters. For the purposés of estimating the maximum. potential - .
benefit from the AP600 design alternatives, the staff assumed that external events and accident
sequences not yet accbunted forin the PRA increésed the reference CDF by two orders of
magnitude (i.e., a factor of 100).

The results of the analysis indicated that design alternatives which prevent accidents

(i.e., reduce the accident frequency to zero) are fnuch more cost effective than design |
alternatives which reduce or eliminate offsite releases, but which have no effect on accident
frequency. "This is because of the fairly large benefits of averting onsite cleanup and
decontamination cpsts and avoiding replac&_ament energy costs. Neither of these costs are - :
assumed to be impacted by design alternatives which do not reduce accident frequency. The
staff divided the design alternatives into two groups: those that impact the CDF and those that
impact containment performance, but not CDF. Benefits were estimated by taking the fractional
_. reduction in risk for each design alternative (compared to the AP600 baseline risk-as defined by

the applicant) and applying that fraction to the mean benefits..
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- .. Design alternatives that were within-a decade of meeting a benefit-cost criterion of
$5000/person-rem were subjected to further probabilistic and deterministic considerations.
None of the design alternatives had a cost-benefit ratio of less than $5000/person-rem. The .

only design alternatives which came within a decade of the $5000/person-rem criterion were - -

- SAMDA 10, diverse IRWST injection valves, and SAMDA 3, self-actuating CIVs. The NRC-

. concludes, on the basis of further probabilistic and deterministic evaluations, that thése design

alternatives are not cost beneficial and need not be further pursued. -

. Given thé similarities between the AP1000 and the AP600 design features and risk
profiles and the sets of SAMDAS relevant to each design, the NRC considers the results of this
prior evaluation for the AP600 to be applicable to the AP1000 as well. Accordingly, the NRC:

further evaluated these two SAMDAs for the AP1000, as discussed below.

4.7 Further Considerations

4.7.1 Seif—Actuating Containment Isolation Valves

This design alternative would reduce the likelihood of containment isolation failure by

adding self-actuating valves or enhancing the existing ClVs for automatic closure when

containment conditions indicate a'severe accident has occurred. Conceptually, the design

- would either-be an independent valve or an appendage to an existing fail-closed valve that

would respond-to post-accident containment conditions. For example, a fusible link would melt

in response to elevated ambient temperatures, venting the air operator of a fail-closed valve, -

thus providing the self-actuating function.” This design alternative is estimated to impact . -- .

releases from containment by-less than 10 percent.

Sy
Sl
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This improvement to the containment isolation capability would appear to be effective in
reducing offsite releases for accidents involving external and internal events. The addition of .
this design alternative would impose miﬁor operational disadvantages to the plant because the
operations and maintenance staff would require' some additional training. These automatic -
features would also require periodic.testing to assure that they weré functioning properly.

The most importénfquestion regarding this design alternative is whether it can be
implemented for a cost of only $33,000. The cost estimate afapears'not to include the .first-time
engineering and qualification testing that would be required to demonstrate that the valve would
perform its intended function in a timely and reliable manner. The costs of periodic testing and
maintenance appear not to have been included. The NRC believes that the actual costs of this
design alternative would be substantially higher than the applicant’s estimate (by a factor of
10 or more) when all related costs are realistically considered. On the basis of the unfavorable
cost-benefit ratio and the expectation that actual costs would be even higher than the applicant
estimated, the NRC concludes that this design alternative is not cost beneficial and need not be

further evaluated.

4.7.2 Diverse IRWST Injection Valves - -

“In the current- AP1000 design, a squib valve in series with a CV isolates each of four
IRWST injection paths. This design alternative would reduce tﬁe likelihood of CCFs of IRWST
injection to the reactor by utilizing diverse valves in two of the four lines. The complete
elimination of the CCFs of IRWST- iﬁjection squib vaives would lead to a moderate (upto -

10 percenf) reduction of the at-power internal events CDF. Inthe absence of-a comprehensive
external events PRA for the AP1000 plant, it is difficult to estimate the effectiveness of this
design alternative in reducing the risk from external events such as seismic events. However, it
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appears likely that failure to inject coolant to the reactor would remain a contributor to the CDF
from external events, in which case diversity in.the IRWST injection valves should help to
reduce the risk from both external and infernal events, - . - -

Alternate vendors are available for the CVs. However,itis qu.estionable if CVs of
different vendors .would be sufficiently varied to be considered diverse unless the type of CV )

was changed from the current swing-disk check valve type to another type. The swing-disk .

- type is preferred for this application and other types are considered less reliable.

-~ Adding diversity to the injectibn line squib valves would require additional spares at the -
plant and some additional training for plant operations and maintenance staff, but would not
appear to add significantly to the operational aspects of the AP1000. However, a greater issue
concerns the availability and costs of acquiring diverse valves from a second vendor. Squib
valves are specialized valve designs for which there are few vendors. “The applicant claimed
that a vendor might not be willing to design, qualify, and build a reasonable squib valye-design
for this application, considering that the vendor would only supply two valves perplant. The -
cost estimate for this design-alternative assumes that a second squib valve vendor exists and .
that the vendor only provides the two diverse IRWS_T- squib valves per plant.. The cost estimate
does not include the additional first-time engineering and.qualification testing costs that will be
incurred by the second vendor. . The applicant estimated that those costs could be more than
$1-million dollars.” As a result, the applicant concluded that this design alternative would not be
practicable because of the uncertainty fn the-availability of a second squib valve design/vendor
and the uncertainty about the reliability of another type of CV. -The NRC considers the rationale

set forth by the applicant regarding the potential reductions in reliability and high costs-.

. associated with obtaining diverse valves to be reasonable.. On'the bases of these arguments, -

the NRC concludes that this design alternative need not be further-pursued.
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4.8 Conclusions-on SAMDAs - o e S - )

As discussed in Section 19.1 of the AP1000_.FSER, Westinghouse used the PRA results
extensively to arrive at the final AP1000 design. As a result, the estimated CDF and risk
' calbulated for the AP1000 design are very low, both relative to existing operating plants abd in
- absolute terms. - Moreover, the low CDF and risk for the AP.‘IOOO plant reflect Westinghouse’s
efforts to systematically minimize the effect of initiators/sequences that have been important
-contributors to CDF in previous PWR PRAs This minimization-has been done largely through
-the incorporation of a number of design improvements. Section 19.1 of the AP1000 FSER
discusses these improvements and the additional AP1000 design features which contribute to
low CDF and risk for the AP1000. .
Because the AP1000 design already.has numerous plant features designed to reduce
_ CDF and risk, the beneﬁts and risk reduction potential of ac_jditional plant improvements is
- significantly reduced. This reduction is true for both internally and externally initiated events. @
Moreover, with'the features already incorporated in the AP1000 design, the ability to estimate
CDF and risk approaches the limitations of probabilistic techniques. Specifically, when CDFs
are estimated to be on the order of 1 in 1,000,000 years, it is possible that the areas of the PRA
where modeling is least complete, or supporting data are sparse or even nonexistent, may -
actually be the more important contributors to risk. Areas not modeled or incompletely modeled
* include human reliability, sabotage, rare initiating events, construction and design errors, and
systems .interactions. . Although improvements in the modeling of these areas may introduce
additional cbntributors to CDF and risk, the N'RC does not expect that additional contributions
- would change the con'clusions in absolute terms. - |
The NRC concludes that none of the potential design modifications evaluated are

justified on the basis of cosi-benefit considerations. The NRC further concludes that it is
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unlikely.that any other design changes would be justified in the future on the basis of person-

rem exposure because the estimated CDFs are very low on-an absolute scale. ~

5.0 ALTERNATIVE USE OF RESOURCES

No resources, such as land, water, or physical materials, will be affected by the
promulgation of this proposed rule. This proposed rule would codify the AP1000 design in the
Code of Federal Regulations but would not authorize the siting, :construction, or operation of

any nuclear power plant.

6.0 STATES CONSULTED AND SOURCES USED

.. The NRCsenta copy of the propgsed rule and draft EA t.o the State Liaison Officers
and specifically request.ed their comments on the EA. In addition, the draft EA was issued for
public comment; comments and responses are discussed in Section 7. . |

- The Commission has determined under the NEPA of 1969, as amended, and the NRC's
regulations in:10 CFR Part §1,"Subpart A, that this rule is not a majof Federal action - -
significantly affecting the .quality of the human environment. Therefore, the NRC has. . -

"determined:that preparation of an environmental impact statement for this rulemaking is not . .-
required. The basis for this detérminatio‘n, as documented in this EA, is that the.amendment to
10 CFR Part 52.would not authorize the siting, construction, or.operation of a facility referencing
the AP1000 design; it would only.codify the AP1000 design in a-rule. : Therefore, the NRC staff

- did not.issue the EA for comment specifically by Federal, other State; and local agencies. _Thé-
NRC's finding of no significant environmental impact was published in the: Federal Registeron. .

April 18, 2005 (70 FR 20062), with the proposed design certification rule and draft EA for the
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AP1000 design. .The NRC will evaluate the environmental impacts and issue an EIS;as . . \ )
appropriate, in accordance with NEPA as part of any application(s) for the siting, construction,

or operation of a facility that would reference the AP1000 design..

7.0 PUBLIC COMMEN'I"S AND NRC RESPONSES -

On April 18, 2005 (70.FR 20062), the Commission issﬁed the draft EA for bublic -
comment. The conﬁment period expired on July 5, 2005. The co-mments are summarized . -
below and responses are provided; the comments did not result in a change in the technical -
analyses, findings, or conclusions in the EA.
Comment summary. Three severe accident mitigation design alternatives (SAMDASs)
were inappropriately dismissed in the EA on the basis that they do.not affect the likelihood of an
- accident. These SAMDAs involve filtered containment vents and self-actuating containment - -
isolation valves. - - _ : : B el o U
- Response. The NRC disagrees that these three SAMDAs were inappropriately
dismissed. The noted SAMDASs were assessed in terms of their respective benefits and
implementation costs, and dismissed on the basis that they would not be cost-beneficial. In
assessing benefits, SAMDAs.were divided into two groups—those that impact core damage
: frequen.cy (CDF), and those that impact containment performance.but not CDF (including the
SAMDAs in question). Although containment-related SAMDAs do not offer any benefits
associated with reducing.CDF (such as aveﬁed replacement power costs), the applicant
conservatively assumed that-all SAMDAs would completely eliminate all severe accident risk.
More realistically, the CDF would not be impacted and the benefits would be much lower.

Accordingly, these SAMDAs would not be cost-beneficial. -
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- - Comment summe_zry.' One SAMDA was inappropriately -dismissed in the EA on the basis

that it is not consistent with the AP1000 design objective of relying on passive systems. This -

' SAMDA involves an active high-pressure safety injection system that would be capable of

preventing a core melt for all but two types of events.

-~ Response. The NRC disagrees that the SAMDA was inappropriately dismissed. - .

Although the noted SAMDA was screened out on the basis that it is inconsistent with AP1000 .

. design objectives, it would also héve,been eliminated on cost-benefit considerations.

Specifically, even if this SAMDA were to eliminate all severe accident risk, the estimated costs
of the SAMDA (at least $1 million, given the significant hardware and ongoing maintenance

costs) would exceed the estimated benefits by several orders of magnitude.

Comment summary. The EA contains no assessment of the impact of an accidental or

- deliberate external rupture of the.AP1000fs,unreinfo'rced containment _s.tructure.v -

Response. For the reasons the Commission stated in detail in Private Fuel Storage

"(CLI-02-25, 12/18/2002), the NRC has no obligation. under the National Environmehtal Policy-

Act (NEPA) to consider intentional malevolent adts,'such as those directed. againstthe - . .-

- United States on September 11, 2001, in conjunction with a licensing action.. In short, the -

Commission recognizes that it cannot rule out the possibility of a terrorist threat to nuclear.
faciliti_es, but finds that the possibility of a terrorist attack is specuiative and simply too far
fem&ved from the natural or expected consequences of agency action to fequire a study under
NEPA." As a practical matter, attempts to evaluate that threat even in qualitative térhs are likely
tobe meaﬁingless and consequently of no use in the agency’s decision .‘rnaking. .Moreover,

although one of the.purposes of NEPA is to inform the public of the environmental impacts of a

" regulatory action, the results of any attempted analysis of terrorism could not be made available

to the public, for reasons associated with safeguards and physical security. :.; - -
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The Commission is devoting substantial time and agency resources to combating the
potential for terrorism involving nuclear facilities and materials. In response to the -
- September 11 attacks, the NRC staff is conducting'a comprehensive review of its secuﬁty énd
safeguards mee'lsures, and have instituted interim upgrades in éecurity requirements for its
licensees. The Commission is also working with numerous other government agencies to meet
and minimize the threat of terrorism.  Thus, althougﬁ the C'ommission declines to consider -

terrorism in the coritext of NEPA, it is devoting significant attention to terrorism-related matters.’

Comment summary.: How can anyone do an “Environmental Assessment™or an FSER
on a plant design that exists only on paper and has never been constructed complefely to scale
and operated anywhere in the world?

Response. The logicél outgrowth of this argument is that no plant of new design could

. ever be built; thé argument is circular. The purpose of an FSER and EA is to assess a nuclear

- plant design before'it is’constructed.' The FSER is based on an-e\)aluation of design
information and the safety analyses of postulated accidents for that particular plant design. The
SAMDA portion of the EA considers alternatives to the plant design that was evaluated in the

. FSER. The NhC's FSER and EA for the AP1000 standard plant design were used as the basis

for this rulemaking.

- 'Comfnent summary. The applicant’s estimates of risk do not account for uncertainfies
in core damage frequeﬁcy or in offsite radiation exposures resulting from a core damage event.
Response. The NRC disagrees with this comment. Although the NRC acknowledges
that uncertainties are large and that several areas are incompletely modeled, as stated in the
- EA, even if the CDF and large release frequency were a factor of 10 hiéher, none of the
SAMDAs would be cost-beneficial.
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“Comment.summary. The Department of Energy (DOE) is going to subsidize “firstof a - -

- kind” engineering costs for the first plants constructed of each of the new NRC-approved. . :

designs. Therefore, the applicant is not going to'have to bear.all costs considered in the - -
analysis. -

Response. The cost evaluations do not-include the costs of design engineering or -
testing and maintenance for-each' design alternative. Including all or a portion of these costs -
woulld 'increase the overall implementétion costs and decrease the cost-effectiveness of each
SAMDA. Moreover, fhe possibility that DOE may pay for the “first.of a kind” engineering costs
for the first plants is not relevant, since that only addresses who is going to pay for such costs;

the SAMDA analysis focuses on the overall cost to saciety.

Comment summary. There seems to be no inclusion in the cost-benefit analysis of the
“benefit” to the applicant of a plant which has little or no severe accident risk. Westingh.ouse
stands to gain significantly if the AP1000 is as safe as the AP600 is supposed to be.:

Response. The comment appears to be based on the incorrect assumption that the

- SAMDA analysis and/or Regulatory Analysis should include benefits to an applicant utilizing the

AP1000 design. -The low level of risk estimated for the AP1000 design.may be a benefit to the

applicant with regard to marketability and public acceptance of the design. However, this is not

" a recognized or readily quantifiable attribute .in the NRC methodology for value-impact analysis-

(NUREG/BR-0184, *Regulatory Analysis Technical Evaluation:Handbook”) and there isno - -
precedent for its inclusion in regulatory analyses. -Accordingly, this factor has.not been included

in the SAMDA evaluation.. B L
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Comment summary.  The cost-benefit methoddlogy overstates the costsand .. - \_)
understates the-benefits by including replacement power costs as part of the SAMDA
implementation cost rather than as a benefit.-

Response. The comment reflects a misunderstanding of how replacement power costs
were treated in the assessment. Replacement power.costs (more correctly, “averted -

. replacement power costs”) were included as a benefit for the various SAMDAs, and were not -

assumed to contribute to the SAMDA implementation costs.

Comment summary. The comment questions how one can estimate populations that
are totally hypothetical, and why the entire population within a 50-mile radius of the plant is
used in the analysis. The comment implies that use of the entire population would have the
effect of diluting (reducing) the hypothetical exposure from an accident.:

Response. Offs;}te cbnsequences for the AP1000 design were évaluated using
reference site information déveloped by the Electric Power Research Institute (EPRI) to ' g
represent potential sites where an AP1000 plant might be built. The reference site data was
developed to represent or bound the consequences at approximately 80 percent of the reactor
sites in the United States (see Sectic-m 19.4.2 of the AP1000 FSER). Exposure énd offsite
| property impacts were estimated over a 50-mile radius from the plant site.as prescribed in
NUREG/BR-0058, Revision 4, "Regulatory Analysis Guidelines of the U.S. Nuclear Regdlatory
Commission.” The population dose estimates represent the cumulative dose received by the
entire populqtion within the 50-mile radius. Consideration of the entire population increases

rather than dilutes the hypothetical exposure from an accident.

‘Comment summary. The NRC accepts' the applicant’s assessment when the estimated

implementation costs are higher than the estimated benefits, yet rejects the applicant’s cost
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estimates for SAMDAs whose implementation costs are within the range of the estimated

- benefits. One of the SAMDAS handled in this manner.was self-actuating containment isolation-

valves.

Response. The NRC disagrees with the comment. - The methodology for evaluating
potential SAMDAs involves a multi-step screehing process:. SAMDAs whose implementation
costs clearly-exceed the conservatively-estimated benefits -are screened from further
consideration. Those SAMDAs whose implementation costs are within range of the estirﬁated
benefits are-further assessed using more realistic assumptions regarding-implementation costs
and/or benefits. The SAMDA assessment for self-actuating containment isolation valves is an: -
example of a;.SAMDA that survived the initial screenihg_, but was subsequently judged not cost-

beneficial under:more realistic assumptions.

Comment summary. The SAMDA cost-benefit analysié is based on construction of a

single unit, even though this design, once certified could be referenced for many plants. Thus,

- the costs of any re-engineering and re-analysis involved in the_vincorpq_ration of any of the

: SAMDAs would effectively be spread 6ver many plants.

~: - Response. The staff agrees that the costs of any re-engineering and re-analyzing can
be spread over many plants. However,.this would not affect the measures of the SAMDA~ ; .
analysis because the applicant’s cost estimates did not account for the costs of design -

engineering. -Thus, most of the SAMDA implementation cost (e.g., the cost of installed

hardware) would still be:incurred at each unit rega.rd'less of whether additional units are -

constructed. In-addition, even if all SAMDA implementation costs were assumed to be reduced

. -by a.factor of 10, to"represerit spreading all costs over 10 new units, none of the potential

SAMDASs would become cost-beneficial when SAMDA benefits and implementation costs are
estimated based on realistic assumptions.
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Commenf summary. The comment questions how cost .cons_iderationsare allowed to
influence the safety review and design certific’atioﬁ process. |

Response. The NRC disagrées that cost considerations have infiluenced the safety
review. Itis important to recognize the difference between the safety evaluation and the EA.
The review of the AP1000 design with regard to the overall level of safety-and its compliance
with NRC's regulations is described in the AP1000 FSER. Costs are not an ordinary- <
consideration in the NRC's safety evaluation, i.e., the design is required to meet avll regulations
fegérdlesé of cost unless‘an exemption is requested and costs are defined as a legitimate
factor to be considered under one or more of the criteria in 10 CFR 50.12. In contrast, the
scope and focus of the SAMDA review within the EA is on potential means by which plant risk .-
can be further reduced. Costs are a legitimate consideration in this ass.essment, since the
objective is to identify significant and practical improvements in plant design that do not impact

excessively.on the plant cost.

8.0 FINDING OF NO SIGNIFICANT IMPACT:

On the basis of the environmental assessment, the NRC concludes that the proposed
action will not have a significant effect on the quality of the human environment. Accordingly,
the NRC has decided not to prepare an environmental impact statement for the proposed -
action.

For further details with respect to the proposed action, see the design certification rule -
and the documents referenced ih.the statement of consideration for the final rule. Documents
may be examined, and/or cdpied for a fee; at the NRC'’s Public Document Room (PDR), located
at One White Flint North, 11555 Rockville Pike (first floor), Rockville, Méryland. Publicly -
available records will be accessible'electron‘ically from the Agencywide Documents Access and
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- Management System (ADAMS) Public Electronic Reading Room on the NRC Web site at -
- http:/lwww.nrc.gov/reading-rm/adams.html. Persons who do not have access to ADAMS or
" who encounter problems in accessing the documents in ADAMS should contact the NRC PDR

-reference st_aff at 1-800-397-4209 or 301-415-4737 or send an e-mail to pdr@nrc.qgov.
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1..Introduction and General Description of Plant - AP1000 Design Control Document

APPENDIX 1B

SEVERE ACCIDENT MITIGATION DESIGN ALTERNATIVES

1B.1

1B.1.1

1B.1.2 -

AP1000 SAMDA Evaluation

Introduction

This response provides an evaluation 6f Severe Accident Mitigation Design Alternatives
(SAMDA) for the Westinghouse AP1000 design. This evaluation is performed to evaluate
whether or not the safety benefit of the SAMDA outweighs the costs of incorporating the

SAMDA in the plant, and is conducted in accordance with applicable regulatory requirements as

identified below. _

The National Environmental Policy Act (NEPA), Section 102.(C)(iii) requires, in part, that:
... all agencies of the Federal Government shall ... (C) include in every recommendation or
report on proposals for legislation and other major Federal actions significantly affecting the
quality of the human environment, a detailed statement by the responsible official
on ... (iii) alternatives to the proposed action.

The 10 CFR 52.47(a)(ii) requires an applicant for design certification to demonstrate:

... compliance with any technically relevant portions of the Three Mile Island requirements
set forth in 10 CFR 50.34(%) ...

A relevant requirement of 10 CFR 50.34(f) contained in subparagraph (1)(i) requires the

performance of:

... a plant/site specific probabilistic risk assessment, the aim of which is to seek such
improvements in the reliability of core and containment heat removal systems as are
significant and practical and do not impact excessively on the plant ...

In SECY-91-229, the U.S. Nuclear Regulatory Commission (NRC) staff recommends that
SAMDAS be addressed for certified designs in a single rulemaking process that would address
both the 10 CFR 50.34 (f) and NEPA considerations in the 10 CFR Part 52 design certification

rulemaking. SECY-91-229 further recommends that applicants for design certification assess .

SAMDAs and the applicable decision rationale as to why they will or will not benefit the safety of

their designs. The Commission approved the staff recommendations in 2 memorandum dated

October 25, 1991 (Reference 1).

Summary

Note that the AP1000 is similar to the AP600, which has received Design Certification. The
evaluation for AP1000 uses the conclusions of the AP600 SAMDA investigation as described
below. An evaluation of candidate modifications to the AP600 design was conducted to evaluate
the potential for such modifications to provide significant and practical improvements in the

C,OP\jf; 6’\ tod e
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(NRC 2005) U.S. Nuclear Regulatory Commission, Environmental Assessment by the
U.S. Nuclear Regulatory Commission Relating to the Certification of the AP1000
Standard Plant Design, Docket No. 52-006, SECY 05-0227 (accession number
ML053630176). Washington D.C., January 24.

See Section 7.2
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(Westinghouse 2005) Westinghouse Electric Company, LLC, Design Control
Document, Revision 15, Appendix 1B, “Severe Accident Mitigation Design Alternatives,”
NRC Accession Number ML053460409, U.S. Nuclear Regulatory Commission,
Washington, D.C., November-11, 2005.

See Section 7.2
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-_Foreword

This 1s a reissuance of an AEC Staff analysis of the environmental
impact of the transportation of radivactive materials to and from
nuclear power plants. It contains estimates of the.potentliul expusures
to transport workers and the general public under normal conditiona of
transport and the probabilities of accurrenze and the potential conse-

.quences of accidents In transporcatiouw, This report, dated Decewber

1972, was first jssued Lln.connection with the notice vof a proposed
amendment to 10 CFR Part 50, Appendix D, publisned in the Federal:

-Register on February 5, 1971 to deal with environmental effects ol

the transporiation of fuel and waste from nuclear power reactors,
Docket No. R 30~4. An informal public rule making hiearing on the
propos :d amendment was held in Washington, L, C., on April 2, 1973,

. Minor correctiony submitted during the hearing have been tncutpoxated

into this prlnrlng of the report.
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to transport workers and the general public under normal ronditions of
trangport and the probabilities of occurrenze and the potential