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APPENDIX C
SOARCA PUBLIC COMMENTS SUMMARY
The State-of-the-Art Reactor Consequence Analyses (SOARCA) Report (NUREG-1935) was
released as a draft for public comments from January 31, 2012, through February 29, 2012.
Comments related to the SOARCA project covered a wide range of topics. This appendix
provides a summary of the different questions and comments received related to SOARCA,
along with NRC responses. Some comments are paraphrased directly from the submitter, while
others have been combined and condensed to be more concise. All comments received are
located in the NRC’s Agencywide Documents Access and Management System (ADAMS) at
Accession No. ML12122A946. The comments are related to the following general areas of the
SOARCA project:
Project Scope ...............................................................................................................................C-1
Scenario Selection ........................................................................................................................C-3
MELCOR and Accident Progression Analysis ............................................................................C-5
Emergency Response Analysis ....................................................................................................C-9
MACCS2 and Offsite Consequence Analysis ...........................................................................C-12
Public Comment Period and Timing of NUREG-1935 Release ................................................C-19

Project Scope
1) Comment:
“The report should address the effects of the accident on the entire site, including additional
reactors and spent fuel, not just the one reactor.”
NRC Response:
The objective of the SOARCA project was to develop best estimates of the offsite radiological
health consequences for potential severe reactor accidents for two plants, Peach Bottom and
Surry. Unlike a traditional probabilistic risk assessment (PRA), SOARCA elected to focus its
resources on the more important severe reactor accidents, considering both likelihood and
potential consequences so that these could be modeled in much greater detail than was done in
past studies. This report has noted that its calculated latent cancer fatality risks are for the
specific reactor accident scenario only and are not intended to characterize the overall risk to the
public posed by operation of the nuclear power plant.
The NRC has established a Site Level 3 PRA project that will address accident effects on the
entire site, including additional reactors and spent fuel. Preliminary information on the scope of
the Site Level 3 PRA project is available in SECY-11-0089 and SRM-SECY-11-0089.
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2) Comment:
“The report avoids characterizing human performance.”
NRC Response:
An important objective of the SOARCA project was to assess the impact of severe accident
mitigative features and reactor operator actions in mitigating an accident. Rather than
conducting a formal human reliability analysis, this was done by evaluating in detail the operator
actions and equipment that may be available (including 10 CFR 50.54(hh) equipment) and
running accident progression calculations for each scenario twice, first assuming operators are
fully successful in carrying out the mitigating actions (“mitigated” case) and then assuming that
the plant fails to implement 10 CFR 50.54(hh) measures (“unmitigated” case). By comparing the
“mitigated” and “unmitigated” cases for a given scenario, the potential benefits of the post-9/11,
10 CFR 50.54(hh) mitigation measures are evident.
The NRC has established a Site Level 3 PRA project that will include a formal human reliability
analysis. Preliminary information on the scope of the Site Level 3 PRA project is available in
SECY-11-0089 and SRM-SECY-11-0089.
3) Comment:
“A reactor while in refueling mode only has secondary containment to rely on to protect the
public. Why is an accident occurring during this condition not included in the report?”
NRC Response:
Low-power and shutdown accidents are potentially significant because the plant configuration is
altered—the containment may be open and the reactor safety systems may be realigned.
However, offsetting mitigating attributes include a potentially much smaller decay heat level and
low pressure that allows for easier cooling of the reactor fuel. SOARCA has focused on
full-power accidents that historically have received the most attention since they have the highest
possible decay heat levels and high pressures that limit reactor fuel cooling. Also, one of the
objectives was to provide an updated quantification of consequences from past studies, such as
NUREG/CR-2239 (“Technical Guidance for Siting Criteria Development,” dated
December 1982), which were confined to full-power reactor events.
The NRC has established a Site Level 3 PRA project that will include all modes of operation, not
just full power. Preliminary information on the scope of the Site Level 3 PRA project is
available in SECY-11-0089 and SRM-SECY-11-0089.
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4) Comment:
“SOARCA did not include acts of malice for either Peach Bottom or Surry.”
NRC Response:
The NRC carried out SOARCA to examine accidents involving mechanical failures and natural
events. The NRC’s security-related studies conducted after September 11, 2001, however, led
the agency to conclude the public would remain safe after a malicious act against a U.S. nuclear
power plant. The security-related studies also showed that previous risk studies used
conservative radionuclide source terms. The security-related study results suggested improved
modeling that accounts for plant improvements would confirm that radionuclide releases and
early fatalities were substantially smaller than earlier studies suggested.
5) Comment:
“Uncertainty must be respected by making certain that appropriate and up-to-date methods
and assumptions are used in the analysis. SOARCA failed to do so.”
NRC Response:
The SOARCA project was a major effort to perform best-estimate calculations of accident
progression and radiological health consequences for important severe reactor accidents at Peach
Bottom and Surry. The SOARCA team took great effort to ensure that the analyses were based
on current plant conditions, equipment, procedures, and current emergency preparedness plans,
and used the state-of-the-art in computer modeling. Since this is a very new type of study,
SOARCA also includes an uncertainty analysis of one of the scenarios to better understand how
the uncertain input parameters affect the accident progression and health consequences. This
uncertainty analysis will be completed, documented in a NUREG/CR series report, and made
publicly available later in 2012.
Scenario Selection
6) Comment:
“SOARCA did not include extreme natural events which could lead to an early release of
radioactive materials.”
NRC Response:
The SOARCA study analyzed station blackouts assumed to be initiated by low probability
seismic events. The long-term station blackout (LTSBO) is initiated by an earthquake of
0.3-0.5 g peak ground acceleration (PGA). The short-term station blackout (STSBO) is initiated
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by an earthquake of 0.5–1.0 g PGA. Despite such large seismic initiators, the damage does not
cause immediate containment failure and core damage. SOARCA excluded more extreme
seismic events that conceivably could cause immediate containment failure followed by core
damage. Seismic fragility quantification for these extreme and rare seismic events, in particular
quantification of the size of a hole or amount of leakage, is currently subject to considerable
uncertainty. More research is needed before undertaking a realistic, best-estimate analysis of
such rare events. The probability of such an extreme earthquake affecting Peach Bottom or
Surry is sufficiently low that SOARCA elected to focus its resources on the more likely (though
still remote) earthquakes in the 0.3–0.5 and 0.5–1.0 g PGA ranges. The external events analyzed
in SOARCA are discussed in greater detail in Sections 2.4.2 and 2.5.2 of NUREG-1935.
7) Comment:
“The probability of a severe accident used in SOARCA was far too low; it ignored the
real-world lessons from Fukushima.”
NRC Response:
SOARCA identified scenarios using the frequencies of severe accidents contained in the best
available information sources for U.S. commercial nuclear power plants. These sources included
the NRC’s plant-specific Standardized Plant Analysis Risk models, licensee PRA, Individual
Plant Examination submittals, Individual Plant Examination of External Events submittals, and
earlier analyses, such as NUREG-1150, “Severe Accident Risks: An Assessment for Five
U.S. Nuclear Power Plants.” Comparisons between the SOARCA plants and the Fukushima
Dai-ichi plant should recognize that the seismic hazards at the Peach Bottom and Surry sites are
lower than the seismic hazard at the Fukushima Dai-ichi site.
8) Comment:
“SOARCA assumes that tsunamis would not happen at either Peach Bottom or Surry.”
NRC Response:
The project team sought to focus its attention and resources on the important severe accident
scenarios for Peach Bottom and Surry found in past risk studies, such as NUREG-1150, “Severe
Accident Risks: An Assessment for Five U.S. Nuclear Power Plants.” Tsunamis are extremely
unlikely for Peach Bottom and Surry. The likelihood of a tsunami reaching Peach Bottom or
Surry is sufficiently low that SOARCA elected to focus its resources on the more likely (though
still remote) events such as earthquakes.
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MELCOR and Accident Progression Analysis
9) Comment:
“MELCOR could have bugs in either the models or the solution methods that result in
answers that are incorrect. MELCOR models could be incomplete or not applicable to the
problem or have wrong data. Users of MELCOR could be inexperienced and use the code
incorrectly. MELCOR does not meet DOE Quality Assurance Standards for Safety
Software.”
NRC Response:
MELCOR is a fully integrated, engineering-level computer code that the NRC and the
international nuclear safety research community has used for nuclear power safety analysis for
21 years. It is a modular code comprising three general types of packages: (1) basic physical
phenomena (i.e., hydrodynamics, heat and mass transfer to structures, gas combustion, aerosol
and vapor physics), (2) reactor-specific phenomena (i.e., decay heat generation, core
degradation, ex-vessel phenomena, sprays, and engineering safety systems), and (3) support
functions (thermodynamics, equations of state, other material properties, data-handling utilities,
and equation solvers). As a fully integrated code, MELCOR models all major systems of a
reactor plant and its important coupled interactions.
MELCOR has been under continuous development by the NRC and Sandia National
Laboratories (SNL), where software quality assurance (SQA) is an integral part of the
development process. The MELCOR SQA program is adapted from two internationally
recognized standards, CMMI and ISO 9001. These standards provide elements of traceability,
repeatability, visibility, accountability, roles and responsibilities, and objective evaluation. The
MELCOR SQA program focuses on reducing code error, improving documentation of all
processes, and continuous integration of procedures into daily work processes. The MELCOR
code has been validated against numerous separate effects tests, integral tests such as those
conducted at the French Phebus facility, and actual accident studies such as Three Mile Island
Unit 2. It has benefited from a global community of users who participate in the annual
MELCOR technical review meetings, including MELCOR Code Assessment Program (MCAP)
and the European MELCOR User Group (EMUG). Bugs continuously have been reviewed, and
SNL has improved the code in response. Sandia has addressed many, if not all, of the important
shortcomings identified by the U.S. Department of Energy (DOE) “MELCOR Gap Analysis.”
If NRC applicants or licensees were to use MELCOR in the design or operation of nuclear power
plants, the code would be subject to additional quality assurance standards for safety software.
For this research analysis, the existing extensive validation is sufficient to provide high
confidence in MELCOR’s results.
MELCOR was used in the SOARCA project to model the reactor and plant systems, calculate
thermal-hydraulics and severe accident progression, and materials, structural, and fission product
behavior. MELCOR analyses also were used to both confirm the time available for operators to
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take mitigative actions and confirm that those measures, when successfully implemented, were
adequate to prevent core damage or reduce or delay releases of radioactive material to the
environment. The MELCOR modeling choices made for SOARCA were reviewed by an
external peer review committee in 2006 and will be made publicly available in a MELCOR Best
Practices document. The users of MELCOR in the SOARCA project were very experienced in
both the code and severe accident phenomenology. To ensure technical robustness of the
SOARCA process, an additional external peer review committee, which included severe accident
modeling experts, reviewed the project’s results and methodology.
10) Comment:
“MELCOR does not model chemical reactions involving zirconium reacting with steam
from the coolant, just with steam from the concrete.”
NRC Response:
The chemical reaction mentioned on page 148 of NUREG/CR-7110, Volume 1 (Zr + 2 BaO 
ZrO2 + 2 Ba), is only referring to the chemical effects on fission product behavior. The physical
effects of energy released by this and other exothermic reactions are modeled directly in all of
the MELCOR calculations. This reaction is representative of both the in-vessel damage phase
and ex-vessel reaction with concrete. In both cases the release of chemical energy is included
and is the dominant source of energy for fuel damage. Additional information on this topic can
be found in NUREG/CR-6119 Volume 1, “MELCOR Computer Code Manuals: Primer and
User’s Guide, Version 1.8.5,” and Volume 2, “MELCOR Computer Code Manuals: Reference
Manuals, Version 1.8.5.”
11) Comment:
“Peach Bottom is a GE Mark I BWR, like 22 others in the U.S. It is a twin to the
Fukushima reactors but somehow SOARCA assumes that it, and by extension other Mark
I’s, will not succumb to the same design flaws as their sisters in Japan. There is no basis to
assume, as SOARCA does, that the vents in U.S. Mark I BWRs will operate as designed to
relieve pressure buildup and prevent containment failure without important changes—
making them passive and adding filters.”
NRC Response:
SOARCA was an examination of important severe reactor accidents at the Peach Bottom and
Surry plants. Though the Peach Bottom and Fukushima plants had many similarities, there were
also important differences. Most notably is the availability of 10 CFR 50.54(hh) procedures and
equipment at Peach Bottom (and all U.S. plants) designed to mitigate events that could disable
large areas of a nuclear power plant. This equipment includes portable electric generators and
compressed gas bottles to open containment vent isolation valves and reduce containment
pressure. This equipment was only credited in the analysis of the mitigated long-term station
C-6

blackout (LTSBO) scenario at Peach Bottom. Containment venting was not credited in the
unmitigated LTSBO or short-term station blackout (STSBO) scenario. It is also helpful to note
that in spite of the extensive damage to plant equipment that resulted from the combined
earthquake and tsunami at Fukushima, plant operators were able to eventually actuate
containment vent paths and control containment pressure.
12) Comment:
“How dependable is the process of using portable air bottles to open air operated valves?”
NRC Response:
SOARCA’s scope did not include a human reliability analysis to calculate the probability of
operators successfully using portable air bottles to open air operated valves. Instead SOARCA
included two cases of each scenario—one that assumes operators are fully successful in carrying
out the mitigating actions (“mitigated” case) and one that assumes the plant fails to implement
10 CFR 50.54(hh) measures and certain other actions that would prevent core damage
(“unmitigated” case). SOARCA’s mitigated cases of station blackouts credit the use of the
portable air bottles to vent containment for Peach Bottom. No containment venting is assumed
in the unmitigated cases. If containment venting is unsuccessful, this is bounded by the
unmitigated cases of station blackout scenarios.
13) Comment:
“What is the present day reliability of steam driven pumps installed on old BWRs?”
NRC Response:
SOARCA did not analyze the reliability of any steam-driven pumps, including the reactor core
isolation cooling (RCIC) system at Peach Bottom and the turbine driven auxiliary feedwater
system at Surry. Instead SOARCA included mitigated and unmitigated cases of each scenario.
For Peach Bottom, the mitigated case of the long-term station blackout (LTSBO) assumes that
10 CFR 50.54(hh) measures and procedures are successfully used and the RCIC system injects
water into the core, averting core damage. For the Peach Bottom unmitigated case of the
LTSBO, SOARCA assumes operators are unable to successfully implement 10 CFR 50.54(hh)
equipment and procedures and therefore cannot use the RCIC system to cool the core.
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14) Comment:
“How confident are you that the black-run of the reactor core isolation cooling (RCIC)
system after station battery exhaustion can continue to cool the core?”
NRC Response:
Long-term black-run of RCIC is not assumed to occur in the SOARCA calculations of the
unmitigated long-term station blackout (LTSBO) sequence, nor in the short-term station blackout
(STSBO) with RCIC black-start. In both cases, the absence of electric power disables
instrumentation needed to indicate reactor vessel water level. Lacking this information,
operators are assumed to maintain RCIC operation at a constant flow rate, which leads to
over-fill of the reactor vessel and termination of RCIC by flooding the main steam lines.
Although it is possible that operators could manually throttle steam flow to the RCIC turbine and
reduce flow to maintain a stable reactor water level, this outcome was not judged to be
sufficiently likely (given the extensive loss of support systems assumed in these scenarios) to
credit long-term operation of RCIC.
Conversely, extended black-run operation of RCIC is credited in the mitigated LTSBO sequence.
However, in this case, operators benefit from restoration of reactor vessel water level indications.
Before direct current (dc) power from the station batteries expires at 4 hours, a portable generator
is engaged to maintain a long-term supply of control power. This permits the open safety relief
valve (SRV) to remain open, thereby maintaining reactor pressure at reduced levels. It also
provides electric power to critical plant instrumentation, providing operators with the
information they need to throttle RCIC flow, as needed, to maintain a stable water level. If, for
some reason, RCIC were to trip, a portable injection pump also could be aligned to replace the
lost reactor coolant injection flow. The availability of this equipment and the procedures needed
to direct their operation were sufficient to examine the effects of successful mitigation.
15) Comment:
“The ingenuity and persistence of the Fukushima Daiichi operators and their managing
supervisors is seriously overlooked where 8 hour station batteries are given credit for
powering some instrumentation. INPO Report 11-005, page 8 clearly states that flooding
caused the 8 hour batteries to be lost. Operators were sent out to gather batteries from cars
parked there at the station. After they brought them into the control room, they hooked
them up and got them to work.”
NRC Response:
The SOARCA analyses assumed station batteries are exhausted at 4 hours for the Peach Bottom
LTSBO and 8 hours for the Surry LTSBO. These battery durations are estimates from plant
system engineers at each plant. Though the technical specifications requirement for battery
duration is only 2 hours, it is expected that operators will shed nonessential loads to increase
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battery duration. SOARCA does not make assumptions on ad hoc efforts by plant operators to
gather and connect car batteries because there was no basis for this at the time SOARCA
calculations were run.
Emergency Response Analysis
16) Comment:
“SOARCA assumes that resources are available in the U.S. to mitigate a severe accident
within 48 hours. This assumption is not based on real-world experience.”
NRC Response:
The 48-hour truncation time for SOARCA was based on the many resources available at the
State, regional, and national level that would be available to mitigate a severe reactor accident.
The staff reviewed available resources and emergency plans and determined that adequate
mitigation measures (at minimum, the ability to flood the reactor building) could be brought
onsite within 24 hours and connected and functioning within another 24 hours. The decision to
truncate releases at 48 hours (72 hours for the Surry LTSBO) was made well before the
Fukushima accident. Based on the assumptions made for SOARCA, the releases that would
occur within 48 hours for the Peach Bottom unmitigated scenarios cease because of reactor
building flooding. For Fukushima, as discussed above, the operators delayed releases beyond the
SOARCA assumption, so substantial releases occurred beyond 48 hours. In addition, the
operators at Fukushima were not able to flood the reactor buildings, as assumed for SOARCA.
There are significant differences between emergency response programs in the United States and
Japan. The response at Fukushima does not reflect the response expected at NRC-licensed
plants.
For mitigated cases, the SOARCA analysis assumed the effectiveness of mitigation measures
well within 48 hours. This assumption is considered reasonable, given the vast network of
resources available in the United States. These resources include an offsite emergency
operations facility, which would provide access to fleetwide emergency response personnel and
equipment, including the 10 CFR 50.54(hh) mitigation measures and equipment from sister
plants. These assets, as well as those from neighboring utilities and State preparedness
programs, could be brought to bear on the accident if needed. In addition, SOARCA did not
analyze a tsunami as the initiating event, and such an event is considered highly unlikely at
Peach Bottom and Surry. If sites were subject to tsunamis, these events could affect the
availability and effectiveness of mitigation measures. In response to the recommendation of the
NRC’s Near-Term Task Force report, SECY-11-0093, dated July 12, 2011, the NRC is currently
evaluating if changes to mitigation strategies are warranted.
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17) Comment:
“SOARCA emergency planning assumptions are very optimistic; they minimize risk by
assuming a larger percentage of the population will be able to get out of harm’s way in a
timely manner.”
NRC Response:
An objective of the SOARCA project was to model emergency response in a more detailed and
realistic manner using current, site-specific emergency planning information. The analysis
included modeling of the timing of onsite and offsite decisions and implementation of protective
actions applied to multiple population segments (cohorts). Advances in consequence modeling
made it easier to integrate protective action decision timing and response of the public into the
consequence analysis, resulting in an evolutionary advancement over previous studies.
The assumptions used to model emergency response are based upon U.S. Federal Emergency
Management Agency (FEMA) approved emergency plans that have been tested and inspected for
many years. There is a good basis to assume that these well-practiced plans will be implemented
as demonstrated in inspected exercises. Further, the NRC also activates its emergency response
capability during accidents and the staff would be monitoring the situation to assist in
decisionmaking. The NRC Chairman would be in communication with the Governor to offer
assistance. These multiple levels of response capability are regularly exercised. However, the
SOARCA study also conducted a sensitivity analysis to represent a delay in decisionmaking or
implementation. The effect of delay was reported. It is possible that further delays or
unanticipated problems could develop, but the SOARCA study is a staff best estimate of the
potential consequences of the identified accidents. It is our best estimate that the emergency
plans will be implemented as repeatedly demonstrated by the dedicated staff of offsite response
organizations.
18) Comment:
“Shadow evacuation was considered only out to 20 miles from the site; and only 20% of
the population from 10-20 miles would choose to evacuate based on a pre-Fukushima
telephone survey. Post-Fukushima, the public is likely to react differently than NRC
assumed from earlier telephone samples from a small population group.”
NRC Response:
Research in NUREG/CR-6864, “Identification and Analysis of Factors Affecting Emergency
Evacuations,” confirmed that shadow evacuations exist, but they do not typically affect the
success of an evacuation. NUREG/CR-6953 Volume 2, “Review of NUREG-0654,
Supplement 3, ‘Criteria for Protective Action Recommendations for Severe Accidents’–Focus
Groups and Telephone Survey,” included a statistically relevant national telephone survey of
residents of emergency planning zones with an error of plus or minus 3.5 percent at 95 percent
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confidence. However, the size of the shadow evacuation is very dependent on the quality of
emergency messaging by local authorities. The NRC recently has published additional guidance
to enhance emergency messaging in Supplement 3 to NUREG-0654. A larger shadow
evacuation could take place, but with proper messaging it need not affect the evacuation times of
the public within the emergency planning zone. SOARCA is a staff best estimate of the potential
consequences of the identified accidents. The staff based its model on the available data for the
likely size of the shadow evacuation. Other outcomes are possible, but for modeling purposes a
shadow evacuation of 20 percent of the population was selected. It should be noted that the
sensitivity analysis for delay in evacuation implementation also addresses the consequences of an
extended evacuation time. In this manner, the effect of a larger shadow evacuation is
encompassed.
19) Comment:
“The licensee’s evacuation time estimates (ETE) were used to estimate evacuation times in
SOARCA. They did not take into consideration variables that would slow evacuation in
reality: an extensive shadow evacuation; evacuation during inclement weather coinciding
with high traffic periods; notification delay due to the fact that notification is largely based
on sirens that cannot be heard indoors above normal ambient noise with windows closed or
air conditioning systems operating.”
NRC Response:
SOARCA’s analysis of emergency response included a sensitivity analysis to assess a delay in
the implementation of protective actions. This delay could occur in notification to offsite
authorities, notification from offsite authorities to the public, receipt of the warning by the
public, or for other reasons. Results of this sensitivity show almost identical individual annual
risk of a long-term cancer fatality as the base case without the 30-minute delay.
SOARCA modeled emergency response in greater detail than any previous study. The
evacuation tail noted in the study includes those members of the public that did not receive the
initial alert and notification signal. This cohort is much delayed in comparison to the general
public.
While the worst-case weather was not modeled, actual weather was and this likely included rain
that was modeled as slowing down travel speeds. In the case of weather that significantly affects
travel, it should be noted that the weather (heavy rain, high winds, heavy snow) also affects the
radiological source by increasing dispersion or depositing radionuclides. As SOARCA is a staff
best estimate of the potential consequences of the identified accidents, actual weather was used
in the analyses.
In addition, since many of the accidents in SOARCA are assumed to be initiated by a seismic
event, SOARCA includes a sensitivity case for each plant to assess how the earthquake would
affect evacuation, including damage to roads and bridges, loss of traffic signals, and changes in
emergency responder priorities. This is discussed in greater detail in section 6.5 of
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NUREG/CR-7110, Volumes 1 and 2. The overall impact of the seismic activity on emergency
response at Peach Bottom and Surry is insignificant. Prompt fatality risk remains zero for the
cases analyzed.
MACCS2 and Offsite Consequence Analysis
20) Comment:
“The SOARCA used the outdated MACCS2 computer code to analyze consequences and
limited input data.”
NRC Response:
The MELCOR Accident Consequence Code System, Version 2 (MACCS2) model is more than
adequate to predict mean health effects risks from hypothetical severe reactor accidents. The
NRC developed MACCS2 specifically as a PRA tool. It was not developed as a tool for
evaluating the real-time progress of a plume or for guiding emergency response; other codes,
such as Radiological Assessment System for Consequence Analysis (RASCAL), are better suited
for that purpose. MACCS2 was used in SOARCA for exactly the purpose for which it was
developed.
Quality assurance (QA) of the MACCS2 code has been addressed in a variety of ways. The
combination of these independent QA paths has greatly enhanced the overall quality of the code.
First, the implementation of the Gaussian plume model and other aspects of the modeling have
been verified and documented by the developers as part of their ongoing QA effort, in
compliance with requirements set by the NRC. In addition, ongoing use and independent QA
efforts by many of the MACCS2 users have uncovered a few bugs and resulted in a higher level
of QA than could have been obtained by the QA efforts of the developer alone. Because of the
large user community of MACCS2 users, ongoing scrutiny by the users has led to valuable
testing and evaluation of the code, leading to greater confidence in its quality. Finally, an
assessment of the atmospheric dispersion and deposition portion of the MACCS2 code was
performed and documented in NUREG/CR-6853, showing that MACCS2 compares favorably
with other, higher-fidelity codes.
The adequacy of MACCS2’s straight-line Gaussian plume model is discussed in a separate
response. The sufficiency of using weather data from 1 year and using weather data based on
site meteorological tower observations are also discussed in separate responses.
21) Comment:
“A fundamental defect of SOARCA is that it uses a straight-line Gaussian plume model.
This model does not allow consideration of the fact that the winds for a given time period
may be spatially varying. A variable plume model is appropriate for reactors near large
bodies of water, river valleys, and hilly terrain. SOARCA’s choice of a straight-line
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Gaussian plume rather than a variable trajectory model drastically reduced the size of the
area that might potentially be impacted by a release of radioactive materials.”
NRC Response:
The use of a straight-line Gaussian plume model is appropriate at both Peach Bottom and Surry
for the SOARCA analyses. The SOARCA analyses are probabilistic in nature and are not
intended to provide a highly accurate representation of a unique weather scenario, as would be
required to guide emergency response for an actual accident. Previous comparisons with other,
more detailed, codes have demonstrated that the Gaussian-plume model used in MACCS2
compares favorably and provides results that are generally within a factor of 2 when mean
outcomes are sought (NUREG/CR-6853, “Comparison of Average Transport and Dispersion
Among a Gaussian, a Two-Dimensional, and a Three-Dimensional Model”). Furthermore, this
same study demonstrates that MACCS2 often outperforms the other two Gaussian plume models
evaluated in NUREG/CR-6853, which account for variable wind trajectories, when compared
with the highest fidelity National Atmospheric Release Advisory Center (NARAC) code. None
of the conditions at either of the two sites studied as part of SOARCA would negate the
conclusions of this report.
22) Comment:
“One year of meteorological data is insufficient.”
NRC Response:
The SOARCA project used one year of meteorological data for the best-estimate analysis of each
site. This was primarily accomplished through a cooperative effort, with the licensee using
onsite meteorological tower observations. Each licensee provided 2 years of weather data.
SOARCA based the specific year of data chosen for each reactor based on data recovery (greater
than 99 percent being desirable) and proximity to the target year for SOARCA, which was 2005.
Also, SOARCA ensured that the year’s worth of weather data for each plant included statistically
significant portions of each atmospheric stability type—unstable, neutral, and stable—and also
statistical consideration of weather for which precipitation causes the plume to be deposited
within 20 miles of the reactor site. This is discussed further in Section 5.2.1 of NUREG-1935.
SOARCA’s reported offsite consequences are means of the distribution of hundreds of weather
trials for the given year. It has been established from a long history of experience with severe
accident mitigation alternatives (SAMA) analyses that mean consequences from 1 year of
weather data differ from mean results from another year by no more than about 20 percent. So, it
is very unlikely that choosing another weather year would have increased the predicted
consequences by more than 20 percent. Furthermore, it is just as likely that the weather year
selected for SOARCA overpredicts the health risk as it is that it underpredicts it.
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23) Comment:
“Meteorological data from each plant’s onsite meteorological tower is insufficient.”
NRC Response:
NUREG/CR-6853, “Comparison of Average Transport and Dispersion Among a Gaussian, a
Two-Dimensional, and a Three-Dimensional Model,” quantifies the differences between
MELCOR Accident Consequence Code System, Version 2 (MACCS2), which uses data from a
single weather tower, Radiological Assessment System for Consequence Analysis (RASCAL),
which uses data from multiple weather towers, and Lagrangian Operational Dispersion Integrator
(LODI), which uses gridded three-dimensional data. This report demonstrates that the different
methods, each using its own level of weather data, agree within a factor of 2 in terms of mean
values over a year of data. Furthermore, MACCS2 did not show an overall bias when compared
with the other codes. This conclusion—that differences between atmospheric transport
predictions based on different codes using different models with different levels of weather
data—should apply to the sites chosen for the SOARCA analyses. Thus, we should expect
roughly a factor-of-2 uncertainty resulting from the atmospheric transport portion of the
SOARCA analyses.
24) Comment:
“SOARCA should include other offsite consequence metrics like environmental
contamination and losses of economic productivity.”
NRC Response:
The objective of SOARCA was to calculate best estimates of the radiological health
consequences of potential severe reactor accidents for Peach Bottom and Surry. Initially, the
SOARCA project included plans to calculate early and latent cancer fatality risks and land
contamination and economic consequences. However the Commission directed the staff to focus
on health consequences instead of delaying the project to include an assessment of land
contamination and economic consequences.
25) Comment:
“SOARCA did not model releases of contaminated water from the plant, thereby
minimizing consequences. Fukushima showed the need for flooding the reactor (vessel,
containment, pool) with huge amounts of water. Lessons learned for severe accidents are
that enormous quantities of contaminated water are likely to enter water bodies (adding to
the radioactive atmospheric fallout on the water and runoff) posing significant offsite
consequences and costs, threatening the health of citizens and the ecosystem and damaging
the economy.”
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NRC Response:
SOARCA calculates offsite consequences of severe reactor accidents in terms of individual
average early fatality risk and individual average long-term cancer fatality risk. SOARCA
assumes that sufficient food and water is available in the United States that the public would not
eat or drink contaminated food or water. Therefore, a release of contaminated water from Peach
Bottom or Surry, similar to the release at Fukushima, would be expected to have a negligible
impact on the reported health risks.
26) Comment:
“SOARCA needs to be revised and expanded to take into account the non-fatal thyroid
cancers which, as Chernobyl has shown, seem likely to be the greatest observable physical
health consequence of a major nuclear accident. To look only at latent cancer fatalities,
when thyroid cancer is a seldom fatal, but still a serious and lifelong disease, produces a
skewed and highly misleading picture.”
NRC Response:
In estimating health effects from a severe accident, SOARCA calculated the radiation exposure
to the population and then applied dose-response models to analyze early fatality and latent
cancer fatality risks. SOARCA used latent cancer expression coefficients for the U.S. population
based on BEIR V risk projection models, as detailed in the U.S Environmental Protection
Agency’s (EPA’s) publication “Estimating Radiogenic Cancer Risks” (EPA 402-R-93-076,
1994) and implemented in EPA’s Federal Guidance Report 13, “Cancer Risk Coefficients for
Environmental Exposure to Radionuclides” (FGR-13). The BEIR V report used cancer mortality
as a metric because, at that time, most epidemiological studies were based on cancer mortality,
not cancer incidence. EPA has not yet incorporated cancer incidence data from the BEIR VII
report into a revision of FGR-13, so there are no new updated cancer risk coefficients available
today.
It is recognized that a large number of children and adolescents received substantial radiation
doses in the thyroid after drinking milk contaminated with radioactive iodine released during the
Chernobyl reactor accident. For the SOARCA study, ingestion of contaminated food and water
is not considered because adequate supplies of food and water are available in the United States
and can be distributed to areas affected by a reactor accident. Thus, the risk of thyroid cancer
incidence from a severe reactor accident in the United States is reduced significantly when
contaminated food is interdicted from public consumption. Also, the SOARCA study indicates
that the amount of radioiodine released during a severe accident at a power plant located in the
United States would be much smaller in comparison to the amount of radioiodine released during
the Chernobyl reactor accident, which would decrease the risk of thyroid cancer incidence.
The NRC developed quantitative health objectives in terms of early fatality risk and latent cancer
fatality risk and these were the metrics reported in the SOARCA study. The calculation of these
metrics enables direct comparison to NRC safety goals. An objective of the SOARCA study was
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to update the quantification of severe reactor accident consequences found in earlier
publications, specifically NUREG/CR-2239, “Technical Guidance for Siting Criteria
Development,” commonly referred to as the 1982 Siting Study. The consequence metrics chosen
for SOARCA enable direct comparison to this earlier study.
27) Comment:
“Risk coefficients in SOARCA are based on old health consequence studies such as
Federal Guidance Report 13, issued in 2002 and not, as it should be, on the National
Academies of Science (NAS) BEIR VII report from 2005.”
NRC Response:
In estimating health effects from a severe accident, SOARCA calculated the radiation exposure
to the population and then applied dose-response models to analyze early fatality and latent
cancer fatality risks. SOARCA used latent cancer expression coefficients for the U.S. population
as detailed in the U.S Environmental Protection Agency’s (USEPA’s) publication “Estimating
Radiogenic Cancer Risks” (EPA 402-R-93-076, 1994) and implemented in EPA’s Federal
Guidance Report 13, “Cancer Risk Coefficients for Environmental Exposure to Radionuclides”
(FGR-13). EPA has not yet incorporated data from the BEIR VII report into a revision of FGR13, so there are no new updated risk coefficients available today. A revision of EPA’s FGR-13
is now under way, but will take many months to complete. Therefore, SOARCA is state-of-theart in its use of published risk coefficients. It should be noted that the overall mortality estimates
of FGR-13 and BEIR VII (summed over all cancer sites) differ little, so it is expected that there
would be little change in the SOARCA mortality estimates if the revised FGR-13 report was
available.
28) Comment:
“By multiplying high consequence values with low probability numbers, the consequence
figures appear far less startling.”
NRC Response:
The releases of radioactive material calculated in SOARCA unmitigated scenarios are
significantly smaller and start later than previously calculated in the SST1 case in
NUREG/CR-2239, “Technical Guidance for Siting Criteria Development,” commonly referred
to as the 1982 Siting Study. The Surry unmitigated ISLOCA iodine release is calculated to be
16 percent of the core inventory, but the results are more generally in the range of 0.5 percent to
2 percent for iodine and cesium for the other unmitigated scenarios analyzed. By contrast, the
1982 Siting Study SST1 case calculated an iodine release of 45 percent and a cesium release of
67 percent of the core inventory.
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Each SOARCA scenario’s results are reported as a scenario-specific risk so that results are put
into context by weighing the frequency of occurrence against the consequences. In addition, this
provides appropriate context of the scenario-specific risk in relation to other risks. In SOARCA,
the offsite consequence results are expressed as the average, annual, scenario-specific risk of a
latent cancer fatality for an individual within a given distance from the plant. This enables
comparison to the NRC Safety Goal and to the average annual risk of dying from cancer in the
United States from all causes. The NRC Safety Goal for latent cancer fatality risk from nuclear
power plant operation (i.e., 2 x 10-6 or two in one million) is set 1,000 times lower than the sum
of cancer fatality risks resulting from all other causes (i.e., ~ 2 x 10-3 or two in one thousand).
The calculated cancer fatality risks from the selected, important scenarios analyzed in SOARCA
are thousands of times lower than the NRC Safety Goal and millions of times lower than the
general U.S. cancer fatality risk. However, such comparisons have limitations.
The NRC Safety Goal is intended to encompass all accident scenarios. SOARCA does not
examine all scenarios typically considered in a PRA, even though it includes the important
scenarios. In fact, any analytical technique, including PRAs, will have inherent limitations of
scope and method. As a result, comparison of SOARCA’s scenario-specific latent cancer fatality
risks to the NRC Safety Goal is necessarily incomplete. However, it is intended to show that
adding multiple scenarios’ low risk results in the ~ 10-10 range to approximate a summary risk
from all scenarios, would yield a summary result that is also below the NRC Safety Goal of
2x10-6 or two in one million. Relative to the comparison to the U.S. average individual risk of a
cancer fatality from all causes, the sources of an individual’s cancer risk include a complex
combination of age, genetics, lifestyle choices, and other environmental factors whereas the
consequences from a severe accident at a nuclear plant are involuntary and unlikely to be
experienced by most individuals.
29) Comment:
“SOARCA reports mean results instead of 95th percentile results.”
NRC Response:
As stated within the report, the intent of SOARCA was to produce best-estimate calculations of
the likely consequences of a severe reactor accident. To meet this objective, the mean,
population-weighted individual risk was chosen to convey the likelihood of long-term cancer
fatalities resulting from an accident at a nuclear power plant. This value is most meaningful in
the sense that it may be compared with cancer fatality rates that have other causes. Individual
risks can be presented as conditional risks (i.e., as if the accident had taken place) or as absolute
risks (i.e., accounting for the likelihood of the accident occurring per year of reactor operation).
The latter definition of risk is more useful, because it conveys the full meaning of risk, which is
probability (or frequency) times consequence.
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30) Comment:
“SOARCA assumed that if the population moved 10 miles beyond the evacuation zone that
they would be exposed to no further dose. Post Fukushima, there is no basis for that
assumption.”
NRC Response:
The assumption used in the SOARCA analyses, that evacuees move out to 30 miles from the
plant and then receive no further dose in the immediate aftermath of the accident, is based on the
belief that the evacuees would be able to move to an area that had not been affected by the
plume. Taking the other viewpoint, that evacuees would move from one contaminated region to
another, does not seem like a reasonable assumption, especially considering that most of the
roads would continue to be passable at both sites, even for the cases in which the initiating event
is an earthquake. The distance that the evacuees would need to travel before they would exit the
region affected by the plume assumed in SOARCA is a reasonable one and exceeds the value of
20 miles used in previous analyses, such as in NUREG-1150.
Most of SOARCA’s calculated exposure to people occurs over long periods of time after they
are allowed to return to previously evacuated areas. SOARCA modeled evacuees returning
home based on guidance that outlines when it would be safe to do so. For the Surry model,
SOARCA uses the U.S. Environmental Protection Agency’s “Manual of Protective Action
Guides for Nuclear Incidents” to determine when the population can return to an area. For the
Peach Bottom model, SOARCA uses Pennsylvania-specific criteria.
31) Comment:
“The SOARCA analyses do not treat ingestion of contaminated food and water, reasoning
that abundant alternatives are available in the U.S. Japan has shown otherwise.”
NRC Response:
The SOARCA analyses are based on reasoning that the Nation’s abundant supplies of food and
water can be distributed to areas affected by a reactor accident. In addition, contaminated food
and water would be interdicted from the food supply as prescribed by guidance from the
U.S. Food and Drug Administration entitled, “Accidental Radioactive Contamination of Human
Food and Animal Feeds: Recommendations for State and Local Agencies.”
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32) Comment:
“How does the NRC safety goal compare with U.N. International Atomic Energy Agency
guidelines?”
NRC Response:
The International Atomic Energy Agency (IAEA) has not issued guidelines that are directly
comparable to the NRC’s Safety Goals. For existing nuclear power plants, IAEA INSAG-12,
“Basic Safety Principles of Nuclear Power Plants,” established a target of less than 10-4 per plant
operating year for severe core damage accidents. As shown in Appendix D of NUREG-1860,
“Feasibility Study for a Risk-Informed and Performance-Based Regulatory Structure for Future
Plant Licensing,” the IAEA target is compatible with the NRC’s Quantitative Health Objective
for individual latent cancer fatality risk. It should be noted that the IAEA target cannot be
directly used to assess the SOARCA results because it does not consider the consequences of
severe accidents.
Public Comment Period and Timing of NUREG-1935 Release
33) Comment:
“I suggest that the comment period on NUREG-1935 and NUREG/CR-7110 Volumes 1
and 2 be extended from 30 to 90 days. Clearly this project is complex, having required
NRC about four and a half years to complete in draft form. Given the scope of the
documentation, its complexity, and its significance, I consider 30 days for public comments
to be too abbreviated.”
NRC Response:
The NRC has made many efforts to keep external stakeholders, including members of the public,
informed about the SOARCA project since it began. For many years, the SOARCA team has
presented updates on the project at the NRC’s annual Regulatory Information Conference and
has answered questions from the public. Soon after the draft version of NUREG-1935 was
released for public comments on January 31, 2012, SOARCA project staff held public meetings
near the two plants included in the study, Peach Bottom and Surry, to share information about
the project with members of the public. In light of the fact that only one extension request was
received, the NRC considers the 30-day public comment period adequate.
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34) Comment:
“It is premature for the NRC to issue the draft at this time when the lessons learned from
Fukushima are admittedly not yet fully understood.”
NRC Response:
SOARCA is a research project that began in 2006. Essentially all SOARCA calculations were
completed by March 2011, when the Fukushima accident occurred. This accident presented real
information about the progression of severe accidents and many insights with potential parallels
to SOARCA’s analysis of station blackout scenarios at Peach Bottom, a similarly designed plant.
The SOARCA team developed an appendix to NUREG-1935 that qualitatively compares and
contrasts specific accident phenomena based on information available to date. Specific topics
included in the appendix are operation of the RCIC system, hydrogen release and combustion,
48-hour truncation of releases in SOARCA, multiunit risk, and spent fuel pool risk. Though not
all information is currently available, the Fukushima accident shows nothing that invalidates the
SOARCA analyses for Peach Bottom and Surry. As additional information becomes available,
the NRC will continue to review it for lessons learned and insights potentially applicable to
nuclear plants in the United States. In addition, the computer codes in SOARCA will be
improved in the future as they are validated against data from Fukushima when it becomes
available, similar to how the current version of MELCOR was improved after being validated
against accident progression data from the Three Mile Island Unit 2 accident when its data
became fully available.
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