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NuScale Power, LLC (NuScale) is modifying its approach to the development of radiological accident 
source terms. This modified approach was discussed with the U.S. Nuclear Regulatory Commission 
(NRC) staff in a public meeting held December 12, 2018 (Reference 1). NuScale plans to incorporate 
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1.0 Purpose 

The purpose of this white paper is to describe NuScale’s proposed accident source term 
methodology. NuScale intends to continue evaluating the dose consequences of design 
basis accidents and a major core damage event within the NuScale Final Safety 
Analysis Report (FSAR), consistent with accepted practice under the requirements of 10 
CFR 52.47(a)(2)(iv). However, based on the safety features of the NuScale design, 
NuScale intends to treat the core damage event as a beyond-design-basis event. This 
approach impacts the implementation of requirements applicable to various systems and 
components that function to mitigate and provide monitoring for such a severe accident, 
but complies with Nuclear Regulatory Commission (NRC) regulations and remains 
consistent in most respects with accepted practices. This white paper describes the 
implementation of that approach within the context of the regulatory framework. 

2.0 Executive Summary 

Under the NRC’s regulatory framework, a core melt accident is typically postulated as a 
bounding hypothetical radiological release into containment to conservatively 
demonstrate acceptable doses to the public. Because this event constitutes the design 
basis for engineered safety features (ESFs) that mitigate fission product release, it 
constitutes a design basis event (DBE) with respect to other requirements that prescribe 
design, quality, and qualification standards for structures, systems, and components 
(SSCs) that are relied upon to mitigate the event.  

Based on the safety characteristics of the NuScale design, a severe accident scenario 
resulting in core damage is a beyond-design-basis event (BDBE). Therefore, NuScale 
proposes to clarify the design and licensing basis of the facility to evaluate offsite doses 
from a core damage event as a BDBE. Because the core damage radiological event is 
beyond the design basis, and because the NuScale design does not rely on active 
fission product mitigation systems or operator actions to ensure acceptable offsite doses 
from that event, it is unnecessary to apply traditional safety-related requirements to the 
design and qualification of SSC functions credited to mitigate the core damage event. 
Instead, for SSCs that are relied upon to ensure acceptable consequences from such an 
event—which are the same SSCs relied upon for DBEs—the licensing basis will provide 
reasonable assurance those SSCs function for the core damage event through means 
commensurate with their importance to safety. 

Thus, as detailed in this white paper, NuScale proposes to comprehensively address 
accident source term consequences and mitigation as follows:  

 The accident source terms analyzed for offsite and control room doses will include 
both design basis source terms (DBSTs) and a beyond-design-basis core damage 
source term (CDST).  

 The DBSTs include a spectrum of traditional DBEs and an iodine spike source term 
that serves as a design-basis bounding radiological release inside containment. The 
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DBSTs are evaluated for dose consequences using traditional design basis analysis 
rules and assumptions. 

 For SSC functions that are relied upon to mitigate the DBST events, the performance 
of those functions will be demonstrated through traditional safety-related design and 
qualification requirements.  

 The CDST is based on core damage sequences inside containment. The CDST is 
also analyzed, as a BDBE, to demonstrate the facility’s design features and site 
characteristics maintain acceptable doses. As a BDBE, traditional design basis rules 
and assumptions are not required in analyzing the doses (but at this time NuScale 
does not intend to depart from its existing methodology). 

 For SSC functions that are relied upon to mitigate the CDST event, and for severe 
accident design features specifically required by regulation, SSC functionality during 
a severe accident will be reasonably assured by equipment survivability during the 
CDST event.  

A pertinent result of this approach is that environmental qualification (EQ) under 10 CFR 
50.49 will be based on the limiting radiological environment from the DBSTs. The 
radiological environment considered for equipment survivability is based on the CDST. 
Because NRC’s equipment survivability position affords flexibility to an applicant in how 
it is demonstrated, this white paper specifically addresses NuScale’s plans to 
demonstrate equipment survivability in order to gain alignment with NRC Staff. 

As addressed in Section 8 of this white paper, this proposal can be implemented for the 
NuScale DCA with relatively minor impacts to the application. The methodologies for 
developing the source terms and analyzing their consequences are consistent with those 
currently under review by NRC Staff. Impacts to the FSAR have been minimized, and no 
additional exemptions have been identified as necessary (beyond the post-accident 
sampling exemption already discussed with NRC Staff). 

3.0 Background 

As a means of evaluating reasonable assurance of adequate protection of public health 
and safety, NRC regulations require that an applicant evaluate potential doses to 
members of the public resulting from a major accident, which demonstrates the efficacy 
of fission product release mitigation systems—including an intact containment. The 
radiological source term for this accident scenario is described in Footnote 3 of 10 CFR 
52.47(a)(2)(iv), which NuScale refers to as the “maximum hypothetical accident” (MHA). 
The MHA source term has historically assumed a non-mechanistic substantial core melt 
event due to a major loss of coolant within an intact containment, which due to its 
severity was expected to bound the radiological consequences of all other accident 
source terms. The selection of the MHA impacts the source terms considered in 
designing and evaluating such features as control room habitability, post-accident 
operator access, and EQ of electric equipment. 

On May 15, 2018, NuScale submitted Revision 0 of this white paper (Reference 10.12) 
discussing NuScale’s prior proposal to implement a new accident source terms 
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methodology. That approach, initially introduced to NRC Staff in a public meeting held 
January 22, 2018 (Reference 10.1), would have determined whether a core damage 
event is credible based primarily on the probability of such an event occurring. If no 
event that led to core damage was deemed credible, a non-core-damage source term 
could be selected as the MHA for the NuScale design.  

The updated approach described in this revision recognizes that, although it may not be 
explicitly required by regulation, an evaluation of consequences from an accident more 
severe than the deterministic design basis accidents of FSAR Chapter 15 is an 
appropriate means to evaluate defense-in-depth of the NuScale design. Therefore, this 
new approach defines the core damage event as beyond the design basis of the 
NuScale design, but maintains an evaluation of its offsite dose consequences within the 
FSAR to assure that, even in the very unlikely event such an accident were to occur, 
doses to the public would be sufficiently mitigated by design features.  

The MHA has previously occupied a dual position as both “beyond design basis” with 
respect to severe accident prevention features (e.g., the emergency core cooling system 
(ECCS)) and within the design basis of fission product release mitigation features (e.g., 
the containment and fission product cleanup systems). NuScale’s proposed approach 
will clarify the NuScale design and licensing basis with respect to the features that limit 
dose consequences from the core damage source term (CDST) event and other severe 
accident design features prescribed by regulation. This white paper describes how the 
myriad regulatory requirements affected by the MHA would be fulfilled under NuScale’s 
proposed approach, with particular emphasis on assuring the functionality of SSCs via 
EQ for DBE functions and equipment survivability for BDBE functions.  

4.0 Regulatory Framework: Requirements and Guidance Related to Source Term 

4.1 Accident Source Term Requirements Overview 

The primary regulation of interest to the implementation of NuScale’s new accident 
source term methodology is the offsite dose evaluation required by 10 CFR 
52.47(a)(2)(iv), which utilizes what NuScale calls an MHA source term.  The MHA 
source term originated as a siting requirement in 10 CFR 100.11, which defined the 
necessary exclusion area and low-population zone for a reactor design and thus aided in 
evaluating site suitability. The siting evaluation was necessarily imprecise because it 
was performed at the construction permit application stage when only preliminary design 
information was available. Thus, Atomic Energy Commission (AEC) staff assessed the 
early reactor license applications (pre-1961) to develop a broadly encompassing 
“maximum credible accident” for future applicants to use for siting purposes (TID-14844, 
Reference 10.2). This TID-14844 event, which NuScale refers to as the “core melt 
MHA”, was a non-mechanistic “arbitrary” event “tied to a rupture of a major pipe” 
resulting in core melt.1  

                                                 
 
1 See Appendix A of Revision 0 of this white paper (Reference 10.12) for more information on the history and intent of 
the MHA source term evaluation. 
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Subsequently, reactor designs evolved to include safety features designed to prevent 
major core damage, thus rendering a core melt MHA outside of the design basis with 
respect to some design features of a facility. For example, the prototypical core melt 
currently prescribed by Regulatory Guide (RG) 1.183, which is similar to the TID-14844 
event, exceeds the design basis of the ECCS pursuant to General Design Criterion 
(GDC) 35 and 10 CFR 50.46.  

Nevertheless, the core melt MHA source term continues to be considered by NRC 
guidance as the maximum postulated fission product release for the purposes of the 
offsite dose evaluation. Thus, the core melt MHA is normally considered as the 
radiological design-basis loss-of-coolant-accident (DBA-LOCA) within Chapter 15 of an 
applicant’s FSAR, despite a source term that would greatly exceed the source term 
generated from a LOCA.2 This approach enhances defense-in-depth by assuring that 
even in the event an accident more severe than could occur with a functioning ECCS, 
the design (containment and ESF fission product mitigation systems) and site (site 
boundary and low-population zone) would ensure doses to the public are acceptable. 

Accordingly, the core melt MHA source term serves as the design basis for containment 
leakage, ESF fission product mitigation functions, and, in turn, for supporting and 
associated functions like control room habitability systems and EQ of the various SSCs 
required to mitigate the doses for such an event. When the Three Mile Island (TMI) 
Action Plan (References 10.6 and 10.9) directed actions to reduce the risk associated 
with severe accidents by bolstering monitoring, mitigation, and response capabilities, the 
core melt MHA source term served as an established severe accident radiological dose 
for demonstrating the performance of those features.  

Table 4-1 presents a summary of pertinent design and functional requirements and 
associated history related to the MHA source term. Sections 6 and 7 address how these 
requirements are satisfied by NuScale’s proposed approach via the DBSTs and CDST. 

  

                                                 
 
2 See NUREG-0396 (Reference 10.10): “The DBA-LOCA is not a realistic accident scenario in that the release 
magnitudes are much more severe than would be realistically expected and may exceed that of some core-melt type 
accidents. A best estimate assessment of the release following a LOCA would be significantly smaller than the DBA-
LOCA used for siting purposes.” 
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Table 4-1. Summary of Design and Functional Regulatory Requirements  
 

Requirement Summary History/Intent 

10 CFR 
52.47(a)(2)(iv), 
offsite dose 
evaluation 

Analyze an assumed fission 
product release into containment 
to determine offsite radiological 
consequences are within 
acceptable limits. 

Footnote: “The fission product 
release assumed for this 
evaluation should be based upon a 
major accident, hypothesized for 
purposes of site analysis or 
postulated from considerations of 
possible accidental events. These 
accidents have generally been 
assumed to result in substantial 
meltdown of the core with 
subsequent release into the 
containment of appreciable 
quantities of fission products.” 

Originated as a siting requirement in 10 CFR 
100.11, which defined the necessary 
exclusion area and low population zone for a 
facility based primarily on the core size and 
site conditions. As reactors became larger, 
fission product mitigation systems eventually 
became the dominant factor in meeting the 
dose limits. In 1997 the requirement was 
moved to final safety analysis report (FSAR) 
requirements (10 CFR 50.34) to reflect its 
primary role as ESF design basis. 

TID-14844 (1962) was developed to loosely 
encompass the postulated releases evaluated 
in early license applications. This reflected a 
realistic appraisal of the consequences of all 
“significant and credible fission release 
possibilities”, and yielded a “pipe rupture-
meltdown sequence … not likely to be 
exceeded by any other ‘credible’ accident.” 

Standard Review 
Plan (SRP) 
Chapter 15, offsite 
dose evaluations 

Various design basis radiological 
events are evaluated against 
acceptance criteria derived from 
Part 100 (i.e., 10 CFR 
52.47(a)(2)(iv)) offsite dose limits. 

Provides reasonable assurance design basis 
radiological events result in acceptable offsite 
doses based on the severity of the event. 

General Design 
Criterion (GDC) 19, 
control room 
habitability 

“A control room shall be provided 
from which actions can be taken” 
under accident conditions. 
“Adequate radiation protection 
shall be provided to permit access 
and occupancy of the control room 
under accident conditions without 
personnel receiving radiation 
exposures in excess of 5 rem 
whole body, or its equivalent to 
any part of the body, for the 
duration of the accident.” 

Provide reasonable assurance of operator 
safety while performing actions to mitigate 
accidents, such that the operator actions are 
not inhibited. Because the core melt MHA 
source term is normally treated as a DBE with 
respect to fission product mitigation systems, 
the core melt MHA is also normally considered 
for control room dose to assure operators can 
perform necessary functions in such an event. 
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Requirement Summary History/Intent 

10 CFR 
50.34(f)(2)(vii), 
shielding for vital 
access and safety 
equipment 

10 CFR 
50.34(f)(2)(viii), 
post-accident 
sampling 

“Perform radiation and shielding 
design reviews of spaces around 
systems that may, as a result of an 
accident, contain accident source 
term11 radioactive materials…”  

“Provide a capability to promptly 
obtain and analyze samples from 
the reactor coolant system and 
containment that may contain 
accident source term11 radioactive 
materials” without exceeding 
specified worker dose limits. 

TMI Items II.B.2 and II.B.3. Per NUREG-0660 
(Reference 10.6), these Items were short term 
actions intended to “enhance public safety” by 
reducing risk from core degradation accidents, 
which can lead to containment failure and 
large releases. NUREG-0737 (Reference 
10.9) specified an assumption of the 
Regulatory Guide (RG) 1.3 (Reference 10.7) 
or RG 1.4 (Reference 10.8) source term 
(based on TID-14844) as the accident 
conditions for demonstrating these severe 
accident capabilities. 

10 CFR 
50.34(f)(2)(xxvi), 
leakage control 
outside 
containment 

10 CFR 
50.34(f)(2)(xxviii), 
control room 
leakage 

“Provide for leakage control and 
detection in the design of systems 
outside containment that contain 
(or might contain) accident source 
term11 radioactive materials 
following an accident.” 

“Evaluate potential pathways for 
radioactivity and radiation that may 
lead to control room habitability 
problems under accident 
conditions resulting in an accident 
source term11 release, and make 
necessary design provisions to 
preclude such problems.” 

TMI Item III.D.1.1 and III.D.3.4. The III.D Items 
addressed “design features that will reduce 
the potential for exposure to workers at 
nuclear power plants and to offsite populations 
following an accident.” Item III.D.1.1 was a 
radiological release “source control” measure, 
that required licensees to reduce leakage to 
the extent practical “for all systems that could 
carry radioactive fluid outside of containment,” 
without regard to a particular source term. 
Item III.D.3.4 was part of worker radiation 
protection improvements “to allow workers to 
take effective action to control the course and 
consequences of an accident.”  

The subsequent rulemaking included a core 
damage source term in both requirements to 
address potential new leakage paths from the 
addition of severe accident mitigation features, 
and provide reasonable assurance of control 
room habitability to that would be needed to 
operate those features. 
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Requirement Summary History/Intent 

10 CFR 
50.34(f)(2)(xix), 
core damage 
monitoring 

“Provide instrumentation adequate 
for monitoring plant conditions 
following an accident that includes 
core damage.” 

TMI Item II.F.3. The II.F Items aimed to 
“provide instrumentation to monitor plant 
variables and systems during and following an 
accident.” Item II.F.3 concerned 
instrumentation to support “unplanned action 
if…a safety system is not functioning” and 
“action necessary to protect the public and for 
an estimate of the magnitude of the impending 
threat.” The requirement is also implemented 
via RG 1.97 (in addition to 10 CFR 50.49 PAM 
requirements), which addresses the 
“expanded ranges” and “damaged core” 
source term to provide reasonable assurance 
of the required severe accident capabilities. 

10 CFR Part 50 
Appendix E, 
paragraph IV.E.8, 
Technical Support 
Center (TSC) 

A licensee must provide and 
describe in their emergency plan 
an “onsite technical support center 
and an emergency operations 
facility from which effective 
direction can be given and 
effective control can be exercised 
during an emergency.” 

TMI Item III.A.1.2 identified the need for 
upgraded emergency response facilities 
(ERFs) to improve the “inadequate” state of 
emergency planning and preparedness. 
Specified a TSC as “a place for management 
and technical personnel to support reactor 
control functions, to evaluate and diagnose 
plant conditions, and for a more orderly 
conduct of emergency operations.” NUREG-
0696 (Reference 10.5) describes the 
functional criteria for ERFs, including the TSC, 
including dose criteria equivalent to the control 
room. 

Note: The footnote in Table 4-1 is referring to footnote 11 in 10 CFR 50.34. 

 

4.2 SSC Design and Quality Requirements 

NRC’s regulatory framework imposes various requirements to provide reasonable 
assurance that SSCs will perform their design basis functions when needed. GDC 1 
requires that SSCs “important to safety shall be designed, fabricated, erected, and 
tested to quality standards commensurate with the importance of the safety functions to 
be performed.” GDCs 2 and 4 require that SSCs “important to safety” be designed for 
the effects of natural phenomena and the environmental conditions associated with 
normal operation, maintenance, testing, and postulated accidents.  
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Since the GDCs were promulgated, NRC has on occasion prescribed specific 
requirements implementing those general principles. In the 1970s NRC began 
reevaluating its requirements for the qualification of electric equipment as generally 
required by GDCs 1, 2, and 4. The requirements for EQ of electric equipment in 10 CFR 
50.49 were promulgated in 1983, following the TMI accident. The scope of 10 CFR 
50.49 is primarily “safety-related electric equipment” relied upon for DBEs, including 
design basis accidents, as well as certain nonsafety-related and post-accident 
monitoring equipment.3  

Under 10 CFR 50.49, design certification applicants must identify, and license applicants 
must establish a program for qualifying, the electrical equipment within scope. The 
qualification program must include “the radiation environment associated with the most 
severe design basis accident during or following which the equipment is required to 
remain functional.” As discussed above, for large light water reactors (LWRs), a core 
melt MHA is treated as a design basis source term for fission product mitigation features. 
Therefore, RG 1.89, which addresses EQ, specifies a radiological source term for a 
“design basis LOCA” equivalent to the core melt MHA: 100% of the noble gas activity, 
50% of the halogen activity, and 1% of the remaining fission product activity. 

Following the Commission’s policy on severe accidents (50 FR 32138), reactor 
designers proposed additional design features to enhance severe accident prevention 
and mitigation capabilities. In SECY-90-016, NRC staff stated their position that  

 
[F]eatures provided for severe-accident protection (prevention and 
mitigation) only (not required for design basis accidents) need not be 
subject to (a) the 10 CFR 50.49 environmental qualification requirements, 
(b) all aspects of 10 CFR Part 50, Appendix B quality assurance 
requirements, or (c) 10 CFR Part 50, Appendix A redundancy/diversity 
requirements. The reason for this judgment is that the staff does not 
believe that severe core damage accidents should be design basis 
accidents (DBA) in the traditional sense that DBAs have been treated in 
the past. Notwithstanding that judgment, however, mitigation features 
must be designed so there is reasonable assurance that they will operate 
in the severe-accident environment for which they are intended and over 
the time span for which they are needed. 

Staff also addressed SSCs that perform both design basis and severe accident 
functions:  

 
In instances where safety related equipment, (which is provided for 
design bases accidents) is relied upon to cope with severe accidents 
situations; there should also be a high confidence that this equipment will 
survive severe accident conditions for the period that is needed to 

                                                 
 
3 10 CFR 50.49 includes within its scope “certain” PAM equipment that was also considered essential in performing 
functions necessary in a DBE.  
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perform its intended function. However it is not necessary for redundant 
trains to be qualified to meet this goal. 

Thus, NRC Staff acknowledged that the stringent safety-related requirements, including 
10 CFR 50.49, were not “commensurate with the importance of the safety functions to 
be performed” during severe accident mitigation, and recommended relaxed 
requirements for assuring SSC functionality during a severe accident. 

5.0 NuScale Design Overview 

The NuScale design achieves large safety margins and low risk through the use of small 
nuclear fuel inventories and simplified, passive safety systems that automatically actuate 
on a loss of power. The small nuclear fuel inventory (approximately 5 percent of the 
nuclear fuel of a traditional 1,000 MWe LWR) and the lower power density significantly 
reduce the magnitude of the heat that needs to be removed to cool the core. 
Additionally, the initial ratio of reactor coolant system (RCS) inventory per MWth of core 
power is approximately 4 times larger in the NuScale Power Module (NPM) compared to 
a traditional pressurized water reactor (PWR), which is a key attribute that significantly 
increases the probability of successful core cooling under a wide range of challenges, 
and delays any event progression.  

The safety-related passive design features allow the NPM to safely shut down and self-
cool with significant safety margins for an extended time without reliance on operator 
actions, AC or DC electrical power, or makeup cooling water. Additionally, nonsafety-
related active design features allow low pressure coolant injection into the containment 
via the containment flooding and drain system and high pressure coolant injection into 
the reactor pressure vessel (RPV) via the chemical and volume control system as two 
defense-in-depth capabilities for achieving core cooling.  

NuScale’s simple design eliminates numerous systems and components whose failures 
can contribute to core damage in traditional LWRs. Piping external to the RPV is of short 
length and small diameter. All RPV and containment vessel (CNV) penetrations are 
above the level of the top of the reactor core. The integrated design of the NPM, 
encompassing the reactor, steam generators and pressurizer, and its use of natural 
circulation eliminates the need for large primary piping and reactor coolant pumps. 
Large-break LOCA scenarios, which could lead to rapid overheating of the core in 
traditional LWRs, are precluded by the design of the NPM. The evacuated steel CNV 
allowed elimination of RPV insulation in the design, which prevents potential sump 
blockage that could inhibit long-term recirculation cooling. Small-break LOCAs, extended 
station blackouts, and various other events of concern to traditional LWRs do not 
challenge the safety of the NuScale plant. The result is a design with a core damage 
frequency orders of magnitude lower than traditional LWRs. 

The CNV’s primary function in the NuScale design is to retain reactor coolant for core 
cooling in a loss of coolant event, thereby minimizing radiological source terms. The 
CNV is also an essentially leak-tight barrier to retain radioactivity should an event occur. 
The reactor building housing the NPMs is a Seismic Category I structure designed for a 
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broad seismic and severe weather envelope and to protect the NPMs and spent fuel 
pool from aircraft impact. The reactor building is equipped with a heating, ventilation, and 
air conditioning (HVAC) filtration system. Within the reactor building, the high pressure, 
ASME Class 1 steel CNV is mostly submerged in millions of gallons of borated water in 
the below grade reactor pool; providing passive cooling of the NPMs and spent fuel pool 
in excess of 30 days without a makeup water source or pool cooling and suppression of 
pressure inside the CNV. In the unlikely event of a severe accident, the vessel-in-vessel 
design of the RPV and CNV would provide in-vessel retention of core debris. 
Additionally, the evacuated steel CNV excludes concrete cracking concerns seen in 
traditional LWR containments. Thus, unlike a traditional LWR, extended containment 
integrity does not depend upon successful ECCS performance.   

The design addresses the safety and risk associated with multi-module plant operation. 
Except for the ultimate heat sink (UHS) reactor pool, safety-related systems are module-
specific and functionally independent of shared systems and other NPMs. This 
independence precludes adverse interactions among NPMs as a result of safety-related 
system operation during DBEs. There is no DBE that would pose a hazard to multiple 
NPMs. The operation of the nonsafety-related shared systems, including postulated 
failures of these systems during DBEs, does not adversely affect safety-related NPM 
functions. 

6.0 NuScale’s Accident Source Term Approach 

6.1 Overview 

As detailed below, under this proposal NuScale’s accident source terms include both 
design basis source terms (DBSTs) and a beyond-design-basis core damage source 
term (CDST). At a high level, the DBSTs will be evaluated to demonstrate acceptable 
offsite doses and serve as DBEs for associated regulatory requirements. The CDST will 
also be evaluated to demonstrate acceptable offsite doses, but will be treated as a 
beyond design basis accident. As such, traditional design basis requirements will not be 
applicable to analyzing the core damage event or ensuring the capability of SSCs to 
perform their credited functions for the CDST event. 

The forthcoming NuScale topical report (TR-0915-17565 Revision 3, Reference 10.3) 
describes a generalized methodology for developing accident source terms and 
performing the corresponding radiological consequence analyses. The methodology 
conservatively develops the radiological effects for accident source terms. The 
methodology utilizes both deterministic analysis and risk insights to identify source terms 
used in the licensing basis of the plant.  

6.2 Basis for Proposed Approach 

10 CFR 52.47(a)(2)(iv) pertains to requirements for descriptions of structures, systems, 

 



 

WP-0318-58980 
Revision 1 

Page 11 of 22 
Information Use 

ACCIDENT SOURCE TERMS REGULATORY FRAMEWORK 

NuScale Nonproprietary 
Copyright © 2019 by NuScale Power, LLC. 

 and components (SSCs) that comprise  

“safety features that are to be engineered into the facility and barriers that must 
be breached as a result of an accident before a release of radioactive material to 
the environment can occur…” 

and stipulates that 

“in performing this assessment, an applicant shall assume a fission product 
release from the core into the containment…” 

A fission product release has generally been assumed to result from an accident causing 
“substantial meltdown of the core,” per footnote 3 of 10 CFR 52.47. As discussed in 
Section 4.1, this assumption derives from the siting evaluation of very early facility 
designs with limited emergency core cooling capabilities. For any currently licensed 
plant, a substantial meltdown of the core is beyond the design basis of the ECCS 
required to prevent such an event from occurring. The GDCs and 10 CFR 50.46 require 
an ECCS that can prevent significant core damage for the largest postulated LOCA even 
with a loss of offsite or onsite electric power and single failure within the remaining 
power system.  

NuScale’s design provides even greater protection to prevent a severe accident. A 
scenario resulting in core damage for the NPM design would entail multiple failures of 
safety-related equipment, well beyond the loss of power and single failure assumptions 
of the GDCs that ensure ECCS can perform its safety functions. No electrical power or 
operator action is required to prevent or mitigate a design basis accident. Passive fail-
safe safety systems, a small core size, and a CNV that is immersed in the UHS 
contribute to a very robust design. The typical LWR scenarios that result in core damage 
are physically not possible in an NPM or significantly reduced through design features 
that address diversity and defense in depth.  

As a result of these design features, the risk of core damage in an NPM is very low—
orders of magnitude lower than the safety goals—and dominant contributors involve one 
or more common cause failures from a combination of initiators and postulated system 
failures. As an extension and enhancement to the traditional deterministic approach, 
common cause failures are considered in BDBEs in a comprehensive manner. Top 
FSAR Chapter 19 core damage cutsets include common cause failures of redundant 
components, such as 3 of 3 ECCS reactor vent valves or 4 of 4 decay heat removal 
system actuation valves, and common cause initiating events, such as failure of 4 of 4 
DC buses.  

From these observations, it follows that a severe accident scenario resulting in core melt 
for the NuScale design constitutes a BDBE, and the consideration and mitigation of dose 
consequences for such an event should be treated accordingly. Therefore, NuScale 
proposes to clarify the licensing basis of the facility to consider core damage events only 
as BDBEs, providing reasonable assurance that SSCs credited to mitigate such an 
event will perform their functions through means commensurate with their importance to 
safety. 
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Accordingly, NuScale’s FSAR will address source terms from a spectrum of traditional 
DBEs by evaluating those events for acceptable dose consequences using traditional 
design basis analysis rules and assumptions, and meeting traditional SSC design 
requirements. Although the NuScale design precludes any design basis accident 
scenario resulting in core damage and fission product release, NuScale will analyze a 
surrogate severe accident scenario with core damage as a BDBE to ensure that, even in 
the extremely unlikely event of a severe accident, the facility’s design features and site 
characteristics maintain offsite doses within the acceptance criteria of 10 CFR 
52.47(a)(2)(iv). Thus, the facility provides an acceptable level of protection to the public. 
This approach fully conforms to, and fulfills the intent of, the requirements of 10 CFR 
52.47(a)(2)(iv) for evaluating offsite radiation doses for the fission product release from a 
major accident hypothesized for purposes of site analysis or postulated from 
considerations of possible accidental events.  

6.3 Design Basis Source Terms 

The DBSTs include the standard deterministic Chapter 15 events that are similar to 
those of large LWRs: main steam line break (MSLB), rod ejection accident (REA), fuel 
handling accident (FHA), steam generator tube failure (SGTF) and small primary coolant 
line break outside containment. For these events, NuScale’s source term methodology is 
consistent with the RG 1.183 (Reference 10.4) methodology, which prescribes 
deterministic analyses. The DBSTs also include an "iodine spike source term" scenario. 
The event considers primary coolant entering the containment and thus serves as a 
LOCA surrogate. This fulfills the intent of a design basis MHA for the NuScale facility, 
representing the worst-case source term release inside containment within the design 
basis. As discussed in Section 7, below, as a DBE the iodine spike source term is 
conservatively analyzed to ensure that doses to control room operators and the public 
are within prescribed dose limits of GDC 19 and 10 CFR 52.47(a)(2)(iv), respectively, 
and SSCs that prevent and mitigate the event are defined as safety-related and subject 
to the associated requirements such as environmental qualification under 10 CFR 50.49. 
The EQ program addresses the radiological conditions of the bounding DBST relevant to 
that equipment. 

6.4 Core Damage Source Term (Beyond Design Basis) 

In addition to the DBSTs, NuScale will also consider a surrogate CDST as a BDBE. This 
event is analogous to a traditional MHA that has generally been assumed to result in 
substantial damage to the core, and it is used to evaluate potential radiological 
consequences to the public from a significant fission product release inside containment. 
The CDST bounds all DBST releases inside containment, and radiological 
consequences therefrom are also evaluated against the dose limits of 10 CFR 
52.47(a)(2)(iv). This evaluation provides reasonable assurance that even in such a 
severe event the NuScale design, including the containment fission product barrier and 
site characteristics, would protect the public from excessive radiological dose, fulfilling 
the regulatory intent of 10 CFR 52.47(a)(2)(iv). The CDST is also evaluated for control 
room doses in conformance with TMI requirements pertaining to severe accident control 
room doses. As detailed in Section 7, the CDST is classified and evaluated as a BDBE, 
and certain requirements that would otherwise apply to DBEs and the SSCs that prevent 
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and mitigate DBEs are not applicable to the CDST. The CDST is composed of a blend of 
key parameters taken from a set of core damage scenarios.  

6.5 Environmental Qualification and Equipment Survivability 

As discussed in Section 4.2, NRC’s requirements for EQ and its position on equipment 
survivability provide reasonable assurance that SSCs will perform their required 
functions during DBEs and severe accidents, respectively. For safety-related and certain 
nonsafety-related electric equipment, EQ under 10 CFR 50.49 addresses the “most 
severe design basis accident” conditions for which the equipment must function.4 Where 
a facility’s licensing basis includes a core melt MHA as a design basis radiological event, 
the EQ program consequently encompasses, for electrical equipment within the scope of 
10 CFR 50.49, the radiological conditions for severe accidents. However, under the 
approach proposed in this white paper, the CDST will be considered a BDBE, and thus 
beyond the 10 CFR 50.49 EQ program parameters. 

NuScale’s simplified design relies on largely the same SSCs for responding to BDBEs 
as those for responding to DBEs. NRC’s equipment survivability position addressed this, 
noting that for an SSC relied upon to cope with DBEs and severe accidents; there 
should be “high confidence” that the SSC will “survive severe accident conditions for the 
period that is needed to perform its intended function.” Accordingly, for such “dual 
purpose” SSCs, NuScale proposes to bifurcate the means of demonstrating SSC 
functionality, using EQ for DBE conditions and survivability for severe accident 
conditions.  

For example, for DBEs reasonable assurance of containment integrity will be provided, 
in part, by qualifying SSCs under 10 CFR 50.49, which will include the radiological 
conditions of the most severe, applicable DBST. For the same SSCs, an evaluation of 
equipment survivability will provide reasonable assurance that the SSC will maintain 
containment integrity in the severe accident environment, including the radiological 
conditions of the CDST. Additionally, NuScale intends to apply equipment survivability to 
design features that support severe accident response (e.g., post-severe-accident 
monitoring). Section 7 discusses this approach as applied to the various functional 
requirements, including the time span and the manner for demonstrating survivability for 
each SSC of interest.  

7.0 Implementation of NuScale’s Accident Source Term Approach 

7.1 Overview of Source Term Implementation 

The DBSTs together comprise the array of source terms considered for implementing 
design-basis regulatory requirements. The DBSTs demonstrate that the facility design, 
including ESFs, provide an acceptable level of radiological protection to the public and 
control room operators for DBEs. The SSCs credited to prevent or mitigate the 

                                                 
 
4 Mechanical qualification of electrical and active mechanical equipment is addressed by RG 1.100 (Reference 
10.11). 
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consequences of these events perform a safety-related function as defined by 10 CFR 
50.2, and are designed and qualified accordingly. In the case of electrical equipment, EQ 
pursuant to 10 CFR 50.49 addresses the radiological conditions of the bounding DBST 
relevant to that equipment. 

For example, the fuel handling accident DBST may produce the bounding offsite 
radiological consequence event. If this event results in the highest radiation 
environments in the reactor building area, it will be used for EQ of reactor building 
equipment. Meanwhile, the iodine spike DBST is expected to produce the highest 
radiation environments in the containment and therefore be used for EQ of 
instrumentation in the containment, even if it is not the limiting DBE for dose 
consequences. Similarly, a leak in a line carrying primary coolant outside of containment 
may be the most limiting DBST for consideration in post-accident operator access in a 
particular area. 

The CDST’s primary role is to demonstrate acceptable offsite dose consequences even 
in the event of a severe accident, consistent with the intent of 10 CFR 52.47(a)(2)(iv). As 
a BDBE, the capability of SSCs credited for mitigating the CDST’s dose consequences 
to function in the event’s harsh environment is demonstrated under the paradigm of 
equipment survivability. Similarly, TMI requirements that directly address certain severe 
accident capabilities are implemented by applying the CDST to that requirement.  

In short, NuScale’s distinct treatment of the DBSTs and the CDST as DBEs and a 
BDBE, respectively, results in different requirements for demonstrating the capability and 
performance of SSCs credited in mitigating the dose consequences of those events. To 
a large extent, the same SSCs are credited for both the DBSTs and the CDST, but the 
means of assuring functionality under the differing event conditions varies. This 
approach effectively implements GDC 1, which requires that SSCs “important to safety 
shall be designed, fabricated, erected, and tested to quality standards commensurate 
with the importance of the safety functions to be performed.” Mitigation of the DBSTs is a 
safety-related function, and thus of the highest importance to safety. Here, for example, 
EQ under 10 CFR 50.49 assures electrical components are designed, fabricated, and 
tested to perform their functions. Mitigation of the CDST event, however, is a nonsafety-
related function. In that case, SSCs can be demonstrated to perform their mitigative 
functions under less stringent approaches such as the application of equipment 
survivability. This is consistent with the NRC’s past treatment of other BDBE mitigation 
requirements.5  

The following sections detail NuScale’s implementation of the source terms. 

7.2 Offsite Dose  

The DBSTs are analyzed in FSAR Chapter 15 as DBEs to ensure the resulting offsite 
doses meet dose limits prescribed by regulatory requirements or guidance. The dose 

                                                 
 
5 See, e.g., requirements for combustible gas control mitigation and monitoring equipment under 10 CFR 50.44 and 
requirements for an alternate alternating current power source to mitigate station blackout events under 10 CFR 
50.63. 
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analysis methodology associated with the DBSTs is similar to the dose analysis 
methodology used for current generation large LWRs, as described in RG 1.183. The 
iodine spike DBST is a surrogate event analyzed instead of a design basis LOCA. The 
iodine spike DBST is the bounding DBE evaluated with respect to 10 CFR 
52.47(a)(2)(iv)—i.e., the largest design basis fission product release into the 
containment, analyzed using the expected demonstrable containment leak rate together 
with applicable postulated site parameters to evaluate the offsite radiological 
consequences. As a design basis analysis, only safety-related SSCs are credited for 
mitigating the event consequences. 

The offsite dose consequences of the CDST will also be evaluated in Chapter 15 of the 
FSAR, similar to current practice for large LWRs (an MHA based on a large break LOCA 
inside containment with core melt). Consistent with that practice, the evaluation will show 
that potential offsite doses for a core damage event are below the limits prescribed by 10 
CFR 52.47(a)(2)(iv). Unlike current practice and unlike with the DBSTs, however, the 
CDST will be explicitly defined as a BDBE for the NuScale design, similar to how a 
beyond-design-basis anticipated transient without scram (ATWS) is addressed in 
Chapter 15. As a BDBE, traditional design basis rules and conservatisms are not 
required for the CDST dose evaluation.6 At this time, however, NuScale does not intend 
to depart from current Chapter 15 methodologies for the CDST offsite dose analysis in 
the design certification application, which is conservative for this purpose. NuScale 
seeks agreement with NRC staff that a future licensing action could consider reduced 
conservatism in the CDST offsite dose evaluation. 

7.3 Control Room Dose 

The DBSTs are analyzed in FSAR Chapter 15 as DBEs to demonstrate the resulting 
control room doses meet dose limits prescribed by GDC 19.7  

The control room dose consequences of the CDST will also be evaluated in Chapter 15 
of the FSAR. Again, however, the CDST will be explicitly defined as a BDBE for the 
NuScale design. The GDC 19 dose criteria are not directly applicable to a BDBE like the 
CDST. However, certain TMI requirements relate to control room habitability under 
severe accident conditions. 10 CFR 50.34(f)(2)(vii) requires radiation and shielding 
design reviews for core damage source terms to ensure adequate access to important 
areas, for which NUREG-0737 specifies that control room accessibility should be 
ensured using the “guidelines of GDC 19.” 10 CFR 50.34(f)(2)(xxviii) addresses control 
room leakage pathways that may challenge habitability from core damage source terms. 
Under the traditional MHA approach, evaluation of control room doses for the core melt 
MHA satisfies these requirements. Similarly, NuScale intends to evaluate the control 

                                                 
 
6 For example, nonsafety-related SSCs could be considered to mitigate the event. A safety-related SSC is one “relied 
upon to remain functional during and following design basis events to assure” the capability to mitigate the 
radiological consequences of an accident. 
7 Note that control room habitability in the NuScale design is a nonsafety-related function, because operator actions 
are not required under DBEs to assure the integrity of the reactor coolant pressure boundary, the capability to shut 
down the reactor and maintain it in a safe shutdown condition, or the capability to prevent or mitigate the 
consequences of accidents. 



 

WP-0318-58980 
Revision 1 

Page 16 of 22 
Information Use 

ACCIDENT SOURCE TERMS REGULATORY FRAMEWORK 

NuScale Nonproprietary 
Copyright © 2019 by NuScale Power, LLC. 

room doses from the beyond-design-basis CDST to provide reasonable assurance of 
habitability for control room personnel in the event of a severe accident.  

This approach meets TMI requirements to ensure the design precludes control room 
habitability problems under a severe accident source term release, and provides 
reasonable assurance the control room would be available for emergency response 
functions consistent with 10 CFR 50 Appendix E. NUREG-0696 addresses Technical 
Support Center (TSC) habitability in accordance with 10 CFR 50.34(f)(2)(vii). It specifies 
that TSC ventilation shall function in a manner “comparable” to CR ventilation, but the 
TSC ventilation need not be seismic Category I qualified or redundant, and the TSC 
does not require safety-related power sources. Similar considerations should apply to 
control room habitability under the CDST. As with the offsite dose evaluation, at this time 
NuScale does not intend to depart from current Chapter 15 methodologies for the CDST 
control room dose analysis in the design certification application, which is conservative 
for this purpose. NuScale seeks agreement with NRC staff that a future licensing action 
could consider reduced conservatism in the CDST control room dose evaluation. 

7.4 Containment Integrity 

Offsite dose consequences from the in-containment DBSTs are determined using the 
“demonstrable containment leak rate” as required by 10 CFR 52.47(a)(2)(iv), where the 
demonstrable containment leak rate assumed for the analysis constitutes the design 
basis for maximum allowable containment leakage rate. Here, the containment performs 
a safety-related function by mitigating the consequences of DBEs. Accordingly, 
performance of the SSCs necessary to ensure containment leakage integrity is ensured 
through requirements applicable to safety-related SSCs. For example, containment 
isolation valves will be environmentally qualified pursuant to 10 CFR 50.49 to perform 
their isolation function. The electrical penetration assemblies (EPAs) will be 
environmentally qualified to withstand the limiting DBST radiological environment for a 
100 day event duration. The EQ of EPAs provides reasonable assurance they will not 
leak during and following DBEs in excess of design leakage limits demonstrated through 
containment leakage testing. 

Offsite dose consequences from the CDST are also determined assuming the 
“demonstrable containment leak rate” as specified by 10 CFR 52.47(a)(2)(iv). NuScale 
intends to use the maximum allowable containment leakage rate for this purpose. Here, 
the containment is performing a nonsafety-related function by mitigating the 
consequences of a BDBE. Accordingly, performance of the SSC functions necessary to 
reasonably assure containment leakage integrity may be demonstrated through 
equipment survivability. For the CIVs, the isolation function occurs before the onset of 
core damage, and thus their survivability is addressed by EQ (i.e., the DBST conditions 
are bounding).  

An equipment survivability evaluation will provide reasonable assurance that the EPAs 
will maintain containment leakage integrity during and following the CDST. With respect 
to radiological survivability, NuScale intends to rely on radiation testing or analysis to 
demonstrate survivability for a dose equivalent to the CDST radiation environment for a 
24 hour duration. Beyond 24 hours, NuScale will qualitatively assess survivability 
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thereafter. NuScale intends to base that assessment on existing industry data and 
vendor experience with known degradation mechanisms. This approach is derived from 
NRC’s containment performance goal, stated in SECY-90-016, to maintain containment 
leakage integrity for a minimum of 24 hours following the onset of core damage and to 
“continue to provide a barrier against the uncontrolled release of fission products” 
thereafter. CDST-associated radiological testing performed for the initial 24 hour period 
would not need to be performed pursuant to IEEE 323-1974.8   

7.5 Post-Accident Monitoring 

10 CFR 50.49 includes within the scope of EQ “certain post-accident monitoring 
equipment.” Environmental qualification of PAM equipment will address DBEs as 
required by that regulation, including the radiological environment associated with 
DBSTs. The PAM functional durations for EQ will remain as described in Chapter 3 of 
the FSAR. For example, for extended PAM variables EQ addresses an operating time of 
100 days post-accident. 

Additionally, some PAM equipment provides post-accident monitoring for severe 
accidents in accordance with the requirements of 50.34(f)(2)(xix). An equipment 
survivability evaluation will show that the necessary PAM equipment will provide this 
function.9 Under this approach, each PAM variable is individually reviewed to determine 
the actual duration for which monitoring may be needed in a severe accident. This is 
based on the specific function being monitored and whether that function is intended to 
prevent core damage or provide information after core damage. NuScale established 
five possible duration groups and associated expected doses, as follows: 

1. No duration 

 Variables that have an important function during normal operation, but 
serve no specific purpose during a core damage accident. Therefore, 
there is no required duration of monitoring. 

 As there is no required accident duration, the only doses received by 
these components is normal dose, which is addressed by EQ.  

2. Minimal duration after transient onset 

 Monitoring of functions that are automated to occur almost immediately 
upon any initiating event (e.g., containment isolation valve closure). 
These functions are among the first things operators would verify during 
any accident; therefore, there is minimal required duration of monitoring.  

 As these functions are performed before core damage, the radiation 
environment is within the bounds of the DBSTs. Therefore, EQ testing 

                                                 
 
8 NRC Regulatory Guide 1.89 endorses IEEE 323-1974 for qualifying electric equipment under 10 CFR 50.49. 
NuScale FSAR Section 3.11 commits to IEEE 323-1974 for compliance with 10 CFR 50.49. 
9 Note that the Section 7.5 discussion focuses on doses received during the CDST. However, the equipment 
survivability FSAR Section 19.2.3.3.8 will also include discussion on various parameters (e.g., temperature, pressure, 
humidity). 
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represents a larger dose than would be received during the necessary 
duration in the CDST, demonstrating equipment survivability.  

3. Up to the time of core damage 

 Monitoring of functions that have a specific function to prevent core 
damage (e.g., ECCS valves). Once core damage has occurred, it is a 
clear indication that the equipment has failed its function and no further 
monitoring is necessary beyond core damage. 

 Similar to the “minimal duration” group, EQ assures that monitoring will be 
provided up to the point of core damage, demonstrating equipment 
survivability. 

4. Time greater than core damage 

 Monitoring of functions that are used to predict whether the core damage 
progression will be terminated (e.g., core exit temperature and RPV riser 
level). There is only a small time after the onset of core damage in which 
the progression of core damage can be halted. Beyond that time the 
critical PAM variables monitor actual radiological release and containment 
integrity, which are covered by the “event duration” group. Therefore, the 
duration for this category is on the order of several hours after core 
damage.  

 As the exposure time to core damage conditions is small, the resulting 
doses are comparable to the doses from 100 days of exposure to a 
DBST. Therefore, survivability will be demonstrated based on the EQ 
testing for DBSTs, supplemented by qualitative justification beyond EQ 
limits. Supplemental additional testing may be considered for a subset of 
components. 

5. Event duration 

 Variables for monitoring containment integrity and radionuclide release. 
These functions must be monitored for the full event duration of a core 
damage accident (explained below).  

 Doses received from the full duration of a core damage event will greatly 
exceed EQ testing. NuScale intends to perform supplemental testing to 
provide confidence in extended survivability.  

With respect to the “event duration” of the beyond design basis CDST, SECY-90-016 
and SECY-93-087 do not define a specific time period for which equipment survivability 
must be demonstrated, but rather state that equipment must function “over the time span 
for which they are needed.” Consistent with precedent from past applications, the 
needed time span (or maximum duration) is defined as the period in which core damage 
is progressing and conditions within the containment are rapidly changing, until a 
controlled, stable end state is reached. This equates to a maximum of 24 hours after 
core damage for the NuScale design. A review of severe accident MELCOR simulations 
determined that for even the slowest progressing core damage accidents, core 
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degradation has halted and the temperature and pressure are stable in the RPV and 
CNV 24 hours after core damage occurs. 

The only PAM equipment required for the full event duration is the under-the-bioshield 
area radiation monitor. This provides capability to monitor containment integrity and 
radionuclide release by comparing radiation detected during normal operation to 
radiation detected during the accident. Monitoring of measured dose rates will determine 
whether containment has remained intact or not. Due to its importance, NuScale intends 
to demonstrate survivability of the under-the-bioshield area radiation monitor by testing 
to doses resulting from 24 hours of core damage. However, because this function is 
beyond the scope of EQ (i.e., relied upon following a BDBE), this testing need not 
comport with IEEE 323-1974, such as its limit on dose rates. Other radiation monitors 
within the reactor building, which are exposed to significantly smaller doses, are 
expected to function indefinitely and are used to confirm actual radionuclide release and 
can inform ad-hoc emergency response actions.  

7.6 Post-accident Sampling 

The PAM equipment provides the necessary capabilities to enable operators to assess 
the presence and extent of core damage during a severe accident, thereby fulfilling the 
underlying intent of post-accident sampling per 10 CFR 50.34(f)(2)(viii). Accordingly, 
NuScale will submit an exemption request from the sampling requirement. As described 
in that exemption request, the NuScale design will continue to include design features 
enabling a licensee to develop contingency plans for post-accident sampling. Consistent 
with precedent, as a contingency capability only, a licensee will not be required to 
demonstrate performance of those contingency plans, including conformance with the 
otherwise-applicable dose limits of 10 CFR 50.34(f)(2)(viii). 

NuScale’s post-accident sampling path also supports the capability to monitor hydrogen 
and oxygen within containment as required by 10 CFR 50.44(c)(4). The containment 
evacuation system (CES) containment isolation valves (CIVs) would be unisolated to 
perform those functions. Accordingly, NuScale will demonstrate through equipment 
survivability that the CES CIVs can be opened following the core damage event. In the 
unlikely event that the CES CIVs are unisolated to perform sampling or combustible gas 
monitoring, the sampling and monitoring path would be established and CES CIV 
position would not need to change after the initial opening. Thus, the survivability 
evaluation will address a functional duration of 24 hours, providing sufficient time post-
accident for operators to line up the sampling system. Components under the bioshield 
(i.e., CIV bodies) will be evaluated for survivability in the CDST radiation environment for 
the 24 hour duration. The CIV hydraulic skid, which is required to re-open the CIVs 
following their initial isolation, will only see doses comparable to design basis conditions 
up until the time of opening the CES CIVs, and therefore its survivability is addressed by 
EQ. The Combustible Gas Control Technical Report (Reference 10.13) addresses the 
capability to monitor combustible gas concentrations as required by 10 CFR 50.44(c). 
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8.0 Licensing Considerations 

8.1 DCA Impacts 

NuScale intends to implement the proposed approach in a manner designed to limit 
substantive impacts to the FSAR in order to minimize additional review time and 
preclude schedule impact. In general, the proposed source term methodology largely 
preserves the methodology and results of source term dose analyses currently 
presented in NuScale DCA FSAR Chapter 15, albeit with some restructuring of that 
chapter to reflect the new approach. Similarly, the impact on Chapter 3 environmental 
qualification is minimal. The Accident Source Term Methodology Topical Report (TR-
0915-17565) will remain largely unchanged, while proposed changes have been 
previously discussed with NRC Staff. Specifically, NuScale expects the extent of DCA 
impacts to be as follows. 

The forthcoming Revision 3 of TR-0915-17565 will present the methodology described in 
Section 6 of this White Paper. NuScale FSAR Section 15.0.3 will provide the dose 
consequence results for the DBSTs and will point to the methodology described in TR-
0915-17565 Revision 3 instead of Revision 2 of TR-0915-17565. FSAR Sections 3.11, 
3.C, and 12.2 will utilize the applicable DBSTs and will point to FSAR Section 15.0.3 for 
the doses associated with the DBSTs. Minor additions to wording in these FSAR 
sections will describe the bounding DBSTs.  

Due to the beyond design basis nature of the CDST, the associated dose analyses will 
be moved from FSAR 15.0.3.9 to a new FSAR Section 15.10. This is similar to the 
historical implementation of anticipated transient without scram (ATWS) analysis in 
Section 15.8 despite ATWS being a BDBE. General dose analysis inputs and other 
pertinent content in FSAR Section 15.0.3 that are only applicable to a core damage 
event will be relocated to FSAR Section 15.10. 

Use of the terms “Category 1” and “Category 2” source terms will be removed from the 
DCA. The heading of FSAR Section 15.0.3.8 will change from “Consequence Analyses 
of Category 1 Events” to “Consequence Analyses of Design Basis Source Terms” and 
similar editorial changes will be made throughout the FSAR. The new Iodine Spike 
DBST dose analysis will be located in a new FSAR Section 15.0.3.8.6, which will act as 
a bounding surrogate for various design-basis loss of primary coolant into containment 
events described in FSAR Section 15.6. TR-0915-17565 Revision 3 will describe the 
methodology for performing the FSAR Section 15.0.3.8.6 Iodine Spike analysis.  

Uses of the terms maximum hypothetical accident (MHA) and design basis source term 
(DBST), where implying a core damage event, will be removed throughout the DCA. 
Various numerical results in tables throughout the FSAR will be updated.  

NuScale FSAR Section 19.2.3.3.8 will present the evaluations of equipment survivability 
for the CDST, as discussed in Section 7 of this white paper, with discussion of survival 
durations and environmental conditions associated with the various SSCs for 
containment integrity, PAM, and PAS.  
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The PAS exemption described in Section 7.6 of this white paper will be added to DCA 
Part 7 with corresponding updates to FSAR Chapter 1. FSAR Chapter 12 will no longer 
provide core damage source terms, which will be relocated to FSAR Section 15.10. 
Doses to PAS-related equipment will be addressed by equipment survivability in FSAR 
Section 19.2.3.3.8. FSAR Chapter 12 will be updated consistent with NuScale’s PAS 
exemption request to remove discussion pertaining to doses to operators performing 
sampling.  

8.2 Combined License Implementation 

The NuScale DCA FSAR Section 15.10 CDST dose analyses will continue to be 
performed pursuant to current methodology and assumptions. However, a COL 
applicant may elect to use different assumptions in their FSAR Section 15.10 analyses 
that are appropriate for the evaluation of a BDBE (e.g. crediting equipment that is not 
safety related).  

9.0 Summary and Conclusion 

NuScale’s proposed accident source term methodology is consistent with the 
requirements and accepted practice for offsite dose consequence analysis under 10 
CFR 52.47(a)(2)(iv). NuScale’s consideration of design basis and beyond design basis 
source terms for dose consequences provides reasonable assurance of adequate 
protection for a range of postulated accidents, and ensures the functionality of SSCs 
credited in those events in a manner commensurate for their importance to safety in 
responding to such an event. 
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