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PROPRIETARY INFORMATION NOTICE 

THIS DOCUMENT DOES NOT CONTAIN PROPRIETARY INFORMATION. 

COPYRIGHT NOTICE 

This document bears a NuScale Power, LLC, copyright notice. No right to disclose, use, or copy 
any of the information in this document, other than by the U.S. Nuclear Regulatory Commission 
(NRC), is authorized without the express, written permission of NuScale Power, LLC. 

The NRC is permitted to make the number of copies of the information contained in these reports 
needed for its internal use in connection with generic and plant-specific reviews and approvals, as 
well as the issuance, denial, amendment, transfer, renewal, modification, suspension, revocation, 
or violation of a license, permit, order, or regulation subject to the requirements of 10 CFR 2.390 
regarding restrictions on public disclosure to the extent such information has been identified as 
proprietary by NuScale Power, LLC, copyright protection notwithstanding. Regarding 
nonproprietary versions of these reports, the NRC is permitted to make the number of additional 
copies necessary to provide copies for public viewing in appropriate docket files in public 
document rooms in Washington, DC, and elsewhere as may be required by NRC regulations. 
Copies made by the NRC must include this copyright notice in all instances and the proprietary 
notice if the original was identified as proprietary. 
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1.0 Introduction 

10 CFR 52.47 (a)(2)(iv) (Reference 1.4.1) requires nuclear power reactor design certification 
applicants to evaluate the consequences of a fission product release into the containment 
assuming the facility is being operated at the ultimate power level contemplated, and describe 
what design features are intended to mitigate the radiological consequences of an accident.  

Regulatory Guide 1.183, “Alternative Radiological Source Terms for Evaluating Design Basis 
Accidents at Nuclear Power Plants” (Reference 1.4.2) states that significant core damage is 
typically postulated to occur in a conventional light water reactor (LWR) during a design basis 
large break loss-of-coolant accident (LOCA). Furthermore, additional design-basis event 
sequences are included in order to consider other event sequences of potentially lesser 
consequence, but higher probability of occurrence. As stated in Regulatory Guide 1.183, “the 
design basis accidents were not intended to be actual event sequences, but rather, were intended 
to be surrogates to enable deterministic evaluation of the response of a facility’s engineered 
safety features.” 

The general approach that NuScale will follow to meet the regulatory requirements for accident 
radiological consequences is to implement Regulatory Guide 1.183, except where significant 
differences exist between the NuScale design, and where differences exist between a LWR and a 
small modular reactor (SMR) design, based upon the regulatory guidance. These differences are 
identified to construct the NuScale design specific review standard (DSRS) that will form the 
review basis for the NuScale design certification application (DCA). 

NuScale will use the term “design basis source term” (DBST) for the significant core damage 
event previously described. There are no design basis events that result in significant core 
damage for the NuScale design; this will be discussed further in the following sections. Numerous 
failures must be postulated, i.e., a beyond-design-basis event, in order for significant core 
damage to occur. Because design basis events do not result in significant core damage, a 
spectrum of severe accidents will be postulated in order to establish a DBST. The radiological 
consequences are then shown to meet all acceptance criteria based upon the robust NuScale 
design with appropriate engineered safety features. In addition to the DBST, all design basis 
accidents are evaluated for radiological consequences. Table 1-1 is a summary of the postulated 
accident sequences, where in the standard review plan (SRP) the accident is discussed, what 
section of RG 1.183 the accident input parameters and assumptions are discussed, and the 
primary source of radiation for the accident. 

Table 1-1. Summary of applicable events to the NuScale design 

Event Standard Review 
Plan Section 

Regulatory Guide 
1.183 Appendix* 

Primary Source of 
Radiation 

Design basis source term 
(significant core damage) 15.0.3 A 

damaged  
fuel Fuel handling accident 15.7.4 B 

Rod ejection accident 15.4.8.A H 
Main steam line break 15.1.5.A E 

coolant activity  
(with iodine spiking) Steam generator tube failure 15.6.3 F 

Primary coolant line break 15.6.2 n/a 

*Note: Appendices C, D, and G were not included because they are not applicable to the NuScale 
design. 

In addition to the requirements of 10 CFR 52.47 and guidance of Regulatory Guide 1.183, further 
regulation and guidance is provided in 10 CFR Part 50, 10 CFR 100, NUREG-1465, Regulatory 



WP-1213-5335-NP 

© Copyright 2013 NuScale Power, LLC  Page 7 of 36 

 

Guide 1.145, Regulatory Guide 1.194, Regulatory Guide 1.195, and NUREG-0800 Standard 
Review Plan (References 1.4.3-1.4.9). NuScale will utilize these sources, and other sources, 
such as specific feedback or general lessons learned, to demonstrate that the design meets the 
regulatory requirements for mitigating the consequences of a design-basis accident (DBA).  

SRP Section 15.0.3 of NUREG-0800 specifically summarizes the general and specific 
acceptance criteria for evaluating radiological considerations. This includes consideration of 
atmospheric dispersion and the dose consequences at the exclusion area boundary (EAB), low 
population zone (LPZ), control room (CR), and technical support center (TSC). Additionally, other 
accident radiological considerations include equipment qualification, post-accident monitoring, 
and access shielding, among others. NuScale is cognizant of these issues and will address them 
completely and separately in the DCA. A discussion of all considerations in this paper would 
detract from the focus of this paper, which is to describe the NuScale source term; thus, many of 
these items are listed only, discussed briefly, or omitted entirely.  

1.1 Purpose 

The purpose of this report is to describe the NuScale approach for assessing the radiological 
consequences of the design basis source term and design basis events in order to provide input 
into the design-specific DSRS. 

1.2 Scope 

The report describes the NuScale plant design with emphasis on presenting pre-application 
information and DSRS implications regarding the design basis source term and design basis 
events. Specific objectives of the report are to 

1. describe the methodology for evaluating the postulated design basis events 

2. present preliminary offsite and control room control room dose results 

3. summarize design basis accident radiological DSRS implications 

1.3 Abbreviations and Definitions 

Table 1-2. Abbreviations and Definitions 

Term Definition 

core damage assumed to occur at the onset of clad ballooning for the purposes of source 
term release timing 

CR control room 

CNV containment vessel 

CVCS chemical volume control system 

DBA design-basis accident 

DBST design-basis source term 

DCA design certification application 

DE-I131 dose equivalent Iodine131 

DSRS design-specific review standard 

EAB exclusion area boundary 
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ECCS emergency core cooling system 

hr hour, unit of time 

HVAC heating, ventilation, and air conditioning 

LOCA loss of coolant accident 

LPZ low population zone 

LWR light water reactor 

ORIGEN software used for isotope generation and depletion 

MELCOR software used for severe accident analysis 

MSLB main steam line break 

NRC nuclear regulatory commission 

NRELAP5 software used for system thermal hydraulics simulation 

NSSS nuclear steam supply system 

pH measure of acidity or basicity of an aqueous solution 

PRA probabilistic risk assessment 

PWR pressurized water reactor 

RADTRAD software used for calculating radiation exposure 

REA rod ejection accident 

rem unit of absorbed radiation exposure (dose)  

RG regulatory guide 

single release phase a single release phase of fission products, as opposed to distinct gap release 
and early in-vessel release phases 

SMR small modular reactor 

SRP standard review plan 

TEDE total effective dose equivalent 

TSC technical support center 

T/H thermal-hydraulics 
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2.0 Plant Description 

The NuScale plant consists of one or more NuScale Power modules, each of which is a 160 MWt, 
passive pressurized water reactor (PWR). A single NuScale Power module consists of three 
major components: 

• the nuclear steam supply system (NSSS), that includes the nuclear core, two helical coil 
steam generators, and the pressurizer, within a single pressure vessel 

• a standard steam power conversion system that includes the steam turbine-generators, the 
main condenser, and the feedwater system 

• the steel containment vessel (CNV) that houses the NSSS and resides in the reactor pool 

The NSSS CNV module is designed to operate efficiently at full power conditions using natural 
circulation for core coolant flow, eliminating the need for reactor coolant pumps. As shown in 
Figure 2-1, the reactor core is located inside a shroud connected to the hot leg riser. The reactor 
core heats reactor coolant and decreases its density, causing the coolant to flow upward through 
the riser. When the heated reactor coolant exits the riser, it enters the downcomer and passes 
around the tubes of the two helical coil steam generators, which act as a heat sink. As the reactor 
coolant passes around the steam generators, it cools, increases in density, and naturally 
circulates down to the lower plenum and reactor core, where the cycle begins again. 

NSSS modules are submerged in a common reactor pool and protected by passive safety 
systems. Each NSSS module has a dedicated reactor protection system, containment isolation 
system, emergency core cooling system (ECCS), and decay heat removal system. 

 

Figure 2-1. Single NuScale Power module schematic 
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Up to 12 modules are located in a single reactor building as depicted in a cutaway view in Figure 
2-2. Each NuScale Power Module is immersed in its own bay of the common reactor pool. Each 
power module bay has a cross section of approximately {{    }}3(a-c) and is built into an 
approximately {{    }}3(a-c) deep pool. The reactor pool is located in a Seismic Category I 
building designed to withstand postulated adverse natural conditions and aircraft impact. The 
turbine-generator sets are skid-mounted and housed in the turbine buildings adjacent to the 
reactor building. Both the reactor building crane and fuel handling machine are single failure proof 
cranes.  

Figure 2-2. Reactor building cutaway view 

2.1 NuScale Design Unique Features  

A summary of unique NuScale design features that are particularly important with respect to 
radiological consequences are discussed below. 

2.1.1 Elimination of Core Damage from Design Basis Events 

NuScale has achieved a substantial improvement in safety over existing plants through simplicity 
of design and reliance on passive safety systems. The integral design of a module eliminates 
external coolant loop piping, which eliminates large-break loss-of-coolant accident scenarios. The 
availability of passive safety systems for decay heat removal, emergency core cooling, 
containment heat removal, and control room habitability eliminates the need for external power 
under accident conditions. With these passive safety systems, a design goal is that small-break 
LOCAs or extended station blackout do not significantly challenge the safety of the plant. The 
result is a design with a core damage frequency significantly lower than the current LWR fleet. 

2.1.2 Containment Design  

The NuScale containment is a steel pressure vessel with very few penetrations and a design 
pressure of {{    }}3(a-c) psia. As a result, it is unique when compared to a conventional PWR 
containment of a large concrete building with numerous penetrations and an allowed pressure of 
a few atmospheres. The post-accident NuScale containment atmosphere free volume is roughly a 

dlyons
NST Fib 2-2
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factor of {{    }}3(a-c) smaller than a conventional PWR with proportionally greater surface area, 
resulting in proportionally higher aerosol removal rates. A technical specification leak rate of                    
{{    }}3(a-c) is currently being used for evaluations; {{ 

 }}3(a-c) 

2.1.3 Pressurized Control Room 

To maintain safe conditions inside the control room envelope, the control room habitability system 
uses {{ 

 }}3(a-c) A set of vestibule doors acting as an airlock between 
the hallway air and the control room air aids in limiting contaminated air through ingress or egress 
and maintains positive pressure. {{  

 }}3(a-c) 

2.1.4 Steam Generators 

The helical coil steam generators of the NuScale design are very different than that of a 
conventional pressurized water reactor because the primary coolant is on the outside of the 
tubes. As a result, there is no bulk water volume in which decontamination could occur. 
Therefore, no credit is taken for scrubbing of radionuclides in the steam generator.  

2.1.5 Primary Coolant Iodine Concentrations 

The maximum primary coolant iodine concentrations allowed by the assumed plant technical 
specifications in the NuScale design is {{ 

 }}3(a-c) The dose equivalent I-131 (DE-I31) is the 
concentration of I-131 (μCi/gm) that alone would produce the same dose when inhaled as the 
combined activities of iodine isotopes I-131, I-132, I-133, I-134, and I-135 actually present. {{  

}}3(a-c) 

2.1.6 NuScale Main Steam and Feedwater Line Isolation Valve Design 

NuScale is currently evaluating the use of a single safety-related isolation valve in the main steam 
and feed lines. This is similar to both current and new PWR designs (including AP1000, APWR, 
and EPR) where a single safety isolation is utilized and downstream isolations are credited as 
discussed in NUREG-0138 (Reference 1.4.20) and Section 15.1.5 of the standard review plan 
(Reference 1.4.6). This approach would require crediting the turbine stop and control valve, the 
turbine bypass isolation valve, and other possible downstream isolations in the main steam lines 
with appropriate bounding value leakage assumptions. Similarly, credit may be sought for the 
feedwater regulating valves in the main feedwater lines. Therefore, the worst single-active failure 
is a failure of the single isolation valve to close; as a result the higher leakage rates for the non-
safety related valves are a release point to the environment until cold shutdown is reached.  
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3.0 Design Basis Source Term Methodology 

The radiological consequences of the DBST will be calculated based on Appendix A of Regulatory 
Guide 1.183, subject to potential modifications to address differences between the NuScale 
design and large LWRs. As described in Section 1.0, the DBST will be assumed as the design 
basis case for evaluating the performance of release mitigation systems (including intact 
containment), and for evaluating the proposed siting of a facility. The DBST will be based on a 
major accident, hypothesized for the purpose of design analyses. Events that involve a 
substantial meltdown of the core with the subsequent release of appreciable quantities of fission 
products will be addressed.  

Regulatory Guide 1.183 specifies that the DBST, “…must represent a spectrum of credible severe 
accident events.” While current probabilistic risk assessment (PRA) results indicate very low 
accident sequence frequencies such that there may be no “credible” events for the NuScale 
design, relative risk insights will be used, not to select a single risk-significant event, but rather to 
establish a range of events to be considered. 

Figure 3-1 provides a pictorial representation of the general analysis strategy, including specific 
analysis steps and process flow between steps. The heavy dashed line specifically represents the 
steps in which the design basis source term is defined. The resulting radiological consequences 
are then calculated in the process steps to the right. 

}}3(a-c) 

Figure 3-1. DBST parameter development process 

3.1 Definition of Source Term 

Currently, Level 1 PRA models are under development as part of the pre-application risk-informed 
design process that will eventually be used to support the final design. These models include 
internal events at full power, low power, shutdown conditions, and external events.  

A subset of the PRA sequences are used to select the spectrum of scenarios considered for the 
DBST, including single module, internal events at full power with release into an intact 
containment. A range of accident scenarios will be selected that involve significant damage to the 
reactor core, with subsequent release of appreciable quantities of fission products. 

{{ 
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Using MELCOR, a NuScale design-specific, integrated severe accident model has been 
developed (Reference 1.4.14). The model has been developed and will be used consistently with 
best practices; with benchmarking and verification of the software and model to be performed. 
MELCOR analyses are performed to help inform and evaluate the selected design-specific event 
scenarios to determine fuel release fractions and timing. For each scenario, the onset time for 
fission product release from the gap, duration of the gap plus early in-vessel release, and the gap 
plus early in-vessel release fractions for each major radionuclide group are calculated. 

As a result of the preliminary severe accident analysis, {{ 

 }}3(a-c) The term core damage is used to signify when this release occurs, which is 
assumed to take place when cladding first balloons and ruptures as described in SAND2011-
0128. 

Using results from the severe accident evaluations, representative release fractions and a 
conservative value for the onset of fission product releases is defined. A desired outcome from 
the results of these evaluations is that the NuScale design-specific release fractions and timing 
will be similar to those in Regulatory Guide 1.183. {{ 

}}3(a-c) 

The initial NuScale severe accident results define the representative values for the duration of the 
gap plus early in-vessel release for each of the nine major radionuclide groups (ten parameters 
total). {{ 

 }}3(a-c) 

The thermal-hydraulic conditions for all design-basis accidents will be primarily determined by 
NRELAP5, a simulation tool for system thermal-hydraulics with models for neutronic and control 
system feedbacks. Appropriate severe accident phenomena will be added to the validated 
NRELAP5 calculations to determine the thermal-hydraulic conditions for the containment aerosol 
transport analysis as noted below. 

3.2 Aerosol Transport Analysis 

Regulatory Guide 1.183 allows for credit to be taken for the reduction in airborne radioactivity in 
the containment by natural deposition within the containment (Section 3.2 of Appendix A). 
Specifically, two models are endorsed for use: (i) the Standard Review Plan 6.5.2 model, or (ii) 
the NUREG/CR-6189 model. The model described in NUREG/CR-6189 (Reference 1.4.10) for 
natural aerosol removal applies to reactors of 1000 MWt and larger, and does not consider 
removal mechanisms other than sedimentation. As a result, this model does not apply to the 
NuScale design. 

Although Section 6.5.2 of the Standard Review Plan addresses active containment spray 
systems, which the NuScale design does not have, it does describe a methodology acceptable to 
the staff for calculating fission product removal rates. Specifically, it is stated that models that 
include the following characteristics are reviewed on a case-by-case basis: 
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• chemical and physical processes that can occur during an accident 

• mass-mean diameter of water droplets 

• average water droplet fall height  

• area of the interior surfaces of the containment 

{{ 

 

}}3(a-c)   
                                                      
1 {{ 

 }}3(a-c) 
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{{  
  }}3(a-c) 

The methodology described and implemented with computer software will be fully verified and 
validated in accordance with software quality assurance. As part of the validation process, the 
range and quality of experimental data will be fully considered, with the methodology and 
calculations adjusted as appropriate.  

3.3 Iodine Chemical Form 

The post-accident pH in the NuScale containment is currently being evaluated and adjustments to 
the Regulatory Guide 1.183 specification on iodine chemical form will be made if necessary. {{  

 }}3(a-c) The guidance in 
Section 2 of Appendix A of Regulatory Guide 1.183 will be followed with the possibility of a case-
by-case modification to adjust the standard iodine chemical form. 

3.4 Dose Assessment 

Radiation exposure, or dose, will be calculated using the RADTRAD software (Reference 1.4.16) 
following the standard fission product inventory, radionuclide composition, breathing rates, control 
room occupancy factors, and dose conversion factors provided or referenced in Regulatory Guide 
1.183. Calculations of the total effective dose equivalent (TEDE) exposures for offsite locations 
and the control room will be compared to the acceptance criteria defined in Table 3-1. 

Table 3-1. Key dose acceptance criteria 

Location Acceptance Criteria  
(rem TEDE) Duration 

Control room and TSC2 5 30 days 
Exclusion area boundary 25 Worst 2 hours 
Low population zone 25 30 days 

Following the guidance of Section 3.1 of Regulatory Guide 1.183, the activity in the reactor core 
available for release to the containment is based on the maximum full power operation, including 
uncertainty in power level, with the worst combinations of fuel enrichment and exposure. {{  

 }}3(a-c)  The isotopic 
libraries used in the ORIGEN code to perform the generation and depletion calculations are 
based on NuScale-specific operating conditions. 

The timing and release fractions of radionuclides may then be applied to the total activity in the 
fuel, with the radioactivity released from the fuel {{

 }}3(a-c) 

                                                      
2 Since the design and location of the technical support center is still being defined and finalized, no TSC 
dose evaluations have been performed. 



WP-1213-5335-NP 

© Copyright 2013 NuScale Power, LLC  Page 18 of 36 

 

Radionuclides are assumed to leak out the containment vessel at the maximum technical 
specification leak rate at the onset of containment pressurization, as specified in Section 3.7 of 
Regulatory Guide 1.183. This section states that leakage may be reduced as the event 
progresses and pressure decreases based on a plant specific analysis. Additionally Section 3.7 
states: “leakage from subatmospheric containments is assumed to terminate when the 
containment is brought to and maintained at a subatmospheric condition as defined by technical 
specifications.” Section 6.2.1.1.A of the Standard Review Plan clarifies that the basis for this 
leakage reduction is that of a corresponding decrease in pressure.  

Based on preliminary transient analysis, {{  
 }}3(a-c) However, with the exception 

of the fuel handling accident, there are no design basis events that result in significant core 
damage. Preliminary severe accident analyses indicates that in beyond-design-basis accidents 
that result in significant core damage, {{  

  }}3(a-c) 

The NuScale design does not have a traditional containment purge system. However, there is a 
containment evacuation system that is used prior to startup to draw a deep vacuum in 
containment that exists during normal operation. The containment evacuation system will also be 
actuated periodically during normal operation to maintain the vacuum. Currently, it is expected 
that the containment evacuation system used for maintaining a vacuum would be on the order of 
{{ 

 }}3(a-c) 

In addition, conservative treatment of leakage through isolation valves will be included.   

3.5 Regulatory Guide 1.183 SSCs Not Applicable to NuScale Design 

There are several SSCs listed in Appendix A of Regulatory Guide 1.183 that are not used in the 
NuScale design or are not applicable:   

• active containment spray system 

• active containment recirculation filtration system 

• recirculation of containment water outside containment during event 

• reduction in airborne radioactivity from reactor building pool scrubbing 

• ice condenser  

• dual containments 

• main steam isolation valves similar to BWRs  

• credit for containment purging 

As noted above, reactor pool scrubbing is not being credited. While it is likely that pool scrubbing 
would be effective for a DBST, there is the possibility that the fission product release from 
containment could occur from a location near or at the top of the containment, which is above the 
reactor pool level and would experience reduced or no scrubbing. 
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3.6 Uncertainty Quantification  

Uncertainties in modeling, input, and assumptions will be addressed primarily through sensitivity 
studies on design-specific accident scenarios and key NuScale design inputs to estimate 
potential variations of release timing and magnitude. Sensitivities to key aerosol transport 
phenomena will be assessed, and the effect on the source term of the direct release path from 
the reactor pressure vessel through the isolated chemical volume control system (CVCS) line will 
be considered. The sensitivity study results will be considered in the final determination of DBST 
parameter values for DCA. 
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4.0 Design Basis Events Methodology 

4.1 Rod Ejection Accident 

{{ 

 }}3(a-c) The 
explicit REA guidance enumerated in Appendix H of Regulatory Guide 1.183 will be followed. 

The radioactive source term is dependent on the maximum number of irradiated fuel rods 
calculated to fail. For each failed fuel rod, the rod average activities, isotopic release fractions, 
and core power uncertainty, are used to calculate the activities released to the environment. Note 
that the rod average activities are calculated in the same manner as described for the design-
basis source term. 

If fuel failure does occur, the dose consequence analysis considers the REA event with two 
different scenarios: 

Containment scenario 

1. A control rod ejection occurs, resulting in a rapid positive reactivity insertion. 

2. A portion of the fuel rods are damaged by either cladding breach or melt failure modes. 

3. All of the activity released from the fuel is instantaneously and homogenously mixed in the 
containment atmosphere. 

4. The containment leaks at the technical specification limit for 24 hours, then at half of the limit 
thereafter. 

 

Primary system scenario 

1. A control rod ejection occurs, resulting in a rapid positive reactivity insertion.  

2. A portion of the fuel rods are damaged by either cladding breach or melt failure modes. 

3. All of the activity released from the fuel is instantaneously and homogenously mixed in the 
primary system. 

4. Primary coolant leaks into both steam generators at the maximum leak rate allowed by 
technical specifications. The leakage continues until the reactor is shut down and 
depressurized and the primary and secondary systems are at an equal pressure. 

5. Activity is released to the environment through the main steam lines until isolation is 
achieved. 

6. Leakage through the secondary isolation valves (main steam and feedwater) occurs until the 
reactor is shut down and depressurized. 

A summary of the explicit assumptions used from Appendix H of Regulatory Guide 1.183: 

• containment iodine chemical form of 95% cesium iodide, 4.85% elemental iodine, and 0.15% 
organic iodide 

• primary system iodine chemical form of 97% elemental iodine and 3% organic iodide 
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• no reduction or mitigation of noble gas radionuclides released from the primary system  

• density for leak rate conversion: 62.4 lbm/ft3 

{{ 

 }}3(a-c) 

One key difference in the NuScale analysis as compared to conventional pressurized water 
reactors is that no credit will be taken for scrubbing of radionuclides in the steam generators. This 
is because the NuScale steam generators do not have a bulk secondary volume. As no scrubbing 
credit will be taken, an evaluation of the impact of tube uncovery is not applicable. 

Finally, it should be noted that if a radiological calculation is performed, the iodine chemical form 
released to the containment atmosphere will be based on an evaluation of the post-accident pH. 
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4.2 Fuel Handling Accident 

The fuel-handling accident radiological consequences will be calculated based on the guidance 
provided in Appendix B of Regulatory Guide 1.183 and Section 15.7.4 of the Standard Review 
Plan. In general, all of the explicit guidance enumerated in Appendix B of Regulatory Guide 1.183 
will be followed. Two key differences in the NuScale design from conventional LWR designs are 
the NuScale water pool depth and reactor building design.  

The radioactive source term is dependent on the maximum number of irradiated fuel rods 
calculated to fail. For each failed fuel rod, the rod average activities at {{    }}3 after 
shutdown, isotopic release fractions, radial peaking factor, core power uncertainty, and isotopic 
dependent decontamination factors are used to calculate the activity released to the environment. 
Note that the rod average activities are calculated in the same manner as described for the          
{{    }}3(a-c) 

The failure of {{    }}3(a-c) is assumed to occur due the kinetic energy from the 
drop and tip of a dropped assembly onto impacted fuel rods. It is currently assumed that this 
scenario bounds that of a transported assembly inadvertently colliding with other assemblies or 
objects. A bounding detailed stress analysis will be performed for all assemblies affected by a 
handling accident for both a drop and collision scenario. It should be noted that the NuScale fuel 
handling machine is a single-failure proof crane; {{   

  }}3(a-c) 

The NuScale reactor pool has a minimum {{    }}3(a-c) depth above the damaged fuel; 
this is a factor of over {{    }}3(a-c) the minimum 23 foot depth specified as the basis for the 
elemental iodine decontamination factor of 285 (Reference 1.4.12). Based on the NuScale 
increased depth, the elemental iodine decontamination factor is {{       

  }}3(a-c) taking into account the methodology and assumptions of Reference 1.4.13. The 
organic iodide decontamination factor is {{    }}3(a-c) resulting in an overall effective 
decontamination factor of {{    }}3(a-c) To provide additional margin, an overall effective 
decontamination factor of {{    }} (a-c) is being applied to the dose assessment. 

Explicit assumptions currently used from Appendix B of Regulatory Guide 1.183 are: 

• radionuclides considered include xenon, krypton, halogen, cesium, and rubidium 

• iodine chemical form of 57% elemental iodine and 43% organic iodide 

• no reduction or mitigation of noble gas radionuclides released from the fuel  

• release to the environment over a two hour period 

The radionuclide release fractions in the current draft of Regulatory Guide 1.183 are considered 
conservative based on a comparison to similar values in Sandia report SAND2011-0128 
(Reference 1.4.11). 

The design of the reactor building is still being defined and finalized. Therefore, the standard 
release period of 2 hours is used for the initial dose assessment. {{ 

  }}3(a-c) 
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4.3 Main Steam Line Break outside Containment 

Radiological consequences of the main steam line break outside containment accident will be 
calculated based on the guidance provided in Appendix E of Regulatory Guide 1.183 and Section 
15.1.5A of the Standard Review Plan. In general, all of the explicit guidance enumerated in 
Appendix E of Regulatory Guide 1.183 will be followed. Two key differences in the NuScale 
design from the conventional pressurized water reactor designs are: {{ 

  }}3(a-c) 

The activity available for release is based on the coolant activity associated with the primary and 
secondary coolant maximum technical specification concentrations. Preliminary transient analysis 
indicates that there will be {{ 

 }}3(a-c) 

This dose consequence analysis considers the main steam line break (MSLB) event with two 
different initial iodine concentrations, one based on a pre-incident iodine spike and the other 
based on a coincident iodine spike. A description of the scenario evaluated is 

1. a main steam line break occurs in one of the two main steam lines 

2. for each of the iodine spiking scenarios, the iodine and noble gas coolant activity is calculated 
based on the maximum concentrations allowed by technical specifications 

3. primary coolant leaks into the secondary side of the intact steam generators at the maximum 
leak rate allowed by technical specifications. The leakage continues until the primary system 
pressure is less than the secondary system pressure. 

4. a time-dependent activity release occurs in a manner that effectively directs the release to the 
environment through the break. The final transient analysis will consider two sets of release 
scenarios. 

5. the non-faulted steam line continues to release a small quantity of radiation through valve 
leakage. 

Explicit assumptions used from Appendix E of Regulatory Guide 1.183 are 

• coincident iodine spiking factor: 500 

• duration of coincident iodine spike: 8 hr 

• density for leak rate conversion: 62.4 lbm/ft3 

• iodine chemical form of 97% elemental iodine and 3% organic iodide 

• no reduction or mitigation of noble gas radionuclides released from the primary system  

 
The coincident iodine spike is currently based on the standard assumption of an eight-hour 
duration. {{ 

 }}3(a-c) 
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4.4 Steam Generator Tube Failure 

Radiological consequences of the steam generator tube failure accident will be calculated based 
on the guidance provided in Appendix F of Regulatory Guide 1.183 and Section 15.6.3 of the 
Standard Review Plan. In general, all of the explicit guidance enumerated in Appendix F of 
Regulatory Guide 1.183 will be followed. {{

  }}3(a-c) 

The activity available for release is based on the coolant activity associated with the primary and 
secondary coolant maximum technical specification concentrations. {{

 }}3(a-c) 

This dose consequence analysis considers the steam generator tube failure event with two 
different initial iodine concentrations, one based on a pre-incident iodine spike and the other 
based on a coincident iodine spike. A description of the scenario evaluated is 

1. a steam generator tube failure occurs in one of the two steam generators 

2. for each of the iodine spiking scenarios, the iodine and noble gas coolant activity is calculated 
based on the maximum concentrations allowed by technical specifications 

3. primary coolant flows into the secondary coolant through the failed steam generator tube at a 
rate and duration defined by the transient analysis 

4. primary coolant leaks into the secondary side of the intact steam generators at the maximum 
leak rate allowed by technical specifications. The leakage continues until the primary system 
pressure is less than the secondary system pressure. 

5. a time-dependent activity release occurs in a manner that effectively directs the release to the 
environment through the break. The final transient analysis considers two sets of release 
scenarios. 

6. once containment isolation occurs, both steam lines continue to release small quantities of 
radiation through valve leakage 

Explicit assumptions used from Appendix E of Regulatory Guide 1.183 are 

• coincident iodine spiking factor: 335 

• duration of coincident iodine spike: 8 hr 

• density for leak rate conversion: 62.4 lbm/ft3 

• iodine chemical form: 97% elemental iodine and 3% organic iodide 

• no reduction or mitigation of noble gas radionuclides released from the primary system  

 
{{

 }}3(a-c)   
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{{ 

  }}3(a-c)   

4.5 Failure of Small Lines Carrying Primary Coolant Outside Containment 

This event is not specifically addressed in Regulatory Guide 1.183, while Section 15.6.2 of the 
Standard Review Plan does provide general guidance. Therefore, the methodology, including the 
iodine spiking assumptions, used for this event will be similar to the main steam line break and 
steam generator tube failure. An event-specific transient analysis will be used to define the time-
dependent release of activity. 
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5.0 Preliminary Calculations 

Preliminary offsite and control room consequence calculations have been performed to illustrate 
the radiological consequence analysis methodology, particularly where there are differences 
between NuScale and the currently understood regulatory guidance.  

5.1 DBST Release Timing and Magnitude 

There are {{ 

 }}3(a-c)   

Table 5-1. Severe accident sequences resulting in significant core damage 

}}3(a-c) 

Table 5-2 provides relevant fission product release information generated from {{

 }}3(a-c)   

  

                                                      
3 {{ 

 }}3(a-c) 

{{ 
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Table 5-2. Release timing and magnitudes of severe accident scenarios compared to RG 1.183 

}}3(a-c) 

Interpreting the MELCOR results into the terminology defined in Section 3.1 is performed based 
on the following definitions: 

• {{

 }}3(a-c) 

As noted in Section 3.1, the final determination of the DBST will result in representative release 
fractions and conservative timing for the onset of fission product releases and with respect to the 
spectrum of events considered and all applicable acceptance criteria. For illustrative purposes, a 
baseline case is defined in order to provide a basis for comparison between different values 
presented in Section 5.5. The duration of gap plus early in-vessel release for the NuScale design 
ranges from {{    }}3(a-c) This will be used for 
the baseline case for preliminary offsite and control room calculations for the DBST, with 
additional sensitivity cases for illustration.  

As observed from Table 5-2, the {{

  }}3(a-c) 

This onset time is delayed relative to Regulatory Guide 1.183 onset time, with a range of {{   
  }}3(a-c) due to the fact that core damage does not occur for design basis LOCA. 

Consistent with regulatory guidance, a conservative time is defined for onset of gap fission 
product release. Accordingly, {{    }}3(a-c) will be used for the DBST baseline case. 

{{ 
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5.2 Containment Aerosol Removal  

Scoping calculations for containment aerosol removal have been performed utilizing the 
methodology described in Section 3.2 based on the {{ 

 }}3(a-c)  

Preliminary containment aerosol removal rate results are provided in Figure 5-1 through Figure 
5-3 for {{    }}3(a-c) Figure 5-1 is 
the instantaneous fractional removal per unit time, in units of hr , as a function of time. For the 
NuScale design, {{ 

 }}3(a-c) For 
comparison, the removal rate for a large passive plant is also presented. Figure 5-2 is the 
suspended aerosol mass as a function of time, while Figure 5-3 is the leaked aerosol mass as a 
fraction of total mass released into containment. 

}}3(a-c) 

Figure 5-1. Containment aerosol removal rate with comparison to a large passive plant 

The combined removal rate in Figure 5-1 {{

  }}3(a-c) 

{{ 
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}}3(a-c) 

Figure 5-2. Containment aerosol suspended mass with comparison to a large passive plant 

 

}}3(a-c) 

Figure 5-3. Containment aerosol leaked mass with comparison to a large passive plant 

{{ 

{{ 
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5.3 Atmospheric Dispersion 

To the extent possible, Regulatory Guides 1.145 and 1.194 have been followed for the offsite and 
control room atmospheric dispersion factors. In order to bound potential sites, the dispersion 
factors are based on the {{    }}3(a-c) The dispersion 
factors utilized for the site-specific combined operating license application will be compared to 
those assumed for the generic analyses that will be bounding. In the unlikely case the generic 
analyses are not bounding, site-specific evaluations will be performed. 

For the offsite atmospheric dispersion factors, the basis for the values is {{     
}}3(a-c) of operating nuclear sites in the United States (Reference 1.4.19). A specific 0-2 hour LPZ 
value is required by Regulatory Guide 1.145 (Reference 1.4.7). As a result, the {{   

  }}3(a-c) (Reference 1.4.17). Similarly, {{  

 }}3(a-c)   

Table 5-3. Offsite atmospheric dispersion factors (sec/m3)  

Time (Hr) EAB {{   LPZ  
0 - 2 

 

 
2 - 8  

8 - 24  
24 - 96  

96 - 720   }}3(a-c) 

 

The ARCON96 software is used to calculate the atmospheric dispersion factors for the control 
room and technical support center (Reference 1.4.18). Unique values are calculated for the 
normal heating, ventilation, and air conditioning (HVAC) inlet and the access door based on all 
possible reactor building release points, including penetrations, doors, and HVAC inlets and 
outlets. 

Table 5-4. Control room atmospheric dispersion factors (sec/m3) 

Time (Hr) Access Door HVAC Inlet 
0 - 2 {{   {{   
2 - 8   

8 - 24   
24 - 96   

96 - 720   }}3(a-c)   }}3(a-c) 

 

5.4 Control Room Design 

Table 5-5 provides the control room related design inputs used for the preliminary dose 
calculations based on the current design described in Section 2.1.3. {{

  }}3(a-c)               

                                                      
4 {{ 

 }}3(a-c)   
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{{ 
 }}3(a-c)   

Table 5-5. Control room design input parameters 

Description Units Value 
normal flow rate cfm {{   
isolation time min 
envelope volume ft3 
emergency air flow rate cfm 
emergency air duration hr 
restoration of emergency air  days 
unfiltered inleakage, ingress, egress  cfm   }}3(a-c) 

5.5 Dose Results 

Utilizing the methodology, inputs, and assumptions described throughout this paper, Table 5-6 
provides dose results for the baseline design-basis source term and design-basis events. In all 
cases, the offsite and control room acceptance criteria are satisfied. As noted in Section 5.3, the 
EAB and LPZ distances are assumed to be {{    }}3(a-c)  

 

Table 5-6. Dose results for the design basis source term and events  

Event Location Acceptance Criteria 
(rem TEDE) 

Dose  
(rem TEDE) 

design basis source term 
EAB 25 {{   
LPZ 25 
CR 5 

rod ejection accident 
(containment release) 

EAB 6.3 
LPZ 6.3 
CR 5 

rod ejection accident 
(primary system release) 

EAB 6.3 
LPZ 6.3 
CR 5 

fuel handling accident 
EAB 6.3 
LPZ 6.3 
CR 5 

main steam line break  
(pre-incident iodine spike) 

EAB 25 
LPZ 25 
CR 5 

main steam line break 
(coincident iodine spike) 

EAB 2.5 
LPZ 2.5 
CR 5 

steam generator tube failure  
(pre-incident iodine spike) 

EAB 25 
LPZ 25 
CR 5   }}3(a-c) 
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Event Location Acceptance Criteria 
(rem TEDE) 

Dose  
(rem TEDE) 

steam generator tube failure 
(coincident iodine spike) 

EAB 2.5 {{   
LPZ 2.5  
CR 5   }}3(a-c) 

 
For the design basis source term, {{    }}3(a-c) sensitivity cases are presented to address effects 
of the selection of the design-basis source term on the radiological consequences. In short, the 
selection of the source term should be sufficiently robust to not be dependent on small 
differences in the source term.  

{{ 

 }}3(a-c) 

Table 5-7. Design basis source term sensitivity input cases    

}}3(a-c)  

Table 5-8 presents dose results for a limited sensitivity study. {{ 

 }}3(a-c) 

 
        
5 {{  

 }}3(a-c) 

{{ 
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Table 5-8. Dose results (rem TEDE) of design basis source term sensitivity cases   

}}3(a-c) 

{{ 
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6.0 NuScale Proposed DSRS Implications 

Based on the above discussion, the following is a summary of NuScale DBST and accident 
analysis DSRS implications for the NuScale design. 

6.1 Design Basis Source Term 

1. There are currently no design-basis events that result in core damage. 

2. {{ 

 }}3(a-c) 

6.2 Primary and Secondary Coolant Releases 

1. {{

  }}3(a-c) 

6.3 Fuel Handling Accident 

1. Considering the NuScale reactor pool has a minimum water depth of {{  }}3(a-c) above 
all damaged fuel, an overall effective decontamination factor of {{    }}3(a-c) is credited. 

2. {{ 
 }}3(a-c) 

3. A fuel handling accident inside containment is not applicable to the NuScale design. 
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6.4 Rod Ejection Accident 

1. {{ 

 }}3(a-c) 
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7.0 Results and Conclusions 

NuScale will perform the required accident radiological consequence analysis in conformance 
with all applicable regulatory guidance. A general methodology for the design-basis source term 
and specific design-basis events have been presented. As demonstrated in Table 7-1, the 
NuScale methodology uses the existing regulatory guidance with the exception of the design-
basis source term evaluation. 

Table 7-1. Comparison of NuScale general methodology to existing regulatory guidance  

Accident General Methodology 
design basis source term NuScale specific 
rod ejection accident RG 1.183 
fuel handling accident RG 1.183 
main steam line break RG 1.183 
steam generator tube failure RG 1.183 
primary coolant line break SRP 15.6.2 

 

To support these methodologies, preliminary illustrative offsite and control room dose results are 
presented in which all regulatory acceptance criteria are satisfied. Finally, an itemized list of 
design-specific review standard implications is provided to facilitate an informed NuScale DSRS. 
Table 7-2 provides a comparison of unique NuScale-specific design and methodology values to 
the existing regulatory guidance or typical values from current PWRs. 

Table 7-2. Summary of NuScale design inputs and modeling assumptions   

}}3(a-c) 

{{ 
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