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Response to Request for Additional Information
Docket: PROJ0769

eRAI No.: 9085

Date of RAI Issue: 05/08/2018

NRC Question No.: 15.06.05-12

Title 10 of the Code of Federal Regulations (10 CFR) Part 52, Section 47 (a)(2) states, "A 

description and analysis of the structures, systems, and components (SSCs) of the facility, with 

emphasis upon performance requirements, the bases, with technical justification therefor, upon 

which these requirements have been established, and the evaluations required to show that 

safety functions will be accomplished." Regulatory Guide 1.203 describes a process that the 

staff of the U.S. Nuclear Regulatory Commission (NRC) considers acceptable for use in 

developing and assessing evaluation models (EMs) that may be used to analyze transient and 

accident behavior that is within the design basis of a nuclear power plant.

As stated in RG 1.203, an EM is the calculational framework for evaluating the behavior of the 

reactor system during a postulated transient or design-basis accident. As such, the EM may 

include one or more computer programs, special models, and all other information needed to 

apply the calculational framework to a specific event, as illustrated by the following examples:

(1) Procedures for treating the input and output information (particularly the code input arising

from the plant geometry and the assumed plant state at transient initiation),

(2) Specification of those portions of the analysis not included in the computer programs for

which alternative approaches are used, and

(3) All other information needed to specify the calculational procedure.

The entirety of an EM ultimately determines whether the results are in compliance with 

applicable regulations. Therefore, the development, assessment, and review processes must 

consider the entire EM. Additionally, Appendix K.II "Required Documentation" requires the 

applicant to preform appropriate sensitivity studies to confirm that important phenomena that 

may affect results are evaluated.
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The analysis of a Loss of Coolant Accident (LOCA) depends on the initial stored energy in the 

primary coolant and the performance of the NuScale Power Module helical coil steam generator

(HCSG) can influence the temperatures and flow rates in the Reactor Pressure Vessel (RPV). 

Staff noted that the applicant did not perform an evaluation to identify potentially more 

conservative conditions relative to the steam generator initial condition for the LOCA transients, 

(e.g., tube plugging and fouling). Please provide an analysis of limiting HCSG initial conditions 

and confirm that the primary to second heat transfer across the HCSG is conservatively 

predicted such that the RPV internal energy is maximized.

NuScale Response:

Section 5.1.3 of the LOCA EM topical report (Reference 1) has been updated to clarify that the 

NRELAP5 LOCA model assumes no plugging or fouling in modeling the helical coil steam 

generators as shown in the revised LOCA EM topical report pages provided with this response. 

The analyses presented in this response were performed with NRELAP5 v1.4 and include error 

corrections to the LOCA EM. The sensitivity calculations are performed to evaluate the effect of 

steam generator degradation on the initial conditions as well as a typical LOCA progression by 

assuming:

· {{

 }}2(a),(c)

Table 1 provides summary of key variables for both the clean (base case) without plugging or 

fouling and the degraded helical coil steam generator tubes. The same loop loss coefficient to 

bias the reactor coolant system (RCS) flow to its minimum is used for the case with degraded 

steam generators. There is about {{ 

 }}2(a),(c) As the 

initialization is set up to achieve the steady state for given set of boundary conditions, the 

{{ 

 }}2(a),(c)
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The effects of degraded steam generators on the NuScale power module (NPM) LOCA 

progression are investigated by considering injection line break without loss of power, no single 

failure, and no decay heat removal system availability for break sizes ranging from 2.2 percent 

to 100 percent.  The pressure variation in RPV, containment vessel (CNV), and secondary-side 

is shown in Figures 1 and 2. With reduced heat transfer capability of the steam generator due to

plugging and fouling, the {{ 

 }}2(a),(c)

Additional sensitivity calculation is performed to investigate the effects of increasing and 

reducing the steam generator heat transfer by {{ 

. }}2(a),(c) The impact on the peak CNV pressure and riser 

collapsed level above the top of active fuel (TAF) is shown in Figure 5. Similar to the 

conclusions reached for the steam generator plugging and fouling, {{ 

 }}2(a),(c) does not change the limiting case, where the minimum collapsed level 

observed at 5 percent is not affected by the steam generator heat transfer. Therefore, similar to 

the conclusion reached with the steam generator plugging and fouling, the assumptions used in 

steam generator modeling in Reference 1 are valid based on the sensitivity calculation results 

shown here.

Reference

1. TR-0516-49422, Revision 0, “Loss-of-Coolant Accident Evaluation Model”
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Table and Figures

Table 1: Summary of key variables with clean and degraded steam generators.

{{

}}2(a),(c)
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{{

}}2(a),(c)

Figure 1 RPV and CNV pressure for 100 percent injection line break with and without degraded 

steam generators
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{{

}}2(a),(c)

Figure 2 Secondary pressure for 100 percent injection line break with and without degraded 

steam generators.
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{{

}}2(a),(c)

Figure 3 Peak CNV pressure and collapsed level above TAF for the injection line break with and

without degraded steam generators.
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{{

}}2(a),(c)

Figure 4 The pressure differential across RVVs at time of ECCS actuation and the ECCS 

actuation timing with and without the degraded steam generators.
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{{

}}2(a),(c)

Figure 5 Effect of steam generator heat transfer modeling on the peak CNV pressure and riser 

collapsed level above TAF for the injection line break.

Impact on Topical Report:

Topical Report TR-0516-49422, Loss-of-Coolant Accident Evaluation Model, has been revised 

as described in the response above and as shown in the markup provided in this response. 
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{{ 

 }}2(a),(c) 
Figure 5-1. Noding diagram of NRELAP5 loss-of-coolant accident input model for NuScale 

Power Module 
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5.1.2.5 Pressurizer 

{{ 

 }}2(a),(c) 

5.1.3 Helical Coil Steam Generators 

Two helical coil SGs are represented using an NRELAP5-specific helical SG component 
that models the component-specific internal pressure drop and heat transfer effects, as 
described in Section 6.7. The two independent SGs are thermally connected to the 
upper downcomer to transfer heat to the steam turbine during normal operation. During 
off-normal operations, each SG transfers energy to an independent safety-related DHRS 
(see Section 5.1.7) to discharge energy to the reactor pool.  

The tube-to-coil diameter ratio is specific to the SG geometry. {{ 

 }}2(a),(c) 

5.1.4 Containment Vessel and Reactor Pool 

{{ 

   }}2(a),(c)
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{{  

 }}2(a),(c) 

The reactor pool represents the ultimate heat sink in the NuScale design. The reactor 
pool volume corresponding to an individual NPM is represented by a {{  

 }}2(a),(c) A wide range of initial reactor pool 
temperatures is exercised to show the effect of the pool conditions on the LOCA 
behavior in Section 9.6.5. 

{{ 

 }}2(a),(c) 
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5.1.5 Chemical and Volume Control System 

The entirety of the CVCS is not explicitly included in the LOCA model. The CVCS, a 
nonsafety-related system, is not automatically actuated. {{  

 }}2(a),(c) 

Continued operation of the CVCS through operator action would add cold water that is 
non-conservative. The only CVCS piping represented in the model is the injection line 
from the RPV wall, through the downcomer and into the riser. It connects the charging 
line break to the containment vessel at the correct elevation and accounts for a small 
loss through the line. The discharging line connection at the downcomer, and the two 
spray supply line and high point vent line connections at the top of the pressurizer are 
used as break locations with no attached piping included. The volumes corresponding to 
removed CVCS piping constitute a small fraction of the total RPV and CNV volume; 
therefore, it has negligible impact on the progression of NPM LOCA. 

{{ 

}}2(a),(c) 

5.1.6 Secondary System 

The model represents the secondary feedwater and steam lines with two helical coil 
SGs, described in Section 5.1.3. {{  

  }}2(a),(c) The secondary side 
includes the DHRS with two trains of heat exchangers with feed and steam line 
pipingalso contains the DHRS, described in Section 5.1.7.  

{{ 

 }}2(a),(c) 

5.1.7 Decay Heat Removal System 

Both DHRS trains are included in the NPM LOCA model. The two independent trains of 
the DHRS are safety-related systems; however, no credit is taken for operation of the 
DHRS in the LOCA methodology. The break spectrum calculation results discussed in 
Section 9.3 confirm that this assumption is highly conservative for LOCA analysis. 
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5.1.8 NRELAP5 Modeling Options 

The NPM LOCA analysis is performed with the latest released version of NRELAP5. {{  

 }}2(a),(c) 

5.1.8.1 Junction Options 

{{ 

}}2(a),(c) 

Table 5-1. Default junction options for the NRELAP5 loss-of-coolant accident model 

{{   

 }}2(a),(c) 
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{{ 

  }}2(a),(c) 

5.1.8.2 Volume Options 

{{ 
 }}2(a),(c) This format is described by Table 5-2. 

Table 5-2. Default volume options for the NRELAP5 loss-of-coolant accident model 

{{   

 }}2(a),(c) 
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{{ 

 }}2(a),(c) 

5.1.8.3 Heat Structure Options 

{{ 

 }}2(a),(c) 

• {{

 }}2(a),(c) 

5.1.9 Time Step Size Control 

The NuScale LOCA EM uses the NRELAP5 semi-implicit scheme for the solution of the 
hydrodynamics. The heat structure solution is implicitly coupled to the hydrodynamic 
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solution. With given user-specified minimum and maximum time step sizes, the code 
determines the appropriate time step in such a way that 

• the current time step cannot be larger than the courant-time step size determined
based on the limiting volume.

• no significant mass error accumulation occurs during the solution and halving of the
current time step when it is deemed necessary.

NRELAP5 provides the capability of providing the user-defined maximum time step size 
through the definition of control variable. A control variable that defines the fraction of the 
current courant time-step size during the solution is used to set the user-defined 
maximum time step size. This approach has the advantage of taking larger time steps 
when larger courant time step sizes exist during the solution; therefore, the code takes 
larger time steps when the solution indicates smooth transient progression. {{ 

 }}2(a),(c) The maximum 
time-step size of {{  }}2(a),(c) of the problem courant time step size is used in the 
evaluation of the NPM LOCA break spectrum. 

A sensitivity study is performed on the fraction specified to demonstrate that the selected 
maximum time-step size has no or insignificant impact on the LOCA figures of merit such 
as peak containment pressure and collapsed liquid level in the RPV riser above the TAF. 

5.2 Analysis Setpoints and Trips 

A number of safety-related measurements exist in the NPM to detect off-normal 
conditions. Table 5-3 shows the measurements relevant to LOCA analysis along with 
their functions.  

Table 5-4 presents the list of actuation signals for the NPM safety-related systems and 
identifies the signals that are credited and not credited in the LOCA EM. The table 
footnotes provide important definitions for containment isolation and DHRS actuation. {{  

 }}2(a),(c) 
Not crediting these and other measurements for the associated safety-related signals 
would delay the activation of reactor trip and the DHRS under certain conditions, which 
is conservative for LOCA analysis. 
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{{

}}2(a),(c) 

Table 5-4. Safety-related system actuation signals 

The safety analysis analytical limits specify the setpoints (or range of setpoints) and the 
sensing delay for each safety-related signal. Table A-3 shows the setpoint values or 
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analytical limits and the signal actuation delays used for the LOCA break spectrum 
calculation and the sensitivity calculations presented in Section 9.0. Table 5-5 shows the 
basis for the selection of the safety-related signal delays in the NuScale LOCA EM. 
Signals not credited either do not play a role in LOCA {{  

 }}2(a),(c) or act to provide additional conservatism in the delay of actuating 
safety-related systems that are only beneficial to the LOCA progression.  

Table 5-5. Safety-related analysis signal delays 

{{ 

}}2(a),(c) 
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{{ 
  }}2(a),(c)  

The mixture level detection uses a simple approximation of the mixture level based on {{  

  }}2(a),(c) 

5.3 Initial Plant Conditions 

Table 5-6 provides the basis for conservatively biasing the initial conditions for LOCA 
analysis. Table A-2A-3 of Appendix A provides the specific ranges of NPM primary and 
secondary side initial or operational conditions. These ranges are intended to account 
for both the normal control system deadband and the system/sensor measurement 
uncertainty without specifically quantifying the portion of the range applied to either 
uncertainty.  

{{ 

}}2(a),(c) 
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{{ 

}}2(a),(c) 

Table 5-6 Plant initial conditions 

5.4 Loss-of-Coolant Accident Break Spectrum 

10 CFR 50 Appendix K describes the break spectrum as a set of LOCA scenarios that 
are uniquely defined based on location, configuration and size. Additional sensitivity 
studies were performed on availability of DHRS, availability of power, and postulated 
single failures. The break spectrum for the NuScale LOCA EM is summarized in this 
section. 

5.4.1 Break Location 

The postulated break locations in the NPM design are the RCS injection and discharge 
lines, the pressurizer spray supply line, and high point vent lines. These break locations 
establish a flow path between RPV and CNV leading to CNV pressurization during the 
early phase of LOCA (i.e., Phase 1a): 
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9.0 Loss-of-Coolant Accident Calculations 

The primary purpose of the break spectrum calculations and sensitivity studies 
presented in this section is to support the development of the LOCA EM and to 
demonstrate its application for the evaluation of the NPM ECCS performance during 
postulated LOCAs. The specific objectives of this section are to: 

• describe the progression of typical LOCA scenarios in the NPM with regard to the
key phenomena and processes during different phases of the LOCA identified by the
PIRT (Section 4.0),

• present the results of the LOCA break spectrum calculations and other sensitivity
calculations required by 10 CFR 50 Appendix K, and

• present the results of additional sensitivity calculations that address the uncertainties
in modeling of key phenomena affecting the LOCA progression.

The initial/boundary conditions and inputs for key LOCA EM parameters used for this 
analysis are summarized in Appendix A. 

9.1 Loss-of-Coolant Accident Progression in the NuScale Power Module 

The LOCA progression for both a liquid and steam space break is presented in this 
section. A detailed discussion is provided for a 100 percent break of the RCS injection 
line and the high point vent line. As described in Section 4.2, the NPM LOCA has two 
distinct phases 

1. A LOCA blowdown phase ( Phase 1a) begins with a postulated break in the RCS
pressure boundary initiating a blowdown into the CNV and ends with opening the
ECCS valves.

2. Phase 1b begins with the opening of ECCS valves resulting in pressure equalization
between the RPV and CNV and the return of discharged fluid from the CNV to the
RPV.

The long-term cooling phase begins when the pressure and level between the RPV and 
CNV stabilizes, and a stable natural recirculation flow pattern is established {{  

  }}2(a),(c)  

The LOCA calculations are extended to {{    }}2(a),(c) following the flow 
reversal on the RRVs to ensure that the stable equilibrium collapsed levels are achieved 
in the riser.after the stable natural circulation flow is established. The LOCA scenarios 
described in the following sections assume full-break area, no loss of AC or DC power, 
no single failure, and do not credit either DHRS train. These conditions were chosen to 
represent a typical application of the conservative 10 CFR 50 Appendix K LOCA EM. 

9.1.1 Liquid Space Break 

The RCS injection line connects the CVCS system to the RPV riser section, and crosses 
the CNV (approximately {{   }}2(a),(c) above TAF inside the riser). A 100 percent 
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break on the RCS injection line inside the CNV at time zero causes immediate choking 
at the break location as shown in Table 9-1. The mass and energy release into the CNV 
through the break results in rapid pressurization of the CNV and depressurization of the 
RPV. The MPS generates the reactor trip signal based on {{  

 }}2(a),(c). This signal is followed by CNV isolation with {{ 
  }}2(a),(c) The reactor trip signal includes a {{   }}2(a),(c) delay to 

conservatively bound anyaccount for {{  
  }}2(a),(c)in the NPM core. The control 

rods drop to insert large negative reactivity and the drop is completed at approximately {{  
  }}2(a),(c) seconds. The containment isolation signal isolates {{ 

}}2(a),(c) If the DHRS was credited it 
would be activated at this time. 

Phase 1a of the NPM LOCA includes the mass and energy release from the break 
location into the CNV and is terminated by the opening of the ECCS valves. For the 100 
percent injection line break scenario, the ECCS valves are actuated on {{  

 }}2(a),(c). Figure 9-1 compares the break flow with the net ECCS valve flow 
during the transient. The RPV and CNV pressure responses shown in Figure 9-3 are a 
result of the behavior of each component of the energy balance shown in Figure 9-2. As 
shown, the energy release to the CNV through the break and ECCS valve flow is 
significantly larger than the energy release to the RPV by core heat transfer. Heat 
transfer from the CNV wall to the reactor pool causes a continuous depressurization of 
both RPV and CNV after the initial pressurization of the CNV. As shown in Figure 9-3, 
the peak containment pressure occurs at the time of the ECCS valve opening. 
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{{ 

}}2(a),(c) 

Table 9-1. Event table for 100 percent reactor coolant system injection line break 
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{{ 

}}2(a),(c) 

{{ 

}}2(a),(c) 

Figure 9-1. Break and emergency core cooling system valve flows to the containment vessel 
for 100 percent injection line break 

 

Figure 9-2. Integrated energy for 100 percent injection line break 
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{{ 

}}2(a),(c) 

Figure 9-3. Reactor pressure vessel and containment vessel pressure for 100 percent 
injection line break 

As the RCS loses inventory, first through the injection line break and later through the 
ECCS valves, the collapsed level continuously drops, as shown in Figure 9-4. After 
approximately {{ }}2(a),(c) seconds, the pressurizer is completely emptied 
(pressurizer level plotted on right side Y-axis of Figure 9-4) and the ECCS valves open 
when the collapsed liquid level is approximately {{ }}2(a),(c) above TAF. The 
collapsed liquid level drops another {{   }}2(a),(c) after the ECCS activation. Due to 
{{   }}2(a),(c), a portion of the RPV liquid inventory is temporarily {{ 

 }}2(a),(c) at approximately {{  }}2(a),(c) seconds. As this inventory 
returns to the riser the RPV collapsed level increases. After the RPV and CNV pressure 
equilibrates, the pressurizer completely drains and an equilibrium fluid level is achieved 
at approximately {{    }}2(a),(c) above the TAF. The CCFL at pressurizer baffle plate is 
calculated to occur at 571 second and lasts for less than 1 second. 
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{{ 

}}2(a),(c)  

Figure 9-4. Comparison of collapsed liquid levels in reactor pressure vessel, containment 
vessel, and pressurizer for 100 percent injection line break 

{{ 

 }}2(a),(c) 

The minimum core MCHFR is established shortly following the event initiation with slight 
reduction in magnitude with respect to its steady state valueoccurs at steady state. {{  

 }}2(a),(c) 
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{{ 

}}2(a),(c) 

{{  
  }}2(a),(c) Because the core remains 

covered and CHF is not observed, the peak cladding and fuel centerline temperatures 
remain cool (see Figure 9-7). The maximum cladding temperature {{ 

  }}2(a),(c) and maximum fuel centerline temperature {{   }}2(a),(c) 
occur at {{  

 }}2(a),(c). Therefore, the 10 CFR 50.46 
requirement of maximum allowed cladding temperature of 2200 degrees F is not 
challenged. 

Phase 1b of the LOCA begins with the opening of the ECCS valves which produces the 
{{   }}2(a),(c) Stable natural circulation flow is established during 
this phase when the steam flowing into the CNV is condensed inside the CNV and 
condensate flow enters the RPV through the RRVs. The depressurization of both RPV 
and CNV continues as the heat transfer from the CNV wall to reactor pool is larger than 
the core decay power as shown in Figure 9-2. It is important to note that {{ 

}}2(a),(c) 

Figure 9-5. Core flow for 100 percent injection line break 
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{{ 

}}2(a),(c) 

{{ 

}}2(a),(c) 

Figure 9-6. Core minimum critical heat flux ratio during 100 percent injection line break 

Figure 9-7. Peak cladding and fuel centerline temperature during 100 percent injection line 
break 
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9.1.2 Steam Space Break 

The largest steam space break occurs on the RCS high point vent line. The sequence of 
events is described in Table 9-2. Similar to the RCS injection line break discussed in the 
previous section, the 100 percent break on the high point vent line causes the immediate 
generation of the reactor trip signal based on the {{ 

 }}2(a),(c) followed by a {{   }}2(a),(c) and a {{ 
 }}2(a),(c) The control rods are fully 

inserted within approximately {{   }}2(a),(c) seconds of break initiation. Containment 
and secondary isolation occurs {{   }}2(a),(c) after the {{ 
}}2(a),(c) If DHRS were credited, it would be activated at this time. 

{{ 

 }}2(a),(c) 
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{{ 

}}2(a),(c) 

Table 9-2. Event table for {{  }}2(a),(c) 

On break initiation, the flow immediately chokes and remains choked for approximately 
{{    }}2(a),(c) seconds. The discharge of high-enthalpy steam from the RPV causes 
rapid depressurization of the RPV and pressurization of the CNV as shown in Figure 9-8. 
This immediately causes a reactor trip as shown in Table 9-2. {{  

 }}2(a),(c) 

The collapsed level above the TAF decreases after the LOCA initiation as shown in 
Figure 9-10. Similar to the injection line break, {{  

 }}2(a),(c) 
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{{ 

}}2(a),(c) 

{{ 
 }}2(a),(c) The sensitivity results are discussed in Section 9.6.3. 

As the RCS inventory is lost through the break, collapsed level continues to decrease. 
As condensate accumulates inside the CNV, {{  

 }}2(a),(c), which is similar to that of the injection 
line break discussed in Section 9.1.1. 

The core MCHFR is not a concern as demonstrated in Figure 9-11. The minimum 
MCHFR in the transient is established at the transient initiation and is very close to the 
value corresponding toat steady state. and theThe MCHFR margin quickly increases 
with time due to power and flow mismatch. {{  

}}2(a),(c) 

 

Figure 9-8. Comparison of pressure for injection line and high point vent line breaks 
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{{ 

}}2(a),(c) 

{{ 

}}2(a),(c) 

 

Figure 9-9. Break and emergency core cooling system valve flow during 100 percent high 
point vent line break 

Figure 9-10. Collapsed liquid levels during 100 percent high point vent line break 
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{{ 

}}2(a),(c)  

Figure 9-11. Minimum critical heat flux ratio during 100 percent high point vent line break 

9.2 Break Size 

In Section 9.1, the LOCA progression is described for two unique break locations (RCS 
injection line and high point vent line). The purpose of this section is to discuss the effect 
of break area on the LOCA FOMs. The spectrum of break areas for different break 
locations is summarized in Table 5-7. The justification of the selected matrix is discussed 
in Section 5.4.2. The maximum break area for the pressurizer spray supply line break is 
determined by the {{    }}2(a),(c) on the connecting piping. The minimum area for 
the liquid and steam space breaks is determined by examining a wide range of break 
areas such that limiting values for the NPM LOCA FOMs are obtained within the 
analyzed range. {{  

 }}2(a),(c) 

The timing of events is directly affected by the break area through the choking flow rate 
at the break location. The break flow rate is proportional to the area for similar upstream 
conditions. The smaller break size results in slower depressurization and lower 
mass/energy loss. Therefore, transient times for smaller breaks are longer than the 
larger break sizes. For instance, events for the 10 percent break size take {{   }}2(a),(c) 
times as long as during the maximum break size. The area ratios between break area 
and maximum break area described in Table 5-7 are used to scale the time in order to 
present the results of different break areas on the same time scale. 
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{{

}}2(a),(c) 

The CNV pressure (maximum of all CNV control volumes) as a function of scaled time 
with different break areas are presented for the RCS injection line, RCS discharge line, 
and high point vent line breaks in Figure 9-12, Figure 9-13, and Figure 9-14, 
respectively. Figure 9-15 shows peak CNV pressure as a function of break size for 
different break locations.  

For the liquid space breaks (injection and discharge line breaks), the occurrence of peak 
CNV pressure coincides with the ECCS activation and the peak CNV pressures are very 
similar for break sizes down to {{   }}2(a),(c) of the full-size break (Figure 9-12, 
Figure 9-13, Figure 9-15). Furthermore, with discharge line break, the scaled time of the 
peak CNV pressure is very similar for break sizes down to {{    }}2(a),(c) percent of the 
full-size (Figure 9-13). The smaller liquid space break sizes are shown to produce 
smaller peak pressure values (Figure 9-15). As shown in Figure 9-12 and Figure 9-13, 
the magnitude of CNV pressure rise at the time of ECCS activation are very similar for 
all the liquid space break sizes. The peak CNV pressure values differ for smaller break 
sizes due to lower CNV pressurization rates as result of lower break energy release. 

In contrast to the liquid space break, the high point vent line break with different break 
areas produces different peak CNV pressures (Figure 9-14 and Figure 9-15). {{  

 }}2(a),(c) 

Figure 9-12. Peak containment vessel pressure and collapsed level above top of active fuel 
for different reactor coolant system injection line break sizes
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{{ 

}}2(a),(c) 

{{ 

}}2(a),(c) 

Figure 9-13. Peak containment vessel pressure and collapsed level above top of active fuel 
for different reactor coolant system discharge line break sizes 

Figure 9-14. Peak containment vessel pressure and collapsed level above top of active fuel 
for different high point vent line break sizes 

Figure 9-12 to Figure 9-14 also show the collapsed liquid level above TAF in the RPV 
riser section as a function of scaled time for different break sizes and three break 
locations; RCS injection line, RCS discharge line, and high point vent line breaks. Figure 
9-15 shows the minimum collapsed liquid level above TAF in the RPV riser section for
different break locations as function of break size.
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{{ 

}}2(a),(c) 

The final equilibrium levels established at the end of the transient are independent of 
break size and locations. The equilibrium collapsed liquid level is directly related to the 
geometry of the RPV and CNV as well as the value of the equilibrium pressure between 
two vessels. For the high point vent line break cases, the minimum level is always the 
equilibrium level {{  

 }}2(a),(c) 

The core MCHFR as a function break size is plotted in Figure 9-16 for both RCS 
injection and high point vent line breaks. As discussed earlier in Section 9.1 for the full-
size liquid and steam space breaks, the CHFR margin rapidly increases following the 
event initiation and {{ 

 }}2(a),(c) However, the potential for fuel heat-up is not of concern as no CHFR 
limit violation is observed in any of the break spectrum cases. 

Figure 9-15. Peak containment vessel pressure and minimum collapsed liquid level as a 
function of break location and size 
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{{

}}2(a),(c)  

Figure 9-16. Minimum critical heat flux ratio for injection line (left) and high point vent line 
(right) breaks 

9.3 Decay Heat Removal System Availability 

In the previous sections, no credit is taken for the DHRS operation. The DHRS adds an 
additional heat sink capacity during the NPM LOCA that impacts primarily the smaller 
break sizes as shown in Figure 9-17 and Figure 9-18 for RCS injection line breaks. {{ 

 }}2(a),(c) 
However, when the DHRS operation is taken into account, all break sizes behave 
similarly and minimum collapsed liquid levels are the same as the final equilibrium level 
for most all of the break sizes. Similar to the impact on the minimum collapsed levels, 
the MCHFR is defined by the hot assembly steady state value. As discussed previously, 
the NuScale LOCA EM does not take credit for the DHRS operation to introduce 
additional and significant conservatism in satisfying the LOCA FOMs. Consideration is 
given to the DHRS operation here only to confirm that more adverse conditions are not 
created when crediting the DHRS.  



Loss-of-Coolant Accident Evaluation Model 

TR-0516-49422-NP 
Draft Rev. 01

© Copyright 2016 2018 by NuScale Power, LLC 
392 

{{ 

}}2(a),(c) 

{{ 

 }}2(a),(c) 

Figure 9-17. Reactor coolant system and containment pressures for Rreactor coolant system 
injection line pressurebreak without decay heat removal system (left) and with 
decay heat removal system (right)  

 

Figure 9-18. Collapsed liquid level for reactor coolant system injection line break without 
decay heat removal system (left) and with decay heat removal system (right) 
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{{ 

}}2(a),(c) 

9.4 Power Availability 

The discussion presented previously assumes that both AC and DC power are available 
during the NPM LOCA. Loss of power is considered by assuming either loss of only AC 
power or loss of both AC and DC power. Figure 9-19 demonstrates that the loss of both 
AC and DC power has significant impact on peak containment pressure for the steam 
space breaks down to {{   }}2(a),(c) percent break size, but has minimal impact on liquid 
space breaks. The loss of all power causes an immediate reactor trip and de-energizes 
the ECCS valves. {{  

 }}2(a),(c) 

  

Figure 9-19. Effect of power availability on peak containment vessel pressure for injection line 
(left) and high point vent (right) line breaks 

9.5 Single Failure 

In all of the previous discussion, no single failure is assumed. As discussed in Section 
5.4.3, the following single failures are considered in this section: 

• failure of a single RVV to open,

• failure of a single RRV to open, and

• failure of one ECCS division (i.e., one RVV and one RRV)
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{{ 

}}2(a),(c) 

Figure 9-20 demonstrates that the single failures listed above have negligible impact on 
the peak containment pressure. In fact, the opening failure of a single RVV produces 
slightly smaller peak pressures inside the containment. The peak containment pressure 
of approximately {{    }}2(a),(c) psia is not affected by the single failure assumptions for 
the liquid space break. Therefore, the simulations with no single failure produce similar 
or conservative peak containment pressures for different break sizes. Similar 
conclusions can also be reached for the minimum collapsed levels in the RCS as 
demonstrated in Figure 9-21 where failure of a single RRV produces slightly better 
minimum collapsed levels above the TAF. In conclusion, a single failure based on failure 
to open of an RVV and RRV does not produce more non-conservative results on peak 
CNV pressure and minimum collapsed level. Similar to the previous discussion, no CHF 
violation is calculated with the single failures considered as part of the NPM LOCA break 
spectrum. 

  

Figure 9-20. The effect of single failure on peak containment vessel pressure for reactor 
coolant system injection line (left) and high point vent (right) line breaks 
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{{

}}2(a),(c) 

Figure 9-21. The effect of single failure on minimum collapsed level for reactor coolant system 
injection line (left) and high point vent line (right) breaks 

9.6 Sensitivity Studies 

Several sensitivity studies are performed to establish the basis for the NuScale LOCA 
EM. The sensitivity calculations are performed to address the effects of the modeling 
parameters such as nodalization, time-step size selection, CCFL behavior at the 
pressurizer baffle plate, ECCS valve parameters (such as IAB release pressure, 
differential threshold, size/capacity, as well as valve stroke time). An additional sensitivity 
study is performed on core power distribution addressing the effects of core axial power 
shape and radial peaking assigned to the hot assembly. The sensitivity calculations are 
also performed to determine the impact of initial and boundary conditions for axial power 
shapes and initial reactor cooling pool temperature. Justifications for other initial and 
boundary conditions selected for the conservative LOCA analysis are provided in 
Section 5.3. 

9.6.1 Model Nodalization 

Performing a nodalization sensitivity study is important to determine its impact on the 
key LOCA FOMs such as peak containment pressure and collapsed liquid level above 
TAF in the RPV riser. As described in Section 5.1, the NRELAP5 model uses one-
dimensional components. In order to address the impact of nodalization on the NPM 
LOCA behavior, three nodalization schemes that conform to general NRELAP5 modeling 
guidelines are selected as shown in Table 9-3. 
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{{ 

}}2(a),(c) 

Table 9-3. Number of volumes in reactor pressure vessel and containment vessel 
nodalization 

The full range of break sizes for both RCS injection line and high point vent line breaks 
with three nodalization schemes are investigated. Both break locations are considered 
without DHRS operation, no loss of power, and no single failure. 

Figure 9-22 shows the RPV and CNV pressures and collapsed liquid level above TAF in 
RPV riser for the RCS injection break with 100 percent break area without DHRS, no 
loss of power, and no single failure. The same parameters are plotted in Figure 9-23 for 
the RCS injection break with 10 percent break area without DHRS, no loss of power, and 
no single failure. With three different nodalization schemes, two key LOCA FOMs are 
shown to be similar including timing of event during the transient, {{  

 }}2(a),(c) 

The results shown in Figure 9-24 for the 100 percent high point vent line break cases 
show the similarities. {{  

 }}2(a),(c) three 
different nodalization schemes provide similar LOCA response in RPV and CNV 
pressures and collapsed levels for the high point vent line break scenario.  
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{{ 

}}2(a),(c) 

{{ 

}}2(a),(c) 

 

Figure 9-22. Reactor pressure vessel and containment vessel pressure (left) and collapsed 
level above top of active fuel (right) for 100 percent reactor coolant system 
injection line break 

 

Figure 9-23. Reactor pressure vessel and containment vessel pressure (left) and collapsed 
level above top of active fuel (right) for 10 percent reactor coolant system 
injection line break 



Loss-of-Coolant Accident Evaluation Model 

TR-0516-49422-NP 
Draft Rev. 01

© Copyright 2016 2018 by NuScale Power, LLC 
398 

{{ 

}}2(a),(c)  

Figure 9-24. Reactor pressure vessel and containment vessel pressure (left) and collapsed 
level above top of active fuel (right) for 100 percent high point vent line break 

The hot assembly mass flux and core-wide MCHFR during RCS injection line break are 
shown in Figure 9-25 for the three nodalization schemes. The initial core MCHFR occurs 
at the beginning of the transient and is not affected by the number of hydrodynamic 
volumes in the NPM core, {{  

  }}2(a),(c) Furthermore, the 
very similaridentical MCHFRs are calculated for the {{ 

 }}2(a),(c) correlation. When 
the hot channel assembly flow goes {{ 

 }}2(a),(c) correlation that includes the {{  }}2(a),(c) is used. {{  

 }}2(a),(c) Therefore, the core nodalization has no material impact on 
predicting the CHF margin during a postulated NPM LOCA. However, a small difference 
is observed in the initial hot assembly flows with coarse and coarser nodalization. As 
described in Table 9-3, both coarse and coarser nodalization schemes use a coarse 
representation of the core and steam generators. As a result, the steady state natural 
circulation flow rate is slightly different when compared to the finer nodalization due to 
relatively small shift in natural circulation loop thermal center. 
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{{ 

}}2(a),(c) 

Figure 9-25. Hot channel core flow (left) and core critical heat flux ratio (right) during 100 
percent reactor coolant system injection line break 

9.6.2 Time-Step Size Selection 

The NRELAP5 NuScale LOCA EM uses a semi-implicit numerical scheme with implicit 
coupling of the hydrodynamic and heat conduction solutions. The time-step size is 
restricted by the courant time-step size and the accumulation of the mass-error during 
the time integration. In general, the NPM LOCA simulations have a courant time-step 
size at approximately {{    }}2(a),(c) In order to address the effect of time-step 
size selection on the key NPM LOCA FOMs, various fractions of the problem courant 
time-step size are examined as shown in Figure 9-26 through Figure 9-29 for full size 
injection line and high point vent line breaks. For multipliers above approximately {{ 

 }}2(a),(c) the max time-step size allowed for the calculations is 
mainly determined by the mass-error management. The figures show that the 
containment and RPV pressures, minimum collapsed level above the TAF in the RPV 
riser, hot channel mass flux, and hot channel MCHFR are all independent of the time-
step sizes selected for the simulation.  
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{{ 

}}2(a),(c) 

{{ 

}}2(a),(c) 

 

Figure 9-26. Time-step size sensitivity on reactor and containment vessel pressures and 
reactor pressure vessel collapsed liquid level for 100 percent reactor coolant 
system injection line break. 

 

Figure 9-27. Time-step size sensitivity on hot assembly flow and minimum critical heat flux 
ratio for 100 percent reactor coolant system injection line break 
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{{ 

}}2(a),(c) 

{{ 

}}2(a),(c) 

 

Figure 9-28. Time-step size sensitivity on reactor and containment vessel pressures and 
reactor pressure vessel collapsed liquid level for 100 percent high point vent line 
break 

 

Figure 9-29. Time-step size sensitivity on hot assembly flow and minimum critical heat flux 
ratio for 100 percent high point vent break 

9.6.3 Counter Current Flow Limitation Behavior on Pressurizer Baffle Plate 

{{ 
  }}2(a),(c) A few of the break spectrum cases activated the CCFL flag at the pressurizer 

baffle plate, which did not allow liquid to readily drain from the pressurizer to the 
downcomer in the presence of upward steam flow. These break cases were limited to 
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{{ 

}}2(a),(c) 

the larger pressurizer spray and vent line breaks. A study was performed {{ 

}}2(a),(c) 

   

Figure 9-30. Effect of counter current flow limitation line slope on levels for 100 percent high 
point vent line break 

9.6.4 Emergency Core Cooling System Valve Parameters 

Operation of the ECCS valves varies based on the valve characteristics. The NPM 
ECCS valve specification provides minimum and maximum valve sizes and a range of 
differential pressures at which the IAB arming valve closes (locks) and opens (releases). 
A study was performed with liquid and steam breaks to evaluate separate and combined 
effects of the range of these valve characteristics on the LOCA FOMs. 

Figure 9-31 shows the effect of IAB release pressure on peak CNV pressure and 
minimum collapsed liquid level as function of break size for injection line break. Since 
the large break size results in relatively rapid RCS depressurization, {{    }}2(a),(c) 
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{{ 

}}2(a),(c) 

{{ 

 }}2(a),(c) 

Figure 9-32 and Figure 9-33 show the effect of RRV and RVV sizes on peak CNV 
pressure and minimum collapsed liquid level as function of break size. Overall the 
impact on ECCS valve size on peak CNV pressure and collapsed liquid level is {{ 

  }}2(a),(c). Figure 9-32 shows only {{    }}2(a),(c) in minimum collapsed 
liquid level with {{   }}2(a),(c).  

Conclusions of this study show that the {{ 
  }}2(a),(c) 

 

Figure 9-31. Effect of inadvertent actuation block release pressure on peak containment 
vessel pressure and minimum collapsed liquid level above top of active fuel as a 
function of break size for reactor coolant system injection line break 
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{{ 

}}2(a),(c) 

{{

}}2(a),(c) 

 

Figure 9-32. Effect of reactor recirculation valve size on peak containment vessel pressure 
and minimum collapsed liquid level for reactor coolant system injection line break 

 

Figure 9-33. Effect of reactor vent valve size on peak containment vessel pressure and 
minimum collapsed liquid level for reactor coolant system injection line break 

9.6.5 Initial Reactor Pool Temperature 

The maximum initial reactor cooling pool temperature of {{    }}2(a),(c) is 
used in the LOCA break spectrum calculations as discussed in the previous sections. 
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{{ 

}}2(a),(c) 

Sensitivity studies covering the range of initial pool temperatures are performed to 
investigate the impact on the NuScale LOCA EM FOMs. Reactor pool temperatures 
ranging from {{    }}2(a),(c) to {{   }}2(a),(c) are considered. The 
RCS injection line break with sizes down to {{   }}2(a),(c) of the full-break size 
break area are analyzed. The peak CNV pressure and the minimum collapsed liquid 
level above TAF as a function of break size are plotted for the pool temperatures of {{  

 }}2(a),(c) in Figure 9-34. The effect of the initial pool 
temperature on the peak CNV pressure is more pronounced at {{    }}2(a),(c). 
Figure 9-35 compares the various components of the RPV and CNV energy balance for 
100 percent (left figure) and 10 percent (right figure) injection line breaks. {{ 

 }}2(a),(c) For all the initial pool temperatures investigated in the sensitivity 
calculation, no CHF violation is observed; therefore, the minimum MCHFR is defined by 
a value close to the steady state value. 

 

Figure 9-34. Effect of initial reactor pool temperature on peak containment vessel pressure 
and minimum collapsed liquid level above top of active fuel for reactor coolant 
system injection line break 
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{{ 

}}2(a),(c) 

Figure 9-35. Containment vessel to pool energy transfer at different initial pool temperatures 
for 100 percent (left) and 10 percent (right) reactor coolant system injection line 
break 

9.6.6 Core Power Distribution 

The sensitivity study is performed based on a full-range of break sizes for the RCS 
injection line break for the core power distribution considering: 

• Generic axial power shapes to bound the axial peakings

• {{   }}2(a),(c) core channel 

Generic axial power shapes as shown in Figure 9-36 are used to investigate the effect 
on the key LOCA behavior and FOMs. The axial power shapes are chosen to represents 
a typical {{    }}2(a),(c). The {{  

  }}2(a),(c) shown in Figure 9-36 is used for all the LOCA 
calculations performed in this report. The axial peaking is determined to bound the 
values observed in the NPM core design (Appendix A). 

{{ 

 }}2(a),(c) 
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{{ 

}}2(a),(c) 
Figure 9-36. Generic normalized axial power shapes 

The RCS injection line break with full break area spectrum is analyzed without DHRS 
operation, no power loss, and no single failure. Figure 9-37 compares the RPV and CNV 
pressures and collapsed liquid level above TAF for different axial power shapes for RCS 
injection line break. Figure 9-38 shows the impact of axial power shapes on peak CNV 
pressure and minimum collapsed liquid level as function of different injection line break 
sizes. {{  

 }}2(a),(c) 

Figure 9-39 shows the impact of axial power shapes on the hot assemblychannel mass 
flux and core MCHFR {{  

 }}2(a),(c) However, in all of the cases analyzed, the minimum core MCHFR 
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{{ 

}}2(a),(c) 

{{ 

}}2(a),(c) 

transient value is closecorresponds to the values determined atbefore the initiation of the 
event. 

 

Figure 9-37. Effect of axial power shape on reactor pressure vessel and containment 
pressures and collapsed liquid level above top of active fuel for reactor coolant 
system injection line break 

Figure 9-38. Effect of axial power shape on peak containment vessel pressure and minimum 
collapsed liquid level above top of active fuel for reactor coolant system injection 
line break 
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{{ 

}}2(a),(c)  

Figure 9-39. Effect of axial power shape on hot assembly flow and minimum critical heat flux 
ratio during reactor coolant system injection line break 

9.7 Loss-of-Coolant Accident Calculation Summary 

The following conclusions are reached based on the beak spectrum calculations and 
sensitivity studies: 

1. The core MCHFR rapidly increases following the initiation of a LOCA due to
power/flow mismatch – power decreases faster than flow due to differences in
process time constants.

2. {{

 }}2(a),(c) In conclusion, there is 
no fuel CHF and hence no fuel heat-up for a NPM LOCA.  

3. The most sensitive LOCA analysis parameters were determined to be DHRS
unavailability (conservatively assumed), {{

 }}2(a),(c) 
4. {{

 }}2(a),(c) 
5. For all the break cases and sizes, the {{  }}2(a),(c) collapsed RPV level 

above TAF converges to approximately {{  }}2(a),(c) This value is independent of 
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the LOCA progression.  This value is directly related to the {{ 
}}2(a),(c) and the initial 

mass/energy inventory. 
6. Minimum RPV collapsed level during NPM LOCA transient is invariant of the break

size down to {{

 }}2(a),(c) 
7. {{

 }}2(a),(c) 
8. {{

 }}2(a),(c) 
9. {{

  }}2(a),(c) 
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}}2(a),(c), ECI 

A.1 Core Input Parameters

Table A-1. Core input parameters 
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{{ 

}}2(a),(c) ECI 
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}}2(a),(c), ECI 

A.2 Initial Plant Conditions

Table A-2. Initial conditions for loss-of-coolant accident analysis 
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}}2(a),(c), ECI 

A.3 Safety-Related System Actuation Setpoints and Delays

Table A-3. Safety signal actuation setpoints and delays 



Loss-of-Coolant Accident Evaluation Model 

TR-0516-49422-NP 
Draft Rev. 01

© Copyright 2016 2018 by NuScale Power, LLC 
425 

{{

}}2(a),(c), ECI 



RAIO-0918-61956

NuScale Power, LLC
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Affidavit of Zackary W. Rad, AF-0918-61968



AF-0918-61968

NuScale Power, LLC
AFFIDAVIT of Zackary W. Rad

I, Zackary W. Rad, state as follows:

1. I am the Director, Regulatory Affairs of NuScale Power, LLC (NuScale), and as such, I have
been specifically delegated the function of reviewing the information described in this
Affidavit that NuScale seeks to have withheld from public disclosure, and am authorized to
apply for its withholding on behalf of NuScale.

2. I am knowledgeable of the criteria and procedures used by NuScale in designating
information as a trade secret, privileged, or as confidential commercial or financial
information. This request to withhold information from public disclosure is driven by one or
more of the following:

a. The information requested to be withheld reveals distinguishing aspects of a process
(or component, structure, tool, method, etc.) whose use by NuScale competitors,
without a license from NuScale, would constitute a competitive economic
disadvantage to NuScale.

b. The information requested to be withheld consists of supporting data, including test
data, relative to a process (or component, structure, tool, method, etc.), and the
application of the data secures a competitive economic advantage, as described more
fully in paragraph 3 of this Affidavit.

c. Use by a competitor of the information requested to be withheld would reduce the
competitor's expenditure of resources, or improve its competitive position, in the
design, manufacture, shipment, installation, assurance of quality, or licensing of a
similar product.

d. The information requested to be withheld reveals cost or price information, production
capabilities, budget levels, or commercial strategies of NuScale.

e. The information requested to be withheld consists of patentable ideas.
3. Public disclosure of the information sought to be withheld is likely to cause substantial harm

to NuScale's competitive position and foreclose or reduce the availability of profit-making
opportunities. The accompanying Request for Additional Information response reveals
distinguishing aspects about the method by which NuScale performs its loss-of-coolant
accident analysis.

NuScale has performed significant research and evaluation to develop a basis for this
method and has invested significant resources, including the expenditure of a considerable
sum of money.

The precise financial value of the information is difficult to quantify, but it is a key element of
the design basis for a NuScale plant and, therefore, has substantial value to NuScale.

If the information were disclosed to the public, NuScale's competitors would have access to
the information without purchasing the right to use it or having been required to undertake a
similar expenditure of resources. Such disclosure would constitute a misappropriation of
NuScale's intellectual property, and would deprive NuScale of the opportunity to exercise its
competitive advantage to seek an adequate return on its investment.






