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3. NuScale Topical Report, "Non-Loss of Coolant Accident Analysis 
Methodology," TR-0516-49416, Revision 1, dated August 2017 

The purpose of this letter is to provide the NuScale Power, LLC (NuScale) supplemental 
response to the referenced NRC Request for Additional Information (RAI). 

The Enclosures to this letter contain NuScale's supplemental response to the following RAI 
Question from NRC eRAI No. 9374: 

• 15.00.02-22 

Enclosure 1 is the proprietary version of the NuScale Supplemental Response to NRC RAI No. 
9374 (eRAI No. 9374). NuScale requests that the proprietary version be withheld from public 
disclosure in accordance with the requirements of 10 CFR § 2.390. The proprietary enclosures 
have been deemed to contain Export Controlled Information. This information must be protected 
from disclosure per the requirements of 10 CFR § 810. The enclosed affidavit (Enclosure 3) 
supports this request. Enclosure 2 is the nonproprietary version of the NuScale response. 

This letter and the enclosed responses make no new regulatory commitments and no revisions 
to any existing regulatory commitments. 
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Response to Request for Additional Information

eRAI No.: 9374

Date of RAI Issue: 05/09/2018

NRC Question No.: 15.00.02-22

TR-0516-49416-P, “Non-Loss-of-Coolant Accident [Non-LOCA] Analysis Methodology,” 

supports the conclusions in the NuScale Final Safety Analysis Report (FSAR), which under 10 

CFR 52.47 must describe the facility, present the design bases and the limits on its operation, 

and present a safety analysis of the structures, systems, and components and of the facility as a

whole. Regulatory Guide (RG) 1.203, “Transient and Accident Analysis Methods,” describes a 

process that the NRC staff considers acceptable for use in developing and assessing evaluation

models (EMs) used to analyze transient and accident behavior, known as the evaluation model 

development and assessment process (EMDAP). Step 7 of the EMDAP discusses the 

identification and performance of separate effects tests (SETs) and integral effect tests (IETs) 

and states: “The effects of distortions should be evaluated in the context of the experimental 

objectives.”

TR-0516-49416-P, Section 5.3.2.3 describes the NRELAP5 model of the NIST facility and 

states:

{{ 

 }}2(a),(c)  However, TR-0516-49416-P does 

not describe other model scaling aspects that are applicable and that could affect the 

conclusions of the assessment studies.

Information Requested:

Demonstrate that the nodalization scheme of the facility and NPM preserve the fluid and 

NuScale Nonproprietary



structural time constants by providing representative time constants for NIST-1 and the NPM for

the nodalization selected. Update TR-0516-49416-P as appropriate.

NuScale Response:

The original RAI response for this question was submitted by NuScale in correspondence RAIO-

0918-61953, dated September 26, 2018. In phone calls on April 23, 2019, and on June 13, 

2019, the NRC staff and NuScale discussed various aspects related to the decay heat removal 

system (DHRS) and the non-LOCA evaluation model (EM), including: DHRS heat transfer 

sensitivities; DHRS model nodalization; and difference between the NuScale Power Module 

(NPM) DHRS tube geometry and the NIST-1 test facility full length DHRS tube geometry.  

NuScale agreed to supplement a relevant RAI response with additional information to justify 

adequate modeling of the DHRS in non-LOCA calculations. In addition to addressing the DHRS,

the associated changes to the non-LOCA licensing topical report as indicated at the end of this 

response include minor revisions to figures and text addressing results of the revised HP-04 

assessment and various text and figure clarification and corrections for consistency.

DHRS Modeling and Performance Importance

Purpose and Overview

The purpose of this supplement is to provide information summarizing DHRS modeling 

sensitivity calculations, and characterizing the relative importance of the DHRS performance.  

This information is provided by evaluating the impact of variation in DHRS axial nodalization, 

DHRS tube wall thickness, and DHRS heat transfer (HT) in the context of non-LOCA transient 

event progression and margin to the non-LOCA acceptance criteria.  While overall DHRS 

system operation is important for establishing a passive end state for non-LOCA transients, 

variation in DHRS performance does not have significant effect on event progression or margin 

to acceptance criteria.  This insensitivity is linked to the following traits of the NPM:  

· The timing of DHRS actuation relative to the acceptance criteria of interest; 

· The capacity of each reactor safety valve (RSV); and, 

· The design pressure of the secondary system, which includes the DHRS. 

First, a general discussion of non-LOCA event progression is provided, which focuses on the 

design basis events (DBEs) addressed by TR-0516-49416 (Non-LOCA topical report). 
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Second, results of sensitivity calculations examining various DHRS modeling parameters are 

provided. For the modeling sensitivities, a loss of normal AC power type event transient was 

selected to examine the sensitivity of the NPM response to DHRS axial nodalization, DHRS 

tube wall thickness, and DHRS heat transfer.  The loss of normal AC power type event provides

a consistent initial condition and rapid transient response as a baseline to examine sensitivities 

to the DHRS modeling.  Some non-LOCA events such as secondary side line break events 

disable one train of DHRS; therefore the modeling sensitivities were performed for one train and

two trains of DHRS operating.  A comparison between the one train DHRS cooldown response 

and the two train DHRS cooldown response for a loss of normal AC power type of event 

transient is also provided to support the conclusion that while overall DHRS system operation is 

important for establishing a passive end state for non-LOCA transients, variation in DHRS 

performance does not have a significant effect on event progression or margin to acceptance 

criteria. 

Next, results of nodalization sensitivity calculations performed for the NIST-1 HP-04 separate 

effects test are summarized.  Similar to the update of the HP-03 separate effects test 

summarized in response to RAI 9466, question 15.00.02-9, submited in RAIO-1018-62333 on 

October 26, 2018, the HP-04 test assessment calculation, including the nodalization sensitivity 

calculation results, was revised in 2019.  The revision included addressing instrument non-

conformances identified after the prior assessment work was complete, correcting NRELAP5 

input errors, {{  }}2(a),(c) and using 

NRELAP5 version 1.4.  The non-LOCA topical report summary of the HP-04 assessment 

calculation was revised as shown in the change package included in this response.  As part of 

preparing this topical report change package update, it was recognized that the topical report 

Table 5-8 values for the total number of nodes and length to diameter ratio in axial cells used for

the NIST-1 full length DHRS test HP-03 and HP-04 assessments needed to be updated to 

reflect the model input used in the revised HP-03 and HP-04 assessments. The changes in the 

axial node number and size were made in 2018 as part of the revised HP-03 assessment 

calculation submitted with RAI 9466/15.00.02-9. The changes to the topical report Table 5-8 are

included with this RAI response to be consistent with the results for the HP-03 assessment 

(previously submitted with RAI 9466/15.00.02-9 response) and the updated HP-04 assessment 

included with this response.  The updated length to diameter ratio values in Table 5-8 show that 

the values used in the NPM and the NIST-1 DHRS nodalization remain comparable.  The axial 

nodalization sensitivity calculations for the NPM and the NIST-1 HP-04 test, summarized in this 

response, demonstrate that doubling the axial nodalization does not significantly change the 

calculated DHRS performance, indicating adequately converged nodalization. 

Finally, sensitivity calculations examining the impact of DHRS heat transfer variation on specific 

transients are presented for a subset of non-LOCA DBEs.  These additional events were 
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selected because, compared to the characteristic DHRS cooldown from a loss of normal AC 

power type event, the transient progression is more challenging with respect to demonstrating 

adequate DHRS system operation.  This subset of DBEs of interest and their associated 

acceptance criteria, as identified in the Non-LOCA topical report, are listed below. 

7.2.2 Increase in Feedwater Flow (MCHFR; SG Overfill is also addressed in this 

supplement) 

7.2.12 Feedwater System Pipe Break Inside or Outside Containment (RPV pressure; SG

pressure)

The results of the DHRS modeling sensitivities for the NPM transient progression, the NIST-1 

HP-04 nodalization sensitivities, and the heat transfer bias sensitivities for selected NPM 

transient progression support the conclusion that, consistent with the physical understanding of 

the DHRS design and actuation in non-LOCA transient events, the DHRS modeling in non-

LOCA calculations is adequate and variations in the axial nodalization, tube wall thickness, or 

heat transfer coefficient do not affect margin to the acceptance criteria in non-LOCA transient 

events. 

General Discussion of Non-LOCA Event Progression and Margin to Acceptance Criteria 

The Non-LOCA topical report events and acceptance criteria of interest are listed below. 

7.2.1 Decrease in Feedwater Temperature (MCHFR) 

7.2.2 Increase in Feedwater Flow (MCHFR) 

7.2.3 Increase in Steam Flow (MCHFR) 

7.2.4 Steam System Piping Failure Inside or Outside Containment (MCHFR; dose) 

7.2.5 Containment Flooding / Loss of Containment Vacuum (MCHFR)

7.2.6 Turbine Trip / Loss of External Load (RPV pressure; SG pressure)

7.2.7 Loss of Condenser Vacuum (RPV pressure; SG pressure) 

7.2.8 Main Steam Isolation Valve(s) Closure (RPV pressure; SG pressure)

7.2.9 Loss of Normal AC Power (RPV pressure; SG pressure) 

7.2.10 Loss of Normal Feedwater Flow (RPV pressure; SG pressure) 
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7.2.11 Inadvertent DHRS Actuation (RPV pressure; SG pressure) 

7.2.12 Feedwater System Pipe Break Inside or Outside Containment (RPV pressure; SG 

pressure) 

7.2.13 Uncontrolled CRA Bank Withdrawal from Subcritical or Low Power Startup 

Conditions (MCHFR; fuel temperature) 

7.2.14 Uncontrolled CRA Bank Withdrawal at Power (MCHFR; fuel temperature)

7.2.15 Control Rod Misoperation:  

Single CRA Withdrawal (MCHFR; fuel temperature) 

Dropped CRA(s) (MCHFR; fuel temperature)

7.2.16 Inadvertent Decrease in Boron Concentration (MCHFR) 

7.2.17 CVCS Malfunction that Increases RCS Inventory (RPV pressure; SG pressure)

7.2.18 Failure of Small Lines Outside Containment (dose) 

7.2.19 Steam Generator Tube Failure (dose) 

For a non-LOCA transient event, the NPM is initially operating in a steady state condition at the 

time the event begins due to a system malfunction affecting the module conditions.  The system

malfunction may result in changes in secondary side pressure, temperature, and/or level 

conditions, and/or changes in primary side power, pressure, temperature, level conditions.  If 

the change in conditions is sufficient to reach an analytical limit, the Module Protection System 

(MPS) responds by actuating reactor trip and engineered safety features such as secondary 

side isolation, DHRS actuation, containment isolation, etc., based on the system conditions and 

limits reached. With respect to the transient progression, while all DHRS actuation signals are 

reactor trip and secondary side isolation signals, not all reactor trip or secondary side isolation 

signals are DHRS actuation signals.  Therefore, as the transient progresses, DHRS will be 

actuated by the MPS at the same time or after reactor trip and secondary isolation are actuated,

but not before.  The exception to this relationship between the timing of reactor trip and DHRS 

actuation is the inadvertent DHRS operation DBE, for which DHRS actuation is the initiating 

event and reactor trip occurs based on the NPM response.  The majority of initiating events 

caused by an increase or decrease in secondary side cooling, or reactivity insertion events, the 

transient are mitigated by reactor trip and DHRS actuation to establish reactor cooling. 

In terms of margin to non-LOCA acceptance criteria, the maximum RCS pressure is limited by 

the safety valve lift pressure; sensitivities presented in Section 7.2 of the Non-LOCA topical 
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report illustrate that a variety of input and initiation condition biases have little impact on peak 

reactor coolant pressure. The sensitivity results presented in this summary show that maximum 

RCS pressure typically occurs before DHRS cooling becomes fully effective.  Therefore, 

although DHRS heat transfer affects the specific rate of RCS cooling after reactor trip, it does 

not affect event progression to the time of minimum margin to acceptance criteria. 

The maximum secondary side pressure typically occurs in the first minute of the transient 

progression, following DHRS actuation.  After DHRS is actuated, the fluid in the DHRS flows 

into the steam generator.  Heat is transferred from the RCS primary system to the steam 

generator, where the DHRS loop inventory boils in the steam generator tubes.  The steam flow 

is then condensed in the DHRS condensers and the energy is transferred to the reactor pool.  

The maximum pressure in the steam generator secondary side is physically limited to the 

saturation pressure at the temperature of the RCS fluid on the steam generator primary side.  

Therefore, the maximum secondary side pressure is affected by the secondary side inventory 

and the primary side conditions at the time of DHRS actuation.  Sensitivity calculation results 

demonstrate that varying the DHRS heat transfer ±30% has minimal impact on the magnitude of

the peak secondary side pressure.  Instead, varying the DHRS heat transfer affects the rate of 

RCS cooling following reactor trip. 

With respect to minimum critical heat flux ratio (MCHFR), as described in Section 7.2 of the 

Non-LOCA topical report, the reactivity events are limiting due to the increase in core power, 

and the power distribution asymmetry caused by the non-uniform reactivity insertion (for 

applicable events such as single control rod withdrawal).  Similarly, the increase in core power 

and associated power distribution asymmetry cause the reactivity events to be limiting for 

maximum fuel temperature.  After reactor trip, the rapid decrease in core power results in 

significantly increased margin to MCHFR and fuel temperature acceptance criteria before DHRS

heat transfer becomes effective. 

With respect to radiological release, primary side mass releases due to small line breaks 

outside of containment are mitigated by isolation of the CVCS lines due to RCS primary 

conditions such as low-low pressurizer level or low-low pressurizer pressure.  Since CVCS 

isolation occurs while level remains in the pressurizer, heat transfer through the steam 

generators continues uninterrupted by the loss of primary coolant. As a result, natural circulation

is maintained in both the primary loop and each DHRS train to transfer heat from the primary 

system to the pool with the full capabilities of the DHRS.  Sensitivity calculations show that 

reducing the DHRS heat transfer by 30% has an insignificant impact on the limiting results 

provided for radiological analysis.  Secondary side mass releases due to steam line breaks or 

steam generator tube failure are mitigated by secondary side isolation and therefore are isolated

before DHRS heat removal becomes effective. 

NuScale Nonproprietary



In the case of an increase in RCS inventory, the transient progression may continue until a high 

pressurizer level condition is reached that isolates the source of additional inventory.  The 

transient progression is dictated by the source of the flow and the specific assumptions 

regarding control system operation (pressurizer spray, letdown, etc.). Since the added reactor 

coolant must reach the RCS via the CVCS, the event is terminated when a CVCS isolation 

signal closes the associated isolation valves.  In general, there are two transient progressions 

that cause event termination.  The first progression is terminated when the high pressurizer 

level analytical limit is reached; the second progression is terminated when the low-low RCS 

flow analytical limit is reached.  For those event scenarios where the RCS pressure increases 

sufficiently, the RSV lifts to ensure (via the design capacity) the acceptance criterion is not 

challenged by variations in DHRS heat transfer.  For the increase in RCS inventory scenarios, 

the combination of reactor trip, secondary isolation, and DHRS actuation ensures natural 

circulation is maintained in both the primary loop and each DHRS train to transfer heat from the 

primary system to the pool with the full capabilities of the DHRS. 

DHRS Model S  ensitivities   

Calculations examining the sensitivity of the NPM response to various DHRS modeling 

parameters were performed.  Specifically, these assessments evaluated changes to the DHRS 

heat exchanger tubes (nodalization, tube thickness, and initial heat transfer biasing), and 

number of DHRS trains operating.  A loss of normal AC power type event was selected to 

provide a consistent initial condition and rapid transient response as a baseline to examine 

sensitivities to the DHRS modeling.  These cases were each biased to the following conditions:  

· Reactor power is biased high to 102% rated thermal power 

· Least negative moderator temperature feedback (0 pcm/°F) and Doppler temperature 

feedback (−1.4 pcm/°F) 

· RCS flow biased low 

· RCS average temperature biased high (555°F) 

· Reactor pool temperature 110°F 
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DHRS Heat Exchanger Nodalization     

As identified in the non-LOCA topical report Section 6.1.5, the Non-LOCA EM employs {{ 

 }}2(a),(c) for each DHRS heat exchanger.  For the nodalization sensitivity calculations, 

{{ .}}2(a),(c)  The effect of 

changing the number of axial nodes in the DHRS heat exchanger on the NRELAP5-estimated 

minimum critical heat flux ratio (MCHFR), the peak reactor coolant system (RCS) pressure, and 

the peak steam generator system (SGS) pressure is shown in Table DHRS-1.1.  The event 

timings for the cases are provided in Table DHRS-1.2. 

Table DHRS-1.1: Effect of DHRS Heat Exchanger Nodalization 

{{

 }}2(a),(c) 

A brief discussion of these results is provided below. 

· The NRELAP5-estimated MCHFR reaches a minimum approximately in tandem with the

RCS pressure maximum.  This occurs long before DHRS actuation, and hence DHRS

nodalization cannot measurably affect MCHFR.

· The RCS pressure maximum occurs prior to DHRS activation.  Consequently, the DHRS

nodalization cannot measurably affect the peak RCS pressure.

· The SGS pressure initially decreases as the cold water drains from the DHRS into the

SG as the DHRS valves open.  Pressurization of the SG resumes, but is reversed as

DHRS heat removal (condensation) begins in earnest.  The DHRS nodalization has an

insignificant effect on the peak SGS pressure.
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Table DHRS-1.2: Sequence of Events for DHRS Heat Exchanger Nodalization 

{{ 

 }} 2(a),(c)

{{ 

}}2(a),(c)  These responses are 

not significant because the DHRS performance does not alter the margin to the acceptance 

criterion of interest (MCHFR, RCS pressure, or SGS pressure). 
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Figures are provided to show parameter trends as a function of time for the DHRS nodalization 

assessment. Specifically, plots of the following trends are provided:  

· Reactor Power vs. time (Figure DHRS-1.1), 0 to 300 sec;

· Reactor Power vs. time (Figure DHRS-1.2), 0 to 1800 sec;

· SG Power vs. time (Figure DHRS-1.3), 0 to 300 sec;

· SG Power vs. time (Figure DHRS-1.4), 0 to 1800 sec;

· DHRS Energy Removal vs. time (Figure DHRS-1.5), 0 to 300 sec;

· DHRS Energy Removal vs. time (Figure DHRS-1.6), 0 to 1800 sec;

· Pressurizer Level vs. time (Figure DHRS-1.7), 0 to 300 sec;

· Average RCS Temperature vs. time (Figure DHRS-1.8), 0 to 300 sec;

· Core Inlet Temperature vs. time (Figure DHRS-1.9), 0 to 300 sec;

· Core Inlet Temperature vs. time (Figure DHRS-1.10), 0 to 1800 sec;

· Core Outlet Temperature vs. time (Figure DHRS-1.11), 0 to 300 sec;

· Core Outlet Temperature vs. time (Figure DHRS-1.12), 0 to 1800 sec;

· Pressurizer Pressure vs. time (Figure DHRS-1.13), 0 to 300 sec;

· Pressurizer Pressure vs. time (Figure DHRS-1.14), 0 to 1800 sec;

· RCS flow rate vs. time (Figure DHRS-1.15), 0 to 300 sec;

· RCS flow rate vs. time (Figure DHRS-1.16), 0 to 1800 sec;

· DHRS-1 Flow Rate vs. time (Figure DHRS-1.17), 0 to 300 sec;

· DHRS-1 Flow Rate vs. time (Figure DHRS-1.18), 0 to 1800 sec;

· SG-1 pressure vs. time (Figure DHRS-1.19), 0 to 300 sec; and,

· SG-1 Level vs. time (Figure DHRS-1.20), 0 to 300 sec.
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{{

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

Figure DHRS-1.1:  Axial Nodalization- Reactor Power vs. time (0 to 300) 

{{

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

Figure DHRS-1.2:  Axial Nodalization- Reactor Power vs. time (0 to 1800) 
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{{

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

Figure DHRS-1.3:  Axial Nodalization- SG Power vs. time (0 to 300) 

{{

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

Figure DHRS-1.4:  Axial Nodalization- SG Power vs. time (0 to 1800) 

NuScale Nonproprietary



{{

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

Figure DHRS-1.5:  Axial Nodalization- DHRS Energy Removal vs. time (0 to 300) 

{{

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

Figure DHRS-1.6:  Axial Nodalization- DHRS Energy Removal vs. time (0 to 1800) 
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{{

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

Figure DHRS-1.7:  Axial Nodalization- Pressurizer Level vs. time (0 to 300) 

{{

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

Figure DHRS-1.8:  Axial Nodalization- Average RCS Temperature vs. time (0 to 300) 
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{{

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

Figure DHRS-1.9  Axial Nodalization Core Inlet Temperature vs. time (0 to 300) 

{{

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

Figure DHRS-1.10 Axial Nodalization Core Inlet Temperature vs. time (0 to 1800) 
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{{

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

Figure DHRS-1.11 Axial Nodalization Core Outlet Temperature vs. time (0 to 300) 

{{

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

Figure DHRS-1.12 Axial Nodalization Core Outlet Temperature vs. time (0 to 1800) 
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{{

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

Figure DHRS-1.13 Axial Nodalization Pressurizer Pressure vs. time (0 to 300) 

{{

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

Figure DHRS-1.14 Axial Nodalization Pressurizer Pressure vs. time (0 to 1800) 
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{{

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

Figure DHRS-1.15 Axial Nodalization RCS flow rate vs. time (0 to 300) 

{{

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

Figure DHRS-1.16 Axial Nodalization RCS flow rate vs. time (0 to 1800) 

NuScale Nonproprietary



{{

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

Figure DHRS-1.17 Axial Nodalization DHRS-1 Flow Rate vs. time (0 to 300) 

{{

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

Figure DHRS-1.18 Axial Nodalization DHRS-1 Flow Rate vs. time (0 to 1800) 
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{{

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

Figure DHRS-1.19: Axial Nodalizaiton SG-1 pressure vs. time (0 to 300) 

{{

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

Figure DHRS-1.20: Axial Nodalizaiton SG-1 level vs. time (0 to 300) 
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DHRS Heat Exchanger Tube Thickness     

In the non-LOCA EM {{ .}}2(a),(c)  RAI 9374 

question 22 requested additional information regarding the effect of structural time constants on 

the NRELAP5 DHRS assessment, because the test specimen used in the NIST-1 DHRS tests 

had thicker tube walls compared to the NPM design.  In order to examine the effect of the 

DHRS tube wall thickness on the NPM transient progression, sensitivity calculations were 

performed {{ 

.}}2(a),(c) The effect of changing the 

DHRS heat exchanger tube thickness on the MCHFR, the peak RCS pressure, and the peak 

SGS pressure is shown in Table DHRS-2.1.  The event timings for the cases are provided in 

Table DHRS-2.2. 

Table DHRS-2.1: Effect of DHRS Heat Exchanger Tube Thickness 

{{

 }}2(a),(c)

A brief discussion of these results is provided below. 

· DHRS heat exchanger tube thickness cannot affect MCHFR (see nodalization

discussion for rationale).

· DHRS heat exchanger tube thickness has an insignificant effect on the peak RCS

pressure (see nodalization discussion for rationale).
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· DHRS heat  exchanger tube thickness has an insignificant effect on the peak SGS

pressure (see nodalization discussion for rationale).
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Table DHRS-2.2: Sequence of Events for DHRS Heat Exchanger Tube Thickness 

{{

 }}2(a),(c)

{{ 

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

.}}2(a),(c)  Although the primary 

pressure and temperatures at the calculation end point vary, in all cases a safe stable condition 

is demonstrated and the DHRS performance does not alter the margin to the acceptance 

criterion of interest (MCHFR, RCS pressure, or SGS pressure). 

Figures are provided to show parameter trends as a function of time for the DHRS heat 

exchanger tube thickness assessment.  Specifically, plots of the following trends are provided: 

· Reactor Power vs. time (Figure DHRS-2.1), 0 to 300 sec;

· Reactor Power vs. time (Figure DHRS-2.2), 0 to 1800 sec;

· SG Power vs. time (Figure DHRS-2.3), 0 to 300 sec;

· SG Power vs. time (Figure DHRS-2.4), 0 to 1800 sec;

· DHRS Energy Removal vs. time (Figure DHRS-2.5), 0 to 300 sec;

· DHRS Energy Removal vs. time (Figure DHRS-2.6), 0 to 1800 sec;

· Pressurizer Level vs. time (Figure DHRS-2.7), 0 to 300 sec;

· Average RCS Temperature vs. time (Figure DHRS-2.8), 0 to 300 sec;

· Core Inlet Temperature vs. time (Figure DHRS-2.9), 0 to 300 sec;

· Core Inlet Temperature vs. time (Figure DHRS-2.10), 0 to 1800 sec;

· Core Outlet Temperature vs. time (Figure DHRS-2.11), 0 to 300 sec;

· Core Outlet Temperature vs. time (Figure DHRS-2.12), 0 to 1800 sec;

· Pressurizer Pressure vs. time (Figure DHRS-2.13), 0 to 300 sec;

· Pressurizer Pressure vs. time (Figure DHRS-2.14), 0 to 1800 sec;

· RCS flow rate vs. time (Figure DHRS-2.15), 0 to 300 sec;

· RCS flow rate vs. time (Figure DHRS-2.16), 0 to 1800 sec;

· DHRS-1 Flow Rate vs. time (Figure DHRS-2.17), 0 to 300 sec;
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· DHRS-1 Flow Rate vs. time (Figure DHRS-2.18), 0 to 1800 sec;

· SG-1 pressure vs. time (Figure DHRS-2.19), 0 to 300 sec; and,

· SG-1 Level vs. time (Figure DHRS-2.20), 0 to 300 sec.
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{{

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

Figure DHRS-2.1: Tube wall thickness- Reactor Power vs. time, 0 to 300

{{

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

Figure DHRS-2.2: Tube wall thickness- Reactor Power vs. time, 0 to 1800
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{{

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

Figure DHRS-2.3: Tube wall thickness- SG Power vs. time, 0 to 300

{{

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

Figure DHRS-2.4: Tube wall thickness- SG Power vs. time, 0 to 1800
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{{

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

Figure DHRS-2.5: Tube wall thickness- DHRS Energy Removal vs. time, 0 to 300

{{

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

Figure DHRS-2.6: Tube wall thickness- DHRS Energy Removal vs. time, 0 to 1800
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{{

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

Figure DHRS-2.7: Tube wall thickness- Pressurizer Level vs. time, 0 to 300

{{

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

Figure DHRS-2.8: Tube wall thickness- Average RCS Temperature vs. time, 0 to 300
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{{

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

Figure DHRS-2.9: Tube wall thickness- Core Inlet Temperature vs. time, 0 to 300

{{

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

Figure DHRS-2.10: Tube wall thickness- Core Inlet Temperature vs. time, 0 to 1800
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{{

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

Figure DHRS-2.11: Tube wall thickness- Core Outlet Temperature vs. time, 0 to 300;

{{

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

Figure DHRS-2.12: Tube wall thickness- Core Outlet Temperature vs. time, 0 to 1800
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{{

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

Figure DHRS-2.13: Tube wall thickness- Pressurizer Pressure vs. time, 0 to 300

{{

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

Figure DHRS-2.14: Tube wall thickness- Pressurizer Pressure vs. time, 0 to 1800
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{{

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

Figure DHRS-2.15: Tube wall thickness- RCS flow rate vs. time 0 to 300; 

{{

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

Figure DHRS-2.16: Tube wall thickness- RCS flow rate vs. time, 0 to 1800
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{{

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

Figure DHRS-2.17: Tube wall thickness- DHRS-1 Flow Rate vs. time, 0 to 300

{{

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

Figure DHRS-2.18: Tube wall thickness- DHRS-1 Flow Rate vs. time, 0 to 1800
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{{

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

Figure DHRS-2.19: Tube wall thickness- SG-1 pressure vs. time (0 to 300) 

{{

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

Figure DHRS-2.20: Tube wall thickness- SG-1 level vs. time (0 to 300)
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DHRS Heat Exchanger Initial Heat Transfer Bias 

Sensitivity calculations examining the sensitivity of the NPM response to DHRS heat transfer 

were performed.  As justified in this response, the Non-LOCA EM employs a nominal (1.0) 

multiplier to the inside and outside surfaces of the DHRS heat exchanger tubes; that the 

multiplier was reduced by 30% (0.7) or increased by 30% (1.3) for this assessment.  The effect 

of changing the initial heat transfer bias for the DHRS heat exchanger on the MCHFR, the peak 

RCS pressure, and the peak SGS pressure is shown in Table DHRS-3.1.  The event timings for 

the cases are provided in Table DHRS-3.2. 

Table DHRS-3.1: Effect of DHRS Heat Exchanger Initial Heat Transfer Bias 

{{

}}2(a),(c)

A brief discussion of these results is provided below. 

· DHRS heat exchanger initial heat transfer bias cannot affect MCHFR (see nodalization

discussion for rationale).

· DHRS heat exchanger initial heat transfer bias has an insignificant effect on the peak

RCS      pressure (see nodalization discussion for rationale).

· DHRS heat exchanger initial heat transfer bias has an insignificant effect on the peak

SGS pressure (see nodalization discussion for rationale).
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Table DHRS-3.2:  Sequence of Events for DHRS Heat Exchanger Initial Heat Transfer Bias 

{{

}}2(a),(c)

As expected, the initial heat transfer bias changes the energy removal rate for the DHRS heat 

exchanger.  In this instance the highest rate (Figure DHRS-3.5) is associated with the maximum

bias (case dhrs-6).  The higher heat transfer associated with the maximum initial heat transfer 

bias causes the fastest reactor coolant temperature decrease (Figure DHRS-3.12).  As a 

secondary effect, the pressurizer pressure also decreases the fastest as a result of the change 

in RPV volume (Figure DHRS-3.14). 

At the time of transient termination, {{ 

.}}2(a),(c)  Although the 

primary pressure and temperatures at the calculation end point vary, in all cases a safe stable 

condition is demonstrated and the DHRS performance does not alter the margin to the 

acceptance criterion of interest (MCHFR, RCS pressure, or SGS pressure). 

Figures are provided to show parameter trends as a function of time for the DHRS heat 

exchanger initial heat transfer bias assessment.  Specifically, plots of the following trends are 

provided: 
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· Reactor Power vs. time (Figure DHRS-3.1), 0 to 300 sec;

· Reactor Power vs. time (Figure DHRS-3.2), 0 to 1800 sec;

· SG Power vs. time (Figure DHRS-3.3), 0 to 300 sec;

· SG Power vs. time (Figure DHRS-3.4), 0 to 1800 sec;

· DHRS Energy Removal vs. time (Figure DHRS-3.5), 0 to 300 sec;

· DHRS Energy Removal vs. time (Figure DHRS-3.6), 0 to 1800 sec;

· Pressurizer Level vs. time (Figure DHRS-3.7), 0 to 300 sec;

· Average RCS Temperature vs. time (Figure DHRS-3.8), 0 to 300 sec;

· Core Inlet Temperature vs. time (Figure DHRS-3.9), 0 to 300 sec;

· Core Inlet Temperature vs. time (Figure DHRS-3.10), 0 to 1800 sec;

· Core Outlet Temperature vs. time (Figure DHRS-3.11), 0 to 300 sec;

· Core Outlet Temperature vs. time (Figure DHRS-3.12), 0 to 1800 sec;

· Pressurizer Pressure vs. time (Figure DHRS-3.13), 0 to 300 sec;

· Pressurizer Pressure vs. time (Figure DHRS-3.14), 0 to 1800 sec;

· RCS flow rate vs. time (Figure DHRS-3.15), 0 to 300 sec;

· RCS flow rate vs. time (Figure DHRS-3.16), 0 to 1800 sec;

· DHRS-1 Flow Rate vs. time (Figure DHRS-3.17), 0 to 300 sec;

· DHRS-1 Flow Rate vs. time (Figure DHRS-3.18), 0 to 1800 sec;

· SG-1 pressure vs. time (Figure DHRS-3.19), 0 to 300 sec; and,

· SG-1 Level vs. time (Figure DHRS-3.20), 0 to 300 sec.
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{{

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

Figure DHRS-3.1: Heat transfer bias- Reactor Power vs. time (0 to 300) 

{{

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

Figure DHRS-3.2:   Heat transfer bias- Reactor Power vs. time (0 to 1800) 
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{{

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

Figure DHRS-3.3:   Heat transfer bias- SG Power vs. time (0 to 300) 

{{

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

Figure DHRS-3.4:   Heat transfer bias- SG Power vs. time (0 to 1800) 
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{{

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

Figure DHRS-3.5:   Heat transfer bias- DHRS Energy Removal vs. time (0 to 300) 

{{

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

Figure DHRS-3.6:   Heat transfer bias- DHRS Energy Removal vs. time (0 to 1800) 
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{{

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

Figure DHRS-3.7:   Heat transfer bias- Pressurizer Level vs. time (0 to 300) 

{{

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

Figure DHRS-3.8:  Heat transfer bias- Average RCS Temperature vs. time (0 to 300) 
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{{

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

Figure DHRS-3.9   Heat transfer bias- Core Inlet Temperature vs. time (0 to 300) 

{{

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

Figure DHRS-3.10 Heat transfer bias- Core Inlet Temperature vs. time (0 to 1800) 
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{{

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

Figure DHRS-3.11 Heat transfer bias- Core Outlet Temperature vs. time (0 to 300) 

{{

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

Figure DHRS-3.12 Heat transfer bias- Core Outlet Temperature vs. time (0 to 1800) 
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{{

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

Figure DHRS-3.13 Heat transfer bias- Pressurizer Pressure vs. time (0 to 300) 

{{

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

Figure DHRS-3.14 Heat transfer bias- Pressurizer Pressure vs. time (0 to 1800) 
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{{

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

Figure DHRS-3.15 Heat transfer bias- RCS flow rate vs. time (0 to 300) 

{{

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

Figure DHRS-3.16 Heat transfer bias- RCS flow rate vs. time (0 to 1800) 
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{{

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

Figure DHRS-3.17 Heat transfer bias- DHRS-1 Flow Rate vs. time (0 to 300) 

{{

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

Figure DHRS-3.18 Heat transfer bias- DHRS-1 Flow Rate vs. time (0 to 1800) 
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{{

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

Figure DHRS-3.19: Heat transfer bias- SG-1 pressure vs. time (0 to 300) 

{{

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

Figure DHRS-3.20: Heat transfer bias- SG-1 level vs. time (0 to 300) 
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DHRS Single Train Operation

The NPM has two trains of DHRS, one for each SG.  The equipment comprising each train is 

safety related.  In addition, each DHRS train is sized to remove 100% of the decay heat load 

from the RCS.  Some non-LOCA events such as secondary side line break events disable one 

train of DHRS; therefore the modeling sensitivities were performed for one train and two trains 

of DHRS operating.  The conclusions of the modeling sensitivity calculations examining axial 

nodalization, wall thickness, and heat transfer, for a single train of DHRS operating, are 

consistent with the conclusions summarized in this response for the two-trains DHRS operating.

A comparison between the cooldown response with one DHRS train and two DHRS trains for a 

loss of normal AC power type of event transient is provided here as additional support for the 

conclusion that while overall DHRS system operation is important for establishing a passive end

state for non-LOCA transients, variation in DHRS performance does not have a significant effect

on event progression or margin to acceptance criteria. 

The effect of operating one DHRS train compared to two DHRS trains on the MCHFR, the peak 

RCS pressure, and the peak SGS pressure is shown in Table DHRS-4.1.  The event timings for 

the cases are provided in Table DHRS-4.2. 

Table DHRS-4.1: Effect of DHRS Single Train Operation 

{{

 }}2(a),(c)

A brief discussion of these results is provided below. 

· Reducing the number of DHRS trains operating cannot affect MCHFR (see nodalization

discussion for rationale).

· Reducing the number of DHRS trains operating has an insignificant effect on the peak

RCS pressure (see nodalization discussion for rationale).
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· Reducing the number of DHRS trains operating has an insignificant effect on the peak

SGS pressure (see nodalization discussion for rationale).

Table DHRS-4.2: Sequence of Events for DHRS Single Train Operation

{{

 }}2(a),(c)

Figure DHRS-4.19 and Figure DHRS-4.5 show the effect of the most significant sensitivity 

studied, i.e., the number of DHRS trains operating.  Since each DHRS train is sized to remove 

100% of the post-trip heat load, operating with a single DHRS train effectively halves the energy

transferred to the pool.  {{ 

 }}2(a),(c)

The core exit temperature response (Figure DHRS-4.12) changes significantly as a results of 

changing the number of DHRS trains operating.  Consequently, the pressurizer pressure 

response (Figure DHRS-4.14) shows a similar trend. 

At the time of transient termination, {{ 

}}2(a),(c)  Although the primary pressure and temperatures at the calculation end point vary,
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in each case a safe stable condition is demonstrated and the DHRS performance does not 

significantly alter the margin to the acceptance criterion of interest (MCHFR, RCS pressure, or 

SGS pressure).

Figures are provided to show parameter trends as a function of time for the number of DHRS 

trains operating assessment.  Specifically, plots of the following trends are provided:  

· Reactor Power vs. time (Figure DHRS-4.1), 0 to 300 sec;

· Reactor Power vs. time (Figure DHRS-4.2), 0 to 1800 sec;

· SG Power vs. time (Figure DHRS-4.3), 0 to 300 sec;

· SG Power vs. time (Figure DHRS-4.4), 0 to 1800 sec;

· DHRS Energy Removal vs. time (Figure DHRS-4.5), 0 to 300 sec;

· DHRS Energy Removal vs. time (Figure DHRS-4.6), 0 to 1800 sec;

· Pressurizer Level vs. time (Figure DHRS-4.7), 0 to 300 sec;

· Average RCS Temperature vs. time (Figure DHRS-4.8), 0 to 300 sec;

· Core Inlet Temperature vs. time (Figure DHRS-4.9), 0 to 300 sec;

· Core Inlet Temperature vs. time (Figure DHRS-4.10), 0 to 1800 sec;

· Core Outlet Temperature vs. time (Figure DHRS-4.11), 0 to 300 sec;

· Core Outlet Temperature vs. time (Figure DHRS-4.12), 0 to 1800 sec;

· Pressurizer Pressure vs. time (Figure DHRS-4.13), 0 to 300 sec;

· Pressurizer Pressure vs. time (Figure DHRS-4.14), 0 to 1800 sec;

· RCS flow rate vs. time (Figure DHRS-4.15), 0 to 300 sec;

· RCS flow rate vs. time (Figure DHRS-4.16), 0 to 1800 sec;

· DHRS-1 Flow Rate vs. time (Figure DHRS-4.17), 0 to 300 sec;

· DHRS-1 Flow Rate vs. time (Figure DHRS-4.18), 0 to 1800 sec;

· DHRS-2 Flow Rate vs. time (Figure DHRS-4.19), 0 to 300 sec;
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· DHRS-2 Flow Rate vs. time (Figure DHRS-4.20), 0 to 1800 sec;

· SG-1 pressure vs. time (Figure DHRS-4.21), 0 to 300 sec;

· SG-2 pressure vs. time (Figure DHRS-4.22), 0 to 300 sec.;

· SG-1 Level vs. time (Figure DHRS-4.23), 0 to 300 sec.;

· SG-2 Level vs. time (Figure DHRS-4.24), 0 to 300 sec.
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{{

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

Figure DHRS-4.1: Two Train and One Train DHRS - Reactor Power vs. time (0 to 300) 

{{

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

Figure DHRS-4.2:  Two Train and One Train DHRS - Reactor Power vs. time (0 to 1800) 
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{{

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

Figure DHRS-4.3:  Two Train and One Train DHRS - SG Power vs. time (0 to 300) 

{{

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

Figure DHRS-4.4:  Two Train and One Train DHRS - SG Power vs. time (0 to 1800) 
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{{

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

Figure DHRS-4.5:  Two Train and One Train DHRS - DHRS Energy Removal vs. time (0 to 300)

{{

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

Figure DHRS-4.6:  Two Train and One Train DHRS - DHRS Energy Removal vs. time (0 to 

1800)  
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{{

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

Figure DHRS-4.7:  Two Train and One Train DHRS - Pressurizer Level vs. time (0 to 300) 

{{

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

Figure DHRS-4.8: Two Train and One Train DHRS - Average RCS Temperature vs. time (0 to 

300)   
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{{

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

Figure DHRS-4.9  Two Train and One Train DHRS - Core Inlet Temperature vs. time (0 to 300)  

{{

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

Figure DHRS-4.10 Two Train and One Train DHRS - Core Inlet Temperature vs. time (0 to 

1800) 
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{{

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

Figure DHRS-4.11 Two Train and One Train DHRS - Core Outlet Temperature vs. time (0 to 

300)  

{{

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

Figure DHRS-4.12 Two Train and One Train DHRS - Core Outlet Temperature vs. time (0 to 

1800)  
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{{

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

Figure DHRS-4.13 Two Train and One Train DHRS - Pressurizer Pressure vs. time (0 to 300)  

{{

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

Figure DHRS-4.14 Two Train and One Train DHRS - Pressurizer Pressure vs. time (0 to 1800)  
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{{

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

Figure DHRS-4.15 Two Train and One Train DHRS - RCS flow rate vs. time (0 to 300)  

{{

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

Figure DHRS-4.16 Two Train and One Train DHRS - RCS flow rate vs. time (0 to 1800)  
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{{

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

Figure DHRS-4.17 Two Train and One Train DHRS - DHRS-1 Flow Rate vs. time (0 to 300) 

{{

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

Figure DHRS-4.18 Two Train and One Train DHRS - DHRS-1 Flow Rate vs. time (0 to 1800) 
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{{

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

Figure DHRS-4.19 Two Train and One Train DHRS - DHRS-2 Flow Rate vs. time (0 to 300) 

{{

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

Figure DHRS-4.20 Two Train and One Train DHRS - DHRS-2 Flow Rate vs. time (0 to 1800)  
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{{

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

Figure DHRS-4.21: Two Train and One Train DHRS - SG-1 pressure vs. time (0 to 300) 

{{

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

Figure DHRS-4.22: Two Train and One Train DHRS - SG-2 pressure vs. time (0 to 300) 
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{{

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

Figure DHRS-4.23: Two Train and One Train DHRS - SG-1 level vs. time (0 to 300) 

{{

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

Figure DHRS-4.24: Two Train and One Train DHRS - SG-2 level vs. time (0 to 300)
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NIST-1 DHRS Model Assessment 

Assessments of the sensitivity of the NIST-1 full-length DHRS modelling for the HP-04-02 tests 

were performed.  Specifically, these assessments evaluated changes to the DHRS heat 

exchanger nodalization, as well as collective nodalization changes to the DHRS heat 

exchanger, the cooling pool vessel (CPV), and the heat transfer plate (HTP). Results from the 

HP-04-02 test sensitivity calculations are presented below.  The conclusions of the HP-04-03 

sensitivity results were consistent with the results of the HP-04-02 sensitivities. 

DHRS Heat Exchanger Nodalization 

{{ 

.}}2(a),(c)  As shown in Figures DHRS-5.1 and DHRS-5.2, the effect of 

changing the number of axial nodes in the DHRS heat exchanger was minimal on the DHRS 

heat removal rate and the DHRX heat exchanger tube level, respectively. 

{{

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

Figure DHRS-5.1:  HP-04-02 DHRS heat removal rate “2xDHRS case” comparison 
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{{

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

Figure DHRS-5.2: HP-04-02 DHRS HX tube level “2xDHRS case” comparison 

Collective Nodalization for DHRS Heat Exchanger, CPV and HTP 

{{ 

.}}2(a),

(c) Figures DHRS-5.3 and DHRS-5.4 show that the effect of collectively changing the number of

axial nodes in the DHRS heat exchanger, CPV and HTP was minimal on the DHRS heat

removal rate and the DHRX heat exchanger tube level, respectively.

{{ 

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

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

Figure DHRS-5.3:  HP-04-02 DHRS heat removal rate “2xCPV case” comparison 

{{

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

Figure DHRS-5.4:  HP-04-02 DHRS HX tube level “2xCPV case” comparison 
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Transient Progression

The results of sensitivity studies for the DHRS heat transfer bias, as applied to the acceptance 

criteria noted previously, are shown below for two non-LOCA events. 

Increase in Feedwater Flow (SG Overfill biases) 

A feedwater system malfunction that causes an increase in feedwater flow results in an 

unplanned overcooling of the RCS. The subsequent decrease in RCS temperature increases 

core reactivity due to moderator feedback which raises reactor power.  Decreasing average 

RCS temperature will also prompt the CR controller to withdraw the regulating bank from the 

core if automatic control is enabled.  Rising reactor power will change conditions in the core, 

potentially decreasing the CHFR.  The feedwater flow increase causes RTS actuation on low 

steam line superheat, high steam line pressure, high RCS temperature, or high reactor power. 

Closure of the FWIVs and MSIVs on secondary system isolation isolates the steam generator 

from the feedwater source, ending the overcooling event.  DHRS actuates on the high RCS 

temperature or high steam line pressure signals.  Core decay heat drives natural circulation 

which transfers thermal energy from the RCS to the reactor pool via the DHRS.  Passive DHRS 

cooling is established and the transient calculation is terminated with the NPM in a safe, stable 

condition. 

The SG overfill scenario applies a conservative boundary condition of maximum FW flow and 

constant steam flow.  The maximum increase in feedwater flow rate is applied to each case, as 

this will provide the greatest amount of mass into the steam generators and therefore, be most 

limiting.  A failure of the FWIV to close on SG-2 was also applied to allow additional inventory to 

accumulate in the affected steam generator while the feedwater regulating valve closed. 

The steam generator level increases rapidly at the onset of the transient, as the additional 

feedwater mass is added to the system.  After RTS actuation, SG level spikes up as heat is 

being driven across the SG tubes from the primary side.  As the transient progresses, SG level 

decreases until it reaches its steady state value.  Sensitivity studies demonstrated that higher 

steady state SG levels generally resulted in a higher peak SG level during the transient, and 

vice versa for lower SG level. 

The effect of changing the initial heat transfer bias for the DHRS heat exchanger on MCHFR, 

peak SG levels, and peak SGS pressure is shown in Table IFWF-1.1.  The event timings for the 

cases are provided in Table IFWF-1.2.
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Table IFWF-1.1:  Effect of DHRS Heat Exchanger Initial Heat Transfer Bias 

{{

 }}2(a),(b)

A brief discussion of these results is provided below. 

· DHRS heat exchanger initial heat transfer bias has an insignificant effect on MCHFR

because the minimum value  occurs before DHRS actuation.

· DHRS heat exchanger initial heat transfer bias has an insignificant effect on the peak

SG levels, {{  }}2(a),(c).

· The SGS pressure initially increases, but is reversed as DHRS heat removal

(condensation) begins in earnest.  The DHRS heat exchanger initial heat transfer bias

has an insignificant effect on the peak SGS pressure or the margin to the acceptance

criterion.
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Table IFWF-1.2:  Sequence of Events for Increase in Feedwater Flow for SG Overfill 

{{ 

}}2(a),(c)

DHRS heat transfer uncertainty was found to have insignificant impact to the overall results. 

{{ 

 }}2(a),(c) Both scenarios show

that regardless of initial DHRS heat transfer bias, heat removal via DHRS is sufficient to remove

decay heat. 

Figures are provided to show parameter trends as a function of time for the DHRS heat 

exchanger initial heat transfer bias assessment.  Specifically, plots of the following trends are 

provided: 

· Reactor Power vs. time (Figure IFWF-1.1), 0 to 1800 sec;
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· SG Power vs. time (Figure IFWF-1.2), 0 to 1800 sec;

· DHRS Energy Removal vs. time (Figure IFWF-1.3), 0 to 1800 sec;

· Pressurizer Level vs. time (Figure IFWF-1.4), 0 to 1800 sec;

· Average RCS Temperature vs. time (Figure IFWF-1.5), 0 to 1800 sec;

· Core Inlet Temperature vs. time (Figure IFWF-1.6), 0 to 1800 sec;

· Core Outlet Temperature vs. time (Figure IFWF-1.7), 0 to 1800 sec;

· Pressurizer Pressure vs. time (Figure IFWF-1.8), 0 to 1800 sec;

· RCS flow rate vs. time (Figure IFWF-1.9), 0 to 1800 sec;

· DHRS-1 Flow Rate vs. time (Figure IFWF-1.10), 0 to 1800 sec;

· DHRS-2 Flow Rate vs. time (Figure IFWF-1.11), 0 to 1800 sec;

· SG-1 pressure vs. time (Figure IFWF-1.12), 0 to 1800 sec;

· SG-2 pressure vs. time (Figure IFWF-1.13), 0 to 1800 sec;

· SG-1 Level vs. time (Figure IFWF-1.14), 0 to 1800 sec; and,

· SG-2 Level vs. time (Figure IFWF-1.15), 0 to 1800 sec.
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{{

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

Figure IFWF-1.1:  Reactor Power vs. time (0 to 1800) 

{{

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

Figure IFWF-1.2:  SG Power vs. time (0 to 1800) 
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{{

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

Figure IFWF-1.3:  DHRS Energy Removal vs. time (0 to 1800) 

{{

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

Figure IFWF-1.4:  Pressurizer Level vs. time (0 to 1800) 

NuScale Nonproprietary



{{

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

Figure IFWF-1.5:  Average RCS Temperature vs. time (0 to 1800) 
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{{

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

Figure IFWF-1.6:  Core Inlet Temperature vs. time (0 to 1800) 

{{

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

Figure IFWF-1.7:  Core Outlet Temperature vs. time (0 to 1800) 
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{{

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

Figure IFWF-1.8:  Pressurizer Pressure vs. time (0 to 1800) 

{{

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

Figure IFWF-1.9:  RCS flow rate vs. time (0 to 1800) 
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{{

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

Figure IFWF-1.10:  DHRS-1 Flow Rate vs. time (0 to 1800) 

{{

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

Figure IFWF-1.11:  DHRS-2 Flow Rate vs. time (0 to 1800) 
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{{

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

Figure IFWF-1.12:  SG-1 pressure vs. time (0 to 1800) 

{{

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

Figure IFWF-1.13:  SG-2 pressure vs. time (0 to 1800) 
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{{

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

Figure IFWF-1.14:  SG-1 Level vs. time (0 to 1800) 

{{

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

Figure IFWF-1.15:  SG-2 Level vs. time (0 to 1800) 
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Feedwater System Pipe Break Inside or Outside Containment 

The feedwater line break (FWLB) event ranges from small split cracks to double-ended ruptures

of the feedwater line causing a decrease in feedwater (FW) flow and a heatup of the RCS.  This 

event can occur inside or outside the containment vessel (CNV) due to seismic events or 

thermal stress or cracking of the feedwater piping. 

In the event of a FWLB inside containment, the break flow will flash in the evacuated CNV 

atmosphere resulting in a loss of containment vacuum and a high containment pressure 

emergency safety feature actuation signal (ESFAS).  The high CNV pressure signal causes an 

actuation of the reactor trip system (RTS) and a containment isolation signal (CIS) which 

includes the actuation of the secondary isolation valves.  The DHRS actuation will rapidly 

actuate subsequent to the secondary side isolation.  The break will cause a loss of FW pressure

and decrease flow to both steam generators causing a heat-up of the reactor coolant.  The 

break will continue to depressurize the impacted steam generator system (SGS) train and drain 

the DHRS piping and condenser on the impacted DHRS loop.  The non-impacted SGS train and

DRHS loop will provide cooling to the RCS and depressurize the reactor pressure vessel via 

heat transfer from the DHRS condenser to the reactor pool. 

For the feedwater system piping failures evaluated, the following conservative initial conditions 

are employed:  

· Reactor power is biased high;

· RCS average temperature is biased high;

· RCS flow is biased low;

· FW temperature is biased high;

· Pool temperature is biased high; and,

· Decay heat is biased high (including the contribution from

actinides).

The effect of changing the initial DHRS heat transfer bias on the event scenario for the limiting 

case biased to demonstrate DHRS cooling capability is provided in Table FWLB-1.1.  The event

timings for the cases are provided in Table FWLB-1.2.
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Table FWLB-1.1: Effect of Initial DHRS Heat Transfer Bias on DHRS Cooling 

{{

 }}2(a),(c)

A brief discussion of these results is provided below. 

· The peak RCS pressure occurs prior to DHRS activation.  Consequently, the

heat transfer bias for the DHRS has no effect on the peak RCS pressure for

the limiting DHRS cooling scenario.

· The SGS pressure initially increases, but is reversed as DHRS heat removal

(condensation) begins in earnest.  The heat transfer bias for the DHRS has

an insignificant effect on the peak SGS pressure for the limiting DHRS

cooling scenario.

· MCHFR reaches a minimum shortly after reactor trip, which is before the

DHRS valves are fully open.  Therefore, the heat transfer bias for the DHRS

has an insignificant effect on MCHFR for the limiting DHRS cooling scenario.
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Table FWLB-1.2:  Sequence of Events for Feedwater System Piping Failures - Limiting DHRS 

Cooling Scenario 

{{

 }}2(a),(c)

DHRS heat transfer uncertainty was found to have insignificant impact to the overall results. 

{{ 

.}}2(a),(c)  Both 

scenarios show that regardless of initial DHRS heat transfer bias, heat removal via DHRS is 

sufficient to remove decay heat. 

Figures are provided to show parameter trends as a function of time for the DHRS heat 

exchanger initial heat transfer bias assessment for the limiting DHRS cooling scenario. 

Specifically, plots of the following trends are provided:  

· Reactor Power vs. time (Figure FWLB-1.1), 0 to 1800 sec;

· SG Power vs. time (Figure FWLB-1.2), 0 to 1800 sec;

· DHRS Energy Removal vs. time (Figure FWLB-1.3), 0 to 1800 sec;
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· Pressurizer Level vs. time (Figure FWLB-1.4), 0 to 1800 sec;

· Average RCS Temperature vs. time (Figure FWLB-1.5), 0 to 1800 sec;

· Core Inlet Temperature vs. time (Figure FWLB-1.6), 0 to 1800 sec;

· Core Outlet Temperature vs. time (Figure FWLB-1.7), 0 to 1800 sec;

· Pressurizer Pressure vs. time (Figure FWLB-1.8), 0 to 1800 sec;

· RCS flow rate vs. time (Figure FWLB-1.9), 0 to 1800 sec;

· DHRS-1 Flow Rate vs. time (Figure FWLB-1.10), 0 to 1800 sec;

· DHRS-2 Flow Rate vs. time (Figure FWLB-1.11), 0 to 1800 sec;

· SG-1 pressure vs. time (Figure FWLB-1.12), 0 to 1800 sec;

· SG-2 pressure vs. time (Figure FWLB-1.13, 0 to 1800 sec;

· SG-1 Level vs. time (Figure FWLB-1.14), 0 to 1800 sec; and,

· SG-2 Level vs. time (Figure FWLB-1.15), 0 to 1800 sec.
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{{

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

Figure FWLB-1.1:  Reactor Power vs. time (0 to 1800) 

{{

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

Figure FWLB-1.2:  SG Power vs. time (0 to 1800) 
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{{

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

Figure FWLB-1.3:  DHRS Energy Removal vs. time (0 to 1800) 
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{{

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

Figure FWLB-1.4:  Pressurizer Level vs. time (0 to 1800) 

{{

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

Figure FWLB-1.5:  Average RCS Temperature vs. time (0 to 1800) 
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{{

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

Figure FWLB-1.6:  Core Inlet Temperature vs. time (0 to 1800) 

{{

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

Figure FWLB-1.7:  Core Outlet Temperature vs. time (0 to 1800) 
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{{

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

Figure FWLB-1.8:  Pressurizer Pressure vs. time (0 to 1800) 

{{

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

Figure FWLB-1.9:  RCS flow rate vs. time (0 to 1800) 
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{{

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

Figure FWLB-1.10:  DHRS-1 Flow Rate vs. time (0 to 1800) 

{{

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

Figure FWLB-1.11:  DHRS-2 Flow Rate vs. time (0 to 1800) 
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{{

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

Figure FWLB-1.12:  SG-1 pressure vs. time (0 to 1800) 

{{

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

Figure FWLB-1.13:  SG-2 pressure vs. time (0 to 1800) 
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{{

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

Figure FWLB-1.14:  SG-1 Level vs. time (0 to 1800) 

{{

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

Figure FWLB-1.15:  SG-2 Level vs. time (0 to 1800) 

NuScale Nonproprietary



Non-Loss-of-Coolant Accident Analysis Methodology 

TR-0516-49416-NP 
Draft Rev. 12

© Copyright 20197 by NuScale Power, LLC 
7 

the EM is based on the non-LOCA phenomena identification and ranking table and 
assessment of the high-ranked phenomena that are treated as part of the system 
transient analysis.  

• The non-LOCA evaluation model does not address the evaluation of specified
acceptable fuel design limits (SAFDLs), which are evaluated in a downstream
subchannel analysis. The subchannel analysis codes and methods are covered in
separate methodologies and assessments (Reference 6). However, the interface of
the non-LOCA system transient analysis with the downstream subchannel analysis is
part of the non-LOCA evaluation model.

• The non-LOCA evaluation model does not address the evaluation of the accident
radiological source term and dose. The accident radiological source term and dose
analyses are covered in separate methodologies and assessments (Reference 8).
However, the interface of the non-LOCA system transient analysis with downstream
radiological analysis is part of the non-LOCA evaluation model.

• The EM is applicable for the short-term non-LOCA transient progression; during the
non-LOCA transient analysis short-term duration and analysis process are discussed
further in Sections 4.2 and 4.3. During this time frame the mixture level remains above
the top of the riser and primary side natural circulation is maintained. Long-term
cooling analysis methodology, including events that transition from DHRS cooling to
ECCS cooling, is addressed in Section 15.0.5 of the NuScale design certification
application.

• Control rod ejection accident analysis is addressed by a separate methodology
(Reference 21) and is not part of the non-LOCA evaluation model.

• Loss of coolant accident analysis is addressed by a separate methodology (Reference
2) and is not part of the non-LOCA evaluation model.

• Analysis of an inadvertent opening of a valve on the reactor vessel as an initiating
event is addressed in Section 15.6.6 of the NuScale design certification application
and is not part of the non-LOCA evaluation model.

• Analysis of the peak containment pressure and temperature response is addressed in
Section 6.2 of the NuScale design certification application and is not part of the non-
LOCA evaluation model.

• Evaluation of a return to power assuming the worst case stuck rod is addressed in
Section 15.0.6 of the NuScale design certification application and is not part of the
non-LOCA evaluation model.

1.3 Abbreviations 

Table 1-1 Abbreviations 

Term Definition
AC alternating current
ANS American Nuclear Society 
AOO anticipated operational occurrence
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Table 4-2 Acceptance criteria for anticipated operational occurrences 
Parameter Acceptance Criterion How Acceptance Criterion is 

Satisfied 
Maximum reactor coolant primary 
system pressure  

≤ 110% of design pressure  Margin to this acceptance 
criterion is demonstrated by 
the non-LOCA system 
transient analysis results.

Maximum main steam secondary 
system pressure 

≤ 110% of design pressure Margin to this acceptance 
criterion for the steam system 
piping up to the second 
containment isolation valve is 
demonstrated by the non-
LOCA system transient 
analysis results.  

Minimum critical heat flux ratio  ≥> 95/95 critical heat flux ratio 
(CHFR) Limit  

Margin to this acceptance 
criterion is demonstrated by 
the subchannel analysis 
results.  
 
Subchannel analysis is 
outside scope of this topical 
report.  

Maximum fuel centerline 
temperature  

≤ melting temperature (adjusted 
for burnup effects) 

Margin to this acceptance 
criterion is demonstrated by 
the subchannel analysis 
results.  
 
Subchannel analysis is 
outside scope of this topical 
report. 

An AOO should not result in a 
significant loss of reactor 
containment barrier  

Margins to containment pressure 
and temperature limits are 
maintained.  

Margin to this acceptance 
criterion is demonstrated by 
the peak containment 
pressure/temperature analysis 
results performed according to 
a separate analysis 
methodology.  
 
Maximum containment 
pressure and temperature 
analysis is outside scope of 
this topical report.  

An AOO should not generate a 
postulated accident without other 
faults occurring independently  

A postulated accident is not 
generated by the AOO.  

This acceptance criterion is 
satisfied by demonstrating that 
the other acceptance criteria 
are met.  
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Table 5-8 Comparison between NPM and NIST-1 decay heat removal NRELAP5 nodalizations 

}}2(a),(c) 

{{ 
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{{ 

}}2(a),(c) 

Figure 5-10 NIST-1 noding diagram for full-height decay heat removal system separate effect 
tests 
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These results are discussed in more detail in the following subsections for NIST-1 
generated data at DHRS pressures of {{  }}2(a),(c),ECI 

5.3.2.7.1 HP-04-02 Run 

This section compares the NRELAP5 simulation results with the measured data for the 
HP-04-02 run {{ }}2(a),(c),ECI In figures, the data measurement uncertainty is 
shown in dotted lines. 

Code-to-data comparisons of the DHRS heat removal rate produced reasonableexcellent 
agreement, as shown by the prediction of the enthalpy change over the DHRS in 
Figure 5-26. {{  

 }}2(a),(c) 

The NIST-1 profiles for the DHRS condensate outlet temperature are not fully captured in 
the code-to-data comparisons. {{ 

  }}2(a),(c)  

Code-to-data comparisons of DHRS heat exchange tube level produced reasonable-to-
excellent agreement, as shown in Figure 5-28. {{ 

 }}2(a),(c) 

Although the code-to-data comparisons of CPV level produced reasonable-to-excellent 
agreement, {{

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

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

Figure 5-26 NIST-1 HP-04-02 decay heat removal system energy transfer rate 
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{{ 

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

Figure 5-27 NIST-1 HP-04-02 decay heat removal system condensate temperature 

{{ 

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

Figure 5-28 NIST-1 HP-04-02 decay heat removal system internal collapsed level 
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{{ 

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

Figure 5-29 NIST-1 HP-04-02 cooling pool vessel level 

{{ 

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

Figure 5-30 NIST-1 HP-04-02 mid cooling pool vessel fluid temperatures 
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{{ 

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

Figure 5-31 NIST-1 HP-04-02 upper cooling pool vessel fluid temperatures 

5.3.2.7.2 HP-04-03 Run 

This section compares the NRELAP5 simulation results with the measured data for the 
HP-04-03 run {{   }}2(a),(c),ECI In figures, the data measurement uncertainty 
is shown in dotted lines. 

Code-to-data comparison of the DHRS heat removal rate produced reasonable to 
excellent agreement, as shown by the prediction of the enthalpy change over the DHRS 
in Figure 5-32. {{ 

}}2(a)(c) 

The NIST-1 profiles for DHRS condensate outlet temperatures are not fully captured in the 
code-to-data comparisons. {{ 

 }}2(a)(c)  

Code-to-data comparison of DHRS heat exchanger tube level shows reasonable to 
excellent agreement, as shown in Figure 5-34. {{ 

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

Although the code-to-data comparisons of CPV level produced reasonable-to-excellent 
agreement, {{  

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

 

{{ 

 

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

Figure 5-32 NIST-1 HP-04-03 decay heat removal system energy transfer rate 
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{{ 

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

Figure 5-33 NIST-1 HP-04-03 decay heat removal system condensate temperature 
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{{ 

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

Figure 5-34 NIST-1 HP-04-03 decay heat removal system internal collapsed level comparison 
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{{ 

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

Figure 5-35 NIST-1 HP-04-03 cooling pool vessel level comparison 

{{ 

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

Figure 5-36 NIST-1 HP-04-03 mid cooling pool vessel axial temperatures 
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{{ 

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

Figure 5-37 NIST-1 HP-04-03 upper cooling pool vessel axial temperatures 

5.3.2.7.3 HP-04 Summary 

Although the CPV fluid heat-up profiles for the NIST-1 HP-04 test data were not fully 
captured in the NRELAP5 simulations of HP-04, the code-to-data comparisons of DHRS 
heat removal rate were well-matched. 

This assessment concludes that NRELAP5 simulations of the NPM decay heat removal 
system should be expected to adequately predict the DHRS heat removal rates related to 
a large envelope of reactor pool liquid conditions. 

5.3.3 NIST-1 Non-LOCA Integral Test 

5.3.3.1 NIST-1 Facility 

The NIST-1 facility is described in Section 5.3.2.1. The NLT-2 tests were conducted in two 
sessions; first NLT-2a was conducted and a few weeks later NLT-2b was conducted. Test 
NLT-02a was a loss of feed water transient with a subsequent pressurization and 
depressurization of the RPV. In Test NLT-02b the DHRS was activated from a low reactor 
power level to demonstrate long term cooling capability over several hours. 

5.3.3.2 Non-LOCA Integral Effects Test Matrix 

The NIST-1 facility was used to perform integral effects testing with the scaled two-tube 
DHRS heat exchanger. Table 5-11 describes DHRS integral effects testing performed at 
the NIST-1 facility; these test assessments are presented in the following subsections. 
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{{ 

Figure 5-43 NLT-02a transient pressurizer pressure comparison 

{{ 

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

Figure 5-44 NLT-02a transient riser mass flow rate comparison 

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

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

Figure 5-45 NLT-02a transient pressurizer level comparison 

{{ 

Figure 5-46 NLT-02a transient core inlet temperature 

}}2(a),(b),(c),ECI 
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5.3.5 Steam Generator Modeling 

5.3.5.1 Background 

NuScale’s LOCA Topical Report (Reference 2) Section 7.47.3 discusses the validation of 
NRELAP5 for helical coil SG (HCSG) modeling. The validation was mainly against SIET 
TF-1 and TF-2 test data. It was concluded that NRELAP5 showed reasonable to excellent 
agreement with test data for all phenomena at conditions that are important to non-LOCA 
analysis, as discussed in the following sections. 

The validation is further investigated in this report to ensure the unique characteristics of 
the non-LOCA transients (comparing to LOCA) are identified and evaluated. Specifically, 
this investigation ensures the operating ranges expected during the non-LOCA transients 
are covered by the validated ranges. The modeling issues identified in the LOCA topical 
report are evaluated to ensure they do not affect the non-LOCA transients. 

5.3.5.2 Helical Coil Steam Generator Modeling {{  
 }}2(a),(c) 

In the LOCA topical report (Reference 2), NRELAP5 shows reasonable to excellent 
agreement with test data on the helical coil SGHCSG primary and secondary side, based 
on comparisons against the SIET TF-2 and SIET TF-1 test data.except {{  

}}2(a),(c) 

Figure 5-154 through Figure 5-159 show the secondary and primary flow rates for several 
cases of steam line breaks outside the CNV. {{ 

}}2(a),(c)  

Figure 5-160 and Figure 5-161 show the secondary and primary flow rates for double-
ended guillotine steam line break inside the CNV. {{ 

}}2(a),(c) 
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Initial Volume Weighted Core Average Fuel Temperature  

The initial volume weighted core average fuel temperature is biased to either end of the 
range expected assuming limiting power histories, power shapes, and core burnups.  

As an example, consider a BOC range of 960 degrees F to 1065 degrees F for volume 
weighted core average fuel temperature. For this situation, the initial fuel temperature is 
set to either 960 degrees F or 1065 degrees F.  

Decay Heat Removal System Heat Sink Heat Transfer Coefficient  

The initial DHRS heat sink heat transfer coefficient is biased to either end of the range 
from -30 percent to +30 percent.  

As an example, consider a range of -30 percent to +30 percent relative to the nominal 
heat transfer coefficient for the DHRS heat sink. For this situation, the initial heat transfer 
coefficient is set to either -30 percent or +30 percent of the nominal heat transfer 
coefficient.  

Initial Reactor Pool Temperature  

The initial reactor pool temperature is biased to either end of the range expected for normal 
operation.  

As an example, consider a normal operational range of 40 degrees F to 200 degrees F for 
reactor pool temperature. For this situation, the initial reactor pool temperature is set to 
either 40 degrees F or 200 degrees F.  

7.1.6.2 Valve Characteristics 

The valve characteristics assumed for the non-LOCA transient analyses may differ 
depending on the type of valve. These differences are based on providing the most 
conservative characteristics for the acceptance criterion of interest.  

A general description of the biasing of valve characteristics, as applied to the non-LOCA 
transient analyses for the NPM, is provided below.  

Pressure Relief Valves 

The characteristics applied to the pressure relief valves for the non-LOCA transient 
analyses include: 1) the nominal lift setpoint; 2) the lift tolerance; 3) the set pressure drift; 
4) the accumulation; 5) the blowdown; 6) the blowdown tolerance; and, 7) the stroke time. 
In general, the characteristics are applied to delay opening a specific valve for as long as 
possible and to minimize the time the valve is open.  
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7.2 Event Specific Methodology 

The non-LOCA event simulations are performed using conservative methodologies. 
Pertinent event-specific methodologies, as well as representative inputs and results for 
non-LOCA event simulations are presented herein, and compared with the regulatory 
acceptance criteria listed in Table 7-4. See Section 4.1 for additional discussion of Chapter 
15 design basis events and acceptance criteria. 

All criteria are considered for each event, and the criteria with the potential for being 
challenged are identified and evaluated in further detail (i.e., overcooling events will not 
challenge the acceptance criterion for primary side pressure, but may challenge the CHFR 
acceptance criteria). An event-specific parameter that is relevant to the acceptance 
criterion may be described as “challenging” in the event-specific summary, however, it is 
recognized that the parameter may not present the highest challenge for any event. 

Table 7-4 Regulatory acceptance criteria 

Description AOO Criteria IE Criteria Accident Criteria
RCS pressure  
(Pdesign= 2100 psia) 

< ≤ 110% of design  
(2310 psia)

<≤ 120% of design 
(2520 psia)

<≤ 120% of design 
(2520 psia) 

SG pressure  
(Pdesign= 2100 psia)  

< ≤ 110% of design  
(2310 psia)

< ≤ 120% of design 
(2520 psia)

< ≤ 120% of design 
(2520 psia) 

CHFR(1) > Limit Note (3) Note (3) 
Maximum fuel centerline 
temperature(1) 

< ≤ Limit Note (3) Note (3) 

Containment integrity(2)  < Limits < Limits < Limits 
Escalation of an AOO to 
an accident (AOO) or 
consequential loss of 
system functionality (IE 
or accident)? 

No No No 

Dose(1) Normal operations < Limit < Limit 

1. This criterion is confirmed as part of a separate follow-on analysis.

2. Containment integrity is evaluated by a separate analysis methodology.

3. If the minimum CHFR is less than or equal to the 95/95 CHFR limit, or if the maximum fuel centerline
temperature exceeds the melting temperature, the fuel rod is assumed to be failed. If fuel failure is calculated,
this is accounted for in the downstream radiological dose analysis.

For each event analyzed following the non-LOCA evaluation model, a description of the
event progression, significant inputs and results, and representative results of sensitivity
studies are presented in the following sections. Sensitivity studies are performed to identify
plant conditions that result in bounding transient analyses. Studies that identify
acceptance criteria challenges or bounding transient forcing functions are discussed as
well. Other sensitivity studies that determine bounding inputs for RCS flow, fuel
parameters, SG and DHRS heat transfer characteristics, etc. may not necessarily be
discussed for every event. The selection of parameters to be studied is focused on the
acceptance criteria challenged by the event.
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After reactor trip and actuation of DHRS, RCS flow decreases rapidly and becomes 
stagnant and slightly reversed at ~85 seconds (Figure 8-27). Following that, oscillations 
are observed due to temperature and density differences between the riser and 
downcomer (as discussed in Section 7.2 and shown in Figure 8-20, Figure 8-21, Figure 
8-27, and Figure 8-28); therefore the calculation is continued to verify that the module 
transitions into passive and stable DHRS cooling. By 30 minutes, RCS flow has stabilized, 
and the RCS temperature and pressure are steadily decreasing as the DHRS transfers 
decay heat from the RCS to the reactor pool (Figure 8-21, Figure 8-26, Figure 8-27, and 
Figure 8-28). It is concluded that by 30 minutes the transient has been terminated and that 
stable DHRS cooling has been achieved. Subcritical margin is verified as net reactivity 
remains less than 0.0 dollars at the time stable DHRS cooling has been achieved (Figure 
8-22). No operator action was credited to mitigate this event. 

 

Table 8-3 Main steam line break sequence of events 

Event Time (sec)
Initiation of a split main steam line break (3.3% of the pipe cross sectional area) 
on SG 2 

0 

High power (125% RTP) analytical limit is reached. 47 
RTS is actuated and control rods begin to insert into the core. 49 
Peak power is 202.8 MW. 49 
MCHFR is reached (3.682 as calculated by NRELAP5) 49 
Control rods fully inserted. 51 
Peak RCS pressure is reached (~1997 psia). 52 
High SG pressure analytical limit (800 psia) is reached. DHRS is actuated.(1) 59 
RCS flow is stagnant and slightly reversed. ~85 
Peak main steam system pressure (~1207 psia) is reached. 133 
End of calculation. Stable DHRS cooling has been established. Net reactivity 
remains < $0.0. 

1800 

(1) In this example transient calculation the pressurizer heater trip on high SG pressure was not modeled. The 
calculation shows the heaters maintain the RCS pressure.  The overall event progression is not affected because 
reactor trip and DHRS actuation have occurred. 
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I, Thomas A. Bergman, state as follows:

I am the Vice President, Regulatory Affairs of NuScale Power, LLC (NuScale), and as1.
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.
I am knowledgeable of the criteria and procedures used by NuScale in designating2.
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:

The information requested to be withheld reveals distinguishing aspects of a processa.
(or component, structure, tool, method, etc.) whose use by NuScale competitors,
without a license from NuScale, would constitute a competitive economic
disadvantage to NuScale.
The information requested to be withheld consists of supporting data, including testb.
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.
Use by a competitor of the information requested to be withheld would reduce thec.
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.
The information requested to be withheld reveals cost or price information, productiond.
capabilities, budget levels, or commercial strategies of NuScale.
The information requested to be withheld consists of patentable ideas.e.

Public disclosure of the information sought to be withheld is likely to cause substantial3.
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 develops its non-loss of
coolant accident analysis methodology .

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.



4. The information sought to be withheld is in the enclosed response to NRC Request for 
Additional Information No. 9374, eRAI No. 9374. The enclosure contains the designation 
"Proprietary" at the top of each page containing proprietary information. The information 
considered by NuScale to be proprietary is identified within double braces, "{{ }}" in the 
document. 

5. The basis for proposing that the information be withheld is that NuScale treats the 
information as a trade secret, privileged, or as confidential commercial or financial 
information. NuScale relies upon the exemption from disclosure set forth in the Freedom of 
Information Act ("FOIA"), 5 USC§ 552(b)(4), as well as exemptions applicable to the NRC 
under 10 CFR §§ 2.390(a)(4) and 9.17(a)(4). 

6. Pursuant to the provisions set forth in 10 CFR § 2.390(b )(4 ), the following is provided for 
consideration by the Commission in determining whether the information sought to be 
withheld from public disclosure should be withheld: 

a. The information sought to be withheld is owned and has been held in confidence by 
NuScale. 

b. The information is of a sort customarily held in confidence by NuScale and, to the best 
of my knowledge and belief, consistently has been held in confidence by NuScale. 
The procedure for approval of external release of such information typically requires 
review by the staff manager, project manager, chief technology officer or other 
equivalent authority, or the manager of the cognizant marketing function (or his 
delegate), for technical content, competitive effect, and determination of the accuracy 
of the proprietary designation. Disclosures outside NuScale are limited to regulatory 
bodies, customers and potential customers and their agents, suppliers, licensees, and 
others with a legitimate need for the information, and then only in accordance with 
appropriate regulatory provisions or contractual agreements to maintain 
confidentiality. 

c. The information is being transmitted to and received by the NRC in confidence. 
d. No public disclosure of the information has been made, and it is not available in public 

sources. All disclosures to third parties, including any required transmittals to NRC, 
have been made, or must be made, pursuant to regulatory provisions or contractual 
agreements that provide for maintenance of the information in confidence. 

e. Public disclosure of the information is likely to cause substantial harm to the 
competitive position of NuScale, taking into account the value of the information to 
NuScale, the amount of effort and money expended by NuScale in developing the 
information, and the difficulty others would have in acquiring or duplicating the 
information. The information sought to be withheld is part of NuScale's technology that 
provides NuScale with a competitive advantage over other firms in the industry. 
NuScale has invested significant human and financial capital in developing this 
technology and NuScale believes it would be difficult for others to duplicate the 
technology without access to the information sought to be withheld. 

I declare under penalty of perjury that the foregoing is true and correct. Executed on August 8, 
2019. 
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