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September 14, 2017 Docket No.  PROJ0769 

U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
One White Flint North 
11555 Rockville Pike  
Rockville, MD 20852-2738 

SUBJECT: NuScale Power, LLC Submittal of Changes to Non-Loss-of-Coolant Accident 
Methodology Topical Report, TR-0516-49416 

REFERENCES: 1. NuScale Power, LLC, “Response to NRC Request for Additional Information No. 
15.04.06-1 (eRAI No. 8844) on the NuScale Design Certification Application,” dated 
September 13, 2017 (ML17256B188) 

2. NuScale Topical Report, “Non-Loss-of-Coolant Accident Methodology,” TR-0516-
49416, Revision 1, dated August 10, 2017 (ML17222A827) 

On September 13, 2017 NuScale submitted a response to RAI 15.04.06-1 from eRAI No. 8844 
(Reference 1) which included changes to the Final Safety Analysis Report Section 15.4.6. This letter 
submits corresponding changes to the Non-Loss-of-Coolant Accident Methodology topical report 
(Reference 2). The Enclosure to this letter provides the changes to the topical report in 
redline/strikeout format. Because the changes affect only a nonproprietary portion of the topical report, 
the Enclosure includes a markup of the nonproprietary version only.  NuScale will provide these 
changes to both the proprietary and nonproprietary versions of the report as part of a future revision to 
the Non-Loss-of-Coolant Accident Methodology topical report. 

This letter makes no regulatory commitments or revisions to any existing regulatory commitments. 

Please contact Darrell Gardner at (980)-349-4829 or at dgardner@nuscalepower.com if you have any 
questions. 

Sincerely, 

Zackary W. Rad 
Director, Regulatory Affairs 
NuScale Power, LLC 

Distribution: Gregory Cranston, NRC, OWFN-8G9A 
Samuel Lee, NRC, OWFN-8G9A 
Rani Franovich, NRC, OWFN-8G9A 

Enclosure:  Changes to NuScale Topical Report, “Non-Loss-of-Coolant Accident Methodology,” TR-
0516-49416

Zackary W. Rad 
Director Regulatory Affairs
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Table 7-71 Representative sensitivity studies – control rod misoperation, dropped control rod 
assemblies 

 

7.2.16 Inadvertent Decrease in Boron Concentration 

The methodology used to simulate an inadvertent decrease in boron concentration for 
the NPM, and an evaluation of the resulting representative plant response against the 
acceptance criteria for an AOO listed in Table 7-4, are presented below. 

A description of the event including biases and conservatisms, sensitivity studies, single 
active failure (SAF) and loss of power (LOP) scenarios, challenging case, and 
acceptance criteria evaluation are presented in the following sections. 

7.2.16.1 General Event Description and Methodology  

The boric acid blend system incorporated into the NuScale plant design permits the 
operator to control the boron concentration of the reactor coolant via the charging fluid 
chemistry. While the NuScale plant design incorporates both automatic and manual 
controls, strict administrative procedures govern the process for adjusting the boron 
concentration of the reactor coolant. These administrative procedures establish limits on 
the rate and duration of the dilution.  

The primary means of causing an inadvertent decrease in boron concentration is failure 
of the blend system, either by controller or mechanical failure, or operator error. The 
event is terminated by isolating the source for the diluted water, i.e., by closing the 
demineralized water system (DWS) isolation valves.  

The methodology employed for an inadvertent decrease in boron concentration depends 
on the degree of mixing applicable to the configuration of interest. Perfect mixing is used 
for power levels greater than or equal to 25 percent RTP because sufficient natural 
circulation flow exists within the NPM to ensure complete mixing of the diluted fluid and 
the reactor coolant before reaching the core inlet. For Mode 1 plant operating conditions, 
the perfect mixing model and the wave front model are both evaluated. The perfect 
mixing model is evaluated for Mode 1 operating conditions because it provides a slower 
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reactivity insertion rate, delaying detection, potentially allowing further loss of shutdown 
margin. The wave front model is physically conservative because it assumes the 
maximum amount of reactivity as the diluted slug of water sweeps through the core. This 
model does not assume any axial blending to ensure that this reactivity insertion rate is 
maximized. For all other operating modes where boron dilution is allowed andpower 
levels and plant configurations, where limited mixing exists, a wave front model is used. 
These mixing models are generally performed as a hand calculation, but may be 
automated via a spreadsheet or other process.  

The following mathematical expression is used to determine the time required to erode 
the shutdown margin with the perfect mixing model. Equation 7-1 shows that the 
reactivity insertion rate depends on the dilution rate and the total RCS mass. 

= − 1 ln  Eq. 7-1

where: 

tdil = time required to dilute from the initial boron concentration to the final 
boron concentration, s K = (Qin ρin) / (60 Vr ρr) Qin = dilution flow rate of unborated water, gpm ρin = dilution water density, lbm/ft3 Vr = effective water volume of the RCS, gal ρr = density of the water in the RCS, lbm/ft3 Ci = initial boron concentration (maximum critical boron concentration 
including uncertainties), ppm Cf = final boron concentration (boron concentration at which shutdown 
margin is lost), ppm 

The following mathematical expressions are used to determine the number of wave 
fronts and the time required to erode the shutdown margin with the wave front model. In 
this model, the boron concentration of the RCS is reduced in discrete steps at each time, 
t, corresponding to the time the wave front passes through the core. The reactivity 
insertion rate is determined from the reactivity step change calculated as the product of 
the change in boron concentration and boron worth, divided by the core transport time. 
The core transport time is calculated as the total mass in the core divided by the RCS 
flow rate. As shown in Equation 7-2, the change in boron concentration is also inversely 
proportional to the RCS flow rate, therefore the ratio of total reactivity step change and 



 

 
Non-Loss-of-Coolant Accident Analysis Methodology 

 
TR-0516-49416-NP 

Draft Rev. 02 
 

 
 
 

© Copyright 2017 by NuScale Power, LLC 
380 

core transport time makes the initial reactivity insertion rate independent  of the RCS 
flow rate. 

= ( + )  Eq. 7-2

=  ( + ) + ( − 1) ( + ) Eq. 7-3  

where: 

CN = the Nth front boron concentration, ppm Ci = initial boron concentration, ppm WD = dilution mass flow rate, lbm/s WNC = natural circulation mass flow rate, lbm/s MRCS = RCS fluid mass minus the pressurizer, lbm MRCSI = initial pass RCS fluid mass (mass between the CVCS injection point to 
core inlet), lbm N = number of times the wave front passes through the core   

Mode 1 (Operations) HFP 

In this mode of plant operation, an inadvertent decrease in boron concentration causes a 
reactivity insertion that increases reactor power, which leads to a rise in coolant 
temperature, pressurizer level, and RCS pressure. A loss of shutdown margin would 
occur quickest for the highest reactivity insertion rate, i.e., the maximum dilution flow rate 
of 50 gpm (2 CVCS pumps) with unborated water. The reactivity insertion rate 
associated with this configuration is determined using both the perfect mixing model 
(Equation 7-1) and the wave front model (Equation 7-2 and Equation 7-3).The reactivity 
insertion rate associated with this configuration is determined using the perfect mixing 
model (Equation 7-1). The time of reactor trip and isolation of the dilution source via 
closure of the DWS isolation valves is obtained from the results for the uncontrolled 
control rod bank withdrawal at power event (Section 7.2.14) for the case with the same 
initial power, the same (or lower) reactivity insertion rate, and the longest time to reactor 
trip. The calculations performed with the mixing model are also used to determine the 
shutdown margin available after isolation of the DWS, and the time at which the 
shutdown margin would be lost if the dilution source was not terminated.  The system 
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responses for all other acceptance criteria are comparable to the uncontrolled control 
rod bank withdrawal at power event.  

Mode 1 (Operations) 25 percent RTP 

In this mode of plant operation, an inadvertent decrease in boron concentration causes a 
reactivity insertion that increases reactor power, which leads to a rise in coolant 
temperature, pressurizer level, and RCS pressure. A loss of shutdown margin would 
occur quickest for the highest reactivity insertion rate, i.e., the maximum dilution flow rate 
of 25 gpm (1 CVCS pump) with unborated water. The reactivity insertion rate associated 
with this configuration is determined using both the perfect mixing model (Equation 7-1) 
and the wave front model (Equation 7-2 and Equation 7-3) in order to address 
inadvertent dilutions that are initiated just above and below 25 percent initial power. 
Since the results of the rod withdrawal at power analysis have demonstrated that the 
consequences of the reactivity insertion events initiated from partial powers are bounded 
by the events initiated from full power initial condition with respect to MCHFR and peak 
RCS pressure, the calculated reactivity insertion rates based on the perfect mixing 
assumption and the integrated reactivity steps based on the wave front model were 
compared to the reactivity insertion rates for dilutions initiated from HFP and HZP initial 
conditions respectively to confirm the non-limiting nature of the dilution events that are 
initiated from partial power conditions.  

Mode 1 (Operations) HZP 

In this mode of plant operation, an inadvertent decrease in boron concentration causes a 
reactivity insertion that increases reactor power, but does not lead to a rise in coolant 
temperature, pressurizer level, or RCS pressure. A loss of shutdown margin would occur 
quickest for the highest reactivity insertion rate, i.e., the maximum dilution flow rate of 25 
gpm (1 CVCS pump) with unborated water. The reactivity insertion rate associated with 
this configuration is determined using the wave front model (Equation 7-2 and Equation 
7-3) The reactivity insertion rate associated with this configuration is determined using 
both the perfect mixing model (Equation 7-1) and the wave front model (Equation 7-2 
and Equation 7-3). The time of reactor trip and isolation of the dilution source via closure 
of DWS isolation valves is obtained from the results for the uncontrolled CRA bank 
withdrawal from subcritical or low power startup conditions event (Section 7.2.13)  for the 
case with the same (or lower) initial power, the same (or lower) reactivity insertion rate, 
and the longest time to reactor trip. The calculations performed with the wave front 
model also determine the shutdown margin available after isolation of the DWS, and the 
time at which the shutdown margin would be lost if the dilution source was not 
terminated. The system responses for all other acceptance criteria are comparable to 
the uncontrolled CRA bank withdrawal from subcritical or low power startup conditions 
event.  
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Table 7-75 Representative results – inadvertent decrease in boron concentration in Mode 1 at 
hot full power with the Perfect Mixing Model 

Mode 1 (HFP) 1 CVCS Pump 2 CVCS Pumps 
Dilution Flow Rate (gpm) 25 50  
Initial boron concentration (ppm) 1400 1400 
Final boron concentration (ppm) 1196 1196 
Perfect mixing reactivity insertion rate (pcm/s) 0.50 1.00 
Reactor trip / DWS isolation time (s) 161 78 
DWS isolation valves closed (s) 166 83 
Shutdown margin at time of isolation (pcm)  Greater than 1944 Greater than 1912 
Shutdown margin lost assuming no isolation (s) 4092 

(68.2 min) 
2046 
(34.1 min) 

 

Table 7-76 Representative results – inadvertent decrease in boron concentration in Mode 1 at 
25 percent rated thermal power 

Mode 1 (25 percent RTP) 1 CVCS Pump 
Dilution flow rate (gpm) 25 
Initial boron concentration (ppm) 1800 
Final boron concentration (ppm)  1596 
Perfect mixing reactivity insertion rate (pcm/s) 0.65 
Wave front reactivity insertion rate (pcm/s) 19.1 
Wave front initial reactivity step (pcm) 19 
Shutdown margin lost assuming no isolation (s)  3120 

(52 min) 
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Table 7-77 Representative results – inadvertent decrease in boron concentration in Mode 1 at 
hot zero power with the Wave Front Model 

Mode 1 (HZP, 1 MWt) 1 CVCS Pump 
Dilution Flow Rate (gpm) 25 
Initial boron concentration (ppm) 1800 
Final boron concentration (ppm) 1596 
Initial reactivity step (pcm)  685 
Wave front reactivity insertion rate (pcm/s) 17.3 
Duration of reactivity insertion rate for each wave (s) 39.5 
Initial wave front reaches core inlet 900 
Initial wave front reaches core exit 939.5 
Reactor trip / DWS isolation time(1) (s) 
(wave front at core exit + UCRWS trip time) 

Approximately 
2028 

DWS isolation valves closed (s) Approximately 
2033 

Shutdown margin at time of isolation (pcm) Greater than 697 
Shutdown margin lost assuming no isolation (s) 
(critical wave at core inlet) 

4200 
(70 min) 

1. Conservatively estimated to occur upon arrival of the subsequent wave 

 

Table 7-78 Representative results – inadvertent decrease in boron concentration in Mode 2 

Mode 2 (Coolant Flow ≥ 1.7 ft3/s)) 1 CVCS Pump 
Dilution Flow Rate (gpm) 25 
Initial boron concentration (ppm) 785.5 
Final boron concentration (ppm) 600 
Initial reactivity step (pcm)  329 
Wave front reactivity insertion rate (pcm/s) 8.32 
Duration of reactivity insertion rate for each wave (s) 39.5 
Reactor trip/DWS isolation wave at core inlet (s)  5280 

(88 min) 
DWS isolation valves closed (s) 5475 
Shutdown margin at time of isolation (pcm)  Greater than 517 
Shutdown margin lost assuming no isolation (s) 
(critical wave at core inlet) 

7440 
(124 min) 




