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Request for Additional Information (RAI) 17.2: 

In response to RAI-17 (Ref. 5), Westinghouse discussed its position that reliance upon a 
reload safety analysis checklist, in conjunction with existing TSs, would be sufficient to assure 
that plant operators would maintain the power levels of fuel rods in the extended burnup region 
within burnup-dependent limits to be assumed in a safety analysis performed according to 
WCAP-18446-P/WCAP-18446-NP, Revision 0. However, the NRC staff did not find the 
information provided in the response to RAI 17 sufficient to justify that the proposed approach 
would yield a set of plant-specific TSs which comply with the requirements in 10 CFR 50.36, 
including those in paragraph (c)(2)(ii). Therefore, please clarify whether Westinghouse intends 
(1) to propose and justify a generic approach for assuring compliance with burnup-dependent
power levels for fuel rods in the extended burnup region that is capable of satisfying the
requirements in 10 CFR 50.36 or (2) to defer justification of compliance with the requirements
of 10 CFR 50.36 to licensees implementing the WCAP-18446-P/WCAP-18446-NP, Revision 0,
methodology on a plant-specific basis.

Response to RAI 17.2: 

The overall analysis as presented in Kobelak, et al. [17-1] ensures the fuel cladding will remain 
intact as a fission product barrier during a loss of coolant accident (LOCA).  The cycle specific 
analysis will cover any peripheral assembly that experiences a rod average burnup greater 
than 62 GWD/MTU.  Standard uncertainties will be applied in the reload calculation covering 
both measurement uncertainty and an allowance for allowed operating conditions (e.g. core tilt, 
control rod insertion, etc.). 

To address the requirements of 10 CFR 50.36 a maximum rod power limit specifically for 
assemblies addressed by the incremental burnup extension will be added to the core operating 
limits report.  This limit will only be applicable to fuel rods that exceed 62 GWD/MTU rod 
average burnup and will only be applicable following the prediction of the fuel rod average 
burnup exceeding 62 GWD/MTU.  The F∆H limit will be developed to ensure that the fuel rods 
greater than 62 GWD/MTU rod average burnup do not experience clad rupture during a LOCA 
event using the method described in WCAP-18446. 

The F∆H limit for high burnup rods will be listed in the same COLR section as the current 
departure from nuclear boiling (DNB) based core maximum F∆H limit.  This new COLR limit 
will be required to follow the same limiting condition for operation (LCO) requirements as the 
DNB based F∆H limit.  The required actions and completion times are appropriate for the DNB 
based F∆H limit and therefore are conservative for a limit that only applies to a design basis 
accident scenario.  The DNB based F∆H limit is in place to protect against Condition I, 
Condition II, and Condition III transients which are far more common than a Condition IV 
design basis LOCA event.  Therefore, since the completion time and required action is 
appropriate for a DNB based F∆H limit, it is appropriate and conservative for this new F∆H 
COLR limit applied for incremental burnup extension. 
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The DNB based core maximum F∆H limit is measured every 31 EFPD or in accordance with 
the Surveillance Frequency Program.  The incremental burnup extension F∆H limit will be 
monitored in accordance with the already in place surveillance program.  The standard 
surveillance interval and frequency will not be increased or adjusted to account for the 
additional F∆H COLR limit for incremental burnup except for the requirement that it need not 
be measured during the initial power ascension since this is non-limiting with regard to LOCA.  
After the initial power ascension, the high burnup F∆H limit will simply be confirmed as part of 
the monthly flux map surveillance, thereby limiting the impact on plant operation.  No new flux 
map requirements will be put in place outside of the new surveillance limit specifically for 
assemblies that the incremental burnup extension is applied. 

The F∆H limit for rods with a rod average burnup greater than 62 GWD/MTU is more limiting 
than the DNB based F∆H for those specific rods.  This results in the standard DNB based F∆H 
limit being applied prior to the time in life where the rod average burnup is predicted to exceed 
62 GWD/MTU and the incremental burnup analysis-based F∆H limit once a rod exceeds 
62 GWD/MTU.  Due to this the COLR will list the DNB based limit as applicable to rods that do 
not exceed a rod average burnup of 62 GWD/MTU and the incremental burnup limit will be 
applied only to rods that exceed a rod average burnup of 62 GWD/MTU. 

A standard TS bases (NUREG-1431, Rev. 5 [17-2]) markup is provided as well as a sample 
COLR limit transmittal for this specific limit.  There is no standard TS markup provided since no 
changes to limit 3.2.2 are needed to support this additional F∆H COLR limit.  

The COLR F∆H limit for incremental burnup is based on a full power F∆H limit that can be 
increased with decreasing reactor power.  This is consistent with the assumptions in the LOCA 
analysis since the absolute power in the rod is the limiting factor for the analysis.  Therefore, a 
decrease of power by 1% would thereby allow a 1% increase in the F∆H limit since it is 
normalized across the core and results in identical analysis calculations.  Therefore a 1/P 
relationship is the appropriate function of the COLR limit.  This COLR equation limits the power 
reduction to restore compliance with the limit only to what is necessary to retain consistency 
with the incremental burnup analysis.  Per Action A.1.1 of Westinghouse Standard Tech Spec 
3.2.2, this power reduction must occur within 4 hours of a measurement that indicates non-
compliance. 

Reference(s) 

17-1) Kobelak, J., et al., “Incremental Extension of Burnup Limit for Westinghouse and
Combustion Engineering Fuel Designs,” WCAP-18446-P, December 2020. 

17-2) NUREG-1431, Revision 5.0, “Standard Technical Specifications – Westinghouse

Plants,” September 2021. 
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Sample Standard Bases Markup listed in Red Font 

B 3.2 POWER DISTRIBUTION LIMITS 

B 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor ( FN H ) 

BASES 

BACKGROUND The purpose of this LCO is to establish limits on the power density at any 
point in the core so that the fuel design criteria are not exceeded and the 
accident analysis assumptions remain valid. The design limits on local 
(pellet) and integrated fuel rod peak power density are expressed in terms 
of hot channel factors. Control of the core power distribution with respect 
to these factors ensures that local conditions in the fuel rods and coolant 
channels do not challenge core integrity at any location during either 
normal operation or a postulated accident analyzed in the safety 
analyses. 

FN H is defined as the ratio of the integral of the linear power along the fuel 
rod with the highest integrated power to the average integrated fuel rod 
power. Therefore, FN H is a measure of the maximum total power 
produced in a fuel rod. 

FN H is sensitive to fuel loading patterns, bank insertion, and fuel burnup. 
FN H typically increases with control bank insertion and typically decreases 
with fuel burnup. 

FN H is not directly measurable but is inferred from a power distribution 
map obtained with the movable incore detector system. Specifically, the 
results of the three dimensional power distribution map are analyzed by a 
computer to determine FN H . This factor is calculated at least every 
31 EFPD. However, during power operation, the global power distribution 
is monitored by LCO 3.2.3, "AXIAL FLUX DIFFERENCE (AFD)," and 
LCO 3.2.4, "QUADRANT POWER TILT RATIO (QPTR)," which address 
directly and continuously measured process variables. 

The COLR provides peaking factor limits that ensure that the design basis 
value of the departure from nucleate boiling (DNB) is met for normal 
operation, operational transients, and any transient condition arising from 
events of moderate frequency. The DNB design basis precludes DNB 
and is met by limiting the minimum local DNB heat flux ratio to [1.3] using 
the [W3] CHF correlation. All DNB limited transient events are assumed 
to begin with an FN H value that satisfies the LCO requirements.  The DNB 
based limit applies to all rods in the core including rods that exceed a rod 
average burnup of 62 GWD/MTU.  However, since the incremental burnup 
FN H is a lower limit, the DNB limit is listed as only applicable to rods less 
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than or equal to 62 GWD/MTU in the COLR. 

For rods with a rod average burnup of greater than 62 GWD/MTU, the 
COLR provides peaking factor limits that ensure that the rods will not burst 
during a loss of coolant accident (LOCA) event.  By ensuring rods with a 
burnup greater than 62 GWD/MTU remain below a specified FN H value, 
rods greater that 62 GWD/MTU will not burst during a LOCA event and 
therefore will not contribute to any impact of fuel dispersal. 

Operation outside the LCO limits may produce unacceptable 
consequences if a DNB limiting event or LOCA event occurs. The 
DNB design basis ensures that there is no overheating of the fuel that 
results in possible cladding perforation with the release of fission 
products to the reactor coolant. The incremental burnup design basis 
ensures that rods with a rod average burnup greater than 62 
GWD/MTU do not experience clad burst during a LOCA event.
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APPLICABLE Limits on FN H preclude core power distributions that exceed the following 
SAFETY fuel design limits:
ANALYSES 

a. There must be at least 95% probability at the 95% confidence level
(the 95/95 DNB criterion) that the hottest fuel rod in the core does not
experience a DNB condition,

b. During a large break loss of coolant accident (LOCA), peak cladding
temperature (PCT) must not exceed 2200°F,

c. During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm [Ref. 1], and

d. Fuel design limits required by GDC 26 (Ref. 2) for the condition when
control rods must be capable of shutting down the reactor with a
minimum required SDM with the highest worth control rod stuck fully
withdrawn.

e. Fuel rods that exceed a predicted 62 GWD/MTU rod average burnup
must not experience clad rupture due to the potential for fuel
dispersal.

For transients that may be DNB limited, the Reactor Coolant System flow 
and FN H are the core parameters of most importance. The limits on FN H  

ensure that the DNB design basis is met for normal operation, operational 
transients, and any transients arising from events of moderate frequency. 
The DNB design basis is met by limiting the minimum DNBR to the 
95/95 DNB criterion of [1.3] using the [W3] CHF correlation. This value 
provides a high degree of assurance that the hottest fuel rod in the core 
does not experience a DNB. 

The allowable FN H limit increases with decreasing power level. This 
functionality in FN H is included in the analyses that provide the Reactor 
Core Safety Limits (SLs) of SL 2.1.1. Therefore, any DNB events in 
which the calculation of the core limits is modeled implicitly use this 
variable value of FN H in the analyses. Likewise, all transients that may be 

DNB limited are assumed to begin with an initial FN H as a function of 
power level defined by the COLR limit equation. 

The LOCA safety analysis indirectly models FN H as an input parameter. 
The Nuclear Heat Flux Hot Channel Factor (FQ(Z)) and the axial peaking 
factors are inserted directly into the LOCA safety analyses that verify the 
acceptability of the resulting peak cladding temperature [Ref. 3]. 

The incremental burnup basis sets the FN H limit for rods having rod 
average burnup > 62 GWD/MTU. This assures that the power in the high 
(> 62 GWD/MTU) burnup rods located in fuel assemblies on the core 
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periphery will remain within the limits required to prevent clad rupture 
during a LOCA event. 

The fuel is protected in part by Technical Specifications, which ensure that 
the initial conditions assumed in the safety and accident analyses remain 
valid. The following LCOs ensure this: LCO 3.2.3, "AXIAL FLUX 
DIFFERENCE (AFD)," LCO 3.2.4, "QUADRANT POWER TILT RATIO 
(QPTR)," LCO 3.1.6, "Control Bank Insertion Limits," LCO 3.2.2, "Nuclear 
Enthalpy Rise Hot Channel Factor (FN H ) ," and LCO 3.2.1, "Heat Flux Hot 
Channel Factor (FQ(Z))." 

FN H and FQ(Z) are measured periodically using the movable incore 
detector system. Measurements are generally taken with the core at, or 
near, steady state conditions. Core monitoring and control under 
transient conditions (Condition 1 events) are accomplished by operating 
the core within the limits of the LCOs on AFD, QPTR, and Bank Insertion 
Limits. 

FN H satisfies Criterion 2 of 10 CFR 50.36(c)(2)(ii). 

LCO FN H shall be maintained within the limits of the relationship provided in 
the COLR. 

The FN H limit identifies the coolant flow channel with the maximum 
enthalpy rise. This channel has the least heat removal capability and 
thus the highest probability for a DNB. 

The limiting value of FN
H, described by the equation contained in the 

COLR, is the design radial peaking factor used in the unit safety 
analyses. 

A power multiplication factor in this equation includes an additional 
margin for higher radial peaking from reduced thermal feedback and 
greater control rod insertion at low power levels. The limiting value of is 
FN H allowed to increase 0.3% for every 1% RTP reduction in THERMAL 
POWER. 

The limiting value of FN
H, for rods with a rod average burnup greater than 

62 GWD/MTU burnup described in the COLR represents the maximum 
relative rod power in any fuel rod with a rod average burnup greater than 
62 GWD/MTU.  This value is used in the incremental burnup analysis to 
demonstrate no clad rupture for fuel that exceeds a rod average burnup 
greater than 62 GWD/MTU.   
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APPLICABILITY The FN H limits must be maintained in MODE 1 to preclude core power 
distributions from exceeding the fuel design limits for DNBR, PCT, and 
clad rupture during a LOCA event for rods with burnup > 62 GWD/MTU. 
Applicability in other modes is not required because there is either 
insufficient stored energy in the fuel or insufficient energy being 
transferred to the coolant to require a limit on the distribution of core 
power. Specifically, the design bases events that are sensitive to FN H in 
other modes (MODES 2 through 5) have significant margin to DNB, and 
therefore, there is no need to restrict FN H in these modes. 
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ACTIONS A.1.1

With FN H exceeding its limit, the unit is allowed 4 hours to restore FN H to 
 

within its limits. This restoration may, for example, involve realigning any 
misaligned rods or reducing power enough to bring FN H within its power 
dependent limit. When the FN H limit is exceeded, the DNBR limit is not 
likely violated in steady state operation, because events that could 
significantly perturb the FN H value (e.g., static control rod misalignment) 
are considered in the safety analyses. However, the DNBR limit may be 
violated if a DNB limiting event occurs. Similarly, exceeding the FN H limit 
for rods with an average burnup > 62 GWD/MTU does not necessarily 
mean the rod will burst during a design basis LOCA event due to various 
conservatisms in the analysis.  Thus, the allowed Completion Time of 4 
hours provides an acceptable time to restore FN H to within its limits 
without allowing the plant to remain in an unacceptable condition for an 
extended period of time. 

Condition A is modified by a Note that requires that Required Actions A.2 
and A.3 must be completed whenever Condition A is entered. Thus, if 
power is not reduced because this Required Action is completed within 
the 4 hour time period, Required Action A.2 nevertheless requires another 
measurement and calculation of FN H within 24 hours in accordance with 
SR 3.2.2.1. 

However, if power is reduced below 50% RTP, Required Action A.3 
requires that another determination of FN H must be done prior to 
exceeding 50% RTP, prior to exceeding 75% RTP, and within 24 hours 
after reaching or exceeding 95% RTP. In addition, Required Action A.2 is 
performed if power ascension is delayed past 24 hours. 

A.1.2.1 and A.1.2.2

If the value of FN H is not restored to within its specified limit either by 
adjusting a misaligned rod or by reducing THERMAL POWER, the 
alternative option is to reduce THERMAL POWER to < 50% RTP in 
accordance with Required Action A.1.2.1 and reduce the Power Range 
Neutron Flux - High to ≤ 55% RTP in accordance with Required 
Action A.1.2.2. Reducing RTP to < 50% RTP increases the DNB margin 
and does not likely cause the DNBR limit to be violated in steady state 
operation.  The reduction in trip setpoints ensures that continuing 
operation remains at an acceptable low power level with adequate DNBR 
margin. The allowed Completion Time of 4 hours for Required Action 
A.1.2.1 is consistent with those allowed for in Required Action A.1.1 and
provides an acceptable time to reach the required power level from full
power operation without allowing the plant to remain in an unacceptable
condition for an extended period of time. The Completion Times of 4
hours for Required Actions A.1.1 and A.1.2.1 are not additive.
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ACTIONS (continued) 

The allowed Completion Time of 72 hours to reset the trip setpoints per 
Required Action A.1.2.2 recognizes that, once power is reduced, the 
safety analysis assumptions are satisfied and there is no urgent need to 
reduce the trip setpoints. This is a sensitive operation that may 
inadvertently trip the Reactor Protection System. 

A.2

Once the power level has been reduced to < 50% RTP per Required 
Action A.1.2.1, an incore flux map (SR 3.2.2.1) must be obtained and the 
measured value of FN H verified not to exceed the allowed limit at the 
lower power level. The unit is provided 20 additional hours to perform this 
task over and above the 4 hours allowed by either Action A.1.1 or 
Action A.1.2.1. The Completion Time of 24 hours is acceptable because 
of the increase in the DNB margin and clad rupture margin during a 
LOCA event, which is obtained at lower power levels, and the low 
probability of having a DNB limiting event or LOCA event within this 24 
hour period. Additionally, operating experience has indicated that this 
Completion Time is sufficient to obtain the incore flux map, perform the 
required calculations, and evaluate FN H . 

A.3

Verification that FN H is within its specified limits after an out of limit 
occurrence ensures that the cause that led to the FN H exceeding its limit 
is corrected, and that subsequent operation proceeds within the LCO 
limit. This Action demonstrates that the FN H limit is within the LCO limits 
prior to exceeding 50% RTP, again prior to exceeding 75% RTP, and 
within 24 hours after THERMAL POWER is ≥ 95% RTP. 

This Required Action is modified by a Note that states that THERMAL 
POWER does not have to be reduced prior to performing this Action. 

B.1

When Required Actions A.1.1 through A.3 cannot be completed within 
their required Completion Times, the plant must be placed in a mode in 
which the LCO requirements are not applicable. This is done by placing 
the plant in at least MODE 2 within 6 hours. The allowed Completion 
Time of 6 hours is reasonable, based on operating experience regarding 
the time required to reach MODE 2 from full power conditions in an 
orderly manner and without challenging plant systems. 



SURVEILLANCE        SR 3.2.2.1 
REQUIREMENTS 

The value of FN H is determined by using the movable incore detector 
system to obtain a flux distribution map. A data reduction computer 
program then calculates the maximum value of FN H from the 
measured flux distributions. The measured value of FN H must be 
multiplied by 1.04 to account for measurement uncertainty before 
making comparisons to 
the FN H limit. 

After each refueling, FN H must be determined in MODE 1 prior to 

exceeding 75% RTP. This requirement ensures that FN H limits are 

met at the beginning of each fuel cycle. 

[ The 31 EFPD Frequency is acceptable because the power distribution 
changes relatively slowly over this amount of fuel burnup. Accordingly, 
this Frequency is short enough that the FN H limit cannot be exceeded 
for any significant period of operation. 

OR 

The Surveillance Frequency is controlled under the 
Surveillance Frequency Control Program. 

REVIEWER’S NOTE
Plants controlling Surveillance Frequencies under a Surveillance 
Frequency Control Program should utilize the appropriate Frequency 
description, given above, and the appropriate choice of Frequency in 
the Surveillance Requirement. 

] 

REFERENCES 1. Regulatory Guide 1.77, Rev. [0], May 1974.

2. 10 CFR 50, Appendix A, GDC 26.

3. 10 CFR 50.46.

4. WCAP-18446-P, "Incremental Extension of Burnup Limit for
Westinghouse and Combustion Engineering Fuel Designs".
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CORE OPERATING LIMITS REPORT Sample_(Incremental Burnup)                                __________ 

2.2 Nuclear Enthalpy Rise Hot Channel Factor FNH 

2.2.1 For rods with a nominal burnup ≤ 62 GWD/MTU: 

FNH = FRTPH* (1 + PF *(1 – P)) 

where:  

P = (THERMAL POWER)/(RATED THERMAL POWER) 

FRTPH = 1.65 

PF = 0.3 

2.2.2 For rods with a nominal burnup > 62 GWD/MTU: 

FNH = FINBH /P  

Where: 

FINBH  = (value used in Incremental Burnup FFRD analysis) 

P = (THERMAL POWER)/(RATED THERMAL POWER) 
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Request for Additional Information (RAI) 24.2: 

In response to RAI 24 (Ref. 5), Westinghouse discussed its position regarding transient 
fission gas release for fuel rods in the extended burnup region that are subject to the 
constraints of the WCAP-18446-P/WCAP-18446-NP, Revision 0, methodology. In particular, 
Westinghouse’s response to the NRC RAI discussed a proposal for a [  

  ]a,c. Please clarify the following information 
concerning the release of transient fission gas, particularly as related to the adequacy of the 
[    ]a,c: 

a. The length (or typical length) of the continuity cells described in the response to RAI
24.

b. The basis for assuming [
 ]a,c. As discussed in various 

references such as Jernkvist’s “Modelling of Fine Fragmentation and Fission Gas 
Release of UO2 Fuel in Accident Conditions” (Ref. 9) and Capps, et al’s. “A Critical 
Review of high Burnup Fuel Fragmentation, Relocation, and Dispersal Under Loss-
of-Coolant Accident Conditions” (Ref. 10), mechanisms suspected of driving the 
transient release of fission gas include phenomena such as micro-cracking along 
grain boundaries. These phenomena are [  

 ]a,c. 

c. The basis for assuming that transient fission gas release is associated primarily with
temperature increases rather than significant temperature changes. As discussed in
INL/JOU-16-39206, “Analysis of Transient Fission Gas Behaviour in Oxide Fuel
Using BISON and TRANSURANS” (Ref. 7), one of the physical mechanisms
suspected of driving transient fission gas release is micro-cracking along grain
boundaries, which can apparently result from large temperature swings in either
direction. The response should further address the point that, [

 ]a,c. 
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Response to RAI 24.2: 

Part A 

The core continuity cell heights/lengths are primarily based on the [ 

  ]a,c This may result in core continuity cells which 
are not equal in height. For example, see Table 26.1-1 of Kobelak, et al. [24-1] which lists 
input parameters used in modeling of the core axial noding in experimental tests with heated 
bundles and the pressurized water reactor (PWR) models. PWR noding is implemented 
consistent with the noding used in the verification and validation of the code, and modeling 
variation among plants is minimized via standards and engineering peer reviews. The core 
continuity cell modeling has been standardized over 20-plus years of Westinghouse 
development of WCOBRA/TRAC PWR input models. 

Part B 

The mechanisms for transient fission gas release (tFGR) and microstructure changes that 
occur to high burnup fuel during a LOCA transient are a primary focus of industry research 
and development programs. As reported by Capps, et. al. [24-2], the pellet thermal gradient, 
thermal expansion, and creep play important roles in crack nucleation and propagation. The 
reported mechanism driving the initial burst of tFGR has been attributed to the over-
pressurization of fission gas bubbles that leads to micro-cracking and interlinking of bubbles 
primarily in the rim region. It was also noted by Capps, et. al. that extensive micro-cracking 
in the fuel sample subsequently led to pellet fragmenting and pulverizing. Additionally, 
Figures 10 and 11 of Jernkvist [24-3] show fragmentation and pulverization occurring at 
nearly the same time and demonstrate good agreement with the reported results for the 
Halden IFA-650 LOCA tests 9 and 10. Further, the linkage between fission gas release and 
fragmentation has been reported in Table 1 of Une, et. al. [24-4]. As shown, even for the 
rapid heating tests performed, small amounts of fission gas release were measured for test 
specimens that remained in their original form, while appreciable amounts of fission gas 
release were measured for test specimens that fragmented.  

Westinghouse acknowledges that a consensus seems to have formed regarding the first 
burst of tFGR release being caused at relatively low temperatures (550–850°C) due to over-
pressurized fission gas bubbles. The over-pressurization is thought to lead to the formation 
of a network of microcracks. As such, a temperature threshold for the onset of tFGR has 
some merit. However, [  

 ]a,c 
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[ 

 ]a,c 

The focus of the LOCA calculations performed under the incremental burnup extension is 
[ 

 ]a,c  

In summary, Westinghouse recognizes that fission gas over-pressurization leading to micro-
cracking is the likely cause of the initial burst of tFGR; however, [  

]a,c 
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Part C 

FGR models in current industry codes generally remain empirical, although it is recognized 
that varying levels of complexity exist. For example, the tFGR model in BISON and 
TRANSURANUS described by Barani, et. al. [24-9] identified by the NRC Staff contains a 
term for fission gas release that is attributed potentially to micro-cracking. The data used to 
develop the micro-cracking term are derived from power ramp testing and are empirically fit. 
As reported by Barani et. al., the underlying mechanism of burst release, based on 
experimental evidence and consensus, is micro-cracking along grain boundaries. As such, it 
was assumed therein that burst release occurs through fuel micro-cracking. [  

 ]a,c 

The power ramp test conditions used to develop the micro-cracking term described by 
Barani, et. al. are [  

]a,c
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[  
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
  

 ]a,c  

As reported by Barani et. al., burst release during power ramp tests has been experimentally 
observed. [  

 

 
 

 
 ]a,c 

Based on the above discussion, Westinghouse’s position is that the [   
 

 
 

 
  ]a,c  
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under Loss-Of-Coolant Accident Conditions,” dated April 2021, Vol. 546. 

24-3) L. O. Jernkvist, “Modelling of fine fragmentation and fission gas release of UO 2 fuel
in accident conditions,” dated January 2019, Vol. 5, EPJ Nuclear Sciences & 
Technologies.  

24-4) K. Une, et al., “Fission Gas Release Behavior from High Burnup UO2 Fuels under
Rapid Heating Conditions,” April 2006, Vol. 43, No. 9, p. 1161-1171, Journal of 
Nuclear Science and Technology.  

24-5) Une, K., Kashibe, S., and Hayashi, K., “Fission Gas Release Behavior in High
Burnup UO2 Fuels with Developed Rim Structure,” Journal of Nuclear Science and 
Technology, Suppl. 3, pp. 668 - 674, November 2002. 

24-6) Turnbull, J. A., et al., “An Assessment of the Fuel Pulverization Threshold During
LOCA Type Temperature Transients,” Nuclear Science and Engineering, 179, pp. 
477 – 485, 2015. 

24-7) Yueh, K., et al., September 2014, “Fuel Fragmentation Data Review and Separate
Effects Testing,” Proceedings of WRFPM 2014, Sendai, Japan, September 14-17 
(Paper No. 100117). 

24-8) Kobelak, J., et al., “Incremental Extension of Burnup Limit for Westinghouse and
Combustion Engineering Fuel Designs,” WCAP-18446-P, December 2020. 

24-9) Barani, T., et. al., “Analysis of transient fission gas behaviour in oxide fuel using
BISON and TRANSURANUS,” INL/JOU-16-39206,” 2016. 

24-10) Pontillon, Y., et. al., “Experimental and Theoretical Investigation of Fission Gas
Release from UO2 up to 70 GWd/t under Simulated LOCA Type Conditions: The 
GASPARD Program,” Proceedings of the 2004 International Meeting on LWR Fuel 
Performance, Orlando, Florida, September 19-22 (Paper 1025). 

24-11) Bowman, A. B., et. al., “Westinghouse Performance Analysis and Design Model,”
WCAP-17642-P-A, Revision 1, November 2017. 




