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AGENDA

NRC/NEI SOURCE TERM TASK FORCE MEETING 

FEBRUARY 15, 2000

Topic 
Welcome and Opening Remarks 

Gap Fission Product Content 

Duration of Accident 

Prior Design Basis 

Discussion of Iodine Chemical Form in Gap 

Discussion of Full versus Selective 

Implementation Requirements and Guidance 

Meeting Review and Wrap-up 

Adjourn

Responsible Party 
NRC and NEI 

Stan Ritterbusch 

Sreela Fergunson 

Sreela Fergunson 

Bill Hopkins 

NRC staff 

NRC and NEI

Attachmnnt 2

Item 
1.  

2.  

3.  

4.  

5.

6.  

7.  

8.



PRIOR DESIGN BASIS

PtF El

PRIOR DESIGN BASIS

* DG 1081, Section 5.1.4 statement: "Prior design basis that are 
unrelated or unaffected by the AST may continue as facility design 

basis" 

* Appendices to DG 1081 however provide safety analyses guidance 

beyond AST 

* DG 1081 should be updated to clarify that if unrelated with AST, prior 

design basis assumptions take precedence over guidance in 

Appendices to DG 1081.  

NEI

Atttachnet 3 1



PRIOR DESIGN BASIS 

a Industry Recommendation: Add the following additional statement to 

DG 1081 Section 5.1.4 after: "Prior design basis that are unrelated or 

unaffected by the AST may continue as facility design basis" 

"This includes the continued use/acceptability of site specific modelsfassumptions 
unaffected by the AST, which were previously accepted by the staff, even 
though they may be different from those identified by the staff and listed in 

DG1081 and its Appendices as appropriate and prudent for use in safety 
analyses.. This includes but is not be limited to assumptions with respect to 
single failure, passive failure, amount of ESF leakage, iodine spiking, etc.  

Duration of Accident - LPZ/CR 
Analyses
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Duration of Accident - LPZ/CR 
Analyses 

Concern 

* DG 1081 does not consistently define what constitutes a reasonable 

accident duration for several of the DBAs.  

* For example, the time duration for the LOCA is not addressed in DG 

1081. The 30 day duration currently used can only be traced to TID 14844 

which is not a valid reference for AST.  

* Table 6 of DG 1081 should be updated to summarize / co-relate allowable 

dose limits to expected accident durations 

* Industry recommendation on accident durations consistent with current 

guidance for traditional source terms (i.e.;based on SRPs/TID).  

Duration of Accident - LPZ/CR 
Sanalyses 

Recommendation - Update Table 6 to include duration.  
Accident Accdent D9)u ration 

"* LOCA 30 days unless demonsfl•tod shorter by plant design 

"* BWR MSLB 2 hrs unless demonstrated shorter by plant design 

"* BWR Rod drop 24 brs unless demonstrated shorter by plant design 

"* PWR SGTR Until shutdown cooling can remove all decay heat 

"* PWR MSLB Unaffected SGs: Until shutdown cooling can remove all 
decay heat 

Affected SOs : Until primary coolant temp. reaches 212F 

"* PWR LR Until shutdown cooling can ,move all decay heat 

"* PWR REA Containment Scenano: 30 days 

Secondary Side release Until shutdown cooling can 

remove all decay heat 

"* FHA 2 hrs 

La
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Duration of Accident - EQ

Duration of Accident - EQ 

Concerns 
"• No existing regulatory guidance on what constitutes a reasonable accident 

duration for equipment qualification purposes.  

"* Varied time frames (from couple of months to I year) used by licensees, 
and accepted by staff 

"* No basis/reason provided for the differences in the expected duration of the 
same accident (e.g. LOCA) from site to site.  

"* No credit given to the fact that additional/backup equipment can be 
brought on site and utilized for maintenance of safe shutdown as long as a 
reasonable amount of time has passed since accident initiation.

".4



Duration of Accident - EQ 

Industry Recommendation 

"* Distinction should be made between the mitigation and recove•ry phase of 
an accident.  

"* The mitigation phase is the time immediately after the event when existing 
plant design/response has to be dependent on to mitigate the event 

"• The recovery phase is the period after the mitigation phase during which 
additional cleanup/recovery equipment can be brought on site, as needed, 
and credited for maintenance of safe shutdown.  

• Safety related equipment should be qualified for the mitigation phase.  

. The duration of the "mitigation phase" should be consistent with the 
accident duration for LPZ/CR analyses, e.g. 30 days for the LOCA

Duration of Accident - EQ 

a Basis for Industry Recommendation 

* TMI experience has indicated that an entire safety related R.HR system, 
(including associated structures for housing the referenced equipment) was 
installed/operable within seven days of the event.  

• As part of NRC's effort on rebaselining plants for use of AST, 
NUREG/CR 5313 concluded that EQ applications associated with long 
term operability are not risk significant.  

N n
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Comments on DG-1081 
Gap Fission Product Content 

February 15, 2000

P5 El

Agenda 
"* Basis for commenting 

"* Percent of fuel rod inventory that is released to the gap 
during normal operation 

"* Radial power peaking factor used in predicting the 
quantity of fission products generated in the fuel pellet 

column 

Note: Fission product content in fuel-cladding gap 

= (total fuel rod content) x (percent released from pellet) 
[fission product decay is credited for the fuel handling accident.) 

t tF:I
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Basis for Commenting 

a Respond to staff efforts to promote more frequent and 

open communications with the industry and public 

"* Provide staff with technical bases to support changes to 
DG-1081 

"* Provide an approach for non-LOCA accidents: 
* conservative relative to data 

* follows source term philosophy of being physically consistent 

"* Facilitate industry implementation of the alternate source 
term 

Percent Fuel Rod Inventory 
Released - Overview 

a DG-1081: 

1-131 12% 
Kr-85 15% 

Other iodines 10% 
Other noble gases 10% 

Alkali metals 10%



Percent Fuel Rod Inventory 
Released - Overview....  

"* NRC position is based on FRAPCON-3 analysis; 
however, 
"* details of the FRAPCON-3 analysis input assumptions are 

not available to the public 

"* results appear to be excessively conservative relative to 
measurements from actual fuel rods 

"* Industry proposes a model (very conservative) that is 

based on actual measurements for a number of fuel 

designs over a wide range of bumup 

ftE: I 

Industry Observations 
"* The ANS 5.4 model, used traditionally, is overly 

conservative due to its exponential burnup-dependent 
multiplier, based on: 
* few data points 

• plutonium/uranium mixed oxide fuel 

"* The NRC FRAPCON-3 model and analysis have not 

provided to industry 

"* High-burnup gap content measurements from actual fuel 

rods are available 

"* Fuel rod behavior for the control rod ejection event is 

being addressed in NRC's high-burnup fuel research and 

evaluation program

--- 7



This Figure was inadvertently presented during the 
meeting but is considered proprietary by EPRI and 
has been redacted.



Composite Data From Both Reports 
With Bounding Envelope

All Fuel Data With Envelope 
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Rod Average Industry Proposed 
Burnup Gap Fraction for 

(MWD/MTU) Use in Design 
Basis Analysis 
No Heatup (%) 

0 3 
20M000 3 
30,000 3 
40,000 3 
50,000 3 
60,000 5.5 
62,000 6.0 
70,000 8.0 
75,000 9.25



Fuel Heatup 

a Some transients (e.g., excess load, small break 

LOCA) may result in fuel pellet heatup during the 

event 

w NUREG-1465 supporting analysis (in NUREG/CR

4881) showed that heatup (10 minutes at 1200C) 

during a LOCA could result in an additional 2% of 

fission products released from the pellet over 10 

hours time 

w For non-LOCA events with fuel heatup, 
conservatively assume that an additional 2% is 

instantaneously released to the gap 

Proposed Fission Product Inventory in 
Gap for Non-LOCA Events 

Rod Average Industry Proposed Industry Proposed 

Burnup Gap Fraction for Gap Fraction for 

(MWD/MT'UJ) Use in Design Use in Design 
Basis Analysis - Basis Analysis 
No Heatup % With Heatup %) 

0 3 5 

20000 3 5 

3000 3 5 

40000 3 5 

50000 3 5 

60000 5.5 7.5 

62 000 6.0 8.0 

70,000 8.0. 10.0 

75,000 9.25 11.25



Application to Specific Failed 
Fuel Analyses 

"* Fuel predicted to fail during an accident may have 

various burnups, depending on their particular power 

histories 

"* It is proposed that gap percentages can be applied to 

individual fuel rods or assemblies if specific burnup 

calculations have been performed 

"* If such bumup calculations have not been performed, 

the assumption of gap percentage should assume that 

the failed fuel is at the maximum licensed core 

bumup (highest gap percentage) within the limits of 

the core design. I 

Radial Power Peaking Factor 
for Total Fission Product 
Generation - Overview 

"* Fission product content in fuel-cladding gap = 

(total fuel rod content) x (percent released from pellet) 

"* Total fuel rod content = (core average fuel rod 

content) x (radial power peaking factor) 

"a NRC proposes using the maximum power peaking 

factor for all burnup levels 

industry believes this is excessively conservative 

"* Industry proposes using a power peaking factor that 

bounds actual analytical results 

P A



Power Peaking Factor for Core 
Inventory Calculations 

a Core-wide average-rod fission product inventories 

from a code such as ORIGEN-II are multiplied by a 

radial power peaking factor to obtain the inventory of 
fuel rods predicted to fail 

a The DG-1081 assumption that the failed fuel rods are 

at the maximum power level is excessively 

conservative because fuel assembly power decreases 
at high bumup 
", uranium is depleted 

"• fuel assemblies are moved to low-power regions of the core 

as they accumulate burnup

Decreasing Peaking Factor 
With Increasing Burnup

a-.

Movement of fuel 
assembly from 
high-power 
region of core to 
low-power region 
as burnup 
increases:
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Example of Bounding Envelope 
of Fuel Rod Power Vs. Burnup 

1.8

1.6

1.2

Inventor CalculSionse..1 

0.8
0.6
0.4
0.2

0
0 20 40 60 80 

Power Peaking Factor for Core 
Inventory Calculations....  

a Proposal: 
"* For low-burnup fuel (<30,000 MWD/MTU), use the radial 

power peaking factor from the Core Operating Limits 

Report (COLR) Power Peaking Factor for Core Inventory 

Calculations 

"* For fuel with higher burnups, use a radial power peaking 

factor based on the bounding power history envelope 

associated with the fuel cycle design being used 

* if.a radial power peaking factor from a power history 

envelope is not available, use the low-burnup value from 

the COLR



Conclusions 
a Replace DG-1081 Table 3 with: 

- allow application of fuel-specific burnup levels 

- allow application to low-burnup fuel in control rod ejection 

analyses 

* Allow credit for burnup effects on radial power peaking 

factor: 

A 0 40 40 0



PWR Gap Fractions 
Core Average Peak Rod 

Kr-85 2.9 7.9 

1-131 1.9 6.8 

Xe-1 33 0.6 2.8 

Cs-137 4.9 11.1 

'62 GWD/MTU 

),FRAPCON-3 with Massih model 

,f3-cycle irradiation model 

-• Does not include fabrication and modeling uncertainties. Does not include all possible 
Gnormal power transients. If considered, adjusted results could be 1.8 - 2.5 times higher 

4,0

RIC200O.PN4 4



BWR Gap Fractions 
Core Average Peak Rod 

Kr-85 2.9 7.9 

1-131 1.5 4.1 

Xe-133 0.6 1.6 

Cs-1 37 3.4 9.3 

>];'c GWD/MTU 

.. !•.rFRAPCON-3 with Massih model 

0 3-cycle irradiation model 

• Does not include fabrication and modeling uncertainties. Does not include all possible 
normal power transients. If considered, adjusted results could be 1.8 - 2.5 times higher 

RIC2000.PN4 4



Specific DG-1081 "Gap Fraction" Revisions 
DRAFT - 2/15/2000 

Comment 1: Section 3.1 

The draft guide states that, "For non-LOCA events, the appropriate radial peaking factor 
from the facility's core operating limits report (COLR) should be applied." For many 
events this would be an appropriate approach since, in general, the fuel rods that would 
be damaged in a postulated accident involving a reactor transient would be those at a 
high power level.  

However, it is well known that the relative power, and thus the radial power peak in a 
fuel rod, decreases as burnup increases. This is an expected phenomenon since power 
production must necessarily decrease as fissionable material is consumed. The 
assumption of a radial peaking factor based on the COLR report therefore should not be 
a requirement for all analyses since it may be an inappropriate assumption. For 
example, in the fuel handling accident, the damaged fuel may have been operating at a 
low power level, far below the peaking factor identified in the COLR - this is particularly 
true for high burnup fuel. Considering that high bumup fuel is expected to have higher 
fission product gap fractions than lower bumup fuel (see comment #2 that follows), the 
application of the high radial peaking factor to high burnup fuel results in an 
unreasonable level of conservatism.  

It is recommended that the above quoted sentence from the draft regulatory guide be 
replaced with: 

For events in which only a fraction of the core is damaged, an appropriately 
conservative radial peaking factor should be applied to the damaged fuel. For 
fuel with low burnup (i.e., <30,OOMWD/Mtu), the radial peaking factor from the 
facility's core operating limits report (COLR) should be applied. For fuel with a 
moderate or high level of burnup, the radial peaking factor may be reduced from 
the COLR value based on the bounding power history curve associated with the 
fuel design being used.  

A:\gap fraction DG-1081 specific changes, per Rev 6.doc
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Specific DG-1081 "Gap Fraction" Revisions 
DRAFT - 2/15/2000 

Comment: Section 3.2 

The specification that the gap fractions in Table 3 should be used for all non-LOCA 
accidents is excessively conservative. While footnote 10 states that, "The fractions 
shown in Table 3 are consistent with available data for extended burnup fuel (based on 
the limiting assembly).", the validity of this statement is not evident. The data obtained 
from fuel rods removed from power reactors support lower gap fractions than those in 
Table 3.  

Additionally, the use of a limiting assembly basis for the determination of the gap 
fractions results in the inherent assumption that any fuel damaged in a postulated 
accident is high burnup fuel. This is appropriate only if the level of burnup in the 
damaged fuel has not been ascertained. This approach does not allow for application of 
information on the fuel burnup associated with the fuel that would be damaged in a 
postulated accident.  

It is requested that DG-1 081 be revised to remove the paragraph preceding Table 3: 

For non-LOCA events, the fractions of the core inventory assumed to be in the 
gap for the various radionuclides are given in Table 3. These fractions are 
applied to the equilibrium core inventory described in Regulatory Position 3.1.  

In its place, the following is suggested: 

For events other than the LOCA with core melt, the fractions of the core inventory 
assumed to be in the gap for the various radionuclides are dependent on the 
level of fuel burnup in the damaged fuel rods. The gap fractions for noble gases, 
iodines, and alkali metals should be as given in Table 3. This table addresses 
the current upper level for licensed operation of 62,000 MWD/Mtu for the lead rod 
burnup and also addresses the potential for future increases in burnup that may 
be permitted as fuel designs change. These fractions are applied to the 
equilibrium core inventory described in Regulatory Position 3.1.  

Table 3 
Fraction of Fuel Fission Product Inventory in Gap 

Burnup (MWD/Mtu) Fraction 
0-50,000 0.0300 
55,000 0.0425 
60,000 0.0550 
62,000 0.0600 
70,000 0.0800 
75,000 0.0925 

These gap fractions are applicable for fuel damage in accidents for which there is 
no significant fuel heatup transient (e.g., fuel handling accident, steam line break, 
steam generator tube rupture, locked rotor). If a transient has a significant fuel 
heatup transient (e.g., small break LOCA), then an additional two percent of the 
activity in the damaged rods should be assumed to be released - this is the 
same as specified in NUREG-1465 for the gap release phase of the large break 
LOCA that proceeds to core melt.

A:\gap fraction DG-1081 specific changes, per Rev 6.doc 2



Specific DG- 1081 "Gap Fraction" Revisions 
DRAFT - 2/15/2000 

If an applicant chooses not to determine the burnup associated with the fuel 
damaged in a postulated accident, the analysis should assume that all of the 
damaged fuel is at the maximum licensed core bumup as is appropriate within 
the limits of the core design (e.g., if 50% of the core is projected to be damaged 
and there is no more than 30% of the core that would be above 50,000 MWD/Mtu 
burnup, then the remaining 20% of the core that is damaged could use the 3% 
gap fraction).  

An exception is made for reactivity insertion accidents (rod ejection for the PWR 
and rod drop for the BWR) because of uncertainties associated with these events 
and how high burnup fuel will respond during the transient. For the reactivity 
insertion accidents, the gap fractions for any rods having burnup in excess of 
40,000 MWD/Mtu (the NRC's current definition of high burnup fuel) should use 
the gap fractions in Table 4. The gap fraction of 3% can be used for fuel rods 
having burnups •40,000 MWD/Mtu (consistent with Table 3).  

Table 4 
High Bumup Fuel in a Reactivity Insertion Accident 
Fraction of Fuel Fission Product Inventory in Gap 

Nuclide Fraction 
1-131 0.12 
Kr-85 0.15 
Other Noble Gases 0.10 
Other lodines 0.10 
Alkali Metals 0.10 

It is noted that the gap fractions here identified in Table 4 are those from the current 
Table 3 of DG-1081. The above suggestion to use these values does not mean that 
these are necessarily appropriate. It is industry's understanding that these gap fractions 
are still being reviewed and that they may be decreasing. With the-addition of the new 
Table 4, the subsequent tables would require renumbering and appropriate corrections 
made elsewhere for proper referencing of the tables.  

A more complete discussion of the arguments supporting the above change to DG-1081 
is provided in Appendix A.  

A:\gap fraction DG-1081 specific changes, per Rev 6.doc 3



Fission Product Content in the Fuel Rod Gap 
DRAFT - Rev. 6, 2/15/2000 

Introduction 

The NRC alternate source term (AST) report (NUREG-1465) [1] states that for LOCAs an 
appropriate value for noble gas and halogen fission product content in the fuel rod gap would be 
5% (3% initial release and an additional 2% due to heatup), based on a review of previous 
research and analysis. Furthermore, it was noted in NUREG-1465 that a value of 3% could be 
used for events for which fuel cooling was maintained (e.g., the fuel handling accident (FHA) or 
a LOCA in which core cooling is maintained). For the System 80+ design certification program, 
a value of 5% was used for LOCA and all non-LOCAs. For the AP600 design certification 
program, a value of 5% was used for the LOCA, but a value of only 3.6% was assumed for the 
non-LOCA events. The value of 3.6% was derived by multiplying the 3% value by a factor of 
1.2 to account for high-burnup effects.  

In the NRC's ongoing effort to allow the use of the AST for design basis accident (DBA) 
analysis of operating reactors, NRC staff proposes in Table 3 of draft Regulatory Guide DG
1081 that the NUREG-1465 gap fractions be used for LOCA, but that the following, more 
conservative, assumptions for fission products in the fuel rod gap be used for non-LOCA events: 

1-131 12% 
Kr-85 15% 

Other iodines 10% 
Other noble gases 10% 

Alkali metals 10% 
* It is our understanding that recent research by an NRC subcontractor indicates that a 
lower number such as 8% may be appropriate.  

It is industry's understanding based on a review of NUREG-1465 and on recent discussions with 
NRC staff that this increase in gap fractions has been proposed for non-LOCA events for two 
main reasons: (1) concern about recent test data on gap release in reactivity insertion events, and 
(2) concern about increased gap release for fuel irradiated beyond 40,000 MWd/MTU.  

While acknowledging the NRC concerns (see further discussion below), industry believes that 
the formulation in NUREG-1465 for non-LOCA DBAs is still generally applicable, and that the 
values proposed in Draft Regulatory Guide DG-1081 are excessively conservative (except 
possibly for reactivity insertion accidents). The NRC's concerns and associated industry 
proposed alternatives to DG-1081 are addressed below.  

Reactivity Insertion Events 

Industry recognizes that design basis Reactivity Insertion Accidents (RIAs) (i.e., PWIR rod 
ejection or BWR rod drop) present the potential for power excursions and associated rapid 
change in local fuel and cladding conditions (e.g., fuel temperature, cladding stress and strain, 
fuel rod pressure). The unique nature of these transients and their localized behavior may warrant 
the assumption of a fission gas release fraction that is greater than that assumed in the

A:\gap fraction statement Rev 6.doc I



Fission Product Content in the Fuel Rod Gap 
DRAFT - Rev. 6, 2/15/2000 

radiological consequences analysis of other non-LOCA events. Experimental simulations at both 

the French CABRI and Japanese NSRR facilities, have produced results that indicate a potential 

for significant fission gas releases from high-burnup fuel during RIA events. This research is 

continuing and involves the participation of international organizations, as well as NRC and 
EPRI, through its Robust Fuel Program. Until sufficient information becomes available to 
resolve this issue, industry recommends retaining the values currently proposed in DG-1081 (see 
the above table) for high-burnup fuel damaged in RIA events. Industry expects to reassess the 
proposed high-burnup fuel gap fraction values for RIA events when the results and interpretation 

of the ongoing research becomes more conclusive. It is recommended that DG-1081 be revised 

to indicate that the Table 3 gap fractions should be applied to the high-burnup (>40,000 
MWD/MTU) fuel damaged in the event but that the fuel not defined as having high bumup may 
use the gap fractions as defined in the following sections. Further, DG-1081 could state that if 
the burnup of damaged fuel rods is not determined, all damaged fuel rods should be considered 
as high-bumup fuel.  

Gap Fraction vs. Burnup 

One of the issues which bears on gap release for high-burnup fuel is how gap fraction changes 
with increasing bumup. The discussion in this section applies directly to accidents in which long

term cooling is maintained (e.g., the fuel handling accident, steam generator tube rupture, or 

steam line break). For in-core, non-LOCA events in which long-term cooling is not maintained, 
the gap fractions defined in this section may need to be increased to reflect the additional 
releases associated with fuel heating (depending on the extent of fuel pellet heating). The 

increase in gap activity releases due to fuel heating is discussed below in the section entitled, 
"Increase in Gap Fraction from Post-Accident Heating".  

Industry recognizes that gap fraction can increase with increasing burnup and believes that a 

reasonably conservative estimate of the fission products in the fuel rod gap can be made by 

bounding the measurements of the percent fission gas release in fuel rods taken from operating 

reactors. Recent measurements of volatile fission product content in the fuel rod gap for high
bumup fuel have been published by the Electric Power Research Institute [2], and similar data 

have been presented in other reports [3, 4]. The data cover a range of fuel rod designs and fuel 

designers, and burnups range from about 20,000 MWD/MTU to about 64,000 MWD/MTU.  

The combined data of references [2-4] show that fission product release is less than 1.0% up to a 

burnup of about 30,000 MWd/MTU. As the burnup increases the gap fission product content 

increases to about 2% at 40,000 MWd/MTU. At about 50,000 MWD/MTU the gap fraction 

increases with bumup at a rate of about 2.3% per 10,000 MWd/MTU per reference [2]. In the 

table below, the middle column shows an envelope of the data, for which it is assumed that the 

fission gas release increases at a rate of 2.3% per 10,000 MWd/MTU. The right-hand column of 

the table shows the industry reconimmnded gap fractions for use in analyzing non-LOCA events, 

including significant margin to the reference data.  

The reference data have been extrapolated to 75,000 MWd/MTU in order to encompass the 

burnup range which industry anticipates could be utilized over the next decade or so. This is a 

modest extrapolation of the above-referenced data. The 62,000 MWD/Mtu burnup data point is

2A:\gap fraction statement Rev 6.doc



Fission Product Content in the Fuel Rod Gap 
DRAFT - Rev. 6, 2/15/2000 

included in the table below since this is currently the maximum licensed burnup for operating 
plants.

Rod Average Envelope of Industry Proposed 
Burnup Measured Fission Gap Fraction for 

(MWD/MTU) Gas Release (%) Use in Design 
Basis Analysis (%) 

0 0.0 3 
20,000 1.0 3 
30,000 1.0 3 
40,000 2.0 3 
50,000 2.0 3 

.60,000 3.5 5.5 
62,000 3.8 6.0 
70,000 5.0 8.0 
75,000 5.8 9.25

Accordingly, industry proposes that DG-1081 be changed to specify that for events which may 
have damaged fuel but do not have a fuel heatup, licensees should utilize the gap fractions as a 
function of burnup as specified in the right-hand column from the table above.  

Increase in Gap Fraction from Post-Accident Heating 

The following discussion applies to in-core events in which there is significant fuel heatup or 
long-term cooling is not maintained (excluding the high-burnup fuel rods damaged in a reactivity 
insertion accident which are discussed above).  

It is recognized that if fuel experiences heatup due to a transient, some additional fission gas may 
be released from the pellet to the reactor coolant through the failed cladding. This was explicitly 
addressed in NUREG-1465 for a LOCA. It is also true for non-LOCA events; however, the 
degree of heatup and corresponding fission gas release is a function of the particular event being 
analyzed. For some events there is little or no fuel heatup (e.g., fuel handling accident, locked 
rotor, steam generator tube rupture, main steam line break) and, hence, there would be no 
transient fission gas release from the fuel pellets.  

The fraction of fission product activity that would be released due to holding fuel at a 
temperature of 1200 TC (2192 IF) for a period often minutes was modeled and reported in 
reference [5] with the determination that 2.8% of the krypton would be released, less than 1.0% 
of the xenon would be released, and less than 0.1% of the iodine and cesium would be released.  

Industry proposes that release of fission products to the fuel clad gap during non-LOCA events 
be addressed as follows: if it is known or demonstrated that there is little or no fuel heatup, no 
transient fission product release would be assumed. However, if it is expected that some 
sustained fuel heatup would occur, then the assumed transient fission product release would be
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the same as that identified in NUREG-1465 for the design basis LOCA.That is, an additional 2% 
of the fuel rod fission gas, iodines, and cesiums would be assumed to enter the fuel rod gap and 
be available for release from the damaged rods.  
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