
RAI 6-7 Revised Approach 
 
Executive Summary 
 

• To ensure the radiation protection performance of the EOS system in a graded approach, 
multiple levels of controls are applied to the authorized contents, including: 

o Decay heat for all fuel to be qualified is determined and demonstrated to be below 
the decay heat limit for the basket location to be loaded. 

o The maximum burnup for all fuel is 62 GWd/MTU. 
o The minimum cooling time for all fuel is 2 years. 
o Table 6-7 in the UFSAR, reproduced as Table 2, will be included in the Technical 

Specifications (TS) to identify low-enrichment outlier fuel (LEOF).  LEOF is 
defined as fuel with enrichment lower than the minimum enrichment defined in 
Table 2. LEOF is not analyzed in the shielding analysis documented in the 
UFSAR and only represents <0.5% of the US domestic spent fuel population. 
LEOF in the peripheral basket region is limited to four, one per quadrant. 

o A minimum cooling time for all fuel as a function of burnup and enrichment will 
be listed in the TS as a fuel qualification table (FQT) which is based on the hottest 
PWR fuel assembly in Amendment 1, 2.4 kW. 

• An additional FQT for 1.6 kW fuel is placed in the UFSAR.  It is to be applied only to 
peripheral fuel assemblies in HLZC 4 and 7, based on the following justifications: 

o HLZC 4 and 7 are the design basis heat load zone configurations (HLZCs) and 
feature 1.6 kW fuel in the peripheral region. 

o Transfer and storage dose rates are dominated by fuel in the peripheral region.  
Therefore, based on a graded approach, the UFSAR FQT applies only to the 
peripheral region of HLZC 4 and 7. 

o It is not credible that fuel in the inner regions of HLZC 4 or 7 or other HLZCs 
could result in a violation of TS dose rate limits. 

• The FQTs are simply one of the multiple levels of controls implemented.  Based on all 
other controls and the many conservative assumption in the UFSAR analysis, the risk of 
loading the system in a manner that would violate TS dose rate limits is low.  Based on a 
graded approach, additional limitations should be commensurate with overall risk. 

 
TS FQT Development 
 
An FQT is developed based on 2.4 kW to provide minimum cooling times as a function of 
burnup and enrichment for all fuel to be loaded in the EOS-37PTH DSC.  The UFSAR analysis 
is based on fuel with a uranium loading of 0.492 MTU.  Decay heat is directly proportional to the 
mass of uranium.  For example, consider two fuel assemblies with identical irradiation 
parameters and identical cooling time burned to 50 GWd/MTU but with different uranium 
loadings: 
 

Assembly A: 50 GWd/MTU, 0.492 MTU, 2.4 kW decay heat 
Assembly B: 50 GWd/MTU, 0.400 MTU, decay heat of 2.4(0.4/0.492) = 2.0 kW. 
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If the TS FQT is based upon a 0.492 MTU fuel assembly (Assembly A) and burnup is expressed 
in units of GWd/MTU, there will be a large cooling time penalty for all fuel assemblies loaded 
with a lower uranium loading.  In the example above, a 0.400 MTU fuel assembly could not 
achieve a decay heat above approximately 2.0 kW due to the cooling time penalty, which 
arbitrarily limits system contents.  Based on a graded approach, arbitrary limitations should be 
avoided. 
 
This limitation can be removed by using a burnup unit of GWd/FA rather than GWd/MTU.  The 
burnup in GWd/FA is simply the burnup in GWd/MTU multiplied by the MTU of the fuel 
assembly.  In the above example: 
 
 Assembly A: (50 GWd/MTU)(0.492 MTU/FA) = 24.6 GWd/FA 
 Assembly B: (50 GWd/MTU)(0.400 MTU/FA) = 20.0 GWd/FA 
 
For this reason, the FQTs are developed with a burnup unit of GWd/FA, which removes arbitrary 
cooling time penalties for lower MTU fuel assemblies.  The TS FQT is provided in Table 1.  
Minimum cooling times are provided only for specific burnup and enrichment combinations.  
The minimum cooling times for arbitrary burnup and enrichment combinations may be linearly 
interpolated using the values in this table.   
 

Table 1. TS FQT 
(Minimum required years of cooling time after reactor core discharge) 

Burnup 
(GWd/FA) 

Fuel Assembly Average Initial U-235 Enrichment (wt.%) 
0.7 1.3 1.8 2.0 2.5 2.8 3.1 3.4 3.7 3.8 4.0 4.5 5.0 

2.95 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
4.92  2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
9.84  

 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
14.76  

 2.27 2.24 2.17 2.14 2.11 2.08 2.05 2.04 2.03 2.00 2.00 
19.68  

   2.79 2.74 2.69 2.65 2.61 2.60 2.58 2.52 2.48 
22.14  

    3.06 3.02 2.97 2.92 2.91 2.88 2.82 2.76 
24.60  LEOF Region   3.37 3.31 3.26 3.24 3.20 3.13 3.07 
27.06  

      3.69 3.63 3.61 3.57 3.48 3.40 
29.52  

       4.05 4.03 3.98 3.87 3.78 
30.50  

        4.21 4.16 4.04 3.94 
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Treatment of LEOF (enrichments below Table 2) 
 
The UFSAR shielding analysis is based on minimum enrichment values defined in UFSAR 
Table 6-7.  This table will be moved to the TS and is provided in Table 2.  Enrichments below 
the minimums defined in this table are acceptable, although with additional constraints. 
 

Table 2. Minimum Enrichments Used in UFSAR Analysis 
Burnup Range 
(GWd/MTU) 

Minimum Enrichment  
(wt. % U-235) 

1-6 0.7 
7-16 1.3 
17-30 1.8 
31-62 Burnup/16(1) 

Note (1): Round enrichment down to the nearest 0.1. Example: for 62 GWd/MTU, 62/16 = 3.875%, round 
down to 3.8% 
 
Fuel assemblies with enrichments below the values defined in Table 2 are statistical outliers, or 
low-enriched outlier fuel (LEOF).  LEOF is discussed in UFSAR Section 6.2.8.  It is 
demonstrated that the burnup/enrichment combinations considered in the UFSAR analysis for 
PWR fuel bounds 99.8% of all PWR discharged in the United States through 2013.  This value is 
conservatively rounded down to 99.5%.  Because <0.5% of the fuel population is LEOF, a 
population of 200 fuel assemblies may have 1 LEOF (200*0.005 = 1).  LEOF is rare and will not 
drive system dose rates because the DSC contains 37 fuel assemblies.   
 
LEOF potentially affects the neutron source.  Because storage dose rates are gamma dominated 
due to the vents, LEOF will have essentially no effect on storage dose rates.  Allowing no more 
than 4 LEOFs in the peripheral region, one per quadrant, effectively limits the effect on transfer 
cask dose rates. 
 
Therefore, the proposed restrictions on LEOF are: 
 

• Up to 4 LEOFs are allowed per DSC in the peripheral region (one per quadrant). 
• Additional LEOF shall be located in the inner DSC locations only. 

 
The above restrictions are developed to be general.  Large numbers of LEOF in a single DSC are 
not anticipated.  Based on historical data, approximately one LEOF per five DSCs is anticipated. 
 
The treatment of LEOF is consistent with a graded approach to fuel qualification, as the presence 
of LEOF is rare.  It must be stressed that LEOF must meet the decay heat limit and other 
requirements, such as maximum burnup of 62 GWd/MTU, minimum cooling time determined by 
Table 1, and the TS dose rate limits. 
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UFSAR FQT 
 
The UFSAR shielding analysis is performed for HLZC 4, although additional HLZC 5 cases 
were added during the RAI review cycle.  HLZC 4 (EOS-HSM) is similar to HLZC 7 (HSM-
MX), and HLZC 5 (EOS-HSM) is similar to HLZC 9 (HSM-MX).  For this reason, only HLZC 
4, 5, 7, or 9 could potentially challenge the dose rates presented in the TS or UFSAR.  It is not 
credible that a DSC loaded with HLZC 1, 2, 3, 6, or 8 would exceed TS or UFSAR dose rates.  
Based on a graded approach, additional restrictions are not placed upon non-bounding HLZCs. 
 
It is not necessary to provide an FQT for every heat load used in the system because dose rates, 
particularly in the storage configuration, are dominated by thermally hot fuel in the peripheral 
region.  HLZC 4 and 7 feature 1.6 kW fuel in all peripheral locations.  HLZC 5 and 9 feature 
four 2.4 kW fuel assemblies in the peripheral region, although the remaining peripheral locations 
are “cold” (0.85 kW or 0.75 kW).  Because all fuel to be loaded must comply with the TS FQT 
based on 2.4 kW, no additional restrictions are needed for 2.4 kW fuel in HLZC 5 or 9. 
 
Therefore, using a graded approach, an FQT is provided in the UFSAR and is applicable only for 
1.6 kW fuel in the peripheral regions of HLZC 4 or 7.  Fuel that does not meet the 1.6 kW 
UFSAR FQT cannot be loaded unless acceptability is demonstrated using an analysis that credits 
site-specific parameters. 
 

Table 3. UFSAR FQT, HLZC 4 or 7 Peripheral Region Only 
(Minimum required years of cooling time after reactor core discharge) 

Burnup 
(GWd/FA) 

Fuel Assembly Average Initial U-235 Enrichment (wt.%) 
0.7 1.3 1.8 2.0 2.5 2.8 3.1 3.4 3.7 3.8 4.0 4.5 5.0 

2.95 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
4.92  2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
9.84   2.27 2.24 2.18 2.16 2.13 2.11 2.09 2.08 2.07 2.05 2.02 

14.76   3.11 3.07 2.99 2.94 2.90 2.87 2.84 2.83 2.81 2.76 2.73 
19.68     3.89 3.82 3.76 3.70 3.65 3.64 3.61 3.54 3.48 
22.14      4.36 4.28 4.21 4.15 4.13 4.09 4.00 3.93 
24.60  LEOF Region   4.93 4.83 4.75 4.72 4.67 4.55 4.45 
27.06        5.62 5.50 5.46 5.40 5.24 5.10 
29.52         6.50 6.44 6.35 6.12 5.93 
30.50          6.92 6.81 6.55 6.33 
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Combined Qualification Process 
 
The following summarizes the fuel qualification approach discussed in this summary: 
 

1. Determine the decay heat of all fuel to be loaded in an EOS-37PTH DSC. Confirm the 
decay heat limit is met for each basket location. 

2. Determine if LEOF is present in the fuel to be loaded. 
a. Up to 4 LEOF are allowed in the peripheral region, one per quadrant. 
b. Additional LEOF shall be placed in the inner basket locations only. 

3. Verify all fuel to be loaded meets the cooling time limitations of the TS FQT, Table 1.  
Fuel that does not meet the cooling time limitations of this table cannot be loaded. 

4. For 1.6 kW fuel in the peripheral regions of HLZC 4 or 7, a UFSAR FQT also applies.  
Fuel that does not meet the 1.6 kW UFSAR FQT cannot be loaded unless acceptability is 
demonstrated using an analysis that credits site-specific parameters. 

 
Examples 
 
A number of examples are provided in the UFSAR markup included with this document. 
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