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CHAPTER 2 – SCOPING EVALUATION 

 
RAI 2-1  
 
With respect to the two sets of drawings identified in Table 2-2, Table 2-3, and Table 2-4 of the 
LRA, i.e. the “design drawings” and the “final safety analysis report (FSAR) drawings”:   
  

a) Propose any changes to the design bases documents (i.e., license, technical specifications, 
or updated final safety analysis report (UFSAR)) to ensure the “design drawings” are 
adequately captured in the design bases,  
  

b) Explain the discrepancies in safety classification (quality category) of the same 
structures, systems, and components (SSCs) between the two sets of drawings,  
  

c) Clarify the actual safety classification (quality category) used for the procurement and 
fabrication of all SSCs, and justify that these meet or exceed the quality category in the 
previously reviewed and approved FSAR drawings,  
  

d) Harmonize the discrepancies in safety classification (quality category) between the two 
sets of drawings referenced in the proposed UFSAR supplement to be incorporated upon 
renewal of the specific license, and  
  

e) Provide (1) the “design drawings,” and (2) any versions of FSAR drawings not included 
in the latest revision of the UFSAR, used for the scoping evaluation and referenced in the 
proposed UFSAR supplement.  

  
Table 2-2 of the LRA defines the existence of two separate sets of drawings (i.e. a set of “FSAR 
drawings” and a set of “design drawings,” the latter described in Section 2.2.1 to have been used 
for fabrication) that were used in the scoping evaluation.  Table 2-3 and Table 2-4 of the in-scope 
and out-of-scope SSCs, respectively, also reference both sets of drawings.  The staff notes that 
the “design drawings” were not part of the initial design bases for which the NRC issued the 
TMI-2 ISFSI license.  However, the applicant used the “design drawings” for the scoping 
evaluation and aging management review in the LRA and has proposed to add Table 2-3 of the 
LRA, which references these drawings, to the UFSAR upon renewal of the specific license.  As 
the “design drawings” contain the information necessary for the applicant to identify the specific 
functions performed by the SSCs in the scoping evaluation in the LRA, the “design drawings” 
may now be considered to be part of the ISFSI design bases, per the definition in 10 CFR 72.3.  
The “design drawings” also contain the information necessary for the applicant to identify the 
materials that the SSCs are fabricated of in the aging management review in the LRA and for the 
staff to make its findings with respect to the LRA.    
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Also, aging management activities in the period of extended operation may include maintenance, 
repair, and replacement of SSCs.  These activities could result in changes to the design bases 
(e.g., replacement of an SSC that involves a change in materials or design of the SSC).  Any 
changes to the design bases need to follow the appropriate change control process.  Thus, the 
applicant should propose any changes to the design bases documents (i.e., license, technical 
specifications, or UFSAR) to adequately capture the “design drawings” to ensure that appropriate 
regulatory change control processes (i.e., 10 CFR 72.7, 10 CFR 72.48 and 10 CFR 72.56) will be 
applied and followed for any activities that may result in modifications to the design bases.    
  
The staff has identified discrepancies between the safety classification designations (quality 
category in the drawings) of the same SSCs between the two sets of drawings.  The applicant is 
asked to explain these discrepancies.  Further, the applicant is asked to clarify the actual safety 
classification used for procurement and fabrication of each SSC and justify that these meet or 
exceed the quality category in NRC previously reviewed and approved FSAR drawings.  The 
review by the staff would benefit from a tabulated comparison of the safety classification for all 
SSCs per the two sets of drawings.  The applicant is asked to harmonize the discrepancies in the 
safety classification for the SSCs in the proposed UFSAR supplement.  The applicant is also 
asked to make any corresponding changes to the proposed UFSAR supplement as part of its 
response to the RAI.  
  
The staff also notes that Table 2-2 of the LRA cites revisions of drawings not included in the 
latest revision of the UFSAR (Revision 8, March 2017).  For example, Table 2-2 cites Revision 3 
of Drawing No. 1161300-D, while the latest UFSAR includes Revision 1B of the same drawing.  
As the drawings used for the scoping evaluation and referenced in the UFSAR supplement 
contain the necessary information to determine which SSCs are within the scope of the renewal 
review and for the staff to make its findings with respect to the renewal application, the applicant 
is asked to provide (1) the referenced “design drawings” and (2) any versions of referenced 
FSAR drawings not included in the latest revision of the UFSAR.    
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
 
DOE-ID Response to RAI 2-1 
 
The response to this RAI is structured in two parts.  First, a generally applicable discussion is 
provided, followed by separate responses to each of the RAI sub-questions.  The major 
components that are in-scope for the TMI-2 ISFSI LRA and are the subject of this RAI are the 
TMI-2 Canisters (comprised of TMI-2 Fuel Canisters, TMI-2 Knockout Canisters, and TMI-2 
Filter Canisters), the Dry Shielded Canisters (DSCs), and the Horizontal Storage Modules 
(HSMs)).  Each of these major components is represented on one or more FSAR drawings that 
are included in Appendix A to the TMI-2 ISFSI FSAR. They are also depicted on separately-
controlled design drawings.  The FSAR and design drawings for each of the above major 
components are listed in LRA Table 2-2.   



EM-NRC-18-023 
Enclosure 1 
 

Responses to NRC Request for Additional Information on the  
TMI-2 ISFSI License Renewal Application  

 

Page 3 of 64 

 
The FSAR drawings are part of the licensing documentation, including safety 
classifications/quality categories, for the DSCs and HSMs to the necessary subcomponent level.  
The safety classifications and quality categories on the FSAR drawings are based on the TMI-2 
ISFSI FSAR-described intended functions of each uniquely-listed subcomponent or assemblage 
of subcomponents depicted on the FSAR drawings.  These subcomponents are depicted as 
“items” on the drawing parts lists (PLs) or Bills-of-Material (BOMs).”  The FSAR drawings 
were used for the facility license application and continue to represent the current licensing basis. 
The design drawings contain additional details not included on the FSAR drawings.  The 
additional details included on the design drawings were deemed necessary for subcomponent 
procurement and fabrication but not needed for facility licensing.  In a small number of cases, the 
safety classifications/quality categories for subcomponents may be different between the FSAR 
drawings and the design drawings.  While different, the safety classifications and quality 
categories on the FSAR drawings are the function-based safety classifications appropriate for 
licensing activities, including for license renewal.  The reason for these differences is explained 
in further detail below. 
 
In order to ensure an appropriately comprehensive scoping evaluation was performed and to 
distinctly identify the subcomponent SSCs (primarily for the HSM and TMI-2 Canisters), the 
design drawings and other design documentation were used, if needed, in the LRA to augment 
the FSAR drawings in order to make a final determination on SSC subcomponent scoping. In all 
cases, the FSAR drawings depict the design bases safety classifications/quality categories for 
ISFSI operation from the time the initial license was granted and through the period of extended 
operation (PEO) if the license is renewed. 
 
For the LRA scoping evaluation, Figure 2-1 and Section 2.4.2(1) of NUREG-1927 indicate that 
if an SSC is classified as important to safety (ITS), it is “within the scope of renewal.”  
Consistent with the 10 CFR 72 graded approach to quality assurance, quality categories were 
assigned to subcomponents based on function, such that they may be shown as ITS-A, -B, or -C 
on the FSAR drawings and design drawings.  However, the graded approach-based quality 
classifications of ITS subcomponents were not used for scoping because all subcomponents that 
are classified as ITS are in-scope, irrespective of quality classification.  Consistent with scoping 
Criterion 2 of NUREG-1927, Section 2.4.2(2), SSCs classified as not-important-to-safety (NITS) 
are evaluated to determine if their failure could prevent fulfillment of a function that is important 
to safety.  If that determination indicates a NITS SSC failure would have such an effect, that SSC 
is in-scope for license renewal.  If not, it is out of scope.   
 
Finally, because the TMI-2 Canisters containing the stored core debris material at the ISFSI are 
unique in design compared to traditional intact spent fuel assemblies, they are addressed as both 
a major component and as fuel assemblies for the purposes of scoping.  Fuel assemblies are 
typically considered in-scope for license renewal in accordance with the guidance in Section 
2.4.2.1 of NUREG-1927.  As described in LRA Section 1.3.1, the stored material at the TMI-2 
ISFSI is in the form of core debris.  That is, unlike other ISFSIs in the United States, there are no 
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intact fuel assemblies stored at the TMI-2 ISFSI.  All TMI-2 core debris at the TMI-2 ISFSI is 
stored inside one of the three TMI-2 Canister types.  Each DSC contains up to 12 TMI-2 
Canisters, with the DSCs providing confinement for the radioactive material.  The TMI-2 
Canisters do not perform a confinement function as shown in LRA Table 2-3.  The TMI-2 ISFSI 
LRA includes a “Criterion 3” for ease of presenting the results of the scoping evaluation for the 
TMI-2 Canisters and their contents.  See the response to Sub-question ‘b(1)’ below for additional 
information on the TMI-2 Canisters. 
 
Using the above discussion as a foundation, each of the RAI sub-questions is specifically 
answered below. 
 
a) We recognize that NUREG-1927 specifically avoids using the terms “licensing basis” 

and “current licensing basis” because these terms are not defined in the 10 CFR 72 
regulations as described in Footnote 4 in the NUREG-1927 glossary.  However, the TMI-
2 ISFSI specific license, technical specifications, and FSAR are considered by DOE-ID 
to be licensing documents that, together, constitute the primary elements of the facility 
licensing basis.  
 
The ISFSI and storage system SSC designs and design bases are summarized in the TMI-
2 FSAR to the extent necessary to demonstrate regulatory compliant and safe spent fuel 
storage operations at the ISFSI.  Although not required for facility licensing, additional 
details of the ISFSI component designs are described in the design drawings, 
specifications, and supporting calculations.  These additional documents were used in the 
TMI-2 scoping evaluations if needed to augment the information in the TMI-2 ISFSI 
FSAR, including the FSAR drawings.  Therefore, because the design drawings are 
separate from the licensing documents, they are not being included in the TMI-2 ISFSI 
license, technical specifications, or FSAR.   

 
The FSAR drawings are included in Appendix A to the TMI-2 ISFSI FSAR, although 
some changes to the DSC FSAR text, figures, and drawings have been made as a result of 
this RAI.  Please see “DSC Configuration Changes” under Section (b)(2) below for 
additional discussion of changes to the DSC FSAR drawings.  The updated DSC FSAR 
information is being provided to the NRC in a separate submittal.  In addition, in 
response to the NRC’s request in the June 7, 2018 public meeting, copies of the design 
drawings for the DSC, HSM ,and TMI-2 Canisters listed in LRA Table 2-2 are also being 
provided to the NRC in a separate submittal.     

 
b) In response to this RAI sub-question, DOE-ID would like to clarify that there are no 

“discrepancies” in safety classification (quality category) of the same SSCs between the 
FSAR drawings and the design drawings.  There are intentional differences in this regard 
between the two drawing types for a small number of DSC and HSM subcomponents.  
Additional discussion for the TMI-2 Canisters, DSCs and HSMs in response to this sub-
question is provided below. 
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1. TMI-2 Canisters 
 
The TMI-2 Canisters were designed, procured, fabricated, and delivered to the Three 
Mile Island site in the early 1980s to facilitate removal of the core debris from the TMI 
Unit 2 reactor after the March 1979 accident and subsequent transportation of the 
material to Idaho.  The TMI-2 Canister design, procurement, and fabrication were 
performed under the power plant’s 10 CFR 50 license.  At the time, storage of the core 
debris and the TMI-2 Canisters under a 10 CFR 72 license was not contemplated.  
Therefore, no 10 CFR 72 safety classifications were assigned to the TMI-2 Canister 
components or their subcomponents, and no safety classifications/quality categories are 
reflected on the TMI-2 Canister FSAR drawings or design drawings.  This is consistent 
with TMI-2 ISFSI FSAR Table 3.4-1, “NUHOMS® Major Components and Safety 
Classification,” which does not list the TMI-2 Canisters as either ITS or NITS 
components. 
 
For transportation under 10 CFR 71, the TMI-2 Canisters were considered the payload in 
the TN 125-B transportation package used to ship the TMI-2 Canisters from the TMI site 
to Idaho (10 CFR 71 Certificate of Compliance 71-9200).  As the payload inside a 
certified outer packaging, the TMI-2 Canisters, subcomponents and contents were not 
assigned safety classifications by the CoC holder when the package was certified by the 
NRC.  As discussed above, the LRA scoping evaluation was performed assuming the 
TMI-2 Canisters, subcomponents, and contents were fuel assemblies, consistent with 
NUREG-1927, Section 2.4.2.1. 
 
2. Dry Shielded Canisters (DSCs) 
 
The TMI-2 DSC subcomponents are shown on both the FSAR drawings and the design 
drawings listed in LRA Table 2-2, with a few extra subcomponents shown on the design 
drawings.  In a small number of cases, the safety classification/quality category of some 
subcomponents are different between the two drawings.  DOE-ID has compared the DSC 
FSAR drawing parts lists with the design drawing parts lists.  In all cases, the safety 
classification/quality category of the subcomponents on the design drawing is the same 
as, or at a higher safety classification/quality category than the safety 
classification/quality category shown on the FSAR drawing.  Higher safety 
classifications/quality categories on the design drawings were assigned for use in DSC 
procurement and fabrication but do not affect the safety classifications used for LRA 
scoping. 
 
This simplified approach to DSC procurement and fabrication was a conservative 
technique used by the DSC supplier.  This approach standardized the procurement and 
fabrication process by applying one (the highest) level of quality assurance requirements 
(ITS-A) to the subcomponents, irrespective of them potentially having a lower safety 



EM-NRC-18-023 
Enclosure 1 
 

Responses to NRC Request for Additional Information on the  
TMI-2 ISFSI License Renewal Application  

 

Page 6 of 64 

classification/quality category for licensing (i.e., ITS-B, ITS-C, or NITS).  LRA scoping 
is based on the FSAR drawing safety classifications.   
 
To assist the NRC reviewers, in response to this RAI, all of the DSC subcomponents that 
have a different safety classification/quality category between the associated FSAR 
drawing and design drawing are listed in Table 2-1-1 below and an evaluation of the 
scoping decision is provided.  The scoping conclusion for certain subcomponents has 
been revised because of this RAI, as described in the table.  Subcomponents not listed in 
Table 2-1-1 have the same safety classification/quality category on the FSAR drawing 
and the design drawing.   
 
Additionally, one DSC design drawing (219-02-1003) includes ten additional items not 
shown on the parts list for the associated FSAR drawing (219-02-2003).  These ten 
additional subcomponents all have a NITS safety classification and have had a scoping 
evaluation performed in accordance with NUREG-1927, Criterion 2.  The result of that 
scoping evaluation was that all subcomponents except item 9 on drawing 219-02-1003 
were scoped out.  This is reflected in LRA Tables 2-3 and 2-4.   
 
As part of evaluating this RAI, DOE-ID generated a corrective action item and evaluated 
the extent of condition (EOC).  That EOC evaluation identified seven subcomponents 
that are classified as ITS but were scoped out in the LRA, contrary to NUREG-1927, 
Figure 2-1 and Section 2.4.2(1).  One of these subcomponents, a support ring, was used 
to temporarily support the DSC shield plug during loading operations until the welding of 
the shield plug to the DSC shell was completed.  DOE-ID never formally changed the 
safety classification of this item, which remains classified as ITS, and is now considered 
in-scope for renewal as a result of this RAI and is addressed in the LRA Aging 
Management Review (AMR).  The support ring is included in Table 2-1-1 below.  The 
remaining six items are addressed in “DSC Configuration Document Changes” below 
Table 2-1-1. 
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Table 2-1-1 

TMI-2 DSC SUBCOMPONENT SAFETY CLASSIFICATION DIFFERENCES 
 

 

SUBCOMPONENT FSAR DWG  
(PARTS LIST ITEM) 

LICENSING 
DRAWING 

SAFETY 
CLASS/QA 

CATEGORY 

DESIGN DWG  
(PARTS LIST 

ITEM) 

DESIGN 
DRAWING 

SAFETY 
CLASS/QA 

CATEGORY1 

SCOPING 
EVALUATION PER 

LRA SECTION 2 
CRITERIA  

Grapple Ring 219-02-2001 Sht. 1 (4) ITS-B 219-02-1001 Sht. 1 (4) ITS-A Criterion 1 – scoped in 
Grapple Ring Support 219-02-2001 Sht. 1 (5) ITS-B 219-02-1001 Sht. 1 (5) ITS-A Criterion 1 – scoped in 
Alignment Plate 219-02-2001 Sht. 1 (7) NITS 219-02-1001 Sht. 1 (7) ITS-A Evaluated per Criterion 2 – 

scoped out 
Lifting Lug and Ring 219-02-2002 Sht. 1 (3) NITS 219-02-1002 Sht. 1 (3) ITS-A Evaluated per Criterion 2 – 

scoped out 
Lifting Lug 219-02-2002 Sht. 1 (4) NITS 219-02-1002 Sht. 1 (4) ITS-A Evaluated per Criterion 2 – 

scoped out 
Support ring 219-02-2002 Sht. 1 (5) ITS-B 219-02-1002 Sht. 1 (5) ITS-A Originally scoped out.  The 

LRA has been revised 
accordingly to consider this 
item in-scope and an AMR 
performed. 

Vent Port Shield 
Block 

219-02-2002 Sht. 1 (6) NITS 219-02-1002 Sht. 1 (6) ITS-A Evaluated per Criterion 2 – 
scoped in 

Purge Port Key 219-02-2002 Sht. 1 (8) NITS 219-02-1002 Sht. 1 (8) ITS-A Evaluated per Criterion 2 – 
scoped out 

HEPA Filter with 
Gasket 

219-02-2010 Sht. 1 (5) ITS-A 219-02-1001 Sht. 1 (5) ITS-A2 Criterion 1 – scoped in 

HEPA Filter with 
Gasket 

219-02-2011 Sht. 1 (5) N/A 219-02-1001 Sht. 1 (5) ITS-A2 Criterion 1 – scoped in 

1 Used for standardization of fabrication and procurement.  
2 DSC FSAR drawing 219-02-2011 and design drawings 219-02-1010 and -1011 indicate “N/A” for the quality category of the HEPA filter with 
gasket (PL Item 5).  The vent and purge port HEPA filters were fabricated and procured in accordance with supplier drawings and standard catalog 
data as commercial grade items from the vendor, Nuclear Filter Technology, Inc.  The HEPA filters were subsequently dedicated as an ITS item, 
explaining the “N/A” safety classification.  However, the HEPA Filters are considered an ITS-A item because of their confinement function.  
Therefore, their safety classification on the design and FSAR drawings has been updated to ITS-A on updated revisions of the drawings. 

 
DSC Configuration Document Changes 
 
Also discovered as part of the EOC review for this corrective action item was an 
inconsistency between the depiction of 24 DSC subcomponents on the design drawings 
and in the TMI-2 ISFSI FSAR (text, figures and drawings), compared to the current 
configuration and use of those subcomponents.  Twelve subcomponents are associated 
with the DSC vent port assembly and 12 functionally identical items are associated with 
the DSC purge port assembly.  The affected DSC subcomponents were originally 
intended to be used for DSC hydrogen sampling, DSC purging, or future off-site 
transportation.  They are shown on TMI-2 ISFSI FSAR Figures 4.3-1 and 4.3-2, FSAR 
drawings 219-02-2010 and 219-02-2011, and design drawings 219-02-1010 and 219-02-
1011.  Only three of these subcomponents are installed during normal storage operations 
and are considered in-scope for renewal.  The failure of these three items have no safety 
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consequence as demonstrated in the safety analyses supporting license amendment 4 
(summarized in TMI-2 ISFSI FSAR Section 8.1.4) and may be downgraded to NITS in 
the future.  However, these three items are classified as ITS subcomponents at this time 
and need to be in scope for renewal.  Table 2-1-2 summarizes the disposition of these 12 
items. 
 
As part of the corrective actions for this issue, TMI-2 ISFSI FSAR Figure 4.3-1 has been 
modified to depict only the normal storage configuration for the vent and purge port 
assemblies, TMI-2 ISFSI FSAR Figure 4.3-2 has been deleted, and FSAR drawings 219-
002-2010 and -2011 have been modified to reflect only the DSC normal storage 
operation configuration.  The design drawings (219-02-1010 and -1011) retain the parts 
used for non-normal storage operation functions to ensure the information is maintained 
in the site’s configuration program.  The affected subcomponents that are only used for 
hydrogen sampling, purging, or transportation under 10 CFR 71 are now excluded from 
consideration for license renewal and have been removed from LRA Tables 2-3 and 2-4.  
The note under LRA Table 2-2 referring to INL drawing 623548 has been deleted and the 
subcomponents depicted on that drawing, which are also not used during normal storage 
operations, have been deleted from LRA Table 2-4.  The TMI-2 ISFSI FSAR text, figure, 
and drawing changes are being provided to the NRC in a separate submittal and should 
be considered an approved, interim TMI-2 ISFSI FSAR change under the DOE-ID 
licensing document change process that will be incorporated into the next scheduled 
TMI-2 ISFSI FSAR update.   
 

Table 2-1-2 
TMI-2 DRY SHIELDED CANISTER VENT AND PURGE PORT SUBCOMPONENT 

CONFIGURATION AND SCOPING CHANGES 
 

COMPONENT 

FSAR 
DWG  

(PARTS 
LIST 

ITEM)1 

LICENSING 
DRAWING 

SAFETY 
CLASS/QA 

CATEGORY 

DESIGN 
DWG  

(PARTS LIST 
ITEM)1 

SAFETY 
CLASS/QA 

CATEGORY 
USED FOR 

PROCUREMENT 

SCOPING EVALUATION PER LRA 
SECTION 2 CRITERIA  

Transport/Sample 
Cover 

219-02-2011 
Sht. 1 (2) 

ITS-A 219-02-1011 
Sht. 1 (2) 

ITS-A Classified as ITS but originally scoped out.  This 
cover is only used for transportation under 10 
CFR 71 or for DSC purging per Technical 
Specification 3.2.3, Condition A.  Thus, this 
component is not installed for normal storage 
operations, has no accident prevention or 
mitigation function, and is not used for 
retrievability with the OS197 transfer cask.  The 
item has been removed from the FSAR drawing 
and is out of scope for the LRA. 

Connector 
(optional) 

219-02-2011 
Sht. 1 (8) 

NITS 219-02-1011 
Sht. 1 (8) 

NITS Not used. The seal test port is normally plugged.  
This item has been removed from the FSAR 
drawing and is out-of-scope for the LRA. 

Tubing (optional) 219-02-2011 
Sht. 1 (9) 

NITS 219-02-1011 
Sht. 1 (9) 

NITS Not used. The seal test port is normally plugged. 
This item has been removed from the FSAR 
drawing and is out-of-scope for the LRA. 
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COMPONENT 

FSAR 
DWG  

(PARTS 
LIST 

ITEM)1 

LICENSING 
DRAWING 

SAFETY 
CLASS/QA 

CATEGORY 

DESIGN 
DWG  

(PARTS LIST 
ITEM)1 

SAFETY 
CLASS/QA 

CATEGORY 
USED FOR 

PROCUREMENT 

SCOPING EVALUATION PER LRA 
SECTION 2 CRITERIA  

Filter Housing 
Dual Metallic 
Seals 

219-02-2011 
Sht. 1 (10) 

ITS-A 219-02-1011 
Sht. 1 (10) 

ITS-A Classified as ITS but originally scoped out.  The 
LRA has been revised accordingly to consider 
this item in-scope and an AMR performed. 

Transport/Sample 
Cover Seals 

219-02-2011 
Sht. 1 (11) 

ITS-A 219-02-1011 
Sht. 1 (11) 

ITS-A Classified as ITS but originally scoped out.  This 
cover is only used for transportation under 10 
CFR 71 or for DSC purging per Technical 
Specification 3.2.3, Condition A.  Thus, this 
component is not installed for normal storage 
operations, has no accident prevention or 
mitigation function, and is not used for 
retrievability with the OS197 transfer cask. The 
item has been removed from the FSAR drawing 
and is out of scope for the LRA. 

Hanger 219-02-2011 
Sht. 1 (12) 

NITS 219-02-1011 
Sht. 1 (12) 

NITS This item is not installed for normal storage 
operation and has been removed from the FSAR 
drawing. It is out-of-scope for the LRA.  It 
remains on the design drawing because it is 
installed for transportation under 10 CFR 71. 

Transport/Sample 
Cover Cap Screw 

219-02-2011 
Sht. 1 (15) 

ITS-A 219-02-1011 
Sht. 1 (15) 

ITS-A Classified as ITS but originally scoped out.  This 
cover is only used for transportation under 10 
CFR 71 or for DSC purging per Technical 
Specification 3.2.3, Condition A.  Thus, this 
component is not installed for normal storage 
operations, has no accident prevention or 
mitigation function, and is not used for 
retrievability with the OS197 transfer cask.  The 
item has been removed from the FSAR drawing 
and is out of scope for the LRA. 

Bolt 219-02-2011 
Sht. 1 (17) 

NITS 219-02-2011 
Sht. 1 (17) 

NITS This item is not installed for normal storage 
operation and has been removed from the FSAR 
drawing. It is out-of-scope for the LRA.  It 
remains on the design drawing because it is 
installed for transportation under 10 CFR 71. 

Washer 219-02-2011 
Sht. 1 (18) 

NITS 219-02-2011 
Sht. 1 (18) 

NITS This item is not installed for normal storage 
operation and has been removed from the FSAR 
drawing. It is out-of-scope for the LRA.  It 
remains on the design drawing because it is 
installed for transportation under 10 CFR 71. 

Nut 219-02-2011 
Sht. 1 (19) 

NITS 219-02-2011 
Sht. 1 (19) 

NITS This item is not installed for normal storage 
operation and has been removed from the FSAR 
drawing. It is out-of-scope for the LRA.  It 
remains on the design drawing because it is 
installed for transportation under 10 CFR 71. 

Filter Housing 
Sample Plug 
Metallic Seal 

219-02-2011 
Sht. 1 (20) 

ITS-A 219-02-1011 
Sht. 1 (20) 

ITS-A Classified as ITS but originally scoped out.  The 
LRA has been revised accordingly to consider 
this item in-scope and an AMR performed. 

Cap Screw 
Lockwasher 

219-02-2011 
Sht. 1 (22) 

ITS-A 219-02-1011 
Sht. 1 (22) 

ITS-A Classified as ITS but originally scoped out.  The 
LRA has been revised accordingly to consider 
this item in-scope and an AMR performed. 

1 The vent and purge port assembly drawing parts lists are identical except for quantities for some parts.  For simplicity, only 
the vent port drawings are cited.  However, the same information applies, and the same actions were taken for both the vent 
and purge port subcomponents. 
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3. Horizontal Storage Modules 
 
The HSM FSAR drawing is 219-02-6000.  Note 5 on the HSM FSAR drawing addresses 
part and assembly safety classifications for eight items and includes the following 
statement:  “Quality category of items not included in the table shall be NITS.”  Seven of 
the eight items listed in the note are classified as ITS-B.  The eighth item is the DSC 
overpack assembly and is classified as ITS-A.  The DSC overpack assembly would 
normally be in-scope because of its ITS safety classification.  However, because the DSC 
overpack assembly is not used for normal storage operations or for mitigation of any 
design basis accident it is not classified as ITS for the purposes of license renewal.  
Rather, its status with respect to license renewal is addressed in further detail in RAI 2-3 
wherein a license condition is proposed prohibiting use of the DSC overpack for normal 
storage operations at the ISFSI.  Scoping of the remaining HSM subcomponents was 
performed using the HSM design drawings.  Using the design drawings, the 
subcomponents of the HSM assemblies listed in FSAR drawing Note 5 were individually 
scoped in or scoped out based on their intended function.  In response to the NRC’s 
request in the June 7, 2018 public meeting, the HSM design drawings are being provided 
to the NRC in a separate submittal. 
 
On the HSM design drawings (listed in LRA Table 2-2) most HSM subcomponents are 
classified as ITS-B or NITS.  In all cases, the safety classifications of the subcomponents 
on the design drawing are the same as, or a higher safety classification than the safety 
classification indicated in Note 5 on the FSAR drawing.  The exceptions regarding 
subcomponents on the design drawings not being ITS-B or NITS are for three low-level 
subcomponent SSCs, which are ITS-C: 
 

• 219-02-5100 NOTE 10: GROUT - SHIELD WALL PANELS 
• 219-02-5107 5107-619: NELSON STUD, TYPE S3L, Ø ¾ X 3 3/16” LG 
• 219-02-5107 5107-127: HEAVY DUTY HINGE (REAR ACCESS DOOR) 

 
The following language in Note 5 of the HSM FSAR drawing is pertinent in the 
following discussion of these three ITS-C subcomponents: “Assemblies may have 
components of a lower quality category.  Quality Category of items not included in the 
table shall be NITS (NOT IMPORTANT TO SAFETY).”  Because the grout is not listed 
under Note 5 of the FSAR drawing, it would be considered NITS, which means the 
design drawing categorization for the grout is higher than that on the FSAR drawing.   
 
For the Nelson stud, this subcomponent is shown on the design drawing in the DSC 
support structure embedment sub-weldment, designated “5107-MARK-06 and 5107-
MARK-14.”  Both of these sub-weldments are identified as ITS-B items on the design 
drawings, which matches FSAR drawing’s Note 5 for the “DSC Support Structure” SSC.  
Therefore, the Nelson stud would be considered a subcomponent and a lower safety 
classification/quality category (e.g., ITS-C) is considered appropriate.   
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For the heavy duty hinge, this subcomponent is shown on the design drawing as the door 
hinge for the HEPA filter door assembly, designated “5107-MARK-10.”  This 5107-
MARK-10 sub-weldment is identified as an ITS-B item on the design drawing, matching 
the FSAR drawing’s Note 5 for the “HEPA Filter Door Assembly” SSC.  Yet, given the 
HSM FSAR drawing’s Note 5 language about lower level subcomponents, the hinge 
would appropriately be considered a subcomponent with a lower safety 
classification/quality category (e.g., ITS-C). 
 

c) The response to RAI sub-question ‘b’ also responds to sub-question ‘c’. 
 
d) Based on the general response to this RAI above and the response to sub-question ‘b’, 

some changes to the TMI-2 ISFSI FSAR text, FSAR figures, FSAR drawings, and design 
drawings for the DSC were required to clarify the information as it related to normal 
storage operations.  With these changes, the DSC FSAR drawings, text, and figures now 
more accurately depict the information necessary to support the scoping of DSC 
subcomponents.  Updated DSC FSAR drawings, text, and figures, and the DSC design 
drawings are being provided to the NRC in a separate submittal.  The HSM, HSM 
basemat, and TMI-2 Canister design drawings are also being provided in that submittal.  
Based on the additional information provided here and the fact that no changes are 
necessary to the safety classifications/quality categories of SSCs to support the safe 
storage during the PEO, DOE-ID has concluded that no further harmonization of safety 
classification/quality category between the drawings is required.   

 
e) The design drawings listed in LRA Table 2-2 are being submitted separately to the NRC.  

Revised FSAR drawings for the DSC (described previously in this RAI response) are also 
being submitted separately to the NRC and supersede the current revisions of the affected 
DSC FSAR drawings in TMI-2 ISFSI FSAR Appendix A.  TMI-2 ISFSI FSAR 
Appendix A already includes the correct revisions of the TMI-2 Canister and HSM FSAR 
drawings.  The explanation below is provided to address the RAI inquiry pertaining to the 
revision level of TMI-2 Fuel Canister FSAR Drawing No. 1161300.  LRA Table 2-2 has 
been updated to reflect the correct revisions for both the FSAR drawings and the design 
drawings for all listed components. 

 
 The TMI-2 Canister FSAR drawings are identified as Drawings 1161299, 1161300, and 

1161301 for the TMI-2 Filter Canister, TMI-2 Fuel Canister and TMI-2 Knockout 
Canister, respectively.  Each of these drawings was originally created by Babcock & 
Wilcox (B&W).  For drawings 1161299 and 1161301, the title block calls out B&W 
Revision 1 in the bottom right-hand corner of the drawing.  The B&W drawing revision 
history is shown in a separate table elsewhere on the periphery of the drawings, which 
also indicates Revision 1.  Revision 1 is the correct revision for these two drawings. 

 For TMI-2 Fuel Canister FSAR drawing 1161300, the B&W revision history table is also 
shown in a corner of the drawing and indicates the most recent B&W revision as 3.  The 
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drawing title block and a separate Bechtel Corporation revision history table in the 
bottom/middle portion of the drawing shows Revision B1.  Thus, the revision of the 
drawing in the title block matches the Bechtel revision history but is not the same as the 
latest revision in the B&W revision history block.  Based upon DOE_ID’s review, the 
differences in the title blocks correspond to the introduction of a “B series” of drawings 
that were associated with the introduction of Bechtel as a participant  in the TMI-2 
reactor cleanup effort in the mid-1980s. The new “B series” of drawing revisions were 
introduced to distinguish the Bechtel drawing revisions from the B&W drawing revisions 
to the same drawing.  Based upon DOE-ID’s review, Bechtel Revision “B0” 
corresponded to B&W Revision 3 (dated April 1986) and Bechtel Revision “B1” was the 
first drawing revision made by Bechtel (dated June 1986).  Thus, Revision B1 is the 
current and correct FSAR drawing revision and was the drawing revision used for LRA 
scoping. The TMI-2 Fuel Canister FSAR drawing currently in FSAR Appendix A is the 
correct revision.  LRA Table 2-2 has been updated accordingly. 
 

RAI 2-2  
 
Clarify if the shielding analyses in the approved design bases rely on the relative placement of 
the TMI-2 canisters to the dry shielded canister (DSC) vent/purge ports, as controlled by the 
TMI-2 canister basket, modifying the LRA as described below.    
  
Based on the discussion in Section 7.3.2.1 of the UFSAR, the staff is unclear if the basket is 
relied on for maintaining the TMI-2 canisters away from the DSC vent/purge ports.  While the 
relative placement of the canisters may not affect the off-site dose rates, it may affect personnel 
doses and the evaluations for doses/dose rates at these ports were the basket not credited and the 
canisters allowed to align with one or both of the ports.  If the basket is relied on for assuring a 
given TMI-2 canister configuration in the shielding analyses, justify its exclusion from the scope 
of renewal review.  Alternatively, include the basket in the renewal scope, provide an aging 
management review and any corresponding time-limited aging analyses (TLAAs) or aging 
management programs (AMPs), and revise the UFSAR Supplement in Appendix C, as 
appropriate.    
  
This information is needed to determine compliance with 10 CFR 72.24(e), 72.122(h)(5), and 
72.42(a).  
 
DOE-ID Response to RAI 2-2 
 
Although included in the top-end design-basis shielding model (TMI-2 ISFSI FSAR Section 
7.3.2.2.D), the Dry Shielded Canister (DSC) basket is not relied on in the design-basis shielding 
analysis to maintain the TMI-2 Canisters away from the DSC vent and purge ports.  TMI-2 
Technical Specification Limiting Condition for Operation (LCO) 3.2.2 requires that “the surface 
dose rate of each HEPA filter housing shall not exceed 1200 mrem/hr.”  In addition, of the 
various limits in 10 CFR 20.1201, the most relevant is a total effective dose equivalent (TEDE) 
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of 5,000 mrem/year for onsite worker personnel.  As described below, reasonable assurance is 
provided by analysis that the dose rates will be well below the LCO limit and a small fraction of 
the regulatory limit, even with conservatively calculated high efficiency particulate air (HEPA) 
filter surface dose rates and no credit taken for source term decay through the PEO.  
 
Confirmation of the approved design-basis shielding model, Calculation 219-02.0403, “Top End 
Dose Rates for TMI-2 Canisters” (LRA Reference 2.4.6), has been demonstrated via a 
supplementary shielding analysis performed to support this RAI response (Orano Federal 
Services Calculation CALC-3021323).  Section 7 of LRA Reference 2.4.6 states “the dose rate 
directly above the HEPA filters is found to be 3.12 mrem/hr” with the basket included in the 
model.  The supplementary shielding analysis models a configuration in which the basket is 
completely removed from the model (bounding all credible DSC basket degradation/TMI-2 
Canister reconfiguration scenarios). 
 
Completely removing the DSC basket from the shielding model provides for a reconfiguration of 
the TMI-2 Canisters toward the bottom side of the DSC, maximizing the calculated vent port 
dose rate due to the clustering of the TMI-2 Canisters around the vent port.  This approach 
allows for quantification of changes to calculated dose rates assuming complete basket 
degradation and the resultant TMI-2 Canister repositioning within the DSC.  Note that for this 
supplementary shielding analysis the vent port dose rates bound the purge port dose rates, which 
is consistent with the TMI-2 ISFSI FSAR and LRA Reference 2.4.6.  In addition, neutron dose 
rates were already determined to be a small fraction of the total peak dose rates (see TMI-2 
ISFSI FSAR Table 7.3-1).  Hence, only gamma dose rates were evaluated in the supplementary 
analysis.  Neglecting low neutron dose rates is consistent with the design basis as stated in 
Section 7.3.2.2.D of the TMI-2 ISFSI FSAR. 
 
Based on information from the supplementary shielding analysis, 1.83 inches is the axial 
distance in which the TMI-2 Canisters are assumed shifted toward the top-end shield plug in the 
reconfigured arrangement (see Figure 2-2-1).  The distance between the center of the vent port 
and the axial centerline of the TMI-2 Canister in the normal arrangement is 8.58 inches (see 
Figure 2-2-2).  The distance between the center of the vent port and the axial centerline of the 
TMI-2 Canister in the reconfigured arrangement is 8.99 inches (see Figure 2-2-3). 
 
With the reconfigured TMI-2 Canisters in closer proximity to the vent/purge ports, the maximum 
HEPA filter outer surface dose rate is calculated to be 109 mrem/hr.  This reconfiguration is one 
of two possible reconfiguration scenarios modeled in CALC-3021323, and is the scenario 
causing the highest dose rate increase, hence is the bounding reconfiguration scenario.  As such, 
the peak HEPA filter surface gamma dose rate of 109 mrem/hr complies with the 1,200 mrem/hr 
limit contained in LCO 3.2.2 of the TMI-2 ISFSI FSAR.  In addition, the final two operational 
procedural steps from Table 7.4-1 of the TMI-2 ISFSI FSAR (i.e., “Open Rear Wall Access 
Door, Remove the Filter Transportation Covers, Visually Check HEPA Filters, Close Access 
Door” and “Perform Radiation Survey”) require a total of two hours to complete.  Therefore, 
assuming a worst-case full body dose rate of 109 mrem/hr for those two hours and that these 
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steps are completed once per year, then annual dose would be 218 mrem for each worker.  This 
is still 4,782 mrem less than the 5,000 mrem/year limit as provided in 10 CFR 20.1201.  
Therefore, this increased dose rate is compliant with the limits in 10 CFR 20 as required by 10 
CFR 72.24(e) and 10 CFR 72.122(h)(5). 
 
In summary, the design basis shielding analyses are not sensitive to the relative location of the 
TMI-2 Canisters with respect to the DSC vent/purge ports.  Therefore, consistent with Table 3.4-
1 of the TMI-2 ISFSI FSAR, the DSC basket, which is a NITS item, is out of scope for the LRA 
because its failure does not prevent fulfillment of an ITS function, including adequate radiation 
shielding during the PEO.  No changes to the LRA have been made as a result of this RAI 
response. 
 

 
 

Figure RAI 2-2-1: Cross-Section Axial Profile of TMI-2 Canisters inside DSC 
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Figure RAI 2-2-2: DSC Basket-Shell Cross-Section Radial Profile of TMI-2 Canisters 

shown beneath Top Shield Plug (normal arrangement) 
 

 
Figure RAI 2-2-3: DSC Basket-Shell Cross-Section Radial Profile of TMI-2 Canisters 

shown beneath Top Shield Plug (reconfigured arrangement) 
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RAI 2-3  
 
Clarify how the extra horizontal storage module (HSM) and DSC overpack are considered in the 
ISFSI design bases and modify the LRA as described below.  
  
The approved design bases in the technical specifications, technical specification bases, and 
UFSAR includes an extra unloaded HSM (i.e., HSM-15) with a pre-installed DSC overpack, 
which provides backup in case a challenged canister needs additional confinement for what is 
described in Section 8.2.7.4 of the UFSAR as recovery from a non-credible event.  Section 
2.3.3.1 of the LRA scoped out HSM-15 from the scope of renewal review.  It is not clear how the 
HSM-15 and DSC overpack would be used in the operation of the ISFSI (e.g., only associated 
with the emergency plan and restoring the facility to a safe condition after what the UFSAR 
states is a non-credible accident).  The bases do not appear to limit the use of these SSCs.  If the 
bases allow for the HSM and DSC overpack to be used for storage at the ISFSI, then these SSCs 
should be included in the renewal review; or a license condition or technical specification should 
be added to preclude the use of these SSCs for storage at the ISFSI.    
  
The applicant is asked to clarify how the extra HSM and DSC overpack are considered in the 
ISFSI design bases and specifically explain where in the bases the extra HSM and DSC overpack 
are precluded from use for storage at the ISFSI.  If the extra HSM and DSC overpack are not 
precluded from being used for storage at the ISFSI, then the applicant is asked to justify their 
exclusion from the scope of renewal review or offer a suggested license condition or technical 
specification to preclude the use of the extra HSM and DSC overpack for storage at the ISFSI.  
Alternatively, the applicant should revise the LRA to include the extra HSM and DSC overpack 
in the renewal scope, provide an aging management review and any corresponding TLAAs or 
AMPs, and revise the UFSAR Supplement in Appendix C, as appropriate.   
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
 
DOE-ID Response to RAI 2-3 
 
Section 8.2.7 of the TMI-2 ISFSI FSAR describes the DSC leakage accident event, for which 
one of the recovery actions described in Section 8.2.7.4 is “An HSM with an overpack is 
provided to ensure that the challenged DSC can be safely stored at the ISFSI.”  This accident 
event is non-credible, based on TMI-2 ISFSI FSAR Section 8.2.7, which states “The analyses of 
normal, off-normal, and accident conditions have shown that no credible conditions can breach 
the DSC shell or fail the double seal welds at each end of the DSC.” TMI-2 ISFSI FSAR Section 
8.2.7.1 states “There is no credible event that could result in the rupture of any TMI-2 canister 
component concurrent with an instantaneous rupture of the DSC seams or HEPA filter trains.”   
 
TMI-2 ISFSI FSAR Section 5.1.2.5 further states “The need to transfer a DSC to the HSM with 
an integral overpack could arise as a result of damage or deterioration that occurs unexpectedly 
or due to loading difficulties.”  Because all DSCs that will be transferred to HSMs for storage at 
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the ISFSI have already been transferred to those HSMs, then “loading difficulties” no longer 
exist.  Technical Specification Bases Section B 2.1.1 is consistent with this part of the ISFSI 
design and licensing basis. 
 
The above TMI-2 ISFSI FSAR statements confirm that DSC leakage is a non-credible, beyond-
design-basis event.  Therefore, HSM-15 and the DSC overpack serve no safety function for any 
normal, off-normal, or accident event postulated for the TMI-2 ISFSI.  Based on the above, 
HSM-15 and the DSC overpack are not in scope for license renewal.  LRA Section 2.3.3.1 has 
been clarified in this regard.  Furthermore, as suggested in the RAI, a new proposed License 
Condition 19 has been added to LRA Appendix D that precludes using HSM-15 and the DSC for 
normal spent fuel storage operations. 
 
RAI 2-4 
 
Provide a scoping evaluation, aging management review and any corresponding TLAAs or 
AMPs, and revise the UFSAR Supplement in Appendix C, as appropriate, for the two transfer 
casks described in the TMI-2 ISFSI licensing bases, the MP-187 and the OS-197.  Alternatively, 
propose a suggested license condition or technical specification to use a transfer cask that is aged 
less than 20 years.      
  
The transfer casks are identified as important to safety, per Table 3.4.1 of the UFSAR.  The  
LRA properly defines the transfer casks to be within the scope of renewal review.  However, the 
LRA does not present TLAAs or AMPs for the transfer casks since DOE-ID does not possess a 
transfer cask associated with the TMI-2 ISFSI license.  Instead, the LRA discusses how DOE-ID 
would acquire access to a transfer cask when needed for future retrieval of the DSCs and provides 
information on procurement of a transfer cask under the DOE-ID Quality Assurance Program.  The 
LRA discusses how the procurement process, as controlled by the DOE-ID Quality Assurance 
Program, will ensure that the transfer cask will comply with all applicable conditions in the TMI-
2 ISFSI license, technical specifications, and UFSAR.  The LRA also discusses how the 
procurement process will include any aging management activities, if required for a transfer cask 
aged longer than 20 years, as part of the procurement.     
  
The staff notes that once the TMI-2 ISFSI license is renewed, the entire licensing bases for the  
ISFSI is renewed, including the design considerations for the transfer casks.  Therefore, if 
TLAAs or AMPs for the transfer casks are not included in the LRA, the staff cannot determine 
compliance with 10 CFR 72.42(a).  However, the staff recognizes the unique situation of DOE-
ID not currently possessing a transfer cask, as it is not needed until retrieval of the DSCs starts in 
the future.  The staff also recognizes that DOE-ID may choose to procure a new transfer cask or 
a transfer cask that is aged less than 20 years (the initial licensing term for the TMI-2 ISFSI), 
which would not be in its period of extended operation where aging management considerations 
would need to be addressed.  
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Therefore, the applicant could include in the LRA an aging management review and 
considerations for the transfer casks.  If the applicant chooses not to include the transfer casks in 
the LRA in terms of an aging management review and considerations, an alternate path is a 
license condition or technical specification that limits the age of a transfer cask that can be used 
at the TMI-2 ISFSI to 20 years (the initial licensing term for the TMI-2 ISFSI), thereby 
preventing the transfer cask from entering its period of extended operation in which aging issues 
would need to be addressed.  This reflects the possibility that a new transfer cask or transfer cask 
aged less than 20 years may be used.  In the case where DOE-ID may choose to use a transfer 
cask that was already in its period of extended operation, DOE-ID would need to request a 
license amendment to change the license condition or technical specification to allow for the use 
of such a transfer cask, by demonstrating that aging effects for the transfer cask will be managed 
so that the transfer cask will continue to perform its intended function(s) in the period of 
extended operation.    
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
 
DOE-ID Response to RAI 2-4 
 
The TMI-2 ISFSI FSAR includes discussion of two transfer casks (TCs) within the design basis, 
the MP187 transportation-certified cask and the OS197 TC.  Both of these TC designs are owned 
by TN Americas.  One MP187 TC has been fabricated and currently is in storage at the Rancho 
Seco ISFSI.  Several OS197 TCs have been fabricated over the past 20-plus years and as the 
need arises, are used at various locations around the country.  Some of these OS197 TCs are 
dedicated for use by licensees at their ISFSIs and others are shared among various ISFSIs around 
the country on an as-needed basis.  The OS197 TC is a 10 CFR 72-licensed component governed 
by one specific ISFSI licensee (Calvert Cliffs) and, separately, by Standardized NUHOMS® 
System Certificate of Compliance (CoC) 72-1004 for use by 10 CFR 72 general licensees.   
 
Because DOE-ID does not own a TC, future access to one will be accomplished via the quality 
procurement process.  In the meantime, it is the responsibility of the owner of the individual 
serial number OS197 TCs (i.e., either TN Americas or an ISFSI licensee who owns an OS197 
TC) to implement the AMPs for any OS197 TC aged greater than 20 years as specified in the 
applicable ISFSI licensing basis, as renewed.  Confirmation that the AMPs incorporated by 
reference into the TMI-2 ISFSI licensing basis have been implemented by the owner of the 
specific OS197 TC to be used at the TMI-2 ISFSI will be ensured via specifying such 
requirements in the DOE-ID quality procurement documents, verifying the requirements have 
been met, and documenting that verification as a quality record. 
 
At the time the TMI-2 ISFSI LRA was submitted in March 2017, the Rancho Seco ISFSI LRA 
had not yet been submitted and the 1004 CoC renewal application was under NRC review.  CoC 
1004 was renewed for an additional 40-year term, effective December 11, 2017 and expiring 
January 23, 2055.  The Rancho Seco ISFSI LRA was submitted in March 2018 and is currently 
under NRC review.   
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DOE-ID proposes the following approach in response to this RAI, with respect to the two TC 
designs discussed in the TMI-2 ISFSI FSAR. 
 
MP187 
 
DOE-ID proposes a new condition for the renewed TMI-2 ISFSI license that prohibits use of an 
MP187 aged 20 years or more to perform the TC functions described in the TMI-2 ISFSI FSAR.  
This proposed new License Condition 20 has been added to LRA Appendix D, Section D.2.2. 
 
OS197 
 
DOE-ID will adopt the renewed CoC 1004 scoping evaluation, aging management review 
(AMR), time-limited aging analyses (TLAAs), and aging management program (AMP) for the 
OS197 TC via incorporation by reference (IBR) into the TMI-2 ISFSI LRA, verbatim.  This is a 
conservative approach, in that the OS197 TC design was renewed under CoC 1004 for an 
additional 40-year period of extended operation (PEO), for a total of 60 years of service, whereas 
the TMI-2 ISFSI LRA only requests a 20-year PEO, or a total of 40 years of service, or 20 fewer 
years for potential aging mechanisms to affect the TC.  The specific IBR documents and sections 
of the CoC 1004 are as follows: 
 

1. The following information in TN Americas’ Document NUH-003, “Updated Final 
Safety Analysis Report (UFSAR) for the Standardized NUHOMS® Horizontal 
Modular Storage System for Irradiated Nuclear Fuel,” Revision 17, March, 2018 
[NRC ADAMS Accession Nos. 18079A008 (Proprietary Version) and 
ML18079A007 (Public Version)]. 
 

i.) Sections 12.1, 12.2, and 12.3 pertaining to the OS197 TC; Section 12.2.2; 
Table 12.2-1; and Table 12.3-5. 
 

2. The following information in Docket No. 72-1004 CoC, “Renewal Application for 
the Standardized NUHOMS® System, Certificate of Compliance No. 1004, Revision 
3,” dated September 29, 2016, [NRC ADAMS Accession Nos. 16279A371 
(Submittal Enclosure 3, Proprietary Version) and ML16279A372 (Submittal 
Enclosure 4, Public Version)]. 

i.) Sections 1.2.2.3, 3.3.3, 3.4, 3.4.1, 3.4.2, 3.4.3, 3.7 and Appendices 1A-1K, 2C 
(pertaining to the OS197 TC); Appendix 2E (Table 2E-3 only); Appendix 3B 
(pertaining to the OS197 TC); and Appendix 6A (Section 6A.7 only). 

  
To confirm comprehensive IBR of the material in Items 1 and 2 above for the TMI-2 ISFSI, 
DOE-ID has reviewed and made available in its records management system the information 
contained therein.  Through this review, DOE-ID has verified that the CoC renewal basis for the 
OS197 TC applies to the TMI-2 ISFSI license renewal.  That review ensured that the applicable 
AMR criteria for the OS197 TC envelopes the associated TMI-2 ISFSI site parameters.  
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Incorporation by reference of any proposed OS197 aged at least 20 years is considered 
appropriate because any safety-significant variations on applicability are bounded by conditions 
specified in the CoC 1004 renewal application (e.g., more radioactive source terms, higher decay 
heat loads, ability to add more contents to the ISFSI, high burn-up fuel, longer PEO, etc.).  
Appendix E of the TMI-2 ISFSI FSAR (specifically, on page E1.1 and in Table E1.0-1) provides 
a comprehensive comparison of the OS197 TC with the site-specific conditions at the TMI-2 
ISFSI that was performed for initial TMI-2 ISFSI licensing. 
 
A paragraph has been added to LRA Section 3.6 describing the acceptability of using the TMI-2 
coated carbon steel DSC and TC spacers inside the OS197 TC.  This review in the LRA 
acknowledges both the difference between the stainless steel DSCs authorized for general 
licensee use in the 1004 CoC versus the carbon steel DSCs used at the TMI-2 ISFSI and their 
interface with the stainless steel TC interior.  We note that the internal environment where the 
DSC and TC spacers reside within the OS197 interior during use is free of moisture and the 
temperatures are bounded by the much higher values in the 1004 CoC.  In addition, this 
configuration with the DSC loaded inside a TC is a temporary, intermittent condition.  As stated 
in Section 3.7.3 of the 1004 CoC renewal, following the completion of loading campaigns using 
the OS197 TC and prior to the start of the next, all exposed TC surfaces are thoroughly cleaned 
and inspected for any damage or degradation.  The net result is that there are no new or different 
aging effects due to this distinction between the material types between the 1004 CoC and the 
TMI-2 ISFSI license. 
 
Regarding the OS197 IBR, subsequent changes to information contained within items 1 and 2 
above, if any, will not apply to the TMI-2 ISFSI unless DOE-ID performs an evaluation of the 
changes and specifically incorporates them into the ISFSI licensing basis using the appropriate 
process (10 CFR 72.48 or license amendment).   
 
The following sections of the TMI-2 ISFSI LRA have been revised to reflect the proposed new 
license condition for the MP187 TC and to refer to the associated portions of the CoC 1004 
renewal application and Standardized NUHOMS® System UFSAR: 1.2.3, 1.4, 2.3.2.4, 2.4, 3.6, 
A3, A.1, C.2.6.3, C.2.7.3 (new), C.2.8.1 (new), C.2.8.2 (new), C.2.8.3 (new). C.3, C.4, Table C-9 
(new), and D.2.2. 
 
RAI 2-5 
 
Clarify if the transfer cask bottom/top spacers are credited in the shielding analyses for 
maintaining a given DSC configuration inside the transfer cask, modifying the LRA as described 
below.    
  
The LRA did not include the transfer cask spacers in the scope of renewal review.  Section 
2.3.3.2 of the LRA references Section 3.1.2.1 of the UFSAR for justifying their exclusion.  
However, Section 3.1.2.1 does not specifically discuss the transfer cask spacers, which are 
separate subcomponents from the transfer cask.  Therefore, the basis for the LRA conclusion is 
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unclear, particularly when Sections 4.2.5.2 and E.4.2.5.2 of the UFSAR state that these spacers 
ensure that the DSC will not rotate out of position during transfer operations (e.g., during 
retrieval).  Also, based on information in Chapter 7 of the UFSAR (e.g., Figure 7.3-2), it appears 
that the shielding analysis for a DSC in a transfer cask relies on these spacers to maintain the 
DSC’s axial position versus the cask’s radial shielding to minimize public and occupational 
doses.  If the transfer cask spacers are credited in the shielding analyses for maintaining a given 
DSC configuration inside the transfer cask, justify their exclusion from the scope of renewal 
review.  Alternatively, include the transfer cask spacers in the renewal scope, provide an aging 
management review and any corresponding TLAAs or AMPs, and revise the UFSAR 
Supplement in Appendix C, as appropriate.  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
 
DOE-ID Response to RAI 2-5 
 
As discussed below, the Transfer Cask (TC) spacers are not considered within the scope of 
renewal because they are Not Important-to-Safety (NITS) SSCs and they do not meet Criterion 2 
in NUREG-1927 for being in-scope.  The failure of the spacers was evaluated and found not to 
prevent fulfillment of an Important-to-Safety (ITS) function (e.g., radiation shielding, 
retrievability, etc.).  Of note, DOE-ID has determined that the TC spacers used during the initial 
ISFSI loading campaign no longer exist; therefore, new TC spacers would need to be fabricated 
if there was determined to be a future need for them.  Two separate discussions below provide 
rationale explaining how neither rotational nor axial positioning of the DSC offered by the TC 
spacers prevent fulfillment of an ITS function. 
 
Regarding DSC rotational position within the TC, the “DSC will not rotate during transfer 
operations” statement in Section E.4.2.5.2 of the TMI-2 ISFSI FSAR refers only to 
transfer/transport of the TC on the trailer, not loading or retrieval operations.  A 1.75-in. wide 
key on the DSC grapple ring (Item 7 on FSAR Drawing 219-02-2001) matches a corresponding 
notch on the Bottom Spacer.  This key prevents the DSC bottom end from unintentional rotation 
in the TC during transit between facilities (e.g., former TAN to INTEC transfer operations).  In 
addition, as stated in TMI-2 ISFSI FSAR Section 4.2.5.2, the TC top spacer has cutouts for the 
vent and purge housings.  These cutouts prevent the top end of the DSC from unintentional 
rotation within the cavity of the TC during transfer/transport of the TC on the trailer. 
 
These anti-rotation features of the TC spacers are for operational purposes only, and provide no 
anti-rotation function during loading or retrieval of the DSC from the HSM.  For example, in 
order to provide vent/purge filter accessibility, the through ports on the back side of the HSM 
need to align with the DSC purge and vent ports after the DSC has been inserted into the HSM.  
In fact, misalignment can occur, should the DSC amply rotate as it is pushed into the HSM.  
Nonetheless, any potential subsequent misalignment issues between the DSC filters and HSM 
through ports would not be a safety concern, only an operational inconvenience.  Because all 
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DSCs have already been loaded into HSMs and there are no design-basis conditions requiring 
DSC removal, potential DSC rotational issues inside a TC are no longer possible. 
 
In terms of withdrawal of a DSC from an HSM into a TC (i.e., retrieval), as the DSC is being 
pulled into the TC, the DSC could rotate to some extent (see TMI-2 ISFSI FSAR step 
5.1.2.3.13).  However, there are no adverse safety consequences should the DSC rotate.  As 
described in TMI-2 ISFSI FSAR Step 5.1.2.3.18, the TC top cover plate is placed on the TC top 
end after the DSC has been pulled into the TC.  The cover plate already has the TC spacer pre-
attached to it.  If needed, while the top TC top cover plate is lifted, it could be rotated 
operationally such that the attached spacer vent and purge cut-outs are aligned with the DSC vent 
and purge ports.  However, none of these operational steps are intended to fulfill any intended 
functions that are ITS for storage (i.e., retrieval or radiation shielding). 

 
Regarding DSC axial position within the TC, the space taken up by the MP187 TC top and 
bottom spacers are modeled as air in the TMI-2 ISFSI FSAR Section 7.3.2.2.C shielding 
analysis.  These “space claim gaps” (i.e., empty axial volume where the TC spacers reside) 
included in the TC shielding analyses are used to center the DSC axially within the TC, 
maintaining DSC axial position only.  However, the TC spacers themselves are not included in 
the models; rather the encompassing cylindrical volume is modeled as air.  This is shown in 
TMI-2 ISFSI FSAR Figure 7.3-2 as a two-dimensional (2D) cross-section of the DSC within the 
MP187 TC.  Because it is a 2D shielding model and the fact that the TMI-2 fuel debris is 
assumed “smeared” into a homogenous cylindrical region in the DSC cavity, no credit is taken 
for maintaining DSC rotational position within the TC. 
 
Based on this shielding model and with the DSC axially centered, TMI-2 ISFSI FSAR Table 7.3-
1 provides both the maximum and average MP187 TC dose rates.  The maximum values are 
shown reproduced below in Table RAI 2-5-1, with the maximum dose rate at the side of the TC 
being 1.85 mrem/hr gamma and 1.35 mrem/hr neutron.  These values comply with the 10 CFR 
20.1201 regulatory limit for the total effective dose equivalent (TEDE) of 5,000 mrem/year for 
onsite worker personnel.   
 
Because the MP187 TC is proposed to be excluded from use during the PEO as a license 
condition (see response to RAI 2-4) and because the OS197 TC has less shielding than the 
MP187 TC, the OS197 TC shielding model was reviewed for comparison of dose rates with the 
DSC in three positions.  The first position (i.e., nominal) is the as-modeled position with the 
DSC top cover plate positioned 3.75-in. off the top-end of the internal OS197 cavity while the 
DSC outer bottom cover plate is 28.25-in. off the bottom of the internal OS197 cavity.  These 
dimensions take up the space claim gap for the top and bottom TC spacers, respectively.  The 
other two positions are either fully shifted to the top or fully shifted to the bottom end of the 
OS197 internal cavity limits, thus removing any reliance on the TC spacers for DSC axial 
positioning.  Looking at all three axial positions and resultant dose rates ensures that all positions 
can be verified to be within regulatory limits. 
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In response to this RAI, confirmation of the approved TMI-2 ISFSI FSAR design-basis shielding 
model, Calculation 219-02.0401, “HSM and Cask Dose Rate Calculation”, (LRA Reference 
3.11.157) has been performed via a supplementary OS197 TC shielding analysis (Orano Federal 
Services Calculation CALC-3021832).  This supplementary analysis was performed as a three-
dimensional (3D) MCNP shielding model of the OS197 TC with the NUHOMS®-12T DSC 
included.  Moving the DSC inside the TC will move the source 3.75-in. closer to the TC outer 
top surface when shifting up and 28.25-in. closer to the TC outer bottom surface when shifting 
down.  Of note, there is a small increase in these dimensions due to the extra space in the cavity 
between the DSC overall height and the OS197 internal height (i.e., 3.75-in. actually 5.05-in. and 
28.25-in. actually 29.00-in.).  Other key parameters remain the same as the original shielding 
analysis, including the material properties and source definition, with only the space claim air 
gap disappearing between the end of the DSC and the inner surface of the closure lids for the 
shifted DSC positions.  Based on the results from this analysis, the OS197 TC maximum neutron 
and gamma radiation surface dose rates are provided in Table RAI 2-5-1 below.  The maximum 
combined dose rate is at the bottom of the OS197 TC (368.13 mrem/hr) with the DSC shifted to 
the bottom end of the OS197 internal cavity.  This is approximately a 75 mrem/hr increase over 
the combined dose rate with the DSC nominally located (293.4 mrem/hr). 
 
Most of the operational procedural steps from Table 7.4-1 of the TMI-2 ISFSI FSAR that might 
be applicable for this phase of DSC retrieval require an hour or two to complete.  A bounding 
maximum worker exposure time might include the steps from TMI-2 ISFSI FSAR Table 7.4-1 
“Position the Cask in Close Proximity with the HSM” through “Transfer the DSC from the Cask 
to the HSM” which is a total of 5.5 hours.  Therefore, assuming a worst-case whole body 
combined dose rate of 366.51 mrem/hr gamma plus 2.10 mrem/hr neutron for 5.5 hours and 
assuming relevant operational steps are completed no more than once per year for a single 
worker, the annual dose would be approximately 2,025 mrem per worker.  This is still 2,975 
mrem less than the 5,000 mrem/year limit as provided in 10 CFR 20.1201.  The step “Remove 
the Cask Lid” from TMI-2 ISFSI FSAR Table 7.4-1 requires only one hour to complete.  Since 
the only time a worker would be near the surface of the TC is for this short period (or less) while 
they remove the bolts from the TC ram access cover plate and attach the lifting shackle to the 
plate, this annual dose estimate is considered conservative. 
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Table RAI 2-5-1 
 

OS197 TC Surface Dose Rates with DSC both Nominally Positioned and Shifted to either the Top 
or Bottom of the TC with comparison to MP187 TC Design Basis Values 

DSC Position 
Dose 

Calculation 
Location 

MP187 Maximum Dose 
Rate (mrem/hr) 

OS197 Maximum Dose 
Rate (mrem/hr)* 

Gamma Neutron Gamma** Neutron 
Axially 

Positioned by 
TC Spacers 
(Nominal) 

TC Side 1.85 1.35 26.61 2.40 
TC Top 0.30 0.33 17.65 0.20 

TC Bottom 0.16 0.31 292.20 1.21 

Shifted to  
Top of TC 

TC Side - - 47.21 2.41 
TC Top - - 26.68 0.20 
TC Bottom - - 270.16 1.09 

Shifted to  
Bottom of TC 

TC Side - - 26.68 2.39 
TC Top - - 9.91 0.11 
TC Bottom - - 366.51 2.10 

* OS197 TC shielding model includes the 1-in. thick DSC ram access cover plate in place and 
an unfilled (i.e., empty) neutron shield. 
** Gamma radiation reported includes primary and secondary gamma radiation. 

 
In conclusion, the TC spacers are NITS SSCs and their failure will not prevent fulfillment of a 
design basis ITS function (e.g., radiation shielding, retrievability, etc.).  It follows that the TC 
spacers do not maintain a given DSC configuration inside the TC for a shielding or retrievability 
function.  In addition, DOE-ID does not possess the previously built OS197 TC spacers.  New 
TC spacers would need to be fabricated prior to performing any future TC operations.  As a 
result, the LRA appropriately excluded the TC spacers from the license renewal scope.  LRA 
Section 2.3.3.2 has been clarified in this regard. 
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CHAPTER 3 – AGING MANAGEMENT REVIEW 

RAI 3-1  
 
Clarify if the potential presence of the Plastisol polyvinyl chloride (PVC) resin may lead to 
accelerated aging when present on DSC surfaces.  Justify that the AMP for the DSC properly 
accounts for any potential accelerated aging due to the presence of Plastisol.  
  
Section 3.4.2.1 notes that Plastisol was used to cover portions of the DSC surface to protect 
surfaces prior to welding, and although the Plastisol was likely completely stripped prior to 
commencing field welds, it is noted that some areas may have been left with the material.  The 
staff is unclear about the stability of the Plastisol PVC resin and potential to generate additional 
chlorides due to radiolysis or thermolysis of the resin.  It is unclear how the degraded resin may 
contribute to accelerated corrosion of those DSC subcomponents based on data from either prior 
inspection results or accelerated separate-effects testing.  If the resin residue may lead to 
accelerated aging, the applicant is asked to justify that the proposed AMP remains adequate.  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
 
DOE-ID Response to RAI 3-1 
 
The DSC fabrication specification 219-02-107 (LRA Reference 3.11.35) refers to application of 
the “readily strippable material” in Section 5.6.2: 
 

“The field weld closure end preparations and the surfaces to be field fillet welded 
(plus ½" margin on both sides of the minimum specified weld sizes) shall not be 
coated with Carbo Zinc.  These surfaces shall be blasted in accordance with 
SSPC-SP 10 and covered with a readily strippable material to prevent 
corrosion.” 

 
This “readily strippable material” was applied by the DSC fabricator American Boiler Works 
(ABW) to temporarily protect the top shield plug plate and top cover plate circumferential welds.  
Section 6.1.3 of the process instructions for cleaning and coating the DSC (ABW Procedure P-
14, “Visual Testing Procedure for Cleaning and Coating the DS Canister,” LRA Reference 
3.11.36) describe this “readily strippable material” as “Plastisol”, a conformable mixture of PVC 
resin and compatible plasticizers.  The purpose of the Plastisol was to provide interim protection 
and corrosion prevention to the uncoated weld preparation regions during the period between 
DSC handling operations and prior to field welding.  The field-weld preparation areas were 
initially masked off, then the zinc-rich coating applied, and finally the masking was removed and 
these areas were coated in the Plastisol.   
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Section 6.1.3 of ABW Procedure P-14 also confirms the three DSC SSC field-welded locations 
that had the Plastisol applied:  
 

1. Top edge of the DSC shell (Item 1 on FSAR Drawing 219-02-2001) 
2. Edge of the DSC top shield plug plate (Item 2 on FSAR Drawing 219-02-2003) 
3. Edge of the DSC top cover plate (Item 3 on FSAR Drawing 219-02-2003) 

The primary purpose of LRA Section 3.4.2.1 was to identify the DSC areas left uncoated of the 
zinc-rich primer coating (i.e., CARBOZINC® 11 or CARBOZINC® 11 HS).  It was not intended 
to emphasize the temporary Plastisol coating other than to identify it as the “readily strippable 
material.”  A thorough inspection of the QA records for application and removal of the Plastisol 
was not conducted during original LRA drafting.  Therefore, statements in LRA Section 3.4.2.1 
indicating “areas that may have been left with the Plastisol intact” were included as a qualitative 
argument in the interest of completeness.  As described below, a detailed review of the DSC QA 
records was performed to support the response to this RAI. 
 
This confirmation of the application and removal of the Plastisol material was verified via a 
review of both the data packages and the DSC sealing records for each of the 29 DSCs.  
Application of the Plastisol was confirmed by reviewing the data packages and the embedded 
ABW Procedure P-14, Attachment A forms within each data package.  The forms have 
signatures “verifying Plastisol coating complete” with the dry film thickness having been 
measured, demonstrating the “readily strippable” feature of the coating.  In addition, Step 7.1.12 
of ABW Procedure P-15 [1], “Cleaning and Coating Procedure for the DS Canister” verified that 
the “Shop Foreman shall verify that the corrosion preventative coating (Plastisol) shall be 
provided to ensure the non-painted/blasted areas will not corrode and the film is adequate to be 
strippable.”  There was a sign-off by the foreman on the DSC’s traveler for each of the top shield 
plug, top cover plate and DSC shell SSCs, verifying that this Plastisol application was 
completed. 
 
Plastisol removal was confirmed by reviewing all 29 DSC seal welding records (embedded in 
either DOE-ID Procedure TPR-1216 [2] or TPR-6477) and verifying sign-offs for both the shield 
plug and top plate weld preparations, which included cleanup of the weld joints.  For example, 
TPR-6477, “Remote DSC Seal Welding” (LRA Reference 3.11.202) in Step 3.4.4.A states for 
shield plug welding field preparations, “The weld joints have been cleaned free of foreign 
material.”  In addition, Step 4.1.4.1 of TPR-1216 for the shield plug weld preparation states “The 
weld joints have been cleaned free of foreign material.”  Each individual step for the field weld 
preparations have a dated sign-off, indicating the step was accomplished satisfactorily.  For the 
DSC top cover plate field-weld preparation, Step 4.4.4 in TPR-1216 states: “Examine the edges 
and surfaces for foreign material that may interfere with welding; clean if necessary.”  Step 4.4.6 
of TPR-1216 states “Ensure there is no debris on the bottom of the DSC Cover Plate.” and Step 
4.5.1.1 states “The weld joints have been cleaned free of foreign material.”  Lastly, Steps 4.1.6 
and 4.6.5 in TPR-6477 for the shield plug and top cover plate, respectively, require cleaning the 
weld joint surfaces with acetone or toluene, ensuring that weld joints with the DSC shell are free 
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of any debris, including eliminating residues such as the hypothetical presence of any chlorides 
from DSC surfaces, and allowing final preparation of those surfaces for welding. 
 
The above review provides reasonable assurance of thorough Plastisol removal.  Therefore, it 
can be concluded an aging management review of the Plastisol is unnecessary.  It follows that a 
review of the DSC AMP for accelerated aging due to the Plastisol is not required.  LRA Section 
3.4.2.1 and Table 2-4 have been revised to remove references to Plastisol and Reference 2.4.15 
has been deleted to clarify this point. 
 
References 
 
1 - American Boiler Works Inc., Procedure P-15, Revision 2, “Cleaning and Coating Procedure 
for the DS Canister,” June 21, 1999. 
 
2 - Idaho Cleanup Project, TPR-1216, Revision 2, “DSC Seal Welding,” March 25, 1999. 
 
RAI 3-2  
 
Clarify and provide supporting information demonstrating that the radiation source terms from 
the fuel canister are bounding for the filter and knockout canisters.    
  
Section 3.3.1.2.2 of the LRA states that the fuel canister payload’s source term bounds the source 
term from the filter and the knockout canisters.  However, the basis for this statement is unclear.  
The UFSAR, in Section 7.2, “Radiation Sources,” does not appear to clearly identify the fuel 
canister source terms as bounding for the filter and knockout canisters, nor does the calculation 
package in Reference 3.11.24 of the LRA.  The UFSAR describes analyses of what is described 
as the design-basis source terms, without a discussion of how those source terms are bounding or 
design-basis for all three canister types.  This information is needed to understand the radiation 
environment that SSCs are exposed to, and the use of this information to support the LRA 
evaluation of aging effects related to radiation exposure.    
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
 
DOE-ID Response to RAI 3-2 
 
The TMI-2 Fuel Canister source term is identical to the TMI-2 Filter and Knockout Canister 
source terms, because there is only one source term for each radiation type (gamma and neutron).  
The design basis source described in Section 7.2 of the TMI-2 ISFSI FSAR is bounding because 
it was calculated from a worst-case payload described therein, and therefore bounds all three 
TMI-2 Canister types.  The design basis source term is based on core attributes such as burnup, 
initial enrichment, and specific power.  In addition, a maximum bounding TMI-2 Canister 
payload mass of 1,908 pounds is assumed in the design basis source term determination.  This 
bounding mass in TMI-2 Knockout Canister K506 is about 12 percent greater than of any other 
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TMI-2 Canister.  By assuming that all TMI-2 Canisters contain 1,908 pounds of core debris, a 
conservative source term is generated inside of the DSC.   
 
In summary, the source term is independent of which TMI-2 Canister type stores the core debris.  
The design basis source term discussed above was used as an input in the radiation effects 
calculation in Orano Federal Services calculation 02029.00.0000.02-01, Revision 2, “Radiation 
Effects on Materials for TMI-2 ISFSI License Renewal” (LRA Reference 3.11.24).  The wording 
has been clarified in a revised version of this calculation.  In addition, LRA Section 3.3.1.2.2 has 
been revised to clarify this information. 
 
RAI 3-3  
 
Revise the neutron fluence and gamma dose analyses for the TMI-2 canisters to account for the 
time the canisters were loaded with debris prior to the canisters being loaded into the DSCs and 
stored in the ISFSI HSMs, or justify that the current analysis is bounding.  
  
As stated in Section 3.3.1.2.2 of the LRA, the LRA analyses use the source terms in the UFSAR 
for the ISFSI, which is based on a decay of 19 years after the accident.  This 19 years decay 
corresponds to the time when loading of the TMI-2 canisters into the DSCs began.  This source 
term is appropriate for the LRA analyses for the DSCs and the HSMs.  However, it is not clear 
that it is appropriate for the TMI-2 canisters, which were loaded about 6.5 years after the 
accident (approximately 14 years before DSC loading).  
  
While the radiation exposures prior to the 19-year time pre-date the ISFSI, the canisters are 
components of the ISFSI; thus, the cumulative exposure of both storage at and prior to the ISFSI 
needs to be addressed to demonstrate that the canisters will perform their functions for the 
duration of the renewed ISFSI license.  To account for the additional 14 years of irradiation the 
TMI-2 canisters experienced, the LRA states that the analyses of adverse radiation effects to 
SSCs consider an irradiation time of 60 years (accounting for the first ISFSI license term, 
requested renewal term, and conservatively an additional 20 years to cover the additional time 
since the TMI-2 canisters where loaded).  However, the source term for the canisters’ analyses, 
described in LRA reference 3.11.24, should use the source terms for 6.5 years of decay, not 19 
years.  This includes the source terms for the fuel and the Am-Be-Cm sources.  Based on the 
staff’s estimates using only 6.5 years of decay, all source terms will increase, with significant 
increases in the gamma source term.  As an alternative, recognizing that the source terms decay 
with time, the applicant may provide justification for why the current analysis with the 19-year 
decayed source terms is bounding.  Such justification should include calculations that show that 
the applicant’s current analysis method results in cumulative exposures that bound the exposures 
that a realistic analysis that accounts for the canisters’ exposure prior to loading into the DSCs 
and decay of the source over time would estimate.  
  
This information is needed to determine compliance with 10 CFR 72.42(a). 
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DOE-ID Response to RAI 3-3 
 
The gamma dose source term for the TMI-2 Canisters has been revised in Orano Federal 
Services Calculation 02029.00.0000.02-01, Revision 2, “Radiation Effects on Materials for TMI-
2 ISFSI License Renewal,” (LRA Reference 3.11.24) to account for the time the TMI-2 
Canisters were loaded with debris prior to the TMI-2 Canisters being loaded into the DSCs and 
stored in the TMI-2 ISFSI HSMs.  An additional gamma source term for the decay at six years 
was obtained from the same output file as the gamma source term for the decay at 19 years 
currently in the TMI-2 ISFSI FSAR.  This six-year decay corresponds to the time when the TMI-
2 Canisters were loaded with debris and is conservative compared to the 6.5 years referred to in 
the RAI because it yields a slightly stronger gamma source term due to a half year’s less decay 
time.  Radiation dose from six years to 19 years was calculated for the TMI-2 Canisters using the 
six-year gamma source term and that dose was added to the previously determined dose using 
the 19-year gamma source term over 60 years, producing the cumulative gamma dose over 74 
years of the TMI-2 Canisters containing the core debris.  The LRA was revised to reflect the 
updated results. 
 
The neutron fluence source term in the TMI-2 ISFSI FSAR was investigated to determine if it 
was appropriate to apply the 19-year distributed design basis neutron source term for the period 
1985 to 1998 for irradiation of the TMI-2 Canisters.  Due to the very low burnup of the fuel, the 
change in the distributed design basis neutron source with time is different from “typical” spent 
fuel.  The distributed design basis neutron source in 1985 (6.618 x 105 n/s at six years decay) is 
actually smaller than the distributed design basis neutron source in 1998 (6.965 x 105 n/s at 19 
years decay).  The reason is that as Pu-241 (a beta emitter) decays to Am-241 (an alpha emitter), 
the (α, n) neutron source component grows, while the spontaneous fission source component 
decreases.  The net effect is that the neutron source remains relatively constant with time over 
the period of interest. Therefore, it is more conservative to use the 19-year decay (1998) 
distributed design basis neutron source for the 1985 to 1998 period rather than the 1985 neutron 
source term. 
 
The localized Am-Be-Cm neutron startup source term is 8 x 106 n/s for each of the two TMI-2 
Fuel Canisters that contain it.  While this source bounds the distributed design basis neutron 
source, it affects only two of the TMI-2 Fuel Canisters and is not representative of the typical 
spent fuel sources.  It was conservatively estimated that at the time of the 1979 accident, the 
localized Am-Be-Cm source contained 3.4 Ci Am-241 and 450 Ci Cm-242.  Am-241 has a half-
life of 432.7 years, while Cm-242 has a half-life of 0.446 years.  After six years of decay, the 
source would contain 3.4 Ci Am-241 (essentially unchanged), but only 0.04 Ci Cm-242.  
Because the Cm-242 activity at the time the TMI-2 Canisters were loaded was quite small, the 
neutron source strength at six years decay is similar to the neutron source strength at 19 years 
decay reported in the TMI-2 ISFSI FSAR.  Therefore, it is appropriate to use the total neutron 
source of 8 x 106 n/s, which includes the spent fuel neutron source. 
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The revised gamma source term sufficiently accounts for the energy deposition accumulated 
during the time the TMI-2 Canisters were loaded with debris prior to loading into the DSCs and 
storage in the HSMs.  The maximum absorbed energy increases from 1.38 x 109 rad to 1.96 x 109 
rad in the stainless steel shroud for the BORAL®, for which there is no radiation dose limit.  The 
maximum absorbed energy in the Licon increases from 1.12 x 109 rad to 1.61 x 109 rad, below 
the dose limit of 1010 rad.  The maximum absorbed energy increases from 1.40 x 109 rad to 2.00 
x 109 rad for the TMI-2 Canister stainless steel shell, for which there is no radiation dose limit.  
Also, per Section 3.8.4.4 of the LRA, the maximum assumed absorbed energy for the BORAL® 
itself increases from 1.40 x 109 rad to 1.96 x 109 rad, which remains below the dose limit of 3.8 x 
1011 rad. 
 
LRA Sections 3.3.1.2.2, 3.8.3.1, 3.8.3.2, 3.8.4.2.10, 3.8.4.4, and 3.8.4.5, and Reference 3.11.24 
have been revised as a result of this RAI response. 
 
RAI 3-4  
 
Clarify the following items, modifying the LRA as appropriate:  
  

a) The dose rate of 100 millirem per hour (mrem/hr) on the DSC purge and vent port filter 
housings discussed in Section 3.8.4.5 of the LRA is a total (neutron and gamma) dose 
rate.  LRA references 3.11.102 and 3.11.103 “Results” sections indicate in one place that 
the dose rate is gamma only and in another place that the dose rate is gamma and neutron; 
so, it is not clear what dose rate is being reported.  The LRA should include the total dose 
rate as well as the gamma and neutron components of the dose rate.  

  
b) The location(s) of the neutron dose rates reported in LRA references 3.11.102 and 

3.11.103.  These references discuss neutron dose rates of 1 to 5 mrem/hr for HSMs 4 and 
22; however, it is not clear whether these dose rates were measured on the HSM rear 
access doors or the DSC purge and vent port filter housings. The LRA should include the 
locations of the neutron dose rates.  

  
c) Discussions in LRA references 3.11.102 and 3.11.103 that indicate that neutron dose 

rates are only for the HSMs that include canisters with the Am-Be-Cm sources.  The fuel 
debris is also a source of neutron radiation; therefore, all of the HSM should have some 
neutron dose rates.  It is not clear if neutron dose rates are measured for all HSMs and 
how the neutron dose rates are accounted for in the HSMs that do not contain the Am-Be-
Cm sources.  
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d) The basis for using a different fuel weight for the decay heat analyses in Section  

3.3.1.2.3 of the LRA (1100 pounds) versus the fuel weight used for the irradiation effects 
in Section 3.3.1.2.2 of the LRA and described in Section 7.2.1 of the UFSAR (1908 
pounds).  A greater fuel weight leads to a larger decay heat.  It would seem that the same 
fuel weight should be used for both analyses.  

  
e) The discussion in Section 3.3.1.2.3 to ensure consistency of statements with related 

statements in the UFSAR.  For example, page 3-49 of the LRA describes the 1.879 factor 
as a factor to account for differences in enrichments; however, UFSAR Section 7.2.1 and 
LRA Section 3.3.1.2.2 describe this as a factor to convert core average burnup to 
maximum assembly average burnup.  The application of the factor should also be 
checked for appropriate use in the analyses.  

  
This information is needed to understand the meaning of the dose rates described in the LRA and 
the referenced reports and their use to support the LRA evaluations of the SSCs’ shielding 
performance and to ensure the analyses of the environments that SSCs are exposed to are 
appropriate.  
  
This information is needed to determine compliance with 10 CFR 72.42(a). 
 
DOE-ID Response to RAI 3-4 
 

a) The dose rates reported in Table 1 in the “Results” sections of LRA references 3.11.102 
and 3.11.103 are gamma-only dose rates.  The footnote indicating that they are combined 
gamma and neutron dose rates is incorrect.  However, the dose rates reported in Table 1 
are not the “surface dose rate of each HEPA filter housing” required to be measured by 
LCO 3.2.2; rather they are dose rates measured in the general vicinity around the DSC 
purge and vent port filter housings as required by the governing site procedure.  The 2010 
and 2012 annual survey measurements are addressed in this RAI response, representing 
LRA references 3.11.102 and 3.11.103, respectively.  These two reports are 
representative of the required annual radiological environmental monitoring reports for 
the TMI-2 ISFSI.  The results of the LCO 3.2.2 dose rate measurements in these years 
indicate the maximum combined gamma and neutron radiation levels measured on the 
HSM rear access doors were less than or equal to 1 mrem/hr, while maximum combined 
gamma and neutron radiation levels measured on the HEPA filter housings were less than 
or equal to 15 mrem/hr, satisfying LCO total dose rate limits of 100 mrem/hr and 1200 
mrem/hr, respectively.  These maximum LCO dose rates are confirmed in the first two 
sentences of the “Results” sections of LRA references 3.11.102 and 3.11.103 for the 2010 
and 2012 annual survey measurements.  Of note, the 2010 survey report (LRA Reference 
3.11.102) indicates for the HSM rear access door maximum dose rates of less than or 
equal to 5 mrem/hr, but a review of the original survey data shows readings were all less 
than or equal to 1 mrem/hr.   
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The neutron dose rate components in the filter and the door combined dose rate 
measurements, in both 2010 and 2012, were recorded as less than or equal to 1 mrem/hr 
for the majority of readings.  However, this was not true for filter readings on HSM 
4/DSC 1, which had a combined gamma and neutron dose rate of 9 mrem/hr with a 
neutron component of 5 mrem/hr in both 2010 and 2012.  In addition, in 2012, HSM 
22/DSC 5 had a combined gamma and neutron dose rate reading of 15 mrem/hr with a 
neutron component of 2 mrem/hr on the HEPA filter housing surface.  LRA Section 
3.8.4.5 has been revised to reflect the actual maximum filter housing surface dose rates 
from the LCO requirement and will include the gamma and neutron components of the 
dose rates. 
 

b) As discussed in sub-question (a) above, Table 1 in LRA references 3.11.102 and 3.11.103 
reports only the highest gamma dose rates measured in the general vicinity around the 
DSC purge and vent port filter housings.  This is not a measurement used to demonstrate 
compliance with LCO 3.2.2.  For LCO 3.2.2, the combined gamma/neutron dose rate 
measurement recorded for the “surface dose rate of each HEPA filter housing” is taken 
near the center of the purge and vent filter housing.  The combined gamma/neutron dose 
rate measurement for the “surface dose rate of each HSM rear access door” is taken at the 
outside surface of the rear access door.  The LRA has been revised to reflect the locations 
of the combined gamma and neutron dose rate measurement locations used to address the 
LCO 3.2.2 requirement, which is the same location for both gamma and neutron 
components of that combined dose rate.  The LRA changes made in response to sub-
question 3.4(a) also address this sub-question. 
 

c) As discussed in sub-question (a) above, the neutron component of the dose rate is 
measured for both LCO 3.2.2 required measurement locations (i.e., surfaces of both 
HEPA vent and purge filters and the outside surface of the rear access door).  The 
neutron component was measured in all cases (i.e., for all 29 DSC/HSMs) regardless of 
the neutron source type.  The misunderstanding with the discussions in LRA references 
3.11.102 and 3.11.103 is that these references report in the “Results” section the two 
cases where the neutron component was greater than 1 mrem/hr for the LCO 3.2.2 
measurement on the HEPA filter housings.  These two cases happen to be in DSCs 
containing the TMI-2 Fuel Canister with the localized Am-Be-Cm neutron source.  
However, the neutron source was included in all dose rate measurements, whether it is 
the localized source, or fuel debris distributed source.  It is simply that the LRA 
references 3.11.102 and 3.11.103 do not explicitly state in the “Results” section the 
neutron component of the dose rate measurement for the other 27 DSCs.  Yet these 27 
remaining DSC survey measurements were taken, with the neutron component being less 
than or equal to 1 mrem/hr, which is why it was not reported in these references since it is 
a small fraction of the combined gamma/neutron dose rate.  No LRA changes are 
proposed as a result of this RAI sub-question. 
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d) The 1,100-pound TMI-2 Canister fuel weight used in the decay heat analyses discussed in 
LRA Section 3.3.1.2.3 represents a reference TMI-2 Canister with average fuel weight.  
The isotopic composition of this reference TMI-2 Canister is analyzed to determine 
weight-independent thermal characteristics including the fractional change in decay heat 
between 1996 and 2019 and specific heat loading (see LRA Table 3-1).  The specific heat 
loading (in Watts/lb) is applied to the known total fuel weights (in lbs) within each HSM 
at the TMI-2 ISFSI to determine average and maximum 2019 DSC heat loads (see LRA 
Table 3-2).  The use of a reference TMI-2 Canister with average fuel weight is 
appropriate because all resulting temperatures in LRA Table 3-3 are scaled up based on 
the averaged TMI-2 Canister core debris weight in HSM-24/DSC-12, which contains the 
maximum fuel debris of all DSCs.  The relative isotopic composition of the reference 
TMI-2 Canister used for the thermal analysis will not change with total fuel weight, only 
the quantities of the isotopes will change.  Thus, a change in the 1,100-pound fuel weight 
from LRA Table 3-1 would still support the basic LRA Table 3-3 temperature 
calculations for the DSC shell, TMI-2 Canister shell, and TMI-2 core debris at the 
initiation of the PEO.  Put another way, using a larger fuel weight yields the same LRA 
Table 3-1 values for 1) the fractional change in decay heat between 1996 and 2019 and 2) 
the specific heat loading. 
 
With regard to the 1,908-pound fuel weight discussed in LRA Section 3.3.1.2.2, this 
weight is used in the associated radiation effects analysis (LRA Reference 3.11.24) and 
represents the maximum bounding TMI-2 Canister fuel weight.  The radiation effects 
analysis uses the 1,908-pound weight for both the fuel density determination within the 
TMI-2 Canisters and for the original design basis source term generation (see RAI 3-2).  
Use of the 1,908-pound weight ensures the radiation effects models generate bounding 
results for all TMI-2 Canisters, DSCs, and HSMs and is consistent with TMI-2 ISFSI 
FSAR Section 7.2.1 for the maximum TMI-2 Canister fuel weight.  Therefore, the 
radiation effects analysis does not use a scaling technique based on known fuel weights to 
generate the results as was used in the thermal analysis.  As such, the use of a bounding 
weight is applicable and conservative for all resulting gamma and neutron accumulation 
computations.  No LRA changes are proposed as a result of this RAI sub-question. 
 

e) The 1.879 factor (rounded to 1.9 in the LRA) is the “hot channel” peaking factor, which 
adjusts core average burnup to a peak assembly burnup and adds additional conservatism 
to the design basis dose calculations.  The peaking factor use in the LRA is limited to 
computing the DSC heat loads in Table 3-2.  The original use of this factor comes from 
Section 1.2.3.1.2 of the NuPac 125-B Cask SAR (NRC ADAMS Accession Number 
9104120320) and was carried into the TMI-2 ISFSI design basis by increasing the 
specific power used in the ORIGEN model for source characterization (see TMI-2 ISFSI 
FSAR Table 3.1-3).  LRA Section 3.3.1.2.3 has been revised to ensure appropriate 
application and consistency of statements with regard to the peaking factor. 
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RAI 3-5  
 
Justify the position that aging effects due to aggregate reactions (alkali silica reaction, ASR) in 
the HSM concrete are not credible and should not be managed, modifying the LRA as described 
below.    
  
Section 3.5.4.2.5 appears to include contradicting results to the conclusion that aging effects due 
to ASR in the HSM concrete are not credible.  The section states that there was evidence of ASR 
(isolated small patches of white ASR gel) observed in one core sample taken during the HSM 
concrete evaluation in 2009.  Although operating experience has not yet shown the occurrence of 
ASR-induced damage in HSMs, it is unclear why evidence of ASR in the TMI-2 ISFSI HSMs is 
being dismissed.  
  
Justify the position that aging effects due to ASR are not credible.  Alternatively, include this 
aging mechanism in the aging management review and revise the HSM AMP and UFSAR 
Supplement in Appendix C, as appropriate, to address this aging mechanism.  This information is 
needed to determine if the aging management review is comprehensive in identifying all 
pertinent aging mechanisms and effects applicable to the SSCs within the scope of renewal and 
that a summary of the information is included in the AMP and UFSAR supplement.  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
  
DOE-ID Response to RAI 3-5 
 
Alkali Silica Reaction (ASR) is not considered a credible aging effect for the TMI-2 ISFSI HSM 
concrete requiring aging management.  Section 3.5.4.2.5 of the LRA has been revised to provide 
additional justification for this conclusion.  Regarding the apparent contradiction in the original 
write-up regarding the study in 2009 by the consultant firm, further clarification is provided here.  
From the 2009 HSM inspection report (LRA Reference 3.11.15), on page 13, the following 
comment is made about the impetus for the study: 
 

“The initial investigation focused on deleterious reactions within the concrete, 
such as Alkali-Silica reaction (ASR) and delayed ettringite formation (DEF), 
which can cause slow but long-term and progressive failure of the concrete.” 
 

Therefore, the initial focus of the study was establishing a root cause for the premature cracking 
and concrete degradation with a prime suspect being alkali-aggregate reactivity, including but 
not limited to ASR.  The introduction to the 2009 report stated the emphasis was on: 
 

“Site work and laboratory studies were focused on issues related to concrete 
material quality, strength, and the long-term durability potential.  The purpose of 
this work was to determine the cause of the current distress and assess its 
significance to the structural integrity and durability of the HSMs.” 
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The depth and breadth of the study documented in the report is holistic and provides an overall 
assessment of the concrete.  Therefore, it is not surprising there was one observation of “isolated 
small patches of white ASR gel…on the inboard edges of two coarse aggregate particles” for one 
out of six concrete cores analyzed (Core ID 27B).  The study authors reported the observation 
and stated it was not indicative of a larger, widespread issue in the concrete or the concrete 
cracking issues occurring at the time.  Such limited evidence of ASR gel are not unexpected 
because the original specifications for the concrete cement specified a maximum content of 0.60 
percent by weight of alkalis (Section 5.2.1 of LRA reference 3.11.11).  It should be emphasized 
here that only part of the edges of “two coarse aggregate particles” was reported, indicating that, 
of the hundreds of aggregate particles shown in Figure 3 of the 2009 report, only two of a 
particular “coarse aggregate” particle type showed any evidence whatsoever of “small patches” 
of ASR formation.  In part, this is why this specific observation can be diminished in its 
weighting in context of the overall study.  Furthermore, only one out of the six concrete cores 
subjected to the detailed petrographic studies was affected by ASR, supporting the assertion that 
there is a lack of widespread corroborating evidence for ASR as a relevant aging mechanism.  In 
addition, since the particular core sample was in the roof slab and near the active cracking, the 
water infiltration necessary for the minute amount of ASR observed was determined to be a 
result of the freeze-thaw phenomenon developing a pathway along the cracks, and not due to 
inherent moisture concerns at the ISFSI: 
 

“Overall, secondary deposits are not abundant in the body of the concrete 
suggesting that water migration has occurred predominantly along the cracks. 
Limited evidence of alkali silica reaction, specifically two reactive particles in 
Core 27B, was observed, but no damage was directly associated with these 
occurrences.” 

 
General conclusions regarding the concrete quality (including the aggregate) comprised the 
following statements from the study: 
 

“However, no serious deleterious internal reactions were found, and ASR, DEF 
and corrosion are not considered factors in the current distress...” 
 
 “Only one core examined from the HSMs exhibited gel deposits due to alkali-
silica reaction (ASR), but the gel reaction products were not sufficient to cause 
any concrete cracking or distress...” 

 
As further detailed in the revised LRA Section 3.5.4.2.5, because the TMI-2 ISFSI concrete is 
greater than 15 years old with no signs of ASR-induced expansive cracking, no source of alkalis, 
and the aggregate being considered non-reactive, no precautionary measures to prevent ASR are 
necessary.  In addition, as discussed in LRA Section 3.3.1.2, rainfall is limited (less than 10 
inches per year) and humidity is low (30-70 percent relative humidity), a necessary component 
for ASR progression is absent, because a relative humidity greater than 80 percent is required 
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(Section 3.5.1.3 of NUREG-2214, “Managing Aging Processes in Storage (MAPS) Report”, 
LRA reference 3.11.76).  As seen in the 2009 HSM inspection report, the petrographic core 
studies in 2009 did not indicate ASR as a factor in the concrete expansion-induced cracking.  
Based on this evidence, ASR-induced concrete degradation in the HSMs during the PEO is not 
considered credible.  As a result, an aging management activity is not required for this aging 
mechanism.  LRA Sections 3.2.3.2.2, 3.2.3.2.3, 3.5.4.2, 3.5.4.3.1, and 3.11 have been revised as 
a result of this RAI. 
 
RAI 3-6  
 
Define the allowable degradation of the Licon material credited in the top-end dose rate analyses, 
quantifying the effects on dose rates resulting from that degradation.    
  
Section 3.8.4.5 identifies the postulated aging effects of loss of material, cracking, or reduction in 
material properties considered on the Licon material.  However, it does not quantify the assumed 
aging effects when making conclusions regarding the top-end dose rate analyses.  Therefore, the 
concluding statement in Section 3.8.4.5 that “any postulated aging effects on the Licon material 
will not credibly cause a spike in dose rates and will not credibly reduce the current shielding 
properties afforded by the Licon” is not justified.  Section 3.8.4.5 states that, “although the Licon 
was included in a top-end dose rate model, its inclusion, and therefore relative impact on 
shielding for gamma radiation will be negligible, with respect to the stainless steel and steel 
shielding function of the TMI-2 Fuel Canister and DSC SSCs, respectively.”  It is unclear what 
“negligible” implies, and whether any degradation of the Licon is allowed per the design bases 
model.  This information is needed to determine if the aging management review for Licon is 
comprehensive and if the conclusion that there are no credible aging effects that need to be 
managed in the period of extended operation is reasonable.  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
  
DOE-ID Response to RAI 3-6 
 
As further explained below, the concluding statement in LRA Section 3.8.4.5 that “any 
postulated aging effects on the Licon material will not credibly cause a spike in dose rates and 
will not credibly reduce the current shielding properties afforded by the Licon” is supported by 
complete degradation of the Licon (i.e., its removal) resulting in marginal increases in dose rates 
while still being in compliance with regulatory and ISFSI Technical Specification (TS) overall 
dose rate limits.  As a result, quantifying the allowable degradation of the Licon is deemed 
unnecessary because, even without any credit for Licon, the design basis radiation dose rate 
limits are observed.  Neglecting Licon in the design bases analyses for this RAI response and 
responses to RAI 3-7/3-8 and 3-10 for criticality and heat rejection respectively is considered 
defense-in-depth, by taking the most conservative approach to material degradation.  By omitting 
the Licon material from the analysis, the worst-case condition is evaluated and shows the safety 
analyses are still complied with for this condition.  This is prudent due to the limited information 
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available on Licon degradation and its aging mechanisms/effects.  Please refer to RAI 3-7 and 3-
8 responses on Licon material loss and Licon material property changes for effects on criticality 
evaluations and RAI 3-10 response for changes of Licon thermal conductivity on the steady state 
DSC thermal analysis. 
 
Although included in the top-end design-basis shielding model, the TMI-2 Fuel Canister Licon is 
not required in the design-basis shielding analysis to maintain the TMI-2 Fuel Canisters 
shielding performance, including compliance with the Limiting Condition for Operation (LCO) 
3.2.2 and 10 CFR 20 dose rate limits.  LCO 3.2.2 requires that “the surface dose rate of each 
HEPA filter housing shall not exceed 1200 mrem/hr.”  In addition, 10 CFR 20.1201 limits vary 
depending on the affected part of the body, but the most relevant limit is total effective dose 
equivalent (TEDE), which is limited to 5,000 mrem/year for onsite worker personnel.  As 
described below, even with no credit for Licon, neither limit will be violated.  Conservatively 
calculated high efficiency particulate air (HEPA) filter surface dose rates are significantly less 
than both the 1200 mrem/hr and 5,000 mrem/year limits. 
 
Confirmation of the approved design-basis shielding model, Calculation 219-02.0403, “Top End 
Dose Rates for TMI-2 Canisters” (LRA Reference 2.4.6), has been performed via a 
supplementary shielding analysis (Orano Federal Services Calculation CALC-3021323).  Per 
Section 7 of LRA Reference 2.4.6, “the dose rate directly above the HEPA filters is found to be 
3.12 mrem/hr”, with the Licon included in the model.  The supplementary shielding analysis 
provides a configuration in which the Licon is completely removed (bounding any potential 
Licon degradation) from the model.  This Licon loss maximizes vent and purge port dose rates 
and allows for quantification of changes on dose rates resulting from that degradation.  Of note, 
because neutron dose rates were already determined to be less than five percent of the total peak 
dose rates (see TMI-2 ISFSI FSAR Table 7.3-1), only gamma dose rates have been re-evaluated 
in the supplemental analysis.  Neglecting low neutron dose rates is also consistent with Section 
7.4.2 of the TMI-2 ISFSI FSAR. 
 
The maximum HEPA filter surface dose rate with no Licon assumed is calculated to be 55 
mrem/hr.  Combining DSC basket degradation from the RAI 2-2 response and the resulting 
reconfiguration of the 12 TMI-2 Canisters around the vent port with the Licon removed, dose 
rates are still acceptable relative to applicable limits (i.e., 174 mrem/hr with Licon removed and 
TMI-2 Canister rearrangement without basket).  Therefore, the peak calculated HEPA filter 
surface gamma dose rate is significantly less than the 1200 mrem/hr limit in TS LCO 3.2.2.  The 
final two operational procedural steps from Table 7.4-1 of the TMI-2 ISFSI FSAR (i.e., “Open 
Rear Wall Access Door, Remove the Filter Transportation Covers, Visually Check HEPA 
Filters, Close Access Door” and “Perform Radiation Survey”) require a total of two hours to 
complete.  Therefore, assuming a worst-case full body dose rate of 174 mrem/hr for those two 
hours and that these steps are completed once per year, then annual dose would be 348 mrem for 
each worker.  This is less than 7 percent of the 5,000 mrem/year limit as provided in 10 CFR 
20.1201. 
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As a result, shielding analyses in the approved design bases are bounding for any amount of 
Licon degradation, up to and including the total absence of Licon.  This supports the conclusion 
in Section 3.8.4.5 that any postulated aging effects on the Licon material have an insignificant 
influence on dose rates.  LRA Sections 3.8.4.5 and 3.11 have been revised as a result of this RAI. 
 
RAI 3-7  
 
Demonstrate that the postulated aging effect of materials losses in the Licon material would not 
affect the second criticality analysis in Section 3.3.4.3 of the UFSAR so that the subcritical limit 
is exceeded (i.e., the storage system will continue to maintain sub-criticality), accounting for 
canister component dimensional tolerances.    
  
The evaluation should define the credible bounding material losses considered for the Licon 
material and provide a justification for the assumed values.  An evaluation of the dimensional 
effects of these material losses should account for the tolerances of the TMI-2 canister 
components in determining the bounding keff for the various canisters and the DSC.  
  
The first criticality analysis appears to include added margins (e.g., addition of a 0.05 factor to 
keff values discussed in Section 3.3.4.2.F of the UFSAR) as well as results in a keff that is 
significantly below the subcritical limit (0.95).  The staff expects that sensitivities to tolerances 
and expected corrosion and material losses would not be enough to cause the results of this 
analysis to exceed the subcritical limit.  However, it is unclear if this is true for the second 
criticality analysis, which is much closer to the limit.  It is also not clear that the same factors or 
margins (e.g., the 0.05 factor discussed in Section 3.3.4.2.F of the UFSAR) were added to the 
second criticality analysis as was done for the first analysis.  
  
The staff requests that the applicant demonstrate that the second criticality analysis would 
continue to show the storage system will be subcritical when considering material losses 
(accounting for dimensional tolerances).  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
 
DOE-ID Response to RAI 3-7 
 
As described below, further analysis of the TMI-2 ISFSI shows that sub-criticality will be 
maintained following Licon material losses, up to and including total loss of Licon.  This 
includes any dimensional effects that could result from the loss of Licon. 
 
Confirmation of the approved TMI-2 ISFSI FSAR design-basis criticality evaluation, 
INEEL/INT-99-00126, “Criticality Safety Evaluation of TMI-2 Canister Transportation and 
Storage” (LRA Reference 3.11.106), has been documented via a supplementary criticality 
analysis performed in response to this RAI (Orano Federal Services Calculation CALC-
3021788) (new LRA Reference 3.11.226).  The design-basis TMI-2 Knockout Canister 
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containing 1908 pounds of UO2 bounds all TMI-2 Canister types as the most reactive 
configuration, with a maximum keff value of 0.9235 (see TMI-2 ISFSI FSAR Section 3.3.4.4.B).  
This value includes a keff bias of 0.01 and 2σ margin of statistical uncertainty (see Table 7 of 
LRA Reference 3.11.106).  TMI-2 ISFSI FSAR Section 3.3.4.4.G acknowledges the 0.9235 keff 
value was below the Upper Subcritical Limit (USL) of 0.95 used in the second criticality safety 
analysis (i.e., LRA Reference 3.11.106). 
 
The supplementary criticality analysis further evaluates the TMI-2 Fuel Canister reactivity 
following possible material loss of Licon due to aging by replacing the Licon with a perfect 
vacuum (i.e., void).  This total loss of Licon is included in the supplementary criticality analysis, 
bounding the credible loss of material.  Additional parameter studies within the analysis include 
the structural effects of collapsing the TMI-2 Fuel Canister outer shell (with no credit taken for 
the volume occupied previously by Licon material).  After collapsing the shell, the resultant 
reconfiguration of the 12 TMI-2 Fuel Canisters into the most reactive configuration (i.e., 4 × 3 
rectangular array) is evaluated, bounding both dimensional and tolerance-based effects of Licon 
material loss.  The most reactive condition is shown to be less than the bounding criticality 
evaluation for the TMI-2 Knockout Canister. 
 
Separately, as shown in Figure 5-2 of LRA Reference 3.11.226, water absorption in Licon is also 
evaluated, bounding known changes to the Licon material properties.  The water volume fraction 
in Licon is increased from zero (no water absorbed) to one (full density water absorbed in entire 
Licon volume), bounding the effects of water absorption in Licon.  It can be seen that increasing 
the water volume fraction within the Licon results in a decrease in keff, showing that water 
absorption in Licon due to aging does not result in an increase in reactivity.  When water 
absorption within the Licon is taken from zero density to full density water, the keff value 
decreases from 0.78954 to 0.67917 (Table 5-2 of LRA Reference 3.11.226).   
All evaluations in the supplementary criticality analysis are performed with 8 liters of water 
mixed within the TMI-2 core debris (i.e., “fuel region”).  In addition, 75 percent credit for Boral 
(matching the assumed criticality analysis limits in Section 3.3.4.4.1 of the TMI-2 ISFSI FSAR) 
is taken with no water modeled between the TMI-2 Fuel Canisters in order to maximize 
reactivity (see Table 17 of LRA Reference 3.11.106).   
 
Of note, the assumed collapse of the TMI-2 Fuel Canister shell is a conservative, beyond-design-
basis configuration and neglects both the TMI-2 Canister shell and the Licon from performing 
any structural function.  No credit is taken for the Licon maintaining the structural configuration 
of the TMI-2 Fuel Canister in the design basis. 
 
The supplementary criticality analysis shows that the loss of Licon material (i.e., Licon replaced 
with void), with no structural effects, is determined to have a small, negative effect on overall 
reactivity.  A decrease in Licon density results in a slight decrease in keff, showing that the 
possible loss of Licon due to aging effects does not result in an increase in reactivity when 
structural effects are not taken into account.  Therefore, when Licon mass is reduced from full 
density to zero, the keff value decreases from 0.78954 to 0.77942 (Table 5-1 of new LRA 
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Reference 3.11.226).  The loss of Licon material, with structural effects, also has a small, 
negative effect on reactivity over the no structural effects case.  The collapse of the TMI-2 Fuel 
Canister outer shell decreases the keff value from 0.77942 to 0.77699 (Table 5-3 of new LRA 
Reference 3.11.226).  However, taken together, both structural effects and the subsequent 
reconfiguration of the 12 TMI-2 Fuel Canisters, results in a positive effect on reactivity, 
increasing the maximum keff value to 0.85926 (Table 5-3 of new LRA Reference 3.11.226).  For 
comparison to the acceptance criteria, Section 5.1.3.2 of CALC-3021788 calculates the 
applicable USL as 0.9422.  The calculated 0.85926 keff value is below the bounding case TMI-2 
Knockout Canister keff value of 0.9235. 
 
The Oak Ridge National Laboratory “USLSTATS” code [1] is used to establish a USL for the 
supplementary criticality analysis.  A 0.05 “uncertainty” and 0.00762 bias factor are added to keff 
values in the first criticality analysis (TMI-2 ISFSI FSAR Sections 3.3.4.2.E and 3.3.4.2.F), 
while a 0.01 bias factor is added to keff values in the TMI-2 ISFSI FSAR second criticality 
analysis (TMI-2 ISFSI FSAR Section 3.3.4.4.F).  The 0.9422 USL is the acceptance criteria in 
the supplementary criticality analysis and is equivalent to a bias factor of 0.0078.  This USL 
includes the combined effects of code bias, uncertainty in the benchmark experiments, 
uncertainty in the computational evaluation of the benchmark experiments, and an administrative 
margin.  This methodology has acknowledged precedence in establishing criticality safety limits.  
As stated earlier, the USL for the second criticality safety analysis is 0.95.  In addition, the stated 
USL for the first criticality safety analysis is 0.95 (see TMI-2 ISFSI FSAR Section 3.3.4.2.G).  A 
change to the design basis would need to occur in order to change the USL, uncertainty factor, or 
bias factor for either of the original TMI-2 ISFSI FSAR criticality safety evaluations. 
 
In summary, following possible changes to the Licon material properties because of postulated 
aging effects the TMI-2 ISFSI storage systems will continue to be subcritical.  Total Licon 
material loss (i.e., complete degradation and replacement with void) and the resulting 
reconfiguration of the TMI-2 Fuel Canisters will not increase the keff value above the subcritical 
limit.  As a result, the supplementary criticality evaluation demonstrates the TMI-2 ISFSI FSAR 
second criticality analysis continues to show subcriticality when considering complete Licon 
material loss in the TMI-2 Fuel Canister.  LRA Sections 3.8.4.5 and 3.11 have been revised as a 
result of this RAI response. 
 
Reference: 
 
1 – USLSTATS, USLSTATS: A Utility to Calculate Upper Subcritical Limits for Criticality 
Safety Applications, Build Date June 22, 2016. Note: USLSTATS is described in Appendix C, 
User’s Manual for USLSTATS V1.0, in NUREG/CR-6361, Criticality Benchmark Guide for 
Light-Water-Reactor Fuel in Transportation and Storage Packages, March 1997. 
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RAI 3-8  
 
Provide additional justification that changes to the Licon material properties, as a result of aging, 
are not significant or important to maintaining the sub-criticality function.    
  
Section 3.8.4.5 of the LRA indicates that postulated changes to the Licon properties will not 
affect the ability of the storage system to meet the sub-criticality function.  The criticality 
analyses used to support this evaluation only address the water content of the Licon.  To fully 
support the evaluation in the LRA, the LRA should include an analysis that evaluates the 
reactivity effects of degradation of all of the Licon material properties, not just the variation in 
the water content, and demonstrates that sub-criticality is maintained for the Licon properties that 
maximize reactivity.  This analysis should include a case that neglects the Licon altogether if the 
applicant intends to show that the Licon is not relied on for nuclear criticality safety.  This would 
include neglecting the material properties as well as any other properties that help to retain 
canister geometry under normal, off-normal, and accident conditions.  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
  
DOE-ID Response to RAI 3-8 
 
As described in the response to RAI 3-7, further supplemental criticality analysis of the TMI-2 
ISFSI shows that subcriticality will be maintained following complete Licon material loss or 
complete Licon absorption of water.  As such, any net effects due to Licon material property 
changes due to aging will be bounded by this analysis, supporting the assertion that the Licon is 
not relied on for nuclear criticality safety.  In addition, even though no credit is taken in the 
design basis for the Licon maintaining the structural integrity or shape of the TMI-2 Fuel 
Canisters, by neglecting the Licon, resulting structural losses of the TMI-2 Fuel Canister shell 
wall and reconfiguration of the TMI-2 Fuel Canisters into the most reactive configuration will 
not compromise nuclear criticality safety.  The revisions to the LRA made in response to RAI 3-
7 also address this RAI response. 
 
RAI 3-9  
 
Clarify the following with respect to criticality analyses and the water content in the TMI-2 
canisters to ensure the discussion in Section 3.8.4.5 of the LRA regarding nuclear criticality 
safety is adequately justified.    
  

a) The amount of water (bound and unbound) that remained in the canisters after drying.  
  

b) The lack of preferential moisture absorption by debris canisters with Licon versus the filter 
and knockout canisters if multiple canister types can be present in the same DSC.  
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The LRA Reference 3.11.5 describes a variety of different water amounts that can be left in the 
TMI-2 canisters based on different conditions.  It is not clear which water amount (total of both 
bound and unbound water) was achieved when the canisters were dried.  For example, Section 
5.3 describes the remaining water to be about 1.5 liters (L), whereas Section 7.2 describes 7.3 L 
remaining, and Section 7.4.2 indicates that the maximum allowed water content in the canister is 
2.3 L.  If the Section 7.2 value is correct, adding in the estimated accumulation that is derived in 
another calculation would result in a total water content that exceeds the 8 L limit allowed by 
the criticality analyses.  Thus, it is not clear that the conditions of the criticality analyses and the 
8 L limit would be met for the duration of extended operations based on the evaluations and 
information regarding water content in the TMI-2 canisters.  Also, since Licon can act as a 
desiccant when dry, it is not clear that the canisters would uniformly absorb moisture from the 
DSC cavity as described in LRA Section 3.8.4.5 if multiple canister types are loaded in the same 
DSC.  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
 
DOE-ID Response to RAI 3-9 
 
The criticality analyses described in the TMI-2 ISFSI FSAR assume significant amounts of 
moderator (water) can be present in the TMI-2 Canisters while maintaining subcriticality below 
the acceptance limit of keff less than 0.95.  Up to 8.0 liters of water may be present in the fuel 
region of each TMI-2 Canister (i.e., the TMI-2 core debris location within the TMI-2 Canisters) 
while still preserving the assumptions of the criticality analyses described in TMI-2 ISFSI FSAR 
Section 3.3.4.  As discussed in TMI-2 ISFSI FSAR Section 3.3.4, the design basis criticality 
analyses for the TMI-2 Knockout Canister bound the other two designs (i.e., TMI-2 Fuel 
Canister and TMI-2 Filter Canister). 
 
As discussed below, the TMI-2 Fuel Canister is the only one of the three types that contains 
Licon, with an important distinction being that the Licon is located in a non-fuel region.  In 
contrast, the fuel region in the TMI-2 Fuel Canister is comprised of the Internal TMI-2 Canister 
Environment within the BORAL® shroud interior and between the upper head and lower support 
plate as shown in LRA Figure 3-11.  Separately, the fuel region in the bounding TMI-2 
Knockout Canister is comprised of the Internal TMI-2 Canister Environment within the shell 
interior and between the upper head and lower support plate as shown in LRA Figure 3-13.  
Bound water held in any non-fuel region inside the TMI-2 Canister has been shown in both of 
the criticality analyses described in the TMI-2 ISFSI FSAR to have a minimal impact on 
reactivity (see Section 8.0 of LRA Reference 3.11.106 and Section 3.3.4.4.1 of the TMI-2 ISFSI 
FSAR).  Conversely, the fuel region water limits computed in LRA Reference 3.11.106 apply to 
bound water (water that cannot migrate to other locations in the TMI-2 Canisters in the most 
reactive storage configuration), unbound (or free) water, and water re-acquired from the 
atmosphere due to the TMI-2 Canisters’ vented design.  Each of these three potential water entry 
methods is discussed below, along with clarifications on the design basis water quantity 
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regarding each method, in order to ensure the discussion in Section 3.8.4.5 of the LRA regarding 
nuclear criticality safety is adequately justified. 
 

a) With respect to bound and unbound water remaining after heated vacuum drying (HVD), 
Section 3.3.4.4.1 of the TMI-2 ISFSI FSAR states that DOE-ID Engineering Design File 
(EDF)-1466 “Validation of Water Content in TMI-2 Canisters During Drying in the 
HVDS,” (LRA Reference 3.11.5) “provides the acceptance criteria to be used to ensure 
that essentially all free water is removed during the heated vacuum drying process.”  Free 
water, synonymous with “unbound” water, is defined as that water not physically or 
chemically bound to another material.  Sections 7.4.2.2 and 7.4.3 of EDF-1466 state the 
unbound water was essentially entirely removed from the TMI-2 Canisters’ internals after 
the HVD process was applied to the TMI-2 Canisters.  This is confirmed by the analysis 
assumption of moderator density being 8.8 x 10-5 grams/cm3 (see TMI-2 ISFSI FSAR 
Sections 3.3.4.1 and 3.3.4.2.A).  Given the TMI-2 Fuel Canister internal volume of 1.809 
x 105 cm3, then the 8.8 x 10-5 grams/cm3 moderator density is equivalent to 0.17 liters of 
unbound water that could exist inside the canister (see EDF-1466, Section 3).  As such, 
0.17 liters represents the licensing basis maximum amount of unbound water that is 
permissible to remain in the fuel region, post HVD, to be consistent with the criticality 
analyses.  Section 1 of EDF-1466 provides the basis for the essentially complete removal 
of unbound water, with the acceptance criteria as: 

 
“a) selected process data be recorded that shows the drying equipment 
is working correctly (heaters, isolation valve, and instruments); b) 
minimum core debris temperature was attained; and c) equilibrium 
dryness was approached based on a plot of the rate of pressure increase 
with time during periodic vacuum furnace isolations.” 

 
These criteria were met, as documented in the recorded process data for each heated 
vacuum drying cycle (HVDC) such as the one found in DOE-ID Engineering Technical 
Procedure (TPR)-1190, “TMI-2 Canister Drying (Campaign #10),” (LRA Reference 
3.11.97 for HVDC-010).   
 
With respect to the bound water, Figure 6 of EDF-1466 (reproduced below) provides a 
conservative estimate of the potential remaining bound water as a function of the TMI-2 
core debris temperature.  Based on the location of Temperature Probe 4 which was on the 
outside of the furnace during HVD operations (see Figure 4 of EDF-1239, “In-Line 
Rupture Disks for TMI-2 Canisters During Drying”), the TMI-2 Canister core debris 
temperature was 600°F during heated vacuum drying (LRA Reference 3.11.97, Appendix 
D – HVDS Drying Log, Page 9).  The assessment that 600°F was the TMI-2 core debris 
temperature is substantiated by Figure 6 in EDF-1469, “Temperature Benchmarking for 
Dryer Runs TMI-005 and TMI-009” (reproduced below), which showed the temperature 
profile for the furnace cross-section during the HVD process.  Therefore, at 600°F and 80 
torr absolute pressure, according to Figure 6 of EDF-1466, the remaining bound water in 
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the TMI-2 Canister is estimated at approximately 0.75 liter.  Section 5.3 of EDF-1466 
conservatively used a lower TMI-2 core debris temperature of 270°F for this 
computation, resulting in a 1.5-liter maximum calculated remaining bound water content 
from Figure 6 of EDF-1466. 

 
Regarding the 7.3-liter bound water value mentioned in the RAI, Section 7.2 of EDF-
1466 shows that this was the potential maximum total amount of bound water prior to 
heated vacuum drying run HVDC-005 for four TMI-2 Filter Canisters.  The confirmation 
of the 7.3-liter value is stated in the third and fourth to last sentences in the sixth 
paragraph of EDF-1466, Section 7.2: 
 

“The actual HVDC-005 run payload contents were approximately 1/6 that 
of the assumed payload in Figure 6.  Therefore, the amount of bound water 
in the 4 TMI-2 canisters dried during HVDC-005 was assumed to be 44 
L/6, or 7.3 L.” 

 
Therefore, 7.3 liters was the total maximum potential initial amount of bound water 
before commencement of heated vacuum drying run HVDC-005.  Such an amount of 
water could have theoretically been initially bound to the UO2 and ZrO2 TMI-2 core 
debris fines.  As a result, the bound water value of 7.3 liters was the initial calculated 
maximum amount of bound water remaining in the four TMI-2 Filter Canisters fuel 
regions before heated vacuum drying run HVDC-005 began. 
 
Based on this review of EDF-1466, post HVD, the maximum amount of bound and 
unbound water remaining in the TMI-2 Canister was determined to be 1.5 liters and 0.17 
liters, respectively.  Combined, this quantity of water is less than the 8.0 liters of water 
that was conservatively assumed present in the fuel region of each TMI-2 Canister in the 
TMI-2 ISFSI FSAR criticality analyses.  Based on the above, the bound and unbound 
water remaining after HVD operations as discussed in Section 3.8.4.5 of the LRA is 
bounded by the assumptions in the design basis criticality safety analyses. 
 

b) Licon is located only in a non-fuel region of the TMI-2 Fuel Canister between the 
annulus of the inner shell and external to the outer BORAL® shroud (see LRA Figure 3-
11).  Therefore, the discussion pertaining to total water content conservatively applies to 
this non-fuel region of the TMI-2 Fuel Canister by evaluating the Licon as if it were part 
of the fuel region.  This is pertinent because, as stated above, the bounding criticality 
analyses assumed 8.0 liters of water is in the fuel region of the TMI-2 Knockout 
Canisters.  On the other hand, water within the non-fuel region where the Licon is located 
has a statistically insignificant change in reactivity when the Licon water concentration 
varies between 0 percent and 5 percent (see Table 18 of LRA Reference 3.11.106).  In 
addition, above 5 percent water volume fraction within the Licon, increasing the amount 
of water assumed in the non-fuel region up to a complete replacement of the Licon with 
water, has a continuous reduction on overall reactivity.  Therefore, the effect on reactivity 
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of possible preferential absorption of water by the Licon is bounded by the fact that 
reactivity generally decreases with increasing water content, after one small peak at 5 
percent water volume.   

 
In addition, as described below, reacquired water from the atmosphere and preferential 
adsorption in the TMI-2 Fuel Canister is conservatively applied to the fuel region.  
Specifically, regarding re-acquired water, according to the TMI-2 ISFSI FSAR, Section 
3.3.4: 
 

“An evaluation [3.29] shows, however, that over a 40-year storage period, 
using very conservative assumptions, a small amount of water can be 
acquired from the atmosphere in each TMI-2 canister.” 

 
DOE-ID Engineering Design File (EDF)-797, “Water Ingress into TMI DSCs During 
Storage” (TMI-2 ISFSI FSAR Reference 3.29; LRA Reference 3.11.104), assumes that a 
maximum quantity of 10.32 liters of water could be present inside a DSC at the end of a 
40-year period due to various transport mechanisms.  The calculated 10.32-liter water 
content was conservatively assumed to go into the DSC cavity, but not come out (i.e., no 
losses due to evaporation or other means were considered).  EDF-797 concludes that if 
the entire 10.32-liter amount transferred from the DSC cavity into the 12 TMI-2 Canisters 
evenly, then, 10.32/12, or 0.9 liters of water would be present within each of the 12 TMI-
2 Canisters after 40 years.  This is the basis for the assumption that the 0.9-liter of water 
computed on Page 10 of EDF-797 (e.g., 0.9 kg at a water density of 1.0 g/cm3) is present 
in each TMI-2 Canister.  This was another conservative assumption in EDF-797 
considering that the 0.9 liters of water went into the TMI-2 Canisters but did not come 
out (i.e., one-way). 
 
Because Licon can act as a desiccant when dry, if consideration is given to preferential 
moisture absorption by the TMI-2 Fuel Canisters due to the presence of Licon, then this 
0.9-liter volume of water could theoretically go up to a maximum of 2.58 liters in each of 
the four TMI-2 Fuel Canisters located in DSC-16.  This 2.58-liter value is computed by 
dividing the total of 10.32 liters equally by four, representing the four TMI-2 Fuel 
Canisters in DSC-16.  DSC-16 is the bounding case because it has the smallest ratio of 
TMI-2 Fuel Canisters to other TMI-2 Canister types in the same DSC (i.e., four TMI-2 
Fuel Canisters and eight TMI-2 Filter Canisters).  This 2.58-liter value assumes that the 
four TMI-2 Fuel Canisters contain all of the reacquired water available in the DSC, a 
conservative assessment because it neglects ingress of any reacquired water into the eight 
TMI-2 Filter Canisters.  Assuming per Section (a) above that the maximum 1.5 liters of 
remaining bound water is entirely bound within the Licon and that 2.58 liters of 
additional water is reabsorbed into the Licon, then the maximum water content of the 
Licon after 40 years would be 2.58 plus 1.5, or 4.08 liters.  Adding to that the 0.17 liters 
of unbound water, then the total of 4.25 liters is still substantially less than the design 
basis criticality analysis of 8 liters assumed to be in the fuel region of the TMI-2 Canister.  
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As such, even though the above computation predicts a water quantity total in only the 
non-fuel Licon region of the TMI-2 Fuel Canister, if all of that water was assumed to be 
in the fuel region, it remains bounded by the water assumed to exist within the fuel region 
in the criticality analyses.  Therefore, the design basis criticality analyses remain 
bounding for the PEO, irrespective of the level of either water absorption or water 
rejection experienced by the Licon.   
 
Lastly, regarding the 2.3-liter water amount mentioned in the RAI, in EDF-1466, eight 
liters is the maximum allowed water content in the fuel region consistent with the 
criticality analyses.  2.3 liters was one-third of the remaining 7-liter margin available 
after the TMI-2 Canisters are assumed to reacquire the 0.9 liters of water over the 40-year 
storage period (i.e. (8.0 – 0.9)/3).  This is described in the last paragraph of Section 7.4.2 
of EDF-1466 where one-third was a ratio selected in EDF-1466 “because of uncertainties 
associated with the debris composition, Reference 3, Reference 10, and this EDF.”  
Therefore, 2.3 liters was the maximum allowed TMI-2 core debris water content as 
described in both EDF-1466 and the LRA.  Both the 0.75-liter and the 1.5-liter bound 
water content added to the 0.17-liter water unbound water content discussed earlier are 
less than this more conservative maximum 2.3-liter quantity.  Moreover, the estimations 
of bound water limits (i.e., 0.75-liter and 1.5-liter amounts) are conservative because 
Figure 6 of EDF-1466 is based on a conservative bounding isolation pressure of 80 torr, 
which is much higher than the actual TMI-2 Canister pressures that were held under 3 
torr for at least 30 minutes with a drying temperature of approximately 600°F. (see 
Vectra Technologies Document 219-02-104, Section 7.3, “Test Specification TMI-2 
Canister Drying and Monitoring.”) 
 

In conclusion, the LRA discussion in Section 3.8.4.5 regarding nuclear criticality safety 
summarizes the conservative nature in which the assumed maximum water content in the TMI-2 
Canisters was determined.  The design basis water content is consistent with that in the current 
licensing basis and remains valid for the TMI-2 ISFSI PEO. 
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Figure 6 from EDF-1466 (LRA Reference 3.11.5) 
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Figure 6 from EDF-1469 
 
RAI 3-10  
 
Quantify the change to the thermal conductivity of the Licon material as a result of water 
absorption during the period of extended operation.  
  
Section 3.8.4.5 of the LRA stated that “any credible changes to the Licon effective thermal 
conductivity will not adversely affect the ability to comply with the TMI-2 core debris 
temperature limit described in UFSAR Section 3.3.7.1.1.”  It is unclear what are the “credible 
changes” considered in Section 3.8.4.5.  Further, Section 3.8.4.5 references a statement in the 
UFSAR that: “small differences in the weight percent of the Licon constituents have negligible 
effect on the thermal analysis results of the core debris and canisters.”  However, the allowable 
difference in water composition per the design bases thermal analyses is not quantified.  
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Since Section 3.8.4.5 discusses that absorption of water is possible during the period of extended 
operation, it is unclear if absorbed water will impact the effective thermal conductivity assumed 
in the design-bases thermal evaluation.  This information is needed to ensure that the dry storage 
system continues to maintain heat-removal capability during the period of extended operation.  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
 
DOE-ID Response to RAI 3-10 
 
As described below, any credible changes to the Licon thermal conductivity used in the TMI-2 
ISFSI FSAR Section 8.1.3.2 thermal analyses continue to maintain heat-removal capability 
during the PEO.  In demonstrating this, it is unnecessary to determine the exact changes to the 
Licon thermal conductivity if, instead, bounding values of Licon thermal conductivity are 
evaluated.  The bounding values are evaluated in order to assess the maximum increase in the 
calculated temperature drops across the Licon.  From the bounding thermal conductivity values, 
a comparison check with the resultant TMI-2 ISFSI FSAR fuel cladding temperature acceptance 
criteria are reviewed.  As discussed below, any magnitude of change in the Licon thermal 
conductivity will support adequate heat-removal capability. 
 
LRA Section 3.8.4.5 postulates that water might be absorbed by the Licon during the PEO.  Such 
absorbed water could result in some form of Licon degradation.  Another hypothesis is that either 
a loss of water or addition of water may induce Licon cracking, maceration, or pulverization 
through some unspecified, theoretical means.  In either case, theoretical changes may include 
variations in the phase, form, or structure of the material.  The changes might result in alteration 
of Licon thermal properties such as density, specific heat, or thermal conductivity.  Of the 
thermal properties, changes in the density and specific heat will not affect the licensing results 
since the TMI-2 ISFSI FSAR Section 8.1.3.2 DSC thermal analysis was a steady-state analysis 
and did not employ these variables.  However, the thermal conductivity of the material was a 
variable included in this analysis.  To address the degree of any possible resultant effects on heat 
removal capability, limiting possible thermal conductivity variations were evaluated. 
 
TMI-2 ISFSI FSAR Table 8.1-6 shows a Licon thermal conductivity of 0.726 BTU/hr-ft-°F that 
is used in the TMI-2 ISFSI FSAR Section 8.1.3.2 thermal analysis.  This value is estimated using 
a weight biased method, which applies the thermal conductivity of the Licon’s constituent 
materials.  The constituent materials include 11 percent glass bubbles, 29 percent water, and 60 
percent cement by weight.  The thermal conductivity of water is presented in the TMI-2 ISFSI 
FSAR Section 8.1.3.2 supporting calculation as 0.348 BTU/hr-ft-°F [1].  This value is less than 
half that of the concrete and glass bubbles combined thermal conductivity value of 0.80892 
BTU/hr-ft-°F1.  Therefore, the addition of water when combined using mass weighting of the 
conductivities results in a decrease in the Licon conductivity (i.e., lower heat transfer rate).  In 
the extreme case, the water would displace all of the other materials resulting in a thermal 
conductivity of 0.348 BTU/hr-ft-°F.  On the other hand, if it is theorized that the Licon form or 
structure were to lose water, including bound water, becoming rubbly, crumbly or otherwise 
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break down into its aggregate and cement powder-like constituents, then the Licon’s thermal 
conductivity could also change.  In this limiting case, this may reduce the Licon thermal 
conductivity to a value near that of sand which is suggested by the “ASHRAE® Handbook: 
Fundamentals, Inch-Pound Edition” [2] to be 0.19 BTU/Hr-ft-°F. 
 
Addressing the thermal acceptance criteria, the fuel-cladding temperature limits are listed in 
TMI-2 ISFSI FSAR Table 8.1-10 as 724°F for normal conditions and 1058°F for off-normal and 
accident conditions.  Using the Licon normal thermal conductivity of 0.726 BTU/hr-ft-°F, the 
maximum calculated TMI-2 core debris temperature in all normal cases remains below 174°F 
(TMI-2 ISFSI FSAR Table 8.1-10), which provides a 550°F margin.  In addition, the maximum 
TMI-2 core debris temperature in all credible off-normal and accident conditions remains below 
219°F; a 839°F margin to the 1058°F accident limit.  The lower value normal condition margin 
at 550°F is therefore bounding as the acceptance criterion. 
 
In evaluating the thermal profile through the TMI-2 Fuel Canister, it is noted that the average 
radial thickness of the Licon is approximately two inches (see TMI-2 ISFSI FSAR Appendix A 
Drawing 1161300).  Assuming the Licon effective thermal conductivity of 0.726 Btu/hr-ft-°F 
and conservatively assuming that the entirety of the original 80-Watt design basis heat load is 
rejected through the outer shell of the TMI-2 Fuel Canister, then over the length of the TMI-2 
Fuel Canister cavity, the resultant average temperature drop across the Licon would be no more 
than: 

Δ𝑇𝑇 =
𝑄𝑄Δ𝑥𝑥
𝑘𝑘𝑘𝑘

= 1.8°𝐹𝐹 
 
Where the TMI-2 Canister heat load, Q , is 80 Watts, the average distance through the Licon Δx, 
is 2 inches, the Licon thermal conductivity, k, is 0.726 Btu/hr-ft-°F, and the inner surface area of 
the 9-inch square 140-inch long cavity, A, is 35 ft2.  This reduces the bounding margin to 
548.2°F (i.e., 550°F – 1.8°F).  If the temperature drop is evaluated by setting k to the lower 
credible-bounding thermal conductivity of 0.19 BTU/Hr-ft-°F the temperature drop becomes 
6.8°F.  This reduces the bounding margin to 543.2°F (i.e., 550°F – 6.8°F). 
 
In the above equation, using the original licensing basis 80-Watt decay heat load is a 
conservative assumption and significantly exceeds the 35-Watt TMI-2 Knockout Canister (Serial 
Number K-506) heat load (1857 pounds × .010 Watts/pound in 2019 × 1.9 Peaking Factor) at the 
beginning of the PEO.  The decay heat load will continue to decrease through the PEO, which 
will result in a lower temperature drop over time resulting in an increase to the thermal margins.  
In fact, in order to exceed the 550°F thermal margin, the Licon thermal conductivity would need 
to decrease to 0.33 percent of its original value, which is 0.0024 BTU/hr-ft-°F.  This is a credible 
thermal conductivity value over the course of the PEO.   
 
The above discussion provides the technical justification that quantifying the precise credible 
changes to the Licon effective thermal conductivity is unnecessary, including potential changes 
due to either Licon moisture absorption or moisture rejection.  Credible changes in the makeup 
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of the Licon (e.g., water absorption, chemical changes, volumetric changes, etc.) could result in 
changes in the Licon thermal conductivity.  Any reasonably bounding amount of change in the 
Licon thermal conductivity would continue to maintain adequate heat-removal capability during 
the PEO such that fuel cladding temperature remains within the TMI-2 ISFSI FSAR limits with 
significant margin.  These limits, it is worth also noting, are specified in NRC guidance (e.g., 
Interim Staff Guidance 11, Revision 3) for intact fuel cladding of which there is none at the TMI-
2 ISFSI.  Therefore, a detailed analysis of the Licon thermal performance under varying levels of 
degradation is not required in order to confirm adequate heat rejection from the TMI-2 Fuel 
Canisters through the PEO.  This is because when compared to reasonably bounding values of 
thermal conductivity (i.e., high thermal resistance), the TMI-2 ISFSI FSAR Section 8.1.3.2.1 
analysis continues to demonstrate adequate heat-removal capability during the PEO.  LRA 
Section 3.8.4.5 has been revised as a result of this RAI. 
 
References: 
 
1 Vectra Calculation 219-02.0502, Revision 0, “NUHOMS® 12T DSC Thermal Analysis,” 
September 27, 1996. 
 
2 “ASHRAE® Handbook:  Fundamentals, Inch-Pound Edition,” American Society of Heating, 
Refrigeration, and Air-Conditioning Engineers, Inc. 2002. 
 
RAI 3-11  
 
Provide a justification that radiation-induced localized corrosion will not compromise the 
intended functions of stainless steel subcomponents, which considers any indications of localized 
corrosion observed in the canisters during prior wet storage at the Test Area North (TAN) pool 
or during canister inspections prior to loading in the DSCs.  
  
The interaction of gamma radiation with water, which may be present on non-encased sheltered 
components, can generate radiolytic oxidizing products such as hydrogen peroxide and nitric 
acid.  These radiolytic products could affect the corrosion process of stainless steel 
subcomponents and promote radiation-induced localized corrosion including pitting corrosion, 
crevice corrosion, and stress corrosion cracking.  The applicant is asked to evaluate the presence 
of residual moisture in stainless steel subcomponents and justify that radiation-induced localized 
corrosion does not require aging management.  The justification would benefit from considering 
any indications of localized corrosion of stainless steel subcomponents observed during prior wet 
storage of the canisters at the TAN pool or during canister inspections prior to loading in the 
DSCs.  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
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DOE-ID Response to RAI 3-11 
 
The TMI-2 Canisters were procured and fabricated in the early 1980s, filled with TMI-2 core 
debris at the plant site, and shipped to DOE’s Idaho site and placed into wet storage at TAN 
between 1986 and 1990.  Between 1999 and 2001, 341 TMI-2 Canisters were drained, 
vacuumed-dried with concurrent heating and moved to 29 DSCs for storage at the TMI-2 ISFSI.  
DOE-ID has searched on site for documentation containing the results of any formal or 
opportunistic inspections or observations of the TMI-2 canisters external surfaces while in 
storage at TAN or during DSC transfer operations.  The only inspections conducted were visual 
inspections of the TMI-2 Canister exteriors upon removal from the Heated Vacuum Drying 
System (see “HVDS-1 Furnace Unloading with TMI-2 Canisters”, TPR-64751, Step 4.3.6).  
These inspections were conducted by the quality inspectors as brief visual observations through 
the TAN Hot Shop windows or by an external closed circuit video monitor.  The visual 
inspections assessed the TMI-2 Canister exterior for gross physical damage (i.e., denting, 
bulging, and distortion).  Because these were opportunistic inspections with the only action to 
notify a supervisor should damage be noted, no formal documentation of any damaged TMI-2 
Canisters is available. 
 
In addition to the above opportunistic inspection, an indirect study on the TMI-2 Canister interior 
water environment was conducted while at TAN.  This study summarized in the response to 
NRC RAI 3-3 during original licensing of the TMI-2 ISFSI (“DOE-ID Reponses to Request for 
Additional Information”, NRC Accession Number 98022003172).  The study inquired about “the 
potential effect on the integrity of the stainless steel [BORAL®] shroud that may be affected by 
crevice corrosion or other degradation processes.”  The TMI-2 Canister water analysis studies 
were conducted in December 1995, approximately six years after being stored in the TAN pool.  
In response to the RAI, the conclusion was that “crevice corrosion of the stainless steel covering 
the [BORAL®] should be insignificant and no damage to the [BORAL®] is expected”.  This 
conclusion was reached in part based on the “low concentration of corrosive ions” in the water 
samples analyzed.  Other than these inspections, no other DOE-ID records have been found of 
any formal or opportunistic inspections of the TMI-2 Canisters, either while in storage at TAN or 
prior to dry storage. 
 
DOE-ID recognizes that radiation-induced localized corrosion is a potential aging mechanism 
that may exist within the TMI-2 Canister Internal Environment.  Such an aging mechanism could 
be caused by the interaction of radiation with residual water in the TMI-2 Canister internal 
environment, possibly generating radiolytic oxidizing byproducts (e.g., hydrogen peroxide and 
nitric acid).  Such byproducts could increase the corrosion potential and therefore could 
propagate existing corrosion processes (e.g., pitting or crevice corrosion, stress corrosion 
cracking).  As such, a new LRA Section 3.8.4.2.12 has been added to provide an AMR 
evaluating whether such an aging mechanism is significant and requires management. 
 
The conclusion from the AMR evaluation in new LRA Section 3.8.4.2.12 is that radiation-
induced localized corrosion is not a sufficiently credible aging mechanism to cause gross 
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structural failure of the TMI-2 Canister SSCs during the PEO.  This is due to several factors, but 
primarily that the relatively low dose rates and the low temperatures present in the TMI-2 
Canister interior do not promote the inducement of new or sustained progression of existing 
localized corrosion processes.  These relatively low dose rates do not promote the production of 
significant quantities of radiolytic decomposition products (e.g., nitric acid or hydrogen 
peroxide).  Also, as discussed in detail in the response to RAI 3-9, the volume of residual water 
potentially available inside the TMI-2 Canisters is comparatively small with respect to the 
overall TMI-2 Canister size, and any such water is not necessarily localized inside the TMI-2 
Canister.  Therefore, the availability of reactants necessary to support radiolytic reactions, which 
could then support localized corrosion processes, is likewise constrained.  Thus, the production 
of such byproducts from irradiation would not be sufficient to cause adverse reactions leading to 
deleterious localized corrosive aging effects.  As a result, the radiation-induced localized 
corrosion aging mechanism is not considered credibly reasonable and does not require aging 
management.  LRA Sections 3.3.1.2.1, 3.3.1.2.2, 3.8.3.2, and 3.11 have been revised and new 
Section 3.8.4.2.12 has been added to provide additional clarification 
 
References: 
 
1 – TPR-6475, Revision 13, “HVDS-1 Furnace Unloading with TMI-2 Canisters”, March 26, 
2001 
2 – TAC-L22283, “Forwards DOE-ID response to RAI re application for ISFSI TMI-2,” 
February 12, 1998 (ADAMS Accession Number 9802200317) 
 
RAI 3-12  
 
Justify that irradiation embrittlement of the metallic TMI-2 canister internals is not credible.   
  
Section 3.8.4.2.10 references the cumulative neutron fluence at the TMI-2 canister shell to show 
that it is below the threshold for embrittlement of the metallic SSCs.  However, the discussion 
does not address irradiation embrittlement of metallic subcomponents internal to the TMI-2 
canister shell, which may be exposed to a higher neutron fluence.  
  
This information is needed to determine compliance with 10 CFR 72.42(a). 
 
DOE-ID Response to RAI 3-12 
 
Irradiation embrittlement of the metallic TMI-2 canister internals is not credible because the total 
neutron fluence for the internals is less than the fast fluence limits.  Section 6.3 of AREVA 
Federal Services Calculation 02029.00.0000.02-01, “Radiation Effects on Materials for TMI-2 
ISFSI License Renewal,” (LRA Reference 3.11.24) provides a bounding value for the total 
neutron fluence on the TMI-2 Canister stainless steel internals.  The component subject to the 
strongest neutron fluence modeled was the inner shroud surface for the BORAL® inside the 
TMI-2 Fuel Canister storing the localized Am-Be-Cm neutron source.  This localized source is 
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only stored in two TMI-2 Fuel Canisters.  However, the total fluence value (1.77 × 1015 n/cm2) 
due to the localized Am-Be-Cm neutron source modeled for the shroud bounds the total fluence 
value (8.98 × 1011 n/cm2) from the distributed design basis neutron source (see Table 7.0-2 from 
LRA Reference 3.11.24).  The Am-Be-Cm neutron source was modeled as a 1 cm radius sphere 
concentric with the centerline of the TMI-2 Fuel Canister (see Figure 6.3-1 in LRA Reference 
3.11.24).  The inner shroud was conservatively assumed to be in contact with the source rather 
than modeled in the center of the much larger 9-inch square, actual shroud profile.  Because the 
source is conservatively assumed to be in contact with the shroud, this conservatively 
approximates what the neutron flux would be for a surface in close proximity to the source.  
Therefore, due to both the strength and conservative proximity of this localized source to the 
stainless steel internals, the neutron flux on this internal surface bounds the neutron flux on any 
other metallic internals of the TMI-2 Canister.  The results of the fluence computations are 
summarized in Table 7.0-2 of LRA Reference 3.11.24 and discussed in the fifth paragraph of 
Section 6.3: 
 

“The total neutron fluence (E > 0 MeV) in the shroud is 1.77x1015 n/cm2, which is 
below the fast fluence limit of 1018 n/cm2 (E > 1 MeV).” 

 
From Section 4.2.3.1 of EPRI Technical Report, “Class I Structures License Renewal Industry 
Report; Revision 1,” (LRA Reference 3.11.131), 1018 n/cm2 fast fluence limit is the threshold for 
embrittlement.  Therefore, because the strongest neutron fluence on the TMI-2 Canisters internal 
metallic components is well below 1018 n/cm2, embrittlement is not credible 
 
This total neutron fluence (1.77 × 1015 n/cm2) on the Internal TMI-2 Canister Environment (i.e. 
metallic subcomponents internal to the TMI-2 canister shell) is reported in the last paragraph of 
Section 3.3.1.2.2 of the LRA and the first paragraph of Section 3.8.3.2 of the LRA.  This 
information has been added to Section 3.8.4.2.10 of the LRA. 
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APPENDIX A – AGING MANAGEMENT PROGRAMS 

 
RAI A-1  
 
Clarify whether the defense-in-depth enhancements described in Sections A1.4.4 and A1.6.2 of 
the DSC AMP are relied on as indirect indicators of degradation, and modify the LRA as 
described below.  
  
Sections A1.4.4 and A1.6.2 describe using tracking and trending of dose rate measurements from 
limiting condition for operation (LCO) 3.2.2 and hydrogen levels from LCO 3.2.3 to help 
identify, as a defense-in-depth approach, potential corrosion problems.  However, this is not 
included in the UFSAR Supplement for the DSC AMP (Table C-7 of the UFSAR supplement, 
Table A-1 of the LRA).  If these defense-in-depth enhancements are being relied on as indirect 
indicators of degradation or corrosion for the DSC AMP, they should be included in the UFSAR 
supplement.    
  
In addition, Section A1.6.2 includes two acceptance criteria for the evaluation of the dose rate 
measurement data.  It is not clear that Criterion 1 accounts for the continuous decay of the source 
terms.  The meaning of “typically expected radiation levels” in Criterion 2 should be clarified 
and include accounting for source decay and other items that affect what characterizes the 
“typically expected” dose rates at the time of the measurements.  Criteria that do not account for 
decay of the source term are not adequate for identifying potential adverse degradation unless 
that degradation is substantial, which would be beyond the point where other AMP inspection 
methods would likely have identified degradation.  Therefore, if these dose rate measurements 
are relied on as indirect indicators of degradation, justify the adequacy of the acceptance criteria 
for these measurements and ensure the criteria address the considerations described above.  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
  
DOE-ID Response to RAI A-1 
 
LRA Sections A1.4.4 and A1.6.2 both address defense-in-depth enhancements to the DSC AMP.  
These defense-in-depth enhancements are not relied on as indirect indicators of degradation.  
Rather, they are intended to describe additional opportunities outside the scope of the required 
AMP but part of the TMI-2 ISFSI license that could provide additional information on DSC 
aging, based on routine ISFSI operations.  Specifically, the annual dose rate measurements and 
hydrogen sampling required by Technical Specification (TS) Surveillance Requirements (SRs) 
3.2.2.1 and 3.2.3.1, respectively, because they are part of the ISFSI TS, cannot be changed 
without prior NRC approval via license amendment.   
 
These SRs represent opportunities to determine if an anomalous result, in either case, portends 
age-related degradation of the DSC.  This approach is supported by statements in the TS bases 
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(LRA Reference A.1.9).  For instance, TS Bases B3.2.2.1, “Applicable Safety Analysis” states 
“If the radiation field at the vent approaches the limits specified, the cause will be evaluated and 
corrective action taken.”  Therefore, LRA Sections A1.4.4 and A1.6.2 describe defense-in-depth 
enhancements that provide a possible mechanism in order for DOE-ID to provide for the 
“evaluation” and “corrective action” portions of this phrase.  As such, DOE-ID believes it is 
unnecessary to add these defense-in-depth enhancements to the DSC AMP table in LRA 
Appendix A (Table A-1) and, by reference, proposed TMI-2 ISFSI FSAR Table 9.8-7 (LRA 
Table C-7). 
 
Because of radioactive decay the source strength in all 29 DSCs loaded with TMI-2 core debris 
will decrease over time, including during the 20-year PEO.  Therefore, both the measured dose 
rates and hydrogen concentration will also decrease over the PEO given no other changes that 
would affect those results (e.g., shielding material degradation).   The accuracy of the 
instruments for measuring dose rates and hydrogen concentration is selected based on the 
requirement to meet the respective TS acceptance criteria of less than or equal to100 mrem/hr 
(access door surface dose rate) and 1200 mrem/hr (HEPA Filter surface dose rate) for SR 3.2.2.1 
and less than or equal to 0.5 percent H2 by volume for SR 3.2.3.1. 
 
LRA Sections A1.4.4 and A1.6.2 have been revised to clarify the nature of these defense-in-
depth enhancements and to separate them clearly from the AMP.  In addition, to reflect more 
clearly the defense-in-depth connection of the SR 3.2.2.1 and 3.2.3.1 results to age-related 
degradation, DOE-ID will internally define “anomalous” results to ensure the SR 3.2.2.1 and 
3.2.3.1 results, if anomalous, are evaluated for age-related degradation.  Anomalous readings will 
be investigated within the DOE-ID corrective action program to determine whether an aging 
mechanism is the cause rather than some other cause.  In conclusion, the defense-in-depth 
enhancements described in Sections A1.4.4 and A1.6.2 of the DSC AMP are not relied on as 
indirect indicators of degradation during the PEO.  Therefore, they are not included in LRA 
Table A-1 for the DSC AMP (i.e., LRA Table C-7 of the TMI-2 ISFSI FSAR supplement, 
proposed TMI-2 ISFSI FSAR Table 9.8-7). 
 
RAI A-2 
 
Justify that the proposed inspection frequency in the HSM AMP in Appendix A2 is adequate for 
ensuring that aging effects of the HSM fillers (chemical grouts) and sealants will be addressed 
before loss of an HSM intended function or propose an alternate frequency and revise the HSM 
AMP and UFSAR Supplement in Appendix C, as appropriate.    
  
Section 3.5.2.4 of the LRA defines various filler (chemical grouts) and sealant materials used in 
the HSM roof slab and walls during repairs made in 2009 and from 2011-2015.  Per Section 
3.5.4.5 of the LRA, although not important to safety, premature degradation of these materials 
potentially could adversely affect the protected concrete and steel HSM SSCs structural integrity 
intended functions.  The materials were described to be susceptible to degradation due to 
ultraviolet radiation, in addition to radiation exposure from the TMI-2 core debris.  The applicant 
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included these aging effects to be addressed under the aegis of the HSM AMP.  However, a 
technical basis (test results, operating experience) was not discussed to justify that the inspection 
frequency is adequate so that degradation of these fillers and sealants is addressed before loss of 
an HSM intended function.  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
 
DOE-ID Response to RAI A-2 
 
The proposed inspection frequency for the HSM AMP is discussed in LRA Section A2.5.1, 
“Frequency and Timing of Inspections,” with the inspection intervals identified in LRA Table  
A-2.  In general, the HSM epoxy fillers and silicone sealants in the Outdoor Environment are 
proposed for inspection on a 5-year cycle as part of the exterior concrete inspections of the HSM 
base and roof modules and the end shield walls.  An LRA correction to remove the fillers and 
sealants from the Sheltered Environment remote visual inspection is proposed for LRA Table A-
2.   

The polyurethane foam filler and gasket sheet used to water seal the roof slab bolt holes receives 
an annual inspection of a sample set of two different bolt cover assemblies in an ongoing 5-year 
cycle.  Reduction in physical properties (e.g. cohesive and adhesive failure) caused by ultraviolet 
(UV) and TMI-2 core debris irradiation were considered as possible aging mechanisms.  As 
discussed below, the total gamma radiation exposure to these chemical grouts and sealants is low 
enough to have minimal impact on their physical properties and the UV exposure will not 
adversely affect the physical properties of these repair materials.  Therefore, for the HSM SSCs 
in the Outdoor Environment, the inspection frequency of five years is considered suitable 
considering the earliest potential reduction of any physical properties could occur at 12 years 
with the Dow Corning® 890-SL silicone joint sealant.  After verifying the fillers and sealants 
performance limits out to the end of the PEO, it is recommended to retain the current 5-year 
inspection interval for these HSM SSCs in the Outdoor Environment and one-year select-sample 
inspection for those within the normally non-accessible protective bolt cover Sheltered 
Environment. 

As identified in LRA Section 3.5.2.4, the various filler (Chemical grouts) and sealant materials 
used in the HSM concrete roof slabs and walls include: 

• Dow Corning® 890-SL Silicone Joint Sealant (used in filling the end shield wall lifting 
holes) 

• TIGER FOAM® polyurethane spray foam (used in the HSM roof bolt pass-through holes) 

• Polyurethane foam gasket sheet  (used in the HSM roof bolt pass-through holes) 

• CRACKBOND® SLV-302 (used to fill the corner cracks in the HSM walls) 

• MIRACLE BOND® 1350 and 1450 Epoxy (used to repair surface spalling and cracks in 
the HSM walls) 
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This list consists of a silicone elastomer (Dow Corning® 890-SL Silicone Joint Sealant), a 
selection of thermosetting resins (CRACKBOND® and MIRACLE BOND® epoxy resins), and 
the bolt cover’s polyurethane TIGER FOAM® and gasket.  The aging effects from ultraviolet 
(UV) and TMI-2 core debris irradiation are addressed below.  It should be noted that, from an 
Operating Experience (OE) perspective, routine annual inspections have occurred since 2012, a 
timeframe after which most of the HSM repair materials were initially applied.  While additional 
repairs have been made due to spalling issues in the concrete, no degradation of the prior existing 
repairs has been noted.  The NRC inspection report from May of 2018 [1] notes that: 

“The site had implemented an aging management program for the ISFSI. The 
program established preventive maintenance inspections and actions to mitigate or 
prevent applicable aging effects. All previous repairs made to the Horizontal 
Storage Modules in 2011 had remained in place throughout subsequent winters. At 
the time of the inspection, the ISFSI pad and Horizontal Storage Modules were in 
good condition and the licensee had performed all of the required inspections and 
repairs to the ISFSI as required.” 

Regarding UV radiation, the following components are unaffected.  The MIRACLE BOND® 
seals the crack surfaces and was used to attach resin injection ports for the CRACKBOND® 
SLV-302 to be injected into the cracks (see Work Order (WO) 636977 from LRA Reference 
3.11.26).  Therefore, the CRACKBOND® SLV-302 acts only as a bond material within the crack 
interior and is thus unaffected by UV radiation.  The TIGER FOAM® polyurethane foam was 
protected from UV radiation initially by polyurethane gaskets at each roof bolt location (see WO 
627046 from LRA Reference 3.11.119) and remains protected from direct exposure to the 
outdoor environment by both the protective roof bolt cover and internal gasket.  The original 
polyurethane gaskets installed in 2009 under the roof bolt covers were disposed of and replaced 
with new polyurethane gaskets (see WO 635917 from LRA Reference 3.11.123) in 2011.  
Because the TIGER FOAM® polyurethane spray foam and polyurethane gasket sheet (see LRA 
Reference 3.11.122) are protected from the sun by the roof bolt covers and not directly exposed 
to the outdoor environment, it may be asserted that they are not influenced by UV radiation. 

The remaining two materials, due to their location within the HSM, are exposed to both UV 
radiation and gamma radiation from the TMI-2 core debris.  This includes the Dow Corning® 
890-SL silicone elastomer joint sealant and the MIRACLE BOND® thermosetting epoxy.  The 
outer surface of these two materials are directly exposed to the outdoor environment with the top 
surface of the silicone elastomer joint sealant exposed on the top surface of the end shield walls 
and the MIRACLE BOND® thermosetting epoxy exposed on the outer surface of the repaired 
cracks and spalled areas.  Therefore, only the Dow Corning® 890-SL silicone joint sealant and 
the MIRACLE BOND® epoxy resin need be considered further for the required inspection 
frequency of these materials due to the possible influence of UV radiation.  Gamma irradiation of 
these two materials will also be considered. 

Silicone-based elastomers, like the Dow Corning® 890-SL silicone joint sealant, are often 
curable by UV radiation and generally would be considered adequate.  This is particularly true 
when they are specifically designed for an outdoor environment.  The silicone joint sealant was 
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applied in October 2012 (see WO 642973 from LRA Reference 3.11.27) at the outer top surface 
of the end shield walls, where coil inserts were once attached and used for handling the pre-cast 
walls during ISFSI construction.  The technical datasheet for the Dow Corning® 890-SL product 
states that it is “Weather and UV resistant” (see LRA Reference 3.11.27).  For gamma radiation, 
up to a dose accumulation of approximately 4 ×107 rad, silicone elastomer rubbers are “often 
satisfactory” (see Figure I.3 of Reference 2).  The reported gamma dose accumulation from LRA 
Section 3.5.3 (1.98 × 108 rad) is integrated over a 60-year period and is tallied at the HSM 
interior wall based on the HSM being concentric with the DSC.  The actual total life of exposure 
is less than this 60-year timeframe.  With application of the sealant occurring in 2012, then an 
actual lifespan of 27 years will have elapsed when extending out to 2039 (i.e., the end of the 
PEO).  Therefore, a conservative exposure accumulation is estimated to be 8.9 × 107 rad if 
linearly averaged out over 27 years of that 60-year timeframe.  In actuality, the TMI-2 Canister 
core debris source will have decayed for 33 years prior to starting the dose accumulation in 2012, 
so the value is conservative.  This accumulated dose is slightly less than double the 4 ×107 rad 
“satisfactory value” limit.   

Comparing the acceptance limit of 4 ×107 rad with the 60-year span used to determine the  
1.98 × 108 rad total accumulation provides for a 12-year timeframe to exceed this accumulated 
dose acceptance limit.  Therefore, a routine 5-year inspection frequency of the Dow Corning® 
890-SL silicone joint sealant in the end shield walls is deemed reasonable.  In addition, based on 
the silicone’s application date in 2012, no notable loss of function has been observed for the six 
years of in-service annual visual inspections [1].  From the 2016 annual inspection report (see 
new LRA Reference 3.11.214 from RAI Response 3-5), “The silicone plugs in the coil insert 
holes in the tops of the walls was found to be in good condition.”  Given both the actual OE 
showing no signs of deterioration and the conservative estimated dosage at the end of the PEO, 
then the silicone joint sealants material properties will not be adversely degraded by this 
exposure and thus is considered suitable for usage provided a 5-year inspection frequency.   

The two-part MIRACLE BOND® epoxy was used as a putty to repair the surfaces of HSM 
cracks and spalling in the end shield walls.  The epoxy consists of a diglycidyl-ether type resin 
(DGEBA) and a cycloaliphatic amine curing agent N-aminoethylpiperazine (AEP) (see Material 
Safety Data Sheet in LRA Reference 3.11.26).  It also is composed of a ceramic blend (i.e., 
calcium carbonate and silica) and other proprietary additives in the curing agent giving it high 
strength and high modulus (see Technical Data Sheet in LRA Reference 3.11.163).  The 
MIRACLE BOND® 1350 product was used during the crack repairs in 2009, while the 
MIRACLE BOND® 1450 product was used for the deeper spalls on the end shield walls (see 
WO 656351 from LRA Reference 3.11.28) starting in 2015.  Both products are chemically 
similar, although the MIRACLE BOND® 1450 has a higher concentration [4, 5] of the DGEBA 
resin and slightly different ratio of curing amines in the hardener versus its proprietary 
ingredients.   

Crosslinked polymers, such as the thermoset MIRACLE BOND® epoxy demonstrate a good 
resistance to gamma radiation.  This is due to the rigid chemical bond of cycloaliphatics and their 
ability to recombine a broken chain in the bond following rupture from the photon energy [3].  
Most aliphatic resins begin to deteriorate at 2 × 108 rad (Section 5.2 of Reference 3).  With the  
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1.98 × 108 rad gamma radiation exposure in the concrete integrated over 60 years, and with this 
value estimated at the interior sidewalls of the HSM, the epoxy resins are considered suitable for 
the duration of the PEO.  Because UV radiation energies are of a lower magnitude than the 
gamma radiation, it is expected that the UV exposure will be bounded by the higher gamma 
energy of the TMI-2 core debris.  It follows that the MIRACLE BOND® epoxy materials are 
deemed to have a suitable lifespan for the duration of the PEO.  Therefore, the recommended 
inspection frequency of every five years is considered appropriate. 
Similar to both MIRACLE BOND® epoxy materials is the CRACKBOND® SLV-302 used for 
sealing the cracks in the HSM.  The CRACKBOND® SLV-302 is an injectable two-component 
epoxy resin in a 2:1 ratio of resin to curing agent.  Its super-low viscosity allowed it to penetrate 
deep into hairline cracks.  The epoxy resin portion of the formulation is approximately 40 
percent DGEBA, 30 percent neopentyl glycol diglycidyl ether, while the hardener makes up 
approximately 25 percent of the total composition (see Safety Data Sheet in Reference 6).  The 
curing agent hardener is a combination amine composed of AEP, a polyamide amine, 
nonylphenol accelerator, and triethylenetetramine.  Like the MIRACLE BOND® epoxy 
materials, the CRACKBOND® SLV-302 would be considered an aliphatic resin with a useful life 
up to 2 × 108 rad.  Considering the lifespan of the CRACKBOND® SLV-302 began with its 
injection in 2011, at the end of the PEO in 2039 would equate to a total potential exposure time 
of 28 years.  Therefore, projected total accumulated dose would be a fraction of the 1.98 × 108 
rad total gamma radiation exposure over 60 years (i.e., 28/60 × 1.98 × 108 rad = 9.24 × 107 rad).  
In addition, based on the epoxy application date in 2011, no notable loss of function has been 
observed during the annual visual inspections [1].  The 2016 inspection report (see new LRA 
Reference 3.11.214 from RAI 3-5 Response) stated the following: 

“HSM roof and base unit corner cracks repaired using epoxy injection in 
September 2011 (WO 636977) were found to be in good condition based on 
visual inspection. No separation of bond between the cracked surfaces and 
the injected epoxy resin was observed.” 

Given the estimated gamma exposure of 9.24 × 107 rad, which is less than the limit of  
2 × 108 rad, the injectable CRACKBOND® SLV-302 epoxy is considered suitable for the 
remainder of the PEO because its material properties will not be adversely degraded by this 
exposure period.  As a result, for the CRACKBOND® SLV-302 epoxy filler, it remains 
appropriate to retain a routine inspection frequency of every five years. 

The roof bolt cover’s polyurethane TIGER FOAM® and gasket were also reviewed for 
verification of the inspection frequency in order to verify its suitability from the estimated 
irradiation.  From Figure I.3 of Reference 2, the radiation stability of polyurethane rubber 
elastomers is “often satisfactory” up to a maximum accumulated gamma dose of 3 × 108 rad.  
Figure I.2 of Reference 2 shows the radiation stability of polyurethane thermosets like the 
TIGER FOAM® is “nearly always usable” up to a maximum accumulated gamma dose of  
2 × 109 rad.  Considering the lifespan of both polyurethane materials began with their installation 
under the bolt covers in 2011, the remaining total life out to 2039 would be 28 years.  Therefore, 
actual accumulated dose is estimated at 28/60 of the 60-year exposure estimate of the  
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1.98 × 108 rad, or 9.24 × 107 rad total gamma radiation exposure through the PEO.  Compared to 
the lower polyurethane acceptance limit of 3 × 108 rad, the accumulated radiation exposure is 
considered suitable for the remainder of the PEO because its material properties will not be 
adversely degraded by this exposure period.  As stated in LRA Section A2.5.1, a sample set of 
two roof-bolt assemblies are proposed for inspection each year in an ongoing 5-year cycle.  
Therefore, the polyurethane TIGER FOAM® and gasket sheet would be inspected every year.  
As a result, it remains appropriate to retain this annual inspection frequency. 
In conclusion, the proposed inspection frequencies in the HSM AMP in Appendix A2 are 
adequate for ensuring that aging effects of the HSM fillers (chemical grouts) and sealants will be 
addressed before loss of an HSM intended function.  This is given the projected bounding Dow 
Corning® 890-SL silicone joint sealant life of 12 years.  Therefore, it remains appropriate to 
retain a routine inspection frequency of every five years.  LRA Sections 3.5.2.4 and 3.5.4.5 have 
been revised to clarify the chemical grout materials identified and their installation history. 

References: 
1 – U.S. Nuclear Regulatory Commission, “Three Mile Island Unit-2 Independent Spent Fuel 
Storage Installation NRC Inspection Report 07200020/2018001”, June 26, 2018, Docket No. 72-
20, NRC Accession Number ML18171A380. 
2 – CERN 70-5, M.H. Van de Voorde, “Effects of Radiation on Materials and Components,” 
CERN European Organization For Nuclear Research, February 26, 1970, Geneva, Switzerland. 
3 – ORNL-TR-2735, “Action of Ionizing Radiation on Epoxy Resins,” Sections 3-6 of CERN 
report 70-10 by M.E. Van de Voorde, CERN European Organization For Nuclear Research, 
December 1970, Geneva, Switzerland. 
4 – Adhesive Technology Corporation, “Safety Data Sheet MIRACLE BOND® 1450”, Version 
3.0, April 6, 2016, Available at: http://www.atcepoxy.com/wp-content/uploads/MIRACLE-
BOND-1450-SDS.pdf, Retrieved on August 1, 2018. 
5 – Adhesive Technology Corporation, “Safety Data Sheet MIRACLE BOND® 1350”, Version 
4.0, April 6, 2016, Available at: http://www.atcepoxy.com/wp-content/uploads/Miracle-Bond-
1350-SDS.pdf, Retrieved on August 1, 2018. 
6 – Adhesive Technology Corporation, “Safety Data Sheet CRACKBOND® SLV-302”, Version 
3.0, April 6, 2016, Available at http//www.atcepoxy.com/wp-content/uploads/CRACKBOND-
SLV-302-SDS.pdf, Retrieved on August 1, 2018. 
 
RAI A-3 
 
Provide information on the specific system that will be used for obtaining, aggregating, and 
reporting operating experience to ensure continued AMP effectiveness in the period of extended 
operation, and revise Table 3-11, the DSC AMP, the HSM AMP, and the UFSAR supplement in 
Appendix C, as appropriate.  
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LRA Sections A.1.10.1 and A2.10.1 of the DSC and HSM AMPs, “Learning AMP,” states that 
the AMPs will be updated, as necessary, to incorporate new information on degradation due to 
aging effects identified from TMI-2 ISFSI inspection findings, related industry operating 
experience, and related industry research.  The LRA also proposes periodic tollgate assessments 
in Section 3.9 and Table 3-11 to evaluate this information and perform written assessments in the 
period of extended operation.  However, the LRA doesn’t reference the system to be used to 
obtain, aggregate, and enter or report operating experience or discuss how the applicant intends 
to provide timely reporting of operating experience to this system.  
  
NUREG-1927, Revision 1 recommends that renewal applicants should reference the specific 
system used to obtain, aggregate, and enter operating experience.  NEI 14-03, Revision 1, 
“Format, Content and Implementation Guidance for Dry Cask Storage Operations-Based Aging 
Management,” recommends the use of the new Aging Management INPO Database (AMID) 
system to collect and disseminate dry cask storage aging management information.  In addition, 
NEI 14-03 recommends that licensees document and share their periodic assessments of AMP 
effectiveness (“tollgates”) through AMID.  NUREG-1927 references the AMID system as one 
means of sharing operating experience within the industry to ensure AMP effectiveness.  
  
This information is required to determine compliance with 10 CFR 72.42(a).  
  
DOE-ID Response to RAI A-3 
 
Section 3.9 of the LRA acknowledges AMID and states that “DOE-ID will review the AMID for 
relevant information to support the preparation of the tollgate assessments and will prepare those 
assessments as recommended in NEI 14-03.”  LRA Section A.2.9.1 and A.2.10.1 both refer to 
LRA Section 3.9 of the LRA in the discussion of learning AMPs.  DOE-ID intends to use AMID 
to develop its tollgate assessment but wishes to give itself the flexibility to also use other sources 
of information in the future to augment AMID with relevant information. In particular, DOE-ID 
may wish to use aging-related material degradation information generated elsewhere in the DOE 
laboratory network that is relevant to the TMI-2 ISFSI materials and environments. Such 
information may or may not be available in AMID, based on the distribution restrictions 
applicable to the information.  We note that NEI 14-03 does not provide a specific definition for 
“timely reporting” of aging-related operating experience into AMID.  DOE-ID intends to report 
information into AMID as directed by the AMP implementing procedures, which would require 
AMID reporting as part of the closeout of the inspection procedure after conducting the 
inspection. 
 
LRA Section 3.9 has been revised appropriately to clarify this matter.  LRA Sections A1.10.1 
and A2.10.1 both refer to LRA Section 3.9 for additional information pertaining to tollgate 
assessments, which also addresses AMID.  Therefore, LRA Sections A1.10.1 and A2.10.1 have 
not been revised. 
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APPENDIX B – TIME-LIMITED AGING ANALYSES 

 
RAI B-1 
 
Clarify if the referenced thermal fatigue evaluation for the DSC in Section 3.4.4.2.9 of the LRA 
is a TLAA.  
 
Section 3.4.5 states that there are no TLAAs required for addressing DSC aging effects.  
However, as the LRA states, the thermal fatigue evaluation was previously incorporated in the 
approved design bases (Section 8.3.2 of the UFSAR), and it appears to meet all the criteria for a 
TLAA in 10 CFR 72.3.  
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
 
 
DOE-ID Response to RAI B-1 
 
The thermal fatigue evaluation for the DSC discussed in LRA Section 3.4.4.2.9 is a TLAA.  
LRA Section 3.4.5 has been revised and LRA Sections 3.4.5.1 and 3.4.5.1.1 have been added by 
including the previously incorporated TMI-2 ISFSI FSAR Section 8.3.2 thermal fatigue 
evaluation TLAA on DSC steel SSCs.  LRA Appendix B has also been revised to include a 
summary of all ISFSI TLAAs and a summary statement on the DSC TLAA.  Editorial changes to 
Section 3.3.3 have also been made to cover both RAI Response B-1 and RAI Response B-2.  
Finally, LRA Section C.2.8 (proposed TMI-2 ISFSI FSAR Section 9.8.7) has been updated and 
Section C.2.8.1 added (proposed TMI-2 ISFSI FSAR Section 9.8.2.1). 
 
RAI B-2 
 
Clarify if the irradiation evaluation of HSM concrete subcomponents in Section 3.5.4.2.4 of the 
LRA is a TLAA.  
  
Section 3.5.5 states that there are no TLAAs for addressing HSM aging effects.  However, as the 
LRA states, radiation effects on HSM concrete were previously incorporated in the approved 
design bases (Section 8.1.1.5.D of the UFSAR), and the analysis appears to meet all criteria for a 
TLAA in 10 CFR 72.3.   
  
This information is needed to determine compliance with 10 CFR 72.42(a).  
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DOE-ID Response to RAI B-2 
 
The irradiation evaluation of HSM concrete discussed in Section 3.5.4.2.4 of the LRA is a 
TLAA.  LRA Section 3.5.5 has been revised and LRA Sections 3.5.5.1 and 3.5.5.1.1 have been 
added by including the previously incorporated UFSAR Section 8.1.1.5.D irradiation effects 
evaluation TLAA on HSM Concrete SSCs.  LRA Appendix B has also been revised to include a 
summary statement on the HSM TLAA.  Finally, new Subsection C.2.8.2 (proposed UFSAR 
Section 9.8.7.2) has been added to the LRA in response to this RAI. 
 
 
 


