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Mr. John Goshen
c/o Document Control Desk
U. S. Nuclear Regulatory Commission
Washington, DC 20555-0001

March 7, 2011

Subject: Transmittal of Information Regarding Holtec Corrective Action Report #175
Concerning Vacuum Drying of HI-STORM 100 Systems

References:
[1] USNRC Docket No. 72-1014

Dear Mr. Goshen:

Introduction

Holtec is submitting this information to the NRC which is intended to provide a summary of
corrective actions (Holtec CAR # 175) taken after concerns were identified by the Staff with Holtec's
vacuum drying thermal analysis during a recent NRC inspection at Byron where the chiller for the
annulus flushing system failed during vacuum drying of an MPC-32. This letter also provides
clarification on the vacuum drying thermal analysis for the HI-STORM 100 System.

Background

The vacuum drying analysis in the FSAR uses a 2D axi-symmetric thermal hydraulic model and heat
load limits for vacuum drying instituted in Amendment 1 are the same through the latest Amendment
7. No changes in analysis or total decay heat limits occurred in any of the amendments (1 through 7).
It should be noted that a 3D vacuum drying analysis was proposed in LAR 1014-3; however due to
time constraints during the review of the LAR, Holtec retracted the proposed change and requested
that the vacuum drying analysis and limits revert to those previously approved (ref. ML071690427).
In the approval of LAR 1014-3, which became Amendment 5, an additional condition was added
such that vacuum drying was limited to 40 hours if the heat load was greater than 23 kW for all MPC
models although no changes were made to the analysis or limits. Both the TS and FSAR contained
these additional restrictions (CoC Amendment 5 and FSAR Revision 7).

In the fall of 2010, after analysis was performed to support the NRC inspection at Byron, Holtec self-
identified a concern, unrelated to the inspection, regarding the specific assumptions used in the
thermal analysis supporting vacuum drying for both standing water in the annulus and annulus
flushing. The annulus is the space created between the outside of the MPC and the inside of the HI-
TRAC when the MPC is installed in the HI-TRAC. The thermal models for vacuum drying the MPC
are 2D axi-symmetric models; and in all cases vacuum drying is analyzed with the assumption that
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the total cask heat load limit under vacuum drying (both the maximum allowed for annulus flushing
and the lower threshold for standing water) is equally distributed in each of the storage locations.
This was not specifically stated in the FSAR.

Discussion

The following table provides the limits in the CoC, the limits given in the FSAR, and the
assumptions in the thermal analysis that supports these limits for each MPC model under vacuum
drying condition with standing water in the annulus and with annulus flushing. Note that the
CoC/TS only provides the individual cell heat load limits for storage conditions.

MPC model Total Heat Load in Continuous Assumed Annulus Assumed Heat
MPC (kW) Flushing Water Load in Individual

Required? Temperature4  Basket Locations 3

(Y/N) (deg F) (kW)
MPC-24 < 20.882 N 232 0.87
MPC-68 < 21.522 N 232 0.316
MPC-24 > 20.88 and < Y 125 1.1975

28.74'
MPC-68 > 21.52 and < Y 125 0.414

28.74'
MPC-24E < 28.74' Y 125 1.1975
MPC-32 < 28.74' Y 125 0.898

Limit for vacuum drying provided in CoC/TS (Amendment 1 through 7) and FSAR (Revision 1 through 9)
2 Limit for vacuum drying with standing water provided in FSAR (Revision I through 9) and in CoC/TS (Amendment 5

through 7)
3 Limits used in the thermal analysis
4 Criteria for annulus flushing provided in FSAR (Revision I through 9) and in the CoC/TS (Amendment 5

through 7)

Neither the TS nor the FSAR indicated the specific limits for each cell for conditions of vacuum
drying with standing water in the annulus or annulus flushing. Rather a limit for total heat load
permitted for vacuum drying is given in Appendix A Table 3-1 (28.74 kW). The FSAR has indicated
the threshold total MPC heat load for both standing water in the annulus and annulus flushing since
Revision 1 (see table above).

As a result of the above, some users were meeting the total canister heat load limit by loading
assemblies that were both above and below the assumed limit in each cell, placing the canisters
outside of the analyzed condition. Since vacuum drying is sensitive to cell heat load, the concern
was that the PCT values under these conditions may not be bounded by the original analysis.
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Actions to Prevent Recurrence

Holtec communicated this condition to its users and a request for the actual heat load information for
all loaded MPCs vacuum dried outside of the above assumptions (see Table) was made. There were a
total of 72 MPC-68 canisters that were vacuum dried outside of the vacuum drying thermal analysis
assumptions.

Note that the extent of conditions requested information for all canisters which were vacuum dried.
It was determined that the 72 cases identified above were the only ones which fell outside any of the
thermal analysis assumptions for vacuum drying. The MPC-24 and MPC-32 models were unaffected.

Holtec compiled the data from the 72 MPC-68 and created 9 bounding cases using the same 2D
model as the licensing basis for these canisters. All but one case were run at steady state conditions
to determine PCT. For the one case a bounding time, based on the actual length of vacuum drying,
was considered when determining the PCT. In all cases it was concluded that the PCT limits during
short term operations was not exceeded for these loaded systems. This information was transmitted
to the users to support their operability assessments and a 72.48 is being performed to accept the
loaded canisters "as is".

Since there is currently no process by which Holtec or the NRC can amend the previous CoC/TS,
Holtec provided its users with a Holtec Information Bulletin (HIB-45) to alert them to this absence of
specific guidance for vacuum drying (Enclosure). This bulletin informs the users going forward that
either the heat loads in each cell should be limited to the assumptions in the thermal analysis (see
table above) or a thermal analysis based on the planned loading should be performed prior to using
vacuum drying to determine if the PCT will remain below the short term operation limits. Holtec
expects that this generic communication will prohibit vacuum drying operations outside of the
thermal analyses from occurring in the future; therefore no risk is identified to the public health and
safety.

Summary

There was an ambiguity in the FSAR which allowed the users to load outside of the thermal analysis
for vacuum drying. Holtec has evaluated these cases and found that in all cases the PCT limits were
not exceeded. In addition Holtec has informed its users of the ambiguity and provided guidance for
future loadings.
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This letter requires no specific action or response and is provided solely as information to the NRC.
If you have any questions about the information in this letter, please contact the undersigned at 856-
797-0900 x687.

Sincerely,

Tammy S. Morin
Licensing Manager
Holtec Technical Services, Holtec International

cc: Mr. Michael Waters, USNRC
Mr. Douglas Weaver, USNRC
Holtec Group 1

Enclosure
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HOL TEC INFORMA TION BULLETIN (HIB)
Parsing the present to protect the future

CoC Holder: Holtec Ref. Nuclear Plant: N/A HIB No. 45R1
International (sequential):

System Name: HI-STORM 100 Reference HI-STORM 100 FSAR Preparer TSM
Document(s): (HI-2002444), Holtec (Rev. 0):

Letters 1031135R1,
1031136, 1031137R1

Holtec 5014 Period of 07/02 - Present Preparer TSM
Program No.: Occurrence (m/y): (Rev. 1):
Affected MPCs Ancillary No. Preparer
Component(s): (If applicable): (Rev. 2):

Title of the Event: Vacuum Drying of MPC-68 Under Unanalyzed Heat Generation Profiles

PROBLEM BACKGROUND & EVENT DESCRIPTION
Event Category (Use Legend Below): H

Legend: H: Holtec system related; P: Peer system related; G: Industry generic.

In certain cases involving vacuum drying of MPC-68 without flushing of the annulus, it was discovered that
the heat generation rates in some storage cells had exceeded the value assumed in the generic safety analysis
documented in the HI-STORM 100 FSAR, thereby putting the MPC in an unanalyzed condition during
vacuum drying operations. This was due to wording in the FSAR text matter which specifies a total canister
heat load under a uniformly distributed heat generation scenario, but did not explicitly specify a limit on the
heat load on a per cell basis. As a Safety Analysis document, the FSAR considered and established the total
cask threshold heat load value for vacuum drying without annulus flushing for the specific scenario when the
total cask heat load value is equally distributed among all storage cells, i.e. each storage cell has a heat load
value equal to the arithmetic average value. In practice, casks can be loaded with varying heat loads in each
storage location, with some cells exceeding the average and others being below the average, and still meet the
total cask threshold heat load requirement.

The lack of absolute clarity in this matter in the FSAR led some users to observe the aggregate heat load limit
but exceed the specific heat load in one or more assemblies, thus inadvertently exceeding the analyzed
assumptions for vacuum drying with standing water in the annulus in certain, storage cells.

*Form revised August 20, 2002.
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BACKGROUND & PROBABLE CAUSE
Cause Category (Use Legend Below): _6 (Describe Below)

The historical reason for the vacuum drying heat load limits, compiled from the SERs for Amendments 0
through 3, is provided below as background leading to the probable cause.

Amendment 0 of CoC 72-1014 was approved for a maximum heat load limit for the MPC-24 of 20.88 kW and
MPC-68 of 21.52 kW. Vacuum drying was performed with the annulus filled with water. No flushing was
required.

Amendment 1 added the MPC-32 and MPC-24E to the approved MPC models and the heat load limits for all
canisters were raised.

For the higher heat loads the thermal analysis assumed annulus flushing with water (max 125 deg F in the
annulus) to keep the PCT below the limit during vacuum drying. Holtec recommended for MPC-24E and
MPC-32 that flushing should always occur, instead of creating a lower threshold value with standing water.
The already approved heat load values for MPC-24 and MPC-68 without flushing from Amendment 0
remained and for total cask heat loads above those values, flushing with water (max 125 deg F in the annulus)
was required.

Subsequent amendments do not have any changes to the vacuum drying conditions and therefore there is no
further discussion on this subject in the SERs.

The FSAR indicates that users who vacuum dry must follow the following criteria:
1) Standing water in the annulus may be employed if the heat load is less than 21.52 kW for MPC-68 or

20.88 kW for MPC-24;
2) Water flush of the annulus (max water outlet temperature of 125 deg F) is required if the heat load is

above the threshold in (1) for MPC-24 and MPC-68, or in all cases when loading an MPC-32 or MPC-
24E.

The FSAR analysis completely supports these conditions. Table 4.5.9 shows PCT limits with and without
flushing (as appropriate) for steady state vacuum drying.

The current FSAR states that the thermal analysis for vacuum drying assumes the 21.52 kW for MPC-68 and
20.88 kW for MPC-24 to be "uniformly distributed" rather than the more clear verbiage "equally distributed"
in the storage locations. Since the FSAR verbiage is not crystal clear, some users were selecting the heat loads
in the individual locations without observing a fixed specific heat load limit, adding the individual locations
up, and using that number to compare to the threshold value to indicate if flushing or standing water in the
annulus was appropriate. Some of these conditions were not supported by the analysis performed to support
the safety case in the FSAR.

Legend: (i) Weakness in Mechanical Design (inappropriate or unachievable tolerances, drafting error, etc.); (2) Unsuitable analysis
(erroneous input data, inappropriate analysis methodology, or defect in the computer code utilized); (3) Impropei material selection
(poor weldability, machinability, lamination concerns, etc.); (4) Inadequacy in the client'sISFSI operation procedure; (5) Inadequacy
in a procedure provided by Holtec; (6) Administrative deficiency (such as failure to transmit information to the Client); (7) Human
Error: (8)Manufacturin,.Deficiencv: (9)unnassiened: (10)Other.
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LESSONS LEARNED
(Describe Planned Activities to Implement the Lessons Learned)

QPV 825 was established to initially review the issue and was escalated to CAR 175 with the following
actions:

1. Following issuance of Holtec letter 1031135RI, users submitted heat load maps for those cases that
screened into the condition. These were analyzed to determine that peak cladding temperatures did not
exceed the regulatory limit. The results were summarized in Holtec letter 1031137.

2. An extent of condition was evaluated for sites for which annulus flushing was performed (Holtec letter
1031136) with no sites reporting screening into the extent of condition.

3. A technical memorandum (TM-2010-05) was issued describing the technical basis for the stainless
steel MPC basket and neutron absorber panels reaching temperatures as high as fuel cladding limits
during Short Term Operations.

4. The FSAR will be updated to clarify the vacuum drying criteria.
5. The FSAR will be reviewed and updated as part of the extent of conditions for this discovery to

determine if any other clarifications are required for vacuum drying.

In the meantime users should follow the guidance as shown below in Auxiliary Considerations and Comments
Section.

AUXILIARY CONSIDERATIONS &COMMENTS
Users who are vacuum drying either MPC-24 or MPC-68 without flushing the annulus space between the MPC
and the HI-TRAC shall ensure:
1) All cells contain heat loads less than 0.870 kW for MPC-24 or 0.316 kW for MPC-68, or
2) The total cask heat load threshold value is met (20.88 kW for MPC-24 or 21.52 kW for MPC-68) and a
specific thermal analysis performed by Holtec indicated the PCT limits will not be exceeded for the heat load
distribution.

Users who are vacuum drying either MPC-24 or MPC-68 and continuous flushing the annulus space between
the MPC and the HI-TRAC with water (water exiting the annulus shall be less than 125 degrees F) shall
ensure:
1) All cells contain heat loads less than 0.414 kW for MPC-68 or 1.157 kW for MPC-24, or
2) The total cask heat load is less than 28.19 kW for MPC-68 or 27.77 kW for MPC-24 and a specific thermal
analysis performed by Holtec indicated the PCT limits will not be exceeded for the heat load distribution.

Users who are vacuum drying either MPC-32 or MPC-24E and continuously flushing the annulus space
between the MPC and the HI-TRAC with water (water exiting the annulus shall be less than 125 degrees F)
shall ensure:
1) All cells contain heat loads less than 0.898 kW for MPC-32 or 1.173 kW for MPC-24E, or
2) The total cask heat load is less than 28.74 kW for MPC-32 or 28.15 kW for MPC-24E and a specific
thermal analysis performed by Holtec indicated the PCT limits will not be exceeded for the heat load
distribution.

Furthermore, to prevent recurrence, Holtec International recommends that the user provide the fuel batch
thermal data to the Company to have its FSAR compliance verified by the Company's thermal specialists. The
FSAR is a generic safety document, and as such, it cannot possibly treat the specific thermal state of each
Holtec MPC being loaded at the various HUG sites. In the event that a particular batch's thermal profile is
determined to fall outside the FSAR's pre-analyzed scenario, the user may ask Holtec to perform a canister
specific analysis to support the safety evaluation under 1OCFR72.212 or modify the thermal configuration of
the batch.
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The Holtec Information Bulletin (HIB) is used by the company to document relevant industry events pertaining to dry storage
deployment at nuclear plants and to disseminate the knowledge gleaned from such events to the Holtec Users' Group (HUG)
membership, the company's personnel, and affected suppliers. The HIBalso serves as the vehicle for the company, if applicable, to
notify Part 72 licensees of immediate and/or interim corrective actions to be taken in response to.an event as required by the
company's QA program. While the great majority of the events catalogued in the NIB focus on our system, Holtec may include.
industry events involving other suppliers' systems.where the lessonlearned can be beneficially applied in Holtec's dry storage
program. FIBs are prepared by the Spent Fuel Division of Holtec International as partof company's self-improvement program. The.
company expects Holtec's clients and suppliers to take timely, appropriate action pursuant to this bulletin in their dry storage
programs. This bulletin is subject to internal reviews to ensure accuracy and clarity', and, as such, may be used in the corrective
action process, if applicable, under the company's QA program, A HIB is prepared, internally reviewed, and issued expeditiously-
after an event is determined by the company to be significant to the continued success of Holtec's dry storage program. HUG"
members are encouraged to contact Holtec's Manufacturing Program Manager to suggest events that merit a HIB. Revised versions
of the HIB may be distributed as the analysis and evaluation of the event proceeds. This form is stored in g:\generic\I-B\ directory.
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