
 
 
 
 
 
    November 23, 2011 
 
 
MEMORANDUM TO:  Vonna Ordaz, Director 
  Division of Spent Fuel Storage and Transportation 

Office of Nuclear Material Safety 
   and Safeguards  

 
FROM:   Eric Benner, Chief   /RA/ 
  Rules, Inspections, and Operations Branch 
  Division of Spent Fuel Storage and Transportation 

Office of Nuclear Material Safety 
        and Safeguards 

     
SUBJECT: ACTION PLAN TO ADDRESS NORTH ANNA POWER STATION  

INDEPENDENT SPENT FUEL STORAGE INSTALLATION 
FACILITIES AS A RESULT OF AUGUST 23, 2011 
EARTHQUAKE 

 
 
On August 23, 2011, the North Anna Power Station (NAPS) declared an Alert to the U.S. 
Nuclear Regulatory Commission (NRC) due to significant seismic activity onsite from an 
earthquake which had a measured magnitude of 5.8.  On August 26, 2011, initial reviews of the 
data determined that the seismic activity potentially exceeded the Design Basis Earthquake 
magnitude value.  Subsequently, on August 28, 2011, the licensee processed a formal 
Operability Determination and conducted post-event Independent Spent Fuel Storage 
Installation (ISFSI) inspections of the ISFSIs and determined that the ISFSI seismic unresolved 
issues have no impact on Unit 1 or Unit 2 return to service and that the dry cask storage 
systems remain operable and continue to perform their intended design and safety functions.  In 
addition, the licensee reviewed this event for reportability under 10 CFR 72.75 (significant 
reduction in effectiveness of any spent fuel storage cask confinement system) and determined 
that the TN-32 displacement and NUHOMS-HD damage was not reportable. 
 
In response to the recent seismic event, the staff is undertaking various initiatives to establish 
agency actions in response to the earthquake that occurred near the NAPS to ensure the ISFSI 
is acceptable for continued operation without undue risk to the health and safety of the public 
and to identify generic implications resulting from the review of this issue.  The attached action 
plan describes and tracks the ongoing actions related to NAPS’s ISFSI as a result of the seismic 
event. 
 
Enclosures:  

1. North Anna Power Station ISFSI Action Plan  
2. North Anna Power Station Aerial Map  

 
CONTACTS:   Earl Love, NMSS/SFST/RIOB 
          (301) 492-3170 
 
  Eric Benner, Chief, NMSS/SFST/RIOB 
  (301) 492-3294  
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NORTH ANNA POWER STATION 
INDEPENDENT SPENT FUEL STORAGE INSTALLATION 

ACTION PLAN  
 
TAC No.  LA0479 
 
GOAL 
 
The goal of this plan is to establish agency actions in response to the earthquake that occurred 
near the North Anna Power Station (NAPS) to ensure the Independent Spent Fuel Storage 
Installation (ISFSI) is acceptable for continued operation without undue risk to the health and 
safety of the public and to identify generic implications resulting from the review of this issue.   
 
BACKGROUND 
 
On August 23, 2011, the NAPS declared an Alert to the U.S. Nuclear Regulatory Commission 
(NRC) due to significant seismic activity onsite from an earthquake which had a measured 
magnitude of 5.8.  On August 26, 2011, initial reviews of the seismic data determined that the 
Central Virginia earthquake of August 23, 2011, exceeded the spectral accelerations for the 
Operational Basis Earthquake (OBE) and Design Basis Earthquake (DBE) of the North Anna 
Plant.  Subsequently, on August 26, the licensee declared all safety-related structures, systems 
and components inoperable and issued a 10 CFR 50.72 Notification. 
 
The NAPS ISFSI uses two spent fuel storage systems manufactured by Transnuclear Inc. (TN), 
including:  
 

1) Twenty-seven (27) vertical TN-32 metal casks under a 10 CFR Part 72 site specific 
license.  This system has a bolted closure lid with a pressure monitoring/alarm system, 
and stands freely on the ISFSI concrete pad.  The design/licensing basis for the vertical 
TN-32 is controlled primarily by the North Anna ISFSI Final Safety Analysis Report 
(FSAR) and NRC license (SNM-2507) and NRC certificate (1021).  The FSAR defines 
the design acceleration values of 0.18g horizontal and 0.12g vertical, and sliding is not 
predicted to occur at these values. 
 
As a result of the earthquake, twenty-five (25) of the TN-32 casks had moved slightly 
from their original placement locations and the cask movement appeared to be 
independent of the slope of the pad.  TN-32 casks with a total decay heat above 27.1 
kW require a minimum of 16 feet spacing.  The inspections revealed that the center-to-
center spacing between twelve casks was less than the 16 feet nominal value provided 
in the ISFSI Technical Specification (TS).  However, all casks were determined to be 
below the 27.1 kW TS limit. 
 

2) Twenty-six (26) TN NUHOMS-HD, 32PTH horizontal storage modules (13 loaded) under 
a 10 CFR Part 72 general license.  This system uses a welded-sealed canister and rests 
on horizontal rails inside the horizontal storage module.  The design/licensing basis for 
the TN NUHOMS-HD is controlled primarily by the separate TN NUHOMS FSAR and 
NRC certificate (1030), as supplemented by additional site-specific evaluations that were 
performed by North Anna under 10 CFR 72.212.  NUHOMS-HD components are 
designed to acceleration values of 0.3g horizontal and 0.2g vertical. 
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For the TN-NUHOMS modules, some slight damage was identified around the outlet 
vents and some surface cracking indications were noted.  Additionally, some modules 
showed gaps between them of approximately 1.5” versus the required 1.0” maximum 
gap between adjacent vertical walls of the modules.  The licensee determined that the 
damage observed on the Horizontal Storage Modules (HSMs) would not impact the 
structural integrity or radiation shielding capability of the HSMs.  With the exception of 2 
HSMs, damage to the HSM modules was limited to unloaded HSMs.  The spaces 
between some HSMs indicated that some minor movement had occurred with a 
maximum gap of 1.5” at the top.  

 
PRELIMINARY DETERMINATION OF SAFETY SIGNIFICANCE  
 
The staff believes there is no immediate safety issue including earthquakes.  The cask designs 
are robust and consider severe natural phenomena.  As expected, the casks withstood the 
earthquake at North Anna.  The spent fuel continues to be surrounded by several tons of steel 
and concrete, and sealed in an inert helium environment.  Damage to concrete components is 
cosmetic, and does not impact structural integrity or radiation shielding capability.  Additionally, 
the fuel assemblies are designed to withstand a maximum of 4g axial load and 6g lateral load.  
Inlet and outlet vents were inspected and no exterior blockage was found.  Radiation surveys 
indicate no changes to cask surface dose rates.  Thermal performance measurements for all 
loaded casks found no abnormal temperature differences.   
 
On September 17, 2011, the licensee issued an earthquake response and restart readiness 
determination plan for the reactor and ISFSI and concluded that there were no indications of 
significant physical or functional damage to the casks and that two loaded HSMs indicated 
minor cracks on the bases.  The majority of the damage was to unloaded HSMs; however, no 
significant physical or functional damage was identified, and it will not affect the HSMs’ ability to 
perform their intended functions.  Radiological conditions remained unchanged for both pads at 
the ISFSI.  Lastly, the report concluded that TN-32 casks and the NUHOMS-HD systems 
continue to perform their shielding, criticality, thermal, and confinement design functions.  
Damage to the unloaded HSMs may need to be repaired prior to loading.  Dry Storage Canister 
movement has been restricted to prevent loading the HSMs prior to repair. 
 
REGULATORY ASSESSMENT 
 
Licensee actions are underway to inspect, evaluate, and repair if necessary, the ISFSI dry cask 
storage systems and components to ensure they are capable of performing their required 
functions.  The licensee is following RG 1.166, “Pre-Earthquake Planning and Immediate 
Nuclear Power Plant Operator Post-Earthquake Actions” as a guide to perform their post-event 
assessment and has completed walkdowns of the ISFSIs. 
 
The NRC dispatched an Augmented Inspection Team (AIT) on August 29, 2011, to gather 
important information for the NRC’s continuing evaluation of earthquake risk at U.S. nuclear 
plants.  On September 1, 2011, the AIT completed its walk-down of ISFSI Pads 1 and 2 and 
concluded that there were no immediate safety issues associated with the movement of the TN-
32 casks and HSMs.  Radiological conditions were normal and monitoring systems were 
functional.  Damage as a result of the earthquake was not detrimental for the integrity of the 
casks.  The AIT has gathered the necessary information to meet the AIT charter objectives. 
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The acceptance criteria that will be utilized by SFST to determine that the ISFSI is acceptable 
for continued operation without undue risk to the health and safety of the public includes 
satisfactorily addressing the following: 
 

(1) Assessment of licensee immediate actions to ensure regulatory requirements continue 
to be met 

(2) Confirmatory inspections to independently assess the licensee actions and the 
conditions of the ISFSI  

(3) Assessment of the results of visual walkdowns by the licensee in accordance with the 
EPRI guidelines 

(4) Assessment of short term evaluations by licensee and Certificate of Compliance holder 
(Transnuclear, Inc.), and  

(5) Assessment of long term evaluations by licensee and Transnuclear, Inc. 
 

PROJECT MANAGEMENT STRUCTURE 
 
Responsible Division Director: Vonna Ordaz, NMSS/SFST 
Responsible Branch Chief:  Eric Benner, NMSS/SFST/RIOB     
Project Lead: Earl Love, NMSS/SFST/RIOB 
Team Members: Bob Tripathi, David Tang, NMSS/SFST/SMMB 
 Gordon Bjorkman, NMSS/SFST 
 Jennifer Davis, Jennivine Rankin, NMSS/SFST/LB 
 Robert Carrion, Cecil Fletcher, R-II/DRS/EB3 
 Joel Rivera-Ortiz, BC, R-II/DRS/EB3   
 
PROPOSED RESOURCES  
 
NMSS/SFST: E. Benner, E. Love, B. Tripathi, G. Bjorkman, J. Rankin, D. Tang, J. Davis 
 
R-II/DRS/EB3: J. Rivera-Ortiz, R. Carrion, C. Fletcher 
 
REFERENCES  
 
RG 1.166, “Pre-Earthquake Planning and Immediate Nuclear Power Plant Operator Post-
Earthquake Actions”  
 
Augmented Inspection Charter to Evaluate Total Loss of Offsite Power, Dual Unit Reactor Trips 
and Plant Equipment Issues Following a Seismic Event at North Anna Power Station 
 
Dominion Presentation Slides, September 8, 2011 (ADAMS Accession No. ML11252A006) 
 
Virginia Electric and Power Company (Dominion), North Anna Power Station Units 1 and 2, 
North Anna Independent Spent Fuel Storage Installation Summary Report of August 23, 2011 
Earthquake Response and Restart Readiness Determination Plan, dated September 17, 2011 
(ADAMS Accession No.:  ML11262A151) 
 
NRR/DORL, Action Plan to Address North Anna Power Station Restart as a Result of the 
August 23, 2011, Earthquake (ADAMS Accession No.: ML11290A133) 
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NORTH ANNA POWER STATION ISFSI ACTION PLAN MILESTONES 
 

 
Item# 

 
Milestone 

 
Completion 

Date 

 
Lead 

1 Identify associated licensing documents related to NAPS 
ISFSIs.   

 
Complete: 
8/30/2011  

LB 
 

2 Perform initial safety significance determination of the 
movement of the TN-32 Casks and HSMs at the ISFSIs.  

Complete: 
09/08/2011 

SFST 
(multiple) 

3 Assess ISFSI Certificate of Compliance holder (TN) 
response to licensee concerning ISFSI operability and any 
associated repairs that may be necessary. 

Ongoing 
 

RIOB 

4 Evaluate the licensee’s near-term actions including the 
extent that the internal structures of the HSM system need 
to be examined.  Identify short-term issues that the licensee 
should address. 

 
Ongoing 

 
RIOB 

5 Conduct conference calls with the licensee to address 
actions. 

Ongoing: 
(recent call 
conducted 

11/22) 

RIOB 

6 Obtain licensee’s corrective action documents and aerial 
maps (enclosed) of the ISFSIs.   

Complete: 
10/11/2011 

RII 

7 Follow-up on issues/actions communicated by AIT.   Complete RIOB 

8 Develop SharePoint site. Complete RIOB 

9 Assess the adequacy of licensee’s proposed corrective 
actions, including, the licensee’s evaluation of the seismic 
event parameters from the plant to the ISFSI soil conditions 
and any additional analyses that may be required to 
evaluate cask or NUHOMS performance for a beyond 
design basis seismic event. 

Target: 
02/12 

RIOB/SMMB 

10 Conduct inspections at site to verify any outstanding issues 
including the acceptability of any repairs made to damaged 
ISFSI HSMs.   

Target:  
12/16 

RIOB/RII 

11 Address any potential generic issues (e.g., seismic 
instrumentation and locations, above ground pressure 
monitoring systems, and radiological surveys). 

TBD NMSS/RII 

12 Address GT 20110668 regarding 2.206 petition. Target:  
12/12 

SMMB 

13 Continue to respond to routine communications between 
NRR, resident inspectors, Region, and local officials based 
on public interest.   

Ongoing RIOB 

14 Conduct NMSS/SFST briefings, as needed. 11/16 RIOB 

15 As necessary, determine the need for appropriate regulatory 
vehicle for long-term issues (e.g., revisions to FSAR to 
address new DBE). 

TBD RIOB/LB 

16 Identify long-term issues that the licensee must demonstrate 
prior to next ISFSI loading campaign (3rd qtr 2012).   

TBD RIOB/RII 
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ISFSI INFORMATION TO BE REQUESTED FROM LICENSEE 
 
• Summary report of Condition Reports generated since the August 23, 2011 earthquake listing 

the CR number, title and status 
• Report showing all corrective maintenance work requests / work orders generated since the 

August 23, 2011 earthquake listing the work request / order number, title, responsible work 
group (discipline) and status. 

• Copies of the reports detailing the inspections that have been performed by the licensee 
These reports should include a list of specific ISFSI SSC’s inspected, the method of 
inspection used by licensee personnel and the criteria used to determine if the SSC remained 
operable / functional or required corrective maintenance to restore operability / functionality. 

• A copy of VEPCO calculation that addressed the shift in position and potential impacts to 
shielding and thermal for the TN-32 (Tripathi). 

• A copy of VEPCO’s assessment of Peak Ground Accelerations (PGA) and the effective 
seismic ground motion accelerations level in the horizontal and vertical directions at the top of 
the ISFSI Pads # 1, and 2 (Tripathi). 

• Provide any other pertinent up-to-date data related to ISFSIs at North Anna that has been 
collected after the main earthquake event, as well as subsequent to any other aftershock(s). 

• As of now, the quality of the strong motion recording data and the reliability of the information 
available to the NRC staff is unknown.  Provide to the staff any updated information since the 
VEPCO’s presentations during the public meeting at NRC. 

• CR439921 was written to allow processing of a formal Prompt Operability Determination of the 
ISFSI.  Operability Determination No. OD000440 concluded the ISFSI operable and tracks 
NAPS actions to return to fully qualified even though “unresolved issues will not be resolved 
near-term and likely not before restart.”  The OD references document No. ETE-NAF-2011-
0127, Revision 1 as a basis for this determination.  Provide to the staff a copy of document 
No. ETE-NAF-2011-0127, Revision 1.   

• CA210644 is tracking resolution of all post-seismic observations for ISFSI Pad 2 and the 
NUHOMS systems, which will include resolution of the actual versus DBE seismic 
parameters. Provide to the staff a copy of this latest document, include a timeline of actions 
taken and planned to complete resolution of this issue.   

• CA210645 is tracking resolution of all post-seismic observations for ISFSI Pad 1 and the TN-
32 systems, which will include resolution of the actual versus DBE seismic parameters.  
Provide to the staff a copy of this latest document, include a timeline of actions taken and 
planned to complete resolution of this issue.  

• NAPS OD, Section F, concluded that NUHOMS HD storage systems are operable and that 
the systems conform to all aspects of the current licensing basis including all design criteria.  
However, a statement was made that the system cannot be considered fully qualified until 
actual seismic parameters at the ISFSI are determined and evaluated against the DBE.  
Provide to the staff a copy of the results of this assessment, include a timeline of actions taken 
and planned to complete resolution of this issue.  

• CA210645 is tracking resolution of TN-32 casks center-to-center movement.  Provide to the 
staff the latest copy of this document, include a timeline of actions taken and planned to 
complete resolution of this issue.   

• CA213337 tracks completion of corrective actions taken to resolve OD 0440.  This CA states 
that long-term actions such as translation of the seismic event parameters from the plant to 
the ISFSI soil conditions and that additional analyses may be required to evaluate cask or 
NUHOMS performance for a beyond design base seismic event to return the ISFSI to fully 
qualified. Further the CA recommends a due date of at least 3/20/2012.  Provide to the staff a 
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justification for prolonged completion date.  In addition, provide to the staff a more detailed 
timeline of actions taken and planned to complete resolution of this issue.  

• CR439648 is written to require further evaluation of seismic response data from the 
earthquake in that the design spectrum input assumptions (Design Basis Earthquake Limits) 
may have been exceeded above 5Hz.  The report references document Nos. RCE001061 as 
providing necessary corrective actions as well as CR441483 that tracks various Operability 
determinations required as a result of this condition.   Provide to the staff the latest copy of 
these documents.  
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