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  Enclosure 

I. Background 
 
On June 22, 2015, the U.S. Nuclear Regulatory Commission (NRC) issued Generic Letter 
(GL) 2015-01, “Treatment of Natural Phenomena Hazards (NPH) in Fuel Cycle Facilities” 
(Agencywide Document Access and Management System [ADAMS] Accession Number 
ML14328A029).  The GL 2015-01 was issued for two purposes:  (1) to request that addressees 
submit information to demonstrate compliance with regulatory requirements and applicable 
license conditions regarding the treatment of natural phenomena events in the facilities’ 
integrated safety analysis; and (2) to determine if additional NRC regulatory action is necessary 
to ensure that licensees comply with their licensing basis and existing NRC regulations. 
 
The NRC staff completed its evaluation of the BWXT Nuclear Operations Group, Inc. (BWXT or 
Licensee) response to GL 2015-01 dated September 18, 2015 (ADAMS Accession Number 
ML15272A314) including the response to a telecom (ADAM Accession Number ML16068A155), 
the request for supplemental information dated July 14, 2016 (ADAMS Accession Number 
ML16202A043) and September 2, 2016 (ADAMS Accession Number ML16258A338). 
 
The purpose of this evaluation report is to document the staff’s review of BWXT’s response to 
GL 2015-01, including its responses to requests for supplemental information and staff review of 
calculations, to determine if BWXT adequately addressed the potential effects of NPH events in 
the integrated safety analysis (ISA).  The staff selected a subset of NPH events using a 
risk-informed approach to verify that BWXT used appropriate methods to evaluate the impacts 
of NPH in conducting the facility's ISA.  The staff did not perform a complete assessment of the 
ISA for all NPH events nor did it conduct a design certification review for NPH.  This method is 
consistent with NRC guidance in Chapter 3 of NUREG-1520, "Standard Review Plan (SRP) for 
the Review of a License Application for a Fuel Cycle Facility."  The staff also used Interim Staff 
Guidance (ISG) Number FCSE-ISG-15, “Natural Phenomena Hazards in Fuel Cycle Facilities” 
(ADAMS Accession Number ML15121A044) for its review.  The staff will perform an inspection 
using Temporary Instruction (TI) 2600/016, “Inspection Activities Associated with GL 2015-01” 
(ADAMS Accession Number ML15317A506) to independently verify that BWXT is in compliance 
with the regulatory requirements and applicable license conditions regarding the treatment of 
NPH in its ISA.  The inspection results from this TI will also be used to follow-up with previously 
identified Unresolved Items regarding the treatment of NPH and to inform the closure process of 
NRC GL 2015-01.  The results of these regulatory activities will allow the staff to verify that 
BWXT demonstrates compliance with regulatory requirements and applicable license conditions 
regarding the treatment of NPH at the facility. 
 
BWXT is located in Lynchburg, Virginia.  BWXT manufactures nuclear naval components.  
Existing processes at BWXT are not required to meet the requirements of Title 10 of the Code 
of Federal Regulations,(10 CFR) Paragraph 70.64(a), “Baseline design criteria,” which applies 
to new facilities or new processes at existing facilities. 
 
II. GL 2015-01 Requested Actions 
 
In the GL, the staff requested that all addressees provide information to verify the assumptions 
in their facilities’ ISAs regarding how each facility provides adequate protection against the 
occurrence of natural phenomena events.  Specifically, the staff asked that addressees take the 
following actions: 
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a) Submit definitions of “unlikely,” “highly unlikely,” and “credible” in evaluating natural 
phenomena events in the ISA such as earthquakes, tornadoes, tornado missile 
impacts, floods, hurricanes, and other wind storms.  (See Section III.1.0 on page 2). 

  
b) Submit a description of the safety assessment for the licensing and design basis 

natural phenomena events, including the following information:  (See Section III.2.0 
on page 3). 

 
i. likelihood and severity of the natural phenomena events, such as 

earthquakes, tornadoes, floods, hurricanes, and other wind storms; 
 

ii. accident sequences as a result of natural phenomena event impacts to facility 
structures and internal components; 

 
iii. assessment of the consequences for the accident sequences from item ii that 

result in intermediate and/or high consequence events; and 
 

iv. items relied on for safety (IROFS) to prevent or mitigate the consequences of 
the events from items ii and iii. 

 
c) For facilities subject to (10 CFR) Part 70, Subpart H requirements, submit a 
 description of the results of the ISA review used to comply with 10 CFR 70.62(c), 
 identifying the characteristics of the licensing and design basis natural phenomena 
 events applicable to the site, that evaluates possible changes in the methodology, 
 likelihood, and severity of natural phenomena events with those used in the original 
 design/evaluation of the facility. 

 
d)  Submit for staff review a summary of the results of any facility assessments or 
 walkdowns, if performed, to identify and address degraded nonconforming, or 
 unanalyzed conditions that can affect the performance of the facility under natural 
 phenomena and have available for NRC inspection the documentation of the 
 qualifications of the team. 

 
III. BWXT’s Response to GL 2015-01 and Staff Evaluation 
 
1.0 NRC GL 2015-01, Requested Action (1)a:  Submit the definitions of “unlikely,” “highly 
unlikely,” and “credible” in evaluating natural phenomena events in the ISA such as 
earthquakes, tornadoes, tornado missile impacts, floods, hurricanes, and other wind storms. 
 
BWXT submitted definitions, which are consistent with Chapter 3 of the license, for “unlikely,” 
“highly unlikely,” “credible”, and “not credible.”  More specifically, BWXT provided both a 
qualitative and quantitative overall likelihood (OAL) process. The qualitative OAL is determined 
by taking a particular frequency of initiating event score and subtracting the corresponding 
effectiveness of protection score to arrive at a risk index.  A risk index of -2 or -3 is considered 
“unlikely” and a risk index of less than or equal to -4 is considered “highly unlikely.”  The 
quantitative OAL is determined by taking a particular occurrence rate of an initiating event and 
multiplying it by the corresponding protection failure rate to arrive at a probability.  A probability 
between 1x10-2/year and 1x10-4/year is considered “unlikely,” a probability between 1x10-4/year 
and 1x10-6/year is considered “highly unlikely”, a probability greater than 1x10-6/year is 
considered “credible,” and a probability of less than or equal to 1x10-6/year is “not credible.” 
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Staff Evaluation: 
 
The definitions that BWXT provided are appropriate and generally consistent with existing 
guidance.  The staff does note that the quantitative OAL claims to provide an overall probability; 
however, the product of an initiating event occurrence rate and one or more failure probabilities 
is a frequency because the units are inverse years.  Because most of the initiating event 
frequencies for NPH events are relatively low, the frequency and probability results are 
numerically approximate.  Overall the staff finds that BWXT has adequately responded to GL 
2015-01 Requested Action (1)a. 
 
2.0 NRC GL 2015-01 Requested Action (1)b:  Submit a description of the safety assessment 
for the licensing and design basis natural phenomena events, including the following information 
(See Section III.2.1, III.2.2 and III.2.3): 
 

i. likelihood and severity of the natural phenomena events, such as earthquakes, 
tornadoes, floods, hurricanes, and other wind storms; 

 
ii. accident sequences as a result of natural phenomena event impacts to facility 

structures and internal components; 
 

iii. assessment of the consequences for the accident sequences from item ii that 
result in intermediate and/or high consequence events; and 

 
iv. IROFS to prevent or mitigate the consequences of the events from items ii and iii. 

 
BWXT submitted safety assessments for NPH events applicable to their site, including 
earthquakes, flooding, high winds, tornadoes, and hurricanes.  A summary of BWXT’s 
assessments and the staff evaluations for selected NPH events are contained below. 
 
2.1 Earthquakes 
 
2.1.1  ISA for Seismic Hazards 
 
BWXT used data provided by the U.S. Geological Survey (USGS) to assess the likelihood and 
corresponding intensity of an earthquake at the facility.  BWXT qualitatively determined the 
minimum earthquake intensity that could cause damage to internal and external structures at 
the Lynchburg site using the Modified Mercalli Intensity (MMI) scale.  BWXT determined that an 
earthquake with an MMI of VII was appropriate, which corresponds to “damage negligible in 
building of good design and construction; slight to moderate in well-built ordinary structures; 
considerable damage in poorly built or badly designed structures; some chimneys broken.” 
 
BWXT used a comparative scale between intensity and magnitude provided by the USGS to 
determine that an MMI scale VII equates to a 5.0 to 5.9 magnitude earthquake on the Richter 
scale.  BWXT used the USGS likelihood model and input a time span of 10,000 years and a 5.0 
to 5.5 Richter scale magnitude earthquake within a 50 kilometer radius of the Lynchburg site.  
Based on the results of the USGS tool BWXT determined that the likelihood of a greater than 
5.0 Richter scale magnitude earthquake within 50 kilometers of the Lynchburg site is 1 in 10,000 
years or less. 
 
Given the seismic event of concern occurs, BWXT postulated that both optimum spacing of fuel 
arrays and optimum moderation are both needed to support a criticality.  BWXT assigned a 
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likelihood of 0.1 to each of these occurrences, which combined with the seismic initiating event 
frequency of 1x10-4/year, results in an OAL of a seismic induced criticality accident of 
1x10-6/year, and therefore “not credible.”  As such, no IROFS were developed to prevent or 
mitigate any seismically induced high or intermediate consequence accident sequences. 
 
Staff Evaluation: 
 
The staff reviewed BWXT’s approach for considering seismic events and the methodologies 
applied to determine the initiating event likelihood and associated accident sequences.  
Although the USGS does provide information and a tool that uses MMI and Richter scale inputs 
to predict the probability of a certain magnitude earthquake within a particular time span and 
distance from a site, the USGS also provides site-specific hazard curves that provide a 
spectrum of initiating event probabilities and associated ground motions (e.g., peak ground 
acceleration [PGA]).  These hazard curves provide more quantitative and robust information 
when compared to the MMI and Richter scales, which does not have a mathematical basis and 
are just rankings based on observed events.  The staff reviewed the 10 percent and the two 
percent in 50 years earthquake information from the USGS hazard curve for the Lynchburg site 
and noted that the PGA corresponding to each earthquake was approximately 0.027g and 0.09g 
respectively.  In comparing both the qualitative (i.e., MMI and Richter scales) and the 
quantitative (i.e., hazard curves) information provided by USGS the staff concludes that BWXT 
adequately estimated the frequency and magnitude of an earthquake at the Lynchburg site. 
 
Because the seismic initiating event frequency used for the structural analysis of the primary 
buildings at the site is on the order of 4x10-4/year and both optimum spacing of fuel arrays and 
optimum moderation are both needed to support a criticality, the staff concludes that seismic 
induced criticality accident sequences are highly unlikely.  However, based on the information 
provided, the staff does not conclude that a seismically induced criticality event is not credible.  
In order to determine that a consequence resulting from a particular initiating event is not 
credible, less frequent and more severe initiating events would need to be considered as well.  
For example, according to the USGS hazard curves for the Lynchburg site, an earthquake with 
an annual frequency of exceedance of 1x10-5/year has a corresponding PGA of approximately 
0.91g.  Given an earthquake of this magnitude, it is not clear that the likelihood of the optimum 
spacing of fuel arrays and optimum moderation, combined with the initiating event frequency of 
1x10-5/year, would be less than 1x10-6/year. 
 
2.1.2 Seismic Evaluation of Building Structures and Equipment 
 
Building Structures and Equipment 
 
BWXT stated in its response to the GL that building structures at the Lynchburg facility were 
constructed under different building codes and that a new seismic evaluation was performed to 
determine the expected performance of the facility.  The Lynchburg facility seismic evaluation 
report, hereafter called the seismic report, lists the codes that the buildings were designed and 
constructed to comply with the Southern Building Code (SBC), Building Officials and Code 
Administrators International (BOCA) Code, and the International Building Code (IBC) criteria for the 
year of construction.  BWXT also provided information regarding site-specific soil characterization 
studies of its Lynchburg site in 2016.  The soil report concluded that the site can be classified as soil 
site class C in accordance with the 2012 IBC.  Information to develop the seismic assessment was 
obtained from a combination of structural design and fabrication drawings, project specifications, 
design codes and standards, calculations, geotechnical reports, and walkdowns.  BWXT stated in 
the seismic report that with the exception of some stand-alone buildings, the facility buildings are 
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mainly constructed of steel with concentrically braced lateral force resisting systems (LFRS).  The 
buildings are composed of interconnected bays mostly 50 feet wide, 250 feet long, and 30 feet tall. 
 
A seismic analysis of the Main Bays and “A” Bays building structures were performed using 
ASCE Standard 31-03: Seismic Evaluation of Existing Buildings.  In evaluating an existing 
building, the ASCE 31-03 allows three different levels of complexity or Tiers:  
(i) Tier 1- Screening, (ii) Tier 2- Evaluation, and (iii) Tier 3- Detailed Evaluation.  BWXT stated 
that the general performance requirement for its Lynchburg facility is that the buildings do not 
collapse, which indicates that the entire facility maintain the Life Safety Performance Level 
(LSPL) as defined in ASCE 31-03.  Based on the seismicity of the site, the type of building 
construction, and LSPL nature of its facility, BWXT performed a Tier 1 screening for the 
buildings focusing on the structural, geological, and foundation checklists.  Nonstructural items 
were not included in this evaluation.  The structures were identified as non-compliant in the Tier 
1 screening were further evaluated using the Tier 2 evaluation process. 
 
The BWXT Tier 2 evaluation was based on three dimensional building models that were 
developed in a building information modeling program REVIT Structure 2012 that was then 
exported to the program RISA Floor and RISA 3D.  The Main Bays and “A” Bays buildings were 
divided into five primary independent models that consist of various areas of the facility.  The 
models are based on as-built record drawings and field visits that verified major structural 
elements as well as the type and location of LFRS elements.  The methodology used on the 
RISA 3D model uses the linear static procedure as outlined in ASCE 31-03.  The seismic 
analysis was conducted using the pseudo lateral force for a design earthquake which is the 
maximum credible earthquake with a factor of 2/3 to obtain the design basis spectra associated 
to a 2,500-year return period and site class C.  The earthquake loads associated with the 2,500 
year return period event correspond to an exceedance probability of two percent in 50 years.  
The pseudo lateral force used in the linear static analysis is based on a design response 
spectrum in accordance with ASCE 31-03. 
 
The analysis of Main Bays and “A” Bays building structures in accordance with ASCE 31-03 
indicates that although some of the bracing is overloaded due to the current seismic loads, the 
structures meet the requirements for LSPL.  The report recommended that the bracing in Bays 
7, 7A, 12A, 13A, and 14A be reinforced to meet the more stringent criteria of Immediate 
Occupancy Performance Level (IOPL) as defined in ASCE 31-03 due to high value of the 
material in these bays and to improve the performance of the facility. 
 
BWXT did not conduct new quantitative seismic analysis of the internal equipment and tanks.  
BWXT provided an analysis to assess the consequences and likelihoods of a seismic induced 
event leading to criticality.  However, to support the assumptions used in the assessments of 
seismic induced criticality events, the licensee provided analyses of the primary racks in which 
special nuclear material is stored.  BWXT also stated that this information along with the data 
from the qualitative analyses demonstrated that there were no accidents as a result of natural 
phenomena. 
 
Staff Evaluation: 
 
The staff reviewed a sample of the structural analysis of the Main Bays and “A” Bays building 
structures.  The staff agrees with the use of ASCE 31-03 analysis technique as an acceptable 
methodology for the seismic analysis of existing Main Bays and “A” Bays building structures.  The 
staff reviewed sample building drawings, computer models results, and calculations; discussed 
the evaluation with BWXT staff and their consultant; to ensure that the use of equivalent static 
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force method is applicable for modeling and conducting analysis for the structures.  The use of 
the maximum credible earthquake with a two percent probability of exceedance in 50 years 
referenced by 2009 IBC and ASCE 7-05 is acceptable as the seismic hazard for the site.  The 
staff agrees that although some of the bracing of Main Bays and “A” Bays building structures 
are overloaded at the IOPL, these structures meet the requirements of LSPL.  The use of the 
performance objectives of LSPL is acceptable considering that this is a seismic evaluation of an 
existing facility and the seismic loads used are those currently reflected in the 2009 IBC.  
Because BWXT does not rely on the structural performance of internal components, other than 
primary storage racks, the staff reviewed the evaluations to assess the potential consequences 
from chemical, criticality, and fire hazards.  The results of the analysis can be found below.  
Based on these reviews, the staff concludes that BWXT has adequately modeled and analyzed 
the buildings and primary racks in Bay 7 under design basis seismic motion. 
 
2.1.3 Seismically Induced Chemical Consequences 
 
This section presents the results of the staff’s assessment of acute chemical exposure risk of 
seismically-initiated releases at the BWXT facility. 
 
The staff reviewed the BWXT ISA Summary which presented three accident types involving the 
release of chemicals where the consequences were category 3 or less (i.e., less than 
intermediate consequences) and one accident type with the potential for intermediate or high 
consequences.  These accidents are associated with equipment failure or operator error.  The 
staff noted that these non-seismically-initiated events involve the release of the entire tank of 
the hazardous chemical and that a seismically initiated event could not release a larger quantity.  
In addition, the primary buildings are expected to remain stable under the design basis ground 
motion and worker actions such as see and flee are expected to remain effective.  As such, the 
staff concluded that the consequences of a seismically-initiated chemical release would be 
comparable to and could not be greater than those from non-seismically-initiated events.  This 
conclusion is consistent with the BWXT statement in item 12 of their letter of September 2, 2016 
(ADAMS Accession Number ML16258A338) that chemical consequences of natural 
phenomena events are bounded by the existing safety basis. 
 
The staff examined the estimated frequency of non-seismically initiated chemical releases with 
the likelihood of seismic events at the BWXT site.  BWXT stated in their responses that the 
estimated likelihood of non-seismically initiated chemical release events was either once per 
month or once per year.  The staff reviewed the 10 percent and the two percent in 50 years 
earthquake information from the USGS hazard curve for the Lynchburg site, which corresponds 
to about a 1 in 475 year and 1 in 2500 year earthquake respectively.  In comparing the 
estimated frequency for non-seismic initiated chemical releases with the initiating seismic event 
frequencies that could lead to potential chemical releases, the staff found that the estimated 
non-seismic event frequencies are several orders of magnitude higher (i.e., more frequent) than 
the seismic events that could result in chemical releases.  Because the potential consequences 
for both the seismic and non-seismic initiating events are considered to be the same and the 
non-seismic chemical release events are estimated to occur more frequently than seismically 
initiated chemical releases, the staff concluded that the risk of seismic initiated chemical release 
events is small in comparison to the risk of non-seismic initiated chemical releases. 
 
Based on the staff’s evaluation of both the likelihood and consequences of seismically-initiated 
chemical releases and the comparison of these to the likelihood and consequences of 
non-seismically-initiated chemical releases, the staff concludes that the risk of acute chemical 
exposure from seismically-initiated events is bounded by the estimated non-seismically-initiated 
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chemical releases.  The staff will inspect samples of the acute chemical exposure assessments 
during the implementation of TI 2600/016 “Inspection Activities Associated with NRC GL 
2015-01” to validate that the assumptions used bound the consequences from seismic initiating 
events. 
 
2.1.4  Seismically Induced Criticality 
 
Based on their seismic evaluation, BWXT determined that the buildings would remain stable for 
the evaluation basis earthquake.  However, they assumed that such an earthquake, and 
implicitly a lesser earthquake as well, could damage the solution handling and storage 
equipment in uranium recovery.  The licensee also looked at a number of other operations as 
described below. 
 
The licensee identified two main types of operations which were more likely to have criticality 
consequences due to an earthquake.  The first case is the failure of process equipment in 
uranium recovery resulting in the maximum volume of solution spilling to the floor.  The second 
case involves the storage of bottles which might be relocated during an earthquake.  In both 
cases the licensee determined that a criticality due to an earthquake is highly unlikely.  In 
uranium recovery, the licensee calculated that the worst case spill height was less than the 
calculated safe slab height.  When evaluating the rearrangement of bottles, the licensee 
calculated that the earthquake would apply insufficient force to relocate most bottles, and 
credited conditional probabilities associated with enough bottles falling sufficiently close 
together to form a critical configuration following an earthquake. 
 
Criticality, in general, requires more than a critical mass of fissile material, with sufficient 
moderation, in the right geometry (i.e., in the right shape), and/or other conditions (e.g., 
reflection, concentration).  A seismic event does not directly introduce moderator into dry 
material, so the primary concern is areas where uranium is in solution, such as uranium 
recovery.  Also of concern is any area where an earthquake might cause a loss of geometry 
control by relocating material into a critical configuration.  The first operation of concern is 
uranium recovery, which the licensee analyzed by modeling what would happen if all the 
solutions in uranium recovery spilled to the floor.  The second involves bottles sliding from 
storage locations by the earthquake and falling into a critical configuration. 
 
Staff Evaluation 
 
Solution spills to the floor: 
 
This scenario involves the failure of fissile solution-bearing process equipment (e.g., columns) in 
uranium recovery.  The material at risk is already moderated so the only events necessary for 
criticality are a seismic-induced failure of the process vessels and accumulation of solution to an 
unfavorable depth.  After a spill of solution from the process vessels, the solution would spread 
out on the floor.  The depth of the spill depends on the area it can spread out over and the 
volume of the spill.  For this case the licensee presents the results of calculations in order to 
demonstrate that the maximum volume of solution that can be in uranium recovery is not 
enough to cause the spill to exceed a safe slab height. 
 
The licensee summed the total volume of all solution bearing vessels (columns, pipes, pumps, 
etc.) to get the spill volume.  The spill solution was assumed to be high concentration high 
enriched uranyl nitrate, with no credit taken for dilution.  The licensee evaluated the resulting 
slab heights for the different floor areas in recovery, as well as the total floor area.  The slab 
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height with the largest result was obtained by dividing the spill volume by the area of the 
smallest room in recovery, and the smallest result being caused by dividing the spill volume by 
the total area of recovery.  These slab heights were then compared to a calculated safe slab 
height.  The results showed that even if all the solution in uranium recovery was high 
concentration and was all spilled in the smallest room the safe slab height would not be 
exceeded. 
 
The floor is credited as an IROFS as being flat in order to prevent the accumulation of solution 
to an unsafe depth.  The licensee measured the floor, and determined that the lowest points 
were not low enough to result in an unsafe solution height.  The licensee did not consider 
seismically induced deformation of the floor because they determined that any deformations 
would be elastic under the design basis earthquake so the IROFS would remain in effect.  While 
some disruption of the floor flatness could occur as the result of an earthquake, based on the 
staff’s review of the licensee’s structural analysis, the staff considers it very unlikely that safety 
significant deviations would result for earthquake loads below the design basis ground motion.  
The floor at the ground level is typically minimally affected by ground motion.  These 
considerations are summarized in the following table: 
 

Event/Condition Basis 
Initiating event frequency score of 
earthquake that damages equipment: not 
credited by the licensee. 

The licensee models all the solution in 
uranium recovery slabbed out on the floor. 

The licensee did not assign a score to 
these considerations.  Instead they simply 
concluded that the maximum credible 
spilled solution volume in uranium 
recovery remains safety subcritical. 

Multiple off normal conditions that would have 
to occur concurrently with the initiating event: 
- High concentration in all vessels at all 

stages, 
- Many times the maximum possible 

volume at high concentration. 
 
The licensee calculated the solution depth for which the neutron multiplication factor reaches 
the Safety Limit.  However, the staff noted that the licensee didn’t include the effect of neutron 
reflection from nearby walls.  The NRC staff conducted confirmatory calculations which included 
reflection from the wall which resulted in a reduced calculated Safety Limit depth near a wall.  
Whereas, the maximum volume in uranium recovery, divided by the area of the smallest room, 
gives a lower solution depth.  And when the solution is assumed to spread out across the total 
floor space in recovery, a far smaller solution depth results.  The licensee’s evaluation of the 
depth of solution that can accumulate over a low point also did not exceed the Safety Limit 
depth. 
 
The staff agrees with the licensee’s conclusion that criticality due to spilling all of the solution in 
uranium recovery is highly unlikely because there is not enough solution in uranium recovery to 
cause a critical slab height.  The staff reviewed the licensee’s evaluation and determined that 
the effect of phenomena such as sloshing and floor deformation are adequately accounted for in 
the conservativisms in the criticality calculation (e.g., assuming that all solution is high 
concentration) and the margin in the difference between the slab height that would result from a 
spill and slab height needed for a criticality to occur. 
 
Fallen bottles: 
 
The other operation that the licensee considered for seismically induced criticality was the 
storage of bottles of highly enriched uranium material.  The licensee performed an analysis that 
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determined that bottles stored high enough off the ground could be launched from their storage 
locations by the force of an earthquake and fall to the floor.  The licensee’s evaluation 
determined that bottles in some higher storage locations could fall out during an earthquake.  
The licensee then performed a series of criticality calculations to determine the minimum type, 
number, and spacing of bottles needed to cause a criticality.  The licensee then used this 
information to perform a calculation of the probability that a critical configuration would result 
from falling bottles.  The licensee combined this conditional probability with the initiating event 
frequency of 4×10-4 per year to get the probability that an earthquake would cause bottles to fall 
into a critical configuration.  BWXT concluded that this event was incredible because it is less 
likely than 10-6 per year. 
 
The NRC staff reviewed the licensee’s evaluation of the likelihood of a criticality due to fallen 
bottles.  The staff noted that the licensee did not attempt to determine the minimum earthquake 
necessary to cause the bottles to fall and that the licensee’s calculations indicated that 
earthquakes smaller than the reference earthquake would be able to cause some bottles to fall 
as well.  The minimum earthquake would have a greater probability of occurrence, but the 
imposed loads would be of lesser magnitude therefore potentially causing fewer bottles to fall. 
 
The staff reviewed the licensee’s description of its criticality calculations and their results.  The 
staff considers the licensee to have appropriately accounted for the different bottles and 
contents in their bounding calculation by using the worst case in the calculation.  The 
methodology that the licensee used to calculate the probability of bottles falling into a critical 
configuration is one that has previously been accepted by the NRC and resulted in a 
conservative conditional probability.  The results indicated a bounding conditional probability of 
about 3.7×10-4.  This would be bounding for the minimum earthquake as well, because it would 
cause fewer bottles to fall. 
 

Event/Condition Basis 
Initiating event frequency score of earthquake 
that damages equipment: The licensee 
credited this at 4×10-4 per year. 
As the licensee did not define the minimum 
earthquake that could cause bottles to fall, 
the NRC staff conservatively scores it as 
1×10-2 (-2). 

An earthquake with a 2 percent probability of 
exceedance in 50 years was used to estimate 
the amount of bottles to fall to the floor. 

The licensee conservatively calculated that 
the bounding conditional probability that 
enough bottles would fall together to form a 
critical configuration was about 3.7×10-4. 

The licensee conservatively accounted for the: 
- Probability that bottles would fall/number of 

bottles, 
- Size of the area the bottles could fall into, 
- The worst case type/contents of the 

bottles, 
- The orientation of the bottles when they 

land. 
Based on the probability of the initiating event earthquake, the conditional probability of bottles 
falling into a critical configuration, and conservatisms in the calculation of the conditional 
probability the staff agrees that the scenario is on the order of 10-6 and is considered highly 
unlikely. 
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Other scenarios: 
 
The licensee also considered a couple different types of racks, in which SNM is stored in forms 
other than bottles.  BWXT determined that the evaluation basis earthquake would not cause 
items to fall off the racks.  Therefore, the licensee determined that the scenario of an 
earthquake causing items to fall from racks into a critical configuration is highly unlikely since 
the racks at Bay 7 were seismically evaluated using a design basis ground motion with two 
percent probability of exceedance in 50 years. 
 
The licensee discussed accumulation scenarios in gloveboxes in their GL responses.  The 
licensee considered that the width and height of gloveboxes in their determination of the 
probability of tipping over from an earthquake to be negligible.  For damaged gloveboxes, 
solution would need to spray into a breach and accumulate to a critical depth.  However, most 
gloveboxes in solution processing areas have IROFS drains.  For the one that doesn’t, the 
licensee calculated that it would require more than the volume of an entire column to reach a 
critical slab height.  When evaluating solution accumulation in fallen ductwork, the licensee 
considered that the ductwork would either have to land end up or collapse into a V shape with 
the correct geometry.  In both cases the licensee concluded that the probability of a glovebox 
breaching or ductwork falling and creating an unfavorable geometry (UFG) vessel is at least 1 in 
10 and the probability of solution being sprayed into such a vessel is at least 1 in 10.  In addition 
to the scenarios addressed by the licensee, the NRC staff considered the following scenarios.  
1) The failure of the container control IROFS in uranium recovery.  2) Solution collecting in an 
UFG dam created by fallen equipment. 
 

Event/Condition Basis 
Initiating event frequency score of 
earthquake that damages equipment: The 
licensee credited this at 4×10-4 per year. 
As the licensee did not define the 
minimum earthquake that could damage 
equipment the NRC staff scores it as 
1×10-2 (-2). 

An earthquake with a 2 percent probability of 
exceedance in 50 years is assumed to spill 
all the solution in uranium recovery to the 
floor. 

The container control IROFS is an 
administrative IROFS, scored as a 2 in 
accordance with the licensee’s ISA 
methodology. 
Conditional probabilities associated with 
the location and size of the opening of the 
UFG container are worth at least a 1. 

- Failure of the container control IROFS, 
such that an UFG container is brought 
into the container controlled area, 

- And is located and oriented where it can 
collect leaking/spraying solution following 
a seismic event. 

Gloveboxes may fail during an 
earthquake. 
The licensee scored the conditional 
probabilities associated with damaged 
gloveboxes being filled by concentrated 
solution as being cumulatively worth a 2. 

Concentrated solution spraying or leaking 
into a damaged glovebox: 
- Damaged glovebox creates an UFG 

container, 
- The container’s opening would have to be 

located beneath solution piping or near a 
column to be hit with a spray, 

- The leak/spray from damaged 
piping/column would have to hit the 
opening, 

- The leak/spray would have to continue to 
land within the container until a critical 
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volume accumulates without the solution 
leaking out. 

Ductwork may fail during an earthquake. 
The licensee scored the conditional 
probabilities associated with ductwork 
falling, forming an UFG container, and 
being filled by concentrated solution as 
being cumulatively worth a 2. 

Concentrated solution spraying or leaking 
into UFG containers created by fallen 
ductwork. 
- Fallen ductwork would have to create an 

UFG container that doesn’t leak, 
- The container’s opening would have to be 

located beneath solution piping or near a 
column to be hit with a spray, 

- The leak/spray would have to hit the 
opening, 

- The leak/spray would have to continue to 
land within the container until a critical 
volume accumulates without the solution 
leaking out. 

Equipment would have to fall and form a 
leak tight 3 (one side tight against a wall) 
or 4 sided shape of greater than a safe 
depth. 
Given the equipment in uranium recovery, 
the staff considers this event to be 
incredible. 

Solution collecting in an UFG dam created by 
fallen equipment. 
- Equipment (e.g., ductwork, columns) 

would have to fall in the right orientations, 
- Be flush against the floor/wall/each other, 
- Be intact enough to be leak tight, 
- Be deeper than a safe slab, 
- And be located beneath a significant spill. 

 
The staff reviewed the licensee’s structural calculations of the primary racks in Bay 7 to confirm 
that the racks were adequately designed to withstand earthquake loads without collapsing.  
Based on this confirmation that the rack storage will remain in an already analyzed configuration 
the staff concludes that criticality due to all the contents falling off of racks during earthquakes is 
highly unlikely.  The scenarios that the staff considered, but were not explicitly addressed by the 
licensee, were also determined to be highly unlikely. 
 
Summary of staff conclusions: 
 
The staff agrees with the licensee that the licensee identified scenarios are either “Not Credible” 
or ‘highly unlikely’ in accordance with the licensees definitions of the terms.  In addition, the staff 
did not identify any other scenarios that would lead to a criticality that were not ‘highly unlikely’.  
2.1.5 Seismically Induced Fire Consequences. 
 
In its response to NRC GL 2015-01, BWXT did not analyze any fire related accident sequences 
or consequences.  The staff reviewed the licensee’s submittal and ISA summary and concludes 
that the accident sequences analyzed in the ISA and the resulting consequences bound a 
natural phenomena event that may occur at the facility. 
 
While the licensee did analyze the external building structure in its submittal and determined 
that it would survive a seismic induced event, they did not analyze the internal components such 
as piping and sprinkler systems.  The staff reviewed the licensee’s ISA summary to see if any 
accident scenarios could exceed the bounds of the performance requirements in 10 CFR 70.61.  
While there is uncertainty in the ability of the internal components to survive an external event, 
the ISA is conservative enough that in the event of an earthquake or other external event, the 
performance requirements are not expected to be exceeded. 
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The bounding fire accident scenario for the facility is a fire in the Recovery Area that involved 
the Main Extraction area and the 3” Extraction Area.  The accident analysis assumes that all of 
the uranium inventory is involved in the fire and uses a conservative source term and the most 
conservative meteorological conditions when calculating the release of material.  The analysis 
finds that this fire scenario causes no off-site or on-site consequences that exceed the 
performance requirements in 10 CFR 70.61.  Another accident analyzed is a large fire involving 
the Unclad Fuel Processing Area.  The licensee’s analysis assumes a loss of building enclosure 
and a loss of containment.  In calculating the release effects, the most conservative 
meteorological conditions are assumed.  No on-site or off-site consequences exceed the 
performance requirements.  Given the conservatism in the assumptions used in the accident 
analyses, any unanalyzed failure of internal components are not expected to cause the 
performance requirements to be exceeded. 
 
After reviewing the licensee submittal and ISA summary, the staff finds that the evaluation of 
seismic induced fire consequences is adequate.  The staff will inspect samples of the fire 
assessments during the implementation of TI 2600/016 “Inspection Activities Associated with 
NRC GL 2015-01” to validate that the assumptions used bound the consequences from seismic 
initiating events. 
 
2.2 Tornadoes 
 
BWXT estimated the probability of a tornado strike at the facility using NUREG/CR-4461, 
Revision 2, “Tornado Climatology of the Contiguous United States,” and determined that the 
probability of an EF0 tornado (maximum win speed of 85 mph) striking the Main Bays of the 
facility was approximately 1x10-4/year using the upper limit of the 90 percent confidence interval.  
BWXT also determined that the strike probability of an EF1 or greater tornado (minimum wind 
speed of 86 mph) using the upper limit of the 90 percent confidence interval was approximately 
4x10-5/year.  In addition, BWXT determined, that all of the facility buildings would withstand a 
wind load of 90 mph.  Based on the tornado strike probability and the ability of the facility to 
withstand 90 mph of wind load, BWXT determined that a high consequence event resulting from 
a tornado strike at the facility is highly unlikely.  BWXT also postulates, similar to the seismic 
assessment, that both optimum spacing of fuel arrays and optimum moderation are needed to 
support a criticality accident scenario, which has a 0.1 likelihood each, thus making the OAL of 
a high consequence event caused by a tornado strike less than 1x10-6/year (i.e., not credible.). 
 
Staff Evaluation: 
 
The staff evaluated BWXT’s approach for considering tornadic events within its ISA process and 
the methodologies applied to determine likelihoods and the facility response to wind loads.  
Based on the data in NUREG/CR-4461, Revision 2, the staff concludes that a high 
consequence event resulting from a tornado strike at the facility is highly unlikely.  However, 
based on the information provided by the licensee, the staff does not conclude that a tornado 
induced criticality event is not credible.  In order to determine that a consequence resulting from 
a particular initiating event is not credible, less frequent and more severe tornadoes would need 
to be considered as well.  For example, according to the location specific information from 
NUREG/CR-4461, Revision 2, a tornado with approximately 145 mph wind speed has a mean 
value of approximately 3x10-5/year.  Tornadoes of this magnitude are within the criteria for 
highly unlikely but with a mean value within the bounds of the definition of a credible event in 
BWXT ISA. 
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2.3 Flooding 
 
Similar to the approach in considering earthquakes and tornadoes, BWXT analyzed the 
potential flooding hazards.  The north portion of the main site is approximately 500 feet mean 
sea level (MSL).  Two encapsulated material storage buildings are located at about 502 feet 
MSL and the waste treatment facility is located in the 100 year flood plain.  BWXT noted that the 
flood levels for the James River are 502 feet MSL for the Standard Project Flood (SPF) and 521 
feet MSL for the Probable Maximum Flood (PMF) without dam breaches (523 feet MSL with 
dam breaches and wave action.)  The un-encapsulated uranium facilities (i.e., active uranium 
storage and processing portions of the site) are located at or above 568 feet MSL.  BWXT also 
noted that over the past 240 years only two floods, one in 1771 and another in 1985, have 
reached about 494 feet MSL. 
 
BWXT estimated that the flood frequency is less than 1x10-5/year.  In addition, BWXT assessed 
the failure to relocate fuel in the Container Storage and Railyard Storage buildings (i.e., 
encapsulated material storage) to be less than or equal to 0.1.  As such, BWXT asserts that the 
OAL of a flood induced criticality is less than 1x10-6/year and therefore highly unlikely and not 
credible. 
 
Staff Evaluation: 
 
The staff evaluated the waste treatment facility that is located within the 100 year flood plain and 
noted that BWXT would have sufficient time to move radioactive material to the protected area 
or higher elevation.  Any remaining material leftover would be minimal and include any 
radioactive material in the sediment of the settling ponds.  The material located inside the 
encapsulated material storage buildings, which is located within the SPF, can also be relocated 
to higher ground when flood waters are anticipated.  In addition, the BWXT criticality analysis 
demonstrated that the encapsulated material would not become critical even if completely 
inundated with water.  The un-encapsulated material is located at or above 568 MSL (i.e., about 
45 feet above the PMF level), which provides a significant amount of margin for a flooding event 
well beyond the PMF.  Based on the review of flooding information related to the BWXT facility, 
the staff concludes that a high consequence event resulting from a flooding event is highly 
unlikely.  However, based on the information provided, the staff does not conclude that a 
flooding induced high consequence event is not credible.  In order to determine that a 
consequence resulting from a particular initiating event is not credible, less frequent and more 
severe floods would need to be considered as well. 
 
Overall Staff Evaluation for NRC GL 2015-01 Requested Action (1)b: 
 
Based on the staff evaluations for earthquakes, floods, high winds, tornados, and hurricanes, 
the staff finds that BWXT has adequately responded to GL 2015-01 Requested Action (1)b.  
The staff expects that BWXT will continue to apply its existing configuration management 
process, required by 10 CFR 70.72, to assure that the impacts of changes to the facility do not 
negatively affect its performance under NPH’s. 
 
3.0 NRC GL 2015-01 Requested Action (1)c:  For facilities subject to 10 CFR Part 70, 
Subpart H requirements, submit a description of the results of the ISA review used to comply 
with 10 CFR 70.62(c), identifying the characteristics of the licensing and design basis natural 
phenomena events applicable to the site, that evaluates possible changes in the methodology, 
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likelihood, and severity of natural phenomena events with those used in the original 
design/evaluation of the facility. 
BWXT provided in its response to GL 2015-01 the seismic reassessment of the primary building 
structures and the impacts from tornado hazards.  The facility was seismically evaluated to 
determine which parts met the requirements of ASCE 31-03, and for the parts of the facility that 
did not meet the current requirements, to identify their stress state and assess whether these 
members can still perform their original intended function.  The analysis included an 
assessment of internal components. 
 
The staff reviewed the seismic and tornado analysis and the staff evaluation is included in 
Section III.2.1.2 and III.2.2 above.  Based on the staff evaluation the staff finds that BWXT has 
adequately responded to NRC GL 2015-01 Requested Action (1)c. 
 
4.0 NRC GL 2015-01 Requested Action (1)d:  Submit for staff review a summary of the 
results of any facility assessments or walkdowns, if performed, to identify and address 
degraded, nonconforming, or unanalyzed conditions that can affect the performance of the 
facility under natural phenomena and have available for NRC inspection the documentation of 
the qualifications of the team. 
 
BWXT stated in its response to GL 2015-01 that walkdowns were performed to verify the 
configuration of the structure as part of developing the analytic model used to assess seismic 
and wind loads on the facility.  The results of the walkdowns were incorporated in the model to 
assess the performance of the primary building structures. 
 
The staff will inspect the bases, execution, and results of the above mentioned walkdowns 
during the implementation of TI 2600/016, “Inspection Activities Associated with NRC GL 
2015-01,” (ADAMS Accession Number ML16293A899).  Therefore, the staff finds that BWXT 
has adequately responded to NRC GL 2015-01 Requested Action (1)d. 
 
IV. Conclusion 
 
On the basis of this evaluation, the staff finds that BWXT adequately responded to Requested 
Actions (1)a through (1)d of GL 2015-01.  The staff will perform an inspection using TI 2600/016 
to independently verify that BWXT is in compliance with the regulatory requirements and 
applicable license conditions regarding the treatment of NPH in its ISA.  The results of these 
regulatory activities will allow the staff to verify BWXT demonstrates compliance with regulatory 
requirements and applicable license conditions regarding the treatment of NPH’s at the facility. 


